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SIN'M.åP,T

Platelet antigen pol]¡norphisms in Man have beeu des-

eribed by a number of workers using agglutinatíon antl couplement

fixation techniques. A number of these antigens may be genetically

independent of each other ând sone are almost certainly related to

the leukocyte antigens. Shulman et al (f90tr) and Àster et al (fgg+)

have d.escríbed a nuncber of complement fixing antigens shared by

platelets and leukocytes. Both Shulman and Åster have indicated

that they have not been able to establish the specificÍty of aII

the antíbodies that they have discovered.

Since it appeared that there ìras scope for further

investigation of complement fixing pLatelet antiboCies, efforts

Ì{ere made to find these antibodies in the sera of normal persons,

patients vith idiopathic thrombocytopenic pu{pura (I.Î.P.), mothers

of infants vith I"T.P,, and polytransfused persons. As a result of

these studies, complement fixiug antibodies vere found in one of

three mothers of infants vith I.T.P., and fifteen of 119 poly-

transfused persons, but not in nomal persons-

Sera from A¡ielaide cnntaining antibodies were sent to

Dr. B.H. -hster of Boston, who fcund that three sera contained

a¡rti-PlBl. A study of antigen distribution in 4J2 platelet donors

showed that five sera containeC an antibody against an antigen
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controlled by an allele of PlBl. This antigen wes designatetl by

PrB2 (present in 2tfi or caucasian popuration), anc the correspond.íng

gene by PIB2 (g"r" frequency 0.10). Änother serum vas fnund to

contain an antibocly against an antigen controlled by a third allele

of this locus (denoted rur. The frequency of anti-!!þ positives

was i5ft (g"o" frequency 0.18). The d.istribution of the prB antigens

i.n the population rdas not as expected in a rand.om nating population

in Hardy-Irreínberg equiribrium. rt has not yet been detersined

r¿hether this ileviation is ,lue to a syste¡natic serological error or

an incomplete genetic hypothesís. À conparison of the d.istribution

of a nunber of other antigens wíth the Pl3 antigens vas also made.

The results of typing 67 AustraLian Lborigines and 128 New Zealand

iüaoris indicated that the antígens are distributed differently in

different racial groups.

Studies on LJ Caucasian fanilies u'ith 4? children are

in agreement wi-¡,h the h¡rothesis that FIBI, PID2, and PIBJ are

alleles at one Lc eus" The distribution of the PIB1 and PIBJ antigeris

in the Caucasian ropulation of South .¡tustralia is not significantly

different from {re distributicn of LA2 and LÁ,1 antigens reported by

Pa¡rne and Bo,d¡re,' (196lr).- sinirarry the distribution of the antigens

PIe2 and FLBJ ' ¡ s not significantly clifferent from the distribution

of the e.ntiger.s. /d e.nd Jc repo¡ted by van Rood. et al (rgee), Tbese

ssmFariscns srggest that P1B2 corresponds r¡ith 7d and plBJ vith ?c
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ãr'd I¿å1. lhe suggested association between compl@ent fixing
platelet antibodies anC Ieukocyte agglutinins, indicates that the

comprenent fixation test could be of varue in the natching of

d.onor and recipient pairs for horctransplantation.
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ITIIRODUClION

In l$6h Âster¡ Cooper anil Singer desbribed a sinplified

coupliment fÍxation test for the iletection of platelet antibodiec

i¡r man. lhese authors indicatetl that it vas poesíble to screen

large nr¡mbers of sera against nultiple platelet antigens, using only

a fev ilrops of sertn from each patient. Aster et al indicateil that

they had recognized six platelet antigena and that there uere other

antigens that they hail fou-nd antiborlies against, but had not character-

ízed.. Si¡rilar results were found by Shul-an et al (fg&). these

groups of rmrkers shoved that some of the antigens they had for¡nd

vere present on leukocytes as r¡ell as platelets.

Tbese results indicateil that the iletectiou of additionel

complement firiug platelet antibodies and a study of their activi.t¡r,

could produce results of interest in tite field of hr¡nnn genetica.

Accordingly, a search for cornpleuent firing platetet antibodies., and

a study of the distribution of the corresponding antigens in thä

humau populations vas undertaken. the methods, results and conclus-

ions of tùie endeavour are recorded in tbis thesis.



CEAPTEB ONE 2'

LIfffi.AITIRE BEI¡IEIT

Â. STUDIEç 0N rtitTEtET /NIi TSIJK0CYTE ANÎIGAüICIÏY IN jNIì¡i.ALS

The occurrence of antigenic differences betveen the red

cells of hr¡mans bas been knor¿n since Larrilsteiner (1900) shoved that

sera of sone persons agglutinateil the r¡ashed red cells of others.

Infomaùion óû the antigenic differenees bet¡veen individuals for the

other cells in the blootl was not reaalily obtainabls sarly in the

century as these cells constitute a smaller proportion of the blood

voh¡¡ne and were not easily separated from the red cells uith a high

degree of purity. lheee other cells in the blootl vere shown to have

antigenic properties by betero-inmrunizaLion experíments. ldhite ceIIs

of various nor¡rhological t¡res and/or platelets from one species,

vere injected into animals of a different speeies to produce an

¡rimune serumrr in the recipient animal. ltlhen this se¡r¡m was injected

into the circulation of an a¡rimal of the donor E)ecies, it rras possible

to show that a profound fall in the number of cells of tJre apprcpriate

t¡re eould be iniluced in the cireulating blood.

ånti-platelet sera rrere first produced in 1905 by Maríuo.

The results of Bedson (tgZt, Ig22) sho¡sed that separate pleitelet and

Ieukocyte (polynorph) antisera could be proiluced in tbe rabbit, against

the respective cerrs of the guinea pig. l{hen antisera prepared by

injecting guinea pig platelets into rabbits rrere injected into guinea

pigs, tbe platelet count felr" Ánti-leukocyte serum eaused the
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Ieukocyte count to fall, while the platelet ceunt renai¡ed normar'

Bedson was able to shov that in his experiments, ouly guinea pigs

treated víth antiplatelet antibody, rieveloped purpurirb disease, r,¡hile

those treated r,rith anti-leukocyte, anti red un11 z,nd antiseru& anti-

bodies did not. chew et al (lgl0) ir-jected neútrcphils from a sterile

guinea pig exudete, into rabbits. The rabbít senur was subsequently

fo¡n¡l to contain an antibotiy which caused a neutropenia rrùen injectéd'

into guineâ pigs. Tn, IlJl it ¡¡as shown that antí-tlruphocyte.serrom

could also be produced. lfith the methods then avâilablet these

r¿orkers vere not able to shov thet the .species they stutlied"Yere'

polynaorphic for erry leukocyte or platelet antigens. 
/

Recently Balner et aI (fg66) have worked with leukoc¡rbes of

rhesus monkeys (Macacus nrulatta) and have shown that"the leukoeyte

antigen differences betneen individual monkeye âr€ deuonstrable by

the conm¡on serological techniques. Ìnonkeys irnmunized rrith skin,

blood and leukocytes fron nembers of the same sPecies, usually prod-

uced leuko-agglutinins fcur to eight '¡úeeks after cormencing an

im¡unization pro graffi ê.

The beterologous antigenicity of platelets was denonstrated

by tle Nicola et aI (tg>l), using the conplement fixation technique.

These workers ¿Lso used the rabbit arrti-guinea pig systenr referred

to earlier. .{ltrhough de Nicola et al looked for conple@nt fixing

isoantibodies in hurrans their search proved unproCuctive.
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E. N0lriflll0i,.A.tûli:l CF FL¿JIEI,ET INÐ TFÜ/iOCYTE GF;OUPS IN hj-.CN

The nomenclature cf red cerr antigens and. their genes has

grovn in an arr'iro,¿ard an¡¡ sonetimes inc,rnsistent nannerrl(".g. the use

cf t}¡e letters ì'i ¿ind lt for antigens controll_ed by alleles at one

ì.ocus). Even nor* c,'rnsiderabl-e effort is expended in a.n attenpt to

unify the terninorogy of the ïth syste.n. in spite of the suggestion

by Ford (lgrù that ¿ systenetic nonencrature for new systens courd

avert nuch controversy, abbreviations of proper nenes have continued

to pepper the lÍterature,

Tr*o systenatie noncnclatures have been introduced in the

literature on leukocyte and platelet antigens. The first by shulnau

et al (i96t) used the letters Fl, Gr, Ly c'nbined or singly to indicate
the cerl type (pletelets, lyruphocytes or granulocytes respectively) on

whícb the antigen occurred. ,Each locus vras qiven a letter - alphabet-
,i:'ically as disccvererl, Àr.8, C etc" and each allele at the locus was

given a number Ir 2 etc. flre letters and numbers of each syribcl were

written as superscripts in the usual vay. .Á,n antigen ,was denoted by

PlGrLyBl and the corresponcling gene uy ptGrl,yBl. The null allele vas
Bdenoted by FlGrLv_ .

Payne et al (tgítr) introduced a siniLar nonenclature for the

systen of l-eukocyte antibodies they describec. lhe letter rl,r was

used for leukocyte, .A for the locus, (B C etc. being resenred for new

loci) and the nu¡:rbers 1, 2 and J vere used for the antigens. payne



"-t-Èi celeteô the use Ðf, s-';=rerscri:-Ls -'*'hich they suggestecr a:e

rlcur.rbersone for +-he prin"er enrj ir:.conpatible rç-ith" autonatic C;ata

processing equipraentrr" lb.eir s:r¡dlcls i/rere vritten as LÂL, L.4,2 etc"

for antigeris, Liú, !!2 for genes. The synbol LÁJ was used fcr an

ass'.¡med antígen - tl:e âbsence of L.å1 and L/"2. IIad Ll,c been introduced

iaitially for tk¿e null allel-e the nonenclature cluld have been extended

without altering the raeaning of, previously introduced sSrnboIs. .Anti-

bodies are den'¡ted by th.e synbol for the conesponCing antigen prefixed

by anti-, e.g. antí-L+2, arti-Pl-Bl.

ûther rçorkers Dausset et aÌ (tgøl), Terasaki _et_el (:_gel)

ha'¡e used integers to desig*e,te ler¡Ìroey'r,e antigens. Ás nc s-vstenatic

ncnenclature I¡¿:s beeu introcuced bl'these authors it is necessary to

incl-ude the au¿"liors rl,ari're in ali references to antigens they have

described. the ur:iaue sys+-en of antigen synbo)"s used by van Bood

et al (tg6f) is referred to in secticnC.2. (a) of this chapter,

Durirg this project attention has been focused on antibodies

related to the ltGrl,ytsl systen described by Shulnan et aI (fçeZ). In

this thesis the superscript has been dropped to the line (after Payn¿

et ar, t964) so that the synboL used for tire antigen is ?lB1 e,nd the

gene FlBl . Codorainr,nt alle1es in the systen are nuxrþered l, 2, !.eLc"
The recessive (serorogicalry unr:etectabre) arrele in the systen is
dencted by the syrbol FIRo.

f-:r certain tebles i; h¿:s been necessary to sumarize FIB

antigeni,c "c,pes for in¡Jiv:,i¡.r'r.l -. ¡^ ¿rouls of indivirtuals. It has been



fou'rC cûnrÍ{r*ierì-b to do this using +.he nuribers only.

Pl-E .¿.irr',,i. PiBl irnti. FIBP Anti. PIBI PresuneC Genotype
Alrtigens

120sLeno-ies++PLBLþIÐ?

6"

PrÊr/PrBj

Ðr noL LY'

FIB1/PrB1 or PlBl/Pi-ic

PIEz/ÞLBà or PrBZ/P lBc

1ûl

a23

100

G2t

û01

ûü.0

+

+

+

'f

+

+

The t in ihe respective position deno-bes tktet a test has

been nade for tl¡at antigen e,nd that tire test vas negative. The 0 nust

be dís+.ing,ui shed. f ron the dash - vhich when used in thís systen denctee

that r.:o '"est has been nade for the appropriate antigen,

e.g. i00 denotes antigens 2 and J are absent

tr-u denotes that antigen 5 is absent, no test

for antigen 2.

For identificaticn in tl¡is thesis antiboCies çhich are not

yet sufficient}y investigated to include or exclude fron alrearly known

systens l,¡il-l be Cenoted by the initials of the person forring then

prefixed by anti t e;8, anti-Si. The corresponding antigen and gene will

be denoted by Si ancl S_i respectively"
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C. STTJDIE.S ON T'LÁTSIET -t¡ID LEIJKOCTTE AI{IIGF}TICITY IN ITt]I.IÍNS

Leukoeyte and platelet antigen differences betr¡een humaa

Índividuals, were tle¡rcnstratetl in the early I950rs. .An understand-

ing of these antigenic differences has been cleveloped by different

vorkers concurrently. It is therefore Enre convenient to sunrey ùhe

initial literature dealing vith eech of these cell types separatetry.

(1) PÌatelet ¡ntiboCies ani ;^Ftisens

The suggestion that pÌ-atelet antigen Cifferences eristed

in hunans, ïas nade by hlarrington e!-4. þgll). These workerg found

platelet agglutinins in the sert¡¡r of norsal nothers vhose infants

had necnatal thrombocytopenic purpura, and. also in the serun of

repeatedly transfused patients in wtrcn suryival of homlogous plateletl
(tgst)

r*as shortened. Stephaniní B+, aL/f.ound the platelets of f50 individ,-ì"
uals eould be dividect into J groups, but no fanily studies were

reported. These groups were defined by aggtutinins found in the

serun of inraunized subjects.

The incidence of agglutinins reported by Stephanini et FI

vas high as shor'¡n in the table dravn up fron their aata (Tatle l:l).

It appears that this high incidence of agglutiuins anC the oecülrence

of naturally occurring agglutinins, has not been ccnfin:red by others

(van Loghen et al 1959).



Patients trarrs-
fused ¡rith
platelet rich
naterial

24.

ti-
transfused
patients

Idiopattic :

tbronbocyto- :

peoic patientg

8.

lrla1 sub-
jects (un-
transfused
never
pregnant )

2t5

I

I

Nunrber
tesied

Nunber with
agglutinins

Percentage

295 ?e

9 2L iLJ
,9 .0

Usiug naturâlly occurring agglutínins, Stephanini -"t aL

described four platelet groups r¿hich they suggested rdere analagous

to the .itr80 groups cf the red cells. It is clear fmn tbe last

tr¡o lines of Table l-:2 that ttreir obsenrations do not agree with

this h¡rothesis.

Platelet gmups Total

Beaetion with
FIaüeIet agglutinin

/.nti I
/+nti II

Inciilence y'

¡h¡nber observed

Nu¡nber expected if
antigeas controlled
by allelic genes

Table 1:1 Inciclence of platelet agglutinine reported
by Stephanini et al (tg¡l)

Table 1:2 Designatio¡ of platelet groups and their
incidence aËnng the general population (after stephenini et al

7e51)

285

285

9

26

3.L

29

I

IJ 11

I
I
i

it

38.2 qqq 1.8 222.8

2j2

10.2 J,7 81.5
I

+

+

4 .6

+

+

I I
I
I

III rv (o)II
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h{cul-ir:isr (tgil,\ reported a specific p}etelet aniigen

defiaed by a.n incoc.plete antibody vhich developeC during pregilar.cir e.ijc

vhich vas d.etected 'ny the Coonlfs consuription test" The antigen was

naned DUZÛ after the donor of the serun, rvhich defined the an'"i-gen.

The antigen was prese:it ín 22fø of 82 doncrs at the Blood Transfusicn

Service of Eordee"ux.

A sin-¡lified agglutiuation tee?rnio¡e describeC by Dausset

and Ìiiaulinvaud (tgS+), lÍas userl by van Logheil cLgI (fgfg), who f,ound

the seruru of a transfused patient (Mrs Zv) contai-nei. an an+.ibody vLiicir

strongly agglu'i;inated the platelets of 28û o1. 287 persons teste¡ì."

Results of tySring th.ree fanilies with ten cor.:piete natings anC 40

children agreed vith the-n¡,çothesis that tbe antigen was controJ-l-ed by

a sinple þiendelian doninant autosonal gene, 9\,re systen '.ves denoteei ì:y

'/'tnt. Subsequently van cler trt'eerüt g-!_gl fou:rC a:rotìeer antibody by +u:re

sane technicae, vìriclr leC to tÌre recognitíon of an antigeu controlleC

by a* ellele of i;he gene abcve. These genes have since been dencted

ty 2g." ana þb , and no ctleer allele at this loeus h¿:s as yet been

founC,

Å. third platel-et antigen, naned Ko. w"s found by van der

-þieerdt et al and b7 Da'-'sset end Berg {$el), using ü'^e same technique"

This antigeil lres present in Zr,J anèr 76.9/" of the Þ¿teh and. French

poBuratiox.s respectivel;ø, anc rves i.tle;endeat of +.he antiguo z',nb,

The gene i|S_ i= a ì,ier"Celian rl,,¡r.i,na¡:t.
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Follcwing his use of the coopleraent fixation test to study

tbe irmunolcgy of quinidine induced thronbocytopenic purpura (fglg),

Shulnan turned his attention to the serun of patieuts rdho had suffered

fron post-transfusion purpura and febri.le transfusion reactior¡s.

Shulnan also investigateil the serun of nothers whose infants haal

developed neonatal thronbocytopenic purpura. In each of these gmups,

Shulnan et al (tg64)r'were able to find corrplenent fixing antibodies

v!'.ich. defined various antigenic specificities for vhich the hunan pop-

ulation is polynorphic. In tr¡o sera fron patients rrif,þ post-transfusion

purpurar Shulnan et al (fg6f), found. an antibody vhich reected with the

platelets of. 203 oI 206 randonly selected nornal individuals and r+hich

rras inheriùed in a sirrple ÀÃendelian ularu¡er. The antigen rdas ¡arnsd

PlJil. ifith tt¡e quantitative conplenent fixation test, Shulnan et al

rcere able to shov that positive reactors rrith the post-trensfusion

sera referred to above could be divided into tvo non-overlapping grrrups,

according to the nu.nber cf units of conrplenent fixed by a given nunber

of theír platelets- Results from randon population and fro¡r seleeted

farsiì.y studies agreed with the h¡rothesis that houozygous reactors

vitb anti Fl^Àl, fixed t,-l - 2.4 tises eìre círrrplenent than did

heterozygous reaetots.

shulnan et ar (tg6L) exchaoged sera r¡ith Dr. vau Loghen,

and found that anti Pr.å1 reactett onry with zrsa positive platelets.
Therefore Pl-ål wae the sene ês zvâ. fhe aggrutinat,ing autibocly anti -
zJ toun¿ by vau der lrleerdt et a3 was testeil by shulnan .erL-gl ad
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reacted with aII anti-PlAl negative pletelet specinen6 as -*ell as all
of. 15 Pl.é.l heterozygotesa Furthernore, anti-fubaid not react vith
platerets frnnr any of 55 inclividuars whcse cells had high activity
vith anti PlA1. Thus it appears that the 7's anð, PI/r platelet antigen

systens are identical.

Follouing th.e díscovery of anti pl.&1, ttre platetets of

n¡¡thers of infants with neonatal purpura, vhere a naterrral platelet
antibody vas susPected but not initially dencrnstrable, were tested ryith

the antibody. Ðf 27 such tested wonen, IJ were shor¿n to lack the Pt¡ú

antigen, whereas tlie platelets of their husbands and infants conteined

ttre antigen. Using the elegant quantitative couplenent fixation test,

Shulnan et al (f964) rrere able to denonstrate the presence of an anti-
bocry in t-þe senrn of the l3 wonen referred to above, which had the

capacity to prevent tt¡,e f ixation of complsuent by anti pl¡i1 in the

presence of Pl¿1l positive platelets. This ü¡re of antibody has been

referred to by shurnan as a blocking antibody. This brocking anti-
body appears analogcus to the jnconplete red eell antibodies which have

previously been sho¡m to interfere r¿ith red cerl aggrutination, by an

aggrutinating antibocty (Eace aud sanger tg6z). Thus it beeane apparent

that PlAl nas involved in a proportion of eases of neonatal thronbo-

cytopenic purpura as r¡ell as in post transfusion purpnrar rt rnurd

seen possible that the neonatal purpura is prrrbably produeed by a

mechanisrir sinilar to that involved in haenolytic disease of the nev-

born- rhe nechanisn of production of post-transfusion purpura
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(previously classified as idiopathic and possibly rautoiærune,,), is
less obvious- shulrian et ¿1 (ßAt) have suggested that in 

-v-.Lvo, 
pr.al

antigen-antibody s6r.Flexes are transferred to the recipients oîr¡n

platelets, vhich are then destroyed

shulnan et ar ex¿nined f'rther sera fron porytransfused
patients encì nothers of thronbocyto¡lenic infants, and f6und additional
platelet antibodie s (L962)" These antibodies havq been used to
define a total of six prateret antigens and. one l¡qphocyte antigsn.
Th¡ee of the antigens have been shovn to be co'mon to lynrphocytes anc

granulocytes, as well as being present on platelets. The outstanding
nerit of St¡ulnanr s teehnique, is that it enabled hin to find sera
vhich gave unequivocal positive or negatíve reactions and to find
nurtipre exar:rplss of sera behaving identiearry, against a large
panel of cells (1965). *{s will be seen later, these iqrortant sero_

logicar advantages have so far not been found by ürose using other
techniques with reukocytes. shurnan et ar (rg64) h.ave arso reported
at length on certain of the physiorogicar and criuicar eharacter_
istics of the platelet and leukocyte antigens and antibodies r.ùich they
have described- rt is oot pranned to review th.is aspect of the subject
here. Pearson et ar (tg6t) have reported clinicar anc se¡orogical
findings in nine infants with neonatal thronbocytopenic purpura of
isoira:mne etiology. The description given pmvides a rational basis
for the anticipation and treatnent of this rare but sonetiues eerious
disorder.
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Àster et aL (t964) described a sireplifietl qualitative

conplenent-fixation test for the detectíon of platelet antibodies in

hunan serua. The principle of this test is sirrilar to the quantit-

ative coliplenent fixation technique outlined by Shuhaa¡r et aI (fg6lr).

The qualitative test can be set up in larger nusbers by one tech-

nician. With their sirrplif ied nethod., Âster et aI, exa¡rined the sera

of LJZ patients repeatedly transfused v-ith brood or praterets, and

formd antibodies in 1! (9.2fr). These antibodies reaeted. vith at least

sir different platelet antigens. rn their second. peper on platerçt

antibodies, Áster et ar (rgAt) indicatecl that eight of their r! sera

contained antibodies additional tr¡ those detecting the six platelet
antigens which they described earlier. This incicates that sone

contribution to the understanding of hunan platelet polyrcrphisns

woulei follow further research using the conpler¡ent-fixation test.
3'ster et ar (rg0r*) statecr that *Red cerr plienotJrpes were

dete¡nined ín 4j persons whose platelet phenot¡res were known. Tbere

was no distinet asscciation betr*eeu the erythrocyte aatigens tested

and plateret antigens rr ' vrr". rt is disappointing that the data on

rrhich these conclusions were based have not been published. Jlven nore

disappointing, is the absence cf published data on the relationships
between the platelet antigens thenselves in the reports of .&ster et aI
(rg6a a and. b) and in the reports of shur.non et ar (tgoz e, b, e rj64,
1965), except for tl¡e cor:{tarisons cf P1.41 with PlÀ€ arlå plßl vith plEz.
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The absence of conparative data frou the riteraùure presents a

challenge to deterr¡ine whether any of the antigens are related as

alleles or pseudo-alleres, anc if so hov nany loci are involved. rt

is of interest that shulnan et ar ($e¡) iræty the existence of six

roci, presunably not closely linked, vhereas Aster et al (t96u a and

b) nake no corrrent on the relationships betreen their antigens rr -
VII.

ån estinate of the frequency of occurrence of coulprenent-

fixing platelet antibotlies in pregnant wonen has been nade by

Klenperer et ai- (ryee), vho tested the sera of 6Jgz such wonen against

a panel of platelet specitrens fron j.0 - 15 rando¡r clonors. These

workers used. the technique described by Aster et ar (rggr*). In their
series LW G-65'þ) of the pregpant vonen r¿ere found to have eonplenent

firing antibodíes, arkereas no couplenent fixing antibodies were found

iu the J14 normal sera without a history of pregnancy or transfusion.

(z) Ler¡ko Antieens .iiutibodies

(") Detec bv Àsslutination

Ler¡kccyte isoantigens and isoantibodies iu Þan rrere studied

early in the rast decede by varicus agglutination techniques. This

early york has been revieved by Kill¡rann in his rcnograph, Leukoeyte

.f¡sslutinins (rçeo). -Á. nur¡ber of difficulties beset tÌrose atteupting
to understand the place of leukocyte antigens in biological seience.
these difficulties *¡ere in part conceptual and in part technical.
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Leukocyte antibodies r{ere first found in patients vith leukopenia.

¿s stated by Killmann in the introduction to his nonograph, [thd-

prevailing conce¡rt n'as that these leukocyte agglutinins had ttre

cliaracter of antibodies, wirich i4-E*. caused. leukopenia by destroy-

ing the patientsr Ieukocytes.tr This autoir¿rune conception has been

replaced by that cf isc-irmunity, that is, antibodies are procluced

fclloviug stinulation of a subject by a foreign e,ntigen, as nay occur

during pregnancy or a blood. transfusion. These antibodies react with

foreign antigens ratl¡.er than tLne petientsr or,¡n antigens.

The diffieulties in technique, are consideretl at length

in Killnenils book. IIe índicates tvo possibte errors and gives soxte

indications as to how these nay be avoided.. The errors he considers

are:-

i. false negative reactions attributable to one or nore of

the following factors:-

(a) Presence of varicus anticoagulants

(U) faifure to inactivate the eigglutination inhibitor.
(c) Destruction of ler¡kocyte agglutinin during inactivation
(a) fncutation for an inadequate tirae or at a sub-optinal tenperature

(") t"o"one phenonenon

(t) rit"ation in'ntreated nornar seruÉ (becausu of aggluti'ation
inhibition

(g) stÆrage of re'kocytes for too rong after blood has been drarn
(n) Sif iconized. glassware
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(i) Inaclequate size of leukocyte panel.

ii. false positive reactions attributable to one or ltore

of the following factors:-

(a) Inccr'rpatibilíty witlr respect tc¡ HBO blood groups

(n) Foreign boCries

(c) Baeterial cont¿rmination

(a) norr-specif ic aggregation

(e) &outeaux fo¡ration of leukoeytes.

It is not proposecl to discuss the relative inportance of

eaeh of t'he factors in the above list. The list is given to indicate

that the technical diffículties of }etrkocyts agglutination are not

ineonsiderable. It is not rlifficult to appreciate that reproducibitity

nay soraetines be less than one hundred percent. In spite of all the

above problens, Dausset vas able to describe a leukocyte group in 1958,

r¡hich he called IdAc. The frequency of tbe antigen in tbe Freneh pop-

ulation vas 0.58 (rr positive out of lg - g5/, confidenee linit o.r4 -
0.82)' rt is apparent from the thesis of van Rooa (rg62, pege 41),

that in the inten¡ar 1958 - 7962, Dausset had not developed the IiAc

lysten, as uo reliable ûnti ÀÁ'.C sera were then available. Subsequently

the !i1'c group d.escription has been criticized (shulnao tgíil, as being
tfso vague as to reserrble any nurrber of antigen systens ùhat har¡e been

described since".

Prelininary studies on iCentical t¡yins suggeeted that the-

leukocyte autigens are genetically contrclled charact.r" (Drusset and



L7.

Brecy (tOlZ), Lalezarí and Spalt (tgfg). Foetonaternal leukocyte

inconpatibiliW vas investigated by Payne and Rolfs (fgfA)¡ who

showed that leukocyte isoantibod.ies vere forned Cruring pregnancy,

and that tbese antibod,ies agglutinated the vhite ceIIs of the child

and his father, but not those of the ncther. These results suggest

that the child hed inherited a gene controlling leukocyte antigenicity

fron his father. Further evid.ence of inheritarce of hr¡¡rau leukocyte

antigens vas presented by Payne and Hackel (1961) who studied eight

antigens io J0 fanilies vith 70 chirdren, aud in a population of 99

random iudividuals. rt rsas ai¡parent fron payne and Hackeils data,

that the antigens detected by eaeh serun, behaved as sinple doninant

characters. Further, the reacti.onswith sorie sera were certainly not

unrelated, but no siraple relationship betr*een the sera coulc be

recognized' rt r¿as later realized, (ra¡'ne et al Lg&), that concrus-

ions eoncerning the independence of entigens described in 1!61, were

not stríctly valid.

Ín Lg61 van fiood. and van ræuwen pubrished results of
agglutination tests ou 100 Ieukocyte specinens r¡ith 66 selected

naternal sera, containing leukocyte aggLutinins. The results rrith the

sera were analysed by corçuter to determine if auy significant
association existed. rt was apparent that five of the sera recognized

one antigen uhile aeven other sera recrgnized a sÊcûnd, antigen. The

distribution of these antigens in ttre parel of 100 unrelated individ_
uals a¡rd fu 5J fanilies with ltr0 child.ren, ryas in qgreement r¡ith the
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h¡potbesis that tbe antigens ì{ere controllecl by tro allel.es at one

locus. By selection of sera which gave only strmngly poeitive resultst

a reliability of antigen detersination of over gtfr was obtained.

Conbining nany srrch sera end ignoriag tb.e oceasional discrepaucy, this

figure could. be inpmved. nThe f act that er¡en with tùe precauùions

taken, the results of the grouping of two leukocyte saqples out of

the 100 used in the panel, coulil not be reproduced inplies that

Ieukocyte grouping is stilI not conpleteLy reliable. Nevertbeless

the reliability cf the grouping with a nu¡rber of strongly reacting

sera of similar sp,ecificity !s considerably better than results

obtained vith a randon aerua, reproducÍbility ín the eeries reBorted

here being as good as 9ú. F,ven better reprcducibifiþ has been

clai¡red by Shulnan, rrtro used the coxrplenent fixation testrt (van Rood

anC valr teeuven f9$). Since IÇ6J 'van Rood anct others have eontinued

to test naternal sera for lãukocyte antibodies and have d.escribed

ten additional antÍgens, designated by Ja, \b, 6a, 6c, 7a, Tbz ?d, ga;

!a (van Rsod et al Lg65). The nu¡rbers t - 9 indicate separate groupe

presunebly thought initiarry to be indepeudent, The letters a, b, c

etc. indicate alletes within each group. The use of lower cage letters
fcr doninant characters is not conventionar practice in genetic

synbolisn. lhe rerationsbips of these antigens to each other and to

other antigens wirl be discussed rater. payne and Bocrme, (tsl5)
deseribed two antigens &c and 4d r.¡hich they showed were assooiated

viùh the 4 systen cescribed by van Rood et al (tgoz). The antigen 4c
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. ves strcngly associated with 4a and ld vith 4b.

Payne et ar (rgert) used an aggrutination test to divide
selss¡*¿ naternal sera into tr*o groups, recognising two antigens

wbich they cesignated L;*1 and LL2. These antigens behaved as if
controlled by tvo al-Ieles at one locus, with gene frequencies of
O.L617 and 0.2811 respectively. Án ar:orph LÁj ryith a gene frequency

of 0.JJJ2 øace the antigen enc genetic situation analogous to tt¡.at

cf the ¡30 btcod groups. Fopuration data (rJ5 irr¿ividuars) a.nc

fanily data (40 faniries rr¡ith z0 chitdren) were in agreemenù rrith
tbe genetical hypothesis suggested above. The r,rt systen hes since

treen co'irFlicated by the discovery of a third antigen. This antigen
is denotec] by tal, is eontrolled by a gene Ljl and is present in a

sa¡ipre of the lmerican popuration vith a frequency-of o.ztgl Boc.'er

et ar (tg00). Tests on 110 individuals, snow trrat there is a negative
association betrseen the aciivities of anti L.Ê:1 , 2 and 5 respeetively,
as ìdoulrl be expected if ll:'1, LA2 and LAJ were alleles. Eowever the
agreenent between erçectations and observations on the basis of this
sinple h¡ro,resis is not good. @"f, = e3 p< 0.01) The dis-
crepancy is attributed by Bodner et ar to ciffieurties in þping vith
presently evailable anti. LÂj sera.

(b)

rt has }ong been rio'o,F'n (pappenheiner lglJ) trrat rynphocytes
danaged by antibodies, will not exclude a dye (such as try¡ran blue)
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fron their cytoplasn, vhen they are incubated with the dye. rt has

been ghowa that these changes are associated. with a ehange in übe

perneability of tìae celr ueuìrane, when celrs are incubated with

antibody and comprenent (Gr""t & Gorclberg 1960). Effecte of anti-
bodies on I¡nqrhocyte notility, in the Fresence of conplelaent, has

been studiec by Terasaki et al (tg6o), vho used tine-lapse cine.na-

tography. These vorkers shor¿ed that iso-entibodies I'ould reduee the

notility of incubated ryrrphocytes and induce norphorogicar changes

characteristie of ceII death (i.". svelling and clearing of eytoplasro

and pynkosis of the nucleus). Techniques have been d.eveloped to

detect these cytotnxic cbanges in lynphocytes treated rritå iso_

antibodies.

Recentlyr Terasaki et ar (rg0r*) described a cytotoxic test
for the deponstraticn of t¡anphocyte antibodies, using very snarr

quantitiee of seru¡¡. with this technique, Terasaki et al (1965) vere

able úo divide 1J4 sere into 6 gr$ups according to their eytotoríc

activity vith l¡rnphocytes, using pg& donors. rn no case bove,,er,

were two sera fouud trr have identical activity. rt vould seen frcn
the observations of rerasaki et aL, that sor¿e of the difficultiee of
tbe aggrutination technique are Fresent also when the cytotoric
technique is used.

Dausset et ar (rggr) have ¡rorked with both rer¡kocyte

agglutinatíon, and cytotoxicity. These r¿orkers have found that their
results are coripatible rrith the hypothesis that rrost of their eera
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are deteeting antigens, controlled by a corrplex locus rùich has bee¡

called Hu-1, and ccntrols at least 10 antigens. Al_though there is
no doubt that the work of Dausset et ar (19eù is very varuable, it
is difficult t¡ decicle horrr nany of their conclusions can be accepted

because no identicar sera vere found or produced by absorption, nor

vere fanily studies incluclecl.

(") Detec by Conplene nt Fixation

rn addition to the r¿ork reported by shurn:,n et ar (rgø+),

uirson et al (rgez) described a coraprenent fixation test which ¿¡"y
used to sturiy antibodies produced by ten vor'nteers r¿ùo ¡yere

ir¡r*¡nized rith leukocytes. six volunteers produced eonrplereut-

firing antibodies. ¡i,rr volunteers produced leukocyte agglutinatíng
antiborlies. The antisera were used to study the leukocytes of. L3

donors. Tbe data obtained (but not presented), suggested that nost

of the induced antisera ccnüained antibodies against a single

Ieukocyte antigen,

The detection of leuhocyte antl plateleü antibodies, by a
eolapleneut consunption test has been described by crrudoner et ar

(tg¡g). This procedure differs slightty fmn tlie crassicar conprenent
fixation in that the patientrs ow¡ serur¿ is used to ryse the indicator
haenclytic systen, instead of being inas¿i\r¿¿ed by heat, and conpleneut
fron another source being used. .As the sera are not heated, heat
labile autiboCies, if these exist, could be detected. A conparíson
of the data of chudonel -et ar with data of other *trrkers is difficurt,
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because i-nportant infornation on exposure of patíents to the anti-
genic stinulus of pregnancy rr transfusion has not been given. The

procedure as presented by ch¡udonel et ar, does not appear iruediatery
useful to students of hr¡nan genetics because of the large anount of
vorik necessary to type a ferv specirae-us.

OF RF'J) C..ETL INTIGFI.iS CN TEUKOCYTES A{D I.¡tÀTFJ[,qTS

the occurrence of red cell antigens on leukocytes and

platelets, has been the subject of nany papers. These have been

reviewed by B.ace and sanger (L962'), Ðd by Ða.sset and Tangun (rgel).
It appears tl¡at every red eell blood group that h¿:s bee¡ st¡rclied

by nore tåan one group of r¡orkers, has been found to be present and

absent on leukocytes and ptatelets. It Ís not intended to discuss
this dichctony of scientific opinion beyond the *rB0 groups. The /iBO

groups ere of particular inportance in a nuraber of fields, because
of the natural occuïTenee of anti-.¿t and anti-B in hunaus lacking trhe

res¡rective antigens. Dausset and rang'n (rgor) affim rthe presence
of åÐ0 antigene on ler¡kocytes anC platelets is no longer a rmtter
of doubttt, whereas Shulnan et aI (fgg) conclude rln viev of ccn_
fricting reports and the fact that techniques used are su.sceptibre
to fals€ positive reactions, it seeas likely that erythrocyte iso_
antigens, either are not present on re*kocytes anrì platelets or are
present in relatively insignif icant ancunts.rr fh" EJigg erperiuents
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of Áster (t$5) are not good support for those vho suggegt that the

.li8O antigens are uresent on platelets. It is difficult to appreciate

hov platelete courd. suñ'ive for a nornar period 
1-1 oi"l, if the blood.

contains an antibody crgainet an anti€5en on the surface of the

platelet. Inconpatible /i cr B red cells have been shorrn to sunrive

in circulation for onry e few n¡inutes (,ranar and ronlinson 1g!B).

E. PRESENCE OF LEUK0CYTE ¡ND PL.¿-fEt¡Ì'T T.}.ITIGtrNS ON EFID CFII,T.S

All reports to date indicate that leukocyte and platelet
antigens are not present on the su¡face of red cells. This

obserrration is supported by nany theraputic red celr transfusions

giveu to patients with leukocyte antibocies, in rrlion transfused red

cells have noræal survival tines. (Chaptin eù aL 1959)

[. RÐ,+lTI0hS
^}iTiGÐüS CC'IiìuON T0 LEIK0CÏT.ES ¡:ND PLÁTFX,ETS

In 1965 at LeiCen, leukocytes and platelets fron &5 individ-

uars arready typed by van Food et alr rrere typed by a uunber of other

rrorkers r¡iüh soËe of their best sera. The nost inportaut results of
tbis Leiden ^¡vorkship were reported in Histnconpatibility Testins 1965..

these results ÌÍere:

i. that nnst of the lr*kocyte antigeDs recognized by van

Rood 3¡!3! (rg6f) by the defitrrination agglutination pmeedure could

also be detected vith the ,EDri;agglutination and cytotoxicity tests.

Four of the autigens could also be recognizert by the conplenent
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fixation test¡

ii" ùhat tf¡e autigens lôac, 81, LÀ2, Group 2 of rerasaki, e.nd

8a if not identicar, are very rmch alike. The antigens c1 and Za

are probably sirailarly related.

¡,t the Leiden neeting, Dausset et aI (fg6f) suggested that

the leukocyte antigens they had stud.ied by agglutination and cytn-

toxicity, were controlled by genes at a conplex locus rrhich tbey

denoted by Hu-l. Other workets have now also realised the possibility
that all or nogt of the antigens they ars studying, are in fact
controllect by one rocus (presunably the sar"" ooe). van Hood et al

(rg6e) have adopted. tþe vorking hypothesis tåat their g¡oups four,

six, seyên¡ eight and nine are closery tinked, wbile gmup five
might be an independent syeten. hdr"" et ar (rge6) krave presented

a pedigree ehowing the independent segregation of the LA and the 4
genes. Repeat testing of this fanily did not verify that independent

segregation of the genes controlring the two systens had taken

place (noarter 196? personal cor-rnunicatiou). This inplies that tbe

leukocyte anúigens of ttie L*r systen and of the groups four, sir,
Eeven, eigb.t and nine groups nay ail. be controlled by the sane

genetic locus.

rt appears that ttre study of reukoeyte a-gtigena rs uov
entering a phass of consolidation. Van Rood et Fl (fgOe) a"d
vredevoe et al (rgeg) have both publish,ed tables indicatíng that
rerrkocyte and prateret antibodies described independepily by r¡arious
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uorkers in this field r:ay be identical. The relationshíps

suggested by van ri,ood a¡-¡d vredevoe wilr be discussed later in this
thesis after the presentation of the results.

G, I3ÁPGRT¿¡IiCE 0F L.{JIIûCYTE tj,tiD FI*.Tfl,ET ;NTIGDùS

(1) Clinical k¡¡ortance in Transfusion

the physiorogieal and pathologicar effects cf reuhocyte

and platelet antibodies in vivo in hu¡aans, have bee.n reviewed by

shur¡aan et al (rg0r*). the experiuents reviewed. indicate clearly

that infusion of antibody intn persons ceruying tbe eorresponding

antigen, will cause a ¡recipitous fall in tt¡e count of eells in the

blood carrying that antigen. Hovever cells not carrying the antigen

are nct so affected. .åster @*:::)"*r" rha.t ptatelet and

leukocyte antibodies are an in¡lortant factor in the etiolory of
rrfever-chillrf transfusiou reacticns in situatíons wh.ere there is no

red cell incoupatibirity betveen donor and recipient. rn a gruup

of 1J patients with platelet and leukocyte antibodies, ten had

suffered, transfusion reactions presrrrl?ably due to receiving celts
containing .incon¡ratible platelet and/or Ieukccyte antigens.

(2) Clinical l¡aportance in Neonatal Thronbocytopenic purpura

The iuportance of platelet antibodies in idiopathic

neonatal tÌrronbocytopenic purpura, has been reviewed by shurnan et ar
(rge¿.) and by Pearson et al (rgør.). rt alrpears that a detailed



26.

kuowledge of platelet groups is essential before a rational approech

can be nade to deteruine the best therapy in individual cases of the

d,igease. Pearson et aI have begun this task, but it r¡ould seen that

in viev of the diversity of antigens r*¡ich nay bq involved in ühis

disease, a large nusber of cases vill require full docunentation

before firË scnclusions can be drava.

(¡) Fossible CIinical lanortanee of Leukocvte and Platelet

Groups ín 0rEan Iantation

the investigation of organ transplantation in humans, has

intensified in recent years, particularly since the description of

the reukocyte groupso The stuclies recentry reported in the .annals

cf the New Yorlr -Ac of Scieuces by Dausset and Rapaport (rge6)

and by ceppellini et al (rgeg), are the beginning of the experi¡rental

erucidation of the inportance of brood greup differences in ekin

grafts betveen individuals. cepperlini et ar have shovû that

antigenic inconpatibilities at the ¡:80 locus, reduce tbe survival

ti¡re of skin grafts iu unrelated individuals and in sibs, conpared

vith survival tiue of grafts between conpatible Fersona. cepperlini

et aI have suggested that the ilstrengthtr of aa allele nay be culy

relative to the donor reeipient co¡rbination. fu Ar arlele is
probe'bly nuch stronger in an o, than in an ÁB recipient, vhire it
nay have little effect at all in an .å., recipient. rncaup.atibility

witÀ respect to the P blood groups (partieularly p, donors on p,

reeipients) also leads tn a reduction ín nean graft sur.víval time,
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vhereas the fuN ana rrn(D) groups have shown no reration to skin grafts,

ceppellini et ar were able to shov by analysis of variance, that the

mean skin graft surrival tir¡e for sib-sib grafts, vas sígnificantly
greater tlran the tine for ¡;arent-chird grafts, vhich ia turrn rsas

significantly greater than skin graft survivaL tines betrreen un-

related individuals. (Uean survival tines for these three g¡¡oups

vere 16.6/, 74"63 and 12.L2 days respectively). .Analysis of variance

of the data of ceppillini et ar (tg00) vas perforned after tt¡e

renoval of the F inconpatible grafts as rrell as the -AB0 inconpatible

grafts. The differences in r:ean survival tine of grafùs between sibs,
parent-chird and unreratecl d.onors were stilr arl significant.

The results reported by Ceppellini et al r*ith skin graft
sur=ivaI, pararrel closery the report of Greason and. l,{urray (rg66),

showing that AB0 ineonpatibitity increases the ehance that a kidney

honograft vill never function, and that inconpatibiriþ vith respect
to the F groups nay reed to a decrease in tjre duration of frrnsti6¡.
rt is well knor¿n that the proportion of surwivors after renar trans-
plantatíon is higher wlren a graft fron a related, rather than an

unrelated dcnor has been nade (Starzl et al 1966). The rcrk of

Dausset and ft,apaport (1966) suggests that the geneticar factors
disclosed by ceppelrini et al as infruencing skin graft suryival, nay

be detectabre by reukocyte grcuping. van Rood et ar (tg66) have shown

by leukocyte grouping the donors and recipients in Gepperrinirs
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experiaents, that skin graft sunriyal tine is significantly reduced

by an increaÉe in the nurrber of inconpatibilities betneen iudivid-

uals (particularly for sib-sib pai¡s).

The parallel betveen skin and hid.ney graft results referred

to above, suggests that study of the relation between organ graft

survival (particularly kidney), and leukocyte groups nay be

particularly fruitful. Terasaki et aI (f900) consider the results

on kidney transplantation of selection (rrhere Fo6sible) of e donor

having a low nr¡nber of inconpatibilities vith the recipient.

Besults'with selected donors nere better than previous results with

randon donors, but the differences have not achieved statistical

siguificance. Iiowever the nurrber of recipients receiving seleeted

organs wss not large (32 case"), In a recent reviev The Relevagce

, van tood

et al (tcl6Z) concluCe: rrÎoo fev d.ata are evailable at the sonent t¡

allow us to ¡aake a stateaenù on the inportance of lenkoeyte groups

for kidney graft survival using randon donors. I{owever, in vier¡ of

tÌ¡e data in tbe sÍb-sib grcup it is likely that leukocyte group

raatæhing will inprove tlre prognosis for renar graft fron a randous

donor.[ The suggestion that the teukocyte antigens thought to be

inportant in transpraqtation are also Bresent on the nlatsleüe,

irrplies that platelets could. also be used in grouping for trane-

plantation.
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(¿) 0tÌ¡er Facets of Biological lrrportance of Leukocvte

and Slatelet /rntieens

If tkre leukocyte and platelet antigens are in fact trans-

plantation antigens as appears likely, their stndy will involve

consid.eretion of other natters of fundanental t,iological ir4lortance,

i. e.

i' the chenicel nature of tl¡e antigens and their no¡rral role in the

organism

ii, the selective Fressurês r¡hich influence the pol¡'norphic structure

of natural populations.

The selective iryortance of a transplantation antigen has been

stutlied in the rat by ùrichie end Anderson (1966). The naintenance

of polycor?hisn in the face of intensíve inbreeding indicates the

strong selective effeet of the genes involved. The cccr¡rrence of

transplantation a.ntigens in the varl-s of bacteria,Rapaportr-e!_4

(gøe) is a further point of fundasentar significance. Further

study r¡f tbese antigens should tead to a better u¡derstanding of

their function iu the inúividual and in tbe population.
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cH4Frnn rwo

II:.LIFfi,I.ALS J.lùD ìffiT¡IODS

The nethods end nateriale used in the investigation of

platelet and }eukocyte groups ere d.escribed i.n this chapter Ín order

to avoid subsequeuù repetition a¿rd breaks in tbe continuity cf
presentation. This chapter is divided iuto three parts:-

A. Collection and preservation of specinens

B. Serological procedures

C. Statistical Design of Experinents.

A. C0LIECTION Al,iD fBfSHÌVlrTIû¡I 0F MI:IW.IÁL

(f) Serun¡ Hunan serun to be tested for platelet anti-
bodies was obtained fron venous blood wkich had been collected. by

clean venipuncture and alloved to clot in a plain glass container

for I to 24 hours. åfter separation fr.on the clot, seruÍx was orü!e_

tines stored at 4oc for up to three d,ays. Longer storage was

continueC in a deep freeze at -J0oC. llo presenrativee were added to

the sera collected. Before use in a corrplenent firaticn test, serun

was heate¿ at 56oC for J0 ninutes to inactivate tåe eorrplement

present. Sera for screening for platel.et antibodies were obtained

fron:-
i. nortral donors of the Red Cross Blocd Transfusion Serrice

ii. naternity patients nresenting for anti-natal blood testsat the ReC Cross Blood Transiusion Se¡r,ice
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iii.bospitalpatientsattheBoyal.ôdelaideBospitalvho
vere beini cross satched for blooù transfusion and vho

had reeeived previoue blood transfusious

iv.patientsvit}¡idiopathicthronbocytcpenicpurpura
iooe"tigatedbyDr.l{oodliffintheËaemotology
Departnãnt of Hoyal Ferth Eospital'

v.reothersofpatientssufferingfrorrneonata}tlrror:ì¡o-
"ytop""i"-¡"orpo"* 

vfoo rrere treated c.r referred ta the

.ê-delaide ChilCren' s HosPital

vi. patients cf the renal unit at tbe the Sueen Elizabeth
ilo=pit.l vho were beíng treated on cíalysis çmgrarme'

I. nr¡rrber of sera contaiuing cou¡rleneut fixing platelet antíbodies

r¡ere obtained fro¡r Dr. hi. Berah r¡f !íelbourne. These were treated

as above.

(z) Fl-ate Iets: PIatelet preparaticns l{ere nade fmn

v}¡ole blood collected in siliconized glassr*are, using disodium

etbylenedianine tetraacetate (nDn¿) 5ft í" O.grft NaCl solution. One

nI . of this sol-ution r¿as adrled t¡ a one ounee universal container

and vas sufficient to prevent the coagulation of up to 30 nl. of

blood. Flatetet rich plasËa Ìfas obtained fron this blood by sed-

inentation at !00g (ZOOO rpn) for !i minutes in a swiug out head

ÈiSE tSuper-À,iultex'r Centrifuge anC then aspirating the supernatant

plasna. Platelet buttaus vrere prepared frcm this plasna by sedineut-

ation at 50009 (SOOOrpo) for 1O trinutes in a Sersatl refrigerated

centrifuge at {oC. Platelets were washed once by resuspending in If,

ar¡noniun oxalate and tr¡ice ín O.85ß NeCI containing 0.1fl sodíun azide'
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The vash in amonir¡n oxalate caused the lysis of any contüiBating

red cells. åfter the second Ealine ¡rash th¿ platclet^s vere re-

suapended in 0.81f, NaCt contaiuing 0.1f, sodium auide and etored in

¿ cold roon at &oC or in a refrígerator viüh a teqreraürre taoge

fron 2 - 1OoC. the yielil of platelets frou ](hl of blood rae

usually suffieient to nake 3 to ?sL of platetet suspension at e

concentratiou of J0or000 platelets per cubic nn. Initiatly platelet

counts vere perforued by tbe nethod of Brecher and cronkiùe (rg:gÌ.

Later platelets were diluteil by eye, in order to fecilitate the

preparatiou of larger nuubera of specíncas. usually 50ul of blood

gave a platelet button several nilriøeters in dianeter, rùioh c-ou¡d

bc recuspeniled to give a platelet suspeneios similár in apnrearance

to that prepared by countingi platelets prepareil ac abovg sare

also used in the quaatitative coroplenent ff¡atioa test anô in
absorltio¡ and erution erperinentg outlined rater in th.tq etegter"
0n ùhose occasious vhea it vas ûeceseary to prepare pfete+.et¡. !f.o¡
quaatifiee of blood eúûaller tåan l0nfa (i.e. ¡ _ laqf)then.t&e
iaitial centrífugation vas perfoF¡ed ae epecified eùqxe. in a tert
t¡rbe of stsaller dia¡¡eter than the o'e or¡nc€ bottre" ref,er-red to
abovs, so that the saae deptb of blood (about 5eû) could bq.rpun.
Platelete prepared and stored ae above could be reegapenôed aad used
a3 a source of antigen in ùhe conprgue-nt fixation test severar
mnths after they had been prepêre!,

rhe nethod of prateret separatioa üesc¡ibed above is very

I
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sÍmilar to the nethods used by -ôster et al (rg6tr) and by shulman

et ar (rg0¿).

(¡)

i. rliluent (veronar Buffer): The tliluting ftuid used in the

complenent firation test was that rlescribed in Kabat and lieyerrs

Experimental rmrunochernistry (rg6t). a stock solution was prepared

by dissolving:-
85.0 gra¡r of NaCl

3.75 graø' of Na-J, J-diethyt barbiturate (Barbitone Sodi¡o)

in about l400,nl of distitled water.

5.75 gtæ 5, 5diethyl barbituric acíd (Barbiton") was

dissolved separatery in J00nr of hot distitred r¡ater and

the solutions nixed. :

After allowing to cool tq roon tenperature 5.(hll of a

solution containing 1.00 M bigClz and 0.J0 Ií CaCl2

were added and distilled water ¡¿as added to 2000n.

This solution r¿as diruted five fold with distirred vater and tbe pfl

checked before use, with a phirtips pF, 9400 continuous reading pH

*eter' The usual ptì of buffer prepared as above was z.j to 7,6. This
was adjusted to be vithin the ra.nge 7.J - 7.5 with a sn¿lr quantity
(about 1nI per 2|¡ourt of finat buffer) of N/10 Hcl"

ii. EaenolYsinl .{nti-sheep red cell rabbit seru¡n was purchased from

Comionwealth Sen¡n Laboratories, I¿elbourne, Áustralia. This seru¡r

uas titrated as described below to dete¡rnine üre strength that should
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be used to sensitize sheep red cells for tbe eomplement firation

test.

iii. Sheep Eed Cells: Sheep red cells in.4lseverrs solution vere

purchased from Consonvealth Sen¡n Laboratories. These red cells vere

usually at least several days ord when received a¡rd could be kept

for several weeks before the presence of exceesive spontaueous

haerioLysis reûdered them unsatisfactory. Red cells obtained frou

this source tlíd not appear to var¡r greatly in their sensitivity to

co'qplenent, but titres were usually perforçred on each batch of

sensitized sheep recl cells to ensure that standard anrountg of

coraplelent vere used in the corrplenent fixation test.
iv. corrprenent: Guinea pig ee^rn as a sou?ce of conplenent vas

obtained by collecting blood fron the jugutar veins end carotid
arteries of rarge guinea pigs. Eloorl r¿as collected separately fron

each ani¡ral and after clotting and standinþ for one hour at room

terrperature the specinen was centrifuged ar¡d üre serrn asperated.

sera frcn 12 or nore auimals vere poored and stored in aliquots of
one or tr¡o ¡rl. at -J0cc until required. under these conditions it
was found that ccrrpler:eut activity did not alter significantly over

a six nonth period. ¡'jhen a quantity of guinea pig senm less than

t'hat in one aliquoü r¡;-s required, the renaining eenrm ¡¡6s ir¡ngfliately

re-frozen- This vas .one up to six ti¡¡es vitbout noticeabre arter-
ation of couplenent activity.
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B, LSGIC.AL PÊOCÍ]DUÊES

In all qualitative procedr¡.res described in this thesis

vhere quantities of reagents werre dispensed in drops, the drops

rrere d.elivered fron rlisposable glass Pasteur pipettes (ttTransPetsn

n¿rnuf¿:ctured by Clay -Ârlans New York U.S.À.)

The size of drops fron these pipettes vas tested for

variatÍcn by veighing single drcps of distilled water delivered by

a sarirple of tl¡e pipettes. Heên drcp veight was 0.0269 grans l O.OOtr*

i.e. J? I 2 dtop" to 1nI of dístilled vater.

(1) Titration of Hae.nolysin: Haenolysin was titrated by

preparing dilutions in veronal buffer flnrrn I/4OO tÆ L/I2800 and

adding 0.'1nl of each dÍlution to a row of tubes (in quaaruplicate).

Following this 0.â:rl of guinea pig serun diluted I/ZO and 0.5n1 of

a !fi sheep red celr suspension ¡sasherl four tines and finally sus-

pended in veronal buffer, r*ere added separately to each tube and the

mixture incubated fsr J0 r:inutes at 77cC vith occasicnal shaliing to

ensure that the red cells renained in suspension. Âfter incubation

the tubes nere centrifuged at 500g for z sinutes. The end point was

read as the highest diluticn of haereorysin which gave corrprete

haenolysis of the sheeprs red cerrs. usuarly a t/+ooo dilution of
hae¡loLysi¡l vas sufficient tr¡ cause coiaplste haenolysi..

(z) Sensi tization of Red Sheep red cells were

sensi.tized by incubation with haen¡olysin for J0 uinutes al 77oC.
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Equal volu¡:es of. 5fr red cell suspension washed four tines in veronal

buffer anC heer¡olysin at four tines the titre dete¡s,ined in the

titration of haermlysin (i..e. usually 1/1000), were nixeC slowly

vith stirring and rcere incubated as above. After incubation, red

cells could usually be stored about Ðne week before excessive

spontaneoue haenolysis occurred.

Dilution of sheep recl cells for titration of haerxrlysin

and for sensitization was carried out photonetrically using a

Shinadzu Spectmphotoneter type ZV-50. A Lhj dilution in distilled

water of. a 5fr red cell suspensicn gives an optical density of

0.760 (Sbolnan et aI Lg64).

(J) Titration of Conirler¿ent: Dilutions of guinea pig

seruEr in veronal buffer f.roa LfL} to 1/80 were preFared, and one

drop of each dirutiou added to a ro x 7fu test tube. Titraticns

rÍere usually perfornec in quadruplicate. Âfter one hour incubation

at, J7ocr 0.6úl of sensitized sheep cerrs diluted one to five ryj.tih

veronal buffer were added using a Becton Dickinson ãrl dispensing

syringe. (Becton, Dickinson antl Corçauy Rutherford, N.J.r II.S.A.)

lubes were then incubated for a further t0 ninutes at J?oC and

transferred to ice cold water untir they could be conveniently

centrifugec at 2000rpn for a few ninutes to settle any unlyzed red

celrs. lubes rrere shake-n once during the incubation period to

reduce settring which nay affect the proportion of red cerls lyzed.
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Tubes rrere exariined by viewing then fron above while they vere

supported in a rack rvith a perspex botton. This rack vas praced on

a localry r¡ad.e view-ing bcr 12't x ltt irruninated by one circular
25 vatt fluorescent tube. Con¡arisons betveen tubes could be nade

quickly by noving onry the eye of the viewer. up to g0 tubes ccurd

be exanined at one tine.

Besurts ty¡rical of those obtained fron such a titration
are shovn in Table 2:l belor¿.

a
DiLution of C 2e/6/6?

r/Lo

t/t¡
t/tt.¡
L/zo

t/22.j

t/zt
tßo

r/40

t/60

Titration of C' in guinea pig serum (tz/tz/66) vith sheeBred cells sensitized 2g/6/62.

þJhere 4+ denoted that there has been no lysis of red cell
The supernatant contains no deteótabre haercglob:

+W +IJ +V

+w

+v

+rf

+,tt/ +rf +ÌÍ +w

+

+w

+w

+\t

+w

+Iìt

+w

+W

+rf

+++

2+ 2+ 2+ Z+

4+ 4+ 4+ 4+

labLe 2:l
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J+ (not obser-ved in this titration) denotes ttrat
there is a trace of haer¡oglobin liberated but
that there is still a substantial proportiôn of
reC cells reÊaining,

2+ nore thau a trace of hasnoglobín end slighùly
less unlyzeè red cells,

+ large proportion of cells lyzed but still an
obvious Ceposit in tt¡e botton of the tube,

+r¿ ak¡ost 100/ haeuolysis, but soËìe red, cells in
the bottom of the tubç,

- no detectable sheep red cells unlyzeo.

The resurts of the titration d.id not appear significantly

different vhen an extra two drops of diluent vere add.ed. to each

tube eo that the volune in each tuhe vould then be icientical with

that used in the cor,rprenent fi:ation test. 0n sone occasions the

incubation period prior to the addition of sheep red cells was

shortened or onitted. H,esurts obtained suggested slightry greater

activity s1 çsnËrenent than if incubation had been one hour.

Titration of coraprene.nt rras used as a guÍde to ascertain

the quantity cf conFlea¡ent rshich sl¿ould be used in the corçIereut

fixation test. usualry the quantity of co¡rplenent used was

sufficient to cause ah.ost conprete lysis of 0.6nr of sheep red

ceLls in 40 ninutes at,37oc. 0n the basis of tbe results in
lable 2zr íL r¡as decid.ed to use L/zz dirution of guinea pig serun
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(tZ/tZ/66)" This va.s in good agreenent with arevious expe:'ience wii;li

this serun. It was fou¡rd that if extra units of haenolysin werer

added vhen the sneep red celtrs r,tere sensitized then tÌae quantíty cf

guínea ¡rig senrm required to produce a given Ciegree of, lysis rras

reduc ed..

('- ) The Q.ualitetive Conpl,enent Fixation Test: These tests

'were carried out in 1û x 75rxt trest tubes. ûne drop of the apF:'opriate

d.ilution of guinea pig serun vas adCed to each tube. This v¿as

folloved by one clro¡: of serun or serua dilution, and finally one drop

of platel-et suspension pre¡;ared as outlired. above. Usually it was

convenicnt to perfora up to 480 tests at one tine, The sane ser-üìl

or serup ditution ruas added to each tube in a colunn (columns labelied

fror¡ Ä - J). Flateiets fron one pers.rn were adde¿1 to each rolr of

tubes labelLed nuçrerícally f,ron 1 to n (ilit"gu""). *-Ii tubes used

in large qualitative cor,plenent fizatir¡n tests rtcre ìabeiÌeC vith ¿:

Ietter (ineicating cclrirrn) and a nurzber (indicati.tg rorv) so that thr

possibility cf inaclvertant nixing of tubes was very low. îhe Las€

tço rorss and colu¡ms were kept for controls, cor.taining sen:a only

and platelets only respectively*
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Fl atel ets

ÀBc
Serun

D IJ

1

f,

T

2

1

4

5

6

7

B

Control

Gontrol

F :1 Usual arraügenent of tubes for the qualitative conpler¡entfixation test

the serun contrors contained one and two drops of serun

respectively. Occasional occurrence of anticorrylenentary sera 6ad.e

it advisable to have tuo controls as recormended in Kabat and Meyer

(rg0r). usually only one platslet control rras included, for seklon

vae it found that platerets rrere anticcnprenentar¡r. Ås seeo in
Figure 2:1, there vere usuarry at reast two tubes containing onry

conple'ent which served as a contror of con¡rrenent activiüy. rn
order to reduce the deterioration rrhich could occur in the conrpleuent

r*tile standing at roon teuperature, racks of partially prepared
qxperinental naterial which 'hrere i::rt reqr-rired, ws¡,. stcred in the
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freezing co'¡:artneut of a refrigerator (-rr ø +zoc). rt was uot

usual to reave tubes in the freezíng cor:partnent for r¡ore than one

hour. ft:¡¡ediately after platelets vere ad,ded to a set of tubes, they

r¡ere incubated at 37oC for t hour. ¡dhile incubation continued, 0.60ral

of sensitized sheep red cells diluteil one t¡ five vith veronal buffer

l{ere added and incubaticn continued for 40 r,¡inutes. F.ed cells could

be added to each of 80 tubes in a r¿¡ck in less thau two ninutes using

a Becton-Dickenson 2nl dispensing syringe referred to previously.

Bed cells were agitated by skaking ü¡e tubes at least once during üÞ

ineubation period. Åfter incubation, tubes were rejroved and chilled
to 4oC r¡ntil they were centrifuged at 2000rpn for a fer¡ ninutes. The

results were then read using the nrethod describeC for the reading tb
Qualitative Titration of Conirler'lent. Results Ìrere recorded. as 4+, 3+,
2+, +, +w on the besÍs of the criteria referred. tn previousry.
Negative results (no renaining red cerls) occur.red infrequently, rn
this th'esis the results are recorded in tabres and appendices as 4,

31 21 7, and 0 where 0 corresponds to conbined - and +v reactions,
1 to 1+ etc, These results were tben interpreted in the 1ight of
appropriate controls as either positive, negative or doubtful. iåny

tube giving two pluses greater than controls vas consid,ered positive,
one plus greater than contrors doubtful positive, and. sane as contrors,
negative' ¡Á'-rst of the sera used to obtain tLe genetical daüa presented

in this thesis r¿ere used at a dirution such that a positive pratelet
specinen gave a 7+ ot 4+ reaction r*l:ile a negative specinen gave a +v

reaction.
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(5) ¡¡sorptiou and Eru,tion of ¿:¡rtibodv: l.ntibodies were

absorbed fron seru¡ and eluted fron ptaterets using the nethoil

described by shuhna.n et ar, (tgøtr). Flatelet suspensions to be used

in an absorption experinent were centrifuged at J000g for 10 ninutes

tn give a butt¡n of approxinatery 109 praterets, These platelets

nere then suspended in about 1nl of serun antl the nixture incubated

at 3?o for oue l¡.rur vith occasionar nixing, t¡ ensure that platelets

reuained in suspension. åfter incubaüion, the plateret serun nix-
ture was centrifuged at 20r000g at lrog for 1! ninutes. tþs gs¡¡rÌ., ç¿s

theu renoved and after washing the inside of the tube once or trsice

with cold saline, the platelets rere then resuspended in co1r1 ealine,

and tl¡is suspension rras acidified b pÐ with N/10 ECI added dropwise,

vith constant r:iring. Tbe pH }ever r¡as coatrolled usiug the phillips

Pr 9400 continuous reading pH neter referred to prevíously. The

acídified platelet suspension was e,entrifugeA (5OOOg for 10 ninutes)

after standing at roon tenperature (about eooe) for 10 ninutes. rhe

supernatant was renoved and neutralized îrith N/10 Na0g (to pt 5.!) and

N/SouuOn (up to pE 6.J -?.o). The atkari was added dropvise and the

solution nired with a pasteur pipette to ensure an even ilistribution
of reagent. The pII revel wag coutrorred ag above. care was taken to

stop the neutrelization of antibody on the acid side of pHJ, as

excessive arkali is said to denat¡rre autiboay lsnulnan et al 196&).

During the neutrat ization of eruate, a vhite fruffy
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precipitate often formed. This was renoved by centrifugation at 500g

for 5 ninutes before storage of the eluete at _j0oC. Eluates vere

then used as antibody. ¡-bsorbed serun was also titrated to dete¡mine

the change in antibody level.

C. ST.ÂIISTICAL DEÍIIGì.I 0F Fj)Fr.iIi,IiriBiTS

(r) Nuraber of Platelet Sn eciuerrs Used to Test Sera for
Platelet ¡ntibodies: IilhiIe considering the design of experircents to
detect platelet antiboCies, it was felt tÌ¿at those antigens for which

the population was pol¡nnorpþic rrould be nc¡re easily studied than those

antigens which rrere either very corf,¡on, or very rare. Detecting an

antibody against a very coE:non antÍgen (present in say gOf or nore

of a population) does not require a large sar:ple sizs. If the

frequency cf, the antigen is 0.!, then the prohabirity of detecting the

corresponding antibody using celrs fron trro rand.ora donors is 0.99. rt
was d.ecided that antibodies which reacted, rsith less t}ran Zlfi of the
popul;rtion would be ress easiry studied than those which react,ed with
nore than this proportion. Table 2:2 shovs that screening sera against
a panel of praterets fron 14 donors gives 9ift ce¡tainty of detecting
antibodies rvhich react wi+,h z@ of the population and reasonable

opportunity (fmn rcfi "p) of detecting antibodies reacting with 10

t'o 2M of the population. After certain platelet antigens had been

defined it becane possible to exclude the presence of certain complsnert
fixing pratelet antibodies by testing sera against Fraterets of knorm

antigen conposition,
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Frequency of lr.ratigen
in a population

P¡obability of cletecting
corresFond.ing antibody with sanple
of 14 randon plaùelet specinens

0.50 or nore

0.40

o.Jo

0.20

0.gggglg

0.9992

o.994

o.grø

0.19

0.18

0. 15

0.10

0.947

0.93s

0. Bg7

0.772

0.05

0.01

t.522

t.I3I

T e 2;2

r. serâ contain the tiboean
^4. nu¡eber of possible

relationsbips nay exist bet'¡reen two sera containing antibodies. The
sinplest possible relationship is that each serrn contains the sane
antibo-dy. l{hen this reratianship exists betr*een two sera, then arr
Persons tested will be either positive or negative with both sera.
The result of testi',g rtrt persons with such sera is as shoìm in
Table 2:J.
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a

o

o

d

45.

+

Table 2:1

R;ace anc sanger (tgøz) have shown tb.at the n'nber of
specinens required to show that the antibodíes in two sera are the

sâne is quite snell. Àt 9j/o l-eve]- â = d = J (o = 6) would occur by

chance only once ín twenty tines if the trro sera used vere rmrelated.
ii. hthe¡e oae s_enrn contains twc_g"tib"di"s and.
one of tù,ese antibodies: A second possible relationship is that one

serum contains tr¿c antibodies, onry one of which is found in the

second serua. Eesults e:rpected fron a classifieatíon of individuals
vith tr¿o such sera are shorsn in Table 2:4.

a

b+d

a+b d n

Table 2:4

+ a

d

n

+

+ a

b

o

d
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the nuraber required to oÌ¡tain the 95/o síg!ífica.nce level under these

circuËsta¡lces is somewhat higher ttran the r¡inirl¡n nunber above. For

r¡a'¡Fle the probability of the results in Table 2:5 being obtained

with unrelated antibodies ís 7f9g (Fisher's Exact Àlethod, Fisher 1958).

Table 2:5

iii. Sera with indepeudent a,¡rtibodies: Â third relationship which uay

eriat betneen tr¡o sera is ttrat the tr¡o sera ûay contain iuCependent

antibodies. Th.e sera rray have one cr more antit'odies sâch. when

these antibodies are independent e¡rtries should appear in all four

cells of the two way classification and shoul<l be proportional to the

products of the narginal totals (tatte 2:6).

a+c

b+d

n

TabL: 2:6

+

+ 5

7

L2

+

+

I 4

5

J

0

4

a+b c+d

c

d

a

b
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The X 
12 t""t can be uset!, to shor¿ 'ruhether data obtained agree with this

hypothesis of independence of reactions produced by two sera, provided

that tlte snallest nrraber of entries expectecl iu any cell is greater

than five.

iv. Sera vith nany antibotlies where so¡¡e are shared.: -.¡Jhere tr¡o sera

have one or r:iore antibodies in cormon, and each sen:¡l bas other

autibcdies not sh.ared, it is expected tÌ,at there vilr be a pcsitivç
association betrseen the reactions rrith the sera 60 that radr will be

greater than tbcr. l'kie nagnitude of this association will depend on

the frequency of reaction with the eutibcdies present ín eon¡ron

coriPared vith the frequency of reaction with the unshared antibodies

in each serua.

v. ¡ìntibod.ies aqainst associated aotigens: Detection of antigens

which ere essociated in a popuration nay give the appearance of an

associatiou between tr+o antibod.ies. .¡in er"rqple of such an association

can be seen vhen looking at the distributicn of positives with anti-C
and anti-D of the Ehesus systen on red broo¡l cerls. The strength of
association obsenred depends on the distribution of the antigens in
the population studied.

vi. J¡ntibodi es asainst anti con trolled bv alle les: Idhere two

antibodies ere detecting antigens which are the product of allelic
genes, the association will be in the oiiposite direction ø (i)
above i.e. 'bcr wirr be greater than rad'. The nagni{,¡ds cf the
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association -¡ill depend on the frequency and distribution of the

alleles. in the population. For rUt; 0 there nust be at least

three alleles in tkre ¡,;pulation, two produeing a.ntigens and the

thirC ¡rroducing nothing reacting rr¡ith the tr¡o antisera being

considered.. This situation ís not unknor¿n in blooC group systeras;

perhaps the best known exarrple is the .â80 systen of red cell antigens.

(¡)

cn Fno¡rì tio n Data E o*wonn f.ho Hr¡natÈoqí o f.ha*. rf\.rn Anticonq aroa

Controlled Ìr'¡ rr.Cer¡endent or Allelic Genes ; l"dhen a

i.s tested with tv¡o different antibodies, the results

in a 2 x 2 table es shol,'n in Table 2:6 above. It is

cnce the uarginal totals are fixecl only cne of a, b,

varied independently. The table can be rewritten as

TabIe 2:7.

n- a2

u1 n- *1

T¡bI e 2:7

group of n perscns

nay be set down

weII Ìrnorrn that

cordcanbe

shor.'n belov,

1

uz+

n

r - "1 - a2+ a

-aa
^2

ur- u
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2
x t testing incependenee of the trrc antigens detected

2isX LN

.r(o - ar) ur(n -. "r)

Ncw (a, - ")Gz- a) - a(n - uz - ^t+ a) = ataz - na

("fz- *)2o
= ar(r - uz) .r(t, - .1)

.X2
1

rf the antigens (+) represented in Tabre p:g are con-

trorled. by allelic genes at the sa¡¿e rocus present in a popuration

vith a frequency of p and q whire other alleres are present with a

total frequeneyr thenp +q+ r- 1. The proportioncf obsenations

erpected in each crass on the basis of this hy¡rothesis is shovn in
lable 2:8.

r -(p * ")'
(p * r)2

1-(q + r)2 (q * 
")2 t

Table 2 :8

+

+ 2pq

+ 2pr

+ Zqr

2rp
2

2
lt
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i'trhen estinates of gene frequency which agree rr'ith the

narginal total are used, then it nay be seen that f - (q + r)2 of

Table 2:8 is equivalent to ar/n ín Table 2:/. If Table 227 ís taken

to represeut obserqations, then *? a test whether the data agree

r'¡ith the hy¡iothesis tbat the antigens are controlled by atteles is:

x? = G - zpqo)Z * (", - a - (n' * zpt)o)z
¿-

Zpqn (02 * 2pr)n

*(t- uL-^z+a- r2o)2

(n2 * zqr)rr)2

( fi + 2qr)n

+J_
2r

*(ur- a-
2

r)
rn

- 
(a - 2pqn)2 1+ 1L

ptl

+
Ð 2q2pq, + 2qr + 2qr

since each of the nunerat¿rs abcve are equaL to (a - 2pqn)2.

These equations tor Xl can be used to deternine the

poputat,ion size (n) to be exanined in order to distinguish between

the h¡rotheses above at a certain probabilíty level, this is si¡rilar to

&enethod of planning faniry size in order tn distinguish trrc segreg-

ations as outlinett by },iather l9n). The nur,ber of specinens required

to distinguish between these h¡potheses at üre 97.5fr level for various

gene frequencies is shown in Tabre 2:9. rt ¡rrirl be noted that the

entries in lable 2:9 are larger than those which could be calculated
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fron the forrrula given by Eodner and payne (1965). This difference

arises as Bodr¡er and Payne have calculated n for a situation r¿rere

the data agree exactry vith one hypothesis, whereas here aceount is
taken of the possibirity that observations aay deviate by chance

fron expectations based on a correct hypothesis.

Froportion of
pcpulation

vith antigen

Ccrresponding
gene frequency

o.7

o.2

0,1

Table 2:9

0.51 0.36 0.19

O,3 o.2 0.1

IItT

209

410 115e

Size of population to. be samplscl to distinguish
bypo theses.

305

59t*



CHÄPTEB TIìI¿EE
J2.

PL.âTELSI ÂN-T IB OÐI¡JS

PIateIets fron 14 randon donors were used t¡ screen

sera for co'plenrent fixing platelet antibodies. Âs indicated in
chapter 2 a panel of cerrs fron rt d.oncrs provirles reasonabre

certainty that antibodies against coËEion antigens in the population

vill be d.etected. When platelets fron one batch had been used or
becâ''le nrore than three weeks old then these platelets were replaced.

by a fresh batch fron Cifferent inclividuals.

Maternal sera were exanined. in the initiar part of this
study by testing then against platelets fron rando¡r blood d,onors.

In order to elininate reactions attributable to the AB0 blood group

systeE sera were subsequsntly screened against platelets fr.orr randocr

group 0 doucrs only.

iir

serun was obtained fron erpectant nothers gravida tr*o
or Elore who presented at tk¡e Rerì-Cross Blood Transfusion Centre during

the last three nonths of their pregnancy for routine red cell antibody

tests. This nethod of serection resurted in a rarge proportion of
Rh-ve sera being tested (tZt/zZl = Øfi). The.distribution of the Â80

and Eh groups of a series of 2fJ wonen studied is given in Table j:1.



)),

Rh groups

aBO Groups

tL6

L22

3L

4

7A2 T7T 275

Table 7:L .Â80 and Etr groups af 2Tj wonen screened. for complenent

f ixing .nla.tel et antibodies

conplenent fixing activity was obtained r¿ith sera fron 2g of these

rror.en. The distributicn of the ÁBc and Rh groups in those subjects

vith antibodies ís shor¿n iu Table J::2.

Bh groups

tt t5 28

platelet antibcdies

+

A

0

IÐ

tiB

+

4

20

^AB0 ar¡C F,h groups of 28 woÊen with corrplenent fixing

A

0

Ð
.Ð

liB

4

77

7z

L9

JT

1,2

5o

39

1

I
71

11

1
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A ccrrparison of the Eh and Ær0 groups of those with and tlos ¿

rcithout an'tibcdies (Tatte J:l) in¿icates that ü¡ere is no assoc_
iation between the fr,h group of the rrrorÌen and the presence of plateret
antibodie" (Xl = o.7!, p->> a,J'). H¿wsygr there Ìras e signÍficantty
higher inciclence cf antibodies in group 0 wonen corrpared with group
It rdoÉen. (ta¡te l:, x? = 9.6r, p]--=-0.01). Groups B and.åB have

I not been included in tiris conparison because of ¿¡re srialler nunber
testeC,

+
A

¿antl-
bodies_

214

273 LL6 L22 2Ja
Tabl e )| 7 Conparison of H,h and À80 blood grcuÞs of woRen vith and
without conplensnt fixing activity against platelets in their sera.

E'xareination of the ¡30 grrups cf paner nenbers shoved
Lhat 27 sera had reacted. only with platelets fr:n .Ê,B0 incorryatible
donors' Iaainry sera fron gro'p 0 vonen ru rcted with ptaterets fron
group Å blood tlonorso This rerationship j¡ cicated ürat the conprerrent
fixation observed '¡*ith these sera cou'd be lttributed to interaetion
between ¿¡80 antibody and an{igen, Table J::,

Rh

0

24+28

245

702 L7L

756

t573

89

420
772 102



r-rBQ Groups Reaction vith ptatelets
fron,!80 eonpetible donors

55.

Complenent Fixaticn
vith platelets fron
Â80 inconpatible
donors only

18

L

Tabre 5:4 ¡s0 blooô grouFs of wcnen r¡hose serua fixed conpreÉent
with Á80 coripatible and inecnpatible platelets.

Ás the antibodies detected in this series were all r¿eak

(active in neat serun but not at a clilution of 1/s) ana r*ere available

only in a snall vol¡¡ne no further attenpt has been made to elucidate
their nature. No detairs of tt¡e specificity of Lh,e 7 sera giving

reactions not attributable to the .AB0 systen are available.

B.

Trso hundred and five sera fron 11p transfused. patients
fron the Royal _¡idelaide liospital were screened for conplerient fixing
antibodies against a paner of 14 randon grcuF 0 donors. The LEO and

Rh groups of tåese patients is given in Tabre J:5. Antibodies were

for:nd in 15 seraú No association is present betrseen platelet anti_
bcdies and the ABiO or Rb grcup of the serun donor Tabre J:6.

0

}I

B .)

2T7

2

J

2
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IL

9

6

4

52

74

56.

Red cell-
groups

6t

45

9

4

96 27 TL9

Tal¡Ie J:5 ¡=80 and Rir groui;s of transfused patients tested for
conpleraent fixing platelet antibodies.

Rh groups å80 groups

+ .{¡, 0

Rh
+

0

Å

I}

ÁB

+
CorapI enent

Fixing antibodies -

TabIe 1¡6

96 25

5

tr0

4, 6t

t5

104

TL9

8

J3

L7

9J

106

9. .)xi = a.18, pì> o.5o xf = 0.01, p)-0.9
Corrparison of F,h and ¿30 g¡oups of transfused persons vith

anC vithout conplenent fixing platelet antibodies.

Brief clinical- details of the patients with serr:n containing platelet

antibodies are shorrn in Table J:7. clinical details for all patieuts

tested in this series are recorclerl in ftrpendix One. The incidence of

conprenent fixing platelet antibodies in this series of patients

(t5/tt9 = L2.6ft) is not significantly different fron the resutts of

Áster et aI (fgAr*) r¡ho found antibotlies in 1J +f L?2 patients (A.7ft).



Na-s Sex Elocd Âg"
group

Diagnosis No. Units Trans-
fused blood

57.

No. Sera
lested

CL

c0

cÁ,

C.,i

GO

NO

PÂ

JE

HL

ùiA

S.¿r

SZ

v0

ffII

l{E

Table

0+ 6l

G+ 57

0+ 6J

.Èi!+ 28

B- 6t

¡r+ 45

0- 44

o- 70

r,B+ 42

Ji+ 45

å+ 36

0+ t6

o+ 79

0+ 65

}L 54

M

M

F

F

iÍr

F

M

F

F

F

F

F

F

F

F

ldyel of ibrosis 227

Hyaoplastic anaes.ia 10

Ca pancreas 18

Choriocareinona 28

Chronic Bænal Failure 10

Eenal Failure, Cirrhosis 14

Fracture neck fenrur 1

.rþlastic Ánaenia 66

UlceratÍve Colitis 5O

-Apl astic ¡¡naenia 79

Àcute Leukaenia 114*

i.ntipartur-r Heenor. . 2

Chrrniclfyeloid Leukaenia 14

tu'rultiple hereditary 5O
telangiectasis
licute Leukaenia ,

1

L

T

5

2

1

1

5

1

1

6

L

L

6

1

)i I clinical. details of transfused patients with rion'plenent
f ixing platelet antibodies.
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(1) Eelationship to +unber of Transfusions Given

Àpproxinately nalf of the patients of Áster et al were treated

¡¡itb vhole blood and the renainder vith whole blood and platelet

concentrates. Iu the series reported here only three patients

received platelet concentrates. In Table 5:7 and .åppendix one these

individuals have been narked with an asterisk.

The transfusion histories of the patients tested for platelet

antibodies in ^ådelaide and in Eoston are conpared in Table 5:8r

a and b respectively.

a

Patients without
antibodies

Petients rrith
antibodies

(¡)

Fatients withcut
antiborlies

Total nuaber units
transfused

2LLL

5J6T

h{ean nu¡rber units
per patient

20.5 + 7.9

4J.9 + L5,5

74.L

Nr¡nber

( )

6ea

Patients with
antibodies 4L.4 + J.J

Table J:8 Conparison of the transfusion hisiories of patients vith
and those withcut platelet antibod.ies,

(") f,rorr /rdelaide (U) tr"t Bostcn (Aster et aI 1964)

62L
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it vilr be noted that the Ëean nuüber of transfusions given to
patients rv?-io developed platelet anti'l¡odies is approxinately the sane

in botl¡ series. the nean nwrber of transfusions received by patients
r'¿ith antibofies is greater than tl:.e avera¿;e. for patients wiürout

ant'ibodies in both series. rn neither series however is the nean

difference betveen the gmup vith antibodies and the group r¿ithout

antibodies significant at th'e jfr level. FÒr the Àcleraide series
(d=1,6,p=0.10).

It a¡pears that one exposure to foreign antigen nay be

sufficient to proriuce plateret antil¡odies in a recipient. usualry

however repeated. transfusions are necessary before antibody can be

detec ted.

(2)

conprenent fixing prateret antibodies were found frequentry
(to/29 = 34-5'þ) in patients whc suffered pyrexial reactions associated.

with L¡lood transfusion. rn this series no attempt was nade to

distinguish between rrfeþrirerr and. *fever-chirru reactions as Aster

et al did in L964. The series reported here is sinilar to that of
Áster et al as the incidence of platelet antibodies is significantly
higher in patients rr¡ith a febrile reaction eornpered vith patients with
nc reaction. &? = L:r.j, pç_0.o01 Tabt e J:9)



Reaction

Urticarial

Fyrexial

No reaction

TabI e 329

(a

Nuriber with
antiboCy

Nu¡¡ber r+ithout
antibotly

Nr¡¡nber r'ri th
antibody

60.

Nunber r¿ithout
antibody

) (¡)

0

10

Rel a

5

28

28

rJ5

Frequency of Frateret lrntibotlies in patients with and
without Transfusion Reactions,

(a) in ,ldelaide (A) in Boston (frrr* .A.ster et at Lg6L)

ß) pto Sex

The incidence of conprenent fixing pratelet antibodies and.

transfusion reactions in 6¿1es and females is compared in Table J:10.
No significant differences in incidence in tlifferent sexes are apparent.

(o)

-Ántibodies

(r)

Transfusion Eeactions

hiales

Fenal es

Present ¡lbsent Total Present .Àbsent Total

4 5? t2 57

11 2t 6z

L5 119 51 119

62

xï = 2,p, p) 0.1 x"| = 1.8, pÞ o.r
rable 5:10 rncide_nce of (a) conprenent fixing ¡rrateret antibodies(bJ transfusion reactions in different sexes.

4

81

tg

5

10

0

10&

57

5J

86

4)

4T
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Ä sum:ary of the diagnoses of transfused patients tested

for antibodies is given in Table 1:7I. A conparison of this surrnary

¡.zith that given by .6-ster et al Gge+) indicates that:

i. a wider range of diagnoses were found in the patients in this

series vho produced antibedies than r¿as the case in the series

of ¡ister et aI. In i¡.sterrs series l4/t5 patients with.

antibodies had haematological diseases whereas in tl¡is series

orJry lf 1,J had this ty¡re of disease.

ii. the incidence of platelet ontibodies in this series 'rsas not

significantly lcwer in Ieukaenics than in airlastic anaeu¡ics.

ïn ¡lsterfs series the incidence of platelet aretibcdies was

significantly lower in leukaenic patients than in aplastic 
)

anaenic patierrts 0? = 9.2, p<a10.00il

C. IDIOPITTHIC TI{R0hIB0CYTOFIûìIC PU¡pUn.e.

Twenty sera fron pertients ¡rith idiopathic thronbocytopenic

Furpura (f .t.f) rdere exanined. frori cornplenent fixing platelet anti'

boCies. These sera haC been forwarded for exau,ination by Dr. Woodliff

of the koyal Perth lï.ospital. Lntibodies vrere found in 2 sera SP and.

D0,

(a)

Nane Sex BlooC
Group

Il,elaticn to Diasnosis

Ag" Diaguosis '. Nr¡¡rber
Pregnancies

Transfusion
Units

lines
Tested

I niLSP

DO

F

F

4

15t

ir+

A-

t7

47

r.1.P.

l. T .F.
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Diagnosis

Ler¡kaeuia

Aplastic anaen¡ia

I'iytlof ibrosis

Other jmaenias

Chronie Renal Disease

Carcinoura (varÍous sites)

Illcerative Colitis

Duodenal and Peptic Ulceration

Cirrho sis

0ther Surgical Diseases

0th.er liedical Diseâses

Table T:11

Nr¡nber with
¡åntibodies

Number without
Antibodies

I
I
c)

11

I

t5

3'

tJ

6

10

20

5

r)

T

1

ct

2

1

L

tt

L5 10rr

Incidence of conplenent fixing antibodies in transfused
patients according to diagnosis.
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Both of these patients had. been tr¡nsfused before their seru¡n vas

tested for platelet antibc¡dies. Clinical Cetaits of the patients

vhose serua rlid not contain conplernent fixing platetet antibodies

are not availabre. corçlenent fixing antibr¡dies against platerets

r¡ere found in the serua of one patient in the Eoyal -&delaide tsospital

with I.T.P. Ttris wonants history included two pregnancies and one

recent brood tra¡rsfueion with a pyrexiar reactign. the specificity

of her arrtibody has not yet beeu irlentified.

D.

Ii'jF¿!Ì.rTS -$tlTH NEoÌi-.¡¡iIåL TÌìtt0ùi3ocyToP¡J.¡Ic pIJF;ptn¿,

The sera of three nothers with infants ¡riro developed purlrura

shortly after birth were tested for platelet antibotiies. One sen¡¡¡

(sr) *as found to contain a strong complement fixi¡rg antibody, the

ofher two vere negative. Examinatiou of these sera for broeking

antibody activity was not cond.ucted.

trÐ¡

CÍIBONIC DI¿:'LYSIS PB0GR¿l,ld[[E

Patients receiving dialysis on a renat unit could be iucluded

in the polytransfused series. I_Iowever because of the special interest

in this grÐup who are potential recipients of kiclney grafts they wilt
be considered, separatery. sera frou¡ nine diarysed patients st the
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Queen Elizabeth l{ospital were tested for coriplement fixing antibodies.

Three positive sera'were found. CIinicaI details of these patients

are Bhown in Table 3:L2. At each clialysis patients were exFosed tÐ

three pints of fresh blood.

Nane Sex Elood Aee
Group

Nr¡¡rber of Ðialyses -A¡rtibodies
Pregnancies

SC

ÞJE

tA

TJI

Ì,f¡r

FO

GO

¡È0

K¡i

1

L

1

M

F

Lf

F

r
l'ô

u

À[

F

0+

0+

0

0

0

0+

.Â+

0+

O+

26

39

25

4J

?.3

40

48

j4

25

9J

la

19t+

119

74

r29

4

7L

J

no

yes

no

yes

no

yes

no

no

no

TahIe Jz12 CIinical details of dialysis patients tested for
conplenent fixing platelet antibodies.

F. CO¡rPLE¡4BIT FINjI{G PL¡.TEI,ET ].IITLBODIES IN Tm SmUli 0F Ntnbrrl, B[,00D

DCryoR.S

Serum fron 138 randon norreal blootl Conors was acreened for

platelet antibodies but none was found. This result is in agreeneut

with the results of Áster et aI (fg6r*) and Klenperer 9¡!3! (f9e0) wtro

studiecl 55 and /14 nornal sera respectively vithout finding a
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nnaturally o ecurring[ coq;l enent-f ixÍng platele t antibocly-' The

difference bêtveen the nomal and trabsfused series reporteè hefe is

signifieant, p { 10-5- the autíbotly specificity of the sera

eonsidered in this chapter will be surmerized in chapte¡ 10.
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PEÐ,nrrn.iÆ¿Y ATl'Ëi!ür*TS T0 IDm\-IItrY C0ìæLB,${T

FIXING PLÁÎELET INTIBOUT SPECIFI.CIIY

A. A PEELI¡úIN4ftY Co!áPARISoN 0f T,trf-E CGMPLFftdTNT FIXING PI"ATELET AìüTIB0DT

/rCTIvIlY IN EIclIf SFiRA

Âs a preliminary step in the resolution of the platelet

antiborlies, a group of eight sera avaitable in a sufficient quantity

and reacting uith not less than L@ af the population were tested

against a panel of up to 98 different platelet suspensions. The

platelets were prepared froË randon Bed Cross blood donors, in

eight batches. Tests rrerpconpleted vithin 10 daye of blood collection.

The sera vere tested at various dirutions as had been indicated by

prelirrinary titration erperinenüs (i.". CL and lrÀÁ) or the sen¡x! wae

ueed neat. The result of eacb test vas recorded in accordance viúh

the criteria set out for reading the qualitative conplenenü fixation

test in Chapter 2, and can be seen in llppenrìix 2,

The activity of each serr:n or serurr dirution is recorded

ín labre &:1. ¿{.s tbese ex¡rerir:enüs were cond.ucted with a ninimal

quautity of corylenent, the difference betveen a + and +w is ¿ot

great. In fact sone of the control tubes gave + reactions, others +v.

llhe¿ these two classes are g¡Ðuped it is crear that nost sera (IüI

ercepted) dividetl people into two main classes, those vhose platelets

gave 4+ and J+ reaetions and those -*h.ose platelets gave +, +v, and -
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reactions. The proportion of specinens giviag 2+ reactíons rrag

Iess than fl" @g . fif' and V0 Iolio excepted) '

Serr¡n

NO

c0

v0

v0

SI

CL

1-tÀ

IrÁ

ÌfH

il,

Neat

Neat

Neat

L/8

Neat

L/16

Neat

L/8

Neat

Neat

49

18

3e

26

t0

6a

6l

56

10

18

9

L6

It

9

6

L2

11

27

6LJ

L5t 23

185
16L
44

45 t5
4

L9L
2tL
32

4J1

98

98

98

98

76

85

98

98

52

98

4

5

2

4

1

10

7

2

2

3

5

9

202J

fable tr:1

A cor,rparison of the activities of the sera tskeu pair-

vise fron the results of tbe experiuent rer¡orted abovet lfas nade by

setting dorrn in a 6 x 6 table, the nr:¡abers of platelet specinene

giving particular strength reactions ¡'rith the pair of sera being

conpafed,. lable 4:2 is an exanple of such a ccnparison. To facilitate

Reactions cf eight sera with a panel of up to 98
pÌatelet suspeBsions fron unrelated adult blood d.onors.

Strength 4+ J+ 2+ + +w
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the preparation of these tables, the d.ata rrere transferred to

punched cards a¡rd these were then sorted tÆ obt::in the information

required. In order to analyse the senue so"¡Farisons, the data were

reduced to 2 x 2 tables by pooling classes 4+ and J+ and crasseg

2+ ot ress (except for',dI{, where l,j]r,e D+ and. + classes were pooled).

lable 4:2 was thereby recluced to Table ¿r:j.

N0 (nqat)

+u

18

6

L'

18

3e

5

49L511025 98

Com¡rarison of activities of N0 aud C0 with a panel of
!8 platelet suspensions.

4+J+2++

4+

J+

2+

+

c0
(neaü)

Table 4:2

+w

TJ

1

9

I
t4

J

2

2

I

T 1

I

4

4

t)

5

L2

4t
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2L

JL,+J

5

69.

4+ ot 7+

4+ or
J+

c0
(neat) 2+ or

I ess

.)xí = 5.67, 0.02)>p >0.01
Table &:5 Conrparison of activities of N0 and C0 ¡vith a panel of

!8 platelet suspensront.

Table 4:4 shows all tb.e J2 comparisons that were nade rn
.)

this vay. Xi values testing proportionately (Yates correction

applied) for each 2 x 2 couparison Ìrere calculated regørtlless of

whether or not the snallest expectation was less than five. lbese

Xfo.fo"" vere used only as a guide to fornul-ate the series of

worùing hygotheses set out below. The significant Xl vafues cal-

culated fr<¡n the conparisons are shown ín Table 4:J. ^4n exanination
o

of ti?ese Xi values suggest the following h¡ryotheses were vorth

furttrer investigation :

1. b{A an¿ N0 have an antibody in cc¡nnon

2. the antíbody in L. may also be íî CL LfL6

l. C0, N0, I4.r' r:ray share an antibody

4. C0 ancl VO nay share an antibcdy

5. V0 and SI nay strare an antibody

6. V0 and M.A nay share an entibody

NO

2+ or less

24

74

98
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Table 4:rr Conparison of various sera considered paír-viee with a

Fanel of 98 platelet suspensions.

iLeaction rsith
1st serum

2nd serun
Total

5.?

II. S

Il. s

84 9.6

98 39.4

97 14.0

98 2.93

52 D.s

6,0

ll' I

û.S

ll. s

7,8

D.9

ll. 6

-2̂
1

Sera

lst 2nd

N0 c0

No vo(

SI

ü,

tdÄ

98

98

76

43

54

43

4

5

53

98

?6

84

98

98

97

52

SI

irl,

lla

\tk L/8

hfE

neat

t/t

L6

2L

)¡o
6

5t

59

5L

11

11

7

L2

4

L9

10

6

11

9

26

9

52

18

47

4L

18

JL

22

2J

10

24

28

23

1l

48

Ir7

L2

56

27

tL

?.3

MA 4e

çL t/

L2

CO L6

1

t7

4

2J

19

2

2L

I

L9

t
20

L

6

I

-KL

1{g

v0

(continuea page ?1)

1or4+

Jor4+

5or4+ 2+++rr-

2+++w- 5or4+

2+++v-

2+++v-



eac tion
1st serìu

2nd seru¡n

Sera

lst 2ntl
VO SI

3or4+
7or4+

Jor4+
2+ + +t¡t -

2+++w-

5or4+

2+++r¿-

2+++w-
To ta3 "/'

7L.

2
1

iíL

[¡.4

-iùu

'¡ÍL

YùA

ï¡II

s, t/L6

uA L/e

7'

85

98

98

97

52

64

76

85

3t

9e

52

52

7

tì¡Á

t{g

rda

I{H

9

J2

4

35

26

B

t2

3

L2

25

J

58

7

75

ß

0

o

45

t7

54

I

40

t2

58

22

24

L9

10

49

2L

L7

18

21

7.3

[.S

5,8

4.9

D.S

n.s

ll. g

D.S

[.S

[.9

,.9
b.8

llo B

I

le
18

3I*

32

T2

tu,L Lf1

sr ü., L/L6 g

CL tft6'tr,

1

7

4

9

5

85 5.8

85 t4.'
85 23.2

52 b¡S

Kt

TÍII }dA

10 58

n
I

tr.s¡ = not significant
t)

1L
1 <- t.8&

I24

11

56

5o

LJ

57

L4

2g

t5

I

4

o

5

.9

11

15

9
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Sera NO

5,7

Il. S.

rl .s.

9.6

19 "4

II. S.

D. S.

c0

6.0

n.s. 7.1

n.s. rr.s.

7.8 4,8

n. sr (-)l.a

Iì.S. [.S¡

TT. S.

Il¡ S. L4'5

o'". (-)5-e

II.S. D.S" D. Sr D. S.

v0 sr $,L/L6 KL M.¡.A

u, L/1,6

gc

VO

SI

nå

Ãr

Y¡g

(-)¡. g

Table 4:5

Il.s. = nct significant

X f vafues obtained from 2 x 2 coriparison of I sera
tested against a panel of 9g platelet suspensiona.
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The results vith SI antl cL l/t6 are coËrpatible with the hypothesis

that the antibody in sr is arso in cL at a titre greater tu,an, t/L6,
Às the exact probability equals o.lg3, ttrese results are clsarry

not statistically significant. rn alr of the above h¡rpotheses,

the plurar autibodies could be used instead of the singular. The
.)

xi values riith the (-) "is" before then indicate that ürere is
a significarrt negative correration betrseen the sera compared.

These results are conpatible with tì¡e h¡pothesis that the entí-

bodies are detecting the products of allelic genes.

Exar¡ination of Tabre 4:rr indicates tl¡at in no case uere

tvo sera observec to have identical activity. rn onry tr¡o cases

(cl' t/rc v sr and cL L/L6 v ør' t/e) courd the antiborty(s) in one

serum be saicl to be ir¡cluded in the second. sêrurl¡ The nininur

nunber cf rrexcePtions'r fro¡r Tabre 4¡4 to each of the six h5potheses

concerninê'mixed antibody specificity referred to above are¡

1. N0 ¡rìÅ j/ge

2. N0 cL L/76 +/a+

hÁ cL 7h6 4/85

rt.a. t/B cL L/r6 o/Bj

3. C0 N0 J/ga

co ti4. L/98

4. c0 v0 e/ge

5. v0 Sr thl
6. v0 ti¡.A. l/ga
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Some of these lrexceptionsrr eould have ariseu as a result

of the presence of at least twc antibodies in each of tb,e sera

conpared, one of these antibodies being co¡ilnon to boflr sera vtrile

the second antibody was in each case not shanea (i,e, as in c0 - v0

conparison). the exceptions noted at this stage are probably errors

iu þping¡ e.ge in the NC, MÁ., gL, C0 çs."parisons ín L, Z or J above.

these errors could have arisen ar a result of either:

i. prozone phenonena resulting in false negatives,

ii. teci:nical incor,ryeúance nanifesting iteelf in the occasional

onission of a rircp of reagent frore a tube. (Tests were set up in

batches of 400 - 500).

rt vas not possible to detemine vLich of the reasons suggeetetl

above rere responsible for the exceptional reactions, although vork

reported in cbapter 7 vith v0 clearly suggeste that i. could have

occurred dluring this series of erperinents. The exceptions or

errora fountl during the analysis of the data presented in this

chapter tlid not defeat the pur¡lose of the experinent, i.e. to begin

the elucidation of the antibodies ia the sera studied.
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B. REST]LTS OBTAINED BY DR. R.II. ¿SfEN, WITH CO¡.ÍF'I,Tû,TSJT FIXING PL.ATEIET

AI{TISEAT" F0IIND I},f J¡EL¿^IÐE

.ê. nuaber of the sera used in experi.nents reported in this

chapter were sent to Dr. R.H. Lster, flarvard lledical Schcol, Bostout

U,S,¿t., for testiug tx¡ deter¡rine if they contained any antibody

previously recoguized by hin. .Iiis results reported in t¡ro letters

Jluurre 2J, L966, and iuiay 24, L967 are set out below:

June 27. 1966

'\44

SI:

K,:

Mav 2¡r. L96?

v0

v0

cl,

has antí PlBl strongly positive at tf5O alution plus

at Least one otber veaker artibody reacting at about t/tOi

very weak reaction at tf5 wí+,h 2@ of panel;

etrongly positive at tfg vírl.Jh Jtrþ of panel. Not

tested at higher concentration;

positive at tftO uíth 2S cf panel, has prozoue;

very strong anti-PlBl autibo-dy reacting at dilution

L/trO. Has 1 or possibly 2 otJeer a¡rtibodies r¡Ìrich

titre out at tf6O.

t/7/66 se.veral weak antibodies positive at Lf3,

reactivíty sane as iiti.t+ aL f/e aifution, 0'e 9/A/66

appears to have the sane antibody;

LO/6/66 probably PIB1 positive at f/fO tut additional

antibocly at LfSi

NO
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&
IIlr
I'gt

rlid not react with panet of 20 donors;

l,Í,À: 17/6/66 has anti FlBl at L/3o as before, plus

r¿eaker activity;

SI: 4/6/66 nor¡ has very strong reactivity with & of 20

at tfZO dilution, specificity unlcrovn;

Wt l/¡/øe positive at Lf5 with only 1 of 20;

CL: tZ/Z/50 very strong anti PIB1 as before, positive at

t/aO plus several veaker antibodies positive at tf2O;

!rtE: Zl/Z/66 geve weak positive reaction vith only 1 of 20.

îhe reeults reported by Dr. ¡¡oster explaiu th,e significant
g

Xi betveen [úA - l'úC, HA, - CL L/f6 a¡rd N0 and CL tf t6. These

associations vere due to each of the sera containing antiJlBl .

The other associations reported in Chapter l¡ were no further

resorved by th.e reports fron Dr. rster. Hor¡ever his report did

confinu that nost of ttre sera sent to hin showed copplenent fixing

activity vith some platelet specinens. The proportion of cells

shoving activity with sera tesùed by Dr. .fister is not significantly
different from the proportion positive when the sane Fera Ìdere

tested in Adelaide. It r¡as unfortunate that no indication ras

given of the panel size useil to test the first batch of antisera

referred to Dr. ¿4ster.



CE,i\PTER FIVE

IDSNTU'rU'TIÛN OF AND

PtB2 ÁNTIGENiS

COI¿P.I.É,ISON 0F TILB SIF-¿\ N0 ¡lTÐ SZ

DurÍng an experinent to detect nev platelet antibodies it

becane apparent that the serun N0 ccultl contain the antibody(s)

present in tl¡e serum SZ. This hypothesis was based on results

shown in Table 5:tr.

Strength
of

Beacticn

NO

77.

Â.

1

J+

2+

1+

0

cr'vg

4+J+2+1+0

L

3

5

2 4

4To tal

Table 5:1

11 1

Results of Ty¡ring Flatelets frou 1l rand.on group 0 donors
with sera Nt 28/L/6J and 57, 29h/67 (neat).

The difference betveen J+ and 4+ reactions is slight. As it is

convenieut to reduce the data in Table l:1 tc a 2 x 2 table for

analysis these two classes were grouped together in Table 5:2.
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Na 28/t/67 G/8)
+

SZ
ze/L/6?

+ 9

7

4 16
p = L/52

Table 5:2 Beduction of Table J:1 to a 2 x 2 table"

rn this experinent srightry uore conprenent vas used than was

desirabre (see secticn of hiethods) so that negative rather than

+w reaeticns vere obtained in contrcls anc non-colrFler,¡ent fixing
serun-platelet nirtures. Acccrdingly all the positivq reactors

vith sz vere grouped togetl,-er. The probability of obteining the

results as {-Fouped in îabt e 5:2 is Lf 52.

serun fron sz obtained cn e/z/67, showed a nore avid

antibody at a higher titre. This ser.n gave 4+ reactions at a

dirution or Lf5 ta t/a with nost positive specinens. a nore

extensive conparison of the sera of ño g/2/6? and sz gfz/62 vas

nade Ì¡y testing both sera against platelets fron 2g9 randon group 0

conors. The resurt of this series of experinents is shown in
labLe 5:J. This table was drar,¡n up fron .Appendix J.

L2

9

5

0

4
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4+

No 1/8, 8/2/67

7+2+1+0

sz
a/z/67

V¡-t/e

4+

J+

2+

1+

0

ír
t7

5

20

t74

289L69 53 11 101

TabletË Eesults of t¡'ping platelets frcn 289 donors with the
eera N0 8/2/67 and sZ e/z/67,

rn tl¡is series of experir¡ents and in those the,t folrow ercessive

quantities of corrpl-enent Ìtere avoíded so tbat control tubes usually

contained a snarr eleposit of red celrs with alnost conplete

haenolysis (+w). In sone batches of experirreats contrcl reactions

ryere as strcng as 1+. 'rhose specinens giving 1+ and +ry reactions

(scored as 1+ an.l 0 in tables and a¡pendices) will be grouped

together vhen data are reduced to a z x 2 ta-ble because of the

variability in standardization cf negative reactions and because of
the subjective nature cf the difference between + and +v reactione.

Those specinens vhlch geve 2+ reactions will be grouped with J+

and ¿r+ reactors when data sii"':ilar tc the resurts reccrded in Table J:J

t13

L7

J

I
26

1i

100

L

))
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are reduced to a 2 x 2 tabre. This convention is einilar to that

used for most of the cornparisons macle in chapter t. The data in
Tabre J:4 shows that N0 a/z/62 at rfe contains the antibody (or

antibodies) in sz 8/2/67 together with another antibody aot active

in sz 8/2/67 at the dirution used in these experiments .

(p .1 rc-41)

Non" s/z/62 a+, L/a

+

+ L35

L54

B.

sz
B/z/67
t/5-t/e L77 LLz 289

f?,O!r Ì.i0 ¿¡ID SZ

Ábsorption and erution experinsnts with serected plateret
specimens were cor¡ducted t^r iletermine whether the antibodies in
Nfi 8/2/67 could be seFarated into two or aÐre groups. .Eruates

rdere prepared. fronr Ng 8/2/67 using N0+ SZ_ platelets. Each of
these eluates was tested ag_ainst selected platelet speciuens tn

detersine whether the eluate eontainec specific platelet antibody
activity. Each eluate r¡as titrated against N0+ SZ+ and N0+ SZ_

cell's to deterøine the highest dirutíon at rihich the eruates courd.

be used. It r.'as found that a $ aitution of all eluates (excep,t

r72

0t75

42
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that prepareC ¡,¡ith 8117 or g8726) woulo reliably prcduce J or 4+

pOsitives vhen usea as e.ntiboCy, vhere reactions Ìdere expected on

the basis of the activity vith the sera N0 and SZ' The çH of

eluates from N0 wílij¡. 8LJ7 and 98?26 vas accidentally raised to'9

for a brief, periocl during neutralization. lhís probably ac-counts

for theqe eluates not reacting vith 6 and 4 specinens respectively

wÈ¡ere reaciions were exBected on the basis ¡f the theory out-

lined belov. The other eluates prepared fr"on N0 vith N0+ SZ-

platelet specinens fixed coraplenent Ì,rith all N0+ SZ- platelet

specinens as well as with sone N0+ SZ+ specimens. lyping of

platetets with nore tha¡¡ one NQ+ SZ- eluate vas in agreeaent, aparl

fron tlre exceptions vith the eluates prepared r.,ith 8i1.il arrd, 98726

referred tn above.

Five eluates r¿ere prepared fron N0 8/2/6? using platelets

vhich were lf0+ SZ+ but negative with the eluates preparêd fron N0

r¿ith i'{0+ SE- platelets. These eluates were âIso titrated to

determine th.e maxinu¡¡ Cilution at vhich they coulC be used- Each

of the five N0+ SZ+ s1uÊ"¿es referred to above' was found to fix

couplenent (¡* or 4+) ¡n'ith aII SE+ platelet speeinens. lhese

eluates were negative with all but three SZ- platelet specinens.

Trr,o of these specinens (ggZSt anrl 98?70) gave onty veak (2+)

reactions r*ith N0 serum and with N0+ SZ+ eluates. Specinen 98756

gave a 4+ reaction with N0 and with J of 4 eluates prepared with
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N0+ SZ- cells.

One eluate îras prepared fron N0 A/Z/6t using platelets

94915 vhich rrere sz+ anrr p,rsitive r¡ith the eluate frore N0+ sz-

platelets. The eruate r¿ith 9+91J fixed conplenent r¡ith all N0+

platerets against which it was tested, but not with any N0-,

platelets.

An eluate fro¡c SZ tJ/4/6? rrittr SZ+ platelets f,ix.ed.

complenent vith fifteen sz+ specinens, but not r¿-ith nine sz negative

specinens. the conparisen of N0 t/e vitn sz and the results frou
the absorption and elution experinents, suggest thet at suiftbre
dilution NO 8/2/6? could show the. sane activity as S?, g/2/62.

lable 5:5 shows that with one exception NG a/z/62 at t/24 dirution
has the sene specificity as SZ A/Z/61 at t/j. It is ürought ttrat
this aberrant reaction with platelet No. 2j95.l ryae d.ue t¿ a reaction
between the platelets and the weaker antibody in N0.

Na s/z/67 a+, t/z4

Jt
SZ

L

t
2

4

7

2

1

0

e/z/67

Tabl

48

85

F"esull 
:fr^Typing. 10Ir ptetel,et speciraens vith N0 A/Z/62at t/zL, r/24 and SZ e/z/62- at L/5.

I , 2 1 0

3A 1 7 6tJ

1

29 L

t

43

1

1

1

J
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FUTùTHF'ft tF TIt[ ]ùJTIBODY CO¡ûiiON T0 NS+ SZ I PtBl)

As a resurt of the dirutiou ancl erution experinents

described above, it r¿as decíded that N0 a/Z/67 contained two ar¡ti-
bodies. The higher titre aritibody rdas present also in the sengr of
sz and was probably anti-PrBl (see chapter 4). 0ther sera ìrere

foura çhich arso contained this antibody. Resurts presented in
Tabre J:6 show concordant results r.rith. six sera when tested against

18 or nore rand.orr platelet speciraens. Four of these sera contained

oth.er antiLodies sf unknovn specificity. Tl¿e serrrn cL also

contained anti-PlBl as well as other conplenent fixing platelet
antibodies. Sone e4;erinents with this seruri vill be described

in Chapter 7 of this thesis.

w L/8 M/, r/t6 DrJ L/L6 KL

+ + + + +

N0+ L7o 9o

DE

L/24 - 0 2t* o9

TabI e 526 Conparison of a nu¡lber of sera containing anti_pUìl.

N'A Lßo

+

721

L9o
121

190 9

4

0

5

9

4

0

5
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D. FUR,TRER CF TIIq SECONÐ INTIEEDY IN NO

Th.e lower titre antibocty in N0 g/2/67 was not present in SZ.

T¡.'o other sera AD fron helbourne 2/6/67 at LfZ and C0 l/l/6ø "t
L/24, showed identicar activity with g9 plateret ¡rre¡arations,
Table 5:7.

p 1 to-22

TabIe 5:7

+

+ 2?

6z

27 6z 89

Result^of t¡ríng Bg platelet sp,ec.inens w.i.th Ct j/t/66
a+, 7/24 anc ¿S ex l,,is]þs¿rne Zf 6/67 af L/Z _ t/1.

CA 3þ/66 and .ÅD were positive ryith those platelet
specimens which fixed corrplenent with. the eluate prepared fron N0

a/z/07 with plateret specinen nunb er r6t5z, (l{e+ sz-) anrr. were

negative with the specinens wh.icÈ: did not fir conplercent vith tbis
eluate. The antibody in c0 and .aD apparentry corresponrì.s to the

veaker antibcdy in N0. p .110-6, Table 5:g.

+

+

915

9

L5

24

Table 5:8 ,R""olt of t¡ring 25 platetet specinens with Co J/l/Ce þ/Zt*)f and with eluate fronUNSrl""OJ"d with platelets nurrber 
'ÂD

062

270

t5

09

o
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co 5/1/66 aL Lf 24 anc .ÉD aL L/2 ûere also positive with all specinens

wtrich fixed corrplement r*ith t{o g/2/67 ar le but did not fix
coruplenent with l.I0 at t/24 or vith SZ. iinother seruxx sp obtained

by ccurtesy of Dr. tfoodliff of Boyal Ferth Hospital, I{.Â., shorred

the sane activity as C0 tfZ+ ana.lÐ !fZ. ,is shor+n in Table 5¡9

p { 0,oot. sP arso e+ntains a second antibody but its specifieity
hars not been cl.etennined.

ca tf24

+

+ 10

L4
SP

24 p < 0.001

Table ã:9 Ccrçarison of the activity of Sp vith C0.

The resutts with CA jþ/66 at t/24, r.,ith l,D tfZ, vitl
No 8/2/6T aL tfï and with the eruate of N0 with 161J2 agree vith
th.e suggestion that eacir of these sera contain the sane antibody,

rt seems reasonable to suggest that this antibody is recognizing
a single antigen. Th.e nine negative reacticns r+ith eruates prepared

fron N0 e/z/62 vith plateret nunbers g1!/ and 9g726 are prcbabry due

to excessive dilution of these two reagents. The hypothesis that
C0 etc. react vith a ccrrpound antigen whose çsr,rFonents sonetines

L4

17

0

7L7
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occur separately in tire pppulation, eannot be excluded r¡ntil aÞÖut

thirty abscrptions have been conpleted, lroup et al (f966).

P0PIJI.åÎION DISIBIBUTI0N CF Tyt0 At\jlIGrlNS FLB1 iND PLB2 .AI.ID IT{E

The resurts with ue e/z/67, s7, a/2f62 and Ll/t /62, co

AD and. the various eluates prepared with N0, have been used to

deterrnine wbeùher the plateret specinens fron the donors listed

in .Appendix 3 ccntained the FIBI antigen andr the oüher antigen

defíned by N0 e/zfe7. The distribution cf the two autigens in

412 randcË group 0 donors typcd is shown in Table J:10.

lrnti-PlB1

eüc.

+

c0 + B'

3Ð

LgA 2L4 *?= z"BiB, p < o.o14L2

Table 5:10 Distribution of the two antigens described in üris
chapter in the general population.

It is clear fron Table 5:10 that the antigens detected

by anti-PrBl and the other antibody are not independent

Q(? = 7.8, p ( O.Of). As shcrrn below, the distribution of the

two antigens in the population t¡ped âgrees vith the h¡rpothesis

170 r5g

28 55
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that the antigens are tlie products cf allelic genes. It is

therefore proposed to caÌl the second antígen 1'j182, the correspond-

ing antibod¡r anti-FlB2 and the gene ru¿. À first approximaticn

to the frequency of the genes FlBl and PlB2 nay be calculated

using the fcrcula 1 - p, = ar/n where F1 is the frequency of

the gene PlBl and a, is the nunber of specinens negative uith

anti-FtEl (n, = O.2?g). SisLilarly we uay caleulate the frequency

of PtB2 (n, = 0.107). With ttrese tvo estinates we can celoulate

the expected distribution of the antigens PlBl and FIBZ in the

population. The frequency p of the null allele or alle1es denoted

by FIB- is 0.611r. The hyfi,¡thesis that the genes controlling the

tvo antigens described in this chapter are alleles is supported

by their population distribution (faUfe J:IL).

F'TE1 P182 0bserved
ur¡Ë.bers

E*peeteC
nurrl¡ere

Forraula

+

+

+

+

DpFzo

(nf * 2prpo)n

(v2, .2prpo)n
2po

Table 5:11 0bserved end expected diétribution of PlBl and FlB2
antigens if tliey are contrvlled by alleles.

x?= 0.88' pb oJo

28

170

55

159

4t2 412

24.6

t73.2

,8.9

L55.5



F. FJFFECT OF ¿t8SOR¡,ÎION ON AI{TIBOI}Y LEVFJL IN SFIÊ-IlM

The results of titration of N0 g/2/67 against two

platelet specinens containing the antigen i.lBl and tvo pratelet

specinens containing the |lB2 antigen are shown in Table l)¿LZ.

88r

Con-
trol
+tf

Dilution of
seru[e

Unabsorbed

{a L/12 t/r6 L/zo r/24 1 1

llbsorbed once
with ?lB1 pIa
Lets J6167

Åbsorl¡ed once
r.'ith PlB2 pla
lets 8149

Table 5:1c (a)

Dilution of
seruE

Unabsorbed

¿ibsorbed once

lbsorbed once
with llB2 plate-
lets 814p

Tab e 5:12 ( b)

vÍth FlBl plate-
IeLs 96767

Titration of N0 e/Z/62 against platelets containingylBl antig"" (fr^059).

+\J

+IÍ

+rt

+w

Con-
trol

Titration of N0 A/Z/61 .witn
rolB2 antigen. NT

platelets ccntaining
= Dot tested

Platelets with identical antigens gave ühe sane results. It can be

eeen that after abscrption ¡rith a platelet specinen containing an

4+ 4+ 4+ 4+ t+ lrÎ NT NT

4+2++NTNTNTNTNT

4+ 4+ 4+ ,r+ 4+ J+ J+ +

NT NT ,r+ 4+ j+ Z+

t/z tlu r/6 1 L/12 t/t6 L/zo

+ld NT NT NT NT NT2++

NTNf4+7++ +rs NT NI
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antigen, the level of ttre corresÞonding antibody was reduced,

whereas the level- cf the other antibody ìirs unaltered. One

absorption vith SZ L3/4/67 with i'IBl ccntaining platslqts, reroved,

all conplenent fixing antibody activity frcr¡ this low titre (L/5)

geruln.

G. TIü,ffi UI{USLI¿¡L PLÁTFiLET SiECIbi¡$üS

During the early part of the investigetion of tùe anti-

bodies in the sera of N0 anC SZ two platelet specinens 98711 and

98770 vere found rr'hich gave weaker reacti"us (2+ coüpared with tr+)

than is usuer for specinens positive with N0 1f8. Both specimens

also gave 2+ reactions r¿ith the N0+ SZ+ eluates that they vere

testeri against"

Both specimens were repeatedly negative with SZ e/Z/62

using varicus serun dilutions (t/l to t/a). prateret specimen

98756 was also oegative with SZ but positive r¡ith NO aud r¡ith

both types of NCI eluate.

Eluates prepared with 9E256 and 987?0 reacted as shoìm

in Table 1:ti. Both e}uates show anti-ljlBl activity auC eluate rrith

98756 showed enti-r'rB2 activity also. These results suggest that

98756, 98TiI ancl 98770 have FIB1 FIB2, PlBl and T)IB1 antigens

respectively.



Neat

Eluate fron N0 a/Z/6t
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Presence of .A-ntigens

PIE1 P1B2

vith 98756

tazz
with 98770

Neat + +

98770

98V56

9873r

93257

Iri.H.

9497J

F.S.

9J250

93255

9327L

98750

98752

98715

I.G.

G .It.

9876s

987J4

98719

Control

lable 5:lf

+

+

+

+

+

+

+

+

+

+

+

i'^ctivity of eluates -prepared from N0 ìrith platelets
98756 anrj 98??0.

11L

4

Ir

4

4

Ir

4

I

4

4

,r

4

4

4

!

1

L

L

1

t

4

2

4

J

4

1

4

4

4

1

r)

4

L

t
L

T

L

L

5

T

2

3)

4

L

4

4

2

L

1

L

L

L

1

t
L

1 1 !

4

4

5

4

4

1

1

1

1

1

4

4

4

2

1

1

T

1

1

t

1

1

4

L

L

1

1

1

4

4

4

I

1

7

t
7

1

1

L

4

4

1

1

1

1

t

1

3

4

1

1

1

L

1
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No further exatrples of this anonally vere forurrl atthough platelets

from severar hundred more donors vere typed, Douor gg77l returned

as 997J and vas on that cccasion negative with N0 and SZ.

Detailed investigation was nct carried out on the second specimen

fronr this donor as the inforuation that gsTiL and 9g75 were fron
the sar¡e person was not available until nuch later. Second, specinena

fron 98756 and 9877O vere not obtained.. Whether the results
presented in this section are due to a real phenonerron or technical

artifact has not been resolved, because of the tinited quantities

of platelets avairabre for the investigation of this problem.

REI-RODUCIB ILITT OF ÏilIr$,EÎ GTI,OTIPINIG

.A.fter 4LP platelet speeiËens haC been grouped a

survey of dnnors was ccnducted to ascertain whether arry repeat
specinens had been obtained. rt vas found that speci'ens froø i7
donors had been obtained on tvo ar nrore occasions. ifith the

exception of the specinens fron the donor ggT1j- refemed to in
section G- nf this cr¡apter¡, arr repeat specinens gave the sane

grouping result vith anti-l'tB1 and anti-FrB2 as the first specinen.
These repeat tests are Iisted in appendix lr.



CH.APTTfr SÏX 92.

IDFNTIFIC/ITICN 0F ITIE i'LBl iù{TIGF}l-

A. CGIdPÆ;ISON 'lF 1TIE SflttÁ. BR ¡ND lrIE

l! sËall quantity of the serun BR was obtained by courtesy

of Dr. Àt, Berah of ivielbourne. this seru¡l had been sup¡rlied to Dr.

Berah b¡r Professor Jr Dausset of Paris who said that it contained

conplenent fixing anti-Llil. ri surnaary of the result of typing 42

platelet speciniens vith BE. at Lf6O dilution and vith WE 2th/67

at a LfB dilution ís shor¿n in Table 6:1. This table aay be condensed

to a 2 x 2 tabl" (fatt" 6:2) by grouping 2, 3 ar,ð 4+ reactions

together. ¡lfter this siraplification it is apparent that at tbe

dilutions erçloyeil these sera had the sa¡re specificity.

BR (t/6o)

Strength of
reac tion 432 I 0

4

3

2

1

0

t4

1$i
2t/8/67

le

Table 6:1

q'7

852225 42

ft,esults of Typ.ing 42 platpl-et specinens with Bn L/6O
(anti-LaQ and htE zt/l/61 at le.

1

842

225



o27
7Jo

9J.

+

+

L5 27

t5

27

42

Tabl .o Results in Table 6:1 reduced to Z x 2 table.

Fcrloving i¿rs l{Ers seeoncr blood transfusion the titre of
ar¡tibodies in her serun showed a considerable rise in activíty with
lr+ corrprsnent fixation at a dilution at rf7o0 with soree prateret

specinens. sera obtained fron Mrs klE on zL/J/6? anù a/e/6/ were

titrated against Jlr ptateret specinens. rt rsas found that those

preparations rvhich gave 4+ reactions with tù,is serun at high dilution
(t/na or greater) vere arso positive wíth the seruü zt/j/67 (t/a).
This suggests that the antibody specificíty of the sera obtained

in Þiarch anC Argust is the sarne when the sera are used at dilutions
ot LfB ana tftZt respectively, Tabl e 6tj.

+

74 p<10 Ig

Tabte 6:J

+

24 50

Result of ty¡ring .\:!\ .rE nh/6? ar L/a and. rrrp +/a/67at L/IZB
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B.

CF

rt has been shown (rayne & Bodner 196a) that the antigene
I¡J and Lli2 are distributed in the population as vourd. be erpected

íf they were ccntrolled by alleles at one locus. Anti_l¡lBl is
thought to be the sauie as, or closely related to anti_L;i2.,
(Histocgnpatibiligr restine 196L Vredovoe et al Lg66). These tvo

reports and the suggestion by Dausset that BR containcd anti-L¡ì-l

prontr¡tec a conpa.rison of the activity of anti-Ì-lBl sera and, the

seru¡r fuE- This conparison is narle in Tabre 6: & vhich shorys that
the activities or anti-prBl and wø (zt/3/sz at L/a, u/e/67 at t/tza)
are not statistically independ,ent, $? = ,3.g, p ( 0.001)" I{hen

gene frequencies are calculatecl by the nethod used in Cbapter 5 the
data in Table 6:4 give gene frequencies cf. o.2?9 for I,lB1, 0.1gJ for
the antigen detected by WE and O.lj1¡6 for the renaining aIIeIes.
These gene frequencies rrere used. to calculate the nu¡rber of specinens
expected in each of the 4 classes. l,hese ex¡ectations ¿rnd the
corresponding observations are sho.r441 in TabI e 625. It can be seen
fron this table th¿rt the resurts obtained vith anti-prBl and ÞrrE

at high oilution are in agreenent with the h¡ryotresis that the
ant'igens detected with these sera are controrred by arteric genes,

$? = 0.97, p ) 0.10). The antibody in ïIE at high titre was there-
fore called anti-iLlBJ, the antigen detected FIBJ and the
correspouding alI elono rçh l-,IB'.
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anti-i)lB1

+

}IE

5e

160

Lja

27tr

100

114

+

194 214 4r2

Con¡;arison of anti-FIB1 and HE high titre activity.

Expected
Nunbers

42.5

L55,1

9J.8

119.4

4t2 472.O x2, = o'967
p> 0.50

^r.?- iJ.78, p{ o.oo1

Iable 6:4

Table 6zj

PLB1 PrBl

+

+

+

+

0bsen¡ed end_expeeted clistribution of r'IE1 and plBJ
antigens if they are controlled by alleles.

C, OTIIER ÁNÎIBODIES IN ïIE 4/8./67

The serun of hf' srrowed co'plerient fixation with other
prateret speciraens apart fron those referred. fo above. The resurt
of testing 144 platelet s¡recinens víth various dilutions of ì{E

38

160

100

1L4

0bserved
Nunbers
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shovrr in Table 6:6. The titres in Tabl e 6:6 indicate the last tube

in the titration vhich gave a 4, 5 ot 2+ reaction with the platelet
specinens. The distribuüion of the end point of conprenent

fixation is crearly different for the crass having the FrBl antigen
and the class lacking jjlBL and L'182. This difference can be most

easily der¡onstrated by grouping ü¡ose positive at a dilution of
L/e or nore to forra a 2 x 2 tal¡Ie as shovn in Table 6:2.

The f4 speciriens negative with r,¿I"E +/a/fi at Lfg shovn in
T¿rbre 6:7 rrere re-tested, with ÞrE t+/a/62 at r/L, The four specinens
¡eqative rrith anti-FlBl fixed conplenent with VIÆ I/4 vhereas only
one of the fO which carried the FlBl antigen reacted in this way.
A statistical test for the iniependence of the lower titre anti_
bocies of Til'E u/a/62 fron the FrBl antigen indicates that these
antibod.ies are also related. to the plB systen. A test for hetero_
geneity between the first two rows of Ta.ble 6:6 (after conbining
t/tze dilution 'ríth L/64 because of the s¡¡arr nunbers reacting
at these dilutions) gives xl - 28.s5 (p 10.001). This also
indicates that the additionar antibody(s) in trcE are reraterl to
the ïlB systen.



e8s thaü
litre t/8 t/e L/16 t/tz t/61 thze

PlÊl PtBz

148

97.

46

69

1&

t,
1t¡rl

= ltr,lr&
4 o,oot

+

+

+

+

I
1

6

6

4

50 14

14

rj
6

1 1

1

t t2

te787189 1

îable 6:6 Eesulte of tiùra
TJE

PIE1 PIBz

Table 6:?

!rï"l rii' 
plaüel eù spec inene against

Beactiou vith
vß t*/a/67 at le dilurion

6ç

e6

+

+ ,0

&

39

42

B1 ,4 tt' x2
1
p

Coqrarison of actùvíty of HE rrith auti_ptBl positive
and aegotive platelet epecirlêr8¡
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D. ELIEIoN E GBITIENTS

Ábeorption and elution er¡reriuentg ae erteneive as

those outlined in chapter 5 with the een¡n of ilO were not carried
out rrit'b Ìlß. .an eluate prepsred vitå the platelets of one bigb
titre reactor ( C¡ ) firea cou¡rlçnsnt with all other platelet
speciuens which reacted to a titre or ltzg or mre, ?his eluate
did not fir conplenent ritå any negetive, row or Ínteraediate

titre platclets.

Á ¡econd eruate eas prepared usiog a pratetet epecinen

vbich gave a t+ conpte'ent firation reaction rith w, u/e/67 at
a dilr¡tion ot r/16, (loros¡. rbie eluate vaa testect against 2J

PltJ platelet speeinens and f+ results vere obtained rith all of
ühen. rhe acüivity of thie eruate vith. thirty-five pratelet
speciuene lacking plBj ig shora in Table 6:g. These results
auggest tbat at least oue of the antibodiee in,!ß in addition to
antiJlBl bas been renoved frou the aenrl by absorption vith
¡rlatelets fron do¡or J0l0g.

As the eluate fro¡¡ IIE vitn doær ,0108 rercted. vith
all Blateleü specinene carryilg the plEJ anüigen ae vell as t&ose
epecinene *o¡r¡ in Table 6:g soËe coneideraüion eùould be given to
b¡ryotbeses that could account for thía reeult.
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These are:

i. that the eluate vas contsminated ¡rith a saall

a¡aount of anti-PIBJ

ii, that tlie antigen detected by the eluate ie

eoraetines present alone but is alvays (or atnost ahays)

present rùen PlBj ie present.

To distinguish betneen these h¡rotheses it rú)ulc be necessary to:

1- resuepend (and thereby r*ash) platelets r¡hieh have

absorbed antibody. This shonld re¡rove any contaninating

antibocly fron the platerets, However it has also been

shown to reduce slightly the titre of absorbed antibody

(snutran 1964),

2. absort¡ Wn U/e/fi repeatedly vitb plBJ positive
platelets until no anti-plBJ activity renained. lhen test
the absorbed se'ni for activity siuilar to that of the

eluate prepared vith J010g. This absorption nay have to
be repeated with praterets fron severar individuars. The

pratelets selected for absorption nay have antigens r*hich
will ¡enove anti-ËlBJ anrj the activity corresponding to tbe
eluete J0lOg.

No attenpt wag nade to dietinguisb betryeen tÀese

hgrnotheses as tíne d.id not pernit further investigation on the rinee
suggested above. Furtber investigation of tbe antibodies in r+rE

u/a/67 has not been cond.ucted.



oells wit¡
FlBl antigeu

only

BeÈptÍoa
rith

eluate
4+

0

Cells lackiug
PIB antigens

Beacúion ¿r+

vith
eluate 0

100.

Total

,

t5

7

10

Table 6:B Àctivity of eluate^Ílirr trn U/e/62 rith platelet nr¡¡rber
,0108.

t.

Repeatability of FrBJ typing ïas assessed. in the sane vay
as t'he repeÊtabirity of IrlB1 end FrB2 typingr Thirty-tvo peopre
vere tested twice for this antigen and concordant results vere
obtained ío Jt câs€st The two discoralant repeaü specimens are
ehorvn in Table 6:g¡ rt appears reasonable to eonclude fron
îable 619 that the donors of both of these specinrens laek the rJlBl
antigen but that they carry an antigen vhich reaêts with the
interr¡ediate titre antibody in ï{8.

Fifty-sir platelet specinens up to three nonths old withFlÐ antÍgen vere tit¡ated agaiust ,n g/g/62 and all gave è+ eon_plenent fixation vith the seru.r at, a dirution of t/tzeor ro,re{r

2

t

1

2 t 1

2j

2

t2

1

11 1

{tL/4 L/64

67ri tfe o

L/4 t/e

aeti ty

L/16 L/lz
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Titration vith tJE +/e/62

Lþz L/64 r/sø t/tts
4+ +++same

donor

10029

t4t80 t¡t- + +

8169 qü. ut. Dt. +
gaEle

donor 2O23O nt. 4+ 2+ +

Table 6:9 Discrepant PlBj typings. At tine of titrations all
specineus thought to cerry the ÞlB5 antigen gôve a
&+ with WE at L/tzS or greater clilution.

F, rNG SlonÁGE

Êesurts selected fron the titratiou of lrE +/a/Ø using

platelets with the PIBS antigen show that this antigen deteriorated
gradually with regerd to conplenent fixing activity vith the seru¡r

of 148 (see Table 6:10). Ârr the tests shown i¡ Table 6:10 vere

perfomed at the saDe tiue using the sane riilutions of serua and

conplenent. sinirar tests for the deterioration of the prBl and

irlB2 antiÉçens dur..rg storage are st¿orm in Tables 6:11 ancl 6:LZ.

+

-ve with ,n zt/l/øZ 171

¿r+ vith VIE .rr¡g 61,
pooled 1rl50

Initial typing

t*+ with u.tÐ, zj/L/67
at unknorm dilution

-ve vitl¡ \{E 2Lh/6? Llg
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Platelet
Control

Flatelet
No.
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1
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1

line of platelet
etorage

.5 days

2 rseeks

4 ¡yeeks

2 ¡¡onths

rr uonths

6 nonths

! nonths

6

tre vith IfFì

t/64 r/LzB t/zrt ltzo

&+4+4+4+3646J

16466

3ry4r

14374

32t17

32L39
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tBî79
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4
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t

Dete'i.oration in conplenent fíxing-activÍty of FltJ plateletsstored for up to nine nooùhs.
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Platelet
Control

Tine of platelet
storage

2 rreeks

4 r¿onths

8 ponths

1û nonths

6:

0

0

o

0

0

0

L

1

I

Îi¡¿e of
storage

1 day

2 ¡reeks

å nonths

6 nonths

7 nonths

e6

Deterioration in co¡nplenent fixing activity of Fltslplatelets stored for up to iO nonths-.

Platelet
Control

38528
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J64t4

18179

tB2t7

9986

10c16
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Blgg

ût.

nt.
nt.

4

4

4
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3

4

nt.

nt,
nt.

2

4

J

4

J

3

Deteri rration of the PlB2 antigen during storage.
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G. THE F ION DISTR,IBUIION OF TTIE ¡LB /J.IIIGENS

.¡\s the series of blood donors typed for their pIB

antigens approached 400 it was noted that the distribution of the

antigens in the population departetÌ significe.ntly frun that expected

on the basis of ttrre Harcly-lfeinberg equiribrirur. Jt this stage an

additional series of. 2Oj individluals fron the Foyal /:.delaide

Eoepital outpatients departæent vere typed to deter¡aine rrùetber

this trend vor¡td be found in that data also. Table ti:11(a) ehovs

that there is no significant heterogeneity between tbe tno series.

Conparison of the PIB platelet groups aud. the ¿.B0 red cell gloups

shovs that these sy'teËs are independent tabre 6:rr(¡). The

PIE platelet gmupê are also distributed independentry of ser

(taute 6:11(c)).

Gene frequenc,ies of the arleles at the plB lecus vere

carculated fron the eonbined d.ata of the hoepital and blood doaor

series using tl¡e rraxinun tikelihood nethod ouùlined by Matåer

(tg¡ll. the frequencies obtained were:

PlBl p ,2790 +.01J8

FlBg q .1023 +.û0gB

pfBf r ;1809 +.0115

FfB- a .4JJB +.01!0
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(o) (r)
Antigens
present

120

LOJ

02J

100

020

00,

000

Table

Total Grcup 0 other groups
'"t I!, ÄB

4B

58

10

200

47

L2L

L5L

56

43

27

L67

17

94

104

L2

15

t
15

10

27

o.,

XE = 6.0, p -.- o.Jo

6J5 508 L27

s of hospital patients and
ording tol
innent
s
lood donors only).

(")
I'enial e

x26=5'9rP>o.to

¿Lj

eli¿aI

Lzt

LÐJ

û2J

100

02Ll

a03

000

28

JB

25

152

3o

75

84

2BO tjz 472

xfr = rr.o, n )> o.5o

203 432

Ëo spital
patients

BIood
donors

1B

18

4

6z

t6

41

44

30

,10

26

LJ8

5t

BO

87

L5

27

18

94

19

5L

56

11

11

7

38

11

24

28
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The nu¡rbers expectecl with each conbination of antigens

on the basis of these gene frequencies are shoïn in Tabre 6z!L,

They deviate significantly fron the Hardy Tfeinberg expectations,
xtr = !!.3t, p - o.ù1. rt appears that thisr2 -,ero" is due naiury
to the relative tleficiency of indiwiduals vith !.tBz only and an

excess of those rrith FtB2 and FlBl or plBJ together. rbo possible
reasons for the nisfit of the data with. the h¡rothesis are:-

i. serorogicar, due to oceasionar niscrassification
ii. genetical, d.ue to a nore corrprer situation eristing

than three detectal¡Ie alleLes at one locus. If for instance the
rrallelesrr occasicnally occur in ncoupling,' (cf the Hh systen) u¡ld

if in particular i,IB2 conbines with IIB1 or FlBj in this way tben
ve would e.rpect the distribution of the antigen t¡ be altered. in
tbis direction. 0n this hypothesis an occasional triple positive
baving all illB antigens r¡ould also be expeeted. No sucb individ_
ual has yet been found.. If th.e forner suggestion explains the
deviation then it is unusuar that no niscrassification of the FIBZ
antigen has besn observed in the series of repeated specinens. The
eause of this siguificant deviation of the data fnrn expectation
renains an enigxxa.



PlB1 P1E2 FIBS Obserwed
number

lr8

58

3s

2û0

47

LzL

T7T

F-I¡ected
nrmber

16,25

64.10

2t.ro

204.56

65.52

tzr.56

tât.7l

LO7 -

Deviation

It.7=.

6,10

6.50

4.56

L6,,52

t.j6

9.Zg

+

+

+

+

+

+

+

+

+

6t, 635

Table 6:14 The dísüribution of the El,B autigens in the South
Á:ustralian Caueasian popul ation.

xf,=n'lo' P=o'01
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OTHM ÁNTIBODIS',S ATSD åIiÎIGENS

CL

1.

Titration E'c¡rerinents: This serun was studiéd during

the prelininary analysis recorded in Chapter 4. In that chapter

it was suggested that tt¡e serun contained arlti-PlBl at higb titre

together vith other antibodies" 1o elucidate the details of the

antibodies in this Berurr two series of titraticns vith varioug

dilutions rrere conducted. In the first series the end poínt rrith

each speci¡:ren vas taken as the last tube with a 2+ reactiou (or

greater). In the second series the last tube giving a 4+ reastion

r*as taken as the end point. A sumary of the titres of platelet

preparatious having the various lIB antigens described in Chapters

5 aad 6 is shovn in TabLes 7:1 and ?:2. Tbe data in Tables 7r1

and ?:2 are red,uced t¡ t'r¡o 2 x 2 tables (Z:5) showing that

anti-PIB1 is present in the serun A, (t517/66).
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PIB -tintigen
Phenotype

4r/zu

t5 73

dilution
L/24 L/32 L/48 t/61

t2

L3

23

1

,)

5

0

dilution
4a L/,,o t/sa To tal

4

4

2

2g

t
t5

14

L4 62

Table 7¡1 First series crf titratíons r¡ith ct t5/7/66. Nusber of
specinens of each I'IB1 phe,notype giving' an end point atdilutions af L/8, tf+o,'t/ao.' "No speci,,êns vere found
negative at L/B dilution.

FIB antigen
Phenoty¡re

L20

La1

423

100

t20

005

000

lable 7t2

L/se lotal

6

10

1

2L

1

L7

22

80
Second seri -,s of titrations with CL tj/Z/66. XG[ãrof speciners of :u"l-plB-phenot¡rpe rritil ãn end pointat the appropriate dilutiåo ur"'-rno*o io .."t-"åff.

1

6

o

4

(,10

4

1lr

1

7

2

,r

4

1

L

1

1

4

10

7 L

L

L

L

¿r

3

t
L

?

7

1

1

1

4

L

5

4

4

2

10



Serun of
ct

at t/4o

Pl:i1
present

Lntigen
absent

Semn of
CL

at tfzL

IJIBl
present

110.

.Ant,igen
absent

+ 6Z

11

8û

48

I4

4+

not 4+

28 54

p I LO'7

62 t7 4J
-lp<10-

Table 7¡1 Presence of anti-Pl-Bl in CL

The data renaining after renoval of the platetet preparations

carrying ItBl has been surnarized with respect to the plB2 antigen

in Table 7:4. rt appears that anti-plB2 is probaÌ:ry arso present in
the serun CL. The antibcdy anti-ËlBf is probably not present in
this sen¡o' at a titre higher rban lfB as there are severar platelet
speeinens in both series of títrations vith the r-rBJ antigen that
do not give strong conplenent fixation reactions vith the diluted
serun of Cï,.

Reaction vith
CL at dilution
t/24 or greater

FIE2 antigen
Present -dbsent

+ 50

27

77 p = 0.016

Tabre 7:4 Presence of anti-prB2 in cL. Data obtained by pooling
results fron Table 7:L anò. ?:2.

20

140

28

0 t3

37 30

9 6B

9

0 27

4L
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It was suggested in Chapter 4 that the antibody in SI was

also present in CL althougli the data agreeing with this hyaot'hesis

*eiÞ not significant at t}.e 5fr level. Further informatioa on- the

relationship between the sera CL and SI is shor+n in Tab1e 7:5 where

the results of the tvo titrations are pooled and pl-atelet specimens

with the PIB1 and FlB2 antigers are onitted. It is clear that tùe

antibody iu SI is present also in CL aud that this antibody is

active to a dilution of CL of slightly greater tnen, Lf72.

Reaction with
CL at dilution
of Lf32 or
greater

56 6s -ap<10-
Table 7:5 Presence of antibocty SI ín CL.

2. Resul-ts of Elution of .Antiboiti from CL:

The other antibodies in CL have not been systematically

investigated. Since a wide range in end point titres rsith different

platelst specimens still- remains after alroving for the three

antibodies arready demonstrated in cL, it is presumed that this
senrm contains nore than one additionar antibody. rt is possibre

to 
"eparete the antiboCies in CL using selected platelets to prepare

eruates. rhe result of a preriminary separation of antibodies

SI

+

+

I2

,r0

28

28

28

t2

0
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from tþis sernm by the acid erution metJrod ia shorr,n in lable 7:6.
The platelets used were donateil by deparfuentar corleagueg

selssf,sd only for accessibility. rt is clear fron Tabr e 7t6 1.j}rat

¿¡" "1¡¿tea prepared with GA and il$, do not contain antiJlBl a¡rd

that the eluates prepared with ItO and Hy do not contain the anti-
boily in the eruate prepared ¡cith tr{á.. Further absorption studies

with the serum cL have not been performed as it seertrs that more

can be learned at ttre moment from this serum by cornparison of the

results of titration ex¡reriments vith resurts from other ress

couprex sera- rt is clear fron Tabres ?:5 and 6 tuat there are

more iuteresting antibodies in cL to be investigated.

Platelet an Nane
structure

PTB

Reaction with
CL

t/16 L/Jz t/64

Beaction with eluate fron CL
prepared with platelets of:
BA BO HT GA UA1

,t

ll

4

0

4

4

4

4

4

4

4

J

4

4

4

4

4

4

4

4

0

J

0

0

0

0

0

1

1

1

0

o

4

4

4

0

L

4

440
240

tÁ10 400L4

TaÞIe 7:6 Activity of Five Eluates prepared from CL.
.rrll pì_atelets negative with SI1, 2 or 5 indicates the presence of the respeetive antigen;0 absence cf antigen;
- no test for antigen;
0 .. .. lr strength of reaction between pratelets and antibody.

BA

HO

HY

GA

bi.¡t
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B. THE SBII!i SI

The seru¡n of f,irs, SI was found to contain complement

fixing platelet antibody after her infant developed thrombocytopenic

pur?ura a few hours after birtb. rt has already beeu shom that
this antibody is also present in the sernm CL.

1, The F of Po sitives:

The frequency of pcsitive reactors with this serrn is
0-125 (raul e 7:7). The data in Tabre z:z sho*s that there is no

heterogeneity in the frequency of positives found during the

different ti¡re interr¡als that this antisenrm was studied.

+ Total

Series reported in Chap. &

Blood donors tested in 1966

Blood donor¡ te¡ted in 1962

Hospital .patients tested 1962
R.A.H & g.E.H.

= 6.4
.1olp)o.oj
Frequency of SI positives.

1L2 785 895

76

18&

412

205

xT

0

Tabl el

2.,

Three eluaües rëre prepared from the senns sr with sr
posítive platelets and. one eluate vith SI negative ptatelets. No

conrplemeut fixing acüivity vas found in the eluate prepared with
sr negative pratergts on testing it against 1g sr positive prateret

10

20

,18

J4

66

t64

J84

169
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preparations and. t¡¡o Sr negative platelet preparations. the three

eLuates prepared vith SI positive ¡rlatelets fixed conplement with

the 18 platelet specimens fron SI positive donors but not rsith the

trso from sr negative donors. although thÍs rrmrk is not sufficient
to prove that the serum sr is detecting only one antigen it wirl be

presumed that this situation exists during the remainder of this
thesis,

The absorption of antibody fron the se.rm wíth reactive

platerets is shown to lower the antibody titre vhereas absorption

with non-reactive platelets does not have this effect (tatte ?:_s).

Sen¡¡n dilution t/a L/16 Lhz L/64

Äbsorbed rrith SI
positive platelets

^Absorbed rrith SI
negative platelets

Unabsorbed

2+4+

4+

nt

+

+It

nt nt 4+

Table 7:8 Reduction in titre of couplenent fixing activity in
serum SI after absorption vith reactivã plateìeis,(nt = not tested)

t. Tine Reouired for Comnlenent Fixation:

During the e:çerimental work reported in this thesis the

incubation time of t hour prior to the atldition of the haenolytic
system vaa adhered to earefully. 0n one occasion an experiment
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to shov vhether conrplement fixation would occur in less tirne than_

one hour was conducted. sr pcsitive prater ø-ts sJ24! were added to
a tþz dirution of sr and couplement L/zo. Tb.e haeuotytic syetem

was added after 0, L9, Ji and 40 minutes incubation at J?oC. Each

experi-rnent rras performed in dupricate. The resurts Ì,ere:-
Incubation period Strength of Reaction

0 minutes +u +ìr

19++

35+Z+

40 4+ 4+

these resurts show that und,er certain conditions incubation tine nay
be reduced. This could be <¡f soae value when results of platelet
t¡-ping are required. urgently.

4"

The distribution of sr+ anrr sr- in the various prB

phenot¡res is shorm in Table 7:g- This popuration data supports the
hpothesis that the prB antigens and the antigen detected by sr are
incependent, xZ = 6.2, p ) 0.j0. llhether the antigens are
geneticalry independent or not virr be discussed in chapter 9.
5.0 Sera Con an åntibodrr Rel ted to SI:

Ttrree other sera containing an antibody related to sr vere
received fro' Dr. M. Berab of Merboume. The serum BE was obtained
by Dr. Berah frnm professor Dausset of paris. tr copFarison of the
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activity of BE and sr is showr in Tabre /:10. whether ttre three

sr+ BE- reacti.ons observec were clue to overdirution of BE or a

seconti antibody in SI has not been investigated. The other trvn

sera i(A and HE gave onry ¡reak reactions and were not availabre in
a sufficient quantity for ertensive investigation. Table z:10

also indicates that tbe antibodies in I(A and ËE are probably related

to the entibody in SI.

PIB Antigens +
SI

L20

L05

o25

100

020

003

000

48

58

50

200

47

LzT

LJL

65582 557 ^1"3 = G.z, p)> o.jo

TabI

1¿¡ls J:10

Belation of SI+ to the pIB system.

EE I(A

+ +

SI+

11 52 It 5

L

)

+

1

0

I{E

p = tfzt
56

p-<10-9 p=Lftz6
Conparisou of BE, I{4. and ru rrith SI"

t8

50

24

x77

J9

109

116

27

I

10

t5

t2

I

6

049
11 t 4

0

0

5
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C. THE IN JE. KL and N0

The conpleËient fixing activity of prateret preparations

fron 42 randon donors with the sera KT,, JE ancl SA ie shoïm in
Tabre 7:tL. rt is clear fron the first half of tåe table that the

a¡rtibodies in N0, JS and, KL are the sane, (tatte Z:11(a)).

zr p = ]-ftL,g?o

TabI e a)

The antibody activity in the serun J.t did not give strong complenent

fixing activity vith reactive platelets even when diluted less than

L/4,

The autibody activity aetivity in N0, JE and KL is present

with other antibodies in tbe serr¡m S.A.. This is shown in Table J:L2.
It is assuned that the sera N0, JE and KL have an antibod¡r against
a single antigen. Table 7:1J shc¡ws that there is no obvious

association betr¿een this antigen and the pIB antigens. The data
presented in Tabr e 7:r4 are not sufficientry rarge to detemrine

whether the antigens detected by the sera lll a¡rd. SI are controlled
by independ.eqt loci or not" The expected nurrber of double positive
individuals in this series is 4.J for independent loci and 2.J for
a singrs locus. rt is crear fron Tabre 2¿9 thrat a nuch rarger
series is requirec to deternine the relation between these tno antigens.

+

77

04

0
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TabI e 7211 Âctivity of N0, &, & S.A. with rr2 rando¡rplatelet

Donor
No.

NO
¡TB

z?/7/67

L/4

preparations.
KL

il¡/oe
t/z

SA
Ðlt/az

L/8

PIB
antigens

L/6L/4

000

100

003

100

025

000

100

100

100

001

005

00t

rza

120

LO3

LO'

100

100

000

100

1

4

4

L

0

2

J

J

0

4

4

3

4

4

1

4

1

7

0

J

0

4

0

0

0

0

4

0

0

0

4

0

0

0

0

4

T

1

0

0

0

c)

0

0

0

0

2

0

0

0

J

0

0

0

0

.)

0

0

0

0

1

1

L

1

T

1

3

7

L

T

4

1

L

1

1

7

7

1

L

L

1

4

L

L

1

1

4

1

7

T

4

1,

1

7

L

4

t

1

L

L

20205

10

18

2L

26

jo

JL

t6

37

59

4I

42

44

49

50

63

64

81

82

83

(continued paee 119)
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Table 7:11 (ctd)

Donor
No.

NO

L/L L/6

JE
2?/?/67

L/4

Kt
7/¡/sø
t/z

SA
%/t/tz
t/e

Plts
antigens

005

ooJ

000

000

100

000

005

000

020

005

100

L03

o0J

L20

000

100

oo3

000

000

L20

o00

100

I'

Control

22LL7

t7

2L

2J

tL

34

38

4L

46

48

52

57

62

64

69

72

73

74

76

79

82

Control

0

L

0

T

L

1

1

4

,)

.)

4

4

1

1

2

2

4

2

T

2

4

4

2

2

2

0

0

0

0

o

1

I*

4

It

t
1

1

1

4

4

4

L

1

1

4

1

0

4

4

L

7

1

0

0

0

2

2

2

0

1

0

0

2

2

2

0

0

0

2

o

0

2

1

0

0

0



0t3

L6 L3

L20.

SA
+

Kt
+ TJ

29

29 t1 42 p 4<0.003

KL

+ Total

L20

1-05

023

100

020

001

000

3z 93 L25 *2 = ,.819, n;, o.e

The d.istributio¡r of N0, JE anC KL reactions in
the various PIB antigen t¡pes.

SI
+

TabIe 7:12

Table 7: T'

Kt (etc)

Tabl e la

20 105

.A conparison of the activity of the sera I(L and
Sir (fron Tabte /:11),

I
10

4

40

9

2T

52

+ 32

95

t25
x? = a-n, p) o-50

Couparison of the distríbution of the antigens
detected by the sera SI and 1.1,.

J

3

L

9

1

3

6

7

3

3L

6

18

D{)10

28

77

4

16
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D. TIIE SERIIIYí V0

1. Difficulti es which Prevented tailed Eluci¿lation o f 't¡0¡

The serun v0 vas for¡nd to fix coraprenent Ìrith lg of 9g

specinens tested. with a r/a ailution in the pretininary series of

experir:rents. The proportion of weak reactions (e+, +) neat (f9Ø)

and diluted Lfe 1zlft) conbined wiür the prozone this sern¡s showed

r¡ith sone specimens (25ft or La/42) nade this serun nore difficult
to v¡rk with than those described in early sections of this thesÍs.

The first series of plateret specinens testec', with üris

serum hac been stored fcr one to two weeks before the corrplenent

fixation tests rrere carried out. .,t subsequent series of platelet

specinens tested less than 24 hor¡rs after tÀe blood had been

corlected gave a higher frequency of positive reactors.

vo (r/e) 3Ð/6/66
+

Tested L - 2 weeks
after platelets coll ected 18 60 98

Tested rrithin 24 hours
of platelet collection 57 3t 84

91 9L 1-82

p < 0.001

These difficurties encountered earry in the study of this
serum resulted in a postponenent of a Cetailed investigation of the

ser'unr e activity until details of the more stable antigens described

in earrier chapters had been resolved. The vork on v0 has not yet

*? = ,.0
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been corrpleted. The inconprete details included here are of sone

iuterest because they reveel certain features not fourrd vith other

sera.

2. Conparison of V0 with Other Ántibodies:

The result of testíng 42 fresh specinens with VO and OtG

(uotn diluted 1/8) is set out in Tabte ?:15 (a) ano (t).

atG 7f8
2 0

reaction
wíth

\o L/8

16 c) 1 4 19 42

t14

4

1

2

L

o

22

J

t.

7

7

Table 7:15

-G)--
Results with 0rG aud V0

0rG

+

19 2J

x? - 7'6'

0.10>>p) 0.05

28

L4

42

+

Table Z: f 5 (b) .Above table reduced to 2 x 2 comparison.

4

3

2

4

5

1

L5

1

1

1

2

L

1

t
L6 t2

11
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the association between these t¡¡o antisera is not quite significant

at the 5fi lreve:r (X?= J.6, 0.10ÞpÞ0.05). lhese results are

corrpatíbLe with the h¡rothesis suggested in the report of Dr. R.H.

Aster (CUapter 4) that 0'G and V0 share an antibody but f¡¡rther

tests a:re necessary to substantiate this.

A series of stored speci-nens tested vith VO and ì¿A (frot

Dr. R.H. -êster of Boston) inaicated that an antibo¿y(s) preeent Ín

Mê- vas aleo present in V0, (p = 0.019) latfe J:16. Unfortunately

no specinens were testecl wittr all three of V0, ìIA and 0tG.

ld/ù

11

16

27 p = 0.019

Table 7:16 H,esult of testing 27 specinens with MA and V0.

The series of lr2 platelet prsparatians t¡çed wíth 0tG

aûd. V0 bad also been typed for the PIB antigens. The results in

Table 7;1? swgest there nay be an antÍbody in V0 rùich reacte

nore frequently vith those platelets having the FIBõ antigen and

racking alr PrB antigens than rrith tbe group having the PrBl antigen

only.

+

v0

+

4sJ
L6

74

0
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FlB

-Aatigen
st¡:ucture

L20

103

o25

100

020

00,

000

Reaction nith
o'G Lfï

+

L9 2t

&eaction ¡vith
vo L/8

+

3

t
1

t
L

I

9

1

0

0

10

0

e,

1

28 14

lable 7:17 Comparison of 0'G and V0 activity vith tàe
PIB antigens.

J. Tho T"*"fo"ioo of v0 *d tb""" oth." p.üi"ot" ,ho"" s.*
Contained Conplenent Fixins platelet .qntibodies:

The donor of the serrxt V0 was e patient rith
chronicrrydoid Ler¡kaenia wr¿o had beeu transfused with 14 units of

blood prior to the denonetration of cotapleuent fixing platelet
antibodiee. she had not been pregnant. she had $ffered severe

Dausear voniting headache anc pyrexia (toaor) during and following

several brood transfusions prior to the first denonstration of
platelet antibocies in her serun. Her seruo was exanined for red

cell antibodies

t
L

1

5

1

J

5

1

2

0

I
0

?

,
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by the transfusicn service but none could be denonstrated by the

two stage papain or Coonbr s techniques.

hir, Vincent of the Red Cross Blood Centre for¡nd that

the serun contained. leukocyte agglutinins as velr as courplernent

fixing antibodies. since the patient required a further two

units of blood attenpts to find non-reacting d.onors rrere nade.

six donors'were tested for tt¡eir reactions vith this serur by

the platelet conplenent fixation and leukoeyte aggrutination

tests. The results are shown belor¿.

Donor
Nu¡rber

v0
Serun Con¡;Ienent Fixation

Test

v0
Serun Leukocyte

Ágglutination Test
(Mr. vincent)

,47

'55

56

6e

72

74

seruf,r

2+

4+

J+

4+

4+

4+

contro

+

+

3+

J+

+\.s

J+

+

+

J+

+rd

2+

2+ J+

+W

+w

+w

J+ 3+

+w +Ir/

+ +rd +w

4+

+'ÍÍ

+'h/

+'tf

+'rd

+rf

+A¡

+

+

+

3+

4+

+td

+

2 drops
neat

1 drop +
neat

+ t/a L/ú Lhz
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The nert day the patient vas transfused vith packed red cells

fron donor number r4J without incident. She was asyrcptonatic

and her tenperature renained belov 99oF during tåe transfusÍon

and the tvo hour intenral allowed before cor¡nencirg the second

unit of packed cells. Tbe reC cells f¡¡on donor nruber r56

vere used for the second unit. Withinan half-hour of corr'¡encing

this unit the patient developed another s¡nrptonatically severe

transfusion reaction. Her temperature rose to 101oF and the

transfusion was discontinued after only 50nI had been given.

Subsequently tbis patient vas given ¿uother five units of packed

cells selected fron 42 donors by the corrplenent fixation test

(with titration as above) on the sane basis as d,onor nr¡nber

rlJ abover i.€. no corspleuent fixation at any dilution tested.

Leukocyte agglutination tests vere uot carried out on these

d.ouors. During the transfusion of these five units of packerl

cells the patient suffered no transfusion reaction. .After the

fourth trnit her teuperature rose üo 102oF but this appeared to

be part of a febrile pattern that is sonetir¡es a part of ehronic

rrydoäit leukaeu¡ia. No s¡nryrtonatic ill effects were attributed to

the transfusion by the patient. In spit¿ of a satíefactory rise

in haenoglobin to 11"9gps per 100re1s, fcllowing tÀis trans-

fusion tbe patient collapsed suddeuly and itied sir days after
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her rast transfusion. The in vivo and in vitrc resurts of the

last 7 units of blood given l¡er âre shown in the table below.

in vivo
+

(reaction) ("o reaction)

+ (corapleeent
f ixation) 1

in vitro

-(

tlo coËr-
plenent

fixation)

? p=L/7

w hire not significant at the j/o Leve.L the resuLts with this patient
indicate that her conplenent fixing antibodies courd be used to

herp her avoid transfusion reactions. unfortu'atery no specinen

vas available for the investigation of the prateÌet antigens of
the donor r+hose blood hac given a transfusion reaction in this
patient before her platelet antibodies r¿ere found.

sinitar attenpts te nake tre.nsfusion Elore confortabre for
tvo patients rrith aplastic anaer¡ia MA and JE vere not successful.
Febrire responses and syraptons were produced by units of brocd

negative with the ccnplerent fixation test,. The patient Wr was

transfused with sarine washed paekecr red. cerrs. Brooc was

6

L 6

0

L

6

0
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FtAfEtET ,$.ITIGBIS IN AI]STTUILIAI.I ADOBIGINES Â}¡D

N${r ZEALAI{D IXA0RIS

A. PIATH,ET ¿}TTIGENS IN ÁUSITiÁLIåN ABOEIGINTS

Blood specinens fron 81 Australian.Aboriginea were

obtaiued by Dr. B. Boeüher at Yunalmu (f6O nilee north-¡rest of

,frlice Springs). Tbig blood nas forwarded by airfreight to .Adelaide

a¡rd the platelets vere separated using the techniques described in

Chapter 2" Platelet separation was perfomed sithin three days of

the collection of t'he blood specinens aud conplenent fixation

tests rrere coapleted a fev days later. Fourteen specinens were

for¡¡rt to be anticonr¡llcnentary and have been ileleted fron the resord"

The reeults on tbe renaining 67 indivirluals are shorrn in Appeudix 5.

It is clear that the FIBJ antigen is uncourw)n in the

Ausüralian 4borigines as no positive reaction vas obtainecl with tbe

seruÍû wø (Zt/7/67) airuted. Lfï. Horrever lùe antigens FlBl and

PlB2 are frequently present as is indicated by the positive

reactions with N0 (e/z/6t) and sz (a/z/eZ at t/5). A ptatelet

epecimen positive with both N0 and SZ is consi,lered to have the

FIB1 antigen vhereaa a specinen positive with N0 but negative vith

SZ is tbougþt to have tùe FIB2 antigen. The conbination of PlEl
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anc FlBZ antigens could not be dístinguishec f¡pn ptBl aloue as the

platelet suspensions r¡ere not tested with antisera rùieh penøitted

this iliffererrce to be detemined. The distribution of tåe plB

antigens in the 67 inaividuals studied is shovn in Table g:1.

FLatelet Antigens l{aíIb ri Pintùi lotal

2T

2'

2L

6Z

Table 9:1 Distribution of the prB autigens in tryo Australian
aboriginl tribes,

three speciraens were positive vith SZ but not rrith N0

(y 96, Lzr, 1,44 each 2+). These reactions have been ignored as

the three plateret donors were gmup a. and gome of the prateleü

preparatíons vere contaninated rith red cells (sz is group 0).
Theee results \ritÌ¡ sz suggest that sone group .{r plB2 specinene nay

have been nisclassified as Þ181. The data in Table g:p incicate
that this error (it it has occuri-ed at arr) has not introduced a

significant bias t" tO-" direction suggested.

The 62 individuars t¡red for plateret antigens were froa
2 tribes, Pintubi and lfailbri. No significant difference in the
distribution of the antigens in these tribes was detected in this

1-f-ì

020

000

6

1

t
L2

11

oo

18

,5
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surrey (taut" [.-1.1. Ho'wever the nunber of specinens tested so

far is very snall so that very rittle weight can be attributed

to the data.

Group Group
Â0

PIBl

PI82

2L

25

46

Table 8:2 Distribution of the FIB antigens in Group 0 and
Group A -Aborigines.

In Table g:1 tbe distribution of the pIB antigens in
centrar ¡i.uetrarian ;Iborigines and south ,åustralian cauaasians is
corçared. rt is crear that thers ârê significant frequeucy

differences betwees the tr¡o races. rn çrarticular tJrere is an

absence of the FIBJ antigen in the ¡iborigine. plBl is present at
a lorrer frequency aud ÞlB2 at a higher frequency than tùe

correspouding antigens in the Caucasian series.

24 22

L2

L2

9

L'



LtL.

Caucasian Aborigine

58

JO

248

47

tzL

ttt
615

Table 8:5 Distribution of the ï'lB entigens in Caueasiaus and
ltborígines.

The reaetions of the 67 aborigiml platelet speeinens

rrith trro d.ilutions (f/a aua t/t*O) of the seruil CL tj/?/66 are

showa in lable 8:,r where the speeirrens are eraesified according

to their i,lB groups and their strength of reaetion with cL. These

results are concordant rith those of Cbapter ? which suggest that

CL contains anti-PlBl aud anti-FlBp. Ibe reactions vith Ct 1/g

indicate tbat the .Aborigines are probabry porynorphic for other

plateret antigens. This statenent presunes that cL, contains a

ni¡t¡rre of platelet antibodies in addition to anti-plB1 and

antí-PlB2,

703

o23

1-0

020

001

000

0

0

2L

25

0

2L

6t
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PIB Antigens Present
FIB1 PIB2 nil
2t 25

Strength of
reaction vith

cr 1/8
s/z/6b

4+

J+

2+

1+

0

17

1

2

1

2L

PIBl

25 21,

niIP1B2

4+

7+

2+

1+

0

L5 7

5

+

2

7

J

18

27252L

Strength of
reactioa wíth

cL 1/4o
t5/7/66

lable 8:4 Strength of rcactign .of 6J aboriginal platelet
speeinens vith CL ( f/A ana VUO) . Flatel¡ù dor-ors
classified according to their pIB antigens.

J

1

1

1

rbo series of z and 16 specinens prepared earlier in tåis
study vill not be reported here in cetair as the antibodies in the

sera used have not yet been resolved in si-riple serological terr¡s.

rn tbe second seríes of specimens tesùed no positive reactions

vere obtai-ued with the eera SI, h/l or KL.
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B. FL/ITELET ÀTTIGA{S IN TgE NEV ZE¿J^ÉNÐ H¡;'ORI

Brood specinens fro¡n r2g Maoris r¡ere coilected in the

North rsland of Nerr zearand.. Maoris were bled at the l{aikato

Eospital Hanilton, at the Rotoma Eospital and at the rfaikeria
Youth centre. The pratelets were separated rrithin 24 hou¡s of
corlection of the btood and kept under refrigeration until they

vere tested al¡out one month later. lhe result of testing the

Maori plateret s¡:ecinens vith N0, sz, c0, iiE and sr are set out

in Appendíx 6. The J¡80 ard BH blood group of 114 specinene are

also recorded. The eìistribution of positive reactions with the

sera N0, sz, c0 and hlE agreed with the observations on the

caueasiar series rrith regard to the activity of the sera. One

platelet specimen from a group A donor (nurnber 64) vas positive
with sz but not with N0, presumabry tlue to ccntamination of the

specirnen with red cell antigen, The distribution cf the plB

antigens in this series is shom in Table g:5, The frequencies

of tbe genes controrLing the ÌlB autigens calculated fron this
data by the ¡raxinr¡n liklihood nethod are:

FlBl 0.506 3 .Oi¡z

PlBg o.r3g I .oJL

FIBI 0rO5? 1 .OL,
ï'1Bo 0,298 I .O4Z
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Antigens
present

L20

ro3

o25

100

020

00,

00ú

Nrmber
observed

27

3

4

t6

4L

7

10

Nwrber
expected

26.56

4.46

4.95

35.33

40.57

4.?6

LL.37 xl = t.sa

L28 129.00 p > o-5Û

Table 8:5 Distribution of the PIB antigeus in a sFn{,Ie of
New Zealand Maorie.

The dístribution of tbe antigens in the Maori population is in

agreenent vith the genetical nodel of three cod,oninant alleles and

a null a1lele as postulated in Chapter 6,*?= 1.90r p) 0.50.

fn Table 8:6 red cell and platelet *,yTings uncorqson in
the Maori are recorded. The frequencies of these pheuotypes can be

used to estinate the frequency of the appropriate gene in the Maori

¡lopulaticn. 0n the assui.:ï tion that these Senes were abseut fmn
the Maori before the Caucasian population arrived in Ner* Zealand it
is possible tq estimate the proporti¿rn of European admixture in the

present sanpre of the Maori popuration fron the ratio of tåe

respective ßenes iu the two populations. Estinates of the proportion
of European admixture from data reported here are set out in Table g:6,
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and range from 0.1rr8 - 0.J15. Each of these estimates has a large

standard enor so tbat littre weight can be placed on any one of

them. Ho¡.¡ever they do shov reasonable consistency. klether or

not the genes responsibre for these antigens were rearry absent

from the ïiaori population in New Zealand before the arrival of

the Europeans will not be defended in úhis thesis. The data

presented here are not inconsistent with the hypothesis that the

popul-atio¡1 5ampled contained go - jvþ lluropean admixture. This

estimate is consistent r¿ith the vievs of staverey, Director of the

Blood Transfusion Service, AueklanC Hospital, New Zealand (personal

cormnrnication 1968), that there are nor{ very ferr¡ fui-I-bloo¿ Maoris.

No

Estimate of
proportion of
-European
adnixture in
Þiaori ArlB

Anti-B(+) 1

Rh-ve L

PrBl 14

SI+ z

Table 8:6

a.2L6

o.244

o.5r5

0.149

0bserved distribution of some antigens unconmon in
New Zealand l{aoris.

1T4

114

I28

728

0.026

0.009

a.Lag=

0.018

.0tj

.o95

.057

.009

Fstimated
gene freq.

A

Sampl e
size

Prop-
ortion

0.061

0.5886

0.1809

0,061

Estinated
gene freq.
in Eng.

population
B
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F.åÀiItY SniDIES

fdhile the population studies outlined in earlier chapters

of ùhis thesis were in progregs pratelets were obtained from tbe

parents and chíldren of lJ fanilies. these pratelets were t¡red

for the irlB antigens d.escribed earlier in this thesis. The red

cerls of tbese faniries were tJryed for the aB0, Rhesus and lû[

antigens. The results of these typings are set out in A¡rpendix Z.

No exclusion of parentage rdas suggested by the results of the

typings. .¿+. nunber of positive reactions with the sera sz and -aD

which are not in agreenent r¿ith the interpretations suggested in

earrier chapters have been marked vith an asterisk. These

pcsitives have been ignored aa they can be attributed to conplenent

fixation by contaniuating recl cell antigen and anti-a in the trso

aera conc€Tngd.

¿. INHffi,iTÆ{CE OF TEE FLB .âNTIGB{S

Thero are seven possible phenot¡ryes in a diploid organisrn

polynorphic for an autr¡sonel locus with three codoninant alLelee

and an anorph. the murber of phenoþpicarty different natings

is 28. rn view of the snall nu¡nber of fanilies typed so far the

data have been sursarized in Table t:1 for each antigen separately.
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The data are in agreenent with the hypothesis that eacb- antigen

is contmlleil by an autosonal doninant gene. fhe eryected nunber

of fanilies of each type of nating har 'been calculated fron the

Caucasian popuì.ation data by nultiplying together the appropriate

phenotype frequencies and, the total mrnber of fanilíes tested,

e.g- nunber of fanilies withPlBl + x + = (Jo6/615)2 *L?. The

proportion of children expected to be negative fron each t5rpe of

nating rtaa calculated by rultiptying the proportion of natings

expected to involve a heterozygote (in ttre case of + x - ) or tvo

heterozygotes (in the case of + x + ) by à "" ä respectively.

This proportion was then nultíp1ieC by the totat nuaber of

chilüren observed fron the partícular nating ty¡re to give the

oçected nureber of negatives" The fauily data available are in

good agreer¡ent with the suggested. nodel,

Three fanilies were found r¡here one parent carried. tvo

FIB antigens and the other parent lacked these antigens. llre

eigbt children fron these fa¡rilies contaíned only one of the

antigens present in the heterozygous pareut (Figure 9:1).



Parental T¡çes

ttg.

Expectation

6.6 1,lr

t7.4 12.6

09

+ x

PtBl + x

x

FIB2 + x

¡.rrB5

Table 9:1

+

+ x +

x

0

6.J

0

0

5.7

35

+x

z.

x

+

+

2.4 0.6

10.rr 8,6

025

0bserved and expgcted segregation of tàe FIB antigens
in lJ farnilies rrith 47 children.

2

7

I

1.8

7.5

7.7

0

3

14

o.7

5.4

10.9

1

I
6 4.6

J.g

8"5

Nr¡rrber of Fanilies
0bserveC Errpected

30

0

L0

25

9

0

5

0

0

55

7

7

L7

0 9

LJ

1

0ffspring
+
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Fizure 9:1 Segregation of the PIB antigens in I fanilies.
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The numbers 1, 2, 1 vnder the genetic synbol representi-rrg,each
individual indicate the presence of the respective antigen rchereas
the s¡rnùol 0 inäicates the absence of an antigen or antigens.

00

1
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In I'igure S:1 the nr¡mbers Lr 2, J under the genetic spnbol

representing each individual indicate the presence of the respective

antigen whereas the s¡rnabol 0 indicates the absence of an antigen or

antigens. These results are in agreement r¡ith the h¡rothesis that

the antigens are controlled by a series of arreres at one locus,

The probabirity of obtaíning the antigen distribution obse¡ved in

- these fa¡nilies Íf the antigens were controlled by genetically

independent loei i" (å)8 = I/256.

B. RFJL.ATION OF TTI4 PI,B ,êNTIffi.TJS TO TTIE FJID CqLL .Aì{TIGF]NS íAFO. . ì4N)

Five families (mrmbers J, B, L4, I:-, 16 segregate for the

PIB groups and at least one of the red cerr groups. Famiries g anil

16 exclude close rinkage bet¡veen the FIB and Â80 loci. FaniLies

14 and lJ exclude crose linkage betr¿ecn the PrB antl bftI roci, Faniry

5 excludes the possibility of close linkage between the Rh locus

and the PIB l.ocus.

c. INHER,ITANCE OF I}iB A}TTTGFN D-ETECTED BY TITR SnR.TIlví ST

sixteen families r¿ith 46 chirdren were t¡zped with the

serua sr. The distribution of this antigen in the famiries is
shovn in Tabre 9:2. Tt¡ese resurts are in agreement r*ith a sinpre

menderiau moder for the inheritance of this antigen. It vas noted

in chapter seven that the antigen detected by sr and the plB antigens



L42.

are distributed índepeaôently in the popuration san¡rled. 0nly

faraily nu¡rber sixteen proviiles criticar evid.ence of the relation-
ship between the FrB antigens and thie additional antigen. Thie

fanily drres not provide evidence against the hypotÀesis that these

antigens are controtrled by crosely tinked genes. Hovever further

fanily studies are required as the obsen¡ed distribution of these

antigens in the fariiry conceraed courd bave occurred by chance

(with probabirity of le) it the antigens are eontrorled by

independent genetic loci.

Farental T¡les
Expectaúion

+

+

x

z

x

5

+ 0

4

L2

a.25

J.5

L2.25

6

1J

i.7 5.5

art

Table o:2 0l¡senred md expected segregation of tùe antigen
detected by the serua sr in 16 fa¡¡iries vith ã6

children.

Nunber of Faniliee
0beenred Erpected Offspring

+
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ÜISCUSSION JND CO}.]CLUSIONS

A. A BBSIÄ{E 0F i)L;rtÐ,ET COÞ¿-LIftENT F'INING ^AIITIB0DY SFECII'ICIIIES

The sera rith antibodíes studied during the c.lurse of

this project are listed in Table 10:1. The antibodies identified

are surúE¡etizeô in Table 10:2, The two antibodies which have not

yet been identified vith a particular systen bave been labelled

SI and KL (after the initials of the d.onor first producing the

antibody) until their relationship to the î18 system can be clearly

detemined. i{ithout extengive erchange of antisera and cells

between laboratories it is not possible to l¡e certain that

specíficities of sera Ìrhich seen to be related are idenüical. So

far only anti-i-181 has been clefinitely ídentified by Aeter in sera

he has received, naraely cL, l'ia, and N0. Tabte 10:2 suggests that

sone other antibodies d,iscovered in l.d.elaide nay eorrespond. to

those described by aster (rgerr). rt seerrs likery on tbe basis of

antigen frequency in the population ând ths frequency of antibody

fornation in the two series that FIB2 and l^ster group V rnay he

the sane. sinilarly PIBJ and fster group vr nay be the sarre. The

postulated. correspond.ence betveen lister rrr and rv and KL and sr

respectively is even less certain than the tvo associations suggested

above.
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Senm
donor

ct
CO

CA
C.AR

GO

NO

PA
JE
Kt
Lia
SA
sz
v0
tf_B
wß

14¡I

!¡E
FO

SI

.AD

MU

ì{A
DE
NO

I(A
HE

SP
DO

HO

DU
OG

anti-
P181

+

+

+

Antibody Specificity
-PIB2 PlE' SI

+

Dialysis Patients
+

Mother of Purpurlc Infant
+

Sera Received frcn Melbourue

Sera Received fron Perth
+

0ther Sera

aF

Kt Uuknorrn

+

+
+

+ +
+
+
+
+

+

+
+
+

+
+
+

+
+

+

+
+
+

+
+

+

+
+

+

+
+
+

+

+

+

+
+

+
+

+
+

+
+
+

lable 10:1 Áutisera fouud and antibodies identified during thís
project.
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.482 + .020

.L97 + .076

.329 + .oLg

.2J6 + .c119

.IZJ + .}tI

10

6

,

&

4

II

v

VI

IV

III

VII

5

7

a,

o

2

T

.226

.J75

,089

.257

.02tr

+

I
J

1

+

Surnary- of antibodies identifiedt
(a) in this project
(b) by ¡rster er ar (rg0A)

B. IF

tEUI(0CyfE Æ.T lIcFf,,IS

Recent pubrications by van Rooc et al (rgoe) anc by
Vredevoe et al (tgíø) have suggested that the leukccyte and plntelet
antigens described by different workers are the sane or sinilar.
Table 1û:J constructed fron the above pubrications anßLrarizes the
relationships now thought to exist betr¿een autigens deseribed
independently.
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Yan Rood

Dausset

f ayns

Shulnan

Terasaki

.*intigens Becogpised by:-

4a 4b 1a 5b 6a 6b ?a 7a ?c ?ð, Ba 9a

3791c8!,2
Li,l LIL¿

CI 81

L5126

Table 10:3 Suggested correspondence betreen leukocyte anil platelet
antigens dessribed by various rrorkers fron van Eood

et al (tgee) and Vredevoe et aI (rçeg).

since L¡9 is thought to correspond to ptBl and since the serun

here denoted by FIBJ has shown the sa¡re activity as an anti-LAl

fron Dausset a ccnparison has been nade in Tabre 1o:4 of the

data fron Botlner et al (fg6e) with the plB data presented here.

There is no evicence cf significant heterogeneity between the trso

series (X2, = ø.1, ü.10> p > 0.0I). Since the gene frequencies

of k- and f! êre not signif icantly rlifferent froie ptEJ and FIB2

respectively a corrparison of the distribution of the conespo^rding

antigens in the populations studied has been nade in Table 1G:5.

There is no eviclence of heterogeneity betrseen the serÍes.
(É = 4.8, p) o. 1o).
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aDti-
LAz LA1

+

+

+

+

56

Lt2

69

TLJ

Total

94

560

220

29t

lotal

332 635 967

A comparison of the distribution of 1,he PIE and
LA antigens, LA antigen data frcm Bodrer et al (fgø)r'

lable 10:4

lab1e 10:5

7c

anti-
7ð'

anti-
PlIÐ PrB2

+

+

+

+

40

25'

It?

452

A conparison of the PIB and t7t antigens.lJt antigen data fro¡r van Bood et al (fgee).

10

76

42

101

86e229

+

+

+

+

58

248

L5L

178

anti-
FIB1 PTBS

615

+

+

+

tÛ

t79

9J

J'L
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These data conbined are in agreenent with the hy¡rothesis that plBl

corresponds to Li'Z, I'LBJ corresponds to L.A1 añ 7c and that PIB2

could correapond to 7d, This hypothesis is contrary to the

suggestion by Vredevoe gLjL that LÁl corresponds to Zd.. The

frequencies of the antigens invorved in this difference cf opinion

are shoïn in Tabre 10:6. No finn decision can yet be reachedr

Frequency in
Population

rìntigen

IDaussett

van Rood.

rayne

FIB

:6

a

0 +

+

18û

227

¡ .Oi3

.028

LAl

L.tt

7a

0.J16 + .A26 L966

t.296 + .oJg (rg0r*)

.) Ð.L97 + .o

Tabl e ,i corryarison of certain leukocyte and platelet antigen
frequencies. Theru is conflicting eviàence on tbepcsition of Llú in this schem€,

Åntigen Freouency in
ä'opulation

.040

.0r27c

+1O 0 108

0.J75 +

J 0.329 + .ol9
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c,

îhe disüribution of reukoeyte and plateret antigens in
different racial groups has so far received Iittle attention.
The only figures presentry avairabre are ü¡ose of Dausset et ar
(rgg;). The figures of Dausset for raac, 4a aad 4b indicate
tha¿ there are differences betr¡een raciar groups. The figures
presented in chapter g of this thesis substantiate the h¡rothesie
that ler¡kocyte and platslet potynorphisns may be e:çeeted to
contribute to our knowledge of the differences betveen races.

The relati.rnship between leukocyte onc platelet antigens
and honctransplantation in hunans is not yet clear. 0eppeltini
et al (rgø0) have shorm that genetic factr¡rs in addition to the

'AEo antl P red cell groups have an inportant infl'euce on tbe
tine of rejection of graftgd skin in non_innunized untreated
subjeets. Van Rood et al (rg6e,t t¡rped the leukocftes cf the
subjects who participated in Ceppellini,s experirents. Their
results are in agreenent with the hypothesis tbat reukccyte antigen
inconpatibitity rrril-L reduce the tine of survival of grafted skin.
/'n experinent of Dausset and Rapaport ( Lg66) has sho.¡rn that skin
frnn a donor lackÍng a nunber of comrcn reukocyte antigens (g, g, 10)
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survived nuch lônger vhen transplanted to his brother than is

usual, (t1 aay" senrpared vith 1û - 20 days). Further experinents

are necessrry to detenaiue the in¡iortance of individual leukocyte

antigens.

0bservations on renal honotransplants in hnnane have not

yet yielded clear results. rr.Ithough the difference in survival

between matched ancl rris-natched renal ho¡rotransprants reported by

Terasaki et aI (tgûq has not reached the usually accepted

significance levels the results are not inconpatible vith the

h¡rothesis that natching could inprove tÀe results. Denonstration

of tl¡e inportance of particular antigens will no doubt be easier

in the experinental enviroDuent (skin grafting) than in the

therapeutic environaent cf renal honotransplantàtion.

So far little has been published on tbe survival of

renal transplants in patients vith pre-formed plateret æd leukocyte

a¡rtibodies. Kissneyer-Neirsen et ar (rg66) have described two

iratients with pre-fon:red antibodies who rapicry rejected kidney

transplants. As there is no report of a kidn.ey fron a donor .r*rth

specific reukocyte and pratelet antigens surviving in the presence

of antibodies of the sane specificity it is not yet possible to

say that leukocyte and pratelet antibody antigen systens are
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unimportant iu kitlney transplantation. rbo Adelaide patients with

eoraplenent-fixing platelet antibodiee reacting with tJre platelets

of a large proportion of tJoe population both had a transplanted

kidney renoved shortly after they had received. the organ.

ÁIthough these events prove little they rio underline tbe inryortance

of collecting all the possible available infon¡ation on the antigens

of the donor and reeipient so that prnper anarysis can be carried

out as soon ês possible.



J{'FUÌDIX ONE

Nane Sex Blood
&

age

ÑJtr M

Al'i85 Þi

J.¿-JA F

ELBS F

BR75 M

BI7& F

BiL74 F

Ë1169 F

Ê8.57 h

BESo Lt

8A66 hi

BL55 F

BA27 li

Tful{SFIIST]D

LJz.

FOR C0Ivs)I ,'tlMf+{T

EIXING F'LATETET åÌ{TIEODTES

Îi¡ec Nrrmber Trans- ¡Inti- Eeactions
tested preg- fusions bodies

nancies

EISA M .{+ Forphyria

BE6O M

Diagno sis

0+ Feptic ULcer

À+ ¿naemia

0- HaenolytÍc
ånaemia

.A- hiegaka{fccytic
leukaemia

.å+ Chronic F"enal
Failure

j,+ Sideroblastic
l"maerria

t- Eleetling stonach
ulcer

0+ Ler¡kaenia

0+ iviyelof ibro s is

0+ Bleerìing peptic
ulc er

0+ Duodenal_ ulcer

A+ lecondary ca

0- g¿ arnFulla yater

0+ Leukaenia

4

L

L

2

1

1

2

?

1

1

(t

t

76

5

t4

50

25

,rB

27

Ðo

?

No

No

No

No

No

No

No

No

'l

4 nil

No

No

No

No

?

7

1

L

L

No No

SNoNo

15 No No

TNoNo

Skin
itching

ì,iiIal
pyrexir

No

No

Urtiearía

No

18

55

4

L?*

No

No

No

No



EUTo Lr

8fr84 F

crÕ7 F

CH56 F

c1,65 M

co57 M

c072 ùi

ÁPPII,IDI.X Oì.iE

Name Sex tslood
& Group

Age

Diagno sis

Uraemia 1

Sideroblastic 1
anaenia

L¡nphosarcona 7

Chronic renal J
failure

ld¡æI af i¡¡o 
"i" 1

H.ypoplastic L
anaerria

Visico-colic fist- 1
ula

Fracture ¡mFutation 1

Ca pancreas 1

Leukaemia t
Fost-traunatic 1

Ca breast 1

Choriocarcinona j

I'iultiple Myel-ra 1

Ch.ronic Blood loss t
anaemia

Fracture tibia 1

Chronic blood Ioss 1
ábdoninal mass

Epistaxsis 1

,Êl¡aemia z

0+

A+

0+

0+

0+

0+

Ä+

.¿r+

0+

.å+

0-

0+

l).+

0+

0+

]i-

0+

0+

0+

Irt

Tines Number Trans- Autí- Èeactions
tested preg- fusions bodies

nancies

10 No No

ÀiiId
Pyrexia

No

No

Yes Febrile

Yes Febrile

I No Urticaria

5 18 No

No

No

5

62

227

l0

cR25 M

CT$1 F

ci.66 bi

cr,5J F

cH51 F

CtL24 F

coTJ F

CtSt ili

DIr75 F

DJ76 Li

ÐE6L F

DT7? M

11

ye8

1

t5

18

L7

3

L6

28

I
10

No

Yes

No

No

No

Yes

No

No

No

No

No

No

No

Pyrexia

No

No

4

yes 24 No No

TNoNo

10 No No?

15 No No



ÁPPFNI}IX ONE

N¿.,ne Ser Blooil
& Group

¡,ge

DoSo M

ED5l* F

FT,65 F

rT,85 F

GO6O F

GRSrr I'

GTgJ F

GO27 F

cC65 h¡

G4,78 tr'

G01rr F

HO41 F

ITJ?J I,i

HA6o LL

rra65 M

Àfr:60 ht

tuÌi+24 F

Diagnosis

E+ lûalignant h¡çer-
tension

Å+ r,plastic ¿rnaenia

A- Âplastic Anaemia

A+ Ilaematencsis &
lial ena

0+ Âplastic $naemia 2 ?

0+ hiultiple þelona z

À+ Eleeding follorring 1
HyCatidifo:s mole

t54.

Tines Nu¡nber Trans- .ånti- Eeactions
tested prr,.g- fusions bodies

Uar¡Cies

TNoNo

5 28 No Eigor
once

nil- JNoNo

5 Pyrexia
mania

1

L

2

3 49 No

22

10

t7nil

niI

nil

No

No

No

No

No

urùicaria

B- Chronic Renal
faílure

lr+ rplastic anaemía 5 2

L+ OSteOSArCCna

A- Ilodgkids di¡ease
.Érnaerria

0+ Bleedirg gastric
ulcer

'.+ Hplastic anaenia 1

i;+ Ca bladder 1

L+ Corpulnonale 1

0+ lrty.elof ibrosis j

B+ Cirrhosis & z
port. hypertension

1 yes SNoNo

10 Yes No2

t
l.

40

2+

L79

No No

No P¡rrexia

No No

No

No

Pyrexia

Àlo

No

28

5

5

1L

J5

No

No

No

No

No
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Na¡re Sex Elood
& Group

Age

Mr57 M

't¡LtÐZ hi

Þ..â49 F

M^ll ùr

N072 F

N045 F

onTo M

0w15 F

PA'O F

F0tlr F

PE67 F

PILtt4 tui

qUSrt F

RL6g F

RI28 li

aBzg F

HJZ1 ùr

Diagnosis

0- Cranio torny 1

0+ ¡rcute renal failure 1

rL+ Ca of ovary

i!.+ Post gastrectorry
syndrone

tJ'.

limes Nl¡nber Trans- Ánti- Reactions
tested preg- fusions bodies

nancíes

41_

1

No

No

No

No

No

yes

No

No

No

5

J

5

10

22

L4

LJ

24

7

No

No

No

No

No

yes

No

No

Pyrexia

No

No

Rigor

No

Pyrexia

No

No

No

FMA61 .ri+ Chrcnic tynphatic
leukaenía

1 TNoNo

0+ Oesophagal varices 1
cirrho sis

.,lr+ Renal failure
cirrhosis

0+ Ca Elaclder

0+ .åcute Àfy eloid
leulaenia

Ilogkins disease

.L* ¡rcute ny eì.o id
I eukaenia

tt- Carcinonatosis

O- Frac. neck fenur

.â- Fibroids, Lrlood lossl
at theatre

B- .!çIastic Anae. 6

A* åcute Leukae¡aia j

A+ Felvic Âbcess

0- Ca of Parotid

yes

2

nil 27 No

2L

2

I

1

1

L

1

,ì

1

1

L7

I

28

Lt7

57

5

18

No

yes

No

No

No

No

No

L

I



.ATìPB.TDD( ONE

Nane Sex Dlood
& Group

Age

L56.

l,Io

Jaundice

No

f ever
nausea

Pyrexia
nausea

pyreria
once

No

pyrexia

No

'Lr,tl{.z 
F

R¡70 toi

SC24 F

sbi75 ti

ST5¿t F

SE20 Ìii

sr¿16 F

frA53 ùi

HOT9 Lí

Ho76 F

HA81 þÍ

w.42 F

ra5o F

JETO F

JOJT h

JE16 Ài

ä,42 F

'w7 
h{

Diagncr sis

Á+ Rheu¡ratoid Árth.

À+ Ca colon

A- Incoraplet e III/C
road accident

li+ Ibdgkin'disease

0+ Po st Gastrectoray
anaeuia

B+ Gastric Ulcer

0+ Haenatenasis

0+ Bleeding Varices
Cirrhosis

0+ Ca prostrate

B+ Ulcerative colitis
Å- Siderobtastic

Meg. ¡jnaenia

0+ l-naenia & pyelitis
Ulcerative colitis

¡11+ tselvic r.bscess
Menorrhagia

0- rþIastic anaer:ia

B+ Gastrie fistula L

0+ ìrialena 1

¿'B+ Ulcerative colitis 1

0+ Chronic Renal fail. 1

Tines Nurber Trans- Asti- Reacüions
tested preg- fusions bodies

nancies

I

Lj

t7

yes

L

11

I

?

yes

No

No

No

No

No

No

.l

7

L

50 No No

SNoNo

SNoNo

6NoNo

18 No No

L

L

L

L

1

L

1

1

1

32

t2

9

1 76 No

5l Nc No

66 yes

No

No

No

57

4J No

4

2 50+

No

yes

No11



.APFENDLK ONE

N¡Brg $.= I¡lood Diap5nosis
& Group

¡ige

L57.

Times Nr¡rtber Trans- inti- Reactions
testetl preg- fusions bodies

nancies

10 No

Fyrexia
Urticaria

No

No

Pyrexia

No

LA67 bi

Lr!60 F

Lv17 li

L01lr hr

LO75 Lf

Ir¡28 F

LT74 F

LTJ,5 F

MUSg ïi

NiT74 F

À,iÁ97 F

ÞiA&5 ß

wi72 F

rd..1&7 F

kic61 l{

Mrtg 1Á

Nr0t9 M

SZ41 M

S1156 F

STlr0 ht

0+

0+

0+

0+

0+

.1l+

0+

0+

0+

0+

À+

Á

0+

0+

0+

0-

B-

}!+

0+

Prostateotomy 1
Uraenra

.ânaenia Invest. L

Ilepatic Cirrhosis L

lçlastic ¿lnaenia 9

Àtheronatous L
."rterial disease

Caesarian Section 1

Ca breast L

Hydronephrosis I

Ca breast 1

Ca blaCder 1

Chronic renal fail. 1

Aplastic ;'naenia L

Gsteonyelitis 2

ltultiple nyelona 5

Ðuodenal Ulcer 1

thalassaenia nÍnor 1

Uraenia renal T.E. 5

Éaraplegia - 2
Bleeding d.. ulcer

¡.cute Leukaenia 6

Ca Colon 1

1 11r+* Yes Yes

t, No No

1

0

No

No

No

No

9

7

¿r1

6¡

1

L

r)

1g

?

9

L5

6

79

I

3I

L4

7

66

45

No

No

No

No

No

No

Yes

No

No

No

No

No

No

Yes

No

No

Yes ?

No

No

pyrexia

No

Rigors

No

No

No

No

.åB+ niI

1

yes

2
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Na're Sex Blood Diagnosis
& Group

irg"

159.

Tines Nunber Trans- Anti- Reactions
tested preg- fusions bodies

nanc ies

2NoNo

5f No yes

2 yes Rigor

yes pyrexia

No No

Yes No

sETg M

SIIS¿* ìÁ

5Z36 F

v07g F

'1056 tc

*1865 F

"r'r440 F

1.JH5g hi

WI72 iû

\{E'54 F

wr47 r{

Wti77 M

..r+ Bleecling t

0+ Chronic L¡rnphatic 2
leukaenia

0+ Ánti-partun I
haenorrhage

0+ Chronic liyeloid 1
Ieukaenia

L+ Duodenal ulcer L

0+ Multipte hereditary 6
tele.ngectasis

.Ér+ Liver failure 1

0+ Älcoholic Cirrhosis j

0+ Aplastic -Anaenia 2

Á- ¿:cute Leukaenia t

B+ Haenat€nui-Ê- & I
ilialena

lr+ Ca Stonach I SNoNo

1

niI L4

2t

5o+

5

6

t7

11

5

1

No

Yes

No

No

No

Rigor

No

No

No

No

includes transfusions of platelet concentrates as vqll as
whole blood or packed red. cells.



t59..APPE.¡DIX NM

PR.q,NTINARY SI]RVET OF PL.ATELET A}üTIBODY

SFECIFICITY

.6n analysis of this data is preseuted in Chapter 4.

SI
Neat 1

6/66

MrA

Neat 1

2/66

\ü Kt
Neat Neat
5/66 L2/65

M.&

/a
2/66

CL

/to
5/66

VO

/e
5/66

Donor N0 C0 V0
Neat Neat Neat L

6/66 J/66 
'/66

0
0
0
2
L

0
4
ll
L

0
a
tl
4
0
0
0
4
0
0
0
0
0
0
1
0
0
4
L
t
1
1
1
4
0

e
0
5
4
4
4
0
4
4
I
&

0
L

4
0
0
4
4
4

3
4
4
7
4
1
4
4
4
4
4
4
4
1
4

1
0
2
4
4
4
0
4
J
1

4
0
1

4
4
0
4
4
4
4
4
4
4
4
2
4
4
4
4
4
4
4
I
4

0
0
0
0
4
0
0
0
0
0
ll
0
0
0
0
0
0
0
4
0
0
0
0
0
0
o
0
0
0
0
0
0
0
1

0
0
4
0
1
0
0
4

3
2
I
0
0
0
1

0
0
0
1

4
4
o
0
4
0
0
0
1

0
0
0
0
0
0

o
0
4
0
4
4
0
4
4
t
Ð

0
0
0
4
0
0
0
4
4
4
4
4
4
0
0
4
3
1

4
0
0
0
2

4
4
4
4
Il
4
4
4
4
4
4

0
0
0
4
T

4
0
2
0
L
I
0
0
0
0
0
2
0
0
4
4
4
4
2
0
0
4
4
1

2
1
()

2
2

4
1
lt
4
4
4
J
4
4
,l

4

0
0
4
4
4
4
0
4
0
1

4
0
0
4
0
0
4
4
4
4
4
t*

4
4
0
4
3
7
4
4
4
4
0
4

1

2
)
4

5
6
7
8
9

10
11
L2
tJ
L4
L5
t6
t7
18
Lg
20
2l
22
2t
24
25
26
27
28
to
lo
Jt
52
t)
3t+
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IÙH KL
Neat Neat
5/66 12/6 5

c0
Neat
3/66

v0
Neat
3/66

SI
Neat
6/66

CL
t/16
5/66

M,A

Neat
2/66

I4A
t/e
2/6

VO

t/e
i/66

.åI,I_Ð{DIX Tt{o

Donor N0
Neat
6/66

1
0
0
1
4
0
0
4
L
L
0
1
1
1
.)

0
0
0
4
0
0
0
0
0
0
0
0
4
1
1
1

5
0
0
0
0
0

3

2
0
2
1)

0
2
0
0
0
0
2
0
0
0
0
I
0
0
1
1
T

0
1

0
I
0
1
1

L

0
0
0
0
0
0
0

0
1
0
4
0
0
1
4
4
4
0
I
4
0
4
4
&

4
1
4
4
1

0
4
4
0
0
0
1

4
4
0
4
4
4
2
4

0
2
0
4
0
0
4
4
4
4
0
0
4
4
4
4
4
4
3
4
4
J
0
4
4

5
4
0
4
4
4
4
0
4
4
4
2
4

4
4
4
4
Ð

L

4
4
l¿

4
L
Ir

4
0
4
4
4
4
1

4
4
4
4
4
4
4
1

2
4

4
4
0
4
4
4
4
4

0
4
0
4
0
0
4
0
0
0
0
0
0

0
0
4

0
lt
4
0
0
4
4
1

0
0
4
0
0
0
0
0
2
0
0
0
q

L

4
T

0
4
0
I
4
4
4
L
0
0
0
0
2

3

0
4
4
4
0
4
4
4
2
0
4
0
0
4
0
0
1
4
0
0
2
2
4
0
0
4
1.

0
4
4
4
1
0
0
0
0
0
4

2
1
1
0
0
0
0
1
1

2
0
0
0
l*

5
L

0
0
0
0
4
I
0
0
0
0
3
I
)
0
0
L
0
0
0
0
0
2

0
0
0
4
4
0
0
4
4
)
J
1
t
2
4
4
4
It

0
0
L

3
0
4
4
0
)
0
4
4
4
L
l.

3
J
4

t
4
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t9
40
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42
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44
45
46
47
48
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50
5L
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57
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6o
6t
6z
6J
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6J
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6Z
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71
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Neat NcatNeat Nrst Neat r/8 Neat L/t6 Neet L/B
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4
1
0
1

0
1
1

0
1

0
o
4
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1
4
4
4
0
Ð

I
0
L
1
4

0
2
0
0
2
0
D

0
1
0
1
2
0
0
e
0
0

4
2
0
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4
4
4
4
0
1
4
1
ll
0
1

2
t
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4
0
4
,l

&

4
&
4

4
I
0
4
4
4
3
4
0
4
4
0
4
o
0
&
1

4
4
o
4
4
4
&

4
4

{
4
1
1

4
4
ll
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1

4
4
1

4
0
0
4
3
4
4
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4
4
4
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4
4

0
4
0
0
0
0
1

J
1

2
0
0
0
0
0
4
0
0
0
0
0
4
0
o
0
0

1
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1

1
.)

1
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L

t
4
2
4

t
1

4
4
t
0
0
ll
tl
4
lr

4
1

0

t
tl
2
0
1

2
4
&
1

4
1
1

1
o
0
ll
0
2
0
D

4
4
4
4
1
.)

2
L

5
0
1

4
0
4
0
4
1

1

4
1
t
4
0
5
2
0
4
0
4
4
0
t

4
1

1

1
tl
4
1
4
,
3
4
0
4
L

0
lr
1

4
4
0
4
4
4
4
3
3
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74
75
76
77
78
79
80
81
82
I5
8&
I5
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87
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9L
9z
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94
9J
96
97
9e



APPE¡DIx rmrn (,0,) L62.

Douor Sex
No

BEI"CTIONS

Elood
Group 4a

0
4
0
4
0
0
0
4
4
4
0
4
4
0
4
4
4
4
4
4
0
L

4
4
4
4
4
4
4
1

4/4
L
4
T

4

NO

t/z+
2/67

SI PIB
t/z+ typing
6/66

00J
100
005
101
000
00t
00,
o23
ozJ
100
000
120
100
00-
1O-
02=
02-
10_
10_

100
00-
000
t20
LOt
L03
Loj
100
ozJ
100
00t
o?-t
000
100
000
LOJ

PIÀÎFILTIT SPECT}.A]il\IS \dITII

V4RI0US PLATFjLET ÁÌ,TTIBoDIF,S

SZ
1/6
z/62

AD CO IIE
7/2 L/zL t/g
ei/62 í¡ee 3'/e7

9J2J8
40
41
42
4t*
45
4?
50
rJ
54
5'
57
58
59
66
7L
7e
81
grr

46
49

949Lt
I5
19
()()

24
25
26
28
J2
t7
))
37
39
40

4

0
A
A
¡,
0
0
0
A
0
0
0
0
]{
A
A
I}t

0
]t
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

tílvi

F
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M
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u
ùl

M

M

F
M

F
M

M

F
M

M
M

M

F
M

M
F
M

I,I

M
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þi
M

F
F
M

M

M

0
,1

0
4
0
0
0
0
0
4
0

o/2
4
0
4
0
0
4
4
4
0
t
4
4
4
4
4
T

4
L

t/o
1
4
T

4

4
0
4
4
0
4
4
4
J
I
0
0
L

0

0
0
4
4

J
0
4
0
4
4
0
0
0
4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
4
0
0
4
0
0
0
0
0
0
0
o
0
0
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.a.L'PEr{Drx umm (e)

Donor Sex
NO

lfE
/e'/6t1

J

c0SZ
L/6
z/6t

:TD SI
t/.2 ti pt'
6/67 
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i66

1^63.

PIB
t¡æine

020
100
020
005
00J
005
100
100
rol
100
LoJ
120
101
100
00,
100
100
000
ozJ
001
o25
o2-
r2-
10-
10-
1r
00-
t?*
t2-
o0-
00-
10-
10-
1G-
00-
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L2-
10-
00-
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o0-
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020
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z/62

4/4
4

J/4
0
0

0
+/tr
t+/+

0
Jþ

0
+/,r

4
4
4
2
4
0
4
à
0
U'

4
4
4
U

0
4
4
0
4
0
2

4/4

t/zt*
6/66

9¡950
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96tzl
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50
t7
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42
46
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57
58
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6t
62
6t
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74
75

9683L
98726

z9
30
3L
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54
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J6
39
lr1
45
46
48
,19

,4
56
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6L
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6e
7A

o0643

0
0
0
0
0
0
0
0
0
0
0
4
0
4
0
0
0
0
0
0
0
0
0
1

4
1
1

1

1
1
1
1
0
4
0
L
4
0
L
0
0
0
0

2
0
1

4
4
4
0
0
l*

0
4
0
4
0
4
0
0
0
4
4
4

r/7
4/4

0
o/o

0
o/o

0
4

t /t+
o'/o

ll
0
4
3
0
0
1
3

2/4
0
0

0
0
0
0
o
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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0
0
û
0
U

0
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0

F
u
F
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F
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Þi

M
F
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M
F
M
F
M

F
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F
M

M
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M
M
À,¡
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M
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F
F
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M

F
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F
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0
0
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0
J
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Blood
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z/62
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7/6 r/z
z'/6? 6'/67

WE SI
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typing

100
000
101
100
100
a20
00t
100
1Ci0

100
0úl
000
100
û20
100
100
000
003
000
100
100
O()0
aûJ
000
100
02c
LzC
100
000
10c
00t
100
100
100
005
100
0rìJ
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020
120
100

4PPED{DIX LDJE (Á)

c0

{tt' t/e r/z+
i'/67 5l/66

C

0
0
0

0
0
0
4
4
0
0
1

4
0
0
0
0
U

0
0
0
0
U

U

4
4
0

0
0
1
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I
1

1
4
û
0
0
0

0
0
4
1

o
0
4
\J

ü
0
J
0
0
0
4
0
0
4
û
0
0
0
3
0
0
C

0
0
C

4
0
0
L
4
0
J
0
0
0
0

4
C

4
4
4
0
ü
4
J
4

ù
4
U

4
4
0
0

4
4
0
u
0
4
0
4
\
n

4
U

4
1
4
U

4
0
4
L
4
ll

4/,4
û/a
4/4
4:/4
a/+
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o/,o
,r/.4
4/4

\:/l
a/o
oi/o
4/.4
4/4
4/4
4/4

0
0
0
4
4
U

C)

4
4
4
4
o
4

4
4
4
0
4
0
4
4
4
4

0
0
0
0
0
0
0
0
0
0
U

U

0
0
0
0
0
o
0
0
0
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C

0
A
0
B
A
0
A
0
¡+
ft

0
å
0
U

0
0
0

F
M

M
Ùi

F
li
F
F
F
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ì4

F
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F
F
F
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Ii
M
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F
M

Ùr
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ìÊ

M
L{

ïf
M
M
F
lÁ
M

F
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M

Li
F
r
M
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6t
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7A
74
7'
78
79
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9tt
9L
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42
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54
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6e
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74
78
9J
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No

Blood
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t/z r/ztl
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lfE SI
r/a L/24
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L6r.
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typing

IIFPB.IDIX TEiiEE (r.)

t/e
37'

t/6
z/62

NO

t/z+
I

100
00,
100
oo5
ozj
020
000
100
100
000
100
tilJ1
û01
t2ç)
ogt
L2t
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L2n
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100
La3
020
10c
001
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1C0
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10,
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0
0
0
0
0
0
0
0
o
0
0
0
0
ü
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0
0
0
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0
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0
1

0
1
1
L

1
0
4
0
0
0
1
4
1
1
1

0
0
1
0
1

0
4
0
4
4
0
0
0
0
0
0
4
4
0
4
0
0
q

2
q

2
4
2
2
4
2
2
2
4
4
4
4
2
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o
0
4
0
0
0
4
0
4
0

4
L
4
L
1
L
L

4
4
L

4
1
1

4
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4
1

0
4
0
4
4
0
4
0
û
4
4
4
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U

o
0
0
0
4
2
4
3
G

7
û
4
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FOL
uiO4
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F04
ù{04
ì'r01
bio4
F04
FOL
u04
M0L
F01
F04
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M04
Fo1
MC4
FclL
Mo0
Foa
MC4
Mo4
iliûr+
MCO
L,ioo
!i04
MCr4
F04
FOJ
M04
r00
F0r+
LioL
ùi00
iliç0
À,¡CL
r'04
MÛ4
hiù4
Foa¡úoa
MÛO
bio4

a6209
11
22
24
27
J3
J4
,8
45
44
54
56
57
59
6z
69
81
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5L
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54
56
57
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6Z
7A
7r
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75
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8J
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tlz
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oo0
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005
100
000
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UUU

0c5
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c20
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t20
100
02J
I20
0û0
OCC
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02J
100
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000
001
o2t
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ozJ
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00,
100
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001
00,
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00û

1
L
1

4
I
0
0
4
1

4
4
1

4
1

1
t
1
0
0
0
0
0
0
0
o
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0
0
0
0
4
0
0
c
&

0
4
0
0
0
0
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0
0
0
0
4
0
4
0
0
0
4
0
c
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o
0
4
0
0
4
0
0
0
U

4
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c
0
4
4
0
4
0
4
0
0
4
4
0
û
U

4
4
4

4
4

0
o
0
0
0
o
0
o
lt
/z
/z

J
1
l¡

09991
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9J
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07
L6
22
29

11918
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26
28
3t
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J5
J9
43
45
,18

L4029
5d
3L
15
J9
42
48
3?
49
5o
51
52
TJ
55
56
58
59
6t
6z
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L6ú7tL
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4
0
J
0
0
0
0
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0
4
4
0
r)

0
4
4
0
0
4
4
0
4
0
U

0
0
4
rì
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0
0
0
0
tt

0
4
4
0
0
4
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0

0
4
4
0
0
0
4
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1

c
4
,l
0
4
0
0
0
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lt
0
O

0
0
0
1
4
0
4
4
0
0
&
4
0

4
0
4
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0
q

0
4
o
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o
0
o
4
¡
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4
4
4
4
U

0
U
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4
1
0
C

4
0
4
4
0
4
4
0
0
4
4
0

0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
U

0
0
c
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U

0
0
U

0
U

o
0
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0
0
0
0
0
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0
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M
lÍ
F
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ü
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F
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F
F
lii
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F
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M
M
M
M
M
M
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M
M
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F
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M
M
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F
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0
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4
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0
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2
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2
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4
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c0 l{E
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SI
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typing

100
100
001
0(n
00t
100
o0l
100
100
{h}t
Lot
øst
100
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000
100
000
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000
toJ
020
000
ozt
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100
L20
100
100
000
100
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001
000
020
020
000
100
100
000
005
100
ozJ
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.aPPFNDrx rEaDE (À)

4
0
2
0
0
0
0
4
0
t
0
4
0
0
0
0
0
4
0
0
4
4
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0

0
0
4
0
4
0
4
0
0
4
4
4

TJ

0
0
C
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0
0
4
0
0
4
4
0
0
0
0
0
0
0
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0
0
0
0
0
0
0
5
0
4
0

0

0

o
4
I
lt
0
0
4

o

0
4

4
4

0
0
0
0
0
o

0

0
U
n

0
0
0
0
0
U

0
0
4
0
0
0
0
ô

4
0

0
4
0

0
0
4
0
0

o
4

4
4

0
0
o
0
0
¿r

0
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D

0
{_,

{t
2
û
2
2
0
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0
2
L

0
a,

4

2
0
0

J
3
4
3
3

1
1

4
Ð

0
0
û
4
û
4
4
U

2
0
4
4
\J

4
0
0
4
0
4
0
0
0
4
4
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4
4
0
4
4
0
0
0
0
0
1
4
o
0
4
o
0

4
,t

0
0
4
0
4
4
0
4
4
4
4
U

4
0
4
4
0
4
4
0
J
4
4
4
4
4
0
4
4
0
0
4
2
0
4
4
0
ü
4
J
0

0
0
t
0
0
0
c
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0
0
0
0
0
0
O

0
o
U

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
t,
0
0
0

M

F
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M
M

hf
F
Ti
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F
F
sà

v
r
il¡
F
M

r
F
li
M
M

!í
&í

lÄ

M
M
M

F
M
M

ì,Í
M

F
tá

M

M
F
!i
M

M
M
hi
Nl

16084

16

86
97
98
99

Lol
0ll
05
L2
14
16
.ro

23
24
27
28
)>
52

L8Lf,t
59
60
66
69
79
82
9o
9L
94
96

18201
02
04
05
L,
L7
20
30
Jt
,1

2020,
18
2L
26
5o

0
0

1

5
0
0
4
i)
0



Donor Sex
Nd

BIood
Group

NO

t/B r/24
z/6t

SU ADr/6 t/z
zl¡o 6:/6?

IfE SI
t/8 r/zt,
3/6? 6;/66

o/o
o/a

169.

PIB
typing

100
00J
oot
00,
120
120
105
t03
100
100
c00
100
001
001
10G
coj
000
02û
00t
100
10,
120
000
100
ool
000
0q0
120
000
100
100
100
toj
020
000
105
100
000
000
000

i^PPtsiDD( tma'e (e)

c0
l,Í2+
ilae

0
0
0
o
4
0
t
0
o
0
0
0
0
0
0
0
U

0
0
0
0
0
o
4
0
0
0
0
0
4
4
0

0
4
&
4
0
0
4
4
0
0
0
0
It
&

0
,I

0
4
c
4
0
0
0
4
0
0
0
0
0
t
1
{
1
0
4
0
0
0
0

0
o
0
0
2
2
0
o
0
U

0
0
0
o
0
0
0
t
U

0
0
4
o
0
0
0
0
4
0
0
t
2
ô6
4
I
1
L
0
1
0

0
o
û
0
4
4
0
r)

o
0
o
0
0
0
0
0
0
4
0
U

0
l+

0
0
0
0
o
4
0
0

¿r

o
0
0
5
4
4
4
,l

5
0
4
0
0
3
û
U

ú
0
ll
t,

4
0
4
o
0
0
4
0
4
4
4
4
L
1

4
I+

0
0
0

J
0
0
0
4
()

ct

4
L

2
0
1

0
0
.)

c
U

0
U

5
Il
4
0
2
o
1
0
4
o
¿r

4
4
4
2
L
¿l

4
0
t
0

4
0
0
0
4
lt
4
4
4
4
0
4
0
(.)

4
0
0
4
ü
4
4
4
0
4
0
0
0
4
0
,l

4
4
4
4
o
4
4
0
a
0

U

o
0
0
c
0
0
0
0
0
0

0
o
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o

!Í
F
ltl

F
F
F
F
F
F
M
F
ir
toi

ìi
ltl
F
Àt

hi
F
Ïi
M
ïi
Itu
l¿
M

F
I'I
F
ti
lyr

M
!x
M
ld
li
F
M
M
F
F
M

20217
t9
49
42
44
49
JO
63
64
81
82
I'
s5

22LL5
2t
ttL
58
44
46
48
52
6z
64
69
72
75
74
76
79
82

219t12
46
Irg

55
64
66
7t
72
75
79

o
0
0
0
0
0



Donor Sex
No

28101
1(i
11

NO

t/e L/zL
z/6t

t69.,

PIB
typing

000
000
000
001
100
001
100
001
ûa3
020
ÑJ
G23
100
o23
000
100
oal
120
100
001
ou5
0irC
to3
00û
10c
o23
100
101
O2J
000
000
CÛO

100
020
0c0
OÛ]
021
ûc0
CÜ7

000
LOJ
1CrO

;FPB{ÐrX TmEE (r,)

C0 lìlB
L/ 24 r/g
í/ø t/øt

rìD
t/z
6/6t

t/z+
6/66

SI

0
4/4

4
0
0
0
1
1
I
J
1
L
1

C

0

J
0
(;

0
3
J
0
,J

3
U

0
ft

o
C

4
0
û
n

4
al

0
U

0
0
0
a

Bloorl
Group

sz
t/6
z/62

0
0
0
4
0
4
0
3
t
0
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100
LOt
020
000
tot
100
120
100
100
100
L2t
020
020
100
100

4
0
0
4
0
4
0
0

28
100

0
0
0
0
4
0
4
4

4

I*

4
0
0
4
Ir

4
4
4
4
,t
0
0
4
4

4
0
0
4
0
0
t
4
0
0
0
2
4
4
G

0

0
0
0
0
4
0
4
4
o

1
4
0
0
4
J
4
3
3
4
3
0
0
T

2

t4a29
3r
35
42
lrB

5r
tr)
59

t6Ls5
?ß
52'

1815i
60
66
69
82
90
gL

94
96

LBaO2
04
L7
20
tt
57



APPsrDrx rorm (c)

No riB0 N0 N0
Group t/e t/ztt

cnouPs 0F 20i HosprT4L 0[]T+.âTIB.TTS

190"

CO IÍE SI DE PIDL/a, lns lzu 1/2i Grouping

H1
t)

,
4
5
6
7
I
9

10
LL
t2
Lt
L4
t6
L7
18
19
2A
2L
qD

23
24
25
z6
27
28
29
)v
JL
32
35
54
t5
76
57
3B

A
A
0
B
0
il
A
A

A
A
0
A
B
A
0
A
B

.AB

B
0
l\
0
A
A
þ
0
A
0
0
Â
0
0
0
0
A
A

0
0
0
0
o
0
4
ll
0
4
0
tt
4
0
ll
0
4
o
o
0
0
0
0
J
7¡

0
o
4
&

0
4
0
0
4
4
o
0

4
0
0
o
0
ú
L

4
lt
1
4
0
1

4
0
0
1
1
1
L
1
4
0
0
0
0
0
0
0
U

0
4
0
o
0
0
0

sz
L/3

0
0
0
U

0
lL

4
L
4
T
ll
4
1

4
0
2
4
4
4
4
0
T

0
2
0
2
0
q

0
0
0
tt

1
()

0
0
2

0
0
0
0

4
4
1
4
1

4
4
1
!+

0
4
4
4
4
4
U

0
ü
,T

0
IL

o
,r

0
0
0
4
4
4
0
0
4

4
0
0
0
\J

4
4
4
lr
L
&
4
t
4
0
4
4
4
Il
4
0
4
{)

4
0
4
ú
tL

0
0
U

4
4
,t

0
0
4

0
4
0
0
0

0
0
0
c
0
4
o
0
0
0
0
al

0
0
0
0
0
0
0
4
t
0
0
0
0
4
0
4
o
4
o

0
4
0
4
0
4
0
0
0
4
ll
4
0
o
4

020
000
000
000
000
100
103
020
L20
005
120
L05
00t
L20
00,
100
10t
100
100
100
000
0æ
000
101
000
100
u00
tot
003
000
001
120
100
Lat
00t
000
100



*PPB{DIJ( umss (c)

No JIBO

Group
NO NO SZ

L/a L/24 L/j
CO }TE SI

L/zL t/tts L/ar

0
0
0
0
U

4
0
0
C

)
0
&

0
0
l\

0
4
0
I*

0
U

0
0
0
0
4
3
0
t

0
4
0
c
0
0
0
0
0
1
0
0
0
4
0

181.

DE PIB
1/24 Grouping

100
000
100
005
00,
020
100
00,
00r)
az,
D05
020
005
000
100
o05
120
10t
020
000
000
003
000
005
100
ozJ
L20
100
005
100
020
005
00t
00,
100
100
000
000
120
100
00t
101
020
100

4
0
4
0
0
0
4
o
0
0
0
0
0
0
4
0
0
4
o
0
0
0
0
0
4
û
4
L
0
4
0
0
0
0
,t
4
0
0
ll
4
0
tr

0
4

2
0
o
4
0
Cr

0
0
0
4
0
4
0
0
0
0
&
0
0
0
0
4
û
0
0
4
0
0
0
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
4
4
0
0
I*

o
4
4
U

4
0
0
Ir

0
4
0
0
û
4
0
tt
0
t
a
0
4
0
0
Il
4
4
0
U

0
0
0
0
4
Ir

0
c

5
0
1
0
1

0
7
0
0
tn
U

0
0
o
,
0
)
7
()

o
0
0
0
U

1
0
1
J
0
)
0
0
0
1
2
J
0
0
J
1
0
)
3+
3

ll
û
4
IJ

0
1
4
fl

0
U

G

0
0
4
0
4
4
0
0
0
U

0
û
4
L
4
i
4
0
l*

0
0
0
tJ

t
4
0
0
tt
4
0
4
1
4

4
0
4
0
0
J
4
0
O

4
0
4
0
L
4
0
4
4
4
0
0
0
0
c
Ir
4
4
t,

0
4
4
0
0
0
4
4
0
0
4
4
0
4
lr

4

0
A
0
0
/i
A
0
A
0
A
0
0
0
B
:r¡¡'
0
0
A
li
Â
¡\
0
B
B
0
0
0
0
B
T\
A.

.6,

0
A
0
A
Â
3,
A
0
û
.4.

A
C

59
¿lt
41
42
41
4r,
45
I*6
47
48
49
50
5t
J2
51
54
J5
56
57
58
59
60
6t
62
6J
64
6t
66
6t
68
69
7o
7t
72
75
74
75
76
77
7e
79
80
81
82



aPPBrDrx rqnnm (c)

No Á80 N0
Group L/B

N0 s7, c0
t/24 Llt L/24

192.

t/tze lzu 1/24 Groupius
SI DE PlB'*fg

0
0
0
&

1
4
It
¿r

4
4
0
0
&
0
0
0
0
4
4
0
4
l*

o
4
4
4
O

0
0
4
0
1
0
0
0
0
0
0
4
iJ

0
0
0
0
0

L20
100
10u
005
000
005
001
0rD
105
10t
100
000
00t
000
100
100
100
o0t
103
100
o0l
003
100
105
005
0s5
000
100
100
003
020
100
120
000
100
100
100
100
001
000
100
100
100
100
100

4
4
&
0
0
0
û
0
Ir

4
4
0
0

{¡

4
4
c
4
4
0
Ð
ll
4
0
0
0
ll
q)

0
0
4
4
0
4
4
lr
4
0
0
5
4
4
4
4

&

0
0
0
0
U

0
0
0
0
0
0
4
0
0
0
0
0
o
,t
0
0
U

0
0
ô
0
4
0
ü
0
0
0
0
0
0
4
0
0
4
0
0
0
Cr

0

44
3ao*# o
c0
2'* 0
00
0û0c,
5o
70
70
o0
00
00
1L
31
&1
11
40
40
CO
1O
40
40
1o
OL
10
JO2a
10
04
2L
44
00
20
40
l*0
JO
00
00
40
llO
1o
40
5o

4
4
4
0
0
t)
(.)

0
4
4
4
0
0
0
4
4
4
o
à
tr

0
0
4
4
0
0
U

4
L
0
0
4
4
0
1
4
4
L
0
O

2
4
4
4
4

4
4
4

0
0
0
0
4
4
4
0
0
0
It
4
lt
0
4
4
0
0
4
4
0
4

4
4
0
4
4
4
0
4
4
&

4
0
0
4
&
4
4
4

.4.

A
0
A*l'

Â
B
0
0
A
0
0
.4.

Â
o
0
B
ì.Ã
A
A
0
0
0
A

AB
L
0
å
0
0
A
0
0
B
B
B
A
0
Á
0
0
0
À
¡t

0
.å

It
8rr
85
86
87
88
89
9o
gt
92
95

95
96
97
9e
99

100
101.
102
tat
10lr
r05
1û6
ta7
108
109
110
111
tt2
LT'
TL4
LT1
rL6
LL7
118
119
L20
LzL
L22
t24
L25
r26
L27
128



AFPENI¡IX TmrE (c)
185.

No Á80 N0 NO
Group t/a lA*

gz c0 rfEt/t t/z+ t/tza
DE PIB

t/z& Grouping

100
100
toJ
100
120
oo0
100
100
001
000
ool
a20
020
t20
oo0
100
o00
001
000
100
1û0
000
oo5
00J
t{}j
0c0
000
lCt
100
120
00CI

100
100
000
L20
10G
100
r20
001
001
100
020

4
4
&

t
lr
0
&

4
o
0
0
0
0
4
0
4
1

1
t
4
4
I
0
0
4
0
0
4
4
dF*
0
3
4
0
4
4
4
J
0
0
4
0

SI
!ar

0
4
0
0
0
0
0
0
0
0
()

0
0
4
0
0
4
0
0
0
0
0
r.\

/ì

0
0
4
0
4
0
0
0
4
0
0
0
0
0
0
4
4
0

AB&4400
944400AtLiL4
04LZto
0L4440
000ç0
94400A4L0o
ABo04
+oooo1i0004
042o30o420roo44zLò
Ado(f0ò
0rr420ò
oo0ooò
000o04
B0Ç)000
rì44J0õ
0rr4j0õ
AOOÙOO
oooûór_
uûüuOt*
o ,1Lja4
Acoíõ,
9ûobcðA447it
044400
+4jji;ooocoó
044200
044too
oooooð
4444io
9144óo
944ioö04414õoooooioooooI
o44zoô
040040

L29
rjs
Ljt
73'z
rtJ
r'34
tt5
136
757
LJA
139
140
L4L
L42
r41
144
L45
Lr+6

747
148
L4g
150
t5L
L5;B'

L5t
L54
L55
L56
r57
154
159
L60
161
162
L65
1.64
L65
L66
167
L69
77o
L7L



.r,FPENDrr mnrn (c)

No ,rB0 N0
Group t/e

c0 l{E SI DE
L/24 L/Lzs t/24 L/24

0
0
0
0
4
0
0
0
0
4
0Érfi

4
0
4
0
0
0
4
0
1
4
4
4
4
4
4
4
0
0
0
4
,r

4
0
0

t72
r7t
L7t*
175
L76
L77
17e
179
18C
181
t82
L8J
18lr
185
186
t87
188
189
190
191
L9z
191
Lg4
L95
r^96
L97
198
r99
2AO
20L
2a2
ztJ
2A4
2a5
2ú6

h

k
0
n

.å.

0
0

åB
A

0
0
0
/t
,tl

0
t
B
A
0
A
0

AS
U

B
Å

.åB

0
-4.

rJ

riB
l,B

U

rl
0
A

4
0
0
4
0
0
0
4
0
0
0
0
0
0
4
0
4
0
0
0
0
0
0
tJ

0
0
4
0
0
c
0
0
0
0
t-,

4
0
0
0
0
0
0
4
4
0
0
4
4
0
0
0
0
0
0
ô
0
4
0
4
4
0
0
4
0
0
0
4
0
0

0
4
4
0
0
U

0
0
0
o
0
0
0
0
I+

0
0
0
4
0
0
0
0
0
û
4
4
4
0
0
4
0
4
0
0

0
û
0
0
t+

0
0
0
0
3,

3
J
0
4
0
0
U
()

0
1
4
J
J
4
2
4
2
L

0
.\

3
2
J
0
O

U

0
0
0
1
U
n

0
0
\
2
)
0
4
0
U

0
2
rl

U

4
4
2
4
4
4
4
ll

0
0
4
4
4
U

0

0
2
t*
tt

4
0
U

û
0
4
4
4
0
4
,+

0
0
4
4
o
4
4
4
4
4
4
4
4
û
0
4
4
4
U

0

N0 sz
L/24 t/t

lgt.

PIB
Grouping

003
020
020
000
100
000
000
005
001
100
100
100
001
100
o20
000
000
100,
020
000
100
L05
100
LOJ
LÛ3
t20
\20
a25
000
000
t20
LOt
t2c
00c
000

Numbers 1J, rzJ, L68 have been or¡itted due to insufficient
platelet specinens available.

* unexpectetl positive, probably due to contæination with red celr
antigen.

+41 unexpected negative, insufficient specimen for further test.



/TPPENDTX FOTIR
185.

NEPEAIED PL.AIEI,Ef, SPECI}M{S

Donor numbers on the sme line originated fæn the sane individnal.

Donor No

20236

16413

2ü277

8L63

28OBO

2393L

22LL3

t4778

J438ç

L79zt

rrga!

2A2LC)

9993

16446

22L3r

TL95J

36479

7vO54

Llgt4

Donor No

8170

L4042

96?42

96?n

140rr9

LLgrg

9874L

22r5,

10c29

662

6gø

815e

22rL7

2J934

10004

675

2J964

16c86

6W

Donor No

1.çrt22

ttg45



ÀEFENDTX Ffi'A
196.

Donor No

81gB

22721

trg27

9974

9995

10007

76496 ,.

siB79

2OZ5O

76445

TL9Z9

6ffi

21912

2195t

25957

96zzs

259L5

81&9

Donor No

96?96

IOO23

ñnz
9875a

98?46

98754

7LgJ6

tt^C16

8169

Lt9æ

688

119Je

LLg46

69t

38573

J8546

J8574

40692

Donor No

6Tj



ITFPEI.TDH FIITE

No Sex Ïribe .AB0

Grot4r

AI.ID RÐ IIF,,ACTIONS OF

from

6? riIlSTF.åLI¡il.I .åBORIGINES

Reaction with

187.

B[,OOD

cL cL blo
7/,66 7/56 Liø7
L/8 t/4c t/8

SZ Platelet PIB
2/.6? Controt .åntigen
t/¡ Grouping

Y66 Ài

y6? Lr

Y6g bi

v72 li

Y73 M

YTtt I¿

Y75 À{

vz6 M

Y81 M

Y82 F

Y8] F

Y84 F

Y85 F

Y86 F

Y87 F

Y8g F

Y93 F

Yg4 F

Y95 F

0

0

0

o

U

U

0

c

0

0

0

0

0

0

0

0

0

0

4

0

0

0

A

1

4

0

0

0

0

0

0

0

1

0

0

1

1

4

ll

0

4

0

&

4

0

0

4

4

0

4

0

4

4

0

4

0

4

lr

L

4

0

0

4

1

0

0

à

0

3

0

2

J

0

1

0

4

¿r

4

4

4

4

&

4

2

4

4

4

4

4

4

t1

4

4

4

0

i¡.

0

A

A

li

0

0

0

0

0

/r

.A

A

L

o

Á

.{¡.

w

t{

I{

ti

Itr

F

l{

w

w

v/

vÍ

hi

v1I

if

r.f

iir

P

P

i{r

1-0

020

û00

o20

000

020

1-0

000

000

020

020

000

020

000

020

020

oo0

020

000



ÁPPÐ.¡DIX TTVE

No Sex lribe là80
Group

tteactiou with
cL ct N0

7/66 ?/66 2/67
t/e r/4t) t/a

57' Platelet
2/6? Cor-+rot

199.,

PlB
Autigen
GroupingJL

000

02ù

1-o

020

020

000

0c0

c20

1-0

û00

1-0

020

1-0

020

020

020

1-0

020

1-0

02û

1-0

0

û

0

CI

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

o

q

û

4

0

U

0

0

0

4

1

4

o

4

1

o

0

4

\J

4

U

l*

0

4

4

4

t
t
0

&

4

1

4

4

4

4

3

4

4

4

4

1

å

I

0

t¡

\

o

TJ

0

4

U

4

J

4

o

0

1

3

2

l|

1

4

&

4

4

4

4

4

4

&

4

4

4

4

4

4

4

4

4

t,

4

4

A

o

0

0

A

.4,

0

JT

A

rl

J{

0

¡i

a\

A

n

¡i

0

li

0

ki

w

P

}J

w

Tf

w

lf

td

lf

1{

!f

w

Tf

w

v

hf

t{

w

H

Y96 F

Y97 F

Y9e F

Y99 F

Y90 F

Y91 F

Y9Z F

Y1Ol M

Y102 Ài

vToJ M

Y102r M

Y105 M

Y1O6 M

Y107 I[

ï108 M

Ylog M

Y110 !i

Y111 bt

YL15 U

Y115 hr

Y116 F



ÁPPN.IDIX TTÌTE

No Sex Tribe .AB0

Group

reaction wÍth
üN0szct

7/66
t/a

7/66
r/40

Platelet
Control

199.

PTB
Ántigen
GroupÍng

000

020

020

1-0

000

0û0

1-0

1-û

1-0

020

020

1-o

1-0

oza

G00

1-0

000

020

000

1-0

2/67
t/e

2/67
t/s

ytLT M

Y118 F

yLLg F

Y12O F

YTaI F

Y52O F

Y722 F

Y523 F

Y324 F

Y33Z F

YJJ6 F

Y51g ì,i

YJhO M

Y14I M

Y4Z M

Y|J M

Y544 ì¿

Y],46 M

Yf47 M

Y54B Lf

U

ti

1

0

0

0

1

1

7

t
0

L

0

0

0

0

0

c

1

0

0

0

0

4

t,

c

4

2

o

1

1

2

4

n

U

4

o

0

1

4

o

2

4

4

0

ú

4

4

2

4

4

4

4

J

0

I+

0

4

0

4

u

0

4

5

0

1

4

4

J

4

2

4

4

1)

0

4

1

4

0

4

2

4

4

4

4

5

4

4

4

4

4

4

4

4

4

4

4

4

4

4

0

0

0

A

¿I

û

0

Â

Â

À

JÀ

A

I
0

4

0

A

0

w

i{

t{

P

!{

!f

lf

Y

Íi

l{

P

P

E

'T{

tìr

llf

lrl

1TI

Ff

w



¡IPPS{DIX FII¡E

No Sex Tribe Ji80
Grcup

ftcaction rritä
cL $, n0 s7,

2/6?
Ll5

Flatelet
Control

190.

PTB
Antigen
Groupiug

1-0

û00

1-0

1-0

1-0

000

000

7 /66
t/e

7/66
7/40

z/62
L/8

Y149 M

v122 r
YLz' F

YT24 F

YL25 F

YT26 F

YL27 F

P

F

w

P

ïr/

P

tf

0

0

O

\,

0

0

o

4

0

4

4

4

0

1

4

0

4

4

4

L

L

4

0

4

1

4

0

0

4

0

4

,r

4

4

4

U

0

0

0

ii

A

Serum
Contro ls

W = Ifaílbri

P = Ëintubi

U

0

0

0

0

0

0

0

åll specinens rrere tested with ltrE 2L/j/67 at t/g and were negative.A European control specimen ga.ve a 4+ 'reacti.t n'.



APPtsTDIX SIx 191.
PLATÏiLCT Al,lD RI.ìID CELL RÍ¡,ACTIONS 0F BL00D

FT,OùT 128 NFT^/ ZI:'-AIIA}JD ]\'ÍAORTS

No Sex Group N0

t/a
N0 sz c0
t/z+ t/l r/zt+

SI PM
L/24 .Antígen

100
12A
L20
020
100
o20
100
100
020
t20
020
020
0s5
o20
020
I20
100
020
ool
100
100
Lot
100
100
100
020
o20
020
120
100
120
L20
020
100
000
100
100
L20
020
L20
020

hlE

rhze

t
c,

)
4
5
6
7
I
9

10
11
T2
LJ
L4
t5
L6
L7
18
1g
20
2L
22
2t
24
25
26
27
?ß
29
10
71,
JZ
31
4L
42
4J
t&
45
46
47
&8

0+
0+
A+
0+
A+
0+
A+
0+
Â+
0+
Â+
A+
A+
0+
.A+

0+
A+
-å+
0+
A+
0+
/r+
0+
0+
A+
Á+
.å+
A+
0+
A+
A+
A+
0+
0+
.A+
0+
A+
A+
0+
.4,+

0+

4
4
4
L
4
1
4
4
L

4
1
L
L
4
T

4
4
1

0
4
4
4
4
4
4
1
L

1
4
4
4
4
1

4
0
4
4
4
0
4
2

1
1
1
1
L
L
I
1
L
L
1
1
L
1
1
T

1
1
1
1
t
L
1
L
t
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

\
1
1
L
L
1
1
1
1
1

L
0
4
t
1
1
T

L
4
L
L
I
1
L
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
4
4
4
1
4
1
L

4
4
4
4
4
2
4
4
L
4
L
1
1
L
1
L
I
5
4
4
4
0
4
4
1
0
0
0
0
4
4
4
4

4
I*

4
L

4
L
4
4
I
4
0
L
1
L
t
4
4
1
I
4
4
5
4
4
3
0
0
0
J
4
4
4
0
q

0
J
4
J
0
4
0

4
4
4
4
4
4
4
,lr

4
4
4
4
4
4
4
4
4
4
0
4
4
4
4
4
4
5
4
4
4
4
4
&
4
4
0
4
4
4
4
4
4

M
M
r
t{
M
tÁ

lvi

b[

M
M
M
}T

M

bi
H
Lt

Àt

M
M
M
M

þ.t

M
M
M

M
M

M



APFTT.IDIJ( SIX Lgz"

No Sex G¡rouIl NO SZ htE SI PIB
t/e th t/ne tfz+ t''tísn

100
020
L20
001
002
100
o2t
o20
020
020
100
100
020
001
000
020
roj
000
000
000
020
020
L20
120
020
021
100
020
100
000
100
100
100
100
000
1oo
020
023
100
020
100
L20
100

co
t/zt*

NO

t/zt+

U.å+443O00
M¿+4ZtjO0
M0+444400
MÁ.+000040
M000040
M443000
MI+10440
ld42O5O0
M44LJO0
M4Z04o0
Ml+LJoooM0+L4jo00
M0+420400
MA+0000U0
MA+11J+l10
tlÀ+4ZLLl0
M.Ê,+44j040
MÁ+00LLl0
M0+000000
M0-I71110
M0+420410
M0+UZ0U10
M445400
M4434oo
M0+t20400
M.êr+rr2O4L0
M¿+444000
MB+4zOj00
M0+444000
M0+000000
M441000
M444110
M444100
MA+444110
liA+000000
MA+44rr000
M-A+400400
Mo+420L40
MA+44L010
M0+420410
lvl 0+444000
MÀ+444400
MÀ+4L4004

49
50
5t
52
51
54
J5
56
57
58
59
6L
6z
6l
64
6t
66
6Z
6e
69
70
72
73
74
75
76
77
7B
79

101
102
105
104
105
106
r07
108
109
110
111
LL'2
rt3
lL4



LgJ.I'PPBIIDIX SIX

No Sex Gri¡üp N0 N0 SZ CO .!tE SI pIB
t/e L/24 L/l L/24 t/tzl t/z+ r,rLtigen

* unexpected positÍve, probabty due to conta',ination rr,ith redcell antigen.

tzo
L20
120
L20
020
t20
I20
020
c20
00,
000
o20
00f
020
020
100
020
020
100
020
120
100
72a
I20
020
000
003
020
100
100
020
r2a
100
000
100
tza
101
LzA
100
02Cl
t2Ð
120
c20
o20

LLJ
116
11-7
7:21
122
123
124
125
r26
Ln
L28
L2g
Ljo
t3t
Ljz
L,J
13t+
135
L56
LJ7
lje
LJ9
1rr0
t4L
L42
L41
L44
L45
t46
147
r_48
r49
150
L5t
752
T5J
L5+
t56
157
LJ9
160
t6L
162
t64

0+442t+00
o+44J400

444410
0+44j400
It+420L10

ÁB+44L410
A+444410
A+4Z0A1O
.â+420410
0+000040
I-+111111
A+411411
Ir+LtLI44
0+4Zt2LL
0+420t11
0+L&j111
À+4ILi11
å+4L]-411
¡i+44jOLt
B+4114õo
/r+444Ll1
./i+44j01L
.¿r+444411
A+ 4 4 L 3 I ,1A+4LI4LL
0+000000
0+0ù0+AO
A+4003o0
;i+L44ó00
L+u440ó0
A+400L00
A+32220G
0+L4j1óo
¿å,+000000
0+44j100
1+444Looo+44ioioo+44LIoo
o+4L3ooo
0+42.C400
{+44+iooo+L4iiðo
A+42ajlr
.¡L+420t01

M

ìi
M
F
F
F
F
F
F
F
F
F
F
F
F
F
hi
P
F
F
F
F
F
F
F
F
F
F
F
F
F
F
&i

Ì,{

X,i

ld
Ii
NÍ

F
F
F
F
F
F



ÁPFE{Drx ssvw (n)

Donor Sex Anti UIex Dotichos
.AB

Fanily I.
Father
Mother
chítd 1

F/ìÅILY STITDIES - RÐ 05LL cnOI]PS

Á¡tj.
MNCcDE

++-+--
++-+--
-+-+--

+
+
+++++-
+-+++-
+--+--

Predr:ned
Genotype

L911.

PIB
Antigeuo

toJ
100
100
IOJ
100

100
100
100
100
100
100

Fa¡nily 5.
Father
iviother
chitd 1

chird 2

Fanily 4
Father
Iiother
chird 1

child 2

Family 2.
Father
Mother
ChiI.I l
child 2
childl

Family J.
Father
Mother
chitd 1

chird 2
chird f
chitd 4

+-++++
+++-+-
+++-+-
+-+-+-

--+--++++-
+

+
+
+

+
+
+
+

^ lN CDe/cde LOl
0 I&i offi/cde OzJ
å. !.ÞI cde/cde 001
a iÀI CDe/cde tz}

0 MN cite/crle 100
0 ìnN cdeTcde O2O

0 NN cde/cde 120

cde/gde
CDe/,cd,e
CDe/cde
CDe/cde
cde/cde

CDe/cde
cDEf .cd,e
CDe/cile
CDe/ctle
CDe/cde
Ctef cv$

.A ìfrvl

B h0{
.åB Mì{

AB ì,0{f

låB À{M

in+
F+
M+
Ni++

+

+

++

L

++
L

++
+-

++
+

;

+

+

å Àùr cDe^DE 003
B LIN CDe/CDe 005
0 NIN CDe/CDe 003

i'ts L'X{ CDe/ODe 00,

+ +++-

+
+
+

/t frN
O Nù{

A },{N

.å. ì,ib{

.¿. ¡Æ{

0 ùil4

+++
++-

++-
++++



.Apprlrprx sr;vw (a)

Ûonor Sex imti UIex Ðolichos
ÁB

Faníly 6.
Father M
Mother F
chitd 1 p
chird 2 \;
chird 1 t
Family J.
Father
ì¿other
chitd 1

Fauily 8.
Father kl
biother F
chitd 1 F
Child 2 ]i{
Child 3 -u¡

child 4 hi
Child 5 F

Faurily !.

a lr,l[i cDe/cde L20
*B U¡,t cde/cde 100
B bùi CDe/cde 100

cð.e/cde 100
CDe/cde O00
CDe/,cð.e 000
CDe/cde 0OO
CDe/cde 00O
cde/cde 100
CDe/cde 000

cCe/cde
CDe/cde
CDe/cde
cDe/ctle
CDe/cð.e

¿

I

L

¿

+

+

ArtLi
MNCcDE

++++++
+--+-_
++-+++
+++++-
+--+++

+-+++-
+--+-_
+-+++_

Presr¡ned
Genotype

195,

PIB
Äntigens

000
100
100
000
000

100
000
100
000
000

i\ il4N

A Iß{
ÅMN
A bIN

Â i'B{

CDe/cÐe
cde/cde
cDEi/cð,e
CDef .cd.e
cDE/cde

+

+

+
+

+

+

;
+

++
++
++
++
++
++
++

+-

+-

+
+
+
+

+

+
+
+
+
+
+
+

B I¿ìi
OMN
B LiN

0 ìù{
OMN
B ìû[
B ¡rlli-

ÂNN
¡, iftl
ÂhN
.4. ì,î{
A }.N

Father
Mother
chitd 1
chitd 2
chird l

Father
Þib ther
chitd 1

chitd 2
chitd t
child 4

Id+
5'
F
Þi

À'i +
hi

+
+
+
+
+

-+_+__
+-+++_
+++++_
+++++_
+++++_

Fannily 10.

Fanily 11,

+

+

+

+

;
.+

+

+

+-
++
+-
++
¿

+-

+-

+-
+-

+-

000
100
100
100
100
100

oot
000
001
00J
001
001

+
+
+
+
+
+

+

;
+chitd4f-'+

++
++
+-
++

++

++-
++-
++-
++-
++-

+
+
+
+
+
+



.aFPm{Drx sÐ\m{ (¿,) Lg6.

I)onor Sex Ànti Ulex Dolichos
ÀB

Faraily 12.

Ânti
triNcãop Fresr,uned

Genotype
PlB

Àntigens

100
000
100
100
100
100

Father
fuío ther
chird
chird
ChiId

¡r
F

1n
2 Ì¿i

1 ir¡

4hiildch

I'i+-
F+

1p +2tr +jF +

M

F+
th(
2F
Jhi +

+
+
+
+
+
+

-++
+++

-++
-++
-++

+-

+-
+-

+-

+
ONN
0tuN
ONN
ONN
ONN
ONN

Fanily 1l+.
Father
hiother
child
child
chitd

Father
hio ther
chitd
chitd
chitd

+
+
+
+
+

+++-+-
-++-+-
+++-+-
+++-+-
+++,+-

+++++_
-+-+-_
+++++-
+++++-

+++-
-+--+++-
-+--
-+--

+--++_
++-+++
+-_+++
++-+++

CDe/cDe oz3cDe/cn" ooo
CDe/cDe o0lcD"lcl" ooj
CDe/CDe 020

¡i. ttu\
ANN
A Þ}i
h ì,$I
/L Ml.ü

Fanily lt.
Father H
Niother F
chird 1 y
chit¿ 2 g

Fanily 16,

0 ìil,I CDe/cDe LZO
A NN cde/cde 00j
Å }ti CDe/cde 020
," ÀN CDe/cCe tOJ

CDe/cde
cde/cde
CDef ,cð,e
cde/.cd.e
cde/cde

+
+
+

+
+
+
+

+

+

+

+
+

+-
-+
++
++
++

û l'{l'f
I. NN
0hN
0 lì&.I

ir ìN

¡ì. hN
A Mii
á. i:Si

r20
o03
o23
100
100

Fanity 1/.
Father
Ìro ther
chitd I
chitd 2

+
+
+
+

ooJ
100
100
100



irPPS{DIX SEmll (r)

Donor

L97.

FIù¡ILY STI]DIES G&OI]PS

PlB. NO NO SZ
.A.ntigens liO SZ .åÐ C0 tIE SI elutetl rrith
Present t/a t/z+ t/l t/z t/zt+ t/a !2L L6tzB L6LJI L6Lzj

100
020
t20

Fanily 2.
Father LOJ
Mother 100
chitd 1 100
chirar 2 toJ
chird I 100

Fanily I
Father
Mother
child I

Fanily J.
Father
hÍo ther
chitat 1
chird 2

4
4
4

4
4
4
4
4

4
4
4
4
0
4

1
1

4

4
4
2
4
4

4
0
0
4

0
0
U

o

4
4
4

0
4

0
4
1
4

0
o
0
1

4
0
4

4
4
4
J
4

4
0
0
4

0
0
0
0

0
t+

1

I
0
2*
1
4*

0
0
o

0
0
0
0
o

0
0
0
0

0
0
0
0

0
0
0
0
0
0

2
0
0

L03
o2J
o0J
L20

4
0
0
4
0

4
4
4
0

4
I+

0
4

4
4
4
I+

0
0
0
0

0
0
0
0
0
00

7
3
3
4
0
4

2
4
1
1

1

4
0
0
3

0
0
0
0
0

0
4
0
4

Faunily &.
Father 001
liother 001
chird I 003
chirat 2 00J

Fanily J.
Father L00
Mother 100
child 1 100
chitd 2 100
child I 000
chilat 4 100



.AFPn\iDIx S.wm (e)

PlB
.Antigens N0 57, ÀD
Fresent t/e lzu t/t t/z r

Fanily 6.
Fathei
ùio ther
chitat I
chiral 2
chird l

N0 Nq ;, sz
þJE SI eluted úith

t/a lz+ r6t28 r(tn, r6t23

1gg.

Donor

Family 8.
Father
Mother
child t
chíl
chil
chir
chir

Farnily J.
Father L2O
Mother 100
chiral I 100

c0
/2,,

000
100
100
000
000

100
000
000
000
000
100
0û0

000
100
100
100
100
100

0
1

4
0

*
lt
*
*

l+*

4
4
0
0

4
0
4

4
4
4

4
4
4

0
4
4
0
0

4
0
0
0
0
4
0

4
4
4

7
0
0
0
0
)
0

n

3
U

0

0
4
4
0
0

4
0
4
i)
0

4
4
4
4

4
0
t

0

0
0
0
0
0

0
0
0

0
0
0
0
0

(,¡

0
û
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
r)

4
0

0
0
0
0

4
0
0

4
ll
4

0
()

0
0
0
0
0

0

I

4
0
Ð

0
0
3
0

ð,2
d3
d4
d,5

0
CI

c
0
0

L

L

4
0
4
IJ

o

0
0
0
0
0
0
0

Fqmily !,
Father 10û
bio ther 000
chitd I 1Lì0

chil_al 2 ûco
chíId I 000

Family 10,
Father
ilio ther
child I
chird 2
child l
child ,r

0
4
4
4
4
4

0
0
0
0
0
0

0
4
4
4
4
1

0
0
0
0
0
0

0
4
5
4
4
4

1

0
0
0
2
0

0
0
0
0
o
0

4
0
4
4
4
,+.

0
0
0
0
0
0

0
0
0
0
0
7

Family ll
Father 00J
þio ther 000
chird I 001
chird 2 00J
chirar 3 003
child 4 001



APPnüDrx sfl¡n{ (B)

Donor
PlB

Antigens N0 SZ AD CO
P_resent t/a lz+ r:/j 1./z L/zL t

SI
NO NO SZ

eluted rrithrm

/a rfz\ t6tz} L6!rz L6Lz3

199.

Family 12.
Father 100
Mother 000
chird I 100
chitd 2 L00
chiral I 100
chird 4 100

Family 1J.
Father 1.OJ

Àrrother 001
chird r 001

4
0
4
tr

4
4

4
0
0

4
0
4
4
4
4

4
0
o

0
0
0
0
0
0

0
0
0
0
0
0

4
0
4

5
4
4 0

0
0
0
0
0
o

4
4
4

Family 14.
Father
Mother
child t
chird 2
chilar l

023
000
001
001
020

4004440
001tg-000
000rÉ040
000g#040
41041100

0
0
0
0

0
0
0

L

0
0

0
0

Fanily lJ.
Father ]-2O
l"lother 00]
child r 020
chird 2 7o3

Family 16.
Father tz}
Mother 001
chitd I a21
child 2 100
chilit f 100

Fanily 1J.
Father 001
liother 100
chitd 1 100
child 2 100

2
4*
4
0

4
L
0
4
1

7

3
3
J

4
0
L
4

4
0
1

1
4

0
4
4
4

4
0
4
4

4
0
4
4
4

0
4
4
4

0
0
0
0

0
4
0
4
J

0
4
J
4

0
4
0
4

0
4
4
0
0

4
0
0
0

2
0
4
0

4
0
4
0
0

* indlcates reaetions attributed to contaainatr.on of pratelets
rvÍth red eel1s.
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