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Introdnction

The success of blood tranéfnsiona in cases
requiring such procodure has besn domonstrated dbeyond
doudt to the modical profession. It 18 true that post-
transfusion reactions somstiimes occur, but it ia thpught
that these Adlsturbances sre dua to impropar classe
1fication or faulty technioue. liore knowledge of blood
groups will lsassen these possidilities and pexmit, perhaps,
a greater uso of transfusions than has heretofore been
poasidle.

Since the dlscovery of diffarent dlood groupa in
man by lLandsteiner much expsrimental work has been dones
Landsteiner thought, at first, he was dealing with
pathogenic Slood. an opinion which hsa speedily changed
upon further research, And so, another scientifioc
discovery was made useful to man, Probabdbly no other dise
covery sincs 1900 has been more important or fare
raaching than this obsarvation, for transfusions were not
blind attempts manyrmore and they docame another method of
saving livee in which sickneaa or sccidsnts had cauased a
loss of blood. Surgery advanced now that 1t was known
thet skin grafts must bes mads from individuals of the
8ame group.

The work 4id not stop hare, however. Zpstein and
Ottendorg {5), then von dungern and Hirschfsld (37)
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adduced evidsnce ahowing that these blood groups ware
inherited macoording to thoe laws of liendelian in-
heritance, 3ince these groups followed dofinite lawa
of inheritance they could be used in the field of
forensic modicine to show parentage or 1llegitimacy.

' Unfortunately, these tests could not be used in all
casoes because of tha small numbsr of combinations
possible from only four groupse

Further research has dsmonstrated that ell groupe
4o not fit in with the claasification as they should,
and thess have been shown 40 de sub-groups. Lost of
this work has been done on the celle of tha di!faront
groups, very little attention being pald to the serum
of the raépaotiv- types.
' The serum of all normal ?ype 1 (Jansky) individuals
contains sgglutinine Alpha and Beta. The obJect of
this problem was to demonstrate either positively or
negatively the absonce of Alpha or Beta agzlutinin or
both in Type 1 serum, The problem was theorefore ene
titled: A Qualitative Study of Group 1l Ssrum (Jansky).
There 13 snother classifiocation of blood groups by
Yoss which 18 the 4irect opposite of Jansky's, and to
avoid confusion the so~callad International system of
clapsification will be used, ia which Group 1 becomes
Group O, Group 2 becorss Group A, Group 3 becomes Group

B and Group 4 dscomesa Group AB.
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As some of the blood sarnplss were sacured from
pooprle with Tuberculosis, separats datum was kept on
the blood of thaese groupings sc that the relationship
of Tuberculosis to Blood Groups could be noted, 1f anye.

" Phe purpose was not to show that certain bdlood groups
and dizsease wexre linksd, dut that one or snother of the
blood group faotors mizht tend to affect indireotly some
morphologle, physlologice or pathologie condition, thus
causing an sbnormal distridbution of the groups in ths
particulay condition affasoted,

Historioal Roview

In tho year 1896 Grubaer and Durham (7) roported
on the specificity and resctions of agzlutination.
‘Work had bdeen done before this date but theirs was the
more thorough and exhausting and to thess men goes the
hontor of dlacovery. It was noted dy some observers that
when bacteria were mixed with lmmune sorum they lost
tholr motility, Lif they were motile, and thea clumped
togoethar and preaipitated to the bottom of the tube.
Gruber and Durham extended these observations and 1t
was found later thnt tho cells of the body would go
through the same reaction.

Ehrlich (41), the fumous German sclentist and
Immunologlist, attempted to bring agglutination into line
with his "receptor” theorye. Ho interpreted the process
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of sgglutination as a chemical union of egzlutinin

and bacteria or cell {agzlutinogen). The mgglutinin

hs regarded as consisting of two stom complexes, one

of the"haptophore”, having affinity for the bacterial
or coll protein, and concerned with the union, the
othexr tha"ergophore®™ or "zymophore™, by means of whiah
the asctual agglutination c¢ould be brought about when the
union had taken place.

Bordet {1), working with the ssme phenomenon,
disagreoed with Ehrlich and foxmulated the "{two-phase™
theorye He noticed that sgglutination failed to take
Place in the absence of electrolytes, and reasoned that
there was an adsorption of sgglutinin by the agglutinin-
ogen {cell), which in some way mltered the charge of the
mass, and which, whaen electrolytos were added, neutral-
1zed the charge, with consequent agglutination.

The theory, with some wodifications, 1ie the sccepted
rasotion of today. BHagle (4) has shown that in the
case of ocallular sntigen the entibody is present s an
invisible film of speciflioally adaoxrbed protein, while
in the preciplitation reanotion 1t may constitute tha
bulk of the material formed. In either omse, what was
once a hydrophilie globulin has become water-inaoluble
or denatursd, upon combination with the antigen,
Colloldal chemistry 1s faniliasr with thesase reactions
and this property of sadsorbed protelins asffecting an

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



be

othoerwise stadle colloidal suspenaion is not peculisr
to immunity. In immune renctions this dsnaturstion of
the proteina, that 1a, of the antibody globulin, is due
to ths fnot that 1ts specifiocity is determined by
hydrophilic groupse. ¥Fhen thease combine with the antigen,
hydrophobis groups necessarily face the water phase,
thua determining the surface properties of the antigen-
antidody eomplex. 3But when normal serum 18 sdsorbdbed,
since thers are no groups with a gpecific aflinity to
antigen, tho molecules naturally orient thomsalves at
the interface 80 that the hydrophilic groupas face ths
water, and the adsorbed protein acts ags a protsctive
f£ilm away from its isoslaectric point. 1In the words of
the suthor, three things determine agglutinationg

® The hydrophilic antigen 18 covered, with (1) a

film of immune globulin, denatured by 1ts comw

bination with antigen. In the absence of elsctro=-
lytea the chrrgo due to tha lonigation of the
protoin suffices to prevaent agsregation. linute
concentrations of (2) electrolytea, howevsr,

depress this surface charge bslow tho critical

value necessary for atabilitiy. The résulting

azggrogation 13 therefore yrimarily of the immune
globulin surfacea, and only incidentally of

the assocliatad sntizen,”

Schroder (33) has shown that 1songglutination is
always gccompanied by a decrease in the electirical charge
of tha'erythrocytos and a decrease in amount of globulin,
especially euzlobulin,.

The discovery of szzlutination in bhuman blood

groupa has bean attridbuted to various men, Furuhata
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oclaiming that Japenese snd Chinese dbooka of the

17th century had dealt with this particular phsse.
Levine doubted this and requested Furuhata's referernce.
Puruhata gave, as his reference, a book edited by

He Brelitenstasin, entitled "Die Cerlchtliche Ledizln dsr
Chinese," by Wang-in-Hoai, Leipsig, 1908. Wienerx (33)
has given the refersnce and tranaslation and,thouxh
somewhat long, it is unique in so-called immunologiocal
studies and followsa:

*If the skelseston of a father or mother is found in
a different locality, ani the son or daughter
degirea to recognisze 4it, the publlic officer nust
hava the eson or daughter prick himsalf or herself
with a needls so that & drop of blood 1is allowaed to
fall on the bones., If it ia the paront’s skeleton,
tha blood willil ponetrate the bones.,”
Notos

"There fg still another blood test: Two persons
atick themsoelves and let a drop of bluoed f£all into
some water, If these individuals are sctuzlly
fathar and child.ses the bloods will flow to=-
gether. If the bones wers waushed with salt water,
the blood would not penstrate the bones, even 1f

a trua relstionship batween father s8nd BONeses
should exiast. 7his is a trick that wicked men use
gad :ze should therefore b careful to watlch out

or .

If true children end true brothers, who, perhaps
have lived apart from c¢hlldhood wish to recognize
each other, it L8 very difficult to dlfferentiate
betwsen truas and false relationship; the order
should therefore be given that they stick thamselves
and 1et a drop of blood fzll into an earthern
vossasl; 1if they are trus brothera or misters the
drops of blood will form - cake.
A grandchild can recognise ita grandfather by a
blood test; sines the husband and wifs have not tha
aame parenta, how than shall the tast bs made upon
husband and wife? If ono sny that in that case the
blood penatrates ths bones, how about the case wherse
a woman adopta, sucklea snd ralses a new~dorn c¢hild?
This c¢hild abaorbs the bluod of the mothar from
birth; should not thoe blood of such child more sasily
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ponetrate thoe bones of 1its foater-motherx?
Keverthelesas, this does not happan (also not
with man and wife).

In the blood test with water, ona must take into
scoount the followings If thoe vessel 13 largs and
containg much water, the drops of blood are fore
apart and ceannot come togethexr, Or: 4if in the
blood test the drops do not fall into the water
simaltaneously, a difference in temperature will
exist, 20 that the blood likewise osnnot come
togather.”

The introduoction of isoagglutination in human blood
has baen recognized for a littls more than thirty yearas.
The earliest mention of this subjJect was in a communie
cation made by Ssmmel Shattock (34) to ths London
Pathological Soclety in 1899, His psper showa that he
was studying rouleaux formation {pseundoagglutination)
and not 1isohemagglutination.

The credilt for this discovery ias usuzlly glven to
Landstainer (18) but his first referenoce to isoagglutin-
sation in human blood occcured on karch 3, 1900, slmost a
year latar, This contridution occcupled sight lines and
appearsd as a footnote on page 361 of hia nrticle on
e totally different thome,

- "Dag serun gesunder llenschen wirkt nicht nur auf
tierlache Blutkorperchsn sgglutinierend, sondern
ofters aunch auf menschliche, von andern Individuen
starmende, E3 blelibt su entschelden, obdiese
Erscheinung durch upsprungliche individunelle
Verschiedenheiten oder durch die arfolgts
Einwirkung von Schadigungen etwa baktorieller
Natur bedingt 1st. Thatsachlich fznd ich das
erwahnte Verhslten bel Blut, 4as von Schwerkranken
herruhrte, besonders ausgepragte Es konnte dlese
Erscheinung mit% dem von ilarsglliano geschilderten

Losungvermogen Jdes serumg fur Blutkorperchen bal
verschiedenen Xrankhsiten sussmmenhangens” {lxa
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¥ongr. L. inn, lied., 1892,)

Pollowing thesg pudblications s number of suthors
wrote upon ths sublect but thelr work was wostly cone
coerned with the diagnoastic value in certsain diseanses,.

Landasteiner®s {19) real work appeared in 1201 when
he showsd that igoargglutination was independent of health
and that it was not a random reaction but followed
cexrtain definite laws. He showed that the blood of
22 porsons investigated by him fsll into, in most cases,
three diatinot groups which he called A, B end Ce. The
soxum of members of CGroup A égglntinated the rad cells
of Group B and no others. Tha sexrum of members of Group
B agzlutinated the cells of Croup A and no othars. The
sexrum of Group C agzlutinated the cells of both A and B.
To explain thsoao resctions it was necessary to assume
the presence of at least two egglutinins, one present in
tha ssrum A, the other presant in serum 3, and both
presant in sexrunm C,

In the following year Dscastsllo and Sturli (3)
further sdvanoed our knowledge of thia subjact. 1In
a series of 155 persons whoas blood they examined, four
were oncountered which formed an exception to Lande

stoinsr's rule of three 1spagg1nt1nable groups. The

serum from none of these four persons was eapadle of
agglutinating the red cells of a member of Groups A, B
or G, but their red cells were mgglutinated dy the serum
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of ench of the thres groups, and thas 8 fourth group
was plainly established. Thay algo proved that
1soagzlutination was not o manifeatation of disease but
normal and showed that there were two sgglutininas, one
in serum A, the other in serum B, end both together in
sexrum C,

Five years later [(1907) Jansky (17) reported the
existonce of four isoagglutinable groups, three of them
with characteriatics éorrasponding to those by Land-
gtainor and the fourth in all rasspscts like that formed
by the four exceptions of Dscaatsesllo, bﬁt hs made no
refarsnce {0 then.

In the same year, Hektoen (11) classified blood
into groups ignoring the fourth bscause of its raiity.

In 1909 loss (24), also overlooking the resl |
nature of Decaatoallo’s findings, a2nd unaware of the
work of Janaky, worked out the exxstepca‘or the groups,.
¥hile his pzpesr was Iin tho hands of the printer he came
sorosa Jansky's uofk and added a footnote to that effoct.

During the eleven years that followed Shattock's
work a consideradble amount of iaformation accumulated
concerning isoasgzlutinastion., In addition to ths sop-
aration into four blood groups it was definitsly proven
that this phenomenon wnas indopendent of disease, From
examination of the bdlood of infanta 1t was shown that
the grouping was oftan not established at birth; that
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the red o2lls, as & xule, scgquired sggliutinogen bve-
fore agglutinin: appearsd in the serum; and that both
agglutinogen and agglutinin appeared before tha child
was six months 0ll. iicas (4C) then showed that Typesa
A and B sera coull bde used for groupinge

The four groups were thus established and
described by lLandstelner and his pupils in 1902, Jansky
introduced & numbering of the groups, and loss, not
knowing of Jansky'e work, did the same but reversed
Jansky's Groupe O and AB. Von Dungern and Hirschfeld,
therefore, to avold confusion suggeﬁted the nameing of
tha groups by ths lettars 0,A,B and AB nccording to the
antigenio subastances of the reapective cellss This
method of nomenclature will ove used throughout the papers
?he agglutinine which ocorrespond to the antigens awe
called by the Croek letters Alpha &nd Beta. Tho table
shows the relstionship of the three classificationa.

omenciature Y Groups
Janaky 1 2 3 4
L0883 . 4 2 3 1 1
[Intarantional 0 A B AB
o [agziutinozen] Q A B A8
Soxum (Aatziueinins] ab b 8 0

Duxing the numerona transfusions which followed this
work, cases wore encountsred which 4id not react ss one
of ths four grouprs would be expected to do. Group 0 had
been cullsed the "Universal Donor" bacaunss it could be
tranafused to any of the four types. 1t is trus that ths
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serunm of Type 0 would agglutinste the cells of Types

A, B, and AB, dut the sexrum of the donor is diluted

®#0 yraridly by the serum of the recepient that no
actual or veory little sgglutination takes plece. The
point which 13 gtressod in transfusions is thet the
cells of the donoy mmat not beo agglutinated by the serum
of the receplent and for ithis reason PType AR is 6&11&&
a "Universal Receplent®™, since the aeinm does not
contaln any agglutinine and tranofusionas may be given
from any group %o this Type AB.

However, some transfus;ons give symptoms of mild
shock, even wvhen types are apparently ths same, snd 1t
was thought thzt thess types were not true to clasg-
i1fication,. BNow hospitals do not only type the blood,
baut match its corxpuscles ngeinat the sexyum of donor
and receplent (36).

From time to time various snomalous groups have
bean reported. dJansky (17) found 19 cases whose blood
ocells reacted 1iks Croup B, dut were not all of the
same type. Ctltenberxrg {26) found thut of all his tests
thore was only one which d1d not fit in--" red dlood
c¢ells of e Group A wore not esgglutinated dy thﬁ pPresence
of a claar Group 0 serum.™ This CGroup 0 blood
agglutinated Group B oslls but foiled to sgzlutinste
thoss of the four members of Group A sgalnast which it

was tested..
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Yeleney, Stearns, Fortuine and Perry (22) say that
a Group B is occnaionally met with whoae sexrum has no
azzlutinin for Group A. Schutze in 13 Group B blood
samples found five whose cells wore feebly sgzlutinated,
and nine whose cells were strongly and equally
agglutinated by the serum from a member of Group O

Hooker and Anderson {13) desoribed the produciion of
group-specific heteroagglutinins by inoculation of
rabbits with human blood from the four groups, and to
their surprise they secured a serum of even greater
group-specificity with the cells of Group 0, which are
supposad to contain no agglutinogens, ghan those of the
other three groups. Ottehberg and Reuben (27) reported
& ease in vhich the donorxrs blood contained an abnormal
agglutinin sctive against the patients cells (Group B)
and Group O celis,

Clara Nigg (£b), working with Group 0 cella, found
one wvhich was sgglutinated by ths serum of a number of
Type B people, despite thas fact that Type O is charasotor-
izsed by the laak of sgglutinogen in the cella, Nowhere
throughout the literature could any reference be found
to dirsot work on Group O serume.

Landsteinexr belleved that the four groups of blood
ware dspendent on two sets of hereditary factors which
were allelomorphic. The ellalomorphic genes A and B

Tepreaanted the apgzlutinogsns preosent in the o0slls while
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the agglutinins slphas and beia repressnied the
allelovworphs of the serumn.

%ith the work of Erstein and Ottenberg (5) the
inheritance of these bloocd groups was first showme. Von
Dungern and Hirschfeld {37) studied 7< fumilies and
conciuded that thelr inheritance wus consistent with the
Mesndelien formula. Latar work of Hirschfeld {10) changed
the theory of inheritance. Instsad of there being two
s0%3 of allalomorphs there sre thres, the two édominanta
A and B, and the recesaives R« All work to date has
Justified this viewpolnt. 1In medico-legal cases it 18
poasible somstimea to damonatrate the paternity orx
non-patornity of children by computations of the laws
of inheritance.

In 1927 Laadsteiner and Levine {16) found further
individual differoncea in human red cells, and demonatrat-
el the sxiatence of three additivnasl agglutinougens, 1,
d and P, by mosns of radbbit ixzmune serum. Those
agglutinogens diffor from A and B in 80 far as there
are no natural correaponiding sgzlutining existing in
human blood, so that these agglutinogene oan only
be detactad by meznsg of imxune sgglutinins prepared by
injecting human blood into animalas,.

In 1928 Leandstelinsr and Levine {(20) domonstrated
that the agglutinogens i and ¥ were inheritcd as
Noendelian dominnnts, and slso showed that they were
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inherited independently of A snd B sgglutinogens.
These puthors further proved that Ll end N were not
inherited independently of esch other, but that the
inheritance of i and N may depsnd upon a palr of single
allelomorphic genes, ¥ and N 3Such & theory would
permit the existonce of only three different geno-
typess: I, LN, NI, correaponding to the phono-types

E plus ® negative, M plus X plus, N plus K negative.
In other words, a bdlood lsacking both i 2nd X could not
exist. As a matter of fast, in an exsmination of
several thousands of samples neithor Landsteiner nor
Levine (21) found an XM negative ¥ negative blood. 3o
now by means of the two different seta of Agzlutine’
ogens 1t 18 poasaldble by means of' blood tests to detac?t
ons third of 211 illegitimate chill@ren.

Exporimentera have reported changes in dlood groups
due to dizense. PFerroro (6) has shown that dlood groups
must be considered as constant fastors throughout l1life,
*"unmodl fied by physioal, chemicsl or humoral factors and
that, contrary to Politser end Rapliserdi, who hold to
the non-agglutinability of mother's corpuscles by
infant's serum, the latter behaves according to its
group characteristics.”™ In the six sets of twines he
examined, the blood groups were identical. 3Blood groups
4o not change even after death.
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Experinental, l.
Before the problem wus started 1t was decided to

secure 1000 samples of Tyre O sorum, To do this it

was necessary firet to type individuals who were willing
to give a sample of blood. since sbout 454 of the
population are Type 0, 1t wrs gssumed that approximatsly
3000 people muat be typed to secure this nuuwber, but
afteyr securing Type O samples from some it wes impossible
%o bleed tham from the arm, or thyy refussd to de

bled; consaqueantly, the nundber of psopla typed before
sqcuring 1000 Type 0's was 4800.

The typing a3ra were taken from various Type A and
Type B peoplo. The gera of the Type A donors were
pooled to maks the serum of uniform strength, and the

~ Sama waBn done with Type B serum. As grest numbers were
typed during sbort intervals, it wae necessary to keep
large supplies of typing sera on hand,.

It hss bosn shown by numerous investigators that
Bars wny give false results from three csuses: la
Henagelutinins being decomposed by bacteriay 2. Develop-
ment of bacteria giving rise to new products causing
peaeudo agglntinatlén; 3. Contnninated sera containing
agzlutinative baoteria, To guard sagainst thsase errors
the blood wns drawn as aseptically a8 pos3ible and
placed in sterile tudes containing sterile glasas besds,
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The blood was then shaken to defibrinate, centrifuged
and ths sterile serum was pleced in sutoclaved ampules,
aare balng taken not to contaminate. To further insure
stexrility, the method ef Rosenthasl (32) in preserving
serum wag nsed, To ench 0.0, of esterile serum of
Group A was added .01 oc.c. of a 1% agqueous solution of
noutral acriflavine and .0l 6.0. 0f 8 5% agqueous
solution of basic fuschine. To each ¢.¢. of Group B
serum was added .02 c.0s 0f a 1% mqueous solution of
brilliant groen. Thus not only was the serum preserved
from dacomposition or contamination but the different
solors sarved in prasvsating erréra in rending of

wrong 8era. By this nsathod Typa A serum was colored
red and Type B greon.

Blood for typing was taken from the ear oFf finger
by & swall lancet, enocugh being taken to c¢olor slightly
3 0eCe Of a .97 saline solution, a3 the blocd was
typsd within 2an hounr no praocautions wers taken to keep
the blood starila or aseptioc. A drop of PType A serum
and Type B gorum respectivaely was placed on either end
of a slide wvith a few drops of ths blood~saline sus-
vension being pleced in each drop of sserums After
mnixing thoroughly the plides were plasced in petri dlshes
to avoid evaporation and concentration of ths salts. The
serum of A would clump both B and AB cellsy whaereas,
the seruvm of B would clump A and AB cells., If dboth the
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sexra clumped the blood calls it was Type AB; 1f
neither clumped it was Croup C. If A serum clumpsed

the cells and B serum did not it was Type B, and if

B sorum clumped ths cella but A 414 not 1t was Group A.
The resulis were read macroscopically snd all Type 0O's
which were slow in showing thet peculisxy suspension
color, which indicatea that no agglutinstion will take
Place, were discarded. The time alloted for agzlutine
ation was 15 minutea.

All Type O peopls, who consented, were then bdbled
from the median cubital vein and three to five c¢,c. of
blood withdirawne. The blood was defibrincted by whipping
and contrifuged for 105 minutes or uniil a clenr, strawe
co0lored serum was obtanined. Esach Type 0 blood was then
retyped by taking some of the centrifuged vells and
making & 3% sell-saline suaspension. This waa placed in
a small tubs to which =zn squal =mmount of saline was
added and also an squanl amount of ons part A serum and
one part isotonic salt sclution. The oparation waa
repaatod, subatituting Type B for Type A sarum (40).

A small smount of these mixtures was taken from time to
tims and examined on a alide to dotermine 1If
agglutination had takon place. A cvontrel of known Types
A and B cells wzs run each time.

Presh blood was then sescursd from Type A and Type
B individuals by means of a3 syrings and ths bloods
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centrifugeds The serum wns preserved for further
typing and the cells were suspendsd in 10 C.d. of
rhysiclogienl salt solution. They were shsken for a
fow minutes and ooentrifuged, care again being taken not
to shake %too hrnrd or wash to often, so that the
agglutinogens might not be extrected from the cells (2).

The same et up was then used 8s in typing with
the exception that z drop of the Type O serum was placed
on either end of the 8lide. 70 the one drop of Type O
ssrum wus placed a 2% isotonic sslt suspension of Typs
4 cells, to the other waas placed s 2% susponsion of 7ypre
B cells., Normal Type O serum containas agélutinins A
and B, and 1f this Type 0 serum was rormal sgglutination
would bs expacted on both ends of the elide, since
agglutinogons A and B were pressnt, In tha evant that
Type O serum lacked A or B sgglutinins, mgglutination
would occcur only on that sample on the slide in which
both factors wexe presents If the sexrum lacked both
azglutinine, sgglutinstion woilld tekoe plsce oa neither

. end of the slide,

In the 1000 Pype 0 samples which were éxamined,
agglutination took place on both ends of the slide, show-
ing that ell Group O sorum exzmined was normal, that is,
contnined rlphas and betn agglutinins.

Recapitulating briefly, Type O serum should contaln
agglutininag alpha and bets. IfL to a drop of Typs O ssrum
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1s addsed a suspension of Type A colls, agzlutination
should taks plascs for the corresponding sgglutinogen
and esgzlutinin =re presente Tho same Treaction would dbe
expected using Croup B cells, and 41d, aciually, OGGuUTe
The resulitus woers therofore negative in that no agglutinin
doficiont Group 0 serum wanus fuundy positive In thut
this experimentel work showsg, in 1lC0CO ocsses, no evidencs
of sub-groups in Type 0 serum. |
The people dunating serum wore of mixed natione-
alities, of the Furorean typee. It was impossible, on
eccount of this mixtore of reces, to show diffexences
in blood groups emong the different naticnallties.
The percantege of Group O individusnls was slightly
higher then most investigators give (3.14%)e. Group B
was sbout everege, while Groups A and AB were slightly
ioss than the sversge percsnicge glven, belng aboul
1.5% loss. The tnble below shows tha Aiffersnces
betvween Srnyder's average (20,000 cases) and the everage

of thes peopls typed here (4550 cases).

Youp " z ) A B A8 }

arcantage {hare Bedd | ©0.54 10e 41 2edl

erc=nLeg® (SNydsr) 45,00 Ef. 1Cebw 44 00
[Fercentaga d arence Beld* l.6o~ edd ¥| Leb —

Frperimentsl, 11.

Tho zollesting of psthogzanic blood wma dons at the
State Sanitarium for Tubsrculcais, located at Galen,

dontana, The samo procgdure in typing was carried ocut
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Shortly aftay the aiscovery of thes four blood
groups, meny investigators attampted to link spocific
blood groupa with sertain disessea for, as Prosscher
rnd Arkush (28) atnte,

"%hen we attempt to determins the causes for the
exigtonce of lmminity or susceptibility in
cortasin individusls, vhen we try to find a
practical explanation for the biologlceal varities
in mankind, wa naturally look for aid to the
principlee of evolulion and raeial adaptation.

If this ia Justified it becomes desirsabdble to
recognize iho upecific typos and to do this we
rensctt to the nas of various iandlces. Thua we
atteampt to relate bioclogloal reactions on the one
hand, with anthropocloglocal measuremonta, chemical
reactiona, blood groups, complexion etc., on

the other hand. It 1a evident that the index of
ths greatest value will be that which most
eocurately and convoniently separates into
practiocable groups the mombers of the human race.
This index i3 a yefiection of nature. The results
of Hiruszfold's and othera indicate that blood
groups may, foxr some purpose at least, fulfill
the rTequiremenias quite well.”

With this idea in mind en attempt was made to prove
or dlsprove the theory that certalin groups were more
susceptible to Puberovulomsis than others. Thare was
no attompt made to show a hevxedlitzary fuctor wiih
eomplatls linkuge , but, a3 explained in the intro-
duction, an attempt wus made to demonstrate that cerw
tain groups tarough some physical or chamical change
would make the individusl more gusceptidble to certsin
diseases.

Hirssfeld {12) has mads moat important studies
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concernlng the relution of blovd grvups %0 diseases.

In diptleria, for ex:zyple, they have shown that irmmunity
Tor thius disoene~s 13 nod cunnected with a cvertein

blocé group, tut irherited with thnt blood groupe

Thles is doubtful, howowvar, for 4f this ic tiune it means
that thare 18 a psriial or corpleta linkoge of sonie
horeditary fretor with the blood group fector. In this
case, nlthough the orlginel rmtation would have been
1linked with dbut cinis 0of the blood group Lfactors, &vb-
ssquent ¢rosuling over would in tiwe distribute the
factoxr proportionately emong the four grourse.

Cther investigntors have tried to oonnect malignant
tumors and mentsl Siseasos but with no results {16).

Troescher (268) working with 1525 cases of insanity
found for Group O & percentege of £3.8; for Group A a
rercentage of 268.2: for Grouy B 8 ypercentsge of 16.6:
and for Group AB & psroentege of l.b. ¥Hoe corpared
these agalinat norymel groups which were asffbliows:

Group © 40%; Group A 43%; Group B 12.3%; Group AB
1.5%.

Such figures would indicute qualitistive chenges,
but at the esme time do not convey the factis, becausa
the oharnge should bs conslidsred in proportien to the
originnl velue. Thus, the shift in GCroup O diztridbuntion
of 13.8% 18 not more than, but axmctly the seme 28 the

Group B chongs of only 4.2j%i. Furthor results showad,
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S L e e o

paychuslas 48 in tha ratio 4:2 33 4:1 resw

pectively. This wo take to mean that the

Blood Groups © and B in equni ana twice ns

groat a8 for wembexrs of Giroup AB."

Returning to the evolutionaxy theoXxy--all people
ruiversal donors, at one time, and then mutationse~
1t would sesk: tlket the crudest and lesct hipghly
doveloped of nexvous syoctems might belong to Group
0 memborse The more simpyle tLhe leosa euscepiible to
injJurys. In othexr words GCroup O should te less
suscepiible, and Froeschar found this to bs the case,

Ecrmanna and Eronbexg (8} found nc relation of
blood greurs to dlseanse, with one exceptiion. In hypere
thyroldsix they find & hkigh irncidence of Group O, in
goiter an 1lncresczed freguency of Group Ae.

Hirsehfsld (9) could not confirm the report of
¥oltzznerxr Iin which he c¢laims that iadivlidunals of Group
A3 ara mors suasepiible to cancer than Group 0. In
160 cases studled the dlatribullon wns egqual.

Thomasn found that among 1151 individuals from
€5 to lo2 yaara of age his resulis did not confirm
tha hypothosia that certain diseases, such as canser,
tuberculosias etc., attaak by preforsnce 1individuals
of carinin blood groupa, which 1g in direct contra-
diation to tho rasulta of this worke It st be aaid,

however, that hia results are not final, for may d4issases
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are mobt fatale Hid rasulits ware: Croup O 44.17%;
Group A 4343 Greup B Bedpy Group AB 4.575. From
these liguxres he concliudad that blood groups ha§o
no vonnestbtion with disesses Some invostigators give
the mnoimnl percontage of Type B'¢ as 8%, others plsce
Type B'G se high as 16% while an cvoruge of sll
current eslimations would plece Type B at mbout 13%.
In ether words, since tho general norm hes not yet
been established absolutely tor 2l1l the typesa,Thomsen
cannot be too eure that 6L 1is the normsl expectétion
of Type B individuals, and thers is valid grounds
on which to state that according to his figures the
veraentnge of Type B individusls has dscroeased,
and conseguanily, Typre B shows suscepiibility.
Kaczinsky {(14) in comparing the Dlok anﬁ Schick
teata to dloold grouﬁa found: "that the yercentage of
immane indiviiuals in Aifforent blouvd groups ia
practisally the same."

dirovesco (23) found tue Following:

Grou
I Y S S Y
4 35 8 17
— 1 3 0 8
[y 14 | 13 15
6 17 | 18 B

Some authors have compared schizophrenia snd manio
depressions dy means of bdlood groups, notably Raphael
(30), with no spscific relationship being observabla.

- Lo 2 maliamal T
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80 invaesatigstors have sho'n with some sucoess
the relationstip 0f bloed grouns to Airagsa. Raphael
and Searle (30) in a stundy of provna and tnbercnlosis
found no correlstion, theilr percentapen of ALfference
batwean the normal aend pathogenie blood being too

small to draw any conclusion.

At Galen 100 people ware tyved with the following

“” a

results:

Puberculosis Group 0 | Groun A | Group B _[Oroup
alen 50% 29% 18% 3h

Call fornial{Rephael) | 44% 40.2% 13.5% 2.5%

Non-tubercular

RUrON AN AVATALS 39.5% | A%, 4% 2« 8 4.68%
vernge Amer. VWorker| 44.2Y 38.7% 11.3 5.8%
iontana Averngsa 48, ¥ ‘i; ) - {;fE‘z Jes L L' 2,41

Here would saem s tandancy for Typa B to be riore
suzoaptible than the other three typss., It will be
noticad in the abovs chart that the Nontana nommal
avaraga for Groun B is 10.11%, whils the Galen average
for the same Group was 18% or a diffarsnce of 7.89%.
Likewigse, 1t can bhe meen that Group A is 104 lower at
Galan than thoe lontana avarage, which indicates some
fmmunity to tudoreulosis, whils Group B shows
suscéptlbility.

One fact was overlooked until the finnl check up
was made: nemely, many of the patients at Galen were
suffering from Silicosis or what is commonly called
miner's consumption, a cutting of the lung tissue by

abrasive material. Some had no doubt become easy prey
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to tuberculosis afioxr having sislicosis, which would
not ba a normml Infectlion, and which nullilfies the
resulta vhich wore obiulnod fin this work.

Thore were 35 cames of tuberculosis &b Colen in
which sili{cosle conld be dofinitely ruled cut, and the
rosults were purrrising. It was found that Type B
gave o definite and moré proncunced tendency to
tubercunlosias then in the first rosults. Thero was an
incroase of 13.855 in Croup B over the svorsge noxmal
Croup B, indicating suscsptibiiity. Thereo was a
docreass of 13. 8 % in Type A, showing an irmmunity or
decronse in susceptibility. Groups O and AB 414 not
show any diffurences fLfrom the normal aversge orf thase

£I0uple — —
Tab et Group‘é Oroup A Croup B Group;IE'
ubsrculosis 45,23? 25§ 255 2770
,“ﬁon—tﬂbercuinr A4 o 20 : ; TI.2% B.0%

dLfferencs B. 038 T [ L8372~ 1 I3 Tt

L Al

In the percentage difference, whon the normal
average of the Group was less than the average of the
individuals suffering fLrom tuberculoaia ths percentages
ware mnarkod positive or plus, and when the opposits was
true thay wars marked negative,

A great mmber of the patienta at Falsn wre of
Irish deacent, =0 1t might Do sald that the resson for
such a high percentags of Type B'sS was because of this
racial fact, that i3, a greater percentags of the Irish
are Type B than ths normale. To ascertain the truth of
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thls, 45 individunls whose paretnts wexre Irish on
both sides of the fmily were typed with tho following
resultis: Group O 53.3%; Group A 31l.1%; Group B 16.5%:
with no Rype AB'8. It is meen that tho Irish race
epproxinate the normel avernge within i in Type B
and therefore the incresse of 13.75%5 of Type 3's
catnot bo explained by eeying a large rercentoge of
individuals wounld change the normel average of T¥pe B
even 1f itunken from one the samo race.

From experinental evidence, then, the resulta
indlocate that, 1rrespective of racial inhexitance, that
while the Group B individual shows & dietinct tendency
to tuborculoslis, the Group A fndividual shows a
distinct rosistance.
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Surmary ani Conclusions
le Exporiniuntal worg siows that of 1000 Pype O blood

sanples none ware found in which the serum lacked
alpha, beta ox both agzlutinins,

2« Tha avarage of the normnal bdlood closely approximates
the aversge pervontage o0f the American worker.

3. Reuults of work at Gaien indicates that ¥ype B is
more susceptible to ﬁnbareuloaie than the othorx
threes groups and that Type A ahowa a partisl
imaunitye

4. These susceptibllities are inherited with the group
rogardioaa of ravisl sugeoprtibllity.
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