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HISTORICAL.

The discovery of the blood groups hes in no small measure
eadded to the progress of modern medicine. The results of trans-
fusion before the work of Landsteiner were not very encouraging.
There are records which indicate that this surglicel procedure
wes resorted to on several occasions.

Lendstelinerts (22) dlscovery has, however, established
transfusion on a scientific basis, &and the untowerd results of
the past need not be repeated in the future., That the first
honors must go to this ploneer investigator 1s no longer open to
gquestion,

That agglutinins which will agglutinete humen blood cells
occur in the normal blood sera of some animals has been noted by
several writers (32,55,42,54,12,10,41). That these ssme proper-
ties or substances may be impearted to the normal blood by arti-
ficiel mesans has long been known. This phenomenon, the produc~
tion of agglutinins, 1s one of the important observations of the
science of ilmmunology. Most of the common laboratory animsls
can be used to demconstrate their occurrence.

Gruber and Durham (14) made use of the specific quaslity of
agglutination in the differentiation of bacteria. By their method
an organism may ve identified when pleced in & known specific anti-
serum. 8y & process of elimination it is possidble to determine
the nature of the antigen 1in question. Thls 13 not only true of

bacteria but other entigenic substances as well. Probably the
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2.

widest application this test has is in the so-called Widal re-
action.

Gruber and Durhem (l14) found, that though an &animel be im-
munized against a certain specifiec entigen, there 1s a concomi-
tant production of egglutinins sgainst releted entigens. This 1s
generally termed & group reaction a2nd usuelly depends upon certain
biologlcel relationships. In the production of antisers in which
these group egglutinins occur, it has been found that the speci-
fic or mejor egglutinins reach a higher titer then the related or
minor egglutinins. In titreting such sera it is necessary to &b-
sorb out the group specifie, or minor sgzlutinins first end then,
determine the aggzlutinating titer sgainst the specific antigen.

Meny Investigators, Bordet (3) emong them noted that hemo-
lytic serum heated to 56°0C, to destroy the hemolysin and comple-
ment, would &gglutinste specific erythrocytes., Heating the serum
removed the hemolysin snd complement which would otherwlse obscure
the action of the agglutinins. Furthermore, this phenomenon of
specific hemagglutination i1s not only demonstrable by the use of
immune agglutinins, but it has been observed that certain enimsls
normelly possess In their sere specific hemegglutinins against the
cells of other species. For example, it has been demonstrated
(9) thet the normel serum of goats contalins specific egglutinins
for the red blood cells of rabbits.

Since the work to follow is concerned primarily with hemagglu-
tinins involving human red blood cells and serum, &ny subsequent

references to agglutinins or isosgglutinins will mean hemagglutin-
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ins, ‘or isohemagglutinins, unless otherwise indicated.

At this point 1t would probebly be adviseble to differentiate
between immune hemegglutinins and 1sohemagglutinins, In a general
way it mey be seid that lmmune hemagglutinins sre bullt up ertifi-
clelly and isohemagglutinins occur normelly. Srecificelly immune
agglutinins asre substences or physicel properties of 2 serum which
has been secured from en enimal injected with a blood foreign eanti-
gen. Thls serum when added to the specific or a closely related
particulate antigen results in its clumping and precipitation. on
the other hand, 1soezglutinins are found normally in the blood sera
of indivliduals within a species and are specific for the tissues or
cells of another member of the same specles.

Ehrlicnh and Morganroth (9) the first workers on the problem of
;soantibodles, denonstrated that by injeeting the erythrocytes of
one goet into thé blood stream of another, it wes possible tp pro-
duce hemolysins e&gainst the red bloocd cells of some goats but not
agalnst &ll goats and never against the corpuscles of the goat in
which the hemolysin had been built up., These &re the so-galled im-
mune isohemolysins, and this observetion foreshedowed the important
di scoveries made later in the fleld of isoantibodles.

In 1892, Meragliano (34) first recorded the occurrence of iso-
entibodles in the human blood. He concluded that the hemegglutin~
ins he observed were the result of discase, &nd thls fallacy weas
not disproved until the work of Leandateiner wazs published in 1901,
Landsteiner, himself, thought the phenomenon wes due to dlsease, eand

it was not until sometime after the discovery that he realized the
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4.

aignificance of his findings.

In 1901 Landsteiner (22) published a brief account of his work
on 1soagglutination of the human red blood cells. He pointed ocut
that 1lndividuals fall into.one of three dlfferent groups. Later
work by students (7) of Leandsteiner disclosed a fourth group which
hes proved to be very rare in comparison with the other three.

In his originsl work Landsteiner (22) demonstrated that the
twenty two indivlduals exemined could be grouped on the basi s of
isoagglutination. These groups were indicated by the letters A, B,
and C. He found thet the sera from group A people agglutinated the
corpuscles of group B, but not of group C; that the corpuscles of

* group A were agglutinated by the sera of both B eand C; that the
sere from group B individuals egglutineated the corpuscles of A, but
not those of C; on the other hand, the corpuscles of group B were
egglutinated by both A and C. The sera of group C agglutinated the
cells of both A &2nd B &nd its corpuscles were not effected by the
sera of elther A or B. The addition of the fourth group by Decas-
tello and Sturli (7) in 1902 added to this originsal clessiricstion.
The corpuscles of this latest member were sgglutinated by all the
other groups, but its serum sgglutinated none of the cells of the
other groups.

Since 1900 meny different investigators have probed into the
various espects of blood grouping, and & great fund of valuadle in-

formation hes been made availebdble.

Looking back into the past it 1s epperent that the observations

of Gruver end Durhem, EKhriich and Morgeanroth culminated in the

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



S.

_ remarkable discovery of isohemasgglutination in the humen by Land-
steiner in 1900.

Several men have put forth thelr c¢leims or have been champlon-
ed by loyal followers as the first discoverers of isohemagglutin-
ation. Furuhata (11) has described & blood grouping technique in
use among the Japanese seven hundred years ago. Actually his ac-
count would lead one to believe that it is just enother of those
mystical proceedings so common &mong unenlightened people.

Jan Jansky in 1907 (17) carried out similer work in this flela,
Not aware of the work of Landsteiner, he introduced a system of
classification which has added nothing to the subject. His work
haes been &accleimed by a few, J. A, Kennedy (55) for om. Jansky
himself, mede no claims to priority.

Moss 1908 (35) 1s another contender for the honor, but his
experimentel work, like Jansky's was done st & leter date than
1900, Ignorant of previous publiceations, Moss (35) devised a third
form of classificstion and has es a result added to the confusion.
At the present time, Moss's system is used 1in most of the hospitals
of the United States, while Jansky's is widely used throughout fur-~
ope. The clessificetion &s formulated by Lendsteiner is used spor-
adically in meny parts of the world.

Probebly the only individuel who observed agglutination in
humen blood &nd entedated the work of Lendsteiner, wes S, G. Shatt-

ock (44). Schattock, while working with the blood sera of patients

suffering from various eacute and chronic diseases mixed with the

blood of normel individuals, literelly stumbled over this
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phenomenon, He wes asttempting to demonstrate the differences oc-
curring in various conditions and was concerned primarily with
what is termed "roulesux formation”, Schattock undoubtedly obser-
ved the clumping of egglutination, but he failed to interpret his
findings correctly.

To clear up the confusion wrought by the seversl methodsa used
in designating the four groups, Von Dungern and Hirschfeld (47)
suggested & classification simller in most respects to that of
Landsteiner, end which is commonly known as Landsteiner's classi-
fication. By thlis method the groups are named according to the
antigenic structure of the red cells. Thus O, 4, B, and AB are
probably more ecceptable at the present time. The azglutinins
where present ere referred to s&s &lphe or beta, For a better
understending of the three methods of classificastion in use the
following table is drewn up.

Table No. 1.

Teble shbwing relationship of the severel systems of humen

blood group classification according to the methods of Landsteiner,

Jansky &and Moss.

Landsteiner a8 » a o
Jansky 1 11 111 v

Mosas 4 2 3 1

A 11 2 + - + -

B 111 3 + + - -

AB iv 1 + + + -

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



7.

The numbers di rectly below the nemes of Moss and Jensky, in-
dicate the method used by each in designating the asgglutinogens
present in the humean erythrocytes. Under Landsteiner's neme will
be seen the alphadbetlical characters used by that worker for the
seme purpose, The agglutinins when present are designeted by the
Greek characters alpha and beta,

It will be noted that Moss end Jeansky cannot agree on the
numbering method consequently, the first end fourth groups are re-
versed in the clessifications used. Since they picked arbitrary
figures to represent thelr groups, the systems of Moss and Jansky
are prone to lead to confusion. On the contrary, the method used
by Landsteiner shows in a c¢lear, concise wey the relation existing
between the egglutinins and esgglutinogens.

Since the original work in 1900 meny new facts have been un-
covered. Von Dungern and Hirschfeld (47) heve demonstrated the
inheritance of the 1soasggzlutinogens as Mendelisan dominaﬁt chareac-
ters. Bernstein (1) eand meny others (16,23,27,37,46,52) have

~ delved into the fleld of inheritance end have uncovered some rather
confusing results, In 1924, Bernstein (1) postulated the existence
of three allelomorphic genes 4, B and R. According to this plan
there is only one locus for the genes determining the bdlood groups
in &2 single pair of chromosomes, at which locus only one of the
three genes maey be sltusted, This type of heredity, 1s not uncom-
mon and is known &8s multiple sllelomorphism. It 1s obvious that
each germ cell will contain only one of the three genes, A, B, or

Re Six different genotypes will result from the combination of
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sperm carrying A, B, or R with the three pocassible kinds of ova.
According to this theory, genes A and B are both dominant over
R, so that the possible Genotypes corresponding to eech of the

four blood groups are es shown in the table below.

TABLE No. 2.

Fhenotype Genotype
- Homozygous | Heterozygous.
AB AB
A AA AR
B BB BR
¢ RR

The egglutinogens A snd B cannot appear in the blood of a
child unless present in the blood of one or both parents, on the
other hand, if either parent belongs to group AB, his or her geno-
type 1s AB, so thet helf of the germ cells will contealn gene A
and helf gene B. The child therefore, cannot belong to group O
since the childs genotype will include en A or B. If elther
parent belongs to group 0, &ll of the children must possess at
leegt one R gene, so that children of group AB are impossible, In
8 like manner, group AB parents with a group 0 child, and group O
parents with group AB child, ere not possible,

Blood grouping hes found a2 wide spplication other than its
importence &nd use in trensfusion (5,31,38}. In forensic medicine,
it hes been used to establish non-peternity (50,51,52). This test
hes been found useful, especislly in perts of Europe. Blood group
1s used by the anthropologist es & useful tool slong with other

physical criterie, to link races end to esteblish origins (2,13,36,
27)

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



9.

More recent work hes indicated thet there are additional sub-
stances in the human erythrocytes which can be demonstrated by
specific¢ immune sera (21,26,52,43,28)., The hereditary factors I,
N, and P have been added by Landsteiner &and others. 3chiff (43)
has deseribed two other antigenie factors in human red cells and
it is possible that the list will continue to grow.

Isoagglutinins are not confined to the humén race but have
been demonstrated among meny of the lower anlmals (32,3%3). When
present they may be very irregular and in large numbers.

It has been found that rebbits injected with group A humen
erythrocytes will consistently produce & high titer specifiec for
group A cells., On the other hand, rabbits injected with B type
human red blood cells elaborate agglutinins specific for B type
cells, but never will & single rebbit produce & high titer for bdoth
A and B cells if either one type or the other is injected alone.
Cf course due consideration must be teken of other antigenie¢ prin-
g}ples such as the M and N factors. This observation has been
confirmed by numerous investigetors (15,20,32).

Two Japanese experimentors G.Tsuchida end M. Nagese obtained
some very unususl results by injecting human red blood cells of
the verious groups into chickens. They found that 20% of chickens
showed type differences according to the sgglutinating qualitles
of human blcod cells, They were &ble to obtain an lmmune serum
having a titer of 1-16,284 against human B type cells, also by
absorbing anti-A serum with A cells it wes possible to secure enti-

B immune serum, in other words, both &anti-A and antli~B sera could
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be obtained from the seme chicken. Further that if more than four
injections were made the titer would go down, These interesting
observations of Tsuchida &nd Negese heve prompted the work that 1is
to follow,

If the conclusions reached by these investigators prove true,
it will no longer be necessary to use two animals for the produc-
tion of A end B typing sera, It mey indlcate some antigenic re-
letionship between A &and B type erythrbcytes demonstrable in the
immune serum of chickens. It will also indicate the point at which
the highest titer can be obtalned. There may be some solutlion for
the fall in titer after the fourth injection, a solution eppli-
cable to the entire fleld of immunology. 1t may indicete new ap-
plications for isohemeagglutinetion.
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EXPERIMENTAL

Since~the work of G. Tsuchida and M. Negase 1s of consider-
able importance because of its bearing on the entigeniec structure
of the humen erythrocytes A &and B, it hes seemed advisable to car-
ry out an experiment along similar lines and to extend the work of
these investigators, 1f possible, It hes been the hope that the
present paper would answer some of the questions they left un-
answered.

The conclusions reached are set forth in the pages to follow.

The problem has many different engles, end sn effort will bdbe
made to enumerate them as briefly as possible.

l. To induce the formation of lmmune &gglutinins in the serum
of chickens by injecting humen erythrocytes;

2. To demonstrate both species specific and type specific ag-
glutinins in the chicken serum, the type specific egglutinins de-
monstrable only after absorption with the proper type of cells;

3., To determine the highest point of the titer both with re-
gard to the entire course of injection &nd to the intervals between
injections;

4, To rind the optimum number of injections and the effect of
subsequent injections on the titer;

5. To procure both A and B typing ser& from the blood of &
single immune chicken,

6. To explain the results from the data obteined.

Since the materials used are simple end resdily aveileble they

can be dismlssed without further consideretion, with the single
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exception of the experimental animeals.

At the beginning of the experiment the chickens were tested
to demonstrate, i1f possible, the presence of any normal egglutinins
for humsn red blood eells. About 2 c.c¢. of bloocd wes secured from
each chicken &nd placed in smell tubes in the ice box for several
hours. When the clot had contracted the serum wss removed, eand
this wes used for the tests. A drop of 2.5% suspension humen red
blood cells of types A,B, &and 0 was placed upon & cleen slide, end
a drop of chicken serum was edded. The slides were examined at
short intervals &nd any changes noted. In none of the chickens
could normsl egglutining be definitely shown. The fact that, after
stending, the red blood cells seemed to eadhere to the slide would
indicate some reaction had teken place. Whether this chenge was
simple edhesion or some sntibody reaction could not be determined,
Certeinly 1t was not agglutination, since microscople exemination
showed the cells widely scattered but adherent to the glass, The
0 type cells seemed to be especially affected, but, as with the
other types, it was not the charscteristie clumping of agglutin-
ation. Blood from four chickens of the same variety was examimd
and the adhesion to the slide sgain sought. It wes found that the
same action occurred if the slides were permitted to lie unmoles-
ted for fifteen or twenty minutes. JIf the cells were loosened
from the slide, with a needle, they 8gain formed & homogeneous
suspension.

Three groups of three chickens each were injected with washed

human erythrocytes. The first three chiekens received cells from
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persons belonging to group 0., The second group of three chickens
were injected with cells from group A persons, &and the last series
of three were immunized with cells from individusals belonging to
group B. Ten chickens were used during the course of the experi-
ment, and the tenth served &s a control. This enimal was injected
wlth whole milk end was titrated against red blood cells in the
same manner &s the other nine. This was to rule out &any cheance of
non-specific entigenic action.

During the course of the experiment it wes necessary to keep
the chickens under sultable ce¢onditions. They were confined in pens
and supplied with a good mixed diet. Speclel attention wes given
to this letter item, since, &8 will be seen, 1t wes highly desir-
able to provide & good supply of availeble celcium to decrease the
blood clotting time.

One of the grest difficulties encountered during the prolonged
course of bleedings was the annoying hemmorrhage which resulted
from the needle puncture. A number 26 needle was used and pres-
sure was applied sas soon as the required amount of blood was with-
drawn, Desplte these preceautions, considereble blood was lost in
hemmorrhege. Various methods were tried to overcome this difficul-
ty. Smell pledgets of cotton were epplied with pressure, for es
long &8 rifteen minutes, only to have the hemmorrhege eontinue., Ice
was applied with ipndifferent success, The only means of control-
ling the condition, without prolonged pressure, was through the free
administration of celeium in the form of milk or dried eggshells.
Blood which would stand in the hemolytic tubes for ten or fifteen
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minutes without clotting would, 24 hours after the fowl hed obtain-
ed celcium through its diet, congeal reedlly.

The chickens used:were of the Barred Rock strain end not more
than five months old. They sappeared to be in good health at the
start of the experiment, but some of them were quite smell. It
wes hoped thet by selecting large chickens the mortality would not
be as high &nd that a greater amount of blood could be secured from
them., It was also reasoned that the bleed loss would be made up
more repldly in the larger birds,

For the injections the suspensions were made up of washed
humen blood cells. The cells were secured from individusals of the
required types , by bleeding from eny one of the numerous veins
which course &slong the inner surfece of the srm st the bend of the
elbow. The blood obtained in this wey wes defidbrinated and centri-
fugelized to remove the plasma. After the plesma had been drawn
off, the cells were washed end centrifugselized in four different
changes of normal saline solution. At the finel washing the packed
cells were mede up to a 2.5% suspension for the injections.

These cell suspensions were injected in 2 ce. eamounts and were
Tepoeated every nine dsys until ten injections had been made.

The injections were made Iinto the chickens by wey of the large
vein crossing the bone et the second joint on the inner surface of
the wing. The edministration of the cells by this route was aec-
companied with little difficulty, after the technique had been
mastered. Great care was taken to be sure the needle was in the

vein. Every effort to aspirate blood into the syringe resulted in
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failure., This was especislly true after the titer had reached a
high velue. It was found that agglutination occurred which blocked
the ahell bore needle used, thus necesslitating with-drawal, Several
unsuccessful attempta to inject or bleed at eny point where the
veln was not securely fastened to the skin were abandoned. Hemor-:
rhege readily occurred in the loose subcuteneous tissue, and the
formation of hematomata would invariably teke place. It 1s true
that absorption in this enimal is very rspid and the clot is soon
resorbed, still the discoloration produced by the extravasated
blood obscured the veln and led to difficulty in subsequent work.

Despite the fact that the inoculations were mede et such long
intervals no i1l effects were observed, with a single exception,
one chicken shortly after it had been injected and returned to the
cage, died. Thls was the only instance of untowerd effects &s &
result of the injections.

The titrations were mede every day, with the exception of the
ninth, when the cell suspension was admiﬁistered.' The blood for
the titrations wes secured from the same location on the inner sur-
face of the wing., It wes found that 2 cc. amounts were enough to
yleld sufficlent serum for the titreations. The blood was drawn &and
pleced in small hemolytic tubes to clot. When the blood had cosgu-
lated, it wes rimmed and placed in the. ilce box over-night. At the
end of that time the serum was removed and inactivated at $6°C for

thirty minutes. This was done to destroy the hemolysin which other

wise would obscure the action of the egglutinins.
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The dilutions of the serum with saline ranged from 1 to 2 on
up to 1 part in 2048.. Two tenths of each dilution was placed in
each of three different tubes, s2nd a drop of & 2.5% red blood cell
suspension was added to each., Ipn thlis way the groups A, B, end 0
were titrated egeinst each serum. The following protocol mey help
to maeke this clesr.

TABLE NO. 3.

Protocol showing serum dilutions used in titrating the
red blood cells., The first verticel colimn indicates
the type of cells used, whilse the succeeding columns to
the right show the serum seline dilutions.

One drop 1 part of

of 2.5% Chicken

suspension serum in 2

of Human cells{parts saline )] to 4., 1 to 8 1l to 16
A. +2c0C. 2200, | .2c0. | .2c0. |
B. " " " "
0, "

After the addition of the cel 1ls the tubes were shaken end in-
cubeted at room temperature for 15 minutes. At the end of that
time they were examined and then placed in the incubator at 37°¢C
for fifteen minutes, After the incubatlon the tubes were read mac-
ro- end microscopicelly. The microscopliec reading was recorded on
the data sheet,

In the absorption experiment the red blood cells used were
washed as for injections, and, after the final packing, the salline
was pipetted off. The serum of the chicken was edded to the sap-
propriaete blood cells &nd agltated to feclilitate thorough mixi ng.
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The mixture was then placed in the ice box and left for at least
thirty minutes. At the end of that time the mixture wes centri-
fugelized and the serum tested for egglutinins. If non-specific
agglutinins were still present, the procedure was repeated. This
work required considerable care to prevent over-absorption, which
did not seem to remove 8ll the agglutinins but did cut down the
titer. After absorption the serum wes titrated in the seme menner
as the unebsorbed serum.

In the absorption experiments the cells were added to either
the homologous or heterologous serum, depending upon the result
desired. That i1s, 1f the serum of a chicken injected with B type
cells wes absorbed with B type cells the homologous agglutinins
would be removed; on the other hand, if A type cells were used to
absordb the same serum the heterologous &gglutinins would be removed.

In the work here outlined it has agaln been demonstrated that
it 15 possible to produce both A and B typing sera fram a single
chicken immunized with either A, or B cells. In the course of the
experiment it was shown thaet chickens immunized with B type cells
eénd absorbed with B cells became enti-A and vice versa. The titer

after absorption was much lower then in the originel serum.
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DISCUSSICN

As 8 result of the work followed out in thls experiment, it
has been shown that chickens of the Barred Rock variety cen be
used successfully in this type of work.

Special care must be teken in selecting the chickens used,
end only lerge, young, healthy birds should be procured. If too
small, they do not react well to the draln of repeated bleedinzs
end do not yleld a large volume of blood on ompletion of the work.
Infections are liable to spring up emong them, especlially respira-
tory dlsesses., This factor alone may give rise to considerable in-
convenience.

As a result of the tests carrled out on the chickens before
the first injection, it was decided that they belonged to the O
group, since their sera reacted negatively from &n agglutinatlon
standpoint,

Repeated injections do not seem to cause any marked symptoms,
regardless of how the injections are spaced. Only one chicken
seemed to react to the foreign meterieal introduced. It is to be
noted that the enimsl struggled violently after the injection enmd
dled slmost immediastely. It 1s impossible to assign a definite
cause for its death. Autopay showed a very scanty supply of blood
present,

The highest titer obtalned was during the late stages of the
experiment. The chickens injected with type 0 cells seemed to
reach a higher titer than those which had received either types A

or B.
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From the attempt that was made to enalyze the trend of the
titer from one injection to the next, it was found thst, in a gen-
eral way, the titer was highest just before an injection and lowest
Just after one., However, since it 1s not safe to draw definite
conclusions from generallizetions, this might be s disputed point.

It 1s true that between injections three end four, a high
peak was reached, followed by a decline after the fourth injection.
At the present time it i1s impossible to sey how much was due to the
reaction of the animals to inoculation, end how much wes due to
disease. The chickens were suffering from a respiratory infection
for ebout four weeks during the course of the experiment. The sub
sequent rise, at least, would indicate that continued injections
were not the only factors involved.

It was found that the injections could be carried on for as
long &3 three months without materlially lowering the titer. It is
true that the graph shows considerable fluctustion after the fourth
injection, but there are later increases which d not coincide with
the results obtained by the Japanese workers,

It wes 8130 found that the titer, after absorption, is consid-
erebly less than before, which does not entirely egree with pre-
vious work.

The absorption experiments were carried out in varying combin-
ations. Great difficulty wes at first encountered in the complete
removel of the undesired or specific eggzlutinins. The first titers
after absorption were almogt &s high &3 the unabsorbed, &nd it was

not until the technique was mastered that the readings beceme
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dependable. It wes found that if the chlckens hed received 0 type
cells thet their sere could be completely neutralized from the
standpoint of egglutinetion, on the addition of any of the cell
types.

In chickens receiving A type cells the sera could be absorbed
with cells from individuels of group A, leeving antl-B sgglutinins,
or the sera could be absorbed with B, leaving anti-A agglutinins.
The titer in thls cese would be much higher than in the preceeding.

If O type cells were used for the absorbing &agent, both anti-
B end anti-A agglutinins could be demonstrated in the semm, This
is due to the fact that type O hes nelither the A nor B esgglutino~
gen and as 8 result the 2lpha and beta egglutinins are not removed.

Every effort should be made to insure that the needle enters
the vein at the time of injection. Otherwise, the area around the
injection site becomes so dense end tough from scar tissue forme-
tion es to emberress laeter attempts to penetrate the seme location.
After: the needle hss entered, the suspension. should be introduced
slowly, and after the titer has reached a high value, aspiration
of blood sback into the syringe should be avolded.

Fggs secured from the hens during the period of inoculation
were tested for egglutinins with megative results.

It would be highly desireble to type & large group of indivi-
duals with the absorbed sera and with testing flulds from known A
end B sources. In this way it would be possible to check the re-

gults and arrive &t some definite conclusions. The work was not
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carried that far, however, and for that resson some importent
questions still remzin un&nswered.

Since great care was taken in prepering the ceells for in-
Jection, weshing in four chenges of saline, &nd since the donors
were all typed before the cells were used, a possibllity of ec-

cldent from these sources was ruled out,
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SUMMARY
AND
CONCLUSICNS

l. The sera of fourteen chickens were tested against A, B
end O type humen cells with no marked evidence of agglutination.
The cells adhered to the glass slides efter standing & few min-
utes but could be re-suspended by mechanical agitation.

2. It is possible to build up en immune serum to a titer of
1l to 2048 by immunizing O type chickens.

3. If the chickens are properly cared for, the injections
may be continued for as long es three months without lowering the
titer.

4, In general, 1t may be sald that the lowest point in the
titer curve between injections is directly after the adminis-
tration of the injection, and the highest point, usuallj. Just
before the succeeding inoculation. This 1s merely & generali-
zation and does not follow in every case.

5. Anti-A sers, when ebsorbed with A cells, becomes entl-

B sera. Absorption of anti-A sera with B cells results in a

high anti-A titer. Absorption of enti-A sera with O cells leaves
a high titer sgainst both A and B. Absorption of Antl-A with a
combination of A end B results in removing all agglutinins. If

a combination of O A cells is added to enti-A sera, anti-B re-
sults. B O absorption of snti-A serum leaves s high agglutinin
titer egainst A, The same results cen bes secured by using anti-
B serum in plece of enti-A, If ilmmune sera from chickens injec-

ted with O cells 1a absorbed with any type cells, the agglutinins
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are all removed.

6. It 1s possible to obtaln both A and B typing sera from an
O type chicken by injecting with A cells. This same result may
be obtained by injecting an O type chicken with B cells.

7. Injections may be carried on for &s long &s three months
without causing & consistent fall of titer.

It 1is difficult to evaluate the results obtained. 1In the
first plece it 1s evident that there was scant possibility for an
error to ocour with regard to the type of cells injected. All
donars were typed before the cells were used and in many cases
the same indlviduels were used for several injections, in this
way they were rechecked meny times.

There is a possibility that a small amount of serum wes car-
ried over with the cells, but this possibility is very remote. The
cells were washed in four changes of normsl saline and the cells
were cerefully stirred up after each addition wss made., The fact
that the sera from 0 type chickens d1d not after ebsorption with
A type cells, agglutinate B cells and visz verss, would rule out
thlis accident,

It is concelveble also, thet the reaction depends upon some
of the immune factors which have been demonstrated by Landsteiner
(21) and Schiff. Or thet it is & new factor demonstrable only
with the immune serum of chickens. In other words; if &ll the

blood groups possess a common entigen their inoculation into the

blood of an animda , in this case & chicken; would give rise to ag-

glutinins which would egglutinate all human cells regardless of
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group. On the other hand, the absorption of this serum by the
cells of &ny group wuld remove ell the agglutinins for all the
groups. In the humen erythrocytes however, there probebly exists
en entigenic complex various fractions of which can be demonstrat-
ed in the immune sera of different enimsls.

That~there is an esntigeniec complex which is common to both
A and B c¢ells must also be consldered. This theory is not as at-
trective however, as the preceding end 1t may be that this is
merely & new demonstretion of &n 0l4 principle. Just what part
the M end N factors played in thls experiment was not determirs d.
It 1s entirely possible that in this case there 1s an Ilmmune eg-
glutinin demonatrabl& only in the A and B cells.

It wes with considerable reluctance that the problem was re-
linquished at this point but a definite solution must await fure

ther investigation.

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



es.

LEGEN
Data Sheet

The figures 1 to 10 in the first vertical column, on the
extreme left, are used to designete the chickens. The column
to the right of this, &nd in which the letters ., B and 0 appear
in red letters show the type of cells injected, The third ocolumn
to the right in which the letters A, B and O occur in bleck type,
indicete the type of cells &gainst which the sers were titrated.

The long vertical columns of figures, which ere grouped in
threes, represent the titers secured with each serum agsinat
cells 4, B and O,

Eech pege represents nine days and constitutes eight bdleed-
ings and one injection.

Esch injection is followed by eight deye of titrations, with
the exception of the lest series, in which two courses of three
consecutive injections were made. It will be noted that the main
course of injections end on Feb. l4. Six weeks later, on Merch
23, the chickens are agsln titrated., Three injections follow
this single titretion, end the chickens ere sllowed to rest until
the seventh of April whon three injeotions end a week of titra-
tions end the series.

In some instences the sera were &bsorbed with different iypea
of humen red cells before the regular titrations were carried out,
this s indicated In the titretion columns by the abbreviation

aba, followed by the type of cell or cells used,
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LEGEND
Graphs

The graphs herein conteined, have been prepared with the
object of 1ndicating the trend of the titer during the period
of immunization,

The number of the chicken from which the serum was obtainsd,
appears in the upper left hsnd corner.

The frigures on the left mergin reading up from 0 to 1024,
represents the blood serum in various dilutions.

The numbers in the lower mergin beginning with 11 end trav-
ersing the entire length of the graph, are the days on which the
injections and titrations were made. The flrst injection was
made on Nov, 1ll. The days on which injections were made are in-
dicated in red. The desys reserved for titration appear in black,

As regards the graphs proper; the blue line represents the
agglutinating strength, or titer, of the chicken serum against
humen red blood cells of type A. The blue line runs the entire
length of the greph and in those instances in which the titer
for B and O cells are the same &8s for A the red or green stars
above the line indicate thls fact.

The red line shows the titer of the serum &gainst humen red
blood cells of type B. Where A end B have & common titer, the
red star above the blue line 1is used.

The green line on the graph indicates the titer of the serum
ageinst humen red blood cells of type O; and in these instances
in which,0 has a common titer with B or A or both, the green star

gbove the common line is used.
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There is a break in the graph beginning with the 15 of Feb.
end ending with the 28th of March. The chickens were titrated
on the 28th and injected on the three following days. At the end
of a week, three additionsl injectionz ere followed by & week of

titration ending the series.
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