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INTROIL

Buroov transfusion i1s o therapeutic measure which has @ wide appli-
cation in human medicine. ln veterinary medicine it has, in general,

a wuch more limited application. In the production of certain
biological products, particularly antisera, transfusion of large
amounts of blood is frequently necessary. This is the case when

hyperimmunisation is practised against horsesickness during  the
routine preparation of horsesickness antiserum, for the ordinary
mimunisation of horses and mules against this disease in South
Africa. During hyperimmunisation as much as 10 litres of blood
ave transtused at one time and during ordinary himmunization up io
400 c.e. of antiserum ave injected intravenously. Both during or
soon after hyperimmunization or ordinary immunisation a variable
number of aniwals develop certain symptoms which arve generally
mterpreted as those of shock.  These svmptoms are undoubtedly
anaphyvlactoid in character and a stwdy of blood groups in horses
was undertaken to determine what part, if any, blood grvoup incom-
patibility played in their production.

LI

For a discussion of the whole blood eroup question with a
complete list of references the ** Handbueh dev Blutgrunmenkunde >’
(1952) should be consulted. Ilerlyn (1928) summarise the avail-
able 1nformation up o that date referring particulariy to hleod
groups of the domesticated animals, and Doan (1927) gave a com e
review of the fransfusion problem.

Landois 1x quoted by Nchermer and [lofferber (19281 to have
described individual reactions of normal blood in 1875 without,
Lowever, recognising the specificity of these reactions.

Hesch (1932) points out that previous (o Landsteiner’s  issical
description in 1901 of three blood groups in the human subject,
Shattock described in 18399 and in 1900 agelutinadion of the red cells
of certuin individuals by the sera of others. As these sera originated
from persons suffering from various diseases, the phenomenon was
interpreted as being of pathological significance. Landsteiner hini-
self alxo ohserved this in 1900, when working with sera of diseased

* This paper was completed on 22nd February, 1934
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persons. In addition to the three groups (O, A and B) descvibed
by Landsteiner in 1901, Decastello and Sturli, co-workers of and-
steiner, described the fourth group (AB) as the exception to Land-
steiner’s three-group classification. This was for the first time
recognised as the fourth physiological group in 1906 by Jansky.
Moss in 1910, working independently and without knowledge of
Jansky’s Work also described this as the fourth group. Ehrlich and
Morgenroth (1900) differentiated DLetween isolysins and autolysins of
goats.

Although Klein showed as early as 1902 that the serum of one
horse may aOOIu’nnate the red cells of another, very little progress
in the study “of blood groups in the dowmesticated antmals was made
for a number of years. As far as can be ascertained from the
available literature, definite groups in the domesticated animals
were first described by Ottenberg and Friedman in 1911 They
found three groups i cattle and Four groups in rabbits. owever,
in this connection it should be stated that Von Dungern and Hirsch-
feld (1909) were able to demonstrate the presence of iso-agglutinins
and group characteristics, by means of injecting the blood of a dog
into other dogs, and in a later publication (1910) they, in qddlﬂon
made use of absorption tests and were able to show, inter alia, that
the red cells of most anumals will absorb the 8 agglutinin of human
sera.

Brockman (1911) carried oul extensive absorption tests with
human blood and blood from dogs, bovines, rabbits and birds, but
did not describe groups in any of {hese animals.

Ingebrigsten (1912) examined the blood of 40 cats. e found
iso-agglutination, but this occurred in such an irregular manner
that grouping was not possible. 1t 1s of inferest to record that even
at that early date the main object of Ingebrigsten’s study of blood
groups in the cat, was to find out if the suu*esxful transplantation
of arteries was in any way affected when using a donor which does
not belong to the same blood group as the recipient. He found no
evidence establishing any such relationship.

Fishbein (1913) could demonstrate the presence of iso-agglutina-
tion in sheep, swine, cattle and rabbits, but was not able to classify
his results into well-defined groups. He also states that he found
iso-agglutination in dogs, but no figures for the reactions in dogs
were reproduced.

According to Thomsen (1932) a number of au ors, e
Weszeczky (1920), Panisset & Verge (1922), Walsh (1Y24), found
irregularities in iso-agglutination in the horse and, although their
results suggested group differences, these were not actually classified.
This, according to Thomsen, was first described by Hirszfeld and
Przesmycki (1923), who found four main groups, as they occur
the human subject, but in addition found some individuals w~hich
could not be so grouped. (Hirszfeld and Przesinycki had : eady
in 1921 examined 45 horses for iso-agglutination and were able to
differentiate two factors A and B—A was found in 70 per cent.,
B in 15 per cent. and O in 9 per cent. of the animals examined).
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This was confirmed by Landsteiner and Van der Scheer (1924),
Schwarz (1926), Newodolt (1927) (4-G per cent. of his horses could
not he grouped), Schermer (1928) (L6 per cent. of his horses“c‘ould
not be grouped), and by Anderson (1952). Schermer and Hofferber
(1927) described five main groups and six sub-groups. It would
appear that these authors were not convinced by the absorpfion tests
they carried out that theve are only two factors A and B in horse
blood. Thomoff (19:30) described four groups and maintained that
with the precise and exact technique employed by him sub-groups
can be excluded, and further that it is possible with two specially
selected normal A and B sera to determine the group of any particular
horse.

TEGFk

It seems to be generally agreed that, owing to rouleaux forma-
tion (pseudo agglutination) considerable difficulty 1s experienced in
accurately determining undoubted agglutination when mixing serum
and red cells of horses. On this account the glass slide method,
originally and mainly employed in human blood work, was found
to be unsuitable. When a large number of determinations have to
be made 1n one day, the additional factor of evaporation in dry
climates offered almost insuperable difficulties to the general applica-
tion of this method. Schwarz (1926) mentions that considerable care
is  mnecessary in  distinguishing rouleaux formation #am true
agglutination, when using the hanging drop method. or these
reasons the centrifuge method, as described by Schiff (1929), was
used with satisfactory results.

There is a conspicuous lack of uniformity in the details with
which the various workers carry out the test tube method of deter-
mining iso-agglutination in horses, particularly in the proportions
of red cells and serum or plasima employed.

Schwarz (1926) mientions that serun from defibrinated blood
i1s unsatisfactory, as a certain amount of haemolysis is unavoidable,
and thus prefers citrated plasma. Tlowever, serum obtained after
allowing the blood to clot may, according to him, be used, but he
finds that serum may, from time to time, give uncertain reactions
when tested against some red cells, whilst with plasma definite
reactions are always obtained. He wuses ‘95 c.c. plasma with
05 c.oe. of a 25 per cent. red cell suspension, allows this to stand
for half an hour at 37° . and reads the reactions without spinning,
after allowing the mixture to stand for 12 hours at room temperature.
liqually  good results are obtained by washed and wnwashed
corpuscles.

Schermer and Hofferber (1927-1928) use -1 c.c. of serum to
‘2 c.ecof a 1-2-5 per cent. washed ved cell suspension. These are
the same quantities recommended for use in the human being
(Schiff, 1929). Tn a later publication, Schermer (1928) recommends
the wse of a 1 per cent. suspension of washed red cells. ‘ter
thoroughly mixing the serum and the red cells, the mixture is
allowed to stand for five minutes and then spun for two minutes at
1,500-2,000 revolutions per minute. Two further tubes are prepared
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in a similar wayv, one is allowed to <tand for 12 hours at room
temperature, and the other is incubatc at 379 C. The use of the
Last-named tube is especially designed to exclude pseudo-agg!~#ina-

tion. A fouwrth examination (microscopic) s made 1n h ng  ops.
They regard their method as superior to those of 1denbere;

Panisset and Verce, Bialosuknia and Kaez  owski, and thal of
Groll, details of all of which are quoted by them.

Thomoff (1930) uses -2 c¢.c. of serum and -2 c.c. of a 15 or
cent. suspension of washed ved cells: one iube is incubated at 37- O,
and read after 2 hours, and a second tube 1s kept at room tempera-
ture (22-24° C.) T pead after 4 hours. In neither coce is the
centrifuge nsed.  1n addition to these, he uses the glaxs I method
maero- and microscopically and finally makes a haemolyvtic test,

Anderson (1932) uses -1 c.c. of serum with -2 c.e. of a 2 per
cent. suspension of washed red cells. Results are read after incubat-
g for 12 hours at 379 (.

Burghardt (1933) uses a concentrated serum which is obtained
by a method of freezing. This serum should have three times the
agglutinating value of ordinary serum and he maintains that com-
pared wilh normal serum 11 per cent. more positive reactions are
obtained. He mixes -2 c.e. of o suspension of 075 c.c. ved cells
in 10 c.c. physiological saline and -1 c¢.c. concentrated serum.
Results are vead after one hour and confirmed after 15 hours wi = -
out spinning.

All workers are agreed that the concentration of ag¢ ttinins
in horse serum is low. Varving proportions of serum and ved cell
suspenston were therefore tried out, the hest vesults being obtained

by using -5 c.c. (10 dvops) of serum to c.c. (2 dromey of a 1 per
cent. suspenston of pure concentrated red cells in inger-Locke

solution. As a particular red cell suspension was often tested against
as many as 47 sera at the one time. the pipettes used for the ved ~ell

suspension (47 x 2 = 94 dvops being used) were mu  larger an
those used for the serum (10 drops only being used), so that, ~~+uatly,
the red cell drops were lavrger than the serum drops and 2 {rue

proportions probably were 10 drops of serum to 3 drops of equal size
of a 1 per cent. suspension of red cells. After suitably shaking the
mixture to ensure thorough distribution of e red cells, the tubes
were allowed to stand for at least 5 minutes at room ten erature
and then spun at 2,000 revolutions per minute for 3 minntes.

Corrrerion Axn PREPARATION 01 SERUM.

. The 47 horses examined for Dlood groups were bled from the
jugular vein into widesmouth flusks.  On separation from the clot
the serum was carvefully pourved off into sterile flasks, and afier
allowing the serum to stand in these flasks for 24 hours, 1t was trans-
ferred to a third set of flasks. During thix transfer it was filtered
thl‘01_1,<_rh several folds of sterile hutter muslin. With or nary care
no difficulty was experienced in obtaining a clear sterile seruni com-
pletely free from red colls.
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During the initial stages of this work an attempt was made to
preserve the serum. The preservative advocated by Sch — (1929)
nearly always produced a precipitate with horse serum. Glveerine or
biniodide of mercury caused haemolysis; the perchloride of mercury

destroyed the agglutinins. Boracic acid has been successfully
employed as a preservative for whols blood, the serum from which
being used for agglutination tests aker, 1925) and complement

fixation work (Robinson-Pers comm.). A 5 percent. solution of
boracic acid appeared to give excellent results and, in the first series
of tests carried out, such preserved sera were actually used. How-
ever, when nearly half the number of horses were worked thro 1,
auto-agglutination was found in one hovse (20232). As the possi-
bility of a mistake in the numbering of the flasks could not, with cer-
tainty be eliminated, the 47 horses were again bled, and the tests
repeated with unpreserved and with boracic acid preserved sera. It
was then clearly shown that the horacie acid serum of horse 20232
agglutinated its own red cells, whils* the sterile serum *ested at the

same time against the same ved ce  did not do so. he boracie
acid serum of horse 20232 agglutinated the red cells of 13 out of
horses, against which it was tested. he unpreserved serum of this

horse apparently did not contain any agglutinins, as no agglutination
was found when it was tested against the red cells of some 50 hovses.
In view of these results boracic acid was discarded as a preservative.

Superol (chinosol) recommended by Van Herwerden and oele-
Nyland (1930) for the preservation of red cells, did not in any way
interfere with agglutination. It may cause a greenish discolouration
of horse serum, possibly due to the presence of bile salts present in
the normal serum of this animal.

As there was no great difficulty in maintaining a supply of sterils
serum, serum preserved with chinosol 1:1000 was only occasiona
used. The 47 animals were all bled on one day and within a week
clear sterile serum from each animal, suitably bottled, was stored
in the ice chest for use as required.

CoLLEcTION AND PrEPARATION OoF RED CELLS.

Only small amounts of blood were necessary. The red cells .
4-6 horses were tested every second or third day against the sera -
all the 47 horses used. A convenient amount, usually 20-30 c ~.
of whole blood was collected direct from the jugular vein into ster
centrifuge tubes. These were immediately centrifuged at 3,000-
4,000 revolutions per minute for 5 minutes. By this time the plasma
might or might not have coagulated, but this was of no consequence,
as, by that time, the red cells in all cases had sedimented. The mouth
end of a sterile 1 c.c. pipette was closed with the finger (to prevent
the entrance of any plasma into the free end of the pipette) and the
pipette passed along the side of the centrifuge tube into the mass of
sedimented red cells; 0-5 c.c. was removed and suspende in 50 c.c.
of warm (£35° C.) sterile Ringer-Locke solution. TUeing these
proportions approximately a 1 per cent. suspension of re cells was
obtained. The red cell suspension was usually made at about 9 a.m.
and was used on the same day between 2-4 p.m. red cell suspension
older than 12 hours was never employed.
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Schernier and Iotterber (19287 maintain that beller reactions
re obtained by using red celis which have been kept for 24-28 hours
han by the use of freshlv-piepared suspensions.  Provided a control

test is carried out to exclude auto-agelutination caused by bacleria
(Thomsen hemagglutination phenomenony no serious objection can
be raised (o {his.

CROUP CLASSIFiC!
SOUTH ¢

The resulis obtained by testing the ved cells of 47 horses against
the sera of the same animals for izo-agglutination are recorded 1in

Table 1.

The designation + is used for well-marked iso-age ttination.
It the tube 12 shaken after spiuning, the clumped ved cells will
remain unbroken and can bhe made to swirl through the serum cu
inaxse; however, i it does become broken up by vigorous shaking, a
noimber of individual granules will <till be apparent, the serum
remaining clear.

The designation + + is used for those reactions where with
fuirly vigorous shaking the clumped rved cells are broken up into
numerous very fine particles, but the serum remains olear and a
true suspension of the rved cells does not occur. This can - regarded
as a weak iso-agglutination.

The designation + indicates a slight clumping noticeable on
first shaking the tube, bhut a uniform suxpension is effected without
any difficulty on further shaking. This type of reaction is possibly
associated with pseudo-aggelutination.

The designation - denotex the absence of any agelutination;
when the tube 15 agitated o unitorm suspension immediately results.

On referring {o Table [ it will he seen that most animals, of
which Nos. 20198, 20204, 20207, 20209, 20231, 20232, 20233 ete,
are examples, have group characteristics like that of m the
human subject.  The sera of these animals do nol proauce iso-
agelutination of the red cells of any of the horses agauinst which
they were tested. Theirv ved cells on the other hand are agelutinated
by the sera of nearly all the other horses used.  Their red cells
will, of course, not be agelutinated by <era of animals helonging to
the same group, and this largely explains the frequency with which

the absence of iso-agglutination was recorded.  Approximadely 5
per cent. of the 47 horses used belong 1o this grov— & | if {he
agglutinin factor only (serum factor) is considered. y conform to

the group requirenients of AB in the human subject, the red cells
of these animals should be agglutinated by the sera of all the other
groups. However, in this respect there are noticeable irregularities,
e.or. the serum of horse 20258 agelulinates the red cells of horses
20207, 20344, 20355, 20366, and 20368, All these animals would.
1 xo far as the agelutinin factor is concerned, belong {0 group AB.
But serum 20258 reacts negatively 1o the red cells of horses 20198,
20204, 20209, 20230, 20231, 20232, elc., animals which would also
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cells from another species is due to mechanical occlusion of capil-
laries and arterioles in the pulmonary circulation. This r~c ni
occlusion 1s probably caused by agglutinated foreign red ¢ s,

Ottenberg (1911) states that in the wmajority of cases intra-
vascular agglutination does not occur. 1In the few cases wheve it
does ocenr, it usually produces no symptoms. Ocecasionally,  ow-
ever, it may be the cause of untoward symptoms and even death.

Forssman (1925 and 1927) showed that peculiar cerebellar dis-
turbances “could be reproduced at will when making centripetal
injections of haemolytic sera inlo the carotid arteries of guinea pigs
(h1s so-called carotal complex). aen the same haemolytic sera
are injected intravenously anapl c¢tic symptoms are produced.
When using 10 per cent. starch suspension in saline carotal symptoms
are also produced. Ile concludes that these carotal symptoms ave
due to circulatory disturbances in certain portions of the brain
(cerebellum, medulla oblongata) dependent on interference with the
circulation due to the solid staveh granules. How this effect 1s
produced by the sheep rabbit haemolytic sera 1s not definitely known,
but it is thought that such sera can bring about changes in the
endothelial cells (Halber and Hirzfeld, quoted by Ilforssman, 1927)
as a result of which the cireulatory disturbance occurs. Forssman
(1927) would further appear to believe that the haemolytic sera
may 1n addition also injure nerve cells. In experiments with china
ink, Forssman and Skoog (192H) were able to show that this sub-
stance does mnot protect animals agamst the so-called reverse
anaphylaxis whereas such protection 1s afforded against the genuine
anaphyvlaxis, as well as against the cavotal symptoms due to centri-
petal injections of haemolytic sera in guinea pigs.

Lemke (1925) in reviewing the lilerature concerning fatal cases
as a result of transfusion, refers 1 some detail to the case of
Kuezynski, where the cause of death would seem tr have been due
to extensive thrombosis of the smmaller arteries ar  capillaries of
the lungs. He gives a detailed wmacro- an? microscopic description
of two fatal cases after transfusion. In e first case haemolysis
developed in spite of the use of a compatibie donor. In the second
case there was no haemolysis.  In both cases there were very ext iive
haemorrhages and severe necrosis of the liver. In the first haemo-
Iytic case there were also pronounced degenerative . w1 s ir +ha
kidnexs. He believes with other authors usama, laeber, B )
quoted by him, that the dange of transtusion are not eomp! ;
eliminated when the factors of agglutination and haem -sis have
been excluded. He bases the assumption of a toxic effect mainly
on the haemorrhages and liver necroses which are presenl also in
cases where haemolysis did not ocecur.

Tindaw (1928) maintains that there ix no evidence to show that
agglutination is a factor in the reactions due to transtusion. e
quotes  Kusama, who fownd in animals which survived certain
mjections many nore capillary thrombi, than in others which died
and concluded that such a blockage of the capillaries could not be
the direct cause of death. He further quotes Behne and Lielm-r

(1921) who believe that agelutination is of minor iportance in e
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irregularly present throughout the substance of the kidney, but ey
were especially well marked in the medulla. A certain amount of
haemoglobin was present in Bowman’s capsule ard in some of th~

renal tubules, but haemoglobin cylinders, as sw , were not w
formed. Only a small amount of fat was observed. consi ral
amount of haemosiderin granules were scattered tnroughouvt +he
kidney, as well as granules which did not stain for iron. se
were, as in the case of the liver, probably non-iron-cont g
derivatives of haemoglobin.

The spleen contained a large amount of b and haemorrhages
were present. The lungs showed hyperae emphysema and

haemorrhages with blood in the pulmonary alveoli.

Conclusion.—The cause of death may be ascribed to severe
haemolytic shoek caused by the transfusion of 5 litres of blood from
a donor whose red cells were agglutinated by the serum of the
receiver and whose serum agglutinated the red cells of the receiver.
To what extent agglutination in vivo may have been a contributory
factor in the production of the fatal shock 1s not known.

Witts  (1929) analysing transfusion fatalities (from 1
supplied by Oliver for the blood transfusion sevvice of the 1
Red Cross Society) stated that not a few deaths ave resulted
practising transfusion with the universal donor (group 0). In view
of this statement an attempt was made to estimate the relative
danger of transfusing blood having (a) an agglutinating serum s
red cells not being agglutinated by the serum of the receiver), and
(b) red cells which are agglutinated by the serum of the  eiver
(its serum not agglutinating the red cells of the receiver).

Transfusion Ezperiment No. 4.

These group relationships existed between horse 20415 (donor)
and horses 20366 and 20208 (receivers). Four litres of bloc were
transfused into each of the two horses. In neither : 1mal was shork
observed. This failure may be ascribed to the weakness of 3
agglutinin content of the serum of the horses used, leaving out of
consideration the possibility that haemolysis may be the essentt:
factor in the production of shock when blood is transfused from an
incompatible donor. The shock which was artificially produced by
transfusing from 20415 into 20359, as above described, was then
presumably due to the fact that cross-agglutination was preseni. >
control this point, a further transfusion experiment was planned.

Transfusion Kxperiment No. 5.

5. (a) Four litres of blood were transfused from horse 20258
into horse 20368. The object of this was to see if serum from a
donor agglutinating the red cells of the recipient, would cause shock
when the red cells of the donor arve not agglutinated by the sernm
of the recipient. The transfusion was completed in 8 minutes, e
animal, althongh of a somewhat nervous temperament, showing no
marked disturbance. The respirations, 44 per minute before trans-
fusion, increased to 60 per minute within 15 minutes, after t 1s-
fusion. During this time the animal became restless, pawed the
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ground and broke out into a sweat. Defaecation was frequent aud
later developed into a mild diarrhoea. These symptoms gradually
improved and after some hours the horse was more or less normal
again.

Conclusion.—Well-defined shock was produced when transfusing
blood, the serum of which agglutinated the red cells of the re~inient,
even though the red cells of the donor were not agglutinated ¢ the
gerum of the receiver. According to these results, it would appear
that the use of the universal donor is contra-indicated, especially
in the human subject where the agglutinins are so much more
strongly developed. Lindau (1928) also warns against the use of the
universal donor in the human subject. In this connection it is worthy
of note that TLemke (1925) states that it is not possible to completely
exclude the dangers of haemolysis even with previous precise sero-
logical tests.

5. (b) 3-5 Litres of blood were transfused fr horse 20390
into 20271. The object of this was to see if transrused rved cells
which are agglutinated by the serum of the receiver, will produce
shock, when the serum of the donor does not agglutinate the rved
cells of the receiver. After three minutes transfusion horse 271
started blowing; this soon passed off, but almost immediately
reappeared. After transfusing for 6 minutes, the animal became very
restless and finally became so excited that the trochar in the jugn r
vein was jerked loose and the transfusion of 4 litres of klood could
not be completed. The animal’s respirations incvease from the
normal 30 per minute to 72 immediately after tran 1sion was com-
pleted; in 15 minutes the rate was 60 and 40 minutes =*ter trans-
fusion 42 per minute. The animal was restless, pawed e ground,
defaecated frequently, but did not sweat at all. After a few hours
the animal seemed to be quite normal agai»

Conclusion.—Well-defined shock of a m | degree occurred when
blood was transfused from a donor the red cells of 1ich were
agglutinated by the serum of the recipient, but the serum of which
did not agglutinate the red cells of the receiver.

Transfusion Experiment 5 (c) Control.

The control animal 20367 w5 transfused for 8 minutes ( litres)
from the same donor 20390. >ither the red cells nor the =~ um
of either of these animals reacted with that of the other. TSe
20367 at no time showed uneasiness or ill-effects from the transtusion.
The day was hot and, in spite of the addition of 4 Vitres of blood to
its circulation, no sweating occurred. On theoretic: grounds sweat-
ing might be expected, but actual experience at these laboratories
has shown that as much as 10 litres of blood may he transfeed at
one time without any untoward symptoms being produced. -~ that
time the donor may already show respiratory distress owing to the
great loss of blood, and circulatory disturbances from the decrease
m blood volume and hlood pressure.

Discussion.—Although well-defined shock was produced in
horse 20368 [Transfusion Experiment 5 (a)] (agglutinating sernum
of donor) and an apparently milder degree of shock in horse £ '71
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haemorrhages were present with more or less complete destruction
of the liver tissue. The liver cells themselves were involved in
fattv changes, the fat being chiefly present in the form of 2 very
fine granular dust, but some cells containe larger fat droplets.  aere
was a considerable number of cells which did not contain any nuclei
at all.  Others had nuclei in varving stages of degeneration showing
pyenosis, ete.

Spleen.—Sections stained for iron with Berliner  lue revealed
the presence of numerous large cells loaded with piue pigment
granules.  When this section was compared with a similarly stained
section of a horse spleen where no blood destruction had occurred,
one could readily recogmise even with the naked eye, the much
greater preponderance of iron-staining material. This would, in
spite of the absence of haemoglobinuria and of the absence of definite
evidence of haemoglobinaemia, justify the conclusion that a oood
deal of blood destruction had taken place in this animal. ;18
unlikely that the presence of the transformed red cells in the circula-
tion would initiate a perverted function of the body to destroy its
own normal red cells. The animal was apparently healthy when
placed in the experiment and, as far as ix known, was not suffering
from any blood disease. It is, therefore, practically certain that the
increasedd iron pigmentation in the spleen was derived from the
destruction of the transformed red cells that were introduced.

Control.

It was intended to use the blood in flask B as a control. The
blood in this flask was dealt with in exactly the same way as that
in flask A but instead of adding the broth culture of the J bacillus
36 hours before intravenous injection, this was to have been added
immediately before the injection. On the day on which the injection
was to have been made the blood in this Hlask was haem: -sed and
was on that account not used.

Eeperiment No. 2.

In view of the well-defined shock produced with transformed red
cells in the case of horse 20290, it was decided to repeat the experi-
ment and include at the same time suitable controls.

Three litres of citrated blood were obtained from horse 20318.
After sedimentation of the red cells was complete, the plasma was
removed and replaced with sterile normal saline. To this suspension
of red cells a culture of the transforming organism was adde ! ‘“
some particles of fibrin were present in the suspension, 1t was 1 ered
through sterile muslin and two litres were 1jected intravenously
into the same animal, 24 hours after the culture of the transforming
organisii had been added.

Effects of Intracenous Injection of Transformed Cells.

Noon affer the injection was commenced ihe animal started to
blow. The respirations became laboured and just as the injection
was completed, the animal swaved and fell down. The respirations
now were slow and deep. The animal lay stretched outl on its side
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Conclusion . —Three litres of haemolysed blood from a compatible
donor (20355) did not produce shock in horse 20357, Iour ires of
haen ysed Dblood from an incompatible donor (20415} produced
severe »hock in horse 20359. Two hundred c.c. of haemolysed blood
from an incompatible donor (20355 produced very severe shock in

horse 20200.

Discussion.—That only mild shoek was produced when three
litres of whole blood were transfused (Horse 20200 (transfusion
experiment. No. 2) is therefore presumably due to the absence of
haemolysis even though well-marked iso-agglutination was demon-
strable in witro. (Serum of horse 20200 very strongly agelutinated

the red cells of 205355y, This would tend to confirm the opinion
that haemolysis 1s the essential factor in the production of severe
shock.,  These vesults further show that large amounts of own

haemolysed blood and large amounts of haemolysed blood from a
compatible donor, can be tolerated with very little, if any, disturb-
ance, whereas a relatively small amount of haemolysed Mood from
an animal with an incompatible blood group may prc we grave
and alarming symptoms of shock,

() Can Tuwenvndty be Produced againust the Factor whiclh Determines
Tuecompatability of Haemolysed Blood?

At this stage an attempt was made to immunise orse 20200
against haemolysed blood of 20355, Tive hundred (p00) c.c. of
haemolyvsed blood were prepared from horse 20355 on 10th July, 19453,
and 50 c.c. were 1njected subcutaneously into 20200 on 11th July,
1933, without any harmful effectis.  The temperature before injection
was 99 and after injection 98-6. This was repeated on 15th July,
1933, with the same results. Temperature before and after injection
being the same. On 18th March, 1933, 75 c.c. of haemolysed blood
were injected subcutaneously, and on 2Ist 100 c¢.e., 1» both cases
without producing any reaction whatsoever. On 27th weh, 1955,
the 1mmunity was tested Dy injecting haemolysed blood from 20355
intravenously into 20200. Soon after the injection was commenced
the anmimal started blowing, defaecated frequently and developed

clonte contractions of the muscles on the side of the chest. hen
400 ¢.c. had been injected the antmal was on the point of collapse
and the injection was discontinued. The animal rearved and fell

down panting for breath and it seemed as if a fatal {termination was
Imminent.  After sprayving with cold water. the acute symptoms
disappeared. The animal lay stretehed out on its side, with laboured
breathing, the skin felt hot and sweating un(lou}nmll,\ oceurred, but
could not be seen easily on account of the previous application of cold
water.  The temperature before injection wax 99° I, and 20 minutes
after mjection 100-6° ¥, The symptoms gradually improved and
within 14 hours after the injection the animal could again vise.

Conclusion.—Severe shock was produced in an animal by the
intravenous injection of 400 c.c. of haemolysed blood from an incom-
patible donor in spite of having received, during the previous 17
days, repeated subcutaneous Injections of the same haemolysed blood
in increasing doses. This animal therefore did mnot dev »p any
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by Borchardt and Tropp (1928), already referred to, and (3) haemo-
lvsed bload from a donor whose red cells are agglutinated or haemo-
Ivsed by the serum of the receiver produces bhO(']\ which may in
some cases be rapidly fatal even when relatively ‘small doses are
injected. It seems to be generally accepted that the chances of
producing transfusion shock are greater when the red cells of the
donor are agglutinated or haemol\ sed by the serum of the receiver
and the (r)edte\t shock-producing factor appears to be 111t11na‘rel\'
associated with the red cells. According to Krumbhaar (1928) eight
to nine-tenths of the elvthm(\te consists of haemoglobin in ~01u‘[1011
4 per cent. of which consists of haematin and Y6 per cent. of ﬂle
protein globin.  The erythrocyte further contains a stroma about
the composition of which very little seems to be known, but
Krumbhaar quotes Beumer and Burger (1923) who obtained 22-6 gm.
of dry stroma per Kg. of red (()1'})11<(19< l“ul'ther, the ervthroceytes
contain salts of Na. K, Mg, Ca, ('l and P, and in addition glucose,
ferments, + 2 per cent. of other plotelna: and traces of other sub-
stances,  If it be assumed that the incompatibility factor is con-
tained in the ervthrocyte, one may, after a complete analysix and
having obtained each substance in the pure state, assign the role
plaved by each factor in shock and other disturbances, l)dlfl(lll(lll\
if one knows not only the entity or entities ])mdunno positive
reactions, but also those in which no reaction is obtained. Strong
confirmatory experimental evidence that the red cell as a whole 1s
not mnecessarily concerned in the production of severe disturbunres
such ax shock, is furnished by the experiments on horse 20200.
will be remembered that 4 litres of whole blood transtused from
an incompatible donor (20355) into horse 20200 produced only very
slight disturbances, but no shock.,  When 200-300 c.c. of haemolysed
blood from this donor were injected 1ntravenously very severe shock
was produced.

When red cells are laked haemoglohin and other soluble
substances will dissolve in the plasma. The insoluble stroma may,
as -already pointed out, be partially vesponsible for disturbances
such as fever, but unless the stroma from cells of the incompatible
donor 1s different structurally, physiologically, or toxicologically
from that of the compatible donor, it cannot play any part in the
production of severe shock, as proved by the experiments already
detailed with own haemolysed Dblood and haemolysed hlood from
compatible donors,  TIndeed, the same ix true for haemoglobiu, and
m view of the statentent made by Borchardt and Tropp that globin
13 toxic an attempt was made to obtain haemoglobin®* 1n a pure state
from horse 20355, in order to compare the effects produced by 1t on
horse 20200, with those already described when whole blood and
haemolysed blood (including stroma) were wsed.

Three litres of blood were obtained from horse 20355,  After
complete sedimentation the red cells were removed from the super-
natant coagulum and serum. The mass of red cells was subjected
to dialysis in order to prepare crystalline haemoglobin according
to the method of Dudley and Evans (]9‘)]_. After dialysis the

*(Dr. Rimington. Empire Marketing B()dld l"ellow working at this
Tustitute, kindly undertook the preparation of the haemoglobin.)
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BLOOD GROUDPS O THE HORSI.

This more or less confirms the work of Lindauw (1928) =1 others.
In view of the negative results with own haemolysed od and
haemolysed blood from compatible donors, such haemolytic sho
can only ocenr when the red cells of the donor are incompatible,
and could for instance not occur with the universal donor. How-
ever, there is definite evid-mce (Lindau, 1928, and others) that the
use of the universal donc. ...ayv sometimes lead to severe disturbances
and shock. An examination of this question in the light of Sabin’s
work on leucocyvtic incompatibility, already veferred to, may reveal
Interesting results.

The results with haemolysed blood further show that incom-
patibility is not necessarily due to the whole ervthrocyte as such,
but may be due to a part of the red cell. 1ln one case w e an
apparently pure solution of haemoglobin was injected intravenously
into an incompatible receiver, fatal shock occurred, whilst a haemo-
globin solution prepared in more or less the same way and Injected
in larger quantities, produced no shock in a compatible receiver. In
addition, one has the evidence of the harmlessness of compatible
haemolyvsed blood, where, bhesides free haemoglobin, leucocytes and
stromata are injected. If it be assumed that the haematin portion
of the haemoglobin molecule is non-toxic and that in accordance
with the work of Borchardt and Tropp, globin i1s the toxie factor,
this toxicity must, in view of the vesults already presented in this
paper, be confined to incompatible bloods and globin of own blood
and of compatible blood should be harmless. In that case incom-
patibility due to the agglutinogen factor may vet be found to be
due to a difference in structure of the globin portion of the haemo-
globin mwolecule and that such structural difference may actually be
responsible for the various blood grevms in different 1ndividuals of
the same species. According to P lermann (1932) there is no
indication of dissimilarity of the ehlorhaemins from different haeno-
globins when such chlorhaemins are examined spectrophotometrically.

SUMMARY AND

1. According to the practical experience of velerinarians iu the
field shock of varying degrees of severity occurs in horses when
they are injected intravenously with the usual doses (400 c.c.) of
Lorsesickuess hyperimmune serum. ~ 15 unlikely that this shock
12 of a haemolytic nature.

2. In one case severe shock was produced when transtfusing
blood from a donor having group relationships of the human universal
donor.  The red cells of this donor were proved to be compatible
as i addition to negative /n vitro tests no reaction was obtaine
when injecting the haemolysed red cells intravenously. The serumn,
however, also reacted negatively in so far as shock was concerned
when 1injected intravenously. TUnfortunately this blood was not
examined for leucocytic incompatibility.

) 3. In only a proportion of cases is severe haemolytic shock
mnduced when 4 litres of whole blood are transfused from donors
with incompatible red cells.

+






BLOOD GROTUTS OF TIIK ITORSE.

BROCKMAN, H. (1911). TUeber Gruppenspezifische Struktureun ¢-- tierishen
Blutes.  Zeitschrift fiir Immunititsforschung, Orig. Bd. 9, v 1, pp.
87-116.

BURGHARDT (1933). Blutmuppen beimm Ptferde. Zeitschrift fitr Veterindr-
kunde, Jr. 45, H. 2, 8. 33-32

COCA, A. F. (1909). Die lrsache des plotslichen Todes hei intravenoser
injektion artfremder Blutkorper. TVirchows drchir., Bd. 196, S. 92-107.

DOAN, C. A. (1927). The Transfusion Problem. Plu/smlogz'cu/ Reviews, Vol.
7, No. 1, pp. 1-84.

DOER, R. (1929). Allergie und Anaphylaxie. Handbuel der  ithogenen
Milroorganismen, Bd. 1, Teil 2.

DUDLEY. H. W., axp EVANS, (. R. (1921). A Method for the Preparation
and Recrystallisation of Oxyhaemoglobin. Biochemical Journal, Vol 15,
No. 4, pp. 4RT-4NR,

EHRLICH uvxn MORGENROTH (19005.  Ueber Haewmolysine.  Berliner
Klinische Wocehensclhrift, Nr. 21, S, 432-453,

FISCHBEIN (1913).  Isoagglutination in an and Lower Animals.  The
Jowrnal of Infectiovus Discases, Vol. 12, pp. 133-139.

FORSSMAN (1925). Kin neues Krankheitshild nach Sernminjektionen. Bio-
chemische Zeitsclhrift, Bd., 110, S, 164-175.

FORSSMAN axp SKOOG (1925). The Reverse Anaphylaxis and the Carotal
Complex of Symptoms in their Relation to China Ink. decta Path. et
Microbiol. Seandin., Vol 20 pp. 55-67.

FFORSSMAN (1927). Studies of the Carotal Symptoms in Guinea PPigs after
Injections of Certain Sera and Suspensions. .lcta Lath, et Microbiol.
Neandin., Vol. 3. pp. 749-771.

FRIEDENRELICH, V. (1928), Investigations into the Thomsen Hemagglutina-
tion Phenomena. Jdeta Path. et Microbiol. Neandin., Vol. 5, pp. 59-101.

FRIEDENREICH, V. (1930). The Thomsen Hemagglutination Phenomenon.
Contributions for the University Institute  for General Pathology,
Copenfiagen, pp. 9-138.

FRIEDENREICH, V. (1930). The Thomsen Hemagglutination Phenomenon
(Intravital Effects of Transformed Corpuscles in Guinea Pigs). Con-
tributions from the University Institute for General Patliology, Copen-
hagen, pp. 109-118.

HERLYN, K. E. (1928). Ueber Blutgruppen hei Tieren. Zuchtungshunde,
Bd. 3, Heft. 8, N. 377-397.

HESCH, M. (1932). Die Entwicklung der Blutgruppeniorschung, 1901-1931.
Handbuch der Blutgruppenkunde, S. 1-16.

HIRSZFELD vxp PRZESMYCKL (1921). Untersuchungen iiber die normale
Agglutination, Mitt. 1V.  Ucber die Tsoagglutination hei  Pferden.
Przeglad epidemjol, Bd. 1, H. 6, S. 377. Autoreferaat (1922). DBerichte
iiber die Gesamte Physiologie, B. 12, S. 304.

INGEBRIGSTEN, R. (1912). Die Bedeutung der lIsoagglutinine fiir die
Schicksal homoplatstisch  transplantierter Arterien.  Minchener Medic.
Wochenschrift, S. 1475-1476, und Jwrnal of Eept. Medicine, Vol. 16, pp.
169-177.

KALMER axnp MOTOMATSU M ATSUMC ) (1920).  Natural Antihuman
Hemolysins and Hemagglutinins in norse Sera in relation to Serum
Therapy. Journal Imuunology, Vol. 5, pp. 75-88,

KLEIN, A. (1902). Beitrag zur Kenntnis der Agglutination roter Blut-
korperchen. Wien, Klin. Woeht., S, 413-418.

KRUMBHAAR, E. B. (1928). The Erythrocyte in Special ('ytology, Vol. 1,
edited by Cowdry. Hoeber, New York, p. 289,

LAGUNA. S, (1930). Ueber scheinbares Fehlen des A-Receptors in der Gruppe
A Klinische Wochenschrift, Jr. 9, Nr. 12, p. 547.

LANDSTEINER, K., axp VAN DER SCt ER, J. (1924). Serological Exami-
nation of a .Spe(les Hybrid, 1. On the "Inheritance of Species-specific
qualities. J. of Tmmunology, Vol. 9, pp. 221-226.

46



P. J. J. YOURIE.

LEMKE, R. (1925). Pathologisch Anatomische Befunde bei Todesfillen mach
Bluttranstusionen. Virchows Archiv. fiir Path. Anatom und Physiolog.
wund fir Klinische Medizin., B. 257, S. 415-429.

LINDAU (1928). Reaktionen nach Bluttranstusion. Acta Path. et Microbiol.
Secandin., Vol. 5, pp. 382-422.

MASON, J. H. (1934). Thomsen’s Hemagglutination Phenomenon. Isolation
of a “J 7like Bacillus. Onderstepcort Journal of Veterinary Science
and Animal Industry, Vol. 1I, No. 1, pp. 25-27.

NEWODOFKF, A. P. (1927). Die Blutgruppen an Pferden. Mikrobiologits.
Jowrnal, 5, H.2 (Russisch). TRef. Zbl. Balkter., 1. Ref. Bd. 90, 1928,
p. 157,

OTTENBERG, R. (1911). Transfusion and the Question of Intravascular
Agglutination. Journal of Krperimental Medicine, Vol. 13, pp. 425-438.

OTTENBERG, R., anp FRIEDMAN, 8. S, (1911). Studies in Isoagglv+ination,
II. The Occurrence of Grouped Isoagglutination in the Lower imals.
Journal of Experimental Medicine, Vol. 13, pp. 531-535.

OTTENBERG, R., axp KALISKI, D. J. (1913). Accidents in Transfusion.
Jowrnal of the American Medical Association, Vol. 61, No. 24, pp.
2138-2140.

POLDERMANN, J. (1932). TUeber die Einheitlichkeit der Prosthetischen
Gruppe der Himoglobine verschiedener Herkunft.  Biochemische
Zeirtschrift, Vol. 251, pp. 452,

SCHERMER (1928).  Untersuchungen iiber die Blutgruppen des Pferdes.
Zeitschrift fiir Immunititsforscliung, Bd., 58, pp. 130-142.

SCHERMER, A., v~o HOFFERBER, 0. (1928). Individualitits-reaktionen
(Isohdmagglutination Isolysis, Heteragglutination und Heterolysis) des
normalen Pferdeblutes. Awrchiv. Wiss., Prakt. Tierheilkunde, Bd. 57,
pp. 77-98.

SCHIFF, F. (1929). Die Technik der Blutgruppenuntersuchung fir Kliniker
und Gerichtirste. Zweite Auflage. DBerlin. Julius Springer.

SCHWARZ, M. (1926). Beitrige zur Kenntnis der Isoagglutinine in Pferde-
blut. Zeitschrift fiir Immunitditsforschung, B. 48, S. 79-95.

SCOTT, W. M. (1931). Anaphylaxis and Related Phenomena. A4 System of
Bacteriology (Medical Research (‘ouncil), Vol. 6.

STEFFAN PAUL (1932). Haudbuch der Blutgruppenkunde.

THEILER, A. (1918). Acute Liver Atrophy and Pareuchymatous Hepatitis
in Horses. 5th and 6th Reports of the Dirvector of Veterinary Research,
pp. 9-164.

THOMOFI, Z. (1930). Die Blutgruppen des PPferdes. Awrehiv. Wiss. Prakt.
Tieviteilkunde, Bd. 61, pp. 433-444,

THOMSEN, 0. (1927). Kin Vermehrungsidhiges Agens als Verdnderer des
woagglutinatorischen Verhaltnis der roten Blutkdrperchen einer hisher
unbekannte Quelle der Fehlbestimmung., Zeitschrift fiir Immunitits-
forschung, Bd. 52, S. 85-107.

THOMSEN, 0. (1929). Zwei Fille von Mutmasslich zur AB-gruppe gehorigen
Erwachsenen mit nicht nachweisharem A. Receptor. Klin. Woclen-
schrift, Jv. 8, Nr. 23, S, 1075.

THOMSEN, 0. (1932). Die Serologie der Blutgruppen. Handbuch der Blut-
gruppenkunde, S, 100,

VAN HERWERDEN, M. H., axp BOELE-NYLAND, T. Y. (1930). Investiga-
tion of Blood Groups in Holland. Reprint from Proceedings, Vol. 33,
No. 6, 1930.

VON DUNGERN, E., v~p HIRSCHFELD., T.. (1909). Ueber Nachweis und
Vererbung biochemischer Strukturen. Zeutschrift fir Immunitdtsfor-
schung, Orig. Bd. 4, S. 531-546.

VON DUNGERN v~np HIRSCHFELD (1910). Ueber gruppenspeuzifische
Strukturen des Blutes. Zeitschrift fir Immunititsforschung, Orig. Bd.
8, Nr. 1, S. 526-562,

WILDEGANS, H. (1930). Die Todesfille nach Bluttransfusionen. Deutscle
Medizinische Wochenschrift, Jr. 56, No. 48,

WITTS, L. J. (1929). A Note on Blood Transfusion with an Account of a
Fatal Reaction. TLancet, Vol. 216, pp. 1297-1299.

47





