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INTRODUCTION. 

BLOOD transfusion is a thera]Jeutic measm·p "·hich has a " · icle appli
cation in human me(licine. In Yeterin<n~· medicine it has, in general, 
a mueh more limited appli(·ation. In the production of certain 
biological pro(lucts, particularly antisera, transfusion of large 
amounts of blood is hequently necessary. This is the case when 
hyperimmunisation is practised against horsesiekness during the 
l·outine preparation of horsesickness antiserum, for the oroinary 
immunisation of horses and mules against this di sease in South 
Africa. Dming hype1·immunisation as much as 10 litres of blood 
nre tnmsfusecl at one timE' an d during onlinm·~· immunisation up to 
400 c .c . of antiserum m·e injected intraYenously. J3oth (luring or 
soon a fte1· hypE'rimmunisation or onli nary immunisation a Ya1·ia ble 
number of animals develop certain s.vmptoms which are generally 
interpreted as those of shock. These symptom s m·e undoubtedly 
anaphylactoid in Gharacter and a study of blood gToups in horses 
was m tdertake11 to cletermine what part, if any, blood group incom
patibility pla:vecl iu their wocluction. 

LITERATURE. 

For a clit;cussion of the whole blood group question " ·ith a 
complete list of references the " Hanclbuch der Blutgruppenkunde " 
(1932) should be consultecl. Iledyn (1928) summa1·isecl the avail
able information up to that elate referring particularly to blood 
groups of the domesticated animals, ancl Doan (1927) gave a complete 
revie>r of the transfusion problem. 

Lamloi s i~ quoted by Schermer ancl Hofferber (1928) to haYe 
described iudiYiclual reactions of normal blood in 1875 "·ithout, 
however, recognisiug the specificity of these reactions. 

H esch (1902) points out that preYious to Landsteiner'~ classical 
description in 1901 of three hloocl groups in the human subject, 
Shattock described in 1899 and in 1900 agglutination of the red cells 
of certain individuals by the sera of others. As th ese sera originated 
~rom persons suffering from various diseases, the phenomenon was 
mterpreted as being of pathological sig-nificance . Lan clsteiner him
self .also obsen·ed this in 1900, when working with sera of diseasecl 

*Th is paper was completed on 22nd February, 1934. 
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persons. In addition to the three gToups (0, A and B ) described 
by Landsteiner in 1901, Decastello and Sturli, co-workers of Land
steiner, described the fourth gToup (AB) as the exception to Laud
steiner's three-group classification . 'l'his \Yas for the first time 
recognised as the fourth physiological group in 1906 by Jan sky. 
Moss in 1910, working independently and \\·ithout knmdedge of 
Jansky's work, also described this as the fourth group. Ehrlich :mel 
Morgenroth (1900) differentiated between isolysins anrl autolysins of 
goats. 

Although Klein showed as early as 1902 that the serum of one 
horse may agglutinate the red cells of another, very little progress 
in the study of blood groups in the domesticated ani1p.als was made 
for a number of years. As far as can be ascertained from the 
available literature, definite g-roups in the domesticated animals 
were first described by Ottenberg anrl Friedman in 1911. They 
found three groups in cattle ancl four groups in r abbits. Ho\l·ever, 
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 characte1·istics, by means of inj ecting the blood of a dog 
into other dogs, and in a later publication (1910) they, in addition, 
made use of absorption tests an<l were able to show, inter alia, that 
the red cells of most animals will absorb the (3 agglutinin of human 
sera . 

Brodman (1911) carried out extensive absorption tests with 
human blood and blood from dogs, bovines, rabbits and birds, but 
did not describe groups in any of these animals. 

Ingebrigsten (1912) examined the blood of 40 cats. He found 
iso-agglutination, but this occurred in such an irregular manner 
that grouping was not possible. It is of interest 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 successful 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-agglutilla
tion in sheep, S\Yine, 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 authors, e.g. 
Weszeczky (1920), Panisset & Verge (1922), Walsh (1924), 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 in 
the human subject, but in addition found some individuals which 
could not be so grouped. (Hirszfeld and Przesmycki had already 
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 0 in 9 per cent. of the animals examined). 
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1'his was confirmed lJy LalHlsteiner awl Van tler. Scheer (1924), 
::)chw:uz (1926), Newodoft (1921) (4-6 per cent. of h~s horses could 
not be grouped), Schermer (1928) (16 per cent. of h1s horses .. could 
uot be grouped), and by Anderson (1902) .. Schermer and Hofferber 
(1927) described five main gToups and s1x sub-groups. I~ would 
appear that these authors were not convineed by the absorpt~on tests 
they carried out that there are only two factors A an~l B m horse 
blood. 'l'homoft (1930) described four groups and m:;tmtamed that 
with the precise and exact technique employed by hun 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. 

TECHNIQUE. 

It seems to be generally agreed that, owing to rouleaux forma
tion (pseudo agglutination) considerable difficulty is 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. vV hen a large number ·of determinations have to 
be made in one day, the adthtional factor of evaporation in dry 
climates offered almost insuperable cl_ifiiculties to the general applica
tion of this method. Schwarz (1926) mentions that considerable eare 
is necessary in distinguishing rouleaux formation from true 
agglutination, when using the hanging drop method. For these 
reasons the centrifuge method, as described by Schiff (1929), was 
used with satisfactory results. 

There is a conspicuous lad: 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 eells and serum or plasma employed. 

Schwarz (1926) mentions that serum from defibrinated blood 
is unsatisfactory, as a certain amount of haemolysis is unavoidable, 
and thus prefers citratecl plasma. However, 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 reel cells, whilst with plasma definite 
reactions are always obtained. He uses ·95 c.c. plasma with 
· 05 c.c. of a 25 per eent. reel cell suspension, allows this to stand 
for hal£ an. hour at ~7° C. and reads the reactions without spinning, 
after aJlowmg the mixture to stand for 12 hours at room temperature. 
Equally good results .are obtained by washed and unwashed 
corpuscles. 

Schermer and Hofferber (1927-1928) use ·1 c.c. of serum to 
·2 c.c. of a 1-2·5 per eent. y,-.ashecl red cell su,;pension. These are 
the same quantities recommencled for use in the human beinrv 
(Schiff, 1929). In a later publication, Schermer (1928) recommencl"'s 
the use of a 1 per cent. suspension of washed red cells. After 
thoroughly mixing the serum aml the re(l cells, the mixture is 
al!owecl to stand for five minutes and then svun for two minutes at 
l,b00-2,000 revolutions per minute. Two further tubes are prepared 
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in a similar way, one is allowed to stanrl for 12 hours at r-oom 
tempPratnre, and the other is incubated at 37° C. The u se of _the 
last-n amNl tube is especially design ed to exclude pseudo-~ggluhna
tion. A fourth examination (microscopic·) is m~ule in ha ngmg drops. 
rrhey 1·egarrl th ei1· m ethod as superior to those ~f R ohclenberg; 
P::misset allll YPrge, Rialosuknia and K arzukowsb , an rl that of 
Groll, cletailfl of all of which are quoted by them. 

Thomoff (1930) u ses ·2 c .c. of serum and ·2 c.c. of a 1· 5 per 
r-A nt . suspension of washed red cells ; one tube ifl incuhaterl at ::no C. 
anrl read after 2 hours, anrl a second tube is kept at room tempera
ture (22-24° C.) and r ead after 4 hourfl. In neither case is the 
r-Pntrifuge u sPd. In arlrlition to these, l1 e u Res tl1 e glass slid e methorl 
macro- and minosropically and finally ma l<:es a haemolytic t est . 

Anclerson (1932) uses ·1 c .c. of serum with ·2 c.c. of a 2 per 
cent . suspension of washed rerl cells. R esults are read after incubat
ing for 12 hours at !37° C. 

Burghanlt (1933) uses a concentrated serum which is obtained 
by a method of freezing. This serum should haYe three ti mes the 
agglutinating value of ordinary serum and he maintains that com
parer] with UQrmal serum 11 per rent. more J1ositive reactions arf' 
obtained . He mixes ·2 c.c. of n suspension of ·075 c.r. reel rellR 
in .10 c.c. physiological saline and ·l c .c . concen trated serum. 
Results are rea rl after one hour n n cl confirmed after 15 hours with
out spinning. 

All worke1·s are agr eed that the concentration of agglutinins 
in horse fler um is low. Varying prOJ1orti-ons of serum and red cell 
suspension were therefore tried out, t h e best results being obtained 
by u sing ·5 c .c. (.10 drops) of serum to ·1 c.c . (2 drops) of a 1 per 
rent. su s-pension of pure concen tratecl reel ce 11::; in R i nger-Locke 
solution. As a particular r ed cell suspension was often tested against 
as many as 47 Pera at the one time, the p ipettes u Red for the red cell 
suspension (47 x 2 = 94 drops being u sed) were much la rger than 
those userl for th e serum (10 drops only being used), so that, nrtually, 
the r ed cell drops were larger than the serum drops and the true 
proportions probably were 10 drops of serum to 3 drops of equal size 
of_ a 1 per cent . flu spension of reel cells. After suitably shaking the 
llllXhHP to ensure thorou g-h rlistribuhon of the rNl cell::;, the t ubeR 
were allowerl to st and for at least 5 minutes at room temperature 
ancl then spun :1t 2,000 revolutions per minute for 3 minutes . 

CoLLECTTON ANn PnEPAHAT JON oF RmluM. 

. The 4?" horses ex.amin erl for bloorl grou ps were blerl from the 
]Ugtdar vem into \Tide-mouth :fl n .~ k,;. ( ln sepnration fro Ill t he cloi 
the s~rmn was carefull y 110ured off into c;terile flasks, and after 
allowmg- the serum to stand in these flasks for 24 hours it was tra ns
ferred to a thirrl set of flasks. Duri ng th is transfer i't was filtererl 
thro~g'h several folds of stPrilE' butter mw;lin . \iVith ,ordinary care 
no cllin cnlt~' wa s experiPnrPrl m ohtaining- a rl.Par st erile serum com
pletely free from r erl cells . 
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During the initial stages of this work an attempt was made to 
preserve the serum. 'l'he · preservative advocated by Schiff (1929) 
nearly always prol1uced a precipitate with horse serum. Glyce1 ine or 
bini,odide of mercury caused haemolysis; the perchloride of mercury 
destroyed the agglutinins. Boracic acid has been ~=;ucce~=;sfully 
employed as a preservative for whole blood, the serum from which 
being used for agglutination tests (Baker, 1925) and complement 
fixation work (Robinson-Pers comm.). A 5 percent. solution of 
boracic acirl appeared to give excellent results and, in the first r;erieR 
of tests carried out, such preserved sera were actually used. How
ever, when nearly half the number of horses were \Yorkecl through, 
auto-agglutination was found in one horse (20232). As the possi
bility of a Inistake 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 preserYed flera. It 
war; then dearly Rhown that the boracic acid serum of horse 2023'2 
agglutinated its own red cells, whilst the sterile serum tested at the 
same time against the same red cells did not do so. The boracic 
acid serum of horse 20232 agglutinated the red cells of 13 out of 1G 
horses, against which it was tested. The nnpreserved 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 horses. 
In view of these results boracic acid was discarded as a preservative. 

Superol ( chinosol) recommenrled by Van Herwerden and Boele
Nyland (1930) for the preservation of red cells, did not in any way 
interfere with agglutination. It may cause a greeni~h disoolouration 
of horse serum, possibly due to the presence of bile salts present ill 
the normal serum of this animal. 

As there was no great difficulty in maintaining a supply of sterile 
serum, serum preserved with chinosol 1: 1000 was only occasionally 
used. The 47 animals were all bled on one day anrl within a w·eek 
clear sterile serum from each animal, snitahly bottled, was stored 
in the ice chest for use as requirerl. 

CoLLECTION AND PREPARATION OF REn CELLS. 

Only small amounts of blood were necessary. The red cells of 
4-6 horses were tested every seconrl or third clay against the sera of 
all the 47 horses used. A convenient amount, usually 20-30 c.c. 
of whole blood was collected direct from the jugular vein into sterile 
centrifuge tubes. 'L'hese 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 reel cells in all rases had sedimented. The mouth 
end of a sterile 1 c.c. pipette was closed with the finger (to prevent 
t~e entrance of any plasma into the free end of the pipette) and the 
p1pette passed along the side of the centrifuge tube into the mass of 
sedimented red cells; 0 · 5 c.c. was removed and suspended in 50 c.c. 
of warm ( ± 35° C.) sterile Ringer-Locke solution. Using these 
proportions approximately a 1 per cent. suspension of red cells was 
obtained. The red cell suspension was usually made at about 9 a.m. 
and was used on the Rame day between 2-4 p.m. A reel cell suspension 
older than 12 hours was never employerl. .. 
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8t.:henue1· an<l Holferher (18:28) mainiain ihat heUe1· 1·eat.:iions 
:t re uhtain e1l h.\· using re<l cell,.; ". h ich haYe l1een kep( for :!4-:!S hou n; 
than hy the use of hetlhly-p1 e1mretl sus peutlioml. Provided a t.:OlJtrol 
test is t.:anietl ont (o exdude au(o-agglutiuatiun eausetl by haderia 
(Thomsen hemagglutination pheuomenou) uo sel'ious objeetion ean 
be raised to this. 

CROUP CLASSIFICATION OF A MIXED LOT OF 
SOUTH AFRICAN HORSES. 

'l'he 1·esults ohtaine1l by testing the 1·erl eells of 47 hor::;e::; agaiw;t 
the sera of the same animals for iso-agglutination are recorded in 
'l'able 1. 

The rlesignati.on + i" w;ecl For ,,·ell-marked iso-agglutiuatiou. 
] f the tube is shaken after spi tllting, i he dumpecl I'e(l r:ells will 
remain unbroken mul can he marle io K\\·irl ihrrn1gh the serum eu 
JilHsse; however, if it rloefl hPl·ome broken up hy vigorous shaking, a 
iL lllher of ill!liYirlual gTanules \\·ill ,;till bP app:11·eni, the serum 
rem a i.ning clea 1'. 

'l'he designation + + - is tt t>ecl for those readious \Yhere with 
fairly vigorou::; sha killg tb e clumped red cell::; are broken up into 
uumerous very fine particles, hut the seru111 remains clear anrl a 
true suspension of the re(l l'ells rloes not ocl'ur. This can be regarrled 
as a weak iso-agglutination. 

'l'he tlesiguation ± in tlicatt>s a slight dumping noticeable on 
first shaking the tube, hut a uniform suspension is effederl "·ithout 
any difficulty on further sh<1 king. 'l'hi s type of 1·eaction is possibly 
associated \Tith pseuclo-agglutination. 

'l'he designation - denotes t h e absence of a ny agg1uti nation; 
\\·hen the tube is agitated a uniform suspension immediately results. 

On 1·efening to 'l'able 1 it \\·ill be seen that most animals, of 
which Nos. 20198, 20204, 20207, 20209 , 202:n, 20202, 20203, ete., 
are examples, have gToup characteristics like thai .of AB in the 
human subjt>et. 'l'he sera of i hese animals do not produce iso
agglutination of the J·ed cells of an .v of the hmses ag-ainst whieh 
they were tested. 'l'hei1· I'ell celb on t he othe1· ba1Hl are agglutinated 
by the sera of nearly all the othe1· horses usecl . Their l'ed cells 
will, of course, not lw agg-lutinated by SE'l'a pf animals belonging to 
the same group, .anrl this largely explains the frequenf'y with which 
the absence of iso-agglutiuatioJJ wa~ 1·ecorded. Approximately 50 
per ce~1L of the 47 horsE'" used belong to thiH gTOU]J AH, if the 
agglutunn factor only (sennn faetor) is eomi.tlerecl. 'l'o conform to 
the grou p l'equil'ements of AB in the human subject, the 1·ecl cells 
of these a nnnal s Rhoultl he agglntina ted bY the sera of all the othel' 
groups. HmnYer, in this respeet tl1 ere ar~ noticeable inegularities, 
e.g. the serum of hmse 20268 .agglu tinates the reel cells of horses 
20207, 20344, 20055, 203Gfi, ancl 20068. All th ese animals \Yotlld 
in so far as the agglutinin faetor is c·once1·necl, belong to group AB~ 
But serum 20258 reacts negatiYely to the red cells of horses 20198, 
20204, 20209, 20230, 20231, 20232, etc ., animals which would also 
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TABLE 1. 
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appear to belong to the same group AB. This irregularity requires 
further study, a possible explanation being that the B agglutinogen 
of these horses may be present in such small quantity that with the 
technique employed, it does not react with the serum of horse 20258, 
if it is assumed, for the moment, that this horse belongs to group A. 
In this instance a deficiency of the red cell factor (agglutinogen) is 
postulated. 'l'his has, on several occasions, been reported in the 
human subject. The more recent publications are those of Thomsen 
(1929) and Laguna (1930). These authors described cases in which 
the receptor A of group AB was so poorly developed that its presence 
could only be demonstrated by the use of exceptionally strongly 
agglutinating sera. That a partial serum deficiency (agglutinin 
deficiency) occurs in individual animals of group 0 was shown by 
Hirszfeld and Przesmycki (1921), who could demonstrate the 
presence of anti B agglutinin of group 0 only in hal£ the number of 
animals belonging to this group, whilst anti A could easily be demon
strated in all cases. 

However, there is a further irregularity, viz., that the red cells 
of no two of these 23 horses (group AB) react in an identical manner 
with the sera of the 47 horses examined. 

The red cells of three horses (20354, .20362 and 20418) are not 
agglutinated by the sera of any of the 47 horses used. The serum 
of 20354 agglutinates the red cells of 13, that of 20362 the red cells 
of 20 .and that of 20418 the red cells of 21 out of the 47 horses used. 
These three horses (6·3 per cent.) would, therefore, appear to conform 
to the human group 0 requirements; their red cells give identical 
negative reactions against the sera of all the animals used, their 
red cells and sera do not react against one another, but it is never
theless significant that their sera give different reactions to the red 
cells of the various horses examined . 

The remaining 44 per cent. of horses gave such irregular 
reactions that definite grouping is not possible. It is, however, hoped 
at a later date to attempt the separation of the A and B factors by 
means of absorption tests. 

Burghardt (1933) supplies these figures in percentages of the 
relative frequency of the different groups in horses according to 
various authors: -

0. A. R. AB. 
Ilerszfeld & Przesmycki.... . .. . . . . . !) 70 15 
Schermer......................... 25 44 ·4 25 5 ·6 
Thomoff ............ 00 00 00 ... 00. 00 12 70 5 13 
Burghardt ........ 00 00............ 5·3 18·7 11·3 64·7 

Without being able to give figures for groups A and B, the South 
African horses would seem to correspond in their reactions to those 
examined by Burghardt, viz . group 0 6 per cent. and group AB 
50 per cent. These gifferences in the relative frequency of the 
different groups are probably dependent on race differences . 

SHOCK. 
At the present time there is still considerable difference of 

opinion as to what actually causes transfusion shock. Coca (1909) 
believes that sudden death after injection of small quantities of red 
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cells from another species is due to mechanical ocdusion of capil
laries and arterioles in the pulmonary circulation. This mechanical 
occlusion is probably caused by agglutinated foreign red cells . 

Ottenherg (1911) states that in the majority of cases intra
vascular agglutination does not occur. In th e few cases where it 
does occur, it usually produces no symptoms. Occasionally, how
eYer, it may be the cause of untoward symptoms a11<l eYen death. 

Forssman (1926 and ] 927) showe(l that peculiar cerebellar dis
turbances · coulrl he reproduced at will when making centripetal 
injections of haemolytic sera into the carotid arteries of guinea pigs 
(his so-called carotal complex) . ·when t he same haemolytic sera 
are injected intra Yenously anaphylactic symptoms -are prod u eed. 
vVhen using 10 per cent . starch suspension in saline carotal symptoms 
are also produced. He concludes t hat these carotal symptoms are 
due to eirculatory disturbanees in certain portions of the brain 
(cerebellum, medulla oblongata) dependent on interference with the 
circulation due to the solirl starch granules. HmY this effect i.s 
produced by the sheep rabbit haemolytic sera is uot definitely knmn1, 
but it is thought that sueh sera can bring about changes in the 
endothelial cells (Halber and Hirzfeld, quote(l by Forssman, 1927) 
as a result of which the circulatory disturbance· occ1.us. Forssman 
(1927) would fmther appear to believe that the haemolytic sera 
may in addition also injure nerve cells. In experiments with china 
ink, Fmssman and Skoog (1925) -were able to show ihat this sub
stance does not protect animals against the so-called reverse 
anaphylaxis whereas such protection is afforded against the genuine 
anaphylaxis, as well as against the carotal symptoms due to centri
petal injections of haemolytic sera in guinea pigs. 

Lemke (1925) in reviewing the literature concerning fata l cases 
as a result of transfusion, refers in some detail to the case of 
Kuczynski, where the cause of death would seem to have been due 
to extensive thrombosis of the smaller arteries and capillaries of 
the lungs . He gives a detailed macro- and microscopic description 
of two fatal cases after transfusion. In the first case haemolysis 
rleYeloped in spite of the use of a compatible donm. In the second 
case there was no haemolysis. In both cases there were very extensive 
haemorrhages and seYere necrosis of the liYer. In the first haemo
lytic case there were also pronounced degenerative changes in the 
kidneys. He beli eves "·ith other authors (Kusama, Lieber, Behne) 
quoted by him, that the dangers Df transfusion are not completelv 
eliminated \Yhen the factors of agglutination and haemolysis hav"e 
been excluded. He bases the assumption of a toxic effect mainly 
on the haemorrhages and liver necrose:> ''"hieh are present also in 
cases " ·here ha emolysis dicl not occur. 

Lindau (1928) maintains that there is no eYidence to show that 
agglutination is a factor in the reactions due to transfusion. He 
quotes Kusama, who found in animals which surviYed certain 
injections many more capillary thrombi, than in others whieh died 
an<l c_oncludecl that sur;h a blockage of the eapillaries could not be 
the rluect caus_e of (leath. He further quotes Behne and Liehner 
(1921) who heheve that agg-lutination is of minor importanr.e in the 
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production of reaetions, but is of great significance as an indicator 
of the presence of haemolysins. Lindau classifies the reactions aft~r 
blood transfusion as (1) mild reactions, and (2) severe haemolytic 
reactions. 

The symptoms of the m-ild reactions may occur within ! to 1 
hour after transfusion. 'l'hese consist in rigors, transitory 
(vorubergehende) temperature, a sense of being unwell and urticaria. 
AlthouO'h these reactions mav now and again occur irrespective of 
the method of transfusion, th"ey are often associated with the citrate 
method of transfusion (20-50 per cent.), whereas by direct trails
fusion mild reactions occur to the extent of only 5 per ce11t, (Beck 
1928, Brines 1928 quoted by Lindau). It would further appear that 
the chances that such reactions will develop are g-reater the more 
the blood is handled anfl the longer it takes after withdrawal of the 
blood from the donor and its injection into the vessels of the recipie11t . 
.Milrl reactions occurring somewhat later after transfusion and often 
accompanied by urticaria are ascribed to forei&ll proteins in _ the 
plasma. These reactions are harmless, although they may cause 
considerable discomfort to the patient. 

Seven haemolytic '!'eactions. This is the type of reaction which 
is usually enqountered when a transfusion is made from an incom
patible donor. The symptoms are: By the time 50-100 c.c. of blood 
are transfused the patient may experience a sense of tightness and 
strain in the head and in the region of the heart. Somewhat later 
there are violent pains in the lumbar region. The face becomes 
flushed and cyanotic, the pulse 20-30 per minute, but later becomes 
small and increased in frequency. There is often loss of conscious
ness for some minutes. In 15-GO minutes there are rigors and 
the temperature rises. There is in nearly all cases haemoglobinuria, 
now and again icterus, sometimes involuntary defaecation and later 
even blood-stained evacuations. A patient with such symptoms may 
recover but more frequently there is a fatal termination in periods 
of time varying from minutes to hours after transfusion . Usually, 
however, death takes place after a week, sometimes even 10-15 clays 
or longer after transfusion. In these cases the kidney is the seat 
of most important disturbances with oliguria, anuria and uraemia. 
The lesions of the kidney are of a degenerative nature (nephrosis). 
An acid reaction of the urine would seem to be particularly dangerous 
for the development of anuria. (The paper of Baker and Dolds 
quoted by Lindau and others was unfortunately not available to 
me). Haemorrhages are present in serous and mucous membranes 
as well as necr·osis of the liver. He emphasises the similarity both 
anatomico-pathologically and clinically of blood transfusion shock 
and anaphylaxis and believes with Pfeiffer (quoted by him) that 
the lesions and symptoms in both cases are dependent on the dis
integration of albuminous substances which are set free in the circu
lation in large amounts, causing injury particularly to the liver and 
the kidney. 

Bayliss (1920) regards haemolysed blood as non-toxic and the 
disturbances resulting from transfusion from incompatible <lonors 
he asQribes to the action ·of foreign serum proteins analogous tc. 
that responsible for anaphylactic shock. -
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Borchardt and 'fropp (1928) state that haemolysed blood in small 
doses produces no symptoms in dogs, but in greater doses may produce 
severe shock, They unfortunately do not state if the haemolysed 
blood was from a donor belonging to the same blood group or not. 
They conclude that (1) haematin is non-toxic, (2) globin may be 
responsible for the occasional shock which occurs in those diseases 
associated with severe destruction of red cells and (3) the stromata 
cause fever and rigors in these diseases. 

Witts (1929) emphasises the necessity of having an alkaline 
urine in order to prevent anuria in cases of haemolysis which may 
occur as in the case described by him, where preliminary grouping 
and cross-agglutination tests had shown no incompatibility. In 
this connection it should be noted that Kolmer and Motomatsu 
Matsumoto (1920) in testing human erythrocytes against horse serum 
have found that haemolysins may be present and hemagglutinins 
absent and vice versa. 

Wildegans (1930) discusses the relationship of agglutination 
and haemolysis. He states that there is a good deal of evidence that 
haemolysis may take place without any previous agglutination and 
suggests that in addition to agglutination greater attention should 
be paid to haemolysis than is being done at present in order to 
exclude as far as possible all the dangers of transfusion. This author 
also warns against the use of the universal donor for receivers suffer
ing from anaemia. According to him the primary disturbances in 
fatal cases after transfusion are due to changes in the kidney, liver, 
heart and blood vessels. The oliguria and anuria are due to haemo
globin infarcts and occlusion of the urinary tubules by haemoglobin 
cylinders, in addition to parenchymatous degenerative changes. The 
haemorrhages in mucous and serous membranes are partly ascribed 
to co-existing toxic substances. 

Already in 1913 Ottenberg and Kaliski emphasised the necessity 
of excluding both agglutination and haemolysis before transfusion. 
They also described erythrophagocytosis when incompatible blood 
is transfused. 

Barrat and Yorke (1911) in making intravenous injections into 
rabbits of (a) haemolysed blood, (b) . haemoglobin solution which 
was, as far as possible, completely freed from red cell stromata, and 
(c) stromata as far as possible completely freed from haemoglobin, 
concluded that the stromata is the more important and the haemo
globin the lesser factor in the production of disturbances. When 
large d<Jses of haemoglobin are injected anuria may result. From 
the evidence available it is not clear if the disturbances are of the 
nature of anaphylaxis m whether poisonous substances which are 
not directly associated with the production of anaphylaxis are 
responsible. A number of other authors Zinsser (1923), Dold (1929), 
Scott (1931) emphasise the similarity of blood transfusion shock and 
anaphylaxis, but the exact relationship of the tw<J conditions has 
not yet been definitely established. 

As already stated a variable number of animals develop symptoms 
of shock both during or soon after transfusion of whole blood or the 
intravenous injection of fairly large amounts of horsesickness immune 

18 



.1:' •• T. J. FOURIE. 

serum. The symptoms occur in both horses and mules.~ The first 
noticeable symptom is associated "·ith respiratory chsturbances. 
The reo;pirations become more frequent and even laboured. 
The nostrils are dilated, the animal blowing with heaving flanks. 
It may rear and fall backwards or may stagger about un~il it drops. 
When this occurs it lies on its side with marked abdommal breath
in"' the limbs ri.;idly extended or drawn up against the abdomen. 
So~~e such cases

0 

terminate fatally. The upper lip is frequently 
retracted like that of a snarling dog and sometimes the animal yawns 
and even neighs feebly. Defaecation is frequent .and involuntary 
micturition may occur. It seems to be the general opinion of those 
veterinarians who have had practical experience of shock with_ horse
sickness immunisation, that recovery takes place after micturition 
and clefaecation h.as occurred. The animal may sweat profusely and 
in a proportion of cases urticarial swellings develop. When such 
swellings appear they are very small, but they may enlarge rapidly 
until they attain the size of walnuts. Some may coalesce to form .a 
fairly extensive raised area. No information as to the presence 
or absence of a temperature reaction is available. 

If the symptoms noted are clue to blood group inc om p.a ti bili ty, 
it should be possible to reproduce them almost at will. Experiments 
were accordingly undertaken "·i th this end in view. 

The experimental production of shock may be conYeniently 
discussed under :-

I. Direct transfusion of whole blood using a donor with an 
incompatible blood group and a donor with .a compatible 
blood group as control. 

II. The intravenous injection of own transformed corpuscles. 
(Thomsen's haemagglutination phenomenon.) 

III. The intravenous injection of haemolysed blood: (a) own 
haemolysed blood, (b) haemolysed blood from a compatible 
donor (belonging to the same blood g-roup), and _(c) haemo
lysecl blood from an incompatible donor. 

I. RESULTS oF TRANSFUSION usiNG DoNOit ""TTH INCOMPATIBLE 

BLOOD GROUP. 

Transj11s'ion Exper£ment iVo. 1. 

Horse 20234 "·as selected as donor to horses 20232 and 20346. 
Horse 20232 acted as control, as neither the reel cells nor the sera 
of horses 20234 and 20232 react with one another. The red cells 
of 20234 were agglutinated by serum of 20346, but the serum. of 
20234 did not agglutinate the red cells of 20346. Transfusion was 
carried out for five minutes .at the rate of 500 c.c. per minute. The 
effects of this on the number of respirations of the two horses is 
tabulated below:-

*A description of these symptoms was kindly given to me by Mr. B. v. d. 
Vyver, Government Veterinary Officer, Pretoria, and by Mr. W. Averre, Senior 
Lay Ass1stant of th1s Inst1tute, both of whom have a very wide experience in 
horsesickness immunisation and hyperinununisation. · 
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T.-\.llLE 2. 

Number of respiration before transfusion .. . .......... . 
Five minutes after transfusion .. .. . ........... .... ... . 
Ten minutes after transfusion ......... .. ... ... . .... . . 
Fifteen minutes after transfusion ..... .............. .. . 
Twenty minutes after transfusion . .. ........... .. .... . 
Thirty minutes after transfusion ..... . ............. .. . 
Fifty minutes after transfusion ......... ... .......... . 

='0232. 

40 

44 

40 

20346. 

32 
48 
51 
53 
51 
40 
36 

Horse 20232 did not react in any ·way as a r esult of transfusion . 
In horse 20346 the number of respirations became more frequent and 
the animal in addition made peculiar working movements with the 
lir)s, ya1·mecl, anrl clefaecatecl at frequent interYals. 

Tra11 s/usio11 E.rperiment No. 2. 

The same experiment was repeated, using horse 20056 as donor, 
and 20~)57 and 20200 as reeeiYers. Exa('tly the same g-roup relation
ships were present here as in the previous ('ase. Horse 20!157 was 
the control. The 1·esults are recorded in Table :). 

'fABLE 3. 

Number of respirations before transfusion ... . . . 
Ten minutes after transfusion ........... . 
Twenty minutes after tran~fusion ... ......... . 
Thirty minutes after transfusion .............. . .... .. . 

20357. 

;):2 
;)3 
30 
30 

20200. 

29 
29 
26 
26 

Here no disturhall('eS in the r e,;pirations were uoti eeJ , hut horse 
20200 also worked the lips, ;ra" ·ned , clefaecated at frequent intervals 
and urinated onee . 

In view of these negatiYe 1·e,;ults or at the most, the Yf'ry mild 
disturbances exhibited by animals 20846 and 20200, the most favom
able conditions for t he clevelopmeut of shock were deliberately 
planned . In the preYious cases, clonor,; having red cells "·hich are 
agglutinatecl by the serum of th e recipients, were used . In t he case 
now to be described, a donor was seleeted having, in addition, serum 
which agglutinated the red cells of the recipient. These group 
relationships existed between horses 20159 and 20415. 

Trans/ltsion E.T]Jeriment No . 3. 

Horse 20415 was used as Jonor. Transfusion at the rate of 
500 c.c. per minute was carried out :i:or eight minutes, approximately 
four litres of blood being transfused . The result of this on the 
respirations of horse 20359 are recorded in Table 4 . 
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TABLE 4. 

Horse 2035g. 

Number of respirations before transfusio:1......... . . . . . . . . . . . . . . . . . . . 2-6 
Ten minutes after transfusion.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
Twenty minutes after transfusion.......... . ...... . . . . . . . . . . . . . . . . . . 48 
Sixtv minutes after transfusion......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Three hours after transfusion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 

Within three minutes of the eonunencement of transfusi<m, the 
animal started to blow, inspiration became prolonged and deep, with 
marked movement of the ribs. Soon this disappeareu to reappear 
within three minutes' time. ..Within 10 minutes after transfusion 
was completed the number of respirations increased to 58 and the 
pulse to 60 per minute. The animal became very restless anu pawed 
the ground. Defaecation was -observed six minutes after transfusion 
was commenced and after completion of the operation, it took place 
at frequent intervals, but in small amounts. Even when the animal 
was not actually defaecating it was observed to frequently raise the 
tail in an apparent attempt to defaecate . Soon after the cessation 
of transfusion the animal broke out into a profuse rather cold sweat, 
large urops of sweat actually oozing from the skin at different places. 
When transferred to a loose-box and the head released, it lay down, 
looked back towards the abdomen, rolled occasionally and, in fact, 
exhibited symptoms characteristic of a mild attiack of colic. The 
animal gradually became quieter and one hour after transfusion the 
respiration had decreased to 13 per minute, being slow and deep. 
Three hours later the respirations returned to more or less normal 
depth and were 17 in number. Four hours after transfusion the 
animal started to feed. Yawning was not noticed in this animal, 
and although urination did take place some considerable time after 
transfusion, the actual time of occurrence was not observed. 

Conclltsion.-A 'well-marked case of shock was produced by 
transfusing 4 litres of whole blood into a horse (20359) having serum 
which agglutinated the red cells, and red cells which were 
agglutinated by the serum, of the donor 20415. 

About one year later this transfusion experiment (horse 20415 
donor to 20359) was repeated as a demonstration to veterinary 
colleagues. This second transfusion took place 3~ months after 
horse 20359 had severe shock as a result of the intravenous injection 
of haemolysed blood from the same donor, details of which will be 
presented subsequently in this paper. 

\Vithin two minutes after the commencement of the transfusion 
(2 p.m.) the animal became unsteady. The transfusion was then 
interrupted for a minute or two and again continued. After this 
initial disturbance the transfusion did not seem to affect the animal 
in any way. The respirations remained normal and on this account 
5 litres of blood were transfused instead of the four originally 
planned. After transfusion was completed, the animal became 
slightly uneasy, defaecated once, there was slight sweating and only 
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very slightly accelerated breathing. Two further sets of symptoms, 
which were not present at the first whole blood transfusiOn were, 
however observerl. No special importance was attached to these 
at the time, but later it was considered that they did have a special 
si"'nificance. These were: (1) fibrillary contractions of various 
m~1scles, and (2) the swaying of the body and sagging on one hind
quarter to be described later in cases where transformed corpuscles 
(Thomsen's phenomenon) were injected intravenously. The latter 
symptom was marked. An hour after the transfusion the symptoms 
observed were therefore interpreted as those of mild shock. Two 
hours after transfusion, the animal began to develop symptoms of 
severe shock. It was dull, obviously uncomfortable, and very 
unsteady. Defaecation was frequent, the faeces soft in consistency, 
but no urine was passed . 'l'owards the evening the animal went 
down and, only with difficulty, could it be induced to get up. It 
consistently refused all food and water. It was given ! grain of 
arecoline hydrobromide subcutaneously, as a result of which a fair 
amount of liquid faeces v;·as passed and profuse sweating took place. 
The next morning the animal supported itself against the walls of 
the stable. When forced to walk it would knock itself against any 
object in its way, as though blind. As a result of this there ·was 
injury of the tissues over the bony prominences of the face and the 
symptoms somewhat resembled those of acute liver atrophy described 
by Theiler (1918). An intravenous injection of 100 gm. of glucose 
in a litre of sterile saline was given that morning. At 2 p.m. , 
i.e. 24 hours after transfusion, the animal was very weak and had 
apparently passed no urine. The tongue was hanging out and was 
markedly bruised and lacerated. The catheter was passed, but no 
urine could be obtained. An examination of the blood revealed a 
very marked haemoglobinaemia. At 3 p.m. the animal lay stretched 
out on its side in a state -of collapse. As the chance of recovery was 
remote, the horse was shot and .a post-mortem examination carried 
out. This was largely negative. There were extravasations particu
larly of the serosa of the intestines and to a less extent of the pleura. 
The kidneys were not enlarged but were paler in colour than normal. 
The liver contained a large amount of blood, the central veins were 
dilated, but no other macroscopic changes were recognised. 

Microscopic E .1:amination: Li·ve1·.- 'l'he central veins were dis
tended with blood and a good deal of blood was also present between 
the cell rows. The stasis was so marked in places that it resembled 
to some extent the early stages of acute liver atrophy described by 
Theiler (1918). The liver cells showed degenerative changes. 'l'he 
cytoplasm was granular, many cells containing fat in the form of 
a fine granular dust, but occasionally cells were seen containing 
large fat droplets . There was a considerable amount of haemo
siderin, not only in the reticulo-endothelial cells, but also in the 
~iver ~ells. In addition to the haemosiderin a yellowish brown stain
mg p1gment, probably a non-iron-containing derivative of haemo
globin, was observed. 

Kidney.-The renal vessels were markedly distended with blood. 
In some places the red cells were present in clumps of varying size, 
each clump consisting of 5 to 20 cells. Actual haemorrhages were 
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irregularly present throughout the substance of the kidney, but they 
were especially well marked in the medulla. A certain amount of 
haemoo·lobin was present in Bowman's capsule and in some of the 
renal t ubules, but haemoglobin cylinders, as such, were not well 
formed. Only a small amount of fat was observed. A considerable 
amount of haemosiderin granules were scattered throughout the 
kidney, as well as granules which did not stain for iron. These 
were, as in the case of the liver, probably non-iron-containing 
derivatives of haemoglobin. 

The spleen contained a large amount of blood and haemorrhages 
were present. The lungs showed hyperaemia, emphysema and 
haemorrhages with blood in the pulmonary alveoli. 

Conclttsion.-'l'he cause of death may be ascribed to severe 
haemolytic shock caused by the transfusiQn 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 is not known. 

Witts (1929) analysing transfusion fatalities (from figures 
supplied by Oliver for the blood transfusion service of the British 
Red Cross Society) stated that not a few deaths haYe resulted when 
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 (its 
red cells not being agglutinated by the serum of the receiver), and 
(b) reel cells ·which are agglutinated by the serum of the receiver 
(its serum not agglutinating the red cells of the receiver). 

Tmnsfusion Experiment No. 4. 
These group r elationships existed between horse 20415 (donor) 

and horses 20366 and 20208 (receivers). Four litres of blood were 
transfused into each of the two horses. In neither anim al was shock 
observed. This failure may be ascribed to the weakness of the 
agglutinin content of the serum of the horses used, leaving out of 
consideration the possibility that haemolysis may be the essential 
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 present. 'l'o 
control this point, a further transfusion experiment was planned. 

1'1·ansjusion Experiment No. 5. 
5. (a) Four litres of blood "·ere 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, woulcl cause shock 
when the reel cells of the donor are not agglutinated by the serum 
of the recipient. The transfusion was completed in 8 minutes, the 
animal, although 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 trans
fusion. During this time the animal became restless, pawed the 
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ground and broke out into a sweat. Defaecation was frequent and 
later developed into a mild diarrhoea. These symptoms gradually 
imvroved and after some hours the horse was more or less normal 
agam. 

Condusion.-vVell-defined shock was produced "·hen transfusing 
blood, the serum of which agglutinated the red cells of the recipient, 
even though the ned cells of the donor were not agglutinated by the 
serum of the receiver. According to these results, it would appear 
that the use of the universal donor is c<mtra-indicated, especially 
in the human subject where the agglutinins are so much more 
strongly developed. Lindau (1928) also warns against the u se of the 
universal donor in the human subject. In this connection it is worthy 
of note t h at Lemke (1925) states that it is not possible to completely 
exclude the dangers of haemolysis even 'vith previous precise sero
logical tests. 

5 . (b) 3 · 5 Li tres of blood were transfused from horse 20390 
into 20271. The object of this was to see if transfused red cells 
which are ag·glutinated by the serum of the receiver, will produce 
shock, when the serum of the donor does not agglutinate the reel 
cells of the receiver. After three minutes transfusion horse 20271 
started blowing; this soon passed off, but almost immediately 
reappeared. After transfusing for G minutes, the animal became very 
restless and finally became so excited that the trochar in the jugular 
vein was jerked loose and the transfusion of 4 litres of blood coul!l 
not be completed. The animal's respirations increased from the 
normal 30 per minute to 72 immediately after transfusion was com
pleted; in 15 minutes the rate was 60 and 40 minutes after trans
fusion 42 per minute. The animal was restless, pawed the ground, 
defaecated frequently, but did not sweat at all. After a few hours 
the animal seemed to be quite normal again. 

Conclus£on.-vVell-defined shock of a mild degree occurred when 
blood was transfused from a donor the red cells of which were 
agglutinated by the serum of the recipient, but the serum of which 
did not agglutinate the red cells of the receiver. 

Transj11sion Experiment 5 (c) Control. 

The control animal 20367 was transfused for 8 minutes (4 litres) 
from the same donor 20390. Neither the red cells nor the serum 
of either of these animals reacted with that of the other. Hors!' 
20367 at no time showed uneasiness or ill-effects from the transfusion_ 
The day was hot and, in spite of the addition of 4 litres of blood to 
its circulation, no sweating occurred. On theoretical ()'rounds sweat
ing might be expected, but actual experience at the~e laboratories 
has shown that as much as 10 litres of blood may be transfused at 
one time without any untoward symptoms being produced. Bv that 
time the donor may already show respiratory distress owing to the 
great loss of blood, ;mel circulatory disturbances from the cler:re-ase 
in blood vDlume and blood pressure. 

Discussion.-Although well-defined shock was produced In 
horse 20368 ITransfusioi1 Experiment 5 (a) J (agglutinating serum 
of donor) and an apparently milder degree of shock in horse 20271 
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[Transfusion Experiment 5 (b) agglutinated red cells of dono~], it 
is noteworthy that horse 20368 was a small, rather nervous ammal, 
and horse 20271 a much larger and more phlegmatic type of animal. 
It seems a l most certain that size influences the degree of shock, 
which will be greater in the smaller animal, the volume of trans
fused blood being constant. 

Furthermore, only 3! litres of blood could be transfused into 
horse 20271 as against the 4 litres into 20368. To what extent a 
highly-strung nervous animal may be more susceptible to shock than 
a phleo'matic one is not known . In the circumstances, one cannot 
compa;e the deg;ee of shock in the two animals, an~ a conclusion 
that a transfusion from a donor whose serum agglutmates the red 
cells of the receiver (its red cells not being agglutinated by the serum 
of the receiver), is more dangerous in producing shoek, than a trans
fusion from a donor, the red cells of which are agglutinated by the 
serum of the receiver (its serum not agglutinating the reel cells of 
the receiver) would not be justified. 

II. THO:HSEK's H.mMAGGLUTINATION PHENOMENON TN RELATION 

TO TRANSFUSION. 

'l'o further determine the part played by agglutinated reel cells 
in the production of shock use was made of red cells which were 
subjected to the action of bacteria of the :M:. and J. bacillus type, 
described by Friedenreich (1928 and 1930). Thomsen (1927) showed 
that human reel cells may, on standing for 12 hours or more, become 
so changed that they may be agglutinated by any serum, including 
the serum of the individual from which the red cells were obtained. 
In 1928 and 1930 Friedenreich isolated two organisms which he 
named the bacillus " :M: " and the bacillus " J ". 'l'hese organisms 
in pure culture were capable of transforming red cells in this manner. 
Further he showed that bacteria-free filtrates could similarly trans
form reel cells. The same phenomenon was observed at these 
laboratories when working with equine red cells which were collectecl 
some clays previously. From this blood Mason (1933) isolated in. 
pure culture an organism similar to Friedenreich's J. bacillus. 
With this organism and filtrates prepared by Mason, equine 
corpuscles were readily transformed so that .agglutination by their 
own sera was produced. 

vVhe11 studying transfusion shock Friedenreich (1928) made use 
of such transformed corpuscles in transfusion experiments in guinea
pigs. The transfonned (own) corpuscles were injected intravenously 
into guinea-pigs. The symptoms which developed were at that time 
interpreted by Friedenreich as analogous to incompatibility trans
fusion shoek of the human subject, but when he repeated these experi
ments in 1930 and injected the (own) transformed corpuseles intra
venously into guinea-pigs, shock occurred in only four out of the 18 
animals used. The other 14 guinea-pigs, in addition apparently 
to the controls, showed pronounced anaphylaetoid symptoms, which 
were, however, mild in comparison with the severe shock observed 
i.n the four. Haemoglobinaemia was present in all these four cases 
(strong in three and moderate in 1). After a critical survey of the 
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whole question he concluded that transfusion shock produced by the 
intravenous injection into guinea-pigs of their own transformed 
corpuscles, is essentially due to intravital haemolysis. This question 
of haemolysis in relation to shock will be more fully discussed later 
when results of injecting haemolysed blood intravenously into horses 
are presented. 

ExPERI~IENTS ~WITH EQUINE TRANSl'ORMED CoRPUSCLES. 

Expm·iment No. 1. 

From horse 20290 three litres were bled into each of two flasks 
A and B, containing sufficient soclium citrate to prevent coagulation . 
After sedimentation of the red cells it was intended to remove the 
supernatant plasma containing citrate, replace this by normal saline 
and add to the one :flask a culture ·Of the transforming organism 
and keep the other flask as a control. Sedimentation was, however, 
very poor, and only a small amount of plasma was removed in each 
case. Seclimentation was better in flask A than in B. After replacing 
the supernatant fluid with sterile normal saline, both flasks were 
allowed to stand for a further 12 hours, when the supernatant fluid 
was again syphoned ·off and replaced by saline as before. At 4 p.m., 
on 21st October, 1932, a broth culture of the transforming organism 
was added to the red cell saline suspension in flask A. After allow
ing to stand for 36 hours at room temperature (summer time) 2i 
litres of the transformed red cell suspension were injected intra
venously into the same animal 20290. It may be added that the 
transformed red cells were strongly agglutinated in vitTo by their 
own serum. 

Effects of lntraveno1ts Injection of TransfoTmed Red Cells. 
Soon after injection was commenced the animal began to blow 

and defaecated. It became uneasy and restless, but before the 
injection was completed the respiratory distm;bances had more or 
less elisa ppeared. On the completion .of the injection the animal 
continued to be restless, defaecated at frequent intervals, the faeces 
becoming progressively softer in C{lllSistency until eventually there 
was actual diarrhoea. The horse moved the lips, yawned and 
occasionally made a peculiar crouching movement, when the whole 
body would be lowered (depressed) with a hollow back . At other 
times it would sway violently towards one side, the hindquarter of 
that side dropping a good deal. It was that kind of movement au 
animal would make when struck smartly on the loins and would 
therefore appear to be analogous to the acute pain experienced by 
humons in transfusion shock. 

The respirations before injection were 30 per minute. 
The respirations 10 minutes after injection were 24 per minute. 
The respirations 1 hour after injection were 22 per minute. 
The respirations It hours after injection were 22 per minute. 
The respirations 7 hours after injection were 50 per minute. 

Six hours after injection the temperature increased to 106° F. 
At this time the respirations were not markedly accelerated, but 
were of a peculiar jerky type and much deeper than normal. The 
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animal gradually became weaker on its legs and 7 hours after 
injection could no longer maintain the standing position. The 
respirations during this time were 50 and the pulse 40 per minute. 
The animal died within 12 hours after injection. During the last 
three hours it was lying stretched out on its side. Sweating was 
observed only during the last four hours before death. The horse 
died at 9.30 p.m., on 2nd November, 1932, and a post-mortem 
examination was made at 7 a.m. the next morning. The outstand
ing feature revealed by this examination was the presence of 
numerous petechiae, ecchymoses and even extravasations throughout 
most of the organs. These haemorrhages were particularly numerous 
in the visceral pleura over the dorsal portion of the coastal surfaces 
of both lungs. Over these areas the haemorrhages had become con
fluent and produced a uniform reddish discoloration of the surfaces 
of the lungs. Haemorrhages were also well marked in the left 
endocardium and in the mucous membrane of the main bronchi. A 
small amount o£ viscid and opaque urine was present in the bladder, 
but there was no evidence of haemoglobinuria. That haemo
globinaemia was present cannot be stated with certainty. The 
spleen measured 60 by 23 by 4 em., and could not be regarded as 
being definitely enlarged. 'l'here were quite a number of 
haemorrhages on the capsule of the spleen. 'l'here was a large amount 
of cerebro-spinal fluid. The blood vessels of the brain appeared to 
be injected. On section dark red spots were seen to be irregularly 
distributed thnmghout the substance of the brain. 

Anatomical Pathological Diagnosis. 

Petechiae, ecchymoses and extravasations particularly in the 
serous membranes and to a lesser extent in the various organs of the 
body; hyperaemia and slight oedema of the lungs, degenerative 
changes in the myocardium, liver and kidneys. 

A etiological Diagnosis. 

Shock, due to the intravenous injection of 2~ litres of a saline 
suspension of its own red cells, which were transformed by the action 
of a " J "-like bacillus (Friedenreich) so that the red cells were 
agglutinated by their own serum. 

ilfiC1·oscopic Examination. 

Kidney.-There was marked hyperaemia, particularly of the 
vessels of the medulla. In places there were collections of red cells, 
throughout the substance of the kidney, and the impression was 
obtained that some capillaries were distended with clumps of red 
cells. There were some tubules which contained haemoglobin 
cylinders, but these were present only to a moderate degree. Only 
very little haemosiderin was demonstrable in the kidney. The cyto
plasm of the tubular cells was granular and with Sudan III, showed 
the presence of fat in the form of a very fine granular dust. 

Liver.-The central veins were distended with blood. In places 
there was a good deal of stasis around the central veins which 
resulted in atrophy of the liver cells. In some case; actual 
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ha.emorrhages were present with more or less complete. destructi~n 
of the liver tissue. The liver cells themselves were mvolved In 
fatty changes, the fat being chiefly present in the form of a very 
fine granular dust, but some cells contained larger fat droplets. There 
was a considerable number of cells which did not contain any nuclei . 
at all. Others harl nuclei in nrying Rtages of rlegeneration showing 
pycnosis, etc. 

Spleen.- Sections stained for i1·on with Berliner Blue revealed 
the presence of numerous large cells loarlerl with blue pigment 
granules. ..\Vhen this section was compa1·ed "·ith a similarly stained 
section of a horse spleen where no blood <lestruction harl occurred, 
one could readily recognise even with the naked eye, the much 
greater preponderance of i ron-staining material. 'rhis would., in 
spite of the ilbsence of haemoglohinuria and of the absence of definite 
evidence of haemoglobinaemia, justify the conclusion that a good 
deal of blood. destruction harl taken place in this animal. It i s. 
unlikely that the presence of the transforme<l reel cells in the circula
tion would initiate a perverted function of t he body to destroy its. 
own normal red cells. The animal "-a,.; apparently healthy when 
placed in the experiment and, as far as is known, "·as not suffering 
from any blood disease . It is, therefore, practically certain that the 
increased iron pigmentation in the spleen was rlerived from the 
destruction of the transformed red cells that were introduced . 

Control. 

It was intended to use the blood in fla sk B a:s a control. The 
blood in this flask was dealt with in exactly the same way as that 
in flask A hut instead of adding the broth culture of the J bacillus. 
3G hours before intravenous injection, this was to have been added 
immediately before the injection. On the day on which the in jection 
was to have been made the blood in this flask "-as haemolysed and 
was on that account not used. 

Ea:per·iment No. 2. 

In Yie"· of the well-defined shock produced with transformed re<l 
cells in the case of horse 20290, it was decided to repeat t he experi
ment and iuelucle at the same time suitable controls . 

Three litres of citrated blood were obtained from horse 20318. 
After sedimentation of the reel cells was complete, the plasma wa~ 
removed and replaced with sterile normal saline. To this suspension 
of reel cells a culture of the transforming organism was adrled. As. 
some llarticles of fibrin were present in the suspension, it was filtered 
through sterile muslin ancl two litres were inj ected intravenously 
into the same animal, 24 hours after t he culture of the transformino
organism had been added. '" 

Effects of lntm·veno11S lnjech.on of T1·ansformed Cells. 

Soon after the injection wa s commenced the animal started to 
hlO\Y. The respirations became laboured and just as the injectiou 
was complete<l, the animal swayed an<l fell down. The respirations. 
now \Y ere slow an<l rleep. 'l'he animal lay stretc:hPrl ont on its sirle-
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and continued to breathe wit h great difficulty . -Whilst still down 
t he r espirations suddenly incr eased in numhe1· t o 74 per minute as 
against 13 before inj ection. vYithin 10 minutes improvement took 
place and th e animal was able to r ise. It now developed symptoms 
similar to t hose seen in horse 20290, particularly in so far as swaying 
of the body all<l crou ching m ovem ents we1·e concerned . D efaecation 
\\'as frequent, hnt at no t ime \Yas there cliarrhoea as in the case of 
horse 20290. The respirations became l ess frequent hut remained 
(lee1Jer t han normal for several hours after injection . SPYen hours 
a fter injection the condition of t h e animal had markedly improYed, 
and it con1mencecl feeding aga in . 'l_',yenty hours after injection the 
animal was feediug normally, b ut the respiration s continued to be 
som ewhat deeper than normal. 'rhere " -as no S\Yeating at any time 
a nd colicky symptoms \Yere not oLser YNl. 

(IJ) Controls .- (L ) Hor:;e 203G7 \\as bled on the same <lay as horse 
20318 and th e blood h eated in exactly the same \Yay ex('ept that 
no culture was added to it. A fter standing for 24 hours this red ('ell 
saline suspension " ·as inj ected intravenously .into the same animal 
(20!157) and at the same time as the inj ection into horse 20:n 8 was 
ma<le, with entirely negatiYe results. 

(2) Horse 20293 " -as bled and after coagulation \HIS com1Jlete 
the serum was collected aseptically an<l a culture of the hacill u ~ equal 
iu amount to that used in th e ease of horse 20:n8 was adcled . 'l'o 
the serum was furth er a fl cle<l sterile normal saline equal in Yolume 
to that of the fibrin and reel ('ells from which it \Yas 1·emoYe<l. A fter 
this serum saline mi.x hn·e \H1S exposed to the action of t he trans
forming orga nism for 24 hours, i.t was in.i~etecl intrave nously into 
t he animal h om which t he serum was originally obtained, without 
t he a nimal <leYeloping- any ,;ym ptmu ;; w ha tsoeYer. 

Conclus·ion.-(1 ) \Yell-defined shock was produced in two horses 
by the int ravenous inj ection of t hei.r own tran sformed corpuscles. It 
is perhaps not ''""ithout significance th at in the one ease ~ (a) in 
which r ecovery took place, the red cells were only suhjectNl to i he 
a('tion of the t ran sfor.tning organism fm· 24 hours (as ag-ain st :~ (j 
hours in the f atal case) and only 2 litres of blood wer e used. 

(2) In neither of the eontrols were any disturbances observed. 
Transformat ion of the r ed cells was therefore res ponsible for t he 
production of the pronounced shock. The only known <li.fference 
between the transfonnecl a nd normal cmpuscles eonsistefl in 
agglut inability in vitro. 'l'o what extent the transforming organisms 
may in addit ion have changed the reel cells biologically or ch emically , 
is not known. Fragility test s carried out by Friedenreich (19;~0) 
showed th at in this respect the transformed corpuscles do not fliJfer 
in any n·ay from normal corpuscles . It is , however, <loubtful if such 
in vitro tests are a true indication of what '"ill take place in viYo 
nnd if one can judge from t h e lesions iu th e ki<lneys and spleen , one 
must conclude that a certain amount of haemoglohinaemia wa;; 
present, hut as fal' as ('Ottld he made out this \HI S of a moclerate 
degree. 
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In view of the harmlessness of own haemolysed bloDd or even 
haemolysed blood from a cmnpatible donor, as will be shown in 
subsequent experiments in this paper, it is difficult tD understand, 
even assuming that appreciable haemolysis did take place, that 
haemolysis is responsible for the shock. I£ that is the case, one 
must assume that the haemolysed blood or perhaps more particularly 
the haemoglobin molecule, had become transformed into a toxic 
principle. Until more definite evidence in this connection is avail
able, it would seem that the mechanical factor (agglutinatiDn) cannot 
be excluded as the cause of shock when transformed corpuscles are 
injected intravenously. 

III. ExPERIMENTS WITH HAEMOLYSED BLoOD. 

In view of the absence of definite information as to the toxicity 
or Dtherwise of haemolysed blood, it was necessary to find Dut what 
the effect wDuld be of injecting an animal intravenously with its 
own haemolysed blood. 

Experiment No. 1.-0wn Haemolysed Blood. 

(a) Four litres of citrated blood were obtained from horse 20331. 
After sedimentation was complete ( ± 20 hours after bleeding) the 
supernatant plasma was removed and replaced with an equal volume 
of sterile distilled water, which caused complete haemolysis . This 
haemolysed solution was warmed to ± 37° C. and injected intra
venDusly into the same animal about 24 hours after the original 
bleeding. The animal was not in any way disturbed during the 
injection. Subsequently it developed haemoglobinuria and icterus, 
but otherwise appeared to be normal. This method of preparing 
haemolysed blood was applied in all subsequent experiments, and 
it is of importance to emphasize that all the solid elements in the 
blood, viz., leu cocytes, thrombocytes and red cell stromata, were 
in this way injected intravenously, the only substance removed being· 
the citrated plasma. 

(b) 'l'he same test was repeated with horse 20491. The animal 
defaecatecl once during the injection, the respirations became some
what more frequent, but the animal did not appear to be unduly 
disturbed. After the injection was completed, the skin became hDt 
and very slight sweating took place. The symptoms were so mild 
that they cDuld scarcely be described as those <Jf even mild shock_ 
Later on haemoglobinuria and icterus appeared. 

E:rpen·ment No. 2.-E.ffects of Haemolysed Blood f'rmn n 
Compat£ble Dono1' . 

Six litres of haemolysed bloorl were prepared from horse 20234. 
:r'his was divided into two equal parts. Three litres were injected 
mto horse 20370 and three litres into horse 20368. ~ o incompatibility 
was revealed when the bloods of these two horses were tested against 
that of the donor. 

Except that the temperature rose from 100 · 2° (pre-injection) 
to 101· 6° F., one hour after injection, no symptoms whatever were 
observed in horse 20368. 
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Horse 20373 developed peculiar crouching movements during 
and after injection. 'l'he respirations became frequent and defaeca
tion took place at short intervals. The pre-injection temperature 
was 100·4 and post-injection temperature 100·8. Within half _an 
hour after injection the animal fed normally. There was no sweatmg 
and no shock. 

Conclusion.-Very large amounts (4 litres) of an animal's own 
haemolysed blood was found to be non-toxic in two horses tested and 
large doses (3 litres) of haemolysed blood from a compatible donor 
were found to be non-toxic in two horses tested. 

Experiment No. 3.-Effects of Haemolysed Blood from 
Incompatible Donors. 

(a) Four litres of haemolysed blood were prepared from horse 
20415 and injected intravenously into horse 20359. Previously 20359 
had developed severe shock when it received 4 litres of whole blood 
from 20415 by transfusion. There was cross-agglutination between 
these two horses. The animal started blowing during the injection, 
defaecated at frequent intervals, became very unsteady on its legs, 
and appeared likely to fall at any moment. Before injection was 
completed, it began to sweat, particularly around the base of the 
ears. After the injection was completed it broke out into a severe 
general swe'lt ancl the temperature increased from 99 · 4 to 100 · 6° F. 
The skin, which ''"as hot whilst sweating was taking place, was again 
quite cool one hour after the injection had been completed. There 
was marked haemoglobinuria bnt no icterus within a day after 
injection. 

(b) 'l'o further test out if haemolysis is a factor in the production 
of shock the same animals used in transfusion experiment No. 2 
were employed, but on this occasion intravenous injections of haemo
lysed blood were given. Horse 20355 was the donor and 20357 the 
compatible receiver and 20200 the incompatible receiver. Three 
litres of haemolysed blood were injected intravenously into each 
animal. The control 20357 stood the full injection very well. 
Immediately after the injection was completed it was slightly rest
less and pawed the ground for a short time and respirations became 
slightly accelerated . The pre-injection temperature of 100 · 4° F. 
increaRed to 101· 5° F., but apart from these slight disturbances no 
evidence of shock was manifested. In horse 20200, very soon after 
injection vvas commencecl, the repirations increased in number and 
the animal became unsteady on its legs. By the time 200 c.c. were 
injected the horse fell down with such a marked respiratory dyspnoea, 
that it even opened its mouth to breathe. 'Vhilst flown, the animal 
was observed to bleed from the nose and sometimes lay stretcherl out 
on its side. The skin was hot and profuf'e sweating took place. 
Large drops of sweat formed around the base of the ears and on 
other parts of the skin . The animal gradually improved, and within 
half an hour was able to rise. An hour after injection was com
menced the tem1!erature had returned to the pre-injection level, 
Yiz. 99 · 6° F. Unfortunately, the tempemture was not taken during 
the time the animal was showing severe symptoms of shock . 
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Conclusion.-Three litres of haemolysed blood from a compatible 
donor (20355) did not produce shock in"borse 20357. Four litres of 
haemolysed blood from an incompatible donor (20415) produced 
severe shock in horse 20:159. Two hundred c.c. of haemolysed blood 
from an incompatible llonor (20356) produced very seYere shock in 
horse 20200. 

Disc1tSS'ion.-That ouh milLl shock \Uls 1JrocluGec1 wheu three 
litl'es of whole blood "·e1~e t ransfu,;er1 (Hor,;e :20:2001 (trans-fusioll 
experiment No. 2) is therdore presumably clue to the absence of 
haemolnis eYen though well-marl,ecl iso-agglutinatio n was c1emon
str.able ·in vitro. (Se1·um of hm,;e 20200 very strongly agglutinated 
the reel Gells o-f 20:100) . 'l' h.i::; would tend to Gonfinn the opinion 
that haemolysis is the esse ntial factor in the prodm:tion of seve1·e 
shock. These results further shm" that hu·ge a1uounts ·of own 
haemolysed blood and larg-e amounts o-f haemolysefl blood from a 
compatible donor, can be toleratecl with very little, if any, disturb
ance, " ·hereas .a relatively small amount of haemob·sed blood from 
an animal with an incompatible blood group may proc1uce grave 
a nrl alarming sym ptmm; of shoe: k. 

(c) Can l11mwnity be P1·od1tced llfJaLI!St the Factor wl11ch Determines 
ln('ol!lpatability of Haemolysed Blood? 

At this stage an attempt was made to immunise horse 20200 
against haemolysed blood of 20355. Five huudrecl (500) c.c. of 
haemolysed blood \\'ere prepared hom hor:;e 20355 on lOth July, 19:-n, 
and 50 c.c. were injected subcutan eously into 20200 on 11th July, 
19:13, without any harmful effects. The temperature before injection 
was 99 and after injection 98 · 6. This was repeated on loth July, 
1933, with the same results. 'l'emperature before and after injection 
being the same . On lRth }larch, 1933, 75 c.c. of haemolyserl blood 
were injected subcutaneously, and on 21st 100 G.c., in both Gases 
without prochwing any reaction 'dwtsoeYer. On 27th }I arch, 1933, 
the immunity was tested by injecting h aemol:vsed blood from 20355 
intravenously into 20200. 8oon after t he injection " -as commenced 
the animal started blowing, defaecated frequently .and developed 
clonic contractions Df the muscles on t he sir1 e of th e chest . vVhen 
400 c.c . had been injected the animal was ou the point Df collapse 
and the injection was fliscoutinued. The animal J·earec1 ancl fell 
down panting for breath .anc1 it seem ed aR if a fatal termination was 
imminent. 4fter spraying "-ith cold "-ater, t he acute symptoms 
disappeared. The animal lay stretched out on itf; side, with laboured 
breathing, the skin felt hot and S\Yeating undoubtedly occurrecl, but 
could uot he seen easily on account of t he previous application of cold 
water . The temperature before injection "-a,; 99° F. and 20 minutes 
nfter injedion 100 · G° F. The symptoms gradually improved and 
within g hour;; after the injection the animal could again tise. 

Concl'usion.-Severe shock \\'as Jlrorluced in an animal by the 
intravenous injection of 400 c .c. of haemolysed blood frmn an incom
patible donor in spite of having r eceived, during the previous 17 
days, repeated subuttaneous injections of t he same haemolysed blood 
in increasing closes. This animal t herefore did not develop any 
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appreciable immunity as a result of this treatment. It is obviously 
out of the question to draw general conclusions from the results 
obtained on one animal. However, it is of interest to note that 
Friedenreich (19:30) would appear to have failed to immunise guinea
pigs against transformed corpuscles, but ou the other hand Forssman 
and Skoog (1925) maintain that anti-anaphylaxis is easily obtained 
against the so-called reverse anaphylaxis by the injection of sub
lethal closes of the haemolytic serum, but the protection so afforded 
is only against a little more than 1 !LL.D. and never against 
2 !LL .D. In the above < ~ ase alarming symptoms developed after 
the injection of 400 c.c. of haemolysed b lood from 20355, whereas 
previously the injection had to be discontinued after 200 c.c. had 
been administered. It is very d·onbtful if this bigger dose is of 
special significance, as this animal (20355) was at that time repeatedly 
bled :3-4 litres at a time, and it is believed that the decrease in the 
number of the red cells brought about in that manner, was responsible 
for the bigger dose, rather than an immunity which had developed. 

E.vpen:ment iVa. 4. 

In order to obtain further information of the role played by 
haemolysis in shock, transfusion experiment No. 5 was repeated, 
using on this occasion haemolysed blood intravenously injected 
instead of whole blood directly transfused. 

The horses used in transfusion experiment No. 5 ·were 20390 
donor to 20:367 (compatible control) and 20271 (incompatible receiver) 
and 20268 donor to 20:368 (serum of 20258 agglutinated the red cells 
of 20368, but the red cells of 20258 were not agglutinated by the 
serum of 20368). Horses 20:390 and 20:367 were, unfortunately, not 
available for this experiment and horse 20:355 "·as substituted for 
20:390 and 202:32 for 20:367. 

Three litres of haemolysed blood from horse 20:355 wer!'l injected 
intravenously into (a) 202:32 (compatible control), (b) 3 Litres into 
20271 (incompatible receiver) and (c) 3 litres of haemolysed blood 
from 20258 were injected into 20368. 

Results ohtained: (a) Control, during the injection the animal 
was somewhat uneasy and defaecated once. '\Vithin a few minutes 
after the injection was commenced the animal started to blow, but 
this soon passed off again. After the injection was completed, the 
animal still showed slight uneasiness, occasionally pawed the ground 
and now and again lifted either a front or a hind leg. 'l'he tem
perature increased from 99 · 6° F. (pre-injection) to 101° F. twenty 
minutes after injection and fell to 100° F. one hour after injection. 
'l'he pre-injection respirations of 28 per minute increased to 60 per 
minute 10 minutes after injection. The skin remained cool through
out and no sweating took place. 

Conclusion .-'l'here was slight nisturbance, but no shock, when 
a lih:es of haemolyse<J blood were injected intravenously into a 
compatible receiver. 
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(b) Incompatible receiver 20211-soon after the injection was 
commenced the animal started to blow. It became very uneasy and 
respiratory dyspnoea developed. There was well-marked trembling 
(clonic contractions) of the muscles of both hind limbs. The horse 
strained severely, but did not defaecate. ('l'he animal defaecated 
normally just before the injection was commenced.) 'l'he animal 
seemed to be on the point of collapse when the flow of haemolysed 
blood was, by mistake, interrupted for ~-1 minute. The symptoms 
immediately improved and the animal was then given the remainder 
of the three litres ·of haemolysed blood. The pre-injection tempera
ture was 101° F. Twenty minutes after injection the temperature 
was 101° F. and one hour after injection 100 · 6° F. The respirations 
increased from 28 (pre-injection) to 48 (post-injection). After 
injection the animal was dull and stood with hanging head; slight 
bleeding from the nose took place, but only moderate sweating, 
especially between the hind legs, occurred. 

Conclusion.-The disturbances observed were those of well
defined but mild shock, but nevertheless of a more severe degree 
than that noted when a direct transfusion of whole blood was made. 
However, the severity of the shock was much less than that produced 
by incompatible haemolysed bloorl in 20359 and 20200. 

(c) Horse 20368 stood the full intravenous dose of 3 litres of 
haemolysed blood from 20258 very well. 'l'he animal, although of 
a nervous temperament, merely showed, and that only occasionally, 
very slight restlessness during the injection. 'l'he respirations 
became slightly accelerated but could not even be described as those 
of a simple dyspnoea. No defaecation occurred during the injection 
and when t he animal was brought to its stable, some 10 minutes 
after the injection was completed, it immediately started feeding. 
Its temperature increased from 101·2° F. to 101·6° F. twenty minutes 
after the injection was completed. No sweating took place. 'l"herefore, 
except for slightly accelerated respirations, no disturbances what
saver occurred as a result of the intravenous injection of the haemo
lysed blood. This is really what one would expect, as the in vitro 
test showed that the red cells of horse 20258 were not agglutinated 
by the serum of 20368. Therefore one may presume that it was 
the serum of 20258 which produced the shock when whole blood was 
transfused. This was accordingly tested out. Three litres of blood 
were drawn from horse 20258. After coag·ulation the serum was 
collected and injected intravenously into horse 20368. There was 
slight restlessness, pawing of the ground, but no sweating. One is 
not justified in interpreting these slight disturbances as those of 
shock. What then was responsible for the shock when a transfusion 
of whole blood was made [transfusion experiment 5 (c)]? 'l'he only 
substance which was injected then and not injected when haemolysed 
blood and serum were separately used is fibrinogen. In view of 
the many transfusions which are made with whole blood without 
producing disturbances, it is obvious that fibrinogen cannot be 
incriminated as the toxic factor, especially in view of the fact that 
red cells alone and serum alone can produce shock. Doan (1927), 
however: quotes Genou (1901), Brodie (1901? and Starlinger (1925) 
who beheve that blood plasma and blood serum may have different 
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biological properties . 'l'he1·e is the further pos:oibil~ty tha~ the animal 
may in the meantime haYe deYeloped an imnnunty as 1~ suggested 
by Forssman and Skoog i n t he case of re;-er~e a naphyla::os, lJarncu
larly in vie\Y of the fact t hat incompatibility as shown by ·in 1·1tro 
t est s was d ue to the serum and not to the reel cells . Unfort una tely 
there wer e not sufficient aYailable horses sh m,·ing t h is g roup relation
ship to test this out more fully . If this is the case, it would seem 
to be possible to i.nununi se indi,-icluals again:;t incompatibility of the 
so-called universal donor . It shoulll , howe;-er , be noted that in t h is 
particular case leu cocytic in com pat i bili ty ''"as not con trolled anll 
t hat fa etor may pos::; ibly he r esponsible for the sh ock in the orig inal 
whole blood transfusion as suggest ed by Sab in (Hl23) quoted by ])oau 
(1927) . 

E"vperiment Ao . !'> . 

Three litres of h aemolysecl bloocl \\"ere prepared in the usual ,,·ay 
from horse 20418 and injected on t he same clay i nto horse 20258. 
The r eel cells of 20418 were agglutinated by t he serum of 20258, 
but the serum of 20418 did noi. agglutinate the red cells of 20258. 

H orse 20268 stood t h e intraYenous inj ection of 500-SOO c.c. of 
t he haemolysed blood very well \\' ithout showing any symptom::; . 
H e t hen suddenly started to blm,- h eaYily and soon after that reared . 
The injection was discontinued, but t h e animal fell i n au a,,·kwanl 
position in t he bleeding crush , h om which it 1va,; lh agged free iu a 
couple of minutes . An attempt to stimulate it by applications of 
cold "·ater to t he sl.;:in , and artificial r espiration " -.as \\-ithout aYail. 
A post-mortem examination colHl ucted "· it hin a n hour after death 
revealed sligh t oedema of th e l ungs, extravasation:-; in the ,-isceral 
pleura and extraY.asa tions in t he smaller bronch i. The mucous 
membranes were pale throughout. No histological examination was 
made. 

Conclus·iolt.- Sevel·e shock with a fatal te rmination was pro
duced within 10 minutes after th e commencement of the intravenous 
administration of 500-800 c.c . of haemoh·sed blood from an incom-
patible donor . · 

'PiTH AT r s T HE FA CTO R 1\'I-IJCH D ETnnnxEs IxcmiPATIJHLITY or 
H:IBYIOLYSED BLOOD ? 

'fhis question will not Le com pletel)· ans"·er ed in this paper. 
R eference h as already been made to the various views held by 
different a uthors in thi s connection, hut before presenting det ails 
of a n experiment with haemoglobin. it will be as well to summar ise 
t he fl ecl uct i.on::; th at can be made hom the foregoing experiment s 
with h.aemolysed blood. Th r::;e results indicate t hat thrre is l'Oll
siderable experimental e;-idence to sho"- that (1) O\Yll haemol,rsed 
blood does not produce shock; (2) haemolysed blood from a donor 
whose r ed cells ar e not agglutinated , and particularly not haemo
lysecl by the serum of the recipieut, doe:,; not produce shock, althou o·h 
the temperature reactions which mav occur when own haemolvs~<1 
blood as \Yell as when haemolyse<l hl~oll holll a compatible <lOJt;Jr is 
u sed may possibly be clue to t he action of the stromata as suggested 
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by Borchan1t and 'rropp (1928), already referred to, and (3) haemo
lysed blood from a donor whose red cells are agglutinate~ or haem?
lvsed bv the serum of the receiver produces shock, whiCh may m 
s~nne c~ses 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 celb of .the 
donor are ao·o-lutinated or haemolysed by the serum of the receiver 
and the gr~;test shock-produ cing factor appears to be intima.tely 
associaterl with the red cells . . According to Krumbhaar (1928) eight 
to nine-tenths of the erythrocyte consists of haemoglobin in solution, 
4 per cent. of which consists of haematiu anfl 9(i per cent. of the 
protein globin. The erythrocyte further contains a stroma about 
the composition of 'Yhich YeJ·y little seems to be kno"·n, but 
Krumbhaar quotes Beumer and Burger (1923) " ·ho obtainerl 22 · 6 gm. 
of dry st roma per Kg. of red corpuscles. Further, the erythrocytes 
contain ,;alts of ~a, K , ~fg, Ca, Cl and P, and in addition glucose, 
ferments, ± 2 ]Jer cent. of other proteins; and traees of other sub
stances. If it he assumed that the incompatibility fac(or is con
tained in the erythrocyte, one may, after a complete analysis and 
haYing obtained eaeh substance in the pure state, assign the role 
played by eaeh factor in shock and other di sturbances, particularly 
if one knows not only the entity or entities · pr·oducing positive 
reactions, but also those in which uo reaction is obtained. Strong 
confirmatory experimental eYidence that the red cell as a "·hole is 
not necessarily concerned in the production of seYere di::;turhances 
such as shock, is furnisherl by the experiments on horse 20200. It 
will be remembered that 4 litres of "·hole blood ha11sfused hom 
an incompatible d01wr (20055) into horse 20200 produced only very 
slight disturbances, but no shock . \Yhen 200-300 c.c. of haemolysed 
blood from this donor were injected intraYenously Yery senre shock 
was produced. 

When red cells are laked haemoglobin and other soluble 
substances will dissolve in the plasma. The in sol u hle 1>troma may, 
as alr-eady pointed out, be partially responsible for disturbances 
such as fever, but unless the stroma from cells of the incompatible 
donor is different strueturally, physiologically, or toxicologically 
from that of the compatible donor, it cannot play any ]Jart in the 
production of severe shock, as proved by the exveriments already 
detailed with own haemolysed blood and haemol.vsed blood from 
compatible donors. Indeed, the same is true for haemoglobin. and 
in vie\\· of the statement made h:y Borchardt and Tropp t hat globin 
is toxic an attempt was made to obtain haemoglobin* in a pure statt> 
from horse 20355, in onler to com pare the effects produced by it on 
horse 20200, with those al ready described when whole blood and 
haemolysed blood (including stroma) were used. 

Three litres of blood were obtained from horse 20306 . Afier 
complete sedimentation the re<l cells were removed from the super
natant coagulum and serum. The mass of r ed cells was subjected 
to dialysis in order to prepare crystalline haemoglobin according 
to the method of Dudley and Evans (1921) . After dialysis the 

* (Dr. Rimington , Empire Marketing Board Fellow, working at this 
Institute, kind!~' undertook the preparat ion of t he haemoglobin.) 
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h aemohse(l mass wa s spun until complete precipitat ion of stromata , 
etc ., was obtained. The su pernatant fluid wa~ carefully collec~ed 
and regarded as a pure solut ion of haemoglobm . Aft_er bubb_llll g 
throu(J>h oxy o-en haemoo-lobin crystals " ·ere recogmsed mlCro
scopic'"'ally . This concer0:rated mass of h aemoglobin, partly in 
crvstalline form , was diluted with sterile salill e to a volume equal 
tov that " ·hich would have been obtained i f the red cells of horse 
20355 were haemolysed in th eir own plasma. 'l'he diluted haemo
o-lobin solution was filterefl t hrou crh ordinarv fi lter paper, heated to 
~pproximatebr 37° C., and 300 c.~ . were i nfected inhavenously ill to 
horse 20200. 

EFFECTS OF T H E I NTRAVENOUS INJECTIO~ OF HAEM OGLOBIN FR())I 

-~~ I~COMPATlllLE D oNOR. 

During the injedion of t he 300 t:.G. of h aemoglobin no disturb
ances were observed , but wi thin two minutes of t h e completion of 
the inj ection t he animal became rest less and unsteady , particularly 
in the hindquar t ers . It walked wit h a staggering gait and then 
collapsed 1Yith a marked inspir atory dyspnoea . Cold 1Yater was 
immediately a pplied to t he whole hotly with a hose and later 
inj ections of atropin and adrenalin wer e g iven . After that the 
animal improved some" ·ha t, but could not get up. It was carri ed 
to a loose-box, but soon after it beGame progTessively 1Ymse, death 
supervening 4-5 hours a fte r it had received the haemoglobin 
inj ection. A post-mortem exam ination was m ade within an ho ur 
after death a nd the follo\\·ing anatomical patholog-ical diagnosis 
made: petechiae, ecchymoses and ext ravasations of the : - parieta l 
and visceral, pleura , epi- and endo-car dium and t he serosa of the 
intestines. H aenwrrhages throughout the substance of th e kidneys, 
large haemorrhages in the s pleen , marked stasis of t he liver and very 
marked emphysema of the lungs. 'l'he haemorrh ages had a pecu liar 
distribut ion in t he respiratory passages. No haemorrhages were 
present in the t rachea ; in t he main bron Ghi infrequent and isolated 
r etl spots were present , these became progressively more numerous 
in the smaller bronchi , until eventually t he m ucous membrane of 
still smaller bronchi was of a m ore or less u niform dark reel colour 
owing to the presence of very numerou s small haemorrhages . '1'he 
smaller bronchi contained a consider able quantity of bloody fr oth . 

f1!h cruscopic E a:a mirwtion : ll cw·t. - 'l'here '"ere haemonh ag-es 
throughout the substance of t h e m;vocanl. In places there \\·as a 
structurel ess ma terial , probably haemoglobin , between t he m1u;de 
fib res . 

L-ive r. - F rozen sections : Stasis was present and fa t in t he form 
of a veJ·_,- fine, almost granula r du;-;t occu rred in the li.Yer cells. 
Embedded sections: The section did not stain u niformly with 
haemalum-eosin . P ortions of the live1· lobules, particularly t hose 
immediately around t h e cent ral veins , ha tl a 1nore in ten se pink 
colour , t han the peripheral portions. This is regarded as being due 
to haemoglobin discolorati on. Blond in t he larger vessels seemed 
to conta in an excessi Ye number of eoRinophiles . No actual liver 
necrosis u mld be recognised. The cytoplasm of the. liver cells was 
gra nular in appearanee. Some cells contained droplets of haemo
globin and others vacuoles '"hich varied in size . On carefu l 
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examination with a 4 mm. dry lens many of the vacuoles wer~ se~n 
to contain a peripheral shell showing the characteristic haemos1derm 
staining with Berliner Blue. The interpretation which suggests 
itself is that the vacuoles were actually occupied by drops of haemo
globin; towards the periphery of the drop the haemoglobin had 
already become changed into haemosiderin, but the greater central 
mass not being so changed was not stainable anll disappeared during 
preparation of the sections, thus forming the vacuoles. Quite a 
number of other cells, particularly the Kupfer Stern cells, also 
contained fine haemosiderin granules. There was in addition a 
certain amount of yellowish-brown pigment, probably a non-Iron
containing derivative of haemoglobin. 

[(idney.-There was well-marked hyperaemia and even 
haemorrhages, especially in the boundary zone and in the medulla 
(see Fig. 3) . In many cases the capillaries of the glomeruli stood 
out prominently. Bowman's capsule was distended with a structure
less pink staining (with eosin) substance (haemoglobin) anrl many 
convoluted as well as straight tubules contaip.ed cylinders of haemo
globin (see Figs. 1 anrl 2). A certain amount of haemosiderosis was 
present and fat was seen in the form of very fine granules. These 
lesions could be described as those of haemoglobinuria, haemosidero
SIS, hyperaemia, haemorrhages and a certain amount of nephrosis. 

l!'ig. l.-Kidney Horse 20200 showing haemoglobin cylinder~ m tubules. 
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Spleen.-O nly here and there coulrl normal follicles be recog
nised, otherwise t h e normal splenic tissue was replaced by masses 
of blood . 

L ung .- 1'here was marked hyperaemia, well-marked oedema, 
emphysem a and perivascular haemorrhages, assoeiated particularly 
with the larger pulmonary vessels. There was also well-defined 
peribronchial haemorrhages . 1'he bronchi themseh-es appeared to 
be in a state of contraetion, the lumina being almost completely 
oblitera ted . I n some cases the bronchi contained quite a number of 
reel cells. This was due t o endo-bronchial haemorrhages. 

Fig . II .- As fig ure I , showing haemoglobin in Bowman's capsule. 

Conclus ion.-A fa tal case of shock was produced by the intra
venous inj ection of 300 c.c. of a haemoglobin solution prepared 
according to t h e method of Dudley and EYanR front an incompatible 
donor. 

A further supply of haemoglobin wlution ''"as obtained from 
another horse and l litre of it was injected into a compatible receiver. 
Apart fro m accelerated respirations this animal did not develop any 
other disturbances. I n this case dialysis of the red cells was not 
complete (± 10 per cent. of r ed cells remained intact). In spite of 
this the dose of haemoglobin injected "·as undoubtedly bigger than 
that which proved fat al i n the incompatible receiver. It is further 
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believed that the experiments " ·ith haemolysed blood would serve 
as additional and probably more efficient controls as, besides the 
free haemoglobin , such things as leueocytes and stromata " ·ere also 
injected. 

Fig. III.-As figure ], showing hyperaem ia and haemoglobin cylinders 111 

tubules of boundary zone and medulla. 

GENERAL DISCUSS'ION. 
Clinically ancl anatomico-pathologieally this shoc·k ve1y strongly 

1·esembles those fatal cases of shock alreacly describecl when (a) whole 
blood was transfused from an incompatible rlonor (20359), (7,) when 
o"·n transformecl reel cells were injected i·MraYenously (20290, and 
(e) when haemolysecl blood from an incompatible donor was in.ieeterl 
intraYelJously (20258). · 

'rhis resemblanee i ;; not coufined to the fatal ea;;es of shock, hut 
clinically all the experimental cases of shock , inclucling the non
fatal cases, arP almost identical. The clifferences whir-h may be 
present are th o:>e of deg-ree and not qualitatiYe . This 1esemblance, 
clinically and anatomieo-pathologically, of the fata l and non-fatal 
cases of shock to fatal a nd non-fata l ea:;es of anaphylaxis J·eportecl 
in the literah.ne is most O>trikiug . 'rhi s deduetion i ;,; made mainly 
by analogy, as a sear ch of the liten1hne av<lilable has not revealed 
a complete descTiption of anaphylaxis in equiu es . The main s.nnptom 
present in equi ues is due to r espiratory disturba nee,;, e~:>]Jecially 
inspiratory dyspnoea, with e]Jistaxis. This is aecompauied by 
sweating, increased veristalsis, which may re;mlt in frequent defaeea
tion and eYen diarrhoea. 'rhe crouehing moYements seen in some 
cases, with sagging on one hindquarter is probably due to pain and 
is analogous to the acute pain experienced by humans suffering from 
transfusion shoek. 'rhe experimental evidence is insufficient to make 
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a definite statement in connection with oliguria and anuria. The 
urine of the horse io normally alkaline. Therefore one " ·ould not 
expect oliguria and anuria to ·he present, to the extent it occurs in 
the human subject, where the acid state of the urin e is held to be 
mainly responsible for the symptoms of uraemia. In one case w~ere 
the urine was made acid bv the administration of mono-ammonnun 
phosphate and three litres. of own haemolyserl blood \HI S injected 
intravenously, uo symptoms excepting a temperature reaction, we1·e 
0bserved for a period of three \Yeeks after the injection. However, 
this aspect of the problem req nires further study, when the effects 
of the i.ntraYenous injection of haemolysed bloorl from another but 
compatible donor anrl haemolysed blood from an incompatible donor, 
should in adclition be obserYed in horses with an acirl u1ine. 

Pathologieally the outstanding lesions present in all eases are: 
petechiae, ecehymoses anrl extraYasations in mucous and serous 
membranes, in the epi- and endocardium, haemonhages throughout the 
substance of various organs and oedema and emphysema of the lungs. 
To what extent the r:ontracted state of brom:hioli seen microscopically 
is a t rue indication of what \Yas present before death is not known. 
Haemoglobin eylinders are present \Yith degenerative changes in the 
kidneys. The liver neeroses rlesC'l' ihecl in fat al human eases, were 
not seen in the h orses exami necl. In this animal the lesions in the 
liver were those of marked stasis atrophy with haemorrhages, 
degenerative changes and a certain amount of haemosiderosis. 

So ,;ystematic examination of i.he blood was macle of cases 
showing ;hoc:k. It is h opecl to clo this in the immediate future. 
However, in oue case the c:ounts " ·ere: reel eount 13 million, \Yhite 
count 4,900, recl precipitate GO per cent., that is after a transfu~ion 
of 10 li tres of blood \Yas made during hyperinun u nisa ti on .against 
horsesickness. After th e hansfusion ,,·as com pleterl the animal 
developed ~:;evere shoc·k with ha emoglohina emia and rlied "·ithin 
12 hours after transfusion. There ,,·ere Yery extensiYe haemonhages 
of the serous and muc·ons membran('es, of the epi- and endocanlium, of 
the nu·ious organs of the borly, iuducling the musculature of the tongue 
and rliaphragm, of the spleen, ete. There wa,; Yery markecl stasis 
of the liver, but unfortuuately 110 specimens \Yere colleded for 
mieroscopic: examination. '.!'he rhfferential counts \H're: lymphocytes 
~, neu trop'h!les o, eos'mop'lli.'les 0, monoc:ytes ) rml'l 'oasop'l1i.\ec; 1. 

This \Yas interpreted as a case of Yery marked neutrophile 
leucopaeuia , but these figures lo:;e much in ntlue on ac:r:ount of the 
a hsence of pre-transfusion countR. X eYerthe less they are s igni fican t 
when compared with the c:ounts from four other horses which did 
not show an~· symptoms of shock . D etails of the pre- and post 
transfusion counts of these four horses \Yill be found in the accom
panying table. Three out of these horses were immuni. sed '"ith horse
sickness virus and serum on 31st October, 1933, and were hyper
immuni secl by transfusing .!0 litres of bloorl from donors at the 
height of the horsesickness reaction on 12th Jannary, 1904. 'l'he 
other horse 20GRO was immunic;erl or;· 7th August , 19:):), hyper
immunised for the first time ou 26th September, 1933, and for the 
second time on 12th Janu ary, 1934. The pre-transfusion eounts were 
made on 11th January, 19:14, and the post-transfusion rounts on 
12th January, 1934, within 12 hours after transfusion. 
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l' . J . J . FOUltiE. 

If one may draw any conclusions at all from these figures, then 
there would seem to be a tendency towards a neutrophile leucocytosis 
with transfusion of horsesickness blood. This may, of course, not be 
the case when t ransfu sion is practised from the normal individual 
and before a final opinion can be given these counts will have to be 
repeated in properly plan ned transfusion experiments using com
patible and incompatible donors in normal health . 

In all twenty-seven h orses were u sed in the shock experiments. 
Ten were used in direct whole b lood transfusions; of these three 
were eontrol t> \Yhieh rereiYed !'Olnpatible bloocl with uegati ve shock 
reactions , and seven were transfused from incompatible donors. Of 
these two reacted with severe shock, one of which terminated fatally, 
and one react ed with mild shock; t"·o gave completely negative 
reactions, and in the r emaining two mild di sturbances were observed. 
The number of cases of experimentally produced shock are admittedly 
somewhat on the small side. It is, ho\Yever , not possible to accurately 
cont rol the degree of shock and for reasons of eeonomy one is forced 
to work with a limited number of the large animals. 

Eleven were used in experiments where haemolysed blood was 
inj ected intravenously. Of these, two receiYed their own haemolysed 
blood and five received haemolysed blood from other but oompatible 
donors . In these seYen horses shock was not produced and they may 
be regarded as cont rols to the r emaining four cases in which incom
patible haemolyse cl blood was in jeeted intravenously. Of these four, 
t h ree reacted with severe shock, which \Ya s fatal in one case , and 
the fourth developed well-defined but mild shock. Four were u sed 
in experiments '"ith trausformed r eel cells. Two reacted with severe 
shock, with a fatal t ermination i n one case . The other two were 
controls, the one receiving own red cells after standing for 24 hours, 
and the other, serum to which the " J "-like bacillus " ·as added . In 
both of these no rea etions were o bserTecl. 

The 26th horse was giYen an intravenous inj ection of haemo
globin (:100 c.:.c.), f rom an incompatible donor , with a fata l termina
tion . A bigger close of h aemoglobin prepared in more or less the 
same way and injected intraYenously into a compatible receiver , did 
not procluee shock. 

SE RUM SHOCK. 

In view of t he negatiYe results obtained " ·ith own haemolysed 
blood and compatible haemolysed blood , it is difficult to explain 
the eases of serum shock met with under :field conditions when 400 c.c. 
of horsesickness hyperimmu ne serum is iujecte(l intravenously, on 
a haemolytic basis. H o" ·ever, on clinical grounds one would be 
inclined to r egard this serum shock as similar to shock which occurs 
when incompatible blood is transfused, but until such cases become 
available for a complete haematological examination, it is futil e to 
speculate on t h eir pathogenesis. 

TRANS FUSION SHOCK. 

The mild disturbances which occur when incompatible blood is 
transfused may be clue to a certain amount of intravascular agglutina
tion which may take place, but the severe shock is due to haemolysis . 
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This more or less confirms the work of Lindau (1928) and others. 
In view of the ueo·ative results with own haemolvsed blood and 
haemolysed blood f~·om compatible ckmors, such haemolytic shock 
can only occur when the red cells of the donor are incompatible, 
and could for instance not ·occur with the universal donor. How
ever, there is definite eYidence (Lindau, 1928, and others) that the 
use of the universal donor may sometimes lead to severe disturbances 
and shock. An examination of this question in the light of Sabin's 
work on l eucocytic incompatibility, already referred to, may reveal 
interesting results. 

'rhe results with haemolysed blood further show that incom
patibility is not necessarily due to the whole erythrocyte as such, 
but may be clue to a part of the red ('ell. In one case whe1·e an 
appa1·ently pure solution of haemoglobin was injected intravenously 
into an incompatible receiYe1·, fatal shock occurTecl, whil:;t a haemo
globin solution prepared in more or l ess the :lame \1'<1.)' and injected 
in larger l!uantities, prorluce(l no shock in a compatible receiver. In 
addition, one has the evidence of the harmlessness of compatible 
haemolysed blood, whe1·e, besides free haemoglobin, leu('ocytes and 
stromata are inj ectecl. If it be assumed that the haema tin portion 
of the haemoglobin molecule i::; non-toxic an rl that i u acconl ance 
with the work of Borchardt and 'rrop]J, globin is the toxil' factor, 
this toxicity must, in view of t he r esults .already presented in this 
paper, be confined to incompatible bloods and globin of mrn blood 
and of compatible blood should be harmless. In that case incom
patibility due to the agglutinog-en factor ma:v yet be found to be 
due to a difference in structure of the globin portion of the haemo
globin molecule and that such structural difference may actually be 
respon~ible for the various blood groups in different incli.Yiduals of 
the same species . According to P-olclermann (1982) there is no 
indication of dissimilarity of the chlorhaemins from different haemo
g lobins when such chlorhaemius are examined spectrophotometrically . 

SUMMARY AND CONCLUSIONS. 

1. Ar·cording to the practical experience of veterinarians in the 
field shock <lf varying degrees of severity occurs in horses when 
they are injected intrave110usly " ·ith the usual doses (400 c .c.) of 
horsesickuess hyperinunune serum. It is unlikely that this shock 
is of a haemolytic nature. 

2. In one ca::;e seYere shoek was lJroducecl when transfusing 
blood from a donor having group relationships of the human universal 
donor. The red cells of this donor \Yere proved to be compatible, 
.as in addition to negative 1n vitro tests no reaction was obtained 
when injecting the haemolysed red cells intravenously. The serum, 
however, also reacted negatiYely in so far as shock was concerned 
when inj ected intra venousl.r. U ufortuna tely this blood was not 
examined for leucocytic incompatibility. 

3. In only a proportion of cases is seYere haemolvtic shock 
induced when 4 li tres of "·hole blood are transfused from donors 
with incompatible red cells. 
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4. \Vhen incompatible 1·ecl cells do not eYentua lly become h aemo
lysed disturbances of only a mild nature oc<:ur, with the transfusion 
of as much as 4 li tres of " .hole blood. 

5. If such incompatible red celL m·e haemolysed in ·vitro, then 
severe shock rnav occur when such a solution is injected in relatively 
small doses intr~venously into an incompatible reeeiver (300 c.c.). 

6 . Own haemolysed blood inj ected inhaYenously in relatively 
large doses (:l lihes) does n ot pro(lur·e sh oc k (2 cases) . 

7. Ha emolysed blood from a compa tihle (l 011 or i nj eded intra
venously in relativel.v ]arp;P (lo ->ec; Cl litres ) clOPs not prorluce shock 
(;) cases) . 

8 . Red cells tra n ~fo rtne (l a;; a result of ihe action of a "J " -l iJe 
bacillus of Fr iecleu reic h , prorluce seYere shock when injected intra
venously into t he san1e animal. In vie''" of t h e experimental evid ence 
that o,,.n haemolyse!l blood all(l h aemolyse!l blood from compatiule 
tlonors are not toxic, it is e:s:1renwb · r1 oubHul if this shock can be 
satisfactorily ex plained on a h aemolytir; basis alone and from the 
aYai lable Hi rlence, agglutinat ion r;annot he e:s:clu!l erl as the aetio
logical fa!;ior in such c a ~e~ . 

9. A soluho11 of haemoglobin , as far as possible freed from 
~tmmata , pro!hu:: ed shock \Yith a hda l termination in a relatiYely 
sma 11 dose (300 r·.c. ) ·"hen iujected intraYenousl,v iHto an iu r;om
patihle receiver . A bigger close of h aemoglobin prepared in more 
or l ess th e sa me \\·a:1· !lid no1 pl'o!hl!' f' ~ hock "·hen inj eete(l ini·o a 
co mpatible> receiYer. · 

10. If it be assumed 1 hat the haematin portion of 1he haemo
globin molecule is n on-toxic a ncl that in accord a n ce with the work 
of Borchardt :mel rrropp globin is to:s: ic , this toxicity must, in Yiew 
of t h e results aheacl .v prese nted in this paper , he confinerl to incom
patible blood s, a n(l g lobin of O\Yil lJlo o1l all(l of r;ompatible blood 
should b e ha rml ess. In that case incompatibility .. clue to the 
agglutinogen factor, may yet he fo uml to he due to a difference in 
the structure of the glol1in portirm of the h aemogl obin molecule and 
that such structural difference ma.1· <Jctua ll.'· he responsible for the 
various blood group~ in r1iffereHt incl iYicluah of t he same spe!' ies. 
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