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A CLINICAL STUDYOF TRANSFUSIONREACTIONS: THE HEMO-
LYTIC EFFECT OF GROUP-OBLOODANDPOOLEDPLASMA

CONTAINING INCOMPATIBLE ISOAGGLUTININS

By R. V. EBERT1 AND C. P. EMERSON,JR.'
(From the European Theatre of Operations, U. S. Army)

(Received for publication January 8, 1946)

The stored blood employed during World War
II for the treatment of battle casualties was al-
most exclusively group-O blood, in consequence
of which patients of blood groups A, B and AB
were obliged to receive incompatible isoagglutinins
in the course of transfusion. Anti-A and anti-B
isoagglutinins, incompletely absorbed in the proc-
ess of pooling, were likewise contained in the
dried plasma supplied by the Army. Thus, all
patients of blood groups other than group 0 re-
ceiving pooled plasma, and over 50 per cent of
those who were transfused with whole blood were
subjected to the injection of incompatible iso-
agglutinins.

The preponderance of evidence in the literature
indicates that the transfusion of group-O blood
into recipients of other blood groups rarely pro-
duces serious reactions (1). The most extensive
observations in this connection were reported by
Aubert et al. (2), who described instances of
chills, fever and evidences of blood destruction,
but no serious complications following such trans-
fusions. Reports of severe reactions in response
to the injection of incompatible group-O blood
have, however, appeared from time to time. A
proper evaluation of such records in the earlier
literature is difficult, because of the lack of data
pertaining to Rh compatibility, but isolated cases
have more recently been described (3 to 5) in
which the Rh factor clearly could not be impli-
cated. The present report is based on a detailed
study of transfusion recipients, including 85 sol-
diers who received incompatible isoagglutinins in
varying amounts. This investigation has been
conducted for the purpose of determining in what
manner and to what extent humans may react to
the administration of whole blood and plasma con-
taining these isoagglutinins, with the hope that
such observations might yield data of practical
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significance pertaining to the practice of trans-
fusion therapy, or, possibly, of theoretical interest
in relation to hemolytic processes in general.

MATERIALS AND METHODS

The sera of 184 blood donors were examined in order
to estimate the relative frequency with which individuals
of group-O blood are encountered who exhibit a high
titer of isoagglutinins. These donors, selected at random,
were all healthy adult males and females. Pooled washed
erythrocytes of groups A and B were employed as the
test cells, prepared in the form of a 2 per cent suspension
in normal saline solution. Agglutination was read grossly
and microscopically after centrifuging the test prepara-
tions. The titer values are expressed in terms of the final
dilution following addition of the cell suspension, and the
incidence of occurrence is recorded in Table I. Isoagglu-

TABLE I

Incidence of isoagglutinin titers determined in 184
group-O blood donors

1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512

Titer
Per cent of donors

Anti-A 0 5 10 30 25 17 11 2
Anti-B 0.5 9 16 29 25 17 3 0.5

tinin titers, determined in 5 lots of reconstituted pooled
dried human plasma, selected at random, ranged from
1: 32 to 1: 128.

Differential counts of agglutinable and non-agglutinable
erythrocytes in the blood were performed by the method
of Ashby (6), modified to permit the use of dried anti-A
and anti-B grouping sera (Lederle), a step which elim-
inated the factor of dilution by serum. The mixture of
dried serum and cell suspension was centrifuged for 1
minute and subsequently allowed to stand for 5 minutes,
following which the cells were resuspended. The non-
agglutinated cells were counted in a standard hemocy-
tometer, and this count compared with a similar count
done on the cell suspension to which no grouping serum
had been added. The reliability of this method was es-
tablished through control counts performed on prepara-
tions containing 0 and A cells in known proportions.

Measurements of the plasma hemoglobin concentration
were performed by the method of Bing and Baker (7),
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modified for the photoelectric cell colorimeter. Careful
precautions were observed in obtaining plasma specimens
for this determination. Three ml. of blood were removed
from a vein, using a 10 ml. syringe moistened with 2%
per cent sodium citrate solution, and introduced into a
small test tube containing 0.4 ml. of 2½ per cent sodium
citrate solution. The tube was then stoppered with a
waxed cork and inverted once. Immediately thereafter it
was centrifuged slowly for 5 minutes; the supernatant
fluid was again centrifuged rapidly for 5 minutes, and
this supernatant material employed for the determination.
With this technique it was possible consistently to obtain
values for plasma hemoglobin less than 2 mgm. per cent
in normal subjects. In determining the concentration of
serum or plasma bilirubin in specimens containing free
hemoglobin, a correction factor was employed to eliminate
an additive error due to the presence of hemoglobin.

Serum bilirubin concentrations were determined by the
Van den Bergh method (8), modified for the Klett photo-
electric cell colorimeter and standardized with purified
bilirubin. The total hemoglobin concentration was meds-
ured colorimetrically with the Klett colorimeter. Hema-
tocrits were read in 4 ml. tubes centrifuged at 2000 r.p.m.
for 30 minutes, mixed ammonium and potassium oxalate
being used as the anticoagulant. The method for estimat-
ing the osmotic fragility of erythrocytes depended upon
the measurement of the percentage of total hemoglobin
liberated by hemolysis in a mixture of 1 part whole blood
with mixed oxalate, and 50 parts of the sodium chloride
test solution, the hemoglobin concentration,in the super-
natant solution being determined with the Klett colorim-
eter, and the percentage hemolysis, calculated therefrom,
being charted with relation to the concentration of sodium
chloride.

The plasma volume measurements were performed by
the method of Gibson and Evelyn (9), modified to permit
the 'determination of the dye concentrations in oxalated
plasma (10), using the Klett colorimeter. In computing
the red cell volume from the figures obtained for the
plasma volume and hematocrit reading, a standard cor-
rection has routinely been applied, based on evidence (11,
12) that a systematic additive error of 15 per cent is
inherent in this calculation.

The anticoagulant employed for all transfusions was
sodium citrate.

Rh grouping tests reported in this communication were
performed with potent human anti-Rh serum supplied
through the kindness of Dr. Louis K. Diamond, Blood
Grouping Laboratory, Boston, Mass.

RESULTS

Transfusion reactions occurring after the admin-
istration of blood containing incompatible iso-
agglutinins in high titer.

A few reactions were observed in patients re-
ceiving therapeutic blood transfusions, the ex-
planation for which appeared to be related to the

presence of a high concentration of incompatible
isoagglutinins in the transfused blood. An in-
stance of this type of reaction is given:

The patient, whose blood was group-A Rh+ had
received a gunshot wound of the right leg, following
which he had been given 3 transfusions of whole blood.
Two weeks later he received a transfusion of fresh group-
O blood. Twenty minutes after the transfusion was
started, 350 ml. of blood having been injected, he began
to complain of back pain, nausea, vomiting and chilliness.
The transfusion was promptly halted. A specimen of
urine obtained immediately after the reaction contained a
moderate amount of hemoglobin, but subsequent samples
were hemoglobin-free, and urine secretion remained un-
diminished. The plasma hemoglobin concentration imme-
diately after the transfusion was 86 mgm. per 100 ml.;
two hours later it was 32 mgm. per 100 ml. The serum
bilirubin concentration at the conclusion of the transfu-
sion was 1.6 mgm. per 100 ml., at the end of two hours
it was 3.7 mgm. per 100 ml., and after twelve hours it
was 1.3 mgm. per 100 ml.

The patient recovered uneventfully, and subsequently
received several transfusions of both group-O and group-
A blood without further incident. Studies confirmed that
the blood of the donor was group-O, and that of the re-
cipient was group-A. The donor cells were not agglu-
tinated or hemolyzed in vitro by the serum of the re-
cipient, either at room temperature or after incubation at
370 C. The titer of anti-A isoagglutinins in the plasma
of the transfused blood was 1: 2048. Ashby counts indi-
cated that, prior to transfusion, 58 per cent of the pa-
tient's red cells were non-agglutinable, evidence that the
previous transfusions had been of group-O blood. Twelve
hours after the transfusion reaction the proportion of
non-agglutinable cells was 75 per cent, indicating that the
transfused cells almost certainly were not involved in the
hemolytic process.

Interest in the features presented by this case
prompted a subsequent investigation, conducted in
an Evacuation Hospital, designed to study the
incidence and clinical manifestations of this type
of reaction. During the period of study, 265 trans-
fusions of group-O blood were administered to 61
patients of groups A, B, or AB. There occurred
3 reactions which could be related to a high titer
of incompatible isoagglutinins in the transfused
material, representing an incidence of 1.1 per cent.
The titer of isoagglutinins in the blood implicated
in these reactions ranged from 1: 500 to 1: 1500,
when the donor plasma was tested against the
recipient cells, No similar reactions were ob-
served with titers of less than 1: 500.

The overt clinical manifestations of these reac-
tions consisted of a brief chill and a moderate
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febrile response. Hemoglobinuria and marked
hemoglobinemia were observed in one case. A
transient slight elevation of plasma hemoglobin
concentration was present in the other cases, but
no hemoglobinuria developed. Hyperbilirubine-
mia, lasting from 12 to 24 hours, was consistently
present, with icterus index elevations in no case

exceeding 3 or 4 times the normal value. Serial
Ashby counts indicated that the transfused cells
were not destroyed with unusual rapidity; on the
contrary, they could be demonstrated in unex-

pectedly high proportions in the blood of these
patients following transfusion, suggesting that re-

cipient red cells rather than donor cells had been
destroyed.

Control studies were carried out in order to
determine the effect of injecting incompatible
plasma, in the absence of donor cells. Four
healthy adult male volunteers, previously untrans-
fused, whose blood groups were A or B, received
single rapid intravenous injections of plasma de-
rived from group-O blood, the isoagglutinin titers
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of which had been demonstrated to be unusually
high. The titers determined in these plasma prep-

arations, tested against the recipient red cells, in
1 case was between 1: 500 and 1: 1000, and, in
the remaining instances, between 1: 2000 and
1: 4000. The volume of plasma injected ranged
from 250 ml. to 500 ml.

No clinical symptoms were produced as a result
of these transfusions, and only 1 subject exhibited
a slight transient febrile response, the oral tem-
perature rising to 99.3° F. The effects of the
injections on the levels of serum bilirubin, plasma
hemoglobin and total hemoglobin concentrations
are illustrated in Figure 1. In each case a slight
rise in serurm bilirubin concentration occurred,
attaining a maximum in from 2 to 6 hours, and
gradually subsiding to normal over a period of
12 to 24 hours. In 2 cases the plasma hemoglobin
concentration rose to 10 mgm. per 100 ml., the
peak concentrations developing within 30 minutes
following the plasma injection, and the hemo-
globinemia clearing completely in from 6 to 12

*- *Case 1

.--- -_Case 2
.......... Case 3

*---x Case 4

.. ... .

0 2 4 6 8 10 11 14 16 is 2o U2 24
HOURSAFTER INJECTION

FIG. 1. THE EFFECT OF PLASMA CONTAINING A HIGH CONCENTRATIONOF INCOMPATIBLE ISOAGGLUTININS,
WHENINJECTED INTO NORMALHUMANSUBJECTS

Two hundred and fifty to 500 ml. of plasma containing isoagglutinins in titers ranging from 1: 500 to 1: 2000
against the recipient cells were injected into four subjects whose blood groups were A or B. Note the definite
increase in serum bilirubin and slight or absent elevation of plasma hemoglobin concentration.
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hours. No significant elevation of plasma hemo-
globin concentration was observed in the remain-
ing cases, and in no instance was hemoglobinuria
encountered. The total hemoglobin concentration
showed only a slight initial decline, consistent with
the anticipated effect of erythro-dilution due to
the injected plasma.

The results of these experimental plasma trans-
fusions appeared to correspond qualitatively with
the observations made in cases receiving thera-
peutic transfusions of whole blood containing a
high concentration of incompatible isoagglutinins.
To be sure, none of the 4 individuals receiving
cell-free plasma exhibited a chill or other sig-
nificant clinical symptomatology; nor was the ap-
parent degree of blood destruction, judged on the
basis of hemoglobinemia and bilirubinemia, equiv-
alent to that occurring in some of the clinical cases

in which there was a febrile response to group-O
whole blood, despite the fact that the plasma re-
cipients were presumed to have received as high
a dosage of incompatible isoagglutinins as did
those who reacted to the injection of whole blood.
Whether this apparent disparity in quantitative
effect may be attributable to the presence of red
cells in the donor blood, or to an enhanced sus-
ceptibility on the part of those patients, was not
determined. It is possible that the in vitro esti-
mation of relative isoagglutinin potency is an in-
adequate measure of the hemolytic property of
the material when introduced into the recipient.

The effects of single injections of cell-free hemo-
globin solution.

In contrast to the findings in certain other hemo-
lytic syndromes, the degree and duration of
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FIG. 2. THE EFFECT OF INJECTING HEMOGLOBINSOLUTION INTO NORMALHUMANSUBJECTS
Case 1 received 1.2 grams of hemoglobin intravenously; Case 2, 2.4 grams; Case 3, 4.0 grams; and Case 4, 6 2

grams. Note the relatively minor effect of these injections on the serum bilirubin concentration, in proportion
to the marked hemoglobinemia produced.
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HEMOLYTIC EFFECT OF GROUP-0 BLOODAND POOLED) PLASMA

hyperbilirubinemia following the transfusion of in-
compatible isoagglutinins appeared to be dispro-
portionately great compared to the degree of
hemoglobinemia. A soldier with march hemo-
globinuria, for example, was observed to have a

plasma hemoglobin concentration of 40 mgm. per

100 ml. following a march which had induced
hemoglobinuria; at the end of a 3-hour period of
rest, at which time the urine was hemoglobin free,
the plasma hemoglobin concentration was still
approximately 10 mgm. per 100 ml. However,
the maximum concentration of serum bilirubin,
attained one hour following the march, was only
0.85 mgm. per 100 ml. A more striking clinical
example illustrating the occurrence of marked
hemoglobinemia, not followed by significant hy-
perbilirubinemia, was afforded by the case of a

transfusion accident with recovery. Through er-

ror, a patient of blood group-O received 120 ml.
of group-A blood. One hour following trans-
fusion the plasma hemoglobin concentration was

240 mgm. per 100 ml.; 8 hours later it was still
30 mgm. per 100 ml.; nevertheless, the peak level

of bilirubinemia was less than 1.0 mgm. per 100
ml. These inconsistencies of relationship between
the concentrations of plasma hemoglobin and bili-
rubin prompted a series of experiments in which
normal human subjects received varying amounts
of cell-free hemoglobin intravenously, serial meas-

urements of the plasma hemoglobin and serum

bilirubin concentrations being performed follow-
ing, injection.

The recipients were normal young adult males
who had volunteered to serve as subjects for
these experiments. Hemoglobin solutions were

prepared by lysing, in distilled water, a citrated
specimen of whole blood obtained from the pros-

pective recipient. The isotonicity of the hemo-
lysate having been restored and the red-cell stroma
precipitated by the addition of crystalline sodium
chloride, the- material was prepared for injection
by passage through a Seitz filter. Injection of
these solutions in no instance induced a febrile
response or other unfavorable sequelae. Transi-
ent hemoglobinuria occurred in 1 subject (Case
4) who received 6.2 grams of hemoglobin, the lar-

TABLE II

The effect of group-O donor blood on the total volume of recipient red cells, in patients of blood groups A and B

Volumeof ~~~~~~~~~~~~~~~~~~~Changein volume* o~fCae(lodVolupmOTieolam Non-agglu- Volume of
group) loupeoTimeo Hematocrit Plauma tinable red group-Oup|0

group) sfusod volume cells |transfused Group-O Group-A or
transfused transfused cells B cells

ml. ml. per cent ml. ml. ml.
1 before transfusion 30.8 2880 1

(ARh+) 1120 470 450 -430
48 hr. after transfusion 28.5 3270 41

2 before transfusion 31.2 2700 19
(ARh+) 1560 640 700 -560

48 hr. after transfusion 34.8 2600 76

3 before transfusion 34.3 2670 0
(ARh+) 1000 490 390 +130

20 hr. after transfusion 38.3 3230 23

4 before transfusion 35.4 3090 8
(ARh+) 1460 640 620 -170

72 hr. after transfusion 41.4 3140 39

5 before transfusion 32.4 3060 12
(BRh+) 1100 470 460 +80

24 hr. after transfusion 40.1 3160 34

6 before transfusion 36.3 2760 1
(A) 1000 390 340 -70

24 hr. after transfusion 40.5 2780 22

7 before transfusion 40.1 2940 47
(ARh+) 1020 420 350 -40

48 hr. after transfusion 44.8 2880 57

* Calculated from plasma volume, hematocrit and percentage of non-agglutinable R.B.C. before and after transfusion.
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gest dose administered. The effects of these in-
jections on the concentrations of plasma hemoglo-
bin and serum bilirubin are illustrated in Figure 2.

It will be noted that, in common with the situ-
ation following the transfusion of incompatible red
cells, and in contrast to the findings determined in
cases receiving incompatible plasma, only minimal
elevations of bilirubin concentration occurred in
conjunction with relatively marked and sustained
hemoglobinemia. The inference may be drawn,
that the hemolytic process induced by the injec-
tion of incompatible plasma does not involve a

rapid intravascular destruction of the recipient
erythrocytes with the liberation of corresponding
amounts of free hemoglobin into the free circula-
tion, for the amount of bilirubin produced under
these conditions is greater than could be accounted
for, assuming its sole source to be the hemoglobin
circulating in the plasma.

The hemolytic properties of incompatible group-
0 blood and pooled plasma.

Despite the infrequent occurrence of febrile re-
actions following the injection of incompatible
isoagglutinins, it was suspected that asymptomatic
hemolysis of recipient cells may be a common
complication of this procedure. In order to evalu-
ate this possibility and to determine quantitatively
the degree of hemolysis produced, measurements
of the blood volume, together with Ashby counts,
were performed before and after a single trans-
fusion of group-0 whole blood in 7 recipients
whose blood groups were A or B. None of these
patients had experienced recent hemorrhage. All
were battle casualties convalescing from chest
wounds, with the exception of Case 1, who was a
patient with subacute glomerulonephritis.

The results of these studies are charted in
Table II. It is evident that a significant degree
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HEMOLYTIC EFFECT OF GROUP-OBLOODAND POOLEDPLASMA

of blood destruction involving the recipient cells
followed transfusion in Cases 1, 2 and possibly 4.
Such variations as are noted in the other cases,
with respect to the changes in red cell volumes,
are within the limits of experimental error. It is
noteworthy that in no case, including those in
whom a considerable degree of blood destruction
occurred, was transfusion followed by chills or
fever.

Blood or plasma containing incompatible isoag-
glutinins appeared to have a more destructive ef-
fect when administered in multiple repeated trans-
fusions, as evidenced by the results of a study in
which serial Ashby counts were performed over
a period of several days in patients of blood groups
A and B. The therapy in each case included an
initial large transfusion of group-O blood, which
had previously been stored for approximately two
weeks. Whole blood transfusion was not repeated
during the period of these observations. One
group of patients received repeated plasma trans-
fusions on successive days, while the other group,

which served as the control series, received no
plasma during this period. The results are il-
lustrated in Figure 3.

It was observed that, in cases receiving no
plasma transfusions, the percentage of group-O
cells progressively declined from day to day, the
rate of their disappearance being consistent with
the expected rate of destruction of injected, 2-
weeks-old red cells. In contrast to the findings
in these cases, however, those patients receiving
repeated plasma transfusions failed to demon-
strate the expected decline in percentage of group-
0 cells and, indeed, usually exhibited a persistent
increase as long as this therapy was continued.
It appeared, therefore, that the plasma recipients
incurred a destruction of their own erythrocytes,
which, in rapidity, equalled or exceeded that in-
volving the transfused stored cells. More ex-
tended laboratory study of these patients, includ-
ing serial measurements of the icterus index and
hematocrit readings, demonstrated the develop-
ment of progressive anemia and hyperbilirubine-

FIG. 4. THE HEMOLYTIC EFFECT OF POOLEDPLASMA, OBSERVEDIN ONE PATIENT
OF BLOODGROUPA

This figure illustrates the course of the Ashby count, hematocrit reading and
icterus index in a patient of blood group A who received repeated transfusions of
pooled plasma. Note the increasing percentage of group-O cells, indicating that
rapid destruction of group-A cells has contributed to the development of anemia
and persistence of icterus.
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mia corresponding in degree with the severity
of the hemolytic process as indicated by the Ashby
counts (Figure 4).

Changes in the osmotic fragility of recipient ery-
throcytes following transfusions of plasma and
whole blood containing incompatible isoagglu-
tinins.

An unusual opportunity to study the effects
of massive doses of pooled plasma on recipients
of different blood groups was afforded in the
course of observing 7 patients, who were treated
for extensive gasoline burns. Three of these pa-
tients were of blood group-O. The burns were of
comparable degree and extent in all cases, and all
received large amounts of pooled dried human
plasma,' supplemented, in some instances, by
group-O whole blood. Each patient received a
local application of sulfanilamide powder as part
of the initial treatment of the burn, but in no case
were sulfonamides administered by mouth or
parenterally, by injection.

One feature of interest was the finding of a
definite increase in the osmotic erythrocyte fra-
gility in all cases, with the exception of those pa-
tients of blood group-O. The fragility curves, de-
termined 48 to 72 hours after injury, are charted
in Figure 5, with a notation of the patients' blood
groups (0), (A) and (AB), as well as the
amount of plasma (P) and whole blood (WB)
received prior to the test. Ashby counts, carried
out in saline solutions of various concentrations,
indicated that the increase in osmotic fragility in-
volved only the recipient cells. The patient show-
ing the most striking change in osmotic fragility
(Figure 5) died on the 4th hospital day with an
acute hemolytic anemia, progressively marked he-
moglobinemia and hemoglobinuria having been
present for 24 hours. In addition to 7000 ml. of
pooled plasma, he had received 2500 ml. of group-
O whole blood prior to death; at that time his
hematocrit reading was 24, and 90 per cent of his
circulating red cells were group-O cells, indicating
almost complete destruction of his own erythro-

RBC FRAGILITY AFTERTRANSFUSIONTHERAPYIN 7 BURN CASES
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HEMOLYTICEFFECT OF GROUP-OBLOODAND POOLEDPLASMA

FIG. 6. CHANGESIN OSMOTIC ERYTHROCYTEFRAGILITY IN PATIENTS OF BLOOD GROUPA
FOLLOWINGTRANSFUSIONOF GROUP-OBLOOD CONTAINING ANTI-A ISOAGGLUTININS IN HIGH
TITER

The solid lines represent the osmotic fragility curves determined before the transfusion; the
dotted lines, the fragility immediately following this procedure. The volume and isoagglutinin
titer of the transfused blood are indicated in each case.

cytes. Combined Ashby counts and osmotic fra-
gility tests further showed that all of his remaining
group-A cells hemolyzed in concentrations of so-
dium chloride greater than 0.6 gram per cent,
whereas the group-O cells, derived from trans-
fusions, only began to hemolyze in solutions of
less than 0.5 gram per cent sodium chloride. An-
other of the group-A patients demonstrated almost
complete replacement of his own red cells by
transfused cells, having received 10,000 ml. of
pooled plasma and 6000 ml. of group-O whole
blood in the course of 12 days. As in the case of
the first patient described, his blood also exhibited
a rapidly progressive increase in osmotic fragility
affecting only his own red cells, as well as hemo-
globinemia and hemoglobinuria for 2 days prior to
death, which occurred on the 12th day following
injury.

In order to determine whether these changes in
osmotic fragility were, in fact, attributable to trans-
fusion therapy rather than to the effects of the

burn itself, or to other therapy accorded these pa-
tients, serial observations were made of the red
cell osmotic fragility of 12 patients of blood group-
A Rh + before and after transfusion with group-
O blood containing anti-A agglutinins in various
concentrations. Seven patients who received
blood, the anti-A agglutinin titer of which ex-
ceeded 1: 200, showed a definite increase in os-
motic fragility which was demonstrable promptly
after transfusion. Five patients receiving agglu-
tinins in lower titer showed no fragility changes;
one of these, however, following a subsequent
transfusion of low-titer blood, exhibited a mark-
edly increased osmotic fragility of the red cells.
Similar studies carried out on group-O recipients
indicated that no change in osmotic fragility oc-
curred in these individuals following transfusion.

The effect of transfusion on the erythrocyte os-
motic fragility in 5 group-A recipients of group-O
blood is illustrated graphically in Figure 6. The
dotted line represents in each instance the fragility
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before transfusion, and the solid line the fragility
determined immediately following its conclusion.
All of the patients whose fragility curves are
charted in this illustration had received previous
transfusions of group-O blood and pooled plasma,
which prob4bly accounts for the deviations from
the normal apparent in the pre-transfusion sam-
ples, inasmuch as similar abnormalities were never
observed in individuals who had received no trans-
fusions, or in patients of blood group-O. The ir-
regular configuration of certain of these fragility
curves is due to the fact that the blood examined
contained a mixture of recipient cells and trans-
fused group-O cells. This phenomenon of in-
creased osmotic fragility of the red cells was dem-
onstrable immediately following transfusion of
blood containing a high concentration of incom-
patible agglutinins; the change was progressively
more marked with repeated transfusions of this
type; and, finally, the results suggested that red
cells so affected remained abnormally susceptible
to hemolysis in hypotonic solutions of sodium chlo-
ride until they eventually disappeared from the
circulation.

DISCUSSION

It is concluded from these studies that the trans-
fusion of pooled plasma or whole blood containing
incompatible isoagglutinins may not be entirely a
benign procedure. Unless these isoagglutinins are
present in low titer, some destruction of recipient
cells probably always occurs, which may be mani-
fested solely by an elevation of serum bilirubin.
The repeated administration of large amounts of
group-O blood or pooled plasma to individuals
whose blood groups are other than group-O, ap-
pears to result in marked and progressive destruc-
tion of the recipient's cells. This phenomenon is
usually not accompanied by clinical symptoms
such as are ordinarily associated with a transfusion
reaction; therefore, except for the development of
a variable degree of icterus and anemia, or fail-
ure of the anemia to respond to transfusion therapy
as anticipated, the hemolytic process may be over-
looked. That the destruction of red cells in such
cases may be extensive has been illustrated by two
cases with severe burns, in whom practically the
entire red cell population had been replaced by
group-O cells. Another example of this type, ob-
served by the authors, was a patient with lepto-

spirosis icterohemorrhagicae, in whom complete
replacement of the recipient group-A cells with
group-O cells could be demonstrated following
multiple transfusions of pooled plasma and group-
O blood.

The degree of hyperbilirubinemia following
transfusions of incompatible plasma, as well as
the promptness and constancy with which it was
observed, was unexpectedly great in proportion to
the development of hemoglobinemia. This evi-
dence suggests that the major portion of blood cells
destroyed by incompatible plasma is not hemolyzed
in the free circulation, but in a site that is to some
extent segregated, and in close proximity to the
bilirubin-forming tissues. A similar situation may
exist in certain naturally occurring hemolytic
syndromes, for example congenital hemolytic jaun-
dice, in cases of which hemoglobinemia is ordinarily
absent, and in which hemolysis of the congenitally
defective erythrocytes is presumed to take place
chiefly in the spleen. Hemolytic syndromes at-
tributable to hemolytic systems demonstrable in
vitro, on the other hand, such as paroxysmal noc-
turnal hemoglobinuria and paroxysmal hemo-
globinuria due to chilling, are characterized by
hemoglobinemia, which is unaccompanied by signi-
ficant hyperbilirubinemia. It is suggested that,
in hemolytic diseases of the latter type, the ery-
throcytes are destroyed by the activated hemoly-
sin intravascularly, as in the test tube, hemoglobin
being liberated directly into the free circulation.

Dameshek and Schwartz (13) were able to
produce hemolytic anemia in guinea pigs by in-
jecting serum obtained from rabbits immunized
against guinea pig erythrocytes. In large doses
this serum, which contained agglutinins as well
as hemolysins, produced marked hemoglobi-
nuria and death; repeated small doses caused sub-
acute anemia of moderate degree, without hemo-
globinuria. With both schedules of dosage there
resulted an increase in osmotic erythrocyte fra-
gility. Evidence that corresponding effects may
be produced in humans, following transfusion with
incompatible plasma, is contained in the results
of osmotic fragility studies reported in this com-
munication. Thus, of 4 cases of blood groups A
and AB, who received massive quantities of
pooled human plasma in the treatment of severe
burns, all exhibited a progressive increase of os-
motic erythrocyte fragility. It is to be noted that
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Shen and Ham (14) have described changes in
erythrocyte osmotic fragility in patients with
severe burns. However, it is considered that the
fragility changes described in the cases studied in
the present series are probably not related to a
thermal effect, for the patients' red cells were al-
most totally involved, the fragility changes were
progressive over a period of several days, and
did not occur when the patients' blood was group-
0. Moreover, fragility changes of an identical
character were observed following single trans-
fusions of blood containing a high concentration
of incompatible isoagglutinins, and multiple trans-
fusions with low-titer agglutinins, in patients who
had sustained no burn.

The mechanism of the increased osmotic fra-
gility exhibited by recipients of incompatible
plasma is unknown. The salient features of the
phenomenon, however, are evidently related to
the presence of a specific immunologic property
of the incompatible plasma, and not due to a com-
plication of disease or injury, or to some fortui-
tous, non-specific effect of the transfusion. It is
uncertain whether, in these cases, the increased
susceptibility of the erythrocytes to hemolysis in
hypotonic solutions of sodium chloride is a factor
contributing to the hemolytic syndrome, or
whether it is merely an index of. red cell damage.

With regard to the practical aspects of trans-
fusion therapy, no evidence has been obtained
which suggests that the emergency use of group-
O blood, containing a low titer of isoagglutinins,
may be attended with undesirable consequences.
It is important, however, that stored group-O
blood, before it is designated for this purpose,
should be examined for the concentration of iso-
agglutinins contained in the plasma, as was done
by the Army Blood Bank in the latter phases of
the European campaign, high-titer blood being
reserved for group-O recipients. On the other
hand, in cases requiring repeated transfusions,
blood of a homologous group should be admini-
stered, unless the method of Witbsky (15), de-
signed to neutralize the isoagglutinin potency by
absorption with purified A and B substances,
proves entirely satisfactory and becomes generally
available. Further evidence is required before the
limitations of plasma transfusion can be adequately
defined. A significant titer of isoagglutinins is

frequently demonstrable in commercial brands of
dried human pooled plasma, and observations
suggest that, when this material is employed in
massive dosage or administered repeatedly to pa-
tients whose blood groups are other than group-O,
rapid blood destruction may result.

SUMMARYAND CONCLUSIONS

1. A study has been made of certain complica-
tions attending the transfusion of group-O blood
and pooled plasma containing incompatible isoag-
glutinins. The investigation was conducted in a
U. S. Army General Hospital and Evacuation
Hospital, during the course of the European cam-
paign.

2. Febrile hemolytic reactions, accompanied by
chills, were rarely observed following either single
or multiple transfusions of group-O blood into
recipients whose blood groups were A, B or AB.
Three reactions, accompanied by hemoglobinemia
and hyperbilirubinemia, were observed in the
course of 265 consecutive transfusions of this type,
an incidence of 1.1 per cent. The isogglutinin
titer of the blood implicated in these reactions in
each case exceeded 1: 500.

3. Studies, whch included serial Ashby counts
and, in some instances, blood volume measure-
ments, indicated that asymptomatic blood destruc-
tion involving the recipient cells was occasionally
produced by single, and almost invariably by
multiple, transfusions of pooled plasma or group-
O blood, when administered to patients of other
blood groups.

4. In contrast to the findings after the injection
of cell-free hemoglobin solution, a disparity was
noted between the degree of hyperbilirubinemia
and hemoglobinemia produced by these trans-
fusions. This suggested that most of the hemoly-
sis produced by incompatible plasma does not oc-
cur in the free circulation.

5. An increase in the osmotic fragility of the
recipient erythrocytes was frequently observed
following transfusions of group-O blood and
pooled plasma in patients of blood groups other
than group-O, the occurrence of this phenomenon
being related to the concentration of incompatible
isoagglutinins and frequency of their administra-
tion.
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