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STUDY OF TRANSFUSED BLOOD. 

I. THE PERIODICITY IN ELIMINATIVE ACTIVITY SHOWN BY THE 

ORGANISM. 

BY WINIFRED ASHBY, PH. D. 

(From the Department of Experimental Bacteriology of the Mayo Foundati<>n, 
Rochester, Minnesota.) 

(Received for publication, January 31, 1921.) 

It was hoped that some light might be thrown on the length of 
life of normal blood corpuscles and the mechanism of their removal 
from the circulation by the study of the elimination of transfused 
blood, which it is possible to make when the transfused blood is of 
a group unlike that of the recipient. This study has brought lo light 
two facts, first, that the length of time that transfused blood remains 
in the circulation varies greatly; and second, that the elimination 
is not a continuous process but takes place in more or less cyclic 
crises, so that the responsibility for the disappearance of tran fused 
blood from the circulation seems to rest more heavily on this cyclic 
activity of the body than upon the condition of the corpuscle. 

The probable life of the blood corpuscle was reduced to 10 days or less by 
calculation based upon bile pigment output, made by Zoja and others, after the 
time of Ward- fuller, Quinck, von Ott, and Hunter, who from transfusion experi
ments in dogs concluded that the life of the normal corpu cle was from 14 to 26 
days. The experimental results of Todd and \ bite (1909-10) upon cattle, ob
tained by using an isobemolytic serum to separate out transfused blood, arc in 
agreement with the shorter period. The work of Whipple and Hooper, however, 
who show that bile pigment is only in part derived from blood pigment, bas made 
the horter calculations based on bile pigment excretion untenable. The obser
vations of Rous and Turner, who kept rabbit corpuscles iii f!itro for 14 day, and 
then substituted them for a rabbit's own blood without any abnormal results, 
would also indicate a longer life of the corpuscles, a do my own results (1919, a) 
of the study of transfused blood in man. 

s for the mechanism of blood elimination, we mu t undoubtedly give credit 
to some extent to pbagocytosis, which plays a more or 1 important part in all 
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128 STUDY OF TRANSFUSED BLOOD. I 

animals and appears, moreover, to be capable of extension under stimulation. 
Keyes finds in a wide range of animals that the physiologic destruction of the 
animals' own red blood corpuscles is accomplished by specialized fixed tissue 
phagocytes, which are confined largely to the liver or to the spleen. In birds, 
amphibia, and the lower mammals the phagocytic activity is most marked in the 
liver; in the higher animals it is most marked in the spleen. Rous and Robertson 
(1917) made quantitative estimates of the presence of phagocytes in the spleen of 
guinea pigs, cats, dogs, rabbits, rliems monkeys, and man, and found that al
though in some of these animals phagocytic cells were present in numbers that 
inight account for physiologic blood destruction, in the monkey and man these 
were few. Muir, in the study of phagocytosis in a rather large series of cases of 
empyema, smallpox, and pneumonia, found that phagocytosis was negligible in 
the bone marrow, but that in the spleen phagocytic activity was displayed against 
the native red blood corpuscles by cells of the splenic pulp and by certain hya
line leucocytes within the pulp. Carey, using intravenous injections of foreign 
red cells, and Downey, using intravenous injections of dye granules, found that 
under increa$ed stimulation there is an increase in the number of cells which 
act as phagocytes. Downey believes that many "connective tissue" cells, may, 
under stimulation, become phagocytic. Carey finds under repeated stimulation 
an extension of phagocytic activity from cells of the spleen to those of the liver. 

Rous and Robertson (1917) have recently given us knowledge of a second 
method of blood destruction, that of fragmentation in the blood stream with, it 
would seem, a filtering out of these fragments by the spleen. This they consider 
in man to have a greater importance than phagocytosis. 

There are certain anomalous findings that suggest the possibility that a spe
cific antibody mechanism is responsible for physiologic blood destruction. Todd 
and White's (1909-10) isohemolytic serum would not hemolyze ox corpuscle 
in vitro in the presence of ox serum unless guinea pig complement was added, but 
when injected intravenously into oxen produced massive hemolysis. Todd and 
White considered that this indicated the presence of some organ in the body 
which was able to produce the activating effect of guinea pig complement. Rous 
and Robertson (1918) found in some of their rabbits that had been receiving 
massive doses of rabbit blood that an isoagglutinin developed which caused 
agglutination of the corpuscles of the animals at room temperature. This agglu
tinin tended to appear in those rabbits which in the face of heavy blood injections 
developed an anemia. Davis and Macgregor both report evidence of erythro
phagocytic bodies in meningitic patients, and in paroxysmal hemoglobinuria 
we have the isohemolysin which only unites with complement at low temperature 
Although one is tempted to speculate upon the possibility that physiologic blood 
corpuscle destruction is produced by some organ or organs of the body that 
form an antibody having lytic and opsonic qualities and so promoting fragmenta
tion and phagocytosis, we have no evidence that any such antibody exists . 
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If we can draw a parallel between the elimination of transfused 
blood and normal blood destruction, the following study of trans
fused blood makes, I feel, a contribution to our understanding of 
blood destruction in that it would seem to connect the process with 
the activity of the endocrine gland system. 

Method. 

In the following work the elimination of transfused blood has been studied in 
individuals in Groups I, II, and III receiving Group IV transfusions. The 
method used was that published by me originally in The Journal of Experimental 
Medicine (1919, a), with certain modifications described in the Medical Clinics 
of North America (1919, b). It consists, in brief, of diluting the recipient's blood 
after transfusion with Group IV serum. This agglutinates the native corpuscles, 
leaving the trall$fused corpuscles free and capable of being counted in a hemocytom
eter. The dilution is made in a white blood-counting pipette, Group IV citrated 
serum being used as the diluent, and the mixture is expelled into \ assermann 
tubes. The tubes are incubated for 40 minutes with shaking, and allowed to 
stand at room temperature for from 15 to 30 minutes. A count is made by 
daylight, or, if it is necessary to use artificial light, care is taken to protect the 
corpuscles from its effect. All counts are made in duplicate. 

Since by the use of this technique it is nec~sary that the transfused blood be 
of a different group from the recipient's blood it seemed more desirable, if it were 
feasible, to use the method of Todd and White (1909-10), whkh in cattle gives a. 
differentiation between the blood of individuals. Patients who had received a. 
series of from four to five 500 cc. transfusions were tested for hemolysin. Blood 
plasma from these patients was used both fresh without guinea pig complement 
and with guinea pig complement against corpuscles of the group to which the 
plasma belonged: either agglutinins nor hemolysins could be detected. This 
method is not applicable. 

In harmony with the current conception of the behavior of native 
corpuscles, I assumed that transfused blood corpuscles would slowly 
deteriorate in the circulation and upon reaching a certain degree 
of degeneration either fragment or be phagocyto ed , while their 
place was taken by new corpu des. If this should be the case, 
on the injection of a normal blood into individuals not having blood 
di ease one would expect a certain approximate equality in the length 
of time that expires before the transfu ed blood leaves the cir
culation, and by studying several curves of elimination to the end 
it seemed probable that a :figure could be obtained that would roughly 
represent the length of life of the newest corpu des injected. 
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RESULTS. 

In Text-fig. 1 are given the curves of elimination of transfused 
blood in the eight cases of individuals without blood disease which 
have been studied to complete elimination or to nearly complete 
elimination. The time taken for elimination was approximately 100, 
72 , 49, 63, 38, 30, 34, and 33 days. 
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TExT-FIG. 1. Curves showing the variability of the time taken by individuals 
without blood di ease to eliminate Group IV transfused blood. f indicates a 
Group IV transfusion. 

In these data the variation in the time taken to eliminate Group 
IV transfused blood is so great that no time can be given as the aver
age length of life of the transfused corpuscles. Although slight 
individual differences in bloods can be noted with re pect to resis
tance to hypertonic salt solution and other hemolysins, it would 
hardly seem probable that so great a difference in the time of elim
ination as that between 100 days and 30 days could be attributed 
to differences in resistance of the transfused bloods, to which dif-
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ferences in resistance to hypertonic salt solution might be an index. 
It will be noted that the longest curve, 100 days (Case 119), was 
obtained in the case of a man in health, while the elimination time 
was only 28 to 30 days in the case ~f a very cachectic cancer patient 
(Case 48). No generalization, however, can be made from this, 
as a patient (Case 9) whose blood had returned to normal after hys
terectomy eliminated the transfused blood in 28 to 30 days, and a 
patient who died with long standing infection (Case 95) had shown 
no definite sign of elimination of the transfused blood after 46 days. 
The protocols of these individuals are given below.· 

Case 6.-A woman, aged 35 years; weight 138 pounds. An operation for 
fibroid of the uterus was performed, followed by two transfusions because of 
severe hemorrhage. 

Case <J.-A woman, aged 33 years, whose normal weight was 100 pounds, was 
transfused previous to subtotal hysterectomy. The convalescence was satis
factory. 

Case 21.-A woman, aged 45 years, weighing 87 pounds, had co=on duct 
obstruction, and tertiary syphilis of the liver. 

Case 48.-A woman, aged 48 years, weighing 127 pounds, had cancer of the 
breast with extensive glandular involvement. The menstrual periods had been 
regular up to February 7, 1919. There was no further menstruation until March 
28, when the menstrual fl.ow began and continued until April 23. If the menstrual 
periods had continued to be regular after February, they should have occurred 
March 7, April 4, and May 2. On April 5 a radical operation was performed, 
followed by a transfusion. 

Case 76.-A woman, aged 24 years, had chondrosarcoma of the right ribs. 
two-stage operation was performed for removal of the tumor. Each operation 
was followed by a Group IV transfusion of blood. 

Case 96.-A woman, aged 40 years, had a malignant pelvic tumor. A total 
hysterectomy was performed, followed by a blood tran fusion. 

Cases 116 and 119 are given below. 

With reference to the cyclic elimination of the transfused blood 
my material brings out five points. (1) The curves of elimination 
of Group IV transfused blood do not show a gradual downward 
curve day by day, which would be expected if it is assumed that blood 
corpuscles gradually wear out and are replaced. When clue allow
ance has been made for blood volume changes, it will be seen that 
the count stays on a level for a long time. (2) When the count 
have been taken sufficiently close together the curve of elimination 
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makes a sudden drop to a lower level, at which it again remains for 
many days. There are longer periods of no elimination and shorter 
periods of elimination. (3) The nature of these drops is such that 
they are more likely to be due to an active destruction on the part 
of the body than to, what would be the olher possibility, a coinci-
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TEXT-FIG. 2. Curves bowing that over a long period of time there is no 
elimination of transfused blood. ? indicates a Group IV transfusion. 

dent spontaneous disintegration of the corpuscles. (4) Accompany
ing the e drops in the count of the transfused blood there is usu-

' ally an activity of the bone marrow as indicated by a rise in the-total 
blood count. (5) In women the e drops are related to the -men
strual cycle. 
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Text-fig. 2 illustrates the fact that over a long period of time there 
is no elimination of transfused blood. The protocols of these cases 
follow. 

Case 22.-A man, aged 32 years, weighing 103 pounds, had duodenal ulcer and 
chronic appendicitis. A posterior gastroenterostomy and appendectomy were 
performed, followed by a transfusion. 

Case 23.-A man, aged 57 years, weighing 139} pounds, had pernicious anemia 
and was given a series of transfusions. 

Case 50.-A man, aged 50 years, a farm laborer of powerful build, received 
a transfusion after appendectomy and gall bladder operation. 

Case 65.-A boy, aged 11 years, weighed 63 pounds. A diagnosis of lymphatic 
leucemia was made. He was transfused. 

Case 73.-A woman, aged 47 years, weighing 120 pounds, had pernicious 
anemia. She received a series of transfusions. 

Case 91.-A woman, aged 53 years, weighing 137 pounds, with pernicious 
anemia, received a series of transfusions. 

Case 93.-A woman, aged 43 years, was given a transfusion because of post
operative hemorrhage after gall bladder operation. On the 8th and 9th days 
after transfusion subcutaneous injections of saline solution were given because of 
continuous vomiting. 

Case 95.-A man, aged 31 years, had an arteriovenous aneurysm between the 
popliteal artery and vein, resulting from injury by a bullet. After operation 
secondary hemorrhage developed, necessitating a transfusion 6 days later. On 
the 19th day after transfusion the leg was amputated for dry gangrene. On 
the 55th day following hemorrhage, a pelvic exploration was done. The patient 
died on the 57th day after transfusion. 

Case 97.-A man, aged 42 years, weighing 155 pounds, had pernicious anemia 
and was given a series of transfusions. 

Case 99.-A girl, aged 17 years, weighing 100 pounds, was given a blood 
transfusion for secondary anemia due to malaria. Following medication there 
were no more chills. 

Case 115.-A woman, aged 33 years, weighing 141 pounds, was given a blood 
~ansfusion January 26, 1920, because of secondary anemia. ormal menstrua
tion occurred while the patient was under observation, January 26, February 27, 
and March 24. 

The protocols of cases included in Text-fig. 3 are given below. 
In Cases 116 and 119 the tabulation of the blood counts, which are 
omitted in other instances to save the cost of reproduction, are par
tially given, as the length of time over which the study was made 
necessitated a reduction in the charts, which leaves them inade-
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Length of time after transfusion. 
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0 
O (Tran. fusion with 500 cc. of Group IV 

ciuated blood.) 
0 
1 
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15 
19 
22 
24 
27 
29 
31 
34 
44 
46 

so 
51 
52 
SJ 
55 
56 
58 
60 
70 
74 
76 
i9 
93 

100 
109 

No. of unagglutinated corpuscles per c.mm. 

33,000 

441,000 
459,000 
500,000 
490,000 
350,000 
475,000 
270,000 
281,000 
282,000 
271,000 
260.000 
288.000 
281,000 
268,000 
272,000 
220,000 
223,000 
2 9,000 
224,000 
202;000 
211,000 
224,000 
222,000 
173,000 
157,000 
190,000 
184,000 
118,000 
118,000 

Text-fig. 4 presents the curves of Cases 6, 9, and 96, the protocols 
of which are given above. 

Protocol of cases included in Text-fig. 5 are given below with 
the exception of Case 48 and 115 which are presented above. 

Case 38.-A woman, aged 32 years, weighing 133 pounds, in good general 
health had multiple lipomata, which were removed. The following day a trans
fu ion of blood was given because of postoperative hemorrhage. Convalescence 
was excellent. • Ienstruation began on the 35th day after transfusion and 
ended on the 38th day. 
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Case 47.-A woman, aged 40 years, weighed 105 pounds. A partial thyroid
ectomy was performed, which was followed by a transfusion. The patient 
made an uneventful recovery. Menstruation began the 37th day after trans
fusion. 

Case 68.-A woman, aged 36 years, weighing 82 pounds, had pernicious ane
mia. The patient claimed that her menstrual period was usually 24 days. 
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TEXT-FIG. 4. The drops in the curves of elimination of transfused blood of 
three women who received a transfusion with hysterectomy. The drops took 
place at approximately the same time after operation. --- Unagglutin~ted 
corpuscles. - - - Total red blood count. ~ indicates a Group IV transfusion. 
The cross-hatched triangle calls attention to periods of elimination. 

While she was under observation menstruation occurred, beginning 3 days before 
transfusion, June 24, 1919. :Menstruation did not occur July 18, when the 
patient expected it. The patient died August 24. . . 

Case 92.-A woman, aged 49 years, weighing 215 pounds, had bleeding uterine 
fib ·d ' · lln"d "t She was ro1 s, marked secondary anemia, and a degeneratmg co"t'1 goi er. 
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given three transfusions, two of which were of Group IV blood, after which a 
partial thyroidectomy was done. Menstruation began 11 days after the last 
Group IV transfusion, but stopped immediately, although previously bleeding 

had been profuse. 
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at the menstrual period. ! indicates the beginning of a menstrual period; 
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WINIFRED ASHBY 139 

Case 103.-A woman, aged 32 years, had pernicious anemia and received a 
series of transfusions. While under observation profuse menstruation took place, 
beginning the 24th day after the Group IV transfusion: 

In examining these curves it must be borne in mind that several 
factors other than blood elimination will bring about changes in the 
corpuscle count. Of these the most important is due to dilution from 
increase in blood volume. Robertson and Bock have shown, and 
my experience corroborates theirs, that after hemorrhage there is 
often only a slow return to normal blood volume. It is probable, too, 
that changes in the capillary circulation cause changes in the blood 
count taken from the ear which do not represent changes in the av
erage corpuscle content. Robertson and Bock have shown that in 
cases in which the blood volume was low the difference between 
the capillary and vein hemoglobin might be as much as 12 per cent 
of the vein hemoglobin. There seem also to be daily changes in 
the blood volume in certain patients. Curves are very much smoother 
in which the counts have all been made at the same time of day. 

It will be seen in Text-fig. 2 that no definite elimination is shown 
in the curves there represented. In Case 95 there was no change 
that could be interpreted as an elimination of transfused blood in 
51 days. In Case 115 after a slight initial drop, presumably from 
blood volume adjustment, the count was constant within errors 
of technique for 33 days. In this instance the counts were taken 
at the same time of day. In Case 93 the patient was under obser
vation for 43 days, with no definite change other than the initial 
blood volume adjustment and adjustment after severe vomiting. 
In Case 97 there was no elimination in 51 days. As these curves 
maintain a level for a long time, indicating that during that time there 
was no elimination, it is obvious that, as the blood is eventually 
eliminated, it is not eliminated by a continuous process but by an 
intermittent process. 

Text-fig. 3 shows two curves of elimination of transfused blood 
of men, one normal and the other with purpura of several years stand
ing, but in fairly good health, and the third , of a woman beyond 
the menopause, who was jaundiced. It will be seen that in these 
curves there are periods of elimination which are short and probably 
would have proved to be shorter if the counts had been taken closer 
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together. The .fict drop in a e 119 took place between two counts 
spaced 2 days apart. The drop in Case SS took place between 
counts that were taken 3 days apart. The first drop in Case 116 
took place between two counts that were S days apart; the apparent 
further drop on the following day is due to a change in technicians. 
It would seem, then, that these drops take place rapidly. 

It will be seen that there is a periodicity, although a somewhat 
irregular one, in the period of elimination of the two men, ranging 
in the normal man from 18 to 28 or 30 days. Accompanying these 
drop there tend to be an increase in the total blood count. 

On examining the nature of the falls in the curves it will be seen 
that they are such as to suggest a blood-destroying activity on the 
part of the body rather than a spontaneous disintegration of simul
taneou ly formed corpuscles. For if we postulate a blood destruc
tion which is dependent solely on the condition of degeneracy of the 
corpu cle, we shall have to assume not only that blood formation 
takes place in short periods, which may be the case, although the 
continued pre ence of reticulated corpuscles would seem to indicate 
that there i at least some continuous formation, but also that the 
individual corpuscles are so uniform that the wear and tear which 
they experience after 3 months (Ca e 119) in the circulation bring 
them to a simultaneous disintegration point. But even if we are 
\ illing to make this assumption, further examination of the figures 
doe not bear out this hypothesis. For if the condition of wear and 
tear \·ere wholly re ponsible for initiating the destruction of the 
corpuscles, we should expect a regularity in the rate of their dis
appearance. If, for instance, the corpuscles which were transfused 
had been formed in sharp crises every 3 weeks and their life were 
12 week , then one-fourth of the corpuscles was due to live 12 weeks, 
one-fourth 9 weeks, one-fourth 6 weeks, and so on. Equal amounts 
should have disappeared at each period of elimination. But this was 
not the ca. e; by far the largest fall came in the first periods of elim
ination. In Ca e 119 the first drop was 200,000, or nearly one-half 
of the blood transfused, while sub equent drops were each approxi
mately 80,000,or one-fifth of the original blood injected. In Case 116 
the fir t drop was lS0,000, or three-eighths of the blood injected, 
while sub~equent drops were 90,000 and 80,000, about two-tenths 



WINIFRED ASHBY 141 

of the injected blood. These figures seem to place the elimination 
with reference to some active process on the part of the body, probably 
modified by the condition of the corpuscles and the number present 
in the circulation. 

In Text-fig. 4 are included the curves of the three women studied 
who received Group IV transfusions immediately before or subsequent 
to hysterectomy. In each case a period of elimination came between 
the 25th and 30th days after hysterectomy. The elimination would 
probably have proved to be sharper if the counts had been taken closer 
together. In one of these women a second period of elimination 
occurred about 20 days after the first. This suggests, although the 
series is too short to have a conclusion drawn from it, that in some 
way the hysterectomy initiated a cycle equivalent to the menstrual 
cycle, and when complete elimination did not take place the sub
sequent periodicity of elimination was irregular as in the case of the 
two men. 

Text-fig. 5 summarizes all the data that I have been able to obtain 
on the relationship betw~en the elimination of transfused blood and 
the menstrual period. Six menstruations, and two periods when 
menstruation should have occurred but did not, were observed. 
There has been no exception to the fact that elimination of trans
fused blood that could not be accounted for by simple blood loss 
from the menstrual flow occurred during the menstrual period. It 
has not always happened that when menstruation should have oc
curred but did not that there was an elimination of transfused blood. 
In the two cases in which the elimination did occur without the 
appearance of the menstrual flow, the women were in a condition 
of extreme anemia, and it is probable that the suppression of the 
flow was due to the anemia rather than to the suspension of the men
strual process. 

In Case 115, which was the most intensive study made, the patient's 
blood volume was low and her count showed a great variation during 
the day, being' much higher in the morning than in the evening, 
so that only counts taken at the same time of day were comparable. 
Those taken through the menstrual period that came 32 days after 
transfusion were made in the morning by one observer; those during 
the menstrual period that came 58 days after transfusion were made 
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by a second observer, and in the evening. The count which deter
mines the further end of the line connecting the two menstrual 
periods was made by the first observer at 1 p.m. The nearer end 
of the line is determined from a calculated figure. It will be noted 
that during the earlier menstrual period, although there was a de
crease in the total red blood cell count, there was some increase in 
the hemoglobin. At this time the transfused blood had a higher 
index than the patient's blood, being 0.7 per cent, while the patient's 
blood was 0.5. During the later menstrual period there was arise in the 
total blood count. In Case 38, with a very slight menstruation, there 
was an elimination of more than half the transfused blood; the prelim
inary fall in this curve is due to blood volume adjustment. There 
had been massive hemorrhage, and the patient's blood volume was 
low. In Case 103, that of a pernicious anemia patient, although the 
menstrual flow was profuse, there was a moderate fall in the trans
fused blood and a slight increase in the total count. In Case 48, 
in which menstruation did not occur when it was due, there was a 
complete elimination of the transfused blood with a slight temporary 
rise in the total blood count. In Case 68, one of pernicious anemia, 
a big fall in the Group IV transfused bloo<l occurred beginning the 
21st day, which may have been in part due to a blood volume im
provement, since the patient's blood volume had been exceedingly 
low, and her general condition in the face of what seemed to be a 
period of blood loss became no worse. There was, however, at 
this time a marked elimination of the native corpuscles and of like 
group corpuscles, since the difference between the patient's whole 
blood count and the count of the transfused blood became so slight 
that it was within the limit of experimental error. From the 21st 
to the 25th days the difference between the two counts increased 
again, which in view of the practically complete elimination of the 
patient's own blood must indicate a coincident blood production. 

DISCUSSION. 

There seems to be little doubt that the elimination of Group IV 
transfused blood is brought about by an active destroying process 
of the body which is some part of a metabolic cycle, evidenced in 
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women by menstruation. Whether the Group IV transfused blood 
is eliminated as part of a general blood-eliminating effort of the 
body or whether it is eliminated as a foreign body is a matter of in
terest. The fact that the Group IV transfused blood stays in the 
circulation for considerable lengths of time would be an argument 
against its foreign relationship to the body, but, on the other hand, 
in my studies of Group IV transfusions in patients with pernicious 
anemia, the Group IV transfused blood has remained in the circu
lation in the presence of destruction of the patient's own blood, and 
in one instance, Case 68, in the presence of destruction of transfused 
blood of the same group as the patient's. It would seem that if 
the elimination of the Group IV blood takes place because of a normal 
blood-eliminating process, either there must be two processes, one 
of which can handle the blood of the unlike group, while the other 
cannot, or else that a certain pressure of elimination must be attained 
before the threshold is reached for the elimination of Group IV 
which is apparently more difficult to destroy. Unless it is assumed 
that some Group IV transfusions are, relative to the patient's own 
blood, less enduring than others, the latter would not seem to be the 
case because in some instances we have seen complete elimination 
of the transfused blood in one elimination period, which would, 
on the assumption of a higher threshold mechanism, necessitate 
tremendous coincident elimination of the recipient's blood. If we 
assume two proces es at work in the physiologic elimination of blood, 
one of which is more able to handle the apparently slightly foreign 
Group IV blood, we might conceive of it as part of a more general 
lytic or phagocytic function which has as one of its expressions of 
activity the sloughing of the endometrium and which is able to over
step the group differences. On the other hand, this periodic elim
ination of transfused blood may not be due to any specific blood
eliminative activity, but to a non-specific eliminative activity. 

It would be a matter of great interest to know whether or not 
normal physiologic blood elimination also take place in sharp cyc
lic crises. Satisfactory evidence on this point is difficult to obtain 
because if there is such blood elimination it may be masked by pro
duction, or if there is any apparent drop in the total blood count 
we do not at present know that it is not due to changes in blood 
volume or to an uneven distribution of corpu des. 
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Carnot and Dellandre, Polzl, and Sfameni, who studied the changes in the red 
corpuscle count over the menstrual cycle, report an increase in the count before 
the menstrual period, with a fall upon the onset of menstruation, which fall has 
no relationship to the amount of blood lost in the menstrual flow. In anemic 
women an improvement in the blood was noted after menstruation. Carnot and 
Deflandre point out that the fall may be only apparent, due to the accumulation 
of corpuscles in the congested pelvic organs, but call attention to the various 
toxic phenomena which accompany menstruation and the vitality which follows 
the period. It is generally conceded that menstruation is not a local but a 
generalized process. The numerous instances of vicarious menstruation seem 
to place this point beyond discus ion, and there is in addition supporting evidence 
derived from metabolic studies, such as creatine excretion, nitrogen retention, 
reported by Schrader, blood calcium reported by Bell, changes in blood cholesterol 
reported by Gonalons, and increase in basal metabolic rate reported by Ford. 
The fact that some generalized change takes place at this time and with it a 
destruction of transfused blood is strongly suggestive that the drop in the red 
count reported is also due to a corpuscle destruction process rather than to a 
change in blood volume or an uneven distribution of corpuscles. The fact, too, 
that the blood picture of anemic women has been observed definitely to improve 
after a menstruation, in addition to being evidence in favor of the crisis in 
corpuscle production, supports the idea of a coincident crisis of destruction. 

SUMMARY AND CONCLUSIO S. 

Group IV transfused blood in a recipient of unlike group is elim
inated by a blood-destroying activity of the body. 

This blood-destroying activity is periodic both in men and women, 
and in women coincident with menstruation. 

The elimination of the tran fused blood probably takes place as 
part of a period of blood-de troying and blood-producing acth·ity 
of the body, although direct evidence to this effect is so far lacking. 
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Many of the older writers inclined to the idea that permc10us 
anemia is fundamentally a failure in erythrogenesis, but in the light 
of recent investigation it is more generally assumed that increased 
blood destruction is the important cause of the anemia seen in this 
disease. This assumption rests mainly upon increase in hemosid
erin deposits in the tissues, increase in bile pigment output, the rapid 
falls that are seen in the blood count, and the anemia in the face 
of what is apparently a hyperplasia of the bone marrow. My own 
results of the study of thirty-three cases of pernicious anemia 
patients who received Group IV transfusions have not realized the 
intensive blood destruction that I expected to find. 

Upon going over the literature of the subject I find it possible 
to put more than one interpretation upon these facts of increased 
bile pigment excretion, hemosiderin deposits, etc., which areusually 
assumed to be evidence of a high rate of blood destruction in per
nicious anemia. The increased activity of the bone marrow as judged 
by the increased density of mitotic figures and immature cells and 
the increased mass of erythropoietic tissue may be only apparent. 
If there were some factor present which retarded the speed of the 
process of maturation and division, while the physiologic stimulus 
to erythrocyte production brought into play by the anemia caused 
an increase in the number of cells dividing, we might have such a 
picture with a decrease in the total cell output. The hemo iderin 
deposit is evidence only that iron is not being kept in circulation. 
This may be due to abnormal destruction of hemoglobin, but it is 
equally possible that it is due to a failure to utilize sufficiently quickly 
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in the formation of new hemoglobin, iron released by a normal rate 
of blood destruction. Increased bile pigment output cannot be ac
cptcd a e\·iden c of increased blood de truction because Whipple 

and Hooper have shown that bile pigment is derived from other 
ource b idc · hcrnorrlobin. It i::; onccivable that with a depre -

. ion in protein ynth i · the pii;mcnt material which might have 
combined with globin to form hemoglobin i · diverted to the increase 
of the bile pigment output. ·robilin and urobilinogen in the duo
dt'11al ontent and urine, although they may appear in these excre
tion when th re i blo d destruction, arc only c\·idence that bili
rubin has b n rcduc d t fore it rca he the intestinal tract or that 

Per hap 
ni iou an min 
or C\' n dccrc 

mption of an increased blood d truction, the prevailing 
opm1on to i cau cover all the po_ ibiliti . • o t of the c can 
b in udt.'Ci und r three heading . We .:an conceive of an e. tra
neou hemolytic to. in as cau ing injury to the blood corpu des, re ult
ing i1 heir truction, either by di. intc:rration in the circulation or 
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by later elimination by th body. It i · n ivabl that a to.·in i 
produced which doe not act dir tly upon the blood 11 in th cir
culation, but affects the bone marro\ o that a. typ f orpu. le 
is produced which either becom effet mor rapidly and, in con -
quence di integrates or is remov d from th cir ulation, or whi h 
deviates from normal blood to uch an xt nt that it i r mov d 
because of its foreign quality. La tly, it i on eivable that with
out any injury to the corpu cle in th irculation or to rpu: le 
production, there might be a speeding up of the phy iologic blood 
de lru tion agencie . It i al o con ·ivable that all th ffcct 
might be produced not by a p ific to. in but b • th t . ic ff t of 
ome abnormal metabolic habit brought ab ut by ome pa t injury. 
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The production by chauman and Tallquist of Bol!triocep!tal11.s anemia in dogs 
with hemolytic extracts from the worm re·t on too meager evidence to be accepted 
without further work. These investigators treated seven dogs with worm extract 
and pieces of worms and produced only slight changes in the blood in all but one, 
which died with a blood count of 3,400,000 and without typical changes in the 
blood picture. The claim is made that these dogs clinically showed symptoms of 
anemia, but no clinical symptoms typical of pernicious anemia are reported. 
Blanchard quotes Vlaicv's negative attempts to produce anemia in rabbits and 
pigeon. with extracts of Bothriocephalus tapeworm. Seyderhelm, working with 
the bot-fly in hor ·es, reports that he was able to reproduce the typical anemia, 
not with the extract, which proved to be hemolytic, but with an alcohol
in lublc material which in vitro has no solvent effect on red blood corpuscles. 

Except for Bunting's ricin, which beside· being hemolytic has other strongly 
toxic properties, the tablishment of anything resembling pernicious anemia 
with a hemolytic toxin does not seem to have been clean-cut. 

Among the men who incline to the idea that the blood destruction in pernicious 
anemia i due to incompatibility or low re istance of the corpuscles brought about 
by a toxin arc Gulland and Goodall, and Hir ·chfcld. 1acCarty, of this Clinic, 
considers it probable that the crythrogcnic proces has become malignant and 
that the corpu cl arc eliminated rapidly from the circulation because of their 
foreign quality. We have no experimental proof of a lowered resistance of the 
corpuscle of pcrniciou. anemia. 

The po~ ibility of an c CC! sive activity of the physiologic blood-destructive 
proc of the body i no mph~ ized in the literature, although mention is 
made of it. The idea that . cp. is i the cau:e of pernicious anemia may be 
grounded in such a conception. ajou. poinu· out that hemolysis occurs whenever 
toxin , either endogcnou. or ex gcnou , appear in the blood in quantities sufficient 
to excite a dcfcn .• ivc reaction. The antibodi then attack not only the toxins, but 
the crythrocyt as well. lark and Evan sugge~ t the interesting possibility that 
the anemia of the so called hemolytic anemias may be due to a reduction in the 
power of the blood erum to protect the corpu cles from whatever hemolytic 
agenci they may come in contact with normally in the circulation and present 
experimental evidence that in the3e anemia.-; there is a reduction of the protec
tive power of the scrum again sodium olcate. 

The following attempt was made to obtain some understanding 
of the mechani m by which blood destruction is brought about, 
by means of the study of the elimination of Group IV transfused 
blood. The· technique used was that already described. Thirly
three patients with pernicious anemia not of Group IV were given 
Group IV transfusions. Four of them were under observation for 
about 3 month . ten were observed for 1 month or more, eight for 
at least 17 days, and the rest for shorter periods of time. 
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The object of the study was first to answer the question as to 
whether or not there is any hemolytic toxin at work in perniciou 
anemia by comparing the curves of elimination of roup I trans
fused blood in these ca es with those obtained from patients with
out any blood disease. As a control, patients with other diseases, 
in which it was suspected that there might be increased blood des
truction, were chosen for transfu ion. 

It was hoped that if no exces ive destruction of Group IV blood 
resulted the study might produce data that would give some clue 
as to which of the other two po sibilities, namely the intrinsic weak
ness of the corpuscle or the speeding up of normal blood destruction, 
is responsible for the anemia. 

RESULTS. 

Of the four pernicious anemia patient (Text-fig. 1) who were stud
ied until the elimination of tran fused blood was complete or almost 
complete, the time taken for complete elimination in two in tances 
was 91 days (Case 43) and 100 days ( a e 59) re pectively. In another 
(Case 97) elimination was not complete in 1 day , and in the fourth 
(Case 57) there were still some tran fu ed orpuscle after day . 
These curves compare well with the Jonge t complete curve of elim
ination obtained in a normal individual and are much longer than the 
other seven completed curves obtained for individual without blood 
diseases (A hby). Of these four patien , in one instance ( ase 59) 
the transfusion brought about a remi ion which lasted for O\ er a 
year. In the other three ca es it was necessary to give repeated 
transfu ions during the time that the patients were under observation. 

Case 43.- The patient wa a man, aged 49 year , weighing 163 pound. . He 
had no free hydrochloric acid in the tomach. He had glo. iti. and combined 
clero i of the cord. The red cell count w 1,900,000, with a hemoglobin of 

44 per cent, and color inde of 1.4+ . The white count was 3.400, with 36 p r 
cent lymphocyt . There was marked anisocyto. · and moderate poik.iloc;to i . 
Diagno is of perniciou anemia w made. . \ . ri of . ix 500 cc. tran fu. ion 
of citrated blood w given. 

Case 57.- Tbe patient was a man, a eel 63 year. \·eighing 157 pound:. He 
complained of a general incrca c in ·caknco · , beginning 2 year ago, rhen he 
became sallow, lot bi · appetite, and hi · I welled. There ·er • glo iti., and 
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numbness and tingling in the feet. The red blood count was 1,136,000, hemo
globin 25 per cent, color index 1.1 +, leucocytes 4,200, polynuclear neutrophils 
44 per cent, lymphocytes 56.5 per cent, normoblasts 3 per cent; marked anisocy
tosis and poikilocytosis. Diagnosis of pernicious anemia was made. A series of 
eight 500 cc. transfusions of citrated blood was given. 
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TExr-FIG. 1. The curves of elimination of 500 cc. of Group IV transfused 
blood in four pernicious anemia patients, studied until elimination was com
plete or nearly complete. 
--- Unagglutinated corpuscles. - - - - Total red blood count. f indi
cates a Group IV transfusion; L a like group transfusion. 

Case 59.-The patient was a short woman, aged 52 years, weighing 149 pounds. 
In February, 1918, when she first came up for examination, she was sallow and 
weak, had numbness of hands and feet, and a smooth tongue. Her red blood 
count was 1,900,000, color index 1.1 +, leucocytes 3,400, and lymphocytes 72 per 
cent. There were moderate anisocytosis and poikilocytosis. Diagnosis of per
nicious anemia was made. She was given 2,500 cc. of blood in three transfusions 
in the course of a month; this was followed 2 months later by two 500 cc. trans-

• 
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fusions. In May, 1919, she returned, with a red blood count of 1,330,000 and 
was given one 500 cc. Group IV transfusion, after which she improved and main
tained a fairly good count to date. 

Case 97.-The patient was a man, aged 42 years, weighing 155 pounds. His 
chief complaint was weakness. He had been gradually losing strength for 3 
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TEXT-FIG. 2. Elimination curves of Group IV transfused blood in ten per
nicious anemia patients under observation for 30 days or more. --- -nag
glutinated corpuscles. - - - Total red blood count. ? indicates a Group I 

transfusion; t a Like group transfusion. 
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years. He had glossitis, absence of free hydrochloric acid in the stomach, and 
tingling and numbness of the arms and legs. His red blood count was 2,240,000, 
hemoglobin SO per cent, color index 1.1 - , and leucocyte count 4,000. The 
diagn~sis made was pernicious anemia. The patient received a series of five 
(500 cc.) transfusions, of citrated blood. Later he returned for further trans
fusions. 

Case 23.-The patient was a man, aged 57 years, weighing 139! pounds. He 
suffered from weakness, dating back 7 years. 2 years previous to present date, 
with a blood count of 3,500,000 and a color index of 0.9+, glossitis, and pos
terior sclerosis, a diagnosis was made of pernicious anemia, of the neurotic type. 
A year later the patient returned, with a red blood count of 1,090,000, hemoglobin 
26 per cent, color index 1 +, leucocytes 3,800, and red cell count 830,000. A 
series of four SOO cc. transfusions of citrated blood was given. 

Case 26.-The patient was a man, aged 44 years, weighing 148! pounds. The 
skin was lemon-yellow, the tongue atrophic, and there was a systolic murmur 
over the base of the heart. He complained of weakness, which began 7 years ago. 
The hemoglobin was 32 per cent, red blood count 1,480,000, color index 1.1 +, 
and leucocyte count 2,600. A diagnosis of pernicious anemia was made. The 
patient received a series of transfusions in 1918. He received transfusions in 
January, 1919, and again in May, 1919. 

Case 60.-The patient was a man, aged 36 years, weighing 137 pounds. He 
was pale, and extremely weak. The neurological examination showed com
bined sclerosis. There was no glossitis. A test meal was not given. The 
blood picture was typical of pernicious anemia. A diagnosis of pernicious 
anemia was made. Three transfusions ~ere given, with improvement in the 
patient's condition. There have been subsequent remissions. 

Case 61.-The patient was a man, aged 42 years, weighing 152 pounds. There 
were weakness and combined sclerosis. The red cell count was 1,510,000, hemo
globin 34 per cent, color index 1.1 +, leucocyte count 2,000. A diagnosis of 
pernicious anemia was made. Four 500 cc. transfusions of citrated blood were 
given. 

Case 73.-Tbe patient was a woman, aged 47 years, weighing 110 pounds. 
Her chief complaint was weakness. July 28, 1919. The red count was 1, 750,000, 
hemoglobin 34 per cent, color index 0.9-, leucocytes S,000. There was marked 
anisocytosis. o test meal was given, but digestion improved with hydro-
chloric acid. eurological examination showed spinal sclerosis of the per-
nicious anemia type. A diagnosis of pernicious anemia was made. The patient 
received a series of transfusions and returned home where more transfusions 
were given. She died May, 1920. ' 

Case 79.-Tbe patient was a man, aged 25 years, weighing 126 pounds. He 
had a palpable spleen, and there was no free hydrochloric acid in the stomach. 
The neurological examination showed nothing, and there was no evidence of 
glo sitis. His red cell count was 1,120,000, hemoglobin 23 per cent, color index 1, 

• 
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lcucocyte count 4,800, neutrophilic myelocytes 4.5 per cent, normoblast 4 in a 
count of 200, and megaloblasts 1. Diagnosis of pernicious anemia was made. 
Three 500 cc. transfusions of citrated blood were given. Since then the patient 
has returned twice for transfusions. 

Case 80.-The patient was a man, aged 34 years, weighing 154 pounds. Ile 
had a bald tongue, but no evidence of combined sclerosis. His chief complaint 
was weakness and indigestion. The red cell count was 1,960,000, hemoglobin 
40 per cent, color index 1 +, leucocyte count 6,400, with small lymphocytes 48 
Per cent. There were moderate anisocytosis and poikilocytosis. Diagnosis of 
pernicious anemia was made. (On the 15th day after transfusion the patient 
took magnesium sulfate for stool examination.) Two transfusions of 500 cc. of 
citrated blood were given. . 

Case 89.-The patient was a woman, aged 60 years, who normally weighed 1 0 
pounds and at time of examination weighed 127 pounds. Her chief complaint 
was weakness. Transfusions elsewhere had improved her condition. She had 
pigmented skin, sore tongue, and no free acid in the stomach. The red blood 
count was 1,820,000, hemoglobin 38 per cent, and color index 1. The leuco
cytes were 6,200, lymphocytes 33.5 per cent, and normoblasts 1 per cent. 
There were marked anisocytosis and poikilocytosis. Diagnosis of pernicious 
anemia was made. A series of four transfusions of citrated blood (500 cc.) was 
given. 

Case 91.-The patient was a woman, aged 53 years, weighing 137 pounds. 
She showed marked weakness, glossitis, dyspnea, short pulmonic systolic mur
mur, edema, and early symptoms of combined sclerosis. Her color was lemon
yellow. Red blood cell count was 1,440,000, hemoglobin 35 per cent, color 
index 1.24, leucocytes 6,600, with polynuclear neutrophils 56 per cent, small 
lymphocytes 39.5 per cent, large lymphocytes 2.5 per cent, eosinophils 1.5 per 
cent, neutrophilic myelocytes 0.5 per cent, normoblasts 1.5 per cent, megaloblast 
0.5 per cent; moderate anisocytosis and poikilocytosis. The diagnosis was per
nicious anemia. Three transfusions (500 cc.) of citrated blood were given. 

Case 103.-The patient was a woman, aged 52 years. She complained of 
weakness. She was well until a year before, when she had influenza. There were 
glossitis, posterolateral sclerosis, soft systolic murmur at the apex of the heart 
transmitted to the axilla, and retinitis of pernicious anemia. The spleen was 
palpable 1 inch. The red cell count was 960,000, hemoglobin 23 per cent, color 
index 1.2 +, leucocytes 2,400, polynuclear neutrophils 13.5 per cent, small lympho
cytes 78 per cent, large lymphocytes 8 per cent, neutrophilic myelocytes 0.5 per 
cent, normoblasts 12 per cent, megaloblasts 1 per cent; marked anisocyto ·is and 
poikilocytosis. While under observation profu ·e menstruation took place, 
beginning December 20, 1919. A series of four transfusion· of citrated blood 
(500 cc.) was given. 

In the curves in Text-fig. 2 it will be seen that in no ca e is there 
any elimination of Group IV transfused blood that cannot be du-
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plicated in the control cases with no blood disease (Ashby), and the 
majority do not show any drop as great as that which occurred in 
normal individuals. In Case 89 the fall up to the 22nd day would 
seem to be blood volume improvement, as the patient's blood vol
ume, calculated from the transfusion data immediately after trans
fusion, was low, being 6.4 per cent of the body weight, whereas the 
blood volume in secondary anemia as found by this method is 8 to 9 
per cent of the body weight. The same may be said of the apparent 
fall in Case 60. In Case 26 the count of unagglutinated corpuscles 
with a blood volume of 8.5 per cent would have been 342,000, so the 
count of this patient on the 6th day after transfusion was still more 
than the number that would have been present if a normal blood 
volume adjustment had been attained. As there was no count taken 
between the 6th and 32nd days, the patient having gone home in the 
meantime, we have no data as to when the drop which occurred in 
the curve between those dates took place. We have no reason, 
however, to assume that it was any sooner than would have been 
normal. 

Group IV blood transfusions in seven cases of pernicious anemia 
were studied over periods varying from 15 to 26 days. These pro
tocols have not been included to save space. In a case studied for 
28 days two Group IV transfusions were given during that time. 
At the end of the period there were 934,000 Group IV corpuscles 
per c.mm. in the circulation. The initial Group IV transfusion 
had given 488,000 Group IV corpuscles per c.mm. The count of 
934,000 would seem to account for two transfusions. In a case 
studied for 24 days the count of unagglutinable corpuscles fluc
tuated between 738,000 and 596,000 for the first 3 days after trans
fusion. After 24 days, the count was 627,000. A case studied for 
20 days showed an initial count of 509,000 Group IV corpuscles and 
a final count of 507 ,000. Two cases studied for 19 days showed in one 
instance no elimination, as the initial Group IV corpuscle count was 
436,000 and the final, 428,000. In the other instance there may 
have been some elimination between the 17th and 18th days, as the 
count changed from 440,000 to 389,000, although judging from pre
vious fluctuations and the fact that the condition of the patient 
markedly improved although the total red blood count also dropped 

a - ........ ___________ ~~------
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somewhat it would seem possible that this drop was due to a blood 
volume increase. A case studied for 15 days gave an unagglutinated 
count of 548,000 on the 2nd day after transfusion and 542,000 on the 
15th day. In none of these cases does there appear to have been 
any elimination of Group IV transfused blood during the periods 
studied, except perhaps in the case that was studied for 18 days, 
and here the decrease in count, if it was due to elimination and not 
to blood volume change, can be duplicated in a normal curve. Eight 
other cases studied for shorter lengths of time showed no elimination 
of the Group IV transfused blood. . 

In contrast to the stability of transfu ed blood in pernicious anemia 
cases is the elimination which was found to take place in certain 
patients with other conditions. In the cases which came under ob
servation during the course of this study :five appear to have shown 
a progressive and rapid elimination of Group IV transfused blood. 
This feature was most markedly shown in Case 118, one of hemolytic 
jaundice, in which there was a continuous fall in the curve of trans
fused blood until splenectomy, when the fall ceased harply. Two 
cases of aplastic anemia (Cases 81 and 102, Tcxt-fi.g. 3) one of mye
logenous leucemia (Case 39), and one of carcinoma of the kidney 
with metastasis show rapid elimination of the transfused blood. 
The protocols and chart follow. 

Case 39.-The patient was a man, aged 55 year·, weighing 166 pounds. He 
had myelogenous leucemia with a white blood count of 215,000. A tran fusion 
was given, followed after 6 days by a radium treatment. Profuse weating 
occurred the 15th day after tran fusion, with edema of the eye· and forehead; 
on the 18th day the edema was extreme. The patient died on the 19th day. 

Case 81.-A man, aged 45 years, weighing 154 pound . Diagnosis of aplastic 
anemia was made. The patient died August 29, 1919, of bilateral broncho
pneumonia on the 4th day after transfusion. There were miliary tubercles in the 
spleen. 

Case 81.-The patient was a man, aged 69 years, weighing 105 pound . There 
was carcinoma of the left kidney, with metastasis. A left nephrectomy was fol
lowed by a transfusion with 500 cc. of Group IV citrated blood. 

Case 102.-The patient was a man, aged 28 years, weighing 124 pounds. In 
October, 1918, he had influenza, which was followed by weakness and bleeding. 
There was severe epistaxis in October, 1919. -pon examination in • ·ovember, 
the red blood count was 1,160,000, and the hemoglobin 13 per cent, with a color 
index of 0.5 +. The leucocytes were 10,800, with polynuclcar neutrophils 25 
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per cent, small lymphocytes 37.5 per cent, large lymphocyt~s. 35.5 per cent, 
eosinophils 0.5 per cent, basophils 0.5 per cent, and neutroph1lic myelocytes 1 
per cent. There was moderate anisocytosis, and the platel~t count wa~ 134,00?. 
December 9. The platelet count was 96,000. A diagnosis of aplastic anemia 
was made. Four transfusions were given. December 12. An eruption ap
peared upon the arms and face, which proved to be smallpox. January 1, 1920. 
The patient died. 
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TEXT-FIG. 3. Control cases in which there appears to have been some pro
gressive elimination of Group IV transfused blood. --- Unagglutinated 
corpuscles. - - - Total red blood count. - - - - - The count of unagglu
tinable corpuscles that would be expected in an individual the size of a patient 
with a blood volume of 8.8 per cent of the body weight. f indicates_ a Group 
IV transfusion; i a like group transfusion. 

Case 116.-The patient was a boy, aged 13 years, weighing 76! pounds. He 
was jaundiced and weak. He had an enlarged spleen, which had been first 
noticed 3 months previously. The red blood count was 1,750,000, and hemo
globin 30 per cent, giving a color index of 0.8+. The white cell count was 
19,500, with 65 per cent polynuclears and 25 per cent lymphocytes. The plate
lets were 148,000, and the bleeding time t minute. There was increased fragility. 
The blood picture did not improve after two transfusions. There was no evi
dence of familial jaundice. A diagnosis of hemolytic jaundice was made. 
Splenectomy was performed and the patient regained normal health. 
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When the curves of the total red blood counts of the pernicious 
anemia patients are examined, it will be seen that, although in 
most cases it would be difficult to say that there has been blood 
destruction during the preceding transfusion studies, there are some 
instances in which blood destruction is definite. In estimating these 
curves it must be borne in mind that changes in the blood volume 
very materially influence the total count. Changes in the number 
of transfused blood corpuscles per cubic millimeter give some indica
tion of changes in blood volume. When the transfused blood count 
rises it is probable that the blood volume decreases, and when the 
transfused blood count falls with a subsequent return, showing 
that the fall was not due to elimination, it is probable that the 
blood volume increases. This has been assumed in the following 
calculations. 

In Case 23 on the 10th day after the initial Group IV transfusion 
the total count was 1,100,000, the Group IV transfused blood wa 
520,000 minus the initial unagglutination of 70,000, or 450,000. 
Since the subsequent Group II transfusion 2 days previously was 
100 cc. larger than the Group IV transfusion, it should account for 
at least the same number of corpuscles. The total count before 
this transfusion had been 1,170,000 with apparently a larger blood 
volume, as the count of the unagglutinable corpuscles was le s. 
There have been added at least 450,000 corpuscles per c.mm., the 
blood volume has decreased, which should have still further increased 
the total red cell count, but the total count is still what it was before 
transfusion. We have here evidence of destruction. In Ca e 61 
on the 15th day after the Group IV transfusion the total count wa 
2,250,000. The Group IV corpuscles were 700,000, so the two like 
group transfusions which had been given on the 9th and 14th 
days should have added 1,400,000, or twice that amount. The 
total count 3 days before these transfusions was 1,570 000 when 
the blood volume, judging from the unagglutinable corpu de count, 
was somewhat higher; 1,400,000 corpu des per c.mm. have been 
added to the blood the blood volume has decreased, which would still , 
further increase the count, and the total count has increased only 
680,000. Here there is a loss of over 700,000 corpu de per c.mm. 
witkin 8 days. In Case 73 on the 20th day after the Group IV 
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count was 1,060,000, hemoglobin 28 per cent, color index 1.3, leucocyte count 
7 400 lymph6cytes 74.5 per cent. In counting 200 white cells, 89 normoblasts 
a~d 3' megaloblasts were seen. There were marked anisocytosis and poikilocytosis. 
Menstruation was expected on the 21st day after the transfusion but did not 
occur. The patient died a month later. 

We have two cases (Nos. 64 and 49) which appear to be excep
tions to the rule that in the pernicious anemia patients so 
far studied there is no increased rate of elimination of Group IV 
transfused blood. In Case 64 when the total red blood count 
was 1,400,000 a 500 cc. Group IV transfusion was given. The 
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TEXT-FIG. 4. Curves of a patient who showed elimination of the Group II 
tran fu ed corpuscles as well as elimination of her own corpuscles. 
Unagglutinated corpuscles. - - - - - Total red blood count. ! indicates a 
Group IV transfusion; l a like group transfusion. 

next day the count of unagglutinable corpuscles was 600,000. 5 
days later when a second count was made the unagglutinable cor
puscles had dropped to 99,000, which meant practically complete 
elimination of the transfused blood. The patient's total count was 
then 1,100,000. A Group II transfusion was given and 4 days later 
the total red blood count was 700,000. The patient died within a 
month. In Case 49 with the patient's initial blood count at 1,100,000 
a 500 cc. Group IV transfusion was given, which gave 620,000 un
agglutinated corpuscles per c. mm. and raised the total count to 
1,500,000. The next day the unagglutinated count was 170,000 
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while the total count was 1,200,000. On the following day the 
unagglutinated count fell to 50,000, which was practically complete 
elimination, with a return in the total count to 1,100,000, the level 
before transfusion. There was no hematuria or transfusion reaction. 
The transfusion blood apparently was eliminated within 2 days, 
while the patient's own blood was unaffected. The only objection 
to accepting these data is that at the time the work was done I did 
not realize the possibility of a serum becoming non-specifically ag
glutinating and I did not check the Group IV serum used with this 
point in view. When in a third case this same elimination appeared 
to be taking place it proved to be the fault of the serum. On going 
back over the work I find that in each case on one of the days on which 
these counts were made, counts were made on other patients which 
gave the expected number of corpuscles, but I am not sure that the 
same serum was used. Since I have checked this factor it is true 
that I have not had a case in which rapid elimination of Group IV 
corpuscles occurred, but it is also true that with one exception I 
have not had an opportunity to study patients who were so near the 
terminal stage. 

C~se 49.-The patient was a man, aged 68 years. He had bad previous re
lapses. There was no free hydrochloric acid in the stomach. The red blood 
count was 1,930,000, hemoglobin 40 per cent, giving a color index of 1. The 
white blood count was 2,400. The diagnosis was pernicious anemia. 

Case 64.-The patient was a woman, aged 36 years. She was very anemic 
and thin. For 18 months she had been growing gradually weaker, and was in 
an exhausted condition at the time of examination. There was evidence of 
combined sclerosis. The hemoglobin was 22 per cent, the red blood count 
1.CU0,000, color index 1.0+, and leucocyte count 1,900. The diagno is wa 
pernicious anemia. 

DISCUSSION. 

This study of pernicious anemia patients during a series of trans
fusions seems to indicate that although in some cases at certain 
times there is much blood elimination, on the whole, blood destruction 
is quiescent. Of course, it must be recognized that in this estimate 
the factor of production is an unknown quantity. Group IV trans
fused corpuscles are, as a rule, not eliminated so quickly as they are 
in transfused persons without blood disease, so that so far as Group 
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IV corpuscles are concerned there is no abnormal blood elimination. 
The fact that Group IV corpuscles are not eliminated rules out the 
activity of any corpuscle poison during these periods. For in order 
to assume the activity of such a poison we will have to make it one 
that is not able to attack Group IV corpuscles, in which case the 
incidence of pernicious anemia should at least be lower among Group 
IV individuals than among others. In the 189 pernicious anemia 
patients that have presented themselves at this Clinic during this 
study 52 per cent were in Group IV, which happens to be a somewhat 
higher incidence than the occurrence of Group IV individuals found in 
general among our patients and donors. It must be that at the time 
when the patients were under observation there was no hemotoxin 
active. It has been argued that transfusion introduces something 
which neutralizes the hemotoxin. It does not seem probable that 
there would be a complete neutralization of the toxin and that the 
patient's symptoms would still persist. Although in some instances 
a remission was brought about by the transfusion, in most cases 
the patients returned for further transfusions after 3 months. 3 
months, it will be remembered, is the average length of time that what 
were presumably the youngest Group IV transfused corpuscles lasted 
in four pernicious anemia patients who were under observation· to 
the end of elimination, and it is probably also the length of life of 
the like group transfusions. As in a few instances Group IV trans
fu ed blood stayed while the patient's total blood count dropped 
greatly, it would not seem that the protection of the Group IV 
corpuscles was due to an antibody to this hypothetical hemotoxin 
introduced by the transfused blood. 

In the two cases, os. 75 and 68, in which there was the most 
marked elimination, the Group IV transfusion was maintained and 
both the patients' corpuscles and the transfused like group corpus
cles were eliminated. Since normal like corpuscles were eliminated, 
the elimination in these cases cannot be assumed to be due to any 
intrin ic weakne s of the corpuscle. ince in this elimination there 
was a differentiation between like group corpuscles and Group IV 
corpuscles it would seem that the factor bringing it about must have 
been the result of an activity of the body itself. If we accept 
the two cases in which the transfused blood disappeared rapidly. 

• 
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we have additional data that would seem to bear out this conclusion. 
In the case in which there were time data, the nonnal transfused 
blood disappeared in 2 days, while the count of the patient's blood 
was maintained. Here again there would seem to be a differentia
lion between groups which would seem to be attributable only to 
a physiologic blood-destroying function. 

This speeding up of the blood-de troying activity of the body, 
which seems lo be the basis of the abnormal periods of blood de
struction which are seen in transfused pernicious anemia patients, 
might be due, it is conceivable, to the indirect effect of a present 
toxin, or it might be due to sonie past injury which makes it difficult 
for the organism to maintain a sufficient supply of some substance 
necessary to colloidal equilibrium of the corpuscles. The recent 
work of Clark and Evans showing a reduction in the hemolytic 
inhibitory powers of serum of pernicious anemia patients to a point 
markedly below what is found in normal serum, and my own find
ing that at least as far as transfused blood is concerned physiologic 
elimination is brought about by a spasmodic effort on the part of the 
organism, are suggestive with regard lo the mechanism by which 
these sudden excessive eliminations seen in pernicious anemia are 
brought about. 

SUMMARY AND CONCLUSIONS. 

Evidence is presented to show that there is no hemolytic toxin 
producing the anemia in pernicious anemia. 

Partial evidence is presented to show that the periods of active 
blood destruction which are seen as the exception in pernicious anemia 
cases during a series of transfusions are due to the activily of the 
blood-destroying organs of the body rather than to the intrinsic 
weakness of the pernicious anemia blood corpuscle. 

It is questionable whether blood destruction is as important a 
factor in producing the anemia of pernicious anemia as it is at present 
usually assumed to be. 
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