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426 Studies in Isoagglutination.

bers of the second group can be agglutinated by sera of individuals of group I
and of group 111 only.

The third group is the reciprocal of the second group; its serum agglutinates
cells of persons belonging to members of the second and fourth groups. Its
cells are agglutinated by sera of the second and fourth groups, and, of course,
of the first group. Members of this group sometimes show slight individual
irregularities, the cells now and then failing to be agglutinated by the sera of
some members of the second group, although being agglutinated by others, and
the sera oceasionally agglutinating the cells of some, but not all, other members
of the thlird group 1tself.

The fourth group, whose members are relatively rare, is characterized by
possessing no agglutinin for human red cells and by its cells being agglutinable
by the sera of all other groups.
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Landsteiner himself suggested that the groupings could be explained by as-
suming the existence of two agglutinins, of which the second group possessed
one, the third group the other, the first group both, and the fourth group neither.
In each case the cells are susceptible only to ‘that agglutinin which does not
exist in the individval’s own serum. (Moss has, in a recent paper, made the
quite unnecessary assumption that there are three agglutinins.)

The group characteristics are permanent for each individual throughout his
life. When concentrated, the agglutining act almost instantaneously; when
diluted they act more slowly. They act in the cold as well as at high tempera-
tures and they are relatively thermostable. Hektoen, who first worked out many
of their characteristics, has shown that the agglutinin is absorbed by the cells
which it agglutinates.

These agglutinins, like other serum agglutinins, are probably associated with
the euglobulin of the blood. I have recently found that when agglutinative serum in
collodion sacs is dialyzed against running water, the precipitate which forms in
the serum can be redissolved in saline solution and contains the agglutinin in
only slightly weakened concentration.

The peculiar groupings are not only permanent with the individual but they
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EXPERIMENTAL PART.

I have found that the explanation of the inconsistency between
the very sharp test tube agglutination, and the frequent absence of
symptoms on transfusion of agglutinative blood, depends on the
quantitative relations between agglutinin and agglutinable cells,
and non-agglutinable cells.

While performing some experiments for the purpose of deter-
mining the bulk of agglutinable cells that is necessary for complete
absorption of all the agglutinin from a given serum, I noticed that
when the amount of red cells exceeded a certain ratio to the amount
of serum, all the agglutinin was absorbed without, however, any
agglutination taking place, so far as the naked eye could determine.

This was confirmed by several experiments, of which one only is
referred to in table II. In this experiment blood cells belonging to
group II were obtained in normal salt solution containing 1 per cent.
of sodium citrate. The cells were washed once in salt solution,
then again sedimented by centrifuging for about ten minutes at high
speed. All the supernatant fluid was decanted and the concentrated
cells were used in the experiment. An actual count (with Thoma-
Zeisg hemocytometer) showed 10,000,000 red blood cells per cubic
millimeter. It has been calculated (P. Weber) that there is only
space for 13,000,000 human red cells in one cubic millimeter, so the
suspension used might be designated as a 75 per cent. suspension.

The serum used was of class I. Its exact agglutinative titer was
not determined, but the serum was known to be active in a dilution
of at least 1 to 12. The mixtures were made in the proportions
stated, kept at room temperature for thirty minutes, again
thoroughly mixed, and kept in an ice box over night. On the fol-
lowing day the serum was pipetted off and its agglutinative power
tested against a 5 per cent. suspension of the same supply of red cells.

From table II it may be seen that one volume of the cell suspen-
sion absorbed all the agglutinin from at least sixteen volumes of
serum, and that as one volume of cells was still completely agglu-
tinated by thirteen volumes of serum, the cells were able to absorb
more agglutinin than was actually necessary to agglutinate them.
Controls with non-agglutinable cells showed no absorption of agglu-
tinin. On the other hand, above this concentration of one part of
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sera of the other groups does not hinder agglutination of the proper
corpuscles. The author has reéxamined the question by directly
comparing the results of dilution with saline solution and dilution
with neutral (non-agglutinative) serum (table IIT).

Two specimens of blood (labeled IE and K) obtained by defibri-
nation were used, the one of class II and the other of class ITL.4
The cells of one (K) were washed and made up to a § per cent.
suspension in 0.9 per cent. saline solution. Two parallel series of
dilutions of the agglutinative serum E were then made; in one
series saline solution was the diluent; in the other, neutral (non-
agglutinative) serum K.

TABLE III
Agglutination m Diluled and in Mixed Sera.
Proportions of Actual dilu- Applatination.
L hmm e tion of | — =
Active !Dihltnl.‘ Cell suspen- m:t,'.:;“' With sadrue as dilaent. With serusr as diluent.
SCTUmE, | S0, 7
2 l 3 I: 6 Complete: 2 or 3 Complete: numerous
b clumps. small clumps.
I 5 z 1: & Complete: 2 or 3 Complete: numerous
clumps. small clumps.
z I3 5 I:I0 Complete: 2 or 3 Complete : numerous
clumps. small clumps,
1 B 3 I:12 Complete: 2 or 3 Complete:; numerous
clumps. small clumps.
2 0 " I:14 Complete: 2or 3 Complete : numerous
clumps. small clumps.
i II 4 I:1b6 Complete: 2 or 3 Complete : numerous
clumps. small clumps.
2 25 o 1:18 Complete: 2 or 3 Complete : numerous
clumps. small clumps.
1 14 5 I:20 Numerous small Very fine clumps.
clumps.
I 15 fh I:24 Fine clumps. Clumps seen only
through microscope.
1 20 g I:28 Very fine clumps. Clumps seen only
through microscope.
1 23 8 I:32 Clumps vizible only No agglutination.
through microscope.
I | 26 (i} ] 1:306 No agelutination. No agglutination.

— e

To each test tube was added exactly the same proportion of cell
suspension; namely, one-fourth of the total volume. The actual
dilution of the agglutinative serum is shown in the fourth column
of table III. Tt is seen that when saline solution was the diluent,
agglutination was still observable at a dilution of 1 to 32; when

‘It was not determined which specimen was of class III; and the determina-
tion would be of no significance in the present instance.

e e i—— i e
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tion, but did change entirely the nature of the agglutination;—
instead of a few large clumps, innumerable microscopic clumps
were produced. This was particularly true of the first five mixtures
in the series; in the other mixtures the absorption of agglutinin by
the excess of agglutinable cells present also played a part; and in
the last two, they apparently prevented agglutination, as in the
experiments referred to in table II.

This, of course, is extremely significant for transfusion; a few
large clumps might cause serious or fatal embolism. A consider-
able number of microscopic clumps, becoming plugged in widely
scattered capillaries might cause few or no symptoms. The micro-
scopic appearances were controlled by making a similar series of
mixtures of each of the specimens of blood used with another blood
of its own class. In none of these were any clumps observed.

From this experiment it is seen, then, that when the proportion
of agglutinative to agglutinable blood is small (1 to 4 or less), no
agglutination occurs, all the agglutinin being absorbed by the excess
of substratum. When the proportion is reversed, agglutination
occurs but is microscopic. When the bloods are mutually aggluti-
native (one of class II, the other of class III), one finds, likewise,
that the blood shows no agglutination to the naked eye but shows
microscopic clumps in all proportions (table V). In this instance
both of the inhibitory factors are in play; either the one or the
other variety of red cells being always present in too great a pro-
portion to be agglutinated completely. The excess of cells fune-
tionates as non-agglutinable, and interferes (probably mechanic-
ally) with the agglutination of the other species of red cells, which,
in many of the mixtures, are present in small amounts compared to
their agglutinative serum, and would otherwise be agglutinated
completely.

There is no doubt, then, that concentrated non-agglutinable cells
interfere with the agglutination of actually agglutinable cells pres-
ent in the same mixture. This interference is probably mechanical ;
it does not occur when both varietiés of cells are present in small
amounts.

Additional experiments were performed to determine whether
similar conditions prevail when one or the other blood is very

.
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TABLE VI.
Series A,

Mixtures of Anemic Blood No. 1o (Agglutinative, Class I) and Full Blood
No, 1 (Agglutinable, Class II).

I’rnpm'mm.,

Agglatination.
Anemic Mo, 10, Full Na. 1.

Fine clumps seen with naked eye.

Microscopic clumps only.
Dioubtful, a few small clumps.
I‘_-IF} clumps.

oL 0D

W Geln b

Serics B.

Mixtures of Full Blood No. ro (Agglutinative, Class I) and Anemic Blood No. 1
{Agglutinable, Class IT).

Proportions.
- { Microscopic clumping only. )
Full Mo, 5o, | Anemic No. 1.

No clumps.

Mo clumps.

Many sharply defined elumps.

Smaller number of clumps.

Very few clumps, but all sharply defined.

L= AR R

-
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Above and beyond all the considerations presented here, there
remains a possibility that the isoagglutinins are substances which,
like fibrin ferment, are formed only after the blood leaves the ves-
sels. This, though possible, seems highly improbable. The agglu-
tinins are present no matter how the cells and serum are obtained,—
whether by defibrination, ordinary clotting, citration, and the use
of oxalate or hirudin. Furthermore, I have recently found them to
occur in most transudates and exudates.

CLINICAL PART.

I have recently seen several transfusions which confirm the view
that in the presence of an excess of agglutinable cells all the agglu-
tinin can be absorbed without doing harm.

In the first case the patient was a young woman with a bleeding
gastric ulcer. Her blood belonged to the second or third aggluti-
native class, while that of the donor, who was chosen. in the emer-
gency, belonged to the first; that is, the donor’s serum agglutinated
the patient’s cells, but his cells were not agglutinated by the patient’s
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serum (the same instance as that in table VI, series B). Sufficient
blood was transfused to carry the patient’s hemoglobin from 18
at the beginning to 40 per cent. at the end of the transfusion. By
calculation, this must have been about forty per cent. as much as
the patient’s own blood volume.® No untoward symptoms oc-
curred and the patient subsequently recovered. On examining the
patient’s serum, obtained thirty-six hours after the transfusion, it
was found to contain no agglutinin of class I; it did not agglutinate
her cells obtained either before or after the transfusion. All the
agglutinin of class I which had been transfused into her had
disappeared.

A confirmation of the view expressed here is also furnished by
a case recently described by J. G. Hopkins.® The transfusion was
instituted for the relief of an extreme anemia resembling the prim-
ary pernicious type. The patient’s serum agglutinated the donor’s
cells but the donor’s serum did not agglutinate the patient’s cells
(the more dangerous instance, as shown in table VI, series A).
Immediately following transfusion, smears of the peripheral blood
showed large numbers of polymorphonuclear leucocytes containing
red blood cells.

After the transfusion, the patient was incontinent of feces, and
irrational. Six hours later he developed hemiplegia and coma.
Nine hours after the transfusion he died.

““The post-mortem serum did not agglutinate the donor’s cor-
puscles ”. “ The agglutinins present when the serum was first ex-
amined were evidently bound”. Hopkins is “ unable to determine
the meaning of the blood-picture in this case’ and believes that
“what was observed was probably phagocytosis of the transfused
red cells by the phagocytes of the recipient .

We have here a case, then, in which apparently all the agglutinin
in the body was absorbed by the transfused red cells. It seems at
least probable that the death was due to intravascular agglutination,
and that the phagocyted red cells were such as had already been

* Patient’s hemoglobin, at beginning = 18 per cent.; at end =40 per cent.
Deonor’s hemoglobin, at beginning =00 per cent. Let the relation of volume
transfused to the patient's original blood volume =.x:1; then 18 4+ g0ox =40

(x4 1) and x=22/50=0.44.
*Hopkins, Arch, Int. Med.,, 1910, vi, 270.
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affected by the agglutinative serum and were in effect foreign
bodies, although on account of the hindering factors mentioned in
the present article, they had not yet become actually agglutinated.
Since the publication of Hopkins' paper I have had the oppor-
tunity of studying the blood of three transfusions with regard to
phagocytosis. In the first two cases a number of candidates were
examined, and a donor was chosen who belonged to the same agglu-
tinative group as the patient. In these cases no phagocytosis of
red cells was observed.” In the third case the surgeon elected to
disregard the blood tests. The patient’s serum was agglutinative

toward the donor’s red cells, but the donor’'s serum was not agglu-

tinative to the patient’s cells. The patient’s serum was also very
slightly hemaolytic.

Blood smears made at the end of transfusion showed that many
of the polvnuclear leucocytes were phagocyting red cells in the
peripheral circulation of the patient. The leucocytes contained
from one to three red cells each. No agglutinated red cells could
be seen in the smears, nor were any seen in a fresh drop of blood
diluted with sodium citrate in normal salt solution.

The examination of cells and serum after the transfusion showed
a remarkable condition of affairs (table VII).

TAEBLE VIIL

F: = Patient’s blood taken before transfusion.
P: = Patient’s blood taken at end of transfusion.
D = Donor’s blood.

| Py D

| & — = =

Cells. P ap i =
D -+ - =

The serum after transfusion no longer agglutinated the donor’s
cells; as in the two cases above, the agglutinin had all been absorbed.

" For one of these cases I am indebted to Dr. Kaliski, with whom I shall at a
later date publish more detailed accounts of all the cases referred to.










