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At the beginning of the twentieth century,
Landsteiner (1, 2) reported the presence of
normal isohemagglutinins in human serums and
their corresponding agglutinogens in the red cells.
On the basis of these observations, normal human
blood is classified into 4 groups, i.e., Groups 0,
A, B, and AB. Continued research has served
to confirm Landsteiner's observations and pos-
tulates. Landsteiner found further that an iso-
hemagglutinin and its homologous agglutinogen
could not exist together in the same blood, and
that their relationships are reciprocal; i.e., the
presence of one indicates the absence of the other.

With the advent of whole blood transfusions
as an important therapeutic procedure, it be-
came necessary to determine the blood groups of
both donors and recipients prior to transfusion.
A number of methods have been described for
assigning an unknown blood to one of the 4
blood groups. In practice, they involve the col-
lection and preservation of 2 grouping serums,
containing, respectively, avid Anti-A and Anti-B
agglutinins, preferably in high titer. The iso-
hemagglutinin serums are mixed with the cells
of the unknown blood under appropiate con-
ditions which will give prompt true agglutination
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if A and/or B cells are present. The cells of a
Group 0 blood are not agglutinated by either
Anti-A or Anti-B serum; the cells of a group A
blood are agglutinated by the Anti-A but not by
the Anti-B serum; the cells of a Group B blood
are agglutinated by an Anti-B serum but not by
an Anti-A serum; and the cells of an AB blood
are agglutinated by both Anti-A and Anti-B
serums. It is not within the scope of this paper
to present blood grouping methods in detail and
the reader is referred to the many excellent blood
grouping manuals for further information (3, 4).

It is, however, apparent that specific avid
high-titered grouping serums are necessary for
accurate blood grouping. The collection of high-
titered serums from special donors has been the
major means of procuring such serums in the
past. Recently, Wiener (5) has been able to
increase both the titer and the avidity of the
plasma isohemagglutinins by intravenous injec-
tion of dried human plasma into special donors.
Witebsky (6) has also been able to accomplish
the same effect by the injection of small doses of
A and B specific substances into Group A and B
individuals. Immunization of rabbits and ab-
sorption with group-specific human red blood
cells has also led to the production of satisfactory
grouping serums.

Recently, the necessity arose at the Army
Medical School to obtain large quantities of po-
tent grouping serum. The difficulties in obtain-
ing donors with sufficiently high-titered iso-
hemagglutinins in their serum made it necessary
to investigate the possibility that chemical or
physical concentrations of plasma from random
donors of proper group might offer a means of
procuring a sufficient quantity of uniform high-
titered grouping material.
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Thalhimer and Myron (7) have shown that
the isohemagglutinins could be separated and
concentrated from serum or plasma by ammo-
nium sulfate precipitation. Pillemer (8) later
showed that the concentration of the isohemag-
glutinins from serum could be very easily ac-
complished by the use of methanol as a precipi-
tant. The globulins separated by this method
exhibited marked avidity for incompatible red
cells and showed a 4- to 8-fold isohemagglutinin
concentration over serum.

As reported earlier in this series of papers,
among the variety of plasma components with
diverse physiological and immunological func-
tions, that are available as by-products of the
human serum albumin program, are included the
isohemagglutinins (9). Boyd, working in the
Department of Physical Chemistry, Harvard
Medical School, has noted that Fraction II + III,
obtained as a by-product in the fractionation of
human plasma for production of serum albumin,
has isohemagglutinin activity (10). Since large
amounts of Fraction II + III would be available
as a by-product, it was thought advisable to
extend the studies which had been started at the
Army Medical School with the possibility of ob-
taining high-titered grouping material from Frac-
tion II + III. The following report is a sum-
mary of the results obtained with products pre-
pared at the Harvard Fractionation Laboratory.
It will be seen that a potent grouping reagent,
which can be distributed as a white powder, has
been prepared routinely as a by-product of the
human serum albumin program."

COLLECTIONS AND ASSAY OF GROUPINGSERIES

The initial step in the preparation of an iso-
hemagglutinin-containing fraction from human
plasma consists in the collection of blood from

G As will be shown in a subsequent paper of this series,
eight preparations of isohemagglutinin globulin prepared
at the Harvard Pilot Plant have been evaluated at the
request of the Subcommittee on Blood Substitutes of the
National Research Coundl by Dr. Elmer L. DeGowin and
a panel of investigators chosen by Dr. DeGowin. The
reports from this panel were invaluable in that the pre-
parative group were mainly guided by their appraisals, and
are summarized in the following paper in this series (11).

donors of a single group, either A or B, for a
given pool. While each pool has thus been de-
rived from donors of the same blood group, no
attempt has been made to select high-titered
plasmas. Of course, initial titration of each in-
dividual plasma, in order to exclude low-titered
plasmas, will lead to a much more potent group-
ing material than is currently obtained. The
titers of the pooled plasmas processed have
varied from 1:32 to 1:128 and from this material,
final products having titers from 1: 512 to 1: 2048
have been obtained.

Two methods of assay have been employed in
this laboratory in the determination of the iso-
hemagglutinin activity of the plasma pools and
the final isohemagglutinin globulins. These will
be briefly mentioned here.

SPEED AND INTENSITY OF AGGLUTINATION
(AVIDITY)

Group A Serum (Anti-B). One drop (0.05
ml.) of serum or isohemagglutinin containing
globulin solution is mixed on a slide with a drop
(0.05 ml.) of a fresh group B cell suspension (5
per cent). The slide is constantly rocked, and
the time necessary for beginning visible macro-
scopic agglutination as well as the time required
for complete agglutination is recorded.

Group B Serum (Anti-A). In general, this is
the same as for the Anti-B serums except that
the avidity is tested against Al, A2, and A2B cells.

ANTIBODY CONTENT(TEST TUBE TITER)

The plasma or globulin preparation is geo-
metrically diluted in a series of test tubes so that
each tube contains 0.2 ml. of solution in dilu-
tions 1: 1, 1: 2, 1:4, 1:8, 1:16, and on in the same
progression up to 1:4096. Two-tenths of a ml.
of a 2 per cent suspension of incompatible red
cell suspension (Group A in the case of testing
agent Anti-A and Group B in the case of an
Anti-B serum) is added to each tube. The con-
tents of the tubes are well agitated and the tubes
then centrifuged at 1000 R.P.M. for 1l minutes.
The packed cells in each tube are gently shaken
up from the bottom of the test tube and the
degree of agglutination recorded: 4 plus = one
large clump; 3 plus = 2 to 4 medium size clumps;
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2 plus = several medium size and small clumps;
one plus = several very small clumps.

PROPERTIES OF THE ISOHEMAGGLUTINATING
GLOBULINS

A purified euglobulin fraction of plasma, in
which the isohemagglutinin activity is mainly
concentrated and which may be dispensed in a
dried stable state, has been prepared routinely
at the Harvard Pilot Plant. The dried powder
dissolves readily upon the addition of proper
amounts of distilled water and is highly active
for blood grouping purposes.

The separated isohemagglutinin containing
globulins represents about 5 per cent of the pro-
teins present in plasma. Electrophoretically,
this protein fraction is composed mainly of
gammaand beta globulins. Work is in progress
on the further purification of this fraction in
order to establish the chemical identity of the
isohemagglutinins. It should be pointed out
here that as yet no chemical or physical differ-
ences have been encountered between the Anti-A
and Anti-B isohemagglutinins, respectively.

TABLE I

The concentration of isohemagglu4inin globulins over plasma

Plasma Fraction III-1

Run Avidity Test Avidity Test

tube tube
B-s| Cb titer Bs | Cb titer

seconds seconds
89A 30 150 1: 32 5 30 1:512

5 30-Al 1: 1024
90B 15 90 1 : 64 15 60-A2 1: 256

91A 30 150 1: 64 5 30 1:1024

5 30-Al 1: 1024
94B 15 90 1: 64 15 60-A2 1:256

92A 30 150 1: 32 5 30 1:512

S 30-A1 1: 1024
9094B 15 90 1: 64 1S 60-A2 1 :128

9193A 30 150 1 :32 5 30 1:512

5 30-A1 1: 1024
104B 30 90 1: 64 15 60-A2 1:256

*Beginning agglutination.
b Complete agglutination.
e Indicates type of A cell employed.

It will be seen from Table I that the isohem-
agglutinins in plasma have been concentrated
approximately 16 times over plasma. Since ap-
proximately 50 to 60 ml. of this material are
obtained per liter of plasma, this means that
almost quantitative yields have been achieved.

Speed of reaction (avidity) between red ceUs and the
isohemagglutinins

On a glass slide the products will produce
macroscopic agglutination in 5 to 15 seconds and
complete agglutination of incompatible cells in
30 to 60 seconds.

Specificity of reaction
No rouleaux or false agglutination with com-

patible cells have been observed in any of the
preparations thus far carried out.

Stabiity
The material is stable under ordinary condi-

tions. Tests have run for 10 days at 500 C.,
53 days at 370 C., and 4 months at room tem-
perature (+25° C.). The outcome of further
tests will be needed to establish definitely the
criteria for stabilitv.

Reproducibiity
A uniform product has been obtained from all

pooled type-specific plasma processed at the
Harvard Pilot Plant. There is reason to believe
that this will continue to be true on large scale
production since the material can be concentrated
or adjusted to the desired specified activity.
Furthermore, preliminary selection of only high-
titered plasma will doubtless guarantee an even
more satisfactory product.7

Subgroups specificity
Due to the large number of individual plasmas

in each pool, satisfactory agglutination of the

7 Upon the request of the National Research Council,
two preparations of Anti-A and Anti-B isohemagglutinin
globulin, respectively, were prepared by the Harvard Pilot
Plant to serve as reference standards in evaluating subse-
quent preparations of isohemagglutinins. The Anti-A has
a titer of 1: 1024 and the Anti-B of 1: 512. These
standards meet the requirements and specifications of the
Armed Forces and were approved by DeGowin and his
group.
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weak subgroup A cells should be achieved. If
deemed necessary, preliminary selection of B
plasmas will assure this.

Ease of manipulation of grouping tests

Since the material can be dispensed in a dried
state which can readily be reconstituted into a
stable solution, definite concentrations of it can
be added to the red cells, thereby achieving a
high degree of uniformity in grouping tests.

Since some service laboratories are not
equipped or not readily prepared to do either
test-tube or microscopic blood grouping tests, the
ready availability of a stable, specific, rapid
reagent for macroscopic use on slides offers de-
cided advantage.

Physical properties

The grouping reagent prepared by these meth-
ods also lends itself well for blood grouping
purposes because of its suitable viscosity and
clarity.

SUMMARY

A specific, stable, and highly active isohemag-
glutinating material has been prepared as a by-
product of the human serum albumin program.
A concentration of isohemagglutinating activity
over plasma of 16 times has been achieved. The
properties of this material are described.
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