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It was demonstrated by Keogh et al. (1947)
and Warburton et al. (1949) that several products
of bacterial cultures could be adsorbed to eryth-
rocytes, which then could be agglutinated by
sera containing antibodies to those bacterial anti-
gens. This approach was developed in the case
of a constituent of tuberculin by Middlebrook
and Dubos (1948) and Rothbard et al. (1950).
The work of the latter groups served to emphasize
the point that a single constituent might be ad-
sorbed to the erythrocyte from a mixture of
antigens by a selective adsorption. Recently this
technique has been applied to work with the
plague bacillus (Amies, 1951), the hemolytic
streptococcus (EKirby, 1951), and the colon ba-
cillus (Neter et al., 1952).
The present study arose in the course of an

exploration of antigens of the hemolytic strepto-
coccus in terms of a possible agent in the patho-
genesis of rheumatic fever. The current emphasis
in this work is on the extracellular antigens of
the hemolytic streptococcus, as found in con-
centrates of streptococcal culture supernates.
Since there are presumably a number of strepto-
coccal products in such concentrates, it was de-
cided to undertake the present study to see
whether erythrocytes would adsorb any con-
stituent of the culture supernate concentrates
to which antibodies might be present in human
sera. Concurrent studies on the entire culture
supernate concentrates are in progress.

MATERIALS AND METHODS

Streptococcal preparations. Hemolytic strepto-
cocci of a number of straim were cultivated in
12 liter volumes in a dialyzate medium described
elsewhere (Harris and Friedman, 1949) and in
the synthetic medium developed by Beneimer

I This study was supported by a grant from the
National Heart Institute of the United States
Public Health Service.

et al. (1942). After incubation for 18 hours at
37 C the cultures were freed of organisms by
centrifugation and concentrated by pervapora-
tion, dialysis, and lyophilization as described
elsewhere (Harris and Friedman, 1949). These
preparations were dissolved in the indicated
ranges of concentration for adsorption experi-
ments. Control batches of uninoculated media
of both types were processed to the lyophilized
state in the same manner.
The greater part of the work described below

was done with the H44 strain of type 4, group
A, P-hemolytic streptococci which has been used
in earlier work reported from this laboratory.
Other strains, involving a number of other types
within group A, also were used in these studies.
The latter were from a collection originally made
available through the courtesy of Dr. Rebecca
C. Lancefield.
Sheep erythrocyts. These were obtained from

lots of blood kindly supplied by Sharp and
Dohme, Inc. Two lots were obtained each week,
involving bleedings from two sheep of a group
of animals bled in rotation. The designations of
the blood specimens provided an indication of the
animal used. The sheep erythrocytes were col-
lected by centrifugation, washed twice in buffered
saline solution, and then made up to a 40 per
cent suspension for immediate use.

Sera. Sera of patients with rheumatic fever in
various stages of clinical activity were available
in our collection of such sera, drawn from patients
at The Children's Hospital of Philadelphia, The
Philadelphia General Hospital, The Hospital of
the University of Pennsylvania, and The Chil-
dren's Seashore House for Invalid Children at
Atlantic City. Sera from patients with scarlet
fever were obtained at The Philadelphia Hospital
for Contagious Diseases, through the courtesy
of Dr. A. C. LaBoccetta. These were drawn from
patients in the first half week of their disease and
in the second half of the third week, just before
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discharge from the hospital. The pairs of sera

drawn from individual patients were tested, in
each case, within a given experiment.

Sera were maintained in the frozen state. For
use in the tests to be described below they were

thawed, placed in a water bath at 56 C for 30
minutes, and absorbed twice with one-tenth
volume of packed sheep erythrocytes.

Conduct of the test. In testing a streptococcal
preparation for its activity in the erythrocyte
adsorption-agglutination test, or a serum for its
agglutination titer in such a test, the following
procedure generally was employed: Dilutions of
the streptococcal concentrate were made, in the
desired range, in a given volume of buffered iso-
tonic saline solution. One-eighth volume of a 40
per cent suspension of washed sheep erythrocytes
was added then to each dilution of the strepto-
coccal concentrate, and incubation was carried
out at the times and temperatures indicated be-
low. Then the cells were washed three times and
made up to a final concentration of 0.25 per cent.

Serial twofold dilutions of sera were prepared
in volumes of 0.4 ml. To these dilutions were

added 0.2 ml volumes of the sheep erythrocyte
suspension. The tubes were shaken vigorously
and incubated for 30 minutes at room temper-
ature and then overnight at 4 C. Tests were read
after shaking the tubes again. Partial or com-

plete agglutination was demonstrable clearly at
this concentration of erythrocytes.

RESULTS

The hemagglutination reaction. In early experi-
ments the hemagglutination reaction was adapted
directly from Middlebrook and Dubos (1948)
to the supernates of streptococcal cultures con-

centrated as described above. In these experi-
ments it was found that a positive hemagglutina-
tion test could be elicited by the interaction of
certain human sera with erythrocytes sensitized
by a given range of concentration of the strepto-
coccal preparations. As the concentration of the
streptococcal preparation used for sensitization
was decreased below this range, the apparent
hemagglutinating titer of the serum fell. As the
concentration of the sensitizing streptococcal
preparation was increased, a point was reached
often at which the concomitant increase in con-

centration of the streptococcal hemolysin inter-
fered with the hemagglutination reaction by
causing hemolysis of the erythrocytes. Typical

data from this initial series of experiments are
shown in table 1.

Variations in the technique of the test. Early
experiments involving this reaction were per-
formed in order to determine optimal conditions
for the sensitization of the erythrocytes and for
the agglutination of the sensitized cells. The
sensitization of the celLs at 37 C was found to
take place within 15 minutes, to the extent that
such adsorption would take place in an hour, as
can be seen in table 2. In other experiments this
interval was extended to 2 hours with similar

TABLE 1
Agglutination by normal human serum of sheep

erythrocytes sensitized by concentrates of strep-
tococcal culture filtrates

STRPTOCOCCL CON- SIUM DILUTON
CSNTATE-

1:4 1:8 1:16 1:32 1:64

CS48 1% h h h h h
(SM) 0.5% 2 2 2

0.25% 2 2 2 -
0.125% 2 2 2
0.06% 2 2 - _
0.03% 2 - -

CS48 1% h h h h h
(DM) 0.5% 2 2 2

0.25% 2 2 -

0.125% 2 - - _ -

2-strong agglutination; h-hemolyzed; SM-
synthetic medium; DM-dialyzate medium.

results. At room temperature the adsorption took
place more slowly and was slightly less than
maximal in half an hour.
The time required for the agglutination of the

sensitized cells also was studied in order to de-
termine the minimum time required for the test.
It was found that maximal agglutination under
these circumstances occurred within a half hour
and that incubation at room temperature was
as effective as incubation at 37 C. The incubation
at room temperature was followed by overnight
incubation in the refrigerator to allow the cells
to settle before the degree of agglutination was
read. Alternatively the tubes could be subjected
to centrifugation, with similar results, at 500
rpm for 2 minutes after the half hour at room
temperature.

Experiments with tannic acid. It has been
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shown by Boyden (1951) that previous treatment
of erythrocytes with a solution of tannic acid en-
hances their adsorption of substances in solution,
as indicated by subsequent hemagglutination
tests. In an attempt to apply this observation
to the system under study, sheep erythrocytes
were treated with a solution of tannic acid
(1:20,000), then washed and treated in the usual
manner with concentrates of streptococcal cul-
ture filtrates. On subsequent hemagglutination
tests of such celLs with known positive sera it
was not found, however, that the apparent he-
magglutinin titers of the sera were increased, but
rather that no agglutination reaction was ob-
tained at all.

Variability of erythrocytes from different sheep
as adsorbents. In the course of early experiments
variations were encountered among the results
obtained with different batches of sheep erythro-
cytes. It soon became apparent that these vari-
ations were associated with the sheep from which
the blood had been obtained, and further tests
confirmed this. It was found that of 6 sheep
tested the erythrocytes of 3 gave optimal re-
actions in this test. The erythrocytes of two other
sheep, when used in this test, resulted in a reduc-
tion of the apparent titer of a standard sera by
one twofold step of dilution with smaller cell
aggregates. The erythrocytes of one sheep gave
no positive test at all within the threshold of
sensitivity of this test. It was found that suspen-
sions prepared from different bleedings of a given
aninal, when adsorbed with a given dilution of
an antigen preparation, would be agglutinated
by a standard serum to the same titer.

It was found also that no apparent relationship
existed between the effectiveness of cells of vari-
ous sheep in the hemaglutination tests and their
effectiveness in adsorbing the normally occurring
antisheep erythrocyte agglutinins from sera in
preparation for the test.
In an effort to obviate the necessity for ad-

sorbing out agglutinins for sheep erythrocytes
from human sera in preparation for the use of
such sera in this hemagglutination test, attempts
were made to use human erythrocytes of type
O blood. It was found, however, that of the
several specimens of human blood tested none
could be agglutinated by known positive sera
after incubation with standard preparations of
antigen.

The streptococcal concentrates. Hemolytic effects.

As indicated above, there were many concen-
trates of streptococcal culture filtrates in which
the procedure of the adsorption test resulted
in hemolysis of the cells, presumably because of
the presence of sufficiently high concentrations
of the 0-hemolysin in those preparations. Bub-
bling oxygen through the solution failed to ob-
viate this difficulty, but incubation with cho-
lesterol (at 2 mg per ml, for 10 minutes at room
temperature, in a rotating device) did so. The
cholesterol was removed by filtration, and similar

TABLE 2
Effect of variations of time and temperature on the

sensitization of sheep erythrocytes by strepto-
coccal culture filtrate

SENSITIZATION SENSITIZATION ATTDIE OZ CONC OF AT 37 C ROOM TEMPERATURE
SZNSTION COCCAL Serum dilution Serum dilutionAT

ILTRATE__
8 16 32 64 8 16 32 64

min

60 0.25 2 2 2 -2 2 2 -

0.12 2 2 --2 2 2 -
0.06 2 1 --2 1 --

30 0.25 2 2 2 - 2 2 1 -
0.12 2 2 --2 2 2 -
0.06 2 - - - 1---

15 0.25 2 2 2 -2 22 -
0.12 2 2 -- 2 -

0.06 2 1 - - 1 ---

2-strong agglutination; 1-weak agglutina-
tion.

treatment of nonhemolytic preparations of cul-
ture concentrates did not indicate any loss of
the substance involved in the agglutination test.
The occurrence of the erythrocyte sensitizing

substance in filtrates of various strains of hemo-
lytic streptococci. The initial experiments in this
study were carried out with two preparations of
lyophilized concentrates of streptococcal culture
filtrates, both derived from cultures of the H44
strain, one on dialyzate and one on synthetic
medium. Subsequently, experiments were done
to determine the relative concentration of the
erythrocyte sensitizing substance in concentrates
of other cultures of the same strain and of cultures
of other strains. It was found that concentrates
of filtrates contained this substance in the case
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of the majority of strains tested, and that vari-
ations occurred among preparations derived from
a given strain in terms of the concentration of
red cell adsorbed substance present. Typical data,
for a number of the dialyzate-medium prepara-
tions tested, are shown in table 3. The concentra-
tion of each preparation is the same, relative to
dry weight, in order to allow expression of the
differences in concentration of red cell adsorbed
substance in various preparations. As control ma-
terial, concentrates of uninoculated culture media
are included.

TABLE 3
Sensitization of sheep erythrocytes by typical culture

filtrates of various strains of hemolytic strep-
tococci (dialyzate medium)

CULTURE
NU mEEX

48
40A
49
46A
46B
45
5

39
32
40C

Concentrate of
medium

TYPE OR

STRAIN

H44
H44
H44
C203
0203
C203
NY5
T25
T25
T40

AGGLUTINATION TEST,
SERUI DILUTION

1:8

2
2
1
2
2
2
2
2
2
2

1:16

1

2
2

1
1
2

1

1

1:32

1

1

1

1:64

Distinction of the red blood cell adsorbed sub-
stance from the complement-fixing antigen(s) of
hemolytic streptocol culture supernates. During
the course of these experiments there have been
studies in this laboratory of another streptococcal
antigen, or group of antigens, identified in con-

centrates of streptococcal culture supernates (and
therefore designated CSA) by complement-fixa-
tion with certain human sera. It was considered
important to ascertain whether red cell adsorbed
substance and CSA might be the same or different
substances for two reasons: first, because both
are found and measured in the same source ma-

terials, and, second, because these are the only
two extracellular antigens of the hemolytic strep-
tococcus which are measured by aggregation or

complement-fixation.
Fractionation of culture filtrate concentrates

with ammonium slfate. In a first approach to

the question of identity or difference of the CSA
and red cell adsorbed substance antigens, a lyo-
philized culture filtrate concentrate showing both
activities was dissolved at a concentration corre-
sponding to a sufficiently high titer with respect
to each activity. This solution was introduced into
a dialysis bag and dialyzed with continuous rock-
ing against one volume of a saturated solution
of ammonium sulfate, at pH 7, for 24 hours at
4 C. The contents of the bag then were tran-
ferred to a tube for centrifugation. The resultant
sediment was designated as the 0 to 50 per cent
saturated fraction, and the clear supernate was
measured, placed in a bag, and dialyzed against
a saturated solution of ammonium sulfate, as
before. In this manner several fractions were ob-
tained, as indicated in table 4, and these frac-
tions were tested for activity as CSA and red
cell adsorbed substance.
In three such experiments it was found that

complement-fixing activity was heavily concen-
trated in the 0 to 50 per cent saturated fraction,
with successively diminishing traces in the 50
to 75 per cent fraction and the 75 to 100 per cent
fraction. The red cell adsorbed substance ac-
tivity, on the other hand, appeared in lower de-
gree than the original in the first two fractions
and then rose in the 75 to 100 per cent saturated
fraction. The data obtained in a typical experi-
ment of this series are shown in table 4.
Removal of red cell adsorbed substance from

streptococcal culture filtrates by adsorption on
concentrated suspensions of sheep erythrocytes. In
another series of experiments directed at the pos-
sible relationships of red cell adsorbed substance
and CSA, use was made of the assumption that
the red cell adsorbed substance antigen is ad-
sorbed to the sheep erythrocyte in the course of
sensitization. Portions of a supension of washed
red blood cells were placed in a series of pointed
centrifuge tubes so that on centrifugation and
removal of the supernate 0.4 ml of packed erythro-
cytes remained in each tube. Six ml of an appro-
priate concentration of a culture filtrate concen-
trate then were placed in the first tube, which was
incubated for 1 hour at 37 C with frequent shak-
ing. After the incubation the cells were sedi-
mented by centrifugation and the supernate was
withdrawn. An 0.8 ml portion was removed for
subsequent tests, and the remainder of the super-
nate was added to another of the tubes containing
packed erythrocytes. This procedure was re-
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peated several times, and the portions removed
after each adsorption were tested simultaneously
for CSA and red cell adsorbed substance activity.
It was found, as can be seen in table 5, that suc-
cessive adsorption by packed erythrocytes caused
progressive reduction in the activity of the solu-
tion in the adsorption-agglutination test but re-
sulted in no measurable difference in complement-
fiing activity.

Comparative titers of given sera against red
cell adsorbed substance and CSA. As a final
approach to the question of a possible relation-
ship between red cell adsorbed substance and
CSA, the titers of a number of sera were de-
termined in the adsorption-agglutination test de-

of 32 and a geometric mean titer of 46. The 30
serum specimens representing active rheumatic
fever were distributed from less than 6 to 128,
with a geometric mean titer of 48. The specimens
from patients with rheumatic fever in a state of
subsiding activity showed titers from less than
6 to 64, with a geometric mean titer of 26; and
those representing inactive rheumatic fever
ranged from a titer of 6 to one of 192, with a geo-
metric mean titer of 32. Thus, there was no
marked difference between the distribution of
antired cell adsorbed substance titers in normals
and in active rheumatics, nor was any correlation
observed between clinical activity of the rheu-
matic process and range or mean of titers.

TABLE 4
Effect offractionation with ammonium sulfate on concentration of red cell sensitizing factorand complement-

fixing antigens of streptococcal culture filtrates
COMPLEMENT FIXATION AGGLUTINATION TDST

STREPTOCOCCAL FILTRATE Antigen, mg/ml Serum dilution

1:8 1:16 1:32 1:64 1:28 1:256 1:512 1:8 1:16 1:32 1:64

Original 0 0 c c c c c 2 2 2 -
Fractions:
0-50% saturation 0 0 0 0 0 w c 2 1 -

50-75% saturation 0 w c c c c c 2 1 -

75-100% saturation c c c c c c c 2 2 2

* Test performed with cells sensitized in solutions of 0.12 mg per ml of the respective fractions.

scribed here and in the complement-fixation test
by which CSA is identified. The relative titers
of given sera in the two tests varied from one

extreme, in which the antired cell adsorbed sub-
stance titer of the serum was 16 times the anti-
CSA titer, to the opposite, in which sera each
showed an anti-CSA titer 12 times its antired
cell adsorbed substance titer. Between these ex-

tremes was an irregular distribution of titer
differences.

Application to the study of sera obtained from
patients with rheumatic fever and scarlet fever.
Rheumatic fever. The adsorption-agglutination
test described above was applied to the examma-
tion of sera from 90 presumably normal children
and 50 with rheumatic fever. Of the latter, the
disease was considered to be in an active stage
in 30 cases, subsiding in 10, and inactive in 10.
Of the 90 normal sera 20 showed a titer of less
than 6, the remainder being distributed in a broad
frequency distribution from 6 to 256, with a mode

Scarlet fever. A considerable number of sera
were available from patients with an acute strep-
tococcal infection, scarlet fever. These sera were
paired, each patient having one specimen drawn
within the first half week of the disease and the
other one toward the end of the third week of
the infection. These sera were examined for anti-
red cell adsorbed substance titer, both members
of each pair being included within the same test
in each instance. A total of 89 such pairs was
examined, and in the great majority of these,
79 or 89 per cent, the antired cell adsorbed sub-
stance titer in the convalescent stage of the
disee was considered to show no significant
difference from its titer at the beginning (less
than two steps of twofold dilution of serum).
In 5 pairs of sera the second specimen showed a
titer four times as high as the first serum, and in
3 pairs the difference was eightfold or more. In
one pair there was a fall in titer from the acute
to the convalescent stage of the disease, the latter
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titer being a quarter of the former. The patients
whose antired cell adsorbed substance titer had
shown any rise at all from the acute to the con-
valescent stage of scarlet fever were traced, with
the aid of the Visiting Nurse Society, and ques-
tioned as to the occurrence of any complications
or sequelae of the scarlet fever, but no such de-
velopments were discovered.

TABLE 5
Treatment of streptococcal culture filtrate with

successive portion8 of packed sheep red blood
cells. Effect on concentrations of red cell sensitiz-
ing factor and of complement-fixing antigens.

NUMBER O COM3LZWENT IUCTION AGLUTNATION TEST
ABSORP-
TIONSWITHO Antigen tested at Serum dilution

RElD BLOOD
CELLS 1:2 1:4 1:8 1:16 1:32 1:8 1:16 1:32 1:64 1:128

0 0 0 tr w c 2 2 2 2 1
1 0 0 0 w c 2 2 2 2 1
2 0 0 0 w c 2 2 2 1
3 0 0 0 w c 2 2 1
4 0 0 tr w c 2 2 - -

5 0 0 tr w c .-1-
0-no hemolysis; tr-trace of hemolysis; w-

weak hemolysis; c-complete hemolysis.

DISCUSSION

Technical asect of the adsorption. A consider-
able number of bacterial substances thus far have
been shown to react with or be adsorbed to the
surface of erythrocytes in such a manner as to
make posible agglutination of these red blood
cells by antibody specific to the adsorbed sub-
stance. The differences observed among the tech-
nical aspects of the reaction may indicate that
different structures in the erythrocyte wall or
bacterial substances of substantially different
molecular species might be involved in these re-
actions. Thus, the time allowed for adsorption
has been as little as five to ten minutes at room
temperature in the case of Hemophilus pertussi
carbohydrate, or as much as two hours at 37 C
in the case of the component of tubercle bacilli
used by Middlebrook and Dubos (1948). In the
case of the streptococcal substance described here
the optimal conditions for adsorption lie well
within this range.
A possible difference among these various ad-

sorption-agglutination tests in terms of the struc-
ture of the erythrocyte wall involved is suggested

also by the fact that human erythrocytes could
be used in the case of antigens derived from
Hemophilu8 and Pasteurella, but not in the case
of the streptococcal substance involved in the
current report.
The failure of tannic acid treatment of the red

cells to increase the sensitivity of the test is not
surprising in view of the prsmable variety of
bacterial products present in the streptococcal
preparation used. In the work of Boyden (1951),
solutions of single proteins were used, and any
loss of specificity attendant on the increased sensi-
tivity would not affect the results of serologic
tests. However, in the present situation, the
positive adsorption-agglutination test probably
depends on an esentially fortuitous reaction be-
tween a component of the mixture of bacterial
products, and a decrease in specificity con-
comitant with increased sensitivity might well
interfere with the reaction.
The distindion between red cell adrbed sub-

stance and CSA. Of the extracellular streptococcal
antigens which had been described at the be-
ginning of this study all were meaured by their
activity in some biologic or biochemical phe-
nomenon, the relative concentrations of anti-
bodies to these antigens being estimated in terms
of their ability to neutralize those reactions. In
contrast, all of the known somatic antigens of the
hemolytic streptococcus are detected or estimated
by direct combination of antigen and antibody,
in aggregation phenomena or complement-fixa-
tion. At the time the work described here was
undertaken there was also in progress a study of
an antigen or complex of antigens found in
streptococcal culture supernates and demonstra-
ble by complement-fixation, designated as CSA.
Because these were the only two currently known
extracellular streptococcal antigens detected by
aggregation or complement-fixtion, and because
they were both present in the same preparations,
it was necesary to ascertain whether these were
the same or different streptococcal producta. The
data presented would indicate that the subtces
detected and measured by the adsorption-agglu-
tination test and by the complement-fxtion test,
respectively, are different streptococcal products.

Antired ceU adsorbed subsanc titers of sera
from patient with scarlet fever and rheumatic fever.
The tests performed on pairs of sera from the
same patients at the onset of scarlet fever and
during convalescence from the disease indicated
no rise in antired cell adsorbed substance titer
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in the great majority of these patients. This result
was rather unexpected because although strep-
tococcal antibodies have been found to differ in
terms of the frequency with which they show sig-
nificant increase in titer in the course of strep-
tococcal infection, this is the only streptococcal
substance, to our knowledge, to which only rare
increases in antibody titer have been found after
streptococcal infection. It is of interest in this
connection to note that Kirby, using available
preparations of streptolysin 0 for adsorption of
erythrocytes, also found no increase of adsorption-
agglutination titers in the course of acute strep-
tococcal infection.
The failure of the antired cell adsorbed sub-

stance titer in serum to increase during the course
of scarlet fever, although the titers in the acute
rheumatics varied from less than 6 to 128, would
seem to indicate that red cell adsorbed substance
is not antigenic in the short-term contact of acute
infection but that cumulative effects of the re-
peated, usually subelinical, contacts of human
beings with hemolytic streptococci may serve to
provide effective antigenic stimulation of many
subjects.
A final point may be mentioned in connection

with the antired cell adsorbed substance titers
found in acute rheumatic fever. Serologic studies
with streptococcal antigens have in the past
shown elevated serum titers both in patients with
active rheumatic infection and those convalescing
from acute streptococcal infection. Such observa-
tions, in conjunction with epidemiologic data,
have been taken to support a hypothesis of some
relationship of rheumatic fever to streptococcal
infection. In the case of the antired cell adsorbed
substance titers no elevation of range or mean
titer was found in active rheumatic infection in
comparison with a normal population; however,
this finding is not inconsistent with a concept of
a relation between rheumatic fever and the hemo-
lytic streptococcus in view of the failure of
patients with an acute streptococcal infection
to show increases in antired cell adsorbed sub-
stance titers in the course of that infection.

SUMMARY

Incubation of sheep erythrocytes with concen-
trated filtrates of hemolytic streptococcal cultures
renders them agglutinable by some human sera.

The material presumably adsorbed by the
erythrocytes from such concentrates is distinct
from a complement-fixing antigen or antigens
found in such preparations of streptococcal cul-
ture filtrates.

In the erythrocyte adsorption-agglutination
test described here, serum titers of patients have
been found to increase only in rare instances be-
tween the acute and convalescent stage of scarlet
fever and not to be elevated in active rheumatic
fever.
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