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A new method is proposed for the determination of antistreptolysin O, based
on the properties of streptolysin O. The reduced form of the toxin is hemolytic,
whereas the oxidized form is not; this activity can be restored, however, by a
reducing agent. Both forms maintain the capacity to bind specific antibodies.
Unlike the classical method, the assay is performed on whole blood, using the
patient’s own erythrocytes as revealing agents, A procedure is proposed which
limits the operation to a single dilution of a microvolume of blood (0.05 ml
brought to 2 ml) and to the distribution of constant quantities in test tubes
prefilled with different amounts of oxidized streptolysin O. After a few minutes,
a reducing agent is added, and the reading is performed as in the classical
technique after sedimentation of the exythrocytes. Correlation with the traditional
method (r = 0,987} is evaluated on the basis of the results of samples from

hospitalized patients.

Streptolysin O {SO) is an oxygen-labile pro-
tein toxin secreted into the culture medium dur-
ing the growth of some strains of Streptococcus
group A (1), SO belongs to the group of cytolytic
toxins of bacterial origin which are able to cause
in vitro destruction of cells such as mammalian
erythrocytes or those from other animal species
(3, 6, 8). 80 is used in serology for the determi-
nation of antistreptolysin O (ASO). The first
serological test for the determination of ASO
titer was described by Todd (14), who demon-
strated the presence of ASO in the sera of pa-
tients affected by various streptococcal diseases.
This test was based on the neutralization of SO
by serial amounts of the serum under study: the
excess unneutralized SO was revealed by he-
molysis of erythrocytes added to the system.

More recently, various modifications have
been published simplifying the performance of
the test (5, 9, 10, 16). As far as the hemolytic
assay is concerned, we have attempted to im-
prove the methodology by establishing a new
method for the assay of ASQ, using the patient’s
whole blood and making use of his own eryth-
rocytes to reveal the reaction,

The method is based on the fact that the
capacity of SO to hemolyze erythrocytes, but
not that of binding specific antibodies, is lost
when sulthydryl groups are oxidized (Fig. 1). If
the oxidation is carried out under mild condi-
tions, a reducing agent is able to restore the
original sulfhydryl groups. Consequently, the
toxin not bound to specific antibodies recovers
the ability to hemolyze erythrocytes (2, 4, 5).

MATERIALS AND METHODS

All the chemicals used were reagent grade.

Preparation of 80, For the preparation of S0, a
hemolytic strain of Strepfococcus pyogenes type 1
(group A) supplied by the Institute of Microbiology,
University of Genoa, Italy, was used. The strain was
stored freeze-dried at 4°C. Once reconstituted, it was
streaked on agar containing 5% rabbit blood and in-
eubated at 37°C for 18 h, A suspension was then made
with four colonies per ml of saline; 2 ml was placed in
an Erlenmeyer flask containing 100 ml of Todd-Hewitt
medium and incubated for 8 h at 37°C. Eight liters of
culture mediom (beef heart infusion [Difco], 2.6%;
peptone [Difcol, 1%; glucose, 0.2%; NaHCO;, 0.2%;
NaCl, 0.2%; Na:HPO, 12,0, 0.1%) was inoculated
with 100 ml of culture broth. After 18 h of growth at
37°C, the bacteria were killed by the addition of 0.01%
Thimerosal and removed by centrifugation in a Sorvail
centrifuge at 4,229 x g for 20 min at 4°C. Solid am-
monium sulfate was added to the supernatant to 65%
saturation, After 30 min at room temperature, the
suspension was centrifuged at 4,220 X g for 20 min at
4°C, and the precipitate was dissolved and dialyzed
against distilled water for 18 h at 4°C.

Determination of the hemolytic activity of SO.
The method described by Kanbayashi and Makoto (7)
was used, with some modifications. A 0.5-ml sample
was subjected to serial 0.03-log dilutions with saline.
A 1% (vol/vol) saline solution of 2-mercaptoethanol
(0.5 ml) was added to each diluted sample. After
activation of the SO for 15 min at 37°C, 1 ml of a 2%
saline suspension of rabbit erythrocytes was added to
each test tube, The mixtures were incubated at 37°C
for 45 min, and after centrifugation the optical densi-
ties of the supernatants were read with a spectropho-
tometer at 541 nm. One hemolytic unit (HU) was
arbitrarily defined as the amount of SO capable of
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ples had a titer lower than 150 TU, with either
one or both techniques.

Figure 3 shows the correlation between the
two methods in relation to the 109 samples at
Imown titer. The correlation coefficient was
0.987 and was significantly different from O (P
< 0.001). The regression coefficient was 0.984;
this was significantly different from O (P <
0.001), and therefore the regregsion was signifi-
cant. The regression coefficient did not differ
significantly from 1 (P > 0.05). Moreaver, the
intercept was 0.0 with a gtandard error of 5,873,

Of the other 359 samples analyzed, 94.5% had

cufmt
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Fic. 2. Relationship between the combining units
(CU) of the oxidized SO and the values in interna-
sional units (IU) of the reference artificial blood. The
abscissa reports the IU of the reference samples ti-
trated using the technique of Schlangel. The ordinate
shows the CU per milliliter of the SO solution, oxi-
dized and treated with CuCl, in the last test tube
that did not show hemolysis in the titration with the
new technique.
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a titer lower than 150 TU with both methods and
5.5% had a titer of 150 TU with the new technique
and less than 150 IU with the traditional
method.

DISCUSSION

The described method makes use of the oxi-
dation of 8O with Hz0; and yeversible loss of its
hemolytic activity. The oxidized SO containing
yariable amounts of combining units was al-
lowed to react at room temperature with con-
stant volumes of the diluted blood to be ana-
lyzed, to form the bond between ASO and S0O;
then the reducing agent {2-mercaptoethanol}
was added. In the reaction, the patient’s own
erythrocytes were used as indicators. The read-
ing was taken when the erythrocytes had sedi-
mented, If the SO was not bound to ASQ, after
reduction it hemolyzed the patient’s erythro-
cytes; there was no hemolysis if the SO had
reacted with ASO.

During the SO oxidation procedure, a loss of
specific activity was noted. This fact was prob-
ably due to irreversible oxidation by part of the
S0; during the oxidation, in fact, some sulfhydryl
groups might be transformed into groups with a
higher degree of oxidation than disulfide groups.

1t is known that reduced SO is inactivated by
FeCly, CuCly, and CaClp (12). When these salts
react with oxidized SO, they have no effect on
its potential activity (16). We adopted this mech-
anism to reduce the residue of hemolytic units
after SO oxidation. The slight loss of specifie
activity after treatment with CuCl; may be at-
tributed to the irreversible inactivation of unox-
idized SO after treatment with H,0..

The results obtained with our method were in
agreement with those ohtained using the con-
ventional one. The titers of those samples which
were 160 TU with our method and below 150 IU
with the method of Schlangel were always below
the values considered suspect for clinical pur-
poses. ,

During the study, 169 analyzed blood samples
were tested for hematocrit. The values varied
from 34 to 50% with an average of 40.3%. The
titers in international units of these samples,
analyzed both with the new method and the
conventional one, were in agreement. In all prob-
ability, any errors in fitration caused by the
differences in erythrocyte volume of the various
blood samples were lower than the sensitivity of
the method.

One hundred fourteen of the samples were
from patients affected by particular digeases,
such as renal insufficiency, glomerulonephritis,
gastroenteric infections, endocrine diseases,
pneumonia, bronchitis, diseases of the cardiocir-
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