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The "antistreptolysin S" titers of the sera of pa-
tients with rheumatic fever were first studied by
Todd, Coburn and Hill (1). These authors dem-
onstrated that during the course of this disease
there was a tendency for the antistreptolysin S
titer to fall and to be lowest when clinical symp-
toms were most severe. This observation is in
striking contrast to the immune response of pa-
tients with rheumatic fever to a number of other
biologically active substances produced by Group
A streptococci (Streptococcus pyogenes). Thus,
increases in antibodies to streptolysin 0, strepto-
kinase, hyaluronidase and desoxyribonuclease ap-
pear frequently during rheumatic fever and follow-
ing streptococcal infections (2-5). The immune
response of these patients to streptolysin S has
been less clearly understood. Despite the fact that
streptolysin S is produced by almost all strains of
Streptococcus pyogenes, and has been shown to
be responsible for the familiar phenomenon of beta
hemolysis on the surface of blood agar plates (6),
there have been relatively few studies of its bio-
logical activity, and its antigenic properties have
not been clarified.

Streptolysin S was first clearly differentiated
from the better known streptolysin 0 by the stud-
ies of Todd (7). It had originally been demon-
strated by Weld (8) that streptococci produce a
powerful hemolysin upon shaking the cells of
young cultures in the presence of horse serum.
This hemolytic toxin, produced in the presence of
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serum, was named streptolysin S by Todd to
distinguish it from the oxygen-labile hemolysin,
streptolysin 0, which is formed in broth cultures
in the absence of serum.

The two streptococcal hemolysins could be fur-
ther differentiated on immunological grounds:
Streptolysin 0 proved to be an excellent antigen
but streptolysin S did not appear to be antigenic
when separated from the organisms. Todd found,
however, that elevated antistreptolysin S titers
occurred in a small percentage of rabbits inten-
sively immunized with living cultures of hemolytic
streptococci. Moreover, Todd, Coburn and Hill
(1) appea,red to regard the antistreptolysin S titer
of human sera as due to a specific antibody, and
the fall in titer occurring during rheumatic ac-
tivity presumably as evidence of an abnormal
antibody response.

The present study confirms the phenomenon of
decreased antistreptolysin S titers in the sera of
patients with clinically active, acute rheufnatic
fever. It also demonstrates the failure of patients
with streptococcal pharyngitis to show a rise in
serum titer against streptolysin S. These facts,
considered in conjunction with the constancy and
narrow range of antistreptolysin S titer in normal
human sera, suggest that the inhibition of this
streptococcal hemolysin is due to a normal serum
inhibitor distinct from specific antibody. Further
evidence for this view has been provided by the
demonstration that a wide variety of normal ani-
mal sera also inhibit the toxin within a narrow
range of relatively low dilutions and that the serum
inhibitor can be separated from antibodies by
fractionation with ammonium sulfate and with
alcohol at low temperatures (9-11). It seems
wise, therefore, to abandon the use of the term
"antistreptolysin S," since this denotes an anti-
body, and to substitute for it the noncommittal
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expression "streptolysin S inhibitor." The latter
term will be employed in the present paper. Fur-
ther studies concerning the nature of the serum in-
hibitor of streptolysin S are presented in a subse-
quent report (9).

Recently Bernheimer (12) and Bernheimer and
Rodbart (13), demonstrated that by incubating
washed, resting streptococci with ribonucleic acid,
or a polynucleotide derived therefrom, under
specified conditions, a toxin of very high hemolytic
potency is produced by the organisms and that
it is identical with streptolysin S. The highly po-

tent and purified streptolysin S used in the pres-

ent study was produced in this way.

MATERIALS AND METHODS

Clinical study. The following groups of patients were

studied: (1) normal controls, (2) acute streptococcal
pharyngitis, (3) acute rheumatic fever, (4) convales-
cent or quiescent rheumatic fever, and (5) a variety of
miscellaneous diseases. Most patients in groups (2) and
(3) were studied at the Streptococcal Disease Labora-
tory, Fort Francis E. Warren Air Base, Wyoming. The
remaining sera were obtained from patients on the medi-
cal and pediatric services of the New York University-
Bellevue Medical Center and the Medical and Pediatric
Services of the Mount Sinai Hospital in New York City.

Thirty-three cases of untreated, acute streptococcal
pharyngitis were selected on the basis of the following
criteria: Clinical evidence of acute pharyngitis character-
ized by sore throat with tonsillar exudate, high fever,
and usually leucocytosis, the isolation of Group A strep-
tococci from throat cultures, and the absence of specific
chemotherapy (with the exception of one patient who re-

ceived penicillin). Sera were obtained within a few
days of the onset of the disease and again about three to
four weeks later. Measurements of antistreptolysin 0 as

well as streptolysin S inhibitor were performed on all
sera. Eleven of the strains of streptococci isolated were

tested for production of streptolysin S in vitro by the
method of Bernheimer and Rodbart (13). All strains of
streptococci isolated were classified by the method of
Maxted (14) and Swift, Wilson and Lancefield (15).

Seventy-five cases of rheumatic fever were selected by
the clinical criteria of history, fever, polyarthritis and
carditis, supported by laboratory evidence of rapid eryth-
rocyte sedimentation rate, leucocytosis, electrocardio-
graphic changes and elevation of antistreptolysin 0 titer.
Both salicylate treated and untreated cases are included.
In 40 patients it was possible to follow the entire course

of the disease and to obtain samples of serum at intervals of
ten days throughout the illness. From three to eight serum

samples were studied in each case and some patients were

followed under hospital observation for eight months.
A total of 61 patients was followed during the acute
stage of the disease and the remaining 14 were seen only
during convalescence from an attack of acute rheumatic
fever.

Twelve of the strains of beta hemolytic streptococci
isolated from these patients were tested for production of
streptolysin S in vitro. Titers of antistreptolysin 0 and
streptolysin S inhibitor were measured on all sera.

Titration of streptolysin S serum inhibitor. Sera were

stored at 40 C. in instances where the tests were carried
out within a few days after blood had been drawn.
Storage at - 20° C. was used for sera that were kept for
longer periods. Under these conditions it has been found
that there is no significant variation in titer (9). The
details for the production of streptolysin S employed in
this study have been described elsewhere (12). The
toxin was stored in the lyophilized state and diluted just
before use. The lot employed in this study had a potency
of 20,000 hemolytic units per mgm. dry weight. A hemo-
lytic unit of streptolysin S has been defined as that amouni

of toxin in ml. of saline-phosphate buffer which pro-

duces 50 per cent hemolysis of 1 ml. of a 0.7 per cent sus-

pension of washed, human erythrocytes in 30 minutes

TABLE I

Titration of streptolysin S inhibitor in serum

Undiluted Diluted 1:10

Serum (ml.) 0.30 0.20 0.16 0.12 0.10 0.08 0.06 0.50 0.40 0.30

Saline-phosphate buffer (ml.) 0.20 0.30 0.34 0.38 0.40 0.42 0.44 0.00 0.10 0.20

Streptolysin S, 4 hemolytic units (ml.) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Incubate for 10 min. at 200 C.

Human RBC, 0.7 per cent (ml.) 1.0 1.0 11.0 11.0 1.0 1.0 1.0 1.0 1.0 1.O

Incubate for 30 min. at 370 C. and centrifuge

Units of streptolysin S inhibitor per ml. of serum 3.3 5.0 6.3 8.0 10 12.5 16.7 20.0 25.0 33.0
if hemolysis is completely inhibited llll
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TABLE II

Percentage distribution of streptolysin S inhibitor titers in the serum of normal humans and patients with various diseases

Streptolysin S inhibitor units per ml.

Subjects No. of | 4 |-|I 1 :
4 5 6.3 8 10 12.5 16.7 20 25

Normal 40 0 0 2.5 0 7.5 40.0 47.5 2.5 0
Streptococcal pharyngitis, acute 30 0 0 0 0 10.0 43.3 36.6 6.6 3.3
Streptococcal pharyngitis, 32 0 0 0 0 15.6 40.6 34.4 3.1 6.2

convalescent
Rheumatic fever, active 159 1.3 4.4 22 12 17.6 31.4 8.8 2.5 0
Rheumatic fever, convalescent 89 0 0 0 1.1 19.1 55.1 15.7 7.9 1.1

when incubated at 370 C. Dilutions of serum and toxin
were made in saline-phosphate buffer at pH 7.0 (M/15
phosphate and M/12.9 sodium chloride).

After heating for 30 minutes at 56° C., the serum to be
tested was diluted in saline-phosphate buffer through a
range of 1: 3 to 1: 33. Because of the relatively narrow
range of variation in the titer of streptolysin S serum
inhibitor, an increment between tubes of approximately
0.1 in the logarithm of the dilution factor was chosen. At
this dilution increment, repeated tests with the same
serum revealed a variation of no more than one tube in
the endpoint. Streptolysin S was diluted in iced saline-
phosphate buffer so that 0.5 ml. of diluted toxin con-
tained four hemolytic units. Five-tenths ml. of diluted
toxin was added promptly to each tube containing 0.5 ml.
of serum dilution and the mixture incubated ten minutes
at 200 C. These conditions were chosen because of the
heat lability of streptolysin S, particularly at high dilu-
tions. One ml. of a 0.7 per cent suspension of washed
human erythrocytes was added to each tube and the
tubes were incubated 30 minutes at 370 C. The hemolytic
action of the toxin was arrested by centrifugation of the
tubes at room temperature for five minutes at a speed of
about 1,500 r.p.m. in a No. 2 International centrifuge.
The degree of hemolysis in the supernate was then noted.
The 30-minute incubation period was measured from the
time the erythrocytes were added to the time centrifuga-
tion was started. The endpoint chosen was the highest
dilution of serum causing complete inhibition of hemolysis.

With each group of unknown sera, one or two stand-
ard sera were run as controls. Where variation of more
than one dilution increment was encountered in the
standard serum titration, the procedure was repeated.
Where variation of one dilution increment occurred in
the reading of the standard sera, the titers of the un-
known sera were corrected by the appropriate factor. The
number of units of streptolysin S inhibitor per ml. of a
given serum was expressed as the reciprocal of the
quantity of serum producing complete inhibition of
hemolysis under the conditions described above. Sera
from slightly hemolyzed blood could be tested if a con-
trol series of dilutions of the same serum were run con-
comitantly, substituting buffer for toxin. Sera from in-
tensely hemolyzed blood could not be used. Table I
shows a protocol of a titration.

Antistreptolysin 0 titration. The method used was

essentially that described by Todd (16) with minor modi-
fications.

Antistreptokinase titration. A small number of sera
were tested by the method of Christensen (17) for com-
parison with antistreptolysin 0 and streptolysin S in-
hibitor titers determined on the same sera.

RESULTS

Normal human sera. The distribution of strep-
tolysin S inhibitor titers in the sera of 40 normal
subjects, ranging in age from eight months to 60
years, is tabulated in Table II. The arithmetic
mean of the titers of normal sera is 14.5 units.
The values range from 10 to 20 units with the ex-
ception of a 10 month old child who had a titer
of 6.3 units. Three other infants of the same age,
however, had titers within the usual range found
for normal adults. The lower limit of normal has
been considered to be 10 units per ml. of serum.
No difference in titer was encountered between
fasting and post-prandial, lipemic sera.

Acute streptococcal pharyngitis. A comparison
of the streptolysin S inhibitor titers in the serum,
obtained during the acute phase and in convales-
cence, of 33 patients with acute pharyngitis
caused by Group A streptococci, is presented in
Tables II and III. The arithmetic mean of the
acute-phase sera is 14.5 units and that of the
sera obtained during convalescence 14.4 units.
It is evident that there is no increase in streptol-
ysin S inhibitor titer during convalescence and
that the titers during the acute phase as well as in
convalescence fall within the range encountered
in normals. No serum in either group contained
less than 10 units per ml. and the highest titer
encountered was 25 units per ml. The correspond-
ing antistreptolysin 0 titers show a two-fold or
greater rise in 70 per cent of these patients.
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TABLE III

Comparative streptolysin S inhibitor and antistreptolysin
0 titers in the same serum samples of patients with

streptococcal pharyngitis in the acute and convakscent
stage

Streptolysin S. inhibitor Antistreptolysin 0
(units per mi.) (units per mi.)

Patient No.

Acute Convales- Acute Convales-cent cent

P-1730 12.5 10.0 62.5 83.3
P-1875 12.5 12.5 159 500
P-1699 10.6 16.0 200 500
P-1815 16.0 16.0 125 125
H-296 12.5 12.5 159 500
P-1816 12.5 12.5 159 400
P-1710 12.5 12.5 100 125
P-1679 10.0 10.0 50 400
P-1690 16.7 12.5 62.5 100
P-1813 20.0 20.0 125 250
P-1812 20.0 16.0 62.5 250
P-1745 10.6 10.6 62.5 125
P-1743 16.0 16.0
P-1788 16.7 16.7 62.5 125
P-1818 16.7 16.7 159 400
P-1575 12.5 12.5 200 317
P-1857 12.5 16.7 159 500
P-1796 12.5 12.5 100 200
P-1878 12.5 12.5 125 100
P-1810 16.7 - 125 -
P-1827 16.7 16.7 -
P-42 15.0 15.0 100 125
P-180 12.0 12.0 317 317
P-155 12.0 12.0 83.3 625
P-183 15.0 12.0 62.5 159
P-97 12.0 16.7 100 625
P-149 16.7 16.7 83.3 159
P-2601 16.7 25.0 125 317
P-161 12.5 12.5 83.3 200
P-39 25.0 25.0 62.5 1000
601 10.0
602 12.5
603 10.0

Mean
(arithmetic) 14.5 14.4 120 316

The above observations on the behavior of strep-
tolysin S inhibitor in the sera of patients with
streptococcal pharyngitis are not in agreement
with the results of Todd, Coburn and Hill who

found that the mean titer of the sera of children
with throat infections due to hemolytic, strepto-
cocci was nearly twice as high as that of normal
sera (1). To determine the normal level of
streptolysin S inhibitor titer, these authors made
use of specimens of serum which had been taken
from adults for the Wassermann reaction, since
normal figures for children were not available to
them. Their study therefore differs from the pres-
ent one in which the streptolysin S inhibitor titer
of serum taken during the acute phase of illness
is compared with that taken from the same pa-
tient during convalescence.

Streptolysin S inhibitor titers in rheumatic fe-
ver. The distribution of streptolysin S inhibitor
titers in patients having acute rheumatic fever, as
well as in patients convalescent therefrom, is pre-
sented in Table II. Table IV shows, in addition,
the percentage of patients and of the total number
of sera in each group that had a streptolysin S
inhibitor titer of less than 10 units per ml. It is
apparent from these figures that the fall in strep-
tolysin S serum inhibitor is a commonphenomenon
in acute rheumatic fever. Forty-nine of 61 cases

(80 per cent) showed a titer of less than 10 units,
and in almost every instance these low titers
could be correlated with the period of severest
rheumatic activity. Moreover, of the 49 patients
showing this fall in titer during the acute phase,
42 had normal values during convalescence, one
died with low values and the remaining six could
not be followed through to convalescence.

The fall in streptolysin S inhibitor titer did not
always occur promptly with the onset of rheu-
matic fever. In 15 of the 49 cases exhibiting this
phenomenon, the serum drawn during the first
few days of illness was normal and the fall in
titer occurred only after the patient had been

TABLE IV

Percentage of patients and of serum specimens showing a streptolysin S inhibitor titer of less than 10 units per ml.

Subjects No. of patients Mean streptolysin Per cent of patients No. of serum Per cent of SeraS inhibitor <10 units per ml.* specimens tested <10 units per ml.

Normal 40 14.5 2.5 40 2.5
Rheumatic fever, acute 61 10.3 80 159 41.7
Rheumatic fever, convalescent 69 13.4 1.4 89 1.1
Streptococcal pharyngitis, acute 30 14.5 0 30 0
Streptococcal pharyngitis, convalescent 32 14.4 0 32 0
Miscellaneous diseases 38 11.6 23.7 44 27.3

* Patients showing a streptolysin S inhibitor titer of less than 10 units per ml. in one or more serum specimens are
included in this group.
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FIG. 1. SERUMTITERS OF STREPTOLYSIN S INHIBITOR IN RELATION TO

RHEUMATICACTIVITY IN SIX REPRESENTATIVE CASES OF ACUTE RHEU-
MATIC FEVER

severely ill for some time. Conversely, values
usually returned to normal before rheumatic ac-

tivity had completely subsided. Figure 1 shows
the titers of six typical cases in relation to rheu-
matic activity, days of illness and erythrocyte
sedimentation rate.

There was no clear-cut correlation of the fall
in streptolysin S serum inhibitor with any par-

ticular clinical finding. In general, the lowest
titers appeared in the sera of those cases showing
the greatest debilitation and weight loss, although
there were some exceptions to this observation.
Moreover, the streptolysin S inhibitor titer does
not appear to be influenced by salicylates since the
titers were observed to vary independently of the
administration of this drug. Salicylates were

found neither to inhibit in titro the activity of
streptolysin S nor to affect the combination of the
toxin with its serum inhibitor.

Similarly, the administration of adrenocortico-
trophic hormone and cortisone, in two cases of
rheumatic fever, did not appear to affect the
streptolysin S serum inhibitor directly. One pa-

tient showed a persistently low titer (6.3 units)
during treatment, and this corresponded with her
failure to improve. The other patient had a rise
in titer from a pre-treatment level of 6.3 units to
10 units after showing clinical improvement dur-

ing treatment with ACTH. Three rheumatoid
arthritis patients, two of whomwere treated with
ACTHand one with cortisone, showed, both be-
fore and after therapy, no variation from normal
titer.

Relation of streptolysin S inhibitor to antistrep-
tolysin 0 and antistreptokinase. Although none

of the sera obtained from acute rheumatic fever
patients, or from convalescents, had a streptolysin
S serum inhibitor titer above 20 units (the normal
upper limit), the antistreptolysin 0 and antistrep-
tokinase titers of the same sera showed a marked
elevation consistent with the patterns usually re-

ported for these two antibodies in this disease (3).
Eighty per cent of the patients with acute rheu-
matic fever showed a rise in antistreptolysin 0

titer to 400 units per ml. or higher, and 71 per
cent of this same group showed a rise in antistrep-
tokinase titer to 320 units or higher. The mean

maximum titer of antistreptolysin 0 was 732 units
and of antistreptokinase 887 units per ml. Table
V shows the comparative titers of the same serum

sample in 34 cases of acute rheumatic fever at
various stages of the disease. It is apparent that
even in those sera showing striking elevation of
both antistreptokinase and antistreptolysin 0

titers, there is never a rise in streptolysin S in-
hibitor above the normal range.
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TABLE V

Antistreptolysin 0, antistreptokinase and streptolysin S
inhibitor titers of the same serum sample of rheumatic

patients

Code No. Antistre to Antistrepto- Streptolysinlysin 0 kinase S inhibitor

units per ml. units per ml. units per ml.
H-303 S00 640 10
P-1331 1590 2560 10
H-443 833 640 12.5
P-1934 159 640 16
H-551 225 1280 10
H-551 400 2560 12.5
P-1674 200 640 12.5
P-2303 400 80 13.3
H-499 625 2560 6.3
H-499 400 1280 8.0
P-1671 400 320 12.5
P-2232 1250 320 13.3
P-1926 125 160 10.0
H-442 625 160 13.3
H-492 400 640 13.3
P-1359 200 320 12.5
H-162 200 80 12.5
P-1672 200 80 13.3
P-1477 125 640 13.3
P-1148 250 40 13.3
P-1933 200 80 16.7
P-2460 400 1280 10.0
P-2736 300 1280 10.0
H-490 625 2560 16
P-1189 317 320 10.0
P-2461 500 640 13.3
P-1931 * 400 320 12.5
H-506 2000 5120 10
H-497 500 640 6.3
P-lllS 500 160 12.5
H-510 900 640 6.3
P-2197 1250 1280 13.3
P-1657 159 40 20.0
H-376 500 160 8.0

Mean
(Arithmetic) 431 887 11.8

Production of streptolysin S by strains of Group
A streptococci. Eleven strains of Group A strep-
tococci were isolated from the throats of 11 pa-
tients with acute pharyngitis and 12 strains were

isolated from the throats of patients with acute
rheumatic fever. The types most commonly en-

countered were 5, 14, and 24. All 23 strains were

shown to be capable of producing streptolysin S
in vitro when incubated in broth to which a frac-
tion of yeast nucleic acid had been added ("active
fraction" of Bernheimer and Rodbart [13]).
This is shown in Table VI.

Miscellaneous diseases. It was considered 'of
importance to determine whether the tendency to
low streptolysin S serum inhibitor titers during
severe rheumatic activity is a specific phenomenon
for this disease or whether a variety of other dis-

ease states produce a similar effect. The streptol-
ysin S inhibitor titers in the sera of a group of
14 patients with severe rheumatoid arthritis were
studied. Only one patient showed a titer below
10 units. This patient was a 55 year old man,
with severe rheumatoid arthritis of three years'
duration, whose streptolysin S inhibitor titer was
7 units per ml. in each of two samples of serum
drawn four weeks apart. The remaining patients,
including a very severe case of Still's disease in a
nine year old girl, had titers ranging from 10 to
20 units per ml.

Several instances of low titers were encountered
in a wide variety of diseases including dissemi-
nated lupus erythematosus, metastatic carcinoma-
tosis, regional ileitis, tuberculous pleurisy and
atypical pneumonia in a patient with inactive rheu-
matic fever. Table VII is a compilation of the
titers in this miscellaneous group. It was not
possible to correlate the low titers with any par-
ticular clinical finding such as fever or nutritional

TABLE VI

Production in vitro of streptolysin S by strains of group A
streptococci isolated from patients with acute streptococcal

pharyngitis and acute rheumatic fever

Hemolytic titer
of broth plus

Hemolytic titer ribonuclease-
of plain broth resistantStrains of group A streptococci culture fraction of
(units per ml.) yeast nucleic

acid,
0.2 mgm. per ml.

20 hrs. at 37° C. 20 hrs. at 37° C.
Acute pharyngitis P-1679 < 100 S00

P-155 < 100 1500
H-296 < 100 350
P-183 < 100 1125
P-161 < 100 1250
P-97 < 100 800
P-149 < 100 1250
P-42 < 100 125
P-180 < 100 150
P-39 < 100 500
P-2601 < 100 500

Control C203S 150 1500

Rheumatic fever P.2524 <100 200
H-251* < 100 750
P-1477 < 100 1000
P-1529* <100 1100
P-1926 < 100 850
P-2043* < 100 850
P-1933 < 100 400
P-1672 < 100 1250
P-1657 < 100 1250
P-1674 < 100 1250
P-1931 < 100 600
H-497 < 100 1000

* Isolated during the preceding streptococcal infection.
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TABLE VII

Streptolysin S inhibitor titers in a group of miscellaneous
diseases

No. Streptolysin S
Disease of inhibitor titer

cases (units per ml.)

Acute glomerulonephritis 2 12.5
12.5

Subacute glomerulonephritis 1 12.5
Chronic glomerulonephritis 4 8*

12.5
16.7
16.7

Lipoid nephrosis 1 20.0
Erythema nodosum (streptococcal) 1 12.5
Subacute bacterial endocarditis 3 10.0

12.5
5.0; 7.0*t

Scleroderma (terminal) 1 13.0
Disseminated lupus erythematosis 1 6.7*
Primary atypical pneumonia 1 15
Atypical pneumonia, quiescent 1 4; 7.0*

rhuematic fever
Upper respiratory infection 1 16.7
Pericarditis, undetermined etiology 1 12.5
Tuberculous pleurisy and 1 6.7*

pneumonia; chromc alcoholism
Diabetes mellitus 1 10.0
Congestive heart failure 1 12.5

(arteriosclerotic)
Congenital heart disease 1 12.5

(cyanotic type)
Metastatic carcinoma (terminal) 1 8*
Regional ileitis 1 8*
Rheumatoid arthritis 14 12.5

10.0
12.5
12.5
10.0
13

7.0; 7.0*
12.5; 12.5; 16.7
16.7; 12.5
14
9*

13
16.7t

* Titer of less than 10 units per ml.
t Coexistent rheumatic activity could not be excluded.
t 9 year old girl with severe Still's disease.

deficiency. For example, the serum of a patient
with severe scleroderma, obtained within an hour
of death, still showed a normal titer of 13 units
per ml.

The percentage of patients and sera in this
group having a titer of streptolysin S inhibitor
below 10 units per ml. is shown in Table IV. It
is apparent that while 27.3 per cent of the sera of
the miscellaneous group had titers less than 10
units compared with 41.7 per cent of the sera of
patients with acute rheumatic fever, the former
group is too heterogeneous to be strictly com-
parable with the latter. It is evident, however,

that a low streptolysin S inhibitor titer is not spe-
cific for rheumatic fever. Whether a low strep-
tolysin S inhibitor titer occurs with greater regu-
larity in rheumatic fever than in other diseases
requires further investigation.

DISCUSSION

The tendency for the streptolysin S serum in-
hibitor to fall in patients with rheumatic fever,
appears to be a frequent occurrence since it has
been observed in 80 per cent of the rheumatic
fever patients studied. It is possible that this fig-
ure might be even higher if sera were obtained
more frequently during the peak of rheumatic ac-
tivity. It is also apparent that the fall in titer is
not a decrease in antibody, but more likely re-
flects a metabolic disturbance which results in a
diminution of a normal component of serum.
Studies concerned with the nature of the streptol-
ysin S inhibitor have shown it to be associated
with phospholipid, probably bound in part to
alpha and beta globulin fractions (9). Recent,
independent observations of Humphrey (10, 11)
also indicate that streptolysin S inhibitor is not
an antibody. This investigator has also given
evidence for the lipid nature of the inhibitor and
is of the opinion that it is probably bound in a
protein complex to those alpha and beta globulin
components of serum associated with lipids. It
should be noted that neutral fat does not inhibit
streptolysin S and that the titer of a post-prandial,
lipemic serum does not differ from that of the fast-
ing serum of the same individual. The nature of
the disturbance in lipid metabolism influencing
the serum level of streptolysin S inhibitor is as
yet unknown.

That the fall in streptolysin S inhibitor is not
specific for rheumatic fever is demonstrated by
the finding of low titers in some cases of diseases
unrelated to streptococcal infection. The clini-
cal factors that may be responsible for such low
titers are not clear at present but they do not seem
to be related to debilitating disease alone since
some patients severely ill and in poor nutritional
states have been found to have a normal level of
streptolysin S serum inhibitor. It will require
further and more detailed study of a larger and
more diverse group of diseases to determine
whether this phenomenon is more frequently en-
countered in rheumatic fever than in other patho-
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logical states, and whether it has any relationship
to the pathogenesis of rheumatic fever.

There is general agreement that streptolysin S,
by itself, is not antigenic in animals (7, 9, 10).
Todd observed that a small proportion of rabbits
develops a marked increase in serum inhibition of
streptolysin S after intensive immunization of
these animals with live cultures of beta hemolytic
streptococci (7). In our hands (9), and in the
the report of Humphrey (10), antibodies to strep-
tolysin S were not produced under similar condi-
tions. The reasons for this discrepancy in results
are unknown. In addition, it should be noted
that Humphrey has not been able to find evi-
dence of antibody production against streptolysin
S in a horse immunized with live cultures of the
same organisms (10).

The failure of any patient, in the present study,
to show an elevation of streptolysin S inhibitor
titer following proved streptococcal infection, or
during the course of rheumatic fever when strep-
tococcal antibodies have been demonstrated at very
high levels, is evidence that streptolysin S is not
antigenic in man. The strains of streptococci iso-
lated from this series of patients have all been
shown capable of producing large amounts of this
toxin in sitro in the presence of a ribonucleic acid
fraction. The readiness with which this hemolysin
is produced by streptococci in the presence of
blood or serum also makes it appear probable that
it is elaborated by these organisms in the tissues,
and should therefore stimulate an antibody re-
sponse if it were antigenic. The fact that it does
not appear to do so is of some theoretical interest.
Streptolysin S may be repeatedly liberated in the
tissues of the host, as a result of recurrent strep-
tococcal infections, without provoking an im-
mune response against its possible noxious effects.
What the pathological effects of this toxin are in
man and what role streptolysin S inhibitor plays
in natural resistance to streptococcal disease, re-
main to be studied.

SUMMARY

1. Eighty per cent of patients with acute rheu-
matic fever showed a tendency for the serum level
of streptolysin S inhibitor to fall below normal
values during severe rheumatic activity and to
return to normal levels during convalescence.

2. A low streptolysin S inhibitor titer was also
encountered in some cases of unrelated diseases
and the fall, therefore, does not appear to be specific
for rheumatic fever.

3. Thirty-three cases of acute pharyngitis due
to Group A streptococci showed no significant
change in streptolysin S inhibitor titer, and the
values for sera drawn during the acute phase of
the disease and during convalescence were within
normal range.

4. In 75 cases of rheumatic fever there was no
elevation of streptolysin S inhibitor titer beyond
normal limits. In contrast, antistreptolysin 0 and
antistreptokinase titers, measured on the same
sera, rose to the high levels usually encountered
in this disease.

5. Twenty-three strains of Group A strepto-
cocci isolated from the throats of patients with
acute pharyngitis and from those with rheumatic
fever were shown to be capable of producing
streptolysin S in sAtro.

6. These findings indicate that streptolysin S
is not antigenic in man and that the capacity of
serum to inhibit streptolysin S is due to a normal
component of serum rather than to a specific
antibody. The nature of the streptolysin S serum
inhibitor and the significance of its decrease in
rheumatic fever are discussed.
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