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During some studies which have been in progress for
several years upon the etiology and the clinical course of
acute glomerular nephritis, it was considered desirable to
examine the serum from these patients for antibodies to
hemolytic streptococci. Comment has frequently been
made to the effect that infections by this organism in-
volving the upper respiratory tract usually precede the
onset of acute hemorrhagic nephritis, and particular at-
tention has been drawn to this matter in previous publi-
cations (1). Efforts to demonstrate the presence of
specific agglutinins and specific precipitins for hemolytic
streptococci in the serum from cases of acute, subacute
and chronic glomerular nephritis were met with indiffer-
ent success and very irregular results, and the investiga-
tions were being abandoned when Todd published his ob-
servations on antistreptolysin.

Todd (2) showed that the hemolysin produced by
hemolytic streptococci, grown in a special medium free
of animal sera, was antigenic and gave rise in rabbits to
an antistreptolysin of considerable potency. Streptolysin
formed by the growth of hemolytic streptococci in serum
broth did not excite antibodies capable of neutralizing
serum broth streptolysin nor would antistreptolysin of
high titer neutralize serum broth streptolysin. Since it
seemed probable that antistreptolysin might be formed in
the serum of animals immunized to hemolytic strepto-
cocci, Todd tested scarlatinal antitoxin, erysipelas anti-
toxin and puerperal septicemia antitoxin, and found that
antistreptolysin was present in high titer. Whereas the
minimal neutralizing dose of normal horse serum was 0.2
cc. to 0.04 cc., the minimal neutralizing dose of the spe-
cific antitoxins was from 0.005 to 0.0002 cc. He further
observed that the titers of diphtheria antitoxin, tetanus
antitoxin, staphylococcus antitoxin, Small's non-hemo-
lytic streptococcal antitoxin, antipneumococcal serum,
antimeningococcal serum, and anti-gas gangrene serum
did not differ from those of normal horse serum. Todd
(3) then studied the reaction of the blood serum of man
during infections by hemolytic streptococci. He recorded
the antistreptolysin values of serum in units which are
calculated as the reciprocal of the fractions of the cubic
centimeters of serum employed. Under these conditions
0.01 cc. of serum equals 100 units, 0.03 cc. is equivalent

1 The titrations of antihemolysin were made with the
technical assistance of Cyril Skala.

to 33.3 units and so forth. He found that the titers of
sera from normal individuals varied between 20 units
and 100 units. During convalescence from scarlet fever,
erysipelas and tonsillitis, the antistreptolysin of the serum
was elevated and sometimes reached 1,000 to 1,300 units.
The serum from a limited number of patients suffering
from infections that were not associated with hemolytic
streptococcal infections gave titers of approximately nor-
mal values. During the acute phase of severe or fatal
infections by hemolytic streptococcus the antihemolytic
titers of the serum were not elevated. In some observa-
tions made upon the serum from nurses at the Presbyte-
rian Hospital in New York, Todd found that during the
period of normal health, or when persons were simply ex-
posed to hemolytic streptococcal infections, that the anti-
streptolysin content of the serum was within normal lim-
its. During the acute phase of streptococcic pharyngitis
the titers still remained low, but during convalescence the
titers rose and remained high for as long as one to three
months after the infection. Todd extended his observa-
tions to rheumatic fever and found that the sera of pa-
tients in the quiescent stage gave titers that were within
normal limits. During the active stage, however, the
antistreptolysin content of the serum was much increased.
This increase of antistreptolysin appeared to be dependent
upon the preceding streptococcal infection of the respira-
tory tract, and did not vary with the severity of the at-
tack of rheumatic fever. The antistreptolysin values of
the serum often remained high for months during the at-
tack of rheumatic fever and into the period of conva-
lescence. Todd concluded that his observations afforded
evidence that rheumatic fever was preceded by hemolytic
streptococcal infections.

These observations on rheumatic fever were immedi-
ately confirmed and extended by Coburn and Pauli (4).
They found that in the normal individual the neutralizing
dose of serum was usually 0.02 cc. but might be as small
as 0.01 cc. or 100 units, but rarely less. Following an
attack of scarlet fever or erysipelas the titer rose from a
normal figure to 0.003 or even as high as 0.0008 cc. in a
case of erysipelas. In the acute rheumatic process the
neutralizing dose of serum often reached 0.005 cc. or
less. In inactive rheumatic fever the titers of the sera
were usually within normal limits. The antistreptolysin
titer of the serum remained normal during the infectious

269



WARFIELD T. LONGCOPE

and quiescent period preceding the acute attack of rheu-
matic fever, but rose abruptly just before the appearance
of rheumatic symptoms. During the first week of rheu-
matic fever it reached its highest level, and maintained
this throughout the attack. They believed that their ob-
servations furnished strong evidence that the rheumatic
attack was initiated by hemolytic streptococci. Since this
first publication, Coburn and Pauli (5) have extended
their studies and reference will be made to their results
later on.

Since the appearance of the first papers by Todd and
by Coburn and Pauli, a considerable number of articles
have been published on the subject. Griffiths (6) has
found high antistreptolysin in titers in all cases of acute
rheumatic fever, and in a much smaller proportion of a
variety of arthritic conditions. He considered 50 units
as the normal. Myers and Keefer (7) give rather high
figures for the normal, but since they modified the method
of Todd in preparing streptolysin, and employed sheep
red blood cells instead of the red blood cells from rabbits
their figures can scarcely be compared with those pub-
lished by others. They confirmed the preceding observa-
tions by finding high titers in proven hemolytic strepto-
coccal infections, and comparatively high titers in acute
rheumatic fever. They did not find an increase in the
antistreptolysin content of the serum from patients with
rheumatoid arthritis or other joint infections. They
could not relate the antistreptolysin content of the serum
to agglutinins for hemolytic streptococci or to the skin
sensitivity to the nucleoprotein of the Streptococcws scar-
latinae. The studies of Wilson, Wheeler and Leask (8)
did not support the assumption that a rise in the anti-
streptolysin titer of the serum was conclusive evidence of
streptococcal respiratory infection, and they stated that
a rise in the antistreptolysin titer was not a necessary ac-
companiment of rheumatic fever in children.

Lippard and Johnson (9) have shown, however, that
the antistreptolysin content of the serum of normal in-
fants under 17 months of age is low, the average being
24 units and 55 per cent being 2 units or less. The av-
erage for children over 17 months of age was 66 units.
In the infants there was little tendency for the antistrep-
tolysin titer of the serum to rise following infections by
hemolytic streptococci, whereas in older children the
response was comparable to that observed in adults. It
was further found (10) that the treatment of hemolytic
streptococcal infections of infants and children by trans-
fusions of blood or injections of streptococcal antisera
was not accompanied by a significant increase in anti-
streptolysin substance in the blood of the recipient. Blair
and Hallman (11) titrated antistreptolysin in the sera
from a few normal individuals and from patients suffer-
ing from a variety of conditions. They concluded that
100 units is the upper limit of normal. The antistrepto-
lysin titer was moderately increased in about one-third
of the sera from 45 cases of rheumatoid arthritis, very
high in the sera from 7 cases of streptococcal infection
as well as in 15 out of 18 cases of acute rheumatic fever.
They concluded that a high titer of antistreptolysin in

blood serum signifies specifically infection by hemolytic
streptococci.

Owing to the fact that many observers consider that
the presence of distinctly abnormal amounts of antistrep-
tolysin (over 200 units) in the blood serum is a definite
indication of recent or existing infection by hemolytic
streptococci, the test has been employed by some to detect
such an infection. Morales-Otero and Pomales-Lebron
(12) tested the antistreptolysin titer of the sera from 41
cases of recurrent lymphangitis in Porto Rico, and since
they often found the titers elevated considerably above
that of their normal controls, they suggest that this con-
dition is due to a recurring infection by hemolytic strep-
tococci. Seegal and Lyttle (13) have determined the
antistreptolysin titers of the serum from 22 cases of acute
glomerular nephritis. An infection of the throat or up-
per respiratory tract preceded the onset of nephritis in
21 of these cases and in 15 of them the infections were
associated with hemolytic streptococci. The sera were
examined 6 to 57 days after the onset of the acute nephri-
tis. Twenty of the 22 sera showed an increase of anti-
streptolysin titers ranging from 125 to 1250 units. They
considered that their data offered strong evidence to sup-
port the contention that acute glomerular nephritis is
chiefly related to a preceding hemolytic streptococcal
infection.

It is unnecessary to repeat in detail the method
of making the medium and preparing streptolysin.
The directions given by Swift and Hodge (14),
who were kind enough to acquaint us with the
technique before their publications, were followed
precisely. Nor is it desirable to repeat the details
of performing the test, for this has been accu-
rately described by Coburn and Pauli (5), and
their method has been strictly adhered to. Todd's
original "Aronson" strain of hemolytic strepto-
coccus, which was kindly sent to us by Drs. Swift
and Hodge, has been the organism used. Com-
plete hemolysis has usually been obtained with
from 0.1 cc. to 0.08 cc. of streptolysin, after it
had remained sealed under vaseline at 40 C. for
2 to 3 weeks. The hemolytic titer of each batch
of hemolysin preserved in separate tubes has re-
mained practically unchanged for months. A
fresh tube of streptolysin has been used for each
series of tests. Even though Hodge and Swift
(15) have pointed out that the combining unit of
streptolysin with serum may remain constant
when the hemolytic dose varies somewhat, the
hemolytic dose of each tube of streptolysin has
been determined before the tests with serum were
made. As a rule 2% minimal hemolytic doses
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proved to be the amount which gave a constant
combining power. A 5 per cent suspension of
freshly drawn rabbits' red blood cells washed 6
times in 0.85 per cent NaCl was used for the
tests. Each batch of streptolysin was titered
carefully against a serum of known antistrepto-
lysin content before it was employed for the tests.
The first lots of tested serum were sent to us by
Drs. Swift and Hodge. Later, Dr. Todd very
kindly sent us immune serum, the titer of which
was 20,000 units per cc. In each series of tests a
serum of known low titer and a serum of known
high titer has been used for control. For many
months the serum sent by Dr. Todd was the one
employed for the high titer control. The tests
have been read shortly after removal from the
water bath and again after standing for 18 hours
at 4° C. Except in the rarest instances the read-
ings coincided. When they did not coincide the
test was repeated.

It seemed obvious that if a study of the anti-
streptolysin content of the serum from patients
with hemorrhagic Bright's disease was to be of
any value, one should in the first place examine
samples of serum from the same patient at fairly
frequent intervals, and in the second( place make
tests on the serum from a number of normal
individuals and from patients suffering from a
variety of diseases in order that a fair background
for comparisons might be obtained.

To this end we have examined more than 1,716
samples of sera for the antistreptolysin content
from 55 supposedly normal individuals and from
516 patients suffering from a variety of condi-
tions. The observations, for clarity of discus-
sion, can best be divided into two parts. The
first part deals with the results obtained from the
titration for antistreptolysin in the serum from
(a) presumably normal individuals, (b) from pa-
tients suffering from such chronic diseases as
diabetes mellitus and exophthalmic goiter, (c)
from patients affected by various forms of ane-
mia, leukemia and new growths, (d) from pa-
tients with chronic inactive rheumatic heart dis-
ease, (e) from patients with essential hyper-
tension, hypertensive heart disease, chronic vas-
cular nephritis and syphilitic aortitis, and finally
from patients suffering from a variety of infec-
tious diseases not associated with hemolytic strep-
tococci.

In order to obtain a fair average of the natural
antistreptolysin content of the serum, 84 samples
from 55 supposedly normal individuals have been
examined. The results are given in Table I. In
each instance the highest titer is recorded. In
40 individuals, or in 74.5 per cent, the titer lay

TABLE I

Antistreptolysin titers of the blood serum from 55 normal
individuals and 84 patients suffering from

chronic disease

Antistreptolysin titers (unite per cc.)

Diagnosis

.qr Po cqc --

Normal ............. 3 5 1 20 1 19 5 1 55 1
Hyperthyroid and

myxedema 1 2 4 7 0
Diabetes mellitus .1.. 1 2 1 4 1 9 1
Anemias, chronic leu-

kemia paroxysmal
hemo lobinuria,

of lung, infectious
mononuleosis ...... 2 4 7 2 15 2

Chronic rheumatic
heart disease 6 5 2 3 2 18 5

Hypertension, chronic
vascular nephritis,
syphilitic aortitis,
arteriosclerotic heart
disease............ 1 111114 1 5 1 35 6

Total..... .1 4 11 44 538 9_ 5 139 15

between 25 and 50 units; in 3 it was 12.5 units,
and in 5 it was 100 units. In only one person
was it above 100 units. In this one individual,
who was apparently normal, repeated cultures
from the throat failed to show either beta hemo-
lytic streptococci or the minute hemolytic strepto-
cocci described by Long and Bliss (16); the titer
on two occasions over a period of 3 months was
142.9. Eight months after the last titration, the
serum showed a titer of 100. These results are
similar though perhaps somewhat more uniform
than those obtained by Coburn and Pauli (5, I
and VI) from a much larger series of individuals
in New York. Seventy-five per cent of 146 per-
sons showed titers of 100 or below, and the me-
dian titer for 176 persons in good health was 83
units.

Though the usual titer for antistreptolysin ap-
peared to fall between 25 and 50 units for the
adults in our series, a result that corresponds to
the natural titer (5, I), it seemed desirable to de-
termine whether variations might occur in a single
individual's serum over a fairly long period dur-
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ing which time he would probably contract several
minor infections. The sera from five normal in-
dividuals and from one case of hypertension with
chronic nephritis have been examined at intervals
over periods varying from 7 months to one year.
The results are given in Table II. It may be
seen that the titers remain comparatively constant
in spite of colds and attacks of bronchitis and,
with the exception of Number 3 already referred
to, they fall well within the limits of the natural
antistreptolysin for the larger group.

TABLE II

Antistreptolysin titers (units per cc.) of the blood serum
from 6 individuals over a period of 7 to 13 months

Time
of Patient Patient Patient Patient Patient Patient

determi- it 2t 3t 4t 5t 6t
nation

months
1 50.0 33.3 142.9 50.0 16.7 25

50.0 16.7
2 50.0 50.0 25

50.0 50.0
3 50.0 142.9 100 20
4 50.0 Severe

50.0 cold
5 50.0 33.3 50.0 20
6 50.0 33.3

50.0
7 50.0 50.0 16.7

33.3
8
9 50.0

50.0
50.0

10 50.0
50.0
50.0
50.0

11 100
12 50.0 100 33.3* 20

125 20
13 125
14 100

t Comments: Patient 1. Normal. Occasional colds.
2. Normal. 3. Normal. Chronic pharyngitis-repeated
cultures show no B. hemolytic streptococcus or minute
B. hemolytic streptococcus. 4. Normal. Several severe
colds; infection of finger at * with B. hemolytic strepto-
coccus. 5. Normal. Repeated severe colds. 6. Hyper-
tension with chronic vascular nephritis.

The determinations of the antistreptolysin con-
tent of sera from all the patients suffering from
the various chronic diseases may be considered
together. The results are compared in Table I
with the normal individuals. In each instance

the highest titer obtained is recorded. One hun-
dred and fifty specimens of serum were exam-
ined from 84 patients. In several instances five
or more collections of serum were made over a
period of several weeks or months. The titers
remained remarkably constant for each individ-
ual. In general the titers vary little from the
natural antistreptolysin content of serum. In 50
patients, or a little less than 60 per cent, the titers
fell between 25 and 50 units; in one case of dia-
betes the titer was very low for the normal adult
-10 units. This corresponds to the very low
titers found by Lippard and Johnson (9) in in-
fants under 18 months of age. In 14 patients, or
16.6 per cent, the titers were slightly elevated
above the natural content. There was no obvious
explanation for this increase.

The infectious diseases that are included in Ta-
ble III were typhoid fever, malaria, bacterial en-
docarditis, meningococcal meningitis and gono-
coccal arthritis, a miscellaneous group including
tuberculosis, epidemic jaundice, bronchitis, peri-
arteritis nodosa and vesicular stomatitis, and
finally lobar pneumonia. There were 66 indi-
viduals in this group.

TABLE III

Antistreptolysin titers of the blood sera from 66 patients
suffering from various forms of acute infection

Aintisteptobain titer (units per cc.) S

Diagnodsis- _ _ _

TyphoId . ..... ......212 11 1 6 11 2
Malaria . ~2 1 3 1 7 8 1

Bacterial endocardi-
tis 5 1 1 1 8 21 2

Meningococcusmen-
gitis,gonococcus

arthritis ........ 1 1 3 1 2 8 9 3
Miscellaneous, in-

cluding tubercu-
losis, bronchitis
pyelitis 2 8 2 1 13 20 3
Pneumona 8192 1 3 24 44 4

Total...... 3 13 130 4 14 8 2 66 113 15

One hundred
were examined,

and thirteen specimens of serum
and frequently several bleedings

were made at intervals from the same patient.
Table III gives the results of these examinations.
In each instance the highest antistreptolysin titer
obtained was recorded.

It will be seen that though a slightly larger
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proportion of these patients (22.7 per cent) than
those suffering from chronic diseases (16.6 per
cent) gave titers of antistreptolysin above the
normal level, only two patients, one an instance of
bacterial endocarditis and one a patient with pyeli-
tis, showed an increase up to 250 units, a level
which most observers consider to be highly sig-
nificant. Since it has been remarked repeatedly
that the antistreptolysin titer of the serum in in-
fections due to hemolytic streptococci does not
increase until the disease is well advanced or until
convalescence has been well established (3, 4, 5),
it is important to know the day of disease on
which the tests were made. The serum from
three of the patients with typhoid fever was tested
between the third and sixth week of the disease,
and from three patients between the seventh and
eleventh week of the disease. In one of these
patients the serum was tested at weekly intervals
for three weeks. The titer remained constantly
at 50 units. In one, the serum was tested weekly
for four weeks. The titer in the eighth week was
100 units; in the ninth, tenth and eleventh weeks
it remained at a constant titer of 111.1 units.
The sera from the cases of malaria, of meningo-
coccal meningitis and of gonococcal arthritis were
titrated only during the acute phase of the disease.
The sera from the miscellaneous cases were tested
at various stages of their diseases, and the sera
from the cases of bacterial endocarditis weeks and
months after the onset of their illness.

Especial interest attaches to the examination of
the patients with lobar pneumonia, for Todd (17)
has reported the fact that antistreptolysin serum
of high titer will neutralize the oxygen labile
hemolysin produced by pneumococci and by B. te-
tanus. The reaction was found to occur, how-
ever, only with "hyperimmune serum." This
partial overlapping was not noticed when the
serum from patients suffering from hemolytic
streptococcal infections, which is of low titer
compared with the serum from immunized ani-
mals, was studied. The serum from nine pa-
tients convalescing from lobar pneumonia due to
pneumococcus Type II were tested for antistrep-
tolysin. The serum from only one patient gave
an abnormally high figure of 250 units.

The sera from 24 cases of lobar pneumonia,
which are listed in Table III, were collected from

the third to the fifth week of the disease. The
sera from 20 patients gave titers on repeated ex-
amination that were quite constant and always
within normal limits. The sera from 4 patients
gave titers that were equally constant but slightly
above normal. The titrations were made in the
second, third and fourth week of the disease.
The titers varied from 125 units to 166.7 units.
The pneumonia in three of these patients was due
to pneumococcus Group IV and in one to pneu-
mococcus Type I. The blood cultures were nega-
tive in all four cases and all recovered. Of the
remaining 20 cases, 5 gave positive blood cul-
tures; two of these died, three recovered. Three
patients infected with pneumococcus Type I re-
ceived concentrated antipneumococcal serum and
recovered. Of the 24 cases, 14 were infections
due to pneumococcus Type IV; 7 were due to
pneumococcus Type I; one to pneumococcus Type
II; one to pneumococcus Type III, and in one
the organism was not identified.

The proportion of slightly elevated titers was,
therefore, not quite as large in these patients suf-
fering from pneumonia as it was in the meningo-
coccal and gonocccal infections.

SUMMARY

In reviewing the results obtained from titra-
tions for antistreptolysin in the sera from normal
individuals, and from patients suffering from a
variety of chronic diseases and acute infections
not caused by hemolytic streptococci, it is seen
that they accord in general with those previously
published. It appears justifiable to conclude, as
Todd did originally, that the upper limit of anti-
streptolysin in the serum from the normal adult
is 100 units. In the majority of cases (about 75
per cent) the titer in our series lay between 25
and 50 units. The determination of the lower
limit of the antistreptolysin in the normal adult
is also important, for Lippard and Johnson (9)
found this to be unusually low in infants under
17 months of age. In 55 per cent of these pa-
tients the titer was only 2 units. The lower level
in our normal adults was 12.5 units. It is also
to be observed that the titer varies very little from
month to month in a given individual. The titer.
appeared to be unaffected by severe colds and mi-
nor infections not due to hemolytic streptococci,
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but even a comparatively insignificant infection
caused by hemolytic streptococci may result, as it
did in Number 4, in a significant rise in the anti-
streptolysin titer within 18 days of the infection.
Since such rises, as has been repeatedly shown,
may persist for weeks or months, it would not be
surprising to find a moderately elevated antistrep-
tolysin titer in the serum of individuals who were

apparently healthy, who showed no evidence of
infection by hemolytic streptococci and who were

actually unaware of having had such infections.
In view of this possibility it is noteworthy that

the antistreptolysin content of the sera from pa-

tients suffering from chronic diseases and from a

miscellany of infections should approach so

closely the normal figure. In the examination of
155 specimens of serum from the 84 patients
with chronic disease only a total of 16 samples
showed titers above 100 units and none of these
was above 166.7 units. The total number of
patients furnishing serum showing titers above
100 units was 14, or 16.6 per cent of the total.

Of the 155 samples of serum from the 84 pa-

tients, 139 gave titers within the average limits
of normal.

In the acute infections the number of slightly
elevated titers was proportionately greater, for
of the 113 samples of serum from 66 patients,
22 samples from 15 patients gave antistreptolysin
titers somewhat above the figure for normal
adults. Titers above 100 units occurred in 22.7
per cent of the 66 patients.

It would be impossible to determine, at the
present tithe, whether the infecting organism, such
as the meningococcus or pneumococcus, was in
any way related to these abnormal rises, or

whether an infection by hemolytic streptococci
contracted previous to, or in association with the
present infection was responsible for the abnor-
mal titer. Owing to the prevalence of hemolytic
streptococci it would be impossible to exclude the
latter possibility.
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