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INTRODUCTION

HERE is no organism among the bacteria that has aroused

more interest than the streptococcus. Its manifold activities,

its complicated antigenic structure and the variability of its
behavior when placed in different environments have rendered this
morphological type a difficult one to study. However, its ability to
produce in the human body a variety of pathological conditions
such as scarlet fever, puerperal sepsis, erysipelas, septic sore throat
and tonsillitis, and its alleged connection in the etiology of rheu-
matic fever, have greatly stimulated investigators in all parts of the
world to study the streptococcus. The hemolytic strains, because of
their greater virulence and association with a larger number of hu-
man diseases, have been the subject of more intensive investigation.
Most of these investigations, however, have been made in countries
within the temperate zone or with strains originally isolated from
patients in this environment. The incidence of hemolytic streptococei
is greater and is associated with more serious infections here than in
semitropical or tropical regions.
~ The throat is the main reservoir of hemolytic streptococci in the
~ human body. In a place like New York City, situated well within
the north temperate zone, the incidence of beta hemolytic strep-
tococci in the throats of healthy individuals is high, although there
is a marked seasonal variation.!®> On the other hand, in places like
the island of Puerto Rico or the nearby island of Saint John,* both
situated well within the tropics, the number of normal persons har-
boring hemolytic streptococei in their throats is low ‘and no con-

* Milam and Smillie (59) found that on the well isolated tropical island of Saint John “only
three per cent of the people harbored true St. pyogenes, and when found the organisms were
few in number,” and they expressed their belief “that St. pyogenes is essentially an organism of
civilization and industrial overcrowding.” The results of our previous studies 69 and of the
present investigation, as will be seen later, show that the incidence of true beta hemolytic
streptococci in the throat of normal individuals in the city of San Juan, the capital of Puerto
Rico, is about the same as found by Milam and Smillie in Saint John. The city of San Juan has
- nearly one hundred and fifty thousand inhabitants, the majority of which live in overcrowded
~ settlements.
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spicuous variations are observed throughout the year®!: %  Thus
it is apparent from the work of Coburn!® and others®!: 9 6 74: 20 that
the incidence of this organism in the throats of normal people dimin-
ishes upon approaching the tropics.

It is not less true, however, that in Puerto Rico sore throats and
diseased tonsils are common, and that true beta hemolytic strep-
tococei are frequently isolated in large numbers from these sources.
Furthermore, the association of this organism with the first attacks
of recurrent lymphangitis, a condition very common in Puerto
Ricof? 81 82 and in other tropical countries®, is remarkable. It is so
much so, that provided the proper technique is employed, strep-
tococci can be recovered in pure culture during the acute attack in
practically every case of lymphangitis where a lesion is present. It
is also a fact that in this Island hemolytic streptococei are frequently
obtained from such varied sources as abscesses, otitis media, mas-
toiditis, osteomyelitis, and are very common in a variety of skin
conditions'®”> 1 2 affecting especially the lower extremities of ahil-
dren. Thus in certain pathological conditions in Puerto Rico the
association of beta hemolytic streptococci is marked even though
the incidence in the normal throat is low.

In view of what has been said it is puzzling to find scarlet fever
and rheumatic fever, diseases which are so prevalent in New York
City, to be relatively rare in Puerto Rico, and when they occur the
course is quite mild. The following explanations for the aforemen-
tioned discrepancies suggest themselves: 1. The biological activities
of the streptococcus may be affected by the difference in environ-
ment. 2. The physiology of the host may be different. With the idea
of throwing some light on the - first of these suggestions the present
work has been undertaken.

Certain attempts by others have been made in this direction. In
the year 1931 Grace and Grace® studied “‘the relation between
cultural and serological characters of certain strains of hemolytic
streptococci” and the “bacteriology of streptococcal strains’ isolated
by them from different sources in Georgetown, British Guiana. A
comparison of some of these strains with others isolated in temperate
climates was attempted. Teiger and Seegal in 1936%* made a “‘com-
parative study of streptococci isolated from throats of residents of
New York and New Orleans.” In the same year Davis and Guzdar?
studied 78 strains isolated from the throats of normal Hong Kong
Chinese.

We have studied 191 strains of beta hemolytic streptococci isolated
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in Puerto Rico in considerable detail. The results obtained have been
compared with those of other investigators working with strains
from similar sources isolated in temperate climates. As a rule most
of the tests were run concurrently on each strain. In the majority
of cases the strains were tested shortly after isolation and in many
instances the tests were repeated at regular intervals thereafter.

Among the cultures investigated, twenty-two strains isolated
from the throats of apparently normal monkeys have been included.
Twenty-one of these were cultured from monkeys which were recent
arrivals in Puerto Rico. The results of the study of these strains are
reported here due to their similarity with those obtained with strains
isolated from human throats.

COLLECTION OF MATERIAL AND METHODS OF ISOLATION

Throat specvmens. The surfaces of both tonsils and the pillars were
rubbed with sterile absorbent cotton swabs stored in glass tubes.
When seedings were not made immediately they were placed in the
ice box and cultured as soon as possible, always within six hours
after collecting the specimen.

One half c.c. of sterile defibrinated rabbit blood was placed in
each of three Petri dishes. Three tubes containing from fifteen to
eighteen c.c. of plain beef extract agar'°? were melted and cooled to
45-50° C. The swab was immersed in the melted agar in the first
tube and thoroughly wetted. Then it was raised above the surface of
the liquid and gently pressed against the wall of the tube so as to
squeeze out the material into the medium. This was repeated two or
three times in rapid succession and the swab discarded. With the
aid of a sterile 1 c.c. pipette the upper portion (the upper 14 inch)
of the agar was thoroughly mixed with the material inoculated. The
tip of the pipette was drawn above the surface of the liquid and any
agar inside the pipette discharged. Then with this same pipette,
from 0.05 c.c. to 0.1 c.c. (depending on the amount of material on
the swab) of the inoculated medium in tube one (upper portion) was
transferred to a second tube of agar. Using the same pipette and
following the same technique, 0.05 to 0.1 c.c. was again transferred
from the second to a third tube of melted agar. The content of each
tube was then poured over the blood in three corresponding Petri
dishes. The dishes were promptly stacked and the media thoroughly
mixed. After solidification of the medium the plates were inverted
and incubated aerobically at 37° C. for twenty-four hours, at which
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time they were examined for the presence of deep streptococcus
colonies showing true beta hemolysis.* {

A small agar block containing only one well isolated colony was
cut out with a sterile sharp spatula and transferred to a tube of
glucose neopeptone broth, it was macerated with the spatula against
the wall of the tube and incubated for 20 hours. The surface of the
culture was touched with a straight wire and a poured blood agar
plate prepared. After 20 hours incubation the process of purification
was repeated as before. This process was carried out three times in
order to obtain pure cultures. The growth in the last broth culture
was transplanted to the surface of a five per cent blood agar slant
and stored in the ice box. Transplants from this stock culture were
employed for the studies reported in this work.

Tonsils. The tonsils were placed by the surgeons in sterile Petri
dishes or specimen bottles and brought to the laboratory as soon as
possible.f The openings of the crypts were carefully seared with a
chromel wire after which the loop was introduced deep into the
crypts and streak cultures made on blood agar. Then the surface of
the tonsil (avoiding the crypts) was seared, an incision was made
with a sterile knife, the inoculating loop subsequently introduced
through the incision into the deep tissue and the material obtained
was cultured. If streptococci were present pure cultures were ob-
tained, as mentioned previously in the case of those from the throat,
before they were finally transplanted to blood agar slants and put
in stock.

Small ulcers, pustules and abscesses. In taking cultures from small
ulcers, they were thoroughly cleaned with sterile cotton or gauze,
the tissue was gently squeezed and the exuding fluid streaked on a
blood agar plate.

In the case of pustules the pus was cultured first, then the scab
was removed and the pus was cleaned off thoroughly with a sterile
gauze, the tissue was gently squeezed and the serous fluid oozing
from the lesion was cultured. In many instances (from pustules, and

* By “true beta hemolysis” is here meant that appearing in 24 hours or before, at 37° C. The
hemolyzed zone is clear and free from blood cells when examined microscopically. It is two or
more mm. in diameter. It increases somewhat in size when left in the incubator for 48 hours
but remains the same diameter when the plates are kept in the ice box.

1 The presence of hemolytic hemophilic Gram-negative bacilli is sometimes confusing. To
obviate this a medium in which sheep blood is used has been recommended 52. A Gram stain
will also eliminate this difficulty.

1 In this connection we are indebted to Doctor Mufioz McCormick, of the medical staff of
the Mimiya Clinic in Santurce, and to Miss Cecilia Benitez, of the School of Tropical Medicine,
for their kind cooperation.
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from small ulcers in some cases of lymphangitis) cultures from the
pus gave a pure culture of staphylococci or a mixed culture of both
streptococei and staphylococci. However, cultures from the exuding
fluid, after thorough cleaning of the pus, yielded hemolytic, strep-
tococel in pure culture. The fatlure to clean off the pus in these cases
and take cultures of the exuding flurd has resulted in many instances in
the cultivation of staphylococcus from a lesion in which hemolytic
streptococcr were the organisms really concerned.

In the examination of pus from abscesses a Gram stain was made
as a preliminary step. The material was diluted with saline, when
many organisms were seen in direct smear. A loopful of the suspen-
sion was placed on a blood agar plate and spread all over the surface
with a sterile swab.

SOURCE AND INCIDENCE OF THE HEMOLYTIC
STREPTOCOCCI STUDIED

Normal throats. Selected cases. Single cultures.* In previous work
done by the author® single cultures were taken from 200 persons
whose throats had been free from symptoms for at least two years
and appeared normal at the time that they were swabbed. The beta
hemolytic streptococcus was obtained in 4 per cent of these cases.

Throats of general population. Unselected cases. Single cultures.
These were from male workers in camps situated in the central part
of the Island and from male workers in dairy farms near San Juan.
Four hundred and sixteen cases were studied. These may be grouped
as follows: .

Three hundred and seventy were free from throat symptoms al-
though many of these had hypertrophic or cryptic tonsils in some
instances accompanied by a hyperemic pharynx. The incidence of
beta hemolytic streptococci was 6 per cent.

Forty-three persons gave a history of recent throat trouble but
were asymptomatic at the time cultures were taken. From these, beta
hemolytic streptococci were recovered in approximately 30 per cent.

Three individuals actually had a sore throat. Beta hemolytic
streptococcei were obtained from two of them.

If these 416 are typical of the general population, irrespective
of the condition of the throat or of any previous history of throat
trouble, the distribution of hemolytic streptococci would be 9 per
cent.

* Only one culture taken from each case.
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Clinic cases. Unselected. Serial cultures.* The great majority of
these were patients reporting to the lymphangitis clinic of the Uni-
versity Hospital at San Juan. Sixty-five were studied.** The time
during which the throat of the same person was examined varied
from one to ten months and the number of cultures taken from the
same individual, from two to sixteen. A total of 305 cultures were
made.

In thirteen (20 per cent) instances beta hemolytic streptococci
were obtained when the initial culture was taken. Eleven of these
thirteen cases either gave a history of sore throat or had some other
abnormality (chronic tonsillitis, hyperemic pharynx, ete.). Two had
normal throats. :

By repeated swabbing, six more positive cultures were obtained.
Two of these were from normal throats. This increased the incidence
from 20 per cent in the case of single cultures to 29 per cent when
serial cultures were used.

In some individuals the streptococci disappeared and reappeared
at irregular intervals. These fluctuations were not necessarily asso-
ciated with the appearance or the exacerbation of throat symptoms.

It is of interest to note the difference between the incidence of
hemolytic streptococci in the throat of the general population
(9 per cent) and in the throat of cases suffering from recurrent
lymphangitis (20 per cent). Whether or not there exists any rela-
tionship between the presence of beta hemolytic streptococei in the
throat or in the tonsils and the acute attack of lymphangitis we are
at present unable to say. This is now being studied.

It is difficult to evaluate the findings of different investigators
concerning the incidence of true beta hemolytic streptococeci in
the normal throat. Some workers do not specify the place where the
studies have been made, others do not state the time of the year and
whether they have used single or serial cultures. Furthermore, it is
difficult to determine what in the opinion of the different authors is a
normal throat. It is obvious that under these circumstances the
figures found in the literature will exhibit wide variations. A number
of these references has been brought together in table I.

Throats of apparently normal primates. The apparently normal
throats of six gibbons, one spider monkey, and eleven rhesus mon-
keys that had been in the Island for one year or more were cultured

* Cultures taken from the same person at frequent intervals.
** We are indebted to Dr. Juan A. Pons for his kind cooperation in obtaining material for
examination from these cases.
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and beta hemolytic streptococci recovered in one instance* (5.5 per
cent).

The throats of 172 rhesus monkeys brought to Puerto Rico from
Calcutta were also studied.f Cultures were taken over the period
from November 20 to December 12, 1938. From these animals beta
hemolytic streptococci were recovered and studied in detail in
22 cases (12.7 per cent). There were some instances, however, in
which suspicious colonies were present, but the streptococci could
not be identified with certainty due to the overgrowth of B. proteus
or spore forming aerobes. Had it not been for the contamination the
incidence of hemolytic streptococci in the throats of these monkeys
would probably have been somewhat higher.

Seegal, Heller and Jablanowitz’® studied the flora of 49 rhesus
monkeys in New York City and cultured beta hemolytic streptococci
from 28 of them (57 per cent).

Dochez, Shibley and Mills?? in connection with their experimental
studies of the common cold found the incidence of hemolytic strep-
tococci in the nose and throat of apes to be 1.2 per cent and 45 per
cent respectively.

Pathological throats. The swabs were taken and sent to us by a
throat specialist. From a total of 19 cases with a clinical diagnosis
of acute tonsillitis, hemolytic streptococei were obtained from fifteen
(80 per cent). In ten cases with a history of recurrent tonsillitis but
from which cultures were taken from one week to one month after
the acute attack beta hemolytic streptococci were obtained in only
three (30 per cent).

Tonsils (operated). The excised tonsils of 25 patients were exam-
ined. Cultures were made from the crypts and from the inside. Beta
hemolytic streptococei were cultured in seven cases (28 per cent). In
work previously done by the author® one hundred pairs of tonsils
were examined and beta hemolytic streptococci cultured in 33 per
cent. )

Vagina. Aerobic cultures taken from the vagina of 25 patients
suffering from different conditions were negative for hemolytic

* Strain P. R. Mo. 1 from spider monkey.

t We are indebted to Dr. C. R. Carpenter for kindly furnishing us with the following infor-
mation: These monkeys came, on the average, from about 300 miles inland from Calcutta.
The period of time they remained in Calcutta awaiting shipment varied with different animals
from a few days to three weeks. The shipment left Calcutta September 30, 1938. The ports
touched en route in order were: Colombo, Ceylon, one day. Food taken on. Capetown, South
Africa, one day. Purchased fruits and vegetables. Boston, Mass., two days. New York City.
Here the animals were trans-shipped during which time they remained on the dock for 48 hours.
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streptococci in every instance. Two of these women harbored a beta
hemolytic streptococcus in their throats. One had a normal throat.
The other had a sore throat. :

Lymphangitis. Cultures taken from pustules or small ulcers of the
affected limb, during the acute attack, in 28 cases of lymphangitis
revealed the presence of hemolytic streptococci in every instance.
The association of this organism with the initial attack of this con-
dition is striking. '

Bovine mastitis. Material from the udders of 130 cows with mastitis
was studied. Beta hemolytic streptococei of the type usually en-
countered in human infections (group A) and in the normal human
throat (groups C and G) were not found. Streptococcus agalactiae
(group B) was the organism isolated from more than 90 per cent of
the cases. This is in accordance with the observations of others
working in temperate climates.

Strains isolated from other sources (otitis media, puerperal sepsis,
abscesses, osteomyelitis, etc.) are also included in the present in-
vestigation. We do not possess accurate information about the
incidence of the beta hemolytic streptococcus in these conditions
in Puerto Rico.

Table II shows the distribution among the different sources of the
strains studied in this investigation.

GROWTH CHARACTERISTICS, MORPHOLOGY AND STAINING

A detailed study of the colony types, the growth characteristics in
liquid media, the variation in morphology of the bacteria and the
possible relationship of this appearance with the biological properties
of the streptococci studied has not been attempted. This would have
constituted a major problem in itself. However, some observations
made during the course of this work will be recorded here.

Appearance of colonies on blood agar. The morphology of 24 to
36 hour old, well isolated colonies on streak blood agar plates in-
cubated at 37° C. was observed soon after isolation.

Four different types of colonies were encountered:

1. The first type was smooth, soft, easily emulsified, usually
low conical but in some instances low convex. Sometimes the colonies
were definitely raised and either dome shaped or high conical. Occa-
sionally they had the appearance of a truncated cone with a small
flat round area at the top. The edges of the colonies were usually
even, but occasionally they were slightly wavy. They varied in size
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when well isolated from 14 mm. to about 2 mm. in diameter. Under
the low power of the microscope and by transmitted artificial light, a
round black dot was seen at the center of the colony surrounded by a

_less dense area of a brownish black color that became less intense as a
thin, translucent margin was approached. In some instances the
surface appeared slightly granular. In most cases isolated colonies of
this type remained attached when normal salt solution was poured
over the plate. Those that came off, did so with difficulty, leaving no
pit on the agar. We think that this type corresponds closely morpho-
logically to “the second variety of colony” described by Griffith.”
This corresponds also to the “first variety” of colony given by
Lancefield’s group A hemolytic streptococeci, when grown in Bacto
Peptone (Difco) blood agar plates, described by Dawson, Hobby and
Olmstead.?!

2. The second type was similar to the first in many respects.
The main difference was that the surface was stippled. Frequently
the stippling was coarse, though often rather fine. Some of the col-
onies of this second type came off the medium as delicate white discs
leaving tiny but macroscopically visible markings, when saline was
poured over the plate. Many showed a waxy appearance. This ap-
pearance corresponds morphologically to that described by Todd?®*: ®4
and designated by him as the “matt” colony.

3. This type of colony was only occasionally encountered.
It was large, round, soft, transparent, slightly raised and watery in
appearance. Morphologically it corresponds to the “watery’ colony
described by Griffith,* the pseudo-glossy of Todd and Lancefield®*
and the mucoid of Dawson, Hobby and Olmstead.?*

4. Five strains producing definitely rough colonies shortly
after isolation from the animal tissue were encountered. Their
characteristics were the following: ;

Strain A 23 (group A): isolated from pleural exudate
which showed short Gram positive chains on direct smear. Culture
of the pus on blood agar, after 36 hours at 37° C., gave colonies that
looked very rough and dry macroscopically. Under low power, by
artificial transmitted light, the colonies showed a central depression
surrounded by a raised dark ridge that merged into a thinner watery
translucent, very irregular margin. Gram positive cocci, mainly in
pairs. Occasionally a short chain. Toxigenic, fibrinolytic, virulent for
mice, pyogenes (Holman’s classification).

Strain M 16 (group G): from normal throat. Rough,
waxy appearance, 1 mm. in diameter, raised. Low power: a slightly
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raised central portion, then a depression and finally an elevated
marginal ridge. The entire colony could be easily removed with a
needle from the surface of the agar. Gram positive cocci mainly in
irregular clusters. No chains. Weakly fibrinolytic, virulent for mice,
non-toxigenic, anginosus (Holman’s classification).

Strain A 17 (group A): from abscess of scalp. Pus streaked
on blood agar plate gave a pure culture of hemolytic streptococci.
Low -power: colonies definitely rough and papillated with irregular
margins. There was a central depression surrounded by a very
prominent dark ridge (transmitted artificial light). When saline was
poured over the plate the colonies came off easily leaving a perfect
cast of their under surface in the agar. Low virulence for mice,
fibrinolytic, toxigenic, pyogenes (Holman’s classification).

Strain M 24 (group A): from acute tonsillitis. Colonies
small (less than 1 mm.) waxy, raised. Viewed through a hand lens
they were definitely rough with a central depression surrounded by a
marginal ridge. When saline was poured over the plate the colonies
came off easily leaving their perfect cast. Mainly Gram positive
cocel but occasionally Gram negative elements also present. Few
short chains. Some balloon forms. Low virulence for mice, strongly
fibrinolytic, toxigenic, pyogenes (Holman’s classification).

Strain F 1 (group C): from ulcer in rectum. This colony
was smooth upon isolation. About one and a half years after isolation
0.4 c.c. of a 20-hour broth culture was inoculated intraperitoneally
into a mouse. We cannot say, however, if the colony was in the
smooth phase when the inoculation was made. The animal died ten
days after injection and, at autopsy, abundant cheesy exudate was
found in the peritoneum between the liver and the spleen. Cultures
of this exudate yielded a hemolytic streptococcus that gave the
same reactions as the strain inoculated (lactose, mannitol, salicin
and sorbitol negative and trehalose positive) and which belonged to
group C as the strain injected. The colonies were raised, and there
was a small central protuberance rising slightly above the surface
of the colony which was very rough. When saline was poured over
the plate the colonies came off very readily leaving an imprint in
the agar closely resembling their surface. The biological properties
of this rough variant were not studied except for the fermentation
reactions mentioned above.

The observations on these five strains do not justify any definite
conclusions, but it is interesting to note the similarity between the
. morphology of the three group A strains as contrasted with the
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different appearance of the C and G strains. The morphology of the
C and G colonies was also different.

We have been unable to discover any definite relationship between
the morphology of colonies on blood agar and biological activities of
the streptococei studied.

Dawson, Hobby and Olmstead?* in their study of ‘“variation in
the hemolytic streptococci” have attempted to discover the rela-
tionship of the different phases to some of the biological activities.
of the organisms. They were unable to detect any difference in the
fibrinolytic activity and the hemolysis in pour plates between the
~ R, S and M variants of Lancefield’s group A hemolytic streptococei.

Appearance of growth in broth. The appearance of growth in tryptic
digest beef infusion broth, in 0.05 per cent glucose neopeptone beef
infusion broth and in 1 per cent glucose bacto peptone beef infusion
broth was of four general types in the strains studied:

1. Homogenous with a powdery sediment.
2. Very finely granular. (turbidity of medium and sediment).
8. Granular (Growth against one side of the tube with or without
slight turbidity. Granular sediment).
4. Floccular (Growth against side of the tube and fluffy sediment.
Settles readily when disturbed. Medium perfectly clear).

The size and consistency of the floccules and the granules varied
greatly. Some went readily into a homogenous suspension when the
tube was gently shaken, others necessitated vigorous shaking and in
some instances the granules were impossible to disintegrate.

Morphology and staining. In direct smears from exudates hemolytic
streptococei were found as single cocci, diplococei, irregular clusters
of chains of varying length. In pus and in the serous exudate from
ulcers the organisms were most commonly seen in chains or in the
diplo-form. The organisms in direct smears from the sources men-
tioned above were always found to be Gram positive.

Irregular clusters were very frequently seen in the peritoneal
exudate of mice that died as the result of the intraperitoneal inocula-
tion with broth cultures of the organism. The cocci in many cases
were elongated giving the appearance of a short bacillus. Gram stains
frequently revealed the presence of both Gram positive and Gram

* These authors propose a new terminology. The relationship between the new and previ-
ously accepted terminology is given by the authors in the following scheme:
(1) M (mucoid)—formerly S (smooth)
(2) S (smooth)—formerly R (rough)
(3) R (rough) —not previously described
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negative cocci in the same chain. This was also frequently seen in
24 to 48 hour old cultures in the broth media mentioned above.
However, when transplants were made to fresh broth and young 10
to 12 hour cultures were stained, the organisms were always Gram
positive.

When streptococei from pathological material, from broth cul-
tures, etc., were cultured on solid media the formation of chains
was to a great extent inhibited giving rise in most cases to colonies
which were mainly composed of irregular clusters or cocci found
singly or in pairs. Chains were only occasionally seen. These colonies
when transplanted to a suitable liquid medium produced chains in
the great majority of cases.

In some cases the granules in the broth culture were so compact
that the smears showed amorphous black masses in which the ele-
ments were so closely packed together that the individual cocci were
only seen at the periphery of these large masses.

All this has been observed again and again by all investigators
working with hemolytic streptococci in different parts of the world,
and if we repeat it is with the sole purpose of showing that in this
respect the hemolytic streptococei isolated in Puerto Rico behave in
no different way.

SEROLOGICAL GROUPING

Lancefield’s precipitin test is undoubtedly the most useful and
practical method available at present for the classification of strep-
tococel, and together with Griffith’s¥ slide agglutination test for the
identification of the different types within the hemolytic group,
constitutes a most valuable tool in the study of the epidemiology of
hemolytic streptococcus infections.

We have employed Lancefield’s precipitin test for grouping the
strains of hemolytic streptococei isolated in Puerto Rico.

The methods utilized for the preparation of the extracts, the
immunization of animals and the technique of testing are those
described by Lancefield.?* The group sera used in the beginning of
this work as well as the strains used for the immunization of rabbits
and for testing their serum for anti “C” antibody were kindly sup-
plied by Dr. Lancefield.

Following Dr. Lancefield’s advice, based upon the findings of
Bliss, subsequently published in 1938,% the suspensions for the
preparation of hydrochloric acid extracts and those used in the
immunization of rabbits were washed twice in normal saline to mini-
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mize the occurrence of non-specific reactions. Cross reactions were
rarely encountered except in the case of group C and G extracts with
group G and C antiserum. Non-specific ring formation was fre-
quently observed with C extracts and G antiserum and with G ex-
tracts and C antiserum. This was sometimes puzzling but this
difficulty was obviated in the majority of cases by frequent examina-
tion of the tubes for the appearance of the ring. The specific reaction
invariably appeared first and was always more intense. That this
was the case was corroborated by repeating all the tests giving cross
reactions utilizing extracts prepared by Fuller’s®* method. When
formamide extracts were used the group C and G non-specific reac-
tions were totally eliminated. Group B formamide extracts, however,
gave cross reactions with groups A, C and G sera (other group sera
not tested) as pointed out by Fuller, but the non-specific precipita-
tion was not strong enough to mask the specific reaction.

When sera of good titer were used definite rings appeared promptly
and further incubation was unnecessary. Likewise dilution of the
extract was usually unnecessary.

The reactive substance in the HCI extracts is very stable. Ex-
tracts stored for four and a half years in the ice box in ordinary
glass tubes stoppered with paraffined corks and without preservative
gave as good reactions as when they were prepared.

Table III shows the group distribution among the strains studied.

A comprehensive study of Lancefield’s groups among the hemo-
lytic streptococci found in the respiratory tract of healthy persons
has been undertaken by only a few investigators. Table IV sum-
marizes the results obtained by some of these workers. Our figures
for normal throats and for the throats of monkeys as well as those of
Seegal, Heller and Jablanowitz’® for rhesus monkeys are also in-
cluded for comparison.

Fourteen per cent of the strains of beta hemolytic streptococci
isolated from normal human throats, 22.6 per cent of strains from
the throats of the general population (cases with definite symptoms
of throat trouble not included), and 41.7 per cent of the strains from
the throats of normal monkeys belonged to group A.

It has been very difficult for us to discern from some of the reports
of other workers whether throats with such abnormalities as a
hyperemic pharynx, mild chronic tonsillitis, etc., but free from
actual symptoms were considered normal. It is apparent, however,
that the incidence of group A strains among the beta hemolytic
streptococci isolated from normal throats, and from throats in gen-
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eral, in the tropical island of Puerto Rico is lower than the incidence
among strains cultured from a similar source in temperate climates.
Davis and Guzdar® found that 35.8 per cent of the hemolytic
streptococci isolated from normal throats of Chinese in the sub-
tropical city of Hong Kong were group A. This percentage occupies
an intermediate position between the percentage obtained by us in
Puerto Rico and that obtained by the majority of workers in tem-
perate regions.

The researches of a number of investigators®® 75 1. 18 19 haye
shown that the nose and throat of the patient and of contacts con-
stitute the most probable source of infection in puerperal sepsis.
The relatively low incidence of puerperal sepsis in Puerto Rico due
to the streptococcus may be explained, at least in part, by a corre-
spondingly low incidence of potentially pathogenic group A hemo-
lytic streptococei in the upper respiratory passages of normal in-
dividuals on this Island.

It is interesting to note that out of 28 strains isolated from cases
of lymphangitis of the lower extremities, clinically indistinguishable
from the so called acute lymphangitis attack of filariasis, 26 were
group A. Floch® recently studied two strains isolated from cases of
lymphangitis in Guadaloupe. Both were group A but did not belong
to any of Griffith’s types.

It must be noted that out of five strains obtained from cases of
mild sore throat only one was group A, the other four being two
group G and two group C strains. Out of eleven strains from severe
sore throat six were group A, four group C and one group G. Of the
fourteen strains obtained from excised tonsils nine were group A
and the other five group C. The incidence of group A strains isolated
from these pathological sources is undoubtedly lower than it would
be expected.

Kodama®! has shown that group A, C and G strains of hemolytic
streptococei can be found at the same time in the same throat.
There exists, therefore, the possibility that we may have isolated the
non-specific organism in some of these cases. In two instances,
however, we feel sure that group C and G strains respectively were
the specific organism concerned. Both were cases of severe acute
tonsillitis. In both, hemolytic streptococci were present in large num-
bers and in practically pure culture. As the original plates had been
kept in the ice box we were able to go back to them and check the
grouping by testing several colonies. Six colonies were transplanted
to broth from each plate and the precipitin tests repeated with the
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same results as before. This showed that we were dealing with tonsil-
litis associated with a group C and a group G hemolytic streptococcus
respectively. The group C strain (M 89) as well as the group G
strain (M 45) were definitely virulent for mice. Both failed to pro-
duce an erythrogenic toxin reactive on the skin of a susceptible
white goat. Both produced a potent fibrinolysin. Strains W 1 and
F 1, isolated from an abdominal wound and from an intestinal

. ulcer respectively, also belonged to group C. We have not encoun-

tered group C strains associated with other pathological conditions
outside of those referred to above. ‘

Group G strains have been isolated in two instances from small
ulcers during acute attacks of lymphangitis and also twice from
fatal septicemias. It was interesting to observe that the two lym-
phangitis strains (I 13 and L 21) were associated with hemolytic
staphylococcus in the lesion and that they were very atypical in
their biological characteristics. Of the two strains obtained from
the blood one was from a case of agranulocytosis and the other was
from a case of puerperal sepsis.

Lancefield and Hare®® isolated a group G hemolytic streptococcus
from a fatal case of septicemia. They stated that “the patient was
also suffering from an overwhelming infection with Staphylococcus
aureus, and it is possible that the hemolytic streptococci were sec-
ondary invaders.” They also noticed that “biochemically this strain
was very atypical.”” We have observed in many instances this
atypical behavior of hemolytic streptococei isolated from tissues in
which they have been associated with Staphylococcus aureus.

Group B streptococci were encountered only twice. One strain
(M 86) was cultured in moderate numbers from the throat of a man
who gave a history of previous sore throat but who had no symptoms
at the time the culture was taken. The other strain (S 5) was a double
zone hemolytic streptococcus obtained in pure culture from the
blood of a fatal case of puerperal sepsis and about which more will
be said later. It must be remembered, however, that we fished from
primary throat cultures only those deep colonies showing good beta
hemolysis at the end of 24 hours incubation. Most group B strains
produce poor zones of hemolysis and there is the possibility that
group B colonies may have been overlooked.

Bovine mastitis is very common in Puerto Rico. The causative
organism in the vast majority of cases was found to be Streptococcus
agalactiae (group B). Unpasteurized milk in the market is no doubt
heavily contaminated with Streptococcus agalactrae. This organism
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had been considered innocuous for human beings, but lately evidence
has been accumulating that tends to show that Streptococcus agal-
actiae may be a potential human pathogen.!: 3 10. 33, 12

Groups D and E have not been encountered in the material
studied. Minute beta hemolytic streptococci (group F)” 57 8 were
occasionally seen in throat cultures but no systematic study was
made of them. The incidence of groups H and K% in normal throats
in Puerto Rico has not been investigated.

We have obtained group H strains in pure culture from the
blood of two cases of rheumatoid arthritis. Both strains were non-
fibrinolytic, non-virulent for mice, did not produce either a soluble
toxin or a soluble hemolysin, one produced a homogenous turbidity
but the other gave a granular growth in tryptic digest broth. One
was anginosus, the other was equz by Holman’s classification. One
fermented trehalose and not sorbitol, the other failed to ferment
either trehalose or sorbitol. Deep colonies produced alpha prime
hemolysis after 36 to 48 hours aerobic cultivation at 837° C. in 3 per
cent rabbit blood agar.

HEMOLYSIS

In the study of no other phase of the complicated biology of
streptococei have the results obtained by different workers been so
conflicting and confusing as in the investigations concerning strep-
tococcal hemolysin. These discrepancies in results have arisen
mainly from the fact that different investigators have employed
different techniques and factors of importance have been ignored,
such as composition of the medium, age of the culture, kind and
amount of blood, the inherent ability of different strains to produce
varying amounts of hemolysin and the existence of essentially dif-
ferent hemolytic principles.

We shall not attempt to review the literature on the subject.
This has been done in great detail by the Thomsons®® up to the
year 1927. Information about the more recent developments will
be found in the publications of Todd,* ¥ % Hodge and Swift,*
Weld,*® Brown!! 12 and Smith.”>

Plate hemolysis. The same blood agar medium used for primary
isolations from the throat was also utilized for this test. Transplants
were made from stock cultures to 5 c.c. of tryptic digest broth and
incubated aerobically for 18 hours at 37° C. From this growth a
poured rabbit blood agar plate was made with a very small inoculum
so as to obtain well isolated deep and surface colonies. The plate was
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incubated aerobically at 37° C. for 24 hours when it was examined
for the presence of hemolytic zones around deep and surface colonies.

In practically all cases (of beta hemolytic strains) well isolated
surface colonies gave rather poor hemolysis while deep colonies were
surrounded by wide zones of true beta hemolysis.

One hundred and sixty strains from different human sources and
from the throats of normal monkeys producing beta hemolysis upon
isolation were studied. Eighty-five strains were group A, 48 were
group C, 26 were group G and one was group B. All these strains
have been kept continuously on:3 per cent rabbit blood agar slants
for periods ranging from six months to six years. Transplants have
been made at approximately three months intervals. So far we have
not observed in a single case any change in the ability of these strains
to produce beta hemolysis. We took sixty of these strains to the
Hygienic Laboratory of the University of Michigan and kept them
there for 13 months during which they were transplanted five times
on blood agar slants in ordinary glass test tubes. When they were
brought back to Puerto Rico and retested for the production of
plate hemolysis this was found in every instance to have remained
unaffected. The permanency of this property in the strains studied
has been striking. We want to emphasize the fact that we were deal-
ing with strains that produced typical beta hemolysis upon isolation
from the animal tissues and that although we have been working
with mass cultures we always plated out the original cultures several
times, as has been pointed out before, in an attempt to minimize the
possibility of mixed cultures.

It was observed that in most cases the hemolyzed areas around
group C and group G colonies were larger (3—4 mm. in diameter)
than those around group A colonies (2-3 mm. in diameter). We
notice, however, that a similar observation has already been made
by Seegal et al.”® in 1936 and by Kodama?®! in 1937.

Six strains that did not produce typical beta hemolysis in primary
cultures have been included in this study. Of these, three were
group A (L 14, M 74, D.M. 1), two were group G (L 138 and L 21)
and one was group B (S 5).

Strains L 138, L. 14 and L 21 were associated in the lesion with
hemolytic Staphylococcus aureus. They were poorly hemolytic upon
isolation but upon cultivation on blood agar their hemolytic power
gradually increased until they showed typical beta hemolysis.
Strain M 74 behaved in the same way.

In Strain S 5, when isolated in 1936, the appearance of the colonies
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on rabbit blood agar, after 24 hours incubation at 37° C. and over-
night refrigeration at 10° C., was typical of the double zone beta
hemolytic streptococci first observed in 1913-1914 by Smith and
Brown™ in strains from cow’s milk and by Jones* in strains from
the throat of horses in 1919, and later described by Brown in 19341
and in 1937.'! Surface colonies on blood agar (24 hours) were rela-
tively large (1.5 mm.-2 mm. in diameter), rather flat, smooth, soft,
button-like, with slight depression in the center and a small dark
central spot. Gram stain showed short chains and small clusters of
Gram positive cocci. Sodium hippurate was hydrolyzed, methylene
blue in milk was not reduced, it gave a final pH of 4.4 in 1 per cent
glucose broth, it was non fibrinolytic when tested on a susceptible
human plasma clot, it did not produce a soluble erythrogenic toxin
reactive on the skin of a white goat, it gave a negative tube hemolysis
with the whole culture, the untreated supernatant and the reduced
supernatant when grown for 18 hours in tryptic digest broth; 0.4 c.c.
of an 18 hour broth culture killed mice in one day, it fermented
salicin and trehalose but did not ferment lactose, mannitol or sor-
bitol. This strain is therefore similar in many respects to group B -
strains found in cow’s milk and known to be associated with bovine
mastitis.'? 11 56 After three years the colonies have apparently lost
their ability to produce the double zone appearance in rabbit blood
agar. At present they look just like ordinary Streptococcus agalactiae.
Brown,!* however, emphasizes the permanency of the double zone
appearance. He gives photographs of colonies of the same strain
taken in 1915 and again in 1986 to illustrate the constancy of the
phenomenon.

The pathogenic significance and serological grouping of double
zone beta hemolytic streptococci has been discussed by Brown!2 in a
recent publication.

During a study of the streptococei associated with bovine mastitis
in Puerto Rico® a peculiar type of colony has been encountered. In
its serological grouping and some other biochemical and cultural
properties it resembles double zone beta hemolytic streptococei.
However, in two respects it is quite different: (a) in this type of
colony the second hemolyzed zone is replaced by a bluish black ring
1-2 mm. in diameter, and (b) the formation of this ring does not
necessitate refrigeration. It appears after 24 hours at 37° C. around
both deep and surface colonies, and remains unaltered after over-
night storage in the ice box. Two years after isolation the appearance
of colonies on rabbit blood agar has remained the same.
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Strain D.M. 1 was obtained in pure culture at autopsy from the
heart blood of a rhesus monkey that had been dead for about one
hour. This organism. was incriminated by the pathologist as the
cause of death. Upon isolation its macroscopic appearance in a
poured blood agar plate was that of an ordinary green producing
streptococcus. Only very slight hemolysis was exhibited by deep
colonies and the cells inside this partially hemolyzed zone showed
definite greenish discoloration. However, tube hemolysis tests on the
18 hour growth in streptolysin broth gave the following results:
whole culture, complete hemolysis in fifteen minutes; untreated -
supernatant, delayed (one hour) but complete hemolysis due per-
haps to the presence of some streptococei in the supernatant after
centrifugation; reduced supernatant, very prompt (less than one
minute) complete hemolysis.

This strain was tested again ten days after isolation and there
was a definite hemolysis around deep colonies after 24 hours incuba-
tion. The organism was kept on a 3 per cent rabbit blood agar slant
on which it gave good growth but when transplants were attempted
40 days later the organism did not grow and the strain was lost.

Howell* and Todd®? have effected a hemolytic to viridans change
by mouse passage. This change, however, was temporary. The green
variants reverted to the hemolytic forms upon artificial cultivation.
Todd stated that ‘“‘the passage culture, though hemolytic in the
absence of oxygen, establishes some unknown condition in the
presence of oxygen which abolishes hemolysin and, when grown
symbiotically with an ordinary strain of hemolytic streptococcus
which is capable of forming hemolysin in the presence of oxygen, it
reduces the hemolytic titer of the symbiotic culture either by de-
stroying hemolysin or by preventing its formation.”

Fuller and Maxted?®® have recently investigated “the production
of hemolysin and peroxide by hemolytic streptococei in relation to
the non-hemolytic variants of group A.” It is apparent that the
green variants as well as most of the hemolytic forms produce
hydrogen peroxide during their growth in serum broth cultures, but
in the former hydrogen peroxide appears earlier than the hemolysin,
thus inhibiting hemolysis, while in the latter, hemolysis appears first.

We have in many instances failed to isolate true beta hemolytic
streptococci from throats in which infection with this organism was
clinically suspected. In many cases the primary plates showed large
numbers of slightly hemolytic streptococcus colonies that exhibited
varying degrees of greenish discoloration. There exists the possibility



86 . A Study of Hemolytic Streptococcr

that these colonies might have been green variants of group A beta
hemolytic streptococci. In this connection Fuller and Maxted??
state: ‘“The practical point which emerges is that these green variants
are hemolytic streptococci of undiminished virulence, and cultural
conditions should be chosen so that they produce beta hemolytic
zones on a blood agar plate.” These authors recommend the em-
ployment of anerobic cultivation to obviate this difficulty. Anerobic
culture methods are also strongly advocated by Fry,** Hare!!' and
others.

Strain D.M. 1 was virulent for mice, it produced an erythrogenic
toxin reactive on the skin of a white goat, belonged to Lancefield’s
group A and it dissolved completely susceptible human plasma clot
in 40 min., but caused only very slight dissolution of rhesus monkey
plasma clot in 24 hours, a fact which is strongly suggestive of the
ultimate human origin of the strain.

Many claims have been made of the conversion of hemolytic
streptococei to the viridans and anhemolytic forms and vice versa.
We will not enter into discussion of this point here. We will limit
ourselves to saying that during the course of this work such perma-
nent changes have not been encountered.

Tube hemolysis. At the beginning we used tryptic digest broth?* to
grow the streptococei for this test. Later, for definite reasons, strep-
tolysin broth was also utilized. First we will give the results obtained
with tryptic digest broth cultures and then we will discuss the
results obtained with streptolysin broth cultures.

An 18 hour growth in 5 c.c. of tryptic digest broth was employed.
Rabbit blood was collected in 1 per cent sodium citrate in 0.9 per
cent saline. The washed cells were suspended in enough 0.9 per cent
saline to give a concentration of approximately 2 per cent.

The whole culture (W), the clear unreduced supernatant (S u)
and the reduced supernatant (S r) were tested in each case as fol-
lows: 1 c.c. of the whole culture was placed in a Wassermann tube.
The rest of the broth culture was centrifuged until a clear super-
natant was obtained.** One c.c. of this supernatant was placed in
another Wassermann tube and the rest was transferred to a clean
test tube and a pinch of sodium hydrosulphite was added. The tube
containing the hydrosulphite was then placed in a Novy jar or in a

* No indicator added.

** The time and speed of centrifugation varied according to the nature of the growth. Gran-
ular or floccular growths centrifuged most readily and strains giving homogenous or finely
granular growths offered the greatest difficulty.
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vacuum desiccator and maintained under a partial vacuum (at room
temperature) by means of a suction water pump for about ten min-
utes, or until no more bubbles came off the liquid. One c.c. of this
reduced supernatant was placed in a third Wassermann tube. To
each tube 0.5 c.c. of the red cell suspension was added, well mixed
and the tubes were placed in a water bath at 37° C. They were ex-
amined at short intervals. The time required for complete hemolysis
was recorded and when necessary the tubes were left in the water
bath for one hour at the end of which those showing incomplete
hemolysis were centrifuged and readings were made. No attempt was
made at a quantitative determination of the hemolysins. A rough
idea was obtained from the rapidity with which the hemolysis was
effected.

The results were recorded as +, ++, +++, or +++ 4+ ac-
cording to whether approximately 14, 14, 34 or all the red cells were
lysed, as estimated from the bulk of sedimented red blood corpuscles
after centrifugation. Traces of hemolysis were recorded as + and —
to signify absence of hemolysis.

Table V shows the results obtained with representative strains of
groups A, C and G tested shortly after isolation.

Table V contains several points which are worthy of further con-
sideration: None of the group A strains gave a hemolytic super-
natant after reduction with sodium hydrosulphite. As a control the
well-known Dochez scarlet fever strain N.Y. 5, which belongs to
Lancefield’s group A, was used in these tests and gave consistently
complete hemolysis both with the whole culture and the reduced
supernatant; the untreated supernatant was not hemolytic. We have
not tested, tn this same medium, streptococci isolated in temperate
climates and, consequently, the results are presented without further
discussion. In all those cases where a positive hemolysis is given
with the whole culture but which are negative with the reduced and
untreated supernatant, the presence of an endocellular hemolytic
principle is postulated. In this connection the work of Smith” should
be mentioned which strongly supports his conclusion ““that hemolysis
by living streptococci during a one-hour period at 37° C. is not due
to the continued multiplication of the cocei.”

In some cases the untreated supernatant produced a hemolytic
effect of varying intensity which disappeared upon reduction with
sodium hydrosulphite. Some of the cultures that behaved in this
way were grown in 200 c.c. of medium. They were filtered through
Berkefeld candles “W”’ (the first 100 c.c. to pass the filter were dis-
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carded). When tested the unreduced filtrate produced no hemolysis.
This led to the conclusion that the hemolytic effect of the unreduced
supernatant, in most instances at least, was due to streptococci
remaining in suspension even after prolonged centrifugation. In
these cases, as has been pointed out before, hemolysis is inhibited
by the addition of sodium hydrosulphite. Smith” in discussing the
hemolytic properties of his neopeptone broth culture stated: “The
medium here developed gives an extraordinarily high yield of strep-
tolysin but it remains quantitatively associated with the organisms.
Despite the fact that no lysin can be detected in filtrates or centri-
fugates it is liberated almost entirely by shaking the washed organ-
isms in serum for 3 minutes.” . . . there is no evidence of the
formation in this medium of filtrable hemolysin. Attempted reduc-
tion of filtrate or whole culture with sodium hydrosulphite always
results in rapid destruction of the hemolysin.”

In view of the results with tryptic digest broth, as shown in
table V, and of observations with the phosphate-glucose-bicarbonate-
proteose broth of Swift and Hodge,** as shown in table VI, it is be-
lieved Smith did not obtain hemolytic filtrates after reduction
because he was using a strain which was not able to elaborate the
hemolytic substance in his medium; this does not mean, however,
that all strains will behave in the same manner.

No apparent relationship was observed between the hemolytic
properties of the different strains and their source; also no relation-
ships could be detected either between hemolysis and mouse viru-
lence or between hemolysis and any of the biological characteristics
studied.

In marked contrast with the group A strains the majority of the
group C and G streptococci produced a supernatant which was
hemolytic after reduction. There is the possibility of this being
quantitative in character, but it is not likely to be so because all
three groups grew equally well in this medium. Even if it were a
purely quantitative relationship there is undoubtedly a great varia-
tion between different strains in their ability to elaborate the differ-
ent hemolytic substances.

Smith” while discussing the optimum peptone concentration for
the production of hemolysin in his neopeptone broth stated: . . . it
is pertinent to point out that exhaustion of the neopeptone herein
described by growth in it of a group C hemolytic streptococcus
leaves the medium still able to produce hemolysin by a group A
streptococcus. Group A organisms will exhaust the medium for both
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group A and group C streptococci, and all group A organisms are
apparently identical in this respect. This argues in favor of separate
lysin precursors for at least two groups of hemolytic streptococci.”

Attention should be called to the fact that so far in this work the
results refer only to lysin production in tryptic digest broth. No
peptone or glucose was added to this broth although a small amount
of both may have been present, the medium being a mixture of beef
infusion and a tryptic digest of casein.

The streptolysin broth of Swift and Hodge®® is a modification of
the formula of Todd and Hewitt*® and consists essentially of a beef
heart proteose peptone infusion to which a phosphate-glucose-
bicarbonate mixture, sterilized by filtration, is added.

A large number of strains representative of groups A, C, and G
were grown in this medium and the hemolytic properties of the cul-
tures investigated exactly as already described. The results are
shown in table VI.

Seventy-two group A strains were tested when grown in strep-

~ tolysin broth. In this medium thirty-six (50 per cent) gave a hemo-

lytic reduced supernatant and four (6 per cent) a doubtful reaction.
As a comparison, twenty-two strains of group A hemolytic strep-
tococci isolated from different pathological conditions in temperate
climates were also tested.* Ten (45 per cent) gave a hemolytic
reduced supernatant; seven (30 per cent) were negative and five
(25 per cent) gave a doubtful reaction.

It is interesting to note that some group C and G strains did not
produce a supernatant hemolytic after reduction when grown in
tryptic digest broth but did give a hemolytic supernatant after
reduction when grown in streptolysin broth. Occasionally strains
were encountered which did not give a hemolytic supernatant in
streptolysin broth after addition of sodium hydrosulphite but
these also failed to do so in tryptic digest broth.

From these results the following conclusions seem justified: Many
group A and most group C and G strains, when grown in the strep-
tolysin broth of Swift and Hodge,? elaborate two different hemolytic
principles (a) one which remains attached to the bacterial cell and
whose activity is in some way inhibited by the addition of sodium
hydrosulphite and (b) another which is found in the medium and
deteriorates rapidly but whose hemolytic activity is restored by

* Obtained through the kindness of Dr. Alice Evans of the National Institute of Health in
Washington, and Mr. R. B. Lindbergh of the Hospital for Contagious Diseases at Ann Arbor.
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reduction with sodium hydrosulphite. These two substances can be
elaborated at the same time by the same strain. Todd* has shown by
serological methods that group A strains produce two different
hemolysins. Todd’s claims appear to be substantiated by our re-
sults. Whether or not all group A strains are potentially able to
elaborate these two substances under proper conditions, is, of course,
a different matter.

Occasionally strains have been encountered which give a markedly
hemolytic supernatant and this property is retained after the addi-
tion of sodium hydrosulphite, suggesting the presence of an addi-
tional oxygen stable hemolytic principle. However, we have not
made quantitative determinations of the hemolysins present in the
treated and untreated preparations and there remains the possibility
of the presence of active streptolysin in the reduced filtrate which
may lead one to wrong conclusions.

The stimulating effect on hemolysin production of proper concen-
trations of peptone has been recognized for a long time. The impor-
tance of this substance and of glucose in the production of hemolysin
by streptococci has been recently emphasized by Smith.” 8

It is apparent that the hemolysins produced by streptococeci of
tropical origin are similar to those obtained in temperate regions.

FERMENTATION REACTIONS

‘We have used lactose, mannitol, salicin, trehalose, and sorbitol
as test substances. Tryptic digest beef infusion broth,?** in which all
the strains studied grew well, has been used as the basic medium.
Ten or twenty per cent solutions of the test substances were made in
distilled water and sterilized by filtration. Enough of these sterile
solutions was added to about five c.c. of the basic medium in fer-
mentation tubes to give a final concentration of approximately
1 per cent. The tubes were incubated for 48 hours at 37° C. to check
sterility and they were inoculated with 0.05 c.c. of an 18 hour old
growth in plain tryptic digest broth of the strain to be tested. A
tube of plain tryptic digest broth was inoculated at the same time
and used as a control. The tubes were incubated aerobically at 37° C.
for forty-eight hours at the end of which two drops of Andrade’s
indicator were added to each and readings were made.

A total of 175 strains was examined. One hundred and fourteen
(65 per cent) were Str. pyogenes of which 90 were group A, 22 group

* Indicator omitted from the basic medium.
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C, and 2 group B. None of the 34 group G strains were Str. pyogenes.
The majority of the pyogenes strains were associated with patholog-
ical conditions. Some were found in normal throats and in the throats
of normal rhesus monkeys. All the 24 strains from abscesses and
other suppurating lesions and 24 out of the 28 lymphangitis strains
fell in this group by their fermentation reactions.

Forty strains (23 per cent) belonged to Str. equi. Of these, 14 were
group C and 26 were group G. Of the remaining 21 strains, 17 were
Str. subacidus (9 group C and 8 group G); 3 were Str. anginosus
(2 group A and 1 group G) and one was Str. infrequens (group A).

Only one of the group G strains fermented lactose. This is in good
agreement with the results of Davis and Guzdar® who found that
most of the G strains cultured from the throats of Hong Kong
Chinese were lactose negative. Similar results were also obtained
by Seegal et al.”® with strains from the throats of normal rhesus
monkeys: out of five group G strains, four were equiz. On the other
hand our results are in complete disagreement with those of Hare*
and of Lancefield and Hare.*® Hare found that out of 13 group G
strains, isolated from normal throats in England, 11 were pyogenes.
Many of our C strains (14 out of 45) were Str. equi and 9 were Str.
subacidus. Again our results agree with thpse of Guzdar and Davis
who found that “a considerable number” of their group C cultures
were non-lactose fermenters; with those of Plummer,® who reported
that of eight group C strains oif human origin six did not ferment
lactose; and with those of Evans® who found that among the human
trehalose fermenting group C strains studied by her many failed to
ferment lactose. Hare,? however, found that all the group C strains
(fifteen) of his collection of 100 strains from normal throats were
Str. pyogenes by Holman’s classification.

The reactions of our strains have not only been clear-cut but
they have shown a remarkable constancy. Many of them have been
tested at from 3 to 15 months’ intervals during the last four or five
years always with the same results.

For the discrepancy between our results and those of the investi-
gators cited we have no explanation to offer. However, there is one
point that we want to emphasize here in this connection: the differ-
ence in the composition of the basic medium employed for the fer-
mentation reactions. Seegal et al. used plain broth; Davis and
Guzdar employed a modified Hiss’s serum water medium (25 per
cent serum peptone water); Hare does not give the medium used in
the paper referred to above, but in a previous work of this same
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nature® he used Hiss’s serum water; Evans and Plummer both
utilized a sugar-free infusion broth, and Lancefield and Hare used
Hiss’s serum water.

The quality of the medium rather than merely the presence of
abundant growth appears to be the important factor concerned.

When we speak of Str. pyogenes and Str. equt in the above dis-
cussion we are limiting the meaning of these terms to hemolytic
streptococci that ferment lactose and salicin but fail to ferment
mannite in the former, and to organisms that ferment salicin but
do not ferment either lactose or mannite in the latter.* When these
limitations are not indicated these terms may have quite different
meaning. This has been and still is the source of great confusion in the
literature. Sir. equt in the more restricted sense, and the generally ac-
cepted correct one, refers to that group of hemolytic streptococei which
causes strangles in horses, ferments salicin but does not ferment
lactose, mannitol, trehalose, and sorbitol. It is in this sense that the
term is employed by Ogura,’* Ewards,?* Sherman™ and Evans.?

All the strains tested fermented trehalose and not sorbitol except
three. This is in accordance with the results of Evans,? Edwards?!
and Plummer.%

The three strains that:failed to ferment trehalose were group C.
One (D 1) was from a case of infectious eczematoid dermatitis, it
also failed to ferment sorbitol, lactose, mannitol and salicin. Another
(C. Mo. 72), from the throat of a normal rhesus monkey, was Str.
pyogenes according to Holman’s classification. Sorbitol was fer-
mented. The other (M 89), from a severe tonsillitis, was Str. pyogenes
(Holman) and fermented sorbitol. It was highly virulent for mice.

Among “409 strains of groups A and C isolated from human
sources,” Evans?® encountered only one that fermented sorbitol and
failed to ferment trehalose and of which she said the following: ‘“The
single human strain which ferments sorbitol but not trehalose was
received from Hungary with a history of having been isolated from
a scarlet fever throat. Since this strain is so unusual as a human
strain but agrees with animal strains, it seems probable that some-
time there may have been some error in regard to it.”” Evans did not
state whether this strain was group A or group C.

Aside from these two we do not know of any other trehalose
negative, sorbitol positive beta hemolytic streptococcus found to be
associated with definite human pathological conditions.

* Holman’s classification 44.
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Grace and Grace,* in their study of the fermentation reactions
(Holman) of 68 strains of hemolytic streptococei isolated in the
tropics (British Guiana), mainly from abscesses and the blood
stream, found that 61 were pyogenes, 5 were subacidus, 1 was angi-
nosus, and 1 equi. These findings are in close agreement with ours
with strains from similar sources. Our results also agree in a general
way with those of some of the investigators?*' ®: ¢ 2 who have worked
with streptococei isolated in temperate climates. However, a com-
parison of our findings with those of the majority of other workers
has been rendered impossible due to the great variation in the
materials and methods employed and the difference in the source of
the strains studied.

In spite of the difficulties encountered in comparing the results
of the present study with those of others, it seems justifiable to say
that the fermentative reactions of hemolytic streptococei isolated
in Puerto Rico are not materially different from those of hemolytic
streptococei isolated from similar sources in temperate regions.

REDUCTION OF METHYLENE BLUE. HYDROLYSIS OF SODIUM
HIPPURATE. FINAL PH IN GLUCOSE BROTH

These tests, in conjunction with the fermentation of trehalose
and sorbitol, have been used by many workers as an aid in the dif-
ferentiation of hemolytic streptococel of human origin from strains
most commonly encountered in cows, horses, and other animals.
The fermentation of trehalose and sorbitol has already been dis-
cussed. The results obtained with the other tests will now be pre-
sented.

1. Methods

Reduction of methylene blue tn milk. The medium for this test was
prepared according to the original method of Avery.® A 1:500 solu-
tion of the dye in distilled water was sterilized by autoclaving at
120° C. for 15 minutes. One c.c. of this solution was added to each
tube of sterile skimmed milk to obtain the recommended 1:5000 final
dilution. After the addition of the methylene blue the medium was
allowed to stand at room temperature for six days before inoculations
were made. The tubes were inoculated with 0.1 c.c. of an 18 hour
growth in tryptic digest medium of the strain to be tested and in-
cubated for 7 days at 37° C. The tubes were examined twice daily
(at 8 A.M. and 4 P.M.) for the decolorization of the dye. Shaking of
the contents of the tube was avoided. In every instance in which
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decolorization took place a Gram stain was made to check the purity
of the culture. Decolorization usually began at the bottom of the
tube and in some cases, at the bottom and side also. Results were
recorded as +, ++, ++ +, and + + + + according to the bulk of
the medium decolorized and the intensity of the decolorization.
Very slight reactions were recorded as +, and complete absence of
reduction as —.

With some strains reduction was prompt, with others it was de-
layed, decolorization appearing only after two or more days’ incuba-
tion.

Hydrolysis of sodium hippurate. Two media were used at the
same time for this test 1—that described by Ayers and Rupp,?
and 2—the one recently recommended by Coffey and Foley.!
Five c.c. of medium were inoculated with 0.05 c.c. of an 18-hour
culture in glucose neopeptone broth of the strain to be tested and
incubated for 48 hours. The cultures were then tested for hydrolysis
following in each case the directions given by the authors cited.
Although good results were obtained with both media* the as-
paragine medium of Coffey and Foley gave, in general, more clear-
cut results. :

Final pH in glucose broth. Five c.c. of glucose (one per cent) Bacto
peptone beef infusion broth** were inoculated with 0.1 c.c. of an
18-hour growth in tryptic digest broth of the streptococcus to be
tested and incubated for 48 hours at 37° C. The cultures were cen-
trifuged and the pH of the supernatant was determined with the
glass electrode.

2. Results

The results obtained with these three tests are summarized in
table VII.

The final pH in glucose broth varied among the individual strains
of a single serological group. However, when the average values
were considered, groups A and C gave higher values (pH 5.2) than
the group B strains (pH 4.7) and group G strains produced a degree
of acidity intermediate between the two (pH 5.0). The overlapping
of the final pH among strains of different groups is too great and

* Coffey and Foley obtained variable results with the medium of Ayers and Rupp when
different lots of peptone were used. We utilized peptone from a single lot.

** The glucose was dissolved in a portion of the plain medium and sterilized by filtration.
Enough of this solution was added to the plain infusion broth to make a final concentration of
one per cent glucose and a final volume of 5 c.c.
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this test does not have differential value when individual strains are
studied. We have not considered group C strains of animal origin
but Edwards?* tested a number of these strains* and came to a
similar conclusion when he said ““. . . the animal strains examined
in this work produced a higher acidity in glucose broth than did the
human strains. However, this method may not be of practical value
since some of the human strains produce almost as great a degree of
acidity as do the animal strains.”

Table VIII shows the final pH values in one per cent glucose
broth obtained by different investigators.

Evans,” in characterizing the type strain of Str. equi (group C
hemolytic streptococei from strangles in horses) records as 5.2 its
final pH in one per cent glucose broth.

As seen by the results obtained by the majority of the workers
cited this test seems to afford no clear distinction between strep-
tococci of groups A, C and G. Group B strains, when considered
as a whole, give distinctly higher final acidity.

All the strains from human sources except two failed to hydrolyze
sodium hippurate. The two exceptions were group B strains (S 5 and
M 86) which also failed to reduce methylene blue and produced a
final pH of 4.4 in glucose broth; all of which identifies them with
the streptococci commonly obtained from the udder in cases of
bovine mastitis. All the 18 strains isolated from cow mastitis hy-
drolyzed sodium hippurate.

Klimmer and Haupt® and Klimmer, Haupt and Roots* have
reported that the low acid producing, true beta hemolytic strep-
tococei of equine origin as well as the high acid producing strep-
tococei of bovine origin do hydrolyze sodium hippurate when a
special technique is utilized for the detection of benzoic acid in the
cultures. This awaits confirmation.

Only three (4.3 per cent) of the seventy group A strains reduced
methylene blue in milk. All the 20 group B strains failed to de-
colorize the dye. Thirty-three (75 per cent) of the 44 group C strains
reduced methylene blue. Nine strains left the dye unaffected and
two produced doubtful reactions. Eighteen (78 per cent) of the
23 group G strains reduced methylene blue. Our results concerning
the hydrolysis of sodium hippurate and the reduction of methylene
blue in milk are in close agreement, as the case may be, with those
reported by investigators working with strains isolated in temperate

* Strains from strangles in-horses which belong to Lancefield’s group C.
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regions® 39: 25. 84. 54 and with those of Davis and Guzdar® with
strains isolated from normal throats in Hong Kong. On the other
hand, they are in conflict with the statement made by Topley and
Wilson!® that group G strains do not reduce methylene blue. The
reduction of methylene blue and hydrolysis of sodium hippurate
constitute a helpful guide in the serological grouping of hemolytic
streptococci by Lancefield’s method. ;

THE PRODUCTION OF ERYTHROGENIC TOXIN

Dick and Dick,?? in 1924, by the application of the Schick in-
tradermal technique, were able to demonstrate the presence in the
culture filtrates of streptococci from scarlet fever, of a substance
reactive in the skin of susceptible persons. This toxic principle was
subsequently shown to react also in the skin of some of the lower
animals, especially white goats?” and rabbits.!!

The presence and distribution of this erythrogenic toxin among
the culture filtrates of 154 strains of hemolytic streptococei isolated
in Puerto Rico, as indicated by the reaction elicited by intradermal
injection to a susceptible white goat, will be reported here.

In the preparation of the toxin 250 c.c. flasks containing 100 c.c.
of streptococcus toxin broth!®® were inoculated with 0.5 c.c. of an
18 hour growth in glucose neopeptone beef infusion broth and
incubated for 48 hours at 37° C. The cultures were centrifuged and
the supernatant was passed through a Berkefeld candle “W.” Ten
to fifteen c.c. of filtrate were transferred to sterile test tubes and
stored in the ice box until ready for use. Tests were never done with
filtrates older than five months, although the toxin is quite stable
at ice box temperature.

Not all goats were susceptible. Of four white goats tested two
did not react, one reacted weakly, and one gave very good reactions.

The same day that tests were to be made both sides of the goat
were carefully shaved with a barber’s razor, the excess of soap was
thoroughly washed with water and the shaved area dried with a
towel. A 1:100 dilution of each of the filtrates to be tested was made
with 0.9 per cent salt solution and 0.1 c.c. of this dilution was in-
jected intracutaneously.*

Injections were well spaced in order to obviate difficulties in

* The same amounts of heated (2 hours in Arnold at 100° C.) and unheated filtrate, prepared
from Dochez’ N. Y. 5 scarlet fever strain were always used as controls. Some of our strains gave
areas of erythema and a degree of edema equal to, and occasionally even larger than those
produced by the N. Y. 5 strain; on the average, however, reactions were less intense.
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reading the reactions. One c.c. tuberculin syringes and 26 gauge
14 inch needles were used. Readings were made twenty-four hours
after injection. The erythema gradually faded out and after 4872
hours it had completely disappeared. With stronger reactions a
brownish pigmentation of the skin remained for some time but also
eventually disappeared.

The size and intensity of the areas of erythema varied with
individual strains. All filtrates giving an area less than five mm. in
diameter were considered negative and all areas of only slight
erythema without swelling from five to eight mm. in diameter were
considered doubtful (+) reactions. Areas of definite erythema
10 mm. or more in diameter with or without swelling were con-
sidered positive. In the majority of cases erythema was accompanied
by edema. The appearance of the reactions in the skin of the goat
were in all respects comparable to those obtained in susceptible
human beings.

We have used the same animal for all our tests with rest intervals
of about three months between the different series of injections.
The animal reacts at present as well as five years ago when the first
tests were made.

The observations are presented in table IX.

Out of 75 group A strains tested, 57 (76 per cent) were positive,
6 (8 per cent) were doubtful and 12 (16 per cent) were negative.
The production of toxin among hemolytic streptococei of group A
does not seem to bear any definite relation to the source of the
strain (i.e., abscesses, normal throat, pathological throat, etc.).
However, it is interesting to note that all group A strains from
lymphangitis produced an erythrogenic toxin except one which gave
a doubtful reaction. These findings agree strikingly with those of
Coffey!” in the United States, and of Kodama® in Japan. These
authors found that 74.3 per cent and 73 per cent respectively of the

~ group A strains studied by them produced the erythrogenic toxin.

Davis and Guzdar® working with strains isolated from the normal
throat of Hong Kong Chinese found that “all group A strains gave
rise to areas of erythema measuring more than five mm., and of the
28 strains examined 27 gave areas more than 10 mm.” (Susceptible
human beings were used for the test).

Teiger and Seegal®* found the majority, and about the same
proportion, of the hemolytic streptococci isolated by them from
throats in New Orleans and in New York to produce a soluble toxin
active in the skin of rabbits.
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Of 19 group A strains isolated by Seegal et al.”® from the throat of
normal rhesus monkeys in New York, 6 were tested for “a toxin
reactive in the skin of silver fox rabbits,” and all gave positive
reactions. Of 8 group A strains isolated from the throats of normal
rhesus monkeys during this investigation only 3 gave a good reaction
when tested in the skin of a white goat; two reacted weakly and
three were negative.

None of the group C strains, irrespective of source (normal human
or monkey* throats, pathological throats, etc.) produced an eryth-
rogenic toxin reactive on the skin of the goat. This was also true
of all group G strains except one. The exception was a strain ob-
tained from a person with a previous history of mild sore throat. The
two are in close agreement with those of Davis and Guzdar® and
Kodama.

We think it is pertinent to quote the results obtained by Coffey**
with strains isolated in Puerto Rico from recurrent tropical lym-
phangitis.*** The serological analysis of these strains was sum-
marized by her as shown in table X.

It is interesting to note, as Coffey comments, “that among a
relatively small number of strains, representatives of five different
toxin groups should be found . . .”

In the light of these results the difficulties to be encountered in
attempts at active immunization with these filtrates are obvious.
A highly polyvalent filtrate must be employed.

It is also of interest to observe that antiserum prepared against
scarlet fever strain No. 165 completely neutralizes the toxins pro-
duced by the majority of the lymphangitis strains tested. If antisera
prepared with these strains will completely neutralize the toxin
produced by strain No. 165 we do not know.

The fact that scarlet fever as it occurs in temperate climates is
rare in Puerto Rico is very puzzling. Even much more so is the
striking parallelism between the results obtained with the Dick
test on this Island’? and the results obtained in temperate regions
where the disease is common. No matter whether we consider the
Dick test as a toxin-antitoxin reaction or allergic in nature, this
parallelism in the results of the Dick test is paradoxical when we

* It'is apparent, as will be seen later, that the strains of hemolytic streptococci cultured from
the throats of rhesus monkeys are of ultimate human origin.

** Personal communication of Dr. A. Wadsworth to Dr. P. Morales-Otero.

*** These fifteen cultures studied by Coffey are among the 22 lymphangitis strains studied in
the present work.
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consider the lower incidence of hemolytic streptococci in the throats
of normal persons in the tropics as compared with that obtaining in
temperate climates. The non-specificity of the Dick reaction has
been suggested. This is a very important and difficult problem that
awaits solution.

The ability of hemolytic streptococci isolated in Puerto Rico to
produce an erythrogenic toxin does not seem to differ from that
possessed by strains isolated from similar sources in temperate
regions.

FIBRINOLYSIS

In 1933 Tillett and Garner® announced the discovery of a sub-
stance in broth cultures and filtrates of beta hemolytic streptococei
of human origin, that was able “to liquefy rapidly the clotted
fibrin of normal human plasma.” They called this lytic principle
fibrinolysin. In 1934 Tillett, Edwards, and Garner’” demonstrated
the presence, in the blood of patients who had recently recovered
from hemolytic streptococcus infections, of a substance which
rendered the plasma clot from these patients refractory to the action
of the fibrinolytic principle. This substance has been designated as
antifibrinolysin.

During the past six years about one hundred papers have ap-
peared concerning this subject. These have been analyzed by Til-
lett® in an exhaustive review. The reader is referred to Doctor Til-
lett’s paper if details concerning this interesting subject are desired.

In the study of fibrinolysis the method originally described by
Tillett and Garner®® was followed. The streptococei were grown for
18 hours at 87° C. in tubes containing 5 c.c. of medium. One c.c. of a
1:4 dilution in 0.9 per cent saline of a susceptible plasma was placed
into a Wassermann tube and one half c.c. of culture and 0.25 c.c. of a
0.25 per cent solution of calcium chloride in 0.9 per cent salt solution
were added. After mixing, the tube was placed in a water bath at
37° C. (clot formation took place in from 2 to 8 minutes) and the
time necessary for dissolution was noted. Plasma from the same
individual was utilized throughout this work so as to obtain as
constant and comparable results as possible. One or the other (or
both) of two strains* known to produce a potent lysin, and unin-
oculated broth were carried as controls every time a determination
or a series of determinations was made.

* T 8—a group C strain obtained from an excised tonsil.
Co.—a group A strain kindly supplied by Dr. W. S. Tillett.
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A total of 177* strains (88 group A, 49 group C, 31 group G and
2 group B) from human sources and 18 group B (Str. agalactiae)
strains of bovine origin were examined.

Three different media were employed, at one time or other during
this investigation, to grow the streptococci. First we used tryptic
digest broth, later we changed to glucose (0.02 per cent) neopeptone
(10 per cent) beef infusion broth, and finally, following Doctor Til-
lett’s recommendation, we used glucose neopeptone beef infusion
broth to which one or two drops of sterile defibrinated rabbit blood
had been added previous to inoculation.

Although fibrinolysis could be demonstrated with all three media,
there was a marked difference in the fibrinolytic power of the cul-
tures in the different media. This is illustrated in table XI.

The strains that caused no dissolution or only partial dissolution
in 24 hours, as well as those that were tested for the first time long
after isolation, have not been included in the preceding table.

When two actively fibrinolytic strains (T 8 and Co.) were grown
at the same time in these three media and tested with the same
plasma, the difference in the fibrinolytic power of the cultures
paralleled that observed in table XI.

Glucose neopeptone broth gave a better growth than tryptic
digest broth but the most abundant growth was obtained in the
blood-containing medium. We are not able, however, to say if the
increase in the fibrinolytic power of the culture was due merely to
the abundance of growth or if other factors were concerned. In this
connection Tillett*® comments as follows: ““. . . the author has
noted that when selected strains were cultivated simultaneously in
samples of culture media containing different ingredients, the lytic
potency of the individual strains varied, even though the amount of
growth seemed to be comparable in the different kinds of media.
When one considers by analogy the effect of culture media on the
production by other bacteria of products such as toxins, it seems
likely that the specific stimulation or impairment of the elaboration
of fibrinolysin may be subject to conditions of the same order.”

It is apparent that the failure reported by some investigators to ob-
tain actively fibrinolytic cultures has been due, at least in part, to the
use of unfavorable culture media. The age of the culture actually em-
ployed in the test, as well as that of the culture from which the trans-
plant is made, is also a very important factor in this connection.

* Seven strains were not grouped by Lancefield’s method.
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Of the 173 strains of hemolytic streptococci tested, 164 (95 per
cent) were definitely fibrinolytic. Of the remaining nine strains,
eight caused only partial dissolution in 24 hours and one left the
clot unaffected.

The percentage of fibrinolytic cultures among the strains of beta
hemolytic streptococci isolated in Puerto Rico is of the same magni-
tude obtained by others working with hemolytic streptococei iso-
lated in temperate climates®: 8- 39 38, 32, 50, 84, 80 gpd by Davis and
Guzdar® with strains isolated from normal throats in Hong Kong.

Of the 88 group A, 49 group C and 31 group G strains studied;
86, 44, and 27 respectively were fibrinolytic. Of the two group B
strains obtained from human sources 1 was fibrinolytic (M 85) and
the other (S 5) non-fibrinolytic. The 18 group B strains of bovine
origin were non-fibrinolytic.

Table XI also illustrates another important point; namely, the
greater fibrinolytic power of cultures of group A streptococci when
compared with cultures of group C and G strains. In order to sub-
stantiate these findings we tested a number of recently isolated
strains from the throats of human beings and normal rhesus mon-
keys. The cultures were grown in the same medium (glucose neopep-
tone blood broth) and tested at the same time. Table XII shows the
results obtained.

The hemolytic streptococei isolated from the throats of monkeys
were also tested for their ability to dissolve rhesus plasma clot. They
caused only partial lysis of the monkey plasma in marked contrast
to their active fibrinolytic activity against human plasma clot. This
strongly suggested that we were dealing with streptococei of ultimate
human origin. Seegal et al.”® had a similar experience with straing
isolated from the throats of normal rhesus monkeys in New York.

The results summarized in tables XI and XII show conclusively
that cultures of group A. strains, when considered as a group, were
more strongly fibrinolytic than those of groups C and G. However,
there are individual group C and G strains that produce a potent
fibrinolysin and group A strains that produce very weakly fibrinoly-
tic cultures. We have occasionally isolated weakly fibrinolytic
hemolytic streptococei from human pathological sources and strongly
fibrinolytic strains from normal throats, but this is the exception
rather than the rule. In this connection we share Dr. Tillett’s opinion
when he says: “As an arbitrary test for the separation of human
pathogenic strains from innocuous ones, the determination of
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fibrinolysis is a helpful procedure but is not necessarily conclusive
in every instance.”

Group A streptococci are the cause of many diseases in man.
Human group C and group G strains were found in this work and
have been found by others occasionally associated with pathological
processes in human beings, but usually they are inhabitants of the
normal throat. As will be seen in the section on virulence, our group
A strains had, in general, a greater pathogenicity for mice than
the C and G strains. Therefore fibrinolysin seems to be associated
with and appears to be at least one of the factors concerned in the
pathogenesis of beta hemolytic streptococci.

We have not been able to detect any definite relationship between
the ability of hemolytic streptococci to produce an erythrogenic
exotoxin and fibrinolytic activity. We have tested many times
Dochez N. Y. 5 scarlet fever strain, known to be a strong toxin
producer, against susceptible plasma from different individuals.
This strain has proved to be non-fibrinolytic in all cases.

We have not detected any definite relationship between fibri-
nolysis and fermentation reaction. Evans? has reported that lactose-
positive, salicin-negative scarlet fever strains produce a weak
fibrinolysin.

Some of the strains in our collection have shown a diminution of
their lytic activity after prolonged cultivation on blood agar. Others
have been found, under similar conditions, to retain their fibrinolytic
power after many months.

There has been some confusion in the literature concerning the
fibrinolytic properties of group C streptococci. This appears to
have been due to the failure on the part of some investigators to
recognize the non-fibrinolytic character (human plasma) of group C
strains of ultimate animal origin (i.e., Str. equi of horse strangles).
We have tested our “human group C” strains from time to time and
have found them to have retained, in general, their fibrinolytic
properties.

As already stated, a susceptible plasma clot from the same person
was used throughout this work. This necessitated a considerable
number of bleedings which resulted in loss of time and material
and inconvenience to the donor. Therefore we decided to search for
a method to preserve plasma so that its ability to clot upon the
addition of calcium chloride would be retained at the same time that
its susceptibility to lysis would remain unaffected. This was accom-
plished by the following method™:
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Human blood from a susceptible person was obtained and dis-
tributed in 5 c.c. amounts into small glass bottles, each containing
10 mg. of potassium oxalate in the form of the dry power. After
mixing well by gentle shaking, the plasma was separated by centrif-
ugation. The susceptibility of the clot produced with this plasma
to the lytic action of hemolytic streptococei was tested, employing
the original technic of Tillett and Garner.*8

With this information as an initial control on the original plasma
the process of preservation was then carried out. The fresh plasma
was distributed in 0.3 c.c. amounts into special all glass contain-
ers of 5 c.c. capacity.** The plasma was then dehydrated by the
Cryochem process using the degassing-self-freezing procedure
described by Flosdorf and Mudd.?! The material was processed for
22 hours at the end of which the tubes were sealed under the original
vacuum. The dehydrated product was stored in the ice box.

Some difficulty was encountered in freezing the plasma with the
degassing-self-freezing procedure. The dehydrated plasma appeared
porous or slightly gelatinous. In localities where dry ice can be
obtained, initial freezing with it will greatly simplify the procedure
and improve the solubility of the final product.

To perform the fibrinolytic tests with this dehydrated material
enough distilled water was added to each tube to restore the original
volume. Solubility was accomplished readily by gentle shaking.
Samples of this preserved plasma were tested at monthly intervals
for its ability to form a firm clot and for its susceptibility to lysis.
Similar technic and reagents as employed for testing the fresh
plasma were used in all tests. The last sample tested (stored for
8 months in the ice box) clotted in 10 minutes, and dissolution was
completé in 18 minutes.

VIRULENCE

Virulence tests were made in two separate series. In the first, the
animals were inoculated with the streptococci shortly after isolation.
In the second, transplants from stock cultures were used.

First series. At the beginning tryptic digest broth was employed
to grow the streptococci. Later glucose neopeptone broth was used.
Good growth was obtained in both media. The organisms were cul-
tured for twenty hours at 837° C. in 5 c.c. of medium. The tubes were

* Strain Co. of hemolytic streptococcus was used.
** Catalog No. 112—Cryochem Apparatus (Flosdorf-Mudd). F. J. Stokes Machine Co. of
Philadelphia. A model No. 101 Cryochem apparatus was used.
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shaken thoroughly in order to obtain an even suspension and mice
inoculated intraperitoneally with 0.5 c.c. of culture. One c.c. tuber-
culin syringes and 14 inch 26 gauge needles were used.

The mice available at the time of the primary isolation of the
strains varied. For this reason animals of a standard weight and
age were not utilized in this series. The weight ranged from 18 to
28 gms. and the age from 6 to 10 weeks. However, most mice were
about six weeks old and weighed about 20 gms.

The animals were kept on a diet consisting of Purina dog chow
and water. Those showing no symptoms two weeks after inoculation -
were killed. Autopsies were not done in some of these cases. Animals
that looked sick were allowed to live and were kept under observa-
tion for a period of 10 weeks; those that died during this period and
most of the survivors were autopsied. Animals which died within
two weeks after inoculation were autopsied and a gross examination
of the different organs carried out. A blood culture was made from
the heart blood and smears of peritoneal exudate and of pus from
abscesses were examined. In many instances the pus and peritoneal
exudate were cultured. When this was done hembolytic streptococci
were always recovered.

In some instances the animals died during the night and when
found the next morning showed advanced postmortem decomposi-
tion. Smears of the peritoneal exudate contained large numbers of
Gram positive and Gram negative rods together with the cocci. The
former organisms spread all over the plate when cultures were made
and recovery of the streptococeci was impossible. Under these condi-
tions the heart’s blood was usually contaminated and the growth of
the streptococcus was inhibited in the blood cultures. To obviate
this difficulty, either the time of inoculation was changed (for exam-
ple, inoculations were made early in the morning or late in the
afternoon), or a smaller number of organisms were introduced. This
was done until conclusive evidence was obtained that the death of
the animal was due to the streptococcus injected.

Table XIII gives the distribution of the strains tested among the
different groups and the relative virulence of strains of groups A,
C and G.

In some instances it was noted that apparently normal animals
would reveal, when autopsied two or more weeks after inoculation,
the presence of abscesses of one or more of the following organs or
tissues: peritoneum, liver, lungs, kidneys, abdominal wall at site of
* inoculation and lymph nodes. In large number of cases peritoneal
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abscesses between the liver and stomach or between the spleen and
stomach constituted the only gross abnormality. In some instances
these abscesses were so large (22 by 10 mm.) that it was surprising
that the animals should have lived from six to ten weeks without
prominent symptoms. Some mice remained alive as long as ten
weeks, but since most of the animals exhibiting no symptoms were
killed fourteen days after inoculation, we are unable to say with
certainty how long mice can live under these conditions and whether
or not some or all of them may ultimately recover. In order to
corroborate these findings a second series of mice was studied.

Second series. Almost all the strains of streptococei utilized had
_been found to be virulent (i.e., would kill mice in from 1 to 14 days)
upon isolation. They were classified as follows: 32 group A, 10
group C, 8 group G, and 2 group B. The group C strains were in-
oculated into mice seven weeks old weighing from 20-25 gms., and
the groups A, B and G strains into six weeks old mice weighing from
18 to 20 mgs. A 20 hour old culture in glucose neopeptone broth was
used. In each case 10! c.c. was given intraperitoneally. All animals
that died within two weeks were autopsied. All others were killed
two weeks after inoculation and autopsied.

Of 52 mice inoculated 22 showed abscesses at autopsy. In fifteen
mice peritoneal abscesses located in the regions between spleen and
stomach or between liver and stomach were present. In ten instances
these abscesses constituted the only prominent gross abnormality.

The formation of these abscesses does not bear a definite relation-
ship to the particular group (A, C or G) or the source of the strain
(lymphangitis, sore throat, normal throat, etc.). The dosage, the age
of the animal, and the virulence of the individual strain at the time
of inoculation appear to be the factors most concerned. The route
by which the organisms are introduced into the animal must be con-
sidered also. Fourteen animals looked normal two weeks after in-
oculation. Seven showed no gross abnormalities at autopsy. The
other seven mice had abscesses ranging from 1 to 18 mm. in diameter

and yet showed no visible symptoms. In view of these results it has
~ been difficult for us to establish a criterion for virulence, but it is
apparent that the formation of these chronic abscesses in mice about
. six weeks old and weighing about 20 gms. is an indication of low

virulence.
~ The results obtained in the present work show, in general, that
*group A streptococci possess a higher virulence for mice than group
C and G strains. However, marked variation occurs and individual
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group C and G strains may be highly virulent while some group A
strains may possess a low virulence or be completely avirulent.

Review of pathological findings in both series. Generalized peri-
tonitis has been an unusual finding among these animals having
been present only in a minority of them. In others there was forma-
tion of small abscesses on the peritoneum covering the mesentery
and the intestines. In the majority, the inflammatory changes
involved the upper abdomen, so that the stomach, pancreas and
adjacent portions of the liver and spleen would be found glued to
one another by a pale yellow or whitish membrane. In most of these
cases, upon trying to free these organs for more exact observations,
an abscess would be ruptured, and it would be found to have devel-
oped between some of these organs. Some of the animals had fairly
large abscesses within the liver.

“Microscopically* there was granulation tissue infiltrated with
various types of inflammatory cells, partially covering the above
mentioned organs. The pancreas usually showed more or less in-
filtration of the stroma by the same type of cells, usually monocytes,
plasma cells, lymphocytes and polymorphonuclears. The regional
lymph glands were enlarged and presented increased numbers of
phagocytes within the sinuses and enlarged reticulum cells through-
out the lymphoid tissue. Large groups of cocei could be seen in the
pus filling the abscesses.”

In order to find out if the virulence of the streptococei isolated
in Puerto Rico could be enhanced by animal passage six strains were
tested. Three had a rather good and the others a poor initial viru-
lence. An 18 to 20 hour old neopeptone glucose blood broth culture
was used. Table XTIV shows the results of the experiment.

It is interesting to note the relatively high mouse virulence of
the group G (M 45) and group C (M 89) strains and their association
with severe attacks of sore throat.

The results show that there are strains of hemolytic streptococci
isolated in Puerto Rico whose virulence for mice can be considerably
exalted by mouse-to-mouse passage as might be expected. It is
apparent that this can be accomplished with greater ease with
those strains possessing good initial virulence. Since only seven
passages were made we cannot say to what extent the virulence of .
the strains tested could be enhanced by this method.

* We are greatly indebted to Dr. E. Koppisch, Head of the Department of Pathology of the
School of Tropical Medicine at San Juan, for his advice and for the résumé of the microscopical
findings.
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It has been very difficult to compare the findings concerning the
virulence of the hemolytic streptococcus strains isolated in Puerto
Rico and that of hemolytic streptococei isolated in temperate
regions and studied by others. The main reason for this has been the
difference in materials and methods employed and the different
criteria for virulence adopted by the various investigators.

Williams!'® tested 75 strains, isolated in the United States, repre-
senting different pathological conditions (47 from scarlet fever,
8 from erysipelas, 3 from measles, 17 from other sources). In view of
their source it is justified to assume that the vast majority, if not all,
of these strains belonged to Lancefield’s group A. Williams found
that about 50 per cent of her strains killed mice within five days
when the animals were inoculated with 0.5 c.c. of an 18 hour broth
culture. Sixty per cent of the 95 group A strains tested by us killed
mice within four days when a similar dose was utilized. These two
percentages, considering the numerous factors affecting this test,
show very good agreement.

The opinion held by many that hemolytic streptococci isolated in
the tropics possess a lower virulence than strains isolated in tem-
perate climates has been based mainly on clinical observations, and
such factors as possible differences in the susceptibility of the host
and environmental conditions have been frequently ignored. Only
when a considerable number of strains from similar sources, both
from tropical and temperate regions, are tested under similar con-
ditions will rejection or acceptance of this idea be justified.

There seems to be no close relationship between virulence and the
production of an erythrogenic toxin. We have encountered strains
from pathological conditions which do not produce an exotoxin
an vitro under the conditions of the experiment and, on the other
hand, toxigenic strains have been occasionally obtained from normal
throats.

Others working with strains isolated in temperate regions have
made similar observations.?®: 17> 9. 104

It must be noted, however, that the vast majority of group A
strains (commonly associated with pathological conditions in man)
produce a skin exotoxin in marked contrast to the inability of
“human group C’ and group G strains (only occasionally associated
with pathologic conditions in human beings) to produce an erythro-
genic exotoxin.

No relationship has been found between the production of hemo-
lysis and virulence. Group C and G strains have been shown to be as
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strongly hemolytic, and in some instances more strongly so, as
group A streptococci. Whether there exists any inherent difference
between the hemolysin produced by these groups has not been
definitely settled and awaits further investigation.

SUMMARY AND CONCLUSIONS

A study has been made of a large series of strains of beta he-
molytic streptococei all of which were isolated in the tropical island
of Puerto Rico. The cultures were obtained from a variety of sources
such as normal and pathologic human throats, the throats of normal
rhesus monkeys, abscesses, lymphangitis, septicemia, etc., and
subsequently grouped according to the Lancefield classification.
Their hemolytic properties, fermentation reactions, reduction of

" methylene blue, hydrolysis of sodium hippurate, final acidity in
glucose broth, fibrinolytic power, ability to produce an erythrogenic
toxin, and their virulence for mice have been tested and the results
compared and tabulated. The main objective was to determine
whether hemolytic streptococei of tropical origin differed in their
biological and immunological reactions as well as in their path-
ogenicity for mice from strains isolated from similar sources in
temperate regions and studied by other workers.

A method for culturing streptococei from pustules and from other
skin lesions has been described. The fact that failure to adhere to
it results in an erroneous bacteriological diagnosis in many instances
has been strongly emphasized.

The incidence of beta hemolytic streptococeci in normal throats
has been found to be from four to six per cent. Seasonal variation
must be slight if it occurs. This has been contrasted with the high
incidence and marked seasonal variation existing in temperate
regions.

In a group of 416 individuals representative of the general popu-
lation, irrespective of the condition of the throat or of any previous
history of throat trouble, single throat cultures revealed the presence
of beta hemolytic streptococci in 9 per cent. This is in contrast with
the 20 to 29 per cent incidence obtained from the throats of persons
suffering from recurrent attacks of lymphangitis when single and
serial cultures were taken respectively.

From persons with a history of recent throat trouble beta hemo-
lytic streptococci were cultured in 30 per cent.

Attention has been directed to the prevalence of tonsillitis in
Puerto Rico. From 100 pairs of excised tonsils examined previously
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and from 14 pairs cultured during this study the beta hemolytic
streptococcus was isolated in 33 and 28 per cent respectively.

The throats of 172 apparently normal rhesus monkeys were
examined soon after their arrival from Calcutta, via New York, and .
beta hemolytic streptococei were cultured in 12.7 per cent. The
biological reactions of these organisms strongly suggested that they
were of probable human origin. One of these monkeys died of a
septicemia caused by a group A hemolytic streptococcus which
produced a viridans appearance on blood agar with the primary
cultures.

The association of beta hemolytic streptococei with the initial
attack of recurrent lymphangitis is striking. Cultures taken from
small lesions on the affected limb, during the acute attack, in 28
cases of lymphangitis revealed the presence of hemolytic strep-
tococcei in every instance.

Material from 130 cows with mastitis was studied; beta hemolytic
streptococei were not encountered. Streptococcus agalactiae was
cultured from the great majority of the cases.

Hemolytic Staphylococcus aureus and hemolytic streptococei were
sometimes found associated in the tissues. The strains of streptococei
from such sources exhibited atyplcal biological properties.

One hundred and seventy-nine of the strains isolated in Puerto
Rico were classified by the Lancefield’s precipitin test. Some group G
and group C strains have been found associated with pathological
conditions. A trehalose negative, sorbitol positive, group C strep-
tococcus was found to be definitely associated with a severe attack of
sore throat. A group B double-zone hemolytic streptococcus, iso-
lated during life from the blood of a fatal case of puerperal spesis,
was described. The distribution of strains isolated in Puerto Rico
among Lancefield’s groups is the same, in general, as that reported
by others working with strains isolated from similar sources in
temperate regions.

Group H streptococci were obtained in pure culture from the
blood of two cases of rheumatoid arthritis and their biological
properties were studied.

The importance of the composition of the medium in the demon-
stration of soluble hemolysins has been pointed out. When the
group A strains were grown in tryptic digest broth they gave a
supernatant that was non-hemolytic after reduction with sodium
hydrosulphite. However, many of the group C and G strains gave a
hemolytic supernatant after reduction when grown in this same
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medium. On the other hand 50 per cent of the group A strains gave a
hemolytic supernatant after reduction when grown in streptolysin
broth. Forty-five per cent of 22 group A strains isolated in tem-
perate regions, included for comparison, produced a supernatant
hemolytic after reduction when grown in streptolysin broth. The
plurality of streptococcal hemolysin has been briefly discussed.

The production of beta hemolysis in blood agar plates by the
strains studied showed a remarkable constancy. This was also true
of the fermentation reactions.

The distribution according to Holman’s classification was similar
to that reported by others with strains isolated from similar sources
in temperate climates. The majority of group G strains were Str. equz
(Holman) and most of the human group C strains tested were non-
lactose fermenters. The vast majority of group A strains were
Str. pyogenes (Holman). All except three of the 175 strains from
human sources examined fermented trehalose and not sorbitol. The
composition of the medium rather than the mere presence of abun-
dant growth seems to be the important factor affecting fermentation
reactions.

Only three (4.3 per cent) of the seventy group A strains tested
reduced methylene blue in milk. All of the twenty group B strains
(two from human and eighteen from bovine sources) failed to
decolorize the dye. Thirty-three (75 per cent) of the 44 human group
C strains and 18 (78 per cent) of the twenty-three group G strains
reduced methylene blue.

All the strains from human sources, except two, failed to hydrolyze
sodium hippurate. The two exceptions were group B strains probably
of ultimate bovine origin.

The group A, C and G strains gave an average final pH in glucose
broth of 5.2, 5.2, and 5.0 respectively. The group B strains gave an
average final pH of 4.7. The variation of the final pH values among
the different strains is great and the result obtained with this test is
not reliable as a criterion for the classification of individual strains.

The ability of the group A strains to produce a skin exotoxin was
comparable to that possessed by group A strains isolated in tem-
perate regions. Seventy-six per cent of the 75 group A strains tested
produced an erythrogenic exotoxin.

All the 26 group A strains from lymphangitis produced a skin
exotoxin. The findings of Coffey, showing that among fourteen of
these twenty-six strains representatives of five different toxin
groups were found, have been cited.
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Ninety-five per cent of the 173 strains of beta hemolytic strepto-
coccl from human sources were fibrinolytic against susceptible hu-
man plasma clot. When considered as a whole, group A strains were
found to be more strongly fibrinolytic than group C and G strains.

We have not been able to detect any definite relationship between
fibrinolysis and the other biological properties studied. There seems
to be, in general, some relationship between fibrinolysis and path-
ogenicity. i

A method for the preservation of oxalated human plasma for
fibrinolytic tests has been described. Plasma subjected to this process
has retained all of the desired characteristics for the fibrinolytic test
for a period of eight months.

Group A strains, in general, have been found to be somewhat more
virulent for mice than human group C or group G strains.

The production of a chronic streptococcus infection in mice by
the intraperitoneal injection of the germs has been followed. In this
connection it has been interesting to note an apparent hepatropism
(localization of infection in the peritoneum in the region between
the liver, stomach and spleen, or the production of abscesses within
the liver itself) of many strains.

Due to the differences in materials, methods, and dosage employed
and to the different criteria for virulence adopted by different in-
vestigators, it has been very difficult to compare results with those
of others working with hemolytic streptococei isolated in temperate
regions. However, the results obtained by Williams with 75 strains
isolated in the United States and representing different pathological
conditions, which she tested by similar methods and with the same
dose as that utilized in this study, are in very close agreement.

The opinion held by many that hemolytic streptococei isolated in
the tropics possess a lower virulence than strains isolated in tem-
perate climates has been based mainly on clinical observation, and
such factors as possible differences in the susceptibility of the host
and other environmental conditions have been frequently ignored.

Aside from the lower incidence of hemolytic streptococci in the
normal throat of human beings in the tropical island of Puerto Rico,
as compared to the high incidence obtaining in the throat of normal
people in temperate regions, we have not been able to detect, so far,
any difference between the biology of strains of beta hemolytic
streptococei obtained in Puerto Rico and those isolated elsewhere
that would help to explain the relative rarity and comparative
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mildness of some streptococcal diseases, such as scarlet fever and
rheumatic fever (?), on this tropical island as contrasted with the
much higher incidence and severity of the same diseases occurring
in temperate climates.
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TABLE 1
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Incidence of Beta Hemolytic Streptococci in the Normal Human Throat

in Different P

Place

: : \ . .

Author Time of year | Incidence*
Pilot & Davist6 Chicago \
Clawson!4 Chicago Summer & Fall |

Williams, Nevin & Gurley!08
Dochez et al .23

New York city
New York city |

arts of the World

Coburn**15 New York city | June 1929
Coburn!s New York city | Sept. 1929
Coburn!® New York city  March 1930

Morales-Otero**61
Morales-Oterof!
Morales-Oterof!

Sharp & John™

San Juan,
Puerto Rico
San Juan,
Puerto Rico
San Juan,
Puerto Rico
Galveston

' June 1929

Sept. 1929
March 1930

June—Sept.
October—May

Topley & Wilson% Manchester Whole year
Kodama5! Tokyo Winter
Bourn, Carpenter & MeComb? | Baltimore Whole year
Davis & Guzdar?) Hong Kong Whole year
Burky & Smilliel3 Alabama

Butler*** Melbourne May-October

Milam & Smillie®?

Grace & Grace3®

St. John (Vir-
gin Islands)
St. Kitts (Br.
West Indies)

1939
Whole year

Feb.—Nov.

Pomales-Lebron Puerto Rico Whole year

Burky & Smilliel3 Labrador

Wells106 Alaska (Cen-  Summer 13%
tral & Polar
Eskimos)

Paul & Freeze® Spitzbergen Sept. 25— 0.3%
(Arctic Aug. 10

region)

* Throats in general, but free from definite signs of infection when cultures were taken.
** These studies were made concomitantly by Coburn in New York and Morales-Otero in
San Juan. The throats of patients in the medical clinic were cultured. The high incidence and
marked fluctuation in New York is in striking contrast with the low incidence and slight
fluctuation in Puerto Rico.
##% Personal communication.
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TABLE 11

Source of Strains

Source

Nu mber

of

Strains

Throats: No symptoms. Negative history of throat trouble. Many
had hypertrophie, eryptic or scarred tonsils, a hyperemie

PHATYNE, CEeT 0. o LSRR REN it ey et o AN S

Positive history of throat trouble but no symptoms at the

time that cultures were taken. . .....................
Pathiclogicalttmie: 1ttt i il TN o i G o

Nild sedrlebdeverst 1 S pe Hwto Dnrs Bietenin € g v
Apparently normal: monkeysiin (0 i s e

()perdtcd L e o e i e
Abscesses, chronie discharging lesions and pustules in different parts
RN T et B SRR e SRRV et OWE RS T
Lymphangitis: small ulcers, pustules or abscesses of affected limb . ..
Seplicemiarpuerperallibs s i . s i L i o
Case of agranulocytosis. . = .. . odii e
Rhestismionkey . Ml e G e e S
O)Eteomyrel TS The X AR Tl B, S e e L B G
SO BT AT Ve e Ao A I el ettt i B 0 S g ol e B T S
Vastoditos it bl d e e R i TR et
Wound (abdominallls. % 2r: L b miie s i D et i il T
Infectious eczematoid dermatitis. .. .................. ... .....
Intestinal ulcer

45

1
1
1

*Two group “H" strains obtained from the blood of cases of rheumatoid arthritis
been included in this study.

have also



TABLE III
The Distribution of Strains from Different Sources Among Lancefield’'s Groups

Throats
Abscesses,
; . . . ; o istules,
Group No history. No symptoms. | Previous history of sore|  Sore throat Mild | Excised | Lymphangitis Ve :
Normal | But some abnormality | throat but no symptoms when eufture | scarlet | Tonsils | (small ulcers osxa‘g;ln?l:;z,'tia Blood
2 present: scarred tonsils | when culture was taken|  yas taken fever or pustules) ot 1-"’ i
hyperemic pharynz, ete.
Mild | Severe
A 4 it 3 1 4 4 9 20 24 2
B 0 0 1 0 0 0 0 0 0 1
C 14 6 6 2 4 0 5 0 2 0
G 10 8 3 2 1 0 0 2 0 2
Total
No. of
Strains 28 21 13 5 11 4 14 28 26 5

idayS onfijowayy fo fipms |

222090,

lel



TABLE IV

Grouping According to the Lancefield Classification of Beta Hemolytic Streptococei Isolated from the Throat
n Dtjferenf Parts of the World

Throal.s in General
(but not from definite throat

Authors Place No.of | From Normal Throats infections) /i hroat.s-——normal monke ys | Unclas-
.S!razns o ‘ T ‘ sified
y B ¢ a 4 | le e O T I R
Shaw™ England 29 9 (31%)| 1 ? 1 18
(3.4% (3.4%)
Davis & Guzdar® | Hong Kong 78 28 0 23 27
(85.8%) (29.4%) (34-.6%)} | ‘
Hare England 100 63 5 ‘ 15 13 ‘ 4
Rolfs, Trussell lowa 44* 33 0 8 8
& Plass™ [ (75%) (6.8%)|(18.2%)
Kodama®! | Tokyo 78 38 2 18 20
(48.7%)! (2.5%) ((28.19%)|(25.7%)
Butlert Melbourne } 70 23 ? ? ?
i (32. 3%)
Pomales-Lebron Puerto Rico 28 0 l 10
(14. 3 o)| (-70"’)\(’57 7%)
Pomales-Lebron Puerto Rico 62 { ‘ 14 1y 206 21
(22.6%)|(1.6%) | (42%) (33.8%)
Seegal, Heller New York City 28 [ ‘ ‘ 19 0 4 5
& Jablanowitz™ ‘ ‘ (68%) (14%)| (18%)
=15 A ‘ 3| Rt L 0. |
Pomales-Lebron Puerto Rico 24 ‘ 10 ‘ 5
] | | ; #17%)| |7 r%) (208%)

* From the throats of 500 obstetric patients.

T Personal communication.

ool

woooodayg oyfijowary fo fipmg o
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TABLE V
Production of Hemolysin in Tryptic Digest Broth
Strain Source Group Tube Hemolysis*
k W Su | Sr
L5 Lymphangitis (small ulcer) A ++++ S \ b
L6 “« . “ A Gl 2 A
LY £ e A |+ | — 2
L8 % P2 A |ttt | — s
L9 % A |+t - l A
L15 “ i e o SN g SRR
A3 Lesion on knee joint A +++ 2o [
A4 Pustules all over body l A N K3 ‘ e
AS Deep chronic lesions (face
and neck) A AL R g e
A8 Abscess A ~ B i e ‘ e
A 10 & il s Sl el
A9 Wound (finger) A et e [
T 31 Excised tonsil l A L DL ‘ L PRl 6
a1 0 i A | +H+++| = ‘ -
T 4 | A l ++++| — | -
5 i e 5 - i
E 10 5 A Sy Bhoi g T AINPE TS
d 11 “ : A | +++ | — ‘ —
M 15 Tonsillitis A ++++ { L
M 18 Tonsillitis A | ++++ e ‘ e
M 79 Severe throat A STl LR e A
M 72 ' Normal throat A s ol Ut e
M 90 Normal throat A S =
C.Mo. K | Throat, normal monkey A slaebteets i —
C.Mo. 37 £ s i A WS 2 L)
C.Mo. 47 5 & B A S Sl s L
Se. 1 Throat, mild scarlet fever A RIS & £
o, 2 % 4 3 3 A e o e oy
Se. 3 % % i A A 2 e e =X
S 2 Blood, puerperal sepsis A ++++ - A
01 Osteomyelitis A S v 2
02 i A PR e R A
0.M. 1 Otitis media A TR L 5l -
0O.M. 2 " s A SR o 9
1.23 Lymphangitis (small ulcer) A +4+++ | ++ £
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TABLE V (Continued)
Production of Hemolysin in Tryptic Digest Broth
y @
Strain Sotrce Grp. ( Tube Hemolysis
i 14 Su [ Sr
L 24 Lymphangitis (small ulcer) | A it -
M 69 | Normal throat A +4+++ | ++4+ | —
M 65 | Chronic tonsillitis A +h1 |+ —
M 13 ' Normal throat C | +++ - —
M 57 | < s C ol & "
e F Excised tonsil C | ++++ 1 ia
T 6 ks & C +++ — o
T 15 i X C | +++ | ++ —
M 43 Sore throat o AU TS S SR T
M 29 Normal throat e A SESEt e S
M 50 - i W.5¢ Sfe ey e ‘ T
M 10 Tonsillitis (e + 44+ — | ++++
M 11 Mild sore throat C SR e LA
M 14 ek s | C |+++ — | +++
M 27 | Normal throat C TR i g
M 32 Tonsillitis G T S g
M 41 Normal throat G i = T — B
M 49 5 o | C | ++++| — | H+++
M 66 Throat, no symptoms (6 T G Lt
M 75 s 3 C |+++ — | +++
C.Mo. 1 | Throat, normal monkey | ¢ REne e e R R e
C.Mon80 1 % & s € aL B g
M 68 Sore throat o o 1 ol
55 Septicemia (agranulocytic ‘
angina) G ST 28 g
sS4 Blood, puerperal fever G ++++ | ++ o T
M 15 Normal throat G b i o
% T Pl g G |++++| — |+
M 30 | Chronic tonsillitis N e o el e
M 31 P 5 G | ++++| — |+++
M 34 Normal throat G . o G
M 35 Sore throat | G S i3
M 39 e | & |+++ | — |+++

*W = Whole culture.
Su = Unreduced supernatant.
S r = Reduced supernatant.
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TABLE VI

Production of Hemolysin in Streptolysin Broth
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Tube Hemolysis

Strain | Grp.

W S u Sr
L5 A L frre | T
L7 A [+ |4+
s A |+ =
| A | =
e A | — T
R A | bt — [+t
LT | A |[++++| + |++++
L2 | A |+4+++| — |++++
R A | b+
e e ol el I 2 o o
L12 | & |[+4+++| — =
B A | | —
S I G o B S (e o o
L A | = Pt
L1l | A | ++++ | ++ -
M85 | A |++++| = —
R A |+ — |t
98 | A |++4+4+| — |[++++
ee | A | ++++ | — ==
S SR o o T
8 | A [++++| — [+t
DS | A |+t — =
L o e e
A3 SR R o 2
A2 | A SR e Ak
Al18 | A |++++|+ 4+ +
S o o I
MR A [ ++4+4+| — At
52 L I e R —
02 | A [ F+++]| — [+H+++
Ma.2 | A |++++|++ —
OM.1 A |[++++| = —
Se. 1 0 e s o i =
LS A | 4+ + |+t
MI15 | A |++++| — —
| A || — o
M61 | A |++++| — |[+++
M2 | A |[++++| — |++
M79 | A | ++++|+++H| =
MI12 | A |++++ ]|+ ++++
M52 | A |++++|+ —

Strain | Grp. Tube Hemolysis
W Su Sr
M 48 A | ++++| + it
M 69 A | ++++ | ++ [ ++++
M 65 A | ++++ |+ | F++H+
M 76 A | ++++ |+ | ++++
T 30 A | +4+++|— i
T N e e +
T 14 A | ++++|— +
T 31 A |4+ = -
T 4 A [ ++++ | £ | F++H+
CMo.17 | A |++++|— if
CMo.5 | A |++++|— &
C.Mo. 118 A | ++++| = e
CMo.71 | A | ++++| + B,
CMo.37 | A |++++| = Sl
CMo.68 | A | ++++|— Sl pory
C.Mo.47 | A |++++|+ A
C.Mo. 157 A |4++++| ++ | ++++
CMo.K | A |++++|— |++++
M 86 B |+++ |+ |++
M 57 C |[++++|— | =
M 50 iy e T e I
M 43 C | ++++|+4+ | ++++
M7l C |++++|= |++++
M 19 C |++++|— [++++
T13 C | ++++[— |++++
M 37 C |++++|— |++++
M 13 Cc | ++ B s
M 38 (o e S G e £t e s
M 89 Gl 2
CMo.70 | C | ++++|— RS R
CMo.2 | € |++++|— |++++
C.Mo. 64 | C | ++++1— Ul
C.Mo. 121 ¢ | ++ B S ot
53 | G | ++++|— | ++++
S 4 G |++++|— |++++
M 77 G |++++|— |++++
M 39 G | +++ == A
M 16 G | +4+4++|— SR DL,
M 21 G |+t | ++ |+t
M 56 G P E B AP Sretd
M 40 G |++++| = |[++++
C.Mo. 4 (o R Lt R T T 1O
CMo.28 | G |+++ |— ST
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TABLE VII
Final pH in Clucose Broth, Reduction of Methylene
Blue and Hydrolystis af Sodium Hzppurate
Number I‘nn'u,{ pH ﬁf,{,l,“: f Hydrolysis| Number ] "t-l,l,[p” 52(,1,":; Hydrolysis
Source| of Grp. glucose methylene | of sodium |Source . of Grp. glucose | methylene | of sodium
Strains broth ue hippurate Strains broth blus kzppnrale
1 A 48 | 444 - 1 3 _C 75.3 e o
T B AT S gl £ 2 1 Sh S g et i
1 A 4.8 il = 1 C 54 =Xy
1 | A 49 it i LR o
2 A 5.0 = o 1 C 5.5 R E 23
1 7, 8 S LT == 1 C 8.5 | g L5
45 K fesan] i B o8 B St THER
13 A 8.2 Lise, s 1 C 5.6 — —
17 A 5.3 =N b 1 C 5.7 =il =
2 A 5.8 Sy = T e
15 A 5.4 o 5 1 G ] (e RO oS
8 A 3.5 _— — 1 ¥ 4.8 ST s
3 A 5.6 = = 1 G 4.8 it e
1 A 5.8 Pyl 3 — 3 G 4.8 A =
= 1 G 4.9 et s
2 B 4.4 < + E 1 G 4.9 T B
s 1 G 5.0 0 i
AL T e O y. T xe
2 C‘ 48 | 4+ - ] G 0.0 | e
= 1 (‘: 4.8 Shires s L il N 5.0 S o)
< 1 C 4.8 fpapy == 1 G R s Bl
E 1 | C| 49 + .21 1 o T i
= 4 g R A N = 1 G 5.1 e sl
1 7 4.9 — L 1 G 52 2
1 ¢ 5.0 = — 1 G 5.2 ++_+ L
1 q .?.O s o 1 G 5.8 iy £
3 (: w0l sy e 1 G DS I e —
9 ; 5.0 S =, 1 G 5.4 e .5
1 (_z 6.1 | g4 — 1 G U | TR S e
5 C (o8 (] BT = 1 G i ) R i
1 & 5.1 et 2
2 C 5.1 o otk
1 | C |52 | 44 - A 2 B | 44 A +
2 | Cl 52 | 4yt -- g 3 B | 46 5 4
1 C | 352 + — 2 6 B | 47 B 2
1 C | 58 - - g 2 B | 49 B *
2 | C| 58 | 444 - % 2 B | 50 o8 FA
e 1 B 5.3 o G
Average final pH in glucose broth:
Group A (70 strains, human)'c.. . 06 Jis e s il 5.2
Groun!'C (44 straias, MUmMaNY .. ot o bvi e iion cs e s0% oo 5.2
Group G (23 strains, human) . ven 8.0
Group B (18 strains, cow mastms, 2 strams human source). e S
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: TABLE VIII
i Final pH Values in Glucose Broth Reported by Different Authors

N siior Lancefield’s Groups
A B (8 G

5.0-5.2 4.4-4.6 5.0-5.2 (rabbits, | 4.4-4.6
horses, guinea (normal
pigs) throats,

tonsil-
litis)

4.7-5.2 4.5-4.7 4.9-5.3 4.9-5.0

28 strains exam- “Fifty C and G. Only 12

ined. “All 4.8 or higher than 4.6.”

higher. Twenty-

one, 5.0 or

higher.”

4.3-4.9 4.4 4.5-4.8 4.5-4.8

5.0-5.2 4.4-4.5

23 strains exam- | 4.4-4.6 | 4.6-4.9 “From

ined. One 4.8. a variety of ani-

The rest, mal sources

5.0-5.2. other than man.”

5.0-5.4

5.2 4.7 5.2 5.0

(average) (average) | (average) (average)

From the nose and throat of normal persons.

These authors state: “Of the total 78 strains examined, then, 59 displayed a definite
: ation between their serological grouping and their hydrogen ion reaction as determined
by the test. In this respect our findings differ from those of Hare whose C and G strains of
human origin gave final pH values similar to those of his group A strains.”

Avery was working with 1. “Human parasitic strains, defined by a final pH range of
to 5.0 and by failure to reduce methylene blue (1:5000) in milk,” and 2. “bovine strains
in the udder. . .” It is believed justified to consider these two groups of strains as
g to groups A and B.
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TABLE IX

Production of Erythrogenic Toxin. Filtrates Tested in the Skin of a
Susceptible White Goat

No. of
Source Strains
Lymphangitis 19
“ 1*
Abscesses, pustules chronie discharg-
ing lesions, osteomyelitis, impetigo 11
Abscesses (2 strains) meningitis, se-
rous exudate from knee joint 4
Otitis media 2
o 2 1
Osteomyelitis 1
7 1
Blood 1
Blood (rhesus monkey) 1
Mastoiditis 1
po 1
Tonsillitis 5
Excised tonsils 6
.. .. ‘2

Throat: no symptoms but (a) previous
sore throat or (b) hyperemic pharynx,
scarred tonsils, ete.

6

Group

A
A

e

-

Reaction
(average diameter
of area of erythema)

20 mm.
3=

19 mm.

24 mm.

* Mixed in tissues with Staphylococcus aureus.
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TABLE 1X (Continued)

Production of Erythrogenic Toxin. Filtrates Tested in the Skin of a

Source

Hyperemic pharynx (no symptoms)

Normal throat

3

Throats, normal rhesus monkeys

e 3 . o

Blood
Throat, no symptoms (history of sore
throat)

Tonsillitis, sore throat

Excised tonsils

Throat, no symptoms but (a) previous
sore throat or (b) hyperemic pharynx,
searred tonsils, ete.

Hypertrophie septic tonsils, no symp-
toms

Normal throats

Throats, normal rhesus monkeys
Abdominal wound

Intestinal ulcer

Blood

Tonsillitis, sore throat

Throat, no symptoms but (a) previous
sore throat or (b) hyperemic pharynx,
scarred tonsils, ete.

Previous mild sore throat

Normal throats

Throat, normal rhesus monkeys

Susceptible White Goat

|
No. of

Strains Group

Reaction
(average diameter
of area of erythema)

i 1 A
ST
1 ‘\ A
1 ] A
3 A
Q A
3 A
1* B
1 B
9 C
D (@
10 C
1 G
12 &
9 €
C

1 [
2 G
5 G
8 g
1 ¥
9 G
4 G

=

20 mm.
=

20 mm.
=

23 mm.

* Double-zone hemolysis.
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TABLE X
Toxigenic Properties of Hemolytic Streptococei Isolated from
Cases of Lymphangitis
Neutralization of toxin by monovalent
antistreptococcus horse sera
Strain
SR & b No.32369 | No. 32283
No. 165 No. 337 (rheumatic (septic sore
(scarlet fever) (erysipelas) fever) throat)

L5 5 - - s
L8 — — —* -
L9 + -+ - -
L11 2k X % ¥
L.13 nontoxigenic
L 14 — = = =
L15 — — — +**
L16 < L == At
L17 — - — 4
L.18 g == — G g
L19 2 a e =X
L21 nontoxigenic

* Neutralized by serum of strain No. 165 combined with equal parts of serum of strain

No. 32369.

** Neutralized by serum of strain No. 165 combined with equal parts of serum of strain

No. 32283.
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TABLE XI

Production of Fibrinolysin in the Different Media by Strains of
Groups A, C and G

Average Dissolution Time

S ot i Glucose neopeptone Glucose neopeptone
i cigest broth broth blood broth
C G A (8] G A AR e

. 8 hrs. |9 hrs.| 1.8 hrs. | 3.3 hrs. | 2.9 hrs. | 1 hr. | 2.1 hrs. 3.4 hrs.

(1) | 5) | (14) (12) (14) | (@25) 1 (18) | (12)

TABLE XIV
Exaltation of Virulence by Mouse to Mouse Passage

Virulence

Initial | after 7th
Group Source Virulence* | mouse

passage
A Severe sore throat 103 c.e. | 105 c.c.
G Severe sore throat 10-2 c.e. | 104 c.c.
(&1 Severe sore throat 103 c.c. | 10-5 c.c.
A Deep chronic lesions of lower limb | 0.5 c.e. | 10-1 c.c.
A Asymptomatic hyperemic pharynx | 0.5 c.e. | 10-! c.c.
A Asymptomatic hyperemic pharynx | 10-1 c.c. | 103 c.c.

ity to kill the animal in 4 days or less.
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TABLE XII

I'ibrinolytic Power of Recently Isolated Strains of Groups A, €' and G

Strain Source Group | Dissolution time
D.M. 1 | Blood, rhesus monkey A 40 min.
L 28 Lymphangitis (small ulcer) A 20 min.
A 26 Abscess A 1 hr.

M 90 Hyperemic pharynx A 25 min.

| (no symptoms) ‘
M 91 | Hyperemic pharynx A |2 hrs.

| (no symptoms) \
C.Mo. 5 Throat, normal rhesus monkey } A 25 min.
C.Mo. 17 # Y 5 5 A 23 min.
C.Mo. 37 & 5 o & A 18 min.
C.Mo. 47 < i o . A 54 min.
C.Mo. 68 y: i 55 £ A 1 hr. 45 min.
C.Mo. 71 A 1 hr. 16 min.
C.Mo. 118 % ) = ; A 45 min.
C.Mo. 157 | A 42 min.
M 89 | Severe sore throat @ 15 min.
M 92 | Hyperemic pharynx C 1 hr. 30 min.

| (no symptoms)
M 94 Chronic tonsillitis C | 4 hrs.
M 95 Hypertrophie septic tonsils C | 1 hr. 30 min.

(no symptoms)
C.Mo. 1 Throat, normal rhesus monkey | 5 1 hr. 38 min.
C.Mo. 2 & e T 5 B 4 hrs. 30 min.
C.Mo. 8 A s o3 C | 2 hrs. 30 min.
C.Mo. 18 R 2 # C | 4 hrs. 20 min.
C.Mo. 64 C 4 hrs. 30 min.
C.Mo. 70 C 25 min.
C.Mo. 121 o 5 # £ C 1 hr. 15 min.
C.Mo. 159 & 5 N . Cruli 2 hrs:
M 82 Normal throat ¥ 2 hrs. 15 min.
M 83 Mild sore throat G 5 hrs.
M 87 Chronic tonsillitis G 50 min.
M 93 Hyperemic pharynx, scarred ton- | G 2 hrs.
sils (no symptoms)

P.R.Mo. 1 Throat, normal spider monkey | G 15 min.
C.Mo. 4 Throat, normal rhesus monkey ¥ 5 hrs.
C.Mo. 6 'y 5 = Ly ¥ 5 hrs. 20 min.
C.Mo. 28 i e i & ‘ G 5 hrs. 30 min,

Averages: Group A, 50 min.; Group C, 2.6 hrs.; Group G, 8 hrs.



A Study of Hemolytic Streptocoect 188
TABLE XIIT
Virulence for Mice of Groups A, O and G Strains*
Ry ot T Animals still
Group Number of Killed in one | Killed in 5 to alive after two
gt strains tested to four days 1) days weelks
95 58 (609) 10 (10.5%) | 27 (29.5%)
56 23 (40.5%,) 4 (T9) 29 (52.5%,)
23 11 (45%) SA1297) 11 (439)

 *Two group B strains of human origin tested killed mice in 2 to 4 days.





