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INTRODUCTION 

H E R E is no .organism among the bacteria that has aroused 
mor~ 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 streptococci 
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. Ii> 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 streptococci 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 wben found the organisms were 
few in number," and they expressed their belief "that St. 'PY0genes is essentially an organism of 
civilization and indu strial 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": 59.69. Thus 
it is apparent from the work of Coburn!' and others" : 59 . 69, i4, 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
tococci 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 
Rico'": 8 1 , 82 and in other tropicalcountries:", 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 streptococci are frequently 
obtained from such varied sources as abscesses, otitis media, mas
toiditis, osteomyelitis, and are very common in a variety of skin 
conditions 107 , I, 2 affecting especially the lower extremities of ehil
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 193684 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 



69 A Study of Hemolytic Streptococci 

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. 

COLL E CT IO N OF MATERIAL AND METHODS OF ISOLATION 

Throat specimens. 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 Y2 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.* t 

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.I 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. 

t 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 . 

t In this connection we are indebted to Doctor Munoz McCormick, of the medical staff of 
the MimiyaClinic 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 
streptococci and staphylococci. However, cultures from the exuding 
fluid, after thorough cleaning of the pus, yielded hemolytic ,strep
tococci in pure culture. The failure to clean off the pus in these cases 
and take cultures of the exuding fluid has resulted in many instances in 
the cultivation of staphylococcus from a lesion in which hemolytic 
streptococci 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 
streptococci were obtained from two of them. 

If these 416 are typical of the general population, 'irrespect ive 
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, etc.). 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 streptococci 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 streptococci 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 1. 

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. 
-c, **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 wer.e also studied.] Cultures were taken oyer 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 streptococci 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 streptococci 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 . ]<'000 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 streptococci 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 31 mm. to about 2 mm. in diameter. Under 
thelow 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. 37 

This corresponds also to the "first variety" of colony given by 
Lancefield's group A hemolytic streptococci, 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'": 94 

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, Lmm. 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, anqinosus (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 
cocci 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 streptococci studied. 

Dawson, Hobby and Olmsteadv" 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, Sand M variants of Lancefield's group A hemolytic streptococci. 

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). 
3. 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 
streptococci were found as single cocci, diplococci, 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 streptococci 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 streptococci 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
tococci, 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 streptococci 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 1938,8 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 . 71.18.19 have 
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 streptococci 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 
streptococci 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 (L 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 otherwas 
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 Staphylococcu8 
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 streptococci 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 havebeen 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 agalactiae. 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.P - 39 . 10. 33. 12 

Groups D and E have not been encountered in the material 
studied. Minute beta hemolytic streptococci (group F)7· 57. 58 were 
occasionally seen in throat cultures but no systematic study was 
made of them. The incidence of groups Hand K40 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 anqinosus, the other was equi 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 37° C. in 3 per 
cent rabbit blood agar. 

HEMOLYSIS 

In the study of no other phase of the complicated biology of 
streptococci 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,95. 97 . 98 Hodge and Swift,4 3 
Weld,105Brownll • 12 and Smith.": 78 

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 13 and L 21) 
and one was group B (S 5). 

Strains L 13, 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 193410 

and in 1937. 11 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 ~hole 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, 06 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 1936 to illustrate the constancy of the 
phenomenon. 

The pathogenic significance and serological grouping of double 
zone beta hemolytic streptococci has been discussed by Brown12 in a 
recent publication. 

During a study of the streptococci associated with bovine mastitis 
in Puerto Rico63 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 streptococci. 
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.NI. 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 streptococci 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 ~4 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 'I'odd'" 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 streptococci 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 
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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,33 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 ~4 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 
streptococci 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 brothv'" to 
grow the streptococci 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 ~ 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 or 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 ++++ ac
cording to whether approximately ~, 72, % 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, in 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 cocci ." 

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 
resul ts 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.* T en (45 per cent) gave a hemolytic 
reduced supernatant; seven (30 per cent) were negative and five 
(~5 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.": 78 

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

FERMENTATION REACTIONS 

We have used lactose, mannitol, salicin, trehalose, and sorbitol 
3S test substances. Tryptic digest beef infusion broth,24* 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 Q group B. None of the 34 group G strains were Sir, 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 Q4 strains from abscesses and 
other suppurating lesions and Q4 out of the Q8 lymphangitis strains 
fell in this group by their fermentation reactions. 

Forty strains (Q3 per cent) belonged to Str. equi. Of these, 14 were 
group C and Q6 were group G. Of the remaining Ql strains, 17 were 
Str. subacidus (9 group C and 8 group G); 3 were Str. anqinosus 
(Q 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.73 with strains from the throats of normal rhesus 
monkeys: out of five group G strains, four were equi. 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 those 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 of 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 (Q5 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 St», equi 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. Str. equi in the more restricted sense, and the generally ac
cepted correct one, refers to that group of hemolytic streptococci 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.s" 

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 streptococci 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'": 5,6, 29 who have worked 
with streptococci 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 streptococci isolated 
in Puerto Rico are not materially different from those of hemolytic 
streptococci isolated from similar sources in temperate regions. 

REDUCTION OF METHYLENE BLUE. HYDROLYSIS OF SODIUM
 

HIPPURATE. FINAL pn 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 streptococci 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 in milk. The medium for this test was 
prepared according to the original method of Avery. 3 A 1 :500 solu
tion of the dye in distilled water was sterilized by autoclaving at 
1200 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 370 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 th e 
same time for this test I-that described by Ayers and Rupp.! 
and ~'-the one recently recommended by Coffey and Foley." 
Five c.c. of medium were inoculated with 0.05 c.c. of an I8 -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 
I8-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 streptococci 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 (8 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
tococci of equine origin as well as the high acid producing strep
tococci 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. 101 

The presence and distribution of this erythrogenic toxin among 
the culture filtrates of 154 strains of hemolytic streptococci 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 103 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 
~ inch needles were used. Readings were made twenty-four hours 
after injection. The erythema gradually faded out and after 48-72 
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 streptococci 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.73 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 Island72 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 

* Iris apparent, as will be seen later, that the strains of hemolytic streptococci cultured from 
the tbroats 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 streptococci 
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 Garner87 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
lett89 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 streptococci were grown for 
18 hours at 37° 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 sirain 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 Tillett89 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 actuallyem
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 stra ins 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 streptococci iso
lated in temperate climates'" -86 . 39. 38 . 32. 00.84.80 and 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 (8 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 streptococci 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 streptococci of ultimate 
human origin. Seegal et al.73 had a similar experience with strains 
isolated from the throats of normal rhesus monkeys in N ew 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 streptococci 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 streptococci was tested, employing 
the original technic of Tillett and Garner.*86 

'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 
complete 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 37° 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 }1 inch Q6 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 
Q8 gms, and the age from 6 to 10 weeks. However, most mice were 
about six weeks old and weighed about QO 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 hemolytic 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 streptococci 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 streptococci 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 grns., and 
the groups A, Band 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 10-1 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 'bet ween 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 cocci could be seen in the 
pus filling the abscesses.", 

In order to find out if the virulence of the streptococci 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 XIV 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 resume 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 streptococci 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 
in 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.93 • 17.90. 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 streptococci 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 streptococci 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 streptococci 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 streptococci 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 streptococci 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 streptococci 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
tococci in every instance. 

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

Hemolytic Staphylococcus aureus and hemolytic streptococci were 
sometimes found associated in the tissues. The strains of streptococci 
from such sources exhibited atypical 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. equi 
(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
cocci 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. ' 

A method for the preservation of oxalated human plasma for 
fibrinolytic tests has been described. Plasma subjected to this process 
has retained all of ,t he 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 streptococci 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 streptococci 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 
streptococci obtained in Puerto Rico and those isolated elsewhere 
that would help to explain the relative rarity and comparative 



112 A Study of Hemolytic Streptococci 

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. 

BIBLIOGRAPHY 

I. Adamson, H. G. 1916 Streptococcic and staphylococcic eruptions, 
The Clinical Journal, 45 :113. 

2. Adamson, H. G. 1937 On the bacteriology of Pemphigu.s neonatorum, 
and a suggestion for further investigation by a different method of 
cultural proceeding, Brit. J. Dermat., 49:93. 

3. Avery, R. C. 1929 Differentiation of hemolytic streptococci of human 
and of dairy origin by methylene blue (methylthionine chloride) 
tolerance and final acidity, J. Exp. Med., 50:463. 

4. Ayers, S.	 H. and Rupp, P. 1922 Differentiation of hemolytic strep
tococci from human and bovine sources by the hydrolysis of sodium 
hippurate, J. Infect. Dis ., 30:388. 

5. Blake, F. G. 1917 The classification of streptococci, J. Med. Res., 
36:99. 

6. Blake, F. G. 1917 The classification of streptococci, J. Exp. Med., 
36:67. 

7. Bliss,	 E. A. 1937 Studies on minute hemolytic streptococci. III. 
Serological differentiation, J. Bact., 33 :625. 

8. Bliss, E. A. 1938	 Constituent of peptone broth as a cause of cross 
reactions with antisera prepared against group "C" (Lancefield) 
hemolytic streptococci, J. Immunol., 34 :337. 

9. Bourn, J. M., Carpenter, H. M. and McComb, E. 1933 Streptococcus 
hemolyticus (beta) in the presence of acute minor respiratory infec
tion, Amer. J. Hyg., 17:761. 

10. Brown, J. H. 1934 Double-zone beta hemolytic streptococci, J. Bact., 
27:104. 

II.	 Brown, J. H. 1937 Appearance of double-zone beta hemolytic strep
tococci in blood agar, J. Bact., 34:35. 

12.	 Brown, J. H. 1939 Double-zone beta hemolytic streptococci; their 
cultural characteristics, serological grouping, occurrence and 
pathogenic significance, J. Bact., 37:133. 

13.	 Burky, E. L. and Smillie, W. G. 1929 Nasopharyngeal flora in health 
and during respiratory disease in isolated communities in Alabama 
and Labrador, J. Exp. Med., 50 :643. 

14.	 Clawson, B. I . 1920 Varieties of streptococci with special reference to 
constancy, J. Infect. Dis., 26:93. 

15. Coburn, A. F. 1931 The Factor of Infection in the Rheumatic State. 
The Williams and Wilkins Company, Baltimore. 



113 A Study of Hemolytic Streptococci 

16. Coffey, J. M.	 and Foley, G. E. 1937 An improved medium for the 
demonstration of hydrolysis of sodium hippurate by streptococci, 
Amer. J. Pub. Health, 27:972. 

17. Coffey, J.	 M . and Foley, G. E. 1938 Further observations on the 
toxigenic properties of hemolytic streptococci, J. "Immunol., 35 :121. 

18. Colebrook, L. 1936 The prevention of puerperal sepsis, J. Obst. and 
Gynec. Brit. Emp. 43:691. 

19. Cougdon, P. M. 1935 Streptococcal infection in childbirth and septic 
abortion. Source of infection and grouping of hemolytic strains, 
Lancet, 2:1287. 

20. Davis, L. J.	 and Guzdar, J. S. 1936 The serological, toxigenic and 
biochemical reactions of streptococci from the throats of Hong 
Kong Chinese, J. Path. and Bact., 43:197. 

21. Dawson, M.	 H., Hobby, G. L. and Olmstead, M. 1938 Variation in 
the hemolytic streptococci, J. Infect. Dis ., 62:138. 

22. Dick, G. F. and Dick, G. H.1924 Skin test for susceptibility to scarlet 
fever, .J. A. M. A., 82:265. 

23. Dochez, A. R, Shibley, G. S. and Mills, K. C. 1930 Studies on the 
common cold, IV. Experimental transmission of the common cold 
to anthropoid apes and human beings by means of a filtrable agent, 
J. Exp. Med., 52:701. 

24. Edwards, P. R. 1932 The biochemical characters of human and animal 
strains of hemolytic streptococci, J. Bact., 23 :259. 

25. Edwards, P.	 R. and Broh-Kahn, R 1934 Hydrolysis of sodium hip
purate, J. Bact., 27:535. 

26. Evans, A. C. 1936 Studies on hemolytic streptococci, III. Streptococcus 
equi"and related strains, J. Bact., 32:541. 

27. Evans, A. C. 1937 Studies on hemolytic streptococci. IV.	 Streptococcus 
scarlatinae, J. Bact. 34:21. 

28. Evans, A. C. 1938 Studies on hemolytic streptococci, V.	 The char
acteristics of human and animal strains of groups A and C, .J. Bact., 
36:133. 

29. Fisk, E.	 and Burky, E. 1922 A study on the classification of strep
tococci, J. Infect. Dis., 30:128. 

30. Floch, H. 1938 Etudes de souches de streptocoques isolees de cas de 
lymphangite endemique des pays chauds. Bull. Soc. Path. exot., 
31:888. 

31. Flosdorf, E. W.	 and Mudd, S. 1938 An improved procedure and ap
paratus for preservation of sera, microorganisms and other sub
stances, The Cryochem process, J. Immunol., 34:469. 

32. Fraser, F. H.	 and Madison, R R 1935 Fibrinolytic titer of scarlatinal 
streptococci, Proc. Soc. Exp. Biol, and Med., 33:307. 

33.	 Fry, R M. 1938 Fatal" infections by hemolytic streptococcus group 
"B", Lancet 1:199. 



114 A Study of Hemolytic Streptococci 

34.	 Fuller, A. T. 1938 The formam ide method for the extraction of poly
saccharides from hemolytic streptococci, Brit. J. Exp. Path., 19:130. 

35.	 Fuller, A. T. and Maxted, W. R. 1939 The production of hemolysin 
and peroxide formation by hemolytic streptococci in relation to the 
non-hemolytic variants of group A, J. Path. and Bact., 49:83. 

36.	 Grace, A. W. and Grace, F. B. 1931 Researches in British Guiana: 
London School of Hygiene and Tropical Medicine (No. 3 of the 
memoir series). . 

37.	 Griffith, F. 1927 Types of hemolytic streptococci in relation to scarlet 
fever (second report), J. Hyg., 26:363. 

38.	 Hadfield, G., Magee, V. and Perry, C. B. 1934 The lysis of fibrin by 
streptococci : Its application to the problems of rheumatic infection 
in children, Lancet, 1:834. 

39.	 Hare, R. and Colebrook, L. 1934 The biochemical reactions of hemo
lytic streptococci from the vagina of febrile and afebrile parturient 
women, J. Path. and Bact., 39:429. 

40.	 Hare, R. ·1935 The classification of hemolytic streptococci from the 
nose and throat of normal human beings by means of precipitin and 
biochemical tests, J. Path. and Bact., 41 :499. 

41. Personal communication. 
42.	 Hechler, M. C. and Farrell, M. A. 1938 A study of hemolytic strep

tococci with reference to the correlation between their group specific 
substance and biochemical characteristics, J. Infect. Dis., 63:225. 

43.	 Hodge, B. E. and Swift, H. F. 1933 Varying hemolytic and constant 
combining capacity of streptolysins; influence on testing for anti
streptolysins, J. Exp. Med., 58 :277. 

44. Holman, W. L. 1916 The classification of streptococci, J :Med. Res., 
34:377. 

45.	 Howell, K. M. 1924 Effect of brief animal passage on two strains of 
streptococcus, J. Infect. Dis., 34:117. 

46. Jones, F. S. 1919 The streptococci of equines, J . Exp. Med., 30:159. 
47.	 Kirbride, M. B.. and Wheeler, M. W. 1924-25 Reactions induced by 

intracutaneous' injections of toxihs of streptococci from scarlet 
fever, Proc. Soc. Exp. BioI. and Med., 22:86. 

48.	 Klimmer, M. and Haupt, H. 1926 Beitrag zur Trennung verschiedener 
tierpathogener un saprophytischer Streptokokken (des Streptococcus 
agalactiae, Sir. lacticus, Str. equi, Str. abortus equi und des Str. 
pyogenes equi). Centrbl, f. Bakt. Orig., 101:126. 

49.	 Klimmer, M., Haput, H. and Roots, E. 1928 Zur Trennung einiger 
in der Milch verkommender Streptokokken mit besonderer Berlick
sichtigung der Isolierung des Str. agalactiae Gillebeau, Centrbl, f. 
Bakt. Orig., 107 :206. 



115 A Study of Hemolytic Streptococci 

50. Kodama,	 T. 1936 Studies on the toxic fractions of hemolytic strep
tococci. II. The classification of hemolytic and the specific toxigenic 
properties of group A streptococci, Kitasato Arch. Exp. Med.; 
13:217. 

51. Kodama,	 T. 1937 Grouping of hemolytic streptococci from normal 
throats by means of serologic, staining and hemolysin-restriction 
tests, Kitasato Arch. Expo Med., 14:29. 

52. Krumwiede, E. and Kuttner, A. G. 1938 Growth inhibitory substance 
for influenza group of organisms in blood of various animal species; 
use of blood of various animals as selective medium for detection of 
hemolytic streptococci in throat cultures, J. Exp. Med., 67:429. 

53. Lancefield, R. C. 1928 The antigenic complex of Streptococcus hemo
lyticus. I. Demonstration of a type-specific substance in extracts of 
Streptococcus hemolyticus, J. Exp. Med., 47:91. 

54. Lancefield, R.	 C. 1933 A serological differentiation of human and 
other groups of hemolytic streptococci, J. Exp. Med ., 57 :571. 

55. Lancefield,	 R. C. and Hare, R. 1935 Serological differentiation of 
pathogenic and non-pathogenic strains of hemolytic streptococci 
from parturient women, J, Exp. Med., 61:335. 

56. Little, R. B. 1938 Significance of human double-zone beta hemolytic 
streptococci in udder of cow, J. Exp. Med., 68:905. 

57. Long,	 P. H. and Bliss, E. A. 1934 Studies upon minute hemolytic 
streptococci. I. The isolation and cultural characteristics of minute 
beta hemolytic streptococci, J. Expo Med., 60:619. 

58. Long, P. H. Bliss, E. A. and Walcott, C. F. 1934 Studies upon minute 
hemolytic streptococci. II. The distribution of minute hemolytic 
streptococci in normal and diseased human beings , J. Exp. Med., 
60:633. 

59. Milam, D. F. and Smillie, W. G. 1931 Bacteriological study of "colds" 
on isolated tropical island (St. John, United States Virgin Islands, 
West Indies), J. Exp. Med., 53 :733. 

60. Minnet, F. C. and Stableforth, A. W. 1931 Studies on bovine mastitis. 
IV. ·The occurrence in mastitis of hemolytic streptococci showing 
group similarity to Streptococcus pyogenes of man, J. Compo Path. 
and Therap., 44:114. 

61. Morales-Otero, P. 1931 In Coburn's "The Factor of Infection in the 
Rheumatic State," p. 216. The Williams and Wilkins Company, 
Baltimore. 

62. Morales-Otero, P. 1936 Recurrent tropical lymphangitis with special 
reference to streptococcus infection, Puerto Rico J. Pub. Health 
and Trop. Medo, 12:1. 

63. Morales-Otero, P.	 and Pomales-Lebr6n, A. A bacteriological study of 
bovine mastitis in Puerto Rico, Unpublished. 



116 A Study of Hemolytic Streptococci 

64. Ogura, K. 1929 Ueber Drusestreptococcus, mit besonderer Beruck
sichtung seiner Spezifizitat, J. J ap, Soc. Vet. Med., 8:174. 

65.	 Paul, J. H. and Freese, H. L. 1933 An epidemiological and bacterio
logical study of the "common cold" in an isolated arctic community 
(Spitzbergen), American J. Hyg., 17:517. 

66.	 Pilot, I. and Davis, D. J. 1919 Hemolytic streptococci in the faucial 
tonsil and their significance as secondary invaders, J. Infect. Dis., 
24 :386. 

67.	 Plummer, H. 1934 Fermentation of sorbitol and trehalose by hemo
lytic streptococci from various sources, J. Bact., 27:465. 

68.	 Plummer, H. 1935 A serological study of hemolytic streptococci, J. 
Bact., 30:5. 

69. Pomales-Lebron, A. 1936 A bacteriological	 study of normal throats, 
pathological throats, and excised tonsils, made in Puerto Rico, 
Puerto Rico J. Pub. Health and Trop. Med., 11 :512. 

70. Pomales-Lebron, A. and Morales-Otero, P. 1939 A method for preser
vation of oxalated plasma for fibrinolytic tests, Proc. Soc. Exp. 
BioI. and Med., 41 :609. 

71. Rolfs, F. 0., Trussell, R . E. and Plass, E. D. 1938 Serologic study of 
streptococci from throat, nose and vagina of ante-partum obstetric 
patients, Amer. J . Obst. Gynec., 35 :1009. 

72.	 Ruiz Nazario, R. and Morales-Otero, P . 1936-37 Dick's test in Puerto 
Ricans, Puerto Rico J. Pub. Health and Trop. Med., 12 :34. 

73. Seegal, B. C., Heller, G.	 and Jablanowitz, J. 1936 Incidence of hemo
lytic streptococci and pneumococci in the pharyngeal flora of 
normal rhesus monkeys, Proc. Soc. Exp. BioI. and Med. 34 :812. 

74. Sharp, W.	 B. and John, M. B. 1937 Climate and streptococcus rheu
matism relationship, J. Infect. Dis., 60:15. 

75.	 Shaw, C. 1937 Serologic grouping and typing of hemolytic streptococci 
from various human sources, Lancet, 2 :1193. 

76. Sherman.T. M. 1937 The streptococci, Bacteriol. Rev., 1 :3. 
77. Smith, F. 1937 Relation of peptone to the production of hemolysin, 

J . Bact., 34:585 . 
78.	 Smith, F. 1937 The influence of various substances and conditions 

upon streptococcal hemolysins, J. Bact., 34:603. 
79.	 Smith, Th. and Brown, J. H. 1915 A study of streptococci isolated 

from certain presumably milk-borne epidemics of tonsillitis oc
curring in Massachusetts in 1913 and 1914, J. Med. Res. , 31 :455. 

80.	 Stewart, A. B. 1936 The fibrinolytic activity of 269 strains of strep
tococci, J. Path. and Bact., 43 :589. 

81. Su arez,	 J. 1936 Clinical findings in 139 cases of recurrent tropical 
lymphangitis, Puerto Rico .J. Pub. Health and Tropical Med., 
12:81. 



117 A Study of Hemolytic Streptococci 

82.	 Suarez, J. 1930 A preliminary report on the clinical and bacteriological 
findings in 60 cases of lymphangitis associated with elephantoid 
fever in Puerto Rico, Amer . J. Trop. Med., 10:183. 

83.	 Swift, H. F. and Hodge, B. E. 1933 Simply prepared broth for pro
ducing hemolytic streptococcal hemotoxin (streptolysin), Proc. Soc. 
Exp, BioI. and Med., 30:1022. 

84.	 Teiger, P. and Seegal, B. C. 1936 Comparative study of streptococci 
isolated from throats of residents of New Orleans and New York, 
J. Bact., 32:631. 

85.	 Thomson, D. and Thomson, R. 1927 Annals of the Pickett-Thomson 
Research Laboratory, Vol. III, pp, 22-50. The Williams and 
Wilkins Company, Baltimore. 

86.	 Tillett, W. S. and Garner, R. L. 1933 The fibrinolytic activity of 
hemolytic streptococci, J. Exp. Med ., 58:485. 

87.	 Tillett, W. S., Edwards, L. B. and Garner, R . L. 1934 Fibrinolytic 
activity of hemolytic streptococci ; the development of resistance to 
fibrinolysis following acute hemolytic streptococcus infections, J. 
Clin. Invest., 13:47. 

88.	 Tillett, W. S. 1935 The fibrinolytic activity of hemolytic streptococci 
in relation to the source of st rains and to cultural reactions, J. Bact., 
29:111. 

89.	 Tillett, W. S. 1938 The fibrinolytic activity of hemolytic streptococci, 
Bacteriol. Rev. 2:161. 

90.	 Todd, E. W. 1927 Observations on the virulence of hemolytic strep
tococci, Brit. J. Exp. Path., 8 :289. 

91.	 Todd, E. W. 1928 Further observations on the virulence of hemolytic 
streptococci with special reference to the morphology of the colo
nies, Brit. J. Exp. Path., 9:1. 

92.	 Todd, E. W. 1928 The conversion of hemolytic streptococci to non
hemolytic forms, J. Exp. Med., 48:493. 

93.	 Todd, E. W. and Lancefield, R. C. 1928 Variants of hemolytic strep
tococci; their relation to type specific substance, virulence and 
toxin, J. Exp. Med., 48 :751 and 769. 

94.	 Todd, E. W. 1930 Virulenc e of hemolytic streptococci. 1.The influence 
of oxygen on the production of glossy variants, Brit. J. Exp. Path., 
11 :368. 

95. Todd, E. W. 1932 Antigenic st reptococcal hemolysis, J. Exp. Med., 
55 :267. 

96.	 Todd, E. W. and Hewitt, L. F. 1932 New culture medium for the 
production of antigenic streptococcal hemolysin, J. Path. and Bact., 
35:973. 

97.	 Todd, E. W. 1938 The differentiation of two distinct serological 
varieties of streptolysin, Streptolysin "0" and Streptolysin "S", 
J. Path. and Bact., 47:423. 



118 A S tudy of lIemolytic S treptococci 

!lS. T odd, E. W . 1989 The streptolysi n of various groups and typ es of 
hemolytic st re ptococci; a serologica l inves t igat ion, .J. H yg., 8!):1. 

99.	 T opley, W. C . C. and Wilson, G. S. 1!):3(i The Principles of Bacte
riology and Immunity, p. I ;H 8, 'Villiam Wood ami Com pa ny, 
Baltimore, 

100. T oplcy , W. C . C. and Wilson, G. S., Tbiel. , p. 462. 
101.	 Voldee, 1\1. V. 1!):12 Standa rdizat ion of scarlet fever st reptococcus 

ant itoxin ; method employ ing ear of white rabb it , Pub. H ealth R ep . 
47 :1048. 

102.	 Wadsworth, A. B . 1927 Standa rd M ethods of the Division of Lab ora
tories and R esearch of the N cw York Statc D epartment of H ealth, 
The W illiams and Wilkins Company, Baltimore, p. !)O. 

10:;' Wadsworth, A. n., Ibid., p. 88 . 
104.	 'Yard , H. K . and Champs, L. 193;j Studies on th e hemolytic st rep

tococcus of hu man origin. 1. Ohscrvations on t he viru lent attcn
uated and avirulent va rian ts . T. E xp. 1\1ed ., 01 ::j}6 . 

lOti.	 'Veld, .J. T . 1!)3·t The toxic prop erti es of seru m extracts of hemolytic 
streptococc i, .J. Exp. M eel., ti!) :8:1. 

10(i. Wells,.T. R. 192:1 The origin of immunity to diphtheria in central an d 
polar E skimos, Amcr. .J. H yg., 18 :629. 

107.	 Welsh , A. L. 1!)3,t Specificity of a streptococcus isolated from pati ents 
with pemphigus ; preliminar y report , Arch. D ermal. Sy ph., 30:011. 

108.	 Willi am s, A. W., Nevin, M. and Gur ley, C. R. tnst Studies on ac ute 
respira tory infect ions. 1. M ethods of demonstrating micro organ 
isms, ineluding "fi ltrable viruses," from upper respira to ry tract in 
" healt h, " in "common colds " and in " influenza" wit h t he object of 
discoveri ng "common strains," .J. Immunol. (i:.'J . 

109.	 Willi ams, A. W. 1!):32 St reptoc occi in R elation to M an in H eal th and 
D isease, p . 8ti. The Willi am s and Wilkins Company, Baltimore. 



- - - - -

A S tudy uf H einolutic S treptococci 11!) 

'L\ Il LE I 

l ucidcnce (!f H e/II llelllolytie Streptococci ill tire N ormlll 11111111111 Tlir out 
ill J)Uj'ercllt Parts (~f the World 

A uthor 1_ . Plaec T ime oJ ycar I l llcidence* 

Pilot &: Da\"i s66 
CIa wson '' 
Williams. l\e\ ·in &: G nrl ey lOS 
Dochez ct a1. 2:1 

Cohurn**Li 
Cohurn15 
Coh urn15 
~ Iorales-Otero**61 

::\lora Ies-()l er 061 

::\lorales-Ot er 061 

f'harp &: J ohn"! 

Topley &: Wilson99 

Kodama51 
Bourn. Carpe nte r &: l\f cComh9 

Davi s &: Guzdar20 

Burkv &: S milliel:) 
Butlt:r*** 

::\lilam &: Sm illie59 

Grace &: Grace36 

POllia[es-Lch ron 
B111'ky &: Smi llieI3 

Wclls106 

Pu III &: Frcezc65 

C hicago 
C hic ago 
N ew York cit y 
New York city 
.\'ew York city 
N ew York city 
N ew York city 
San .J uan, 
Puert o Rioo 
San Juun, 
P uerto Ric o 
San .J uan , 
Pu erto Bico 
Gal\"esto n 

Manch est er 
Tokvo 
Bal t im 01"c 
]J ong Kon g 
Alabama 
Melhourne 

St. John (Yir
gin Islands) 
St . Kitts WI'. 
West Indies) 
Puerto Ri co 
Lab rador 
Alaska (Cen
t ral s: Polar 
Eskimos) 
Spi tzbe rge n 
(Arct ic 
region ) 

Summe r &: Fall 

.Jun e 1!)SW
 
Se pt. 1nQ!)
 
March 1nso
 
.J un e 1!)Qn
 

Se pt. 1nQn 

March 1nso 

.J uno- Sept. 
I Oct ober- l\I ay 

Whole veal' 
'Vinter" 
"~hole veal' 
'VllOle ~'ea r 

May-October 
In:w 
Whole year 

Feb .-l'\0 \ ' . 

Whole year 

Su m mer 

Sept. 2;; -

Au g. 10
 

I 

58% 
:17% 
G% 

17% 
DO% 
00% 
:1O% 
10% 

10% 

.1% 

1:3% 
·tQ% 
12% 
HH% 

n . :~% 
8.G% 

:1% 
:12 .H% 

3% 

1;3% 

,t - ()% 
:1% 

1:1% 

0.:1% 

* T hroal s in genera l. bu t free from definit e signs of infect ion when cult ures were ta ken . 
** T hese studies were ma de conco mi tunt lv hv Coburn in Xew York and l\lo ra les-Otero in 

San Ju an . T he lhroa ls of pa tient s in t he me;lie,;1clinic were cu lture d . T he big h incidence a nd 
mar ked ftuct uat ion in Xew York is in striking con trast wit h th e low inciden ce an d slight 
fluctu at ion in Puert o Rico. 

*** Personal communicat ion. 
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T .\B LE II 

Sou rce (!I' S train« 

X umber 
Source of' 

S l r~l ill s 

Throat s : ~o sy mptoms . Negative hist ory of throat trouble. l\[auy 
had hyp ert rophic, cry pt ic 01' sca rred tonsils, a hyp erem ic 
pharynx, etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .j.;j
 

P osit ive hist ory of throat t.roubl e hut no sy mpto ms at th e 
ti me th at cult ures were ta ken . . . . . . . . . . . . . . . . . . . . . . . ;j
 

Pathological . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :11
 
l\lild sca rlet Ieve r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .J.
 
Apparently normal monkeys . . . . . . . . . . . . . . . . . . . . . . . . 22 

Op erated tonsils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H 
Ab scesses, chronic discha r'gin g lesions and pu stules in different parts 

of the body , 20 
Lymphan giti s : small ulcers, pu stules or ab scesses of affect cd lim b .,. 28 
Septicemia" : pu erperal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :~ 

Case of ag ra nulocy tos is . . . . . . . . . . . . . . . . . . . . . . . . . . 1
 
Hhesus monkey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Osteomyelitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 
Otitis media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :1 
Mastoiditis : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Wou nd (abdominal) . 
Infectious cczemato id derm atit is . 
Intestinal ulcer . 

* T wo gro up " H " st ra ins oh ta ined from t he bloor] of ('a"" of rheuma toid a rt hrit is hav e also 
hceu included in Ihis st ud v, 
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TAB"I'; IV ...... 
,(;rollpi llf/ A ccordinq t» the IAIII('(,ficld L'l( I.~sUi('(/ lioll (~r Ucla Ilcmolutie St reptococci l solatcdjrom the Th roat ,0 

ill DUj'erelll Pa ris (~f the W orld 

Thr oats ill Generol 
(hili no t f rtnu def inite throot 

Author» Pl ace NII.I!f Frolll X llrlll lli T hrIJllls ill!I,,·tiIJII.,) TIIroll l,'t-lI or Ill IlI Ill IJll kei/ s U ncla: 
S iraill" , I sijied 

A n C a . 1 u I c c A n c (; 
1 I-S-h- w.. -E-g- - - - - - - '2l' - II- - - - - - - -- - - - !I (:; 1'70) -~--- 1 ---1- ~ :.::...a-- ------ n-la-nd - - ~- 

(:1.1%) (:1.1% )
 ~ 

~Da vis & (;nzdar20 Tlong Kon g 7H 2H 0 2:1 27 
~ 

(:l,j .R%) I (2!l.I% ) (:; I,{I%) .0- - - ---- - --1--------1------ - - - - - - - - - - - --- -- -------- - ----- '- - - ---- - - -- -., 
lI a re'" E ngla nd 100 Ii:; ,; ];; I:; [_ _ _ ~ ::::: 
Holfs, T russell Iowa ·H · :;:1 0 :; X ~ 
& I'Ia5571 (7,;'70) (li.H'70) ( IH.2%) c 
--- - --- - --- - - - - - - - - - --- - ---- - - - - - - - ----- --- - - - ----- - - - - ~ c:;.Koda ma" T ok vo 7H :;H 2 ' X 20 

. (~H .7%) (2.,; % ) (2:1.1 % ) (2.; .7%) VJ-Hut ler] :\l elholll"ne i ll 2:; , , , ~ 
(:12.H%) ~ 

C- -- - - - --- 1'--- - - - - 1- - - - - - - ---- - - - - - - ------- - - - - - - - - - - - - ----- _ 
Pou mles-Lchron Puert o Hico 28 ·1 0 I I 10 '"' C 

( ' 1.:1%) (50%) (:1,; .7%) ~. 

'. 'o mnles-Lebron -1'-t-le'r- ,-- (',-- I-- - I-;2 --- - - - - ---1 ' ' ' . - - 2-'---- - - - --- --- ---- - t,- Hi- , - ----'-- 2(-;-

~ 

~ -I----
(22.(1 % ) ( 1.(;'70) ( I'l%) (:;:I.H%) 

Seega l, lIeller Xew York Ci t," 2X 1------'---1---'--- -~-- - 0- - - 1- ,; 
& .Jabla uowilz13 

. I (liH'7o) (I ~%) (18% ) 

I'omales-Leh ron Puert » Hico 2·1 1---- ------'---1--- - '-O-I'-O-'--!-'- ,j 

(~ 1. 7%) (37.5% ) (20.8%) 

• From the throat s of ,; 00 obstet ric patient s. t Personal conuuunica t ion. 
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TABL E Y
 

Pr odlid ion (~r He//l oll/sill i ll Trl/pt ic lJi{/cst IJ roth
 

S train 

L;j 
Lli 
1,7 
1,8 
Ln 
L 1/; 
A :I 
A4 
:\ ;3 

A8 
:\ 1() 
A l!l 
'1' :11 
'1'1 
T ·l 
'I' ;3 
'I' 1() 
T 11 
:VI 1;3 
:VI 18 
:VI7n 
:VI 72 
.M no 
C .M o. K 
C.?\lo. :n 
C.Mo.47 
Sc . 1 
Sc, 2 
Sc, :1 
So. 
0 1 
02 
o.xr. I 
0.1\1. 2 
1, 2 :~ 

Tube llcmolusis" 
SO ll/T e Groll P 

IV I SII S r 

-Lymphangitis (sma ll ulcer) -A ++++.. 
,\ - -++ ++ .. .. .. A -++++ .. ., .. 

-A ++ ++ 


.. .. .. ,\ - -++ ++ 


.. .. .. A - -++++ 
-Lesion on kn ee joint A +++ 
-,\ Pustules all oy er hodv ++++ 


-

Deep chronic lcsi on ~ (Iace 
and neck) -A -+++ 
Ab scess -A -++++ 

-A -
'Vound (finger) 

" ++ ++ 
-A -+++ + 

Excised tonsil -A -++ ++ .. .. 
-.\ -++++.. .. 
-.\ -++++.. .. -A -+++.. .. ,\ -+++ .. .. 

.\ --+++ 


T on sill it is -A -++++ 
,\ Tonsill it is - -++++ 

-Se ve re throat -A ++ ++ 
- -N orrnal throat A +++ + 
-Normal throat A -

Throat . normal monkey 
++++ 

-A -++++ .. .. .. 
-:\ -++ + .. .. .. A - -

Throat. mild sca rlet le ver 
++++ 

A --++++ .. .. .. .. 
A --++++ .. .. .. .. 
A -

Blood , pu erperal seps is 
-+++ + 

-A -++++ 
Ost eomyeliti s A - -++++ .. 

A - -+++ 
Otitis media A - -++++ .. .. -A -
Lymphangitis (sma ll ulcer) 

++++ 
:\ -+++ + ++ 
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TABL E Y (Colltilllled)
 
Production of TTcllwl!lsin ill Tryptic J) i{fl, ,~t Broth
 

Stmin 

L 2 -~ Lymphangitis (sma ll ulcer) 
::\1 (HI Normal th roat 
::\1 (i;'i C hronic tonsillitis 

M 1:1 ;'\ ormal t hroat ..J\l ;;7 
T 1 :~ Excised tonsil ..r « ..T 1;; 
:\1 4:1 Sore th roa t 
M 2!l Normal th ront ..J I ;;0 
xt 10 T onsilli t is 
:\1 11 Mild sore t hroa t .. ..M 1 , ~ 

M 27 Normul t hroat 
]\[ :12 T onsillit is 
1\1 ·H ~ ormal throat ..M , ~ !l 

1\1 (Hi Throat, no sy mp toms .. ..1\1 7;; 
eMo. 1 Throat. normal monkey..<'.1\10. H 

1\ [ os Sorc throat 
S :1 Sept icem ia 

angina ) 
S . ~ Blood. pu erperal Iever 
l\l 1;; N ormal throat ..M 2 1 
1\1 :1O C hron ic tonsillitis ..xr :11 
xr :H Norma l throu t 
xr :1;; SOI'C throa t .. "1\1 :l!l 

•"i01l (('C Grp. T ube TlCII/ol!lsis* 

II" 8 u Sr 

.. 

.. 

.. 

.. 

.. 

.. 
.. 

.. .. 

(ugrau ulocy t io 

.. 

.. 

.\ 
,\ 

A 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

(; 

C 
r; 
G 
(; 
(; 

(; 

G 
G 
G 

++++ 
++++ 
++ ++ 

++ + 
+++ 
+++ + 
+++ 
+++ 
+++ + 
++++ 
++++ 
+++ + 
++++ 
+++ 
++ ++ 
+++ 
++ + 
++++ 
++++ 
+++ 
++++ 
+ 

+ 

++++ 
++ ++ 
++ ++ 
++++ 
+++ + 
+++ + 
+++ 
+++ 
+++ 

+ 
+++ 
+++ 

-
-
-
-

++ 
+++ + 
+++ 
++ 

-
-
-
± 
-
-
-
-
-
-
-

-

-

++ 
-
-
-
-
-
-
-

-
-
-

-
-
-
-
-
± 
± 
± 

++ ++ 
++ 
+++ 
+++ + 
+++ 
+ 
++++ 
++++ 
+++ 
+++ + 
+ 

+++ 

-
-

+ 
+ 
++ 
+++ 
+++ 
+++ 
+++ 

* W = Who le cult ure. 
S u = Unreduced superua la ul. 
S r = Redu ced supernat a nt. 
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TABL E v t
 

P roductiou (~f HCII/ otysill ill Strcptolusiu Broth
 

Stroh 

L ii 
1, 'i 
L H 
L !l 
L 2() 
I. 2 ~ 

1. 27 
J.I 2:; 
L IH 
1, I!) 
L 12 
I. 17 
I. '2'2 
L '20 
1,11 
.:\1 Hii 
A ];j 

I. '2H 
A 2'2 
.\ 17 
A '2:1 
,\ I!l 
AH 
A :I 
.\ '24 
.\',.!O 
.\ I H 
A '21 
. \ ,j 

O.l'I. 
sq 
0 '2 
.:\ Ia . '2 
O.l\I. 
Se. I 
o.xr. 
xt ];j 

.\17'2 
:\1 () I 
;'If '2:~ 

:\I I !) 
:\1 1'2 
j\[ ;j'2 

-

I I(;rp. T illie ttcmolusi» 

IV .'ill S r 
-- - -- - - ---------

,\ +++ + + +++ + 
,\ ++++ ++ +++ 
,\ ++++ + -
,\ ++++ ++ -
,\ ++++ - -
;\ ++++ - ++ ++ 
,\ ++++ + ++ ++ 
;\ ++++ - ++++ 
;\ ++ ++ ± ++++ 
;\ +++ + - ++++ 
;\ ++++ - -
;\ ++++ - ++ 
,\ ++++ ± +++ 
;\ ++ ++ ± ++++ 
;\ ++++ ++ -
,\ ++ ++ ± -
,\ ++ ++ - +++ + 
A ++++ - +++ + 
A ++++ - -
,\ ++ ++ + ++ + 
A ++ ++ - ++++ 
:\ ++++ - -
,\ ++ ++ ++ -
,\ ++++ - -
.\ ++++ ± -
:\ ++++ - ++++ 
,\ ++++ + ++++ 
,\ ++++ ++ -
A +++ + - -

'2 :\ ++ ++ - -

,\ ++ ++ ++ -
,\ ++++ - +++ + 
,\ ++++ ++ -

1 :\ +++ + ± -
:\ ++++ - -

s A ++++ + +++ + 
,\ ++++ - -
,\ ++++ - -
,\ +++ + - +++ 
,\ ++ ++ - ++ 
:\ ++++ +++ ± 
.\ ++++ + ++++ 
,\ ++++ + -

T llbe II cmobjs!« Straill Grp . 
SrIV 8 11 

-i\1 48 :\ +++ + + 
l\L W) :\ ++++ ++ ++ ++ 
l' [ <i;,) :\ +++++ ++ ++ 
M i<i A + +++ +++ ++ 

-T :1O .\ -+++ + 
,\ Til ±++ ++ + 

-,\ T 14 ±++++ 
T :~ I :\ ± +++++ 
T4 :\ ± ++++ +++ + 

- -C. Mo. 17 .\ ++++ 
C. Mo. ;j - -.\ ++++ 
C.l\lo. 118 -:\ ±++++ 

;\ -C .M o. 7 1 ++++ + 
C .M o. :Ii .\ ± +++++++ + 

-c .x re . <is :\ ++ +++++ + 
-c..~ lo . 47 :\ +++++ 

C .Mo. l ;j7 :\ ++++++++ ++ 
-C .M o. K A +++ +++ ++ 

1'.1 S<i B ± ++ +++ 
-M57 C ±++ ++ 
-M 50 C ±++++ 

M ·~ : I C ++++ ++ ++ ++ 
1\171 C ± ++++++++ 

-M l !l C ++++ ++ ++ 
-T 1 :~ C ++++++++ 
-M:n c +++ +++++ 

1\ [ 1:1 C - +++ + ++ 
-M :~H C ++ + +++ 

-M 8!l C ±+++ + 
-C .Mo. ro c ++++ +++ + 
-C .Mo. '2 C ++++++ ++ 
-C .1\lo. ( i~ c +++ +++++ 
-C .l\lo. 1'2 1 C ++ ++ ++ 

(; -S:I +++ +++++ 
S . ~ -G +++ +++++ 

-M 77 G +++ +++++ 
r: -l\L :~!l +++++++ 
(;MW - ++++++++ 
( ; l\f '21 +++ ++ + ++++ 

i\I ;j (i G ± ++++++++ 
1\[ 4() G ± +++ +++++ 

-C. :.\lo. -I G ++++ ++++ 
r: -C .M o. '28 ++ ++ +++ 
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TABLE VII 

Final qiH in Glucose Broth, R eduction (!f J1 ethlliene 
B lu e and H ydroills is (!f S odium H ippurate 

Firll: l pll Reduc- ReducFi",all'lI-'"umber 11!ldrolll·"i ,'1 Il l/d roillt istion cf IS Unll" rIn l/I tion oiSource of Grp. ofsodivm Source oj Orp. of ·'tod iu mmd h.'llellcgl ll('o.'I(' 1I111CO:W mrfhllle"c 

- -
S tra ins blue hippurate Slrai ll ~ hippuratebrctl, broth bl ue 

I A ·1.:1 - ;; .:1C1+++ ++++ -
1 A ·1.7 C 5.:1- - 1 - -
I A ·I.H ;; ,4C- 1- -+++
\ A 4.!l ;; ,4C\!- - - -;;. 02 A :3.tjC- - \ -+++
\ A s.i - 5 .:)C\++++ -+++ +;; .14 A C Ii .:>I- - - -

\ :1 5 . ';2:\ ;; .GC- - I - -
;;. :117 A - ;j.iC- I -+++ +;\\! ii .:1 -+++

I ;; ;; .·1A G ·1.7- - 1 -+++{i .tjH A G 4.H- - 1 -+++:1 lioHA G 4.H- I- -++++;; .H1 A (~~ ·I.H- :1- --
(; ·1.0I -++4,4 (;B':2 ·1.0- \+ -+++ s.oG\ --
 +C 4.7\ - .~ . OG\- -++'2 C ;; .0o·U' - 2++ -+++

1 (;C 4.H ;;.0- \+++ -++++(;4.H\ C ;;. 1- I+++ + -++
\ C 4 .0 G 5. 1- I+ -+++4 C ·L!l G s .t- \- ++ + -
\ C ·1.0 ;"j .2G- 1 -+++C s.n ( ;I ;; .'2- I --"" C s.o\ ;; .:1G1-++ -+++;;.0:1 C ;; .:1G- 1+++ -+++ +;;. 0\! C ;; ,4G- - I -++s.i1 C ;; .-1- r:\++ ++++ -s.t.~ C ;j,(jC..- \++ + -+++C s.t1 -++ ++ 

C s.t'2 - -
,1.2CI '2 B- 4.-1++ - +;;.'2 ~\! C - :1 B 4.0++ + -::: +C tL2\ - 0 B+ ·1.7 - +;; .:1C1 - '2 B ·1.!>"" - +;; .3'2 C §.- '2 B s.o++ + - +

'2 B .3.2 - +' ;; .:1I B - + 
Average fina l pH in glucose hroth: 

Group A (70 st ra ins, hu ma n) ;; . \! 
Group C (4-1 strains, hu ma n) ;; . '2 
Group G ('2:1 st ra ins, hu ma n) ;; . 0 
Group B (I S s tra ins, co w mast it is, '2 stra ins human source ) .-1. 7 
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TABLE VIII 

Filial ]Ill Values I II Glucose Brotli Reported by J)(ff'crellt Authors 

A litho!' 
La ncefield '» (l rou.p» 

Plummer's 

A 

;'i. O-5.2 

B 

4A- ·Ui 

C 

5.0- ;j.2 (ra bb its, 
horses, guinea 
pigs) 

G 

·t A- 4.(j 
(normal 
throats, 
tonsil
liti s) 

Hare*·10 4.7- 5.2 ·L j-'k 7 4.!) -5. :~ 4.!)-;j.O 

Davis & 
Guzda r**20 

28 st ra ins exa m-
ined. " All 4. 8 or 
high er. Twenty -
on e, ;j. Oor 
high er. " 

"Fifty C and G. Onl y 12 
high er than 4.(i." 

·L j- 4.8 ·Lj- ,t .8 

·U i- 4.!l "From 
a va riety of ani
mal so urces 
othe r than man. " 

Hechler & 
Farrell 42 

A\'ery***3 

·k 3- 4.!l 

5.0-5 .2 

4A 

4A-4.5 

Lan ccficld-! 2:l st ra ins exa m
ined . On e 4. 8. 
The rest, 
5.0- 5.2. 

4A- 4. (j 

T eiger & 
SecgalS4 

Pornales-
Lebron 

5.0-5 ,4 

- q:>.

(a verage) 
4.7 
(a verage) 

;j.2 5.0 
(a vera ge) (a verage) 

• From the nose and th roa t of normal persons. 
•• The se au thors state: "or the total 78 stra ins exa mine d, t hen, 51l di splayed a definit e 

correlation bel ween their serological i(roup in~ a nd th eir hydr ogen ion reaction as dete rmined 
by the t est. In thi s respect our finding s differ from t hose of Har e whose C and G strains of 
human origin gave fina l pi [ valu es similar to t hose of his group A stra ins." 

••• ,h ery was working with I. " H uma n parasitic stra ins, defined hy a final pH ran ge of 
;;.'.! to ;; .0 a nd by failure to reduce methylene hlue (1:;; OO!l) in milk," and 2. " bovine st ra ins 
parasit ic in the udd er.. ." It is be lieved just ilied to consider t hese t wo grouJls of stra ins as 
belonging to groups A a nd ·B. 
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TABLE I X 

P roduction (~ r Erythroyellic Toriu, Filtrates T ested 11/ the S I..ill (~ r a
 
Susceptible Wh ite Goal
 

S ource 

Lymph,,~ n giti s 

Abscesses, pu stules chronic dischurg
ing lesions. ost eomy elit is, im petigo 

Ab scesses (2 st ra ins) menin git is, se
rou s exudate from kne e joint 

Otitis media.. .. 
Ost eomyeliti s .. 

Blood 

Blood (rhesus monkey) 

"?\fastoidit is 

T onsillitis 

Excised tonsils .. .. 
Throat : no symptoms hilt (a) previous 
sore throat or (b) hyperemic pharynx, 
sca rred tons ils, etc. 

s« of 
St rai l~s 

l !l 
P 

11 

4 

2 
1 

I 
I 

1 

1 

1 
1 

;; 

(j 

2 

{i 

Group 

A
 
A
 

A
 

A 

:\ 
:\ 

.\ 

.\ 

A 

:\ 

:\ 
A 

A 

A 
A 

Reaction
 
(a/'craye diam eter
 

(~r area oj erythc/11 a)
 

20 mm. 
± 

1!l mm. 

-

2;; mm . 
-

20 mm. 
± 

23 nun . 

20 mm. 

20 1l1I1I. 

-

22 mrn. 

15 Hun. 
-

2 ,~ mm, 

* Mixed in t issues wit h S/(/l'hy iIlCIl('(' /I.Y (/ /lr(' /I,Y, 
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TABLE IX (Co/l til/ued) 

Produ ction Id j';'Jjthro!lellic Toxin , Filtrat es Tested ill the Ski n Ill' a
 
Susceptible White Goat
 

I 

Reaction ,Yo. of I G' Source ({//'crage diam eter 
Straills I ,roup _(~ r._area. I!( crythclI/a ). 

Hyperemi c pharynx (no sy mpt oms ) 1 1 ;\ ± 
I 

i:\"orrnal throat. '20 111m . 
± 

Throats. normal rh esu s monkeys A "20 111m. 
;\ ± 

" A" 
1*Blood B 

Throut, no sy mpt oms (histo ry of so re 
throat ) B 

Tonsillit.is. sore throat !l c 
Excised t on sils ;; c 
Throat. no sy mpt oms hilt. (a) previou s 
sor e throat 01' (h) hyperemic pharynx. 
sca rred tonsils, etc, 1() c 
Hypertrophic septic: tonsils. no sy mp
toms 1 c ± 
Normal throats 1'2 c 
Throats, normal rh esu s monkevs !l c 
Abdominal wound .. 1 c 
Iut estinnl ulcer 1 c 

(; 
Tonsillitis, sore throat ;) 
Blood 2 

G 
Throat, no sy m pto ms hil t. (a) previou s 
sore throat. 01' (h) hyperem ic ph arynx. 
sca r red t on sils. et c. 8 G 
Previous mild so re throat. 1 G 
xormal throats !l G 
Throat , no rmal rh esus monkey s .j. G 

• Doub le-w ile hemolysis. 



A Study of Heiuolutic Streptococci 

TABLE x 

Tor iqcni» Properties I~f Ilemolutic Streptococci l solatcd [rom
 
Cases lif l,ylllp!wlI!litis
 

N eutralization I!f toxin hY I/ IO/ IO /'alellt
 
aniintrcptococcus horse sera
 

Strain
 
,Yo, 3!!2S3 ,Yo. 828U!I 

No.1U;j ,Yo. 33 '1' (rhcumatic (seI ~t ic sore 
(,w'arlctf era) (erysi pelas) thl'Oat)f e/'er) 

- , 
L ;'i -+ ++ 

-LG ++ + 
1, 7 -+ + 

-- - -L H * 
-L!l + + + 

- - -L 11 
L 1:; llOll toxigenic 
1,]..1. - - -+ 
I, l ;j - - - ± ** 
L 1(j -+ + 

-1, 17 ±** 
1, 18 

--
-+ + + 

I, 1!l - - -

+ -], 20 + + 
1, 21 no utoxigcnic 

* N eu t ra lized hy seru m o!' st ra in No. \(i ,; combined with eq ua l pa rt s of serum of slrain 
:\0, 3~ :l(j!J , 

** Xeu tralizcd hy seru m of stra in No , Hi,; combined with equa l pa rIs of seru m of st ra in 
No :l~~83 . 
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T A ll L I': xr 

Pr oduction (!( Fibrillolysill ill the J)~O'c re llt .Media by Strains (!( 
Urou p« A , C an d G 

A reruqe D issolution. T illlc 

Glucos e ncopcpt onc Glucosc ncopcptonc Try/il ie diycsl broth 
brofh blood broth 

,., ( '.1 G A C G A 

:3 hrs, :1 .:\ hI'S. 8 hI'S. !l III'S. 1.8 hI'S. 2.!l h I'S. 1 hr. 2. 1 hI'S. :IA hI'S. 

(42) * ( 14 ) (;3 ) (14) I (12) (14) (25) (18) (1 2) 

* Figures ill parenth eses indicate number of stra ins tested . 

TAB LE X IV 

Eiultat ion (!( Virulence by ~lfou se 10 JIouse !' assaye 
-

Straill GrouJI Sou rce 
ll1ilial 

Virulence" 

Vi rulence 
af ter 7'1/1 

III Oli S C 

!WS8aye 
-- -- -
iiI 15 A 
xr ·k ) G 
xt 8D C 
A 2<i :\ 
I'll !l0 :\ 
ill !lI :\ 

Severe sore th roa t 
Severe sore throat 
Se vere sor e I hmat 
Deep chro nic lesions of lower limb 
Asy mpto ma t ic hyp er em ic ph arynx 
Asy m pt oma tic hypcr cm ic ph a rynx 

10-:l c.c , 
10-2 c .c , 
10-:l c.c. 
0. ;) c.c , 
0.5 C .C . 

10-1 C. C. 

10 -5 C.C. 
10-.1 c.c. 
10-5 c.c , 
10- 1 c.c. 
10-1 c .c , 

10-3 C.c. 

* Ability to kill the an imal in -l days or less. 
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L\JlLE XII 

F ibrinolytic Poi cer (~{ R ecently lsolated S trains q{ Groups A, C lind G 

S tra in S ource GroU]! Dissolntion tim e 
----·--- - 1- - - - - -------- - -1 - -
J). M. Blood , rhesu s monkey :\ -to min. 
L es Lymphangitis (sm allulcer) :\ 20 min . 
:\ 2li Ab scess :\ I hr. 
::'1 no 1-[vp er emi c pharynx .\ 

(no sym ptoms ) 
,\.:\[ !ll I rypcremic pharynx 2 hI'S. 

(no sy mpt oms ) 
C .Mo. ;j Throat. normal rhesu s monkey 2 ;j mill . 
C.i\lo. 17 

:\ 
A es min . 

C .Mo. :\7 :\ 18 min. 
C.i\lo. -\.7 ;H min.A 
C. ~lo . liH hr. -t;j min .A 
C . ~lo. 71 :\ hr. Hi min . 
C.~ 10 . 11H .\ ' ~6 min . 
c.xr., Li7 :\ ·~2 min . 
1\1 HH Sen~ l'l~ sore throat ];j min . 
l\[ H2 

C 
Hyperemic pharynx I hr. :Hl min. 
(no symptoms) 

M H-\. 

C 

Ch ro nic tonsillitis e -\. hI'S. 
1\L H6 Hypertrophic septic tonsils 1 hr. :$0 min . 

( 110 sy m pto ms ) 
e 

c.l\Io. I Throat, normal rh esu s monkey e I hr. :l8 min. 
C .1\10. 2 -\. hrs, :$0 min.e 
C. 1\1o. H C 2 hI'S. :Hl min. 
C. Mo. IX .~ hI'S. 20 min. 
e .i\l o. IH 

C 
c: -\. hI'S. :Hl m in. 

c .xr-, 70 2 ;j min.e 
C. M o. 121 I hr. I ;j min . 
e. Mo. l;jn 

C 
C 2 hrs. 

1\1 X2 ~ o rm a l t h ron t G 2 hrs. 16 min. 
:;\IX:l ;j hI'S.Mild sore throat G 
1\L H7 Chronic tonsillitis 60 min. 
1\1 n:l 

G 
Hyperemic pharynx, scarr ed ton 2 hI'S. 
sils (no sy mpt oms ) 

G 

P. H.Mo. Throat. normal spider monkey 16 min. 
C .M o. ,~ 

G 
;j hI'S. 

C.Mo. li 
Throut , normal rh esu s monkey G 

;j hI'S. 20 min .G 
C. Mo. 28 G 6 hI'S. :Hl mi n. 

Avera ges: Gr oup A. sumin .: Group C. ~ .l j hrs .: Group G, :I hI'S. 



A Studl} of Ilemoluiic Streptococci 1: ~ : ~ 

TABLE xu t
 

Virulcncejor Jlicc (~ f Group» A. () and G Strains"
 

(;f(JU]J NUll/ bcr (~ r 

strain s tested 
Kill ed in oll e 
to Iour da!lN 

Kill ed ill fj to 
n das, « 

LIninial» still 
alice after two 

icecl» 
--- --

~7 (2H.:j % ) A H:3 :3 8 ( j()f70) 10 ( 1O.:j (;;)) 
- - - -
C :i<i 23 (.j.O.:i% ) + (7%) ~ !l ( :j ~ . ;3%) 

G ~ :l 11 0 :3% ) s (I 2% ) 11 ( · ~ : l%) 

• Tw o gro up B st ra ins of hu man origin test ed kill ed mice in 2 10 -I duys . 




