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OBSERVATIONS ON THE TOXIC FRACTIONS OF 
SCARLATINAL STREPTOCOCCI 

By C. A. GREEN 
(From the Bacteriology Department, Edinburgh University) 

INTRODUCTION 

THERE is now almost universal acceptance of the theory that infection with 
Streptococcus haemolyticus is the causal factor in the production of scarlet fever. 
Of the many observations on which the theory is based the most significant 
are : (1) the experimental production of scarlet fever by inoculation of the 
throat with a pure culture of Streptococcus haemolyticus (Dick and Dick, 1923; 
Toyoda, Futagi and Okamotu, 1931), and (2) the reproduction of the toxic 
manifestations of the disease by injection of culture filtrates. Unfortunately 
the serological examination of haemolytic streptococci isolated from scarlatina 
has not contributed significant information bearing on the aetiological problem 
and this line of research has yielded varying results. Moser and von Pirquet 
(1902) stated that such streptococci formed a group serologically distinct from 
non- scarlatinal strains. This view has been supported by Stevens and Dochez 
(1926), Gordon (1921), Eagles (1924) and Bliss (1920), but the more recent 
work of Griffith (1926, 1927), Smith (1926, 1927), James (1926) and McLachlan 
and Mackie (1928) has shown that although certain predominant serological 
types can be demonstrated among scarlatinal strains, similar types can be 
recovered from non- scarlatinal sources. 

A study of the power of toxin production has likewise failed to distinguish 
scarlatinal from non -scarlatinal strains. Kirkbride and Wheeler (1927), Eagles 
(1926), Smith (1927) and McLachlan (1927) have shown that toxin production 
is a common function of all types of haemolytic streptococci, and although 
quantitative differences in the amount of toxin produced may be demonstrated 
there is no conclusive evidence of qualitative differentiation. On. the other 
hand, Ando, Kurauchi and Ojaki (1927) conclude that the toxin produced by 
strains isolated from the same pathological lesion, e.g. erysipelas or scarlet 
fever, may differ qualitatively. 

The interpretation of the previous work on toxin production was rendered 
difficult by the complex nature of the so -called "toxins." Crude filtrates 
prepared by the method described by Dick (1924) contained several toxic 
constituents, some specific and others non -specific. As both specific and non- 
specific fractions mayproduce dermal reactions in certain individuals, numerous 
attempts have been made to isolate and concentrate the former. That non- 
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specific fractions must be eliminated if possible was made evident by the 
number of pseudo- reactions encountered by the early investigators. Thus 
Zingher (1924) recorded that 40 per cent. of 578 pupils in a public school gave 
a pseudo- reaction, while of 2692 individuals in various hospitals and institu- 
tions in New York pseudo- reactions were noted in 22 per cent. The importance 
of non -specific fractions was further emphasised by the work of Ando, Kurauchi 
and Nishimura (1930), who stated that the specific factor in culture filtrates 
was a true heat -labile exotoxin, while the most important non -specific con- 
stituent was of the nature of an endotoxin. Thus a positive skin reaction to 
exotoxin indicated lack of the corresponding antitoxin and therefore suscepti- 
bility to scarlet fever, while a negative reaction indicated true immunity. On 
the other hand, a positive reaction to the endotoxin indicated allergy to 
streptococcal products and was of no importance as an indication of immunity 
or susceptibility to scarlet fever, although its presence in filtrates complicated 
the essential reaction to the specific exotoxin. 

The onset of allergy to streptococcal endotoxin during convalescence from 
scarlet fever was confirmed by Gibson and McGibbon (1932), who used an 
extract of organisms washed free of all filtrate. These workers note that six 
of the twenty -eight cases studied failed to develop allergy, but that all cases 
over 7 years of age in the series did so. Gibson, Thomson and Stewart (1933) 
have drawn attention to the high percentage of positive reactors to strepto- 
cocca] endotoxin encountered in cases and controls during an investigation 
into the aetiology of acute rheumatism. More recently still, Hooker and 
Follensby (1934) have stated that by fractional precipitation with ammonium 
sulphate, they were able to separate two heat -labile toxins, named A and B, 
from the culture filtrate of a single strain. The relation of these toxins to 
scarlatina has not yet been disclosed, but the authors note that most Dick - 
positives are reactive to toxin A and not to B. Only some 2 or 3 per cent, of 
young adults were found to react positively to a mixture of toxin A and 
toxin B, and negatively to toxin A alone. 

Following the introduction of the Dick test in 1924, clinical observations 
tended at first to confirm its value as an index of susceptibility, but since 
that time numerous instances of Dick -negative subjects contracting scarlet 
fever and of scarlet fever convalescents who continued to remain Dick - 
positive indefinitely have been recorded. The frequency of such anomalies 
warrants full investigation of the test in the light of the more recent work on 
toxin isolation. There has always been the possibility that qualitative differ- 
ences in toxin produced by serologically differing strains of streptococci have 
not been previously noted on account of the complex nature of the material 
investigated. If such differences exist many anomalous results could reasonably 
be explained. 

In the present paper the existence of exotoxin and endotoxin in culture 
filtrates has been confirmed and possible qualitative differences in the toxin s 
of various strains investigated. 
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METHODS 

Source and isolation, of strains 
In conjunction with this investigation a serological study was made of the strains of 

haemolytic streptococci isolated from cases of scarlatina in the City Fever Hospital, Edin- 
burgh. On admission, throat swabs were taken and cultured on rabbit blood agar plates. 
From plates showing suitable separation, three colonies of haemolytic streptococci were 
picked off and each emulsified in 0.5 c.c. phosphate broth from which were inoculated two 
tubes, one containing phosphate broth and the other 0.5 per cent. glucose broth. Serological 
examination of the 24 hours' growth in phosphate broth was made, and if the strain proved 
suitable for further study the glucose broth culture was subcultured in a further 200 c.c. 
of the same medium for toxin preparation. 

Serological examination of strains 
This work was initiated by typing strains with specific (rabbit) antisera for four type 

strains of Streptococcus haemolyticus supplied by Dr F. Griffith. Only those cultures which 
yielded a stable uniform suspension in phosphate broth on primary inoculation were selected 
for further study, cultural variation being thus eliminated as far as possible. The rabbit 
antisera to Griffith's four type strains were prepared in this laboratory. The serological 
examination of a strain consisted in: 

(1) Preliminary direct agglutination by the macroscopic method described by Smith 
(1926). 

(2) Agglutinin absorption: (a) The method of agglutinin absorption described by Smith 
(1926) was also used and in addition the following test was applied. 

(b) If, as happened, among the majority of the strains which it was found possible to 
type, a strain was agglutinated by one particular antiserum to high titre and by the re- 
maining three sera to a much lower titre, the former serum was absorbed by a mixture of 
three Griffith's type strains excluding that corresponding to the serum itself. The other 
three sera were each absorbed by a mixture of two type strains, the type to which the strain 
on direct agglutination appeared to belong and that corresponding to the particular anti- 
serum being both excluded. Agglutination of the unknown strain by the absorbed sera was 
then tested. The results of one such experiment are noted in Table III. 

Preparation of specific exotoxin 

Henry and Lewis (1925) introduced the method of purification of streptococcal culture 
filtrate by alcohol precipitation, and further work by Mackie and McLachlan (1926) and by 
Pulvertaft (1928) has confirmed the value of this procedure. In this investigation the 
method described by Ando, Kurauchi and Nishimura (1930) was first utilised. In brief this 
method was as follows: 200 c.c. of 0.5 per cent. glucose broth was inoculated with a strain 
of Streptococcus haemolyticus and incubated at 37° C. for 48 hours. To 100 c.c. of the culture 
filtrate was added 200 c.c. absolute alcohol (i.e. volume of filtrate x 2), and after shaking the 
mixture was kept at 4° C. overnight. The resulting precipitate was washed twice in saline and 
then dissolved in 20 c.c. normal saline (i.e. original volume filtrate x 1 /10), any undissolved 

material being discarded. After adjustment of the pH to 4.2 by addition of glacial acetic 

acid, the bulk of any endotoxin present was precipitated while the specific exotoxin was 

left in solution. Alcohol precipitation followed by solution in normal saline and removal of 

endotoxin by acid precipitation was twice repeated. The pH of the final solution was 

adjusted to 7. 
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Modification of Ando's method 

When the above method was first attempted a great loss of the toxic principle resulted, 
and by titrations at each stage the bulk of this loss was found to be due to the prolonged 
treatment with absolute alcohol. Accordingly instead of overnight treatment with 2 volumes 
of absolute alcohol, the filtrate was vigorously shaken with 3 volumes of absolute alcohol 
for 15 min. at room temperature and the precipitate immediately removed by centrifugation. 
The resulting precipitate was not so bulky but entered readily into complete solution in 
the reduced volume of saline, whereas a portion of the precipitate obtained by the original 
method was insoluble and had to be discarded. Otherwise exactly the same method was 
followed, the process of alcohol precipitation followed by removal of endotoxin being carried 
out three times in all. Unless otherwise stated the modified method was used in preparing 
all exotoxin fractions investigated. 

In the various tables to which reference is made the dilution of toxin refers to the 
dilution of the product concentrated by purification. Thus if 10 c.c. of purified exotoxin 
solution was derived from 100 c.c. crude filtrate, then 1 /1000 dilution exotoxin means 
1 /1000 dilution of the purified 10 c.c. exotoxin. 

Preparation of endotoxin 
The methods described by Ando (1930) were utilised for separation of the endotoxin 

from (1) crude culture filtrates and (2) washed bacteria. 

Separation of endotoxin from crude culture filtrate. 
In the preparation of the exotoxin fraction only 100 c.c. of the crude filtrate from the 

200 c.c. culture in 0.5 per cent. glucose broth was utilised, leaving 100 c.c. crude filtrate. 
To this was added acetic acid until the pH was 4. A precipitate appeared immediately, but 
the mixture was left in the ice chest for 24 hours. The precipitated substance was then 
removed by centrifugation and dissolved in 10 c.c. normal saline, to which was added 
N /10 NaOH until the pH was 7. As in the case of exotoxin, the dilution expressed in the 
various tables refers to the dilution of purified endotoxin. 

Separation of endotoxin from bacteria. 
The organisms from the cultures used in the preparation of the filtrate toxin fractions 

were washed twice in normal saline, left for 48 hours at 0° C. and resuspended in 20 c.c. 
N /10 NaOH. After 48 hours in the ice chest, glacial acetic acid was added to the supernatant 
fluid obtained from each suspension, by centrifugation, until the pH was 4. The mixture 
was left in the ice chest for a further 24 hours when precipitation was complete, and the 
precipitate was then redissolved in 20 c.c. normal saline. By the addition of N /10 NaOH 
the pH of this solution was adjusted to 7. The dilutions of endotoxin mentioned in the 
various tables refer to the dilution of the concentrated endotoxin. 

Control preparations 
As controls for the detection of non -specific reactions the following solutions were 

prepared: 
(1) Exotoxin controls: (a) Exotoxin solution heated for 15 min. at 100° C. 
(b) 0.5 per cent. sterile glucose broth (of same batch as that used for preparation of 

corresponding exotoxin) incubated for 48 hours at 37° C. and then subjected to same 
treatment as for separation of exotoxin. 

(2) Endotoxin controls: (a) Endotoxin solution heated for 3 hours at 100° C. 
(b) 0.5 per cent. sterile glucose broth (of same batch as that used for preparation of 

corresponding endotoxin) incubated for 48 hours at 37° C. and then subjected to same 
treatment as for separation of endotoxin. 
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Determination of heat resistance 
In determining the heat resistance of any solution, 10 c.c. volumes of varying dilutions 

of the solution were pipetted into a series of test- tubes, while a thermometer was suspended 
in a control tube containing 10 c.c. distilled water. The tubes were heated by means of a 
water bath and the period of heating timed from the moment boiling -point was reached. 

Titration of toxin preparations by intradermal injection 
(a) Rabbits. Preliminary titrations were first attempted in rabbits, chinchilla and angora 

breeds being used. Some of these animals reacted to intradermal injections of the various 
toxin fractions, but control tests with diluted sterile broth or with dilutions of the solution 
obtained from sterile broth by treating it in the manner described for the separation of 
exotoxin and of endotoxin yielded identical reactions. 

(b) Human subjects. Similar control tests in the human subject showed that certain 
dilutions of sterile broth, and of the solution obtained from sterile broth by treating it in 
the manner described for the separation of exotoxin and of endotoxin, would in some 
individuals produce skin reactions. No sample of broth or broth solution yielded a skin 
reaction unless used in a concentration at least ten times that of the broth used in the 
most weakly reacting toxin preparation. 

All further rabbit tests were abandoned, and only human volunteers used as reactors. 
As the number of injections which could be made in any one individual was limited, it 

was not possible to cóntrol fully multiple injections of different fractions. By a series of 
preliminary control experiments possible sources of error were as far as possible eliminated. 
Thus the broth medium from which it was intended to prepare toxin was tested by intra- 
dermal reactions and discarded if unsatisfactory. 

Technique of intracutaneous injection 
Uniformity in technique was ensured by one observer carrying out the majority of the 

tests. This is an important consideration, since it was shown that minimal quantities of 
the various fractions produced varying results according to the care taken in ensuring that 
all the material was injected intracutaneously. Within 6 -8 hours a positive reaction com- 
menced as an area of erythema spreading over the site of injection into the surrounding 
skin, assuming usually an oval shape with the long axis in the length of the limb. The 
reaction attained its maximum diameter in 18 -24 hours and then commenced to fade. 
After 3-4 days only a faint discoloration of the skin marked the original erythema, and 
the skin over this area desquamated in fine flakes. 

The reaction to the heat -stable toxin was identical in appearance with that due to 
heat -labile toxin save in very susceptible subjects who received a relatively large dose of 

endotoxin. In such cases the reaction was often severe, the site of injection being painful, 

swollen and surrounded by a wide zone of erythema. 
Skin reactions were read 24-36 hours after injection and were measured (a) in the 

longest diameter, and (b) in the longest diameter at right angles to (a). 

EXPERIMENTAL OBSERVATIONS 

Results of serological examination 

Direct agglutination. 
The three cultures derived from each case were in the first instance tested 

for direct agglutination by the four type -specific antisera. Of the first thirty - 

Journ. of Hyg. xxxv 7 
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five cases examined fourteen were found to yield strains falling within one or 

other of the types, the distribution being as follows: 

Type I Type II Type III Type IV 
4 4 3 3 

Total number of 
cases examined 

35 

From all but one of the fourteen cases the three cultures were of the same 

type. Table I illustrates the results of direct agglutination in one particular 
case. Antiserum type IV agglutinated all the cultures even in high dilution, 

whereas antisera types I, II and III agglutinated only in very low dilution. 

Table I. End- titres of direct agglutination reactions of three colony cultures from 
case No. 191 with antisera (rabbit) to Griffith's types I, II, III and IV 
scarlatinal, streptococci 

Organism 

Antisera 
A_ 

r Type I Type II Type III Type IV 

Type I 1/1600 1/50 0 1/50 
II 0 1 /1600 0 1/50 

III 1/50 1/50 1 /1800 0 
IV 1/50 1/50 1/50 1/2000 

Colony culture A 1/50 1/50 1 /100 1/1600 
B 1/50 1/50 1/50 1/1600 

C 1/50 1/50 1/50 1/1600 

The remaining case No. 232 yielded two type III cultures and one strain 
which failed to be agglutinated by any of the type antisera (Table II). 

Table II. End -titres of direct agglutination reactions of three colony cultures from 
case No. 232 with antisera (rabbit.) to Griffith's types I, II, III and IV 
scarlatinal streptococci 

Organisms 

Antisera 

Type I Type II Type III Type IV 
Type I 1/1600 0 0 1/50 

II 0 1 /1600 1/50 1/50 
III 1/50 1/50 1/2000 0 

, IV 1/50 0 0 1/2000 
Colony culture A 0 0 1/1600 1/50 

B 
C 

0 
0 

0 
o 

1/1600 
o 

1 /100 
o 

Agglutinin absorption. 
In view of the frequency with which coagglutination occurred in these tests 

(though only at relatively low titres) agglutinin absorption was used to supple- 
ment direct agglutination. In all cases absorption by method (a), or the 
investigation of the degree to which a culture was capable of absorbing agglu- 
tinins for the type to which it appeared to belong by the direct method of 
agglutination, confirmed that result. The application of method (b) is illus- 
trated in Table III. The colony cultures of case 191 were all agglutinated to 
high titre by type IV antiserum and to low titre by types I, II and III antisera. 
Absorption of type IV antiserum by a mixture of types I, II and III organisms 
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failed to lower the end -titre for colony culture B, and only slightly lowered it 
from 1/1600 to 1 /800 for colony cultures A and C. Absorption of type III 
antiserum by a mixture of types I and II organisms removed completely 
co- agglutinins for type IV organisms and for colony cultures A, B and C. 
Similarly absorption of type I and type II antisera by a mixture of organisms 
of types II and III, and of types I and III respectively, removed all agglu- 
tinins for type IV or colony cultures A, B and C. 

Table III. Agglutination end -titres of three colony cultures from case No. 191 with 
antisera (rabbit) before and after absorption with Griffith's type streptococci 

Types used in 
Antisera 

Type I Type II Type III Type IV Organism absorption 
Colony culture A 0 1/50 1/50 1 /100 1/1600 

II, III 0 - - - 
I,III - 0 - - 
I, II - - 0 - 
I, II, III - - - 1/800 

Colony culture B 0 1/50 1/50 1/50 1/1600 
II, III 0 - - - 
I,III 
1, II 
I, II, III 

- - - 
o - - 

- 
o - 

- - 
1/1600 

Colony culture C 0 1/50 0 1/50 1/800 
II, III 0 - - - 
I,III - 0 - - 
I, II - 0 - 
I, II, III - - 1/800 

Type IV 0 1/50 1/50 1/50 1 /1600 
II, III 0 - - - 
I,III 
I, II 

- 0 - - 
o 

I, II, III - - 1 /800 

Selection of strains. 
Of the fourteen cases which it was found possible to type, twelve were 

selected for further investigation as to toxin production, these being made up 
of four groups, each containing three of one of Griffith's types. Case 232, whose 
colony cultures varied serologically, was included as one of special interest 
(Table IV). 

Table IV. Serological types (Griffith) of strains used to prepare toxin 

Case No. ... 245 233 224 38 95 81 122 137 232 121 191 240 

Colony culture A I I I II II II III III III IV IV IV 
B I I I II II II III III III IV IV IV 
C I I I II II II III III 0 IV IV IV 

Potency of exotoxin fractions prepared by (1) method of Ando, 
(2) modified method 

50 c.c. filtrate from colony culture A of case No. 233 was treated by Ando's 
method for the separation of exotoxin and a further 50 c.c. filtrate from the 
same culture subjected to the modified method, the only difference in the 

7 -2 
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methods being a great reduction in the period of treatment with absolute 

alcohol. A series of children were injected simultaneously with the exotoxin 

fractions prepared by the two methods, together with heated and unheated 

crude filtrate from the same culture. Table V illustrates the results obtained. 

Table V. Reactions stated in terms of the diameters of the erythematous areas 

following intracutaneous injection of 0.2 c.c. crude filtrate from colony 

culture A of case No. 233 and of two heat -labile fractions from the same 

culture, prepared by treatment with absolute alcohol. (1) 2 volumes per 

18 hours, and (2) 3 volumes per 15 min. 

Material injected.:. 
Treatment ... 

Dilution ... ... 
Reactor 1 

2 
3 
4 

,, 5 
6 

Alcohol precipitate 
A 

Crude filtrate 

(1) 
18 hours' contact 

(2) 
15 min. contact 

A 

Heated 
100° C. for 

15 min. 
1 /1000 

0 
0 
0 
0 
0 
0 

Unheated 
1 /1000 
20/25 
20/30 
25/20 
25/35 
50/65 
20/35 

1 /1000 
0 

7/7 
7/7 
0 

10/15 
7/10 

1/500 
5/10 

10 /10 
12/12 

7/10 
10/25 
15/25 

1 /1000 
15/25 
15/15 
15/15 
10/15 
30/45 
15/25 

- 
1/500 
20/25 
20/30 
15/20 
25/35 
50/65 
20/35 

Colony culture A of case No. 233 was a potent exotoxin producer as 

evidenced by the reactions to unheated filtrate in young children who were 

specially selected on account of their negative reaction to endotoxin. The 
greater potency of the exotoxin in the preparation in which the period of 

alcohol precipitation was reduced is well marked. Even this reduced period 
of alcohol treatment still effects some loss of exotoxin as indicated by the 
greater concentration of purified exotoxin required to produce the same effect 
as crude toxin. 

Effect of heat on specific exotoxin 

The specific exotoxin prepared from colony culture A of case No. 233 was 
prepared in various dilutions and each dilution was heated for a varying 
period of time. Eight 'individuals were injected with the heated and unheated 
toxin, one reactor being used for each dilution. Of these eight individuals, 
three were later found to be susceptible to endotoxin. and these results were 
accordingly discarded. Table VI illustrates the remaining results. 

All five individuals reacted well to the 1 /800 dilution of unheated specific 
exotoxin, and with the exception of H.W., who was extremely susceptible, 
the reactions were approximately equivalent. Heating at 100° C. for 15 min. 
was sufficient to destroy completely the 1/800 and 1/400 dilutions and just 
failed to inactivate the 1/200 dilution. 1 /100 dilution resisted heating for 
15 min., although partial inactivation occurred, and even 30 min. heating 
failed to destroy completely. Similarly the 1 /50 dilution was not completely 
inactivated by 30 min. heating. The susceptibility of reactor H.W. to unheated 
exotoxin was partly responsible for the marked reaction to the 1 /50 dilution 
heated for 15 and 30 min. respectively. Nevertheless the complete inactiva- 
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tion of the 1/50 dilution after boiling for 45 min. as shown by the complete 
absence of reaction in this highly susceptible individual indicates the heat - 
lability of the specific exotoxin. 

Table VI. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. of specific exotoxin prepared 
from colony culture A of case No. 233, heated and unheated, in various 
dilutions 

Period of heating 
Dilution 

1/800 1/400 1/200 1 /100 1/50 at 100° C. 

60 min. 0 0 0 0 0 
45 0 0 0 0 0 
30 0 0 0 10 /10 15/25 
15 0 0 7/7 15/20 25/35 
Reactor J.Mc. H.L. S.P. G.D. H.W. 

Unheated exotoxin 
dilution 1 /800 

25/35 20/30 30/35 25/35 35/40 

As a dilution of purified exotoxin varying from 1/500 to 1 /1000 was found 
to be satisfactory for routine skin tests in the detection of susceptibility to 
scarlet fever, a 1/500 dilution boiled for 15 min. was introduced as a control. 

Variation in concentration of specific exotoxin in culture filtrate 
with age of culture 

100 c.c. of 0.5 per cent. glucose broth was inoculated from the colony B 
culture of case No. 233. After 2 days' incubation at 37° C. the culture was 
thoroughly shaken for 10 min. and then centrifuged. 20 c.c. of the clear 
supernatant fluid was removed and passed through a Berkefeld V filter and 
then subjected to the modified method for the separation of exotoxin. Further 
20 c.c. volumes were similarly treated after 4, 6 and 8 days' incubation re- 
spectively at 37° C. A series of individuals was then tested with the range 
of exotoxins prepared from all the fractions. Table VII illustrates the results 
obtained. 

Table VII. Variation in concentration of specific exotoxin (in culture filtrate) 
with age of culture. Reactions stated in terms of the diameters of the erythe- 

matous areas following intracutaneous injection of 0.2 c.c. specific exotoxin 

prepared from fractions removed at different periods of growth from colony 

culture B of case No. 233 

Age of culture ... 
Dilution of exotoxin... 

Reactor 1 

2 
3 
4 
5 
6 

2 days 
1 /800 
20/25 
10/15 
15/20 
15/20 
12/15 
20/25 

4 days 
1/800 
25/35 
15/25 
15/20 
20/25 
18/20 
25/30 

6 days 
1 /800 
25/35 
15/20 
10/15 
15/25 
15/15 
20/25 

8 days 
1 /800 
20/20 

8/12 
10/10 
10/20 
10/15 
15/20 

The above table indicates that the production of exotoxin ceases after the 

fourth day and that a distinct loss of exotoxin occurs at the eighth day of 

incubation. 
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This experiment was repeated with cultures from two other cases with 
corresponding results. 

Unless otherwise stated 48 hours' cultures were therefore used in the 
preparation of all exotoxin fractions. 

Exotoxin production of culture filtrates from various sources 

(1) Serologically identical cultures from the same case. 
It was previously noted that the strains selected for examination consisted 

of three representatives of each of Griffith's four types. In order to ascertain 
if exotoxin production was a universal function of the streptococci isolated 
from a case, the three exotoxins from any one case were injected simul- 
taneously into one individual. Table VIII exemplifies the results obtained 
and demonstrates that the reactions to the same dose of exotoxin prepared 
under identical conditions from all three cultures were approximately equal. 

Table VIII. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. specific exotoxin prepared from 
colony cultures A, B and C of twelve cases 

Reactor Strain 

Colony culture A, 
1/500 dilution 

exotoxin 

Colony culture B, 
1/500 dilution 

exotoxin 

Colony culture C, 
1/500 dilution 

exotoxin 
G.F. 191 20/35 15/30 20/30 
J.D. 121 40/50 35/40 40/60 
A.M. 240 15/25 15/30 20/25 
A.D. 232 10/15 10/15 15/20 
G.F. 137 30/45 25/40 35/50 
H.D. 122 20/30 25/30 15/20 
T.G. 81 10/20 15/30 15/20 
V.G. 95 15/30 20/35 15/25 
T.McQ. 38 40/50 30/45 35/45 
H.F. 245 15/25 20/30 15/20 
G.F. 233 10/20 15/25 10/20 
P.A. 224 30/50 25/45 30/45 

(2) Serologically differing cultures from the same case. 
The colony cultures from case No. 232, of which A and B were type III 

and C untyped, yielded exotoxins which produced the reactions tabulated in 
Table IX. In the first part of this table the results in four individuals to the 
same dilution, i.e. 1/500 of each exotoxin, are shown. The reactions to C were 
much smaller than those to A and B, which were approximately equal. The 
concentration of C was accordingly doubled and five further persons injected, 
with the results illustrated in the lower half of Table IX. The findings indicate 
that C was a less powerful toxin producer than A or B, but no indications of 
qualitative differences were noted. 

(3) Serologically identical cultures from different sources. 
By taking the exotoxins derived from one culture of each of the cases of 

similar serological type and injecting into one individual, the reactions to 
exotoxins from serologically identical cultures from different sources was 
investigated. The results are exemplified in Table X. 
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Table IX. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. specific exotoxin derived from 
Type III colony culture A and B and untyped colony culture C from case 
No. 232 

Colony culture... 

Type III 
Untyped 

C A B 
Dilution exotoxin 1/500 1/500 1/500 

Reactor K.U. 20/30 20/35 10/20 
C.W. 35/45 30/45 20/35 
A.B. 0 0 0 
P.W. 20/35 25/35 10/15 

Dilution exotoxin ... 1/500 1/500 1/250 
Reactor S.S. 20/35 20/35 25/35 

If F.A. 30/45 25/35 30/35 
,, G.L. 30/40 30/40 35/45 
If M.C. 25/35 20/35 20/35 

D.D. 0 0 0 

Table X. Reactions stated in terms of the diameter of the erythematous areas 
following intracutaneous injection of 0.2 c.c. specific exotoxin from colony 
cultures A of cases Nos. 191, 121 and 240, all being type IV cases 

Case ... 
Type ... 

191 

IV 
121 

IV 
240 

IV 
Dilution of exotoxin 1/400 1/400 1/400 

Reactor J.G. 35/45 40/55. 25/35 
10/15 25/30 10/15 

H.W. 30/45 35/45 20/30 
H.J. 25/35 30/45 20/30 
J.J. 15/25 20/30 10/15 
B.D. 30/40 50/65 20/25 
P.S. 20/35 35/50 15/20 
M.W. 30/40 55/65 20/30 
J.P. 10/15 15/20 10/20 
M.M. 25/35 30/35 15/25 
L.Y. 30/40 40/50 30/40 
F.N. 10/20 30/40 10/15 
S.McK. 20/35 35/45 20/30 
R.B. 10/25 25/35 10/20 
E.L. 0 0 0 
H.F. 0 0 0 

Dilution of exotoxin ... 1/300 1/400 1/200 

Reactor J.G. 40/50 40/55 35/45 
A.Mc. 0 0 0 
F.J. 20/35 25/30 20/30 
J.N. 30/45 35/45 25/35 

2, B.A. 15/25 20/25 15/25 
W.D. 0 0 0 

,, RN. 30/40 25/35 25/35 
L.G. 35/45 30/40 35/45 
H.S. 10/15 15/15 15/15 
P.M. 20/30 25/35 20/30 
O.R. 25/35 25/35 25/30 
J.B. 20/30 25/35 20/35 

As the three exotoxins from different cases were tested in the same series 

of reactors, any difference in the degree of reaction was obviously due to 

variation in the toxins themselves. A sufficiently large number of individuals 
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was examined to exclude errors due to technique of injection, etc. As the 
first part of Table X demonstrates, in each positive reactor exotoxin 121 pro- 
duced the largest reaction and 240 the weakest. There appeared, therefore, 
to be a quantitative difference in the three preparations. By means of a series 
of titration experiments, the concentration of the three toxins was adjusted 
and a further series of individuals injected. The results obtained are noted in 
the second part of Table X. The adjustment of the concentration resulted in 
equivalent reactions being produced by all these exotoxins. 

The experiment was repeated with the exotoxin of one colony culture 
from each of the remaining nine cases, the grouping of four toxins from cases 
differing serologically being as in the preceding experiment. Identical results 
were obtained. Quantitative variation in the power to produce exotoxin 
therefore existed among strains of similar serological type from different cases, 
but no evidence of qualitative difference was revealed. 

(4) Serologically different cultures from different sources. 
In this experiment each subject was injected with exotoxin from four 

serologically different cultures derived from different cases. The dilutions of 
exotoxin used were those determined by the preceding experiment. As seen 
in Table XI, individual reactors responded equally to all four exotoxins from 

Table XI. Reactions stated in terms of the diameter of the erythematous areas 
following intracutaneous injection of 0.2 c.c. specific exotoxin from colony 
cultures A of cases Nos. 245, 38, 122 and 121, all varying in type 
Case ... 
Type 

245 

I 
38 
II 

122 

III 
121 

IV 
Dilution of exotoxin ... 1/500 1/500 1/500 1/400 

Reactor L.S. 30/35 25/40 25/40 35/40 
L.H. 20/30 30/40 25/35 20/20 
R.D. 30/35 20/30 20/30 30/40 
J.D. 15/25 20/35 15/20 15/20 
A.N. 30/45 25/40 30/50 35/50 
H.H. 25/35 20/30 25/35 20/35 

P, J.W. 25/35 20/30 25/35 30/35 
R.F. 15/25 20/35 15/20 15/35 
B.D. 30/45 25/35 35/50 30/40 

,, H.P. 25/35 20/30 30/35 20/35 
,, C.W. 15/25 15/20 20/35 20/30 

A.W. 25/35 20/30 20/25 25/30 
>, M.R. 35/40 25/30 30/40 25/35 

P.D. 0 0 0 0 
F.J. 0 0 0 0 
B.MeG. 0 0 0 0 

Dilution of exotoxin ... 1/50 1/50 1/50 1/40 
Reactor P.D. 10/30 25/35 25/25 20/30 

10/15 15/15 10/15 10 /10 
B.McG. 0 0 0 0 

different type cultures. The three negative reactors to high dilutions of the 
toxins were injected 2 days later with lower dilutions of toxin in. order to 
reveal possible qualitative differences. In each case the concentration of 
exotoxin in the second injection was ten times that in the first injection. The 
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results are indicated in the second part of Table XI. Reactor P.D. became 
strongly positive to all four toxins, F.J. weakly positive to all and B.McG. 
continued negative. 

This method of utilising large doses of exotoxin in individuals who reacted 
negatively to minimal doses was extended and, of twenty -seven individuals, 
including the three cases mentioned above, twenty remained negative, four 
gave a weak positive reaction to all injections and three reacted strongly to 
all preparations. These results again failed to reveal any qualitative difference 
in exotoxins from serologically differing cases. 

By means of the above experiments the existence of a true heat -labile 
exotoxin in culture filtrates of haemolytic streptococci has been confirmed. 
This heat -labile toxin was present in greatest concentration after 96 hours' 
incubation at 37° C. and further incubation resulted in partial inactivation. 
The exotoxin could be purified by alcohol precipitation, the alcohol being 
allowed to act for a minimal period of time. Recently isolated colony cultures 
from the same case and of the same serological type produce equivalent 
amounts of qualitatively identical exotoxin. Colony cultures from different 
cases of the same serological type may vary in amount but not in the character 
of exotoxin produced. Colony cultures of the same aerological type from 
different cases may likewise vary in the amount but not in the character of 

the toxin produced. 

Heat resistance of endotoxin 

(A) Endotoxin prepared from washed organisms. 

The endotoxin prepared from the washed organisms of colony culture A 

of case No. 233 was diluted 1/500, subjected to boiling for various periods and 

then injected into individuals who had previously been found to react nega- 

tively to 1/400 dilution of the exotoxin from the same culture. The results in 

the case of three positive reactors are indicated in Table XII. As a control, 
the same dilution of unheated endotoxin was injected. 

Table XII. Reactions stated in terms of the diameters of the erythematous areas 

following intracutaneous injection of 0.2 c.c. endotoxin from the washed 

organisms of colony culture A of case No. 233 

Reactor ... ... ... D.W. P.T. J.H. 
Dilution of endotoxin ... 1/500 1/500 1/500 

Unheated endotoxin ... 20/35 20/35 20/20 

Period of boiling 30 min. 20/30 20/30 15/20 

79 60 20/35 15/25 15/15 

79 120 10/15 10 /10 5/10 

17 180 0 0 0 

Three hours' boiling was required to destroy completely the heat -stable 

toxin. Boiling for 1 hour only partially inactivated the dilutions of endotoxin 

used for routine skin tests. 
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(B) Endotoxin prepared from crude filtrate. 
The endotoxin prepared from the crude filtrate of colony culture A of 

case No. 353 was diluted 1/100, and treated as in (A) above. Heating for 

3 hours at 100° C. was again found to be essential for complete destruction 
of endotoxin. 

Reactions to simultaneous injection of endotoxin prepared: 
(1) from crude filtrate, (2) from washed organisms 

Endotoxin was prepared by the methods given for colony culture A of 

case No. 233. A series of individuals was given simultaneous injections of 

both preparations. The results were as exemplified in Table XIII. 

Table XIII. Reactions stated in terms of the diameter of the erythematous areas 

following intracutaneous injection of 0.2 c.c. endotoxin from colony culture A 

of case No. 233 

Source of endotoxin Washed bodies Crude filtrate 
Dilution of endotoxin 1/400 1/300 

Reactor 1 30/40 20/25 
2 15/20 5/10 
3 25/35 10/15 
4 20/30 10/15 

Dilution of endotoxin 1/400 1/200 

Reactor 5 25/35 20/30 
6 20/25 20/25 
7 15/25 20/25 
8 20/20 25/30 
9 15/20 15/20 

10 20/30 15/25 

In the first four positive reactors the extract from the washed bodies pro- 
duced larger reactions than the filtrate preparation. Following adjustment of 

the concentration of the filtrate endotoxin, the two preparations produced 
approximately equivalent results in any one individual, as shown in the lower 
portion of Table XIII. 

Preparations from colony culture A of case No. 233 and from colony 
culture C of case No. 81 yielded similar results. 

Variation in concentration of endotoxin in culture filtrate with age of culture 

100 c.c. of 0.5 per cent. glucose broth was inoculated and after 2 days' 
incubation at 37° C. the culture was thoroughly shaken and then centrifuged 
at 2000 rev. for 20 min. 25 c.c. of the supernatant fluid was removed and 
from it the endotoxin fraction was separated. After 4, 8 and 16 days' incu- 
bation at 37° C. further 25 c.c. quantities were removed and similarly treated. 
Individuals who reacted positively to the 1/400 dilution of endotoxin from 
the washed bodies and negatively to 1/500 dilution of exotoxin from the same 
colony culture were injected with each of the four preparations. The results 
are tabulated (Table XIV) and indicate a progressive increase in concentration 
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of endotoxin with increase in age of culture. At the sixteenth day of incuba- 
tion the culture was found to be sterile, but the greatest concentration of 
endotoxin was present. 

Table XIV. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. specific endotoxin prepared from 
fractions removed at different periods of growth from colony culture A of 
case No. 95 

Age of culture ... ... 2 days 4 days 8 days 16 days* 
Dilution of endotoxin ... 1/500 1/500 1/500 1/500 

Reactor A.A. 10/15 20/20 20/25 25/35 
P.W. 0 5/10 10/10 15/10 
H.M. 15/20 15/25 25/30 25/35 
J.L. 10 /10 10/15 10/15 15/20 
G.F. 15/20 20/20 25/30 30/40 
E.F. 10/15 10/15 15/20 20/25 

* Culture sterile. 

Reactions to simultaneous injection of endotoxin, exotoxin, crude filtrate 
heated and unheated, all derived from same colony culture 

The next stage in the investigation consisted in subjecting a number of 
persons to simultaneous intracutaneous injections of crude filtrate, heated 
and unheated, purified exotoxin and of purified endotoxin, all of which were 
derived from colony culture A of case No. 95. Table XV exemplifies the results 

Table XV. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. endotoxin, exotoxin and crude 
filtrate (a) unheated, (b) heated at 100° C. for 15 min., all preparations being 
derived from colony culture A of case No. 95 

Filtrate heated 

Material injected ... ... Exotoxin Endotoxin 
Filtrate 

unheated 
for 15 min. 
at 100° C. 

Dilution of preparation, ... 1/500 1/500 1 /1000 1 /1000 

Reactor No. Age (years) 
I.McG. 1 5 25/35 0 20/30 0 
G.O. 2 6 30/35 0 25/35 0 
L.S. 3 10 10/15 7/7 15/20 0 
J.M. 4 12 10/20 7/7 15/15 0 

H.P. 5 16 0 15/20 10/15 15/15 
R.N. 6 21 7/7 20/25 25/35 15/20 
G.M. 7 24 0 10/20 15/25 10/15 

P.C. 8 15 15/20 10/15 15/25 0 
J.P. 9 19 15/20 10/20 15/20 7/10 

C.G. 10 25 0 0 0 0 

A.L. 11 29 0 0 0 0 

obtained. Subjects 1, 2, 3 and 4 reacted strongly to exotoxin and negatively 
or as weak positives to endotoxin. The strong reaction to unheated filtrate 

and absence of reaction to filtrate heated for 15 min. at 100° C. was as expected, 

since this treatment was shown to destroy effectively the exotoxin at high 

dilutions. 1, 2, 3 and 4 may therefore be regarded as true Dick -positive 

reactors. Subjects 5, 6 and 7 who reacted negatively or as weak positives to 
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exotoxin, gave strong reactions to endotoxin. These three persons also reacted 
to unheated filtrate and as was expected to heated filtrate. The positive 
reaction to crude filtrate in the case of these three subjects was therefore due 
to the presence of endotoxin. Subjects 8 and 9, who reacted moderately to 
both exotoxin and endotoxin, reacted positively, to unheated filtrate and as 
weak positives or negatively to heated filtrate. The failure to react to heated 
filtrate despite the reaction to purified endotoxin may be explained by the 
greater concentration of endotoxin in the purified product. Subjects 10 and 11, 
who were negative, served as useful controls. 

Endotoxin production of culture filtrates from various sources 

(1) Serologically identical cultures from the same case. 
(A) The endotoxin fractions prepared from the washed organisms of the 

colony cultures from each case were used in 1/200 dilution. A single individual 
received endotoxin from the cultures of one case (Table XVI). 

Table XVI. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. endotoxin from colony cultures 
A, B and C of eleven cases 

Colony culture A, 
1/200 dilution 

Colony culture B, 
1/200 dilution 

Colony culture C, 
1/200 dilution 

Reactor Case endotoxin endotoxin endotoxin 
J.G. 191 30/45 40/50 35/45 
L.W. 121 50/85 40/50 40/55 
R.B. 240 15/25 20/30 15/15 
P.M. 137 40/55 40/55 35/45 
A.W. 122 20/35 15/20 20/30 
S.B. 81 25/35 20/30 30/35 
S.R. 95 25/35 25/35 30/40 
D.T. 38 10/10 15/10 15/20 
P.P. 245 30/40 25/30 25/35 
C.D. 233 20/30 25/30 20/30 
K A 224 10/15 10/15 15/20 

It will be seen that each positive reactor responded to all three endotoxins, 
which therefore suggested that cultures serologically identical produce quali- 
tatively similar endotoxins. 

(B) In the next experiment the endotoxins from a single case, No. 233, 
were injected into a number of subjects and Table XVII exemplifies the results 
obtained. With equal dilutions, i.e. 1/400 of all endotoxins, A and B produced 
approximately equivalent reactions, which were larger than those of C. On 
doubling the concentration of C, all positive reactors responded equally to the 
three endotoxins. The endotoxins from cases Nos. 95, 224, 181 and 233 were 
found to vary in concentration but not qualitatively. 
(2) Serologically differing cultures from the case. 

When the same experiment was attempted on an extended scale with the 
cultures from case No. 232, the results given in Table XVIII were obtained. 

The endotoxin from the serologically identical cultures produced equi- 
valent reactions in any one individual. The endotoxin from colony culture C 
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produced reactions equivalent to those of A and B in subjects 1, 2 and 3. 
The remaining part of Table XVIII has been arranged to show how the 
reactions due to C increase in size from 0 to 40 -55 mm. The reactions to 
A and B do not show a corresponding gradation but are markedly irregular. 

Table XVII. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. endotoxin from colony cultures 
A, B and C of case No. 233 

Colony culture ... A B C 

Dilution of endotoxin 1/400 1/400 1/400 
Reactor K.U. 20/30 20/35 10/20 

C.W. 35/45 30/45 20/35 
P.W. 20/35 25/35 10/15 
A.B. 0 0 0 

Dilution of endotoxin 1/400 1/400 1/200 
Reactor S.S. 20/35 20/35 25/35 

F.A. 30/45 25/35 30/35 
S.L. 30/40 30/40 35/45 
M.C. 25/35 20/35 20/35 
D.D. 0 0 0 

It was therefore impossible to attribute variation in response to endotoxin 
as due entirely to variation in the concentration of endotoxin in each prepara- 
tion, i.e. quantitative differences in toxin only. The results suggest that 
endotoxins of different serological types may themselves differ qualitatively. 

Table XVIII. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. endotoxin from Type III colony 
cultures A and B and untyped colony culture C from case No. 232 

Colony culture ... 

Type III 
Untyped 

C A B 

Dilution of endotoxin 1/200 1/200 1/200 

Reactor S.H. 1 25/35 30/40 25/35 
K.M. 2 20/30 20/30 15/35 
W.P. 3 15/25 20/30 25/35 
J.N. 4 30/45 25/35 0 
G.M. 5 25/35 30/35 0 
N.B. 6 40/55 30/40 10/15 
H.P. 7 30/45 25/35 10/15 
J.McK. 8 30/45 25/30 10/15 
P.R. 9 30/45 20/30 10/15 
R.R.. 10 20/30 30/35 10/20 
H.F. 11 20/40 35/50 15/35 
A.G. 12 40/50 35/30 15/20 
L.W. 13 10/20 15/30 30/40 
N.L. 14 25/35 20/40 40/55 
J.B. 15 10/20 15/25 40/55 

(3) Serologically identical cultures from different cases. 

The next experiment consisted in the simultaneous injection of endotoxin 
from different cases all serologically alike. Table XIX illustrates the results 
in the first such experiment. The reactions to endotoxin from case No. 191 

were much larger than those of cases No. 121 or No. 240 in the first four 

positive reactors, but on adjustment of the concentration as shown in the 
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table, positive reactors responded equally to each endotoxin. The remaining 
nine cases yielded corresponding results. 

Despite derivation from different sources, serological identification of 

strains was correlated with qualitative similarity of endotoxin as evidenced 
by intracutaneous reactions in susceptible persons. 

Table XIX. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. endotoxin from colony cultures A 
of cases Nos. 191, 121 and 240, all serologically type IV 

Case 

Type ... ... 
Dilution of endotoxin 

Reactor G.W. 

191 

IV 
1/300 

30/40 

121 

IV 
1/300 
20/35 

240 

IV 
1/300 
20/35 

D.W. 45/60 30/40 35/45 
N.P. 30/45 20/35 20/30 
H.D. 25/35 15/20 10/20 

Dilution of endotoxin 1/400 1/300 1/300 
Reactor H.D. 20/35 25/35 20/35 

B.D. 30/40 25/35 30/40 
A.A. 20/35 30/35 20/30 
J.F. 30/40 25/35 25/30 

,, J.D. 35/45 25/35 35/50 
C.L. 40/55 40/60 30/45 
K.D. 10/15 15/25 10/25 

This series of experiments therefore confirms those exemplified in 
Table XVI. 

(4) Serologically different cultures from different cases. 
The various endotoxin preparations were grouped in series of four from 

different type cultures and every subject received one such series as shown 
in Table XX. 

Table XX. Reactions stated in terms of the diameters of the erythematous areas 
following intracutaneous injection of 0.2 c.c. endotoxin prepared from colony 
cultures A of cases Nos. 245, 38, 122 and 121, all differing serologically 

Case 
Type ... 

245 

I 
38 

II 
122 

III 
121 

IV 
Dilution of endotoxin 1/300 1/300 1/300 . 1/300 

Reactor R.T. 1 20/30 25/35 20/35 25/30 
F.H. 2 20/35 10/20 30/25 15/25 
A.B. 3 20/35 25/30 20/30 20/30 
C.N. 4 10/15 10/20 10/10 15/20 
W.R. 5 30/45 25/35 35/40 20/35 
J.P. 6 15/25 25/35 15/25 20/25 
J.B. 7 0 20/30 30/45 35/45 
R.A. 8 0 10/20 30/40 20/45 
T.M. 9 40/50 0 20/40 45/60 
T.H. 10 40/55 10/15 30/40 0 
L.T. 11 10/20 25/35 20/35 40/50 
N.T. 12 10/15 20/30 25/35 30/40 
W.R. 13 25/35 20/40 20/35 40/55 

22 D.H. 14 40/50 20/25 10/20 30/45 
R.L. 15 50/60 10/25 10/25 15/30 
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Reactors 1 -6 gave roughly corresponding results to all four endotoxins. 

Subjects 7 -10 were negative to one other endotoxin but reacted strongly to 
one or more of the remaining toxins. Subjects 11 -15 reacted positively to all 
five toxins but with extreme irregularity. The failure to produce parallel 
results in the same series of reactors pointed to an essential qualitative 
difference in the endotoxins used. Similar results with the remaining three 
series of endotoxins confirmed the suggestion indicated by the results in 
Table XVIII, that from cultures varying serologically there can be extracted 
endotoxins which also differ qualitatively. 

The existence in culture filtrates of Streptococcus haemolyticus of a heat - 
stable toxin, identical with a substance which can be separated from washed 
streptococci by alkali extraction, has been confirmed. Traces of this heat -stable 
toxin are present after 48 hours, but the concentration increased with incu- 
bation for periods even as long as 16 days by which time the culture was 
sterile. A positive reaction to an intradermal injection of crude filtrate was 
shown to be of complex nature and was the sum of the reactions to at least 
two constituents, exotoxin and endotoxin. Colony cultures from the same or 
different cases but of the same serological type may vary quantitatively but 
not qualitatively in yield of endotoxin. Endotoxin prepared from colony 
cultures of the same or different cases of different serological type also differ 
qualitatively as determined by their power to produce skin reactions in 
susceptible individuals. 

DISCUSSION 

This study was made with the primary object of investigating the different 
toxic fractions present in crude culture filtrates of the scarlatinal streptococci, 
special attention being paid to the method of fractionation recently described 
by Ando, Kurauchi and Nishimura (1930). Strains from thirty -five cases were 
freshly isolated for the enquiry, all being typical haemolytic streptococci 
obtained from the throat in the first week of the illness. An endeavour was 
made to type these strains serologically by using antisera for Griffith's four 
standard scarlatinal types. Only fourteen of the series (40 per cent.), however, 
belonged to these types. Three strains, derivatives of single colonies, were 
isolated from each case, and with one exception it was found that among the 
fourteen cases in which typing was successful these three strains were identical 
in type. 

Three single -colony derivatives from three representatives of each of 

Griffith's four types were finally selected, the total number of cultures 
examined being thirty -six. Culture filtrates were prepared from all strains 
under identical conditions, and from each filtrate a true heat -labile exotoxin 
was separated by alcohol precipitation. The identity and activity of the toxin 
was tested by cutaneous reaction in Dick -positive persons. This exotoxin 
was destroyed by heating for 30 min. at 100° C. and was partially inactivated 
by prolonged treatment with alcohol. The concentration of exotoxin in a 

filtrate was found to attain its maximum after 96 hours' incubation of the 
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culture at 37° C. and became progressively lowered on further incubation. 
Filtrates from organisms which had existed under identical natural conditions, 
e.g. isolated from the same throat swab, were found to correspond qualitatively 
and quantitatively in yield of exotoxin. This applied equally to strains of the 
same serological type and to strains of different types. In only one case, 
however, were strains of two serological types found in an individual case. 
Culture filtrates of the same or different serological types and taken from 
different sources were found to contain qualitatively identical exotoxins, but 
these organisms exhibited marked quantitative variation in toxin production. 
The dermal reaction to equivalent dilutions of the various toxins was the 
method used in determining quantitative variation in toxin production. In 
titrating any two toxins, the series of reactors was extended until at least 
twelve positive reactors had been utilised (Table X). By this method no 
attempt was made to estimate the actual degree of quantitative variation in 
toxin production, but the uniformly greater reactions to one toxin in all the 
positive reactors as compared with those produced by a second toxin was a 
satisfactory demonstration that such variation did exist. This variation indi- 
cates the necessity for careful titration of the activity of the toxin when 
correlation of serological type and toxin production is studied. Thus no 
evidence was elicited of any essential difference between the exotoxins of 
different serological types of scarlatina' streptococci. 

Hooker and Follensby (1934), in a paper published after the completion of 
this work, have stated that a single strain is capable of producing more than 
one exotoxin, and they have described two such toxins, A and B, yielded by 
the Dochez scarlatinal strain. The authors indicated that toxins A and B were 
both precipitated from culture filtrates by treatment with four to six volumes 
of absolute alcohol, but that saline solutions of such precipitates contained 
only half the original erythrogenìc activities of the crude filtrates. Toxins 
A and B were also found to be left in the supernatant fluid following the 
precipitation of endotoxin from culture filtrates by adjustment of the reaction 
to pH 4.2. As these two steps were precisely those taken in the isolation of 
the exotoxin fractions used in this investigation, we must conclude that the 
treatment of filtrates was such as to yield both toxins A and B provided these 
were present in the original filtrates. The presence of these two fractions in 
the exotoxin solutions was not specifically investigated, but among the many 
tests conducted, no individual was found to react to any one solution in 
preference to the others, provided quantitative variation of exotoxin in solu- 
tion was adequately controlled. It would appear, therefore, that this series 
did not include any strain producing the B toxin, or alternatively if such a 
strain was present no reactors of the A -B + type described by Hooker and 
Follensby were encountered. 

In addition to the heat -labile exotoxin the existence of an. acid -insoluble 
toxic fraction in 48 hours' culture filtrate was confirmed. The yield of this 
acid -insoluble fraction increased with the age of the culture up to the sixteenth 
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day of incubation. The similar nature of this product to that prepared by 
acid precipitation of an alkaline extract of washed organisms has also been 
established. Both products were extremely heat -resistant and produced 
parallel results on intradermal injection in susceptible subjects. The presence 
of this heat -resistant fraction in culture filtrates has undoubtedly been re- 
sponsible for many of the pseudo -reactions noted in the standard Dick test, 
since its complete inactivation necessitates heating for 3 hours at 100° C., the 
standard Dick test "control" being usually heated for 1 hour only at 100° C. 
The question arises as to the nature of this fraction. Ando, Kurauchi and 
Nishimura (1930) have regarded it as an endotoxin and it conforms in many 
respects to this category of product. The work of Gibson and McGibbon (1932) 
suggests that the reaction is due to acquired hypersensitiveness, but the 
question requires further investigation. As regards the present inquiry, this 
reaction so closely resembles the true Dick reaction that the active product 
has been provisionally classified as a toxin and designated endotoxin to 
differentiate it from the Dick exotoxin. The endotoxins of single- colony cul- 
tures of the same serological type derived from the same or different sources 
produced parallel results on intradermal injection and therefore appeared to 
be identical. In contrast to this, colony cultures of different serological types 
from the same or different sources produced endotoxins which failed to give 
parallel intradermal readings and which therefore differed qualitatively. It is 
admitted that intradermal reactions afford only a crude method of deter- 
mining the identity of two or more toxins, but since culture filtrates have 
been shown to contain endotoxin after 48 hours' incubation these qualitative 
differences are of importance. In the present instance abundant evidence has 
been forthcoming that an apparently identical reaction to crude filtrate in 
two susceptible individuals may mask considerable variation in their reaction 
to the separated exotoxin and endotoxin. 

To sum up, while the scarlatinal streptococci varying widely in serological 
characters produce a single uniform heat -labile exotoxin, demonstrable by a 
cutaneous reaction in susceptible persons, these organisms form another type 
of toxic product (as determined by the same method) which is heterogeneous 
from the immunological standpoint and in this respect is like the type -specific 
antigen of the organism. This product, however, corresponds generally with 
the so -called endotoxins of other bacteria. Its relationship to the pathogenesis 
of scarlatina and to the immunity phenomena of this disease is still a problem 
of considerable interest and practical importance, and requires further investi- 
gation from this point of view. 

SUMMARY AND CONCLUSIONS 

1. Among a series of strains of haemolytic streptococci from thirty -five 

cases of scarlatina in the first week of illness, fourteen were found to correspond 
with one or other of Griffith's serological types I, II, III and IV. 
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2. Of these fourteen strains, twelve were selected for further examination 

and found to yield a true heat -labile exotoxin completely inactivated by 
heating for 30 min. at 100° C. 

3. The concentration of exotoxin in 0.5 per cent. glucose broth cultures 
was at a maximum after 96 hours' incubation, and thereafter on further incu- 

bation progressively diminished. 
4. No qualitative difference could be detected among the exotoxins from 

the different strains, the test criterion being the dermal reaction in Dick - 
positive persons. 

5. Cultures of organisms of the same or different serological type isolated 
from the same source and thereafter similarly treated yielded approximately 
equivalent amounts of exotoxin. 

6. Broth culture filtrates also contained an acid -insoluble toxic fraction, 
the concentration of which increased with the age of culture and which 
appeared to be identical with a similar acid -insoluble fraction derived from an 
alkaline extract of washed bacterial bodies. 

7. This acid -insoluble fraction was extremely heat -resistant, 3 hours' 
boiling at 100° C. being required for inactivation. In this respect the acid - 
insoluble fraction corresponded to the bacterial endotoxins. 

8. The acid -insoluble fractions from cultures of the same serological type 
produced equivalent skin reactions in susceptible persons. 

9. The acid -insoluble fractions from cultures of different serological types 
differed qualitatively as determined by skin reactions. 

10. The reaction to crude filtrate was found to be the sum of the reactions 
to the exotoxin fraction and to the acid -insoluble fraction present in the 
filtrate. 

In conclusion I wish to thank Major Menzies, Castle Hospital, Edinburgh, 
and Colonel J. Cunningham, Astley Ainslie Institution, Edinburgh, for giving 
me access to the wards at their disposal, and to Dr W. T. Benson and 
Dr A. L. K. Rankin of the City Fever Hospital, Edinburgh, for co- operation 
in conducting skin tests. I am indebted to Prof. T. J. Mackie for his advice 
and help throughout the work, which was carried out during the tenure of a 
Crichton Research Scholarship. 
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INTRODUCTION 

SCARLET fever is one of the group of acute infectious diseases which, in 
distribution, may occur as sporadic cases or as epidemics of varying extent. 
Edinburgh and its surrounding district was visited in 1933 by an epidemic 
which rapidly assumed considerable proportions. The onset of the epidemic 
was presaged by an unusual rise in the number of cases during the month of 
May. It so happened that during the preceding two months of March and 
April, a large series of strains of haemolytic streptococci from acute scarlatina 
had been isolated for the purpose of carrying out an investigation on toxin 
production. The collection of strains was continued during the epidemic and 
a unique opportunity was therefore presented of studying the characters of 
strains isolated during an immediate pre -epidemic period of two months 
together with those of the epidemic itself. 

Of the various methods devised in the attempted classification of haemo- 
lytic streptococci, that which has been most extensively used has been the 
agglutination reaction. Yet the results obtained by different workers have 
often' been at variance. Moser & von Pirquet (1902), utilizing direct agglutina- 
tion reactions with sera from scarlet{fevei patients and also from horses 
immunized with haemolytic streptococci isolated from the blood of fatal cases 
of scarlatina, concluded that scarlet -fever strains formed a group serologically 
distinct from those isolated from other diseases. In this respect he received 
confirmation by Meyer (1902) and by Rossiwall & Schick (1905). On the 
other hand, Aronson (1903), using the same technique as that followed by 
Moser '& von Pirquet, was unable to corroborate their findings, while Neufeld 
(1903), using immune rabbit sera, also failed to define a specific scarlatinal 
group. For a prolonged period no further results were reported until with 
the introduction of new methods, an impetus was giben to further study of 
the subject. By the method of agglutinin- absorption Tunnicliff (1920), Bliss 
(1920) and Gordon (1921) each found that at least 80 per cent of scarlatinal 

!strains were of one serological type, but Williams (1924) was again able to 
demonstrate multiplicity of types, of which the largest constituted only 
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15 per cent of all strains examined. Williams showed further that strains 
identical with those from scarlatina were recoverable from presumably non- 
scarlatina' sources such as cases of puerperal fever and erysipelas. This, too, 
has received ample confirmation at the hands of Smith (1926, 1927), James 
(1925) and MacLachlan & Mackie (1928). An extensive investigation of this 
nature was reported by Griffith (1927), who found that 60 per cent of strains 
from acute scarlatina fell into one or other of types 1, 2, 3 and 4 of his classifi- 
cation which now comprises twenty -seven types (Griffith, 1935). Andrewes 
& Christie (1932) by careful serological analysis were able to identify three of 
these types, while Allison & Gunn (1932) have confirmed the results in full. 
No reports have as yet appeared concerning the serological investigation of 
strains from an epidemic of the magnitude of that experienced in Edinburgh, 
but Griffith (1935) has found that in small epidemics there is usually a pre- 
ponderance of a single type. 

Previous reports differ also as to the incidence of carriers of haemolytic 
streptococci among scarlatinal convalescents. Williams (1924) noted that after 
30 days only 20 per cent of convalescents were carriers and in these the 
numbers of streptococci were few. Kirkbride & Wheeler (1930) found that 
between 50 and 60 per cent of convalescents were still carriers at the same 
period. Similarly, Gunn & Griffith (1928) record a carrier rate of 49 per cent, 
while Brown & Allison (1935) found that 82.8 per cent of patients, irrespective 
of their length of hospitalization, had haemolytic streptococci in the throat 
or nose on discharge, and suggest that the true percentage of carriers was 
probably higher, since return cases followed the discharge of a certain number 
of those giving a negative cultural result. Of more importance from the point 
of view of dissemination by carriers is the fact that Kirkbride & Wheeler 
(1930) could find no fundamental difference as regards pathogenicity or 
virulence between strains isolated from the acute and convalescent phases, 
respectively, of illness. Yet only two of thirty -four carriers in their series were 
reported to have become infecting cases. Not one single return case was 
ascribed to the 49 per cent of discharge carriers in Gunn and Griffith's series, 
and this was attributed by the authors to the probably early abolition of the 
carrier state induced by the altered environment of home conditions. Brown 
& Allison (1935) made the observation that the degree of infection on discharge 
as indicated by cultural methods was correlated with the return -case rate, 
which was 3 per cent in mild and moderate, but 6 per cent in heavy or very 
heavy infection. 

The present study was undertaken in order to re- examine the questions 
referred to above and also to obtain if possible some information regarding 
the factors which determine the onset of a widespread epidemic in a community 
subjected apparently to the same risks as prevail in non -epidemic times. 
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METHODS 

Isolation of strains 
On admission to hospital a throat swab was taken from each patient and used to inoculate 

a 5 per cent rabbit -blood agar plate. This plate was then incubated aerobically at 37° C. for 
24 hours. A single colony showing ß -lysis was emulsified in 0.5 per cent phosphate broth 
from which were inoculated two tubes, one containing 5 c.c. of 0.5 per cent phosphate broth 
and the other 5 c.c. of 0.5 per cent glucose broth. The aerological examination of the 
particular strain was initiated by using the growth in phosphate broth after 24 hours 
incubation at 37° C., while the 24 hours' glucose broth culture was used for inoculating a 
further 200 c.c. glucose broth if the toxin production of the strain was also to be examined. 

On discharge from hospital a second throat swab and, in addition, a nasal swab were 
again examined in the manner described above. From many of the patients further swabs 
were examined during the course of their stay in hospital. 

Preparation of antisera 
Initially four rabbit antisera were prepared by the intravenous injection of heat killed 

24 -hour broth cultures of types 1, 2, 3 and 4 strains of Streptococcus haemolyticus supplied 
by Dr Griffith. It was soon found that although the sera so prepared agglutinated the 
homologous strains to high titre, a large proportion of the locally isolated strains were 
agglutinated, if at all, by only low dilutions of these sera. Accordingly additional sera were 
prepared against several of these strains and finally eight were utilized, four for Griffith's 
types 1, 2, 3 and 4 and four for types which were provisionally named A, B, C and D, one 
of these, A, being serologically identical with type 5. 

Direct agglutination reaction 

The cultures derived from each case were in the first instance tested for direct agglutina- 
tion by the eight type specific sera, the method described by Smith (1926) being followed. 

Agglutinin absorption 

In view of the frequency with which co- agglutination occurred in many strains, the 
method of agglutinin absorption was used to supplement direct agglutination results. 
A strain was accepted as belonging to one of the eight types if it absorbed completely from 
its antiserum the homologous agglutinins. 

EXPERIMENTAL OBSERVATIONS 

Quantitative results of examinations on admission 

Single throat swabs from 1875 acute cases were examined for the presence 
of haemolytic streptococci and of these, 1581 or 84.3 per cent were found 
positive, while 15.7 per cent were negative or yielded no growth. The detailed 
quantitative results are given in Table I. 

For comparative purposes the results of plating each admission swab were 
designated +, + + or + + +, according to the number of colonies of haemo- 
lytic streptococci obtained. Although it was not assumed that this division 
of positive results into groups, according to the number of colonies appearing 
on the plates, afforded an absolute measure of the degree of infection, yet it 
was taken to give some relative indication of the number of haemolytic 
streptococci present. Results obtained by this method naturally tended to 
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err on the side of revealing a lower estimate of the degree of infection than was 
actually present. Therefore the absence of haemolytic streptococci in 15.7 per 
cent of the primary plates by no means signified their absence from the throat, 
but rather failure to isolate on account of technical difficulties such as the 
overgrowth of haemolytic streptococci by other organisms, variations in the 
methods of swabbing resulting in differences in the amount of inoculum, and 
the local use of antiseptics before the taking of a swab. 

Table T. Results of examination of admission throat swabs from acute scarlatina, 
grouped according to number of haemolytic streptococcal colonies on inoculated 
plate 

+ = less than 10 colonies per plate. 
+ + = between 10 and 20 colonies per plate. 

+ + + = more than 20 colonies per plate. 
0 =no growth on plate. 
- =no haemolytic streptococci detectable on plate. 

Throat swab plate 

Month of admission + + + + + + - 0 
Mar. 12 21 41 8 0 
Apr. 18 45 30 24 3 
May 24 69 87 18 0 
June 28 46 108 22 2 
July 29 109 117 21 5 
Aug. 32 77 102 16 5 
Sept. 40 198 76 117 0 
Oct. 45 111 49 41 1 

Nov., Dec., Jan. 10 13 44 12 9 
Total 238 689 654 269 25 
% 12.69 36.74 34.77 14.34 1.32 

84.3% positive; 15.7% negative 

Quantitative results of examinations on discharge 

As the number of swabs dealt with at one time was limited by such 
conditions as the amount of time and media available it was found impossible 
to examine on discharge all those cases examined on admission. However, the 
examination of 1062 of the cases yielding positive swabs on admission was 
completed, and to these were added 188 cases whose admission swabs were 
negative and 298 cases which were not examined on admission, the total 
number of convalescents being 1548. Of these the throat swabs from 978 were 
found negative while 570 or 36.8 per cent were positive. Table II indicates 
the numbers of haemolytic streptococci recovered from swabs on discharge 
and for comparison these are grouped according to the results on admission. 
It will be seen that although there were 36.8 per cent of carriers on discharge, 
only 20.1 per cent yielded more than 10 colonies per plate, i.e. + + and + + + 
groups, as contrasted with the 71.5 per cent of acute cases showing a similar 
degree of infection. There was no significant difference as to the incidence of 
carriers among the +, + + and + + + admission groups, the carrier rate on 
discharge being 32.4, 36.6 and 37.1 per cent respectively (Table II), nor did 
the proportion of +, + + and + + + results in each of these groups at the 
time of discharge vary to any marked extent. 



C. A. GREEN 5 

Table Ii. Results of examination of discharge throat swabs, grouped according to 
number of haemolytic streptococcal colonies on inoculated plate 

+ =less than 10 colonies per plate. 
+ + = between 10 and 20 colonies per plate. 

+ + + =more than 20 colonies per plate. 
0 =no growth on plate. 
- =no haemolytic streptococci detectable on plate. 

Results of 
admission 

Discharged 
without 

Examined 
on 

Discharge swab results 

examination + + + + ++ + examination discharge 
Positive +238 90 148 20 19 9 100 

100% 13.5% 12.8% 6.1% 67.6% 
+ +689 233 456 85 75 21 275 

100% 18.6% 16.4% 4.6% 60.3% 
+ + +654 196 458 78 68 24 288 

100% 17.0% 14.9% 5.2% 62.8% 
Negative 294 106 188 27 27 9 125 
No swab on 

admission 298 0 298 49 38 21 190 
Total 1548 259 227 84 978 
% 100 16.7 14.7 5.4 63.2 

Serological examination of strains isolated during the early stage of illness 

By the methods described above there were defined eight serological types 
of which four corresponded to Griffith's types 1, 2, 3 and 4. Representative 
strains of the remaining four types A, B, C and D have since been submitted 
to Dr Allison who reported that type A was identical with Griffith's type 5, 
but that types B, and D were represented in com- 
munication type A will hereafter be referred to as type 5. 

It was found possible to place 94.1 per cent of the strains isolated on 
admission into one or other of these types, leaving a residue of 5.9 per cent 
which either reacted to none of these type sera or failed to yield suitable 
suspensions for agglutination. Auto -agglutination is a well recognized 
technical difficulty encountered in the serological investigation of haemolytic 
streptococci and, in this inquiry, the special methods used reduced the 
proportion of strains which had to be discarded as unsuitable to 2.3 per cent. 

The number of admission strains of each type isolated during successive 
months of the year are indicated in Table III. From this table it will be 
noted that there was, over the whole period, a striking preponderance of type 5 
cases. Thus 47.8 per cent of all cases were due to this type whereas Griffith's 
types 1, 2, 3 and 4 together constituted 29.3 per cent of the total. Reference 
to Table IV which indicates the proportion of all notified cases of scarlatina 
subjected to serological examination shows that in any month from April to 
August the data at hand referred to at least 75 per cent of such notifications, 
and such data may reasonably be taken to afford information applicable to 
the epidemic as a whole. During March and September the proportion of cases 
examined was not so large but was above 50 per cent. With this in mind a 
study of the proportion of acute cases due to the various types in each particular 
month reveals several interesting facts (Table V). Thus in March, two months 
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Table III. Serological types of haemolytic streptococci from admission 
throat swabs in acute scarlatina 

Month of 
Type 

Total 
Total 
not No. 

1 2 3 4 5 B C D admission typed typed cases 
Mar. 7 6 17 7 32 2 0 1 72 2 74 
Apr. 10 10 20 6 38 4 1 1 90 3 93 
May 10 9 21 11 105 10 4 5 175 5 180 
June 11 8 8 0 143 3 1 1 175 7 182 
July 12 8 29 12 135 18 15 5 234 21 255 
Aug. 11 8 34 8 115 12 4 4 196 15 211 
Sept. 19 12 60 10 133 13 31 12 290 24 314 
Oct. 30 26 43 29 41 7 21 0 197 8 205 
Nov., Dec., Jan. 7 5 16 2 14 3 8 4 59 8 67 

Total 117 92 248 85 756 72 85 33 1488 93 1581 
7.4 5.8 15.7 5.4 47.8 4.6 5.4 2.1 94.1 5.9 100 

Table IV. Number of cases of acute scarlatina bacteriologically examined as 
compared with the total number of notified cases in Edinburgh during the year 1933 

Month of Number of Number Percentage of 
admission notifications examined notifications 

Jan. 100 0 0 
Feb. 79 0 0 
Mar. 127 74 58.28 
Apr. 124 93 75-00 
May 226 180 79.64 
June 228 182 79-82 
July 308 255 82-79 
Aug. 242 211 86.71 
Sept. 468 314 67.1 
Oct. 924 205 22.18 
Nov. 942 42 4.45 
Dec. 748 14 1.87 

Total 4516 1570 

Table V. Variation in number of cases of acute scarlatina due to the various 
serological types of haemolytic streptococci, expressed as percentages of the 
total number of cases examined during the month. 

Month of 
Serological type 

ti Un- r 
1 2 3 4 5 B C D admission typed 

Mar. 9-4 8-1 22.9 9.4 43.2 2.7 0.0 1.3 2.7 
Apr. 10.7 10.7 21-5 6.4 40.8 4.3 1.1 1.1 3.2 
May 5.5 4.9 11.6 6.11 58.3 5.5 2-2 2.7 2.7 
June 6.0 4.4 4.4 0.0 78-5 1.6 0-5 0.5 3.8 
July 4.6 3.1 11.3 4.6 52.9 7.0 5-8 1.9 8.2 
Aug. 5.2 3.8 18.8 3.8 54.7 5.7 1.9 1.9 6.6 
Sept. 6.0 3.8 19.1 3.1 42.3 4.1 9-8 3.8 7.6 
Oct. 14-7 12.8 21.1 14-2 20.9 3.4 10.3 0.0 2.9 
Nov., Dec., Jan. 10.4 7.4 12.7 2.9 20.8 4.4 11.9 5.9 11.9 

i= 
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before the onset of the epidemic, there was already a marked preponderance 
of type 5 cases in those admitted to hospital. During that month type 5 cases 
comprised 42.24 per cent of the total, the next largest group of 22.97 per cent 
being type 3 in origin. During April the proportion of type 5 cases remained 
approximately the same. In May, with the rise of the epidemic the proportion 
of type 5 cases mounted to 58.2 per cent and in June had reached 78.5 per cent. 
From this peak period the proportion of type 5 cases fell during the next three 
months to 42.3 per cent, but, in the same months, the absolute number of 
5 cases remained approximately the same. This fall. in the proportion of type 5 

cases was largely compensated for by a rise in the number of type 3 strains. 

Serological examination of discharge strains 
Of the 1581 cases examined on admission, throat and nasal swabs were 

taken on discharge from 1062 persons and of these 625 or 58.9 per cent yielded 
no haemolytic streptococci (Table VI). This figure approximated closely to 
63.2 per cent of negative swabs noted in the extended survey of discharged 
cases (Table II). The 41.1 per cent carrier group comprised 31.5 per cent in 

Table VI. Results of examination of discharge throat and nasal swabs grouped 
according to persistence or otherwise of serological type of haemolytic strepto- 
coccus isolated on admission 

Positive 
admission 

' 

Discharge swab results 

Admission 
No type + r 

Un- Month of haemolytic Admission additional Additional No discharge 
admission Typed typed streptococci type only type type only examination 

Mar. 72 2 32 1 14 0 3 0 11 1 12 0 
Apr. 90 3 35 1 31 0 2 0 13 2 8 0 
May 175 5 94 3 40 1 6 1 12 0 23 0 
June 175 7 71 2 27 1 4 0 4 2 69 2 
July 234 21 117 7 58 3 5 0 11 3 43 8 
Aug. 196 15 95 6 53 4 8 0 0 0 40 5 
Sept. 290 24 100 8 66 4 6 0 5 0 113 12 
Oct. 197 8 46 5 28 0 1 1 4 0 118 2 
Nov., Dec., 
Jan. 59 8 1 1 1 1 0 0 0 0 57 6 

1488 93 591 34 318 16 35 2 60 6 484 35 
Total admissions 
No discharge 
examination 

1581 

519 
1062 

625 

58.9% 

334 

31.5% 

37 

3'4% 

66 

6.2% 

519 

whom the type on admission was identical with that isolated on discharge, 
3.4 per cent whose discharge swab revealed an additional type together with 
the admission type, and 6.2 per cent in whom the admission type was absent 
and replaced by some other type. Thus in 34.9 per cent the admission type 
was still present in the throat or nose at the time of discharge. Table VII 
continues this analysis further and shows the combined results on discharge 
grouped according to the type on admission. The numbers of positive results 
on discharge in the type 5 and type 3 admission groups were sufficiently large 
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to yield significant data, and it will be seen that the same types were isolated 
on discharge, either alone or together with some other type, in 85.1 and 82.9 
per cent of these groups respectively. The numbers in the other groups were 
too small to be expressed as percentages but they all approximated to those 
in the larger groups. Further, 22.6 per cent of type 5 cases and 28.9 per cent 
of type 3 cases yielded an additional type on discharge. 

Table VII. Results of examination of throat and nasal swabs, 
grouped according to type on admission 

Discharge 

Admission 

Total 
Not 

examined 

No haemolytic 
streptococci 

Examined and found to yield. 
Haemolytic streptococci of 

Total % 

(I) 
Admission 
type only 

A 

(II) 
Admission 

different 
+ 

type 

% 

(III) 
Different 
type only 

Type Total % Total % Total Total % 
A (5) 756 236 317 60.9 157 77.2 16 7.8 30 14.7 203 39.1 
B 72 18 30 55.5 22 91.7 1 4.2 1 4.2 24 44.4 
C 85 34 30 58.8 15 71-4 2 9.5 4 19.1 21 41.2 
D 33 8 20 80.0 5 100.0 0 0 0 0 5 20.0 
1 117 33 51 60.7 26 86-5 2 6.6 5 16.6 33 39.3 
2 92 32 32 53.3 22 78.5 4 14.2 2 7-1 28 46.6 
3 248 85 87 53.3 54 71.1 9 11.8 13 17.1 76 46.6 
4 85 38 24 51.1 17 73.9 1 4-3 5 21.7 23 48.9 

Untyped 93 35 34 58.9 16 65.2 2 8.7 6 26.1 24 41.1 

Total 1581 519 625 334 37 66 437 

In Table VIII are presented the total numbers of the additional types 
found in throat swabs on discharge in the various admission groups. Of the 
103 strains thus isolated, 63 or 61.1 per cent failed to be agglutinated by any 
of the eight type sera, 17 or 16.5 per cent were type 5 and 15 or 14.5 per cent 
were type 3, the remaining types constituting only small percentages of the 
total. 

Thus the high carrier rate was, in the main, due to the persistence of the 
admission types. There was, in addition, a tendency apparently for the pre - 

Table VIII. Numbers of additional serological types of haemolytic streptococci, 
i.e. types other than those present on admission, isolated from discharge 
throat swabs 

Type on 
Number of additional discharge types 

1 2 3 4 5 B C D admission Untypable 
A (5) 1 1 10 - - - - 33 - - - - - - 2 
C 1 1 1 - 3 - 
1 - - - 

1 
- 
4 

- - - - - 
2 

2 - - - - 2 4 
3 1 1 - 1 4 14 
4 - 1 - - 5 

Untypable - - 2 - 6 - - - 
Total 2 2 15 1 17 1 0 0 63 
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dominating types, 5 and 3, to spread to convalescents recovering from infection 
by other types. This latter finding alone could not be accepted as evidence of 
any enhanced spreading property on the part of these two types since the high 
concentration of type 5 and type 3 cases in the wards during the epidemic 
would inevitably result in increased chance of cross infection being due to 
these types. 

Non- agglutinable discharge strains 
Among the additional strains isolated on discharge was a large group of 

61.1 per cent which apparently did not belong to any of the eight common 
types. There was the possibility that certain of these may really have repre- 
sented strains which, owing to continued growth in the secretions of persons 
undergoing immunization during convalescence, had lost type specificity. An 
attempt was made, by mouse passage, to raise the virulence of six such strains 
in the hope that type characters might appear. Each strain was passed, by 
intraperitoneal injection, through a series of six mice, with intermediate 
plating on rabbit -blood agar between each passage. The cultures derived from 
the final passage were then tested against the specific sera but again failed to 
conform to any of the types. 

Age incidence 

Graph I demonstrates that the majority of cases occurred between the 
ages of 5 and 15 years. A low incidence at all ages up to 5 years was followed 
by a very sharp rise in the curve till the peak was reached between 5 and 10. 
Thereafter the decline in incidence with increase in age was rapid but regular, 
there being a small rise between 20 and 25. The corresponding data for the 
years 1931, 1932 and 1934 are included in the graph. There is a striking 
similarity in the curves for all four years, despite a marked difference in the 
yearly totals. 

During the epidemic year, therefore, the age -group incidence was identical 
with that of non -epidemic years. The slight secondary rise following the age 
of 20 years was almost entirely due to cases among young mothers of infant 
cases. 

DISCUSSION 

The serological findings are in accord with those investigations which have 
failed to demonstrate the serological unity of the scarlatinal streptococci. The 
variation from month to month in the proportion of cases due to the various 
serological types may serve to explain, in part, the discrepancies noted in 
previous investigations of this nature. The importance of prolonging the 
collection of strains from acute cases over a considerable period of time, rather 
than carrying out an examination of strains gathered during a limited interval, 
is well illustrated by the variation in the number of type 5 cases. In June, this 
type was responsible for 78 per cent of all cases, but in September of the same 
year, for only 42 per cent, i.e. the proportion had fallen by almost half. 
A limited examination in June only would have led, almost certainly, to the 
conclusion that the majority of strains from acute scarlatina were of one 
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Graph I. Showing the monthly variation in the percentage number of cases of acute scarlatina 
due to various serological types of haemolytic streptococci, during the year 1933. 
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serological type, whereas a consideration of the September results alone was 
against such a finding. 

Reviewing shortly the age groups in which the cases occurred, there was 
a remarkable lack of differentiation as between the non -epidemic years 1931, 
1932 and 1934 and the epidemic year 1933. Yet during those years there was 
a very marked difference in the actual number of cases, in 1931 there being 
a total of 564 and, in 1933, of 3461 or a sixfold increase. Thus during the 
epidemic year of 1933 all age groups were equally affected by the epidemic 
since the increase in the number of cases was proportionate in all age groups, 
the characteristic maximum age -group incidence between the ages of 5 and 
9 years being maintained. As far as the exposed population was concerned, 
there appeared to be two possible explanations for this proportionate increase 
in case incidence. Firstly, the causal factors of the epidemic were universally 
at work in all age groups, or alternatively, an increase in the cases at some 
particular age group was attended by a secondary increase in all other age 
groups. In the latter event the rise in the primarily affected group would have 
preceded in time the secondary cases. Instead, the increase was simultaneous 
in all groups, pointing to the existence of some universal contributory factor. 

How far variation in the properties of the causal organism, the haemolytic 
streptococcus, can be identified with this factor requires further consideration. 
In this connexion the present investigation revealed several interesting points. 
Firstly, there was a marked preponderance of one particular type of haemolytic 
streptococcus, namely 5, during the two -month period preceding the onset of 
the epidemic. Secondly, the proportion of type 5 cases rose with the early 
development of the outbreak but had reached a maximum before the epidemic 
was numerically at its worst. Type 5 at this latter period was still responsible 
for more cases than any other single type, but the increasing magnitude of the 
epidemic was maintained by a rise in the proportion of the other types present 
and, in particular, of type 3. The outbreak of the epidemic was therefore 
associated with an overwhelming predominance of a single type, but there was 
a suggestion that it was maintained by a succession of rises in the incidence 
of all the types present at the outset rather than a continued multiplication 
of the original predominant type. No evidence was obtained regarding the 
particular function or property of the organism upon which this rise in the 
case incidence may depend. Detailed results of an investigation of the toxin 
production of certain of these strains, isolated at different periods of the 
epidemic, have been previously reported (Green, 1935). In brief, this study 
showed that there was no significant variation in the property of toxin 
production among the strains studied. 

There was a distinct tendency for type 5 and type 3 strains to be found 
with relative frequency in the discharge examination of convalescents, from 
whom some other type had been isolated in the acute stage. This may have 
been due to an increased capacity of these particular strains to spread from 
patient to patient, but a more likely explanation is to be found in the fact 
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that these same strains were in much greater concentration in all wards from 
the acute stage onwards. 

The result of hospitalization was to reduce the number of streptococci in 
the throat to none or very few in the majority of patients, and in only 5.4 per 
cent of discharges was there a sufficiently large number present to give rise 
to any doubt as to the possibility of return cases appearing as a result. 

In the greater proportion of those cases in which haemolytic streptococci 
were recovered on discharge the type present was identical with that isolated 
on admission. This would appear to indicate that the scarlatinal strains 
exhibit serological stability to a considerable degree. In a certain number 
of discharged patients, however, an additional strain was recovered which 
failed to agglutinate with specific sera against the most frequently encountered 
types. Continued growth of the original infecting strains in the secretions of 
persons undergoing active immunization against those strains was thought 
to be a possible explanation for this inagglutinable type of organism. An 
attempt to restore the original type characteristics by raising of virulence by 
animal passage was not successful. 

Finally, the results obtained point to the general conclusion that the origin 
of this epidemic was associated with some still undiscovered property of the 
infecting organism rather than with any exceptional variation in the exposed 
population. 

SUMMARY AND CONCLUSIONS 

1. Eight serological types of haemolytic streptococci were recognized in 
acute scarlatina during the 1933 epidemic in Edinburgh. 

2. Five of these types were identical with Griffith's types 1, 2, 3, 4 and 5, 

while the remainder have been named, provisionally, B, C and D. 
3. Type 5 was predominant during the two months preceding the epidemic 

and throughout the early development of the outbreak. 
4. The epidemic was maintained by successive increases in the proportion 

of cases due to the remaining type, particularly type 3. 

5. The age group incidence in the epidemic year was identical with that 
of non -epidemic years. 

6. 36.8 per cent of patients on discharge were found to have haemolytic 
streptococci in the throat but in only 5.4 per cent was a large number of 
organisms isolated. 

7. Haemolytic streptococci isolated from discharged convalescents were 
in the majority of cases of the same type as the admission strain. 
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CULTURAL METHODS IN THE BACTERIOLOGICAL 

DIAGNOSIS OF TUBERCULOSIS. 

by 

C.A. Green. 

(From the Bacteriology Department, Edinburgh University). 



INTRODUCTION. 

Using the Jensen (1932) modification of the medium introduced 

by Lowenstein (1930), Holmes (1934) drew attention to the value of 

cultivation in the diagnosis of tuberculosis. Of the many obser- 

vations of similar nature may be mentioned those of Hohn (1926), 

Sweany and Evanoff (1928), Bezancon and Buc (1931), Herrold (1931), 

Corper (1932), Daub oft (1935), Cummins and Duggan (1934) and 

Mishulow and others (1934). Adopting this measure in the routine 

work of the laboratory during a period of 18 months, this paper is 

an interesting record of the results obtained. Sputa from recog- 

nised or clinically suspicious cases of human tuberculosis com- 

prised the bulk of the material examined which also included 

specimens of urine, pleural fluid, milk and cerebro-spinal fluid. 

In order to assess the value of cultivation in diagnosis, the 

previous routine examination was adhered to and the results compared 

with those secured by the additional aid of cultivation. 
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METHODS. 

Routine Examination. 

The examination of sputa consisted in the usual microscopic 

examination of films stained by the Ziehl- Neelsen method. The 

finding of acid and alcohol fast bacilli morphologically identical 

with B. tuberculosis was reported as a "positive" result, the absence 

of such forms being reported as "tubercle bacilli not found ". The 

same procedure preceded, if necessary, by centrifugalisation was 

adopted with all other specimens save in the case of milk. Guinea - 

:pig inoculation was carried out in specimens other than milk only 

if special request was made, but in examining milks the animal test 

was invariably utilised. 

Cultural Methods. 

If the specimen received was likely to be free of organisms 

other than tubercle bacilli, e.g. cerebro- spinal fluid withdrawn 

at lumbar puncture, the centrifuged deposit of such specimens was 

directly inoculated on culture media without further treatment. 

In the presence of contaminating organisms, the material was first 

centrifuged if necessary. The deposit was then suspended in 2 c.c. 

of the supernatant fluid, acidified for 30 minutes by the addition 

of an equal volume of 6 per cent hydrochloric acid, and then neutra- 

:lised by the addition of 4 per cent sodium hydroxide. The centri- 

fuged deposit was then inoculated by means of a sterile Pasteur 

pipette on culture media. 

The/ 
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The culture medi6. most frequently used were the Lowenstein- 

Jensen medium and a modification of the same in which the glycerin 

content was omitted. All specimens were cultured on both media 

in screw cap bottles. Considerable economy in incubator space 

and easy handling of large numbers of bottle cultures was secured 

by the use of a rack consisting of a wooden board, 1" in thickness, 

drilled with holes just large enough to hold the base of a bottle, 

and fitted with a plywood base. In a rack 8" x 12" were carried 

48 cultures, the flat surface presented by the tops of the bottles 

enabling racks to be piled one above the other, while still per- 

mitting free passage of air and uniform heating of the cultures. 

Incubation was continued at 370C for 4 weeks, and all cultures then 

examined. Films of suspect cultures were stained by the Ziehi- 

Neelsen method and on finding the typical morphology of the tubercle 

bacilli, the pathogenicity of the strain was in many cases confirmed 

by animal inoculation. In no instance was a diagnosis based on the 

morphological and cultural characters of a strain proven erroneous 

on animal inoculation. 
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RESULTS. 

Sputum. 

As previously stated the bulk of the material examined consiste( 

of sputa from tuberculosis dispensaries and from practitioners for 

general bacteriological examination. In Table I are gathered the 

results obtained by the combined method. Of 2796 such specimens, 

552 or 19.4 per cent were reported positive by direct film, cultural 

or combined examinations. Cultivation alone was successful in 543 

or 98.3 per cent of all positive results obtained. In the remaining 

9 specimens re- examination confirmed the presence of tubercle bacilli 

in direct films but always in scanty numbers. The most significant 

finding was that only 410 or 74.3 per cent of all positive results 

were positive by the routine film examination. Repeated examination 

by separate observers confirmed the absence of tubercle bacilli in 

the original stained smears of the 25.7 per cent of sputa later 

proved positive by culture. In such specimens the colonies appear - 

:ing were often few in number but not invariably so. Indeed the 

rich growth which sometimes occurred was surprising in the face of 

a negative film report. As indicated in Table II only 5 sputa were 

subjected to guineapig inoculation, and all were negative in the 

triple test. 

Pleural Fluid. 

No specimen of rrleural fluid was found positive by direct 

microscopical examination, but three were detected by culture. In 

these the number of colonies appearing on the Lowenstein medium 

were/ 
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were 1, 3 and 4 respectively, indicating the extreme paucity of the 

numbers of organisms present. Guineapig inoculation succeeded in 

one instance where direct film and cultural examination failed. 

Pus. 

Of the 13 positive specimens of pus, mainly from lymphatic 

glands, direct filin and cultivation failed in. 5 and 4 respectively. 

As three of the negative cultural results were from old standing 

lesions, the organisms seen in direct films were possibly degenerate( 

or actually dead, 

Urine. 

Acting as a group laboratory for municipal hospitals, a large 

number of urines were received for general bacteriological examina- 

:tion. Animal inoculation being reserved for special cases, routine 

cultivation proved a useful accessory measure, 7 of the 12 positive 

cases being detected by this method. One specimen negative by both 

film and culture was positive oh animal inoculation. Another 

specimen in which very few organisms were seen in direct films was 

positive on culture but negative on animal inoculation. In view 

of this surprising result the pathogenicity of the culture was 

donfirmed by animal inoculation. 

Cerebro- spinal Fluid. 

In the three specimens positive on cultivation only, the 

colonies appearing were in each instance few in number. Cultiva - 

:tion failed in one specimen positive by the animal test. 

Milk.. 
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Milk. 

The preculture treatment outlined above was not successful 

in eliminating all acid -fast saprophytes such as the Timothy grass 

bacillus. These strains appeared rapidly on culture media, being 

clearly visible within 2 or 3 days, and were thus easily differen- 

tiated from strains of bovine tubercle bacilli which were not 

apparent for an interval of 18 days or more. Further the growths 

of saprophytic strains were luxuriant as compared with the sparse 

dysgonic growth of the pathogen. Nine specimens Positive on animal 

inoculation were negative on culture while three positive cultural 

results were negative on animal inoculation. The pathogenicity of 

these latter strains was confirmed by animal inoculation. 
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DISCUSSION. 

The results of this investigation over a period of1O months 

have justified the retention of cultivation in the routine examina- 

tion for B.tuberculosis. The adoption of cultivation lengthens 

the examination considerably and on this account careful selection 

should be made of the material subjected to the treatment. This 

entails the co- operation of clinicians particularly in the case of 

laboratories dealing with large numbers of specimens from hospital 

sources. 

The sputum examination results were especially significant. 

Animal inoculation of all such specimens is rarely possible or 

even practicable, and in the absence of this test cultivation affords 

a very satisfactory substitute. In this series cultivation produced 

an increase of 32.4 per cent over the direct film result. There is 

the possibility that multiple film examinations may have been more 

successful than the use of a single film but it is extremely doubtful 

if the results secured by cultural methods could have been attained. 

That the direct film examination is not sufficient has been indicated 

by Jamieson (1936) who found cultivation successful in 100 sputa from 

100 known cases of tuberculosis, whereas repeated examinations of 

direct films were positive in but 92 cases. It is an additional 

advantage moreover, in doubtful clinical cases, that the pathogen - 

:icity of the organism isolated from sputum can be confirmed if 

necessary. The routine procedure now adopted in this lab oratory 

as regards sputum examinations is to report positive film examinations 

as/ 

ii 
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as before. In the case of negative films there is added a note 

that culture is being attempted and will be reported later if 

positive. 

While not so striking on account of the smaller numbers dealt 

with, the usefulness of cultivation in the examination of specimens 

other than sputa were also indicated. At the present time, however, 

cultivation cannot replace animal inoculation, particularly in 

specimens in which there is a possibility of the bovine type of 

bacillus being present. The media available do not appear to be 

entirely satisfactory for the growth of this type of organisms. 

Heldman. (1934) after an investigation of similar nature came to 

the same conclusion. At the same time animal inoculation cannot 

be regarded as infallible and, in Table II, appear 4 instances in 

which animal inoculation proved negative, whereas cultures from the 

same inoculum were positive. Examples of this type of result have 

been recorded by Woolsey (1931). Correlating the results of animal 

inoculation and cultivation (Table II), both tests gave the same 

result in 99 specimens and differed in 19. Of these 19, animal 

inoculation was most frequently positive (131 while cultivation was 

successful in 4 specimens negative in animals and 2 specimens in 

which inoculated animals died before a report was permissible. 

The optimum results then, can only be secured in the investigation 

of such material by the utilisation of both methods of examination. 
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CONCLUSIONS. 

1. Cultivation is .a practicable measure in the routine 

examination for B. tuberculosis. 

2. In a series of 3306 specimens of all types, mainly sputa, . 

the percentage of positives was 12.9 per cent by direct film and 

17.9 per cent by the combined film and cultural examinations. 

3. Animal inoculation, while in most cases more reliable than 

cultivation, is not invariably so. 



TABLE I. 

Results of examination by combined direct film 
and cultural method., of 3306 specimens for 
B. tuberculosis. 

Result Specimen 
Total % 11m Culture Sputum Pleural 

fluid 
Pus Urine ,,.3.F. Milk ̀ Faeces 

+ + 401 0 4 5 1 2 3 416 12.5 

- + 142 3 5 7 3 5 0 165 5.0 

+ - 9 0 4 0 0 2 0 15 0.4 

- - 2244 57 85 212 19 74 19 2710 82.1 

Tota.? 2796 60 98 224 23 83 22 3306 100 



TABLE II. 

Results of examinations for B. tuberculosis in which 
guineapig inoculation and cuTTIV7Tra were both utilised. 

Specimen Total Cultural and animal results 
0+ A+ C- A- C+ A- C- A+ 0+ Ad 

Sputum_ 5 5 . . . 

Urine 17 3 12 1 1 . 

Milk 77 4 61 3 9 . 

Pleural 
fluid 8 1 6 1 . 

Pus 4 1 2 . 1 

C.S.F. 3 1 1 1 . 

Gastric 
lavage 4 2 . 1 1 

118 '12 87 4 13 2 

culture 
A = animal inoculation 
+ = positive 

negative 
d = inoculated animal died before reading possible. 
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