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L DETERIORATION OF TYPHOID VACCINE.c 

By G. W. McCoy, Director, and Ina A. BExaTsoN, Bacteriologist, Hygienic Labhora- 
tory, U. S. Public Health Service, Washington, D. C. 

An experiment was carried out over a period of two and one-half 
years to determine the effect of various storage temperatures on the 
agglutinin-producing properties of typhoid vaccine. 

The vaccine with which the tests were carried out was one made 
according to the standard Hygienic Laboratory method, in which the 
Rawling strain of B. typhosus was the organism used. The vaccine 
contained 1,000,000,000 organisms per c. c. and was preserved with 0.3 
per cent trikresol. The finished product was filled into 1-c. c. am- 
poules, which were sealed and stored at four different temperatures, 
viz, 5° C., refrigerator temperature; 10-15° C., cold-room tempera- 
ture; 20-30° C., room temperature; and 37° C., incubator tempera- 
ture. Rabbits were inoculated at stated periods in accordance with 
the Hygienic Laboratory method of testing typhoid vaccine,' the 
vaccine being administered subcutaneously in three doses, of % c. c., 
1c. c.,and 1c. c., at four or five day intervals and the rabbits bled 
about five days after the last injection. At each test three rabbits 
were always injected with each vaccine under test, and three control 
rabbits were injected with a Hygienic Laboratory vaccine of recent 
date, except in the tests made after three and six months’ storage. 
Some of the rabbits died before immunization was completed. 

The following protocols indicate the deterioration taking place 
during the time the vaccines were studied, as shown by the agglu- 
tination reactions of the serums of the vaccinated rabbits against a 
suspension of the Rawling strain. The culture was grown on agar 
slants or agar contained in Blake bottles, incubated 24 hours and the 
saline suspension of this growth made up to a turbidity corresponding 
to approximately 1,000 parts per million of silica in distilled water, 
making with the serum dilutions used a final dilution of 500 parts 
per million. 

AGGLUTINATION AT BEGINNING OF TEST. 
[4 indicates complete agglutination with supernatant fluid perfectly clear; 3, marked agglutination with 
supernatant fluid slightly turbid; 2, definite agglutination with supernatant fluid more turbid than 
in 3; 1, slight agglutination.) 

  

1/50 1/100 1/200 1/400 1/800 | 1/1,6002 
  

Ban RE 4 3 2 2 
BaDBIE Dre a 4 4 3 2 2 1 
Rabbid ia i a a 4 3 2 2 2             
  

a Manuscript submitted Nov. 1, 1919. 
1McCoy, G. W., Hygienic Laboratory Bulletin No. 110. 
2 Final dilutions of serum. 
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3 MONTHS’ STORAGE. 

1/50 1/100 1/200 1/400 1/800 | 1/1,600 

59, 
RADI Y. or dram iy 4 3 3 3 2 1 
Babpit 2. mig 4 4 3 3 3 2 

10-15° 
Babbitl- hi aa bara 4 4 3:k 2 1 1 
Babbil 2. a iil Sse dete 4 3 3 2 1 1 
DI ODIES. oi iii rene 4 3 2 1 1 1 

20-30° 

aD EY ise ee iE a rene sas 4 3 3 2 3 1 
Rabplpz oii re ar 4 4 3 3 2 1 
BAD Sl ees rh vil den Shier are 4 4 3 2 2 1 

875, 

Rabbis. ol er rr 4 4 4 3 2 1 
OE a i cir iho cis dor si ai 4 4 3 3 2 1 
Babi. 4 4 4 3 2 2 

6 MONTHS’ STORAGE. 

5°, 
Rabbit 1. eee cL 4 4 4 3 2 1 
RABBLE Ou. et a iin te a lB Ss, 4 4 4 4 4 2 
Rebhlts a 4 4 4 3 2 1 

10-15° 

Rabbit 100A Tad oe gle nha 8 4 4 3 2 1 1 
Rabbit 2. of ey ata i 4 4 3 2 2 1 
Rabbit 3...... BR I ET 4 4 3 2 1 1 

20-30° 

Rabbit a dl herd eu 4 4 3 2 1 0 
Babbli 2 i a NN a 4 4 3 1 0 0 
Rabbits... o.oo aie iy 2h 4 4 3 2 1 0 

37°. 

Rabbit ww ian uss Re 4 4 4 3 1 0 
Rabbit 2. a Te 4 4 4 2 1 0 

9 MONTHS’ STORAGE. 

5°, 

Rabbit 1 4 4 4 4 3 2 
Rabbit 2 4 4 4 4 2 1 
Rabbit 3 4 4 4 4 2 1 

Rabbit 1 4 4 4 4 3 3 
Rabbit 2 4 4 4 4 3 3 

Rabbit 1 3 3 2 1 0 0 
Rabbit 2 4 4 3 2 1 0 
Rabbit 3 4 4 4 3 2 1 

Rabbit 1 2 1 1 0 0 0 
Rabbit 2 4 4 3 2 1 0 

Rabbit 1 4 4 3 2 0 0 
Rabbit 2 4 4 4 4 3 2 
Rabbit 3 4 4 4 3 2 1 
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12 MONTHS’ STORAGE. 
  

  

  

  

  

  

  

1/50 1/100 | 1/200 | 1/400 | 1/800 | 1/1,600 

5. 
Babblbtis, ii hi ii iii 4 3 2 2 1 0 
IE RR 4 3 2 1 1 0 
Babbit a Li nak 4 2 1 0 0 0 

10-15° 
RE Lact ols vids baesin a 4 3 2 1 1 0 
Rabnie sl a aan 4 3 2 1 0 0 
Rabbis... 00000 Sa 4 4 3 2 1 0 

20-30° 
BOB tir nis 3 2 1 0 0 
Babhie a) ito. 0 nd 2 1 1 0 0 0 
Bobbi. reer Rta inate 4 3 2 1 0 0 

30°, 
BabhitL. i oh ins Ah ke 2 1 1 0 0 0 
BODIE. fo ae ceensiaaarr ask iiensnny 2 1 1 0 0 0 
BabhEB.. os cireees ce Banr on inn sre 2 1 1 0 0 0 

CONTROL VACCINE 

RON i) hier nhs 4 4 3 2 1 0 

15 MONTHS’ STORAGE. 

5°. 
BOBBIE da i itis ensisg eds 4 3 2 2 1 0 
Babble as 0 nan, 4 3 2 2 1 0 

10-15° 
BEB Levis. visti citises 4 4 4 3 2 2 
EE 3 3 2 2 1 0 

20-30° 
RADII LA ca ions cos nainiaintns suinanoin 3 2 2 1 0 
RODE ec aes rans 4 3 23 2 0 0 
Rabbits: lt ia 4 3 2 1 1 0 

37°. 
BOB Lt i Bl eae sais 2 1 0 0 0 0 
Reine dl oy rn 1 0 0 0 0 0 

A A a 1 1 0 0 0 0 

CONTROL VACCINE 

RObhiLY Sn to dh, 4 3 3 2 0 0 
Robie os og Tt 4 3 2 2 1 0 

18 MONTHS’ STORAGE. 

», 
Babble ish il inte ls 4 3 2 1 0 0 
Rabble 2) 180 A 4 3 3 3 2 0 

10-15° 
BoDDIbL five dopis inessnss isms saris tontin 3 2 1 0 0 0 
Rabbit ge oo an Lan 4 4 3 2 1 0 
Rabbit 3....... Dd a Sarasa tas 4 3 3 3 2 

20-30° 
BaD fe re scr irts aa Cente gin v i 4 4 3 1 0 0 
Babb 200s L000 alas 4 3 3 3 2 0 
Baie tears aNa tas 3 3 2 1 0 0 

37°. 
Rabbit 1 1 0 0 0 0 
Rabbit 2 1 0 0 0 0 0 
Rabbit 3 1 0 0 0 0 

Rabbit 1 4 4 3 3 3 2 
Rabbit 2 4 4 4 3 2 1 
Rabbits, 0 RRL 4 3 2 2 1 0             
  

181440°—20——2
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24 MONTHS’ STORAGE. 

  

  

            
  

  

            
  

  

1/50 1/100 1/200 1/400 1/800 | 1/1,600 

5°, 
Rapbiti. 0... hr ae a 2 1 0 
Rabbi 2 ai 3 2 1 0 0 0 
Rabbis. ne am 3 3 1 

10-15° 

Rabbi Lr na 4 3 1 1 0 0 

20-30° 

Rabie i ra a 4 2 0 0 0 0 
BAD ab a 3 3 2 1 0 0 
Nabblis ee 3 0 0 0 0 

CONTROL VACCINE 

Rabbit Volvo Ao de oir ne 4 4 4 3 i 0 
Rabbit out. i 3 2 1 0 0 0 

. 31 MONTHS’ STORAGE. 

10-15° 

Rabhlby a Si a rn EN 4 2 1 0 0 0 
Rabbit 2:00. in AAR ial 4 3 1 0 0 0 

20-30° 

Rabbit lV cu isa ash 1 0 0 
Rabbii2 i mae hw 4 3 2 1 0 0 
Rabbit. mia a 1 0 0 

CONTROL VACCINE 

REbDH YC NE a eer 4 3 3 1 0 
RADI 2. reer 4 4 4 3 3 0 
Rabbli3. i. vi mi TLE 3 3 2 0 

32 MONTHS’ STORAGE. 

10-15° | | | 

Rabbit 1..... a 4 | 3 3 1 0 0 
Babe 2 rer re 4 4 2 0 0 0 

CONTROL VACCINE. | 

RabbliY oo. cain las ses 4 4 4 3 1 0 
TM ey 4 4 4 4 3 0 
RapblE ga 4 4 4 3 1   
  

The graphs (Chart A) have been made by plotting points repre- 
senting averages of the results obtained in the agglutination tests 
with the serums of each group of three rabbits against the suspen- 
sions of cultures. The approximate vanishing points of agglutina- 
tion or those which by our method of reading would be recorded by 
1+ are represented on the curve. 

The curves as plotted from these results show that the highest tem- 
peratures are most detrimental to the vaccine. While the vaccine 
stored at 5° and 10-15° did not show any appreciable deterioration 
in 6 months, the vaccine stored at 37° showed a marked falling off in 
potency, which continued at a rapid rate, so that in 18 months this 
vaccine was practically without effect on rabbits. The vaccine 
stored at room temperature had deteriorated more than the vaccine
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stored at the lower temperatures in 6 months and the curve continues 
below these two throughout the period of the test, though not falling 
off as abruptly as the curve representing the 37° storage. 

In the case of the vaccines stored at 5° and 10-15° the effects of 
length of storage did not begin to be very apparent until after 18 
months. By the time 24 months had elapsed the vaccine stored at 
5° did not produce agglutinins in the rabbit serum which could be 
detected above a dilution of 1/200, and the one stored at 10-15° was 
of about the same strength, in contrast to a recently prepared vaccine 
which produced agglutinins, discernible in 1/800 dilutions of the 
serum. The experiment with the vaccine stored at 5° was discon- 

= DETERIORATION OF TyPHOID VACCINE AT VARIOUS TEMPERATURES. 
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tinued at the end of 24 months. The vaccine stored at 10-15°, at 
the end of 31 months, showed agglutinin production in the serum in 
a dilution of 1/200, and the test was repeated a month later and 
showed approximately the same result, the serum from the control 
vaccine showing agglutination between the dilutions 1/800 and 1/1,600 
in both tests. 
~The results obtained indicate that the rapidity of deterioration is 
in direct proportion to the temperature above 15° C. The vaccine 
stored at 5° C. apparently deteriorated more rapidly than the one 
stored at 10-15°, but it is possible that if the serum from more rab- 
bits had been available it would have been found that the difference
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between the two curves would not have been as much as indicated by 
the diagram. 

In the absence of more trustworthy tests for the determination of 
the potency of typhoid vaccine, we are compelled to rely on the 
determination of the agglutinin-producing properties as a measure of 
the probable potency of the vaccine and on the loss of this property 
for a measure of the loss of potency. The results of the work related 
indicate therefore that a storage temperature of not more than 15° C. 
is necessary to maintain typhoid vaccine at its maximum potency 
for the greatest length of time.



II. STANDARDIZATION OF GAS GANGRENE ANTITOXIN. 

By Ina A. BeNaTsoN, Bacteriologist, U. S. Public Health Service. 

Antiserums for the various anaerobic organisms associated with 
gas gangrene have been used to some extent to prevent development 
of this complication of wounds, and, to a less extent, as a therapeutic 
measure. Though the exact value of these serums for prophylactic 
and curative purposes remains to be established it became necessary 
to undertake the studies in standardization which are reported here 
in order that the products used might be as potent and uniform as 
practicable. 

A number of studies on the subject of the bacterial flora of gangren- 
ous wounds were carried on during the World War of 1914-18, with 
the purpose of determining which organisms are the causative agents 
and what are the factors concerned in producing the symptoms. It 
has been a question whether the injurious effects produced are brought 
about through mechanical effects due to excessive amounts of gas or 
to increased acid produced as a result of the metabolic activities of 
the organisms, or whether true toxins formed by the organisms are 
concerned. As a result of the work done the conception of the etiol- 
ogy and of the nature of gas gangrene has been materially altered in 
recent years. While all of the aspects of the subject are not as yet 
clearly understood, it has been demonstrated that certain anaerobic 
organisms commonly found in the gangrenous wounds are toxin 
formers and that the toxins formed are important factors in the effects 
produced in gas gangrene. Work has thus been directed toward the 
production of antitoxic sera to be used for prophylaxis and treatment. 

It has been shown that not only one species of organism but sev- 
eral or numerous species may be present in gangrenous wounds and 
investigations have been undertaken to determine which of these are 
the active toxin producers. The subject thus becomes a very com- 
plex one. . 

In France until recently the Vibrion septique of Pasteur was con- 
sidered of primary importance in gaseous infections, and little im- 
portance was attached to any other of the anaerobic organisms 
described. It was only with the new interest aroused in the study 
of gas gangrene in 1914 that the organism B. perfringens was con- 
sidered of special significance. 

In Germany the bacillus of malignant oedema, described in 1881 
by Koch, who considered it identical with Pasteur’s Vibrion septique, 

(13) y
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first received attention in connection with the etiology of gangrenous 
wounds. Though the organism of malignant oedema is usually con- 
nected with animal disease, it was considered for a long time in the 
light of the work of Koch, Pasteur, and Chauveau and Arloing that 
the human emphysematous gangrene and the malignant oedema of 
animals were one and the same disease and caused by the same or- 
ganism, and until 1893 gangrenous septicemia of French authors 
and the German malignant oedema were practically synonymous 
terms for the affection. The identity of Pasteur’s Vibrion septique 
and Koch's B. oedematis maligni was never definitely established, 
however, and later studies indicate that they are different organ- 
isms, or at least that many of the laboratory cultures now known as 
B. oedematis maligni are not the same as the Vibrion septique studied 
in connection with gas gangrene during the late war. This view is 
not, however, accepted by all workers. 

The discovery of a new anaerobic organism in 1892 by Welch 
and Nuttall in the blood and organs of a cadaver eight hours after 
death from aortic aneurysm marked the beginning of a new epoch. 
The organism of Welch and Nuttall was named by them B. aerogenes 
capsulatus and has also been designated as B. welchit by other writers 
In 1893 Fraenkel isolated a similar organism from several cases of 
gaseous phlegmons which he called B. phlegmones emphysematose. 
He later acknowledged his organism to be identical with that of 
Welch, though it still is spoken of as Fraenkel’s bacillus in German 
literature. In France it appears that the work of Welch was over- 
looked and Veillon and Zuber, 1898, described an organism identical 
with Welch's B. aerogenes capsulatus from several different patho- 
logical processes which they designated B. perfringens. 

In England during the period following 1892 and up to 1908 very 
little was published on the subject of gas gangrene and there are only 
a few scattered cases reported in which the bacillus of malignant 
oedema was considered the causal agent. 

Von Hibler in 1899 published an extensive investigation of the 
anaerobic bacteria concerned in infections of man and animals and 
this work was revised and extended in 1908. A number of points 
are cleared up in the latter work and the whole subject of the relation 
  

a The nomenclature of this organism is in a state of great confusion. In this country it has recently 

been almost universally known as Bacillus welchii and this name has also been used by English workers. 

The terms Bacillus aerogenes capsulatus Welch and Nuttall, 1892, and Bacillus phlegmones emphysematose 

Fraenkel, 1893, being trinomials are invalid. Bacterium aerogenes is valid for another organism and much 

confusion would result if the name Bacillus aerogenes were adopted. Bacillus capsulatus is also invalid 

on grounds of priority. Bacillus emphysematosus was used by Kruse in 1896 and Bacterium emphysemato- 

sum (Kruse) was adopted by Migula in 1900 for Fraenkel’s organism, but Kruse includes Bacillus aerogenes 

capsulatus and Migula Bacterium welchii as different species. Other names have also been used for iden- 

tical or closely related species, and in view of the uncertainty existing in the identification and nomen- 

clature of these forms the name Bacillus perfringens, Veillon and Zuber, 1898, the first proposed binomial 

in use for this organism at the present time, has been adopted in this paper. These authors give a complete 

and accurate description of the.organism.
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of pathogenic anaerobes” to disease established on a somewhat better 
basis than had hitherto been possible. On the authority of v. Hib- 
ler’'s work, v. Werdth recognizes two types of gaseous infections: 
(1) Malignant oedema, in which the organism concerned is B. oede- 
matis maligna (bacillus X of Hibler), and (2) gas gangrene (Gasbrand), 
in which B. perfringens and numerous other anaerobes and some 
aerobes are concerned. 

V. Hibler’s classification of anaerobes distinguishes between the 
bacillus of Ghon and Sachs (Pasteur’s Vibrion septique), which is a 
nonproteolytic organism, and his own No. X, B. oedematis malign, 
which is a proteolytic organism. This is Suphrently a valid dis- 
tinction, and it would appear therefore that the organism now recog- 
nized as B. oedematis maligni Koch is a different organism from Pas- 
teur’s Vibrion septique. 

At the beginning of the war the study of the flora of war wounds 
was undertaken in both France and England. With the progress of 
the work, two facts stood out prominently: (1) That numerous 
anaerobic organisms are concerned in gas gangrene, and (2) that it is 
difficult to separate these organisms in pure culture and to determine 
which are of chief etiological importance. The work which has been 
accomplished serves to emphasize the fact that the problem is a very 
complex one and that we do not know yet the true nature of the 
infection. There is still much confusion in the identification of the 
organisms concerned, and the same organism is described under 
various names by different authors. The principal difficulty lies in 
the fact, as has been just stated, that the separation of anaerobes 
is a matter requiring great care, and it is probable that considerable 
amount of work has been done with mixed cultures. The isolation 
of one organism, B. perfringens, in pure culture has been definitely 
accomplished, and it is acknowledged by practically all workers that 
this organism is found most frequently of all the anaerobes in gan- 
grenous wounds. As to the relative frequency of occurrence and 
identification of the other organisms concerned there is still some 
question. 

The work in France has been carried on principally by Weinberg 
and Séguin, and Jouan of the Pasteur Institute and by Sacquépée. 
The first two authors studied the bacterial flora of 126 cases of gas 
gangrene and gaseous phlegmons and as the result of their work 
state that 12 species of anaerobes are concerned in gas gangrene. 
Eight of these had been previously recognized and four are new 
species. The three organisms to which they assign the principal role 
are B. perfringens, B. oedematiens, and Vibrion septique. B. oede- 
matiens is a new species isolated by them which produces a very 
potent toxin, and Vibrion septique is apparently the same organism 
as that originally described by Pasteur. In addition to these,
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B. sporogenes and B. fallax were present frequently; in fact, these 
occurred more often than the Vibrion septique, but the authors con- 
sider them of less importance from the pathogenic viewpoint than 
the three mentioned. B. sporogenes was next in frequency of occur- 
rence to B. perfringens, but it produces a less potent toxin. This 
organism, which is motile, is characterized by its active proteolytic 
power and is usually associated with the putrid forms of gas gangrene. 
It has been confused with Pasteur’s Vibrion septique. 

B. fallax, a new species isolated by Weinberg, resembles B. per- 
fringens. This author states that the organism produces a feeble 
toxin, 1-2 c. c. injected dd causing the death of 300-500 
gram guinea pigs. 

In addition to these five organisms a number of others of less 
frequent occurrence, including B. putrificus (Bienstock), B. tertius 
(Henry), B. bifermentans (Tissier and Martelly), B. aerofoetidus 
(Weinberg and Séguin), and B. histolyticus (Weinberg and Séguin), are 
considered as concerned in gas gangrene by Weinberg and Séguin. 
Sacquépée has described an organism occurring in gas gangrene 
which was first designated by him as B. d’ldeéme gazeuse malin and 
later as B. bellonensis; in some of the descriptions this appears 
closely related to B. oedematiens, but the exact relationship of the 
organisms is somewhat obscure. 
Much of the work done in Great Britain has been concerned with 

the identification of the various organisms present in gas gangrene 
and on studies of the biochemical properties of these organisms. The 
first report of this work was made by Miss Robertson of the Lister 
Institute who examined wound material and isolated as the three 
most frequently occurring organisms, B. perfringens, B. odematis 
maligny and an organism closely resembling v. Hibler’s bacillus No. 
IX. Weinberg questions the identification of B. oedematis maligni 
in this study, and Henry in a later study classifies this group of organ- 
isms which are motile and proteolytic under the title B. sporogenes. 
The third group described by Miss Robertson became B. tertius of 
Henry, so named because it was third in frequency of occurrence. 
This organism was found on only one or two occasions by Weinberg 
and Séguin, and is considered of minor importance by them as it was 
not found to be pathogenic for guinea pigs. On the other hand, the 
organism B. oedematiens, which Weinberg and Séguin placed as third 
in frequency of occurrence in gangrenous wounds examined by them, 
was not isolated by Henry, but was later isolated by another English 
worker, Dalyell. 

As the matter stands now it appears therefore that B. perfringens 
is most frequently present in war wounds and B. sporogenes second. 
B. oedematiens has been found to be third in frequency of occurrence, 
according to Weinberg and Séguin, and produces the most powerful
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toxin of any of the anaerobes concerned in gas gangrene. Vibiour 
septique also occurs frequently. 

The results of the investigations of the French workers on the 
etiology of gas gangrene have in the main been accepted in England 
and in this country. With the fact established that the organism 
B. perfringens is present in the great majority of gangrenous wounds, 
and that B. oedematiens and Vibrion septique are also present in a 
certain percentage of such wounds, and that all three are toxin pro- 
ducers, attention has been directed toward the preparation of anti- 
toxins to be used in the treatment of gangrenous wounds. 

An antitoxin against B. perfringens was successfully prepared by 
Bull and Pritchett at the Rockefeller Institute in 1917; a less effec- 
tive antiserum had previously been reported by Klose. An anti- 
toxin against Vibrion septique was produced in France in 1915 by 
Nicolle, Cesari, and Raphael, which was feebly protective. Later in 
the same year more potent toxins from the latter organism were 
produced by Jouan and by Raphael and Frasey and more effective 
antitoxins were obtained. Weinberg and Séguin isolated the new 
species B. oedematiens in 1915 and later demonstrated a soluble toxin 
against which animals could be immunized. 

The work on the production of the antitoxin for use in gas gan- 
grene cases was begun in this country about June 1, 1918, at which 
time it was recommended by the board of the Central Medical Lab- 
oratory of the American Expeditionary Forces in France that the 
production of combined antitetanus and antigas-gangrene serum be 
undertaken by the manufacturing establishments in this country 
for use among the American troops in France. 

It was the purpose in the manufacture of this serum to use horses 
which had previously been injected with tetanus toxin, in order that 
a composite serum against the most important organisms concerned 
in gas gangrene, as well as against the tetanus organism, might be 
produced as rapidly as possible. 

Injections of tetanus horses with the filtrates of toxicogenic cultures 
of B. perfringens were begun at once at several of the manufacturing 
establishments and the first serum sent in for test was received at the 
Hygenic Laboratory in August of 1918. 

The method of testing adopted is similar to that used in the Hy- 
gienic Laboratory method of testing tetanus and diphtheria anti- 
toxins, with necessary modifications. Much of the basis for this 
work is related in the Hygienic Laboratory bulletins Nos. 21 and 43. 

Toxin production by B. perfringens and work on the standardiza- 
tion of this antitoxin was first undertaken and it was proposed to 
follow this by investigation of the other two organisms, Vibrion 
septique and B. oedematiens. 

181440°—20——3
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TOXIN OF B. PERFRINGENS (B. WELCHII). 

The first work necessary was to obtain a toxin for use in testing 
the strength of the antitoxin. Advantage was taken of the *pub- 
lished work of Bull and Prichett and DeKruif and their personal 
suggestions. Considerable experimentation was necessary to ascer- ° 
tain the best conditions for producing a good toxin. The method 
described in the following pages was the one used in making several 
of the best toxins. 

Medium.—The medium used in most of the work was that used 
first by DeKruif, Adams, and Ireland, which was a modification of 
Bull’s original medium. In place of the fresh pigeon muscle used by 
Bull, DeKruif experimented with macerated veal and found that 
practically as good a toxin could be obtained with this, with the ad- 
ditional advantage that the medium could be sterilized after the addi- 
tion of the meat. The medium used at the Hygienic Laboratory 
consisted of beef infusion broth and chopped fresh veal in the pro- 
portion of 200 grams of the veal to 300 c. c. of the broth. Sterile 
glucose solution was added after sterilization in the proportion of 
0.2 per cent of the total volume. The medium used in most of the 
work was contained in 500 c. c. Kjeldahl flasks, which on account of 
the small surface exposure are well adapted to the growth of anaerobic 
organisms. 

The disadvantage of using a broth-meat medium lies in the fact 
that it is difficult to adjust the reaction to the desired end point, 
though it is probably true that the range favorable for toxin produc- 
tion is rather extended. Veal in the process of autoclaving produces 
a large amount of acid and allowance must be made for any additional 
heating after sterilization. Different lots of veal vary in regard to 
acid production, and it is difficult to control absolutely the factor 
of heat so that the desired final reaction may be obtained. B. per- 
fringens is not as sensitive to acid as B. diphtheriae, however, and 
toxin is produced in media of much higher acidity. DeKruif recom- 
mends an initial reaction of + 0.5 per cent to phenolphthalein. The end 
reaction favorable for the best toxin production was studied by Bull 
and Pritchett, who found that good toxin was produced in media, 
which after 24 hours incubation titrated +2 to 4 per cent acid to 
phenolphthalein, but when the reaction reached a point as high as 
+ 6.8 per cent the toxin was very weak. 
The method used in the adjustment of the reaction in the present 

work when the best toxins were obtained was first to heat one flask 
of the batch of medium for the total length of time which was to be 
used for sterilization and subsequent heating, then to titrate for acid
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production and calculate the amount of alkali necessary to bring the 
final reaction somewhere near the desired point. 

The rough preliminary adjustment of the medium was made by 
titration against phenolphthalein, but at various stages records were 
also made of the H-ion concentration as determined by the Soren- 
sen colorimetric method. In order to obtain a medium which was 
favorable for good toxin production, as determined by experience, 
it was usually found necessary to add sufficient alkali to the medium 
to bring the reaction to a point represented by a pH value of 9 to 9.2 
(which is considerably on the alkaline side of the neutral point as 
measured by phenolphthalein) in order to neutralize the acid pro- 
duced in the process of sterilization. The purpose was to produce 
a medium which after the final sterilization and subsequent heating 
would approximate a reaction of pH 7.4. It was found that the 
individual flasks of medium varied to a considerable extent in reac- 
tion, usually ranging from pH 7 to 7.5. In the last lot of toxin 
made, which was one of the best, acidity went even higher than this, 

~ the different flasks varying from 6.7 to 6.9. 

The flasks were inoculated with 10-15 c. c. of a 24-hour growth of 
culture. The culture had been passed through two or three pigeons 
before use in the inoculation of the flasks. The pigeons were usually 
injected in the morning with a sufficiently large amount of the culture 
to kill before the end of the afternoon, and the infected muscle tissue 
was planted into glucose broth fermentation tubes and incubated 
overnight. After the last pigeon passage a number of tubes to be 

- used for planting were inoculated with the infected muscle and incu- 
bated for about 10 hours or overnight. Smears were made to deter- 
mine purity of the culture, and the flasks were planted with the 
culture from the various tubes. 

The flasks were usually heated in the Arnold sterilizer for a period 
of one-half hour before using and planted while still warm. Under 
these conditions growth was apparent within two or three hours, as 
evidenced by the vigorous production of gas. The incubation 
period was 21-24 hours. 

Centrifugation was found necessary before attempting to filter if 
a potent toxin was desired. This was continued for three-fourths 
of an hour, at a speed of about 1,500 revolutions per minute. 

The filtration was accomplished by means of Berkefeld N-filters. 
Considerable difficulty was experienced in the beginning of the work 
in carrying out the filtration, and apparently the strength of the 
various toxins obtained was in a great measure dependent on the 
rapidity of filtration. As a rule, when filtration was rapid a fairly 
good toxin was obtained, though there were exceptions to this rule.
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Some fairly potent toxins, as Perfringens toxins go, were obtained 
by the above method. The test dose for a 350-gram pigeon, as 
measured by the standard set by the Hygienic Laboratory, imme- 
diately after filtration was in the neighborhood of 2 ec. ec. and the 
minimum lethal dose 0.12 to 0.2 ¢. ¢. In the beginning of the work 
some toxins were used which had a test dose of over 3 ¢. ¢., but in the 
later part of the work the preliminary tests were always made with 
doses of 2 c. c. and 3 c. c., and toxins which did not kill on the latter 
test were not used further. 

On the day following filtration the toxin was filled into drawn-out 
glass tubes which had a small surface exposure; these were sealed 
and stored at ice-box temperature. This method was adopted for 
convenience in use and also with the idea that deterioration would 
be less in the sealed ampoules than in a large container. 

Antitoxin.—The antitoxin used in developing a standard was one 
furnished by the Rockefeller Institute and prepared by Maj. Bull. 

STANDARDIZATION OF THE ANTITOXIN OF B. PERFRINGENS 
(B. WELCHII). 

The Hygienic Laboratory standard was established as follows: 

The unit shall be 1 c. c. of the standard serum which is kept in cold storage. To 

estimate the potency of a commercial antitoxin, the test toxin shall first be standard- 
ized by inoculating pigeons intramuscularly with 1/100 unit of standard serum mixed 
with varying amounts of toxin to’ determine the smallest dose of toxin which will 

overcome this amount of serum and kill the pigeon within 24 hours. This dose of 
toxin, called the ‘‘test dose,” is usually somewhat greater than 10 minimal lethal 

doses. The test dose of toxin is then to be mixed with varying amounts of the serum 

to be tested and injected into a second series of pigeons; that amount of serum 
which gives protection for 24 hours against the test dose of toxin shall be considered 

to contain 1/100 unit. The serum-toxin mixtures are incubated 45 minutes at 37° C. 
before injection. Pigeons should weigh preferably between 325 and 375 grams, but 
the doses of toxin and antitoxin shall be proportioned to the weight, 350 grams being 
taken as the standard weight. 

Provision for deterioration of serums produced by the manufac- 
turers was made by requiring a 25 per cent excess in unitage over 
the number of units stated on the label. 

This unit is of the same nature as the American units of tetanus 
and diphtheria antitoxins, that is, it is the antitoxin contained in an 
arbitrary amount of serum, and standardization of an unknown 
antitoxin is effected by comparing the respective neutralizing powers 
against a dose of toxin containing a number of minimal lethal doses 
and not against one minimal lethal dose. There was no reason to 
suppose that the toxin produced by B. perfringens differed from 
that of diphtheria or tetanus in the matter of containing a variable 
proportion of toxoids, or nontoxic groups, which still had the power
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of combining with antitoxin; and therefore as is true in the case of the 
latter antitoxins, a test of the antitoxin against the combining dose 
of the toxin should give a more correct test of potency of the serum 
than a test against one minimal lethal dose. 

The neutralizing power of the Perfringens unit as established falls 
somewhere near that of the tetanus unit, so that the method of stat- 
ing the potency of the composite serum gives a fair idea of the com- 
parative strength of the two antitoxins. The American unit of 
tetanus antitoxin' neutralizes somewhat less than 1,000 minimal 
lethal doses of tetanus toxin, since the test dose of tetanus toxin is 
that amount which is almost neutralized by one-tenth of a unit of 
the standard antitoxin, and contains about 100 minimal lethal 
doses. In the case of Perfringens, one one-hundredth of the anti- 
toxin unit just fails to neutralize 10 or somewhat more minimal 
lethal doses of Perfringens toxin, depending on the composition of 
the toxin; and therefore the unit neutralizes about 1,000 minimal 
lethal doses. However, none of the Perfringens antitoxins produced 
approached in neutralizing power per cubic centimeter the tetanus 
antitoxins. For example, in a sample containing 15 c. c. of serum 
there might be 1,500 units of tetanus antitoxin, or 1 unit in one 
one-hundredth of a c. c., while in the same sample there might be 
only 15 units of Perfringens toxin, or 1 unitin 1 ¢. ¢. One c. c. of the 
tetanus antitoxin therefore neutralizes about 100,000 minimal lethal 
doses of tetanus toxin and 1 c. c. of the Perfringens antitoxin neu- 
tralizes only about 1,000 minimal lethal doses of the corre- 
sponding toxin; in other words, the volume of the Perfringens 
antitoxin required to neutralize a certain number of minimal 
lethal doses is 100 times as large as the volume of tetanus anti- 
toxin necessary to neutralize the same number of tetanus minimal 
lethal doses. It is thus evident that the method adopted of stat- 
ing the potency gives a fair idea of the comparative strengths of the 
two antitoxins. 

It may be remarked here that it was found very difficult for manu- 
facturers to produce Perfringens antitoxin containing more than 1 
unit per c. c., though some of the latest specimens received showed 
as much as 2 units per c. c. 

The following protocol shows the method of testing a Perfringens 
antitoxin for potency. 
  

1 Regulations for the sale of viruses, serums, toxins, and analogous products in the District of Columbia 
and in Interstate Traffic, Sect. 72, Washington, 1919.
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Toxin Antitoxin. | 3 

; e ® 
o : oD or 
Q = 3] pia . fo += . £ 

5 3 | 8 8 |g ; od 8139 | 5 Necropsy. 
Bolu $4| = | No. of anti- | 84 | © | 8 BZ) | E|5 | : 
8 2) 2 8 toxin. os 3 3 22 a 5 4 | § 
S|2 |S |8B E858 S88 Fg. 15 B.8 
ZlBE |z2AT|< A S|A|< |a& |H | &=|H 

Gms. c.C.]¢.C. cc. foe. c.C. | cc. \Panld.m 
5831 380/14B| 2.6[2.82] Antitoxin X.|0.0135/0. 0146{1+99| 1.46] 0.72 4.30 1) 
584] 370/14B)| 2.6/12.74]..... 40... -...: L012 | .0127(1+99| 1.27] .99| 4.30 1) 
585 360/14B| 2.6(2.6S|..... do........ L012 { .0123/14-99| 1.23| 1.09] 4.30 |. 3 
586] 330|14B| 2.6/2.45|..... do Le .01 | .0094/1+99| .94| 1.61] 4.30, 4 | 11} Typical appearance 

P.m. (see below). 
587) 365/14B| 2.6(2.71| Standard an- | .01 | .0104{1+99 1.04] 1.24] 4.30 10, 5% Typical appearance. 

titoxin. 
588] 330/14B| 2.6/2.45/..... do... .01 | .0094{1+99| .94| 1.61| 4.30] 10 5% Do. 
589] 320(14B| 2.6(2.38|..... do........] .01 | .0001{1-+99 .91| 1.71{ 4.30 9 41 Do. 

1 Survived. 

Antitoxin X, therefore, contains 1/100 unit in slightly less than 
0.012 c. c. and contains 10 units, the minimum routine human dose, 
in 12 c. c., with some excess. 

The pigeons which do not survive usually die within the first 24 
hours, and this length of time is taken as the limit for the test. A 
necropsy is made on all pigeons dying within this time, though the 
pigeons surviving are always examined for swelling and discolora- 
tion, and it is possible to judge from the extent of the lesions some- 
thing as to the strength of the antitoxin. The lesions include 
swelling and necrosis of the muscle tissue, and hemorrhagic gelat- 
inous exudate which is usually very abundant in the subcutaneous 
tissue of the groin on both the inoculated and the uninoculated sides. 
The exudate may be found under the breastbone also in severe cases. 
The internal organs show no characteristic lesions. 

DETERIORATION OF TOXIN. 

In the work of testing the antitoxins it was found necessary to use 
the toxins in the liquid form soon after they were obtained, since 
the time was too short to permit using a toxin which had been stored 
and studied first as to deterioration. In addition to the routine 
tests on the antitoxins, a number of tests were made as time per- 
mitted to ascertain whether the same factors influence deterioration 
as applied to diphtheria toxin, and thus to determine the best con- 
ditions for storing the toxin in order to keep deterioration at a mini- 
mum. In the case of diphtheria toxin, the usual procedure followed 
is to use a seasoned toxin; that is, one which has passed through the 
preliminary stages of deterioration, which may be six months or more. 
Rosenau ? showed that toxin suffers a gradual loss of potency during 
this period and then reaches a comparatively stable condition which 
continues for a long period, during which time changes are very slight. 

It soon became evident in the work on Perfringens toxin that this 
toxin has considerablestability, or at least the rate of change was grad- 
ual enough so that it could be used without fear of its suddenly losing 
  

2 Hygienic Laboratory Bulletin, No. 21, 1912.
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in potency. In this respect therefore it resembles 
diphtheria toxin more closely than tetanus toxin, 
which is very unstable in the liquid form. 

The length of time necessary for the toxin to 
reach a stable condition appeared to be shorter 
than is the case with diphtheria toxin. In deter- 
mining this change, the tests were always made 
against the test dose of toxin though in some cases 
tests of the change in minimal lethal doses were 
also made in order to determine the comparative 
loss in toxicity and in combining power. 

The accompanying diagrams indicate the change 
taking place in several toxins during periods cov- 
ering one to three months. The toxins as before 
stated were contained in drawn out and sealed 
glass tubes which left only a small amount of sur- 
face exposed. The ampoules contained between 
15-20 c. c. of toxin and the temperature of storage 
was 5° C. It is probable that for a very accurate 
study of deterioration effects, storage in large con- 
tainers, from which samples could have been re- 
moved under aseptic conditions from time to time, 
would have proved more satisfactory as the change 
would have been uniform throughout the whole 
bulk, whereas with the small containers the possi- 
bility exists that the rate of change in different 
ampoules may have varied owing to slight differ- 
ences in conditions. Under the conditions obtain- 
ing and for the reason that it was necessary to 
carry out the tests on antitoxins needed for emer- 
gency military purposes before all the experi- 
mental work could be undertaken to determine 

these points, it was thought advisable to use 
small ampoules as containers for the fluid toxin 
and to titrate for potency at frequent intervals 
and just previously to testing the antitoxins which 
were received for tests. 

Chart 1 shows the loss of combining power in 
toxin 14B which when first used had a test dose 
of somewhat less than 2.2 c. c¢. and in 90 days 
showed a test dose of less than 2.5 c.c. 

The curves representing the change in the test 
dose and the minimal lethal dose of toxin 6 (chart 

2) in a period covering 36 days shows how the 
test dose is a more nearly constant quantity than 
the minimal lethal dose, and therefore a more satis- 
factory measure to be used in testing the strengths 
of antitoxins. The rapid change in the curve rep- 

B
E
L
O
W
 

W
I
K
I
C
H
 
A
N
D
 
A
B
O
V
E
 

W
H
I
C
H
 

T
H
E
 
T
R
U
E
 

V
A
L
U
E
 

LI
ES
. 

TH
IS

 
A
N
D
 
S
U
C
C
E
E
D
I
N
G
 
C
H
A
R
T
S
,
 

T
H
E
 
S
I
G
N
 
Y
 
A
N
D
,
 

A
R
E
 
U
S
E
D
 

TO
 
I
N
D
I
C
A
T
E
 
R
E
S
P
E
C
T
I
V
E
L
Y
 

C
H
A
R
T
 

1 
:—

 
P
E
R
F
R
I
N
G
E
N
S
 

To
xI

N 
14

 
B.

 
Te

st
 
Do

sE
. 

 



24 

resenting the minimal lethal dose indicates a rather rapid fall in the 
toxic properties and the more gradual change in the test dose showsa 
less rapid fall in the combining power of the toxin with the antitoxin. 

CHART 2 — PERFRINGENS TOXIN 6. 
DAYS AFTER FILTRATION 

  
Chart 3 shows the results obtained in the case of toxin 21A. The 

curve representing the changes occurring in the minimal lethal dose 
show that the fluctuation of this measure would make difficult the 
use of the minimal lethal dose in testing the strength of the anti- 

CHART 3= PERFRINGENS TOXIN 21 A. 
DAYS AFTER FILTRATION 

TEsr 

  

toxin. In this case the intervals between test doses were smaller 
and the time between tests was shorter than in the case of toxin 6, 
which accounts for a certain part of the irregularity. The curve 
representing the test dose at corresponding intervals of time as before
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shows that the loss of combining power is proportionately less than 
the loss of toxic properties. 

The deterioration is probably influenced by several factors, includ- 
ing light, temperature, reaction, oxygen tension. The effect of tem- 
perature on deterioration of the toxin is shown in the accompanying 
diagram (Chart 4). The test dose was determined for the three tem- 
peratures, 5° C. room temperature, and incubator temperature. 
The deterioration at warm-room temperature as far as tested was 
very rapid, as is shown by the curve rising abruptly at an angle of 
about 45°. At room temperature the loss was less rapid and after 
about 10 days the toxin apparently became quite stable. The deteri- 
oration at 5° C. was very gradual compared with that at the other 
two temperatures, and after 40 days the strength apparently was at 

4 = PERFRINGENS TOXIN 2/A, TEST DOSE, DETERIORATION AT 5° 20° Anp 37°C.     
about the same point as at 22 days. A low temperature is therefore 
indicated for storage of the toxin. 

The effect of light on deterioration was tested by exposing vials of 
the toxin to direct sunlight. An exposure of three and one-half 
hours had no immediate effect on the toxin, as the pigeons inoculated 
with the exposed toxin died on the same dose as the control toxin. 
An exposure of seven hours to sunlight had the effect of increasing 
the test dose from 2.25 ec. c. to 2.55 c. c. 

The following protocol indicates this: 
  

  

    

Pos of Result. 

; AMPOULE UNEXPOSED. CoC: 
Ploson Lila. i as a ca Lh bal siden e ei a 2.25 | Died, 9 hours. 
BOM nie tn eine mr sss hs SB sais | Seng sng Sh Gh Ses oh mate 2.3 | Died, 16 hours. 
Pigeon 3. LL cade LM, Saal i cA LGA li eek 2.35 | Died, 15 hours. 
RIPEN. a Ca i ee se Se ies See au Ein Sua 2 2.4 | Died, 16 hours. 

: AMPOULE EXPOSED TO SUNLIGHT 7 HOURS. 
PIOO0R Seu ae ds sd Bude sd St 2a ee LB sa ded Se a es 2.25 | Survived. 
DITO: ood ci i tu sii ie Be sR Ree en wae nt idee eave es te ent 2.35 Do. 
PTET vin cveoti or Fons Sor a Sa Sad dl at 2d el Fs SEs w hn 2.45 Do. 
oT A Te RA eT an eee 2.55 | Died, 9 hours. 
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In these tests the control ampoules were kept at the usual temper- 
ature of storage (5°C.). Since the period of exposure to sunlight was 
of such short duration, it is probable that controls kept at the same 
temperature but not exposed to sunlight would not have shown any 
appreciable change. 

The effect of the addition of acid and alkali as regards the keeping 
qualities of the toxin was tested by adding varying amounts of 
hydrochloric acid and sodium hydroxide to the toxin and storing 
at the temperature 5° C. The method used was to add measured 
amounts of sterile N/1 or N/10 HCl and NaOH to 10 ¢. e. amounts of 
the toxin, due allowance being made for the increase in volume in 
making the test. The reaction of the toxin before the addition of 
acid and alkali was represented by a pH<value of 6.8. The accom- 
panying table shows the results obtained. The test dose of the con- 
trol toxin at the time these tests were made was 2.25-2.3 c. c. 

Change in test dose of toxin following a change in reaction. 
  

  

  

    
    

  

  

  

    
    

Amount of 3 days. 11 days. 
N/1 HCI 

added to10 | PH. 
mil of toxin. Dose. Result. Dose. Result. 

p 

C.:C. c.e 
901.....:.- 6.8 2.25 Surviveqd..i. od is josie, 

2.5 Died........% 2.5 Survived. 
nd 6.4 2.25 “1-Survive@:: i lis ool 

2.5 Died... italia 
JBeeaicaa. 6.2 2.25 | Sarvived....... 2.3 Do. 

2.5 Died. ovo 2.5 Do. 

Controls... oar i. 2.25 | Survivgd....... 2.25 | Died. 
2:25.90... do..stesas 2.3 Do. 
2.3 Pied... 2.0. iii. 

Amount of 3 days. 11 days. 

N/1 NaOH 
added to 10 pH. 
mil of toxin. Dose. Result. Dose. Result. 

CC Cc. C. 
0.01 osc, 7:0 2.95 Died. ou... 2.3 Survived. 

2:5 aon do... ll 2. a ied. 
eX ita 7.3 2.95 a:b. dos¥....... 0.15 Rap Survived. 

2:5 Cine Aoi ns NaOH Do. 
conven A ny 7-5 2.25 A Survive... col demas ae 

2:5: oles do... 2:5 Do. 

Controls... ....iui.. 8 2.25 Survived......: | 2.25 | Died. 
2:25 ij... doa. i...) 2.3 Do. 
2.3 Bie@. or chi ei st eeanaass             

In the case of the acid it is seen that all the pigeons on the dose 
2.25 c. c. survived, while all on 2.5 c. c. died after the acid had been 
allowed to act three days. After 11 days the toxin had evidently 
deteriorated to such an extent that the pigeons survived on both 
doses 2.3 and 2.5 c. c. : 

In the case of the alkali, the addition of up to 0.1 ec. c. of N/1NaOH 

to 10 c. c. of toxin had no effect for three days; all of the pigeons
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inoculated with 2.25 and 2.5 c. ¢. died. An amount as high as 0.2 c.c. 
of N/1NaOH seemed to have changed the toxin to such an extent that 
neither of the pigeons inoculated with 2.25 or 2.5 c. ¢. died. After 11 
days all of the pigeons inoculated with 2.3 c. c. of the toxin survived 
and in two cases the pigeons on 2.5 c. c. survived. While the above 
experiments indicated that a considerable change in the reaction is 
necessary to cause marked deterioration, it is probable that the 
cumulative effects of small changes may be the same after longer 
periods of time and that therefore the reaction of the glass container 
may influence deterioration of the toxin. : 

It is thus apparent that the fluid toxin of B. perfringens deteri- 
orates to a certain extent just as other fluid toxins depending on 
varying conditions of heat, light, reaction, and other unknown factors, 
but that if kept under the most favorable conditions it is reasonably 
stable. 

A precipitated toxin was prepared early in the work and several 
other attempts were made to obtain a considerable amount of the 
dry toxin, but in all cases the yield of toxin in proportion to the 
volume of fluid was very small. The usual method of precipitating 
by saturating with ammonium sulphate crystals was the method 
employed. The toxin was then dried in vacuo, and stored in vacuo 
in a Novy jar at a temperature of 10-15° C. 

Protocol indicating the results of tests made on a dry toxin against the same antitoxin 
at intervals of about 10 months. 
  

  

  

  

                          
  

  

  

Toxin test dose. Antitoxin. 

E g 2 2 : 3 = “Hours Md y © 0 . © 
3 Sele gg 3 + & | No. of anti- ge = =| + 8 | survived. 

g | 5 |= ao 85 toxin. as = 8 858 
2 le lotl 8 viBE of | 8 EE — . wn — wv — 

po | 28 5 g 8 8 = g 
mB |Z is < |< A < A |< 

Gms Gms.| Gms. | c. c. CCl, Cs c.C 
May 31, 1918... la | 405 | 3 [0.002 [0.0081 | 0.24 | Antitoxin 5./0.0075 {0.030 | 1429 | 0.9 | Survived. 

2a | 360 | 3.003 2 do. .| 0075] .027 | 1429 81 Do 

3a 350 1:3 005 |--0075" .52{:.:..do. x... 0075 | .026 | 1429 78 Do 
4a | 325 | 3 | .007 0075 | .024 | 1+29 72 Do 
521320} 31.010 0075 | .024 | 1+29 72 | 43. 

Mar. 21,1919..( 11191 355 | 3 | .008 0075 | .0264 | 1+29 79 | Survived. 
1120 1 340 | 3 | .010 .| 0075] .0252 | 1+29 | .76 | 3. 
1121 [1325 3:.[ .010 .0075 | .0242 | 1+29 | .73 | 4. 
1122.1 320 3 |'.012 ee-w..| 0075 | .0238 | 1429 .81 | 4. 
1123 | 315 345.012.0878 | 03 )....:d0.... ..- 0075 | .0234 | 1+29 «70:1:4, 

Minimal lethal dose. 

: . Hours 
Pigeon. | Weight. No. of Boss yer Actual A pount survived. 

toxin. dose. ot (lg. 
grams. tion. 

Grams. Grams. | Grams. C. C 
May 31, 1018... iain 11a 380 3| 0.0002 | 0.00076 0.93 | 201. 

12a 375 3 .0003 -00112 .34 13%. 
13a 340 3 .0005 .0017 .51 113. 
14a 340 3 . 0007 .0024 .72 94. 
15a 310 3 0010 .0031 .93 113. 

Mar. 22-23, 1919............. 1125 370 3 . 0002 .00074 «22 3. 
1131 300 3 . 0002 . 0006 .18 Survived. 
1132 370 3 . 0003 .0011 «33: 117. 
1133 295 3 .0003 . 00085 .255 | 12.                
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The test dose in the first experiment against the amount of anti- 
toxin used lies between 0.025 and 0.035 gram of the dried toxin, and 
in the second test between 0.028 and 0.035 gram for 350 grams 
weight of pigeon. The minimal lethal dose in the first test was 
between 0.0007 and 0.00105 gram for 350 gram or very close to the 
lower limit, indicated by the fact that the pigeon died after the 24 
hour limit. In the second test, the minimal lethal dose was very 
close to 0.0007 gram since one pigeon died on this dose and another 
survived. These tests though limited in number indicate that the 
dried toxin, like tetanus toxin, is a very stable product. 

TOXIN AND ANTITOXIN OF VIBRION SEPTIQUE. 

The culture used by the Hygienic Laboratory in the work on the 
standardization of Vibrion septiqgue antitoxin and which was dis- 
‘tributed to the manufacturing concerns was one obtained from Jouan 
of the Pasteur Institute, and is said to correspond to Pasteur’s origi- 
nal Vibrion septique. 

In its cultural reactions this organism agrees with Weinberg and 
Séguin’s description. It was found to be quite distinct as regards 
cultural behavior from two cultures of B. oedematis maligni in the 
collection at the Hygienic Laboratory and also distinct from B. 
oedematis maligni as described by v. Hibler. Morphologically this 
organism is more slender than B. perfringens and forms spores readily. 
The organism is gram-positive, is motile and somewhat pleomorphic, 
presenting certain peculiar forms described as citron forms which are 
considered characteristic of the organisms in smears from wound 
material. Long filamentous forms may be obtained from the liver 
of guinea pigs inoculated with the culture. 

The organism is nonproteolytic, failing to digest casein, blood 
serum, or minced meat. This is in marked contrast to the behavior 
exhibited by the cultures of B. oedematis maligni which were tested 
in the same media. Gas was formed in glucose broth, but it is not 
as active in fermenting this sugar as is B. perfringens. The organism 
produces a septicemia in guinea pigs and the culture can easily be 
isolated from the heart blood of an animal which has been injected 
subcutaneously. In this respect it differs from B. perfringens, which 
can not usually be obtained from the blood but must be isolated 
from the muscle tissue into which the culture was inoculated. 

TOXIN. 

The medium recommended by Jouan and also by Raphael and 
Frasey, who obtained potent toxins, was Martin's peptone glucose 
broth, in which Martin's peptone freshly made from pig’s stomach 
subjected to peptic digestion is used. In this country a satisfactory 
toxin was produced by the use of a 0.2 per cent glucose veal broth
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containing 10 per cent of sterile horse serum and this medium was 
used in the work carried on at the Hygienic Laboratory. 

Several satisfactory toxins were obtained with somewhat less diffi- 
culty than was encountered in the case of the Perfringens toxin. 
The toxins were tested on pigeons, rabbits, and guinea pigs and in 
accordance with the methods of the French investigators injections 
were made intravenously. De Kruif? recommends small guinea pigs 
about 200 grams weight as satisfactory test animals, the injections 
to be made into the jugular vein. This method was used in part of 
the work, but rabbits proved to be more satisfactory on account of 
the greater ease in making the inoculation into the ear vein, and it 
was found that these animals are about as susceptible as guinea pigs, 
weight for weight. 

The animals succumb in as short a space of time as five or ten 
minutes if a sufficiently large dose of toxin is injected, which fact 
raises the question whether the substance producing the injurious 
effects is a true toxin. A serum which neutralizes the effects of this 
substance has been produced, however, and it has also been shown 
that a longer period intervenes before death if inoculations are 
made by the subcutaneous route. 

ANTITOXIN. 

The only sample of antitoxin against Vibrion septique which was 
received at the Hygienic Laboratory was one obtained from the 
Pasteur Institute and this was to have been used as a standard 
serum in testing of serums received from manufacturers. 

Standardization.—The French method for testing the potency of 
anti-Vibrion septique serums was used in comparing several toxins. 
In aecordance with the French standard, 1/1,000 c. c. of the antitoxin 
should neutralize two fatal doses of the toxin after 30 minutes incu- 
bation of the mixture at room temperature. 

The following protocols indicate results obtained with two lots of 
toxin tested for the minimal lethal dose and against the Pasteur 
Institute antitoxin: 

  

  

  

Toxin 2B. 

Toxin. : Antitoxin. 

‘Weight. Dose 
No.of | per |Actual| Dose Dilution. | Actual Result. 
toxin. | 1,000 | dose. | Per 1,000 | Dilution. “g,cq 

grams. grams 

Grams. C.L. ee. ¢. ¢. eC: 
Rabbit l......L..-... 1,230 2B 1.0 103 bert at cis ne pe Died in 2 minutes. 
Rabbit 2... ........0. 1,220 2B .9 1.30: col rae dan dleda is Died in 6 minutes. 
Rabbit 3........v: i 1,220 2B .8 208 | ciara sede iret eer sss Survived. 
Rabbit 4:....0......0 1,400 2B 1.8 2.52 1/1,000 1/500 a(.7 | Survived 6 days.                   

a The test should have been carried out according to the French standard by using 0.5 c. c. of the dilu- 
tion 1/500. In this case the dose of antitoxin was inadvertently made 0.7 c. c. (i. e. 0.5 c. ¢. per 1,000 grams). 

2 Personal communication.
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After 84 months storage this toxin had deteriorated to the extent 
that 1.5 mil per 1,000 grams failed to kill rabbits in less than five 
hours. 
  

  

Dose : 
: No. of Actual | Length of time 

Weight. s per 1,000 : toxin. | grams. dose. survived. 

Grams. C.C: Cc. Cs 
Rapbib co. DR Caan Jie. ou 1,350 2B 1.1 1.5 | 2 hours. 
Rabbit 2. 0% cur ags dor amss sient wren 1,775 2B 1.2 2.13 | 4 hours. 
Rabbit. Lil nD 0 Jn Da 1,650 2B 1.3 2.15 | 17% hours 
ETI Perdieioane SEE Rete IE TRE Taio a 1,600 2B 1.4 2.24 | 19 hours. 
Rabbits. cla LO. LURE LL RE 1,820 2B 1.5 2.73 | 5 hours.           
  

Toxin 3B (after 6 months’ storage). 

  

  

  

      
  

  

  

  

Dose per 
: No. of Actual : 

Weight. : 1,000 Length of time sur- 
Toxin. grams. dose. vived. 

. c.C Coils 
Babbit 1... ol Lh FU EP 1,080 3B 0.8 0.86 | Survived. 
Babbit 2... 0h... vs an sires se on 1,190 3B .9 1.07 | 12 hours. 
Rabbit 3... i 1,270 3B 1.0 1.27 | 3 hours. 
Rabbit 4. ...% 0. 00, staat chen Ss 1,290 3B 1.1 1.41 | 5hours. 
Rabbit 8.1. La ficbindlidci sn cnaiiin 1,340 3B 1.2 1.61 | 8 minutes. 

Toxin. Antitoxin. 

Weight. Dose Result. 
No.of | per |Actual Dus her Dilu- | Actual 
toxin. | 1,000 | dose. Lhe tion. dose. 

grams. grams. 

C.C. C.C; Cc. C. c.C. 
Robbit 6.~:.......:% 1,220 3B 1.8 22 1/1,000 1/500 0.5 | Died in 13 hours. 
Rabbit 7... cvecaevics 1,270 3B 2.4 3.0] 1/1,000 1/500 .5 | Died in 9 minutes.               
  

The amount of antitoxin used in the last test, 1/1,000 c. c., was in- 
sufficient to neutralize two fatal doses of the toxin, both twice the 
amount of toxin which killed in less than 10 minutes (1.2 ec. ¢.) and 

twice the amount which killed in about 12 hours having been used. 

B. OEDEMATIENS. 

A culture received through Maj. Bull from Weinberg of the Pasteur 
Institute was used in several attempts to produce toxin, but no very 
satisfactory toxin was produced. Weinberg and Séguin state in their 
protocols that 1/50—-1/100 c. c. of toxin inoculated subcutaneously was 
sufficient to kill guinea pigs in two to three days. 

No toxin was obtained in our work which killed guinea pigs on a 
dose less than 0.25 c. c. Pigeons were not killed by 0.5 c. c. of fil- 
trate, though 0.1-0.2 c. c. of culture killed these animals in 24 to 48 
hours. A good toxin according to Weinberg and Séguin should kill 
guinea pigs in 1/100 c. c. doses injected intravenously and 1/400 c. c. 
should kill mice when injected subcutaneously.
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It is doubtful whether the culture received is identical with B. 
oedematiens described by Weinberg and Séguin. The cultural char- 
acteristics of the organism received do not correspond in all par- 
ticulars with those described by the above authors. It is stated that 
the organism is very slightly proteolytic, not digesting blood serum, 
casein, or ovalbumin. The culture received by us was actively pro- 
teolytic comparing favorably in this respect with the Hygienic Labora- 
tory cultures of B. oedematis maligni. Casein, blood serum, and minced 
meat were digested promptly. The failure to produce a potent toxin 
and the discrepancy as regards cultural behavior indicate that the cul- 
ture probably was not identical with that used by Weinberg for best 
toxin production. 

The author is particularly indebted to Passed Asst. Surg. J. P. 
Leake for suggestions and cooperation in carrying out the work. 
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Ill. POTENCY OF BACTERIAL VACCINES SUSPENDED IN OIL (LIPO- 
VACCINES). 

By Ipa A. BenatsoN, Bacteriologist, Hygienic Laboratory, U. S. Public Health 

Service. 

During the course of the past year several samples of ‘‘lipo-vaccines, 
that is bacterial vaccines suspended in oil, made from the typhoid 
and paratyphoid bacilli, also from the pneumococcus, were received at 
the Hygienic Laboratory for testing. The use of these vaccines 
has been advocated on the ground that their administration is as 
effective as that of saline vaccines as a prophylactic measure and 
that the local and general reactions produced after injection are 
much milder so that a dose equivalent to or greater than that of the 
three injections of saline vaccine can be administefed at one time. 

The following is a preliminary report of some of the work that has 
been done in an effort to estabiish standard methods by which 
tests may be used to determine their efficiency. 

TYPHOID-PARATYPHOID OIL VACCINES. 

The Hygienic Laboratory method of testing typhoid and typhoid- 
paratyphoid saline vaccines consists of inoculating rabbits with 
the usual human doses, giving the three inoculations at intervals of 
four to five days.! In the case of typhoid vaccines the firsy dose is 
500,000,000 and the two succeeding doses 1,000,000,000 organisms. 
The Hygienic Laboratory typhoid-paratyphoid vaccine contains 
2,500,000,000 organisms per mil (c. ¢.) and the first dose consists of 
half a c. c. and the other two of one c. c. each. In carrying out the 
test the rabbits are bled about five days after the last inoculation 
and the serum tested for agglutinins. Complete or almost complete 
agglutination should occur in dilutions of about 1/400, and distinct 
agglutination may often occur in the 1/800 and 1/1,600 dilutions. 
This applies to B. typhosus; in the case of B. Paratyphosus 
and B. Paratyphosus § agglutination occurs in lower dilutions, par- 
ticularly in the case of B. Paratyphosus co. 

The typhoid-paratyphoid oil vaccines received for test were 
inoculated in the usual way into rabbits, the injections being made 
subcutaneously on the abdomen, three rabbits being used for each 
test. The human dose 1 c.c. was used, and bleedings were made 
about ten days after the inoculations. 
  

1 Hygienic Laboratory Bulletin No. 110. 
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The following protocols indicate some of the results obtained with 
the serums of the inoculated rabbits tested for the presence of agglu- 
tinins against the three organisms in the vaccines: 

TYPHOID-PARATYPHOID OIL VACCINE (from Laboratory 1). 

[0.3 mg. B. Typhosus, 0.3 mg. B. Paratyphosus «, 0.3 mg. B. Paratyphosus B per c. c.] 

Final dilutions of serum. 

  

  

  
  

B. typhosus Rawling. | B. paratyphosus « Mears. | B. paratyphosus 8 Cools. 

sil) Sg ol tg . : Ss 
slglglgls|Blelslels|s|Blslglsls|s |B 
BN |A RR F[DB =D AR |B = QHD | 

a apeiip en te Sebi bilan A a fm fer eas ae ting 

Rabbitt ci 121212] 0] 0] ol o|l12| 0] 0] o|12]12]12|12|12]| 12 
Rabbit 2c. od isis val trei iti 94-0f Of 06 Of {1212 20% 12 
Rabbits oii yi 1d 1k oto. al-af 0) 0121? (124122121. 17                           
  

HYGIENIC LABORATORY TYPHOID-PARATYPHOID SALINE VACCINE 78. 

  

  

  

  

  

          Rabbitl... cca ihe 3 3 3 3 2 2 3 3 3 2 1112 4 4 4 4 
Rabbit 2...) 4 4 4 3 11:12 3 2 2 Ei 4 4 3 3 3 2 
Rabblb 3: 5. ce. cieniae 4 4 4] 3 Lb 34:84 21 2 1 1 4 4 4 4 

Control (no serum) 0. Control 0. Control 0. 

  
0.3 mg. B. Typhosus signifies 0.3 mg. of dried typhoid organisms per c. c. 

The rabbits inoculated with the typhoid-paratyphoid oil vaccine 
were bled again six days later and showed practically the same 
results in the agglutination test as those above, i. e., no definite 
agglutination apparent in any of the tubes. 

An oil vaccine made in a second laboratory was tested and the 
method of injection was varied by inoculating one rabbit subcuta- 
neously in the usual way with 1 c. c., one rabbit with 1 c. ¢. distributed 
in four different places, and a third with 2 c. c. 

The following protocol shows the results obtained in the agglutina- 
tion test: 

TYPHOID-PARATYPHOID OIL VACCINE (from Laboratory 2.) 

[2,500,000,000 each killed B. paratyphosus « and B and B. typhosus in each c. c.] 

Final dilutions of serum. 

  

  

  

  
  

                            

  

  
  

  

  

      

B. typhosus Rawling. | B.paratyphosus « Mears. |B. paratyphosus 8 Cools. 

: S el I <1 HoT a 33 
. oS [=3 S [=3 . = oS = [=1 giE|B BIB 4|B (BIBI (4|BIBIR IB] 
HAHAH HA HHA HHH AHH AHA 

Hi — rl fet 

Rabbit 1. ct 9000 122.0 0 0 0:~-% 1 1 1 1 1 
Rabbit 2 (4 sites)..... SHI e000 0106 00) OL 0-00 Ti rid 1 
Rabbit 3(2ec.c.)..--.... 1? | 0 0| 0 01 341 aki 1 

HYGIENIC LABORATORY TYPHOID-PARATYPHOID SALINE VACCINE 94. 

Rabbit 1. ...........v.. i] 3 3 3 3 {+0 EE 11] i 4 4 4 i] 3 
BabbIb 2. seni anan-dna 31 3 3 3712 0 2 2 11240} 0 4] 4 4 3 3{-2 

Control (no serum) 0. Control 0. | Control 1 
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A test was made by varying the location for injecting the oil 
vaccine from laboratory 1 with the following results: 

1 C. C. SUBCUTANEOUSLY ON ABDOMEN. 

  

  

  

    

  

  

    
  

    
  

  

Final dilutions of serums. 

B. typhosus Rawling. | B.paratyphosus a Mears. | B. paratyphosus 8 Cools. 

tele 1B Talal init le |< [8 
EIS|B|2(4(EIRIE|B 2 (S(E|R|B(B(> 

Rabbit 1 0 81-0] 001-010 1 1 1 1 1 1 
Rabbit 2 Ot 0101-0: 0101 00040 0 1 1 1 1 1 1 
Rabbit 3 0 01:07:01 0) 05-071 1 1 J 1 1 

1 C. C. SUBCUTANEOUSLY ON THIGH. 

RABI L.. ac co. iid Gi 0): 04 0 0 O.1+0 5.041 1 1 1 1 1 
Rabbit 2....-........ i O1%01-01- 0 010-0004 0] 0] 0 01 1 1 1 1 1 
Rabbit 3. i. ....cinu03 00 03:0 0 0,50: 0 1 1 1 1 1 1 

1C. C. INTRAMUSCULARLY ON THIGH. 

Rabbit. .icv. oa 217 0 0} 1? 0 413% 2: 33:71 1 
Babbitt 2... ..0.. ans 91 000010101 000 010 1 1 1 1 1 i 
Babblt 8-...us. on cnuiins 01 0 0 0; 0 0 1 1 1 1 1 1 

1 C. C. INTRAPERITONEALLY. 

Rabbid... ciiinsnes CL 0} 0101.00 01.0%: 0] 07:0 070 ):1 1 1 1 1 1 
Rabbit 2... a. is Oc::0f O01 07-00: 04-0040. 0¢00:0( 1 1 1 1 1 xX                                   

  

  

HYGIENIC LABORATORY TYPHOID-PARATYPHOID SALINE VACCINE 97 (3 INJEC- 
TIONS SUBCUTANEOUSLY). 

  

        

  

  

  
Rabbit 1....05. 000i S433 FF L407. 0:0 OF 24 24 221 01 0303-3] 22 ] 2 1 
Rabbit 2......0. 00 qd cals She rE Tl 0d 443 | 2 2 
Rabbit.3....0: vc vamesvs 47:4 45 .3+:23 0,2: 2,2). 3 1 0.1: 4, 41:41:-3 1::2 2 

| Control (no serum) 0. ontrol 0. Control 1. 

  

Only one of the rabbits receiving lipo-vaccine in the above test 
showed any definite agglutination. One of the three rabbits injected 
intramuscularly showed slight agglutination of B. typhosus Rawling, 
a suggestion of agglutination with the paratyphoid A antigen and 
very definite agglutination with the paratyphoid B antigen in the 
lower dilutions. : 

The above tables indicate that the oil vaccine as administered 
was not as effective in these tests in producing agglutinins in the 
animals used as were the saline vaccines. The absorption of these 
vaccines when injected into the loose subcutaneous tissue of the 
rabbit probably differs from that in the human subject. The fact 
that quite definite agglutination was obtained in one instance when 
the injection was made intramuscularly suggests that this method 
may be more effective than by the subcutaneous route for producing
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agglutinins, but since only one out of three rabbits showed any 
agglutination, it does not appear that this method can be relied on 
for uniform results. 

PNEUMOCOCCUS OIL VACCINES. 

The use of saline pneumococcus vaccine as a prophylactic measure 
against pneumonia was recently carried out with apparent success 
on an extensive scale in South Africa. This work has been reported 
by Lister in the Publications of the South African Institute for Med- 
ical Research, 1913-1917. 

Following this, prophylactic inoculation against pneumonia by the 
use of saline vaccines was practiced on 12,519 men of the United States 
Army during the year 1918, as reported by Cecil and Austin.® Three 
or four doses were administered at intervals of five to seven days, 
with a total of six to nine billion organisms of types I and II pneu- 
mococcus each and four and one-half to six billions of type III. 
During 10 weeks following the vaccinations no cases of pneumonia 
caused by these three types occurred among the vaccinated subjects 
and the incidence against pneumonias caused by type IV was much 
less than among unvaccinated controls. 

Later in the same year pneumococcus oil vaccine was made use of 
as a prophylactic measure against pneumonia at Camp Wheeler, as 
reported by Cecil and Vaughan;® and 13,460 men, about 80 per cent of 
the camp strength, received inoculations. In this case 32 cases of 
pneumonia due to pneumococcus types I, II, and III occurred among 
the vaccinated 80 per cent, and 42 cases among the unvaccinated 
20 per cent. Of the 32 cases of pneumonia due to the types I, IT and 
IIT all except eight occurred within one week after vaccination and 
these eight were cases following severe attacks of influenza. 

In our tests on the potency of pneumococcus oil vaccine, it was the 
purpose when the work was begun to inoculate animals or human 
subjects with the vaccine and after a period thought necessary for 
the elaboration of agglutinins and protective bodies to test the serum 
for the presence of these bodies in accordance with the method em- 
ployed by Cecil and Austin in testing saline vaccines. 

Six normal rabbits were bled from the heart and two samples of 
human blood were also collected. These samples were to be used 
later as controls in making agglutination and protection tests. Three 
of the above rabbits were inoculated subcutaneously on the day of 
bleeding with 1 c. c. each of pneumococcus oil vaccine prepared in 
Laboratory 1 and three with pneumococcus oil vaccine prepared 
in Laboratory 3. One of the human subjects was injected with 1 c. c. 
  

4 Lister, 1913-17. Publications of the South African Inst. for Med. Res. No. II, VII, X. 

5 Cecil and Austin, 1918. Jour. Exper. Med., vol. 28, p. 19. 

6 Cecil and Vaughan, 1919, Jour. Exper. Med., vol. 29, p. 457.
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of the first oil vaccine, and the other with 1 c. c. of the second oil 
vaccine. Agglutination tests of the various sera secured before in- 
oculation were carried out with negative results throughout. 

Bleedings of the rabbits and human subjects were made 14 days 
after inoculation. Agglutination tests were made against 24-hour- 
old broth cultures of type I, II, and III of pneumococcus, using 
highly virulent cultures of all three types. No agglutination whatever 
was obtained in any of the sera tested even with the undiluted serum 
(dilutions of serum 1:1 to 1:40 were used). A control set of tubes 

with pneumococcus immune diagnostic serum of each type was run 
in each case with the following results: 

  

. Dilutions of serum. 

  

11 1:2 1:5 1:10 1:20 1:40 

  

BYDOY. cite os Te macs ina bianna nn 4 4 4 4 
TYPO UL. rion scsi ac sainnmnne inet pissin ning 4 4 4 3 3 3 
BYP... ie... ira rarssaarsssnna nis con x 0               

This showed that the cultures used were readily agglutinable. 
Protection tests on mice were carried out with the rabbit sera 

against broth cultures of the three types of pneumococcus. An equal 
number of control mice were injected with normal sera of the corre- 
sponding rabbits; 0.2 c. c. of serum was injected into each mouse. 

The following is a summary of the results obtained: 

  

Number of 
mice inoey-| Number of 

Toted. mice died. 

  

    
Typo: 0.0001 c.c. 10 0:00000L.0.C. (LoS NICE) .cuvs- isn isnzresinsnsivsngensnbi demas 24 24 
Type I: 0.00001 c.c. to 0.0000001 c.c. (control mice with normal serum) ........... 24 24 
Type li: 0.00001 0.c. 10 0.0000001:c.0. (Lest THCY . cu. cvuiivinisianvinnsnavastsans 24 13 
Type II: 0.00001 c.c. to 0.0000001 c.c. (control mice with normal serum)........... 24 15 
Type IIl:0.0001 cc. 10 0.000001 C.C. (TOSt NICE) .ontve satan ils so asvnssasiscsss aman 24 20 
Type III: 0.0001 c.c. to 0.000001 ¢.c. (control mice with normal serum)........... 24 21 

  

The results in this test show practically no difference in the amount 
of protection afforded by the sera from vaccinated rabbits and those 
from unvaccinated rabbits except that in the case of the serum of 
one rabbit, which had been inoculated with the second oil vaccine, 
only one mouse out of the six test mice inoculated with type II culture 
died and four out of the six controls died. 

The four surviving rabbits used in the above tests were bled a second 
time one month after vaccination. Agglutination tests were again 
entirely negative. Protection tests were mgde on mice, using cul- 
tures of the three different pneumococcus types, all three of which 
were fatal in doses of 0.0000001 ¢. ¢. to 0.00000001 ¢. ¢. (in each case 

both control mice without serum inoculated with 0.0000001 c. c. died,
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and one of the two mice inoculated with 0.00000001 c. c. died). The 
control mice were inoculated with cultures alone. The following 
summarizes the results obtained: 

Type I: All mice died (test mice and control mice). 

Type II: The serum from three of the rabbits showed no protection whatever, but 
in the fourth case all the mice survived, showing there was some protective property 
in the serum from this rabbit. Somewhat similar results were obtained in the previous 

test, from this same rabbit when bleedings were made 14 days after inoculations. 
Type III: No protection was shown with the serum of any of the rabbits. 

Tests were carried out with the sera from the two vaccinated 
human subjects A (Laboratory 3) and B (Laboratory 1). 

SERUM A. 

  

Number Number 
of mice of mice 

inoculated. died. 

  

Type I: 0.0000001 to 0.00000001 c. c. (mice treated with immune serum).......... 
Type I: 0.0000001 to 0.00000001 c. c. (mice treated with normal serum)........... 
Type I: 0.0000001 to 0.00000001 c. c. (mice receiving no Serum). .................. 
Type II: 0.0000001 to 0.00000001 c. c. (mice treated with immune serum)........ i 
Type II: 0.0000001 to 0.00000001 c. ¢. (mice treated with normalserum).......... 

_ Type II: 0.0000001 to 0.00000001 c. ¢. (mice receiving noserum).................. 
Type III: 0.0000001 to 0.00000001 c. ¢. (mice treated with immune serum......... 
Type III: 0.0000001 to 0.00000001 c. c. (mice treated with normal serum)......... 
Type III: 0.0000001 to 0.00000001 c. c. (mice receiving no serum) ................. 
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SERUM B. 

  

Type I: 0.0000001 to 0.00000001 c. c. (mice treated with immune serum) .......... i 
Type I: 0.0000001 to 0.00000001 c. c. (mice treated with normal serum)........... 
Type I: 0.0000001 to 0.00000001 c. ¢. (mice receiving no serum). .................. 
Type II: 0.0000001 to 0.00000001 c. c. (mice treated with immune serum)......... 
Type II: 0.0000001 to 0.00000001 c. c. (mice treated with normalserum).......... 
Type II: 0.0000001 to 0.00000001 c. c. (mice receiving noserum).................. 
Type III: 0.0000001 to 0.00000001 c. c. (mice treated with immune serum). ....... | 
Type III: 0.0000001 to 0.00000001 c. ¢.*(mice treated with normalserum)......... 
Type III: 0.0000001 to 0.00000001 c. ¢. (mice receiving no serum). ................ | 
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1 Mouse-typhoid infection. 2 2 Mouse-typhoid infection. 

The 12 vaccinated mice treated with human immune serum A 
showed a probable protection against the types II and IIT and 
possible protection against type I. Two of the 12 mice died of 
undoubted pneumococcus infection and 7 survived (3 mice died of 

mouse-typhoid infection). Of the 12 vaccinated mice treated with 
human immune serum B, 4 died of pneumococcus infection (1 of 

mouse-typhoid infection). A certain amount of protection was 
apparently afforded by normal serum. Normal serum B, as well 
as normal serum A, showed rather marked protection against type 
II, and both showed slight protection against type III. The 12 
control mice which received cultures without any serum all died, 
with one exception (type I, 0.00000001 ec. c.). 

Tests were carried out by inoculating mice directly with the oil 
vaccine from laboratory 1, using 1 c.c. of the vaccine injected subcu- 
taneously. Twenty-four vaccinated mice were inoculated with cul-
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tures 14 days later. Dilutions of 0.0000001 and 0.00000001 of 
24-hour broth cultures of each of these three different types of 
pneumococcus were used. 
  

  

  

          

Test mice. Control mice. 

| Number Number Number | Number 
inoculated. died. inoculated. died. 

Type I: 
YE.0000001 0 Crit reas Ped css An cen E es 4 1 4 4 

0:00000001.C.10-.0 4c: jess >» evs in Seasitiosnsiiogrne sn tun 4 | 4 3 
Type II: 

0:0000001 C.C.. .... cic i erems ii mini anne tny Soir dn 4 21 4 4 
G:0000000F Cz. 2c. i as cio in a a Pe Se ns le Sea 4 31 4 2 

Type III: 
00000001 0. 0. Lo ir cB ra esl ee 4 43 1 2 
GO000B00Y- Cy Co «ins ner 2 rir vines se nmt ems mwe Tr 4 31 4 1 

1 Vaccine not absorbed; mouse-typhoid infection. 3 Vaccine not absorbed. 
3 Mouse-typhoid infection. 4 2 mouse-typhoid infection. 

The results show quite definite protection against types I and II. 
A further test was carried out on mice with some variations from 

the methods used above. A number of mice were injected with the 
pneumococcus oil vaccine from Laboratory 1, in this case using 0.5 
c. c. of vaccine instead of 1 c.c. and part of the mice being injected 
intraperitoneally instead of subcutaneously. 

Fourteen days later 36 of the mice vaccinated subcutaneously 
were inoculated intraperitoneally with 24-hour broth cultures of 
the three types of pneumococcus, with the following results: 
  

Test mice. Control mice. 

  

Number Number Number | Number 
died. 

  

injected. died. injected. 

Type I: 
0:0000001 C. C: ounces vires emnsssstsnmnnsponamaris Series 6 5 6 6 
0:00000001 €.00- 5. Bee ed Be ene ca ree 6 3 6 6 

Type IT: 
0:0000000 C20... eee a eee dts ia a 6 5 6 6 
0:00000001 0, Bos si: sos eo mominngomsdssnn smn onssasanes 6 6 6 6 

Type III: 
0-000000L.C. Cuneo vic’ nod sh dresses S45 mde iwns 6 6 6 6 
0.00000001 0.30. -L- .onc. - ser rs De 6 6 6 6           

The test though not as satisfactory as the previous one indicates 
some protection of the vaccine against type I. 

Nine mice vaccinated intraperitoneally were also inoculated with 
cultures, 0.0006001 c. c. of each type being used throughout. The 
following indicates the results obtained: 
  

  

  

Test mice. Control mice. 

Number Number Number | Number 
injected. died. injected. died. 
-> oe 

ype: 0.000000 Ce... coi... hina deans nL 2800 L050. 2 6 6 
YRC IL 0.0000001.C. C.... ..ivnn rns it sin sivhwvs as £3 3 dos muni 5 4 6 6 
TYPE TI: 0.0000001.0..0. -... icin unseriinn snnbn Sing sn wnvin 4 6 6          
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Rather definite protection against type I is shown in this test and 
slight protection against types II and III. 

Several direct protection tests were carried out on rabbits. In 
testing the action of pneumococcus vaccine on rabbits it was neces- 
sary to determine the virulence of the cultures for this species. 
Type I was found to be fatal to these animals in the same quantities 
as to mice, viz, 0.0000001 to 0.00000001 c. c. of culture inoculated 
intraperitoneally. Rabbits receiving these doses invariably suc- 
cumbed within 48 hours to a pneumococcus septicemia. Irregular 
results were obtained with types II and III, indicating that in the 
case of these two types maintenance of virulence by passage through 
mice does not necessarily afford a corresponding degree of main- 
tenance of virulence for rabbits. This was particularly true of type 
ITI, which sometimes failed to kill in a dilution of 0.01 c. c. 

Several rabbits were injected subcutaneously with 1 c. c. of oil 
vaccine; 14 days later two of the rabbits were injected intraperi- 

~ toneally with broth cultures of the type I of pneumococcus and two 
normal rabbits were injected with corresponding amount of culture. 
The following shows the results obtained: 

Test rabbits: 
Type I, 0.00000001 c. c: 

Rabbit 1 survived. 
Rabbit 2 survived. 

Control rabbits (culture alone, 0.0000000 1 c. ¢.): 
Rabbit 3, died in 42 hours. 
Rabbit 4, died in 42 hours. 

A test was carried out on mice to determine the relative protection 
afforded by saline and oil vaccines. Equal numbers of mice were 
inoculated with saline and oil vaccines, one-half of each group being 
inoculated with 0.5 c. c. of vaccine and the remaining half with 0.25 
c.c. The saline vaccine contained 1,000,000,000 organisms each of 
types I, II, and IIT and the oil vaccine 0.7 mg. each of types I, II, 
and III per c. c. 

Eleven days after vaccination the mice were inoculated intraperi- 
toneally with 24-hour broth cultures of the three types of pneumo- 
coccus in dilutions of 0.0000001 to 0.00000001. The following sum- 
marizes the results obtained. A corresponding number of control 
mice were inoculated with culture alone at the same time as the 
vaccinated mice were inoculated with cultures. 

OIL VACCINE. 
  

    

    

  

  

  

Number of | Number of 
mice inocu-| mice sur- Nine 3 f 

lated. vived. ' 

Type 1: 0.0000001 £0 0.0000000L CC. . . ion en ieveievaaiodunsrvonss uns 8 4 14 
ype TT: 0.000000]: 100,00000001 CC... .. ...0 cg. ioc aninsnin san smnns 8 2 26 
Pype TIL: 0.000000) 10 0.00000000. 6: C... 0 cus ites asmssinnakssasns Eh 8 1 17 

24 7 17 

  

1 Mouse-typhoid infection. 

2 2 mixture pneumococcus and mouse-typhoid infection; 1 mouse-typhoid infection.
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SALINE VACCINE. 
  

  

  

  

  

  

Number of | Number of 
mice inocu-| mice sur- Buu berg 

lated. vived. > 

Type I: 8:0000004 §3°9.0000000)] 6. Se LSE SENECA SR gl 8 4 34 
Ape H1:0.0000001 {0 0:00000001 ©. C.......onvniiihinaedaindsndinnsnn 9 |. 5 14 
Type III: 0.000001 £0 0.00000001 o. ¢ Bless a sree AS Sea Te dn vad 7 5 12 

24 14 10 

CONTROL MICE INOCULATED WITH CULTURES ALONE. 

Typel: 0.0000001 10/0.0000000LC. C.. ove cide iusessiriisansossnsais 8 0 8 
Type 11: 0.0000000 t6.0.00000001 6.-€-........ 0.00 Li sis dina sae 8 0 18 
‘Type 111:.0.0000001 t00.00000001 CoC... ous soin he. isi inatniaises 8 1 17 

24 4 23       
  

1 1 mouse-typhoid infection. 
3 2 mouse-tyhpoid infection; 1 mixture pneumococcus and mouse-typhoid infection; 1 no growth on plate. 

Summary. 
Qil vaccine: 

24 mice inoculated. 
7 survived. 
12 died (pneumococcus infection). 
5 negative or doubtful. 

Saline vaccine: 
24 mice inoculated. 
14 survived. 
4 died (pneumococcus infection). 
6 negative or doubtful. 

The results in this test indicate that the saline vaccine was approx- 
imately twice as effective as the oil vaccine. Some protection was 
definitely afforded by each vaccine, since all the control mice on 
culture alone died except one (0.00000001 c. c. of type III). 

A test was carried out with the pneumococcus oil vaccine from 
Laboratory 1, Hygienic Laboratory pneumococcus saline vaccine, 
and a commercial pneumococcus saline vaccine. 
types I, II, and III of pneumococcus as follows: 

Qil vaccine Laboratory 1 0.83 mg. of each type per c. c. 
Hygienic Laboratory saline vaccine, 1,000,000,000 each of types I, IT, and III perc. c. 
Commercial saline vaccine 3,000,000,000 each of types I, II, and III per c. c. 

These contained 

Three series of mice were inoculated subcutaneously with 0.5 c. c. of 
the respective vaccines; 14 days later the surviving mice received 
cultures intraperitoneally. 

OIL VACCINE, LABORATORY x. 
  

  

  

Number Number Number 
of mice of mice of mice 

inoculated. | survived. died. 

Pp 00000001 ©. C.ii civ ii Jian dvdunes Dinuas bnniiboass sncminsy 5 1 4 
YDE 1: 0.0000000L 10. Crane ao canes eins aaknn nmaon mvmimn ndinsn 5 3 12 
TYPE IL: GO00000L C.C-. cutis ia i Ch dh agile A ios 5 0 15 
Ge in Ee Sa gt SRR ENT 5 0 5 
PYRO HL 0.0000000.00:0. = 0s. conf fa niin de ida pas aging sd ad 5 0 5 
Pype TT: 00000000 0:0... cu i... ih dua tans austin sonoma sass 5 2 23 

30 6 24         

1 Doubtful pneumococcus infection. 2 1 doubtful, 1 not pneumococcus infection.
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HYGIENIC LABORATORY SALINE VACCINE. 
  

  

  

  

  

  

  

  

  

Number Number Number 
of mice of mice of mice 

inoculated. | survived. died. 

Ye I 0.000000) CoC. lA bv a sh she he ae 4 3 1 
YPC 0.0000000] C. Cc ies sion i Bon cnr iien ann oma nr ats ale ants 4 3 1} 
YPC TE: 000000] Cie. J id ie ci abn cease ton ses i ie 4 2 2 
Type Tl: 0.0000000] CC. . cas Titan rics tenet Peanut anes Shiedit 4 1 3 
RYDE TI: 0.0000001 C. Cn... ies oh st hana tres sana an nnn nina 4 3 1 
TYPES TUT: 0.00000000 C. 0. ov. ise sr side sda sami ine ens 4 1 3 

24 13 Ir 

COMMERCIAL SALINE VACCINE 

BYP I: 0:000000L-C. Covina Bivins dani ms idan Tan {nda nest ans 3 2 1 
PYDeX: 0.00000000:C. 00. oi. i isdn oat cee ha ed An 3 1 2 
YD TL 0.000000) 0. Cr. oe. ss ve ds ss nda maloti Fun adden 3 3 0 

hn TT: 000000001 CoC. 2.5% i svn tian t nin rts ansso mnt Sona sr dh) 3 2 1 
YP TH 000000] CoC. a os Ts thes naa Snes sin fo tae oan so idine 3 0 3 
YP HI 0,00000000C, @.. =... oo. i a ah ein sess an nantes 3 2 1 

18 10 8 

CONTROL MICE INOCULATED WITH CULTURES ALONE 

YPC: 00000001 0. 0.00 oh fotos Sterna smite seine nnmas monn se 5 0 5 
PY De.T: 000000001. 0... cit th arn iT nin s fs Da toe sda ih She 5 0 5 
BYE: GO00000 C0. ii i sdine. farsa sr tas mids Es Paaot 5 0 5 
ype ll: O0000000] C. 0. tr iii te sass tame s sun sama ema mer vate 5 0 5 
TYP TIL: 0.000000L 0. Civ. .viiviniciiniedailonioe sonnets wads os sue 5 0 5 
Type TI: 0.000000000. C.voiis val visva dessainss de ss amvnensnesiis 5 3 2 

30 3 27         
1 Doubtful pneumococcus infection. 

Protection was afforded against the cultures for slightly more than 
half of the mice treated with saline vaccine, and for less than one- 
third of the mice inoculated with the oil vaccine. 

CONCLUSIONS. 

Tests have been carried out with certain oil vaccines for the purpose 
of establishing methods of standardizing the potency testing of these 
products. The preliminary work is here reported, but as yet not 
sufficient data have been obtained to justify the establishment of 
any definite standard or method of testing. 

In the case of the typhoid-paratyphoid oil vaccines the adaptation 
of the Hygienic Laboratory method of testing saline vaccines on 
rabbits for the production of agglutinins did not give results which 
compared favorably with those of saline vaccines, as far as carried out. 

Pneumococcus oil and saline vaccines were tested on mice and 
rabbits. A few tests with the oil vaccine on human subjects were 
also made. The results obtained in the case of rabbits and mice 
indicate that though both afford a certain amount of protection, the 
saline vaccine was rather more effective in these animals. Pro- 
tection tests made with immune sera from human subjects showed 
somewhat more favorable results than corresponding tests carried 
out with immune sera from rabbits, though testing on human sub- 
jects is not always a practical method for testing products. 

The results of these tests which were performed solely as astudy in 
standardizationshould not be interpreted ashaving any necessary bear- 
ing on the prophylactic use of oil vaccines to prevent infection in man.
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ington, was authorized by act of Congress March 3, 1901. 

Of the bulletins published by the laboratory since its establishment, copies of the 
following are available for distribution and may be obtained without cost by applying 

to the Surgeon General, United States Public Health Service, Washington, D. C.: 
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