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AN EXPERIMENTAL STUDY OF THE METHODS 
AVAILABLE FOR THE ENRICHMENT, DEMON- 

STRATION AND ISOLATION OF B. BOTU- 
LINUS IN SPECIMENS OF SOIL AND 

ITS PRODUCTS, IN SUSPECTED FOOD, 
IN CLINICAL AND IN NECROPSY 

MATERIAL. I.* 

Bertha J. Dubovsky and K. F. Meyer 

From the George Williams Hooper Foundation for Medical Research, University of California 
Medical School, San Francisco 

The bacteriology of botulism has, up to the present time, received scanty 
attention, because the investigation of the subject is fraught with technical 
difficulties and because the plrpsiologic or experimental study of the disease 
offers more dramatic and obvious results. According to Burke,1 12 pure cul- 
tures of B. botulinus were available in 1919, in the United States: while, in 
1921, Weiss,2 in his study on the heat resistance of the spores of this organism, 
was able to use 14 to 16 toxin producing strains. In a recent communication 
Reddish3 reported on 19 strains of B. botulinus, of whicfo 18 were found to 
be contaminated with B. sporogenes. Bitter,4 however, stated, in 1921, that 
in comparison to the fairly frequent occurrence of botulism in Europe, 
B. botulinus had been cultivated in a relatively small percentage of instances; 
namely, 12 isolations had been accomplished from food products, necropsy 
material or the feces of a hog. Most of these strains have been lost or, from 
the experience of one of the writers (K. F. M.), are so badly contaminated 
that they are useless for bacteriologk study. The conclusion of Bitter, that 
the demonstration and the isolation of B. botulinus from suspected food con- 
tinues to be a comparatively difficult task, finds some justification in the fact 
that only 13, or 199k, of the 68 German botulism outbreaks have been bac- 
teriologically proved. On the other hand, the studies of Randall,8 Nevin,8 
Dickson,7 Burke,8 Thorn, Edmonson and Giltner,9 Armstrong, Story and Scott,10 
Graham11 and others in this country furnish sufficient evidence that this 
anaerobe can be readily detected and purified from spoiled food material, 
provided suitable procedures and specimens are examined. Thirty-five, or 
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6 Med. Rec, 1920, 98, p. 763. 
e Jour. Infect. Dis., 1921, 82, p. 226. 
7 Monograph of Rockefeller Institute, No. 8, 1918, p. 29; Jour. Am. Med. Assn., 1918, 

71, p. 518. 
8 Jour. Bacteriol., 1919, 4, p. 541. 
o Jour. Am. Med. Assn., 1919, 73, p. 907. 

i Jour. Bacteriol., 1919, 4, p. 555. 
2 Jour. Infect. Dis., 1921, 28, p. 70. 
8 Ibid., 1921, 29, p. 120. 
4 Ergebn. d. allg. Path. u. path. Anat., 1921, 19, II, p. 762. 

w Public Health Repts., 1919, 34, p. 2877. 
u Jour. Bacteriol., 1919, 4, p. 1. McCaskey: Am. Jour. Med. Sc, 1919, 158, p. 57. 
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34.6%, of the 101 recorded outbreaks have been proved bacteriologically or 
toxicologically. These differences in the percentages of isolations reported for 
Europe and the United States are probably not due to the superior technic 
employed in the latter country, but to peculiarities in the food products caus- 
ing the intoxications. The isolation from spoiled food is probably simplified 
on account of the enrichment of the toxicogenic microbe and the relative 
scarcity of other bacteria. This scarcity may be the result of the selective 
action of the heat employed in the preservation of the products. It is known 
that in Germony only 2, while in the United States 78, outbreaks were caused 
by food preserved by heat. 

A perusal of the publications dealing with the attempts to isolate B.botulinus 
from vegetables, manure and soil specimens, which contained few spores of 
B. botulinus and a mixed flora consisting of sporulating aerobes and anaerobes, 
clearly demonstrates that the customary methods employed hitherto have 
proved inadequate for dealing with numbers of strains of the organism. This 
is illustrated by the failures of van Ermengem12 and Bitter13 to demonstrate 
B. botulinus in feces of animals and fishes and by the recent observations of 
Burke.8 The latter worker made 235 cultures from specimens consisting of 
tap water, hay, leaves, vegetables, soil, etc.; in 11, or 596, of the cultures 
the toxin of B. botulinus was demonstrated, but the anaerobe was only isolated 
in a pure state from 2 cultures. 

The collection of a large number of strains of B. botulinus from 
diverse sources suitable for a comparative bacteriologic and serologic 
study could only be attempted when the demonstration and isolation of 
the organism from bacterial mixtures was attended with less difficulty. 
The study of the distribution and habitat of B. botulinus in nature could 
not be approached with any degree of confidence until a practical 
method of examination had been elaborated. Although the problem 
appeared rather complex, sufficient information was available from 
previous work and from the intensive studies on anaerobes conducted 
during and immediately after the war to suggest some methods of attack. 
It is the purpose of this communication to outline the experiments 
which led to the use of suitable enrichment cultures and to procedures 
which made possible the isolation of a fair percentage of pure strains 
of B. botulinus. 

experimental data 
It is well known that B. botulinus can best be recognized and 

differentiated from other anaerobes by the action of its toxin on small 

laboratory animals. Repeated observations have shown that the poison 
may develop in mixtures, notwithstanding the presence of other aerobic 
or anaerobic bacteria. This latter property can therefore be used for 
the detection of B. botulinus. It is equally true that a medium encourag- 
ing the toxin production will also lead to an enrichment of B. botulinus. 

15 Handb. d. pathogen. Mikroorganism, 1912, 4, p. 936. 
13 Reference 4, p. 791. 
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However, when the studies on which this paper is based were under- 
taken, the biochemical requirements of a culture fluid necessary to 
toxin production were poorly understood. In fact, some of the 
published statements were contradictory; a few workers preferred an 
alkaline reaction, while others selected a neutral culture fluid made of 
pork. The period of incubation, the temperature and oxygen require- 
ments, etc., essential for the maximum toxin production had received 
some attention, but the published experiences were frequently not con- 
firmed, and one gained the impression that many of the results depended 
more on chance than on reliable procedure. The experiments planned 
to elaborate a practical method for the enrichment and subsequent 
isolation of B. botulinus in pure culture had therefore to taken into 
consideration the following subjects: (1) composition and reaction of 
the culture mediums; (2) methods of anaerobiosis; (3) precautions 
against contaminations; (4) amount and preparation of field material 
to be examined; (5) period of incubation; (6) storage of cultures; 
(7) identification of toxin; (8) enrichment of weekly toxic cultures. 

COMPOSITION AND REACTION OF CULTURE MEDIUMS 

The original observations made by van Ermengem14 that B. botu- 
linus grew abundantly and produced a potent toxin in double strength, 
slightly alkaline meat infusion broth containing Ify, peptone, l^o sodium 
chloride and 2% glucose have until recently been responsible for the 
use of this medium when selecting a substratum for the isolation of the 
organism from food or field specimens. Some workers adhered faith- 
fully to the formula and employed a pork infusion broth of a reaction of 
0.5 % alkaline to phenolphthalein. It has already been pointed out that 
Dickson and Burke, Graham and others succeeded in isolating B. 
botulinus with the aid of this medium. The successes can probably be 
attributed to one or two causes: (1) cultures made of the samples con- 
tained a large number of spores of B. botulinus, and (2) a relatively 
small number of concomitant anaerobic spore bearers. Theoretically 
the medium of van Ermengem, although excellent for the toxin pro- 
duction with pure strains of B. botulinus, is, on account of its high 
carbohydrate content and relatively low bufifer value, not selective for 
proteolytic anaerobes. Biochemical studies indicate that the van 
Ermengem broth favors the saccharolytic anaerobes and, when inocu- 
lated with a mixture of anaerobes, reaches frequently an H-ion concen- 
tration which is inhibitive for B. botulinus or at least for the enzymes 

" Ztschr. f. Hyg. u. Infectionskrankh., 1897, 26, p. 1. 
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assumed to be responsible for the liberation of the specific toxin. 
Furthermore, it has been noted that sporulation of B. botulinus is 
usually poor in van Ermengem mediums, as a result of which the 
isolation of this organism by selective heating of the enrichment culture 
is impossible. Chemical studies have shown that a pork base offers no 

advantages over a veal or beef infusion. In a search for a suitable 
medium, it was fully realized that solid mediums in the form of blood- 
agar plates or shake cultures in deep agar were useless on account of 
the comparative scarcity of B. botulinus spores in most of the specimens 
studied in the beginning of this investigation. The ideal medium for 
the isolation of B. botulinus would therefore be a fluid medium which 
favored the growth of that organism and restrained completely the 

development of the other anaerobic and aerobic bacteria commonly 
present in the soil and its products. The same considerations led 
Tulloch,*5 in 1917, to prepare a medium that provided enrichment of 
B. tetani in cultures made from wounds containing a variety of organ- 
isms. This worker noted that a substratum in which B. sporogenes had 

grown for some time was not suitable for the growth of the saccharolytic 
anaerobes or of B. sporogenes itself. Miss F. Field, of this laboratory 
tried, in tedious and time consuming experiments, to develop "exhaust 
mediums,, suitable for B. botulinus. In these experiments, meat and 

vegetable substratums were inoculated with B. sporogenes, soil ana- 
erobes, etc., and incubated for varying periods of time in open and 
closed vessels, but no medium thus prepared showed consistently selec- 
tive properties for B. botulinus. Attempts were also made to enhance 
the selective properties of the exhaust mediums by the addition of 
pieces of string beans, glycerol, starch, etc., but the results were 
unsatisfactory. In fact, the observations collected in the course of 
these studies indicated that a completely exhausted medium for B. 

sporogenes could not be obtained and that a fluid medium partially 
inhibitive for B. sporogenes invariably exerted the same influence on 
B. botulinus. Furthermore, the preparation of exhaust mediums is time 

consuming and expensive when used for the enrichment of soil speci- 
mens weighing from 50 to 100 gm. These conclusions influence in no 

way the value of the exhaust medium of Tulloch for the isolation of 
B. tetani. A comparative study, conducted by one of us (K. F. M.), 
in 1918, confirmed the facts established by this worker. However, one 
must appreciate that the bacterial flora of a wound infected with the 

15 Jour. Roy. Army Med. Corps, London, 1917, 29, p. 631. 
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spores of the tetanus bacillus is less complex than that ordinarily 
encountered in specimens submitted to a search for B. botulinus. It 
is not unlikely that the addition of a piece of rabbit kidney enhances 
the growth promoting properties of the exhaust medium for B. tetani, 
which has already been selectively enriched in the wound secretion. 
The experience of this laboratory, however, indicates that the exhaust 
medium of Tulloch loses its selective property in the isolation of B. 
tetani from garden soil or other specimens containing a rich flora of 
anaerobic bacteria. Similar observations probably prompted Adamson 16 

to recommend an alkaline broth, instead of an "exhaust 1!^^!^' for 
the isolation of this particular organism. 

In the preliminary investigations, it was noted that the elaboration 
of toxin by impure cultures of B. botulinus was excellent in a beef 
heart peptic digest medium 17 employed for the studies of anaerobes 
in this laboratory. Subsequent biochemical studies to be published 
elsewhere have confirmed these observations and furnished accurate 
data explaining fully the superior properties of this medium over the 
others commonly used in the study of anaerobes. Furthermore, it was 
determined that the medium of van Ermengem could be improved by 
reducing the amount of glucose from 2 to Ifo, by adding 0.596 dibasic 
potassium phosphate, only 0.596 sodium chloride and by adjusting the 
final reaction to Ph 8.4. This medium buffers excellently the volatile 
and fixed acids produced by the anaerobes ; thus the H-ion concentration 

rarely increases over a Ph of 7 to 7.2. In fact, the reaction remains 
at the optimum H-ion concentration of the growth curve of B. botulinus, 
as will be shown by C. C. Dozier, in another paper. It is advisable 
either to add the necessary amount of glucose in the form of a 2596 

16 Jour. Path. Sc Bacteriol., 1920, 23, p. 241. 
17 Preparation of beef heart peptic digest liver broth (for principles involved see Holman: 

Jour. Bacteriol., 1919, 4, p. 149; Stickel and Meyer: Jour. Infect. Dis., 1918, 23, p. 68, and 
H. H. Heller: Jour. Bacteriol., 1921, 6, p. 445). (1) Slowly heat to boiling finely ground, 
fat free heart, 1,000 gm., and tap water, 1,000 c.c.; adjust to a reaction of Ph 8.0-8.2, then 
cool and carefully skim off the layer of fat which floats on the cold medium. To each liter of 
beef heart mash, add 2 liters of peptic digest broth (see 2). Adjust the reaction to Ph 7.2-7.4. 
(2) Wash clean and mince finely 5 or more large pigs' stomachs. Mince an equal amount of 
clean pig's or beef liver. Mix in the following proportions: 

Minced pigs' stomachs 400 gm. 
Minced liver 400 gm. 
Hydrochloric acid (Baker Chemical Co.) 40 gm. 
Tap water at 50 C 4,000 gm. 

Keep the mixture in glass or porcelain receptacles for 18-24 hours. Make biuret and also 
tryptophan test. When both reactions are positive, the digest is green-yellowish and contains 
little undigested debris. Transfer to large bottles and steam for 10 minutes at 100 C to stop 
digestion. Strain the digest through cotton, or preferably store over night in the ice chest 
and decant after 24 hours. Warm the decanted digest to 70 C and neutralize with sodium 
carbonate (twice normal solution) to litmus at this temperature. Filter the desired amount, 
add 0.27o dibasic potassium phosphate; adjust to Ph 7.4 and mix with beef heart mash. 
Adjust the final reactions and sterilize for one hour at 18 lbs. of pressure. Incubate for 5 
days and repeat the same sterilization for one hour at 18 lbs. of pressure. 
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solution after sterilization of the alkaline broth in the autoclave or to 

adjust the reaction of the medium with sterile sodium carbonate solution 
shortly before use. Live steam sterilization in an Arnold steam sterilizer 
produces less change and a medium of superior properties, but for 
reasons to be discussed later, this method of sterilization should not be 
employed for anaerobes. The beef peptic digest liver broth can be 
autoclaved without inducing changes in the reaction or in the growth 

TABLE i 

Results of Experiments with Soil and Vegetable Specimens 

Incu- 
Number Material Medium bation, Result 

1 1>ays 
3 A I SoilSgm. .." van Ermengem 22 Negative 
SB Soilogm Beef heart digest... 22 2 ce toxic for guinea-pigs tn 

less than 24 hours 
3C Bean stalks 20gm van Ermengem 22 Weak toxin, 2 cc toxic for 

guinea-pigs after 12 days 
3D Bean stalks 20 gm Beef heart digest... 22 2 cc toxic for guinea-pigs in 

less than 24 hours, type A 
3E Bean casing van Ermengem 22 2 cc toxic for guinea-pigs in 

48 hours, type A 
3F Bean casing Beef heart 22 2 cc toxic for guinea-pigs in 

less than 24 hours, type A 
10 II Soil 10 gm van Ermengem 28 2 cc nontoxic 
10 la Soil 10 gm Beef heart digest... 28 2 cc toxic for guinea-pigs in 

less than 24 hours, type A 
10Va 5gm. decomposed hay.... van Ermengem 28 2 cc nontoxic 
10 Vb 5 gm. decomposed hay.... Beef heart digest... 28 2 cc toxic in 5 days 
OK II Turnips 20 gm van Ermengem 34 Nontoxic 
OK II Turnips 20gm Beef heart digest... 34 2 c c toxic for guinea-pigs in 

5 days 
0KIII 1 Cherries 20gm van Ermengem 34 Nontoxic 
OK III j Cherries 20 gm Beef heart digest... 34 2 cc toxic for guinea-pigs in 

6 days 
05KII Leaf mold van Ermengem 25 2 cc toxic for guinea-pigs in 

5 days 
05KII Leaf mold Beef heart digest... 25 2 cc toxic for guinea-pigs in 

3 days, type A 
0K5V Asparagus tip van Ermengem 34 2 cc toxic for guinea-pigs in 

16 days 
0K5V Asparagus tip Beef heart digest...! 34 2 cc toxic for guinea-pigs in 

2 days, type A 
02K9 Asparagus stalks van Ermengem I 38 2 c c nontoxic 
02K9 Asparagus stalks Beef heart 38 2 cc toxic for guinea-pigs in 

| less than 16 hours, type B 

supporting and enhancing properties of the enrichment mediums. The 

optimum reaction of this medium is a Ph of 7.0-7.4. 
The value of the two mediums has been repeatedly tested; three 

experiments carried out early in the course of this investigation are, 
however, chosen for a discussion of the relative merit of the two 
mediums. 

Exper. 1, 2 and 3.?Soil and vegetable specimens were suspended in salt 
solution heated for from 1 to 2 hours at 70 C. The heated suspensions were 
divided in equal portions and mixed in flasks with modified van Ermengem's 
broth (Ph 8.4) or beef heart peptic broth (PH 7.4), exhausted and incubated 
for from 22 to 38 days. The results are summarized in table 1. 
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It is evident from the data presented in table 1 that the modified 
van Ermengem medium is decidedly inferior to the beef heart digest 
broth. Seven specimens contained a sufficiently large number of 

spores to produce in the latter medium a strong toxin, which could 
be identified by an antitoxin neutralization test, while only one glucose 
broth culture gave the same result. In fact, 6 cultures made in this 
medium were nontoxic and failed to indicate the presence of B. botu- 
linus spores in the specimen. In 3 van Ermengem cultures the toxin 

produced was very weak and its nature could not be proved by the 

customary antitoxin test. Entirely similar results could be cited from 
other experiments. 

Another great disadvantage of the van Ermengem broth is the 
violent gas production which takes place in soil cultures. A con- 
siderable number of culture flasks broke under the pressure of the 
liberated gases and valuable specimens were lost in this manner. 

Repeated attempts to isolate B. botulinus in a pure state from posi- 
tive enrichment cultures in van Ermengem's medium were either not 
successful or were in comparison with those* made from beef heart 
mediums considerably more difficult. The principle of selective heating 
could not be applied to these cultures, probably on account of the 
absence of, or the low heat resistance of, the spores. These and other 
observations led to the routine use of a beef heart peptic digest liver 
broth for the enrichment and demonstration of B. botulinus. 

Methods of Anaerobiosis 

Most of the descriptions of B. botulinus in the literature designate the 
organism as a strict anaerobe. It is stated that this bacterium can grow 
only in the presence of atmospheric oxygen, provided symbiotic organisms, 
as for example sarcina, cocci or B. subtilis, are present (van Ermengem,18 
Shippen19 and others). 

Studies conducted by F. Field and C. C. Dozier and numerous incidental 
observations made in this laboratory indicate that B. botulinus can probably 
grow in an environment which contains about 2h atmospheric oxygen. Loosely 
packed, damp hay or soil inoculated with detoxified spores will become toxic 
in the presence of air. The aerobic index determined for B. botulinus accord- 
ing to the procedure of Harris in a 2*^ glucose van Ermengem broth varies 
from 60/0 to 110/0. Pure and mixed cultures of B. botulinus grow abundantly 
in beef heart digest broth which is not stratified with petrolatum or freed 
from air by heating before inoculation. Toxins varying in potency from 
10,000 to 50,000 M L D per cc for 250 gm. guinea-pigs inside of 96 hours 
following subcutaneous injection are regularly produced. It is frequently 
noted that the growth in beef heart cultures is more rapid and vigorous when 
the culture flasks are partially exhausted. The following explanation can 

i8 Reference 12, p. 922. 
18 Arch. Int. Med., 1919, 23, p. 388. 
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be offered for this observation. The soil specimens are suspended in bottles 
with an equal part of salt solution; after heating for from 1 to 2 hours, the 
content is thoroughly mixed with freshly boiled, oil-stratified beef heart digest 
medium. In the course of shaking, the medium retains a considerable amount 
of air, which escapes slowly from the culture fluid. In this connection, it 
should be stated that the paraffin oil stratified on the medium is used to 
prevent undue evaporation of the fluid during the prolonged incubation, which 
is necessary to test the sterility of the broth. This oil usually forms an 
emulsion with the soil-beef heart material when shaken and increases the air 
content of the culture. For this reason, it has been found advantageous to 
mount a rubber stopper fitted with a bent glass tubing in the neck of the 
bottle and to exhaust the content with an electric pump. In order to procure 
a vacuum of from 5 to 15 mm., it is necessary to cover the stoppers and the 
bottle neck with "Imperial cement." The glass tubing leading to the pump 
is allowed to seal itself off by placing it in the middle of a small Bunsen 
flame. In order to possess comparative data, both the experiments with van 
Ermengem and beef heart digest medium must be carried out by this method. 
As already stated, the violent gas production in the glucose medium leads 
frequently to breakage of the bottles, and it has been found necessary to 
loosen the stoppers on the third or fourth day of incubation. 

Since the beef heart digest medium has been used in a routine way for 
the enrichment of B. botulinus, attempts have repeatedly been made to replace 
the procedure of exhaustion by stratifying the medium with petrolatum. As 
a rule, exceedingly satisfactory results have been obtained, but it has been 
found necessary to add the melted petrolatum after the heated samples have 
been mixed with the medium. Some observations indicate that this method 
is not entirely free from dangers of contamination, and it has therefore been 
used only in exceptional instances. It must, however, be emphasized that the 
methods mentioned are needed only when mass cultures, using from 20 to 
100 gm. of material, are used. Under ordinary circumstances, perfect enrich- 
ment and toxin production is obtained in test tubes containing freshly boiled 
beef heart digest mediums without petrolatum. 

PRECAUTIONS AGAINST LABORATORY CONTAMINATIONS 

The relatively frequent demonstration of B. botulinus in specimens 
of soil, vegetables, etc., was so startling and contrary to previous 
experiences that the question of contaminated culture mediums, glass- 
ware, etc., was seriously considered and accordingly investigated. In 
view of the precautions that have been taken to eliminate any possibility 
of cross contamination, this source of error can be absolutely excluded. 

As early as 1908, T. Smith 20 called attention to the inefficiency of 
discontinuous steaming of culture mediums. He found that in the 
routine preparation of diphtheria toxin B. tetani survived the repeated 
steamings. Anybody working with anaerobes frequently makes the 
observation that some tubes of the pasty culture mediums, as for 
example brain or cooked beef heart mediums, may contain B. sporog- 
enes after prolonged incubation. For technical reasons, it has been 

20 Jour. Am. Med. Assn., 1908, 50, p. 929. 
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customary to sterilize these mediums by intermittent heating in the 
Arnold sterilizer. This procedure may be adequate for a laboratory in 
which little or no anaerobic spore material is prepared or investigated; 
it becomes, however, an unreliable method when hundreds of mass 
cultures, some containing billions of most resistant spores, are being 
handled in the course of a single day. If one, furthermore, appreciates 
that the spores of B. botulinus can survive 4 to 5 hours' boiling, and 
that the heated spores may frequently not germinate in from one week 
to several months, the potential danger of inadequate sterilization is 
quite evident. It is a common experience that lack of proper recog- 
nition of these dangers not infrequently leads to an extensive pollution 
of all the equipment of a cleaning kitchen and a culture medium depart- 
ment, and without proper sterilization a certain percentage of prepara- 
tions will be found contaminated with the organism which is being 
studies in the laboratory. In the examination of specimens of soil and 
its products, additional danger exists in the dust produced in handling: 
such material. In this connection it appears advisable to record one of 
the many experiments which have been made in this laboratory to 
determine the distribution of the spores of B. botulinus on the working 
benches, etc. 

Exper. 4 (Series 146).?The dust, etc., resting on various working benches, 
shelves, etc., was removed by means of sterile cotton pellets held by a sterile 
forceps. The cotton was placed in sterile salt and heated for 2 hours at 
70 C, then mixed with 100 c c of sterile beef heart digest medium and treated 
according to the adopted procedure. The flasks were incubated for 10 days 
at 35 C. The results are presented in table 2. 

It is evident from the data presented in table 2 that even in a 
laboratory in which the danger of dissemination of heat resistant spores 
has been fully recognized, some places are found to be contaminated. 
However, this and subsequent tests furnish definite assurance that the 
technic on the working benches on which field samples are handled is 
sufficiently rigid to prevent the contamination of field specimen cultures. 

In order to assist workers who are confronted with a similar 
problem, the various methods employed are briefly summarized: 

New and used glassware, discarded cultures in bottles or tubes, etc., are 
sterilized for 3 hours at 18 pounds' pressure. The sterilized glassware is 
cleaned by boiling in strong soda solution, dipped in dilute hydrochloric acid 
and then rinsed thoroughly in tap water. Dried and plugged test tubes, 
flasks, etc., are sterilized in the hot air sterilizer for 3 hours at 170 to 180 C. 
Culture mediums, salt solutions in sterilized containers, pipets, rubber stoppers, 
etc., are sterilized at 18 pounds' pressure for one hour. All mediums are 
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incubated for from 5 to 14 days and then resterilized for 1 hour. Since the 
adoption of these precautions, nonsterile mediums have not been encountered. 
The working benches are covered daily with fresh, sterile wrapping paper 
which is soaked with a 10 to 15% dilution of compound solution of cresol. 
The same antiseptic is used for the washing down of shelves, tables, balances, 
etc. Pipets, mortars, etc., infected with cultures or soil are placed either in 
5(^ dilution of compound solution of cresol or 20*^ formaldehyde solution. 
Tests conducted by C. C. Dozier have shown that the usual antiseptic solu- 
tions employed by bacteriologists for the destruction of pathogenic nonsporu- 
lating bacteria fail to destroy the spores of B. botulinus in less than 8 days. 
Weighing and bottling of soil or other field specimens is done in a large 
enamel tray (50x50 cm.) the bottom of which is covered by a layer of 25% 
dilution of compound solution of cresol. For special work, a sterile inocula- 
tion room is frequently used, but in the experience of this laboratory, the 
sterility of culture mediums and glassware is of greater importance than 
the precautions against air contaminations. 

TABLE 2 
Results of Experiment 4 

Sample Specimen Cultures 

Dust collected from table and bench on which soil samples 
are weighed and distributed in flasks 

Dust from shelves of medium cabinet 
Dust from shelves on which sterile glassware is stored 
Working bench of A; at this place numerous samples of 

spore suspensions are counted daily 
Working bench of B; at this place mass cultures are pre- 

pared for serologic tests 
Working bench of C; at this place mass cultures have been 

purified; hundreds of flasks have been inoculated with 
pure spore cultures of B. botulinus 

Working table used for necropsies, etc 

Wrapping paper used as covers on table and cabinet men- 
tioned under (1) and (2) 

Dust from the flpor of an incubator room 

Dust from shelves and tables of cleaning kitchen used for 
the storage of culture flasks, etc., previous to steriliza- 
tion; 2 samples each 

Result of Culture 

Nontoxic 

Nontoxic 
Nontoxic 
2 c c toxic for guinea-pigs 

in 4 days 
2 c c toxic for guinea-pigs 

in less than 16 hours 
Nontoxic 

2 c c produced symptoms, 
but guinea-pig recovered 

Nontoxic 

2 c c toxic for guinea-pig 
in less than 16 hours 

2 c c toxic for guinea-pig 
in less than 16 hours 

Amount and Preparation of Field Material to Be Examined 

Spoiled and toxic vegetable foods contain, as a rule, numerous viable spores 
of B. botulinus; enrichment methods are then unnecessary, and the organisms 
can frequently be isolated in deep agar shake cultures. Preliminary studies 
with soil ispecimens which as a result of enrichment cultures were known to 
contain spores of B. botulinus, failed to furnish the desired information rela- 
tive to the number present in a weighed amount of earth. Numerous samples 
were cultivated by distributing from 1 to 10 gm. of heated soil by the dilu- 
tion method either in deep agar shake tubes or in blood-glucose-agar plates, 
but toxin-producing colonies could not be isolated. It was therefore necessary 
to estimate the relative numerical distribution of the spores of B. botulinus 
by indirect methods. Theoretically, it was assumed that within certain limits 
the larger a sample examined the greater the probability of procuring toxic 
enrichment cultures. Furthermore, the use of specimens varying in amounts 
from 10 to 50 gm. partially eliminated as a factor of importance the well 
known uneven distribution of the spores in soil. These considerations were, 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
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however, of little value without a definite knowledge relative to the sensi- 
tiveness of the enrichment method. The question?"How many viable spores 
must be present in a soil sample to produce a toxic enrichment culture?" ? 

was therefore submitted to an experimental study. 

Heating of field specimens in order to eliminate nonsporulating aerobes 
and undesirable anaerobes is commonly used by the anaerobist, but deserves 
additional investigation so far as B. botulinus is concerned. Dickson and 
Burke7 heated the contents of crops and gizzards or of the intestinal canal 
of poisoned chickens for one hour at 60 C. In a more recent publication, how- 
ever, Burke8 failed to state the method of preparation of the specimens she 
tested for the presence of B. botulinus spores. The impression is conveyed 
that the various samples of vegetables, hay, manure and soil were not sub- 
jected to heat. 

The experiments dealing with the various phases considered in the 

foregoing are herewith detailed. Numerous quantitative tests using 
van Ermengem's medium and beef heart peptic digest liver broth have 
been carried out. Samples of soil or fruits were cultivated in amounts 
of 1, 10, 20 and 50 gm. Two experiments are presented to illustrate 
the character of the tests. 

TABLE 3 

Results in Exper. 5 

1 1 
! Amount of Culture Mediums 

Specimen j Chopped 
Olives, van Ermengem | Beef Heart Peptic 

Gm. i Digest Broth 

Unbroken olives 10.0 i Nontoxic Toxic; type B isolated 
From tree i 1.0 Nontoxic 
Bird pecked olives 10.0 Toxic; weak toxin Toxic; type B isolated 

1 1.0 Toxic; weak toxin 
Olives buried in soil 10.0 Nontoxic Toxic; weak toxin 

! 1.0 Nontoxic 

Exper. 5 (Ser. 4).?Three lots of olives collected from a ranch in Northern 
California were chopped up separately, and heated for one hour at 65 C. Ten 
and 1 gm. lots were cultivated in 100 c c amounts of van Ermengem's and 
beef heart digest broth. The cultures were incubated at 38 C. for 30 days. The 
results are shown in table 3. 

The superior properties of the beef heart broth as an enrichment 
medium are well illustrated in this experiment. Specimens which give 
toxic cultures are either nontoxic in van Ermengem's broth, or the toxin 
is not sufficiently potent for proper identification. The number of viable 

spores after heating for one hour at 65 C. is small in the unbroken 
and bird pecked olives, inasmuch as 1 gm. samples furnish only weakly 
toxic or nontoxic cultures. 

Exper. 6 (Ser. 122 B).?Virgin soil collected from a recent rockslide in 
Yosemite Valley was distributed in 1, 10, 20 and 50 gm. lots in bottles con- 
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taining 10 c c of salt solution. The suspensions were heated for 2 hours at 
70 C, then mixed with 100 c c of beef heart medium and incubated for 10 days 
at 35 C. The 1 gm. cultures were nontoxic, while the 10, 20 and 50 gm. series 
produced toxins which were fatal in 2 cc amounts to guinea-pigs in less 
than 16 hours. B. botulinus, type A, was isolated from several cultures. 

From these and similar experiments, it appears advisable to recom- 
mend the cultivation of fairly large vegetable and soil specimens, unless 
the material is relatively rich in other saccharolytic and proteolytic 
anaerobes. This reservation is prompted by the observation that, 
whereas small quantities (10 gm.) of manured soil furnish toxic cul- 
tures, 50 or 100 gm. specimens reveal no demonstrable toxin when 
treated under identical conditions. An explanation for these differences 
will be attempted later in the discussion on the deterioration of the 
toxin in anaerobic cultures. 

TABLE 4 

Results in Exper. 7 

Number Number of 
of Soil Spores and Rods Result 

Bottle Inoculated 

1 10 gm. (39. II-V) 6 spores and 3 rods 2 c c of culture toxic for 
guinea-pig in 24 hours 

2 10 gm. (39. II-V) 13 spores and 3 rods 2 c c of culture toxic for 
guinea-pigs in 24 hours 

3 10 gm. (39. II-V) 5 spores and 3 rods Nontoxic 
(4) 10 gm. (39. II-V) 10 spores and no rods 2 c c produced symptoms 

and death in 17 days 

A series of tests has been carried out in order to determine the 

approximate number of spores which must be present in specimens of 
soil, hay, etc., in order to produce a toxic enrichment culture. 

The question: "How many spores inoculated into culture mediums 

containing heated soil will germinate and produce toxin in the presence 
of other bacteria?" was approached with the aid of Barber's single 
cell isolation method. Two types of experiments can be reported. 

Exper. 7.?Five bottles containing 100 cc of beef heart peptic digest broth 
and 10 gm. of heated mixed soil (2 hours at 70 degrees), which on repeated 
tests was found free from B. botulinus, were inoculated with a few unheated 
spores and vegetative rods of B. botulinus, strain 38, picked by the Barber 
method from a 10-day culture in plain gelatine. The cultures were kept at 
35 C. for 10 days. The results are summarized in table 4. 

Exper. 8.?The experiment was similar to that reported under Exper. 7; 
however, the soil and the spores (strain 62) picked under the microscope were 
heated simultaneously for 2 hours at 70 C. The suspension was then mixed 
with the beef heart digest broth, exhausted and incubated for 10 days at 
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37 C. The spores of B. botulinus were subiected to the same treatment as 
was customary in the testing of field specimens. The results are shown in 
table 5. 

Unheated spores added to heated soil emulsions in beef heart peptic 
digest broth are capable of germination and multiplication. It is, how- 

TABLE 5 

Results in Exper. 8 

Number Number 
of Soil of Result 

Bottle Spores 

1 5 gm. of (84 c. VIII) 2 2 c c produced symptoms and 
death on the 16th day 

(2) 5 gm. of (84 c. VIII) 3 Nontoxic 
(3) 5 gm. of (84 c. VIII) 4 Nontoxic 
(4) 5 gm. of (84 c. VIII) 7 Nontoxic 
(5) 5 gm. of (84 c. VIII) 9 Nontoxic 

TABLE 6 
Results in Exper. 9 

Number of Result After Result After 
Series 20 Gm. Soil Medium Spores Added Incubation Incubation 

Previous to for 10 Days for 10 Days 
Heating at 37 C at 28 C. 

1 Nonsterile Beef heart 1,000 to 10,000 2cc toxic in Nontoxic 
digest 16 hours 

A 2 Sterile Beef heart 1,000 to 10,000 2 c c toxic in 2 c c toxic in 
digest 16 hours 16 hours 

3 Sterile Peptic digest 1,000 to 10,000 2 c c toxic in 2 c c toxic in 
no meat 16 hours 16 hours 

4 Nonsterile Beef heart 100 to 1,000 2 c c toxic in Nontoxic 
digest 48 hours 

B 5 Sterile Beef heart 100 to 1,000 2 c c toxic in 2 c c toxic in 
digest 16 hours 16 hours 

6 Sterile Peptic digest 100 to 1,000 2 c c toxic in 2 c c toxic in 
16 hours 16 hours 

7 Nonsterile Beef heart 10 to 100 2 c c toxic in Nontoxic 
digest 5 days 

CJ8 Sterile Beef heart 20 to 100 Toxic in 24 Toxic in 16 
digest hours hours 

9 Sterile Peptic digest 10 to 100 Toxic in 16 Toxic in 16 
hours hours 

10 Nonsterile Beef digest 1 to 10 Nontoxic Nontoxic 

DU1 Sterile Beef digest 1 to 10 Toxic in 16 Nontoxic 
hours 

12 Sterile Peptic digest 1 to 10 Toxic in 16 Nontoxic 
hours 

ever, impossible to obtain identical results by repeating the same pro- 
cedure ; only 2 or 3 of the 10 flasks inoculated with the same number 
of spores and rods may give toxic cultures. Moreover, these experi- 
ments are not a duplicate of the method employed for the enrichment of 
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field specimens and therefore are of little value to test the sensitiveness 
of the culture medium, etc. Nevertheless, they indicate definitely that a 
few viable spores accidentally introduced as contaminations may pro- 
duce toxic cultures and furnish misleading results. In the light of the 

TABLE 7 

Results in Exper. 11 

Number of Spores Result After 
Series j Soil, Gm. Medium Added Previous 10 Days'Incubation 

to Heating Subcutaneous Injection 

1 50 Beef heart digest broth 10,000 to 100,000 Ice toxic in 24 hours 

2 50 Beef heart digest broth 10,000 to 100,000 1 c c toxic in 30 hours 
A 

3 50 van Ermengem mod. 10,000 to 100,000 lec toxic in 48 hours 

4 50 van Ermengem mod. 10,000 to 100,000 Ice toxic in 30 hours 

5 50 Beef heart digest broth 1,000 to 10,000 lec toxic in less than 16 
hours recovered organism 

6 50 Beef heart digest broth 1,000 to 10,000 lec toxic in 40 hours 
B 

7 50 van Ermengem mod. 1,000 to 10,000 lec toxic in 48 hours 

8 50 van Ermengem mod. 1,000 to 10,000 1 c c toxic in 30 hours 

9 50 Beef heart digest broth 100 to 1,000 Nontoxic 

10 r 50 Beef heart digest broth i 100 to 1,000 2 c c toxic in 60 hours 
O 

il 50 van Ermengem mod. 100 to 1,000 Nontoxic 

12 50 van Ermengem mod. | 100 to 1,000 Nontoxic 

13 50 Beef heart digest broth 10 to 100 Symptoms, died 18th day 

14 50 ' Beef heart digest broth 10 to 100 1 2 c c toxic in 48 hours 
D 

15 50 van Ermengem mod. 10 to 100 Nontoxic 

16 50 van Ermengem mod. 10 to 100 Nontoxic 

17 50 Beef heart digest broth No spores 2 c c nontoxic 

18 50 Beef heart digest broth No spores 2 c c nontoxic 
E 

19 50 van Ermengem mod. i No spores 2 c c nontoxic 

20 50 van Ermengem mod. No spores 2 c c nontoxic 

Controls 4 tubes Beef heart digest broth 10,000 to 100,000 All toxic, heated and 
each unheated 

4 tubes Beef heart digest broth 1,000 to 10,000 All toxic, heated and 
each unheated 

4 tubes Beef heart digest broth 100 to 1,000 All toxic, heated and 
each unheated 

4 tubes Beef heart digest broth 10 to 100 Heated: 2 toxic, 2 non- 
each toxic; unheated: 3 toxic, 

1 nontoxic 

observations made in exper. 7, the elaborate precautions against con- 
taminations appear fully justified. 

A few spores added to soil suspensions and subsequently heated in 
the customary manner give nontoxic or weakly toxic cultures. Fre- 
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quent repetitions of exper. 8 with as many as 40 spores fail to produce 
toxic cultures. These observations are confirmed by the following 
experiments. 

Exper. 9.?Twenty gm. of soil repeatedly found free from.' spores of 
B. botulinus were suspended in salt solution. A mixture of spores produced 
in gelatine broth (strains 58 and 62) were counted in a Helber chamber; dilu- 
tions of the spore suspension were made in salt solution and Ice each of 
the various dilutions were added to the nonsterile and sterile soil. The suspen- 
sions were heated for one hour at 70 C, mixed with beef heart digest broth 
and exhausted. One series of flasks was incubated at 35 C, while the other 
was kept at 28 C. for 10 days. The results are shown in table 6. 

Exper. 10.?The same experiment was repeated with the same soil specimens 
and with spores of strain 90. The same results were obtained as in exper 9. 

Exper 11.?A mixture of 8 different soil specimens, free from spores of 
B. botulinus was distributed in 50 gm. amounts in a series of bottles and then 
suspended in salt solution with a PH of 7.4. Four bottles received 1 cc 
each of varying dilutions of an unheated spore suspension of B. botulinus 

TABLE 8 
Results in Exper. 12 

Number of 
Series 20 Gm. Soil Medium Spores Added Result After 10 Days' 

Previous to Incubation 
Heating 

(1) Nonsterile Beef heart peptic 400 to 600 Toxic in less than 16 hours 
digest 

(2) Sterile Beef heart peptic 400 to 600 Toxic in less than 16 hours 
digest 

(3) Nonsterile Beef heart peptic 40 to 60 Nontoxic 
digest 

(4) Sterile Beef heart peptic 40 to 60 2 c c produced symptoms 
digest but guinea-pig recovered 

strain 97 (140 hours old). The dilutions were prepared with great care and 
were controlled by deep agar shake cultures. The soil-spore suspensions were 
heated for one hour at 70" C, mixed with either beef heart digest or van 
Ermengem medium} and incubated for 10 days at 35 C. The results are 
presented in table 7. 

Exper. 12.?The number of spores added to the soil suspensions was in this 
experiment determined by the plating of heated and unheated spore dilutions 
in blood agar. Spores (strains 90 and 47) which were dried for 24 hours on 
sand over sulphuric acid were used. The treatment of the inoculated soil 
suspensions was similar to that employed in the preceding experiments. The 
results are shown in table 8. 

The data presented in exper. 9, 10, 11 and 12 conclusively indicate 
that toxic soil enrichment cultures are regularly obtained, provided the 

specimens contain at least from 100 to 1,000 viable heat resistant spores. 
Exceptions may occur, as, for example, in exper. 11, ser. C and D, one 

sample containing less than 100 spores proved sufficiently toxic to kill 
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a guinea-pig in 48 hours, while of those containing from 100 to 1,000 
spores, only one furnished a toxic enrichment culture. It is obvious 
that in order to demonstrate the existence of B. botulinus spores in 
soil specimens, adequate samples of not less than 10 gm. should be 
chosen. When the question is sufficiently important, it is recommended 
to prepare a series of cultures containing 1, 10, 20, 50 and 100 gm. 
of soil. 

The heating of soil, vegetable or food specimens previous to making 
of cultures is a recognized practice among workers with sporulating 
anaerobes. The methods which have proved satisfactory in this labora- 
tory have recently been reported by H. H. Heller.21 Concerning B. 
botulinus, nothing definite was known when these studies were begun, 
but by analogy it was assumed that toxic enrichment cultures could 
probably be procured more readily after destroying the nonsporulating 
bacteria. Rabinowitsch,22 for example, reports that the heating of 
specimens used for the isolation of B. tetani is very important. Thus, 
toxic cultures only were procured when the 2% glucose broth in which 
1 lb. of strawberries had been washed was heated for 30 minutes at 
80 C. In judging the advantages and disadvantages of heated specimens 
for enrichment cultures, it appears advisable to consider the heat 
resistance of the spores of B. botulinus. In the American literature the 
conception previals that the spores produced in various culture mediums 
are very resistant to heat, while in Europe the original observations of 
van Ermengem, who found the spores to be readily killed after an 
exposure to 80 C. for 30 minutes, are assumed to be correct. It must 
be remembered, however, that the germination of the spores may be 
considerably retarded when exposed to heat and that the resistance of 
the prevailing spores, as found in nature, is unknown. In view of these 
mentioned conditions, it is suspected that frequently nontoxic enrich- 
ment cultures, and consequently the studies dealing with the distribution 
of the spores of B. botulinus, furnish an erroneous conception of actual 
conditions. Experiments to be reported indicate that it is technically 
impossible to prove this point. Thus, unheated soil specimens, con- 
taining viable spores of B. botulinus in small numbers, furnish nontoxic, 
or weakly toxic, enrichment cultures. The various concomitant aerobes 
or anaerobes apparently overgrow B. botulinus, or the enzymes of these 
bacteria destroy the generated toxin. 

21 Jour. Bacteriol., 1921, 6, p. 445. 
22 Arch. f. Hyg., 1907, 61, p. 103. 
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From a practical standpoint, it appears important to know the special 
distribution of those spores which are very resistant to heat. It is this 

type which, at least in this country, causes the majority of botulism 
outbreaks. A number of experiments have been carried out to investi- 

gate this question. Two are described in detail to illustrate the methods 
and results. 

Exper. 13.?A mixture of 6 different soil specimens previously found to be 
free from spores of B. botulinus was distributed in 20 gm. amounts into a 
series of bottles and suspended in salt solution. Two bottles received 1 cc 

TABLE 9 
Results in Exper. 13 

Treatment Previous to Number Result After 
Series Making of of Spores 10 Days' Incubation 

Cultures Added at 37 C 

f 1 Not heated 1,000 to 10,000 in 2 c c produced symptoms 
soil but guinea-pig recovered 

A \ 2 Heated at 70 C. 1,000 to 10,000 in 2 c c toxic in 18 hours 
1 soil 
{ 3 Heated at 70 O. 1,000 to 10,000 in 2 c c toxic in 18 hours 

salt solution 

f 1 Not heated 100 to 1,000 in 2 c c toxic in 5 days 
soil 

B { 2 Heated at 70 C. 100 to 1,000 in 2 c c toxic in 5 days 
1 soil 
[ 3 Heated at 70 O. 100 to 1,000 in 2 c c toxic in 18 hours 

salt solution 

f 1 Not heated 10 to 100 in Nontoxic 
soil 

C \ 2 Heated at 70 O. 10 to 100 in 2 c c toxic in 16 days 
soil 

[3 Heated at 70 C 10 to 100 in 2 c c toxic in 18 hours 
salt solution 

f 1 Not heated 1 to 10 in 2 c c nontoxic 
soil 

D \ 2 Heated 1 to 10 in 2 c c nontoxic 
soil 

[ 3 Heated 1 to 10 in 2 c c toxic in 48 hours 
salt solution 

f l Not heated No spores Nontoxic 
E 1 

[ 2 Heated No spores Nontoxic 

each of varying dilutions of an unheated spore suspension of B. botulinus 97. 
As controls, bottles containing salt solution were inoculated with the same 
suspension; one soil-spore and the control salt solution spore suspension cul- 
ture were heated for one hour at 70 C. The unheated and heated bottles were 
filled with beef heart digest medium, exhausted and incubated for 10 days at 
35 C. The results are shown in table 9. 

Exper. 14.?The intestinal washings of one human case of botulism were 
distributed into 10 bottles each containing 75 c c. A formed stool specimen 
was carefully emulsified and also divided into 6 portions of 50 c c each. One- 
half of the bottles of each series of stool specimens was heated for IMj hours 
at 60 C, mixed with beef heart digest broth, exhausted and incubated at 37 C. 
for 10 days. The results of this experiment are shown in table 10. 
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From the results obtained in expers. 13 and 14, one may conclude 
that soil and stool specimens must be heated previously in order to 
obtain toxic enrichment cultures. The outcome of these tests is so 
conclusive that further comment is unnecessary and heating of such 

specimens for 2 hours at a temperature of from 60 to 70 C, or one 
hour at 80 C, must be made a routine practice. 

It should be stated in this connection that very acid food samples, 
etc., should be heated only after complete neutralization. The procedure 
suitable for this purpose will be considered in subsequent paragraphs 
of this paper. 

table 10 
Results in Exper. 14 

Specimen 

Intestinal washing 1 
2 
3, 4,5,6 

Intestinal washing 7, 8, 9,10,11,12 
Formed stool 1 

2,3 
Formed stool 4, 5; 6 

Treatment Previous Result After 10 Days' Incubation 
to Making of at 37 C 

Cultures 

Heated 2 e c toxic in 24 hours^Isolated B. botu- 
Heated 2 c c toxic in 18 hoursj linus type A 
Heated 2 c c nontoxic 

Not heated All nontoxic 
Heated 2 c c toxic in 18 hours, B. botulinus 

type A 
Heated Nontoxic 

Not heated All nontoxic 

PERIOD OF INCUBATION 

Two questions deserve experimental investigation, namely: 1. What 
is the optimum temperature for the growth of B. botulinus in mixed 
cultures? 2. What period of incubation at a temperature of 28 to 37 C. 
furnishes toxins of the highest potency? 

It is well known that van Ermengem,14 Romer,23 Wurcker24 and other 
European bacteriologists described strains of B. botulinus which developed 
quickly and abundantly at a temperature of from 20 to 30 C. Landman 2R and 
later Leuchs26 noted, however, that one strain of B. botulinus isolated from 
string beans (Darmstadt outbreak) grew very well at 37 C, although the 
toxin production was better at 24 C. In a recent compilation. Bitter4 con- 
cludes that all the strains of B. botulinus known in Germany until 1919 may 
grow in artificial culture mediums at a temperature of 37 C, but that the 
microbe produces the most potent toxin when incubated at from 25 to 30 C. 
Up to three or four years ago these views have guided the workers in the 
United States, and the early studies made on B. botulinus were conducted 
with cultures which were kept at 28 C. The publications of Nevin,6 Shippen,19 
Thorn, Edmonson and Giltner,9 Orr27 and of Burke,1 which report typical 

23 Centralbl. f. Bakteriol., Orig. 1900, 27, p. 857. 
24 Sitzungsber. d. physikal-medizin. Sozietat in Erlangen, 1909, 41, p. 209. 
25 Hyg. Rundschau, 1904, 14, p. 449. 
26 Ztschr. f. Hyg. u. Infectionskrankh., 1910, 65, p. 55. 
27 Jour. Infect. Dis., 1922, 30, p. 118. 



Isolation of B. Botulinus 519 

growth and excellent toxin production at 37 C. with American strains of 
B. botulinus isolated from a variety of food and soil products, were available 
when the studies presented in this paper were undertaken. As far as enrich- 
ment cultures with soil, hay and vegetable specimens is concerned, it should be 
stated that Burke8 adopted an incubation period of from 2 to 6 months at 
28" C. This worker, however, states that "this incubation period was too 
long, as the average life of B. botulinus in broth cultures is about three 
months." A higher percentage of positive cultures could have been obtained, 
in the opinion of Burke, provided the cultures had been incubated for only 
6 to 10 weeks at 28 C. Quite recently, Kendall28 recommended that B. botulinus 
should be grown at 30 instead of at 38 C. 

It is evident from this review that the information regarding the 
optimum temperature conditions for the growth of B. botulinus in 
enrichment cultures is incomplete and contradictory. The knowledge 
relative to the incubation period required for the production of a toxin 
of highest potency is equally unsatisfactory. For example, Thorn, 
Edmonson and Giltner9 usually obtained a toxin with a potency of 
0.001 c c for guinea-pigs in cultures incubated for 6 days at 37 C.; 
while the best toxin (M L D 0.0001 cc) was produced at 35 C. for 28 
days. Orr 29 tested toxins which had been generated in cultures kept for 
3 weeks at 37 C.; the M L D for mice did not exceed 0.0001 c c. Sys- 
tematic studies to determine the optimum incubation period for B. 
botulinus in a suitable culture medium have not been carried out. In 
fact, the first hundred enrichment cultures prepared in this laboratory 
were incubated empirically for 4 weeks at 37 C. It was, however, 
noted that specimens which were originally toxic, containing B. botu- 
linus in large numbers, would produce weakly toxic enrichment cultures. 
Theoretically such cultures could only result from (1) deterioration of 
the toxin at body temperature, or (2) destruction of the toxin molecule 
by the concomitant bacteria present in the enrichment culture. A 
systematic study of this question was therefore undertaken by a number 
of workers in this laboratory. The findings which have a direct bear- 
ing on the problem under consideration are briefly mentioned: 

A comparative study of over 100 strains of B. botulinus from 
various sources has shown that growth and toxin production is best at 
a temperature of 35 C. According to thermographic records, the incu- 
bation rooms installed in this laboratory have an average temperature 
of 35 C. Pure cultures of B. botulinus in beef heart digest medium 
produce on the 10th to 12th day of incubation at 35 C. toxins of the 
maximum potency; the M L D (96 hours) for a guinea-pig of 250 to 

28 Ibid., 1921, 29, p. 231. 
29 Jour. Med. Res., 1921, 42, p. 127. 
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300 gm. is usually from 0.00002 c c to 0.0001 c c. Incubation at the 
same temperature for 15, 20, 25, 30, etc., days leads to a distinct 
deterioration of the toxin. These studies will be reported in a series of 
papers, dealing with the biochemical activities of B. botulinus in various 
mediums. The behavior of the toxin in enrichment cultures is similar 
to that in pure cultures; as a rule, the deterioration is more rapid, as 
will be noted in exper. 15 and 16. 

Exper. 15.?A series of enrichment cultures which proved very toxic on the 
10th day were kept in the incubator for 30 days. Additional toxin tests were 
made on the 20th and 30th day, and the data are presented in table 11. 

TABLE 11 
Results in Exper. 15 

Number Nature 1st Test 2d Test 3d Test Type of 
of of 10th Day at 20th Day at 30th Day at B. botu- 

Sample Specimens 35 O. 35 C. 35 C linus 

2 1 c. M. Soil 2 c c toxic in 2 c c toxic in 2 c c toxic in A 
16 hours 24 hours 36 hours 

40 M. M. Soil 2 c c toxic in 2 c c toxic in 2 c c nontoxic A 
! 24 hours 6 days 

202 V Soil 2 c c toxic in 2 c c toxic in 2 c c toxic in A 
16 hours 48 hours 12 days 

203 XIII Beanstalk 2 c c toxic in 2 c c toxic in 2 c c toxic in B 
16 hours 48 hours 5 days 

205 XIV Soil 2 c c toxic in 2 c c toxic in 2 c c nontoxic A 
i 16 hours 5 days 

207 XII Soil i 2 c c toxic in 2 c c toxic in 2 c c toxic in B 
1 16 hours 16 hours 24 hours 

207 XII Soil 2 c c toxic in 2 c c toxic in 2 c c toxic in B 
16 hours 3 days 6 days 

209 XXIII Soil 2 c c toxic in 2 c c toxic in 2 c c nontoxic A 
48 hours 10 days 

209 XX Cucumber j 2 c c toxic in j 2 c c toxic in 2 c c toxic in A 
16 hours | 24 hours 3 days 

214 40 Soil, 2 c c toxic in 2 c c toxic in 2 c c nontoxic B 
England 40 hours j 5 days 

214 60 Soil, 2 c c toxic in 1 2 c c toxic in 2 c c toxic in B 
England 16 hours j 24 hours 24 hours 

217 III Soil 2cc toxic in ! 2cc toxic in 2 cc toxic in A 
16 hours 4 days 15 days 

Exper. id.?The filtered toxin of strain 38 (M L D ? 0.0001) was divided 
into two large test tubes, 75 cc each. To tube 1, were added 5 cc of the 
sediment of a 10 days' soil culture which was nontoxic and free from 
B. botulinus, but contained various aerobes and anaerobes; and to tube 2, 
5 cc of a carefully sterilized soil suspension were added. Both tubes were 
incubated at 35 C, and the toxin content determined on the 5th and 15th days. 
The results are shown in table 12. 

The findings in exper. 15 and 16 indicate that the toxin of B. botu- 
linus deteriorates when kept at 35 C. The rate of destruction is not 
influenced entirely by the concomitant bacteria of the enrichment cul- 
ture, but probably depends on the degree of toxicity reached on the 
10th day. In other words, a highly toxic enrichment culture kept near 
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body temperature may remain fatal for guinea-pigs, while weakly toxic 
cultures become nontoxic during the same period of incubation at the 
same temperature. It naturally suggested itself to study the influence 
on toxicity of incubation at 28 C. A number of tests similar to those 

reported under exper. 10 were carried out. Without going into details, 
it was noted that frequently nontoxic cultures were obtained at 28 C, 
even after prolonged observation, although incubation at 35 C. produced 
satisfactory specimens. Lack of proper incubation room facilities made 
it unpractical, however, to handle many hundreds of cultures at a 

temperature of 28 C, although the observations were sufficiently numer- 
ous to warrant a positive deduction. 

Tube M L D at 5th Day at 15th Day at 
Beginning 35 O. 35 0. 

Toxin + soil culture 0.0001 c c i 0.01 cc (growth) 0.6cc 
Toxin + sterile soil 0.0001 cc j 0.01 c c (sterile) 0.6 cc 

TABLE 13 
Results in Exper. 17 

Time Required for 2 c c of the Centrifugalized Supernatant Fluid of a 
Specimens Culture to Kill Guinea-Pigs of 300-350 Gm. 

1 24 Hours | 48 Hours ! 5 Days | 10 Days 

1 gm. of soil Nontoxic Nontoxic ! Nontoxic Nontoxic 
10 gm. of soil Nontoxic Nontoxic j Symptoms 4 days = 1M L D 
20 gm. of soil Nontoxic 48 hours j 24 hours 16 hours 
50 gm. of soil Symptoms 48 hours 1 24 hours 16 hours 

In order to prove that the most potent toxin is produced on the 
10th day of incubation at 35 C, cultures were made from a number 
of virgin soil samples, which were known to contain spores of B. 
botulinus. Toxin determinations were made at varying times during 
the incubation. One of these experiments is herewith detailed. 

Exper. 17.?Virgin soil from Yosemite Valley was distributed in bottles 
suspended in salt solution and heated for 2 hours at 70 C. The suspensions 
were mixed with peptic digest broth, exhausted and incubated at 35 C. The 
presence of toxins was determined by subcutaneous inoculations of guinea-pigs. 
The results are shown in table 13. 

The evidence justifies the conclusion that an incubation period of 
10 days at 35 to 37 C. in beef heart peptic digest broth furnishes the 
optimum conditions for securing highly toxic enrichment cultures. 

TABLE 12 
Results in Exper. 16 
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Observations to be recorded in subsequent paragraphs also indicate that 
such cultures are well suited for the isolation and purification of B. 
botulinus from soil specimens. 

STORAGE OF CULTURES 

The examination of a large series of cultures, limited assistance, 
continuous observation of the inoculated guinea-pigs and occasionally 
a shortage of these animals necessitated a prolonged storage of the 
enrichment cultures. As each toxic culture was repeatedly tested and 
typed with antitoxins, it was essential to possess a practical method 
which would preserve the toxicity of the cultures at its original titer. 
The facts presented in the preceding paragraphs and the observations 
made on numerous cultures suggested storage at a low temperature. 
It was repeatedly noted that bottles containing a strong toxin would 
become nontoxic or weakly toxic and unsuitable for identification tests 
when kept during the summer months in a warm corner of the labora- 

tory (about 30 C). Facilities to store hundreds of bottles in the refrig- 
erator were not available, but storage in dark cabinets at an average 
room temperature of 18 to 22 C. was practical. The value of this 

precedure has been tested and one of the experiments is herewith 
detailed. 

Exper. 18.?Several enrichment cultures were stored under different condi- 
tions and the potency of the toxins estimated on guinea-pigs by the usual 
procedures. The results can be presented as follows : 

Specimen Group 1: Originally 2 c c toxic for 250 gm. guinea-pig in 48 
hours ; at 18 to 22 C. for 20 days killed in 16 hours. 

Specimen Group 2: Originally 2 c c toxic for 250 gm. guinea-pig in 48 hours; 
at 2 to 5 C. for 20 days killed in 40 hours. 

Specimen Group 3: Originally 2 c c toxic for 250 gm. guinea-pig in 48 
hours; at 35 C. for 20 days produced only symptoms, and the guinea-pig 
recovered. 

Based on this and similar observations, it was concluded that the 

toxicity of an enrichment culture does not decrease; in fact it may 
increase when kept at a temperature of 18 to 22 C. Storage at this 

temperature has therefore been adopted as a routine procedure. 

Identification of the Toxin 
In order to segregate the toxic from the nontoxic cultures, the following 

method was chosen: Ten cc of the supernatant fluid of the culture were 
removed, care being exercised to avoid stirring up the meat and soil sediment. 
These samples were centrifugalred for one hour at high speed (3,000-4,000 
revolutions). One to 2 c c of the perfectly clear culture fluid were inoculated 
subcutaneously on the median abdominal line of a guinea-pig weighing not 
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more than 400 gm. In case the animals succumbed to an intoxication30 with- 
out exhibiting the symptoms and necropsy findings of other anaerobic infec- 
tions, as "malignant edema" or tetanus, the culture was considered suspicious 
and the nature of the poison was determined by an antitoxin neutralization 
test. In 90^o of the tests it was possible to eliminate the nontoxic samples 
by this procedure. The centrifugalized cultures were only filtered when other 
pathogenic anaerobic bacteria, as B. oedematiens, vibrion septique produced 
misleading symptoms and lesions. In some instances, the centrifugalized cul- 
tures were fed instead of injected. This procedure was adopted for the fol- 
lowing reasons : 1. Filtration of large series of cultures is exceedingly time 
consuming and expensive. The Handler candles on the market are of inferior 
quality and necessitate frequent replacement. 2. A considerable portion of 
the toxin is absorbed by the filter and weakly toxic cultures become unsuitable 
for toxin-antitoxin tests. 3. Feeding of large series of guinea-pigs is a tedious 
process and exceedingly inaccurate. In the majority of instances, the animals 
refuse to swallow or regurgitate the foul smelling culture fluid. 4. Subcu- 

TABLE 14 
Results of Experiments to Estimate Approximate Strength of Toxins in. 

Enrichment Cultures 

2 c c Killed 250 Gm. Minimal Lethal Dose for 
Specimen Guinea-Pig 250 Gm. Guinea-Pigs 

Within 96 Hours, 0 c 
158 soil type A <16 hours 0.0002 
156 stool type A H-28 hours 0.005 
158/7 soil type A +16 hours 0.0001 
200 a III soil type B +16 hours 0.0001 
219 liver necropsy type A <18 hours 0.00005 
220/2 soil type B 48 hours 0.0005 
220/10 soil type A 24 hours 0.01 
221 A string beans type A 18 hours 0.00005 
221 B string beans type A 18 hours 0.0001 (48 hours) 
Exper. 11. A. L +-30 hours 0.01 
Exper. 11. A. 2 ?24 hours 0.005 

taneous injections allow quantitative tests and furnish additional information 
with regard to the distribution of B. tetani and vibrion septique. Intraperi- 
toneal inoculations, on the other hand, frequently produce shock and sudden 
death, probably as a result of the various biogenous amines, etc., present 
in the cultures. Weakly toxic cultures are only detected following the injec- 
tion of at least 2 c c, and therefore mice are found unsuitable and more 
expensive. 

In order to estimate the approximate strength of the toxins present 
in enrichment cultures, a series of minimal lethal dose determinations 
was carried out. A few of the results are presented in table 14. 

The results presented in table 14 indicate that soil enrichment 
cultures may produce exceedingly potent toxins. Cultures which are 

80 The necropsy findings on guinea-pigs which succumb to the toxin of B. botulinus are 
briefly as follows: A slight infiltration or edema, with or without hemorrhages, or frequently no macroscopic changes at the site of inoculation; marked congestion of the abdominal viscera 
with dark colored liver and spleen; in very acute intoxications these lesions are absent. 
Frequently a distended bladder and a rather dry appearance of the serous linings. Lungs 
always hyperemic and may show large or small pleural suggillations or petechiae. 
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fatal to guinea-pigs in 2 cc amounts in less than 4 days can be used 
for identification tests. Furthermore, several hundred observations 
have demonstrated that only those cultures which kill in less than 18 
hours are suitable for the isolation of B. botulinus in a pure state. 
Toxins producing symptoms in 3 to 4 days leading to death on the 5th 
to 8th day or even later have been classified as "weak toxins." They 
cannot be typed, but their significance and the methods employed in 
preparing such specimens for identification will be treated in the next 
article. 

The toxin identification tests were usually conducted on guinea-pigs; 
a limited number of cultures were also tested by intraperitoneal injec- 
tions on mice. The antitoxins used were all monovalent type A and B 
horse or goat serums, with an antitoxin content of from 10 to 200 
units per c c.31 For routine tests, three animals were inoculated sub- 
cutaneously or intraperitoneally in the following manner : 

TABLE 15 
Procedures for Toxin Identification Tests 

Animal Number Supernatant, C'entrifugalized Antitoxin 
or Filtered Culture Fluid 

Guinea-pig 1 1 to 2 c c subcutaneously 
Guinea-pig 2 lto2cc subcutaneously 0.5 to 1 c c of antitoxin for 

B. botulinus type A 
Guinea-pig 3 1 to 2 cc subcutaneously 0.5 to 1 ccof antitoxin for 

B. botulinus type B 
Mouse 1 0.1 c c intraperitoneally 
Mouse 2 0.1 c c intraperitoneally 0.5 c c of antitoxin type A 
Mouses 0.1 c c intraperitoneally 0.5c c of antitoxin typeB 

The toxins were mixed with the antitoxin in small test tubes and the 
mixtures were kept at room temperature for from one-half to 3 hours, depend- 
ing on the number of samples. The toxin-antitoxin tests have been conclusive 
with cultures containing at least 1 to 10 minimal lethal doses per 2 cc. In 
the majority of experiments, the control animals inoculated with the toxin 
alone succumbed a few hours earlier than those inoculated with the toxin and 
nonspecific antitoxin. It should be emphasized that inconsistent neutraliza- 
tion tests were invariably repeated either with filtered toxins or by feeding 
the latter to animals which had received subcutaneously 0.5 to 1.0 c c of anti- 
toxin. A limited number of toxins have been encountered82 in which all 
3 animals succumbed with symptoms of botulism or, if surviving, apparently 
incompletely protected guinea-pigs showed symptoms of intoxication. When 
this occurred, the experiment was repeated by inoculating a series of 5 ani- 
mals. The first 3 were treated as shown in table 15, while the fourth received, 
besides the toxin. Ice each of antitoxin for B. botulinus type A and type B 
(1 cc of polyvalent antitoxin was used if available). The fifth guinea-pig 

81 Determined according to the method of Bengtson. 
82 The observations made in the laboratory have independently been confirmed by George 

E. Coleman of Santa Barbara. 
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received from 1 to 2 c c of filtrate or culture fluid which had previously been 
boiled for 10 minutes. The presence of a mixture of type A and B toxin and 
the presence or absence of heat resistant poison was demonstrated by this 
procedure. That this may be responsible for apparently equivocal results has 
been further proved by the isolation of B. botulinus type A and B from 2 dif- 
ferent soil enrichment cultures. 

Centrifugalized cultures producing tetanus were filtered; one observation 
had shown that this disease followed the inoculation of tetanus spores which 
had not been sedimented in the course of the centrifugalization. Some filtrates 
provoked symptoms of tetanus, and the test for the presence or absence of 
B. botulinus toxin was accomplished by mixing the filtrates with 1,000 units 
of commercial tetanus antitoxin or by feeding the suspected cultures to 
properly immunized guinea-pigs. A few toxic cultures could not be identified 
by the antitoxin-neutralization or feeding tests. Experiments are now in prog- 
ress to determine the relationship of these toxic cultures to the recently 
described anaerobe, isolated by Miss Bengtson from the larvae of Lucilia 
Caesar.33 

In conclusion, it must be emphasized that toxic enrichment cultures 
should be considered positive for B. botulinus only when a decisive 
toxin?antitoxin reaction is obtained, or when the enrichment cultures 
provoke classical intoxications on feeding, or when the specific organ- 
ism is isolated in a pure state. 

ENRICHMENT OF WEAKLY TOXIC CULTURES 

It has been pointed out that enrichment cultures may frequently 
contain less than one minimum lethal dose per 2 cc. The inoculated 
guinea-pigs may exhibit for several days characteristic symptoms of 
botulism in the form of flabby abdominal muscles, striking emaciation, 
etc., and finally either recover or succumb to secondary infections. In 
the latter instance, the fairly characteristic necropsy findings are masked 
by a diplococcus, a B. bronchisepticus pneumonia or a generalized 
paratyphoid infection. At the beginning of the investigation an effort 
was made to produce a stronger toxin, by transplanting various amounts 
of the unheated or heated original enrichment cultures into flasks con- 
taining 100 cc of fresh sterile beef heart digest mediums and incu- 
bating again for 10 days at 35 C. This procedure had been used by 
Burke8 with some success, but has not proved satisfactory in this 
laboratory. Transplants from cultures in van Ermengem mediums were 
invariably nonpoisonous, while the toxicity of beef heart cultures was 
only slightly enhanced over the original culture. Various modifications 

88 Two series of experiments have shown that the toxin of the anaerobe isolated by 
Bengtson is produced in enrichment cultures and in the presence of soil bacteria. It is there- 
fore not unlikely that toxin of some of the enrichment cultures which could not be neutralized 
by a polyvalent B. botulinus antitoxin belong to the group of the Lucilia Caesar poisons. 
This point can only be decided when a suitable antitoxin against the latter organism is 
available. 
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of heating the original culture at 80 to 100 C. were tried, but the toxicity 
was not appreciably increased. In fact, it was found advisable to 
prepare fresh cultures with the original soil or vegetable samples. This 
method has distinct advantages, namely: 1. It serves as a control for 
the original test. 2. It may yield at times more toxic cultures than 
the previous examination, which can be identified by an antitoxin? 
toxin test. 3. It may, furthermore, furnish cultures excellently suited 
for the isolation and purification of B. botulinus where this was not 

formerly possible. 
These tests, which were conducted at monthly intervals, served as 

sterility controls for the laboratory procedures, assured the workers 

TABLE 16 
Findings in Exper. 19 

Number Specimens 1st Culture: 2 c c 2d Culture: 2c c 

(1) 

(2) 

(3) 
(4) 
(5) 
(6) f t 
(9) 

(10) 
(ID 
(12) 

*13) 
(14) 
(15) 
(16) 
(17) 

(18) 

(19) 

(20) 

Beets, Kansas (149) 

Soil, cloverfield 

Soil, cornfield 
Soja beans 
Beet tops, Louisiana 
Moldy hay 
Rice straw 
Soil, Pennsylvania 
Soil, pasture 
Soil, ryefleld 
Garden soil 
Soil, horse pen 

Soils, San Bernardino 
Soil, Pasadena 
Dirt, horse corral 
Soil, hogpen 
Decayed alfalfa 

Virgin soil 

Soil, Alleghany mountains 

Potato pits, Takima 

Symptoms, death 
48 hours 

Death on 5th day 
paratyphoid infection 

Death in 16 hours 
Symptoms, recovered 

Symptoms 
Nontoxic 

Symptoms 
Symptoms 
Symptoms 
Symptoms 

Death, 5th day 
Death, vibrion sep- 

tique infection 
Symptoms 

Death in 72 hours 
Nontoxic 

Death, 4th day 
Death in 24 hours, 

pneumonia 
Death in 36 hours, 
vibrion septique 

Death in 36 hours, 
tetanus 

Death in 24 hours, 
type A 

Death, 48 hours, type A 

Nontoxic 

D^ath, 16 hours, type B 
Symptoms, death 12th day 
Death 4th day, type A 
Nontoxic 
Death, 48 hours, type A 
Nontoxic 
Death, 18 hours, type A 
Death, 48 hours, type B 
Death, 48 hours, type A 
Nontoxic 

Death, 48 hours, type B 
Marked symptoms 
Nontoxic 
Death, 48 hours, type B 
Nontoxic 

Nontoxic 

Nontoxic 

Nontoxic 

that laboratory contaminations had been eliminated and provided data 
which indicated that the spores of B. botulinus were unevenly dis- 
tributed in the specimens. These statements are best illustrated by 
the presentation of one test. 

Exper. 19.?Specimens which produced unsatisfactory enrichment cultures 
on account of prolonged incubation or storage and those which were frankly 
nontoxic were repeatedly cultivated in beef heart digest broth and incubated 
for 10 days at 35 C. The findings are presented in table 16. 

The value of making repeated cultures on doubtful specimens is 
fully established by the data shown in table 16. It is unnecessary to 
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state that several hundreds of identical tests have been carried out with 
similar results. Occasionally, as shown under No. 20, a specimen 
produces an original toxic culture, but on retesting it is found to be 
nontoxic. Cultures of such specimens have been made a third and 
fourth time, and in this manner evidence is procured which indicates 
that heat resistant spores may be quite unevenly distributed in soil or 
vegetable specimens. In order to prove the presence or absence of 
B. botulinus spores, repeated cultures should be regularly made from 
the original specimens, and doubtful cultures should be tested by this 
procedure instead of transplanting enriched cultures to fresh mediums. 

Based on the experiments described in the foregoing paragraphs, 
the following method is now used for the enrichment and demonstra- 
tion of B. botulinus in specimens of soil and its products : 

The Method Employed in This Laboratory 

Twenty to 50 gm. of soil or vegetables or fruit peelings, etc., are placed 
in a 250 cc culture flask (No. 2221, Arthur H. Thomas Catalogue) and thor- 
oughly suspended or mixed in sterile salt solution (Ph 7.0). Moist soil is 
previously ground in a mortar. Hay and dry vegetable specimens are finely 
chopped and then soaked for several hours in salt solution. The suspensions, 
etc., are heated in a water bath for 1 to 2 hours at 60 to 70 C. or 1 hour at 
80 C. While warm, the suspensions are mixed with 100 cc freshly boiled 
beef heart peptic digest liver broth with a reaction of Ph 7.2-7.4. The fluid 
is either covered with petrolatum or liquid petrolatum to avoid evaporation, 
or the flasks are closed by a sterile rubber stopper provided with a piece of 
glass tubing. The container is rapidly exhausted and the glass tubing is 
allowed to seal itself off by placing it in the middle of a small bunsen flame. 
The cultures are incubated for 10 days at 35 C. A small sample of the super- 
natant fluid is then removed and centrifugalized for 1 hour at high speed. 
Two c c of the clear fluid are injected subcutaneously along the median line 
of the abdomen of guinea-pigs weighing 250 to 300 gm. The symptoms of 
the animals are recorded by daily inspections, and the dead guinea-pigs are 
carefully necropsied. Cultures which are fatal to guinea-pigs are further 
tested by a toxin-antitoxin test with type A and B antiserums. When the 
cultures contain less than one M L D per 2 c c, cultures of the original material 
are made a second, even a third and fourth time. Centrifugalized cultures 
are only filtered through small Mandler candles provided the inoculated guinea- 
pigs succumb to mixed anaerobic infections or present symptoms of tetanus. 
Such fluids may be tested by feeding immunized and nonimmunized guinea-pigs 
with heated and unheated cultures. The latter procedure is, however, less 
dependable than subcutaneous inoculation. Filtered or centrifugalized cultures 
which are known to be free from concomitant anaerobes may be "typed" on 
mice by intraperitoneal inoculations. Specimens are considered positive for 
B. botulinus only when a decisive antitoxin-toxin test has been obtained or 
the organism has been isolated in pure culture. 

In order to avoid laboratory contaminations, the culture mediums, salt 
solution, flasks, etc., should be autoclaved at 18 pounds' pressure for 1 hour 
and resterilized for the same period after an incubation of from 5 to 14 days. 
Contaminated glassware, cultures, etc., are treated similarly for 3 hours at 



528 B. J. Dubovsky and K. F. Meyer 

18 pounds' pressure. The working benches, trays, balances, etc., are cleansed 
with 509k dilution of a compound solution of cresol or warm 10 to 20*#? for- 
maldehyde solution. Inexperienced workers should question their results until 
they have eliminated the danger of laboratory contaminations by continuous, 
painstaking vigilance and repeated control examinations. 

THE ISOLATION AND PURIFICATION OF B. BOTULINUS FROM 

TOXIC SOIL ENRICHMENT CULTURES 

It has been pointed out that highly toxic cultures may be obtained 

by proper enrichment methods, although it is impossible to demonstrate 
B. botulinus by the customary procedures employed for the direct 
primary isolation of anaerobes. The statement made by a group of 
workers that they "never failed to obtain the organism in pure culture 
from the broth in which a virulent toxin had developed,,, applies in all 
probability to the enrichment cultures obtained from spoiled food in 
which B. botulinus was the main and often the only spore-bearing 
anaerobe. 

In the course of a number of preliminary tests during which small 
amounts of toxic enrichment cultures were distributed by dilutions into 

deep liver agar shake tubes, it was noted that only those samples which 
were fatal to guinea-pigs in less than 16 hours (2 cc subcutaneously) 
were of sufficient promise to devote time and material for isolation. 
This process of selection reduced the specimens suitable for isolation 
to less than lOfc of the cultures, but even the agar columns of these 

samples rarely presented colonies in sufficient numbers or of character- 
istic structure to permit of their rapid and conclusive identification as 
those of B. botulinus. These failures led to a number of experiments 
with selective mediums. Attempts were made to enrich overwhelmingly 
the B. botulinus present in the original enrichment culture by suc- 
cessive passage through mediums of various composition and reaction. 

Invariably, a substratum favoring B. botulinus encouraged also the 
associated proteolytic anaerobes. Certain suggestive leads have been 
encountered in the course of these studies, and it is not unlikely that a 
selective medium may be developed in the future. As it was, however, 

imperative to isolate in the shortest possible time a large series of 
strains of B. botulinus, it was found necessary to make use of the 

exceptionally marked heat resistance of the spores of B. botulinus. 
Two procedures have yielded a number of successful isolations, namely: 

1. The enrichment cultures CIO days at 35 C.) are either heated at 80 C. 
for 1 hour or boiled for 10 minutes. The sediment of the cultures is sealed 
in 1 to 2 cc amounts in small glass tubes and subjected to the heat. Small 
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samples of the heated specimens are immediately plated in sheep blood agar, 
or sown into deep liver agar tubes or enriched for from 24 to 120 hours in 
beef heart peptic digest broth and then cultivated in deep agar. The latter 
procedure may be repeated leading frequently to enrichments suitable for 
isolations. 

2. Twenty to 50 gm. of soil, which had previously been found to contain 
a large number of B. botulinus, are suspended in an equal amount of salt 
solution. The suspensions are exposed to, steam in an Arnold sterilizer for 
from 1 to I1/? hours. The heated soil specimens are then cultivated in beef 
heart peptic digest broth according to the customary procedures. Subcultures 
are made daily in deep agar shake tubes. Several strains have been isolated 
by this method; in the heated cultures B. botulinus and occasionally B. sporo- 
genes and B. welchii are the only surviving and freely growing anaerobes. 

As a part of the practical control of botulism in the United States 
rests primarily on an accurate knowledge of the maximum resistance of 
the spores to heat, the use of these procedures appears justified. It may 
be assumed that the boiling or steaming selectively eliminated the non- 
resistant spores and in this manner furnished strains of maximum 
resistance. For studies dealing exclusively with the biology and the 
distribution of various types of B. botulinus in nature these methods 
are, therefore, not practical. It has, for example, been impossible to 
obtain toxic enrichment cultures by boiling or steaming soil samples 
which contained the spores of B. botulinus type B. Furthermore, many 
interesting problems dealing with the distribution of the various mutants 
of the genus Botulinus cannot be solved by "heating methods/' and, 
therefore, no effort should be spared to develop a selective enrichment 
medium. It is self evident that the procedures mentioned can also 
be applied to the isolation of B. botulinus from the intestinal contents 
and the decomposed viscera of man and animals. Subsequent para- 
graphs will consider the details to be observed in handling these 
specimens. 

One of the writers (K.F.M.) has used, since 1907, the deep agar 
shake method for the primary isolation and purification of anaerobes. 
Various modifications and improvements have recently been sum- 
marized in several papers by H. H. Heller.21 The technical principles 
mentioned in these communications have been followed in the isolation 
of B. botulinus and need no additional comment. Peptic digest or veal 
infusion glucose (0.5*^) agar has frequently been used for primary 
isolation instead of liver agar. In searching the agar column of the 
cultures for characteristic colonies, a Mayer's binocular dissecting 
microscope has been employed and found invaluable in saving time and 
eyesight. In this connection, it should be stated that only the mass 
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colonies which correspond in general appearance to those described by 
Burke were considered characteristic. Experiences with over 100 cul- 
tures of B. botulinus isolated from various sources, which will be 
reported in another paper, indicate that the shape and the thickness of 
the colonies is sufficiently constant to enable detection in crowded mixed 
cultures. It is customary to use a fairly dry 2^o agar and to incubate 
the , various seed and dilution tubes at 28 to 35 C. for at least 10 days. 
The heating injures the spores considerably and delayed germination 
is frequently observed. 

Laboratory workers who intend to isolate B. botulinus from mixed 
enrichment cultures should thoroughly familiarize themselves with the 

appearance of the mass colonies of authentic, recently isolated strains. 
In particular, the shape, size and texture of such colonies should be 
studied in deep agar of various composition and colloid content. This 
recommendation is made because certain toxic and pure stock cultures, 
circulating in this country, produce in deep agar atypical mutation 
colonies. These strains of B. botulinus convey an entirely wrong 
impression of the colony characteristics and, when adopted as a stand- 
ard, prevent the inexperienced from selecting and fishing B. botulinus 
colonies. It is naturally quite possible that in this laboratory a number 
of toxic strains of B. botulinus have not been recognized and isolated 
on account of the adopted conservative policy of picking only disk- 

shaped colonies. In this connection, it must be admitted that even the 
latter type is not absolutely specific for B. botulinus. A number of 
anaerobes forming disk colonies not unlike those of B. botulinus have 
been found in soil enrichment cultures. These bacteria, when isolated 
and purified, resemble, morphologically and biochemically, B. botulinus, 
but they fail to produce a toxin. Experiments with these strains will 
be reported elsewhere more in detail. Another condition deserves 
attention: Crowded, deep agar shake tubes frequently reveal small, 
rather transparent disk colonies with heavy polar tufts. These colonies 
are usually formed by various terminal end spore bearers and are easily 
mistaken by the beginner for those of B. botulinus. It can be said 
without fear of contradiction that considerable experience is needed to 
be thoroughly familiar with the various types of disk colonies char- 
acteristic of B. botulinus. 

The colonies which are considered typical are picked by means of 
fine capillary tubes and are transferred to a series of deep agar or 
beef heart peptic digest broth tubes. As soon as toxin-antitoxin tests 
on mice and microscopic examinations have proved the nature of the 
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isolated colony and confirmed the type of the original enrichment cul- 
ture, the process of purification is undertaken. Aerobic contamina- 
tions have usually been eliminated in the course of repeated heatings 
so that cultivation of young beef heart peptic digest broth cultures in 

deep agar tubes furnishes pure cultures in 95% of the instances. 
Cultures under inspection for purity are kept in beef heart broth 
and veal infusion digest broth for from 4 to 6 weeks at 28, 37 and 
56 C. Shake cultures in deep agar are made at regular intervals; 
isolated colonies are picked and transferred to beef heart tubes. - During 
the last year successive plating in sheep blood peptic digest agar with the 
aid of an anaerobic jar method to be described by C. C. Dozier, or 

according to the inverted plate method of Krumwiede and Pratt, or 
surface plating on milk agar, has been used to verify the purifications 
accomplished by the deep culture method. Several cultures have been 
further purified by Barber's microscopic method of single bacillus 
isolation. The employment of the latter procedure is, however, unneces- 

sary. Several hundred different anaerobic cultures have been isolated 
and purified in this laboratory by the deep culture method, and it has 
been noted that the contaminations of properly purified cultures were 
either aerobes, as molds, cocci and subtilis types or adventitious ana- 
erobes due to improperly sterilized mediums. The rigid examination of 

carefully purified cultures of B. botulinus during the last 2^ years has 
not shaken the original conclusion that the deep culture method, 
occasionally combined with the blood agar or milk agar plating method, 
is the most practical and reliable means for the isolation and purification 
of these organisms. 

It is customary in this laboratory to preserve one culture of the 

original strain of anaerobe after purification in sealed tubes of beef 
heart peptic digest broth. In case of accidental contamination of the 
stock culture or for future reference these tubes saved time, worry 
and labor. 

In conclusion, it should be emphasized that the primary isolation 
of B. botulinus from toxic soil, vegetable or manure enrichment cul- 
tures is only possible when the original specimen contains a fairly 
large number of heat resistant spores. Based on numerous observa- 

tions, it is recommended that in enrichment cultures containing on the 
10th day of incubation at 35 C. approximately 1,000 to 10,000 M L D 
isolation of the organism in pure culture should be attempted by the 

deep agar method. The results when the degree of toxicity is below 
this point are too generally negative to warrant the procedure. 
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examination of suspected food 

Before discussing the methods adapted to the examination of sus- 

pected food, it is deemed advisable to consider the principles involved 
and to indicate the great importance of this phase of technical mycology. 
The demonstration of B. botulinus and its toxin in preserved or canned 

vegetables, meats, etc., may have a twofold purpose, namely: 1. It 

may confirm a provisional clinical diagnosis and from a medicolegal 
standpoint explain the true nature of the intoxication, or (2) it may 
supply important information relative to the type of B. botulinus 
antitoxin which may be useful in the treatment of the disease. It is 
evident that in every suspected outbreak of botulism a toxicologic 
examination by inoculation or by feeding of the suspected food to 

guinea-pigs and mice should be carried out, and no effort should be 

spared to procure specimens suitable for this purpose. Little accurate 

knowledge relative to the average toxicity of spoiled canned foods is 
available. Future toxin tests should carefully determine the average 
number of lethal doses per 1 c c of vegetable juice. In case a specimen 
is nontoxic, cultures should be made. Occasionally the results may 
be vitiated by the fact that suspected foods are collected after an 

exposure to air and light for several days. Furthermore, that portion 
of the vegetables available for examination may have been subjected 
to more heat in the course of preparation than that consumed by the 

patients, or the sample may have been made susceptible in transit to 
factors which destroyed the toxin. Under these circumstances, what is 

apparently a nontoxic specimen will often furnish toxic enrichment 

cultures, or numerous typical colonies will develop in specimens pre- 
pared by the deep agar method. 

Old and recent observations have shown that the development of 
B. botulinus and the generation of its toxin in home and commercially 
canned vegetables and fruits may be very irregular. It has been pointed 
out in another paper that the occurrence of demonstrable toxin in 
canned products is the exception rather than the rule. For example, 
Koser, Edmonson and Giltner 34 have shown that the contents of only 
6 of 82 defective containers of spinach were found to be toxic when 
fed to guinea-pigs, while workers in this laboratory made similar 
observations on home canned string beans and asparagus. The content 
of one jar may be toxic, while 10 or 12 others packed at the same time 
and under identical conditions may be spoiled and nontoxic, or may be 

34 Jour. Am. Med. Assn., 1921, 77, p. 1250. 
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normal in appearance, and yet on enrichment may furnish a culture of 
B. botulinus. The present day information relative to the ability of 
B. botulinus to survive or to germinate in vegetables and fruits is 
incomplete, and a systematic search for this organism and its toxin in 
home and commercially canned food by direct or enrichment cultures 
appears imperative for the following reasons: 

1. Nothing is known in regard to the distribution of B. botulinus 
spores in under-processed canned foods, whether spoiled or sound. 
The cultural methods employed by Weinzirl,35 Cheyney,36 and the 

Micro-biological Laboratory 37 of the Bureau of Chemistry are inade- 

quate. The samples chosen for their tests were too small and no 
special anaerobic methods or mediums were employed. Until the pos- 
sibility of botulinus spoilage had been recognized, processing procedures 
were frequently used which did not destroy the spores of B. botulinus. 
In the majority of instances the few surviving spores were seriously 
injured and germination failed to take place, or it was retarded for 
months. Larger samples of suspected food material, or cans which 
present no evidence of bacterial activity must, therefore, be enriched in 
suitable anaerobic mediums. These recommendations apply to com- 

mercially as well as to home canned foods; particularly in the latter 
products absolute sterility is usually impossible on account of the 
customary processing with boiling water. It would, therefore, be of 
great value to know accurately the average percentage of containers 
in households which hold viable spores of B. botulinus. With such 
information available, the factors preventing or enhancing the germina- 
tion and toxin production could be studied more intelligently and the 

question, Why is botulism due to canned vegetables, etc., an acquisition 
of recent years? could probably be answered by reference to scientific 
facts instead of assumptions. 

2. Direct cultures by the deep and plate agar methods should be 
made of toxic and nontoxic spoiled canned vegetables and fruits in 
order to determine the bacterial flora. By this procedure, the relative 

proportion of B. botulinus to other anaerobes or aerobes could be 

perfectly estimated and the influence of the latter organisms on the 
toxin production be established more accurately than has hitherto been 

attempted. Furthermore, these tests could serve as valuable contribu- 
tions to the study of anaerobic spoilage occurring in canned products 

85 Jour. Med. Res., 1919, 39, p. 349. 
36 Ibid., 1919, 40, p. 177. 
w Jour. Am. Med. Assn., 1920, 74, p. 1220. Also reference 34. 
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and would either support or refute the contention of some workers who 
attribute great practical importance to the constant association of other 
bacteria with botulinus organisms. Numerous observations made in 
this laboratory have shown that commercially packed spoiled and toxic 

spinach contains no other organism than B. botulinus, and symbiosis 
is obviously not a prerequisite for toxin production in this vegetable. 
However, it has been fully proved that any lot of canned food which 
shows an appreciable percentage of spoilage is potentially dangerous, 
but no laboratory has as yet determined the percentage of containers 
of such lots which may harbor viable spores of B. botulinus. Until such 
tests have been carried out every can or jar of a batch or lot showing 
even less than 1 % spoilage must theoretically be considered suspicious. 
It has been definitely proved that the presence of B. botulinus in canned 
food is always indicative of poor sterilization, and a few recent investi- 

gations have disclosed that not one container, but usually the entire lot 
or pack, has been improperly processed. 

It will be evident from this brief discussion that the bacteriologic 
examination of suspected food, whether spoiled or sound, necessitates 
the use of proper procedures. The methods which have been found 

dependable for this purpose are, therefore, presented in detail. 

A. Tests for Toxicity of Foods.?1. A 10 cc sample or the entire available 
amount of vegetable juice or brine is either centrifugalized or is filtered 
through paper and then centrifugalized. In some cases, the clarified specimens 
may still be contaminated with aerobic cocci and rods; filtration through a 
Handler candle is then recommended. A portion of the filtrate or centri- 
fugalizate is boiled for 30 minutes. Two mice each are inoculated intraperi- 
toneally with 0.5 c c of unheated or boiled juice. Guinea-pigs weighing not 
more than 300 gm. are similarly treated with amounts of from 1.0 to 2.0 c c. 
The animals inoculated with the unheated material will succumb in from 4 to 
72 hours, provided the food specimen contained the toxin of B. botulinus in 
sufficient concentration to produce symptoms or death in human beings, when 
ingested. It is self-evident that the animals injected with the heated specimens 
should remain alive, provided the specimen contains only the toxin of B. botu- 
linus and no metallic poisons. For confirmation of the inoculation tests, it 
has frequently been found practical to feed samples of the suspected food to 
immunized and nonimmunized guinea-pigs. 

2. In case of meat or vegetable foods, which contain little fluid, three pro- 
cedures may be followed, namely: (a) A portion of the specimen may be 
administered by forced feeding to guinea-pigs, or (b) mixed with the regular 
feed offered these animals, or (c) a fairly large sample or the entire available 
remnant of the food may be ground in a mortar and then extracted for from 
one to two hours at room temperature with sterile salt solution. The extract 
is centrifugalized and the supernatant fluid is tested either directly or after 
filtration by the inoculation of mice and guinea-pigs, as outlined under (1), 
while the sediment is preserved for subsequent tests to be outlined under B. 
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3. Unopened, but suspected, tins or glass containers are thoroughly scrubbed 
with soap in hot running water, the top and sides dipped in a warm 20*^ 
formaldehyde solution and the latter permitted to act for from 10 to 15 minutes. 
The top or lids are flamed just before being opened. A "radial" can opener 
sterilized in oil or in the autoclave is used, cutting a circular opening of from 
2 to 3 inches in diameter. A 10 to 15 c c portion of the juice or brine is pipetted 
into centrifuge tubes; with the aid of forceps, which have been sterilized in 
liquid paraffin oil of a temperature of 180 C, specimens varying from 25 to 250 
gm. are transferred to sterile Blake bottles for extraction or cultures. The 
opening of the container is covered with sterile paper and the can stored in 
the icebox. The unheated and heated centrifugalized liquid portion or extract 
of the food is tested on mice or guinea-pigs as stated under (1). 

4. The type of B. botulinus toxin present in foods is determined by the 
inoculation of 3 guinea-pigs or 3 mice, one with the centrifugalized or filtered 
juice or extract alone, one previously inoculated with from 0.5 to 1.0 c c type A 
antitoxin and another with type B antitoxin. In order to approximate the 
correct dose of toxin, serial inoculations of 3 mice each, as recommended by 
Bengtson38 are sometimes necessary. The inoculations can be made as shown 
in table 17. 

TABLE 17 
Serial Inoculations of Mice to .Determine Correct Dose of Toxin 

Mouse 1?1 c c of juice, brine or extract 
A Mouse 2?1 cc of juice, brine or extract and 0.5 to 1.0 cc of type A antitoxin 

Mouse 3?1 e c of juice, brine or extract and 0.5 to 1.0 c c of type B antitoxin 

Mouse 4?0.5 c c of juice, brine or extract 
B Mouse 5?0.5 cc of juice, brine or extract and 0.5 to 1.0 cc of type A antitoxin 

Mouse 6?0.5 c c of juice, brine or extract and 0.5 to 1.0 c c of type B antitoxin 

Mouse 7?0.1 cc of juice, brine or extract 
0 Mouses?0.1 cc of juice, brine or extract and 0.5 to 1.0 cc of type A antitoxin 

Mouse 9?0.1 cc of juice, brine or extract and 0.5 to 1.0 c c of type B antitoxin 

The examination of feeds involved in outbreaks of fowl botulism or "forage 
poisoning" in horses has been conducted according to the same principles. 
Large samples of the feed, varying from 2 to 20 lbs. are soaked in sterile tap 
water for from 24 to 48 hours at room temperature. The fluid is recovered 
from the plant material by means of a meat press, strained through paper 
and tested either unfiltered by feeding or filtered by subcutaneous inocula- 
tions on guinea-pigs. "Mass enrichment" cultures are also made with the 
soaked and heated feed samples. As the workers of this laboratory have 
thus far been unable to detect the toxin of B. botulinus in moldy hay, grain 
or silage suspected of causing botulism in horses or cattle, it is impossible 
to conclude that the methods employed are really dependable. 

B. Isolation of B. botulinus from Suspected Food.?Two procedures should 
be used: (1) deep agar shake cultures, and (2) enrichment "mass cultures" 
with heated and unheated specimens. 

(1) The sediment of the centrifugalized juice or extract is divided into 
2 portions, and 1 is heated in a thin, narrow tube for from 30 to 60 minutes 
at 70 C. Adequate samples of the heated and unheated specimens are dis- 
tributed in melted liver peptone or peptic digest agar. It is advisable to pre- 
pare triplicate sets and to incubate one at 35 C, one at from 25 to 28 C. and 

88 Public Health Reports, 1921, 36, p. 1665. 
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one at 55 C. This method permits a quantitative estimation of the, number 
of viable organisms or spores per 1 cc of juice or brine. By making dilu- 
tions in broth and transferring Ice amounts to from 10 to 15 c c of melted 
agar in deep tubes or to warm blood agar tubes, which are poured into 
plates, isolated colonies are usually obtained. The inoculated tubes or plates 
should be kept under observation for at least 10 to 20 days. Characteristic 
disk-shaped colonies are readily counted and frequently permit the isolation 
of a pure culture. 

(2) The sediment used for shake cultures or a 20 to 250 gm. sample or 
the entire available remnant of the food is suspended in appropriate amounts, 
heated for from 1 to 2 hours at 60 to 70 C. and then mixed with large amounts 
of freshly boiled beef heart peptic digest liver broth. In case the specimen 
is very acid or distinctly alkaline, as for example string bean salad prepared 
with vinegar or olive brine, it is advisable to neutralize the salt suspension 
with sodium carbonate or dilute lactic acid. Observations have shown that 
the heating of acid or alkaline specimens either destroys or injures the viable 
spores, and nontoxic enrichment cultures are sometimes obtained. Unheated 
specimens should also be tried in case of unsatisfactory nontoxic cultures. 

The enrichment cultures are incubated for from 5 to 10 days at 35 C. and 
then tested for B. botulinus toxin. The principles followed for the isolation 
of B. botulinus from toxic cultures is the same as described in previous 
chapters. Purified cultures are identified by toxin-antitoxin tests. It is self- 
evident that the type of the isolated strain should correspond with that pre- 
viously established for the toxin of the suspected food, juice or extract. 

In order to stimulate a further investigation of suspected foods, 
either commercially packed or home canned products, etc., the observa- 
tions made in this laboratory with the foregoing methods during the 
last two years are summarized in table 18. 

EXAMINATION OF CLINICAL MATERIAL 

In a previous communication,39 the isolation of B. botulinus from 
the stools of patients with clinical cases has been described. Fecal 
specimens from 4 clinical cases (Reports 3, 4, and 63) obtained from 
3 different outbreaks contained B. botulinus type A on the 6th, 7th, 
11th, and 12th day, respectively, after the consumption of the causative 
meal. One specimen procured from a case on the 31st day (Report 63) 
and another from a case on the 26th day of illness (Report 81) were 
negative. Over 80 stool specimens of people who had ingested raw 

vegetables and fruits purchased in the open market proved negative 
for B. botulinus, even though such foods had demonstrated on repeated 
examinations the presence of botulinus spores. 

The method employed is briefly as follows: 

Stool specimens as large as possible are diluted with salt solution until 
the formed portions are finely divided. The emulsions are placed in 250 cc 
culture flasks and heated for one hour at from 60 to 70 C. Thev are then 

89 Ibid., 1921, 36, p. 1313. 
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mixed with beef heart peptic digest liver broth, exhausted and incubated as 
previously described. Tests for toxin and isolation of B. botulinus in pure 
culture are made according to the methods developed in this laboratory. 

Bengtson38 has suggested the intraperitoneal inoculation of white mice with 
the citrated blood of persons suffering from botulism in order to establish 
a differential diagnosis or to determine the type of intoxication. Kob,40 in 
1905, reported that the serum from a child collected on the 9th day after 
eating poisonous meat caused typical symptoms when injected into white mice 
intraperitoneally, and recently Semerau and Noack,41 in Strassburg, claimed 
to have demonstrated by the inoculation of guinea-pigs the presence of toxin 
in the serum of 4 patients on the 4th, 6th, 9th, 16th and even on the 25th day 
after the consumption of the poisonous food. In America, this procedure has 
been tried on only one case (Report 80) with a negative outcome. These tests 
are of considerable clinical and scientific importance and should by all means 
be repeated when the occasion arises. 

TABLE 19 
B. BOTULINUS IN HUMAN NECROPSY SPECIMENS 

Toxin Tests Type of 
Outbreaks Location Specimens Examined with Salt Positive Cultures B.botu- 

| Extracts linus 

Report 7 Richmond, Spleen, liver, lungs, Negative Negative 
Calif. kidneys, colon and 

upper ileum 
Report 15 San Rafael, Spleen, liver and ! Negative Negative 

Calif. colon j 
Report 68 Florence, Spleen, jejunal con- | Negative Intestinal wall B 

Ariz. tent, jejunal ; 
wall, brain 

Report 98 Healdsburg, Spleen, liver, trans- i Negative Liver, transverse A 
Calif. verse colon i colon content 

and wall 

EXAMINATION OF NECROPSY MATERIAL 

In connection with medicolegal questions, systematic necropsy cul- 
tures should be carried out by means of dependable procedures. Revived 
interest in the relation of B. botulinus to certain animal diseases necessi- 
tates likewise the application of definite bacteriologic methods. We 
shall describe the procedures employed in the study of (a) human, 
(b) chicken and (c) horse and cattle necropsies. 

(a) Human Necropsies.?Specimens from 4 necropsies have been examined. 
The pieces of spleen and liver were thoroughly sterilized by immersion in hot 
paraffin oil (180 C). Samples varying from 25 to 150 gnu were ground with 
sand and thoroughly emulsified in salt solution. Intestinal chyme or dry fecal 
pellets adherent to the mucosa of the small and large intestines and portions of 
the intestinal mucosa were emulsified in salt solution. The emulsions were, in 
2 instances, tested for toxins of B. botulinus and then heated for one hour 
at 70 C. and mixed with beef heart peptic digest liver broth. The enrichment 

to Med. Klin., 1905, 1, p. 84. 
41 Ztschr. f. klin. Med., 1919, I 3, p. 304. 
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cultures were tested after an incubation period of 10 days at 37 C. B. botulinus 
was readily isolated from these cultures. The results of these studies are 
shown in table 19. 

Attention is called to the absence of B. botulinus in 4 spleen cultures. These 
observations are quite in harmony with the findings on experimental animals. 
Guinea-pigs which succumb to botulism following the ingestion of large amounts 
of detoxified spores of B. botulinus may furnish sterile splenic cultures, while 
the mesenteric lymphnodes, the liver and bonemarrow give positive enrich- 
ments. The demonstration of B. botulinus in the stools of patients with clin- 
ical cases suggests an examination of the colon and the rectum. The results 
obtained in a recent outbreak encourages the belief that a quantitative study 

TABLE 20 
B. BOTULINUS AND ITS TOXIN IN CHICKEN NECROPSY SPECIMENS 

Toxin Tests Type of 
Report* Location Specimens Examined with Positive Cultures B.botu- 

Extracts linus 

16 Saratoga, Spleen, liver, crop, giz- Negative Caeca, but not A 
Calif. zard, kidneys, lungs, small intestine 

intestines, 6th day or colon 
of disease 

19 Los Angeles, Spleen, liver, gizzard, Crop con- Spleen, liver, crop, A 
Calif. crop, small and large tent nega- gizzard, small and 

intestines tive large intestines 
26 Klamath Falls, Spleen, liver, gizzard, Crop content Crop content only A 

Ore. crop, intestines positive, but 
not intestines 

51 Tieton, Wash. Crop, gizzard, spleen Crop content Crop content only B 
positive 

53 Menlo Park, Crops of 3 decomposed Negative Crops of all 3 A 
Calif. chickens, buried 

5 days 
92 San Jacinto, Crops, gizzards, intes- Crop of 1 Crops and contents A 

Calif. tinal content, spleens chicken of two, gizzard 
and livers of 2 and intestines 

chickens of one 
105 Yakima, Crop only Positive Crop A 

Wash. 
106 Glendale, Crop, intestines and giz- Negative Crop content and A 

Calif. zard of one and crop wall of both 
content and wall 

of another 
107 Fort Collins, Crop content Positive Crop and jar of ! A 

Colo. 0.01 c c for corn 
mouse 

* The number refers to the reports mentioned in the paper: The Epidemiology of Botulism, 
to be published in a bulletin of the U. S. Public Health Service. 

of such specimens may furnish valuable information as to the possible growth 
of B. botulinus in the intestinal tube. From the standpoint of early diagnosis, 
it is possible that the presence of the ingested toxin might be demonstrated 
in vomitus or contents of the stomach by the inoculation of laboratory ani- 
mals with filtrates. 

(b) Chicken Necropsies.?The importance of bacteriologic studies of cadavers 
of fowls has been discussed in previous papers. In a number of recent studies 
an attempt has been made to test the crop and intestinal content for the toxin 
of B. botulinus and to make cultures of the organs by means of enrichments. 
The entire content of the crop or gizzard is suspended in salt solution, thor- 
oughly shaken and allowed to stand at room temperature for from 1 to 2 hours. 
The extract is filtered through paper and is either centrifugalized or passed 
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through a Handler candle. Mice or guinea-pigs are injected with or without 
antitoxin. Cultures of the organs are prepared according to the procedures 
mentioned under (a). The results obtained by those methods are presented 
in table 20. 

The demonstration of the toxin of B. botulinus in the crop has been 
possible in the cadavers of birds which have succunnbed to the intoxication in 
from 24 to 48 hours. It is self-evident that the necropsies have been per- 
formed, as a rule, shortly after death. The excised tissues have been shipped 
separately in sterile containers. Toxin tests alone support the clinical diagnosis 
of botulism, while the isolation of B. botulinus from the crop or intestinal 
content lacks etiologic significance on account of the wide distribution of this 
organism in soil and its products with which chickens have intimate contact. 

(c) Necropsy Specimens of Horses and Cattle.?In making cultures of organs 
or of the intestinal content of large domestic animals, painstaking attention has 
been paid to a thorough sterilization of the outside portion of the samples in 
order to avoid accidental contaminations. The tissues of 2 horses and 1 mule 
which succumbed to forage poisoning and of 2 cows which suffered from 
icterohemoglobinuria have been tested for toxin and cultures made by the 
methods described under (a) and (b). B. botulinus has been isolated from the 
intestinal content of the horses and the liver, mesenteric lymphnodes, etc., of 
2 cows. The procedures have, therefore, proved satisfactory but have shown 
that B. botulinus is not infrequently a common inhabitant of the intestinal 
tract of doimestic animals. In another paper it has been pointed out that an 
etiologic relationship of these organisms to the diseases or lesions from which 
they have been isolated is not proved. In future studies, therefore, an attempt 
should be made to demonstrate the toxin in the suspected feed or in the gastric 
content of the animals which exhibit symptoms of botulism. 

SUMMARY 

This paper describes the methods employed for the enrichment and 
demonstration of B. botulinus in specimens of soil and its products. 
The composition of the medium, the preparation and heating of the 
samples, the period of incubation and storage, the identification of the 
toxin and the isolation of the organism from toxic enrichment cultures 
are discussed and their value considered in the light of numerous 
experiments. It is emphasized that inexperienced workers should ques- 
tion their results until they eliminate the danger of laboratory con- 
tamination by continuous, painstaking vigilance, proper sterilization 
of the culture mediums, glassware, etc., and by repeated control 
examination. 

The methods applicable for the examinations of suspected food, 
clinical and necropsy material are described in detail. 
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