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The purpose of this study was to compare and test the efficien- 

cy of the leading kinds of media being used for the isolation and iden- 

tification of Clostridium botulinum type E strains , and to develop a 

more reliable method and media for the differentiation of this orga- 

nism based on the "pearly layer" characteristic. 

The production of a "pearly layer" around the colonies of the 

different types of C. botulinum on egg yolk enriched media has been 

used as an aid in differentiation and isolation of this group of bacte- 

ria. In this investigation a comparative study was conducted to test 

the efficiency of the "pearly layer" formation on liver veal agar egg 

yolk media (LVA) and trypticase agar egg yolk media (TA). Liver 

veal agar egg yolk media was not entirely satisfactory in that strains 

of C. botulinum type E and most non -toxic "type E- like" clostridia 

did not always give a typical reaction. These organisms in many 



cases produced a very faint "pearly layer" or, in some cases, no 

"pearly layer" on the LVA egg yolk media. When trypticase was 

substituted as the base in the egg yolk media, more consistant results 

were obtained in that all C. botulinum types produced the "pearly 

layer ". To separate type E strains from types A and B , sucrose and 

an indicator , neutral red ,were incorporated in the TA media. Since 

only type E strains ferment sucrose, the acid in the media was de- 

tected by the neutral red indicator as formation of a pink halo around 

the colony. Unfortunately, the fermentation of sucrose in the media 

suppressed the production of the "pearly layer ". However, type E's 

can be differentiated from other types on the sucrose TA egg yolk 

media by the production of starch -like compounds which give an iodine 

reaction. Types A and B and most non -toxic "type E- like" clostridia 

do not produce starch -like granules even on a utilizable sugar such 

as glucose. 

Trypticase base, therefore, is much more reliable than liver 

veal base, not only in "pearly layer" formation but also in differen- 

tiation of C. botulinum type E's from other types by sucrose fermen- 

tation and starch reaction. 

Throughout this investigation, two morphologically different 

colony types have been associated with a pure culture of C. botuli- 

num type E. One was the characteristic C. botulinum type E toxic 

colony which produced a "pearly layer" on TA egg yolk plates; the 



other colony was a non -toxic sporulating isolate which did not pro- 

duce a "pearly layer ". The toxic cultures produced acid and gas 

from glucose, fructose, maltose, sucrose, and sorbitol. The non- 

toxic isolates produced acid but no gas in the same sugars. Micro- 

scopically, biochemically and morphologically the two types of 

colonies were very similar to the toxic (TOX) cultures and the non- 

toxic sporulating (OS) variant described by other investigators. 
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A COMPARATIVE STUDY OF CLOSTRIDIUM BOTULINUM 
STRAINS USING DIFFERENTIAL EGG YOLK MEDIA 

INTRODUCTION 

The importance of a reliable media for the differentiation of 

Clostridium botulinum types is obvious. During the past twenty 

years increasing work has been done on the development of a medium 

which can specifically distinguish the different types of organisms. 

These efforts have met with little success. 

The first work on media which classified clostridia into definite 

groups was proposed by McClung and Toabe (1946) who gave an ex- 

tensive description of clostridia grown on various egg yolk- enriched 

media. This media, with slight modification, was used extensively 

until the recent formulation of liver veal agar which has been used 

widely in the United States. Investigators have used both kinds of 

media for the isolation of toxic strains based on the "pearly layer 

phenomenon" produced by the C. botulinum group. However , no 

comparative study has been conducted to test the validity of this 

characterization. Liver veal agar has been used for the isolation of 

certain strains even when the production of a "pearly layer" is ques- 

tionable. 

Because of similarities in morphology, physiology, and bio- 

chemical reactions , type differentiations of C. botulinum have been 

based mainly on immunological responses in test animals. This 

method is inconvenient and lengthy. A faster method of 
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differentiation is needed especially where rapid diagnosis is con- 

cerned. 

The purpose of this study was to develop both a method and a 

medium for the differentiation of type E strains, and to compare and 

test the efficiency of the leading kinds of media being used for the 

isolation and identification of these strains. The significance of the 

"pearly layer" characteristic of these organisms was also studied. 
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LITERATURE REVIEW 

Botulism is a relatively rare, and as yet not completely under- 

stood, neuroparalytic disease affecting both men and animals in var- 

ious parts of the world. The disease generally results from the in- 

gestion of a food containing toxic metabolites which are produced by 

one of several known types of anaerobic clostridia whose natural 

habitat is the soil (Dolman, 1964a). 

The toxin -producing organism was first isolated in 1897 by 

van Ermengem at Ellezelles , Belgium (as cited by Leighton, 1923). 

van Ermengem named the organism Bacillus botulinus; the term 

"botulinus ", applying to a type of food poisoning caused by the inges- 

tion of spoiled sausage (as cited by Jordan, 1917). Twenty years 

after van Ermengem's classic report appeared, the Society of 

American Bacteriologist Committee on Classification of Bacterial 

Types recommended the adoption of the generic term Clostridium 

for this anaerobic bacillis to include "plectridial as well as clostri- 

dial forms" (Winslow et al. , 1917), so the name Clostridium botu- 

linum was acknowledged. 

The organism was thought to have quite definite characteristics, 

but later evidence indicated that not all strains exhibited the same 

serological reactions (Damon, 1928; Dewberry, 1947). In 1916 

Leuchs (as cited by Reddish, 1921), using horse antiserum, showed 
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that two cultures of C. botulinum (one of them van Ermengem's 

strain and the other one isolated by Landmann at Darmstadt) were 

morphologically and culturally similar, but that they produced toxins 

which were immunologically distinct (Reddish, 1921). Leuchs de- 

signated these strains as E (Ellezelles) and D (Darmstadt). Both 

cultures were lost soon afterwards (Damon, 1928), but the conten- 

tion of Gunnison and Meyer (1929) that these cultures should be 

classified as a nonproteolytic type B and a type A strain, respecti- 

vely, was generally accepted (Tanner and Tanner, 1953). 

During the early 1920's the United States became the chief cen- 

ter of botulism research, mainly because of the rapidly expanding, 

canning industry's concern in the lethal hazards imposed by under - 

processed foods (Tanner, 1933; Dack, 1949). After control mea- 

sures recommended by the Botulism Commission were adopted, 

human type A or B outbreaks of botulism in the United States were 

due almost entirely to home -preserved foods (Dolman and Murakami, 

1961). The same period was marked by a growing awareness of 

various forms of animal botulism, and by the recognition of new 

types of C. botulinum. Bengston (1922) isolated a type C culture 

from larvae of the greenfly (Lucila caesar) and Theiler in 1927 re- 

ported the isolation of a new type of clostridia which was designated 

by Meyer and Gunnison (1928) as type D. These two types have been 

shown to affect wildfowl, cattle, horses , mink and other animal 
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species (Tanner, 1933; Dack, 1953). The toxins produced by these 

organisms have caused very heavy animal loss in many parts of the 

world (Dolman and Murakami, 1961; Foster et al. , 1965). 

In the mid- 1930's evidence began to point to the existance of 

strains of C. botulinum of a new type having lethal potentialities for 

man (McClung, 1956). In 1934, Kurochkin and Emelyanchik des- 

cribed three outbreaks of human botulism near the Caspian Sea due 

to salted seal meat (as cited by Dolman and Murakami, 1961). The 

implicated organism was nonproteolytic, and resembled C. botu- 

linum, but the toxin produced by this organism was unneutralized by 

any known type of botulism antitoxin. About this time a number of 

similar strains, isolated from sturgeon caught in the Sea of Azov 

(Dolman and Chang, 1953), were sent to Gunnison, Cummings, and 

Meyer (1935) who proposed the classification of these strains into a 

new type which they designated type E. 

The earliest observations on type E botulism proved highly 

characteristic; the sources of over fifty known type E outbreaks, 

reported since in various countries have invariably been raw or 

inadequately cooked products of fish and sea mammals (Dolman and 

Chang, 1953; Pederson, 1955; Nakamura, 1963; Kanzawa, 1963). 

Type E is different from the other C. botulinum types in its 

habitat, being mainly isolated from sea muds and fish intestines 

(Dolman et al. , 1950; Nakamura et al. , 1955); its lower temperature 
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of growth and toxin formation (Dolman, 1957b; Johannsen, 1965); 

and its lower thermolability of toxin (Pedersen, 1955; Roberts and 

Ingram, 1965). All these factors have contributed to the recent out- 

breaks of type E botulism. The fatalities in Minneapolis in 1960 

were due to smoked ciscoes , the incident in Detroit in 1963 to canned 

tuna, and other similar outbreaks in Michigan were traced to smoked 

whitefish chub (Botulism, 1963; Botulism outbreak... , 1964; John- 

ston, Harmon and Kautter, 1964; Foster et al. , 1964). 

Type E, therefore, poses a problem. Its epidemiology and in- 

cidence are practically unalterable since the distribution of botulinum 

spores are in regional soil and off shore waters (Kanzawa, 1963; 

Foster et al. , 1965), and are changed with difficulty over a period of 

many years due to the dietetic and culinary habits of the local popu- 

lation (Dolman and Iida, 1963; Kawabata and Sakaguchi, 1963; Naka- 

mura et al. , 1956). It would seem that the present and future trends 

of the disease will inevitably be patterned on those of the past. 

A brief comment should be made of the isolation of a type F 

organism in 1960 by Moeller and Scherbel, which was confirmed 

later by Dolman and Murakami (1961). A second strain of type F 

was isolated by Craig and Pilcher (1965). The later identification 

of this type was apparently due to type F spores being very sparsely 

distributed in nature (Dolman, 1964b). 

The relative rarity of the occurrence of botulism is indisputable 
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(Foster et al. , 1965), but a false impression of exceeding rarity has 

developed because clinically typical cases are often confused with 

other conditions by physicians unfamiliar with even the acute syn- 

drome, while the mild and ambulant cases may be dismissed by all 

but the very alert (Dack, 1964; Petty, 1964; Botulism, 1965). 

The basic procedure used in laboratories for the detection of 

various types of C. botulinum consists of the inoculation of the speci- 

mens to be tested into a liquid enrichment medium, and after suitable 

incubation, testing for the immunologically specific toxins by animal 

injection (Pedersen, 1955; McClung, 1956; Ono, 1963). This method 

is both time consuming and inconvenient (Botulism, 1965). Although 

demonstration of the specific toxin in enrichment culture filtrates 

constitutes valid proof of the presence of the organism, the isolation 

of pure cultures of C. botulinum is the final and complete proof us- 

ually sought by investigators (Johnston, Harmon, and Kautter, 1964; 

Slocum, 1964). With the isolation of type A and B from soil and, 

later , type E from fish, the importance of finding a differential med- 

ium was recognized. 

Attempts at finding a differential medium were first directed 

at the differentiation of clostridial organisms from other anaerobic 

organisms based upon their growth characteristics on culture media 

(MacFarlane, Oakely, and Anderson, 1941). Sheiffert (as cited by 

Willis and Hobbs , 1958) and Nagler (1939) showed, independently, 
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that when dilutions of the toxin of C. welchii are mixed with human 

serum a dense opalescence is produced. This reaction, known as 

the Nagler reaction, is also produced by the growing organism and 

is inhibited by C. welchii antiserum. In 1941, MacFarlane, Oakley, 

and Anderson reported that crude lecithovitellin extracted from egg 

yolk gave a much stronger opalescence than serum for this particu- 

lar identification (L. V. reaction), and they further showed that the 

reactions were due to the a -toxin of C. welchii. This opalescence 

became a characteristic for the identification of a variety of clos- 

tridia (Johansson, 1952). Nagler in 1944 described another reaction, 

similar in some respects to the one above, for the identification of 

C. novyi. The medium (Nagler's) consisted of a peptic digest of ox 

muscle to which egg yolk and defibrated sheep blood were added. On 

this medium, surface colonies of C. sporogen =s , and C. botulinum 

were differentiated by the production of either a "mother -of- pearl" 

luster film, or of a dark red "zone of reduction" or both (Nagler, 

1945). Subsequent work by McClung, Heidenreich, and Toabe (1946); 

and by Oakley, Warrack, and Clarke (1947) involved a modification 

of Nagler's media for differentiating the groups of clostridia. It was 

shown that serum and egg yolk could be used by a variety of clostri- 

dia to produce opalescence, and that this opalescence was a result 

of the production of a specific lecithinase, which was secreted by the 

organism. In addition to the lecithinase effect some clostridia also 
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produce a "pearly layer" or iridescent film (Oakley, Warrack, and 

Clarke, 1947). Consequently, McClung and Toabe (1947) used an egg 

yolk reaction to differentiate a number of clostridia. Their criteria 

for differentiation was based upon the appearance of either opales- 

cence, or pearly layer , or both on the colony, and upon the extent to 

which these characteristics were produced. Clostridium sporogenes 

was identified by its production of a zone of opalescence and by a 

pearly layer, neither of which extended beyond the colony. The re- 

maining species were divided into three groups. Group I included 

C. welchii, C. bifermentans , C. sordellii, C. haemolyticum, and 

C. aedematiens type B. The opalescent zone for these organisms 

extended far beyond the colony and no pearly layer was produced. 

Group II included C. parabotulinum types A and B , and C. botulinum 

type B; here both the zone of opalescence and the pearly layer exten- 

ded slightly beyond the edge of the colony. Group III included C. 

aedematiens type A and C. botulinum types C, D, and E. In this 

group the zone of opalescence was wide with the pearly layer cover- 

ing and extending a little beyond the colony. Further classification 

was not attempted at that time. 

A. T. Willis and G. Hobbs (1958; 1959) revised the above work 

by the addition of a specific antiserum, together with lactose and an 

acid indicator to the medium. They found that "a presumptive diag- 

nosis could be made of all pure cultures of all opalescence -producing 
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clostridia in 24 -48 hours. " The differentiation was based upon the 

opalescence which may, or may not, be inhibited by antitoxin; the 

pearly layer over the growth; and a red halo (due to acid produced by 

fermentation of lactose) around both the growth and the opalescence. 

In their results all C. botulinum types produced a pearly layer , the 

opalescence or pearly layer were not inhibited by C. welchii type A 

antiserum, and no color change was produced in the medium. 

In the United States workers have modified the egg yolk media 

by using liver veal agar as the base (Johnston, Harmon, and Kautter, 

1964; Chapman, Heather and Naylor , 1966; Craig and Pilcher , 1966) 

instead of the trypticase peptone agar used by McClung and Toabe 

(1947), or the beef infusion agar used by Willis and Hobbs (1959). 

Although the production of the pearly layer and opalescence can 

be used for the isolation of C. botulinum types, the specific types 

(A, B , and E) can not be conclusively differentiated unless the source 

of the organism is known and a toxicity test is performed (Willis, 

1960). 
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EXPERIMENTAL PROCEDURE AND MATERIALS 

Strains of Clostridium Botulinum 

Most of the strains used have been deposited in the National 

Collection of Industrial Bacteria (NCIB), Torry Research Station, 

Aberdeen, Scotland. Others were obtained from the Quartermaster 

Food and Development Command, (Q. M. F. and D. C.), the National 

Canners Association (N. C.A. ), or from private collections. The 

strains are listed with their NCIB number or other specific designa- 

tion followed by the source, when known. 

C. botulinum type A 

C. botulinum type B 

C. botulinum type C 

C. botulinum type E 

Strain Nos. 33A and 5A (Q. M. F. & 

D. C. strains): 64 -84, 64 -89, 73A, 78A, 

and 78A (N. C. A. ). 

Strains No. 115B (Q. M. F. & D. C. 

strains); 32B , 113B , and 21 3B (N. C. A. ). 

NCIB 4218 (Johannsen No. 724). 

Strains VH (Dolman), NCIB 4203 

(Johannsen No. 1657), NCIB 4244 

(Alaska), NCIB 4251 (Fredricksberg), 

NCIB 4249 (Tenno), NCIB 4297 (Hobbs 

No. S16, Marine deposit), NCIB 4217 

(Johannsen No. 1349), NCIB 4286 (Hobbs 



C. botulinum type F 

Non -toxic "type E- 
like" clostridia 

12 

No. 58, Marine deposit), NCIB 4284 

(Hobbs No. 52, Marine deposit), NCIB 

4214 (Johannsen No. 1537), NCIB 4228 

(Skulberg, "Rakefish" strain), NCIB 

4299 (Hobbs S15, Marine deposit), NCIB 

4213 (Johannsen No. 1605), NCIB 4202 

(Johannsen strain 1351), NCIB 4255 

(Hobbs No. S11A), NCIB 4283 (Hobbs 

S12), NCIB 4290 (Hobbs S15F2), NCIB 

4219 (Dolman strain E26(, NCIB 4288 

(Hobbs S13A), NCIB 4211 (Johannsen 

strain 1576/61), NCIB 4289 (Hobbs S19C 

PL), NCIB 4275 (Hobbs S9), NCIB 4261 

(Hobbs No. S17, Marine deposit). 

Isolated at Oregon State University. 

NCIB 4277, NCIB 4265, NCIB 4271, 

NCIB 4279, NCIB 4272, NCIB 4270, 

NCIB 4266, NCIB 4268, NCIB 4267, 

NCIB 4269 (All isolated by Hobbs from 

vacuum packed smoked fish or marine 

deposits), NCIB 4227 (Dolman OS var- 

iant, NCIB 4239 (Dolman S E8). 



13 

Other Clostridia 

These clostridia were obtained from the American Type Cul- 

ture Collection: C. bifermentans (178 3W, C. acetobutylicum (824), 

C. butyricum (13732), C. pasteurianum (601 3), C. perfringens (17865), 

C. sporogenes (17885), C. tetani (17891). 

Culture Media 

Sugar -free Trypticase Egg Yolk Agar (TA) 

Trypticase -- Baltimore Biological Laboratory 

Sodium chloride -- "Baker Analyzed" reagent grade 

Bacto -agar base -- Difco 

Fresh eggs 

The above reagents were used in the preparation of trypticase 

egg yolk agar plates , which had the following composition: 2% trypti- 

case , 0.5% NaC1 and 1.5% agar in distilled water. The trypticase 

agar base was prepared by dissolving the agar in the trypticase 

solution, and adjusting to pH 7. 0. The mixture was autoclaved at 15 

lb. /sq. in for 20 minutes. The egg yolk was separated from the egg - 

white and mixed with an equal volume of sterile 0. 9 percent saline; 

no particular aseptic precautions were necessary. The trypticase 

agar medium was cooled to 45 -50 C, and the egg yolk suspension was 
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added to a final concentration of 10 percent. Plates were poured 

immediately. 

Trypticase Sucrose Egg Yolk Agar (TSA) 

This medium was prepared with the same ingredients and in 

the same procedure as the medium above, except for the addition 

of 1% sucrose and 0. 003% neutral red indicator. 

Trypticase Glucose Egg Yolk Agar 

This medium was prepared in the same manner as the one 

above except for the substitution of glucose for sucrose. 

Liver Veal Egg Yolk Agar (LVA) 

Bacto- Liver -Veal agar base -- Difco 

Fresh eggs 

The liver -veal agar base was rehydrated by suspending 97 

grams in one liter of distilled water. The solution was heated to 

boiling to dissolve the base completely, and autoclaved for 15 

minutes. The eggs were then added to make a final concentration of 

10 percent, following the techniques outlined above. Plates were 

poured immediately and kept at 4 C where they remained usable for 

several months. 
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Brain Heart Infusion Agar 

Brain heart infusion agar -- Difco 

Thirty -seven (37) grams of the agar were dissolved in one 

liter of distilled water and sterilized in an autoclave for 15 minutes 

at 15 pounds pressure (121 C). Plates were poured after the medium 

cooled to 45 -50 C. This medium was used for stereo -microscope 

work where transmitted and reflected light were needed. New 

sterile plastic petri plates were used to eliminate interference of 

scratches on photographs. 

Blood Agar 

Bacto -Blood -agar base -- Difco 

Outdated defibrinated human blood 

Defibrinated sheep blood 

The blood -agar base was rehydrated by suspending 40 grams in 

one liter of cold distilled water. The suspension was boiled to dis- 

solve the medium completely and autoclaved for 15 minutes. The 

sterilized medium was cooled to 45 C and 10 percent defibrinated 

blood was added. Plates were poured immediately and stored at 

4 C. 
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TPG Medium 

Trypticase -- Baltimore Biological Laboratory 

Bacto- Peptone -- Difco 

Bacto -Dextose -- Difco 

The preparation of trypticase -proteose- glucose medium (TPG 

medium) from the above ingredients had the following composition: 

5% trypticase, 0.5% peptone, 1% glucose, in distilled water. The 

pH was adjusted to 7. 0 , and was sterilized for 20 minutes at 15 

pounds steam pressure (121 C). 

Robertson's Cooked Meat Medium 

This medium, used in the storage of all stock cultures , con- 

tained TPG medium and raw ground beef. About 3 g of meat and 

10 Inl of TPG medium in each 30 ml test tube was autoclaved for 10 

minutes at 15 pounds pressure (121 C). 

Sugar Fermentations 

Fermentation tests were conducted on glucose, maltose, 

sucrose , fructose, sorbitol, glycerol, lactose, mannitol, salicin, 

and dulcitol. The base contained 5% trypticase, 0. 5% peptone, 1% 

sugar, and the indicator phenol red in distilled water. The tubes 

were sterilized for not more than 15 minutes at 15 pounds steam 

pressure (121 C). 
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Starch Test 

For detection of starch -like compounds, the trypticase sucrose 

egg yolk agar plates were flooded with an iodine potassium- iodide 

solution having the following composition: 1 g iodine and 3 g potas- 

sium iodide dissolved in 200 ml of distilled water. 

Isolation and Cultural Procedures 

Presumably pure cultures were usually received in a lypophili- 

zed condition. To promote faster growth, TPG broth tubes were 

boiled for 10 minutes to drive off the oxygen, and when cooled, inocu- 

lated with the culture. The cultures were incubated for 72 hours at 

28 -30 C. It was found that cultures in TPG broth tubes would grow 

well under aerobic conditions so anaerobic procedures were not 

necessary. 

After observable growth, the cultures were Gram stained and 

examined microscopically for contaminents. The cultures were also 

streaked on TSA egg yolk plates and blood agar plates. Thoroughly 

dry plates were used to limit growth- spreading and film formation. 

This was achieved by inverting the plates in a 40 C incubator for 

about 15 minutes -- the drops of condensed moisture evaporated. 

The streaked plates were then incubated both aerobically (to check 

for contaminants) and anaerobically in a 30 C incubator for 48 hours: 
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Plates for anaerobic incubation were placed in Case jars which 

were evacuated and flushed at least three times with nitrogen gas. 

The anaerobic cultures were again Gram stained as a final check 

for contaminants. If the cultures proved to be pure, mice toxicity 

tests and sugar fermentation tests were conducted. The cultures 

were then inoculated into tubes of Robertson's cooked meat medium 

for storage and later usage. Essentially the same procedures as 

,above were used immediate to all experiments to insure pure work- 

ing cultures. All observations were made after cultures had been 

incubated anaerobically for 48 hours at 30 C. 

Toxicity Tests 

The following antitoxins were used: 

Type A botulism antitoxin, equine serum, 10 units per ml. 

Type B botulinum. antitoxin, rabbit serum, 28 units per ml. 

Type C botulinum. antitoxin, equine serum, 10 units per ml. 

Type E botulinum. antitoxin, equine serum, 10 units per ml. 

Glycerol -- "Baker Analyzed" reagent grade 

Vaccine vials containing 120 units of lyophilized antitoxin 

(obtained from United States Food and Drug Admin. ) were reconsti- 

tuted with 50% (V /V) sterile glycerol- water. 

Tests for toxicity were conducted by growing the organism in 

TPG broth tubes for three to four days. The incubated cultures were 
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then centrifuged between 6000 and 8000 revolutions per minute for 

15 to 20 minutes. Five- tenths milliliters of stock antitoxin prepara- 

tion was injected intraperitoneally into each of four mice for each 

toxin specimen tested. A minimum of 30 minutes was allowed to 

pass before the mice were injected with the toxin. One half ml. of 

1 : 5 and 1:20 saline dilutions of the toxin was injected intraperi- 

toneally into two protected and two unprotected mice for each dilution. 

The mice were observed for 24 hours and those showing progressive 

evidence of respiratory paralysis before death were assumed to have 

died from botulism. 
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RESULTS AND DISCUSSION 

The characteristic production of a "pearly layer" and of a pre- 

cipitate by the different types of Clostridium botulinum on agar media 

containing egg yolk has been used by investigators as an aid in isola- 

tion and identification of this group of bacteria. 

In recent years a number of workers have substituted liver veal 

agar as the base in the egg yolk media for trypticase peptone agar 

used by McClung and Toabe (1947) and for beef infusion agar used 

by Willis and Hobbs (1959). In this investigation a comparative study 

was made of the liver veal agar egg yolk media (LVA), and a modi- 

fied "Willis and Hobbs" egg yolk agar medium in which trypticase 

(TA) was substituted for the beef infusion agar. The objective was 

to compare the degree of formation of the characteristic opalescence 

and, especially, of the "pearly layer" produced by C. botulinum or- 

ganisms on the two media. 

An attempt was also made to find a selective media for differ- 

entiation of type E organisms from those of types A and B. A method 

had already been proposed by Willis and Hobbs (1958) in which a 

sugar was incorporated in the media to differentiate the various 

groups of clostridia. Since type E strains differentially ferment 

sucrose, this sugar was incorporated into the trypticase agar egg 

yolk media (TSA) with neutral red indicator to detect acid production. 
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The results indicated that the use of liver veal agar as a base 

for the egg yolk media was not entirely satisfactory because strains 

of C. botulinum type E and related non -toxin "type E- like" clostridia 

did not always give a typical reaction. In most cases , these orga- 

nisms produced a very faint "pearly layer" and, in some cases, none 

at all on the liver veal agar egg yolk medium. The precipitate, 

which was formed, extended beyond the edge of the colony, and the 

reaction resembled that of the Clostridium perfringens- bifermentans 

group rather than that of the C. botulinum group. 

Over twenty different strains of C. botulinum type E, a few 

strains of type A and B , and several related non -toxic "type E- like" 

clostridia were grown repeatedly on LVA egg yolk media, TSA egg 

yolk media, and sugar -free TA egg yolk media (Table I). On liver 

veal agar none of the strains consistently produced a "pearly layer ". 

The type E strains and the non -toxic "type E- like" clostridia varied 

widely in their formation of the "pearly layer," while strains of C. 

botulinum type A and B , and C. sporogenes gave more consistant re- 

sults. As shown in Table I, these latter strains produced a fairly 

constant "pearly layer" on all three media. Since the "pearly layer" 

formed by the C. botulinum group is used to differentiate them from 

other clostridia, it is evident that many colonies of type E and some 

non -toxic "type E- like" clostridia can not be recognized on liver veal 

egg yolk agar. 
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All strains tested, produced the characteristic "pearly layer" 

and a precipitate on sugar -free TA egg yolk media; however , the 

addition of sucrose to the media markedly suppressed formation of 

the "pearly layer" of type E strains , while neutral red had no affect 

on the reaction. Sucrose fermentation by all type E strains and a few 

non -toxic "type E- like" strains was characterized by the formation of 

a pink halo around the colony on TSA egg yolk plates. Clostridium 

botulinum types A and B , as well as most non -toxic "type E- like" 

clostridia, which do not utilize sucrose, produced a "pearly layer" 

when grown on the trypticase media in the presence of sucrose. 

Clostridium botulinum type E strains were observed to form 

starch -like granules when grown on TSA egg yolk media (Table II). 

This characteristic was utilized effectively as a means of differen- 

tiating type E strains from those of types A and B , and most non- 

toxic "type E- like" clostridia. The presence of starch -like com- 

pounds in the cells was indicated by the blue color when the TSA egg 

yolk plate was flooded with an iodine potassium- iodide solution. As 

shown in Figure 1, the type E colonies became dark blue or black. 

This reaction was characteristic of all type E strains which were 

tested. Clostridium botulinum types A and B C. spo_ genes , and 

most non -toxic "type E- like" clostridia colonies became pale yellow 

rather than dark blue probably as a result of lipid production rather 

than starch, 
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This iodine test could be used effectively for the isolation of 

type E organisms from mud samples. Since iodine is toxic to the 

organism, flooding of the whole plate would obviously kill the orga- 

nism; therefore, a part of a suspected type E colony was placed on a 

spot plate, with the addition of a few drops of iodine solution. The 

starch reaction could be seen with the naked eye,and the rest of the 

colony would still be available for further tests. For final confirma- 

tion a microscopic stain was prepared by mixing the organism and a 

drop of iodine solution on a slide. In a positive reaction dark granu- 

les appeared within the cell, while in a negative reaction the cells 

appeared pale yellow. 

There seems to be a correlation between the ability of type E 

strains to ferment sugars and to produce starch (Table II). On 

trypticase egg yolk plates supplemented with glucose instead of su- 

crose, type E strains also gave a positive starch reaction. On 

sugar -free TA egg yolk plates the organisms gave a negative starch 

reaction. However, all type A and B strains tested were starch neg- 

ative on glucose trypticase egg yolk plates even though the sugar was 

one which they utilize. 

Therefore, the trypticase egg yolk media was more reliable, 

not only for "pearly layer" formation but also for the differentiation 

of type E strains from other types using the sucrose fermentation and 

the starch reactions (Tables I, II). 
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Throughout these studies , the occurrence of two morphologi- 

cally distinct colony types associated with a pure stock culture of C. 

botulinum type E was observed. One type colony characteristic 

of a C. botulinum toxic strain, produced a "pearly layer" on sugar - 

free TA egg yolk plates; the other colony, a non -toxic, sporulating 

isolate , did not produce a'pearly layer"(Figure 2). 

These non -toxic cultures of type E strains were isolated and 

studied both microscopically and biochemically. Gram stains of the 

non -toxic isolates showed more spores than were found in the normal 

toxic cultures. Sugar fermentations of these cultures were compared 

to stock cultures of C. botulinum type E strains (Table III). While 

the toxic cultures produced acid and copious quantities of gas from 

glucose, fructose, maltose, sucrose, and sorbitol, much less gas 

was produced from glycerol. The non -toxic isolates produced acid 

but no gas in the same sugars. These cultures were also compared 

to other strains of clostridia: C. perfringens , C. acetobutylicum, 

C. bifermentans , C. tetani, C. butyricum, and C. pasteurianum. 

The sugar fermentation reactions of these latter organisms were not 

in agreement with the sugar reactions of the non -toxic isolates 

(Table III). 

The "pearly layer" and the'hon- pearly layer" isolates were 

grown on brain heart infusion agar and examined microscopically 

under reflected and transmitted light. Under reflected light, it was 
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difficult to distinguish the slight variations in colony morphology. 

Under transmitted light, the toxic cultures showed a very distinctive 

internal mosaic pattern, while the non -toxic strains showed a granu- 

lar appearance (Figure 3). 

An explanation for this variation in colony appearance has been 

proposed by C. E. Dolman (1957b) who described the occurrence of 

sporulating (OS) colonies in cultures of C. botulinum type E strains. 

Dolman's work has recently been confirmed by Iida (1963). An OS 

variant was obtained from Dolman and compared to the non -toxic 

isolates. Table III shows the similarities in sugar fermentation 

reactions and in other characteristics. Dolman's colonies (1957a) 

had been isolated from cooked meat broth cultures which had become 

almost, or entirely, non -toxic. They were distinguished from the 

TOX colonies of normal toxic cultures which contained relatively few 

spores. The loss of toxicity and the appearance of OS colonies on 

media was attributed by Dolman (1964b) to genetic variations in the 

cultures. He claimed that all TOX cultures eventually became de- 

graded to the OS form, though the rate and extent of the degradation 

varied widely. Dolman also made reference to occasional reversal 

in the process from OS type to a toxic type. This type of colony re- 

versal was noted in this study when a non -toxic culture 4963 became 

toxic. Further tests of this strain will have to be made before any 

definite conclusion can be reached. Another type of colony which 
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Dolman et al. , (1960) described was transparent, proteolytic (TP), 

and so unstable that it tended to degrade into the relatively stable 

OS form. Attempts to isolate a TP variant proved unsuccessful 

in this study. 

The validity of Dolman's statements have been questioned in 

the recent paper by Hobbs, Roberts and Walker (1965). The question 

has been raised as to whether the variants described by Dolman and 

which are similar to those found in this study are a result of genetic 

mutation, or whether they are commensal organisms which are diffi- 

cult to separate from C. botulinum type E. 
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Table I. Comparison of "pearly layer" reactions on selective media. 

Sugar -free 
Liver -veal agar Trypticase Trypticase egg 

Organism egg yolk media sucrose egg yolk yolk media 

Type A 
33 ++ + ++ + ++ 

5 ++ + ++ + ++ 

78 ++ + ++ + ++ 
6489 + + + ++ 

73 - + ++ + ++ 

6484 ++ + ++ + ++ 

Type B 
115 ++ + ++ + ++ 
213 ++ + ++ + ++ 
113 + + ++ + ++ 

32 - - ++ 

Type C 

4218 + ++ + ++ 

Type E 
4299 + + ++ + ++ 
4251 + ++ + ++ 

4217 + + ++ + ++ 

4255 + ++ + ++ 

4283 - + ++ + ++ 

4290 ++ + ++ + ++ 

4214 - + ++ + ++ 

4219 + - + ++ 

4202 + - + ++ 

VH - - + ++ 

4286 - - + ++ 

4249 - - + ++ 

4203 + - + ++ 
4288 + - + ++ 

4 244 - - + ++ 

4228 - - + ++ 

4211 - - + ++ 

4213 - - + ++ 

4284 - - + ++ 

4275 - + + ++ 

4261 - ++ + ++ 

4297 - - ++ 
4283 - + ++ + ++ 
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Table I. (cont'd. ) 

Organism 
Liver -veal agar 
egg yolk media 

Trypticase 
sucrose egg yolk 

Sugar -free 
Trypticase egg 

yolk media 

Type F 
F "OSU" - ++ + ++ 

Non -toxic 
"type E- like" 

++ + ++ + ++ 4266 
4271 - + + ++ 

4265 + + ++ + ++ 
4270 + ++ + ++ 

4272 - + ++ + ++ 

4269 ++ ++ + ++ 

4268 - + ++ + ++ 

4277 ++ + ++ + ++ 

4267 + + ++ + ++ 

4227 "OS" - - - 
4239 ++ ++ + ++ 

4279 + + ++ 

C. sporogenes +++ +++ +++ 

+ slight pearly layer 
++ moderate pearly layer 

+ ++ strong pearly layer 
- no pearly layer 
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Characteristic strain 

Opalescence Iodine Reaction Pearly layer 

F "OSU" 

on trypticase sucrose egg yolk 

Non -toxic 

indicates some colonies giving a positive iodine reaction. 

non -toxic strain which became toxic. 
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Figure 1. Clostridium botulinum type E colonies , flooded with 
iodine potassium- iodide solution, showing the presence 
of starch -like compounds (1X). 
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(a) Normal toxic type E colonies showing the "pearly 
layer. " (1 1/2 X). 

(b) Non -toxic sporulating isolate without the "pearly 
layer ". ( 1 1/2 X). 

Figure 2. Two types of colonies associated with a "pure" stock 
culture of C. botulinum type E. 
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Table 3. Comparative reactions of strains of C. botulinum type E, non -toxic isolates, and other clostridial strains. 

Fermentations 

r1 O N 
Ñ Ñ Ñ N O OH ÿ ó 
O O o .,, O ', 

cCV 

cd 

o c% W V) 

All type E strainsl 

All non -toxic isolates2 

Dolman's varianti 

AG AG AG AG AG sl. AG NA NA sl. A NA 

A A A A A A NA NA A A 

A A A A NA A NA NA sl. A NA +++ + 

Clostridium sporogenes AG AG AG AG AG NA NA AG sl. G sl. G O + + 

Clostridium acetobutylicum AG AG AG AG NA AG AG NA AG NA O + 

Clostridium bifermentans AG AG A AG A AG NA A NA AG O + 

Clostridium tetani NA AG AG AG A A AG AG NA NA O 

Clostridium butyricum AG NA AG AG NA NA AG NA AG NA O + 

Clostridium pasteurianum AG AG AG AG AG AG NA AG NA NA O + 

Clostridium perfringens AG AG AG AG AG AG AG NA A sl. A O + 

+++ 

1 
Type E strains no. as follows: 4275, 4261, 4284, 4297, 4202, 4289. 

2Non -toxic strains isolated from strains above. 
3 
Dolman's strain 27, reference to reactions in publication (Dolman, 1960). 

AG, acid and gas; A, acid but no gas; G, gas but no acid; 

NA, no action; O, no observation. 

sl. A, slight acid; sl. G, slight gas; 

a+ ,, 
O a fi 

+ + 

+ 

- 



(a) Toxic type E colonies showing the mosaic pattern 
under transmitted light. ( 50 X). 

(b) Non -toxic isolates appear granular under trans- 
mitted light. ( 50 X). 

Figure 3 
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SUMMARY 

The production of a "pearly layer" by C. botulinum organism 

on egg yolk enriched media has been used as an aid in isolation and 

identification of this group of bacteria. Therefore, a comparative 

study of the leading kinds of media was conducted by growing C. 

botulinum organisms on liver veal agar egg yolk media (LVA) and on 

trypticase egg yolk agar media (TA). The results indicated that LVA 

egg yolk media, was unreliable with respect to the "pearly layer" 

formation. The "pearly layer" produced on this media by, especial- 

ly, the type E organisms was very faint and in some cases was not 

evident. Better results were obtained by using trypticase as the 

base in the egg yolk media; here, all C. botulinum types produced 

the "pearly layer ". To differentiate type E strains from those of 

other types, sucrose and an indicator, neutral red, was incorporated 

into the TA egg yolk media. Since type E strains differentially fer- 

ment sucrose, acid was produced in the media. The presence of the 

acid was indicated by the formation of a red halo around the colony. 

Unfortunately, the fermentation of sucrose in the media suppressed 

the formation of the "pearly layer ". However , type E strains can be 

differentiated from other types on the sucrose TA egg yolk media by 

the production of starch -like granules which turn blue upon addition 

of iodine. Other clostrida tested (types A, B , and most non -toxic 
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"type E- like" strains) gave a negative iodine reaction. 

Throughout these studies, the occurrence of two morphologi- 

cally distinct colony types associated with a pure culture of C. botu- 

linum type E was observed. One type of colony was the character- 

istic toxic culture which produced a "pearly layer "; the other colony 

was a non -toxic sporulating isolate which did not produce a "pearly 

layer ". In colony morphology, sugar fermentation, and microsco- 

pic appearance the non -toxic sporulating isolates were very similar 

to the OS mutants , described by Dolman and might, indeed, be true 

variants of C. botulinum type E strains. 
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