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A selective, differential plating medium for the enumeration of

coagulase-positive staphylococci was developed. The ingredients of

this medium were analysed for their effect on normal, heat treated

and frozen staphylococcal cells. The nutrient base consisted of 10 gm

Tryptone, 5 gm Beef Extract, 1 gm Yeast Extract and 17 gm Agar,

per liter. Selectivity of this medium was obtained by incorporating

5 gm lithium chloride, 10 gm glycine and 0.1 gm of potassium

tellurite, per liter. Pyruvate at 5 gm/liter was added for recovery

of stressed cells. The medium was made differential for coagulase-

positive staphylococci by the addition of five percent sterile pig plas-

ma and 1 mg/ml of bovine fibrinogen. Colonies of coagulase- positive

staphylococci were surrounded by opaque fibrin halos.

The new medium designated Tryptone Pyruvate Plasma

Fibrinogen Agar (TPPF) gave 30 percent higher counts than those

obtained from two non-selective media, Plate Count Agar and Tryptic



Soy Agar. Recovery of heat treated staphylococci was 360 times

higher than counts from Vogel-Johnsons Agar and 70 times higher than

Tryptic Soy Broth containing 10 percent NaCl.

The TPPF medium has the following advantages over staphylo-

coccus medium in current use: highly selective for staphylococci, a

quantitative pour plate method, coagulase-positive counts in 24 hours

and the highest recovery from heated or cold injured cells of any

staphylococcus medium tested.

The slide electroimrnunod.iffusion (EID) technique was applied to

staphylococcus enterotoxin detection. The variables associated with

this method were independently analysed to determine optimum condi-

tions. These conditions were found to be: a supporting medium of

1.2 percent Noble's agar, an electrolyte consisting of 0.082N barbitu -

ate buffer at pH 8.4, 40µg /ml Antitoxin A or 20 iig/m1 Antitoxin B

incorporated into gel and electrophoresis for 30 minutes at 150 volts,

with the temperature maintained at 30° C.

The sensitivity of the EID method was 0.40 p.g/m1 of enterotoxin

B. The Brinkman equipment used was capable of electrophoresis of

27 quantitative enterotoxin tests simultaneously in two hours, at a

cost of 40 cents per sample.
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RAPID, SENSITIVE METHODS FOR ENUMERATION
AND ENTEROTOXIN ASSAY FOR

STAPHYLOCOCCUS AUREUS

INTRODUCTION

The large number of selective and diagnostic media which have

been developed for the isolation and enumeration of staphylococci indi-

cates that the ideal medium has not yet been developed. Food samples

not involved in food poisoning outbreaks usually contains, if any,

only a small number of coagulase positive staphylococci. Many of

today's foods are prepared or have been subjected to a processing

operation. Many food processing operations injure the staphylococci

but do not necessarily kill or destroy them. These injured cells must

repair themselves before they can be enumerated. Injury to cells is

caused by sub-lethal heat treatment, cold stress, prolonged storage

under frozen conditions, or exposure to chlorine and other cleaning-

sanitizing chemicals. Sub-lethal injuries to cells increase their

nutritional requirements and reduces their tolerance to selective

agents in the recovery medium.

The ideal medium for enumeration of staphylococci must there-

fore be easy to set up, give quick accurate results, detect injured as

well as non-injured cells, and be selective enough to detect low levels

of staphylococci in the presence of high total counts. One purpose of
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this investigation was to formulate the ideal medium for the enumera-

tion of staphylococci.

The recovery of coagulase positive Staphylococcus aureus from

food implicated in a food poisoning outbreak is presumptive evidence

that the correct etiological agent has been found. Conclusive proof

depends on demonstrating the presence of staphylococcal enterotoxin

in the food. The present accepted Food and Drug Administration

double diffusion method for enterotoxin determination requires a dif-

fusion time of three to seven days. The second purpose of this study

was to shorten the time required for enterotoxin determinations by

application of electroimmunodiffusion techniques to the problem of

enterotoxin determinations.
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LITERATURE REVIEW

Staphlococci Enumeration

The etiology of staphylococcal food poisoning was established by

Dack and his co-workers in 1930. Since 1930 there has been a steady

increase in staphylococcal food poisoning incidences. The 1970 annual

Summary of Foodborne Outbreaks (U. S. Department of Health, Educa-

tion and Welfare) list 102 staphylococcal food poisoning outbreaks with

4, 699 people involved. The report states that food poisoning in United

States is grossly under reported. In the State of Washington where

foodborne disease surveillance has been developed to a high degree,

68 outbreaks or 10 percent of the total reported for all of the United

States, were reported. Projecting from this, the estimated number of

food borne disease outbreaks for the entire United States would be

3, 600; however only 366 outbreaks were actually reported. From this

comparison a realistic estimate of staphylococcal food poisoning out-

breaks would be 1000 per year and involve 47, 000 people.

A rapid means of detecting enterotoxigenic strains of Staphylo-

coccus aureus has been apparent for a long time. Staphylococci are

enumerated in foods for three main reasons (Thatcher, 1968): (1) to

examine food suspected of having caused food-poisoning, for which the

presence of large numbers of coagulase-positive staphylococci would

be suggestive; (2) to demonstrate a risk that the test food may be
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capable of inducing staphylococcal food-poisoning if stored under con-

ditions conducive to toxin formation or if used as an ingredient in

some other foods; and (3) to establish the occurrence of objectionable

post-processing contamination. For some processed foods, Staphylo-

coccus aureus is a good indicator of unsatisfactory sanitation within

the food factory.

Most food involved in staphylococcal food poisoning contain

50,000 to several million viable staphylococci per gram. However,

the investigator must appreciate the survival of enterotoxins even

after heat processes which kill the staphylococcal cells, or after pro-

long storage, during which a marked reduction in numbers can occur.

In food samples not involved in food poisoning outbreaks, coagu-

lase positive staphylococci make up a relatively small part of the total

food flora. Selective media are necessary to prevent overgrowth of

the staphylococci during initial cultivation, and such media give rise

to the main problem of detection because the selective agents are also

inhibitory to some degree to the staphylococci (Hartsell, 1951;

Gunderson, 1948).

Many media have been developed to isolate staphylococci from

other organisms, Direct plating methods using mannitol salt agar

(Chapman, 1945) and Staphylococcus medium 110 (Chapman, 1946)

depend mainly on the selective property of high salt content of the

media. Raj and Liston (1961) found Staphylococcus medium 110 to be
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unsatisfactory for the isolation of coagulase-positive strains because

it allowed the growth of other organisms. The use of these two media

involves considerable subjective judgement with pigmentation, and colony

morphology, both of which can vary among batches of media and

strains of staphylococci. Carter (1960) incorporated egg yolk into

staphylococcus 110 medium and reported that coagulase-positive

staphylococci gave characteristic zones of precipitation around

colonies. Jay (1963) found this medium to be the most effective of the

six media tested for isolation of coagulase-positive colonies from

meat.

The difficulties encountered with media whose selectivity is

accomplished through addition of sodium chloride, prompted the search

for formulations that would yield better differentiation and improve on

selectivity. The first of these formulations contained potassium

tellurite. Ludlan (1949) reported the effectiveness of tellurite-lithium

chloride agar in selecting coagulase positive staphylococci. Several

workers (McDivitt and Hussemann, 1954; Baird-Parker, 1962) have

subsequently found Ludlan's medium inhibitory to coagulase-positive

cultures and thus fail to reveal the presence of the organism. Zebovitz,

Evans and Niven (1955) and Innes (1960) modified Ludlan's medium to

remove the inhibitory effect while retaining its selective action.

Baird-Parker (1962) found Zebovitz medium inhibitory, so modified it

and added egg yolk.



Tellurite media may vary greatly in effectiveness because of

the chemical differences encountered among batches of potassium

tellurite. Standardization of each batch of tellurite has been suggested

by Baird-Parker (1962b). The amount of tellurite can be standardized

using the method suggested by Walper, Tucker and Appleman (1962).

The chemical variation encountered with tellurite makes it difficult to

make an accurate appraisal of these media from reports in the litera-

ture.

The finding of Gillespie and Alder (1952) that most coagulase-

positive staphylococci produce opacity when grown in media containing

egg yolk, has brought about a number of new media containing egg

yolk. Colbeck's medium (Colbeck et al. , 1956), Grabar's medium

(Grabar, et al. , 1958), Staphylococcus 110-egg yolk medium (Herman

and Morelli, 1960; Carter, 1960), Tellurite-Egg agar (Innes, 1960),

Egg-yolk Azide Agar (Hopton, 1961), Egg-yolk Tellurite Glycine

Pyruvate Agar (Baird-Parker, 1962a) and Tellurite Polymyxin Egg

Yolk (Crisley, 1964).

The significance of the egg-yolk reactions is presently not clear.

Baird-Parker (1962a) has implied that the clearing of egg yolk is the

result of proteolysis, whereas a lipase or lecithinase is responsible

for opacity. It may well be that both of these enzymatic activities are

related to coagulase production, at least indirectly.

Gillespie and Alder (1952) found that 80 percent of the strains of
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coagulase-positive staphylococci were also egg yolk positive; where

as, all of the 60 coagulase-negative cultures examined were egg-yolk

negative. Colbeck (1956) found no absolute correlation between

coagulase-positivity and the production of opaque zones around staphylo-

coccal colonies, Some coagulase-positive staphylococci failed to give

opacity, and some coagulase-negative types gave weak opaque zones.

Mandel and Warholak (1962) found 95 percent of the 382 coagulase-

positive strain tested, also gave the egg-yolk reaction.

Herman (1956-57) proposed the use of Polymyxin B to stimulate

slower growing colonies of gram-positive cocci by inhibiting fast

growing gram-negative species in a mixed culture. Finegold and

Sweeney (1961) found the optimal amount of Polymyxin B to be 75µ

gm/ml media. At this concentration growth of coagulase negative

staphylococci and gram-negative organisms was supressed. Crisley

(1962) incorporated Polymyxin B into the formulation of a new

medium, Tellurite-Polymyxin-Egg Yolk agar. Orth and Anderson

(1970) added 75µ gm of Polymyxin B per ml to selectively retard the

growth of S. epidermidis and to minimize false-positive reactions

caused by citrate utilizing gram-negative rods. One of the main ob-

jections to the use of Polymyxin as a selective agent is the fact that

some coagulase-positive staphylococci are inhibited by polymyxin

concentration as low as 1.2-5.011 gm/ml.

Most of the media previously mentioned were surface plating
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media and the largest volume of fluid that could be conveniently spread

over the surface was 0.1 ml. Consequently the minimum number of

staphylococci that can be enumerated by such a procedure is 3 x 103

per gram. Thus to enumerate low levels of staphylococci a most

probable number (MPN) enrichment method must be used or the above

mentioned media used in pour plates.

Wilson, et al. (1959), developed a rapid enrichment technique

for detecting S. aureus in foods. Tubes containing one ml amounts of

brain heart infusion and 7.5 percent NaCI were inoculated with 0.5 ml

of food homogenate. Raj and Liston (1961) and (Raj, 1966) reported on

a Mannitol-Sorbic Acid medium which they felt was superior to enrich-

ment using sodium chloride as the inhibitor. The presumptive tubes

are streaked on Staphylococcus-110 Egg Yolk medium and incubated at

45
oC for confirmation. Giolitti and Cantoni (1966) reported on the use

of an enrichment medium composed of lithium chloride, glycine,

sodium pyruvate and potassium tellurite. The liquid medium allowed

easy isolation of staphylococci and an accurate estimation of their

numbers.

The division of microbiology, Food and Drug Administration, re-

ported on an enrichment method (Gilden et al. , 1966) compared it with

several selective plating media (Baer et al. , 1966), and then proposed

it as the AOAC method for isolation of staphylococcus from food

products (Baer, 1966). Their enrichment method consists of
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inoculating triplicate tubes per dilution of Trypticase Soy broth con-

taining ten percent NaC1 with 1 ml aliquots of decimal dilutions of

sample. Tubes are incubated for 48 hours at 37°C. Tubes showing

growth are streaked on Vogel-Johnson Agar and plates are incubated

for 48 hours. The enrichment isolation procedure with 93.8 percent

recovery was clearly more efficient in detecting coagulase-positive

staphylococci that the direct plating on Staphylococcus 110 medium in

which only 26.2 percent was recovered.

Many tests have been devised to try distinguishing between

enterotoxigenic and non- enterotoxigenic staphylococci; the most

reliable and now generally accepted test, is the demonstration of

coagulase. Penfold (1944) found that a medium containing 25 percent

human plasma gave easily recognizable rings of opacity around the

colonies of coagulase-positive staphylococci. Several other investiga

tors have reported on the use of plasma incorporated in solid media

for detection of coagulase-positive staphylococci (Reid and Jackson,

1945; Taylor and McDiarmid, 1948; Duthie and Lorenz, 1952;

Klemperer and Haughton, 1957; and Esber and Faulconer, 1959).

In 1962 Deneke and Blobel developed a technique of applying

sterile fibrinogen and rabbit plasma to the surface of solid media.

With this procedure, they found that coagulase-positive colonies gave

a characteristic "halo" which could be easily identified by use of in-

direct illumination. McDivitt and Topp (1964) showed the usefulness of
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fibrinogen-plasma mixture when it was applied to the surface of vari-

ous staphylococci isolation media. McDivitt and Jerome reduced the

Polymyxin content of Deneke's medium but still found lower recovery

of staphylococci than those obtained by plating on Staphylococcus 110

medium. The low recovery by Fibrinogen-Polymyxin medium couldn't

be attributed to the level of polymyxin used, or to the source of plasma.

Orth and Anderson (1970) reported on Polymyxin-Coagulase-

Mannitol-Agar (PCMA). PCMA was prepared with plasminogen-free

coagulase-reacting factor obtained by Sephadex filtration. False,

negative reactions caused by staphylokinase and staphylococcal Milner

factor action on plasminogen was eliminated. False-positive reaction

by lipolytic, coagulase-negative staphylococci was also eliminated by

the fractionated CRF.

The need for further work on media for the isolation and

enumeration of staphylococci is evident from the following two state-

ments: "As of 1968 no staphylococcal medium had been devised that

permits only the growth of coagulase-positive staphylococci. Conse-

quently suspected staphylococcal isolates obtained from foods must be

tested for coagulase production before any conclusion is drawn con-

cerning the contamination of food with coagulase-positive staphylococci'?

(Angelotti, 1969); "A number of methods--some direct plating and

some enrichment procedures--have been proposed for detection of

coagulase-positive staphylococci, but there is insufficient basis for
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recommending a reference method at this time" (National Academy of

Science, 1971),

One of the primary objectives of this research project was to

devise a selective medium for the enumeration of staphylococci, that

will give quantitative coagulase-positive staphylococcci counts within

24 hours.

Staphylococcal Enterotoxin Serological Assays

Since 1963 a number of publications have appeared on the detec-

tion and identification of enterotoxins A and B in foods by serological

assay methods. The first such report (Hall et al. , 1963) describes the

results obtained by both the Oudin (Crowle, 1961) and Oakley (Oakley

and Futhrorpe, 1953) methods, used for the detection of enterotoxin.

They recommended the concurrent use of both methods on the basis of

greater sensitivity in the Oakley and more rapid results with the

Oudin. Weirether et al. , (1966) contributed a rapid quantitative assay

procedure where unknown antigen concentration can be determined by

precipitin band measurements in 16 hours, and good estimates of

toxin concentration can be obtained as short a time as four hours.

After additional studies the limits of sensitivity of the Oudin test

was found to be 1.0 p.gm of enterotoxin per ml and as little as 0.1 p.

gm of enterotoxin per ml detected by Oakley's double-diffusion tube test

(Hall et al. , 1965; Read et al. , 1965a, Read et al., 1965b).
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The micro- Ouchterlony slide test (Crow le, 1958) has been

applied successfully to the detection of enterotoxin (Casman and

Bennett, 1965; Hall et al. , 1965; Casman et al., 1969). The Ouchter-

lony method provides for the identification of the antigen-antibody

precipitates through its coalescence with a reference line of precipita-

tion. The reference line of precipitation also serves as a built-in de-

vice for detecting antigen excess. The sensitivity of this test has been

increased from 1.0 p. gm/ml to 0,625 gm/ml by using Brain Heart

Infusion in the diluent; by diluting the reagents and enhancement of

staining techniques (Casman et al.. , 1969). Hall et al. (1965), found

the Ouchterlony test more exacting in its preparation and in the pro-

portion of antigen to antibody that is used. They prepared all tests in

duplicate to avoid failure due to poor absorption and precipitate devel-

opment. High antigen concentration will precipitate directly beneath

the wells and will not give lines of identity with the controls. Exces-

sive antigen concentration in the tube double-diffusion test, will also

cause a false negative results due to failures in developing a precipi-

tate in the buffered agar (Casman et al. , 1969).

Indirect hemagglutination-inhibition and passive - hemagglutination

procedures for enterotoxin were reported by Robinson and Thatcher,

1965; and Brown and Brown (1965). Details of these methods were not

reported, but their presentation in Bacteriology Proceedings 1965,

served to stimulate two other group's to do addition hemagglutination
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studies (Morse and Mah, 1967; Johnson et al. , 1967). With their pro-

cedure it is possible to assay many samples simultaneously, with

readable results obtained in three hours. Other advantages of this

method are reproducibility and the small amount of reactants used.

Both methods require extraction from food prior to hemagglutination

procedure. Recently, Silverman, Knott and Howard (1968) reported

development of a rapid reversed passive hemagglutination assay. The

sensitivity of the method is 0.0015 µ g/ 1, this is 50 to 100 times

more sensitive than the immunodiffusion technique. Results of the

hemagglutination test were available within three hours, and neither

elimination of interfering proteins from food extracts nor concentra-

tion of the sample were required for this procedure. Problems were

encountered in end point determinations and excessive salts must be

dialyzed out.

Tew and Solomon (1968) developed a microassay based on latex

agglutination for staphylococcal enterotoxin B. The method is sensi-

tive to 0.002 µg /m1 of toxin and is amenable to economical analysis of

large numbers of samples.

Friedman and White in 1965 reported on the demonstration of

cell-associated staphylococcal enterotoxin B by immunofluorescence.

Application of the fluorescent antibody technique for the detection of

enterotoxin B in culture media was reported by Genigeorgis and Sadler

(1966a). The fluorescent antibody technique was next applied to the
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detection of enterotoxin B in food smears or food extracts (Genigeorgis

and Sadler, 1966b; Stark and Middaugh, 1969). The fluorescent anti-

body technique detects minute amounts of enterotoxin less than 0.05

µg /ml, without any extraction procedures. Genigeorgis and Sadler

(1966b) found that there was much more toxin associated with the cell,

than that found per unit volume of blended buffer mixture. This is the

probable explanation for the difference in sensitivity of FAT over gel

diffusion techniques. When slurries are centrifuged the toxin is re-

moved and resulting smears are FA negative. The demonstration of

enterotoxin by FAT in foods is based only on the presence of mor-

phologically specific fluorescent precipitates around the bacterial cell

and not on the presence of fluorescent cells alone. One of the problems

with this method is the difficulty encountered in identifying fluorescent

particles as being specific precipitates.

A new approach for enterotoxin assay was reported by Johnson

et al. (1971). The method employs I-labeled enterotoxin B and poly-_
styrene tubes coated with specific antibody. The test is sensitive to

0.00511g enterotoxin.

Gandhi and Richardson (1971) successfully applied an interfacial

test in capillary tubes to entertoxin determinations. Sensitivity was

given at 1µg ml and enterotoxin was detected in less than one hour.

A technique combining isoelectric focusing in a polyacrylamide

stabilized ampholyte solution followed by electro-osmophoresis was
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reported by Kimble (1970). By this method 0.5 p. g/m1 of enterotoxin A

was assayed in five hours. Flat-gel electrophoresis was more effi-

cient than CM-cellulose and Sephadex column chromatography in the

concentration and the semi-purification of enterotoxin A.

Although there are a number of different approaches that have

been applied to the problem of staphylococcal enterotoxin the literature

is void when it comes to electroimmunodiffusion as a potential method.

It is the objective of the second part of this research project to investi,

gate the possible application of electroimmunodiffusion to quantitative

staphylococcal toxin determination.
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MATERIALS AND METHODS

Medium- Development

Staphylococcal Strains

S. aureus ATCC 12600, 13565, 14458, 19095, 23235 used in this

study were received from the American Type Culture Collection.

S. aureus 265-1 was received from Dr. E. P. Casman of the U.S.

Food and Drug Administration. S. aureus phage strains 3, 3A, 6,

42D, 42E, 47, 52, 54, 55, 71, 75, 80, 81, 83A, and 187 were received

from the Brigham. Young University culture collection.

Chemicals and Media

All chemicals used in this study were of the highest possible

purity commercially available. Pyruvic acid and glycine were pur-

chased from Nutritional Biochemicals; lithium chloride and potassium

tellurite from Difco; and Bovine fibrinogen, fraction I, 65 percent

clottable from Pentex Biochemicals. The plasminogen-free CRF, used

in PCMA medium was supplied by Dr. D. S. Orth.

Cell Stress and Heat-Freezing

S. aureus cultures ATCC 13565, 14458, 19095, 23235, 12600

and FDA culture 265-1 were grown, in Tryptic Soy Broth for 18 hours.
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The cells were centrifuged (10, 000 x g for ten minutes) and Washed

three times in equal volumes of 0.01 M phosphate buffer at pH 6.8.

The washed cell suspension was divided, with half the suspension being

placed in freezer at -18 C and the other half heated at 52oC for 15

minutes. Frozen cells remained in frozen condition for 48 hours be-

fore being used as inoculum for media testing. Heated cells were

immediately cooled to 10 oC and used in the test system. All subse-

quent dilutions were made in Butterfield's phosphate buffer.

Nutrient Base Medium (BM)

The base medium consisting of:

Bacto- Tryptone

Bacto- Beef Extract

Bacto-Yeast Extract

Bacto- Agar

Final medium reaction was pH 6.8.

Base Medium with Added Pyruvate

10 gm/liter

5 gm/liter

1 gm/liter

17 gm/liter

To separate portions of base medium was added consecutively

.5, 1.0, 1.5, 2.0, 4.0, 6,0, 8.0, 10.0, 12.0, 14.0 and 16.0 mg/ml

of sodium pyruvate. The final pH was adjusted to 6. 8. This media

was used to make plate counts in triplicate of three S. aureus (ATCC

13565, 14458 and 23235), using un-treated, heated and frozen cells of
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each culture.

Base Medium with Added Lithium Chloride

Same test scheme as that used for sodium pyruvate except

lithium chloride added in the place of pyruvate. Concentrations of

lithium chloride tested was: 0, 0, 1. 0, 2. 0, 4. 0, 6. 0, 8. 0, and 10. 0

mg /ml base medium.

Base Medium with Added Glycine

Same test scheme as that used for sodium pyruvate except gly-

cine added in place of pyruvate. Concentration of glycine tested was:

0.0, 0.5, 1.0, 1.5, 2.0, 4,0, 6.0, 8.0, 10.0, 12.0, 14.0 and 16.0

mg/ml base medium.

Base Medium with Potassium Tellurite

Same test scheme as that used for pyruvate.. Concentrations of

potassium tellurite tested was: 0.0, 0.02, 0.04, 0.06, 0.08, 0.10,

0.12, 0.14, 0.16, 0.18, 0.20, 0.22 and 0.24 mg/ml base medium.

Optimum Amount of Pig Plasma

To Baird-Parker agar base was added various amounts of pig

plasma as follows: 0.0, 1.0 ml per 100, 5.0 ml per 95, 7. 5 ml per

92.5 and 10.0 ml per 90 ml. The concentration of potassium tellurite
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was 0.10 mg/ml.

Optimum Amount of Bovine Fibrinogen

To Baird-Parker agar base was added 0.10 mg/ml potassium

tellurite, 10.0 ml per 90.0 ml base pig plasma and various amounts of

fibrinogen as follows: 0.0, . 5, 1.0, 1. 5 and 2.0 mg/ml of medium.

Pig Plasma Treatment

Pig blood was collected at the time of slaughter. The blood was

collected in one liter jars containing 100 ml of saline + heparin to give

a final concentration of five units per ml. After removing the red blood

cells by centrifugation at 1500 x g for 30 minutes, the plasma was

filter-sterilized and stored in frozen condition.

Preparation of TPPF Medium

Trypticase peptone 10 gm

Beef Extract 5 gm

Yeast Extract 1 gm

Lithium Chloride 5 gm

Agar 17 gm

Glycine 10 gm

Sodium pyruvate 5 gm

pH 6.8
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Suspend 53 grams in a liter of distilled water. Heat with frequent

agitation bringing to a boil for one minute. Dispense into 90 ml

amounts and autoclave at 121 oC for 15 minutes. Cool to 50 oC and add

1.0 ml of a one percent pretested (Walper et al. , 1962) potassium

tellurite solution. Mix and add 5.0 ml sterile pig plasma and 5.0 ml

of filter sterilized Bovine fibrinogen (20 mg/ml). Mix thoroughly but

gently and pour 10-12 ml per plate. Complete medium not poured

should be discarded, as medium will become cloudy if kept at 45-50°C.

Colony Characteristics

Coagulase-positive S. aureus will be black, shiny, convex and

surrounded by an opaque zone of fibrin halos indicating production of

coagulase. The fibrin halos are 3-8 mm in diameter depending on

amount of coagulase formed. The fibrin halos are more easily ob-

served by indirect illumination with a dark background.

Food Samples Examined

Naturally Contaminated

Crab and shrimp samples were obtained from USDA. These

were samples retained after their routine sampling of sea foods. NFD

milk sampled was retail samples. The vegetable samples were from

canned products.
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Artificially Contaminated

Washed S. aureus cells were sprayed in a fine mist onto product

during mixing of product. The NFD milk was held under high vacuum

over night and then stored, in glass two quart bottles at room tempera-

ture. Cheese and meat base products were packaged and stored in a

freezer at -18 oC for six months prior to sampling.

Continuous Culture

Medium- Tryptic Soy Broth 3.0 gm/liter

Culture vessel-Volume 140 ml

Flow rate - 12 ml /hour

Culture - S. aureus ATCC 12600

Temperature - 32 oC

Aeration-Vibrator air pump 6 liters /hour

Stirrer-magnetic on medium setting

Four days were allowed for a steady state to be reached. Samples

were then removed every 30 minutes, and analyzed using TSA,

TSB + ten percent NaCI, and TPPF media.

Membrane Filter

Fifty grams of sample was blended for two minutes in 450 ml of

Butterfield's buffer. After blending, 10 ml of the blended sample
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was filtered through an 8.0 1.1. filter to remove large food particles.

This filtrate was then passed through a .45 p. filter, to filter out the

bacteria. The sides of the filter were washed with buffer so that all

the bacteria were trapped on the membrane. After filtering the mem-

brane was removed and placed on a freshly poured plate of TPPF

medium with the bacteria side away from the medium. The plate was

incubated for 48 hours, the membrane removed and a count made of

the opaque fibrin halos.

Toxin Detection

Enterotoxins and Antiserums

Reference enterotoxin A, and B with their corresponding anti-

sera containing the specific antibodies, were obtained from R. W.

Bennett of the Food and Drug Administration, Washington, D. C.

These reagents had been serologically balanced by block titration and

when diluted as directed produced a reference line of precipitation mid-

way between the two wells on a double diffusion slide test. After re-

constituting they were stored in frozen state.

Purified enterotoxin A (Lot CA-1-E, 10 mg Freeze-dried USA

Bio. Def. Res. Ctr.) and Enterotoxin A antiserum (A414P1) was

obtained from Dr. M. S. Bergdoll, Food Research Institute, Univer,

sity of Wisconsin, Madison.
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Staphylococcal enterotoxin B (lot 7107, 0.36 mg toxin per mg

solids) and Staphylococcal enterotoxin B antiserum (1.38 mg per ml)

was purchased from Makor Chemicals Ltd., Jerusalem, Israel.

Electroimmunodiffusion (EID)

Electroimmunodiffusion makes use of an electrical field to induce

a rapid, linear migration of antigen out of its well into the antibody

containing gel. Antigen-antibody aggregates are too large to migrate

in the gel after complexing, while the free antigen molecules migrate

until they are precipitated. These complexes will dissolve in antigen

excesses but are reprecipitated after meeting more antibody, further

from the antigen well. The precipitin pattern assumes the form of a

cone as the antigen is precipitated along kits path of migration. This

takes place wherever the antigen-antibody equivalence zone is reached.

Preparation of Glass Slides. Glass microscope slides (3" x 1")

were cleaned by boiling in a weak detergent solution and then rinsed

several times in distilled water followed by ethanol. They were air

dried and then coated with a thin, coat of 0.2 percent agarose, and

placed in 35°C incubator to dry.

Agar Slides. The 1.2 percent Noble's agar (Difco 0142-01) was

prepared in Veronal buffer (17.0 gm sodium barbitol, 23 ml IN HC1

per liter, pH 8.4). The hot agar was filtered through two layers of

filter paper. Agar was dispensed in 3.0 ml amounts in screw cap
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tubes, and cooled to 55 C. Appropriate amount of antiserum was

added, mixed and agar was poured onto the 0.2 percent agar treated

slide. The agar was allowed to harden on the leveling table. Nine

punch holes are punched equal distances apart one fourth of an inch

from the edge. The punch holes were 2.5 mm in diameter. Agar

from punch holes was removed by vacuum. The slides were placed on

the cooling block and 5X of sample pipeted into the wells.

Agars that were tested for suitability in EID test were: Agarose,

Ion, EPI, ID (Colab Laboratories, Glenwood, Illinois) and Difco

Noble's agar. All agars were prepared in barbitual buffer pH 8.4.

Noble's agar was the only agar that was filtered.

Electrophoresis. The electrophoresis apparatus consisted of

the following: Brin.kmann Microphor separation chamber; Pherostat

power supply; cooling block; and Lauda K-2/R, controlled temperature

bath and circulator.

Staining of Slides. The staining procedure described by Crowle

(1958) was used. The slides were immersed in each of the following

baths for ten minutes: distilled water, 0.1 percent Thiazine Red R in

1.0 percent acetic acid, 1 percent acetic acid, 1 percent acetic acid,

and 1 percent acetic acid, containing 1 percent glycerol. The precipi-

tation lines were observed by indirect illumination with a black back-

ground.

Electrolyte. The electrolytes used were Veronal buffer at
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0.01M, 0. 05M and 0. 10M. The pH of all buffers was adjusted to 8.4

using 1.0 N HC1. To check the effect of pH, 0. 10M Veronal buffer was

adjusted to pH 8.6, 8.4 and 8.2 using HC1. Phosphate buffer, 0. 1M at

pH 6. 8 was also used as an electrolyte.

Double Diffusion Slide Test

Templates used with this test were prepared as per Gasman

et al., 1969, The distance between the central and peripheral wells

was increased by 0.5 mm, which was the recommendation of the

authors. All procedures were used as outlined by Gasman et al.

Capillary Tube Test

Test methods of Gandhi and Richardson (1971) were followed.

Photographs

All photographs were taken with a Honeywell Pentax Spotmatic

camera, Lens used was an Auto Vivitar Wide-Angle 28 mm, 1:2.5.

Auto extension tubes AET-1, 2 and 3 were used for close-up pictures.

Film was Kodacolor-X, exposures were determined by built-in light

meter readings. Lighting was by an indirect fluorescent light mounted

in a box,
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RESULTS AND DISCUSSION

Medium Development

A summary of media ingredients currently being used by most

industrial and governmental labs, for the enumeration of Staphylococcus

aureus is shown in Table 1. In developing a new medium, as many, as

possible of the following objectives should be met:

Criteria for New Medium

a. test simple to set up;;

b. medium easy to prepare;

c. inexpensive in the combined media cost and labor cost

d. results within 24-48 hours;

e. as few steps as possible in arriving at confirmed results;

f. results of growth gives distinctive forms;

g. highly selective allowing only S. aureus to grow;

h.. allow recovery of injured cella.;

i. reliable, reproducible results;

j. quantitative results.

Of the media listed in Table 1, Baird-Parkers and PCMA media

come the closest to meeting the objectives for the ideal medium. By

utilizing the strong points of these two media, it was anticipated that

the ideal medium for enumeration of S. aureus could be developed.
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Table 1. Summary of media ingredients, used for the enumeration of Staphylococcus aureus.

rngredient concentrations gm liter

o
Y.

.-I a)

.-i :'.' 0 1 14

4 + 2 '

PMedia a. 4 U I -f a
P4O

T § .
SI `oR - ID

cd 0 a.a+ CI) 0 V .-4 cd cdIngredients c/r E. e-4 E. (.7 ca a > ° E.

Nutrient

Tryptone
Beef Extract
Yeast Extract
Brain Heart
Soytone
Trypticase Soy
Gelatin

Carbohydrate

Lactose
Mannitol
Dextrose

Selective Agent

Sodium Chloride
Lithium Chloride
Telluritea
Glycine
Polymyxin

Detection-
Enrichment

Egg Yolk
Pyruvate
CRFC

Fibrinogen

Agar

10.0 17.0 10.0 10.0 10.0 10.0
5.0

2, 5 6.5 1.0 5.0
5.0

3. 0 3. 5
28.0

30. 0

2. 0
10.0 5.0 10. 0 5.0 10.0

2. 5

75.0 100.0 20.0
5.0 5.0 5.0 2.0

200 100 200 100

10.0 12.0 10.0
30.0 75.0

10.0
10. 0

43.0
2.0

15.0 17. 5 20.0 15.0 18. 0 14, 0

a
Amounts given in mg per liter.

Amounts given in mg per liter.

CRF Coagulase-Reacting-Factor, ml per liter.
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Nutrient Source

The nutrient portion of Baird-Parkers medium when made into a

base medium gave comparable recovery of S. aureus cells as the re-

sults obtained when using Tryptic Soy Agar. The combination of 10

gm Tryptone, 5 gm Beef Extract and 1.0 gm Yeast Extract was chosen

as the basal medium for further studies.

Carbohydrate

Most of the present day plating media contain mannitol for diag-

nostic characteristics and as an energy source. Preliminary studies

with mannitol-positive, coagulase-negative strains gave false-positive

coagulase results. Opaque halos form around colonies as a result of

acid formation, the consequence being false-positive results, for the

coagulase test. The presence of coagulase is considered by most in-

vestigators as the best indicator of the organisms potential for entero-

toxin production (Hall, 1958). In developing a new medium the ability

to distinguish coagulase-positive strain from coagulase-negative strain

was considered an important feature. Fermentable carbohydrates

yielding acid, result in false-positive conclusions. For this reason

carbohydrates were omitted from the new medium.
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When cells of S. aureus are subjected to sublethal treatment from

heating, freezing or chemicals, the treatment produces a variety of

repairable lesions. These injured or stressed cells are sensitive to

salt in the isolation medium and as a result fail to form a colony on

such a medium (Ordal, 1969; Busta and Jezeski, 1963). High salt

content of Staph-110 medium is the probable cause for its low recovery

of S. aureus as reported by Baer et al., 1966.

The inability of Tryptic Soy Broth containing ten percent NaCI to

recover injured cells is shown in Table 3. With normal cells, counts

from the salt containing medium were 6. 55 times lower than TPPF

medium. When heated S. aureus cells were used the so called enrich-

ment broth was on the average 71 times less effective. Figures 7, 8

and 9 all show the inability of TSB containing ten percent salt to recover

injured cells. Salt was left out of the new medium because salt inhi-

bits growth of stressed cells.

Lithium Chloride

Lithium chloride has been incorporated in media to inhibit

enterococci and to enhance the inhibition of S. albus by tellurite (Ludlam,

1949). To determine if lithium chloride had any effect on S. aureus,
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six strains were tested. The tests include (normal) no-treatment,

heated and frozen cells. The results (Figure 1) of the tests indicate a

stimulation with 1.0 mg/ml and no inhibition of the strains tested,

even when the amount of lithium chloride used was twice that employed

in most media. Sub-lethal treatment of cells by heating and freezing

show little or no difference in effect from those of normal cells.

Glycine

Glycine is added to selective media to inhibit coagulase-

negative staphylococci (Zebovitz et al. , 1955). To determine if gly-

cine had any effect on S. aureus, various amounts of glycine were

added to the base medium. The results shown in Figure 2 are the

averages of triplicate samples from six different strains of S. aureus.

The addition of glycine in amounts above 8.0 mg /ml had an inhibitory

effect on S. aureus.

Some commercially available media have a glycine content above

8.0 mg/ml. One such medium is Baird-Parker's, with a 12.0 mg/ml

content. It was found that the addition of egg yolk or plasma to Baird-

Parker's base, supressed the inhibitory effect of glycine on S. aureus.

Tellurite

Most of the Tellurite media, in use today for the detection and

enumeration of staphylococci are modifications of the medium of
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No treatment

Heated
A Frozen

Lithium chloride mg /ml

10

Figure 1. Stimulatory effect on S. aureus by the addition of lithium
chloride to basal TPPF medium.
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Figure 2. The inhibitory effect of glycine on the recovery of S.
aureus. TPPF basal medium with increased amounts
of glycine.
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Ludlam (1949). To check the effect of tellurite on S. aureus, six

strains were analyzed. The results are shown in Figure 3. Tel Write

levels above 0.1 mg/ml had inhibitory effects on S. aureus. Heating

and freezing of the cells didn't render them more susceptible to the

inhibitory effect of tellurite. Commercially prepared Tryptone-Poly-

myxin-Egg Yolk medium (TPEY) has 0.2 mg/ml tellurite added. The

lower recovery rates of TPEY is shown in Table 3. Of the four media

tested it ranked number three. The inhibitory effect of 0.2 mg/ml of

tellurite was not overcome by the addition of egg yolk or plasma to

Baird-Parker base.

It has been noted in numerous experiments that the most critical

ingredient of TPPF medium is tellurite. Tellurite media may vary in

effectiveness because of the chemical differences among batches of

potassium tellurite (Ludlam, 1949; McDivitt and Husseman, 1954;

Zebovitz et al., 1955; and Baird-Parker, 1962). This variation makes

it almost impossible to accurately appraise tellurite media from re-

ports in the literature.

Polymyxin B

Polymyxin B is added to media to inhibit the fast growing Gram-

negative species (Finegold and Sweeney, 1961; Crisley, 1962; and Orth

and Anderson, 1969). My experience using TPEY media of Crisley

(contains 30 units /ml Polymyxin B) has been disappointing. Polymyxin
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Potassium tellurite mg/m1

Figure 3. The inhibitory effect of a medium containing potassium
tellurite on recovery of S. aureus. TPPF basal medium
with increased potassium tellurite added.
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B at 30 units/m1 allows many non-Staphylococci organisms to grow.

Polymyxin at 30 units /ml has substantially reduced the counts on 17

strains of the 65 strains checked. Increasing Polymyxin content of the

medium to increase selectivity of medium, has reduced recovery of

S. aureus, and increased the number of strains showing inhibition.

Polymyxin B will not inhibit gram-positive spore-formers, which are

found in many foods. For these reasons the new media has avoided the

use of Polymyxin 'B in its formulation.

Detection- Enrichment

H. E. Hall (1968), made a comparison study between enterotoxin

production and its correlation with lecithinase, coagulase and phospha-

tase production. Enterotoxin production was associated with coagula,se

294 of the 806 selected strains, with lecithinase production in 203

strains, and with phosphatase in 292 strains. Conversely, enterotoxin

was associated with no coagulase in 31 strains, with no lecithinase in

122 strains and with no phosphatase in 33 strains. TPPF medium was

designed to isolate and enumerate coagulase-positive S. aureus via a

plating medium and take advantage of the correlation between coagulase

and enterotoxin.

Pyruvate

The results of adding sodium pyruvate to a base medium is shown
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in Figure 4. There was a two fold increase in recoverable S. aureus

resulting from the addition of .5 mg/ml pyruvate. Concentration up

to 16 mg/ml gave only a slight increase in staphylococci counts.

Injured S. aureus cells appear to metabolize pyruvate, other organisms,

such as micrococci were inhibited by tellurite or they metabolize it

slowly.

CRF

The plate test for coagulase indicates the presence of S. aureus

by the formation of opaque zones (fibrin halos) around the colonies of

coagulase positive staphylococci. The preparation of plasminogen

free CRF by gel-filtration reduced the occurrence of false reactions.

Filtration of plasma through a bed of Sephadex made possible the

collection of plasminogen free CRF (Orth and Anderson, 1970). This

procedure was not suitable for large scale quality control or food

regulation Staphylococci enumeration. The study of Orth et al. (1971)

disclosed the suitability of pig plasma for coagulase via plate test.

Pig serum was rich in CRF and the plasminogen-plasmin, system was

not activated by staphylokinase or staphylococcal MUller factor.

Heparinized pig plasma was more suitable than citrated pig plasma

since citrate interfered with the growth of S. aureus. The use of

heparinized plasma prevented false-positive coagulase reactions due

to citrate utilization.



11

10

9

8

-

-0 0- 0

-

37

No treatment

Heated
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0 2 4 6 8 10 12 14 16

Pyruvate mg /ml

Figure 4. Increase in recoverable S. aureus with the addition of
sodium pyruvate to TPPF basal medium.
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The photos in Figure 5 show the effects of increased amounts of

plasma incorporated into Baird-Parker's base containing 1 mg /ml of

fibrinogen. It is apparent from the results, that concentrations of pig

plasma between five percent and 7.5 percent gave best results. When

one percent plasma was added the fibrin halos are diffused. Concen-

trations of pig plasma above 7.5 percent formed dense fibrin halos

but also a high degree of variation in size of halos. This same size

variation phenomenon has been observed with five out of the six cul-

tures tested.

Fibrinogen

The effect that various amounts of fibrinogen had on the opacity

of the fibrin halos surrounding S. aureus colonies, is shown in the

photos in Figure 6. Concentrations from 1.0 mg/m1 to 2.0 mg/ml are

recommended. The Bovine fibrinogen used, in this study was purchased

in a dried powdered form. The fibrinogen was dissolved in 0.1 M

sodium citrate buffer, some difficulty with undissolved lumps was

encountered. It is recommended that bovine-fibrinogen, buffered

powder of the type used for cancer cell isolation be used. It is easier

to prepare and one half the cost of the fibrinogen used in this study.

Comparison of Recovery

The formulation of the new medium named Tellurite- Pyruvate-
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Figure 5. Effect that various amounts of pig plasma had on the size
and opacity of the fibrin halos formed by S. aureus
ATCC#23235.
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Figure 6. Effect that various amounts of fibrinogen had on the opacity
of the fibrin halos surrounding colonies of S. aureus
ATCC#23235.
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Plasma-Fibrinogen agar (TPPF) has been completed. The method for

its preparation is in the materials and methods section. TPPF medium

must now pass the following test: 1. Using pure culture of S. aureus

compare new medium with several non-selective media. 2. Compare

new medium with other selective media in the recovery of heat injured

S. aureus cells. 3. Determine ability of new medium to recover S.

aureus cell from dried product. 4. Determine selectivity of new

medium by isolation of S. aureus from food products containing high

total counts.

Selective vs. Non-Selective

The 15 S. aureus cultures listed in Table 2 were grown in Tryptic

Soy broth overnight, diluted out to 10 7 in Butterfields buffer and

plated in triplicate on TPPF, TSA, and PCA. Counts were determined

after 16 hours incubation on TPPF medium and after 48 hours on TSA

and PCA. The results shown in Table 2 are the averages of the counts,

The new medium passed the first test with very surprising results.

TPPF was designed to be a selective media. According to all the

reports in the literature concerning loss of recovery due to tellurite,

low counts would be expected from TPPF medium. An added feature

of TPPF medium was the availability of the counts after only 16 hours

incubation. Observation of the TPPF plates after only nine hours

incubation demonstrated opaque halos with no visible colonies.



Table 2. Comparison of the revvery of S. aureus, using selective medium ( TPPFa) and non-
selective media ( TSA and PCAc).

Culture
no.

Type Recovery Medium
Count /ml

TPPF (x107) TSA (x107) PCA(x10 7)

3 46 39 30
3A 63 40 36
6 37 22 18

42D 133 139 125
42E 52 42 50
47 59 40 43
52 65 56 70
54 67 42 32
55 86 113 100
71 74 45 55
75 176 187 166
80 52 37 31
81 63 48 49
83A 158 109 105

187 129 105 110

Ratios

TPPF /TSA TPPF /PCA TSA/PCA

Average

a Tellurite- Pyruvate- Plasma- Fibrinogen
Tryptic Soy Agar

cPlate Count Agar

1.18 1.54 1.30
1.57 1.74 1.11
1.68 2.04 1.26

. 96 1.06 1.11
1.24 1.04 . 84
1.48 1.38 . 93
1.16 . 93 . 80
1.59 2.10 1.31
.76 .86 1.13

1.64 1.34 1.22
.95 1.06 1.12

1.40 1.68 1.19
1.30 1.28 . 98
1.45 1.50 1.04
1.23 1.18 .95

1.30 1.35 1.06
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From Heated Cultures

The second test was to compare TPPF media with several other

selective media. Five S. aureus cultures were incubated 18 hours in

TSB. The cells were washed three times in Butterfield's buffer. One

half of the cell suspension was heated 15 minutes at 52 C. Samples

were run in triplicate. The results shown on Table 3 were the average

of the three counts. Incubation time was 18 hours for TPPF medium

and 46 hours for TSA, VJ and TSB + 9.5 percent NaCl. The recovery

ratios from non-heated cultures indicated a 30 percent higher count

than those for TSA, 2.6 times higher counts than VJ and 6. 5 times

higher counts than TSB + NaCl. Recovery from heated cultures show

VJ count 360 times lower and TSBS 71 times lower. The new medium

looks very favorable when compared with a selective plating medium

(VJ) and a selective enrichment medium (TSB + 9. 5 percent NaCI).

It is of interest to note that the recovery ratios for TPPF/TSA was

1.30 the same as that found in Table 2.

From Long Storage Food

Non-fat-dried-milk was contaminated as indicated under material

and methods. Triplicate samples were removed every six months and

counts made using MPN (three tubes per dilution) method and TPPF

plate counts. The results shown in Figure 7, indicate TPPF counts



Table 3. Enumeration of S. aureus from heated cultures by selective and non-selective media.

ATCC
No. Media

S. aureus counts x 10
8

Non-heated-count ratios Heated-recovery ratios

Non-heated Heated TPPF/TSA TPPF/VJ TPPF/TSBS TPPF/TSA TPPF/VJ TPPF/TSBS

TPPF
a

TSAb
8.8 2.8
6.2 2.6

13565 vjc
d

6.2 2.0 1.42 1.42 8.00 1.18 1.4 5.6
TSB +NaC1 1. 1 5

TPPF 8.6 5.6
TSA 7.6 3.5

7
14458 VJ 7.0 1. 4x10

7
1.13 1.23 7.80 1.60 40.0 12.2

TSB+NaC1 1. 1 4.6x10

TPPF 9.0 3. 7
TSA 7. 5 1.6

265-1 VI 4.2 6.2x105
6

1.20 2.15 3.65 2.32 60.0 34.0
(FDA) TSB+NaC1 2. 4 1. lx10

TPPF 11.0 7. 4
TSA 8.0 4' 2

23235 VJ
63.5 1.3x10
7

1.38 3.15 2.40 1.76 570.0 67.0
TSB+NaC1 4.6 1. lx10

TPPF 12.0 5. 7
TSA 8.9 5.2

12600 VJ 2.3 6.2x105 1.35 5.22 10.91 1.10 920.0 238.0
TSB+NaC1 1. 1 2. 4x106

Average 1.30 2.63 6.55 1.59 360.0 71.3

a
b--Tellurite-Pyruvate-Plasma-Fibrinogen
Tryptic Soy Agar

c
Vogel and Johnson

d
Tryptic Soy Broth + 9. 5 gm/liter sodium chloride.
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Figure 7. Comparison of the proficiency of two media in recovery
of S. aureus from non-fat dried-milk.
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are 15 times higher than those from the enrichment MPN method (FDA

method).

Contaminated Food

The comparison of S. aureus plating media is shown in Table 4.

The results display a ranking order for the four plating media as

follows: TPPF > PCMA > TPEY > VS. TPPF gave 30 percent higher

counts than the two non-selective media tested. TPPF proved to be an

excellent medium for recovery of injured cells (heat and storage).

It was the most selective of the four plating media tested yet delivered

the highest counts in almost every food tested.

Differences in Survival Rates Due to Enumeration Method

A suspension of S. aureus cells in phosphate buffer was heated

at 559C. At intervals aliquots of the heated cell suspension were ana-

lyzed by plating on TPPF, TSA, TSAS and VJ. Samples were also

analyzed by means of the current FDA method, which consists of

selective enrichment in TSB + NaCI for two days than confirming posi-

tive tubes on VJ medium. Plate counts were made after 20 hours with

TPPF and after 48 hours with all other plating media. Selective en-

richment, MPN tubes were observed every 24 hours for a total of ten

days. The results are displayed in Figure 8.

The medium of choice was TPPF. This medium gave the highest



47

Table 4. Comparison of S. aureus plating media,

Food type

Coagulase Staph. /gm

a
TPPF PCMAb TPEYc VJd Ranking

Naturally
contaminated

Crab 30 20 10 10 1-2-3-4
530 380 260 60 1-2-3-4
340 280 300 140 1-3-2-4

50 30 20 10 1-2-3-4
20 10 10 10 1-2-3.5-3.5

Shrimp 410 90 50 310 1-3-4-2
70 100 80 20 3-1-2-4
30 50 10 10 2- 1- 3.5 -3.5

350 280 250 240 1-2-3-4
20 10 10 10 1-3-3-3

NFD milk 90 10 10 10 1-2-3.5-3.5
30 40 10 10 2-1-3-4

Vegetable 2500 1600 900 1300 1-2-4-3
90 120 40 60 2-1-4-3

720 710 490 230 1-2-3-4

Artificially
contaminated

NFD milk 135,000 120,000 97,000 12,000 1-2-3-4
9,800 10,000 6,500 1,700 2-1-3-4

670 490 520 90 1-3-2-4
Cheese
base 90,000 73,000 81,000 7,000 1-3-2-4

1,500 1,500 700 1,100 1.5-1.5-4-3
60 70 40 10 2-1-3-4

Meat
base 175,000 130,000 110,000 9,500 1-2-3-4

16,000 11,000 9,000 10,000 1-2-4-3
1,200 880 320 90 1 -2 -3 -4

Ranking Score 31. 5 46.5 74.5 87.5

a
TPPF = Tellurite-Pyruvate-Plasma-Fibrinogen Agar

bPCMA
= Polymyxin-Coagulase-Mannitol-Agar (Orth, 1970)

c
TPEY = Tellurite-Polymyxin-Egg Yolk (Crisley, 1964)

dVJ
= Vogel and Johnson Agar

eYouden,
1967
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Figure 8. The differences in the apparent survival of S, aureus as a function of enumeration method,
Staphylococcus aureus ATCC#23235 cells were heated in .01 M phosphate buffer at pH 6,8
at 55°C. At the indicated intervals, aliquots of the suspension were plated on Tellurite-
Pyruvate-Plasma-Fibrinogen agar (TPPF), Tryptic Soy Agar (TSA), Tryptic Soy Agar con-
taining 7.0% NaC1 (TSAS), Vogel-Johnson (VD, and Tryptic Soy broth containing 10%
NaCl. MPN counts made at 48 4 and 120 his, on TSB + 10% NaCl.
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counts with both non-heated and heat treated samples of S. aureus.

TPPF counts on non-heated cells was 200 fold higher than the counts

obtained using current FDA method. Counts had a 5,000 fold differ-

ence when sampling cells heated for 30 minutes.

The recovery of S. aureus by TSAS (7.5 percent NaCI) and VJ

was similar throughout the complete-heat treatment. When the enrich-

ment broths were incubated for five days and the MPN determinations

made,these counts also paralleled those of TSAS and VJ.

Several interesting facts were elucidated when the MPN counts

were plotted (Figure 9). Counts on non-heated cells did not reach

their highest potential until five days. There was a 150 fold increase

in the counts after the specified 48 hour incubation. MPN counts on

heat treated cells continued to increase for seven days, and there

was a 5000 fold increase attained, when extending the incubation from

two days to seven days.

The curve for -non- heated cells looks similar to the curve plotted

for heated cells. The only differences are magnitude of counts and a

slightly flatter slope for the heat cell, reflecting the two days of extra

incubation necessary for maximum counts.

There is a growing concern over the recovery of- stressed cells,

and emphasis on the importance of using adequate pre-enrichment

medium in enumeration of stressed cells. The scientific community

is continuing to supply detailed information on the deleterious effects
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TPPF (24 hrs)
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Figure 9. The incubation time necessary for TSB + NaCI medium to
reach its highest potential count. points out counts
after 20 hours incubation when plated on TPPF medium.
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of cold shock, freezing, dehydration, irradiation and osmotic shock.

All these environment conditions will affect the number of stressed

cells present in foods. The medium used to analyze processed foods,

containing stressed cells, is of utmost importance. This is particu-

larly pertinent if we seek to make a quantitative enumeration of

specific microorganisms present in processed foods.

Chemostat Studies

Not all of the problems of determining total viable S. aureus

counts should be devoted to the recovery of environmentally stressed

cells. The possibilities of stresses, of a non-environmental type has

shown up several times during the course of this study. An incidence

of this type occurred when normal non-heated S. aureus cells were

plated on TPPF; a highly selective medium and on two non- selective

media TSA and PCA (Table 2). The selective medium produced 30

percent higher counts. The question naturally follows, does TSA and

PCA contain some inhibitory substance or is it a matter of nutrient

deficiency? Is there some type, of a metabolic stress on cells in the

late log phase of growth? Experiments, centered around examining

cells grown under continuous culture conditions, were set up to

answer these questions.

The details of the continuous culture conditions are given in

materials and methods section. S. aureus. ATCC 12600 was inoculated
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into the reaction flask. Four days of growth was allowed, to make

sure a steady state had been reached. Samples (1 ml) were removed

every 30 minutes and counts determined on TPPF, TSA and TSB +

NaCI. The results are graphically shown in Figure 10, First note that

TPPF medium verified the presence of a steady state. The counts

remained statistically the same during the 470 minutes of sampling.

The counts on TSA were inconstant. The average count would differ by,

as much as, five fold in 30 minutes. Counts using TSB + NaC1 differed

by eight fold, up or down from previous counts taken 30 minutes

earlier.

Under the condition of continuous culture, the cells were under

none of the commonly understood environmental stresses, yet there

was a distinct difference on stability of counts. The expected results

would have been three straight lines after plotting counts. The top

line would have been TPPF, down a short distance the results from

TSA and some one to two log numbers down a straight line for TSAS.

If all the cells are suspended in the same environment, then why the

saw toothed line plots for TSA and TSA + NaCl? A diagram of the

phenomenon is shown on page 54.

The observed saw toothed line plots might result from external

chemical stresses on cells. When plated out on TPPF the plasma,

glycine or pyruvate content of TPPF medium alleviates the stress. The

same cell if placed on TSA would fail to form a colony. If the stress
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Figure 10. Efficiency of TSA,
of S. aureus from
Tryptic ,Soy broth
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TSB + 10% NaCI and TPPF in recovery
a chemostat. Culture medium was
and samples were taken every 30
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is from an external source, and the cell is removed and placed in a

new environment, you would expect it to divide and form a colony in

the new environment on TSA.

Chemical
stress Staphylococcus aureus

Chemical
stress

Chemical
Or

Enzymatic
Stress

New Environment

TSA

Cell
New Environment

TPPF

If the stress on the cell is of an internal, chemical or enzyma-

tic nature then placing it in a new environment must be followed by

repair of the injury before growth occurs. A possible reason for

growth on TPPF and not TSA might be in the nutrient contents of the

two media. One ingredient of TPPF was previously shown (Figure 4)

to be a stimulator of growth. This was demonstrated when pyruvate

was added to the base medium.

To check out this possibility cells were plated on TSA, TSA

containing 10 mg /ml pyruvate and TSA containing 12 mg /ml glycine.
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The results show that pyruvate caused an increase in counts and the

same stabilizing effect that was shown by TPPF medium (Figure 11).

Glycine had the reverse effect.

Membrane Filter Technique

A selective medium can be considered as an environment that

influences the selection, not only of staphylococci, but of the concomi-

tant organisms as well. This environment may be unbalanced by the

addition of food, especially in low dilution, and the extent as well as the

direction of the imbalance may vary with the chemical nature of the

food. Some results interpreted as failures for a particular selective

medium may be reflections of food-media antagonism. This will per-

mit outgrowth of other food contaminants to the detriment of the Staphyl-

ococci in the food.

One method of reducing the food-media antagonism would be the

use of membrane filters to selectively filter out the large food parti-

cles using an 8 p. filter. The bacteria could then be retained on a

.45 p. filter while removing the soluble food material in the filtrate.

This technique combined with the attributes of TPPF medium make

possible isolation and determination of coagulase,positive staphlococci

from almost any food situation. The application of this technique is

shown in Figure 12. The .45 p. filter was removed from the TPPF

medium and agar observed for the presence of opaque fibrin halos.
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Minutes

Figure 11. Effect of added glycine (12 mg/m1) or pyruvate (10 mg/ml)
to plating medium (TSA), and the ability of these media to
recover S. aureus. Culture medium was Tryptic Soy
broth and samples were taken every 30 minutes.
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Figure 12. Membrane filter technique for use in determining
coagulase-positive staphylococci in foods which impart
turbidity to plating media.
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After 48 hours incubation there were 64 colonies on the membrane.

Fifteen of the colonies were small and close to the lower limits of

visable for the unaided eye. The TPPF medium contained 56 opaque

fibrin halos.

Toxin Detection

The purpose of the second part of this study was to develop a

sensitive, reliable quantitative method for the detection of Staphylo-

coccal enterotoxin.

Miller (1971) reported the successful application of electro-

immunodiffus ion to the problem of botulinum toxin detection. Because

of the simplicity and speed of the electroimmunodiffusion technique its

application in staphylococcal enterotoxins detection was investigated.

Conditions Affecting Electroimmunodiffusion (EID)

There are a number of variables associated with the EID tech-

nique. The following variable or condition for satisfactory identifica-

tion of a toxin must be investigated: the agar or gel for best supporting

medium; ionicity, pH and type of salts used in the buffer; concentration

of antitoxin required in the gels in order to render distinct preCipitation

cones with the antigens; time; temperature; and voltage of electro-

phoresis.
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Agar

The kind of supporting medium used in EID partly controls the

type of results obtained. Since the gel is fixed and unable to move, its

tendency to move away from the cathode is counterbalanced by an equiva-

lent movement of water which it holds, toward this electrode. Sub-

stance suspended or dissolved in the water will be affected by this flow.

The degree of flow will be inversely proportional to its tendency to

move toward the anode under the influence of electrophoresis.

Five different agar gels were checked for desirability in EID

tests for enterotoxins. The results are shown on Table 5. The order

of desirability was: Noble's > ID > EPI > lON > agarose. The opti-

mum concentration of Noble's agar was found to be 1. 2 percent.

Electrolyte

Ionicity, pH and type of salt used, in the buffer are selected

depending on experience or observation. Each new application using

EID requires experimentation to determine the factors of ionicity, pH

and type buffer. Table 6 summarizes the effect of buffer concentra-

tion and pH. It was found that an ionic strength near 0.10 N gave the

best results. Most of the experiments were run employing .082 N

Barbital buffer at pH 8.4. In general weak ion strength speeds move-

ment of fractions but tend to broaden the zone, high ionicity increases
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current, causes heat problems and lowers resolution. The pH usually

employed with EID is on alkaline side to prevent protein adsorption to

the medium.

Antitoxin

EID makes use of an electric field to induce a rapid, linear

migration of antigen out of its well into the antibody containing gel.

The resulting antigen antibody complexes are too large to migrate,

while free antigen molecules migrate until they are precipitated. In

antigen excesses these complexes will dissolve but are reprecipitated

after meeting more antibody. The precipitin pattern assumes the form

of a cone as the antigen is precipitated along its path of migration.

The cone size or length was found to be a direct function of the antigen

concentration. The length was influenced by the amount of antiserum

present in the gel medium. The cone length was also increased by

reducing the percentage of antiserum. The optimum amount of anti-

serum A and B for use in EID are shown in Table 7.

Time

The effect of electrophoresis time, on precipitin cone lengths

are presented in Table 8. Thirty minutes was all the time necessary

for maximum cone length.
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Table 5. Comparison of enterotoxin B precipitin cone lengths using
various agars. EID constants: 150 volts, 60 minutes,
temperature 30°C, 0. 082N barbituate buffer at pH 8.4, and
20 p, gm/ml B antiserum.

Agar type

EID precipitin cone lengths in mm

Enterotoxin B per 10k

% used . 25 p. gm . 50 p. gm 1.0 p. g m

Agarose

Noble's

ION

EPI

ID

. 75 4.5 5.0 5.5
1.00 4.5 5.0 5.5
1.50 4.0 4.5 5.0
2.00 0.0 0.0 0.0

. 75 7.5 8.5 9.5
1.00 8.5 9.5 10.5
1.50 7.5 8.0 8.5
2.00 7.5 8.0 8.5

. 75 5.0 5.5 6.0
1.00 5.0 5.5 6.0
1.50 5.0 5.5 6.0
2.00 5.0 5.5 6.0

. 75 5.0 5.5 6.0
1.00 5.5 6.0 6.5
1.50 4.5 5.5 6.0
2.00 0.0 5.0 5.5

1 tab/100 4.0
1 tab/50 5.0
1 tab/25 2.5

5.0
6.0
3.0

6.0
7.0
3.5



Table 6. Effect of electrolyte, ionic concentration, pH and type electrolyte used, on enterotoxin A
precipitin cone lengths. EID constants: 150 volts, temperature 30 °C, and 50 p. gm /ml A
antiserum.

Veronal

EID precipitin cone lengths (mm)
Enterotoxin gm/ml

Buffer .75 1.5 3 6 12 25 50 100 200

0.01N 0.0 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0
0. 05N 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
0. 10N 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4,5 5.0

pH

8.6 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4,5
8.4 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5,0
8.2 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4,5 5.0

Po4 Buffer
pH

6.8 0.0 0.0 1.5 2.0 2.5 3.0 3,5 4.0 4,5



Table 7. Effect of antitoxin concentration on precipitin cone lengths. EID constants:
temperature 30°C, time 30 minutes and 0, 082N barbituate buffer pH 8.4.

150 volts,

Antitoxin EID precipitin cone lengths (mm)
p. gm/ml .75 1.5 3 6 12 25 50 100 200

"A" Enterotoxins A µg /ml
80 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4,5
70 1.3 1.5 2.0 2.5 3.0 3.5 4,0 4.5 5.0
60 1.3 1.5 2.0 2.5 3,0 3.5 4.0 4,5 5.0
50 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
40 1.5 2.0 2.5 3,0 3,5 4.0 4,5 5.0 5.5
30 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

UV! Enterotoxins B p.g /ml

50 2.0 2.5 3,5 4.5 5.5 6.5 7.5 8.5 9.5
40 2.0 2.5 3.5 4,5 5.5 6.5 7,5 8.5 9.5
30 2,5 3.5 4,5 5,5 6.5 7.5 8.5 9.5 10.5
20 2.5 3.5 4.5 5,5 6.5 7.5 8.5 9.5 10.5
10 2,5 3,5 4.5 5.5 6.5 7.5 8.5 9.5 10.5



Table 8. Effect of electrophoresis time on enterotoxin A precipitin cone lengths. EID constants: 150
volts, temperature 30°C, 082N barbituate buffer pH 8.4 and 50 p. gm/ml A antiserum.

Time

EID precipitin cone lengths (mm)

Enterotoxin A p. gm/ml

min. .75 1.5 3 6 12 25 50 100 200

10 0.0 0.0 0,0 0,0 1 . 5 2.0 2.5 3.0 3.5

20 0.0 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0

30 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4,5 5.0

40 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

50 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

60 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
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Temperature

High voltages cause heating of the gel and denaturation of the

antibodies. The agar must be reasonably cool. The current will rise

if the agar warms, whereupon it conducts more electricity. If no

means are available then low voltage and ionicity will be necessary in

order to keep gels cool. The results presented in Table 9 indicates

the optimum temperature to be in the range of 30 C to 35o C.

Voltage

Best results are obtained with high voltage as shown in Table 9,

With all the conditions that affect electroimmunodiffusion examined,

and the optimum condition determined the next step is to run a sensi-

tivity curve.

Optimum Conditions- ,Summary

Gel 1. 0% Noble's

Buffer 0.082N barbituate

pH 8.4

Antitoxin ''A" 40 µ gm/ml (FRI)

Antitoxin "B" 20 11 gm/ml (MAKOR)

Time 30 minutes

Temperature 30oC

Voltage 150 Volts



Table 9. Effect of temperature and voltage of electrophoresis on enterotoxin A precipitin cone
lengths. EID constants (temperature experiments): 150 volts . 082 N. boarbituate buffer pH
8.4 and 50 p. gm /m1 A antiserum; (voltage experiments) temperature 30 C, 082 N. barbitu-
ate buffer pH 8.4 and 50 p. gm/ml A. antiserum.

EID precipitin cone lengths (mm)
Enterotoxin A II gm/ml

Temperature .75 1.5 3 6 12 25 50 100 200

20oC 0.0 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0
25°C 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
30

oC 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
35

oC 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
40

o
C 0.0 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0

,Voltage

0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4.575 V

100 V 0.0 0.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
150 V 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
200 V 1.3 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
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Sensitivity Curves

Photographic illustrations for enterotoxin A are demonstrated

on Figure 13. Enterotoxin B illustrations are on Figure 14. Standard

sensitivity curves for both A and B are shown on Figure 15.

Sensitivity Comparison

A comparison of the sensitivities of the double-diffusion slide

test of Casman and Bennett (1969); the capillary tube method of Gandhi

and Richardson (1971); and the electroimmunodiffusion method de-

scribed in this thesis, are outlined on Table 10. The enterotoxins and

antitoxins were those listed in materials and methods. The sensitivity

of new EID method compares very favorably with slide double diffusion

and capillary tube methods.

Table 10. Comparison of the sensitivities of double-diffusion, capillary-tube and electroimmuno-
diffusion methods for the determination of enterotoxin A and B.

Double Diffusion

Assay Enterotoxin
Period Conc. ug/m1

Capillary tubea Electroimmunodiffusion

Period Conc. ug/ml Period Conc. ug/ml

Enterotoxin "A"

3 days 1. 0 1 hr. 1. 0 30 min. . 78

5 days . 75 12 hrs. .25

Enterotoxin "B"

3 days 0. 75 1 hr. . 50 30 min, 40

5 days . 50 12 hrs. . 125

aGandhi, N. R. and Richardson, G. H. (1971).
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Figure 14. Electroimmunodiffusion of enterotoxin B showing increased
cone length with increase in enterotoxin B.
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Table 11 is a summary, comparing all the major methods used

or being investigated, as a means for enterotoxin detection. The

sensitivity of EID is the same as four of the other methods. Immuno-

fluorescents and double-gel diffusion methods are ten times more sensitive

according to investigators using these methods. The time required to

obtain results ranges from seven days to two hours. The EID method

offers a distinctive advantage with respect to time required. The EID

method presents a number of other advantages: quantitation of results,

no other method has built in quantitation; ease of preparing test and

reading results; multiple samples, EID allows a large number of

samples to be electrophoresced at the same time (with equipment used

in this study 27 samples simultaneously); and possibility of testing for

all five toxins on same slide, for screening tests.

The major disadvantage is the amount of antitoxin required to

perform the test. Enterotoxin A and B are now commercially avail-

able from Makor Chemicals, Jerusalem, Israel. Staphylococcal

enterotoxin B antiserum in 2 ml amounts was sufficient antiserum for

(46 slides) 400 EID tests. The cost per 2.0 ml antiserum, is $15.00.

The cost per test therefore is $.04. It requires approximately 20

minutes time per nine tests, 0 prepare slides, cut wells, and pipet

samples into wells. The total cost per test is under one dollar, which

makes it less expensive than a total plate count test.



Table 11. Comparison of the major methods used for the determination of enterotoxins in foods. Sensitivity, time required, advantages and dis-
advantages of each method.

Method Reference
Sensitivity
ug/ml Time

Oudin Crow le 1.0 24 hrs.
Single-diffusion (1961)
Tube-test

Oakley
Double-gel-
diffusion

Hall
et al
(1965)

. 05 7 days

Micro-
Ouchterlony

Casman
et al.

0.6 3 days

Slide-test (1969)

Electrofocusing Kimble _5 5 hrs.
Electro-
osmophoresis

(1970)

Hemagglutination-
Inhibition

Morse & Mali
(1967)

.4 3 hrs,

Immuno-
fluorescents

Genigeorgis
and Sadler

0.05 5 hrs.

(1966b)

Electroimmuno-
diffusion

This thesis 5 2 hrs,

Advantages Disadvantages

a-easily prepared not differentiate among multiple antigen-
antibody systems.

a-easily prepared not differentiated among multiple antigen -
antibody systems.

a-0.02 ml of reagent exacting in preparation and proportions of anti-
b-ref erence precipitation gen-antibody

a-speed
b-multiple samples
c-less expensive

a-small quantity of
reactants

b-speed
c-ease of reading

a-detect toxins in food non-enterotoxigenic cells also fluoresce
without extraction

b-speed

must elute toxin from gel for quantitation

non-enterotoxin hemagglutinins interfere

a-good quantitation
b-speed
c-ease of reading
d-multiple samples

amount of antitoxin needed
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SUMMARY

A medium for the enumeration of Staphylococcus aureus was

developed. The individual ingredients for this medium were analyzed

for their effect on normal, heat treated and frozen cells.

Carbohydrates were omitted because their fermentations produce

false-positive results. Sodium chloride and polymyxin B were omitted

since the concentrations necessary for inhibition of other flora in food

also inhibits some S. aureus strains. Glycine and tellurite were

incorporated in the media to impart selectivity to the medium. When

pyruvate and lithium chloride were added, higher counts of S. aureus

were observed. Pyruvate was found essential for recovery of the meta-

bolic stressed cells.

The addition of fibrinogen and pig plasma to the selective

medium rendered it a differential medium as well. Coagulase-positive

staphylococci form distinctive fibrin halos when plated on TPPF

medium.

The new medium gave superior results when compared with other

selective and non-selective media.

Continuous culture studies indicated vast differences in the

ability of various media to enumerate S. aureus. A fluctuation in

colony forming cells was observed. This fluctuation was omitted by

the addition of pyruvate to the TSA medium.
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A membrane filter method for separating Staphylococcal cells

from food particles and their subsequent coagulase testing was de-

scribed. When the membrane is removed from the TPPF medium the

fibrin halos can be observed and counted.

The characteristics of TPPF medium, surpasses the criteria

established for evaluating a new medium. The medium is easy to pre-

pare and test methods employed are ordinary plating procedures. The

time and cost of TPPF medium compared with other methods follows:

Testing-time in days

Method
Negative
Results

Positive
Results

Estimated
Cost

Selective Plating 2 3 $4.00

Egg- Yolk Plating 2 3 $4.00

Enrichment MPN 4 5 $6.50

TPPF 1 $1.00

The one step quantitative TPPF test method is highly selective, allow-

ing the recovery of injured cells.

The second part of this study was devoted to the application of

the electroimmunodiffusion technique for Staphylococcal enterotoxin

detection. The variables associated with electrophoresis were

independently analyzed to determine optimum conditions. An EID test

method was developed with sensitivity similar to the double-diffusion
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slide method. The test procedure >is capable of doing 27 tests simul-

taneously in two hours at the cost of 40 cents per sample (cost includes

chemicals, antiserum and labor). The EID procedure is recommended

for use in food industry quality control work and for the food protection

governmental agencies.
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