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INTRODUCTION

The role of Staphylococcus aureus as an etiologlical agent

in food polsoning has been established beyond question, and is
of considerable importance. Tne prevalence of thlis orgenism
in the nose eand throat and on the hands of people 1s great; 1t
is of equal importance in many foods of enimal origin. The
resistance td antiblotics which some strains have developed 1in
recent years has caused this organism to assume greater lmpor-
tance 1n many varied fields.

Although the cause of staphylococcal food polisoning has
been recognlzed for many years, 1ts incldence shows no tend-
ency to decrease. On the contrary, more and more outbreszks
and cases eppear to ce reported esch year. The most recent
information avallaktle shows that the number of outbreaks has
increased for the past two years. In 19569 there were more
cases of staphylococcal food poisoning than all other types
combined where the causative agent could be determined. There
were 89 outbreaks reported in the United States, involving
4,138 persons (z6). Undoubtedly there were many more out-
preaks which occurred but were not reported.

The mechanism by which some strains of staphylococcl are
aple, under the proper conditions, to elaborate & substance
which causes gastro-intestinal disturcences in human beings
is not known. To quote the words of Van Heyninger (93),

“progress in research on staphylococcal enterotoxin is stifled



almost to the point of extinction by the difficulties in
testing the toxin." Human volunteers have been used many
times for the detectlion of toxic agents in suspected foods

and in filtretes prepared from strains of Staphylococcus

aureus. The use of human volunteers is by necessity very
limited, since 1t is difficult to rind an appreciabvle number
of persons willing to subject themselves to an experience of
this nature.

Monkeys are regarded as the cest substitute for human
volunteers, cut these are expensive, difficult to maintein,
and are somewhat vsrilavle in response. These animals are not
readlily availavle to many people who would undertzke research
on staphylococcal food poisoning. Cats have been used with
varying success ©y some investigators, but the difficulty in
securing sufflcient numbers and in handling again presents a
problem.

An alternate test animal for staphylococcal enterotoxin
would ve most helpful. The availabllity of dogs, together
with the simplicity of their maintenance and handling, would
appeer to make them an 1deal test animal. A few reports of
atteupts to use dogs as test anlimals have appeared in the
literature, with the consensus of opinion teing that dogs ere
not suitacle for this purpose. A report by Tekse in 1251
indicated tnat the use of dogs as test aniwmals has not been

thoroughly investigated. He found that dogs reacted with



eumesls when an enterotoxic filtrate was administered intra-
venously, and that they reacted negatively when a non-toxic
filtrate was administered. A search of the literature has
revealed no further work on this sutject.

The purpose of the research reported herein is to deter-
mine the reliability of dogs as test animals in detscting
staphylococcal enterotoxin by the intravenous injection of
sterile hezted filtrates produced from certain strains of

Steaphylococcus aureus.




REVIEW OF LITERATURE
Properties of Enterotoxin

The outstanding property of staphylococca2l enterotoxin is
1ts abllity to cause severe gastro-intestinal upsets in humen
ceings; in fact the name "enterotcxin" was given to this sub-
stance because 1t eXerts its most conspicuous action on the
gastro-intestinal canal or enteron (32). The symptoms pro-
duced following ingestion of this substance by susceptible
persons include retching, vomiting, chills, fever, and semi-
shock.

No attempt will be made to descritce a typlcal trein of
symptoms in man, however, the pathological changes caused by
the action of this substance are well worth noting. These
changes were described by Palmer (63) who examined 42 hos-
pitalized patients suffering from acute gastroenteritis of
proven stsphylococcal origin. Examination of the gastric
mucosa by gastroscopy was made at intervals during 280 hours,
with the first examinations belng performed five hours sfter
initietion of symptoms. Acute exogenous gastritis was ob-
served on the 1nltial examination and with decreasing fre-
quency until the 80th hour, after which the examinations re-
vealed essentlally normal tissue. Biopsies were performed 1n
24 patients; a short-lived progression of pathological changes

wes noted up to the 92nd hour after appearance of symptoms.



All tissue taken after that hour was normal and no permanent
morphological abnormalities were produced 1in the gastiric
muco s&a.

The effect of enterotoxin on various test animals 1s dis-
cussed in later sectlons.

The physical properties of enterotoxin have received con-
sideratle attention snd meny important observations have been
made. The question of heat stability has been extensively
studled, since its ability to survive hest treatment during
cooking of food and prior to performing certain biologlcal
teste 1s of consideratle importsnce. Many workers have demon-
strated 1ts heat resistance (32, 44, 50, 58, 65, 87, 92), but
most agree that its potency is somewhat diminished by belling
for 30 minutes. Casman (15) has recently described a heat-
lablle type of enterotoxin which feziled to precduce emesis in
cats after the'hemolysins in the filtrate were inactiveted by
heating, but which caused emesis in monkeys when unheated fil-
trates were administered orally. Davison and Dack (27) have
shown that autoclaving at 120 C for 20 minutes practically
inactivates enterotoxin, and the use of autoclaved filtrates
as negative controls has been reported (46). Stability of
enterotoxin under refrigeration was noted by Jordan and Bur-
rows (51), who found that sterile filtrates retained their
potency for a2t least 67 days when stored 1n a2 refrigerator.
Jones and Lochhead (49) found that filtrates did not lose their

Toxlec property in 60 days a2t low temperatures. A formelized



filtrate from one strain was potent after 14 month's storage
in a refrigerator (32).

Dolmen and Wilson (3Z) noted that the addition of formal-
dehyde to filtrates in 0.3 percent concentration with subse-
quent incucation at 37 C did not destroy enterotoxin, but did
destroy alpna and beta hemotoxins. This observation was con-
firmed by Mirett (5%9) who also observed that enterotoxin was
not affected by rennet. Woolpert and Dack (99) reported that
emall amounts of phenol apparently wezkens the toxic action,
and Segelove (71) has demonstrated that penicillin does not
inéctivate preformed enterotoxin. Its emesis-producing abil-
ity was not insctivated 2t pH 4.5 or 2t pH 8.0-8.2 efter in-
cucation at 37 C for 24 hours (44). Resistance of enterotoxin
to small amounts of ascorbic acid was reported by Thatcher
and Matheson (92), and Minett (59) found it resistant to acid
at pH 5. Enterotoxin was reported to be resistant in crude
filtrates to both trypsin and pepsin (44), while Minett (59)
found thaet a formalized filtrate was inactivated by trypsin
in four hours at 37 C. Bergdoll et al. (8) report that puri-
fied enterotoxin is resistant to trypsin.

Enterotoxin was found to be insoluble in alcohol (44, 51),
and to be precipitated from solution by ethanol, methanol, and
hydrochloric acid, and by saturation with ammonium sulfate
(7). Hammon (44) concluded that the enterotoxic substance

was a large coimplex carbohydrete molecule, but recent work



(45) indicates that it i1s a water-soluble protein with an
average molecular weight of 24,000 plus or minus 3,000. The
iso-electric point of purified enterotoxin was found to be pH
8.6, and anelysis indicated the presence of 18 amino acids
(45). Jordan and Burrows (51) found that enterotoxin would
not distill, that it was resistsnt to a rather strong solu-
tion of chlorine, and that it was completely removed from
agueous solution by extraction with ether or chloroform.
Hammon (44) was unable to find active enterotoxin in ether
extracts, but found it instead in the residusl extracted cul-
ture filtrate.

The ebility of enterotoxin to readily dialyze was noted
by Hammon (44), while Jordan and Burrows (51) found that it
was not readily dialyZéble. Minett (59) noted that it 4if-
fuses readily through culture medium but not through collo-
dion. Bergdoil et al. (7) found that enterotoxin was non-
dialyzapvle and concentrated it by this method, together with
precipitation.

Reports of the antigenicity of enterotoxin have been
made by many investigators, among whom are Barber (4), Wool-
pert and Dack (9¢9), Minett (59), Dolman and Wilson (32, 33),
Fulton (4z), Davison et 21. (28), Surgalla et al. (85),
Casmean (15), and Matheson and Thatcher (58). Hammon (44) re-
ported that 1t was non-antigenic btut observed a tolerance

wnich developed 1n test animals. The difficulty in otteining



enterotoxin in purified form greatly hampered the study of
1ts antigenic, immunological, and chemical properties. BSince
1ts purificetion and concentration, Bergdoll et al. (8) have
produced in rapbits a morovalent antiserum which 1s capabtle
of producing & single.band of precipitate with 1ts antigen
(enterotoxin) as shown by the gel-diffusion technique. Using
the same technique, Caswman (14) hes presented evidence of at
least two serologlcal types of enterotoxin which he designated
S-6 and 196-E. Casman states that nelther type of enterotoxin
was formed from 36 cultures which were non-enterotoxigenic by
the cat test, nor Cy eight strains reported to be non-entero-
toxigenic when tested by the monkey-feeding procedure. In
later work (15) Casman reconmended that the two heat resistant
aﬁtigens (enterotoxin) be designated -2as type E and type F.
He found that strains of staphylococel 1solated from ceses of
enteritis produced both types E and F, but strains isolated
from foods implicated in food poisoning inclidents produced
only type F.

Suglyama et al. (81) verified Cesman's observaetion of
tne two serologicel types by use of a modification of the agar
diffusion technique. They demonstrated that colonles very 1in
their capacity to produce enterotoxin and that some colonies
either did not produce it or produced it in amounts which were

not detectabcle.



Production of Enterotoxin by Staphylococel

The conditions necessary for tne production of staphylo-
coccal enterotoxin uncder natural conditions have been recon-
structed in deteil from outbreaks of food polsoning. These
concitions ere contamination with sufficient numcers of a
food poisoning strain of staphylococecl, a suitable medium for
development of thne organisms, and sufficient time in the
proper temperature range for growth of the orgsnisms and
development of enterotoxirn.

An accurate knowledge of the percentege of strains which
are capable of producing enterotoxin is still to be ascer-
tained. Minett (53) tested 38 strains from the bovine udder;
16 of these were shown to produce enterotoxin. Slanetz et al.
(76) could find no evidence of enterotoxin production in 10
strains isolated from cow's udders, while Bell and Velez (86)
report 25 enterotoxigenic strains out of 37 isolated from
similar sources. OStaphylococcl isolated from cases of enter-
itis following antibiotic therapy were found to produce
enterotoxin in 30 out of 3Z strains (86). Enterotoxin pro-
duetion by four out of flve coagulase-positive stresins of
staphylococcl isolated from wholesome frozen foods was noted
by Evans et al. (38). Dolman and Wilson (32) found three out
of four strains 1solated from frozen fruits and vegetavles to
be enterotoxigenic. A wide veriation in the estimation of

the percentage of enterotoxigenic strains therefcre exists
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among dirrerent lnvestigetions.

The numcer of organisms required to produce enterotoxin
in sufficient quentities to te detectzd 1s undoubtedly large.
Allison (1) reports finding stephylococci in numbers ranging
from 500,000 to 2 billlon per grem in food samples from out-
cresks. Dolmen and Wilson (33) found staphylococcl in sus-
pected foods 1n numbers of over 1l million per gram. Produc-
tion of enterotoxin wes found to Le associzted with good
growth of orgsnisms by Segeslove end Dack (72).

Dacik (24) hes reviewed tae list of foods from which out-
creaks of food polsoning heve occurred. These foods include,
cut are not limlited to, the following: custzrd filled bekery
foods, ples, ham and hem products, tongue szndwiches, custerd
filled doughnuts, milk, cheese, hollsndeise sesuce, pressed
pickled ceef, chicken salad, end others. Under experimentel
conditions, Segslove et 21. (73) found that high ecid foods
were incepacle of supporting growth of staphylococei, while
growth occurred best in low-gcld foods. A selectlive action
Tor stephylococcl by foods conteining a high selt cantent has
teen noted (61). Dsvison and Deck (27) noted thet snserobic
conditions masy decrease but not prevent enterotoxin produc-
tion.

The time a2nd temperature requirements for oroduction of
enterotoxin under lacorstory conditions in coummercizlly pre-

pered foods were studied by Segelove and Deck (72) who found
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that enterotoxin was produced at 18 C in three deys and in 12
hours a2t 37 C. It was not produced in shorter periods at
these temperatures. Production of enterotoxin was not de-
tected in foods incubated at 9 C for 7 days or 2t 15 C in
three days. Incupation at 4-6.7 C did not support enterotoxin
production in four weeks. Jensen (48) states in order to
avoid hazard from growth of these bacteriz, 1t 1is well to
provide a safety margin by considering the incubstion zone to
be from 50 F to 120 F.

Laboratory production of enterotoxin is designed to yield
a product rich in the emetic principle. The purposes of 1its
precduc tion may oce to prove a particular strain capacle of
producing an outbreak, or for research applications. Many
varied methods and media have been developed for the labora-
tory production of enterotoxin.

The first medium used for this purpose was milk (4);
sufflcient enierotoxin was developed to demonstrate 1ts
presence 1n human volunteers but not in test animals. Dack
et 21. (25) used veal infuslon broth which had teen inoculated
wltn the suspected strain of staphylococcus and incubated
aerocically for 40U hours. Sterile filtrztes from these broth
cultures were given orally to human volunteers or parenterally
to test animals. The production of enterotoxin in this type
of medlum was undouttedly low, althougn toxicity was demon-

strated by use of human volunteers (25, 53) and in South



12

American monkeys (53). Woolpert and Dack (99), using the
observations of Burnet (11), were able to produce filtrates
of much higher potency by employing a 1 percent veal infusion
agar adjusted to pH 6. The medium was placed in Kolle flasks,
tne carbon dioxide tension adjusted to 20-25 percent, and the
inoculated flasks incubated for 48-72 hours. This method
yielded higher hemolysin, dermotoxin, lethal toxin, and
enterotoxin production than had aerobic cultures of liquid
medium. Similar observations on exotoxin production were
reported by Parker et 2l1. (64).

Dolman and Wilson (32) introduced a medium which has been
extensively used in the laboratory production of enterotoxin
and is comnosed of proteose-peptone and various salts in semi-
solid ager. Tnis medium 1is placed 1n petri dishes, inoculated
with the suspected strzin, the atmosphere adjusted to 30 per-
cent carbon dioxide and 70 percent oxygen, and incubtated for
40 hours. After incuoation, the semi-solid égar 1s streined
through cheesecloth, the resulting liquid filtered, centri-
fuged, and passed through Seitz fllters to accouplish steri-
lization. These authors described three technigues of inac-
tivation of alpha and beta hemolysins prior to sutmitting
the filtrate to the kltten test. These technloues conslst
of (a) neutralizing with specific antiserum, (b) incubating
at 37 C with 0.3 percent formalin until hemolysins are no

longer detected, or (c) heating the filtrate in a tolling
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water basta for <0-30 minutes. Of these nmethods, the latter
hes teen uost often used.

Favorite and Hammon (40) recommended 2 cesein hydroly-
scte medium for the production of 2lpha hemolysin. The mix-
ture was placed in pyrex nursing cottles, the orgenisms intro-
duced into the wlxture, and the gir repleced by a2 carbon
dioxide-oxygen mi%ture- They concluded thet this medium is
cepacle of supporting the production of enterotoxin similar
to 1ts ebility to produce henmolysins. Of interest in their

results is the fect thst no hemolysins were produced in this

medium or in infusion croth when incubated on 2 shsking sppa-

A method of produclng exotoxins by butkbling & cerbon
dioxide-oxygen mlixture through 2 licuid medium wss descrited
by Cesmen (12). He later described 2 simply pfepsred and
dielyzatle fluid medium which consistently supports the pro-
duction of enterotoxin and 1s composed of commercizlly pre-
pered ecild hydrolysate of cesein, plus vitemins snd sslts.

A speclal stumospiere 1s not recuired when this medium 1s used.
The production of enterotoxin in chemicz1lly defined
wedie wss reported by Surgells (82Z). He detected enterotoxin
in the supernstants of cultures produced in medis contsining
frow « to 16 emino escids, a2nd with concentrations of glucose
renglng r'roa 0.z to <0 percent. Growth of the organisms and

toxlrn proauctlon were correleted with the amount of available
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nitrogen in the medium. Simlilar observations concerning the
avallaple nitrogen were made by Surgalla and Hite (88) in a
study of synthetic media. Other methods of enterotoxin pro-
duction, includlng shallow culture bottles, deep cultures in
turning cottles, and deep aerated cultures were reported by
Surgalla et al. (89). North (61) described 2 medium using ham
as the tasic ingredient and found that enterotoxin production
was supported cy this medium. An artificial csrbon dioxide
atmwosphere was found to be unnecessary for enterotoxin pro-
duction, and it was noted that hemolysin production wes stimu-
lated ©y the presence of proteose-peptone. North observed
that there was no correlation between hemolysin productlon

and the avility of a strain to produce enterotoxin.

The use of an enzyme hydrolyzed czsein medium for the
production of enterotoxin is recommended by Bergdoll.* The
inoculated medium is incubated at 37 C on a shaking apparatus
operating at 200-250 oscillations per minute, and does not
require an artificlesl cerbon dioxide atmosphere. This medium
ylelds a filtrate low in hemolysins and apparently high in
enterotoxin after incubation ror 18-24 hours. The medium can
be used in a shallow layer technique with incubation at 37 C
for 7< hours under an atuosphere of 20 percent carbton dioxide,

or in a deep culture aeration method for 16-18 hours. Two

#li. 5. Bergdoll, Chnicago, I1l. Enterotoxin production
methods. Private communicetion. 1960.
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liters of air per minute must be bucbled through each liter of
mediuw, and an entifosm is recessary in this method.
Cultural Lethnods for the Detection
of Enterotoxic Strzins of Sterhylococcl

The desire for s simple lavoretory method for the detec-
tion of strasins of stephylococci which ere capetle of produc-
ing enterotoxin has prompted verious investigstors to develop
wedle which they cleained would accomplish this purpose.
Licuefaction of gelatin in 2 beef extract gelestin medium was
recoumended by Stone (72) es proof of en enterotoxin-producing
strein. The liquelesction wes due to production of gelstinese
cy the orgenlsms, and g strein which produced this enzyme wss
s2id to be "Stone positive". Chinn (20) wes unsble tc differ-
enticzte stephylococel incrimineted in food pcilsoning outbresks
from those isolsted from infections by the use of Stone's
medium. Hussemen and Tenner (47) found that Stone's medium
wes rot wholly successful in differentisting enterotoxin-
Torulug stephylococecl from ron-enterotoxigenic sirsins. Ob-
servetions ty Burke end ¥aplan (10) indicsted thet the Stone
test geve a2 65 percent correlstion for enterotoxin production
wita the kitter test. Chapmsn et 2l. (18) steted thet food
polsoning staphylococcl could te 1solsted by plsting the sus-
pected nateriel on Stone's gelatin extrasct ager, recbit blood
gger, paenol red wannltol egar, =nd brom-thymol klue sger.

A Typlcal food polsoning strein would produce yellow or orange
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pigment, hemolyze rabbit blood agar, produce orange or deep
violet growth on crystel violet agar, grow luxuriantly on brom-
thymol blue agar, and ferment mannitol. In addition, a typi-
cal food polsoning staphylococcus would coagulate human and
rabblt plasma.

A modification of Stone's gelatin agar for the detection
of food polsoning stapnylococcl was introduced by Chapman
(18). Straius which produce yellow or orange colonies sur-
rounded by & clear zone (indiceting gelatinase production),
which ferment mannitol, and were cosgulase-positive were
likely tTo te food poisoning strains, according to Chapman.
kennitol fermentation was detected by removing plgmented
colonies from the surface of the medlum and adding a drop of
bromcresol purple solution to several areas. A change 1in
color ot the indicator in the asrea from which the coloniles
were taken indicstes mannitol rermentation. This medium is
similar to Staphylococcus Medium 110 (17) except for a reduced
sodium chloride content asnd inclusion of a developer in the
medium for the detection of gelatinase production. Staphylo-
coccus Medium 110 has teen extensively used for the primary
isolation of pathogenic staphylococci.

The relationship of the coagulase test to staphylococci
assoclated with food poisoning was studled by Evans et gl.
(38). They reported that a strain of coagulase-positive

stéphylococci which falled to produce pigment on Staphylo-
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coccus lkedium 110 produced particulesrly severe symptoms when
filtrestes were fed to monkeys. They ocserved thazt «4 cosgu-
lese-negetive streins isolated from foode were incapstle of
produeing enterotoxin according to thelr methods. No differ-
ernice could ce detected in the physiology of enterotoxigenic
staphylococcl and those cozgulese-positive cultures which
faziled to produce sickness in monkeys. Smith (78) found that
the cocgulase Test was the only single relistle criterion for
determining the pethogenicity of staphylococci. The use of
tne cozgulase test in deterwining the pathogenicity of stephy-
lococeci was recommended bty Christie snd Keognh (21) end by
Feircrother (38).

Clark (22) describes a2 modified potessium tellurite sger
which wes developed to enumerate coscgulese-positive stephylo-
cocci in milk. A suitetle dilution of milk is smeered on the
surfece ol the ager with & bent gless rod, employing 2 rotat-
ing platform and using & 45 second smearing time. Cosgulasse-
posliilve, potentizlly enterotoxigenic starhylococci produce
distinet bleck colonies. Finegold and Sweeney (41) descrike
a selective medium for the 1solation of coapgulase-positive
stephylococeli. Tnis medium uses polymyxin B &s en inhititing
agent, end repid plgmentstion end typical colony morphology
gre r'eatures of tae medium.

Striter end Jorden (80) concluded thst the food poisoning

strains do not constitute 2 cleerly merked group, 28 there was
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no evidence of homogeneity 1in ciochemic2l, hemolytic, or egglu-
tinetive chearascteristics. They found thest the power to pro-
voke food polsoning 1is rnot limited to eny recognizeble veriety
ol stephylococeci.

The single criterion thet most investigators =zre sgreed
upon 1s thst the food polsoning stephylococcli =re conteined
witain the cosgulase-positive or psthogenic group, end thet no
single culturel method of dividing this group into 2 sub-group
of food polsoning streins hes yet been devised (38).

Other lethods Which Hsve Been Used in Attempts to
Detect Enterotoxin or Enterotoxigenic Streins

Becteriophage tvping

The use of tacterlophage tyolng in treeing the source of
stralus suspected of causing staphylococcal food polsoning hes
shown definite promise in recent yesrs. Allison (1) typed 47
strains of staphylococcl isolsted from food poisoning out-
tresks. He found thot 64 percent belonged to 6/47 III c, 17.2
percent to type 4« D, and thet 18.8 percent could not ke
typed. He noted that type 6/47 is the nost common type found
in the rnose of man, but thet enother tyve, design-~ted 3A, is
coumorn in the riose end hes not teen found to te the c2use of
staphylococcus food poisonirg. Willlems et s1. (925) found

thet Group III 6/47 1s the most conmon type found in the feces

of normel persons. In a classification system, Williems gt
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al. (95) designated an outbreak as "Grade A" when the same
phage type was isolzted from the suspected food end from a
victim of the outbreak. An outbreak wes designated as '"Grade
B" when staphylococcl were isoleted from one or the other but
not from ctoth. They found that strains of stephylococci from
87.5 percent of 40 well documented cases of food polsoning
fell into phage Group III, and that 78 percent of 41 other
cases which were not as well substantiated fell into the same
group. Williems et al. (95) emphasize that it is important

to remeumter thaet there is as yet no evidence of the proportlon
of Group III which produce enterotoxin, and a strain therefore
cannot be assumed to be the cause of food polsoning merely be-
cause it belongs to Group III.

Enterotoxic strains involved in food poisoning outbreaks
have been successfully traced to their source by Sesint-Martin
et al. (70), Gillespie (43), Wilson and Atkinson (27), Murphy
and Edward (60), Williams et 21. (94), and MacDonald (56),
emong others. The value of tracing a strain to its source is
emphasized by Wilson (98), who observed that an enterotoxi-
genic strain perslsted 1n the nose of a normal person for three
years without loss of its toxin producing ability. An excel-
lent example of using phage typing to trace a strain to its
source, and demonstreting its enterotoxigenicity by biological
means, is reported by Prince and Crowell (66). The value of

the comclination of these two methods is evident.
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Gel-diffusion technigue

A modification of the gel-diffusion technique of Oudin
(62) was utilized by Surgalls et al. (83) in studies of puri-
filed enterotoxin. These workers used the rooster, monkey, and
raobit for preparation of antliserum, and studied enterotoxin
in various phases of its purification. They were able to
demonstrate the presence of several bands of precipitate in
crude filtrates produced in a pancreatic digest medium, but
were unable to determine which band represented the entero-
toxic sucstance. A monovalent antiserum was produced in
recbits by Bergdoll et al. (8) which geve a single band of
precipitate with 1ts entigen. Casman (14) presented evidence
of at least two serological types of enterotoxlin by the use
of the gel-diffusion technique. Verification of Casman's
otservation was made by Suglysma et al. (81), who used an agar
plate modification of the gel-diffusion technique. The basic
sger-diffusion technlgue, with its various modificastions, 1is
of value in the serologlczl study of enterotoxin, but 1is
limited in 1ts application tecause of the varied antigenic
properties of enterotoxin produced by different strains of

staphylococecl.

Chick embryos

Placement of enterotoxin onto the surface of the chorio-

allantoic membrane and injection directly into the yolk sac
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produced no apparent action on chick embryos (44).

Infrared spectrcphotometry

Detection of enterotoxin in boiled or lypholized prepera-
tions was reported by Levi et al. (55) with the use of infrea-
red spectrophotography. This observation has not been con-

firmed.

Aoclutination by dilute horse serum

A fundementel difference between enterotoxigenic and non-
enterotoxigenic strains of staphylococecl was described by
Slocum and Lincden (77). Suspensions of 1living organisms were
mixed with varying dilutions of norm2l horse serum end incu-
beted at 37 C for 24 hours. Non-enterotoxic strains were
agglutinated by the horse serum in very high dilutions (1-160
to 1-320) while enterotcxigenic strains were only partially
agglutinated by dilutions of 1-80 znd 1-160.

Action of enterotoxin on isolated racbit
small intestine

A speclfic action by enterotoxic filtrates on isolated
rabbit smell intestine was described by Anderson (Z). Seg-
ments of intestine were suspended in a mixture of Rirger's
solution and the flltrate teing tested. A total volume of 60
ml of the mixture was maintained in the contsiner. A charac-

teristic increase in the tone of the intestine was noted when
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not less then 4 ml of an enterotoxic filtrate was sdded, while
no response was obtained from non-toxic filtrates or from con-
trol media. These findings were not substantiated by Anderson
et al. (3), who found that the action reported was due to
alpha hemolysin and was not specific for filtrates from food
poisoning strains. Further confirmation of the observation

that the action was due to alpha hemolysin razther than entero-

toxin was mede by Kelsey and Hotbs (54).

Direct testing of foods for cosgulase

A suggestion for the direct determination of coagulase
in foods was offered by Chapman (16) for use in those cases
wien no viable staphylococcl are present at the time of examin-
ation of a suspected food. A loop-full or more of the food
to te tested is emulsified in 0.5 ml of Bacto tryptose phos-
phate vroth, and 0.5 ml of citrated or oxalsted ratbit plasma
added. Oxalated or citrated human whole blbod may be used,
end incucetion is recommended up to severn hours. This test 1is
not designed to detect enterotoxin, but to determire 1if
coagulase-positive staphylococcl have teen present 1n the

food.

Flocculation reaction

A flocculation resction between enterotoxin and antiserum

obteined from a horse immunized with pooled filtretes from
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various strains of staphylococcl was described by Dolmen and
Wilson (3Z2). Avsorption of this antiserum by filtretes from
streins of staphylococecli known to be non-enterotoxigenic
enacled these investigators to demonstrate a specific floccu-
lation zone which they attributed to enterotoxin and its anti-
body. A specific flocculation zone was also identified for

beta hemolysin and 1its anticody.

Biologicel Methods for the Detection of Enterotoxin

Use of human volunteers

The availabllity of a reliable and satisfactory method
of detecting enterotoxin has posed a major problem since the
first report of staphylococcal food poisoning (4). Barber re-
sorted to using human volunteers, irncluding himself, to demon-
strate the presence of a toxic substance in milk drawn from a
cow suspected of being the cause of numerous cases of acute
gastroeﬁteritis. He was successful in his attempts to show
the presence of a toxic agent by this method, and observed a
guantitative variation in the reaction of the volunteers who
consumed the suspected milk. An apparent scquired resistance
to this sucstance was observed, since the femilies who regu-
larly consumed the milk were not affected while visitors
suffered attacks of gastroenteritis.

Dack et gl. (25) utilized human volunteers to demonstrate

the presence of a toxle sucstance in a food item being in-



24

vestigated (a Christmas sponge cake), and in filtrstes pro-

duced from strains of Staphylococcus aureus isolzted from the

ceke. Use of human volunteers in studies of enterotoxin has
been made by many investigators, among whom are Dolman (29,
31, 34), Jordan and Me3room (53), Fulton (42), Sheugnessey

and Grubb (74), Minett (59), Davison and Dack (27), and Jordan
and Burrows (52).

The humean volunteer is of course the most rellatle means
of detecting enterotoxin, but obtaining sufficient numbers of
volunteers to conduct research on a large scale is almost an
impossicility. Efforts hzve therefore been made to find sult-
eble test animals to facilitate detectlon of toxic filtrates

and toxin producing stralns.

Use of monkeys &as test animals

The first report of attempts to demonstrate enterotoxin
by using monkeys yielded negative results. Barber (4) admin-
istered lerge quantities of milk cultures of the suspected
organism, which produced little or no symptoms. Dack et al.
(<5) obtained negative results when monkeys were fed saline
suspensions of a czke, samples of which sutsequently caused
food poisoning symptoms in human volunteers. Monkeys showed
no 111 effects when fed infected milk. Jordan and lkcBroom

(53), using filtrates which were toxlc to human volunteers,

demonstrated that South Americen monkeys were susceptible to
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the action of enterotoxin. They adminiestered 5-20 ml of a
filtrste from troth cultures of stephylococecl to juverile red
spider, Llasck spider, bleclk howler, end white faced monkeys,
gnd syuptoms slmilar to those in human volunteers were ob-
served in five out of 13 nonkeys. Ierked dierrhes and loss
of eppetite developed, and vomitus wes found on the floor of
tne cege in one instence.

With tne use of zn improved method of experimentslly pro-
ducing enterotoxin, Woolpert end Dack (S2) demonstrsted thst

lnacece mulsatta sre susceptitle to the sction of this sub-

stence. They descrirea the symptoms &s follows:

The symptoms ere chezracteristic. Usueslly stout an
hour and e nalf efter feeding, the eanimsl becoumes
sonewhat pele; increzsed selivetion and swallowing
motions are noted; the snimel msy tend over in the
corner of 1lts cage with its foresrms folded scross
tne escdomen. The pallor and selivetlon increase,
there is usuelly 2 short premonitory period merked
by regurglitation. At sbout the beginning of the
third hour, vomiting sets in. This may be mild,
but is often profuse and projectile. Psroxysms

of vomlting ere spit to recur over & period of an
heur or so. Durlng this time the aniucl is very
pallid end akbject. Disesrrhea may be 2 marked
feature; 1ln two ceses in which lzrge amounts of
Toxiec materlel were fed, there was profuse
diarrhes without vomiting. Similer results have
been noted in man. Hecovery sets in rsther
acruptly after seversl hours, and on the fcllow-
ing day the monkey may enpesr normal except for
loss of weight. (29, pp. 11-1%)

A wlde vszriation 1in suscepticility of 1000 Mkocsca mulette

mor.zeys injected intre-pgestricelly with staphylococcsl entero-
Toxin was noted oy Surgalle et 21. (84). They recommended

tnet in tTesting e strein for enterotoxin production, emesis
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be observed in at leest two different animals before consider-
ing the strain as positive. 1In the interest of econony,
monkeys which have previously been used should be tried first.
If these should react positively with emesis, then the strain
can be considered poslitive, but if they react negstively, the
sample should ce administered to unused anlimals before celling
the strain negative. Surgalla and Deck (86) regard two out of
four animels exhioclting emesls after the consumption of a fil-
trate as a positive reaction.

Jordan and Burrows (51) injected 5 ml of a saline solu-
tion of acid-sther extract of a potent filtrete intravenously
in monkeys, and the usual signs of acute distress of the
gastro-intestinal tract were noted. Davison et al. (28) con-
cluded that the intravenous injJection of a filtrate appears
to offer certain advantages and is a more sensitlve test.

Elek (36) questioned this zpproasch in view of the complexity

of the media in whicn the organisms are grown.

Use of smell latoratory snimals

Attempts to use small laboratory animals to detect
enterotoxin have been made by several investigators. Berber
(4) injected living staphylococci subcutaneously 1into gulnea
pigs, producing abscesses in some cases. Dack et al. (25)

injected rabbits intravenously with sterlile filtrates, causing

a profuse watery diarrhea and death of the rabbit in 12 hours
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in one instance. Jordan and Burrows (51) failed to produce
reactions in guinea pigs when a saline solution of an acld-
ether extract was gilven intravenously. Borthwick (8) con-
ducted tests on rabbits and guinea pigs in attempts to demon-
strate staphylococcal toxins, but did not state if the strains
used in his experiments were known enterotoxin-producing
orgaenisms. He adjusted the acidity of the animals' stomachs
to pH 7.3 with 5 percent NaHCOz, or 0.1 N HCl, and found that
the majority of them were not affected, but that certain of
them succumced rapidly after administration of staphylococcal
toxin. One guinea pig died within an hour after administra-
tion of the toxin. Control experiments were performed on
gulnes pigs by adjusting the gastric contents of one animal to
pH 7.8, and the other to pH 6.8, followed by administration of
staphylococcal toxin. The heelth of these animals was not im-
paired. Guinea-pigs were found to be susceptible to the in-
troduction of flltrates if the rectum was first neutralized

Tto pH 7.3, while negative results were obtained if neutraliza-
tion was not done.

The prominent post-umortem I'esgtures in the animels which
dled were lntense congestion of the mucosa of the stomech and
duodenum, assoclated with small hemorrhages in the tissue,
effusion of blood into the lumen, and congestion of various
internal organs with hemorrhage. The results of Borthwick's

observations were not confirmed by Dolman et al. (32), who
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otserved thet gulnes pigs and recbits gave no detectable
symptons wnen injected intra-gbdomirelly or intravenously with
ten winimel kitten rescting doses. Nice dld not react to

more then twice the minimsl dose redquired to evoke violent
vowlting in a 300 grem kitten. Voulting wes not evoked when
enormous doses of egpomorphine, histemine, minerasl salts, and
cestor oll were glven to gulnes pigs. Corpening snd Foxhell
(23) fed guinesz pigs portions of & cske suspected of having
ceused staphylococcal food poisoning znd no 11l effects re-
sultead.

Jones snd lLochhezd (4S) report the use of guinez pigs in
attewpts to demonstrzte enterotoxin, but did not putlish the
rz8ults of their experiments. Cesman (13) reports that rab-
clts exhibit a mzsrked, though verieble, reection to purified
enterotoxin. When inj)ections of thls substance sre meade
intrevenously with one or two times the emount required to
ceuse emesis in cets, some retbits die withih <4 hours.
Rabkits, guinea pigs, and mice ere used to cemonstre=te the
letael 2id dermonecrotic propertics ol stepnylococcel ril-

trates (64, 7z, Sz).

Use of the frog (Bsna niplens)

The use of the I'rog to detect enterotoxin was reported
ty Robinton (B68), who prepsred filtrrtee by Dolmen's method

from kKnown positive and negetive enterotoxin-producing strains
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of staphylococci. Filtrates were dropped directly into the
frog's stomacn with an eye-dropper, and a positive test was
considered to be & spasm with reverse peristalsis of the
stomach. The frog was reported to give swallowing motlons,

to heve changes in the tone of the skin color, and to assume

a cheracteristic sitting position, expelling mucus from the
mouth. A frog could be used for only one test and actual
vomition wes noﬁ a symptom. In a continuation of her previous
work, Robinton (69) described & decerebration technique, with
subsequent testing of the frog with staphylococcal filtrates.
She stated that anti-peristalsis of the stomach 1n decerebrated
frogs occurred only when emetic or enterotoxic substances were
administered, and that thls reaction occurred with each frog
tested. ©She found that this reaction occurred within 30 min-
utes after giving the filtrste, and that the use of concen-
trated flltrates could shorten the time to one minute.

The non-specificity of the frog test was attacked by Eddy
(35), who used non-toxic material snd noted =ctual vomition.
Her conclusions were that the occurrence of a spasm in frogs
fed stephylococcal culture filtrete products is either a non-
speciflic response to various substances of an especlally
viscid nature which 1s more readily elicited 2t certain
seasons, or is a presponse at a particulzr season to some
stimulus not yet determined. Other workers (24, 58, 84, 91)

have demonstrated that the use of frogs 1s not a satisfactory
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method of detecting enterotoxin.

Use of young vigs

The use of young pigs es test animals for the detection
ol enterotoxin was introduced in 1943 by Hopkins and Poland
(46). These investigators found that oral administration of
active filtrates was unsatisfactory and adopted intraperi-
toneal injectlon as the most satisfactory approach. Filtrates
in the amounts of 3 to 4 ml per kilogram of body weight were
administered, and 1t was noted that dlscomfort resulted soon
after the injection. Periods of restlessness alternated with
drowsliness, and vomition was preceded by convulsive movements
of the avdominal wall. Only vomition was considered to be a
positive reaction. Vomiting resulted in most cases in 30-80
minutes after injection, but was sometimes delayed to nearly
3 hours. 1In a comparative test, pigs were found to react to
a filtrate while morkeys did not respond. The strains of
staphylococci used in the study included a known enterotoxin
producer and other suspected strains of various origin. Con-
trol preperations were autoclaved toxlc material, uninoculated
filtered medium, and filtrates from non-toxic strains. All

control preparations gave negative reactlons.

Use oI chimpanzees

A comparison of the susceptlibility of monkeys and chim-

panzees to orali administration of pertizlly purified entero-
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toxin was reported by Wilson (96). Toxic levels were determin-

ed in 30 Macaca mulatta monkeys, and were compared with the

results octained from feeding the toxic substsance to flve
chimpanzees. Wilson found that expressing the respective
toxin doses as milligrams per kilogram, the chimpanzee appears
approximately 10 times as susceptible to the action of entero-

toxin as is Macaca mulatta.

Use of czts and kittens

The use of klttens was reported by Barber (4), who fed
them large quantities of milk cultures of organisms with few
or no symptoms resulting. Dack et al. (25) fed infected milk
to kittens with no 11l effects. Tenner and Ramsey (90) fed
milk cultures of living staphylococel to kittens and caused
definite symptoms in two out of four animals in less than a
week. One had severe dlarrhea with bloody stools, wnile the
other passed consideracle mucus. The two remaining kittens
had persistent diarrheal stools until the inoculated milk was
removVed from the diet. They then used three week old kittens
wiich had received only their mother's milk, and fed them 10
ml of a sterilized <4 hour milk culture of staphylococel for
four days. After the fourth feeding, all had watery stools,
one vomlted, and another had mucus in its stool, while the
control was normel. Jordan and Burrows (51) found that kit-

tens showed no 11l effects when injected intravenously with
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saline solutlons of acid-ether extracts of a toxic filtrate.
Dolman et al. (34) found that adult cats reacted with
projectile vomiting 2 1/2 hours after they consumed 50 ml of
a toxic filtrate. The cats passed several loose stools a few
nours éfter consumption of the filtrate. Similar results were
octained with 10 ml of & filtrate which had been concentrated
oy evaporation under low pressure. Jones and Lochhead (49)
used a pipette feeding method utilizing both kittens énd adult
cats and produced vomiting and diarrhea with active filtrates.
The typical symptoms observed in kittens to which toxic fil-
trates were fed was at times so slight that they might easily
have passed unnoticed. In many lnstances the kittens were
observed to regurgitéte, but 4id rot actually vomit. Positive
reactions generally occurred 2 to 5 hours after feedlng toxlc
filtrates, while the greatest number of positive reactions
were observed between 3 and 4 hours after consumption of the
filtrate. Adult cats were fed up to 25 ml of an active fil-
trate, and reacted in many instances 1in a masnner similer to
that of kittens. Minett (58) administered toxlc filtretes
to monkeys and adult cats in a parsllel feeding test, and
noted thet the susceptitility of the two specles was of much
the same order. Matheson and Thatcher (58) found that adult
cats did not react to oral administration of 180 times the

amcunt of enterotoxin which caused vomition by the parenteral

route.
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A parenteral method of detecting enterotoxin in active
filtrates was reported by Dolman et al. (34), who used kittens
6 weeks to 3 months old, and administered filtrstes intra-
peritoneally. The hemotoxins present in the flltrates had
been insctivated by neutralization with specific antiserea,
formalization, or by heating in a water bath at boiling tem-
perature for 20 to 30 minutes. These authors described the
symptoms resulting from the injection of an active filtrate
as follows:

In a positive reection, the kitten displays lassi-

tude, weakness and uncteadiness, occasicnally inter-

spersed with bouts of restlessness, commencing a

few minutes after injection. OStrong peristaltic

movements may be noted which culminate, in 15 min-

utes to 1 1/2 hours, in the first of & serles of

attacks of retching and vomiting, which may recur

over a period of an hour or more. Several loose

stools may meanwhile be passed, and occasionally

the diarrnhea is a more conspicuous festure than

the vomiting. Passage of a single small stool

shortly after the injections may be disregarded.

Ccm%ol kittens should remain unaffected. (33,
p /

Davison et 21. (28) injected kittens intravenously and
intracardially with toxlec filtrestes 1in a study of specific
antiserum prepered against enterotoxin. Emesls was not pre-
vented when the antiserum and enterotoxin were mixed and in-
Jected intracardially, but was prevented when the mixture was
injected intraperitoneally.

The mechanism of the vomiting reaction in cats was thor-
oughly documented by Bayliss (5), who administered 1.0 ml per

kllogram of bolled flltrete intraperitoneally or intravenously
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and described the symptoms in cats from the time of injection
tc recovery of the animel. He noted that an excessive dose
may produce progressive symptoms ending in desth, but that in
most cases the animal appeered normal in 211 respects the fol-
lowing day. In those animals which died from toxin or from
operétive procedures, the post mortem examination showed an
excessive amount of mucus in the entire gastro-intestinal
tract, a contracted urinary bladder, and a distended gall
pledder. He found that enterotoxin has no direct action on
isolated strips of cat intestine, and that emesis never
occurred after surgical destruction of the vomiting center.
Emeslis resulted from intravenous or intraperitoneal injec-
tions, but failed to appeer following oral, subcutaneous, or
intramuscular administration of a toxic filtrate. His conclu-
sions were that the action of staphylococcal enterotoxin on
peripherel sensory structures is of greaster importance in the
initiation of emesls than the direct actlon of this suvstance
on the vomiting center. Bayliss used Dolman's technique of
producing the filtrates, and inactivated the alpha and beta
hemolysins by heating the filtrates 1in é bolling water bath
for <0 minutes. Dack (24) states that althdugh Bayliss' ex-
periments were controlled, the amount of surgery and trauma
involved in them makes further work desirable to establish
the mode of action of enterotoxin. Other investigators have

noted that excessive amounts of enterotoxin may result in the
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death of the test cat or kitten (15, 32, 52, 72), while Mathe-
son and Thatecher (58) state that in thelr hands, death of a
cat has never resulted from a heated preperation.

A modification of the kitten test was introduced in 1940
by Phatzk and Pentler (65), which consisted of anesthetizing
the animals with sodium pentobarbital and injecting them
intraperitoneally with the heated filtrates. The kittens had
been fed & small meal about 30 minutes prior to administration
of the anesthetic. Only definite vomiting with expulsion of
vomltus between 20 and 90 minutes after injection of the fil-
trate was considered positive. They found that a large number
of animals could be hendled in this manner, but that it was
necessary to keep the kittens warm and to turn them over every
hour to avoid hypostatic congestion. These investigators
claimed reduced sensitivity but increased specificity with
this method, and found that 1t was important to use 50 percent
larger doses of flltrate than when working with conscious
kittenus.

An improved cat test was introduced by Hammon (44). The
improvements over the kitten test consisted of using the
intravencus injection of filtrates rather than the intreperi-
toneal route, and the use of mature or adult cets instead of
young kltitens. He found adult cats easier to procure, mein-
tain, and handle than were young kittens, and thet they were

more susceptible to intraverous administration of an active
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filtrate than were young kittens injected intraperitonezslly.

L modercte slzed meal esten shortly before the inoculetion wes
fourd to lncreesse the effectiveness of the vomliting stimulus.
Non-specific vomliting occurred less frequently then with kit-
tens, and eadult cats would alweys vomit on the first injection
of a reesonable amount of an enterotoxic filtrzte. He found
that tne trein of symptoms diflered little from those describ-
ed by Dolmen et 2l. (3Z) following intre-abdominsl inoculetion
of kittens with 2 toxic filtreste. The usuzl dosage of £ ml

of riltrete for the first injection produced z severe resc-
tion, the seme euwount for the seccond injection normelly pro-
duced & less severe resction, end an increese of 50 to 100
percent Ior The third inoculation gave a moderate or severe
regction. An eniumel was seldom used the fourth tiwe end the
results of a negative test was not accepted 2s finel unless
repected on at leest two previously unused enimels in 2 min-
imel dose of 3 ml. Dolmen (30) verified Hesmmon's contention
ir respect tTo tne grester sensitivity of the intravenous route
of edministration.

Ocservetions by Rigdon (67) revealed thet kittens which
wer¢ injected 1lntra-stdominally with uninoculeted control
medium vomitecd within a period of 30 minutzs. The control
medium and toxin preparetion used were prepcred by & commer-
cizl lecoratory without the source of the orgesnisme teing

steted. Rigdon heeted the toxin for 2 hours &t 100 C, and
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found that none of the kittens injected with this preparation
vomited. He then injected the unheated toxin, and all were
dead within 4 hours. Singer and Hagen (75) found that the
hemolytic exotoxins present 1ln staphylococcal filtrates could
be demonstrated after boiling for more than & hours. They
found that the uninoculsted medium caused vomlting in about 25
percent of the cases, and that filtrates presumed to contain
enterotoxlin railed in nearly half the cases to induce emesis.
They concluded, as did Rigdon (67), that the kitten test was
unreliacle for detection of enterotoxin. Slanetz et 2l1. (76)
found that beta Toxin wes not inactivated by bolling for 30
minutes, and considered that beta hemotoxin and enterotoxin
might be the same entity.

The validity of the kitten test was questioned by Fulton
(42) who reported thet a kitten-positive extract was non-toxic
by mouth to a susceptliple human volunteer, and thest a kitten-
negative extract was toxic to the same human volunteer. He
concluded that the kitten test was not specific for staphylo-
coccal enterotoxin tut was rather an index of peritonezsl irri-
tation. Fulton found that boiling riltrates for 20 minutes
destroyed most of the alpha 1lysin, leaving insutficient
amouqts to cause vomlting, but that there was suificient beta
toxin remalning to induce thls effect. He concluded that
ceta lysin or some toxin closely assocliated with it is the

respcensicle factor in the kitten test.
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Surgalla and Hite (87) reported that vomiting resctions
were not ottained fcllowing injections of monkeys and kittens
with boiled filtrates from beta hemolytic strains of staphylo-
cocecl, and that unhested preperations of these strains were
non-enterotoxigenic when fed to monkeys. They concluded that
sterhylococcel enterotoxin and hemolysins are sepearate and
distiret entitles.

Matheson and Thatcher (58) undertook a rezppreissl of the
validity of the kitten test, using meature or adult cats and
administering flltrastes by the intraperltonesl route. They
found that not a single "false positive" reaction occurred
following the injection of four different types of control
medium. In an exhaustive study, they concluded that the
presence of an emetic principle in a staphylococcal filtrate
cen readlly be determined by the intreperitoneal injection of
cats, thereby confirming the work of Dolman et al. (32).

In a second report (22) Thatcher and Matheson investi-
gated the abllities of specific lysin (alpha, bete, and
deltzs) to induce vomiting in cets. They reported thet there
is no evidence that alphe lysin survives boiling to any degree
to cause confusion with eny other emetic principle, but that
relatively lerge amounts of beta lysin may behave simllarly
to alpha lysin to the extent of cesusing death. Beta lysin did
not occur in filtrates sucjected to bolling for 30 minutes in

amounts sufficient to cause vomiting in cats, although they



found that smsller amounts (16 units per kilogrem or greater)
in filtrctes heated to less then boiling may cezuse emesis 1n
the presence of sutemetic amounts of enterotoxin. Deltes lysin
was found to te incapeble of causing emesis. They specific-
sl.y endorsed the Dolmen kitten test, end sucstantisted re-
ports of many investigators that enterotoxin 1s = specific

substance distinct from known lysins.

Use of dogs

A few reports on the use of dogs to detect enterotoxin
neve appesred in the litersture. 3Barber (4) sdministered
milk cultures of living staphylococecl to puppies with no 111
effects. Dack et al. (£5) fed infected milk to puppies snd
no sdverse symptoms were noted. Jordan aznd Burrows (51)
sdministered 2 saline solution of an acid-ether extrsct of
enterotoxin intravenously in dogs end observed no 11l effects.
Dolmsn et z21l. (34) observed that 3 to 5 ml of an sctive fil-
trete lnjected intra-gbdominally in 2 litter of collle pupples
evoked a response similar to trnet shown by kittens. Iinett
(

with sn equal volume of pasteurized milk to dogs 8 to 12

()]

) orally sduministered 20-40 ml of 2n zctive filtrste mixed

months old, and only one out of five vowlted when trested by
this metaod. In snother experiment, iiinett used 2 filtrste
wnich ned caused toxic symptcms to 2ppeer in 2 humsn volunteer

1

when 4 ml were consumed. He gave 6 ml of this filtrate orslly
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to a dog and ocserved no symptoms on the day of feeding, tut
in 24 hours signs of a slight intestinsl disturbznce appeszred,
with the stools appearing dull green and exceedingly molst.
During the next 6 houres the dlarrhea lncreased 2nd the stools
were very watery. Four days lster the same animal was given
20 ml of snother filtrste, and symptoms of intestinal dis-
turtances were 2gein observed in 24 hours. WMinett coneluded
that the feeding of filtrztes to dogs wes not s useful mezns
of detecting enterotoxin.

The intre-zbdomingl injection of puppies with 2 staghylo-
coccel texin prepared by a commercliel -lacoratory wes reported
oy Rigdon (87) who hecsted the toxin at 100 C for £ hours. The
puppies were drowsy for approxim?teiy 4 hours after the injec-
tion egnd nore receliving the hested texin vomited, while £ll
receiving the uninoculated control medium vomited within 30
minutes sfter tae injection. The aniﬁgls vere injected the
following cdey with the unheeted toxin and 2ll were deed efter
4 hours. The pathologicsl chenges were similar to those
occurring frou the intrevenous injection of stephylococcal
exotoxins.

The intravencus administration of herted filtrates in
dops wes reported by Teikse (91), who found thet es wmuch es
€ wl of & non-toxic filtrete did not produce vomition in

heelthy young enimels. On the other hand, intresvenous in-

Jections of hested filtrates prepsred from known enterotoxi-
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genic strains always caused vomiting at varying intervals, and
symptonis other than depression were absent. DBowel movements
were usually noted sihortly after injectlion but these were
normal in consistency. Vomiting was observed in from 5 to

40 minutes, while no reactions were observed following admin-
istration of filtrates from non-toxic strains or from unin-
oculated control medium. The filtrates were prepared by Dol-
man's metnod, and the hemolysins inactivated by heating the
filtrates in a2 bolling water bath for 20-30 minutes. Tekse
concluded that the use of dogs a8 test animals offered more
promise than formerly presumed, and recommended that further

work be accomplished on this subject.
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MATERIALS AND METHODS
Source of Strains of Organisms

The strains of Staphylococcus sureus used in this study

were obtained in pure culture, and were of three types: known
enterotoxigenic, known non-enterotoxigenic, and strains un-
known es to thelr enterotoxigenic ability. The strains of
stephylococel used in the first phase of the study were num-
pers 137, 161, 184, 269, 273, and 305. These cultures were
recelved from Dr. k. 5. Bergdoll, and the only information re-
celved witn the cultures was that there were three known
enterotoxlgenic and three known non-enterotoxigenic strains

in the group. The purpose of this pfocedure wes to determine
the value of the dog as a test animél under conditions similar
to those which would exist in testing a strain of staphylo-
coccus 1isolated from a food suspected of having caused food
poisoning. Appendix A gives a complete listing of all the

strains used in the study.
Structure of the Study

This study was divided into a preliminasry phase end a
final phase. In the preliminary study, the initiel problem
to be resolved wes to determine if dogs would react to entero-
toxin in filtrates which had teen boiled for 30 minutes to

jnactivate the hemolysins.