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Studies on Staphylococcus Enteroctoxin,.

% Introduction,.

; Wlthln reoent years voluminous reports have appeared
deallng with the dlvers toxie propertles of filtrates, opre-
pared under sultablevconaltlons, from certain strains of
staphylocoocus. The complexity“qf these filtrates Was.furthef‘
illustrated by the demonstration ofka gastro-intestinal irri-
tant in filtered brotﬂ preparatidns from strains implicated in
outbreaks df food-poigoning. With the recognition of this micfoﬂ
‘orgaﬁiém ag a potential etiological agent of gasfro—e@teritis,
a number of food-poisoning epidemiecs were reported in which

staphylococcus was inceriminated.

As early as 1907, Owen (1) descrlbed an outbreak in Whlch
19 persons suffered from acute gastro—entsritls following a
meal of dried beef, eonﬁaminated by large numbers of staphylo-
cocei. A milk-borne epidemic was reported by Barber (2) in the
‘Philippines in 1914. He observed acute gastro-intestinal dis-
.tress in a nuifiber of persons who had ingested milk contaminated
by an albus strain of staphylococcus. In this case, more eon;'
’clusive evidence Wasvprodueed befére the causative micro-organ-
ism‘wés‘incriminated. Barber ihocﬁlate&'ﬁhe organiém into
sterile milk; incubaﬁei it at 56°5°,Q; for 8% hours, and drank
a 50.0 co.c. portion. Lcute gastro-enteritis similar in nature
kto that observed in the other persons afflicted, followed with-

in 2 hours. A portion of the milk, refrigerated immediately
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| followiné inoculation for the same length of time, aid mot
cause symptoms of food~-poisoning when ingested. Thé organlsm
was. 1solated in almogt pure culture from the udder of the cow
produclng the milk. Barber's class1e report presented the
first conclusive evidence that food-poisoning comld result from

staphylococcal contaminations

This work remained unconfirmed for some 16 years, until
Dack and his colleagues (3) invqsﬁigated;a similar outbreak
due’to the elaboratioﬁ of a filfrable _poison by'a,yellow
~hemolytie staphylococcus, in a creaméfilled Christmas cake¢
~Portions of the cake were ingested by volunteers, and acute
gastrd—enteritis fbllowed within 3 hours. A 40-hour broth
: filtrate of the yellow staphylococeus isolated from the cake
- produced identical symptoms when ingested by volunteers. The
poisonous substanceﬁappgared to be Ffiltrable eayexotoxin,

causing a food intoxication.

Following the 1atter puhllcatlon there appeared in rapid
suécess1on numeTous observatlons of food-p01son1ng attrlbuted
to the growth of staphylocoeccus in food products. (Table 1. )

A study of the 11terature shows a unlform sequence of symptoms'
characterlzed by a. short butg deflnlte incubatlon reriod of 2 %o
4 hours following 1ngestlon of the contaminated food. ?owards
the end of the incubation or latent perlod; nausea and dizziness
appear, accompanied by sweatlng, chilliness and salivation.

The nausesa increases in intensity and rapidly gives way to
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violent ﬁaroxysmal vomiting, abdominal cramps, diarrhoes and
piostratiqp; there may be tetanic muscular contraetions-and 1
intense m&scular pain. The more acute symptoms usually pass
away within a feW'hours, buﬁ general weakness may persist for
several days; It is not unusual however, for the ratient to
feel normal within 24 hours after onset of the illness. These
symptoms have been falthfully reproduced on & number of occafs-
ions when sterile broth filtrates of suspected strains of
staphylococcus have been ingested by human volunfeers, (8, 10,

14, 22.)

A review of available data reveals that there have been
récorded at least 47 epidemics attributable to the presence of
this micro-organism in food stuffs. OFf these 47 reported out-
breaks, 40 have involved some 1400 persons. (Table 2.) It is
a matter of some significance that this type of fdod-poisbning
should show a predilection for miik and milk‘produotso The
report of Barber (2) inh 1914 has already been recounted.
Ramgey and Tracy in 1931 (4) described sn epidemic attributed
to the presence of an orange staphylococcus. They noted an
"off flavor) described as a "malt" orTearamel" flavor in the
milk in which the organism was grown. Tanner and Ramsey, (5)
WOrking with the same organism at a later date, stated that
several of a group of 20 individuals visiting the laboratory
to test the "off flavor™ weré made 111. It is of interest to

note in this connection, that a stronglw&emolytic goléen

staphylococcus, obtained from the Department of Dairying at the
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&5=%bs University of British Columbia, and reputed to produce
a "earamel flavor" when grown in milk, elaborates a powerful

gastro~intestinal irritant,

A list of the foods implicated in the reported outbreaks
'shows that of 47 epidemios recorded, 27,6r 57% were traced to
milk and milk products,’ (Table 2.) Reference to certain pub-
'1ications might tend tp‘explain,_inppart, the frequent impli-
cation of this type bf food. Stark (6), in 1926, examined
bacteriologically 25 certified'dairy cows. The milk fromvevery
vanimal revealed white staphylococci, nine strains of which were
hemolytic. 1In & series of 260 cattle examined by Gwatkin and
his colleagues, (7) 143 had mastitis, and 30 of these were due
to staphylococcus. 67.4% of the strains isolated from these

COWS Wwere toxinxproducerst 20% of strains from normal udders

- also produced toxin. Crabtree and Litterer (8) reported a
milk-borne epidemic due to a hemolytic staphylococcus from
mastitis in two cows. Over 242 cases oécurre& amongst members
of a soh061 before‘the cows were singled out from the school
herd. Of 8 strains isolated at réndom from raw milk bottled
for local distribution, and tested in this 1aborat0iy, 6 pPro-

duced a gastrorintestinal irritant.

ﬁhile cream ples, chocolate gclairs and custard-filled
pastries appsar to provide a4singu1ar1y favorable medium for
growth and consequent toxin production by this organism, and-

¢ Toxin in Gwatkin'’s report refers to hemolysins.
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~have béeﬁ held responsible for a large number of outbreaks,
(Table 2.) it is inconceivable that all of these could be
traced fOE; contaminated milk supply. Kellert (9) réported an
epldemic caused by bakery goods, contaminated from a boil on a
baker's fofearm. 'investigations on straiﬁs isolated from milk,
food epidemiologically implicated, pathological lesions and a
number‘of other sources led Jordan (10} to believe that a high
percentage df thege organisms sre capable of elaborating a
gastro-intestinal irritant. A strain "B", used in this lab-
oré%ory for a greater part of the expefimental~work caused an .
nerythem& in the nose of the person fromﬂwhich if WaSﬂisolated°
It has pro&uced a powerful enterotoxin of undiminished potency
over a period of a year. The fact that strains from sources
other than oontaminated milk supplies mey cause food-poisoning
is‘further’substantiated by reports of’épidemies due to growthk
of staphylococcus in chicken gravy (11), hem (12), sweet

potato candy (12), and tongue~sahdwiches (13).

With the recognitiqn of increasing numbers of this type
of poisoning arose the necessity for a laboratory test by means
of Which.those strains pruiucing an enterotoxin could be reasd-
ily recognized. In many of the earlier,epidemics; the strainé
concerned were tested on human volunteers, br their incerimi=
nation remained unconfirmed, and they were merely suspected.
In his investigations inrl950, Jordan (10) used human volunteers
and it was clearly evident that for a number of reasons the

human wes neither a convenient nor satisfactory laboratory



| | (6)
animal . A recent paper by Dack et al. (14) reports feeding
experimentg on a number of humans. It would indicate that
individual suscéptibility varies‘considerably, and inssmuech as
3 éxﬁremevcare mist be exercised ih administering the toxin, the
dosages are necessarily so‘smail as to not show typical re-

. actions in many instances. Furﬁhefamore, the number of vol-

- unteers avallable 1s frequently limited to‘suoh an extent that

experiments performed are scarcely of significance,

' The use of M. rhesus monkeys, first reported by Jordan and
MeBroom in 1931 (15), has since been confirmed'by Wodlpert and
Dack (16). Similar difficulties arise here as in the case of
the human volunteer. Meyer (17), in 1934, stated; "Contrary
to experiences made by Jordan and MeBroom, and Woolpert and
Dack, feeding’tests on monkeys have yielded inconclusive
results.” Furthermore, monkeys are difficult to handle, and
an experiment on evenﬁmoderate scale would be expensively

impractical.

Dack and his colleagues (3) inoculated filtrates intra-
venously into rabbits. Complications that arose due fo the
presence of the hemolytic, lethal and other toxic substances
caused the death of several animals; vomiting was not observed,
although loose stools in some cases were recorded. There was
obviously no specificity in such a test and it was abandoned.
Borthwick, in 1933 (18), reported a method of preparation that

rendered guinea pigs and rabbits suitable for ingestion exper-
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iments on the enterotoxin. No vomiting or diarrhoea occurred,
and the post-mortem findings strongly suggested death from the
other exofzxic products of staphylococcus. Attempts made in
this laboratory to reproduce the results have so far heen un-

successful.

A detailed study of the agglutinative properties, biochem-
ical reactions and chromogenicity of a 1arge number of strains
implicated in food-poisoning outbreaks (27) failed to reveal
anykconStant characteristics by which those organisms produc-

ing enterotoxin could be recognized.

A cultural method for detecting food -poisoning strains of
staphylococci has been deseribed by Stone (19). The suspected
organisms are grown in a 3% beef-extract-gelatin medium.
Liquefaction of the gelatin in 24 hours is taken as an indica-
tién that ézé strain producés enterotoxin. A recent modifica~
tion by the same author includes agar in the medium, and ammo-
nium sulphate solution as a developer. The presence of clear
zones'arouﬁd a colony indicat® an enterotoxin producer. No
confirmation of frese results has been published, and the few
experiments perfarmed in this lasboratory have yielded results

inconcordant with animsl and human tests.

Due to lack of suitable experimental animsls and adequate
tests few conclusive statments have been made regarding the
properties of this gastro-intestinal irritant. Jordan snd Dack

(20), and Jordan and Burrows (21), recently reported the
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following characteristics:

1. The active principle will not distil .

2. f% is not readily dialyzable.

. It is markedly unstable to N/100 NaoH.

4, It is unstable to heat in N/IOO’ H C1 solution.

5, It is no% identicalkwith the hemolytic substances
present in man& staphylococcus filtrates, nor does it
produce a skin reaction.

6. It is completely removed from acid agueous solution
by éxtraction}with ethyl ether or chibroform, as
judged by our method of assay.

7. It may be extracted from alksline solution with ethyl
ether or chloroform but the deleterious effect of
alkali tends to mask such removal.

8. The gastro-intestinal poison is not completely des-
froyéd when exposed to a temperature of 100° C. for
30 minutes. | ‘

9. The toxic quality d0as not disappear after storage at
low temperatures for as long as 67 dsys but is

perhaps somewhat weakened.

Ménkeys injected intravenously with 5.0 c.c. 0f saline
solution of acid ether extract of potenﬁ filtrates vomited
and manifested thé usual signs of acute distress of the gagtro-
intestinal tract. The same solution given intravenously to
guined pigs, rabbits, cats and dogs prbduced no ill seffects

whatsoever.
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Sevéral war kers agreed that no tolerance was induced by
repeated ingestion of thelfood-poisoning substance. kWoolpert
and Dack ih 1931 (16), stated that & degree of active immunity
¢ould be induced by repsated parenteral inoculation, but all

attempts at passive immunity failed.

Woolpert and Dack (16), using monkeys as test animals,
and Dolman (22), 1934, in human feeding experiments, demon-
strated that the hemolysinsand diverse other toxic properties
kof staphylocoecal filtrates are distinect frdm the‘foodépoison-,
ihg substance. In the latter's experiments, humans ingested
relatively large amounts of filtrstes containing potent hemo-
lysins and tﬂeir allied toxic subsﬁances with impunity; while
much smaller amounts of filtrates prepared from one partidular

strain evoked symptoms of acute food-poisoning in several

volunteers., This strain produces potent enterotoxin.

The lack of a convenient and speoifid kest for the presence
of the enterotoxin has hampered investigation of its chemical
‘nature and antigenic strﬁcture. Consequently the conditions
favoring its production, amd its mo&e‘of action on the animal
system are as yet undefined. Meyer (17), in a discussion on
staphylococcus food~poisoning States;' "Eowever, in view of the
well known fact that the enterotoxic substance is distinet from
“the killing toxin of a staphylococcus, it is not admissible to.
consider a given strain as an offender in a fo&d-poisonf% out-

break without a direct demonstration of the gastro-intestinal
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Virritaﬁta While heating greatly reduces the killing toxin, and
leaves the enterotoxic capacity unimpalired, the separation of
the two‘ff;étions is frequently fraught with difficulties° The
tests on human volunteers are conclusive but not without risks,
Sultable monkeys are not always available, and the preparatlons
of small laboratory animals by the methods described by Borth-
wick are not always efféotive. ‘A simple physiologic-pharma-
cologic test to detect and to separate the enterotoxic substance
from the killing poison df a staphylococcus is,Vtheréfore,

urgently needed.™

The work undertaken in this laboratory was primafily an
attempt to find a reliable biological test sufficiently con-
- venient that it might be carried out in any bacteriologiéal
laboratory,as a means of identification of those strains pro-
ducing entero’c,oxih° it was further deemed desirable that the
Test be adequately sensitive in detecting the presence of the
gastro-intestinal irritant that it might be employed in study-
ing the various pfoperties, mode of action and requirements

for the production of the irritant substamnce.
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Experimental,

The strain used in the greater part of our experimental
Wank, desiénated as strain "BY, was isolated from s human nasal
mucous membrane, and caused a chronic erythems 6f that organ.
Toxic filtrates of strain‘"B? contain potent eC and /8 hemolysins,
and their allied exotoxic prg&uets, and by virtue of thié pPro-
perty were at one time included with the pooled preparations
from a number of organisms during the process of producing
staphylococcus toxoid at the Connaught Laboratories, Torontoor,
Small subcutaneous doges of these toxoids caused nausea and
vomiting in a number of human subjects; but when strain "B" wasg
removed from the preparations the violence of the reactions
dimih%hed, Ingestion experiments on human volunteers confirmed
-the suspected presence of enterotoxin, gastro-enteritis appear-~
ing within 2-2% hours after consumpﬁion of as little as 1.0 c.ce
A subcutaneous dose of Ool,cuco caused acute symptoms in a
human within 1% hours after inocculation; the patient did not

completely recover for several days.

When strain "B" was reisolated one yvear later from the
same patient's nose, it was shown to have retained itscability
to produce a powerful gastro-~intestinal poison. In this labor-
ato?y it has oomsistentiy produced an enterotoxin ofﬂundimin~
ished potency for over one year, The stock-culture is maintain-

ed in beef-infusion agar.,

T Personal communication fram Dr. CE. Dolrman.
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Preparation,.

The method of preparation employed by Dolman (22), and
Dolman andgzitching (24) ih producing staphylococcus toioid for
clinical use is followed. DPlates of semi-solid beef-infusion
agar (0.3% agar) are inoculated with a Ffive-hour broth culture
of the organism. After 40 hours incubation at 37° C. in an
atmosphere of 70% oxygen and 30% carbon dioxide, the contents
of the plates are squeeﬁed through cheese c¢loth into filtering
funnels containing coarse filter paper. The filtrate is cent-
rlfugated at high speed for some 2553 hours and sterilized by .
pa831ng through a Seitz E.XK. dlskn The preparaélon from straln
"B" contains potent hemolysins against rabbit and sheep ery-
throeytes, has high lethal and dewmwo-necrotic powers as well
as the variaﬁs other toxic properties characteristic of staphy-
locoéeus filtrates. TheoC lysin {rabbiticell) may measure
2500 units and thé/3 lysin (sheep cell) 1600'uﬂits as calibrated
by the méthod of hemolysin titration described by Dolman {25).
The removal of these tbxiqhubstances is effected by the addi;
tion of 0.3% solution of formaldehydgfgnd incubation at 37° G.
until the o€ and /B3 hemolysins are no longer detectable (24).

One now has a filtrate devoid of the deleterious lethal hemo-
lytic and dermo-necrotic propértie39 quantities up to 1.0 c.c.
intraperitoneally occasioning no observable harm to mice. The
preparation was tested for enteroctoxin on a human volunteer,
who ingested portions on two occasions.

Protocol 1.

L. 1.0 c.c. was ingested in 30 c.c. of milk. TFour hours
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later, hausea and headache, accompanied by dizziness appeared.
They passed away within one hour. Two hours later & very loose

and foul-smelling stool was passed. Recovery was complete
‘within a few hours. ' '

Prdtoedl 2,

e 1le5 cece of the same filtrate was ingested in 30.0 G.c.
of milk. Two hours after ingestion.of the preparation nausea’
appeared, increased in intensity, and was accompanied by con=~
slderable gastric discomfort and sweating. Within 30 minutes

of the appearance of nausea, violent paroxysmal vomiting
occurred, followed by extreme weakness and disability. Abdom-
inal paing and a general feeling of discomfort persisted for
some £ hours following the vomiting, during which time 3 stools .
were passed. They were almost entirely fluid, foul-smelling
and profuse. Abdominal discomfort was relieved with passage of
the stools but a feeling of nausea rersisted for several hours.
The following day aversion %o food, and general weakness were -
evident. Recovery was complete within 48 hours.. ‘

These two experiments; combined with the repofts of sim=-
“ilar instances cited above‘in relation to‘experiences with |
sﬁrain~"B?‘in the preparation;ofktoxoids at the Connaught Lab-
qratoriés in Toronto indicated that (a) the enterotoxin was
‘more stable to Oaz%kfofmalin at 87° ¢. than were the hemolytic,
dermo-necrotic and lethalyproperfies}‘;(b)‘The enterotoxin
was present in appreciable quantities in filtraﬁes from which

the aforementioned properties had reen entirely removed. This

method of separation of the gastro-intestinal irritant from the

: ed
. ) . us
killing, hemolytic and dermo-necrotic broperties has been, almost

entirely in the case of strain-"B" and some others with singular

success throughout the investigation,
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The first point of investigation was to determine the

~effect of the filtrate containing only the enterotoxic prin-
ciple on guinea pigs, using Borthwick's method of prepag§ion
fis]. Tkis procedure is outlined in brief, :

_ The insusceptibility of rabbits and guinea pigs was

~ratiributed by Borthwick 0 the destruction of the gastro~

intestinal irritant by the acid reaction of the stomach.
JAccordingly the stomach contents were ajusted to;Pkfs 7.3
with NaHCO 3 5.0% and N/10 HCl; titrations being carried out
by means of a stomach tube:. When the desired reaction was
‘obtained, the toxic filtrate was introduced and the stomach
~tube withdrawn. Borthwick reported ‘death in a number of
animals within one hour of administration of the toxie
substancesy | R o

e In this laboratory;,it Was deemed advisable to use a

. .concentrated phosphate buffer: to -obtain the desired E;I;
rather than carry out the sorfwhat lenghy procedure oFf tit-

ration. g > - . 4

‘huffer is outlineds

Protocoll5,"

Pig 1. 10 c.c: of K2HPO4, in a concentration of 80g:

per litre, p.H. 8.83 were introduced into the stomach by means

- of a stomach tube. Small samples were aspirated at inter-
. vals of 5, 10,15, 20, minutes and the pH!. of each tested
© on a quinhydrone electrode, . : : ‘

original p,H,of buffer solution 8.83
Sample aspirated at 5 minutes o 7443
s L1 a1 ] 10 11} 76 35
na M w1 w 7.30
un w 20 “ , 732

- Protoécol 4.

. ~Pig 2 15 gecs of K2HPO4 in a concentration of 80g
per litre. p.H, 8.83, were introduced into the stomach,
Samples were aspirated at 2, 5, 10, 15, minutes and the p.H.

" tested on a quinhydrone electrode, ‘ ’

, original p.H. of buffer solution 8,83
Sample gspimted at 2 minutes - 7455
" LW H ) u . ’ 7:35
cwo s LB 10 W 7435
"o LR | 15 LI ’ 735

- A suspension of MgC03, 10 g. per litre,‘was also used
as a bufferVSOlution;”' o ‘ :

Protocol 5.

An eﬁample of the méthod”follOWed in staﬁdardizing the
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: 'r”Pig 1. 12 5 c.C. MgCOS (10g. per‘litre) were intro-
duced by means of a stomach tube. Samples were aspirated at
2, 5 10,415 20 minutes: : ‘

~ Sample asglrdted at 2 mlnutes o 7.2
" 5 " 7:43
n vy w10 n ' 7.30
R I > TN SRR R, B 10 I
o e "2 by <7 30

The toxiec flltrate was administered about 2 minutes af-.
ter the bquer in quantities of 2.0 to 7.0 ¢. csWithout prod=
ucing any symptoms other. than'sllght nervous twitching. = ;

A portion»of'filtrate "B" was concentrated to alpout
: 1/10 its orlglnal volume by dlstlllatlon in vacuo at 37° C.
‘Doses equlvalent to 70 and 80 CeCs WEre admlnlstered enter-
ally to gulnea plgs w1thout any untoward effect.

An abdomlnal 1n0131on was made 1n a gulnea plg, énd

; 2 O c,c. of flltrate "B" 1ntroduced dlreotly 1nto the duo-
| denum by‘means of a syrlnge.~ lhe lnGlSlOn was stltched The
<an1ma1 reoovered from the anaesthetlc W1th1n 20 ‘minutes,
became actlve and remalned s0 for a week, when 1t was des-
troyed. At no time dld 1t exhlblt symptoms attrlbutable to
/the presence of the toxic flltrate. ’

; ”hese evPerlments led one to belleve that the p.H.
of the stomach mlvht be of- llttle 1mportaace and 1ndeed in_
humansk it seems tofprov1de no protection, One was 1nterested
a8 to whether, if the tox1n Were absorbed from the gastro-

olntestlnal tract of the guinea-pigs, the charaoteristic mani-
“festations of vomiting and diarrhoes ‘were pOSSible:
A.gulnea ‘pig wa s given 1ntramuscularly, 0.05 gralnS'

,of apomorphlne. Slight sallvatlon but ne vomltlng ocecurred,

There was 11ttle ev1dence that the animal was in any vway act-
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-’tihgébnofmally under this e'timulu's; Similarly, 0.05 mgm.
of hlstamlne occa81oned no upset 1n a gulnea pig. Large

,4,

: quaatlules of phosphates admlnlstered as buffer solutlons,
"and also oastor-01l produced}gﬁéggéglggnghe nature of the
stools. |
One was prompted to belleve that, 1f VOmltlng Were
ooe31ble in a gulnea png 1t occurred very rarelv and noti
under the usual stlmull aerotlng humans.b‘Thus, one of the
’most cnaracterlstlc symptoms of staphylococous food- p01son1ng
waould pos51b1y be absent if this animal were used in 1ab—
oratory tests; and in the experlence of the author, on no
occasion has a guinea- plg given any 1ndlcat10n of: show1ng
,the usually promlnent SJmptoms of gastro- enterltls. This
metlod therefore was abaadoned | ‘
. Inas much as: cats and dogs resemble humans more closely
“than do rodents 1n their dletary and excretary'hablts and‘
both are knmwn to vomit on occa51on it seemed logical to ’
7’1nvest1gate the susceptlbllzty of these animals to the gastro—
1ntest1nal 1rr1tant° | v ’ : |
Prellmlnary 1nvestigations were carriedvoot,on oats,
using the filtrate ofustrain‘“g" testedvoh a human.(Protocols
1 and 2) | | |

Protocol 6;v

n Cat No.l 2 months old Welght about one kllogrwn.

50.0 c.c. of filtrate “B" were admlnlstered in the anlmal'
“milk when it was fed. ;

Time 12,35 P.M.

1 Hr.35 Min.™ The animal became somnolent and drowsy; it

preferred: to lie down and moved very kittle. :
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1 Hr.45Min.  The cat became agitated. It licked it3. 1lips
violently; salivation was very marked. '

1 Hr.50 Min. The cat vomited. It seemed much relieved,

' became more active and played a little.

-8 Hr. 05 Min. Vomiting was repeated; merely gasitric secretions.
& Hr. 15 HMin. The. cat became unsteady on it§: feet and refused
food.. ~ , ' :
3 Hrs 10 Min. Giddiness was apparent; the animal swayed from
side to side when it sat up. ‘ ,

3 Hr. 15 Min. Violent vomiting recurred, 3 times. Thecan-
imal's condition seemed much improved after vomiting.

4 Hrs. The cat accepted food.

4 Hr, 15 Min. The animal was playing and seemed gquite re-
covered. There was no signifigant disrrhoea; recovery was
complete within 24 hours. oo

Protocol 7;:

Cat No.2s 2 months o0ld, welght about one kilogram.

50,0 e.c. 0f entero toxic filtrate were ingested in milk.
Time: 12:35 P.Ms, : ' '

1l Hr.55 Min. The animal regurgitated; there was some gastric
digstress. Salivation was evidenced by licking of the lips.

2 Hr.05 Min, Giddiness was apparent. The animal swayed
dizzlly when standing or sitting up. -

2 Hr,40 Min. Gastric dismiress increased; violent peristal-
tic movements were observed through the abdominal walle.

8 Hr.05 Min, Another wave of nausea occourred, the animal
shuddered spasmodically; violent peristaltic movements wexre
observed through the abdominal wall. Nausesa appeared to come
at intervals. - R : :

3 Hro.25 Min. The general condition of the animal seemed im-
proved. ; ‘

4 Hr.30 Min. A large bulk of fluid feces, foul-smelling and
- light in color was passed. It was mucoid in consistency.

The animal recovered completely within 24 hours. g

Protocol 8.

Cat No. 3 Targe female, fully grown.

6.0 t0 8.0 cocs of filtrate "BYW, concentrated by distillation
in vacuo to about 1/10 volume, weTe given i1 milk. The doS6
was equivalent to 60-80 c.c. of the original filtrate.

Time 3.00 P.M. o ) )

2 Hrs., The animal remained quiet all afternocon. At 5.00 P.M.
it became agitated, cried fregquently and licked it$s lips.
2 Hrs.40 Min. It vomited violently. The animal seemed re-
lieved after vomiting. '
3 Hrs. Violent vomiting was repeated, and disrrhoea followe
shortly after. A large bulk of foul-smelling feces, mucoid

in coﬂsisteney, was expelled. The amimal recovered completely.
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‘The above protocols merely representative of a number
of others in whlch the manlfestatlons of acute gastro 1ntes~
tlnal dlstress were ev1dent in greater or lesser 1ntens1ty,

are a complete 01cture of the Symptoms of staphjlococcus
food -poisoning in humans. VOmatlng occurred from 2 to 2~
hours after 1ngestlon of the flltrates preceded by sallvatlonj-
 and followed by abdominal dlstress and. dlarrhoea. Reoovery
was rapld and\complete in all cases. AS some. workers have
eobserved in humans dlarrhoea may. ‘be present w1thout vomltlng
or vomltlng may occur alone although as a general rule both
: symptoms are markeda' | | | -
A ”he dose required to produce these typlcal manlfestatlons
Cof food-pawonlng in cats when glven enterally is about 50
tlmes that requlred to cause: vomltlng and dlarrhoea 1n humans
~on ingestion of the same filtrate, (Protocols Nos:. 1 and 2)-
The enteral admlnlstratlon of such large doees “to laboratory
anlmals 1s nelther convenient nor accurate.'olnasmuch as the
'fenterotox1c preoaratlon used wa,s 1nnocuous, the‘hemoljelns'
lethal and dermo necrotlc substances hev1nm been prev1ously
destroyed by formelln parenteral 1ngoculatlon'was employeda

Protocol 9.

Cat No. 1. 2-3 months old weight 800~ 1000 grams.
3.0 c.c.0f filtrate "gpH were given 1ntraper1toneally.,
" Time; 11:20 AJMe
15 Mins. The animal vomlted v1olent1y.

20 Ninss, Vomiting occurred several times.

50 Mins. Repeated vomiting ocourred. ,
40 Mins. A very loose foul-smelling stool mueoid in
: : consistency was passed. '
2 ﬁr 05 Min. The animal appeared to be weak and ‘somnolent,

3_Hr.55 Min.The cat seemed dazed and giddy when standing or
sitting up. It preferred to lie down, and was com-
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-pletely,disinterésted,in it8= Surrbundings,
4 Hr.20 Min. Signs of recovéry were evident. The animal be-

~came more active and interested in iths surroundings. Complete
- recovery'followed within 24 hours. ~

Prptocol 10,

Cat No.2. ~ 2-3 months old, weight about 1 kilogram,
145 cie.Tiltrate "B" were given intraperitoneally,
Time: 2,30 P.M. : ; R

25 Mins, . The animal seemed nauseated, uncomfortable.

- 37 Mins.  The animal lay on the floor of the cage; its.:
head hung unnaturally with the nose resting on the floor.

‘ l;Hr;,kSaliVation, accompanied by licking of the lips
was followed by repeated vomiting.

, 1l Hr.l6 Mins. vomiting was repeated. e Co
"1 Hr. 25 Wins. A loose foul-smelling stool was passed .
- It was profuse, mucoid in consistency and light colored,

Retching and vomiting were repeated over a period of an
hour, accompanied by several loose stools. The animal
~appeared weak and somnolents ‘ o
S Hrs.30 Mins. The cat seemed to be recovering, for it
- became more active and accepted food, R S
Recovery was complete in 24 hours.

vETotocol;lls

Cat No.3 - 6 weks old, weight 400 grams. . , :
0.5 cics Tiltrate "B" were inoculated intraperitoneally.
Time: 2:07 , ' SR , :
15 Mins. Vomiting occurreds.
23 Mins. Vomiting was repeated. : ‘

24 Minss Vomiting was repeated. The animal remained
somnolent and lethargic up to 6.00 P.M, Diarrhoes oce-
urred gome time later.. ' : : ' ,

‘ IﬁkWill be observed‘that~in parenteral\inOGUlation‘of
filtréte "B"; the syndromé is merély an iptehsified form of
that 00Cufring when‘enterél administration-is employea. The
latent~period‘ié shoftened ffom-g:g hours to as little as 5-10
minutes; dépending in parﬁ, upon the size of the doge ad- |

'”ministered; The symptoms, in~the'éuthor's experience; are
k, more violent and definite. An increased iaté of reSpiration‘
and even panting has been observed, orior to the onset of

vomiting: Salivation is marked; the vomiting is projectile
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and recurs at frequent intervals. Stools are frequent, and
»afterftherflrst one or two, sometimes contain no fecsl material,
They consist entirely of a clear mucoid discharge resembl ing
;egg-albumin, '

Recovery seus in, if not too large a dose i3 administered,
w1thln a few hours, usually 5 or 6, and is most Irequenﬁly
complete within 24 hours.

As 6ne’contr&1 measure, enimals were inoculated 1ntraperi~
toneally w1th sterile broth containing guantities of form-
slin (0. 2%} and merthiolate (1:10,000) eouivalent to those pre-
sent in the flltr&teﬁ prepare& 10 dlfferent anlmals were in—
oculated with quantltles from 1. O to 5.0 c.c: In no case was
there a suggestion of the symptoms characteristic of the syn-
drome pro&uced by the enterotoxin presenu in the flltrate of
strain "B",

As a further control measure, filtrates of strein™iood 46",
prepared under conditions identieal with those of strain "B",
~were inoculated into cats on a number of cccasions;doses
varied from 1.0 to 5.0 ¢.c. The animals remained normal in
every case. PFiltrates of "Wood 46" have DLeen ingested by
human volunteers in relatively large amounts aﬁd have occ-
asioned no upset.

In all, some 50 individual experiments have been performed
on cats with filtrate'"B“, using intraperitoneal inoculation.

. Doses varying from 0.4 to 3.0 ¢.c. were employed; and in every
case, symptoms of gastro-intestinzl distress have’been'present

in greater or lesser ‘intensity, depending
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upon tﬁeysize of the dose and the degree of active immunity
aequired by the animal &ueftb previous injections,

The:filtrate "B" producing gastro-enteritis by both
egnteral and parenteral administration in cats was inoculated
into a dog,75 months of age, 3.0 c.c. were injeete& intra-
peritoneally. Vaomiting began 5 minutes after inoculation
and oontlnued at 1nterva1s for over 3 hours-kseveral fluid
stools were passed within one hourvbf inoculaﬁlona‘ The anﬁnai
appeared dazed and giddy, and was 00 weak to stand or Sit Up »
The following day it walked unsteadily and refused food; ‘
recovery seemed complete however, within 4:8-—6O_Iiourse ’The
\sensitivity of dogs to the entefotoxin has been demonstrated
on several océasions, In every case-the symptoms are identical
with those’produced in cats byrinoeulationkof fhe gastro-
~intestinal irritant. | |

During the course cf-investigation, certain observations
Wérefrecar&ed that teﬁ@ﬁto‘confirm statements made by other
workers, as well as by the author earlier in this paper.
Jordan and Burrows (21), Woolpert and Dack (16) and later
Dolman (22) praiuced ev1&enee to show that the enterotox1c
rrineiple was not identicalfwith the hemolysins, lethal or
other recognized toxic products of staphylococci. The method
employed/in this investigation of preparing enterotoxic filt-
rates devoid of these substances provides further dafa in support
of this contention. The author wishes to present additional |
‘experimental évidence in favor of the fact that the entero-

toxin is a separate toxic product of staphylococcus.
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t

fDésPite-the fact that: |
| (a) ibé/gemolysihs¢c'and]3'were no‘longér detectable in filt-
 rates of “gm &mployed in the>éx@eriments; ‘ |
(b) ﬁo«skinafeactidn could,bekdemohstrated; 

(6) 1.0 c.Cs quahtities inocﬁiated into mice, and 5 to iOfcgé;
- quantities into guineaepigs°oqcasioned nokharmfulkréaétion;
f some;cats,died fdllowing&parentéial‘in0culatién'of the.entere
otoxic filtrates. o | kB
 Sévefal prbtocols;are,presentéd~to illustrate the phenomenon,

Protocolflé.

- Gat No.l  1-2 months old. Veight 600 g.

- 2:0 c.c., filtrate "B" were inoculated intraperitoneally.,

Time: 11:10 A.M. A ~ S Fe R

30 HMins. A thin watery stool was vassed, o

1 Hr, 5 Mins. Violent vomiting ocecurred. Vomiting and. dia=
rrhoea recurred at intervals for several hours. The animal was
weak, dazed, and suffered acute abdominal distress. Death
ocecurred at 12;15 the following day, 25 hours after inoculation.
Jusd before death the animal appeared markedly emaciated and.-

~in a state of extreme prostration, Mucus was discharged
involuntarily from the anus at frequent intervalss Thé animal
died during a spasm of convulsive peristalsis involving boththe

oesophagus and ‘intestinal tract.

Autopsy; Emaciation was very marked. The peritoneum and site
of inoculation showed nothing abnormal. The intestines were

~completely contracted, blanched and very firm in consistency.

- Internal examination of the gut revealed an excessive secre-
tion of a thick yellow mucus throughout the entire lengkth,

The stomach contained a large quantity of gas. The gall
bladder'was,enOrmously\engorged,‘and diffusion of bile pig-

- ments stained the viscera over a wide area. The urinary bladder

was completely contracted and firm. No further macrosdopic

. abnormalities were apparent,

Proctocol 13,

Cat No.2 1 month old. Weight 350 e :

July 2,1936. 0.1 c.c. of filtrate “B" wasg administered
intraperitoneally. ‘fhere were no untoward symptoms except
somnolence. ‘ : ‘ : : '
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- July 3,:1936. 0.2 co.ce of filtrate "B" were sdministered intra-
peritoneally. Some gastric discomfort and dizziness accompanied
by somnolence persisted for several hours following inoculation.
July 4, 1936. 0.3 c.c. of filtrate "B" were administered :
~ intraperitoneally. There was general lassitude and discomfort
for several hours. ¢

.July 5, 1936, Diarrhoea was evident on July 5, and continued
for 8 days. Stools occurred freguently, often at 20 minute
intervals, and expulsion was involuntary in most instances.
-Death occurred on July 13,

Autop@sy: The tail and hind legs were soiled with mucus dig—
charged from the anus. The animal was pitifully emaciated;
the loss in weight over the 11 day period exceeded 40%.  The
peritoneum was normal; there was no reaction at the site of
inoculation. Both large and small intestines were contracted,
hard, blanched, and, on internal examination, showed excessive
secretion of mucus throughout their entire length. The stomach
contained a large quantity of mucuous secretion. The gall
bladder was engorged; diffusion of bile rigments stained the
abdominal viscera over a wide area. The urinary bladder

was completely -Gontracted and firm. There were no further
macroscopic abnormalities, :

These exémples are typical.of some 20 reactions observed
when filtrate “B".has been inoculated in%raperitoneally into
cats. In all éaées, the‘bnly constant abnormalities noted on
‘ autopsy have beén thbée presenté& in the above protocols. In

no instance were the signs of general vascular engorgement and

petechial hemmorhages, characteristic of rapid death from the

effects of sﬁaphylocogeué exotoxins, preseht to any observable

; degmée.

o ‘This§phenomenom_has also been produced by repeatea

Sﬁhéutaneoﬁs inoculation of the filtfate. Diérrhoea oceurss

about 24 hou;s after the first dose, and continues with inc-

reasing severity'until &eaﬁho Vomiting howevér, has not been

observed on subcutaneous administration of enterotoxic filtrates.
A large dose of filtrate "B", or the frequent

.1 . ;
admingtration of smaller doses, produces an exaggerated form
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,of the usual teﬁoorary gastro 1ntest1nal upset.  The absence~
of ‘the hemoly81ns dermo- necrotlc and lethal substances in

the orlglnal flltrate employed comblned w1th the fact that
rnone of the ccaracterlstlc postumortem symptoms of acute deathk
from potent exotoxitc Pvltrates as descrlbed by Dotman (25)
twere observed strongly 1nd1cates that the gastro 1ntest1nal

irritant is a substauce entlrely separate from any of the

recognlzed t0y10 products of st@hylococcl.‘
The heat Stdblllty of staphylococcus enterotox1n has

 been recognlzed for several years. - Jordan, et a1.~(zo) using
~ human subgects as test anlmals stated' "The toxic substance |
present in staphylococcus flltrates ceus1ng gastro 1ntest1nal
'derangemeut,ls not completely destroyed by exposure for 30
'mlnutes to the temoerature of b0111ng water. Some dlmlnutlon |
in- tOAlC pover may, however pos51bly be caused by heatlng
even at temperatures velow lOO c.t ,
 Filtrates of strain "B heated’at 100 ° cC; for 30 minutes
: rhave\;on intraperitoneal inoculation'in cats, produced the |

'gastro 1ntest1nal syndrome cheracterlstlc of the enterotox1n.
Some dlmlnutlon 1n tox1c power is evidenced by the fact that
larger doses of the same flltrate are requlred to produce
tyblcal Symptoms after heetlnv at lOO C. for 30 minutes,
than are necessary after heating at 100° C. for lO, 15; or
20 mlnutes.’ The tox1n is, however, not,coupletelycdestroyed
by heating at 100 o C. for 30 minutes, when aSsayed bykthe,'

"kittenetest".
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Barlier pubiications notedthat the enterotoxin is stable
to storage at low temperatures. In this laboratory prreparations
from strazn "B" containing 0.3% fofmalin, maintained at refrig-
.erator temperatures, show little diminution in toxic power |

after 5 months. Incubation at B7° C. in the presence of 0.3%

formalin fdr 78 dajys did not destroy the enterotoxin alth ough
some detoxification took place.

Barber (2) in 1914 and Dack et al. (25) in 1928 reported
~that no perceptible degree of immunity or,tolgpance could be
acquired4by repeated ingestion of enterotoxic_filtratééo
Woolpert and Dack (16) stated in & later publication that &

; &egreerof'activé immunity against the enterotoxin could be
induced by repeated parenteral inoéulation, but all attempts
at passive immunity failed.

~ Working with cats in this 1aboratory, it came to one's
attention that, after a number of injections, an animal was
’able to receive with impuﬁity several times the dose of filt-
rate "B* that previously caused sympfoms of aoute gasﬁro-
enteritis. During the course of investigation this phenomenom
was consistently in evidence. The active immunity described
by earlier workers could, then, be induced by repeated parent-
eral inoculation of Filtrate "BY.

Further investigations were carried out to determine
whgther the serum of those animals acquiring active immunity
in this manner would neutralize the enterotoxin of filtrate
UB"™, Serum was obtained from asctively immunized cats and

incubated with filtrate "B"™ at 37° C. for 1% hours. The mixzture
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- was inbdﬁlated intraperitoneally into cats.

Protocol 14,

Cat Nos1 1.5 c.c. filtrate "B"+ 2.0 c.c. immune Serum incu- -

- bated &% 37° C. for 1% hours were inoculated intraperitoneally.
The animal remained normal, played, and ate heartily whenever
food was offered, Ko symptoms of gagtro~intestinal distress =
were pregsent.

Caf No.2 1.5 c.c filtrate "B"+ 2.0 c.c. saline incubated at
37 C. Tor 13 hours were inoculated intraperitoneally. The
animal showed symptoms of acute gastro-intestinal upset.
Diarrhoea continued for some 5-7 hours. o

Cat NosB 1.5 c.c. 0f saline+ 2.0 c.c.immune serum incubated
at 37° C. for 1% hours were inoculated intraperitoneally. The
animal remained normal. ' '

Protocol 15;

Cat To. 1.0 c.c. filtraﬁe "B'+ 1.5 c.c. "immune serum" in-
cubated at 37 ° C. for 1% hours were inoculated intraperit-
oneally. The animal remained normal. :

- Cat YNo. the following day - 0.5 c.c., filtrate "B" were ino-
culated intraperitoneally. Vomiting and diarrhoea occurred.
This animal, apparently sensitive to 0.5 c.c. of filtrate,
received with impunity three times that amount mixed with
immune serume

Rabbits were given repeated parenteral inoculations of
filtrate "B", and the serum was tested for immune substances
against hemolysins. In this experiment, a filtrate of strain 7
"B" containing all of the toxic substances was used. It was
not detoxified with formalin. Sufficient serum was added to
the toxin to neutralize the hemolysins. The mixture was in-
cubated overnight at 37° Co., The precipitate removed and the

. supernatant tested on catse. '

Protocol 16.-

- Cat No.l 1.5 c.c. toxin "B"™ heated at 100° C. for 10 minutes
0 destroy theo and @ and lethal toxins,) were inoculated
intraperitoneally. Severe gastro-intestinal symptoms appeared
10 minutes after inoculation. Vomiting and diarrhoea recurred

at intervals for some times

Cat No.2 4.2 c.c. of toxin-antitoxin mixture (3.0 ¢c.c. toxin
"B7, 1.8 c.c. anti serum) were inoculated intrapsritoneally.
The animal remained normal.
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Cat No.3 1.5 c.c. toxin "B"™ heated at 100 °C. for 10 minutes
(%0 destroy the o¢ , A hemolysins and lethal toxing) plus

1.5 c.co normal rabbit serum incubsted overnight at 37° G,

- were inoculated intraperitoneally. Violent vomiting and
diarrhoea sppeared in 10 minutes and recurred frequently over
@ period of 2-3-hours. The st00l was & clesar mucoid seeretion
containing no feeal material.

An antiserum was prepared by immunizing a rabbit with filt-
rates of strain "Wood 46", containing all of the toxie products

of staphylococcus except the enterotoxin. The antisefum was

capable of neutralizing in vitro the « and (¢ hemolysins.

Protogol 16 (cont'd).

Cat No.4 1.5 c.co toxin "B" 3,0 c.c. antiserum "W" (suff=
1cient To neutralize the oC and @ hemolysins) incubated at
37° C. overnight, were inomulated intraperitoneally. With-
in 10 minutes, violent vomiting occurred, followed by Aife
rrhoea. The animal was ill throughout the day. Death
occurred the following day, and autopsy revealed only the
Syuptoms typical of those produced hy the enterotoxin.

It would seem evident that antisera prepared against ~
'fiiﬁrate "B &re'capable of neutralizing in vitro, the gastro-
: intestinai irritant contained in that filtrste.

Gat No.2 (protocol 16}, received with impunity twice the dose

that pro&ude&vviolent gastro-enteritis in animais 1, 3 and 4.
The substaﬁcé that neuﬁralizes the erterotoxin is not present
in normal rabbit serum, (cat 3) nOﬁ&ﬁ antisera prepared

against filtrates'éontaining all of the known toxic pro&ucts

of staphylococcus except the enterotoxic principle (cat 4).
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The 1nvest1gatlons recorded up to this point have been
earried out on filtrates of a strain tested by human volunteers,
and knownt¢o produce a pow_erfulen’cerotoxin° The sensitivity

. of cats and dogs %o the gastrO—intestinal irritant has been utiéi
iized in exemining strains from various sources.
l. In an epldemle of food-poisaning reported by Dolman (26)
large numbers of hemolytic staphylococcl were isolated from the
~ suspected pastry, custard filled "vanilla slices". Intraper1~
toneal inooulation‘inrcats of suitably prepared filtrates from
this strain produced the unmistakeable symptoms of ganéo-
enteritis described earlier in ﬁhis PEPET . |
2% Hemolytle staphylococci isolated from a cream ple, suspected
of causing food—poisonln yielded a powerful en‘cerotox:.nof’oc.c°
of the filtrate inoculated intraperitoneally into a 3 months
0ld pup evoked'violenﬁ gastro-enteritis. The dog vomited more
than 18 times within ZO minutes of inooulatio:ﬁo
3. A goléen.staphylocoocﬁs reported to cause,"caramél flavor™
in milk, prodnced a potent enterotoxin as well as high titres of
'o(and{5'hemolysins. - The organism, obtaihed from the Depértment
of Dairying at’the Univérsity of British O@lumbia, was class-~
ified as "Tetracoceus liquefaciens™ (Orla-Jensen). In 10 exper-
iments with this strain positive results were obtained in every
case with doses of 1.0 to 3.0 c.c., and‘death ocourred in 3

instances, from doses as low as 1.5 c.c. A similar instance

hag been deseribed by Tanner and Ramsey (5).
4, An albus strain, isolated from raw milk,produced high titres

ofafandp hemolysins as well as a powerful gastro-intestinal
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irritant., 8 experiments were carried out with appropriately
prepared filtrates. Doses as low as 0.5 c.c. produced positive
results, é;d death occurred in 3 instances from doses a&s low as
2.0 .ceCo
5. Prom a total of 8 strains picked at random from raw milk

bottled for local distribution, 6 produced a powerful entero-

toxin when assayed by the kitten test.
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Discussion.

The public health issues involved in the stu&y of staphy-
lococcal gastro-enteritis oannof be readily overlooked. Since
?1988 there have been reported some 47 outbreaks of staphylo-
coccus food-poisoning; 40 of these involved more than 1400
persons of both seXes and all age groups. The failure ﬁo
recognizse the signifigance of the micro-organism in such out-
breaks pridr to 1928 has been attributed by some authors partly
to the influence exerted by thé exhaustive studies of Savage (28)
and Ekkelés and Standfuss (29) on the Salmonella group; and
while in cetain instances staphylococcl were known to te present
in foodé ineriminated epidemiologically, their presence was not
kreﬁorted by the laboratory. Furthermore,,a transient disability
such as that caused by the enterotoxin would only too frequently
be diagnosed by the layman as "intestinal flu" orTsummer dia-
rrhoea? one would expect relatively few such cases to be re-
ported to authorities for full investigation. Thesé consider-
ations, combined with the fact that the texture, appearance and
taste of food heavily cbntaminated by staphylococci remain un-
altered,would lead one to believe that staphylococcal gastro-

enteritis is more common than reports indicate.

The high percentage of oﬁtbreaks attributed to milk and
milk products is é.public health issue of specisal signifiganceek
It has been demonstrated that contamination arising from staphy-
lococcal infections of the udder (2, 8) and perhaps staphylococei

in milk obtained from apparently healthy cows may play 2 part in
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outbreaks of food-poisoning (6,5). Inasmuch as this source of
confﬁinatio%oannot be readily eontrolied by ény method df Pro-
duction, ?he only effegtive preventative meésure would be univer-
sal pasteurization. Where raw milk.is distributed thereis the
édditional hazard of droplet infection by staphylococci from
those handling the milk during pfoduotion; and since milk seems
to pro%ide an excellent medium for the rapid multiplication of
the micro-organisms, adequate cooling and refrigeration.methdds_

should be enforced.

The frequent incrimination of cream pies and custérdwfilled
pastries presents & problem of interest and impoftanoec Meyer (17)
éontends that dfoplet infection, and the transmission of staphy~
lococeci from superficial 1esions'on the hands of employees are
the most common methods of contaminating these products. Slow
cooling in large open kettles at room temperature prior to
filling pastry shells enhances the risk of contamination, and
pro@i&es admirable temperature conditions for rapid multiplication.
By virtue of the large batches of filler preparé& in bakeries,
the humber of persons involved in outbreaks from this source

is frequently high. (Tablel.)

Meﬁer(l?) reports an increased incidence in the Southern
United States during the warm summer moﬁthsob Thorough cooking
and prompt refrigeration of the fillers and finished products,
as well as daily sterilization of utensils have been advocated.
Some health asuthorities in'that regicn have, during the warmer

months, restricted the sale and distribution of cream-filled
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bakery goods to bakeries with broperly refrigeratéd stor&ge
faoilities and display cases. An unofficial report indicatss

that enfa%cement of the latter measure has sctually reduced the

Adncidence of staphylococcal gastro-enteritis in the ares concerned,

Methods of preparation could be discussed at great 1e§%h,
but it should suffice to stress:
(&) pasteurization of milk and milk products,
(b) frequenu sterwllaatlon of bakery utensils, and cleaﬁliness
in methods of production,
.(0) adequate refrigeration faoilitiés, and,
(d} the stiiétest observance of the ordinary rules of hyghine

by those handling food for human’oonsumption°

’ While there is as yet insufficient experimental evidence
available from which to draw definite conclusions regarding the
mode of action of the enterotoxin on the animal system, there
are cefrtain interesting points which might tend to throw some
light on the matter. Despite the fact that the more obvious
reactions produced by the’toxin are clinical signs of a gastro-
ehteriuis, post-mortem exemination of animals dying from the
effects of large intraperitoneal inoculationsof filtrates con-
taining onlybthe entérotoxic principle does not reveal signs of
~acute intestinal inflammation. There is an excessive secretion
of mucus; bubtthis condition does not appear to result from an
,entéritis in the pathological sense. Turthermore, the rapid on-
set'of the symptoms, frequently within 5 minutes of intraperi-

toneal inoculation, would scarcely be due %to an inflammatory
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'tproeess arising from direcﬁ irritation of the intestinal mucosa.
The absence of the signs of local inflemmation at the point of
inoculatiﬁn or in the peritoneal cavity excludes the possibility
of extensive aamage through contact between the toxin and ev—

posed tlssuesc

The mode of action. would appear to be through the nervous
sysﬁeme This would necessitate absorption of the toxic sub-
stance, and transportation by the blood o the nerve centres
attacked. Tﬁe possibility that this may acﬁually occur is
supported by the variable length of the latent perlod, mﬂd by
the severlty of the symptoms varying with the route of admini-
stration. If the~substanoe be ingested with food, the latent
period is 1%-3 hours, which may be taken to correspond with the
period reguired for digestlon and subsequent absorption of the
ingested material. In intraperitoneal inoculstion the latent
period is shortened to &g 1little as‘5—10 minutes, due to more
rapi&vabsorption by that route. The reaction is more severe in
intraperitoneal than in oralkaaministration and it is pro@able
that, the slower absorptlon in the latter case, combined with the
fact that much of the toxic material may be discharged in vomitus
and feces, only a small part of the ingested dose is actuslly
absorbed. This facto@is eliminated by parenteral administration,
aﬂd,intréperitoneal inoculation evokes the most rapid, violent
and,persistent symptoms. In subcutaneous inooulation symptoms
are less severe, and appear after 18-24 hours. The’onset~of

Symptoms would seem to demand a certain prior concentration of



(54)
toxin in the blood stream, thgﬁatent period being the time re-
quired for that concentration to be reachéd, and the length of
the latent period depending upon the rate of absorption. The
nerve centres attacked ﬁy the enterotoxin are not knoWn, In -
post-mortem examination, the urinary'bladder has been eohsistently
found in a state of eomplete contraction, Whichuwould discount
the possibility that periphéial nerve endings in the gastro-
intestinal tract alone ha§e been affected. Moreover, that fact
that the vomiting and diarrhoea which follow the administration
of the enterotox1n to laboratory animals sre usually associated
with unsteadlness ana apparent vertigo, strongly suggests that
the gubstance concerned may act upon adjacent centres in the mid-

brain whose exeltatlon results in the syndrome recorded.

The discovery 6f active immunization methods with staphy-
lococous toxoid necessitated the establishment of arbitrary
standards for innoouity and potency to which preparations for
clinical use could be referred before release from the labora-
tory (24). Since the inclusion in the toxoids of filtrates con-
talnlng enterotoxin mlght give rise to unpleasant reactions, pre-
cautlons must be observed to prevent their being used in prepar-
ations for human immunization. The suggestion has alrsady been
made (30} thatlan additional standard for innocuity should be
appended to those recommended by Dolman and Kitching (24), viz.;
"3.0 c.c. 0f the toxoid , inoculated intraperitoneally into a

normal kitten should occasion no deleterious symptom™.,
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But strains of staphylococci isolated from human lesions
and subsequently found able to produce enterotoxin, may con-
ceivablyézwe their pathofenicity in partto this latter prbpertyc
.The reaction of the host to continued absorption of small quan-
tities of enterotoxin, such as may occur in acute staphylococeal
infections, is not definitely known: butiin the light of our
knowledge of the deléterious effect upon cats under certain
circumstances of repeated parenteral inoculaﬁion, it is possible
that fhe enterotoxin might play an important rdle in human staphy-
lococcal infections. Since the enterotoxin is antigenic it
would seem desirable that efforts should be made to render the
antigen innocuous to humans so that it might be incorporated with
other staphylococcal antigens in materials distributed for the

active immunigsation of man.

Purther work is desirable an the problem of the antigenic'
properties and relatidnships of thekenterotoxin, and methods of
asaéy of anti-enterotoxic sera fequire investigation. In the
meanwhile, filtrates of strains producing enterotoxin might to
advantage be included in the podled antigens used for the imm-
unigation of horses in the breparation of staphylococcus anti-

toxic sera.
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Bummazry .
1. Certain strains of staphylococous produce a gastro-intest-
inal poison in conjunction with various other toxic substances.
This entertoxin may be separated from these lethal toxins,
hemolysins and necrotoxin by formalinization at 37° C. until the
e and(? hemolysins are no longer detectable. |
2. The intraperitoneal inooulatibﬂ of small amounts of these
formalinized filtrates in cats and dogs provides a test suffic-
iently sensitive for &emonstration of the presence of the ent-
erotoxin by,évoking unmistakeable symptoms similar to those
ohserved ih humans suffering from staphylococecal food—poisonihga
Guineaupigs;'rabbits and mice are not sensitive to oral or par-
enteral_administration of the filtrates.
5. The gastro-intestinal syndrome in parenteral inoculation is
an intemsified form of that produced by oral administration;
excessive dosage may prove fatal. Post-mortem changes differ
from those present in animals dyiﬁg from the effects of the
potent exotoxinsg of staphylococcus.
4. The substance producing gastro-intesti nal derangement in
cats pog%s§$piopérties'similar to those ascribed by othen%ork-
ers to‘the enterotoxin affecting humans. Thus, it is distinct
from the hemolytic, demro-necrotic or lethal substances; heat-
ing at 100°C. for 30 minutes does nok completely destroy the
enterotoxic principle; it is stable when stored at low temper-
atures! it will not distil} and a degrme of active immunity’can

be induced by repeated parenteral inoculation.
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5. The serum of an actively immunized animal apparently neut-
- ralizes the enterotoxin in vitro.
6. Strains of staphylococci from raw milk and prathological
’lesions in humaﬁs may, under approprizte conditions, produce a

powsrful enterotoxic substance.
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Eplaemlcc of Staphylococcu° Food-poleonlng.n

(Dlreetly ar’ 1ndlxect1y repcrted.) -
This llat makes ‘no claim for completeness,gif . : ‘ [

%u
[ e
4 SN Cl e e No. :
g fpate,' Bﬁported by ~Jburnal: : : I@catlon ;:‘:_ Ipvelved Cauﬁed.by : I@Lorat@xy<repoxf'
%;‘ lq1907, Owen; L Phyelclan and gurgé; 1997.3 .f, 9. “:drled heef . . staph.
%L '2;l9l4,  Barber“\»‘ Philippine Jour, Sclence, o S { milk - 0 . S ,
ig ; g S Sect.B.y 1914 9t 515 Phlllpplneq |several | vanilla ice cream white W
A8 ; - | cream pie R s .
11 3. 1927‘28ﬁrthur French ' ‘ ' 9¢Aw§’”Paqadena Cal.,“ 2 - chocolate cream pie 1 yellow "
4.1928 | Nelson ‘ New Eng. Med. Jbur.,ﬂl' | Bogton Mags. - apprax,150 Wedding cake ~yellow W
5¢1929 Jordan Je AJN}A¢JQSO Quy: m+a Chicagao, IIk. | 20 : Iayer cake & cream puff :
R . ; ; O ‘ (cudtard filled) | yellow *
6.'1929 | Jorden | J.A.M.A.,xiao,?*~""‘° “ Chicago; Ill. ST
- ; | R oy R ey ‘ | yellow W
71929 | Dack, Cary, Jaurg Pmev. Mfd&g 19303 ;,Ghicagdg I31l. | 1% - sponge cake, cream filler yellaw W
| Voolpert and 4:167 L S S I PO 3 ‘ : o ” :
1 , | wiggens o : o
8.1930 | Jordan J.A.M;Aa 1.930y °167 ;_?Partc Rico 4 ,cheeee . yellow ¥
9.1930 | NeY. state Depto~ N‘thameews 6T, 1930 gTLﬁng Island ‘ - : ‘cake yellow W/
[ of Health ~ | = o dee, 19300 | g S i 3
i| 101930 | ¥ Boow ‘ | New Jersey 125 ' Greambpuffa , "
11.1930 Jardan S T oA Moo 1930, 97:1704»j" Milwaukee 4 Devil'®s food cake "
12,1931 | Jordan & Hall Jbura Emev. Mbdé, %931 : Eanama 2 J'chicken gravy *
, ' : 33 7 5 S L
13.193L | Jordan ;rexcey Glty 16 | layer cake "
1| 14,1931 | Meyer Calif. 43 chocolate eclairs .
1115.,1931 | Meyex Calif, 42 -~ i head cheese sandwiclhes b
1116.1931 | Meyer | Log AngelesCaIJ‘, 5 - | codtnut cream pie %
(1171931 | Meyex . : , o o Calif. 2 | chtolate €clairs W
111181931 | Ramsey & Tracy . |Proc. of the Soc. for Exp. ' e o
‘ : & Biol. med., 1931, 28:390 - : ? lmilk Orange "
19.1932 | Ramgey, Tanner Ame. Jour., Sc.s %93§§f.8 Calif. 20 ‘mikk Orange "
L .00=cHel184 | ‘ ' , :
20.1932 | Meyers Kruegex Lo Califs = 200 kippers : w
\ Mewper, .Simpson Washington 2@0 round meat sandwicheg "
Grieger, Gray, San Francisca | 35 chocolate €clairs ¥
R Meyer ; . o o , ~ -
1123.1932 \Jordan,Burrows ‘|Am. Jour. Hygi€ne, 1934, |Milwaukee Y4 cugtard filled pastries ”
e . .20, Noo 3:604-610 | . | |
24,1932 LT B S W ¥ iChicago 31 cream filled pastries "
125.1932 " W v W 4w # ) yiTwaukee 7 cugtard filled coffee cake ,?
26,1932 W ow % w@ & ¢ ® | Chicago -2 |custard-filled doughnuts "
,27.1932 Buchanan,‘EcKer ~ IR : Cleveland several lcream pie e
128,1933 | Jordan, Burréws, | Am. Jour. Hygténe, 1934, : hundred =
¢ ‘ ‘ : 20, No. 3:604-610 |Winona, Minn. [several - chocolate lairs : ' 2
129.1933 | McBurney ,A.M,A,, 1933, 10031999 | U. of Alabema 150 ~ " yellow
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Foxhall

|Porto Rico %ub. H. & Trop. Med.,

1933, 9: 1,

, Am. J. P. H., 193&, 2& 116

Je Ao L. A., 1935, 105 1598

1J. Ik Diss, 1956 58 318 ey
~|can. Pub. H. J., 1936,27, bgu

Jour: Bact., 1937, 33:50.°

‘Am. Jour. ib Health, 1935,
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Cocoanut‘CféamJPief  '

Chocolate Eclairs
Custard fllled Cake
Pasﬁry & Pies = :

;,Bulk Ice Cream

Hem

,Banana‘Cream P1e e
‘;Potato Salad,
'~‘Milkf
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Cream Fllllng

cake
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TABLE

P s

.

Number of

epidemics

Pood involved reported.
&

Approx.

% of

total

Number of persons involved,

Cream or Cust-
ard filled
pastries and
cakes
inecluding choc-
olate éclairs

Cake and pastry
type unspecified
Milk, cheese,
ice cream

Meats, gravy

21

57

14.5

14.5

14.5

600

525

50

550

250

in addition %o several
reports, ngmber unspeg-
ified. -

in addition to several
reports, number unspec-
ified.

also reports, number
unspecified.

in addition to several
large epidemics, numbers
unspecified.

plus several large epi-
demics ,numbers ungpec-
ified,

Note: In some cases several types of #ood from the same
bakery were implicated.




