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ON THE NEMONSTRATION OF STAPHYLOCOCCUS-ENTEROTOXIN

[(Pollowing is a translation of an article by Dr. Malte Xienite
and Professor Dootor Rudolf Prouner, Director of the Hyglens
Institute of the Hanseatic City of luebsck, in the Cerman.
language periodical (Contral
News for Baoterioloegy), Vol 1%, 1958, pages 5670, submitted
on 29 July 1956.)

An attempt was made in a preceding study (28) to indicate the advan-
tages and disadvantages of the biologioal demenstration proocsdure for the
staphylooooous enterotaxin (Staph.=Enterotox,), Certain methods (9.4
cat test sooording to Dolman and aclloagues), acoepted as relatively re=
liable cnes, are suitable for individual examinations aleo under the eenw
ditions obtaining in this oountry. However, larger test series ave, for
the most part, precluded owing to consideratiens of space and funds,

The inoubated han egg on tho other hand is relatively cheap and oan be
procured at any time and in the desired quuntities. The incubating lgpl-
ratus requires only a amall space; the inoubation process itself oan be
supsrvined without t0o mich trouble, In view of the reports published
by various authors on infeotion tests with staphylocooei on the inoubated
hen ogg (Bibliography, Ses 30), it was an oasy atep to vonduat a cheok
on the sensitivity of ohiok embryos to the staph.-enterotox, After a
group -of tests, we made the statement in a provisionul report (29) that
the 9«10 day~old chiok embryo can == with 0,15 milliliters of a toxine
oontaining filtrate =« be injured and oaused to die, We will report here
the findings of investigations on about 800 inoubated eggs.

 Material and Nethods
da.S%ARRYL0C000US Stradna

In all, fifty-seven staphylooocoous strainz wers testod: five strains
of enterotoxin-formin ctaﬁhylooooai from the Food Researauh Inatitute,
Chicago (1474 161, 196, 254, $.6): six enteritis strains {mom the oollegw
tion of Dr, Willisms, Londen (697, 1074, 2110, 2204, 2341, 2483); four
of our own astrains that were isolated from children with staphyloenooal
onteroaclitis (127, 165, 20504, 360); and finally fousty-two strains taken
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from the material of our Sundries Division. Uszed as controls were: une
inoculated culture media, several strains of Won
& branch culture of the Oxford strain and held the luebsck Institute,
In each oase, a test was mado of the following properties: coagulase-
formation (qualitative, human plasma), Mannitol fermentation, hemolysis,
pigment-formation; reaction to six antibiotios in the hole test, A report
on the regularly-ocnduoted phage typing (Dr. H, Ph, Poshn, Goettingsn) ia
prosented elsewhers, We have tabulated here the hemolysin titers obtained
in the tubule test, insofar as it seemed necessary for the elucidation of
coertain problems,

&breductden.of the Filirates

The problem how to obtain as high=value a toxin filtrate as posaible
is dealt with in a great number of studies in detail, There is a wide
seleotion of usable oculture media, Just as there are widely differing mue
trients which, upon being oonsumed, produce symptoms of poisoning, promote
the multiplioation of enterotoxineforming staphylococci and the production
‘o’f.g:{. Ri-;nntorowt. A rather recent listing of these is to be found in

Daok ard colleagues (11) showsd the pressnce of staph,-enterotox. in
calf's broth culture, Better ylelds of toxin were achieved with the semi.
stALf brotheagar culture medium given by Woolpert and Dack (60), which Burnet
(7) aleo used in a similar mixture for the raising of other staphyloscoous
toxins, Mnally, we would also mention the cemi-stiff protsose=peptone.
Agar oulture medium desaribed by Dolman and Wilson (16), and the Miquid
nedium of Favorite and Harmon (17), whioh consists of 1.5 per cent ocaseine
hydrolysate plus glucose and vitamins., An almost oomplete survey of the
studies cenoerning this subjeot is given by Surgulla (51), who, at the
pame time, reports substantial fi ge of his o,

One can oount on suffiocient quantities of staph,-entarotox. ecnly if
the inooulated culture medium 4s inoubated (25, 60, 1%, 26) in a CO2 atmose
here (2030 par cent), whioh in cur experience is very well workable with
he usmal anaerobio jJar An which €02 ~= oontrolled by a pressure gauge =
is fod in through an easily installable system of tubss, Following thias,
one allows such an extent of inflow of air ~~ o gmtonbl.y 0z =~ as will

leave the top atill olosing tightly. Inoubation temporature is held at
+37°C , With the same nethod, one obtains good yields of other staphylow
cooous toxins (7, 3, 14, 43) as well, A further faotor favoring the proa
duction of staph.-enterotox. is the agitation of the oultures (17, 51, 9,
53, 50). Owing to laock of teahnioal possibilities, we have no experiences
of our own available, Perhaps the simplest should be the method of Fae
vorite and Hammon (17), who used rotating baby bottles, Surgalls (51)
affixed his cultures to a wheel turning at 30330 revolutions por hour,

The prooedures used by us so far oan be oonducted without too great
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expenditure of apparatus. Thus, freshly-isolated staphylococci are inoou-
lated into the special oulture media either direct from the blood plate |
(=seven per cent sheep's blood-agar plate) or fram a simple grape sugar broth. ]
Strains held for a rather long time were subjeoted by us -~ for activation :
of the enterotoxin formation -- to a multiple passage on starch-agar accor= ]
ding to the directions of Jordan and Burrows (26), Incubation in 30 per-

cent COz at+37°C for two to three days. In the six-fold passage recommen-

ded, we did interoalate two or three times a sheep's bloodwagar plate; howe '
ever in oertain other oases, we worked aocording to the disctiens of ﬁ
Knothe (32) with multiple passages of the germs over the inocubated hen egg.

The following culturs media wers used by us,

» Peptone broth with 0,1 peroent agar, 1 peroent staraeh,

S % toolaved at +106°C. Inoubation in 30 peroent C
gt +§750 Lor v:.d:';t.c v'l:.un‘ully used bloodestorage bmf:. that g%].d

450 milliliters of this culturs medium or small flasks with a 50 or 100
milliliters oontent, After conclusion of the inoubation the deposits were
contrifuged (90 miiwmtes, 4000 revolutions per minute Christ Junioer II)

and filtered througa a Seits«Ek-layer. Sinos with Seits filtration (60)
as with paper filters (49), a portion of the toxine is lost, we now m..
fox Zine«pore membrane filters, such as the No 30 filter of the Goet on
Membrane Filter Company, After runnjng double sterility oheocks, the H.{-
trates were heated for 30 minutes at +1og°o in water and then placed for
ssveral hours in a cooling chamber at #4°C; then, they were ance more sen
trifuged (10 mirmtes, 3,000 revolutions per minute), and stored at +4°C :
until una. Before ‘lho beginning of the test the pH value was tested and

the filtrate brought to pH 7.2, At first, we worked exclusively with this

oulture medium w« desoribed in the direotions given by Winkle (%8), and

ussd by Moser (38) and also Moser and Mummer (59) in their investigations

== but now use it only for ooccasional problems.

Mixture samo ao in Yedium 1, but with addition of 3} per=
oent glucose, gH 7.2, Deocant into 100-milliliter flasks and autoclave
at +106°C for 50 minutes, After inooulation with three upots of «n plate -
oulture or two or three drops of a liquid oulture, inoubation under the
samo oonditions as Medium 1, thoug> only for four days in CO2 atmosphere,
For an additdonal 24 hours, t‘.hz aslturo should remain under normul atw
mospharic oonditions at +37°C (60), Then, treatment as for Medium 1,

Mixture as in Medium 1, but addition of 3 rer nent

| lucose and 0.4 per oent agar, pH 7.2. The gulture medium is poured into
, g 0 1iliter éuka d atéo avad at +106°C for 63 m.tnut.u.pthon poured
‘ off onto Petri dighes ﬁcyor thicknoss - one ocentimeter), Inooulation with

bn$ drops of a liquid oulturs, Inoubation as for Medium 2, After conslu=
sion of the inoubation prooeas, the whole content of the Petri dish ia
emptied into {ine.mesh gauge and carefully squeezed cut; the resulting
liquid is oentrifuged (So minutes, 5,000 revolutuons per minute), sterile
filtered, and treated as with Medium 1 and 2, Thio oultures medium is
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partioularly suitable for the simultanecus investigation of a larger
serdes of strains.

The filtrates prduced in the way desoribed, still contained, for the
most part, remains of the o - and B ~hemolysins demonstrated in the start-
ing oultures, while the [ ~hemolysin was, to a great extent, absorbed
during the filtration (56); the dermonecrotin, as well as the lethal toxin
were no longer observable (gi) after hesting at +1009C for 30 minutes,

One has to reokon with the disadvantage of reduoing the enterotoxin con-
tent by 50 percent and mcre, when one heats the oulture filtrates (12, 11).
For the obtaining of higher enterotoxin oon.entrations, numerous preoipi-
tation and purdfioation methods (37, 53, 1, 2) == in addition to some ocon-
oentration procedurss ~- are available, The rooizitation of the ataph.=
enterotox, by ammonium sulphete is quite simple (14, 12, 1), Excespt for

a small deviation (longer duration of the dialysis), we followed the direc-
tions of Thatcher and colleagues (56) and have bean for a time, anployiﬂ
the preoipitation of the staph,-enterotox, by the phosphorio acid as we

as by the "aold ethanol" methods, Mrther purification methods dan be oone
sulted in Surgalla and colleagues ({3 %), Bergdoll and oou:aurm (a, 2),
as well as Thatoher and colleagues 53). In this mattor, at all eventa,
thoroughgoing knowledge of the ocmplicatod teohnique is often requisite,
and without it usable findings cannot be achieved (35),

A group of reports exists on the neutralisation of the hemolysins
prosent An nterotoxinecontaining filtrates by antitoxin sera. Woolpert
and Daok (60) found a neutralising of the hemolysin already with a znro-
portion of 1110, We work with the staphyloococus serum of the Behring
Werks (200=fold),

For dete the ‘hemolysine and toxins, we use the following methods:
Awhemolysin, titration of the filtvates against a 1 per ocent rabbite.
nr{&hrcnoyul suspension in acoordance with the direotions of Dolman and
Kitohirg (15), B ~hemolysin, titration of the filtrates against a 1 zor
osnt sheepuerythroaytes suspénsion (hot=oold lysis) as in the dueriﬁ.ion
given by Surgalla and Hte (52), The dilutdon stage in both series that
still Just shows a oclear and oomplete hemolysis is shown ap the titer,

An a unit serves the sowoalled MID (minimum hemolytio doss), This i,
acoording to Dolman and Xitohing (15), "the volume of toxin which just
suffioces to hemolyse ccmpletsly one 00 of a 1§ muspension An normal saline

of rabbit exythrooytes after one hagr dnoubation at 37°C" and ocan similarly
be used for the 4 =hemolysin (5, 52).

We normally ohsok the lethal toxins intravenous or intraperi-
tonsal injeotion of the filtrates on the white mouse (0.1 milliliter/gram
Mouse intraperitoneally, 0,05 milliliter/gram Mouse intravenously), %n
important tcats there is oonduoted, in addition, the intravenous injec-
tion on rabbits (grown admal, 11,5 milliliters intravenously), The
.judgomont of tho tests wus doge with the holl: of the alaassioal studies
on lethal toxin (49, 27, 6, 33, 22, 42, 13, 47).
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We have here, as in the preceding publications, shown the lothal
toxin and the & ~hemolysin separately. The long-standing question (34,
57) as to how far those substances are identiocal and whether the der-
moneorotio toxin and St leucocoydin should also be included in them, ocan
not be Mrther entored into here, For practioal purposes it is oconve-
nient to use the separation -- made also by Amerioan authers -- whereby
we dotermine, in addition to the hemolysins, only the lethal toxin,
FMnally, we would remark that even with the most exact exeoution the appli-
nable presoriptions, one can, with the same strain and the same sulture
modium, obtain in the end filtrates of differing quality. This oxperience,
commoa to us also, often forces one to cheok the filtrates for tholr he-
molysin aontent before heating, whioh content stands in certain (admite
tadly by no means fixed) relationships to the en*srotoxin content,

daSther Data. o Metheds

The choloe and incubation of the hen eggs, injection of the filtrates
Judgment of the tust findings were oonduoted in the same way as was des-
ordbed in presenting our infeotion tests (30), From each egg that died,
we removed two samples, after a sterile opening, for testing for the pres
senod of staphylocouel (grng:rtugar broth, seven perasnt sheep's bloode
agar plate), Anaercbic oulture procedures wers not ocarried cut, Om
growth of atatgylooocci in one of the two oulture media, the egg was eli.
minated from the valuation if the isolated germs obviously oould net ord.
vinate from the injeoted filtrates,

The examination of the embryos that had died was limited to the mace
rosooplo obseration of the irnner organs and the opened head, Histeloegiocal
procedures were not ocarried cut in the tests here boing reported,

Bemdts Found

Preliminary Note
The tabulations given to Llluatrate the probl wna discussed show, in
each oase, the whole test, As our effort here was prinoip to olarify
the specificity of the procedurcs under disoussion, it seemad to us appro-
priate to add explanatory notes tu eaoh table,

s - Rependonos of the Remulta Fownd on the Soagon

From a oomgarinon of the findings obtained under simialr conditions
we in November 1957 and March 1958 (table 1) == 4t appears that oonaider-
able differences dn exist in the sensitivity of eggs laid in the late
autumn and in the spring., This faot, known to every ohioken breedey, was
oonfirmed through oomparative studies made on the effeot of ocold, tArough
the appliocation of unpurified filtrates, and in infeotion tests, A fur-
ther easily-verifiable oriterion for the vitality of the eggs romulted
from & ohanoe observation, Every one of the eggs examined in autumn
with a orack in the sheall, onunod by handlingy or transport, as a mle
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died after 24 hours; while spring eggs in a similar, deliberately.induced
condition, murvived several days and, at times, oould even be obsarved to
hatoh a healthy chiok, The small degroe of sensitivity of ohiok embryos
to dinjurdes of every sort in late winter and in apring is an important
faotor, whioh muat be taken inte oconsideration in any repetition of the
tests shown here., It is advisable to work in these months with a max-
drum dose (0.2 milliliters), to be exceeded only after removal of &
oorresponding quantity of allantoio fluid, Still better is the use of
partially purified filtrates (table 3), The seasorally-oconditionsd sen-
aitivity variations of chick embryos to the staph,-enterotox, and a
rumbsr of other factors (breed, size of egg, age, and feeding of the hens,
eto.) made the testing of the natural mortality rate of uninocwlated eggs
nesessary. This mortality rate (oaloulated always from the 5th inoubation
day) == inoluding chloks that falled to ocomplete hatohing =- was between
15 and 17 percent for the months from September to December 1957; for the
months January to April 1958, it war betwean 9 and 10 percent., The last
value i in agresuent with the findings of the ohicken breeder =« who keeps
his motor inoubater rnning only at this *4ms (but not in the avtumn and
oarly winter) == who advised us, Werking for the first time with eggs of
a new atrain or oven of a new breed, orw is well udvised to asoertain the
natural mortality rate, With rog:d to the findings presented in Table 1},
we have roted also An the sucoeeding tables the monuth in whioh the teats

took place,
fu-Depandence of the Begulta Found on the Welght of the Pxg

The egg weight ﬁll’l an important role in the proocess of investigee
tion, The smaller the egg, the lower the estimate of the dilution factor
to whioh the injested ¢ 48 mbjeot, It muet alpo bo noted that lange
‘{" have more white and less yolk than small ogge (10). After soncluding
at the beginning of our investigations, that the mialler eggs wlvays died
firat, we used, s¢ far as possidle, only the mmalles® (and ohuzu ) ogg
as regards both size and wedght clasaew, Oomfnut:we vitality tests (in.
feotion with ) on large and small hen egge
showed no »d oan sadvantage o small welght olass, For exe
trinsdo reasons we ohose almest exolusively the m{- of e year old hens
of one strain and one breed (brown Italians or white leghorns), In this
Ay one, in any ocase, obtains mmall eggs, sinoe the egy weight inoxreases
wvith the age of the hens (18).




Table 1

Comparative investigations of the sensitivity of 10 day-old chick embryos
to the injeotion of filtrates of onterotoxin-forming =staphylesccei in
November 1957 (I) and March 1958 (II)
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Table 2

Teats to obtain the relationahips between filtrate doso and death rate
on 10 day=old chiok embryos (April 1958)

fane of ﬁor “Death at hours — fatohed or
strain Dose after injsotion died
ogu 2h 48 72 96 D96 hatehing
0.05 u' - 1 L 1 mes z
161 0.1 u 1 e ™ “e [, 3
(Q00° 0 20') 0,2 & 1 2 ae e i
o Wh o FCLT L]
oo o200 o7 -N-E- t
0‘0 “ z - ) ™ -m ]
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‘The elarification of the relationships between the age of the em-
bryos and the sensitivity to the staph.-enterotox, proved to be relaw
tively simple, There is no need to present the findings in tabular
form, since the relations were even more consistent than in the case of
the infeotion tests, The 12 day-old chick embryc is only seldom warkedly
injured, and the 16 day~old chiok embryo is on the other hand aever
markadly injured by 0.2 milliliters of an enterotoxin-containing filtrate.
Tie mortality retes in the control serles did not differ from those of
the l4=and l6=day old embryos treated with enterctoxin-containing file
trates. Mltrates of stronger enterotoxin-formera sometimes caused 12
day-old embryos to dle; but not more than 1/5th of the eggs in the teats
wore ever affected by this. For our tests, we therefore ohose 9~10 day-

old embryos.

4, Dependenge of the Repulte Found on the Doge

Fixed relationships betwsen the dose of the injected filtrates and
the mortality rates obtained were not perceptible, presumably because of
the numbers being still too small in aspite of the use of uniform material.
An example is shown by Table 2, The chief reason for this is in mur
cpinion, the differing sensitivity -~ olearly evident with small quanti.
ties of enterotoxin «« of each individual embryo, The correctness of
this asswaption energes franm the results found in the experiments with
filtrate~ooncentrates, whioch are reproduced in Table 4, Frem 400
milliliters of broth (Medium1) there was extracted, by precipitation with
ammonium sulphate, a concentrate of scarcely 50 milliliters, and this
was injooted in various different dilutions in the ogg., But here again
the individusl reaction of the single ozg is still psroeivable.

Although the dilution corresponded as 1:8 with the starting filtrate,
there is no difference from the 1:4 dilution in the aoction.
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% . Table 4

Example of the effeot of various dilutions of a partially purified
filtrate (precipitation with (NHy) 28%) of the enterotoxin-forme
' ing staphylocoocus strain No 161 on 10 day-old ohick embryos
(April 1958)- .

Filtrate Dose Numher of Death at hoursa Hutohed or
oggs after injection died hatch-

2h 48 72 96 96  ing

| 161 K (NR,).80, 0,2 N T 1

(1 k) (AR 2% '

161 X (N8, ) 80, 0,2 b 12 - = = 1

(118) n‘#z ( ' .

161 X (NB,) 80 0,2 4 1 e =« =« 1 2

: (1.16)("““ 2 s

i 161 X (NB,) 80 0,2, b - - e e b

i (1ig2) *2 %

¢ .
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. Table 6
Investigations of the protective effect of the (Behrings Works) staphylo-
cocoous~serum with simultaneous injection of enterotoxin-containing
filtrates on 9 days old chick embryos (November 1957)

Name of Number Death at hours Hatched or
filtrate Dose of after injeotion died

*ggs 2k 48 72 96 D96 hatehing

161 0l é 2 2 h ) 1 - -

161 0.l 6 2 1 1l 1 -~ 1

Staph,=3erum 0.1

196 0 cl 6 1 2 l - - 2

196 0.1 6 L1 2 1 L) l 2

Staph.=Serum 0.1

360 0. ) 2 b - 1 - 2

360 0 .1 6 1 L L 2 - - 3

Staph.=Serm 0.1

Staph,~Serum 01 10 R TS § 8

"Bupty' broth 0.1 10 1 “-r  ewm em - 9

During the disocussion of the infeotion tests (30), the assumption was
advanoed that various staphyloococus=hemolysins or -toxins are capable of
exerting a pathogenous effeact on ohick embryos. However, the single dose
0,2 milliliters of a filtrate seems =~ a3 1s perceivable from the example
of the non-enterctoxin forming stxain 165 which produces both X ~ and
/3 «hemolysin (Table 5) =~ hardly to bs sufficient, In the heated fil-
trates, the low(X - nnd,4? =hemolysin -remains titers may be regarded as
insignifiocant. In spite of the heating, the action of the filtrates of
enterotoxin-forming staphylococei on shiok embryos remains unchanged aud
at times it even appearas more olearly than in the case of uncooked filtra«
tes. The latter observation has remained incomprehensible to us so far
and sould only be clarified by means of rather large test series, In
order to exolude oampletely the possibility of an injurious of the heno-
lysis still oontained in cooked filtrates, the filtrates wnre mixed in

-13 -
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the proportion of 1:1 with the staphylocoocus serum of the Behring Works
(200-fold), left standing at +37°C for one hour and then injeoted, The
resulting findings in Table 6 show that the staphylococous serun does not
neutralige the substance that is deadly for the chiock embryo., On the other
hand, polyvenylpyrrolidon (Periston N) possesses a perceptible toxin-
removing, "detoxicating," effect, We added this subatance, after welgh-
ing in a 0.85 per oent NaCl solution, to the filtrates and inoubated

the mixture at +37°C for one hour, The addition of 100 milligrams Peris-
ton N/milliliter oould not be exceeded, since the injeotion of 200 or 300
milligrams Periston/milliliter 0.85 per cent NaCl solution led to the death
of part of the embryos, The injections of 100 milligrams Periston N/milli..
1iter 0,85 per cent NaCl solution were well tolerated. The results repren-
ted by Table 3 do permit of a provisional statement as to the detoxiocating
effect of Periston N, but require verifiocation,

6. Control Investigatdons of 42 Staphvleocsous Straina

So far, a oheck has besn made of 42 staphylooocous strains, isolated
in oases of wound infections, pyodermians, osteomyelites, eto., and through
staff examinations (ohildren's olinie, surgioal olinie)., We used Mediun 3
as the oulture medium and tested the filtrate of each strain on six hen
ogge. A filtrato was regarded as enterotoxin-oontaining, if at least
three embryos died within 96 hours, Among the 42 staphylocoaous strains,
we found, ascording to this oriterion, four enterotoxineformers, three of
which belonged to phage group III, and one to phage group II, A detalled
report on this seotion of tho tests is made together with Poshn in another

plao..

Risouasion of the Results Found

Only the death of the embryos was used us oriterion for the Judgement
of the injeoted filtrates. This is a quite rough, but at all events, con-
sistent standard, The observation of the amnioperistaltis was far less
rollable. Other manifestations of 1life of the embrycs ware not studied
systematiocally by us, The "natural" deaths of ohick emdbryos appear, as
18 known, An clusters at the 2.4th and the 18«20th inoubation days, and
sannot essentially distort the test findings resulting in the peried that
aomaarny us from the ninth to the fifteenth day. In the older literature,
astoniehingly high mortulity rates after miorosurgioal interventions were
raparted in the first days of the inoubation period (Bibliography, aee 21),
The majovity of these studies could not be wseen by us in the original.
Bat uomparison of the data of Ferret (19), who observed alreudy, after
wounding of the shell and shell-skin, 18,75 per cent atrophied ova or de«
footive devolopmont (in total 61,54 per oent abnormsl ova), with our con-
trol serdos, shows that oldor ohink embryos tolerats small Iinterventiona
quits well, Kaothe (32, 31) exprossad the same viow. A prereguisitu for
those rosulis is striotly sterile working, and care that thors be optimum
inouwbation gonditions, Superflucus mechanioal damage iu to be aveided. The
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capacity for resistance of ohick embryos is so great in the period from
the 9-15th day, that brief cooling, careful boring through of the shell,
piercing of the egg skin with a fine neodle. and inJjection of 0,1-0,2

milliliters liquid in the allantoloc cavity present no serious injuries.

The seoond ocause of death in chick embryos under consideration is the
infection with pathogenous germs. Apothogenous mioroorganisms of the most
varied sorts are also observable in the uninoubated hen egg (46, 24 and
others), and the data on the frequency of such findings show strong var=
iations. Because of the inoreased danger of contamination, we duliberately
asbatained from testing the aterility of the egg ocontent before injection
of the toxins. We conduoted sterility cheoks only on the eggs only after
death., The prepared cultures exhibited growth in 8-12 per oent of all sam-
ples, The inoidence uncterile eggr waa reached when we omitted the washe
ing off of the shell bafore the beginning of the incubation, Of the isola-
ted germs (aerobiec spore-formers, sarcins, yeasts, gram-positive oluater
00001, and othem), further examination was made only of the gram-positive
ccoed, Demonstration of ﬁ;gngggggn&_£§fg‘_1.:4:!n§. exoluded the valuation
of the egg in question., We regarded only so-called "white" staphylocoooci
a8 apathogenous when there was =« together with negative acagulase reac-
tion == a lack of Mannitufermentation and hemolysin production, and where
9ul0 day-old ohiok embryos infected with theae germs survived,

We seldom found W or i even when
found, thers was natur some suspiolon of contamination during the

handling, As compared with the findings presented by Haines (24), the
number of wnsterile eggs established by us is undoubtedly amall.

After the foregoing observations, there should be no doubt that the
death of chiok embryos after injeotion of the filtrates of enterotoxin-
forming staphylococod is to be attributed to the aotion of a substance oon-
tained in them, Jn view of the respective pre-treatments of the filtrates,
the only thing that can enter into consideration here is the staph.-
enterotox, Even if small concentrations of ol « oréd <hemolysin are pre=-
sent in the filtrates, they are not capable of exerocising any pathogenous
effect on chiok embryos, where a single dose of 0,2 milliliters is applied.
The results found and reported here show that an absolutely regular be-
havior of the chiok embryos after injection of enterotoxin~ocontaining
filt:atoa oould not be observed, Hele Lies the most diffiocult problem of
our tests,

The sensitivity -~ varying with the seasons of the year .- of the
chiok embryos to the staph..enterotox, corresponds somewhat with the S.
shaped ourve of the egg production of the hen (45), Parallel to the de-
oline of the egg production is to Lo observed an increase of the embryos
that have been late in their development and that are thus nore liable to
injuries, Xnotho (3:) has alroady pointed this out, In the late winter
and the spring months wo, in uny ocazo, wore also unable to obtair any
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consistent results, though we but seldom found well developed embryos that
had disd wiihin the izt 18 hours ofter dnjection, The - of itee1f o1
ready small -- dose of 0,1-0,2 milliliters filtrate (allantoisc liquid about
1,0 milliliters) is further lowered in the allantoie cavity by the unavoid.
able dilution; and it noticeably injures consequently only that part of

the embryos that, in any case, shows little vitality. If the same volume
of filtrate contains staph.-enterotox. in a stronger oconocentratior, then
the embryos are usually all killed,

The way the staph.-snterotax. scts is atill not clear at many points,
Apparently it is a matter of a predominantly neurotople toxin. How the
injury of the chick embryos takes place, where 1t starts, and what ocondi.
tions are re uired for ihis requires further investigation, Understanding
of these questions is helped forward by the knowledpe of the blogenetic,
physical and shemioal processes taking place in the incubated hen egg,

We would refor here to the literature on the subjeot (21, 20, 46, 59, 44),
The first question one would ask is what oonditions «~=- important for the
enterotoxin aovtion «- exist in the inoubated hen egg on the 9-10th day.
The growth of chick ambryos takes place in several periods, The maximum
sensitivity to the staph,~enterotox, to be obsorved at the Sth day
oolnoides with the so-ocalled asscond growth depression, Simultaneocusly
with this term, the pH values of the yolk and the white of egg are
anroximntoly equal (8, 48, 23) and oorraspond with an average of 7.3

7.4 to that of the blood (é). The same holds true for the amnlotio and
the allantoic fluid; while the pH value of the embryo body (squeezed juioce
of cmbryo) lies around 7.0 (40); individual orgnna. on the other hand,
show a very varying behavior in this respect (8). These findings recall
to mind the tests of Borthwick (4), who was only able to determine a
reaction to the staph.-enterotox. with a pH of 7.2-7.4 (filtrate, stomach
oontents of guinea pigs and rabbits). Whether this parallelism is fortu-
ditous remains at present an opsn question, We have put forward the idea
that the enterotoxin injury at the 9.10th inocubation day meeta an organism
that is celatively oapable of resisting, which dies or survives according
to the degree of Ats vitality, The deoision on this takes place within
72 w= Or at the most 96 == hours after injection. It is possible to
think that the pH values that clearly ohange after the 10th day are of
signifioance for the insensitivity of older embryos to the staph,«
enterotox, A oonsistent late injury of the embryos oxposod at the 1l0th
day to the staph,-enterotux. oould not be observed., The mortality rates
ohtained in the test serdes for the last 2 days before the hatoldng and
during the hatohing hardly differ from the corresponding valusn of the
oontrols. The hatohed ohioks were given away to persona oconnvcoted with
the institute or the hospital, and grew Just like the animals of the sume
breed who have undergone regulaxr artificial inoubation.

Of the many questiona still to be answered, let us seleot Just a fey,

The posaible improvement of the results by means of a ohange of the inJjeo
tion technigue, or ralsing of ths inJeotion dose over 0,2 milliliters,
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seoms particwlazly impertant. The same sim oonld alen narhane ha schiev.

ed by a pre-injuring of tiie embryos, through cold for example. Murther,
the relationships suggestsd above betwsen the pH value of the filtrates
avd allantoie fluid, reapcotively, ars still unclarified. Finally,
vherough pathologioal-anatomical examinations of embryos that have died
ece lacking, It would be technically very diffiocult but extremely
interesting to observe -- under the action of onterotoxin -- embryos loos=
od from the egg and brought into an appropriate environment.

The practieal utility of incubated hen eggs for the demonstration .
of the staph,.-snterotox. is delimited already by the existing statement, !
In the present form, the procedure brings only qualitative findings, as a
result of whioh one can at any rate speak of strong or weak enterotoxin- !
formers, having regard to the mortality rates in question, For single |
examinations, it appears to us that the techniocal expenditure with this
method is too great, In this case, one should avail oneself of one of
the biological tests listed in an earlier publication (28), Larger
test series, in whioch the absolutely necessary accompaniment of positive
and negative oontrols present no diffioulty, should present the indicaw
tion for the employment of the chick embryos method, The findings of the
suitably sonduoted oat test aceording to Dolman and solleagues (Bibliography.

Ses 28,) do, it 4s ture, make in this case a gemevwhat better appearance, as

Thatoher and Matheson (36) recently were able to show; but then totally

different oriteria do not, in any case, permit any true comparison, _
Further, 4t would be questionable whether one would in this country find )
the improbable situation of having 200 cats available for test purposes,
and whether one could then decide on this, by no means welcome, mass
experiment, .

The frequency of the appearancs of enterotoxin=forming staphyloccool
has not been sufficiently investigated., Where, cut of 42 strains, we
found onterotoxin=-formers, we do not believe that this is a statistiocally
usable statement, In the list published by Wilson (57) of similar inves-
tigations, mugh higher "percentage rates" are to bs found; and here the
total number of the strains tested by the authors oited, does not even
partially reach the rumber on whioch our investigations are based, These '
differsnces can be due to the use of differing demonstration procodures.
The more sensitive the method, the higher the percentage rate of the
enterotoxin-formers disaovered. It would be possible to associate oneself
with the view of Wilson (57), who states: ",,. and it is probable that a
large percentage of strains produce greater or less quantities of the
toxdn,”" 1t thus remains to be considered, how one is to distinguish
olinioally insignificant, wesk, enterotoxin-formers from the highly
toxogenous strains, The quantitative determination of the amount of entero-
toxin produced has not been successful with the blological demonstration
prooodures so far known. If this were at all possible, then it would most
likely be by the use of 9-10 days vld ohiok embryos analogously to the
suooessful diptheria=toxin tests of Knothe (31).
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. Sumnary

1, The 9-10 days old chick embryo can be injured and ceused to die by the
injection of 0.1-0,2 milliliters of an enterotoxin-containing oulture
filtrate in the allantoio cavity, The enteroto oontent of the filtrate
pretreated 4in the ususl way (heating at + 10Q°C/30 mirutes) is not high
enough to kill all the embryos of a test serles,

2, Partially purified and concontrated filtrates acontain the toxin in a
concentration that is deadly for all ohiok embryos,

3. By addition of Periston N (Polyvinylpyrrolidon) the toxic action of
partially purified filtrates is olearly diminished. The Staphylocoocus
serum of the Behring Works showed no pereoptible neutralization effeot in
the test with unpurified filtrates.

4, Among 42 staphylocooous strains isolated from clinical infestions or
examinations of staff there were four enterotoxin-formers, of which three
belonged to phage group III and one belenged to phage group II.

j.' The demonstration of the staphylococous enterotoxin on 9-10 days old
ohick embryos with the use of unpurified culturs filtrates ia o advisae
ble for large test series. In the present form, the procedure o allows

for qualitative statoments, while the quantitative determination of the
onterotoxin content in oulture filtrates is not presently possible. ‘
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