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1I

ON THE n"EONSTRATION OF STAPHILOCOCCUS-ENTZROTOIN

[Following is a translation of an article by Dr. Malts Kienitz
and Professor Doctor Rudolf Prouner, Director of the ftiones
Institute of the Hanseatic City of Luobeok. in the German-
language periodioa1 Zentralblat Auer JaktsriolorAg (Central
News for Botorl Is G, Vol 174t 1955# Pages 56-70t submittedoA 29 July 198. J

An attempt was made in a preceding study (28) to Indicate the advan-
tages and disadvantages of the biological demonstration procedure for the
staphylococous enterotoxin (Staph..Enterotox.z) Certain methods (eg.,
cat tost according to Dolman and colleagues), accepted as relatively re.liable ones, are suitable for individual examinations also under the con..ditions obtaining in Ws country. However, larger test series are, for
the most part, precluded owing to considerations of space and funds,
The incubated hon egg on the other hand ii relatively cheap and can beprocured at avy time and in the desired quantities. The incubating appa-
ratus requires only a 'aall spaces the inoubation process itself can besupenrioed without too much trouble, In view of the reports published

r various authors on oeotton tests with staphyloooooi on the incubated
hen egg (]iblioPaphfytq See 30)o it was an easy step to conduct a check
on the sensitivity of ohlok embryos to the staph.-enterotox. After a
grcup 0of tostsl we made the statement in a provisional report (29) thatthe 9o-0 day-old chick embryo can -- with 0.15 milliliters of a toxin-
containing filtrate . be Injured and caused to die. We will report here
the findings of investigations on about 800 incubated eggs,
of Material and M~ ttt dt

Pi 1. S&&ghyv2ooooous §trai. a

In all, .itt$-avon titaphy.oocoous strains were testedi five strains
of enterotoxin-forming staphyl(,ooooi from the Food Romearah Inatituta,
Chicago (1479 161, 196, 254, s•.6) asix enteritis strains frort the collec-
tion of Dr. Willivas, London (697, 1074, nio 2,04.24,2431fu
of our own strains thAt were isolated from children with ataphyloooooal
enterooolitia (127, 165, 205n4, 360)1 and finally Lourty-two strains taken
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from the material of our Sundries Division. Used as controls were: un-
inoculated culture media, several strains of 4ogogooqgL 2.Ia, v.aLb.J ,
a branch culture of the Oxford strain and heldb the lusbhok Institute.
In each case, a teat was made of the following propertiesm coagulaese-
formation (qualitative, human plant), Hannitol fermentation, hemolysis,
pigment-formation; reaction to six antibiotio in the hole test. A report
on the regularly•.-cnduoted phage typing (Dr. H. Ph. Poehn, Goettingen) is
presented elsewhere. We have tabulated here the hemolysin titers obtained
in the tubule test, insofar as it seemed necessary for the elucidation of
certain problems.

2. Prod2etion of the Filtrates

the problem how to obtain as high-value a toxin filtrate as possible
is dealt with in a great number of studies in detail. There Is a wide

Li iseleotion of usable culture media, just as there ae widey differing m.-
trients whici, upon being oonsumed, prohoe syaptoms of poisoning, promote
the waltipli ation of emerotexin-to1m| staphAoacoeei and the production
of ataph.-materot. A rather recent listing of these is to be found in

Dae M and oaeaose (11) showed the presence of staph,.enterotax. in
calf's broth maur~e, Better yields of toxin wer,, achieved with the seai.
stif broth-agar cultures odium given by Weelpert and Dack (60)o which Burnet
(7) also used in a imiular mixture for the raising of other staphyOoooocus
toxins. lnal, we woud also mention the cemi-stiff proteome-peptone-
sgar culture medium desoribed b yolman and Wilson (16), and the liquid
medium of Favorite and Hammon (o7)o which consists of 1.5 per cent casein-
hydrolysate plus glucose and vitamins. An almost complete survey of the
studies concerning this subeoct is gven by Surgalla (51), who, at the
same time, reports mubstantal fi 1 g of hAi own.

Oe can oount on sufficient quantities of staph..enterotox, only if
the inoculated oulturg mediu is incubated (2, 60, 14, 16) in a 002 atmos-
phere (20.30 per eent), whioh In our experience is very well workable with
the usual anaerobic jar In whioh COl- - controlled by a pressure gauge --
is fed in through an easily installa-ble system of tubes, Pollouing this,
one allows such an extent of inflow of air ;. or preferably 02 -- ams wll
leave the top still closing tightly. Inoubation temperature is held at
+370O . With the same Lethod, one obtaine good yields of other staphylo.
coccus toxins (7, 3, 1l4, 43) as well. A further factor favoring the pro.
duction of mtaph,-enterotox. is the agitation of the cultures (17, $1, 9,
53, 50). Owin to lack of teohnAoal possibilities, we have no experiences
of our own avallable. Perapa the simplest should be the method of Pa-
rorite and Ramon (17), who used rotating baby bottles. Surgalla (51)
affixed hs cultures to a wheel turning at 30-330 revolutions per hour.

The proosutres used by us so fao oan be conducted without too great
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expenditure of apparatus. Thus, freshly-isolated staphyloaacal are inocu-j
lated into the special malture media either direot from the blood plate
(seven per cent sheep'sa blood-agar plate) or fram a simple grape sugar brot~h.
Strains held for a rather long time were subjected by us -- for activation

* ~of the enterotoxin formation -- to a multiple passage on utarah-agar aooor-
ding to the directions of Jordan and 1hrraws (26). Incubation In 30 per-
cent 002 at+370 C for two to three days. In the six-fold passage reocemen-

* dad, we did interoalate two or three times a sheep's blood-agar plate) how-
ever in certain other oases, we worked according to the diei.'tions of
Mnoths (32) with multiple passages of the germs over the incubated hen egg.

The fo~lowing culture media were used by us.

L4*k tcig ton rot wt 0, pecntiagar, In p erenn21.oh

7666(orC1mnue, he ofeonecunb ee),Iouation in3ithcet o
am fofeio , fe o'u

450 ilI~iter of his ultue meium orsm ntloflak wthe a5 oeri 1i00
millilters onten. Aftr conlusiq ofeted in ubtio the repositstwere
oentrik~ged 90 Liutes 14000 rvolut ons per minute , ChiteJni r le)
and ~ ~ ~ ~ ~ ~ ~ ~~2 flee haaBisE-4 .Snewth Bits cu ltre ateion i60
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particularly suitable for the similtaneous investigation of a larger
series of strains.

The filtrates prduced in the way described, still contained, for the
most part, remains of the C( - andic -hemolyseins demonstrated in the start-
ing cultures, while the 6 -hemolysin was, to a great extent, absorbed
during the filtration (56)t the dermonecreot-o, as woe as the lethal toxan
were no longer observable (55) after heo sing at +1000C for 30 minutes.
One has to reckon with the dsadvrantage of reducing the enterotoxin con-
tent by 50 percent and more, when one heats the culture filtrates (12, ii).
for the obtaining of higher enterotexin eocentrations, numerous preoipi-.
tation and purification methods (37, 53, 1, 2) -- in addition to some con-
centration procedures -. are available. The precipitation of the staph.-
entorotox, by ammonium sulphLte in quite simple (14, 12, 1). Except for
a snall deviation (longer duration of the dialysis), we followed the diree.
tions of Thatoher and colleagues (36) and have been for a time, employing
the preoipitation of the etaph,-enterotox, by the phoephoric acid as wellSas by the "cold ethanol" hotbeods, Futher pau-Atoation methods can be con.-
sut•ed in Sunalla and coleages ( .5)v Derdo and colleagues (1, 2),
as well as Thatcher and colleagues 19). In thasm atter, at •al eents,
thoroughgoin knewAodge of the complicated technique is eoften requisite,
and without it usable fiAndings cannot be achieved (33.•)

A group of reports exists on the neutralization of the hemoly•ine
present in enterotaxin-containing filtrates by antitoxin sora, eoolpezt
and Daek (60) found a neutralising of the hemolysin already with a pro.
portion of W.0, We work with the stap.ylooooeous servA of the BeringWorks (2O0,•fo~ld),

For determining the 'hmuolysins and toxins, we use the following methods.
ot -hewmacuin0 titration of the filtratea against a I per cent rabbit-
erythrcotes su enuion in accordance with the directions of Dolman and
,i*ohirg (13), 0 -hmolysin, titration of the filtrates againmt a I per
cent sheep.erthro a no pnsion (hot-cold ly•ie) as in the description
given by uralla and Hte (52). The dilution stage in both series that
still tut shows a clear and oemplete hoolysie is shown as the titer.
As a urit serves the uio~oa32d MHl (mininmi hemolytio Uoee), ThiA is,
acoording to Do•man and litching (15), "the volume of toxin wich just
suffices to heuolyse completely one cc of a 1% nmuponuion in normal saline
of rabbit e ythrocytes after one ho r incubation at 37e0" and can similarly
be used for the A .hemolysin (5, 321.

We normally check the lethal toxins i 1ntravenouti or intrayeri-

toneal injection of the filtrates on the whits moute (o.l milliliter/gram
Mouse intraperitoneall~y, 0,0 mifliliter/gram Mouse Intravenously), In
important testo there is oanducted, in addition, the intravenous oeo.
tien on rabbits (grown .•ai , 1.1,3 millilitery Intravenously), The
ud ement of the tests wus done with the help of the classical studies

an !ethal toxin (49, 27, 6. 3), 22, 42, 13, 47).
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We have here, as iz the proedinp publioationso shown the lethal
toxin and the 0C -hemolysin separately. The long-standing question (34,
57) as to how far those substances are identical and whether the der-
moneorotio toxin and fb lejuaooydin should also be included in them, can
not be Pirther entered into here. For practical purposes it is oonve-
nient to use the separation -- made also by American authors -- whereby
we determine, in addition to the hemolysins, only the lethal toxin.
Finally, we would remark that even with the most exact execution the appli-
cable prescriptions, one can, with the same strain and the same culture
modium, obtain in the end filtrates of differing quality. This experience,
oommoa to us also, often forces one to cheok the filtrates for their he-
molysin content before heating, which content stands in certain (admit.
tedly by no means fixed) relationships to the en•erotoxin content.

'3. Other Data on M4ethod.

The ohoice and incubation of the hen egas, injection of the filtratoe
judgment of the test findings were conducted in the same way as was des-
oribfd In presenting our infection tests (30), From each egg that died,
wu removed two oamples, after a sterile opening, for testing for the pro.
senoo of staphyocoaoi (grape sugar broth, seven percent sheep's blood.
agar plAte). Anaerobic oulture procedures were not carried out, On
growth of staphy•oeeeoi •n one of the two culture media, the elg was ell.
minated trom the valuation If the Isolated germs obviously could not or.
1inate from the injeeted filtrates.

The examination of the embryos that had died was limited to the nao.
roesopi& obseration of the Wnner orsans and the opened head, Histological
procedures were not carried out in •he tests here being reported.

Preliminary Note
The tUalations iven to illustrate the probi mo discussed show, in

each ease, the whole test. As our effort here was prinaipaUy to clari•y
the specificity of the procedurc uder discussion, it seemed to us appro.
priate to add explonatory note. to each table,

IL Deaendenhe t Relto Found o the Smanon

From a oomparison of the findings obtained under si•ialr conditions
in November 193? and March 1908 (table 1) -- it appears that consider-

able differences do exist In the sensitivity of eggs laid in the late
autumn and in the spring, Thiu fact, known to every chicken breeder, was
confirmed through Comparative studies made on the effect of cold, tMiough
the application of unpurified'filtrates, and in infection tomts. A fur.
thor easily-verifiable criterion for the vitality of the egg. resulted
from a chance observation. Every one of the eggs examined in autumn
with a orack in the shell, ocuned by hAndlinri or transport, in A rule
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died after 24 hour.; while spring eggs In a similar, deliberately. Induced
oondition, Purvied several days and, at times, could evon be observed to
hatch a healthy *hick. The small degree of sensitivity of ohiok embryos
to "riese of every sort in late winter and in spring is an important
factor, which must be taken Into consideration in ary repetition of the
tests shown here. It is advisable to work in these months with a max-
ivum do#e (0.2 nilliliters), to be exceeded only after removal of a
corresponding quantity of allantoLo M2uid. Still better is the use of
partially purified filtrates (table 3). The seauonally-oonditionod sen.
sitivity variations of chick embryos to the staph.-onterotox. and a
number of other factors (breed, sime of egg, age, and feeding of the hens,
est.) made the testing of the natural mortality rate of uninooulated eggs
neoessary. This mortalsty rate (caloulated always from the 5th incubation
day) -- Including ohi•is that failed to complete hatching -- was between
15 and 1? percent for the montho from September to December 19571 for the
moniths January to April 1958, it war betwon 9 and .0 percent. The last
value is in agreement with the findings ot the chicken breeder -who keeps
his moter Incubator running only at this 1.,ia (but not in the autumn and
early winter) -. who advised us, 'Working for the first time with eggs of
a now strain or even of a new breed, one is well advised to asoertain the
natural mortality rate ith regard to Uis findings presented in Table 1,
we have noted also An the suoeoedial tables the math in which the tests
took place.

S2 •e~ijdenae o. the Resu~l~t~s lnd ,ia the W;eiah� of the DeE

The egg weight pl•sy an Important role in the process of investiga.-ties, The saaUer the e||, the lower the estimate of the dilution facore
Sto which the Leeted teM Is subject, It pmot also be noted that large
SMy*have more white and less yolk than mall eogs (10). After con ludangIIat the beginnng of our Investigtio~ns# thao the se~leor eggs always died

•first# we used0 so far as posoiblso, only the wallest• (and aheapestl).eggs

Sal regard both size and weight a2as•ee. Oomparativo vitality teots (in..
feotion with Aggeog;M11 eves. zap , on large and mull hen eg$s
showed no sgnis.cant digadvanage i o small weiht klass. For e.
triasie reasons we chose almost exolusive•y the eggs of one year old hens
of one strain and one breed (brown Italians or white Loghkrns). In this
way ome, in any case, obtainsmall eggs, since the egg weight increases
with the age of the hens (18).



Table 1

Comparative investigatioa of the sensitivity ot 10 day-old uhiok embryos
to the Iiaeotion or filtrAtep of -nterotoy!in-forming -taphy3oooooi in
November 195? (1) and March 1958 (11)

Name of lbim-ber N~ath at hours' Hatched o-r died
strain of after jootion hatching

- ta 24 4§ 72 96 296

I 26 8 9 3 2 1 3
161 II 20 2 2 1 -- 8

196 I 26 4 7 8 3 2 2
91 20 3 3 4 3 2 .

127? 16 10 4 1 .. - - 1
II 16 1 5 4 1 14

360 1 12 5 2 1 NO,
11 12 2 -- 3 3

205,,4 1 6 3 2 1 -- -

it 6 1 2 .. .. .. I

213. wo 2 1 mc 1

1074 I6 1 1 . 1 3 1
II 6 am 2 aim am 1 3

231 I 6 1 3..1.1 214

697 6ri2 2 1-- - -

2204 6 m m - m 3

2483 16 2 2 -. I c log

-7--

1 6 on 1

~ W r 1 2 0 1 9+- - -i . . . .• - - -F - -. . .. . . . . .i- - - • n u n
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Table 2 1
Teuts to obtain the relationships betowen •i••ate does and death rate

on 10 day-old ohlok embryo: (April 1958)

Nam=o o549 M.be D h au' • ,a-hea or
@tram Doe of ottert Wpo*4on died

egge 24 48 ?2 96 >96 hat.hing

01050a3 2m 2 -e 1 -ere

161 0.1 4 1. on NoM Wm 3
(1000 a)01) 0.2 4 1 2 low no am

96 005 4 we ago 2 on 1I2
06.1 4 1,1•oo° o o,) 0.2 4 1 : 2

2$ 0.1 4 2 . * 2 so I-00 m m m -

7 7500@0 30) 0.2 4 am 1. am 1 mm2

0.05 4 m 1 m mm 1 2
8.6 l.1 16 .W e. i
(1000 301) oil 4 2. 11

0.0 4 an N- ma a
14? o.0. 4 -ON n a m- -- 3
(1006 a0 0) 0.2 4 1 -m I, -- No 2

I
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3. Deoendenoe of the Results Found on the Age of the Embryos

'The olarification of the relationships between the age of the em-
bryos and the sensitivity to the staph.-wnterotox, proved to be rela.
tively simple. There is no need to present the findings in tabular
form, since the relations were even more oonsistent than in the case of
the infection teats. The 12 day-old ohilck embryo is only seldom markedly
injured, and the 16 day-old chick embryo is on the other hand never
mark'idly injured by 0.2 milliliters of an enterotoxin-oontaining filtrate.
TlU mortality retes in the control series did not differ from those of
the 14-and 16-day old embryos treated with enterotoxinzcontaining fil.
trates. Filtrates of stronger enterotoxin-formeru sometimes oaused 12
day-old embryos to diae but not more than 1/5th of the eggs in the t.uts
were ever affected by this. For our tests, we therefore chose 9-10 day-
old embryos.

4. Dependence of the Results Found on the Dose

Fixed relationships between the does of the injested filtrates and
the mortality rates obtained were not peroeptible, presumably because of
the numbers being still too small in spite of the use of uniform material.
An example Is shown by Table 2. The chief reason for this is in 'jur
v'pinon, the differing sensitivity -- clearly evident with small quanti-
ties of enterotoxin -. of each individual embryo. The correctness of
this assunption emerges from the results found in the experiments with
milliliters of broth (Medium.1) there was extracted, by precipitation with

ammonium sulphate, a concentrate of scarcely 50 milliliters, and this
was injooted in various different dilutions in the sgg. Wt here again
the individual reaction of the single egg is still peroeivable.
Although the dilution corresponded as l8 with the starting filtrate,
there is no difference from the 1:4 dilution in the action.

- 10-



Table 4

E aple of the effect of various dilutions Of & partially purified
filtrate (precipitation wuith (NH4) 234 of the enteorotoxdn-form-
ing staphylococcus strain So 161 an 10 day-.old chick embryos
(April 1958).

Filtrate Dose Number of Death at hoursa Hitched or
eggs after injection died hatch..

94 48 72 96 >96 ing

*161 K (N4) 2 8 4  0,2 6 4 1 1

1611 (N14 )2504  0,2 4 1 3. - -

Ws2)

1.619 'NR4 204 114 - 1 2 -
(114)(N.)a O,4

161 X (N.) 2804 0,2 4 1 2-

161 1(Ni,) So 0,2 4 1 -- 2
(1116)

161 K (N 2s 0,2. 4 - - 4
(1132 (n) 2



N c' H N n m n ( 1

% 0 0 %0 ' 0 0 % o

C*4N N N 0 N N N

-0 12 -I
in. #4i

.'o:=



Table 6

Investigations of the protective effect of the (Behrings Works) staphylo-
Cooous-ser'm with simultanous injeotion of enterotoxin-oontaining
filtrates on 9 days old ohiok embryos (November 1957)

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

eggs 2A 48 72 96 >96 hatohing

161 0oi 6 2 2 3. 1 ..
161 0.1 6 2 1 1 1 -- 1
Staph.-Serwm 0.1
196 0.1 6 1 2 1 .. .. 2

196 0.1 6 -- 2 1 -- 1 2
Staph.-Serum 0.1

360 0.1 6 2 1 -- 1 -- 2
360 0.1 6 1 -. 2 .. ..
Staph.-=Serw 0.1

Staph.-Serum 0,1 10 .. .. 1 -- 1 8
'Empty' broth 0.1 10 1 .. .. .. .. 9

bgse~ndenoe of the Reraulg- [ord_ on the 0( - anAl •-HeIRLYAJA
Tilers of the ZilrateA

Daring the discussion of the infection tests (30), the assumption was
advanced that various staphylocaoous-hemolysins or -toxins are oapable of
exerting a pathogenous effeot on ohick embryos. However, the single dose
0.2 milliliters of a filtrate seems -- as is peroeivable from the example
of the non-enterotoxin forming strain 165 which produces both i - and
( -hemolysin (Table 5) -_ hardly to be sufficient. In the heated fil-
trates, the 1ow - and 1 -hemolysin -remains titers may be regarded as
insignificant. In spite of the heating, the action of the filtrates of
enterotoxin-forming staphyloooooi on chick embryos remains unohangtd and
at times it even appears more clearly than in the case of unoookod filtra-
tes. The latter observation has remained incomprehensible to us so far
and oculd only be clarified by means of rather large test saries. In
order to exclude completely the poss•ibility of an injurious of the hemo-
lysis still contained in cooked filtrates, the filtrates were mixed in
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the proportion of 1:1 with the staphylooooOus serum of the Behring Works
(200-fold), left standing at +37 0 C for one hour and then injeoted. The
resulting findings in Table 6 show that the staphyloococcus serumi does not
neutralize the substance that is deadly for the o}cik embryo. On the other
hand, polyvenylpyrrolidon (Periston N) possesses a peroeptible toxin-
removing, "detoxiqating," effect. We added this substance, after weigh-
ing in a 0.85 per cent NaCI solution, to the filtrates and incubated
the mixture at +370C for one hour. The addition of 100 milligrams Perin-
ton N/milliliter could not be exceeded, since the injection of 200 or 300
milligrams Periston/milliliter 0.85 per cent NaCI solution led to the death
of part of the embryos. The injections of 100 milligrams Ieriston N/milli.-
liter 0.85 per cent NaCI solution were well tolerated. The results repren-
ted by Table 3 do permit of a provisional statement as to the detoxicating
effect of Periston N, but require verification.

6. Control Investrgatione of 42 Sta~hvloocous Strain.

So far, a check has been made of 42 staphylocous strains, isolated
in oases of wound infections, pyodermians, osteomyelites, etc., and through
staff examiations (children's clinic, surgical clinic). We used Medium 3

as the culture medium and tested the filtrate of each strain on six hen
eggs. A filtrate was regarded as enterotoxin-containing, if at least
three embryos died within 96 hours. Among the 42 staphyloooccus strains,
we found, according to this criterion, four enterotoxin-formera, three of
which belonged to phage goup I1, and one to phage group 11. A detailed
report on this section of the tests is made together with Poehn in another
place.

Discussion of the Results Found

Only the death of the embryos was used us criterion for the Judgement
of the inecoted filtrates. This is a quite rough, but at all events, con.
sistent standard. The observation of the amniopePlsstaltis was far less
reliable. Other manifestations of life of the embryos were not studied
systematically by us. The "natural" deaths of chick embryos appear, as
is known, in clusters at the 2.4th and the 18-20th inoubation days, and
oannot essentially distort the test findings resulting in the period that
ooncern, us from the ninth to the fifteenth day. In the older literature,
aitcrniihingly high mortality rates after miorosurgioal interventions were
r:%pirted in the first days of the incubation period (Bibliography, see 21).
The majority of these studies could not be seen by us in the original.
Bit %iomparison of the data of Ferret (19), who observed already, after
wounding of the shell and shell-skin, 18.75 per cent atrophied ova or de-
foativw devolopmant (in total 61..54 per cent abnormal ova), with our con-
trl serios, shown that older ohiok embryou tolerate small Interventions
quiit well. Knothe (32, 31) expressed the same view. A preroquisit,, for
thoes results is strictly sterile working, and care that thLir" be optimum
inoubation oonditions. Superflumis mechanical damage iv to be avoied. The
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capacity for resistance of chick embryos is so great in the period from
Lhe 9-15th day, that brief cooling, careful boring through of the shall,
piercing of the egg skin with a fine needlo. and injection of 0.1-0.2
milliliters liquid in the allantoio cavity present no serious injuries.

The second cause of death in chick embryos under oonsideration is the
infection with pathogenous germs. Apithogenoui microorganisms of the most
varied sorts are also observable in the unincubated hen egg (46, 24 and
others), and the data on the frequency of such findings show strong var-
iations. Because of the increased danger of oontamination, we doliberately
abstained from testing the sterility of the egg content before injection
of the toxins. We conducted sterility checks only on the eggs only after
death. The prepared cultures e~hibited growth in 8-12 per cent of all sam-
pies. The incidence uneterile eggr was reached when we omitted the wash-
ing off of the shell before the beginning of the incubation, Of the isola-
ted germ (aerobic spore-formers, sareins, yeasts, gram-positive cluster
oeoci, and othem), further examination was made only of the gram-positive
coci. Demonitration of j.aggoaqus Pvomr. vat. &U. excluded the valuation
of the egg in question. We regarded only so-called "white" staphylocoooi
as apathogenous when there was -- together with negative oagulase reac-
tion - a lack of Kannit-fermentation and hemolaein production, and where
9-10 day-old chick embryos infected with these gems survived.

We seldom found oampdomaonas &orir.nola or B o even when
found, there was naturally some suspiioon of oontamination during the
handling. As compared with the findings presented by Haines (24), the
number of unsterile eggs established by us is undoubtedly wmall.

After the foregoing observations, there should be no doubt that the
death of chick embryos after injection of the filtrates of enterotoxin-
forming staphyaooocoi is to be attributed to the action of a substance con-
tained in them, 7h view of the respective pre-treatments of the filtrates,
the only thing that can enter into consideration here is the staph,-
enterotax. Even if small concentrations of OL - or4 -hemolsin are pro.
sent in the filtrates, they are not capable of exercising any pathogenous
effect on chick embryos, where a single dose of 0,2 milliliters is applied.
The results found and reported here a ow that an absolutely regular be-
havior of the chick embryos after injection of enterotoxin-oontaining
filtrates could not be observed. Heoe fies the most difficult problem of
our tests.

The sensitivity -- varying with the seasons of the year - of the
chick embryos to the staph...enterotox. oorrespondo somewhat with the S-
shaped curve of the egg production of tho hen (45). Parallel to the de.
oline of the egg production ia to be observed an inorease of the embryos
that have been late in their dovelopleont and that are thus more liable to
injuries. Knotho (3") has alroedy pointed this out. In the late winter
and the spring montha wo, in uny &&ao, wore also unable to obtair any
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ready small -- dose of 0.1-0.2 milliliters filtrate (allantoio liquid about
1.0 milliliters) is further lowered in the allantoic 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 concentration, then
the embryos are usually all killed.

The way the mtaph.-eniterotox. acts is still not clear at many points,

Apparently it is a matter of a predominantly neurotopio toxin. How the
injury of the chick embryos takes place, wheze it starts, and what oondi-
tions are r64uired for ý,his requires further investigation, Understanding
of these questions is helped forward by the knowledge of the biogenetic,
physical and chemioal processes taking place in the incubated hen egg,
We would refer here to the literature on the subject (21, 20, "p, 9, 44).
The first question one would ask is what conditions -- important for the
enterotoxin action -- exist in the incubated hen egg on the 9-10th day.
The growth of chick embryos takes place in several periods. The maximum
sensitivity to the staph.-enterotox. to be observed at the 9th day
coinodes with the so-called second growth depression. Simultaneously
with this term, the pH values of the yolk and the white of egg are
approximately equal (8, 48 23) and correspond with an average of 7.3-
7.4 to that of the blood (8). The same holds true for the amniotio and
the allantoic •luidi while the pH value of the embryo body (squeezed juioe
of embryo) lies around 7.0 (40)1 individual organs, on the other hand,
show a very vazring behavior in this respect (8). These findings recall
to mind the tests of Borthwiok (4), who was only able to determine a
reaction to the staph.-enteretox. with a pH of 7.2-7.4 (filtrate, stomach
contents of guinea pigs and rabbits). Whether this parallelism is fortu-
itous remains at present an open question. We have put forward the'idea
that the enterotoxin injury at the 9-10th incubation day meets an organism
that is relatively capable of resisting, which dies or survives according
to the degree of its vitality. The decision on this takes place within
72 -- or at the most 96 -- hours after injection. It in possible to
think that the pH values that clearly change after the 10th day are of
significance for the Insensitivity of older emryos to the staph.-
enterotox, A consistent late injury of the embryos exposod at the 10th
day to the staph.-enterotox. could not be observed. The mortality rates
obtained in the test series for the last 2 days before the hatching and
during the hatching hardly differ from the corresponding valiven of the
controls. The hatched chicks were given away to persons coniected with
the institute or the hospital, and grew just like the animals of the same
breed who have undergone regular artificial incubation.

Of the many questions still to be answered, let us seot just a few.
The possible improvement of the results by means of a oh•nrAge of the injec-
tion technique, or raising of the injection dose over 0.2 milliliters,

S16



I

.r1 A-tcu;l -4-4n "- or% .4" etm A m1n mar'1hA na M~ __t

ed by a pro-injuring of tUe embryos, through cold for example. Further,
the relationships suggested above between the pH value of the filtrates
aid allantoio fluid, respootively, are still unolarified. Finally,
'N,,,*ough pathologioal-anatomical examinations of embryos that have died
a&.'- lacking. It would be technically very difficult but extremely
int~resting to observe -- under the action of enterotoxin -- embryos loos,
ed from the egg and brought into an appropriate environment.

The practical utility of incubated hen eggs for the demonstration
of the staph.-enterotox, is delimited already by the existing statement.
In the present form, the procedure brings only qualitative findings, as a
result of which 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 technical 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 which the absolutely necessary accompaniment of positive
and negative controls present no difficulty, should present the indica-
tion for the employment of the chick embryos method. The findings of the
suitably oonducted oat test according to Dolman and solleagues (Bibliography.
See 28.) do, it is ture, make in this case a somewhat better appearance, as
Thatcher and Matheson (36) recently were able to showl but then totally
different criteria do note in any case, permit aW true comparison.
Further, it 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 appearance of enterotoxin-forming staphylooocai
has not been sufficiently investigattd. Where, out of 42 strains, we
found enterotoxin-formers, we do not believe that this is a statistically
usable statement. In the list published by• Wilson (5'?) of similar inves-
tigations, muah higher "percentage rates" are to be foundl and here the
total number of the strains tested by the authors cited, does not even
partially reach the i.umber on which our investigations are based. These
differences can be due to the use of differing demonstration procedures.
The more sensitive the method, the higher the peroentage rate of the

enterotoxin-formers discovered. It would be possible to associate oneself
with the view of Wilson (P7), who statesi "... ad it is probable that a
large percentage of strains produce greater or less quantities of the
toxin." It thus remainn to be considered, hcr one is to distinguish
clinically insignificant, week, enterotoxin-foimers from the highly
toxogenous strains. The quantitative determination of the amount of entero-
toxin produced has not been successful with the biological demonstration
procodures so far known. If this were at all possible, then it would most
likely be by the use of 9-10 days old chick embryos analogously t° the
successful diptheria-toxin tests of Knothe (31).
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1. The 9-10 days old chick embryo can be injured and a•msed to die by the
injectlon of 0.1-0.2 milliliters of an enterotoxin-oontaining culture
filtrate in the allantoic cavity. The enterotoycin content of the filtratepretreated in the usual way (heating at + lOkT/30 i~uuteu) is not high
enough to kill all the embryos of a test series.

2. Partially purified and concentrated filtrates contain the toxin in a
conoentration that is deadly for all chick embryos.

3. By addition of Periston N (Polyvxnyl.pyrrolidon) the toxic aotion of
partially purified filtrates is clearly dimirished. The Staphylooocous
serum of the Behring Works showed no perceptible neutralitation effect in
the test with unpurified filtrates.

4. Among 42 staphyloocous strains isolated fro clinical infections or
examinations of staff there were four enterotaxin-formers, of which three
belonged to phage group III and one belonged to phage group n.

4, The demonstration of the staphyloooooum enterotoxin on 9-10 days old
chick embryos with the use of unpurified culture filtrates i. only advisa.
ble for large test series, In the prevent form, the procedure only allows
for qualitative statements, while the quantitative determination of the
enterotoxin content in culture filtrates is not presently poseible.
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