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From the Walter a2 earch, Melhourne.®

Tas fatalities at Bundaberg (Queensland), foll
diphtheria roxin-antitoxin contaminated by a py
have renewed inferest in the toxic products of the staphylococel In
the opinion of the Royal Commission which investigated the oceurrence
+ massive production of toxic substances must have taken place in the
fatal cases if staphylococel were the responsible agents
There are few papers dealing with the acutely toxic effects of
staph)‘lococcal products in rabbits and the results obtained have
attracted very little attention. Kraus and Pribram in 1906 showed
that with certain strains of S. wursus broth culture filtrates could be
obtained which, given . travenously in doses of from 1 to 2 c.c. per
kilo, killed rabbits in from 5 to 30 minutes. Antitoxin could protect
copletely. In 1912 Nicolle and Cesari studied the same phenomenon
when comparing the pathogenic activity of staphylococei from
pathryomycosis with strains of human origin. They found thab both
¢roups showed swide variations in toxicity but that active strains from
both gave toxic Altrates which killed rabbits and guinea-pigs within
o fesw minutes when given intravenously. A sheep antiserum protected
completely against toxins derived from any of the staphylococcl
studied. More recently the study of staphylococcal toxins has been
taken up by Parker and her associates in America. She used the
intradermal reaction In T bhits as an indication of toxicity and failed
to obtain the intravenous killing effect described by the earlier workers.
2uss (1916) gave a more detailed account of the killing toxin and
tempts to purify the active agent which were only very
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i # This research was carried out ander & Grang from the Commonwealth
(Govermment, Department ot Health.
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partially successiul Etperirw"n% on the isolated heart-lung
tion in the cat showad that the toxin had a directly toxic em
heart Liut apreared also to cause great damage to the capik
smaller vesssls ¢f the pul:m-n'w a_:rculatlon. luss consi
possible that most of the acute heart failure was due to the:
partial cbstruetivn of the lung ".';I‘t:‘l.llfltion.
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[
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The preduction of an astive toxin in yvitro.

All the authors who have studied one or other phase of toxin

produr-t'cm by s::-;:;-h;rll;scoeci are agreed on the variation amongst

i i A suitable strain must always

be selected hy e .-::i:»lent Euss found amongst 250 strains from
various s m—-._hf'_:nat were hemolytic and, of these 80, only 16 F
t 1s

toxins _a;nah o1 11.:1?_ rallits on intravenous injections.
fﬁfd'l‘-:ll‘,lle that & larer proportion would have proved to be toxigenie if
grown on a more suizable medium than the ordinary broth which he used.

The conditicns necessary Ior the production of staphylococeal
heemolysin in brotz have been very accurately elucidated by Walbum
(1922). Of thes2 the hydrogen-ion concentration of the medium at
various phases of zrowth is apparently the most important. The
initial pH may vary over a very wide range (5 to 10) but in any
ordinary broth aftzr 3 days’ growrth the reaction always lies between
roughly pH 76 azd 5'6. An initial reaction of pH 50 is the most
suitable for hemolrsin production but analysis of the results shows
that the actual formation of Lemolysin occurs when the pH lies
between 60 and 7-0. The reaction could be stabilised at these levels
by phosphate bufiz=rs but when sufficient phosphate was used no
heemolysin was produced. A high salt concentration of any sort
inhibits its formation. * More hemolysin for instance is produced when
the usual 0-5 per cent. of common salt is omitted from the broth. It
was found that the presence of a trace of magnesium was essential for
hemolysin production and that the yield could be much increased by
the addition of MgS0, (003 per cent.). Calcium on the other hand
strongly inhibited the formation of heemolysin.

The present work was started along the lines followed by Parker
(1924) and Walbum’s paper was not mund until near its completion.
Yarker found that }pﬂ&gg}ple media very few staphylococcal strains
produced an active toxin (as tested on the rabbit’s skin) but that by
the use of “buffered” broth containing “proteose peptone” most
strains gave useful toxins when grown for 6 days in an atmosphere
of 10 per cent. of CO, “Protecse peptone” was not available in
Victoria and a number of empirical variations in Parker's medium
were tried. Most of the toxins to be, described were produced in
broth, made according to Parker's formula except for the use ol
stock peptone (Eerna A) to which 10 per cent. of filtered ascl
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was added. This medium in =0 c.o. bottles was inoculated with the
yequired strain and incubated for G days at 57° in a M‘Intosh and
Fildes angrobic jar in which 10 per cent. oi the air had been replaced
by CO, At the end of this time the culture was passed through a
Qeitz filter and the filtrate stored in the ice-chest. In the light of
Walbum’s work it appears certain that the function of the CO,
atmosphere is to act as a buffer diminishing the progressive alkalinisa-
tion of the medium during growth.

AMost of the work was done with _tg;;_i_l.-_;:_;;‘._-;-1-&vec_l___j;;p_m__ghg_“ﬁ;@;j&.

aureus strain_© Wwood.” This was isolated from a patient
oxtensive infected burns and was used principally because a bacterio-
phage was available whose action was almost confined to this strain.
By the use of this phage it was therefore very easy to make sure that
organisms isolated from an experimentally infected animal were of
the same strain. Another aureus strain © Wilton” from an infected
wound and the strain « Bundaberg” fully described in the Royal
Cominission’s report were also used in some experiments. Filtrates
produced as described from these three strains all gave well-marked
necrotic or erythematous reactions when diluted at Jeast 1:40 and
injected intradermally in amounts of about 02 c.c. into rabbits.

The type of skin reaction is fully described by Parker and may be
passed over very briefly. When andiluted filtrate is injected in normal
animals there is always a very severe spreading necrotic lesion induced
and frank necrosis may be induced in dilutions up to 1: 40 or higher.
The reactions to the weaker dilutions lhowever vary considerably in
different Tabbits but if attention is confined to the size rather than
to the qualitative aspect of the reaction the results in different rabbits
are closely comparable. For this reason the intensity of reaction
indicated in the tables by +’s refers only to the size of the lesion,
+4+++ fora wide area tracking down on to the belly, +++ &
Jesion more than 2 x 3 cm., -~ + IMOre than 15 cm. in diameter, + any
smaller distinct lesion.

TImmunity to the skin toxin.

It is easy to immunise rabbits against the necrotic action of the
toxin by giving a few injections intradermally at 3 or 4 day intervals.
With the administration of relatively large doses (about 1 c.c. of toxin
in all) immunpity was pracrically complete in 14 days from the
commencement of - mmunisation, 2.¢. undiluted toxin injected Intri-
dermally resulted only in a mild erythema at the site of injection.
These large doses gave large areas of necrosis and sometimes killed
the animals. With smaller doses immunity took longer to appear but
was always well marked by 4 weeks after the commencement of
immunisation. As Parker has shown the sera from such rabbits
POSSess readily demonstrable antitoxins capable of neutralising the
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skin-necrosing agent. Neutralisation of the toxin by antite
place accurdmrr to the law of constant proportions over a ¢
range of concentrations.

Erpt. 1. Successive twofold dilutions of filtrate K (from m_ doco
Wood) and serum £5 (from & rabbit immunised by the intravenous inje
toxin-antitoxin mi ixtures) were prepared.  Mixtures of equal volumes of
toxin and of dilutzd antiserum were made over thos: ranges that a pi i
experiment bad suzgested wouli show an end point of neutralisation.

mi ixtures remained at room temperature for roughly balf an hour before beir
injeuted into the depilated skin of two rabbits. The reactions were m&onth&

iollowing day snd ave indicated in the table according to the method described |

above,
TasLE L.

Newtralisation of skin torin by antizerum.

Seram 56 final dilutions.

1:15 1:5° . 1:04

O g = D ks 1D
[TV

e

E T : - |++4

Throughout most of 'hp range tested this serum neutralises about four times its
volume of toxin but when very large amounts of toxin are used complete
neutralisation takes rather more than this proportion of serum.

The staphylococcal “Idlling toain.”

The work of Kraus and Pribram and of Nicolle and Cesari on the
rapid killing of rabbits after infravenous administration of staphylococcal
filtrates has been confirmed. The strain “Wood ” grown as described
gave a very potent killing agent. JIntravenous injection of 08 c.c.
per kilogram regularly killed domestic rabbits in less than 25
minutes. Wild rabbits were more sensitive and a dose of 0'5 c.c. per
kilo invariably caused death in from 2 to 3 minutes. Smaller doses
prolonged the killing time.

Rabbits that receive a rapidly fatal dose appear normal until about
a minute or two before death. The first sign is a certain unsteadiness,
the rabbit falls over and shows rapid shallow breathing for some seconds.
Respiration then becomes irregular and gasping. Sometimes the animal
screams. Inco-ordinate running movements occur and the corneal
reflex is rapidly lost. Respiration and all other muscular activity
ceases and at this stage evacuation of urine is common. If the animal
is autopsied immediately, the auricles are usually found beating, the
heart distended with fluid bloed and there is congestion of the liver
and abdominal viscera. There are no intravascular thromboses to be
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sonnd and no capillary hemorrhages.  Blood talken from the heart
<lots within the normal perivd. The rapidity with which active filtrates
saused death suggested +hat & trne haeterial toxin was not involved but
yiove probally son.s yroduct of protein disintegration of the histamine
type.  But investization showed that apart from the abnormal rapidity
of i7< action, the killing agent behaved in all other respects as & typical
nacterial exatoxin.

(a) The poison is distrayed by heall ng to 100° for 3 minutes. Two
rabbits mil heated fltrate (1 c.e. per kilo) showed some
guickening of respiration for a 1w minutes but rapidly recovered and
remained without further symptoms. The temporary respiratory
smbarrassment was probably due 10 lung embolism since the heated
glirate (containing aseitic fluid) held sowe particles of coagulated
protein in suspension.

W) Rabbits immune 10 the skin-necrosing action of the Jiltrates are
cqually resistant 1o intravenous inoculation. This has Leen found to
hold for all the skin immune rabbits that have been tested (9 animals).
Twice the dose that regularly kills normal rabbits in a few minutes 1s
without any detectable effect.

(¢) Tminuns serum can passively protect sablits ayainst the toxic
action. In t xperiments the more suzceptible wild rabbits were
used. Thesa were given by the intravenous route 1 c.e. per kilogram
of a serum from a rabbil immunised Ly a series of intradermal injections
of filtrate Wood and at various ntervals arterwards a test dose of
06 c.c. per kilogram of an active filtrate was given intravenously-
The results may be tabulated.

Taste IL

Passive protection agatist atravenous toxin.

Result of teal-

Tie N ' i =lcht Sernm given 9 §
bit N | Wolsht. Seram gieea. fnjection of toxin.

Eilogan, | ]
{ 24 hours before | + 3 minutes
e BT

1 hour before |  +18
' ", + T3 .

1 minute before | survived

109 g
110
111
e
114
115
113

116

R = - R

o =l

. "
No serum | + 3} minutes
. ! + 3 oot

bt et b e ot e et pd

|
|
1
|

The table shows first that passive immunity can be readily induced
by iinmune serum and second that the immune seruin is most effective
when it is in greatest concentration in the blood stream. In this
experiment the amount of serum administered 1s very little more
than is necessary to neutrzlise the test dose of toxin. As soon as
iany appreciable amount Passes out of the blood stream the toxin can
kill In another experiment TWo rabbits which received 2 c.c. of
another antiserum, resisted a Lilline dose of toxin 24 hours afterwards.

JOURN. OF P ATH.—VOL. XXXIL 3 A9

———

b e et s

e - .

a8 & aw i -
e e

Py e iy
s <y o

el ¢
"




AT R T

F. 3l. BURNET

toxie ji'trate. After 15 daxs’ incubation at 37°
formalin (02 per cent. HOH) the filtrates were atoxic as tested either
by intradermal or by intravenous injection. Two rabbits immunised

become insensitive hoth to the skin-necrosing action and to the
intravenous killing action of an acrive filtrate. Such behaviour is

characteristic of true bacterial toxins only.

wship between the siin toxin, the Filling tozin and the
speciiie heemelysin of staphylococcal filtrates,

All the active filtrates that were studied contained typical
hemolysin as well as the skin-necrosing and killing toxins. The

three actions could all be nentralised by the antisera obtained by

repeated intradermal inoenlations in rabbits. The question therefore
arose as to whether one substance only was responsible for the various
reactions. Most authors who have studied staphylococeal filtrates find
that the agent responsible for any one activity is antigenically the
same no matter from what strain of staphylococeus it has been derived.
Nicolle and Cesari found the Killing toxin to vary greatly in its
activity accordinz to the strain used but in every case it could be
neutralised by a single antiserur:. Stevens and Carp (1926), who used
an antitoxic serum prepared by Parker found that the skin toxin was
antigenically similar in all cases while Neisser and Wechsberg (1901)
found a similar unity of staphylococeal hemolysins. These findings
have all been confirmed for the three strains used in the present work.

A review of the literature suggests on the whole that the three
agents are quite distinet. Parker found that ber filtrates which were
active skin toxins had no effect when given intravenously in large
doses to rabbits. She also noted that actively hemolytic filtrates
might have no action on the rabbit skin. Neisser and Wechsberg
clalmmed that *leucceidin® shich is probably identical with Parker’s
skin toxin could be absorbed from a staphylocoecal culture filtrate by
rabbit leucocytes without destroving its hwmolytic power. The
filtrates used in the present work have been found to show the three
activities in almost parallel fashicn. Four filtrates were specially
studied from this point of view. Two were derived from strain Wood,
one being considerably stronger than the other, and one each from
strains Bundaberg and Wilten. Thelr activities are tabulated in
table TIL '

The relationship between the skin'dose and the lethal dose is
regularly 1:400 in this series. The hwmolysin titre also follows the
same order but the quantitative relationship is not so exact.

A possible explanation of tie constancy of the relationships

between the three properties in the present experiments and the laek
- -




rarious
Wt find
iy the
Barived.
¢ in its
buld be
10 used
®xin was
& (1901)
'ndings
i work.
gc three
ich were
Bn large
Sfiltrates
@chsberg
; Parker’s
g rate by
&r. The
Ee three
§pecially
8 Wood,
i h from

&

Mated in

M dose 1s
yws the

STAPHYLO COCCAL TOXINS 723

+f such relation in Parker's experiments may lie in the different
method used to obtain the toxins. \WeInay assuine that staphylococci
ander suitable conditions ] +oduce a single exotoxin that can nanifest
< action either on the red 11ood ¢olls, the capillary endothelium or
ha skin cells of the rabbic. In any given fltrate however the toxin

;nay exist 1n varying
on the strengih of

degrees of func “ional activity depending probably

certain deleterious

ineubation and storage.

fuences at work during

The power to kill by intravenous injection

jnay be lost while the toxic effect on the ¢kin is well marked (as in
Parker's filtrates). A further tle-;m.'.larion results in the loss of both

Tasre IIL.

Comparative activity of Tour toree riltrates.

AMinimal
hemolytic dose.

e ————————

Wood, & ' = ; 0-23 C.C. Q-0008 ¢.c. 1:640
P T s 73 L 0°0015 ., 1:320
| Bundaberg . ! R {00020 1:160
l Wilton . i % 5 0002 - 4 1:160

e ————

these activizies while heemolytie power still remains. In this con-
nection it is of interest that the anatoxin described above although
quite deveid of skin-toxicity was still definitely hemolytic (OLH.D.
1:64). The contention put forward practically amounts to the view
that all staphylococcal filtrates which do not show equivalent activity
in the three toxic manifestations contain the true toxin partially or
completely converted into anatoxin.

According to this view there may be qualitative differences between
different filtrates but all antitoxic sera should show equivalent activity
against the three toxic actions. BY hypothesis there is present only
one antibody so that the only difference to be expected between two
sera is quantitative. In other words if one serum is ten times as
effective an antihemolysin as another then it must also neutralise a
given skin toxin at one centh the dilution active in the latter. If
however there is not a common antigen for the three factors one would
expect sera produced in different ways to show definite differences in
their relative antitoxic powers. Fairly complete comparative data are
available for five different sera. The sera used were no. 33, a highly
active antitoxic serum irom a rabbit immunised by intradermal
injections of toxin “Wood”, nos. 58 and 95 from rabbits immunised
by subcutaneous injections of living cultures of the staphylococcus
“Wood” (Rabbit no. 58 had also received intradermal and intravenous
injections of toxin © Wood” in order to test its immunity about a week
before bLeing bled), and nos. 193 and 124 immunised by intradermal
injections of toxin “Bundaberg”

[
Il
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I

Experimental. In testing the '_-.-nv:-r;-.l antitoxie power different & :
serum were mixed with a toxin whose certainly lethal dose was a..out a5
ver kilogram., The mixtures were alle \\‘ecl to stand 15 minute: ot the r
mperature and an amount caleular= d to i'-‘ltalll 1 c.c. of toxin per '_:.!')gram
j{-c:e-]‘ intra.?enously into wild rat-bits,  The results are tabulatsd.

TasLE IV,

(enepal antitoric power of fve ra.

IDrse per Rilogram. -

Toxin.

3 mins.

g ' * ) 23 55
105 .. - : ) o e
survived : 25 B8 ¥ Soins

“ : . >3 hrs.

8 min-. i 2% 7 mins.

0 - ; . - >3 hl’S.
>0 hl".-.

L
b

= O ke 2

L AR TNY R )
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[ el O S
e ot

The titration of skin antitoxic power was carried out as descrili<d previously.
The results are tabulated in two parts owing to the use of two diffsrent toxins.
Serum 33 however was used in both series so that all the resuits can be

1
compared.

Tasre V.

Shkin neutralisation i=sts with nve antitorie seva.

1
Sernm. ' Diiution. | Reaetioz. Toxin. Diinzion. Serum. Diluzion.

33 : WoodH.! & | 83
38 3 - :

33

8
35

e e e e e A e i A

85
95
95
95

The antihemolytic power was estimated as follows. A series of doubling
dilutions of the sera was put up in small test tubes, an equal volume of toxin
suitably diluted (usually to 1 :350) was added to each tube and the= m'xt-u-rs
shaken and incubated for 30 minutes. One drop of a thick suspension of
washed red cells from the rabbit was then ud-]nd to each tube giving a tinal con-
centration of about 1 per cent. of red cells hy volume and to a series of toxin
dilutions arranged to indicate how wany minimal haemolytic doses were being
added to each of the serum-containing tubes.| The tubes were returnad to the
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inoubator shaken at intervals up 1alf an hour and read after an hour’s incuba-
tion. A detinite degree of inhil ition of hemolysis was taken as the end point
and the tawber of minimal heemolytic doses that should be pentralised by 1 ¢.¢.
of the serumn, caleulatad. The jollowing values were obtained :—serum 33— 2560
\[HDs. 85-120 NMHDs. 95-64 \(HDs. 123-1402M HDs. 124-320 MHDs.

Combining these results into & single table showing the number of
antitoxic units per ¢.C. of each serum the consistency of the numerical
relation between the three activities hecomes evident.

TaBLE VI
Titration of Jive anti

,_—-—-—-'-—--—-__.___.-—-——-—-‘-_

toxic sera by the three methods.

WO e e S g

Units per c.c. ‘.

e e E e

Method of immunisation. T N
eneral L ’ .
,1?.“’.‘:\“ Siin antitoxin. | antihemolysin. \

e — - B y e

i

33 « Wood" toxin: intradermal 14-20 y 80180 2560 !
\ Living culture of **Wood™ s/ : 120 i

05 i) subcutaneously \ 60 i
128 |{) « Bundaberg " toxin: I : o) .20 640 lI
124 | intracerma \ 20— | 320 l

___._._'—____’—._________——'—-———'_'___‘1 -

Within the limits of experimental eyror the relations petween the
three activities are constant for all the sexrd. One general antitoxic
univ corresponds roughly to 10 skin units or to 160 antihemolytic
units.

This series of experiments brings out several points very clearly.
Iu the first place it is completely in accord with the view that only
one antitoxin 18 concerned 1n neutralising any of the three toxic
activities. Secondly it shows that two quite different staphylocoeel
produce antigenically identical toxins.

The strains Wood” and «Pundaberg” have many differentiating charac-
teristics. © Wood * is deeply pigiaented and actively hemolytic on human OF
horse blood agar. 1t is sensitive to & staph}"lococcal bacteriophage inactive
against © Bundaberg” and resistant to a phage that attacks the latter.
« Bundaberg” shows very pale creamy coloured colonies non-hemolytic on
horse blood agar and on human blood agar showing no direct hemolysis but
o well developed Miiller phenomenon. There 15 some serological affinity between
the two strains but they can readily be differentiated by agglutinin absorption

methods.
Tapte VIL

.-lg:;t'utim;aﬁ'c;:- of strains « Wood” and Bundaberg.”

_______—-P—-——'_-___..—-________—-—_____________————, iE o

.

{ Serum Wood. - gerum Bundabers.

,-——-—*'———_....—————-—-_-— e __________...—-———-—‘-______ﬁ

Absorbed,

Abvsorbed, g {
L;..‘Lbaufti"d. ! Wood.

Unabsorbed. |
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Finally serum 05 shows that the same antigen may be produced
by subcutaneous inoculation of living cultures. The sienifies
this finding will be discussed more fully in the second half
© paper. |

Immunisation Ly intravenous injection.,

Parker round that intravenous injection of toxiz filtrates int
rabbits failed to hnmunise the animals against the effect of toxin intra-
dermally. It hes already Leen noted that her filtrates had no harmful ™

&1 ;
etfects on rabbits when given by this route so that it is »ut surprisingthat |

her failure to establish hmunity could not be confirmed in the present
work.  Two rabbits were substantially immunised Ly purely intra-
- venous procedures.  In one (90) a lethal dose of toxin was given after
the previous intravenous injection of 2 c.c. of a stronys antitoxic serum
and a series of inereasing (sublethal) doses at 3 or 4 day intervals.
In another (01) immunisation was commenced with anatoxin but
afterwards the same small doses of toxin were given. The rabbits
after immunisation showed no reaction to undiluted filtrate intra-
dermally and resisted two lethal doses intravenously. Their sera
showed the usual antitoxic propertes but the first was considerably
more active than the second. Serum 90 neutralised 610 minimal
hemolytic doses against 80 in the case of serum 91. With a strong
toxin diluted 1:10 serum 99 neutralised the skin-necrotic effect
completely when diluted 1:2 and partially at 1:16. Serum 91
neutralised the same toxin when undiluted but failed to do so
at 1: 4

Two rablits were inoculatsd intradermally on one side only in
an attempt to see whether any local skin immunity could be detected.
As soon as the one side showed a diminishing reaction to the successive
injections, both sides were tested simultaneously. No difference in
reaction could be seen. The immunity was evidently a general one.

The significance of staphylococcal towins in infections by the organism.

The various experiments described show clearly that an active
toxin can be produced by growth in vitro or a typical Stapi ylococcus
avreus strain, but so far no evidence has been given to show that this
toxin plays any part in the disease process (in the rabbit) caused by
this organism.

The strain “Wood” is rather actively pathogenic for the rabbit.
If 0-2 c.c. per kilo of a 24-hours’ broth culture is injected Intravenously
the rabbit dies in from 1 to 3 days. Subcutaneous injection of
05 ce. gives rise te a localised lesion that after 3 or 4 days
contains about a cubic centimetre of thick white pus. The skin surface
over the lesion necroses and with discharge of the pus heiling is rapid.

To determine the part plaved by the toxin in these reactions
several possible experimental methods are available.
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STAPHYLOCOCCAL TOXINS

(1) Isolatian of toxin jrom the body fuids of rabbits dead from

staphylocoeeal 1 fection.

This has been accomplished on several occasions, s an exampie
wo rabibits, 125 and 126, after receiving 0'2 c.c. per kilo of a broth
culture died within 20 hours. Both showed a few c.c’s. of fluid in the
pericardial and pleural cavities. These fluids were pooled and filtered
through a Seitz dise. The filtrate was then injected intradermally
into a rabbit («) andiluted (2) diluted 110 (¢) mixed with half its
volume of antitoxic serum 39. The first showed after 2+ hours a
typical skin lesion such as would be given by an active toxin diluted
to about 1 : 60, the second and third gave no reaction. ~ This seems to
Le direct evidence that the acute killing by injection of staphylococel
intravenously is associated with the production of toxin in sufiicient
amount to be recognised by its specific skin reaction.

(2) Immunological responses in rabbits immunised by adn inistration of
living staphylococcl subeutaneously.

Two rabbits, 57 and 58, were inoculated subcutaneously with
o4-hour broth cultures of strain “ Wood” as follows: on 8.1.20
05 cc. and 0’1 cc., on = 990 two injections of 05 c.c. each and on
11.2.29 one injection of 05 cc. All the inoculations gave rise to
mild eircumseribed abscesses containing a good deal of viscous pus.
On 18.2.29 their skin reactions were tested against an active toxin.
In bhoth rabbits the undiluted toxin gave & Very small necrotic area
less than & square centimetre in area, i.c., they were almost completely
immune to the “skin toxin” As soon.as the reactions were read
(24 hours after the injections) each rabbit received intravenously a
certainly lethal dose of toxin (10 c.c. per kilo). Three normal rabbits
veceived simultaneously, 10, 08 and 05 c.c. per kilo respectively. All
the controls died in typical acute fashion within 3 minutes of the
injection. The two rabbits immunised by living staphylocoect showed
no symptoms whatever and survived indefinitely.

(8) The course of staphylococcal sepliceemin i rabbits immunised
: actively or passively against the toxin.

(a) Active immunisation. Six domestic rabbits were used, two
normals, two immunised by intravenous inoenlations of anatoxin and
toxin and two immunised by subcutaneous injections of living
staphylococei.  All = immunised rabbits gave only a small local
redness when tested DY intradermal ‘injection of undiluted toxin and
each had been shown 5 days before the experiment to be resistant to a
Jethal dose i toxin given ‘ntravenously. At the comimencement of
the experiment sera from all the rabbits were tested for agclutinins

antihemolysins and skin protective substances with the results
tabulated.
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Immunised by I A ntilemoirsin.

Normal <40M.H.D.
' < i‘j (1]
i Living staph. | - 1000 .,
I subcutaneously G40 g RN
\ Anatoxin and | g40 X :
i toxin | 20 &0 a5 [ :
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The rabbits 37 and 35 hmmunised with living staphylococci show
in their sera considerable antitoxic and antihemelytic activity as well
as a definite content of specific agglutinins,. The serum of rabbit 90 is
also actively antitoxic and antihemolytic while serum 91 is very much
less active in both respects.

All six rabbits were given intravenously 05 c.c. of a young broth
culture of staphylococcus Wood. In the case of one rabbit a specimen
of blood from the opposite ear was taken within 1 minute and plated.
At intervals of 1, 2, 4+ and S hours after the injection 025 c.c. of
blood irom the ear vein was taken aseptically and the numbers of
staphylococel present estimated by the usual methods in poured
agar 1"1.;1-:5.

TasrLe IX.

Course of staplulococcal septicemia in rabbits.

Fipal outcoma.

Lo e

150 | 24 112 | ! < 94
204 38 80 | * + 13 days
140 59 - & | y <
1

ar

56 | 860 205 B e
398 f s0 | 23 5,250 |- | +< 21 hours

The two normal rabbits and one of the toxin immunised animals
were found dead at 24 hours the others survived for the periods
shown. Post-mortem the chief points of interest were the kidneys.
In the two normal rabbits there was gross evidence of acute damage,
congestion hemorrhage and early cortical necrosis. The toxin immune
rabbit 92 showed nothing beyond uniform congestion of the kidneys.
All three animals had 3 or 4 c.c. of Huid in the pericardial sac. This
fluid was tested for the presence of a skin toxin in each case, and that
from one of the normal rabbits (152) gave a good skin reaction
neutralised by antiserum. The other two were inactive. Blood serum
was obtained at 8 hours from rabbits 90 and 92 and at 2< hours
(heart Llsod post-mortem in the case of 92). These specliiens were
compared with the initial one for their content of skin-toxin neutralis-
ing antibodies. The results may be tabulated.
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Taete X.

Shin veactions of tarin & Wopd ¥ (12100 mirod with the serum dilutions shown.

Seram.

Rabbit 92—initial
: 8 hours .
P.)M. 4
. Rabbit 80—initial \
3 hours .

9
-3 ah

A repetition of this experiment gave an essentially similar result.
yoth normal animals died within 2+ hours and of two rabbits
immunised by intradermal inoculations of filtrate one was moribund
at 27 hours the other in six days. Two immunised by subcutaneous
injections of living staphylococel wers moribund on the fourth day
after inoculation and were killed. The chief point of interest lay in
the differences between the two toxin immunised rabbits. DBoth were
fairly substantially immune as far as could be judged by the antitoxic
content of their sera on the day befors the injections of broth culture
were given. The properties of their sera before the experiment and
swhen taken 27 hours later are tabulated. When the second specimen
was taken from rabbit S8 the animal was obviously moribund and
blood twas obtained from the carotid artery under ether anssthesia.

Rabbit 86 at this time apreared quite normal.

Taere XL

Antitoric power of v of infected rabbits.

Rabhit §3.

Initial bleeding—
Antiheemolytic power
Skin antitoxic power

97 hours bleeding—
Antihaemolytic power . . 1.300)ML.H.Ds. | 640 M.H.Ds.
Skin antitoxic power A eyt | Rt
Staphylococci perc.c. . 20,900 200,000

50 M.H.Ds. | 1,280 M.H.Ds.
—nz‘i+++ T’G‘*‘.z’-!"'"'i'

The course of the septicemia as judged by the numbers of
staphylococei cultured at intervals was of the same general type as in
the first experiments. All the counts showed a rapid fall that was
unrelated to any immunity present The toxin imunune rabbit S6
showed for instance 1,300,000 per cc. immediately after injection
540 at 15 minutes 54+ at 2 hours while the non-immune rabbit 189
showed 1,360,000 per c.c. immediately 312 at 15 minutes and 420 at
2 hours.

(b) Passive immunisation. In these experiments wild vabbits were
used. A 20-hour broth culture of “Wood ™ was injected intravenously
in the dosage shown and immediately afterwards varying amounts of
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an active antitoxic serum from a rabbit immunised intradermally
toxic filtrates only. The results are tabulated.

TaerLe XII.

Passive protection against staphylococed injected intravenously.

i
Digsages per kilo. |

Tima of death
Caltare. Seruam 31.

.

oo

1 ec.c. 28-40 hours
2 - 52-84 -..
Nil - ) 5
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In ceneral the table shows that rabbits given these doses of living
culture in the afternoon were dead by the following morning but that
rabbits receiving serum usually died during the second night after
injection.

Discussion.

The main topies for diseussion arising out of the experimental
work desceribed fall under two heads, (1) the unicity or plurality
of staphylococcal toxins, and (2) their significance in experimental
infections with the living micro-organism. They may be considered
separately. '

(1) All one’s experience with toxins- produced by the methed -
described has been in favour of the view that the various activities
ascribed to heemolysin, skin-toxin, and killing toxin are all due to
a single antigenic constituent of the active filtrates. It is particularly
ilapressive that antitoxic sera prepared in almost all the possible

\ | ways showed a constant relationship between their antihamolytic

‘and antitoxic powers. The detailed evidence for this has been given

for & sera prepared (1) by intradermal inoculation of toxin “ Wood,”
(2) by “Bundaberg” toxin intradermally, and (3) by subcutaneous
injection of living “ Wood ” culture. Inaddition to these, less complete
records show that the sera of rabbits immunised (4) by anatoxin
“Wood” given intradermally and (5) by intravenous injection of
“IWood” toxin present the same relationship between antihwmolytie
and skin antitoxic powers.

The chief objections to such a view fare based on the experience
of other workers that the three toxic activities may be very unequally
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developed in different staphylococeal filtrates. It is significant however:
that although filtrates having no skin-necrosing action may be active
hemolysins, no skin-active filtrates lacking hemolysin have been
reported. Similarly although Parker used filtrates active on the skin
lut inactive when injected intravenously Nicolle and Cesari found
that their killing toxins also produced marked skin lesions when
injected subcutaneously, the extent of the lesion being proportional

to the general toxicity of the filtrate. Finally Russ found that about

32 per cent. of staphylococei pmducef@mnolysin and that strains
producing aﬁ'ﬁimgﬁf&ﬁﬁ“ifére_ﬁlllMi?f&ﬁided in the hemolytic group
o¥ which they comprised 23 per cent. c ; R B
~“The simplest explanation available 1s that the true active toxin
may suffer deleterious intluences during incubation and storage which
progressively weaken its activity. First the general Killing power
weakens, then the skin toxic power and finally the hemolysin, the
various changes representing steps in the formation of a toxoid or
anatoxin, Through all the changes the antigenic nature of the filtrate
constituents remains qualitatively unaltered.

The work of Henry (1922) and of the workers at the Wellcome
Research Lahovatories on the toxins of B. welchii has led to a very
similar point of view in regard to that organism. Dalling Glenny
\[ason and O'Brien (1928) found that by using suitably active toxins
the antitoxic power of immune sera can be estimated either from its
power to protect animals against a lethal dose, its antihemolytic
activity or its power to neutralise the effect of the toxin on the rabbit
aterus in vitro. The results are quite concordant amongst themselves.

(2) The significance of toxin and antitoxin in experimental
staphylococeal infections of the rabbit is not entirely clear from the
experiments presented. ; There is direct and indirect evidence that
the toxin is produced in mnormal rabbits that have been inoculated
intravenously or subcutaneously with staphylococci.. In three cases
the pericardial exudate from vabbits killed rapidly by staphylococcal
septiceemia contained a skin-reacting substance neutralised by antitoxic
sorum and quite active antitoxic sera iwere obtained from rabbits
immunised by subcutaneous inoculations of culture that resulted
in small circumseribed abscesses.

“The administration of antitoxic serum immediately after an
intravenous injection of living cvlture resulted, in practically every
case, in a significant prolongation of survival time. So far the evidence
points therefore to the toxin being almost wholly responsible for the
acute killing within 15-24 hours by the staphylococcus Wood. But
the results with actively immunised animals are not so clear. Rabbits
immunised by subcutaneous inoculation of living cultures definitely
resist the acute killing but invariably die from 4 to 13 days afterwards
and are found to have Zross kidney suppuration. Toxin Immune
rabbits may react similarly (Nos. 86 and 90) but if they are less
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_ substantially immune they may die in less than 24 hours ("Teﬂ.
and 92). This rapid killing if it is due to pmductmn oi toxin in ﬂm_
should be assceiztad with a nl-“gpeamnce of antitoxin from the
blood. In rabbit 88 the Dlood taken a few hours post-mortem cont;ametl
no antitoxin but an apparent =xcess of toxin. In this case however
post-mortem <rowth of staphvlococei of which there were some
millions per cc. may have bLzen responsible. The corresponding
rabbit in the second experiment was bled from the heart when
obviously muritund. The szemun taken at this time was quite

- definitely dimipisted in antitexic power but not to such a degree
as should render the rabbit susceptible to the general aetion of
the toxin.

Preliminary experiments on the pharmacological action of the toxin

ndertaken by Dr C. H. Kellaway show that its chief action is on the
cardiac muscle and that the acute killing is due to sudden cuculatory
failure. Even in rabbits which die about 24 hours after receiving a
small dose of toxin the heart is distended suggesting that the same
cause of death is active in these cases. But in rabbits dying rapidly
from staphylecoceal septicemia the condition of the heart is usually
different. If i_= comreon to find several cubic centimetres of fluid in
the pericardial sac and the heart itself is contracted rather than
distended.

The relative inefficlency of antitoxic immunity in protecting
a;za‘mt ':aruhvlu: septiczez—u.if-. and the differences in the cardiac .

_ that the acute killing of rabbits following

uuacuun of sta ':'.;..-.sr.-,-ccl Intravenously is wholly due to the exotoxin
liberated. Of course local preduction of toxin in many regions of the
body may give very different pathological effects from those following
a single massive injection into th= blood stream but on the whole it
seems probable that ather actions play a large part in determining the
fatal_outcome.
/  The effect of passive or active immunity to toxin in prolongmg the
death time after intravenous inoculation of stnph\loeocm is probably
complex. . There is the primary neutralisation of any toxin produced
and liberated into the blood stream but probably no directly inhibitory
effect on the multiplication of the staphylococei in vivo. The power
to reduce the degree of aeptxc‘emm that was shown, 4. in rabbit 90
(see table IX) must be indirect and most probably represents 1mproved
phagocytosis consequent on the neutralisation of the “leucocidin® or
negatively chemotactic factors.

Fma.llv few lines raay be dev oted to the possible bearing of the
present f.'..dlll_,_tS on the deaths at Bundaberg which were pumanlv
responsible for the investigation being commenced. It is clear enough
that the Bundaberg staphylococens produces the same toxin as other
p\'orrenic st’tphv]car.--:-cc-i though in considerably less amount than the
strain “ Wood ” which was used in most of the experiments. This
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Conclusions.
filtrates that is
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(1) The agent obtained
acutely on intravenous inje

capable of killing rabbits

exotoxin.

(2) The three activities of such fltrates in causing (a) hemolysis
in vitro (b) necrotic skin lesions on intradermal injection into rabbits
and (c) acute death of rabbits after intravenous injections aie
manifestations of a single antigenic substance.

(3) A typical anatoxin can be obtained with full antigenic power
but no toxicity and dimirished hzrolyvtic power.

(4) The toxin 13 produced in rive in rabbits infected with 2
toxigenic strain of staphylococel.

(5) If rabbits are actively or pa
their survival time after intravenous in]

lococel is increased.
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(6) The bearing of these findings on the pathology of hunm

staphylococeal infections and more particularly on the fatalities ﬁﬁ;

Bundaberg, Queensland is briedy discussed. %

. T am indsbted to Dr C. H. Kellaway for his kindness in carrying out the
pharmacological experiments describad and for his general support and eriticism.
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