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STAPHYLOCOCCAL TOXIN.

By P. N. PaxtoNn, ALB. CaME.,

BIRECTON OF THE MALE CLINICAL LABORATORFES, LONDGN
HOSPITAL §

AND
F. C. 0. Varexre, M.R.C.P. Loyp,,

ASSISTANT DIRECTOR OF TITR LARORATORIER,

THE wemolytic nnd lencocidal actions of sbaphylo-
coceal toxin liave been recoguised for ARy years.
Denys and Van de Velde® writing in 1895 described
the destructive effect upon the lencocytes in the
Pleural cavities of rabhits following the injection of
staphylocoeei, a5 well us the appearance of anti-
Iewcocidin in the serum of immunised rabbits. The
hiemolytic action of the coeei on blood-plates was
noted by Kraus? in 1000, and in 1922 an important
paper on the subject was published by Julianelle,?
who demonstrated that the hiemolytie titre did not
correapond either to pathopenicity or to leucoeidin
Droduction, 3ore recently Burnet{ has added to
our knowledgs of the toxing ond in partieular to their
mode of production in vitro. Parker Weld and
Gunther ¢ have described ‘methods of geparating the
different components of the tosin. C

The present paper denls with an investigation, both
quantitative and gualitative, of the toxins ohtained
from 22 strains of staphrlocoeci derived from a
variety of human lesions. " Our object has been to
examine the relative importanee of the different
toxin constituents in human pathology.

The toxie properties examined were the following :
hiemolytie, leucocidal, necrosing, and lethal,

TECIINIQUE AND RESUI;TS.

L. Porin preparation—This was obtained by Buenet's
vasthod and ng breviously described by ns.®  Aftar final
sterilisation throngh n Seftz Gler the DH was brought to
T4-T-2, o fow drops of chloroform were added, and the
surl’agtn of the Rltrate covered with o layer of sterile liguid
parfiln. . )

2, Hmmo[.’ym‘u teal,-—Three tubss ware EUt up for cnch
{llirate, yiving Onal dilutions of 1: i, 1:200, and 1 : 800,
Washed rabbit exlls were used in fina) 1 per cent. dilution.,
After mixing, the tubes ware left in the incubstor for one
hour, reshaken, laft nn fea over night and rerd nexh morning,

8. Nerrosls of rabbit's akin.—sInttadermal doses of 0-2 ¢.om.,
were given. Strongly hsmolytic Altratem wed in 1:20
dilution commonly gave an area of necrosia 15 to 2 em. in
diameter, and this was taken to indicato n strong necrotoxis,
Feebly hemolytic ftrates were used in 1:4 pnd 1:20
sdilutions, the former belng usually feebly positive and the
latter negutive, indicating o ‘weani: necrotoxin,  When the
1: 5 dllution was negative a subsequent: test was mada with
uuda]utqd toxin, Frosh rabhits were always taken and
up_to six li.ltmtrzf.' wer {osted gimultaneously on the same
animal.  We believe that the resnlts indicate adequately
whether a weak or strong nacrotoxin wag present,

Lethal geffon.—This was Investigated with four toxins
only, Nos. 2, 3, 4, and 4, Young rabbits each weighing
ki were used and o preliminary injection of 0-3 ¢.om,
was made Into & vein, If death did not oecor withiv a shoct
perioed, further injestions were magde.

A. Leucooidin.—Human blood-colls obteined by vene-
{Ju_uctu.re were washed in saline, a nnmorw centrituge tybe
weing used for the final washing in order to concentrate the
leucscytes, ‘The toxin, adjusted if necessary to pH 7-7-3,
was diluted with anline to 1.2 and I:5. Roual volunyes
of cells and ftrate were incubnted for one hour in a Wrights
Dipette. The contents, after g, thorough washing fn angd
out of the Dipette, were mixed in the proporkions of 2 volumes
of the toxin cell mixtupe with 1 volume of Fpeglh human
gerum nnd 1 \'olltmg of & staphyloonienl suspension.
20 minutes' inenbation the contents were again washed out
the drop thoroughiy stirred with a platimum loop, and & film

contintned hecause it provided an ndditional funelinnal
for the phagocytes and because it was fonnd that éﬂ?sae:'ﬁa?
dilution of the cells lod to more satisfactory films, Mhe.

se of the platinitm loop was adopted heesuse the neutrophils -
E:Sr?ed tot;nrm small 5{1!11})5. and it was felt that ths loop
would demonstrate the presence of these clumps more
certainly than the naual method of drawing out a bleod-film,
With some filtrate mixburcs afber i.noubatio'n. smadl masses

tending to bloek the pipette were obaceved, These clots ware
eaught whenever possible and rubbed out into fllms for

examination.

In the eonteol filima many pho:gaoy&es woare present, often
in ehunps. With a strong lewcncidin (marked A in the Table)
all the phagoeytes ‘were destroyed in bofh the dilntions
I:d am‘? 1:14 which were employed for the routine best.
Well-stained lymiphocytes were present. Such toxins
usially produced clots, films of wlich showed masses of
almost homogeneous basophil cell debris antn.n_gl{ng'normg.l
lymphocytes, 1 this enOmendn occors in vive, it
supplies a possible exthmmtiou of fthe septic emholi so
commonty associated with staphyloonceal sepbicmemin.
Filirates morked 0 in the Table -appear to have no
desbructive action on the -lewcvoybes in sither dilublon.
B indicates & woak lauconidin ‘wmh. g)m-tia.l or almost
camplebe desbruction at 1 : 4 rnd very littls action af I ; 18,
B f{]tra.tes somebtimes produced clots which wers found
to contain many Intact polymorvphonuclenrs, 'The red
cells, axcapt in the case of oxe toxin, No, 7, wete uunfocted,

The Table indicates the amount of eash type of
toxin in the various filirates : A represents a strong

toxin; B a fesble one; and ¢ almest cornplate
absence of the toxin. In the fowlh columa an
saloclas limt_nan
5 ] pgion.
2|8 £9188| _ —
8 (Sk|2d| 85
R Sex. |Aga.| D, *
A L |+ B [M.]32] — [ Boll on butinck.
9 A (A B e [3AL} 30| — | Syeosis barbro,
s 7 sl afs (e ||+ sovore enrbunecls of
I . neok.

4 | A A+ P[ 13| — | Fatal Infectlon of lip.

3 c efs fan| 4 - Oatemnyolltiz of bibla.

n Alalo|e | M 2 | *— | Skin ovnption an Ince.

7 L O I I O I Pronbatibly,

] VAP M40 ]~ | Sl ensbupale ol
wiist,

a R A la | M) 2] — | Severe  earbunalo of

wnlalaielet nack. l

. A r| Mal 36| ~ | Syeoaly barbw of 15
| e eres yeqars' hidtory,

b3 4 BI®B ] A LA+ M 17 — | Three yoars' prymondhe
following hono Infoc-

on,

12 Al P55 + | Onehnels: sopticne-

. . mia two yours hoforg,

13 B I ] 19 | — § Savere infooted hand.

14 V 1A+ P [ 18] — | Oatoomyolitis of

. hamernsg anil
< aImnpyema,

13 Al Al o{a | M & — | Aento ogteomiyelitis
with rapld fmprovo-
mond.

18 AdAala|B |19 + | Nnsal furnnele
lto%lot{ilug many siubl

. nfochions.

17 | 8| ataln |'F.{45 + | Stye following enr~
bunsle {n Case 3, .

i3 A o [P]|23] - Slynotic condition  on
ogr.

18 BB A M |13 - Em%yc:lmn.f 1]!}11!0“'1115'
wound o [

30 YA B8 M) 85 + | Sevare carbunelo.

) 14 - '

21 Jafa LM~ B'nta,ll lzy‘ibmotabs oli! l'iack,
poselbly aftor injury.

22 A A PAH P 21| — | watal Infeotlon of Hp.

D*= giabetes,

attempt is made to indicate in 8 similar manner
the soverity of the human lesion from which the
; wes obtained : 4 ropresents a sovers
lesion such ag osteomyalitis o large carbunele, and-
A+ o cose in which thers wag svidenca of pyemia ;
B indieates a small local lesion such as & boil or stye;
%ndbc a purely superficial infestion sueh a8 sycosis
arbmw,
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.. Analysis of the Table shows that the hmmolysin
and necrotoxin vary together on the whole, but fhat
slight discrepancies may acour, 28 with Nos. 17 and 22.
Both of these gave weal: hernolysin, but the necrotoxin
bad fo be labelled a, though the reactions were
deflnitely feebler than the msjority in this class.
These slight diffecences tend to support Parker Weld
and Goother in their contention that the hsmolysin
and necrotoxin are distinet. ;

FOUR ((ROUPS OF STRAINS.

Comparison. of the hmmolysin and leucoeidin
permits a division of the sirains investigated into
four groups :—

1. Those with high leucocidin and low hemolysin,

2. Those with high lewcocidin and high hsemolysin,

8, Thosa with low lencocidin and high hemolysin,

4. Those with low lencocidin and low hamolysin.
1t is advaniageous to compare these groups with the
types. of humen lesions from which the strains were
derived. :

Group 1 cousists of seven strains (Nos. 3, 4, 9, 11,
14, 17, 22) with strong leucocidin and weal hermolysin,
All these strains were obtained from severe lesions,
the only exception being No. 17, whiel was grown from
4 small stye, following a carbunele from which No. 3
was obtained, and it is to be presumed that the two
straing were identical. All the four strains from
pymmic cases fall in this group and inelude two
gtraing from rapidly fatal cases of earDuncle of the
lip. The sasocintion therefore of this class of toxin
with virnlent disease in man is remarkably constant,

Group 2 comprises thres strains (Nos. 1, 8, 18}
rich both in leucoeidin and heemolysin. Two were

.derived from g common, small single boil, and one

from a small earbunele, of short durafion, which
yielded rapidly to treatment. The fow strains of
this group in our Table may be.dus to the fact thab
these were the only cunltures examined from this
common and perhaps most typieal staphylococeal
lesion in roan. .
Group 3. —Straing with weak lencocidin and strong
heemolyrin (Nos. 2, 6, 7, 10p, 12, 15, 18, 20, 21).
These astraine were obtaineéd from lesions of very
different meverity but some classification is possible.
The most definite finding is that all the syeosis cases
fall within this group—mnamely, 2, 6, 10D, 18. No. 7

“may well be a secondary infection ; No. 15 eame from

8 ease of acuto osteomyelitis which eleared up rapidly

after operstion and withoub complication.” No. 21|

waa ebtained from a baby of 14 days with a sfrong
suepicicn of injury and presumably poor vesistande.
Nog. 12 and 20 both came from earbuncles in.elderly
diabeties. :
Group 4—DBirains weak both in leneocidin and
lmoekysin (Noe. 5, 102, 15, 10) have some clinical

evidence of a saprophytic origin; 10 grew in pale]

wvalonies and was izsolated from strain 10D which yielded
-2 sfrong hemolysin. Nos. 15 and 19 both came from
infected wounds, one of the hand, the other of the
thorax. No. 5§ sbrain is unique in our experience in
+that it produces no heemelyain at all and no detectable
lencocidin, It was derived from an osteomyslitis
lesion in & child of 8§ years. It is difficult to account
for the appearance of this strain and its inclusion in
‘This group. A sfreptococcus was subseguently isolated
Arom the -pus of the case, bubt the staphylococcus
was obtained {Gwice from easlier specimens in
apparently pure culture. )

The lethal action for vabbits was tested in the case
-of four ftoxine only. Nos. 6 and 2 were chosen as
‘being strongly luemolytic and feebly leucocidal, Nos. 4

and 3 as being of the reverse order; 0-5 c.em: of the
hmmolytis toxin No. 6 was given to two rabbits, the
first died in three minutes, the second showed symp-
toms, but recovered and was given n further 1 ¢.ecm.
twohours later, Death was alniostinstantansous, The
other hemolytic toxin No. 2 killed a rabbit in two
minutes, Leucocidal toxin No. 4 was given to two
rabbits inv doses of 0'5 e.em., followed two hours later
by 1e.cm. and 30 minutes later by a second 1 c.cm.,
without effect. Similarly toxin No. 3 showed no
lethal action, . -

It appears therefore that the lethal aetion of o
toxin for rabbits runs parallel with the neerosing
effect on the rabbit’s skin and the hemolyiic titre
for rabbit red cells, but is distinet from the leucocidal
action om human white cells.

Oultural characiers—The separation of 22 strains
of stapliylocccei into four groups on the basis of
toxin production suggested the posaibility that cultural
difierences might he defected for the growps. The
full culiural characters of 16 strafus were investigated.
In the fermentation reactions of the 18 earbokydrates
selected all showed complete uniformity., A faw
gtraing acidified bub failed to olot millr, and three
atrains (Nos. 7, 8, and 18) failed to liguefy gelatin.
There was fhus no association between cultural
characters and tfoxin yproduetion. The peculiar
stroin No. 5 which yielded no- toxin gave typieal
cultural reactions throughout.

DISCUSSION.

Anfitozin  produciion.—In a recent paper with
Mr. V. W. Dix the use of an antifoxis sevum prepared
for us by Dr. G. ¥, Petrie was descxibed. This serum

was derived from a horse inocwlated with & single

strain foxin of high hmemolytic titre. It twas shown
to have the power of neutralising both the hemelytio
and neerosing properties of the toxin, The toxin
was that derived from strain No. 1 in the Table,
and +was subsequently found to have a high lencocidal
titre algo, Titration' of the concentrated oanti-
gerum against novmal horse serwm showed an anfi.
lencotoxio power of 20 to 1. The selection of this
toxin for immunisation was thus, in part, & matier
of ehance. It is, at lenst, suggested that the most
important Goxie Iraction in severe human lesions
ia the leucocidal, and it is possible that a more potent
serwm might be obtained from the use of a Group 1
rather than a Group 2 toxin.

-In our deseripbion of the toxic action wpon the
leucooytes we have suggested {hat the tough maero-
scopio clota found in vitro may be a source of pysemic
emhboli in vive. Dr. Patrie’s antitoxie serum seemed
most efficacious in the pymmic cases and we noted
at the time the complete cessation of metastatic
abscess in all the cases so freated.

Oonstancy of foxin production..~The 22 staphylo-
goceal strains have been divided inte groups on the
basizs of the proportiemal production of hmmolysin,
with which are associated necrofoxin and lethal
toxin, and of leucocidin. Only four main divisions
are possible and all are represented in owr strains.
It con be said thersfore that the staphylococcus may
put out nmeh or litfle hsemolysin or lewcotoxin
or both, and any classiBestion on thess lines wonld
be without meaning unless these outputs are constant
for the afrain. 'We believe that toxin produstion:
by the strain is constant within such Limifs as we have
been able to sxamine them. The majority of thesd
strains have been isolated for some months, from many
of them fresh toxins have heen periodieally preparad
on, diffarent occasions and no serious alteration in the

x2
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relative proportion of hemolysin to Ieuvcocl_tlin bhas
ever been proved,  The peeuliar strain, Xo, 5, which
grows in unusnally small eolonies on sgar (though
In its general oultural properties identival with the
other strains) wus twice izalated from the snine potient.
The Group ! strain No. 3 isolated from a carbunela
was again obtained from 2 stye in the same patient
four months later. The association of certain classes
of toxin produesrs with certain types of limman lesions
is, we thiuk, as close as eounll reasenably he expected
in view of the comparative crudity of our measure-
ment= awl of vagdations in the resistance of the
individuals affected, aud sueh association sipports the
belief that toxin production is 2 constant, ot any rate
for the period of infeetion, Clinieal instances also
aeeur 1 us of the aceldental transfer of similar
staphylocoveal lesions from ane person to another,
for example, o nursemaid with » stye transferring
to & chilit un identical lesion or & small superficiol boil,

Toxin und eell species—A survey of the liternture
shows that, in estimating toxic action, the animal
speeies from whicl the test cell waz derived seems to
liave heen cimsidered a matter of indifference. Rabhit
red and white cells were employed by XNeisser 7
and Wechsherg, and subsequently by others, while
Julianelle 3 compares the lethal action on mice or
Tahbits, the luemolytic titre for home red cells, and the
Ioucoridal action wpon guines-pig cells. Ve find that
toxins with a high titre for rabbit cells commonly
have a lower titre for sheep cells, and may have no
aetion upon human cells, The titre for rabbit oells
often reaches 1 in 500, that for hwmnan cells rarely
attains 13n 3, Previvus saturation of a toxin strongly
luewolytiv fur rabbit and inaetive for human red
vells with hmman cells does not reduce the rabbit el
titre. Itis true that a clear zone often appeavs around
staphylocoeeal colonies on human blood-agar plates,
but only one of our 22 straing yielded s titre for hluman
vells of any stremgth. This toxin (No., 7) gave
Incomplete hamolysis throughout with g trace up to
1 in 800 and saturation of tlds toxin with hnman
cells did not seem to affect the subsequent titre for
rabhit red cells. It appears that human and rabbit
Ted cell hmolysins are distinet, and thot staphylo-
coeeal toxin ravely acts upon the hwwman red cell
in vitre, The lencocidin was tested against human
cells, but in some instances was tried against rabbit
white cells also. Jt is diflicult to compare these
Yesults ; the Luman cell experiments wera clear-cut,
the rabhit cell results may have been prejudiced by
the juemolysis which was nearly always present, and
by what appeared to be the necrosing aetion of the
toxiu impused upon the leucacidalaction, It appeared
that toxin lencoeidal for human cells destroyed
rabbhit cells also, but toxing with low titres for human
cells hal considerable action upon rabbit eells. There
Was sume histological sugpestion that the main effect
of the latter toxins was rather upon the cell membrane
than o disruptive setion upon hoth nueleus apd
c¥toplism as would seem to he the case with the
Group 1 toxins,

TREATMENT,

The ussoviution of certain combinations of toxins
with certin types of stuphylococeal infection sngpests
differences in the speeific trent ment of these conditions,
We have found the employment of an antisernm to
be chiefly effieacions against preewie infections and
have already indicated our befief that the important
antibody in the serum is probably the anti-leyeoidin,
The syeosis eases were, ou the contrary, all associnted
with o strong hemolysin and a weak leueocidin,
Thesse cases notorionsly respoud badly to vaceine

treatment and are sometimes made worse by if.
There is also some suggestion that they do worse
with an autogenous than With a stock vacoine. In
these infoctions the hemolysin may he assagiated with
the sensitising factor to which we- have previously
drawn attention.® It appears to us that f,reabmeut
with toxoid in these and possibly in ofher
staphylococcal lesions i more ratiomal fhan treat-
ment by vaceine, and that in the sycosis cages the
toxoid showld contain leumcocidin and possibly the
minimmm amount of hemolysin, "We have troated
only two such cases bub both wers carefully selested.
as exsmples of extreme chronicity, widespread Jesiona,,
and resistance to every form of treatment. The
result in hoth cases has been sufficiently encouraging:
to test the method further. Immunisation by toxin
or toxoid is, in theory, preferable to vaccine therapy.
The vaccine dose comprises a rvoughly caleulatad
number of dead baoteria, and a very uncertain amount.
of toxins, mixed in quite unknown proportions. The
dose of foxold con be accurately memswred and by
& choica of toxin the relative proporticus of the
different constifuents can be chosen at will, The
comparative valees of foxin and vaccine treatment
can only be determined by thorough elinical trial.

SUMMARY.

{1) Toxic flltrates have been prepared from 22
stroins of Staplylococous gureus. Their oapacity to.
hiemolyse rabbit red cells, necrose Tabbil’s &ltin, and
destrey the leusceytes in human blood .hag besn
estimated. (2) The results confirm the fndings of
others, that the heemolyein and necrotoxin vy
closely together with no relation to the leucocidi.
(38) The lethal action for rabbits, when investigated,
was found to vary with the hmmolysin content of the
filirate. (4) Comparison with the humaen lesions.
indicates that strains yielding sfrong leucocidin and
weak hemolysin are commonly associatied with acule
severe fufestions and the reverse eombination . with
long-standing superficial infection of the sycotic
type. (5) Up to the present no avidence of variation
in the qualifative production of toxiis by the atvaine
has been cbtained. (6) Suggestions as fo possible
liues of treatment are disonssed,
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Collula X1..

Luxacy v T™aE IRISH FRER STATE.—According
to the inmpection Teport  submitted to  tho Ghrange-
gormun Menbal Flospital committee there is a continnous
increase in the number of rersons in the Yree Stato
of unsound mind ; the two institutions of CGranpegorman
and Portrane contain 8750 patients from the - countles of

repord  conbinues =

of the population is a etient of & pudli

n ai«;ld,ibion, themi1 are rf & in prionie S,
Workhouses, and Lospitals, ang & lafge number are hidden
aWay in private homes, Add to this the number of nurses,
attendants, and obher officials en%aged in the work of these
asylums, and you wilt ebproach closely to & figpure of one n
cvery 100 of the population pop only dead {0 the State,
buat acteally n hurden to the State, A Bguve of one in every
800 would he a more normal Iavel.’* ad lhousing js
suggested as one of the cnuges of mental disoyder, ’
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