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ON_STAPHYTOCOCCAL HAFMOLYSING

~ INTRODUCTION

Reférence is made by Nélis, Bouckaert’and Picard (1) to Arloing
and Rodet and coufment, who in 1891 and 1892'£¢spective1y investigated
"poisohs" Whiéh produced a'fesemblancé to staphylococcélfinfeétion énd
‘which stimulated. the producﬁion of suppurative lesions, in laboratory anim-
 &13. However, the credit fo; recoghizing the toxigenic capacity éf the
'staphylococéi should befgiVen'to van de‘Velde (2) who in 1894 repdrted the
ydiscdﬁery of;a,leucocidiﬁ which caﬁsed the deStruCtion of rabbi€ léucocytesa
“The disruétionibf rabbit erythiocytéé caused by staphylocdcéal filtrates
was noted in the following year‘by Denys and v?n de Velde‘(S) who also dem-
'onstrated tﬁe production of épecific antibodiés to the leucociéin by the

subcutaneous 1ngect10n,of flltered broth cultures of Staphvlococ01 pyogenes.

“Some years later the necrotlzlng, lethal and haemolytlc propertles of £il~
trates of}certaln strains of staphylococcxxwere separately noted and des-
“cribed by Nicolle and Césari (4), Parker (5), and Russ (6). »Alﬁhough these
‘several pathogenlc effects of staphylococcal flltrates werewreported att—
;entlon was not drawn to thelr,p0551ble relationship to human infection, and‘ :
“indeed in théfenéuing years bnly:occasional references are made to these
toxic factors.‘ The enquiry into~the Bundaberg disaster in 1928 (7) clearly

Fascrlbed the deaths of twelve among elghteen children following the 1n3ec~ |

"1t10n of dlphtherla toxin—antltox1n mixtures contamlnated by staphyiococci

 to the presence of preformed staphylococcal toxic agents. This_focussed

‘,attention again upon the pathogenic significance of these agents.. Follow-



-2~

ing the Bundaberg enquiry Burné{ (8) showed that a true exotoxin was pro~-
duced by some strains of staphylococci grown under apprepriate conditions.
Burnet aléo contributed valuable reports on the preparation, properties,
and~interactidns)of staphylococcus toxin, toxoid and antitoxin (9, 10).
The clinica; applications of the entigenic properties of this toxin were
soon afterwards investigated by Dolman (11, 12, 13).

The toxié effects described’by the foregoing Wprkefs wefe at first
believed to be manifestations of 2 single toxic entity (8, 14, 1). However, -
several workers, 1nclud1ng Parker (15), Burky (16), Woolpert and Dack (17),
Bigger (18), and Panton and Valentine (19) found evidence suggestlng that
the haemolytic, necrotizing, lethal and leuc001dic effects: were attributes
of separate entities, while Dolmen and Kltchlng (20), Morgan and Graydon
(21), and Llewellyn Smith and Price (22) reported that the rabbit red cell
iysin might itself represent more than one component. MWeanwhile evidence
accﬁmulated that a fibrinoiysin, a plasma-coagulase and an enterotoxin, or
food poisoning substance, might also be elaborated as distinct entities by
some gtraing of fhe staphylococela ;

References in the‘earlier literature to the‘different suscepti¢
bilities to lysis by staphylococcus filtrates of the red cells of various
animal s?ecies pointed to the possibility that sevefal haemélysins might be
present in such filtrates. Glenny and Stevens (23) showed that the ability
- of certain filtrates to‘gause a ®hot-cold¥ lysis of a sheep cell suspenéion
could be correiated with an erythrogenic action upon the skin of guinea-pigs.
Unlike the rabbit cell haemolysin, which acts promptly upon cell suspensions
incubated at 37°C., the sheep cell haemolysin exerts its op;cimal effects

when the cell suspension is exposed to refrigeration temperature after a
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preilminary incubatlon at 5700e This factor cau81ng the hot—cold lysis of
sheep cells and erythema on subcutaneous injection into a guinea—pig, Glenny
‘and Stevens dgs;gnated beta~toxin, and they suggesbed. the term aIpha—toxin :
for’ﬁhe lethal,ﬁnecrotizing;énd rabbit re& cell‘lysin of the earlierkworkeré.
,’The‘Beté—toxin of Glenny énd'Stevéns was later shown'by Dolman and

Kitching (20) and by Llewellyn Smith and Price (22) to have a delayed lethal

éffécf‘upon rabbits. However;‘although beta-toxin waS‘Shownrfo be obvious-
1y pathogenic, aﬁd alfhougﬂ its aﬁtigenicity,in humans was suggested by the
presence of uhusually high antitoxin‘contént ih random samples of human
serum,‘and its’anﬁigénicity‘in rabbits clear}y demonsirated by the injec-
tion,pf~a’formalinizéd toxin"(ZQ),‘its poSsiEle roié_in staphqucoccal‘inrff
fections has not been‘in§estigated¢ Such invesﬁigatidné have been coﬁplimb
cated by the fact thaﬁ‘ﬁany toxigénic“strgins of'staphleQOCéi‘produée both ~
the alpha énd beté—thihs:kthus the relative significance of each ébmponent
in the causation of ihfectio# or the prbductiéné;f immunity is difficult to
ascertain. Moreover, the titration of either of thése components in the
preSencenof the othequas no simple matter dhtil;strainé producing mono-
véTPnt toxins.‘and hence monovalént~antitokih59 bécame available;- A'more'
:thorough appralsal of the antigenic and pathogenlc propeftles of the beta»
“,tox1n, and of the optlmal methods for its productlon and tltratlon, was
‘rendered p0881ble by the avallabllity in this department‘of a large variety
of staphylococcal strains of knoﬁn~toxigenio capacities,‘inciuding one
straln which produced only the beta—toxln.
. # The method of beta—toxin production used throughout these studies is

the modified Burnet method descrlbed by Dolman (11) as most suited
for alpha~-toxin production. :
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PRELIMINARY OBSERVATIONS‘ONVTHE MECHANI SM
OF HAEMOLYSTS BY STAPHYIOCOCCAL TOXINS

In view Qf ﬁhe fact that several pugzzling features about the
action of the staphylococcal toxins on animal red cells were encountéred.at
the outset of this work, and since comparatively little seems to be known
abéut the mechanism of haemolysis in general, numerous efforts were made to
throw light on these phehomena; with only partiazl and tentative success.
As a iarge proportion of the experimental work reported in this thesis in-
volves titrations of the haemolytie power pf filtrafes upon red cell sus-
‘pensions, & brief summary-of these obéervations seems warranted. Ponder
(25) statess "The consensus of opiﬁion emong -micrurgists seems to be that
thé cell has an investing pellicle, eontains pigment in solutiOn,‘and}is
otherwise devoid of structure"., This statement is substantiated by evi- '
dence that mobile organisms have been seen to move fréely,within the
tghosts" of haemolysed cells, but were unable to escépe due to the presence
of a Surfounding membrane. Although the custom has been to regard the cell
as inert and to look upon its lysis as a physico-chemical disruption of the
cell membrane, it is also possible that soméTCOmponent of ﬁhe red cell
reacts specifically with staphylocoecal lysins. Any conception of the
mechanism of lysis must satisfactorily account for the difgéféﬁt manifesta—
Jtions upon red cells of two separate and distinet lytic agents, the alpha
and beta toxins,

Under these conditions alpha lysin causés a progreséive, rapid
’lysis of rabbit erythrocyte suspensions, which cease to be opaqueg‘and be~
come clear red. This form of lysis can be explained as due to & progress-

ive destruction of the cell membrane as a result of & selective adsorption

of the lytic agent. In titrating the alpha lysin, various workers (8),
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(20), (26), (27)s have advocated the use of a 1% rabbit suspensionvand an
fincubatidn time of 1 hour at 57°C.,.the potency of a filtrate being evalu-
ated in terms of the llmitlng dilution causing either complete or 50% 1y31s.

on the other hand, there has been no standardization of the meth~
ods of titration of the beta_toxin mainly because little C1inica1 importance
has been,attributed to this factor, and hence less laboratory work has been .
done ﬁponeits properties° vThe action ofkbeta toxin is sﬁecifically upen
sheep cells, (it has no apparent effect upon rabblt cells) and lysis here
,arlues as a result of two processes. a prlmary exposure of tox1n and cell
to a‘temperature of'57 Cos f0110w1ng'whlch there is ne_v1sib1e change; end
a secondaryfexpesure:to a lower temperature, when:lysis'oc:ers. ~In the
beta toxin-cell reaction;it weuld~seem then that there is.e progressiie sel-
ective combination of the toxin with the cell membfane which is insufficient
to cause disruption, but which disturbs the cell structure so that on lower-
ing the temperature haemolysis results. TIn both rabbit end sheep cell haem-
"olyﬁic‘SYStems a "red‘iysis"’oecurs and there is no decolorization of the
‘heemoglobin. | 4

However,eon;sheep blood agar-plates the alpha toxin‘ﬁroduces a
clear decolorized'area; while the beta toxin produees‘zonee“WhiCh’may\beﬂ’
"either paler,or:darkerbin colour then the original blood agar, but which
will not become clear except'wheﬁ the plate has been transferred abruptly
fromiincubation to refrigeratioe temperature, in which case a clear deeOIefé
ized areakm&y'develop at-the margin of the diffusing bete toxin. = This
elearence under such circumstances is believed to*repreSent;the same phenr:>
omenoneaeAthe hot-cold lysis of sheep cell suspensions by beta-toxin, Sev;

eral Workers,’including Bryce and Rountree (24), Naidu (28) and Kojima and
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Kodama‘(29); have diécuSSed the significancefyin teris of the alpha and
beta toxins, of ﬂhe various typeé]bf haemolytic énd clearance phenomena
‘produéed by’étrains of staphyldcocci grown on~sheep blood agar plates. It
is,nbt p?oposéé;to reviéwktbis question, butb it would appear‘from unpube
lighed studies by other ﬁorkefs‘in this‘Department thaf the.haemolytic and
clearance phenomena on blood plateq cannot be regarded ag’ 81mply due to the
combined effects of the alpha and beta tox1nse

x~'As it was known that qertaln of the decolorizatibn effécts ﬁfo-
’duced by staphyiocpcc&l a;pha‘toxin on!blood”agar éan be reproduced by
hydrogen perox1de brought into contact with the blood agar, the possibili-
tles of 1ndu01ng similar bleachlng of red cell susoen81ons by means of
hydrogen perox1de were 1nvest1gated. o
|  Sufficient hydrogen perox1de was added to a sheep erythrocyte‘
suspension«to cause‘camplete depolorlzatlon of the cells. The_calls‘were
then dbsérved Under the microscope to be still intact~énd unBrokén; Addi-
"tioﬁ,of é few drops of,N/l NaOH solutién,'which was~expected to dissolve
the’qéll stfoma, left the suépénsion colofléés and opaque. When sheep ery—
throcytes which.had been haemolyéedeith»watef were treated in'the s&me
"mannér; thg decblorized cells were séen to Be fragmented; Whiie on addition
,of‘NaOH SOlution thé>suspénsion became completely clear, saggesting ﬁhaﬁ
the‘fragmented sﬁroma héd'passed into solution. When alpha toxin is added
to‘the inﬁact Célls already decolorized with HzOg,fhen NaOH so1ution‘is
‘addgd,‘theVSuspensioﬂ becomes only partially‘c1ear,_suggestiné that not
vali of‘the cell sﬁroma hés gone into?solutionJ ~On the other’hand,'when
.beta tox1n is used in place of alpha tOX1n, the opague suspension becomes 4 

1mmedlately clear on addition of the NaOH solution, 1ndlcat1ng that the
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cell stroma has been completely dissolved. These findings may be summar—
| ized as follows:— ’ ‘ ' ;
Intact cells + Ho0»

(suSpen61on colorless and opaque + NaOH remains opagque -
(cells remain intact

‘Haemolysed cells + HQOg

(suspension colorless and opaque + NaOH becomes clear
(cells fragmented v ,

Intact cells + HpOo+ alpha—-toxin
(suspension colorless and opaque + NaOH partially clear

Intact cells + HoO2 + beta—tox1n

(suspension colorless and opague +\Na0H completely clear

The more ready diSSOlution of the cell stroma by NaOH solution in
lthe presence of beta-toxin geemsg to 1mply that the 1atter comblnes with the
eell stroma in some menner which may render it more susceptible to dlSSOIUP ,
tlon, not only by NaOH solutlon, but also perhaps under the stress of a tem=-
perature fall, such as -occurs under the exPerlmental coneltions necessary :
for hot—cold 1ysxse~ V
E EAILOE OE

In 1909, Welbum (50) noted a delayed lytic effect of staphylo—

7‘.7

BETA~TOXeN BY_HAEMOLYTIC“METHOD

leeceus tex1n onfgoat erythrocytes, llttle or no haemolysas occurred after
ltwo hours incubation at 57 G., but after being left at room temperature,

& merked exten51on of the haemelytlc end-point occurred 1n the tox1n dllUP
tions. There was no further mention of such a phenomenon until 1927, when
,Bigger, Boland and O'Meara (31) reported a similar peculiarity manifested
‘Byesheep erythrecytes as due to the action of a staphylolysin, ThiS'lySin

acted'on sheep and human cells at cold room, eir and body temperature, bub
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the‘highest~titree Were obtained by incubation at 5700. followed by expos--
,ure to air or refrlgeration temperatures. Then, in 1955 Bigger (18)
using sheep red cells, further described toxins which ‘gave characterlstic
;jreadings depending on the temperature and duratlop‘offfour incubation per-
iodst {i}.gfter air teﬁperature for one hour; 2. after 37°C. for one hour;
B after‘air'temperaturevfor'another‘ﬂour; and 4, after oﬁernight at .air
'be‘mpera‘turee Tt is quite probable that the foregoing qualities attﬁbuted
to staphylococCus’fiitrates;afe due to the bete-component which Glenny and
”Stevens (23) in 1935 described and demoﬁstrated to be specificelly'antie
genlc and separate and distinet from alpha—tox1n. |

Y Glenny and Stevenu advocated reading the haemolytic tltratlons
:ﬂabout l,hourn after‘tubes had been:removed'fromwthe water-bathzat 579@.
to which they ﬁere first exposed for 1 hbur; Although ﬁhey douﬁoﬁwspécifi-,
eaily so state, it appeafS‘thet the secona hour of expoeure ﬁaeyto room
teﬁperat.ure° They also stete‘that although "it is poeéible to read the re-
‘sults of mostetests'about 1 hour laier," ;Q;'"theyfinal feediﬁg‘is taken oﬁ
the following dayﬂge,They claim a trade of geemOIYSis>is the,most conven-
. ient/end—point; QGienﬁy and Ste&ehs did’ﬁbt‘have the advahtage’of a mono-
~velent‘beta—toiin'prodﬁcing strain to wofk'with; and their protocols are
therefore\COmplicated Ey'tﬁe‘need to neutraiize out thetalphantoxinfinAany
filtrate’ﬁnder‘test with an eppropfiate antitoxih; Lleﬁellyn Smith and
Price (22) made their reedings;of the "hotecoldﬁ lytic‘end pointfafter
1 hoﬁrrof incubation in a weter baﬁh at 57009,:fqllowed‘by ovefnight stand-
ing'etfroemrteﬁperaﬁure. They do not‘indicate'the degree of haemolysis'
taken as. their -end-point, merely statlng that "a certaln percentage of red

cells usually remain unlysed®,
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Recently Wilson (52) suggested using a preliminary 1ncubat10n of
5 hours et 57°G., followed by overnlght at refrlgeratlon temperature, stat~ :
ing as his reason that such conditions give the maximum manifestation of |
beta—haemolgsls.; In vieW'ofefhe_many variations proposed in the conditions’ o
'for;titretingkbeta;toxin, it was thought adﬁisable that the effect “of diff-
erent‘conditiohs'should be studied‘in order to ascertain the’optima1~méthod;

(a) Effect of Changing the Duratlon
of. 1 in Ve ]

In this study of the haemolytio titration of beta-toxin, strain
J 32, which is unusual in produc1ng only the beta=component, was used '
kthroughout. The results set forth are repreSentative of titrations re-
'peated many times for confirmationoj ’

Titratlon of J 32 Filtrates with Sheep Red. Cells

| Procedure-— 0.05 ce. of & l/lO saline suSpen31on of thrice-
washed packed sheep erythrocytes were added to 0.45 coo of ‘a geries ofi
7 semi~dllut10ns of the toxin, the diluent being phy51ologlcal sallne. The
series of tubes were 1ncubated‘ate57 e in atwater bath for different
'lengths 6f time and were then plgced'into af;aoer~beth kept at from 7 - lO°
C. by eddition:of ioe cubes, Presence of haemoly51s before cooling (if any)
was noted, and the titratlons were read after 1/2 to 1 hour in the water
bath and again on standing»overnight at refrigeration temperature, The
’résults(are recorded«in~Teble 1.

In accordance W1th WllSODVS contention that incubatlon at 5700.
for 5 hours and refrlgeratlon evernlght gives the highest tltres, the re-
: ISults of,the,above~titrations;show that'such conditions do give haemolysis
Vin‘the gfeateet number of tubes. What Wilson does not report is that ‘these
condltions give the least number of tubes show1ng comglete haemolysis.

£




 TABLE 1

| EXPOSURE, /e 1/a 1/s  1/i6 1/32 1/64 1/128 1/256 1/512 1/1024 1/2048 1/4096_1/8152 _G.
1svat37%¢. § o o o o o o0 0 0o - 0 0 e 0 0o 0
plus o R o e R S :
30t at 10 C. 1 2 2 3 4 4 4 4 tr. 0 o 0 0 0
plus = : i ' R Ve sl. P
| overnight refrign. 4 4 4. 4 4 4 4 4 2 tra 0 0 0 Q
25 at 37°C. 0 0 0 0 0 0o 0 0 o 0 0 0 0 o0
plus : : . ' 7
30! at 10°C, 2 2 2 3 4 4 4 4 tr. 0 0 0 0 0
-~ plus ORI '
overnight refrigndt 4 4 - 4 4 4 4 4 4 2 0 0 0 0 0
35t at 37°C, o o 0 0 0 0 o 0 0 0 0 0 0 0
plus o. '
30! at 10 6. 2 24 2 3 4 4 4 4 2 0 0 0 0 0
plus t . o . :
overnight refrign. 4 4, 4 4 4 4 4 4 4 1 0 0 0 0
1 hour at 37°C. || © 6. 0o 0 0 0 o0 0 0 0 0 0 0o 0
plus o : : . ‘
30t at 10°C, 4 2+ B 2 2 4 4 3 3 4 tr. 0 o 0
- plus ~ . - , ' '
overnight refrign.d 4 4 B+ 4 -4 4 4 4 o 4 2 0 0 0




TABLE 1 (Continued)

Toxin Dilutions

T EXPOSURE |1/2 _1/4 _1/8 1716 1/52 1J64 1/1i28 17256 1/513 1/1024 1/2048 1/4096 178152 .|
| 2 nours at 37°C. 2 - tr. 0 0 0 0o 0 0 o o0 o o .0 0
: plus, ‘ : : ; o ~ I : o
301 at 10 Co 4 4 P R TR T S T 8 o 2+ 2 tre O 0 0
plus i o K ’ S g ' >
' overnight refrlgna , 4 4 3 et & 2+ 2t &+ ek o2t 1t sl.tr. O 0
5 hours at 37 Ce 2 tr. o o o e o o 0 0 0 0 o o0
: plus,

300 at 10°C. 4 4~ - 2+ 2 2 2 2 2 2 1+ T+ 0 0 0
pluS b . ) VGIS]-O
overnight refrign 4 4 3 2 2 2 2 2 2 1+ 1+  sl.tre 1r, 0

vesks ; ;
‘5 hours at 37°0. 5 tr. tre  tr. sletrs tr. 0 0 0 6 0 0 0o 0y}
. plus, S
130 ab 10°C. 4 3 2 I+ 4+ 1+ 4 1+ 1+ 11 1 1 0
plus : ' v ' ‘ ‘ : I
,overnight refrignd 4 3 2 2 e M 1+ 1+ 1+ 1+ 1+ N § 0]

NOTE: Im the above titrations 4 = complete haemolysis, 3= 75%, 2= 50%, 1 = 25%; tr. = trace;
sl, tr. = sllght trace; v, sl. tr. = very slight trace. Intermediate degrees of haemolysis
‘represented by pluses;and minuses. .
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fThere is what Bigger called av"spread\out">end—point$-Whose occurrence led
him to state that it was undesirable to define the Minimal Haemolytic Dose
‘a8 the least amount of toxin causing 50% haemolysis.

In/thls laboratory we have taken 1 hour at 5700., followed by
one-half hour at 10° G,, to Be the optimal: condltlons under which beta-toxin
‘mey be titrated, since these are the conditlons under whlch we found the

> 'greatest number of tubes with completefhaemoly51s,iand alsofthe greatest
_number of tubee showing_some degree of haemolysis;  Moreover, under\eeeh
conaitions, the haemolytic reedings reSemble elosely those obtained'when
iitrating~ththaemolytic effect of alpha-toxine. ,The'extension of haemol~
ysis after refrigeration overnight, as wirneesed in the above titrations,
is very constant, and therefore it ia‘believed that the overnlght readlng
’can be dlSpensed w1th, providlng there is no inhlbltory phenomenon in the ,
series of tubes. When such a zone of . 1nh1bition of lysis occurs (as e.go
‘in some of the first hot-cold readlngsugiven in'Table 1), it is adV;sable~
' to m,ake’the overnight reading, since this effect then disa@pears,in,the :
‘majority of cases. ~Sueh,inhibitionfof lysisein the tubes of a series con-
ktainihg the higherkconcentratione of toxin is mostsoften‘fOundrwhen fresh
,filtrates are used. Toxins whlch have ‘been stored at refrlgeration temper-

ature for over a month lose this abllity and glve clear-cut reactlons.

‘Mechanlsm of Inhibition:.of Lysis
by Prolonﬁation of Exposure Time

From Tehle l, there is ev1dent1y a reductlon in the haemolytic
activitjfof beta-toxin on a sheep cell suspen31on When the prelimlnary ex—
posure of the mixture to 37°C, is prolonged from one hour to five hourse

'ThlS finding, belng contrary to what might have been antlclpated and cer-

talnly dlfferlnw from the effect of the alpha—tox1n upon a rabbit cell,susm‘
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pension under simila:'conditions, was,investigated in the following manﬁergv
‘Preliminary observations showed that even overnight incubation of"
J‘52 toxin at 37°C, jdid not appreciably lower its haemolytic end—point;
and further, that ovefnlght incubatlon of a sheep enythrocyte suspension at
7°0. endered the. cells somewhat more, rather‘than less, susceptlble to
’lysis by beta~ly81n. Clearly; thls apparent reduction in haemolytic acti=
vity of the beta-toxin is not due to a progressive detoxication during the:
five hours of exPOSure’to‘57°G,; nor is it due te en increased resistance '
of fhe cells to lysis. Samplee of J 52, Wood and 24 strain toxins were
titrated'egainst a sheep cell suspension made by edding 5 cc. of~paeked B
sheep cellsyﬁo 3 cc, of J 52’toxin,diluted in 90 cc. of physiolegical sal-
ine, - This sheep cell suspension was 1ncubated overnlght at 37° Co prlor to )

uge. It was then placed 1n the waterbath at lO°Co for 1/2 hour, ‘when about‘

i 50% qf the cells lyseds The unlysed cells were washed in physiologlcal

saline and resuSpended; Parallel tltrations of these toxins were made with
a’normal freshly-made sheep.cell,suspension of equivalent‘density.' The
readings which Were\made’after‘ifhoureet 37°¢., followed by 1/2 hour at
10°C., are set forth in Table 2. | | |

Thisktable indicates that the sheep‘cells‘eipesed*overnight‘to
theﬂaétion'of beta~toxin at 37°C. ere,rendered to some degree resistant to
rsubsequent ly31s by further addltlons of beta~toxin. - The'J SP'iOXin’fails ‘ ,
to give more- than 50% ly51s under optlmal condltlons in a 1:20 dllution
with toxinrtreated sheep cells, although it completely lysed normal sheep
cells in a 1:80 dilutlon, Moreover, this 50% lysis extendswthroughout the
series of dilutions, including the control tube; where toxin treated cells

are used. Tt would appear that such treatment of the cells renders them



Toce )

4 4 _4ﬁ B B

TTOXIN | EXPOSURE 13720 1740 _1/80_1/160_1/320 1/640 171280  1/2560  Control.
) : N GQ B ¢
J 82 | 1 hour.at 379C. ;0 ' 0‘, Q 9 0 0 . 0 0 9
: L 1.0, © o 0 o0 0 0 0 o o
plus . : ,
e N.Co 4 4 4 g 5"‘ l : °. 0
1/2 hour at 10°C. o ° ; i ®
A TTe. | o2 2 2 2 2 2 2 2 2
os | 1 nhour at 57%, N-Go | 2 sletreslir. 0 0 0 0 0 0
1 o T.6. | &8 2+ trs O 0 0 0 0 0
plus FRREE R -
Sl 4 4 24 2 2 4 2 4
1/2 hour at 10°C. . ,
5 5 2 2

.Co = n ormal sheep cell’ suSpension :
T.6. = heep cell susPension incabated overnlght with beta—tom
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:liable to subsequent epontaneous Lyeis from the effects of adsorbed beta-
‘;toxin (whiCh separate experiments‘indicated could'not be removed by repeated
washlng of the cells Wlth physiological sallne) VOn the other‘hand,‘sheep

”cellu contalning sueh adsorbed beta-toxin remaln at least partially resis-
tant to lysis ‘when suspended in fresh beta—tox1n. The 31milar reduction in
lysis menifested by 24 toxin (containing bothialpha and beta-lysins) under
thesé~conditiees iﬁdicates‘thatlthis phenomenon is not only ﬁanifested when .
‘subsequent exposﬁre‘is to beta—toxin of heﬁologous strain.

o This rather remarkable effect, which merlts further study, must
;not be confused with the zones of 1nhibition of lysis sometlmes ‘encountered
k in the tubes of a titration series contalning the stronger concentratlons
iof toxin. The cause of these latter zones has so far eluded analysis.

Effect of Ghanges in Initial
and Subseguent Temperatures of Incubation :

),‘

k Whlle Table 1 1ndlcates that 1 hour of initlal exposure at 379C,
is the most suiteble period for clear—cut flnal readlngs, the possible eff-

ect upon the end—p01nt of alterlng either the 1nit1al or the subsequent

@

temperature to Wthh titrations were exposed requ1red further 1nvestigat10ne
'USlng ald 52 flltrate, hot—cold Lytlc readings were made under the standard
‘conditions already descrlbed; after 1 hour at 37 C° followed by 1 hour at
room temperature (2500.)5xafter 1 hour at 23°C. followed by 1 hour at 10 G;;
- after 1 hour at 45°C. followed by 1 hour at\15°C,5~andkaleo~after 1 hour at-
45°G;*followed by 1 hourlet room temperature. A representative series of |
‘titratiens are‘set forth in Table 3. Overnight readings are omitted, al-
thoﬁgh‘these were made,‘sinceythey~show Tittle chaﬁge,“in any instance,

over the readings made under the test conditions.




TABLE 3

EFFECT OF GHANGES IN: TEMPERATURE,EXPOSURE UPON THE LYTIG ENDPOINT

N

Tox1n Dllutlons :

\EXPOSU’ RE _ i /2 /4 1/8 1/16 1/52 1/64 ;[128 1/255 1/512 1/1024 1/2048 1/4096 "
1 hour at 37°C. S L . | =
plus 4 2 I+ 2 2 4 4 3 3 4 2, 0

1 hour at 10 Cs

o
| 1 hour at 37 C.

T plps 4 3 1 1+ 1+ M+ 1+ I+ 1+ tra 0 0
1 hour at 25! %, Lo S T ~
| 1 hour at 25 G. : : S o , : ER :
pluS o ) 7 4 4 R ) 5 'tI‘. ‘bI"p 0 O 0 0 0 ) ; . 0 ‘ 0

: l ‘hour at 10 Go

o
| 1 hour at 45 C. e AP | - |
plus o 4 4 4 4 4 4 4 4 4 & 2 0
1 hour at 15 G. ‘ : ' ‘ :

‘1 hour at 45°C. || , _ : ‘
plus 4 4 3 2 1 1 1 1 1 tr. 0 0
11 hour at 23° C. i ' L : : ,
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rThe temperature fall of 30°PC. from 4506, to 15°G, approximates
that from 37°C. to iOOG. and the-haemolytic end-points obtained under these
two sets of condltions are similar, the main difference between the two ser-
'ies lying in‘the disappearance of the inhlbltory zone of lysis when the
initial temperature of incubation was 45°C, However, although;this aboli~
tion'ef theyinhibitery effect might seem to point to an initial temperature
of 4506.’beingrpreferaele tvone of 37°C., it seeme'pessible that the higher
;,temperature readers the red cells moreJsusceptibiefte"lysis by any lytie
’eagent, so that there may te‘a tendency for readings made underithese condi-
tione'to be coloured]by‘non-epecific Lfsis, The fact that the first 3 tubes
of the series show some Lys1s after l hour at 45 G+, before’ any lowering of
:temperature had occurred, supports thls view. When the 1n1t1al temperature
was 25°C., and the subsequent temperature 10° C., the flnal titre given was
very much lower, thus again 1nd1cat1ng the 1mportant 1nfluence of the init-
jal temperature upon the end—pelntai~ ‘ | ;

Effect of Formalin on getantoxin

’ The rate of destructlon of the haemolytlc act1V1ty of beta—tdxin
due te'theﬁeffeCt of formalin has been reported by several workers (24, 22)
particularly from the standpoint of the antigenic capacity of the toxoided
,materiale Bryce and Rountree in their investigations’into‘this question‘
noted - that beta~toxin in the presence of 0.5% formalln is completely con=
verted into tox01d at the end of four days. Llewellyn Smith and Prlce, S
however, stated that the action of formalin on bete~toxin is much slower
than on alpha~toxin and leaves thekantlgenlcity almost unimpaired, while
destrey;ngf the toxieity for sheep cells. No attempt has been made hitherto

to compare the action of formalin on the variquselytie factors contained in
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lstaphyiococcai‘filtrates of differentfstrain origin. It was hoped that o

such a study might lead to some enalytical clarification of the meny haem-
" olytic nhenomena manlfested by such filtrates. Incidentally, it was hoped
ryuthat some light might be thrown on the troublesome reactions which at tlmes-
result,from;CIinical treatment with toxoided filtrates, whose alpha—toxin
component has ceased to be deteotable,'bﬁt which fetain residual beta~-toxin.
g;ocedﬁrezy

| 25 ce. quantitiesvof~£oxins from strains Wood (alpha—toxigeniof
‘only), %4 (alpha and beta-toxigenic), Barss (alpha and'beta-toxigenie)~end‘
k J'52 (beta—toxigenie‘onlj)fwere distribuied into rubber-stoppered vials. |
One set of vials received no added formalin, while to other sets 0.1%, |
0.5%, O 5%9 ‘and 1.0% formalin reSpectlvely were addede Aliyv1als were

fes bam»’g fested at- APFraprmte mtervals .
Ee sheep cell tltratlons were read

then placed in the 1ncubator at 57 C.,
~at the end of l hour of 1ncubatlon at 5700 ("hot—cold“ sheep cell lysin)
The titres of the three ly31ns remainlng at stated txmes 1n the unformallnw
ized toxins are set out 1n Table Ba In Tables 4 and 5 are glven flndlngs
for the toxins to which O. £% and 0.1% formalin respectively had been added.
- The results in,tOxins'to;whieh 005%7formalin had been edded~were‘inpermed=
,‘iatevbefween the two foregoing, while the findings with l%?eddéd férmalihf
were qualltatively similar to the results in the 0,5% formalln series and
it seemed unnecessary therefore to 1nclude these. | ‘
Additlonal complete~8ets of toxins 81m11ar to the above were. seﬁ .

" aside at room temperature and also in the refrigerator, and were likewise

3 submitted to tltratlons of residual lysins at 1nterva1s. The extensive
‘E:tabulatlon which would be involved in recordino all these~findihgs seeﬁeo‘

eohardly warranted, since the general effect‘offthe lower temperatures on.



[ TOXINS WOOD BARSS 732
No. Days T R N :
Incubated-. || To , BB Cesa ) T DeSe CoBe tTs - HeSe CoSe iTo heSs CuSs
o’ 6000 50 60 | 8000 1000 8000 | 4500 500 4000 | O 0 512
2 tr. 0 0| 200 500 1500| 25 150 1000| 0 O  5l2
3 slatre O 0| 52 500 1500 4 s 500} 0 0 500
4 o o ol 25 12 50| 3 % 2|0 o 250
5 4 15 200 0 lo 50| 0 0 100
7 kz 64 100 32 90| (o IR ¢ 90
o o s 20| 6 60| 0 str. 60
10 50 200 6 60} 0 3 60
1 ; 16 100 k: ,50' 0 5. 30
13 5 8l 5 8lo 4 25
| B | , o | | |
ggggi r-ﬁfrabﬁit céll titre (reading is taken after 1 hour at 37°C.)

h.s.= hot sheép cell titre (reading is taken after 1 hour at 37°C,)

. Ce8a= "hot-cold" sheep cell titre (reading is taken after 1 hour at 37°C. followed by %421888r) .


http://sl.tr

(ML;MQW)

TOXINS oo ; 2 ST Y
1No. Days : ’ o , S
Incubation |l T hoSe  CeSe ] Teo _ h.s. %c,so To  _ BoSs Co8s | Xe hos. e.8,
0’ 600 50 60 |8000. 1000 ‘8000 [4500 500 4100 | O 0O 512
2 1024 4 4 {2048 1000 4096 |2048 500 % | 0 o s
5 512 5 4 | 2048 moo, 4000 |1024 500 4086 | 0 0 1024
7 |1 o o 1024 1024 4000 |1024 500 4000 | o o 500
10 100 0 0 |1000 1000 4000 [1000 250 2000 | ® 0 1000 |
14 32 0 - 0| 500 250 1500 500 120 1500 o o 1500 |
16 32 o500 sdo 500 64 400 | © 0o 1000 }.
36 2 25 64 64 | 250 64 200] © © 150
58 | o 25 32 90 | 200 64 20| © O T
2 L 25 52 64 |20 120 20| o O 7
49 | 6 25 32| 62 32 w| 0o O e
v5;7 ‘ , .8 '25A 32 90 64 90 0 © 18]

NOTE: Flgures given represent inverse of last dllutlon giving 50% haemolysis under prescribed
conditions -of incubation.




 RATE _OF DFTOXICATION OF STAPEYLOCOCCAL HARMOLYSINS AT 37°C.

| (WITH NO ADDED FORMALIN)

TTOXINS .

WoOD

24 BARSS T 32
No. ‘Days ~ ; L :
Incubation § T  NeSe CuSe | To  NoSe CeSs 1T  heS, Cofs | To hes..  CeS.
0 6000 50 60 k~soookv1000' 8000 4500 500 4100 | 0 0 512
2 5000 25 52| 8000 - 512 8000 | 4500 256 4000 | O O 2048
3 | 5000 . 25 32| 8000 512 8000 4000 256 4000 | 0 0 - 1200}
10 800 12 16| 2000 400 3000 |4000 256 6000 | O O 2000
18 64 4 »%8 512 400 1000 |1024 51z 2000 | 0 0 1000 ]
35 | 2 0 ol 128 2 4 | 1022 128 2000 | O o 512
ET w'v o o o] 12 2 4 |1500 128 2500 | 0 O 500
58 | 128 2 4 {1500 =200 2500 | 0 0O 1000
B o 64 1 2 |2000 128 2500 | O O 1000
¢4? %0 0 0 |2000 128 2000| O 0 1000
30 52 0 1000 250 2000 O O 1000
0 0| 500 84 1000 | © 1000

57

16
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the process of formalin-detoxication was 51mply to slow it up in resPect of
;all three Jysins under testo ‘
Fram Table 4 it would appear that the haemolytic activ1ty o§ﬁ¥”iM$%1%mn
‘lfour staphylococcal strains is progressively destroyed in the presence of

U‘{O 5% formalln, the alpha or rabbit cell lysin contalned in Wood (alpha only)

24 and Barss dlsappearing much more rapldly than the beta or "hot—cold"
‘;,:sheep cell lysin. The beta-tox1n is also progressively destroyed but at e '
- much slower rate, and we find with these tox1ns, contrary to Bryce and
\Rountree's contentlon, that it is not completeky destroyed at the end of ¢
4 days. There is no 1nd1cat1on»that‘the lytic components of 24 and Barss ‘l<'
;filtrates areonotfidenticele* The hot—cold sheep eell_titres'fordthe,wood
"strain}repfeseﬁt alsimple ~extension of the hot sheep effect and cannot be
regarded as.a beta~tox1n effect.,

. With the addition of 0.1% formalin the alpha~lys1n in Wood, and
: t,the alpha dand betanlysins 1n 24, eppear to diminish in much the same manner,
though at a somewhat slower rate,‘ All three lytic effects (rabblt cell,
hot sheep,“hot—cold" sheep) of the Barss flltrate per51st to greater extent
fthan those of the'24 flltrate, although they all dlsappeared at ‘the same
‘rate 1n both the toxins in the series w1th 0.5% formalin. 'This seems to
: 1ndlcate that flltrates from Barss strain nay contain some agent other than
ithose found 1n 24 tox1n, whlch contrlbutes towards the steblllty of the
lesins.' It may also indicate that Barss filtrates may contain a higher
retio of beta-toxin to alpha~toxin than do 24 filtrates since the 7 32
itoxin, contaihiﬁg beta-lysin alone, is even more stable to 0.1% formalin
;than either of‘the other filtrates.

The series of toxic filtrates incubsted at 57°C. with no addition
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of‘formalin givés a decidedly different~efféet.' The,lysin in Wood toxin is
detomicated in much the same manner as in the first two series, the rate of
detox1oation belng somewhat slower. With 24 tox1n the rabbit cell lysin
disappears at a much slower rate than the hot and the hot-cold sheep lysins;
whereas in the series contalnlng formalin, the rabbit cell lysin is de-
stroyed much more quickly than the other two lysins, The lysins~offBarssf,
end J 52 toxins psfsist iﬁ the absnnce~ofkfdfmalin to a remarkable degree;
Fﬁrthermors, dcsasiénal fluétuations sesﬁ t& occur in the suCcessiveltitrésy
izf of‘some of,the lysins. The explanation of these peculiar manifestations
é&Y~be thaﬁyformalin has an‘elective.affinity for thsisipha—lysina Hence,
in the abseﬁce of formalin, the élpha—iysin requires longer for detbxication
':as‘is'illustréted~in'the Wood and 24 toxin series. In neither of these ser—
ies does there eppear to befa*complicatiﬁg mechanism such as must'be postu~
1ated to account for the fluctuatlons in the lytic titres of the Barss and
rljJ 32 toxinsa In the absence of formalin there is eomparatlvely slow de~
struction of the haemolysln flltrates prepared~from the Barss straln, while
’the hot—cold sheep cell lytic titre of Jd 32 filtrate shows very llttle dim-
'1nntion durlng the 8 weeks over Wthh it was tested.

Incldentally, these differences in behav1our to formalin of
 Barss end 24 filtrates as shown in their rates of dimimution of Iytic
tiﬁres may be relatsd in gome wsy to theipeculiarly high haemqutic—combins
'ing’p0wer rstiO'eXhibited/by Barss as compared to 24 filtrétes;‘in respect
of the rabbit cell lysin, to which Dolman and Kitching (20), and later
‘others, have drawn dtention. !

In the course of the’innumerable titrations involved in the com-

' pletioh of~these series of titrations, the complexities of the task of '



BFFECT OF FORMALINAI'OV_anaVﬁ;.,W“ i

[E EAEQ_IIOL;TIC TIT IIONS OF J 52 FlLTRATES

TABLE 7-

p—

Amount of i ,
Added Formelin | 1/2 1/4 1/8 1/16 1/38_ 1/64 1/128 1/256 1/514 1 ;/1024;_/2048 1/4096
0% B 0 0 0 0 . o0 o o0 o o 0 0 0
" he #+ o< 1 W 3 4 B B 4 2 0 0

0.5 b o o © o6 o o0 o 06 0 o0 0 0

he 4 4 4 4 4 4 4 ¥ 0 0 O 0

. : o 0

1.04 B 4. &2 0 0 o o 0 0 0 0

he 4 4 S0 0 0 0 0

NOTEs h bot sheep cell lysin

c= ho yt-cold sheep cell lysin



C-17 -

 aea1yzing’the properties of the different cehpenenis of any one toxie f£il-
B trate became’very‘obviousn The J 32 filtrefe, e;g., which affor&s the7
';nearest approach to & momovalent toxigenic strain at present evallable,
~would seem best sulted to the study of the beta-toxin, Yet even here diff-
ricultles arise because of the marked 1nh1bitory zone phenomenon shown in
many tltrations of the hot-cold sheep Iysin produced by this stralno Thls
:zonlng was most marked in freshlyfprepared unformalinized flltrates or in
flltrates containlng 0 1% formalin, Samples of the ‘same flltrates, con~
talnlng O 5%, 0.5% or 1% formallng on the other hand showed no such inhib-
gltory ZONEe Moreover, f1ltrates eentalnlng the,hlgher percentages of form-
;aiin‘often‘showed:definite, though small~amounts of hot sheep cell 1ysin;
| Sueh observations suggest that‘the,formelin.mey inactivete the substance
'Tfesponsible‘for'the inhibitory zZone in‘het~eoldesheep cell lysinytiﬁrations;
"and that the same or a similar 1nhib1tony substance (likew1se destroyed by |
:Aformalin) may normally mask the presence inJ 02 flltrates of small amounts
of ‘hot" sheep~ce11~ly31n.w A representatlve series of,tltratlons illustrat-
hg this point is given in Table 7@ o RS 4

- Human Cell Lysim |
The fact. that the -erythrocytes of numerous animal gpecies are

B eusceptiblekto lysis by staphylococcal filtrates iS‘well‘egtablished,
e‘Dolmahe(54)'pointed out that~it seemed necessary to postulate the existence
,;offnumerous;haemolysiﬁs in’such filtrateslto acceunt;for the ‘lack of par-
ijelleliSm between'the haemolytie titres manifested against different animal-

?ervthrocyte suSpensions by a series of flltratese However, some of the
‘1ear11er workers with staphylococcal lysins appeared not to reallze that
*the’sheep cell lysin was a different substance from the rabbit'cell lysin; )

éWhile'more recent workers have failed to point out that the hot sheep lysin.
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is distinet from the hot-cold sheep cell lysin.

Comparatively little interest'hes been shown in the humen cell

lysin, perhaps because it is not found present to high titres; but Roy (33)

'éontended thaf the human lysin and beta~toxin were probably identical. The:

human cell hot sheep cell, hot-cold sheep eell and rabbit cell lysins were.

tltrated in toxlns prepared from several stralns, w1th a v1ew to the poss~
1ble establlshment of any reletionshlp between them, and more partlcularly

to seek verification or otherwise ofeRoy's clalmv The results are given-lner

ei"'Iabie 8

’ SeveralfdedUQtions from Table 8 seem warranted. First, although

‘there'is~5°me definite extensgion of haemolysis in the human cell titrations

afterethe additional 30 minutes' exposure to 10°C., this extension is not

comparable in degree to that which is induced in the hot-cold lysis of = -

,sheep,cells,by~filtrates cqntaining‘betaptoxin, Jd 32 filtiate, e»g.,‘gives

‘-ynoihaemolysis of human cells,‘eithervafter-l hour of incubation af 57°Ge“or‘

after en addltional exposure for 30 minutes to 10°C On the other hand,

although this :ample of J 32 tox;n showed no, hot sheep cell lysin, it gave

complete hot—cold lysis in a titre of 1:500, This fact alone is sufficient

'.toAdisprove pr’srcontentlon’that the human cell lysin mayiyepresent the,

:beta-toxine

The possibllity that the human cell ly51n mlght be identical with

'the hot sheep cell lysin is more ‘difficult to refute, from Table 8 at least.

Barss and Bg flltrates give higher human cell and also hot sheep titres than

' the~other»f11trates, whlle the titres of 24 and Wood filtrates show a rough

parallelism‘of human andvhot sheep eell lytic effects.. Moredver, J 32 fil-

frate is.nonyhéemolytic to mman cells and also to sheep cells at 37°C.



. TABLE S

GOMPARTSON OF HUMAN, HOT SHERP, HOT-COLD SHERP AND RABETT CEIL LYTIC TTTRES OF VARIOUS TOXINS

P

CELTS UsED [ STRATN [ 172 174 1/ 1/T6 1/s¢ 1/64 1/Igs 1/ 1/512 171024 1/2048 17408
EUMAN [ 2 tr. tr. . to. O O 0O 0 O O 0 0
| (readings || Barss | 4 4 4 2¢ tre+ tr. sl.r.0 0

afterél hour : : _ 4
at 37°C.) - Bp 1 tr.  trs  sl.resl.tr. 0 - O 0 O

0

0

o ©. .o o
o o

0
0
kwaod,,;s‘o o 0o 0o o © © 0o o
6

J 32 ©o o 0 0o 0 o0 0 0 o

HUMAN 22} 2 11 1 1 4. O 0 0

(]

~(read“iﬁg‘s‘ after || Barss | 4. 4 4 4 4 3B 2 tr. O 0
additiona% : 7 S ' ‘
30! at 10°C.) By 1 2 2 1 tr. 2 2 2 tr. O 0

o o o
o

" Wood | 4 2 o © 0 o0 0 0 0 0 0 0

g2 {0 o 0 0 0 0 0 0 0 o o 0

rpe
L

(Continued)
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TABLE 8 (Continued)

[ GELLS USED_ ST [/E 174 1/6 1716 /32 1/64 17izs 1725 17517 171074 172048 174058

SHEEP -~ N oes 4 4 4 2 4. 0 O 0 0 0o 0 0

iy

(readings. Barss | 4 4 4
after 1 hour a ‘

4 4
= an0 R
at 37°C.) By 4 4
‘ 4

tr. O - 0 O

2
2 1 tro 0 0 0
0

° ¢

4.
4 4 4
Wood 4

S

(o)
(o}
(@}
© B
(@)
(o
o

0 0.0 0

152 | 0
SHEEP e 4 4 4 4 a4
4

~

N
N

>

.
RN

(readings after | - Barss
additional :
30! at 10°C.) B, 4 4

2
F{ Wood 4~ 4 4 1 4. 0 O 0 0 0 0 0
. |

r;[J,sz 4 4

RABBIT o ea | 24 4 & 4 4 4 tre O 0 0

| (readings Barss | 4 4 4 4 .4 4
- after 1 hour R R S . L
at 379¢.) By 4 4 4 4 4 4

P
N
Q
o
o
o

Wood 4 4 4 4 4 4

732 ©o o © o o0 o ©0 © 0 0 o 0



=19 -

eBﬁtVthere are‘minof,deviations from strict parallelism, ﬁoe great to repre—
;sent experimental error, which throw doubt upon the p0851ble identlty of the
‘human lysin and ‘hot sheep cell lysin.

These tltrations throw some llght on certain p0581b111tles relat«
aing to the hot sheep cell ly31no Other alternat1vas to the suggestion that
this is 1dent1cal w1th ‘the human 1y51n are that it represents the action at
‘hlgh concentratlon of the hot—cold sheep cell 1ysxn, or that it lS a mani»
festation of,thefrabbit cell (alpha) lysin. Against the former of these
alﬁernativesyis the fact‘that, e.ge J 32 filtfates showed noehof Sheep,éell
’iyéis,fglthdugh,of h;;ighjbet.et--_'t:c:)x.’m potenqy;‘whilejthere iseno‘correlation’
between‘the respective endwpeints emong the other filtrates. The hot sheep
cell titres~ef 24, Barss and>Bg, for instance, wefe 16~'256 and 128 resPec—'
‘tlvely, although they all had substantlally the same titres of 2_4000 hot~ -
lcold sheep cell unlts. Moreover, in an experlment in which an excess of a

rabbit ant1tox1n prepared agalnst J 32 tox1n was added to 24, Barss, and

"HB2 flltrates, the presence of the ant1tox1n had no effect upon the hot

:sheep cell ly31n, although the hot—cold extepsion of lysis was prevented
.in each case.

Since Wood filtrates contaln a hot sheep cell 1ysin while J. 52
&flltrates are non—haemolytlc for both rabblt and sheep cells at 37°C., ’
-there mlght p0351bly be a relatlonshlp between the alpha and the hot sheep
lce11,1y51n. However, the rabbit cell titre of the other flltrates tested
iin'Teble~8 do noterun parallel to their hot sheep titres. Moreover, the |
Trate of detox1cat10n of the two Iytie effects by formalin is seen, on refw ’
‘erence to Tables 4 and 5, to be decidedly dissimllar. We are then left to

;eonclude that the human‘cell lysin and the hot sheep eell lysin are each
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gistinet entities.

Effect of Heat upon -
Human and Sheep Cell Lysins

» Difieyent degrees of stability to;SSOG° menifested by the sheep
cell lysin of differentistréins_was repérted'by Dolman (35). aLaﬁer,
“LleWellyn,Smith and Price (22) also stated that the "heat stability of

beté~toxin ﬁaries from Sémple to sample®, but‘claimed that with~an,avérage

samplé 60-70% remains after 30 minutes at 5500.,‘and‘5—10% after 30 mimates
: at_lOOQG. It was decided to check these pqints on filtrates‘prepared from
:strain5~available heres . In Table 9 are;shown the hﬁman~and~shee§ cell
;lytic‘titres Of'SamplBS‘of,Varioﬁs filtrates Which‘were'exposed for 5; 15,
| and 50 mimites to teﬁperaturés of 56°C. and 1oo°c.»re3peativexyg

It is apparent that the heat stablllty of beta-toxin does vary
acbordlng to the strain of origln. J 32 flltrates, e,g., fall from an
1n1tial hot-éold sheep cell titre of 800 to 250 after 30 minutes at 56 Cos
while 24;f;ltrate under 31m11ar qond1t1ons becomes non—haemolytlc deSpite
,'an iniﬁial fitre'ofVSOOOQ But with no filtrate was as much as 80-70% of
| the origingl tiﬂre left éfter 30 minutesxat~56 G,,‘as clalmed by Llewellyn~
Smith”and Price,: After SOfminutes at 10000B all filtrates showed SOme re-

maining hot-cold Ly51n, but in no 1nstance -ddid the titre exceed 2% of the |
iorlglnal° Immedlately, the Barss flltrate is seen ta conbain a relatively
Z~highktitre of human cell 1ysin, which proved §urpris1ng1y heat-stable after
- an initial fall followiﬂé 5 minutes only at SBOG, The cause of these vari-

Apations in heat stability is obscure and warrants further investigation.



* TABLE 9

EFFECT OF HEAT UPON HUMAN AND SHEEP CELL LYSINS PREPARED FROM DIFFERENT STRATNS

UNHEATED HEATED TO 56 €. SR | N ATED 70 100 Gr
{ TIME | | , 5r I 15! 30! 5! 150 1 =
STRAINWH HS 0S5 )| H HS CS |H HS ©S H HS ¢s' ll H HS - ¢S | H HS €S H HS _C8
24 fle 16 3000 || 0 40 250 |4 8 10 © 0 off'o 0 tr.{O0 2 3 |0 4 6
Barss [l 20 250 3000 8 300900 |4 60 160 4 40 120} 2 20 20{35 %0 60 | 4 & 1z
B2 8 130 3500 0 40 600 |1 30 120 1 tr, %0/l 0 20 160 | 0 20 80 0 8 25
J3 {0 0 800 0O 0 640 |0 0 160 o o 280f 0 0 160|0 o0 30 6 0 15
NOTE: H = humean cell titre

HS = hot sheep cell titre
CS = hot—cold sheep cell titre



Antigenic Properties of
the Beta—toxin

All‘workérs én the beta-toxin have reported that it is antigenic.

The aVailability«in this laboratory of a high potency horse serum prepafed
'against;JVSZ filtrates, and the fact that the various neutralizing powers
‘agalnst J 52 flltrates of the sera of workers in the laboratory have been
~shown to be readily titratable, supported thla claim, In an endeavour to
determlne the readlness with Wthh betawantltoxin mlght be produced in lab-
oratory anlmals, rabbits were in;ected with the follow:v_nc filtrates: Two 7
; fresh flltrates (1 and 2) and one partially tox01ded filtrate (3), ‘the
‘ tltres bemg 1/?048, 1/1524 and 1/128 respectively.. The routes and dosages
of these antlgens and the antlbody reSponses are given 1n Table 10,

| A serles of 6 rabblts were used; 3 of which were glven 1ntraven-~
' ous and 5 subcutaneous 1n3ectlons, None of the rabblts had any detectable
alpha—antmtox;nfeither before or at completion of the injections, - Thqy all
showed, hbwever;Vscme beta—antitokine Rabbith‘and~Rabbit 4 died shoftly
_after the last 1nject10ns were given. Just prior to death, they showed no
"lncrease in elther their alpha or beta—antlégxic tltres. Although too few
:rabbits were useq‘tovmake the results conclusive, the partially toxdided
'filtrate’provoked a much greater antibody‘production in thé twé fabbits
"receiving it Moreoﬁer, these'two rabbits rémained perfectly healthy
throughout the 1mmunlzations, whereas one rabbit receiving each of the
l,other two flltrates dled and ‘the sgecond: rabblt in each group lost consid~
‘;erable welght, . This suggests the possibll;ty that partialktox01d1ng of
’ a 332 filtréte with Oo5%‘formalin at reffigeration temperature may remove
 ~& considerable'portion of the iethalkféctor, whiie leaving the comparative;‘

: oy harmlesS'haemolyticﬂeffect~and‘the'antigeniéity of the treated filtrate



| TABLE 10

SUBCUTAREOUS

| TNIRAVENODS
RABBIT . 1 4 2 {3 ‘4 5 6
Hot-cold Titre * ER IO KR B -

_of To’in;S l-=2048\ 2—1024 , 3-128 ;l-2048 251024 3-128
1st injection 0.5 ce. | 0.5 ceo | 0.5 ce, [ 1.0 ces | 1.0 ceo | 1.0 cco
2nd injection o T : . oy :
5 days later 1.0 cco | 1.0 ces | 1.0 cco | 2.0 cc. | 2.0 ce. 2.0 cc.
3rd injeétion B . : :

4 days later 2.0 cc, 2.0 cco | 2.0 cco | 4.0 cc. 4.0 cec. 4,0 cc,

Booster dose , ,

6 weeks later 230 cc. | Died 2.0 cc., | Died 4,0 cc. | 4.0 cc.

" Beta
Antihaemolytic
Units
Originel sera || 160 80 80 80 | &0 80
7 days after - o ¢ _ k

| hooster dose 160 20,000 l,SQQ 20,800

NOTE: The antibaemolytie units represent the number of minimal hot~cold sheep cell
lytic doses that the antiserum is capable of neutralizing.
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unlmpalredo

o De8p1te their hlgh titre of antihaemolysin, rabbits 3 and 6 showed
-no. marked re81stance ‘to intravenous injeetlons of 3 ec, of a fresh J 32
flltrate, given to the surviving rabbits, all of whom died within 2 days.
1Autopsy of the rabbits dying from beta-toxin showed no characteristic path~
fologlcal chanues. ‘

‘Sklﬂ Reactlonrproducing Propertles
of geta—tox1n '

() Infediite

Theyeffecﬁ of intradermal injections of a series of beta~£oxin

dilﬁtions into the skih of nofmal,and immunizéd rabbits.was investigated.
'kt(Prior'to kbeing given.a lethal dose of J 52 .filtrate, the above series of
1mmunlzed rabbits were used for skin tests ) 0 l cec, amouﬂts of dllutlons
of J 32 toxin samples of varying 1n1t1al potencles were 1njected. The
results Were very‘lrregular andvunpredlctable, one normal rabbit glviné’,
some detectable erythema with dllutlons of toxln well beyond the hot—nold ’
'haemolytic end~p01nt, whlle another rabblt gave barely discernable reac~
tlonS\to the undlluted tox1n.‘ Slmllar varlaéions in reaetlvity were shown
'ﬁ‘ 5y the immﬁhiéed rébbits;’sbﬁe hav1ng»a high titre of circulating beta—’
kanﬁitbxin showing~we11—@arked erythema,,oﬁhers having less éntifoxin show-
_ing no reédabié,reacpibn;  It wags notew;rthy that’in no instanée?did:neoro—
sis océur, even;when undilubedybeta—toxin~was~used- M§reover, the erythro-
genlc effect, when Dresent, faded after about 24 hours. The conclusion waé‘

“'treached that the rabblt skln does not prov1de a suitable means of titratlnv

"beta—tox1n.
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(b) ;n Guinea-pigs
Glenny and Stevens (23) and also Llewellyn Smith and Price (22)
state that e;ythema 1ss1nduced by the beta—t031n on intradermel injection
into guinea—pigs;saﬁd claim that the toxin and antitoxin titrations may be
made by esing‘this erythrogenic‘effeCt‘on guinea~pig skin. To verify this
pessibility,'dilutions«ef severalst52‘filtrates, of‘vanyihg age and poten-
oy, were injected,intradermally into two guinee—pigs. Aithough the reac-
tions given were easier to read, and of longer duretion,‘than those obtained
‘n fabbits, there was no appareﬁt parellelism between the hot-cold haemol-—
‘ytlc titres and the erythrogenlc titres of the test sampleso With increas=
ng dllutlons, the skin reactions deflnltely diminished; but one nonmhaemoln
’ytlc sample of J 32 toxin aﬁﬁeared to be as erythrogenlc ag a sample contain-
ing 500 hot~cold sheep cell units. The results are shown in Table 110~ Al
k though too few tests of thls type were made to deny the flndings of other
ytworkers, the s1gn1f1cance of the gulnea—plg skin reactlons to betavuoxin |
' certainly needs further study .
(c) In Humans ,' . T
In this laboratory nuRETous attempts have in the past been made to
determlne the identlty of the factor in- staphylococcal flltrates whi.ch
causes skin reactlons on intradermal 1njection of human volunteersw, Dolman
”‘:and Kitching (20) showed that while the beta-toxin was apparently assdciated
lflfo some extent With,this erythematous,reaction, the‘latter was not propor- .
tional to the sheep cell lytic titre of the toxin injected; nor to the titre
o of elrculatlng beta—ant1tox1n of the subject. This finding was verified,

s7‘using dilutions of J 52 filtrates.



Brythrogenic Reacti

measured along 2 axis at right angless
Figures in brackets represent extent of 1ntense erythema,

; Baemblytic ns

TOXIN Units 1/20 3 1/200. 1 1/2000
Toxin Dllutlons - : ' S L
3 32 (2) 400 22X 35 |17X 12| 7X 5 0.
— ; (5X2) | - :
J 32 (3) 50 |25 X 85 | 15X 20) 7X 7 4X5
3 52 (4) 500 25%x % (10Xx10| 7Xx7| 4%5
7 52 (5) 0 lo5x20 {15%13) 7x9 | 35X4

‘NOTE: Flvures for erythrogenic reacfions represent mms, of erythema 

(2) T 32 toxin stored at refrlgerator temperature for 1 year

(3
(4

)

J 32 toxin stored at refrigerator temperature for 6 months with 0.5% formalin

J 32 toxin freshly made
(5) J 32 toxin stored at 37°C, with 0,5% added formalln until
‘no trace of sheep cell ly31n remalned
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Again, Darrach, Fulton and Lamont—Havers all attempted in this
laboratory without success to 1solate a human sklnrreactloneproduc1ng fac-
tor from staphylococcal toxins. In an effort to determine whether small
'amounts of re§idual alpha—lysin, of humen eell ly81n, or of hot or hot-cold
", sheep cell lysin, or some comblnatlon of these factors, might account for
the human skin reactions, several series of injections were made using tox§
_ oided. filtrates of the Barss, By, and 24 strains as well as untreated fil-
trates of the WOOd’and 3 52‘stiains. These expefiments showed coﬁsistently
greater reaotlons brought &ﬁ by the Barss and Bg filtrates, some volunteers
showing large erythematous areas covering as much as 80 X 100 mms. in ex-
,tent, with'oonsiderable tendwrness and oedema. ~0ne 1nd1vidual who had
‘ proved almost wholJy resxstant to prev1ous 1njections of other flltrates,
e,showed deflnlte reactlons to 0. 1 cc. off the Barsg and Bg flltrates injeeted
in 1 100 dllutlon. It would appear, therefore, that flltrates of these two
k streinsyeontain the skinrreaction—produoing substance to,high'degreew Table
lzeshows‘the titre of the varioue'lysins treeent,in these filtrates and
‘ also in § 32 and 24 filtrates‘injécted simultaneously into’a group of six
‘vOlunteers, whose average reectiohs to injections‘of 0.1 cc, of 1:100 dilu-
tions of these flltrates is summarlzeds | | |

| Several smaller scale tests of the klnd shown in Table 12 also
i demonStiated~that the peculiar capacity of By and Barss filbates to cause
* human skin reaotions cannot be correlated with the oresence of either free
"‘alphe or Betartoxin; or with the humen cell or hot, Sheep cell oohtent, The
'tnetore of the eubstance must remain for the preseﬁt undetermined,'but the
“type of reaction it causes resembles a bacterial toxin rather than an all-

-~ ergin, although Bryce and Burnet (36) claim that the reaction is an aller-



IN_HUMAN VOLUNTEERS:'

- Sheep Cells

Sheep OGells

J 52 o

Filtrate "gzgiz gz;g;t’ Haok _Hot-Cold 2Z§ia§zactlon
By 8 “1k' 8 32 -
| Barss 3 3 18 40 H+H
24 8 1 16 - 32 +
0 0 50 +

Ndiﬁé 0.1 cc. amounts of 1:100 dilutions in phy31olocical saline injected

intradermally.

Similar injections of broth gave no reactlons.
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’ic reéponse. ‘Tﬁe reactiqn appears only after a definite interval of seVer-
;al‘hours, it theh,progréssesyto a maximum intensity after 36 hours, when it
 slowly fades, leaving a discoloured and perhaps even desquamating skin sev-
‘eral days‘lat;r; ,The;desirability of avoiding the‘use of filtrates of this
type'in>products for human use is evident, unless it can be shown that the

factor is a desirable antigen and can be suitably detoxified by some means.,
- GOMMENTS"

. The main‘comménﬁ to be made on this work is perhapé that:in‘the
- field of’staphylococcus haemolysinss'things are not as simple as,might be
hop¢d andvdesired° There Would‘séem’to be ﬁo doubt,of the existenceiéf é
' distinct entity which causes hot—cold‘lySis’of sheep cells and evokes‘ery— _
thema in the skin of ?abbits; guinea~pigs, and humans; aﬁd for which'Gleﬁny
and Stevens'! term "beta-toxin® would seem to be fitting, to distinguish it
 'kfrom thé‘aiphaétoxin.‘ The\dapaCity to produce beta-toxin has Eeenvshown by

' several”ﬁorkers tovbefa property'of-numérous strains of staphylocgcci, in-
cluding thbée of human ori:gins ‘Theuzzx ,strai?h, ‘eog,, wag originally iso-
”latéd‘from a human fingef infectione Bryce and Rouhtree‘(24) and alsok‘
Minett (5)1claim that staphylecocci of animal origiﬁ, espedially of bovine
_origin, are predominantly betaétoxin producers. The beta-toxigenic strains
may:be identified by their proberty;of causing a wide zone of partial blood -
decolofiZatién on‘sheep blood agar according‘t§ Dolman (35), Naidu (28), ~"
Bryoe'and Rountree (24), and Kojima and Kodama (29). |

The antigenic properties of beta-toxin have been confirmed, as has

fhe fact that it can be partially detoxifiedjﬁy addition of formalinp,énd,

still_femain antigenic. Whether these antigenic prOperties should be app-
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1ied‘t§ human use, Ey incorporating toxoided filtrates from beta-toxigenic
strains in. staphylococcus toioids, mus£ aweit cliniéal trial of the effi-
cacy of such preparatiohso It may be argued that the capacity to prodﬁce
hot~cold sheeplcell lysis and erythema in the skin of rabbits, guiﬁeaepigs,
“or even human beings is insufficient evidence of the pathogenicity for man
- of the beta~toxin. However, although incapable~of~causing the rapid deatht
’of’numerous species of laboratory animals, as does the alphathxin'when in-
jected intravenously, thekﬁéta~toiin Wwill ki1l rebbits within a few days,
and sometimes.wiﬁhinfa few hours.- Moreover; other workers in this 1aborae
tory;have'reéent1y~shown that on intraperitoheai“injections of beta-toxin
‘  ihto kittehs‘and'caté, violent‘vomiting -and diarrhoea may occur, the anim-
als frequently dying within 2 or 3 days,;and of'ten overnlghta That‘sﬁch |
toxic effects may occa81onally play . a part in human clinical infections
'kWIth beta—box1gen10 staphylococcl can hardly be doubted. |

- The antlaenic and pathogenlc propertles of the hot sheep cell
'lys:x.n9 the human cell lysin and the human skin erythrogenlc factor presenﬁ
in high Qegree in Barss~and B2 flltrates requlre further study. Such stud-
ies, h0weVer, are bound to present~maﬁy complications bécause of the fact
that these substances are frequentiy'present tOgether_in'afgivén filtrate.
vMonovaléntftoxigenic'stfains if encountered would greatly facilitate study

of the separate toxic entities.

.
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1l. Optimal conditions,forvthe'assay'of‘therhot—cold sheep cell lysin‘
ipresent in some staphylococcal filtrates were found to be 1 hour of incuba-
tlon at 57 Co followed by 30 mlnutes exposure to an ice water bath at 10° C
 The period and temperature of prellmlnary exposure and also of the subsequent
_exposure to a lower temperature, had considerable influence upon the end—noint.

2; - The hot-cold sheep cell ly51n is dlstlnct from the hot shee94§§31h,
and also from the human cell lys:x.no

3. The hot~cold sheep cellAOan be detoxified by incubation: w1th forma=
'lip, 1eav1ngga product'whlch is capable of evoking an antlbody response in
rabbiﬁso‘ o | | :‘ | '

4}~ The hot-cold eheep cell lysin qndergoes considerable'destruction by
‘exposure fo 56°C, for 30 minutes, while only a small percéntage‘of the ofig-f
insl Iytic power remains'efter 50 minutes at 100°0. Piltrates from differ
ent strains exhlblted varlatlons in heat stabllityw |
| ;59 Intradermal 1njections of beta-toxin contalnlng frltrates into
: rabbits, gulnea—pigs, and humans showed no cdrrelation between the hot~cold
sheep ceii lytic titre and‘ﬁhe"degree of skin reaction. However,’the beta~
toxin undoubtedly does evoke an erythrogenic reaotioﬁ whichfieroﬁ wild
'degree‘ahd iS~rathsr gvanescent. ,Some'rebbitS'énd human beings show resis-
tanoe to thié'erythrogenic facéor.

6. Rabbits imﬂuniéed with beta%toxin failed to acquire any Signific— |
ant resistance to the'iethal effect of beta~toxin, which killed immunized

and normal rabbits within two days, without significent pathological changes.
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No parallellsm was noted between the h0u~cold lysin and the

‘ erythrogenlc factor for guinea-pig skin, contrary to the flndlngs of other’

 workers.

B

;Partiélly~detoxified filtrates of‘Barss andsz strains contain a

~ potent erythrogenic factor for human skin, which could not be interpreted

‘;as due to either the hot or hbt-cold sheep cell lysins, the human cell

lysin, or to ‘small amounts of residuel rabbit cell lysin (alpha-toxin).
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