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ABSIRACE

The dynsmics of staphyloonocal infection in mice has
been studied by estimating the inflaummatory response and the
bacterial population changes in the lesicn at intervals after
the suboutanecus inoculation of cooccl mixed with ootton-dust,
The infection-enhancing sotivity of ocotton=dust was fams to be
correlated with its ability to cause a slight delay in the onset
of inflpsmatory reaction which in 4ts turn led to a rapdd
growth of coccl in the lesion.

There was found to be same variation in the severity of
lesion production in mice by strains of staphylocooci injected
along with cotton-duste Studies ware made of the inflammatory
response of the mice, and the bacterial oounts in the lesion,
resulting from inooulstion with different strains of staphylococcis
Strains of Staphylocooous aureus producing severe lesions in mice
elicited the inflammatory response with an initial delyy which in
addition to cottam=dust meemed to be due to some materinl assoclsted
with the coccd themselves. Alpha haemolyain was found to be of
impoartenoe in the later stages of lesicn production,

Mice having a pest experience of etephylocoocal infection
showed an altered reactivity to further infection. These mice
showed an accelerated inflammatory response, increased bacterial
destruction and reduced necrosis efter the injection of staphylocoocds
The accelerated inflammstery response and the resistarce to
dermonecrosis was found to be meliated by circulating antibodies



as these could de peasively tramaferred by serww from
'previcusly-infected' to new mice, Both alpha haemolysin
and sons material assocciated with stephyloonoci sesmed to be
irvolved in sensitising the mice so that the inflsmmatory
response af'ter reinfection was socelerated. Trunefer of
living lymphoid oslls from the ? =infected' to normal
mioce was found to confer some increased susceptibdlity to
staphylococcal infection in the treated mice.

The enhencesment of staphyloococsl infection by anti-~
inflasmatory agwots was to some extemt dus %o a reductimn
in one ar both compenents of inflamsation at & hours.
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1 IRANCIIcE

The characteristic staphylococcal lesicn in men is the
suboutanegus or soft tissue adscesa. The wechaniam Yy
whioh Staphylocecous sureus establishes itself and proiuces a
lesion ia not properly understeod and although this organiss
produces a large mmber of biologically aotive extracellular
toxins and ensymes, the pert they play in the evelution of a
staphyloccocal sbscsss remains uninmosn. One important factor
that influences the cutcome of the staphyloccosal lesion is the
n;ctimofﬂuhoat. If we are to understand the factors in
the host and in the staphylocoood that determine the pathogsnesis
of infeotion, a suitable experimentsl model has to be used for
the study, The ideal mothod for determining the mechanism of
staphylocoocal infection in man would be to infect men
experimentally, But there sre severe lisitatione in doing such
experinents and ususlly animals have been used., However, great
ocaution is needod in interpreting the resulis obtained from animal
experiments as relevant for human infections,.

Tor a study of the pathogenesia of the commaneat type of
 staphyloococcal lesion, the eutanecus sbscess, techniques that
mnlummmm«mmmdeW
or intraperitoneal route are not suitable. Put in arder to produce
& cutancous abscess in experimental animala it is necessary to injeot
more than a millics ooock. Quite elearly, it is doubtful 4f such

a high dese of Stephyloopocus sureus can be initially intwoduced



in wost natural infeotions. However in the yresence of
ootton dust, aubautanecus ebscesses dan be proluced in mice
with a8 few o8 100 staphyloocccd (Noble 1965), Hable's
experimental mofel is Wmh suitable Deceuss scwe
correlation bas been shown to exist between the “virulence® of
the staphyloceccl for mice as tested by this methol, and theiy
*opidemicity” for mane

This thesis doscribes a study of the inflammatory response
of the mouse to suboutanecus staphyloooccal infection. Particulsr
attention has been given to the early stages of the inflammstory
response, because of the consideradle boly of evidence indieating
that the period immediately following infection is the wost
eritical in deciding the final cutoome of the lesiom.

Iumﬂorhmlynthnpéomu:o!thnlu&m.m&m
ooupononts of the acute inflasmatory response have deen stoldied in
relation toy dAfferentes Detween strains of staphylococci, the
animal's past experisnoe of staphylococcal infection and the effect
of anti-inflammatory 4rugs. The components of aoute inflasmetion
selected for sralysis were fluid exudation, levoocyte emigration,
danags to Dlood wessels snd the basterial population changes in the
100e lesion at various intervals after infection,




Before discussing the published work on the pathopenssis
of staphylooocoal infection, it is desirudls to olarify the
seaning of scme of the terms used in the text,
sicroorganise csunes disesse in & pertioulsr host. The terms
pathopenicity and yirulerce have commonly been used s gynoryms,
but, as Hiles (1955) has pointed out, a useful distination omn
be made between the terms, Pathopnicity mey be regarded as o
general attribute of a species or gemus o scee other groupdng of
sicroorganises and refers to the capacity of microorgardsms to
ceuse dizease in a given host spocles. Virulence indicates the
degree of pathogenicity of a given stable hosogenous styain of a
micrche in a perticular host species unier defined conditiors.

The term Btaphylocoocus sureus has been used for those Crame
positive and catalase-positive cooci that sre sble to produce

coagulase, phosphatase, acdd from glucoee when incubated ansercbticelly

and from samnitol both aerobically and ansercbically. When the
torm "stephylooocous® is used in the text without qualificatiom,
it is talen to mean Stsphyloocoous enreus. The term "micrococcua®

is used without qualification for the Crem-positive, catalsse-positive
o00ck that are unable to form acdd fram glucose anserobically {Beirde

Perker 1963, 1965)s The tere “Cosgulasewnegative stephylocooous® is

used for thoee Grem-positive and catalase-positive cooci that form

acid fron glucoss ansercbicelly but ere unable to profuce cvagulane.




jm.uwmmm

in man. Somse phage types of staphylocooss are sore frequently
responsibls for epddenios in hospitals than cthers (Williame 1959,
¥illises ard Jevons 1961, Parker and Jovems 1963); these strairs
are designated as "hospital® or “epidemic” strains, Phage typing
can thus de of walue in recognising “epidenio” staplyloccoct,
HEowswer, virulence Juiged frop epideniological stuliss may mot be
necessarily Sus to 4iffeyences in the adility to produce disense.
There is a possibility thet a strain say be fully virulest but way
1ack same factors leoding to "comsunicaddlity” (Willisme 1963a).
In oxder to dizeover ths "vivclenoe® factor, the properties of
staphylococoal strains from caxricr and lesion sites have often besn
coapared (VAlliams 1963a.b)s Statisticslly there sesms to be sows

difference in the distridution of phage types smonget staphyloogocal

strains from nose and lesion sites. IMut epidenio types coonr
frequently amongst patients' noses without the profuction of wy
septio omplicaticon so that the strasghtforwmd cosparison of atraine
from Jesione with straine fyom varrier sites oan mot be easily
interpreted, '



(2) Rxperimentsl Studise

Experimestal staphylocooosl infection in men

_ requires either an injeotion of large mmbers of staphyloosoct

or tissue densge at the site of inoculaticm. Carré (1585) seems
to have been the first to temt the virulence of stephyloconoi
for man. The prooceduve was, however, dangercus befores antibiotics
wers available.

With the adwent of antiddotic thermpy the cuestion of
pathogmnicity of staphylocoocus for men was restudlied (Elsk 1996,
Elek ardl Conen 1957} It was shown that the sidn of norwal
Inmens is highly resistent to staphyloosocel Snfection. The
average pus furming dose by intradersel injections wes 2 to 8 x 208
ataphylocoocks Straine from lsaions in san or from healtly
carriers 434 not clearly A1ffer iy virulmos, On the other hand,
the minlwm pus-forsing dose in normel skin coul bo redysed to
10° coccd. A organions were iapwegnated on a silk suture that wes
tisd threugh the skin and left in place,

That Jocal tissue demage reduces the infeeting doss of
staphylocoocd for mon s &la0 shows Yy enother experimernt (Foster
and Butt 1960)s An overnight broth culture of pethopenic
staphylocoocus was  inooulsted into & scarified eres of skin iy
sesrm of & platinue Joop and the inoculum was covered under s sealed
cover slip. VWith this technique as fow s 15 orgenisss profuced
s leston, Foster and Hutt could not deteet miy Aiffarence in the




viralenos of 5 straias of cocegulese positive staphylococel
by this test; coagulase negative staphylococci produced
seropurulent lesions w&m erythesa.

¥irulence tests in man sre, however, fraught with dangers.
Even with the use of antidiotics, severe ooupnmtioﬁi my
srise. ':herefm for detailed studies animals have been used,

(#) 3o animals |
Nost lsboratory snismsls are relatively resistant to

infeotion with Staphyloooeous sureus. The animals comanly
sxployed for the experimental staphylococcal infection inelude
guinea pigs, rabbits ard mice. The nature of the effect chosen
to indicate virulence varies in different experimental models
but has very cosmonly been death of the enimal, Although death
usually provides the most securs end peint, death froe
staphylococcal infection produced Yy injecting coocd
intraperitaneally, intravencusly or intracerebrally (Cohn 1962a,
Pisher and Goshi 1963, Smith 1962 and Gorrill and Mceil 1963) 4s
due to the lethal tomin and these tests may well tlwrow Jittle light
on the mechanisa of abscess formation. '

Similarly experimental procedures, such as the intraperitoneal
implantation of sacs (Gladstone and Glencross 1960, lam et al. 1963)
or diffusion chasbers (Houser and Berry 1961), injection of the
chick estryo (Sones and Prappier 1954, McCabe 196, Iyles et al. 1965)
or injection of cocci in mouse testis (Blumenthel 196L) give wery



Jittle information Televant to the production of Sutansous
abacesses,

Nore realistic experimental proostures include the
ingection of ovecd by dntremsculer, intralersal and
subcutanecus routes. '

(1) £ 3T0LT BRANLA]

zmmmwmemmm‘mm
in sdoe induces local cedema and sometimes uloerstion through the
skin, The intensity of the resction, ss detersined by the
degres of swelling hss been used as a ariterion of the wirnlence

(Seltde and Bimon 1552) .

(2) Zmtrelersal inecvlatice
By the intredermal route, mot less than 30' Staphyloccocus

Sureus sre needed ¢o produce small necropurulent lesions in the
souse or rabddt (Johnson et al, 1961, Pisher 1962).

(5) Subcutaneous incoulation
Iike the skin and musole the suboutanecus tissue of

nice exhivits a high degree of resistence to infection with
S%aphylococous aureus (Jemes and Macleod 1961, Fisher and Robaon
1963)« Nore than 16° are needed to produce » lemion,  Stxdler
dosss are requirel for guinea pigs (Macleod, Hall and Frohman 1963).

The sbove experimental prooedures sre opmtothéa&tm
that largs mmbers of coocd ere required to ceuse infection, It
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mumww,mmmmesmafmmwm
disease, such a high dose of coool can be introduced initially
to the site of lesion. Hemve, many artifices have been
designed to enhance the pathogsricity of Staphyloocoous sureus
and therely reduce the infecting dose of coccly

(4) Potemtisting

The suture technique used for ephencing Staphylooocous
.mmmmmmummmutommam.
Jamon and Nacleod (1961) were able to profuce cutanecus sbacesses
omsistently in mice with as few as 10 = 100 coagulese positive
astaphylocoeci by introducing them on sutures, Of the suture
materials used silk, silicone-treated silk, cotton and dscren
ware post effeotive in potentiating the infection. No difference
in virulence could be detected amongst 22 ooegnlase~positive
staphylocooci, but the mumber of mice used to test individual
strains was too meall to yield firs conclusions, There were elsc
some drawbacks in this experimental procedure; the mutures weve
sometimes loat during the experimsnt tharely affecting the severity
of lesicns, und thers was 4iffioulty in assessing the dose of
bacteria inserted cn the suture especially when & muall incoulum
was used, Hoble (1965) cvercame these difficulties with e technigue
wherely subcutanecus abacessas oculd be produced in mice using as
. 14ttle as 16° staphylocoosd inserted on plugs of cotton dust. This




is the method used in the present atudy,

(5) Other potentiating procetures

Mecroais of the rabbit skin produced by & thermal
turn was found to result in a striking increase in local
infectivity of Staphylococcus aureus when the infecting dose
was given within 2 or 3 days after burning (Goshi, Cluff and
Jchnson 1961, Goshi, Cluff, Johnson and Conti 1961).

Admindstration of edrenaline (Bvans, Niles end Niven 1948,
¥iles end Tiiven 1950}, non-lethal doses of endotoxin {Contd,
Cluff and Scheder 1961) ard leven (Shilo 1962, Shilo 1964) have
also been used to inmrecse the infectivity of staphylococci.

( C) Corrslation of pathogenicity snd wvirulence with

in vitro tests.

There are certain claracters vhich are repularly
present in all strains of Staphylococcus eureus and gbsent fyom
coagulase negative staphylocoocd and picrococei. Thase
characters have been thought to be essociasted with pathogenicity.
Iet us examino these charecters one by ane.

(i) ZPathogenicity ond in vitro tests

(1) Congulsse
That coagulase plays a role in the pathogenesis
of infection was suggested by the obsexvation thaet the correlation
between coegulose production and pathogerdcity holds only vhen the



plasma of the animal concerned is eoagulable (Seith and Hale
1944, Smith 1963).  However, it has subsequently been showm

Btaphyle 18_purens verying in their ebility
to olot guinea pig plassa 20 not wary in their capacity to
produce disease in this amimel (Foster 1962).

The rule of cosgnlase in temporarily interfering with
phagoqrtonis by omtributing to the fitwin barrier has besn
both affirned (Hale and Smith 1945) and denied (Rogers and
Tompsett 1952). Injection of largs smounts of coegilase
Antravencusly in rabbits has boen shown to produce fitrinogsn
dspletion and intravasoular clotting (Smith and Johnstome 1958,
Blobel and Berman 1961)s Howswer, extensive intrawasoulss clotting
dces not acccmpany severs o fatal staphylococosl dissase (Pisher
1936).

Coagilase has also been shown to counterast the aotiom of en
antistaphylooooosl factor present in the noewal lnman serum,
thereby permitting the growth of pathogenic strains (Rkstedt
1956, Yotis 1562, 1963)s Although there is a possibility that
sore coagulase is produced in vive than in vitro, this was not
supported by the wark of Gladstons and Glencvoss (1960)s Noreower,
ma«-nnu@mmumm btween smount of ocegilase

produced and the relative virulence of different strains of
ik (m 1959)1»

lacidng




coagnlase (Ii and Kepral 1962, Karas end Kapbal 1962) .
Coagnlese negatiwe mutants of staphylococci were shown to

be as pathogenic far rabbits and mice as the parent strains.
Great caution is needed in such experiments and the coagulase
negative "mutants” described by Korman (1963) which differed
from parent strains in cosgulese production, fermentation of
rmannitol and galactose and the structure of cell wall cannot
readily be accepted as true "mutants" without much more
evidence,

Pinslly coagulase negative strains of staphylococei mey
be responsible for disease processes (Jones, Deibel and
Niven 1963 and Torres Pereirs 19%62). These cbservations do
not exclude coagulase as a pathogenic factor, btut probably
enphasize the fact that virulence is due to several factors
vwhose relstive importance is governed by the circumstances of
the infection.

(2) Alpha haemolysin
The classicsl biological effects of alpha

hasmolysin are lethality, dermonecrosis and in vitro haemolysis
of scme red blood cells. It has now been demonstrated that
these activities are due to cne substance (Kumar et al. 1962,
Bernheimer and Schwartz 1963).

There has been a discussion as to whether alpha haemolysin
produces necrosis of cutaneous tissue directly (Elek 1959) or



through production of prolonged spasm of blood vessels
(Thal end Egner 1954). But the fact that necrotio changes
have been cbeerved in explents of skin (Lewrence 1959)
indicates that necrosia is probably not produced by circulatory
ooclusione This is in sgreement with the work of Coshi, Smith,
Cluff ad Norman (1963). |

Alpha haemolysin produces spasm and paralysis of both
smooth and skeletal muscles (Thal and Egner 1961, Lominski
ot al, 1962); it can damage a variety of tissue culture cells
(Korbecki and Jeljaszewics 1965) as well es platelets (Siegel
and Cchen 1964 ; Bermheimer and Sciwartz 1965) and lysosomes
(Bernheinmer ond Schwarts 1964). It kills rabbit leucocytes,
but human leucocytes in contrast are resistont (Gladstone
et al, 1957). Theve is evidence to suggest that the primarvy
action of alpha haemolysin is on coll neatrunes (Bernheimer
1965) and the damage to the cell results in a decrease in
glucose utilization and lactic acid production (Jeljsssewdcs
et al. 1965)s Korbeckl and Jeljassewlcs (1965) noted that slpha
haenolysin has & synergic effect in producing cytotexdc effect
on tissue culture cells by staphiylocoocal deoxyribonuclease.
This observation sugpests that simultaneous action of several
staphyloconcal toxins may play an izportant role in the pathogendcity

of Staphylocoocus sureus.
The effect of alpha toxin on varicus tissue cells would seem



2)

to indicate that it should be involved in abscess formation.
But there is no direct experimental evidence to sugpest

that it plays any important role in the pethogepesis of
lesions characterized only by sbacess formation (Goshi, Cluff
end Johnson 1961 and Foster 1963). It does not incresse the
ebility of a given inooculum to produce a pyogenic lesion

(Elek and Comen 1957), ard orgardens suspended in saline have
besan found to be no less virulent than those suspended in
culture medium cmntaining alphe toxin (Noble 1965), However
1t does seem to be the cause of akin necroais in stephyloccocal
lesions (Coshi, Smith, Cluff and Nommen 1963, Noble 1064).
Noble {1964) found that the severity of the staphylocooccal lesiona
in mice was not correlated solely with the production of alpha
haemolysin in vitro and other emsymes particulsrly bete lysin
and £ibrinolysin seemed to play a supporting role. However, it
has been shown that staphylococci cultivated in vivo produce
such higher quantities of alyha toxin than in vitro (Gladstone
and Glencross 1950, Houser and Ferry 1961).

(3) Beta haemolysin
Bota haemolysin production is typicel of
staphylococcd isolated from andmals (Purns ond Holtmen 1960).
The fact that beta haemelysin production is uncommon in humen strains
(¥41liams and Harper 1947, Elek and Levy 1950) meens it can not be
an essential factor in pathogenicity.



It has now been purified (Chestxo et al 1965, Wiseman
1965) and the purified toxin is not Jethal for rabbits end
mice. It is strongly cytotoxic for tissue culture cells
(Korbeckl and Jeljessewics 1965) end davages rabbit
platelets (Permhedmer ond Schwarts 1965). Beta Haemolysin
seems to affect the lipid metabolism of susceptible cells
(Megnuson ot al. 1962, Gulasskharam et al. 1963}, It has
also been sugpested that it dameges the cellular menmbrans
(Korbecki and Jeljaszewics 1965). The exact role of deta
heemolysin in the development of staphylocoocal lesion is not
" known, However beta haemolysin has scoe potentiating
effect on other staghylococcal toxing, e.gs,it renders red oelils
mare susceptible to stephiylococcal delta lysin (Willdems and
Harper 1947); enhances the leucolytic action of delta
haemolysin (Gladstont end wan Heyningen 1957) and accelerates
skin necrosis in rebbits shen injected along with alpha
hacmolysin (Chesbtro et al. 1965). Although beta haemolysin
production is a characteristic of enimal strains, recently
strains of a new "epidemio™ type of Stephylocoocus sureus from
hunan lesians have besn shosm to produce beta hesmolysin (Willls
et al. 1963).

(4) Delta haemolysin

Almost all human strains of Staphylococcus sureus
produce delta heemolysin (Williems end Herper 1547, Flek and



Ievy 1950)s Besides its action on red blood cells, it
produces dermonscrosis (Maris and Veughan 1950) ord lyses
human leucocytes (Cledstone and ven Heyningen 1957)s It is
poesible that delta haemolysin may be involved in the

pathogenicity of Staphylococcus sureus.

(5) Ieucocidins

There are at least three distinct staphylococcal
leucocidins (Gladatone and van Heyningen 1957)s The alpha
haemolysin, sceetimes known as the Nelsser Vechsberg lsucocddin,
attacks rabbit leucocytes and has no effect on humen leucogytese
Delta hassolysin is active sgeinst yabbit, puinea~plg, husan
anl mouse leucocytes. It is not only lethal to loucogries
but lytic =s well, The third leucocidin, callsd as Pantone
Valentine (P-¥) leucoaidin is qytotaxic for human and rebbdt
leucoqytess Woodin (1959) found that P-V leucocidin conaiets
of ¥ (fast) and S (slow) creponents end that both frecticns
are required for lsucotoxicity. It is s distinot possibility
that the cytotoxic effects of various leucocidina in vivo alds
in the progression of staphylococcal diseang.

(6) Other ﬁ racellular products
The role of various other enzywes of
Staphylocoocus aureus, €.ge« hyaluronidase, deoayribomcleave,



lipase apd fibtrinolysin, in pathogenicity is not yst
recognized (Elek 1959). Enterctoxin which is responsible
for stephylococcal food poisoning is not discussed in thias
review.

(44) Nirulence and in vitvo tests

So far the choracters of staphylococed
that may be related to pathogenicity have been discussed.
Some properties are limited to certain stralns of
Staphylococcus eureus and these have been tested for
correlation with virulence,

Egg-yolk reaction has been claimed to distinguish
virulent from non virulent strains, Virulence has been
correlated with e positive (Alder, Cillespie and Thonpson
1955) es well as a negative egg yolk reaction (Rosendal 1963,
Noble 1964). Hovever others ropard this test to be of no
value in distinguishing virulent struins (Uillis and Turner
1962) «

Resistance to mercury salts has also been correlated with
the "epidemicity” of Staphylocoocus sureus {Noors 1960). Dut
it has been cleimed that this test nmerely serves to identify
staphylococci thet have pultiple antibiotic resistance rether
than the "epidenic" strains (Villis, Jacobs and Goodburn 1963).

Resistance to antibiotics particularly penicillin end
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tetracycline is a characteristic of most of the
sepidemic” strains of staphylococct (Willisms et al. 1962).
It is likely that antibiotic resistence, instead of divectly
: af'ffecbing the virulence of a sirain, encbles 1t to mnvive
in the hospital enviromment, Moreover, there are instances
of widespread rasal colondzation of patients with antibiotic
resistant Staphylococcus sureus in the abeence of eepsie (Barber
et al. 1953, Shooter et als 1956).
Recently, it has besn claimed that the metabolism of
" virulent® staphylococel is different from .avirulent cocci
and the former exhibit a greater biochemicsl activity than the
latter (Krynski, Kedzia and Kaminske 1964, Ivler 1965).
Virulenoe of staphylocacci has also been correlated with the -
micleio acid content of the bacterial cell and the number of
lines of precipitation obtained between antitoxin and
staphylocaccal strains (Howard 1954, De Repentigny, Sonea and
Frappier 1962). |
Carrelation of in vitro tests with virulence has the
essential drewback that bacteria msy not produce in lsboratory
media the same antigens and enzymes 8 thoy producs in vivo, Ii;
is also very difficult to make an acourate delermination of the
virulence of a particular strain of Staphylococous aureus.




due to the ommbined action of several bacterial faotors whose
effect is influenced Yy the resction of the host and the
circumstanves of infection. Pesides the extracellulay
factors, structural components of ataphylocoocd also soem to
pPlay an important role.

() Copmular sntigens |

The Saith strain of Staphylodoccus sureus has been

extorsively used for stulying the virulence of staphylocoocis
This sirain was isolated Yy Dubos (Smith and Dubos 1956s) and
it profuces two colonial varianta in soft agar containing serum
or plame (Hunt and Noses 1958). The "diffuse” variant waa
found to be Mghly virulent for sfose These varfents possess
a definite cepsule which can be descnstrated in olectron
micrographs (Koerdg and Melly 1965) and Wy negative staining
(Mudd 1965)« The capsular antigen is a polysaccharide whose
major oomponert is 2 - aminoglucurondc acdd (Marse 1562a, Pisher,
Devlin and Erlandson 1963, Perkins 1963 and Hasksll and
Honession 193), The increased yirulenos of encapsulated
staphylococed has been attriluted to entiphagocytic properties of
this surface antigen (Norse 1962a, Koenig 1962,Bogers and NMelly
1962)s It aleo elicits a hypersensitivity reastion when



injected intracutoncously in rebbits immunized with a
homologous etrain of staphyloooccus (Horse 19628). The
antigen has been recognized in only a few strains of
Staphylococcus aureus which have, in comnmon with the Spith

strain, a mucoid colonial sppesrance, no recognizsble
bacteriophage type and absence of bourd coagulase (Rorse
1963)

Koenig snd ¥elly (1965) soreened 1,833 clinical
isolates of Staphylosoccus sureus and found only one strain
of "diffuse variant", Therefore such rare strains may throw
little light on the pathogenesis of staphylococoad infection.
However, an atiractive hypothesis has besn put forverd that
other stephiylococcl mey produce similar antigens during in
vivo miltiplication (Koenig, Melly and Rogers 1962!;), Further
support for this is the presence of opscnizing antibodies
sgainst the Spith diffuse strein in norpal human senm (Rogers
and Melly 1962), tut the sera of rabbits fmmunized with etrains
other than Smith also react with the encapeulated Smith strain
(Mudd and DeCourcy 1965) so the serological evidenco is
equivocal.

(B) 0Cell wall teicholc acid

The existence of a specific carbohydrate antigen
of Staphylococous gureus was recognized in the pdd-1930's (Julianelle
and Wieghard 1935a, Vieghard and Julisnelle 1955),  This



antigen was degigmted as polysaccharide A. After the
elegant studies of Baddlley (1962) had defined the
structure of Staphylocoocus aureus teicholic acid, it was
shown that polysaccharide A and Staphylococeus aureus cell
wall teichoic acid are chemically and serologically similar
(Haukenes 1962a, b, 6), The N-acetylglucosamine of the
telcholc acid 4s the determinant group for serological
specificity (Morse 1962b, Nathenson and Strominger 1962)
and may occur both in alpha and beta linkeges (Baddiley et al.
1962)s It is now established that the beta-glucosamine
linkage is responsible for the precipitation line d‘
polysaccharide A (Davison et al, 1964). Naturally oocuring
Stephylocoocus aureus strains seem to have both alpha and
beta specificities in varying amounts (Terri et al 196L).

It hps been claimed that the phagocytosis promoting
action of hupan serum egainst Staphylocooous sureus is removed
by absorption with teicholc scid (Mudd et al 1963) and therefore
it is suggested that antibodies against Staphylococcus sureus
cell wall teichoic acid ere required for efficient phagocytosis.
Polysaccharide A also elicits an immediste cuteneous
hypersensitivity reaction after intredermal injection in most
adults (Julianelle and Hartmannlgs6).

(C) Cell wall protein antigen
A protein antigen of Staphylococcus aureus was described



% Varwey (15.0). later Jensen {1958) cbacrved a group
as which he aalled antigen A.
It bas now been shown that Yerwey ard Jensen doth wore
dealing with the same antigen, wiich is protein in nature
and has beon purdfied (Iofxvist and Sjoquist 1962, Yoshida
ot ale 1563, Crov ot al, 1964). Antigen A is present in most
itay _ 8 with the notable sxception

of the Wood 46 strain (Noree 1965).

The part played by this antigen in pathogenioify iz not
known,  Absarption of luman serum with antigen A does not
in any way reduce the opsords properties of serum (Iechert
ot al. 1963). Similarly, high titre radbdt antisers against
Smith 4iffuse strain after abeorption with antigen A were still
capable of passive protecticn of mice against infectiocn with
Saith strain (Ekstedt 1965). On the othar hand, Stesp (1964)
reported that antipen A oonferred protection against intravencus
challenge in rbbits.

®

mwmmmummmmmmmm
Baith strain of Staph vous (Ekstodt 1963 a,b); a
Mmmm&uwmmmwmw
acdd (Biastodt 1965) wummmmmmwum
established tut is different from antigen A. '

4 oell wall "agsremsin® of Staphyloocsoc




been desaribed by Pisher (1965)« The aggressin was found

in all of 10 coagulase positive staphylocooci, that were
exanined; it was not present in ccegilase negative strains.
When 0.9 ug of the aggressin was injected suboutanecusly in

nice mized with coagulase-positive staphylooocod, it had definite
infecticn-enhancing activity. The aggressin did not appear

to be identical with telchoie acid or with extracellulay
products present in toxic enltws supernatent £luids of strain
Wood 46.

There has been & suggestion that an endotoxin like
substance is involved in the gpathogenicity of Staphylococous
aureus, Staphylococcal extracts cbtained by methods similar
to those used with Cran-negative bacteris possess biologioal
properties not unlike Gram-negative bacterial endctoxin {Arnit,
Young and Ritts 1963). Staphylocoocal extracts also produce
cutsneous lesions when injected with epirnephrine in the mannex
descridbed for the endotoxin of Gram-negative bacteria (Neter
et al. 1960). _

Besides the known antigens of lococcus sureus, there
is a possibility of the existence of umﬁcgﬁaed antigens that
have a role in pathogericity. Several studies show the
presence of uncharacterised antigens in Staphylooocous aureus
(Berpheimer and Schwartz 1961, Oeding and Haukenes 1963, Kienitx
end Schmelter 1964).



There is a considersble body of evidence that
husans ond andmals exhibit a hipgh degres of vesistance to
staphylooocoal infection (Elek and Ocuen 1957, Johnson, Clhuff
and Goshi 1961, Fisher 1962, Gozwill and Ndieil 1963, Kacleod,
Hall and Frchean 1963). 7The sechanism of this resistance
is not properly unierstocd. It seems to depend on a complex
systen iowolving non-specifis and specific defense factoars.

(4) Beuspesifio humqral fectors

ItismnlthhtMmﬁm
sera possess sntistaphylosoccel activity (Spink srd Vivizo
1542, Pisher 1960, Nacleod et al. 1963) though the exact nature
of the substance or mubstances in the sexus responsible is
unknowmn, Ekstedt (1956) suggested that it was a nonentibody,
heat~stabls oonponent probably identical to the "beta-lysin®
of Pettersson (1926)« He fount that, while coagulase-positive
strains were sexum resistant, ocagulase-megative strains were
serun susceptidble. Iater studies revenled that a water soluble
globulin wes the bactericidal frmction of the serum (Yotis and
Fkstedt 1960) and that cosgulax.- megetive staphyloccoct could be
protected frem it by treating theas with congnlase, Howswer
other workers have bean unable to show a reversal of inhidbition
in sera ty coapilase (Myrwik 1956, Wiodarosek and Jeljessewics
1959}



The scurce of antistaphyloooccal feotor in the serum
18 not definitely known, Spink & Vivino (19%2) found that
the antistaphylocoocs) power of citrated hupsn blood was
dus to the serum fraction and not to the leucoqytes, Hirash
(1960a) found that serum obtained from blood drewn into
siliconized tubes and oentrifugsd befere clotting showed a
muoch veduced entistaphylococcal ectivity as compeared with
serus obtained following normal clotting, and sugpested that
this might be due to the liberation of an agent during the
treakdown of platelets.

Althaugh lysomyne, histone and other tissus besic
polypeptides have been shown to possess beotericidal activity
agrinst staphyloscoct 4n vitro (Skernes and ¥atson 1357,
Hirsoh 19600), their vole 4n vivo infection is not clesrly
defined,

One of the main 3ifficulties in the study of nan-specific
tumoral factors to Staphylocooous eureus is their widespresd
ooourencs, #0 that no enimal species under noawal coniitions
escapes repeated exposure. Reocertly, germ-free mdoe have been
fourd to survive an acute staphyloocootal infecticn as well as
conventionel axismals, although thay appesred to suscusd to a
chronic infection in slightly greater munbers (Ekstedt 1965).
The presence of antibodies to staghylocoood has also besn reporied
in the sera of germ-free mice (Ccben et al. 1963). Bloods from
colostrun~deprived arxd colostrum fod pigleta have also besn
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‘compared for their ability to phagooytoos strains of
staphylocoaci. It was fourd that even with the markedly
hypogaseaglotulinesic colostrum-deprived piglet blood,
phagoaytoais was rapid and efficient with coagnlase negative,
Saith *"diffuse” and Smith "ocapact® strains (Ekstedt 1965).
However a comperison of baotericidal activity of sow and
colostrmm deprived piglet blood revealed that the latter was
lesa bactericidal for all the sbove sarticned strains
perticularly Seith diffuse strain. It can therefore be
concluded thet the irmmate defente mechenisms sre active agalrst

The extent to which acquired immmity perticipates
in protestion against stephyloooccal infection is also not well
defined, Despite the presence of entistaphylocoecal entibodies
0 both extrecelinlar and structural antigens in the sera of
most adult humen beings (Rogers and Nelly 1965, Ekstedt 1965)
vepsated staphylocoocal infections are not uncomson. Most
sdults possess antidodies against alpha toxin (lack 1957, Rogers
and Melly 1961, Quie and Wannamaker 1964), leucocidin (Mudd et al.
1962), congrlase (Resmelkmnp and lebovite 1956), Jensen's antigen
A (Jensen 1958), teichoic soid (Torri, Kabet and Beser 196hk) ard an
opsonin prowoting phagocytosds of encepsulated Smith stwain of
purens QBWM”WW):




No correlation bstwesn the titre of a pertionlar
antibody and resistance to staphylocoocal dissase has been
w,q&mmmam
lsucocidin (Butler and Valentine 1943, Claistone et sl 1962).
It is noteworthy that patierts with active staphylocaccal
infoetion often do nut have higher titves of a varisty of
antistephylococcal antiboddes than 40 normal adulte (Laock
1957, Tack and Towers 1962, Nadoff and Weinstein 1962,
Yoshida and Heden 1962, Lezhart ot al. 1963, Ekstedt 1965);
in patients with osteomyelitis vesy high titres of alpha
antihassolysin mey be cbtained (Hite, Banks and Dack 3938),

(1)

Although sudh work on staphylococoal issurdty

has been done on andmals iofected intravencusly or intraperdtoncelly,
ousmenis will be oomfined to experiments where animals were
infected bty the intredermal o subsutsnecus route. |

Antibodies directed sgainst alpha toxin are pretective
only in certain experimental molels. For exsnple, rabbits
ismunised with alphe toxodd ave protected against lesdon formation
in pearctic tissus Lt not An normal skin (Goshi, OufY and ,
Johnaon 1961). Goshl, CIuff and Norsan (1963) present evidenos
to iniicate that alyhe sntitoxin imsurity facilitates becterial
phagogytosie, inhidits bacterial multiplication snd prevents the
nearotising effects of experimentally induced staphylocoossl infsctiom,
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Noble (1964) has also demonstrated partial protection of
mioe by pessive ismunization with staphyloooocal antitoxin,
The protection wes mainly directed against the skin necrosis
that characterizes the mature lsaion and had no effect on
abscess farmation. On the other hend Taubler at al. (1963)
could not find any specific protecticn Yy alphe antitoxdn
-a@immtmnmmms

Ixmunity to alpha toxin mey be of less importance in
son than in rebbits and mice for es Elek (1959) points out,
aipha toxin destroys rabtbit and mouse lsucocytes but doea not
affeot human Jeucogytess In human beings there is no clear
relationship between ciroulating antitoxin and clindcal
protection (Parish and Cannon 1960).

The rols of antilsucocidin in fmsunity was sugpested Yy
the cbesrvation that the invidence of stephylococcsl disesse
in newborn children was inverasly correlated with the
entileucocidin titre of cord~blood (Jchanoveky 1958a).
Ispunigation with lsucocidin texoid seemed to reduce the
Ancidence of dlsecse (Sebek, Schubert and Johanowsky 1959)«
There are, however, no subsequent sconfirmetory reports.

Begides the well known extracellular factors of Staphyleccoous
aureus, a non~toxic mouse protective antigen has been desaribed
in the supernatant fluids of strain Wood 46 cultures (Robson and
Pisher 1965}« It gave an ebeorption spectrum suggeating the
presence of rucleio ecid und wes heat labile,



(2) Antiveotersal fwsynity

The presert evidense indicetes that both the
. protedn and polysaccharide oomponsnts of staphyloccocal oell
wall may act as antigens, inducing the farmation of protective

Budd ot al. (1963) have shomn that the cell will teicholo
proacting action of humen seras In the cete of muocdd straina

itaphvlecooous sureus, the surface antigen,

ﬁmmﬂm.m.awmhumu
the phagoaytosis of such straine (Nerme 1962a, Koendg et al. 1962d,
Pisher, Devlin and Erlapdson 1965). Abecrption of antiservs Yy
the Seith murface antigen removes opecnising antibodies and
immunization of sice with this sntigen gives protection againat en
intraperitoneal challenge with the Smith strain suspsnisd in
sucdne Other stulies show that a protein antigen 4s also
involved in the grotection of mice against the Smith strein
(Bkatedt 1963b, 1965), The isportance of antibecterial imsunity
vas esphasized bty Greenberg and Cocper (1960) who claimed that
polyvalent vacrines prepered by dissolving suitably selected
strains of staphylocoocs with damase, protected hamsters and
rabbits against challengs with strains of moet types isoloted fiom
patients. The studies of Lan et al. (1965) alsc suggest that
antibacterial antibolies are required for protection sgainst
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The relative importance of antibacterial smd antitoxie
ismupity in staphylococcal infection 48 not olewr, Zoenlg,
Nelly and Rogers (1962a) point cut that in mice challenged
intraperitoneslly with the Smith &iffuse strain of
) purgus, antibacterial imsunity is of greater
smportance than entitoxic imunity. Animals fsmunized with
heat~killed shole~cell vaccines ware significantly wore resistant
to intrapsritoneall irfection than those dmmnized with toxodd.

(c) Phemaytosis
m@mwww«mmwwwmm
destroy staphylocoocl seess €0 play an importent yole in
determining the fime) cutcome of staphyloooocal infection
(Cohn 1962a). Several stulies indicate that both heat-lsbile
and heat atable serum factors are needed for efficient phagooytonsis
and eventual destriiition of ingested Starhvlocoocus s
uww.mwmmm.mms&mm,um
Mudd 1965). The heat stable serum factor seems to be the speoific
antibody directed egainst sntiphagoaytice surface ocmponents of
imwws.m»mhwmmmemmm
on whethar or not the strain is capsulated (lorse 1962a, Nudd et als
1963}, 14 end Mudd (1965) present evilenos to smuggest that the
heat~labile compenent of serum corvesponds o oomplenent. However,
besides complement, heat labile serus Cpsoning for staphylocooci
hive been demonstrated in guinesepip and yebbdt serum (Hirech and




Strauss 1964, Hirsch 1564). The hast-labile serus factors
are requived not anly for rupid phagoaytosis Wt aleo for
intracellular killing of Btaphyl: (14, ¥udd andt
Kapral 1963, 14 and Mudd 1965), |

There ars conflioting reports about the immediants fate
of Staphyloscecus wareus within jhagoqytes. Same stuiies
have indicated that after ingsstion both non-pathogenic
staphyloooool and Staphylocooous mureus cells are rapddly
killed within human and radbit leucogrtes in vitro and within
mouse lsucocytes in vivo (Cobn and Norse 2955, NMackaness 1960,
Cohn 1962a)s On the other hani there are reports that
pathogenic straire of stephylocooed survive for longer perisds
vithin the phagoaytic oslls of man and rabbit than nopepethogenio
strains (Rogers and Nelly 1560, Melly, Thomison and Rogers 1960,
Shayegani and Kaymral 1962)s Thens discrepencies in the remiits
of varicus workers may be dus to & difference in the technique
of studies and variaticons in the opscndo activity of the sera.

(D) Eypersensitivity

The posaidle role of hypersensitivity in staphylocoooel -
infeotion was suggested Yy Panton and Valentine {1929) who
demonstrated that repeated staphylococcoal infeotion of rabbit
skin was characterised by incressing resistence to large becterial
inooula tut inoressing susooptibility to emall bacterial inocula.

The co-existence of immudty and hypersensitivity after staphylocoooal
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infection has sinoce been confirmed (Jchanoveky 1958b, Johnson,
Cluff and Coshi 1961). Vhether bDaoterial hypersensitivity erhances
the infeotivity of Stanlv
in experimemtal rabibits, hosever, remains to be Getarmiied,
Staghylotoccel antigens inoriminsted in the hypersansitivity
resction inoinde alpha toxin (Coshbi, Sedth, Cluff axd Noxwan 1963),
polysaccharide A and & protein entigen ommmon to both pathogenic
and non-pathogenic straine of staphylococci (Julianslle and
Yieghard 1935b, Julisnelle and Hartmann 1936).

To produce an experisental staphyloeccosl infection
i man or anisels an incoulum of more then a ndllion cooed is
needed, It is very likely, howover, as Blek (1956) has
sugcest -, that in the initistion of most natural infectiens,
only o few cooci are involved, Tharefore the ciroumstences
favoursble to the growth of cocad at the site of infection are

poe). treums snd forelsn bodies
In staphyloscocel disease it is usual to cboerve

dnfection in aress of tissue injury such as wounis, alrasions, bturna

or obstructed hair follisles (Elsk 1956, Goshi, Cluff, Johnson and

Conti 1961, Goshd, CIuff and Johnsem 1961)s The devitalined timsue
temporarily protects the inwading stephivicoccsi fyom the body's

defences, There is a suggestion thet trausa of tispuss vesults in
acutecedems el increased interstitial tissus pressure which lesds to
Jowering of resistande to bacterisl infections Andricle and Iytten (1965)
descnstrated that unier conditions of increased tisme pressure there is an




 increased susoeptibility of guines-pigs to intradermail
injection of staphyloccoci. The incresss? tissue zxessure
resuited in & decressed Gapillary blood flow which acowunted
for a delay in the emigraticn of Jeudocytes and possibdly other
antibaoterial agerts necessary for sfequate host defendes,
Staphylocoocal infecticn can also be evhanced by the
preaanos of a foreign boly in the tissve, for exaaple a suture
or ‘satton dust (Blek 1956, Xlek and Gonen 1957, Jemss end
Necleod 1961, Noble 196h)e  The mecharise by shich the
foreign boly ezhances the infection 18 not preperly wilerstood.
Blek (1956) muggeats that there is & slight delay in the defence
 systen which allows the requisite miltipMoation of ooooke
MMMMNthWW

Hormones secreted by endoorine glands exert
an influence on host reaistance (see Kass 1960) Hyperthyrotdims
lowers the resistance of mice to experisentsl staphylocsacal
infection (Smith and Dubos 19560) and adrenal gluocoorticoids,
in large dcses, inorease susooptiddlity in experimental animals
(Dougherty and Sehnesbeld 1950, Cohn 1962b). The possidle mode of
asticu of adremal gluococrtiocdds is discussed in the chapter on

Yarious diseass processes such 8 saligrancy,



lnkaenia, disbetas, agammaglobulinsssis, aplastio ansemia
or agramlocytosis apd viral influsoma are assoclated with
inoressed susceptibdlity of man to staphyloeoocal infection
(Nakmias and Bickhoff 1961)e There are conflicting reports
wmmmwmmmwmm
Anfection in animals (Gruickehark 195k, Ochn 1962b, Bér 3965)5
m(lm)mwmtmmwmmu
lowered only if the dlabetes is uncmtrollsd.

(4) Rutrition

Isbalaoce in the dlet of adce, especially shortage
of sdequate protein mutrients leads to incressed susceptibility
to staphylocoocal infection (Dubos and C:haedler 1959, Schasdler
and Dubos 1959). The quantity as well as the quality of smine
avid nutrition wexe shown ¢0 be of impostance. Relatively
short periocds of starvation erhance the susceptidility of mioe
to staphylococcal infection (Smith and Dubos 1956b)s The
precise mechardanm wherely mutritional distirbences alter the
resistance is winown; the sffect may do a direot one o it my
operate through alteration of the intestinal flore (Dubos and
Schaedler 1962).

(5) Inflsmstion ant jts wodificetion

Aunong the early vesponses to injury, the inflemsatory

reaction is of parapount isportance. The fete of the invading



doroorganions is to seme extent deternined ly the
inflacmtory respomse of the tissues,

During recent yesrs the inflassation proiuced by
staphylocucoal infeotion in experisentel animals has beem
investimted (Rigiom 1941, Burke and Niles 13%8) Wy
inosulating mmall doses of bacteria into the sidn, ;
Indreased wscular permeability was mmsured bty the exudation
into the skin of a vital &ys introduced into the ofrculatiem,
The vital dyes like Nvans blue and pontening sky biue 65X bebave
as 1f they are bound 4o plases altumdne (Bawecn 193), and
therefore thelr exudstion indicstes movement of plamme protedrs
from blond vessels, It is alsc possidle that fyes dye exuies
tut its solsoular weight 4s more than 20,000 snd hence the
exulation probebly indioates inoressed permeability %o large
molecules including proteine (Niles and Wilhelw 1960).

In the experisents of Higlon (1941) and of Burke end
Hiles (1958) the inoreused vasculsr perwesdility oocured in
two phaves, The first phase was iwmediate and transient weuslly
lasting a few uirutes after which porwesbility retwrned to
normal within 30 min. This was followsd ty o dslsyed phase of
exulation which came 0 & meximum seversl hours later depending
on the doas of dacteris. The degres of increased vasaulsr
permeedility was found to correlate direotly with the extent of
persistent infuration and necrosis st the inooulation site (Burke
end Niles 1958)s The immeliste response couM Ve largely elimtnated
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ty prolonged washing of the Decterial suspension used for
ivooulation (Burke and Niles 1958)s The imwediste phase also
seensd to depend en the species of animal used in the
exparinent, being lacking in the rat (Niles 1961),

The second component of the inflamatosy respones » nemsly
infiltration of the Lsooulated tissus Yy leucogytes was first
chearved at 1 hour, and rrogressed steadlily after thot (Burke
and Miles 1958)

The type of Bl00d vesasls affected &uring acute Lrflsmstion
has been studied by carbom labelling (¥ajno, Palals and Schoefl
1961). The inoreased wascular permsability in response o
chenioal and therwel injuxy has been shomn to be madnly due o
verular damage (Murley J96ke, Ham and Hurley 1965, Spector, Walters
and Willoughty 1965), However, Yells & Niles (1565) veport that
though, in the immeliste phase, the damage is mainly vemular, in
the delayed phane it is cepdllary,

There is now & great desl of evidence to indicate that
increaset vascular permeabllity is due to chemicel medistors
(Specter and Willoughby 1963) tut these will not be discussed hore.
To what extent the emigration of leucoqytes is under the influence
of shemical medistors remains uncesrtaine

Lhamotaxis
The exact mechanism of leucooyts smigration remaine unknown.
Harris (1953, 1960) teatod the chemotactio ability of tissue "



extracts and various bacteria for gramilocytes in vitro.
While living Staphylococcus albus cells were found to be
chemotantie to greamilogytes, Staphylotoccus aureus cells

were not chemotactic and exsrted a tuxic effect. Harris
found that tissue extraois were not capable of exerting any
chenctactio effect on gramilocytes, but in wiveo a contrary
result has been reported (Hurley 196Lb, Spector ard Willoughby
1964s)

The analysis of leucoayte emigration in vivo following
staphylococcal infection seems to support the in witro findings
of Harris, There is a relative delay in the influx of
polymorphomuolear leucocytes in the lesion aite with
Staphylococcus aureus infection as compared to Staphylococcus
albus (Delsmumay 1942, Cobn 1962a) o

Recently Boyden (1962) has shown that mixtures of antibody
and antigen have strong chemotactic effect on polymcrphomicleas
leucocytes in vitroj the chemotactic substance is probably
produced as a result of interaction between antigen -~ antibody
complex and a heat lebile substance of serums Staphyloccctal
infection in rabbits possessing some impunity to alpha hasmolysin
has been shomn to be associated with a more rapid infiltration
of lesion sites with polymorphomiclears than in nermal control
rabbits (Goshi, Cluff and Norman 1963). The repid leucocyte
enigration in immune rabbits msy be partly due to the chemotactic
influence of antigen - antibody mixture and partly due to the
neutralisation of the leucotoxic effect of alpha haemolysin,



The severity of staphyloococcsl lssions 4n experimentsl
animals San bs oomsidersbly increased by the use of ardie
inflssmatory agents,

(a) adrersline
¥iles ard co-workers (Bwens, Miles ond Niwven
1348) demonstrated that the local injection of adrenaline in
gaineavpigs rondered the treated tissue wore susosptible to

isthasadia which led to an inhibition of lsuoscytic endigration
and exudation of fluids from dlood vesaels

(v) Eative levere
Rative levans and dextrans have besn found

to possess merked infecticn-promuting activity in varioos
types of experimental infection inoluding Stapigloogocus
sureus {3hilo 1564, Nonventre snd Black-Bchalffer 1965). There
is evidenoe to indioate that these substances produce thedr
infectice~entancing activity bty hinlering the dispedesis of
leucocytes and extravasation of fluld frce blood vessels into
looi of infection (Snilo 2962). However Bamvemtre and Black-
Schaffer (1965) put forward the hypothesis thet the infection
promoting activity of high molecular weight dextran is due to
reticulo-endothelial gystem blocknds.



(o) Autihisteminics

In experizentally infuced irdlammstion
artihisteninic drugs usmally fail to influence the course
of events (Spectar and Willoughty 3964b). In staphyloooccel
infection in rabbit skin cnly the short lived immediste
vasaular phase is suppressed by antihistasminic drugs) the
delsyed phase Temains unaffeoted (Wilhelm 1962). Purtherwore,
Spith and Miles (1960) studying experimental bdecterisl
peritonitis in rat, failed to modify the inflmmatory response
Yy enti-histemine drugs.

(&) Epdotowin

The administratics of bacterial endotoxin
trensiently incresses the susceptibility of amimals to
staphylococcal infection (¥iles and Niven 1950, Canti, Cluff and
Scheder 1961, Cchn 1962b and Sultser and Freedssn 1965).
Staphylococcal lesions erhsnced by endotoxin sre charzcterised
by extensive hamsorphagic derwenscrosis, accelerated becterial
multiplicetion and liberation of large amcunts of alpha
haemolysin (Conti, Cluff and Scheder 1961),

The infection-promoting activity of endotaxin has besn
attrituted to delay in the emigration of Jeucooytes into the
infected site (Cohn 1962b, Conti et al. 1961) pexhupe Gue to
vasocoostriction 4t con be preverted 1y the administration of
sdvenergic blocking agwnts (Sultser end Preodman 1965). On the
other hand delayed Jeucooyte emigretion has also besn attrituted
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to Jeuoopeandia (Mulholland and Cluff 196h) and to hypotsnsion
{¥iles ard Niven 19%0).

Entotoxin has a biphasis effect upon susceptibility of
experinental animels to infection. The increased
susceptitdlity lasts for a fow hours cnly and by 2 hows a
state of non-specifie resistance to infecticn, including

m(mm,mmmm). The orbancod
resistance may be dus to RES stisuletion (Bicsst et al. 1955),
to an increased momber of phagoaytes at the lesion site, o to
an evhanoed efficiengy of phagooytes (Cohn 1962b).

(o) gorticcstexcids

Cortisone in large doses $a capeble of enhencing
the susosptitdlity of expewisental snimals to steplylocooanl
infection (Beyor and Linensara 1961, Ochn 1962b) and prcbably
Tepresents s sussaticn of hormons sction on the host defence
mecharism at severnl levels (see Germuth 1956, Allisen 1965).
The nost atriking offecs is the suppression of inflammation,
particularly the diapelesis of lsucodytes {Allison ot al. 1955 a,b,
Forthover 1564b) prubebly hy interfering with the margination
and sticking of lsucogytes $o vascular enfothelive. Wilkels (1962)
demonstrated thet cortiscne dvhibits both fludd emulation and ,
diapedesis of levooqytes in inflmmmstion. Recent stuldies indfcute |
that at least a part of steruid effect in suppressing ind'lesmetion



nay do dus to a atabilizing action on the mewbranes of
intrecellular lysoscses (Veissmern & Thomas 3963).
Corticosteroids have also been whown to suppress sntibody
forsation (Weiser ot al 194,1) and alter the funotional
capocity of phagocytes (Allison and Adoock 1964). Howewes
Hirech and Churoh (1961) falled to find sany deficlengy in the
functional capeaity of phagocytes.

(f) golium salicylate

Mary woricers have demonstreted an enti~
inflemmatory effect of Soiium salicylate (Northover 1964a, b,
Spector 1556, Wilhelm 1962)c It ia suggested thet this drug
mppresses fluid exsdsticn without altering the ssigratien of
lsucoaytes (Northover 1964 a,b}. Its mole of action s not
mown; amongst the possible explanations for its activity
include dvhibitory effacts on engyme aystems {Spector and
Willaughty 1960) and adrenal stimulation (Bacchus ond Beechus
1953). Howewer it is also suggested that its sotivity is not
mediated through sivensl glands tut is a periphersl action et
the site of Anflammation (Randall 1963).

()

Idke sodium salicylete, phenyltutuscne has
2180 been shown to supperess the fiuid exulation without altering
the dapedeaisdleuccytes (Northover 19645). Its exact mole of
acticn Temains urknown, Mt it is supposed to be &us to & periphersd



sotion at the site of inflammation (Rantall 1963).

(b) SGolchioine

Colchbioine has Leen shosn o possesas antiw
inflesmatory ectivity, particularly sypressing the
_dlapelesis of lsucoqrtes (Worthower 19640, Bolard 196h).

The enti~inflametory effect of colohicine hos besn attributed
to decreased pwetoplassic viscosity of cells (Malewista 1965)
shich powsitdy would interfere with amosbold astivities of
phagocytes. But its ection has alsc been muggested to be

due to peripherel vascounstrioticn (Fergnson 3952),

Indomethanin hes been shown to be an effective
anti-inflemmatory agent in rets when tested against cottom-woel
gramicuas and thersel infury (Winter ot al 1963, Valters &
¥Willoughky 1965). However it failed to suppress the inflassatory
reastion elicited by stephylosoccal alpha hassolysin toxoid (Walters
and Willoughty 1965)s When indomcthagin was examined for its
effect on issune inflammation it was foamd to sppress the
erythema of the tuberoulin resction withaut sffecting the
leucoqytic emfgration. Walters and Willoughty (1965) attritute
the enti-inflasmatory sotivity of iniowsthacin in delxyed
hyporssnsitivity to suppression of Ipwph nole permeebility faotor
{(DG?). In non-immne Anflssmaticn its sotivity haes beem attributed
to suppression of kinin farmeticn. |



(3 X-imrediatien

Total body drredistion (Cobm 1962b) or fooal
x-irrsdiation (Kehn 1962) have been shown to eshance the
sunceptitdlity of experimentel ardmuls to staphylocoocal
Anfectione X-irrefistion lsads to a reduction in mmber of
elrculating Jencocytes and the subssquent influx of phegoytes
~ in the axyea of the lesicon.




Since the dynardes of infection involves two major
processes nemely growth of baoteria and the mobilimaticn
of body defences to steriliss the inoculun, I decided to
study the inflaszatory response of mice and ths dhanges in the
bacterial population in the lesiona at intervals after the
suboutanscus imoailation of staphyloocccd. The intereat in
the fvflammatory response during the first fow hoawos of
injeotion stemmed from the considevedble body of evidence indicating
the lsportance of the perdicd issediately following Infection in
decdiding the fipal cutcome of the infection.

Yt 15 well estsblished thet the preserce of » fareign
body like ootton dust o a suture in the tismue erhances
stephylococcal infeotions Yt sesmed Of interest o measmoe the
inflesmatory vesponse and the bacterinl population changss in the
lesion in the presemde and absence of cotton dust with o view to
correlating these factors with the severity of ths lesion that
firally developed,

A ocomparison of the reaction of the host to straine of
staphylocooct and miarococcd differing in their ‘virulence' sight
serve to elucidate the significence of inflasmatory response in the
pathogenesis of staphylococcal lesions, Tharelore 1t was
decided to sos whether there was ary cosrelation botween
the severity of finallesion and the type of inflasmetory responee
and growth pattern of coccd during the first few hours of infection.



In view of the fact that animals having pest
exporisnce of staphylocoocal infection develop immnity
as well as hypersensitivity to reinfection, itwm;
thought to be fmportant to exsmine in detell the inflammatory
reaction as well as growth of coood in the lesions of those
uice. It was also decided to attespt the trarefer of the
altered reactivity of *‘previcusly-infected’ mice for
fprevicnaly-infected' to normal aice.

In the studies reported the effect of anti-inflasmatory
agents on the two oamponents of staphyloccocal inflammation
and lesion production has been exesined. The use of these
drogs might serve to define the relative ispartance of humcral
and cellulayr factors in the defence of hoat agninst staphylococcal
infection,




Y MATERIAIS _AND  METHODS

Bacterisl Strains

The strains of stephylococei and microcooci used in
the experinental work are shown in Teble 1.
Media

Media used in the experimental work ere described in the
appendix. l
Mice

The Wright-Fleping Institute strain of mice were used.
They are derived from a cross of 'P strain' and 'strong A'.
Yale and female pice weighing 20 - 25 gms. ard 9 to 12 weeks old
were used., Mice were housed in groups of up to 12 in cages
75 square inch in area and were fed *Diet 4IB' and water
throughout the experiment without eny restrictions.

Hethod of Producing Subcutaneous Abscess

Acute staphylococcal infection was produced in mice, using

the method described by Noble (1965)s The hair from the back of
each Douse wes removed first by means of electric clippers and
later by applying berium sulphide depilating cream (see appendix)
on to the clipped area. After 3 - 4 wimutes, the paste and hairs
were washed awgy with varm vater. The animals ware dried by keeping
the cage in front of a heater, In ome to two hours the mice had

completely dried and were ready for injecticn.



Tabls 1. 1 used in the work

Strain Soure Haemolysins Phege  smesbiotic
’ alpha beta delta WP sonsitivity

Starhylococcus 4
sureus '
TPSBO  NOPC 9769 + - o+ 8/81 R ¢toP
Wood 46 NCTC 7121 y = s X+ S to all
Orbach Sputum-case
" of + - 83a RtoPe&?
brenchopneunonia

Smith "Diffuse® variart
of Hunt & Moses + = + Untypable S to all

(1958)
PS 834  NCIC 10039 + -~ % &/7/53/83A 8 to all
PeE/7 Tropical .
myositis in <~ - + 3B/3G4 RtoP
Uganda.
- 4 524 8 to all
-+ 29 Rto?P

Mhyious NRCTC 10350 2 = - = Untypable 8 to all
Weﬁ’

NCTC 7292 - - = ‘Unty.jaabh S to all

Xlcy cossus .

27 mtonm%m . :
ﬁ-a]’umdm - « = Untypeble R toP & St.
g‘agt patient ‘

Xeys + = lysin produced - = Iysin not produced

¢ = Antibiotics used for sensitivity test ~ Penicillin,
Streptomycin, Tetracycline, Chlorsmphenicol,
Exythromycin, Neomycin, Rovobiocin and Cloxacillin,

R = Resistant, 8§ = Sensitive - P = Penicillin

= Tetragycline St = Streptomyoin S to all = Senaitive

10 all the antibiotics
used for sensitivity test

*3



Figure 1: Needles and wire plunger used for the
injection of coceci mixed with cotton-dust.
Two cotton-plugs are also shovm.



Cauge sixteen transfusion needles were used for
subcutansous injection. The needles are ﬁtﬁaﬂ with a wire
plunger to expel the ootton dust (Figure 1), The plunger
was marked so that it could be withdrewn up the barrel of
needle for a distance of 3 mm. ard the lumen of needle between
its tip and the wire plunger was packed with cotton dust.
About 2 mge. of cotton dust was used for each pluge

Cotton dust: The cotton was G, white cotton flock which is

pure cellulose and corresponds to the cotton in bleached cotton
fabrics I am groteful to Shirley Institute, Didstury, Hanchester
ard to Mesers. Hutchinson (Rameey) Ltd. for this paterial.:

The cotton plug wes inoculated with 5 ul of an elghteen
hours broth culture of microorganisms. The incculation was done
by means of QIE ultramicro pipette (E ~ MIL), The mmber of
viable cooci on the cotton plug was determined by suspending the
plug in % strength Ringer's sclution and doing the viable count on
57 serum agar plates Ly the Miles and ¥isre (1938) methods

Mics were injected suboutanscusly in the depilated ares with
the cotton plug containing coccds The skin of the back was
pinched up between the fingers, the meedle inserted at the base of
the fold and the plug expellsd by means of wire plunger. The
reaction was resd daily. In the abeence of cotton, 0.05 ml of &
suitable dilution of culture was injected and the dose dstermined

by doing the viable count (Miles and Bisra 1938).



Hethod of scoring lesion geverity
The lesions were grafed soccording to severity ss follcwss

0 = (o Resction) Complete absence of pus visible
at the skin surface and no erythema except in
the skin immediately above the cotion plugs

1 = (Slight Resction) Finimal pus visible through
the skin irmediately sbove the plug axd erythems in
the ckin sround the plug.

2 = (Hoderste Reacticn) An eres of necresis or e
vhite zone not ware than F om. in dismeter. The
vhite zones always progressed to necrosis within
24 hours.

3 = (Severe Reaction) The mone of necrosls or vhite
area greater than & am.

The dizmeter of elliptical losions were recorded as (D4,
mennmammnmdmmmm.m.

The results are usually quoted as the sum of scores for
the first tw days following challenge; thus & mouse showing a
slight reaction on first daoy and a noderate reaction on secand day
would score 1+ 2 = 3 marks, The maximum score far any mouse
would be 3 + 3 = 6 marks.

¥Within any one test, mice of only ane sex ware used.



9

At 2 hours

At I8 hours

At 24 hours

At 48 hours

Total Hean

Score Soore
&8 W}
&9 408
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liice were found to vary 4n the severity of the lesion for
a given dose of coced o5 emphasized by Noble (1964). As the
scoring of lesion severity is subjective an investigation was
carried out to estimate the personsl error in assessing the '
lesions Twelve mice were marked on the sbdominal surfecs, ,.
80 that the maricings vere not visidle while scoring the lesion.
The mice were inoculsted subcutencously end the lesions were
scored 24 ond 48 hours efter challenpe. WMice were token out
of the cage ot random by an assistant vho kept the reccrd of
the order in vhich mice were given for acsessments In this
wey the assesspent vas done twice on ¢cach doys The average
lesion score per pouse was approximately similar in both
assessments; it was 440 and 4408 respectively (Table 2). On
three occasions the scaring differed in the 'm assessments
when the lesicns vere 24 hours olds At 48 hours there ws 1o
difference in the assessment of lesion score in the two instances.

Study of goute inflammatory response

The acute inflarmatory response to the muboutareous injection
of cotton and coccd was studied by the following methods,.

1. Increased wvasculsr permecbility

This was measured by two methods. (a) Immediately after

the subcutaneous injection of mice with microcrganisms, the animals
were injected intravenously with 02 mle of ¥7 solution of Evara
blue (Boots Pure Drug Co. Iid.) The dye becomes fixed on the serum

7
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albumin (Rewson 1943) and in sxwes of incressel wasaular
Permoalility it ahows wp inthe tiesues as clearly visibls hlue
spots. The injections were made in the lateral tail wein
and the animals weve subsequently killed by chlovoform after
various istervals; the flap of skin end suboutanecus tissue
Dearing the lesion wes reflscted and the blue arees exsmined
oo the immer espect of skin flap. The degres of fluid
exudation was estimated by measuring the disseter of the
blus ataining of tissmue sround the lesion, The Blus ares was
usually cireular; when 9lliptical, the disseter of Dluing
wos recorded as (D2, whare D and 4 are the lengths of the
sajor and miner axes.

(v) Aftor ssasuring the diameter of the blus aress, the
woight of the osdema fIuid in the inflamed tissue was estimsted.
This wes done Yy exclsing the ares of skin azd subcutansous
tissue oontaining the lesion wiih o 2 wm. diameter pumeh
(Figure 2) ard weighing this piece of tissuwe, Ondema weight
was caloulated by subtracting the expectel welight of this plece
of tisgus when not inflamed from the cbssrved welghts, The
expected weight of tissus when not inflased was calculated in the |
following way. ¥hen two pleces of tisgue of same sise were
axcised from the back of each of a mmber of mice, it wan found
that, in ganeral, the weight of the tissue excised fxom the lowwr
half of the back of mouse was more than the weight of the tissue
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Figure 3. Regression curve showing the

- relation of the weight of the

tissue excised from the lower
half and upper half 'of the
back of the mouse.
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from the upper half of the besk of mouse. The welghts fyom
s muber of mice wre plotted on a graph (Figwe 3), sid

the polnts, though scattered, tend to fall around a straight
line; the corvelation coefficient was + 0.676. Tiw
probeddlity of this being dus to chance is 0,01, The _
regression equation saloulated em the besis of these fignres
wast x = 28,91 + 0876y | |

x: The expected weight of tiamwe fros lower
half of the Dack.

7t The welight of tiseus from upper half of tha
baok

In 81l experiments, eoocli mixed with oviton dust were
injected into the miboutanecus tissue of the Jower half of the
beck of mousss After killing the anisal, a smtrol piece of
tissus frem the upper half of the back of acuse was also excised
as woll as the tissus bearing the lesiom. Both the pieces
wore weighed and the expsoted weight of the tissue from the lower
helf of the back of mcuse when not inflawd was detorsined fvom
the regresaimm equation, |

The lsucocyte ssigration in the inflamel srea wes estimated
ty examining a histological preparation cf the aves of the leslon.
(Pas and Spector 1962). After weighing, the inflawel tissue was
fixed in 10¢ neutrsl formolesaline for 18 to 24 heurs.



After fizatien the tissue was out through the aiddle
of the Jesion and procesasd as followss

1. The tissus wa treeted with 4% phenol (Lendram's sethod)
for 3 to & days. This procsture softens the tissue.

2. Debypdrstion snd olearing of the tissus was carried oot Yy
nears of an automatis tismue processer in the usual way.

3. After dshydration and elearing the tissuss were ssbelled
in paraffin wax,

Sections of €/ thickness wore cut ty means of »
Wmmammmhwmm
ovsin ar 1% aguecus toluiding blue. The degree of leucoqyte
enigration was deternined by ocunting the susber of leucocytes
in staniard sreas. This was achieved My using & graticuls
7 x 7 am divided into 300 squares. A Ak mm. objective was used
for counting, mwmmaummuwg
& meun value caloulated and results expressed as the total
mmber of cells per & am fiold, The presence of more than 100
Wm&.mmuncmwwma
the noemal suboutaneoas tissue of mcuse was fourd to oontain up
to a mexizxm of 100 Jeucesytew/H.P.P.

The damaged blood wesssls were demtmstrated Ly injecting
a oolloidal suspspsion of sardon dlack Antrevencusly into the
nice. The carbon dlack was Pelikun ink prepered Yy the
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Guenthar-Wagner Pelikan-¥erie, Rannover, Germary (Batch

Fo. 611/1i31a). Before use it was centrifuged st 5000 Pepeite
for 15 mimtes to remove heavier particlss. The mupernstant

contained 12 mgs, of cerbon per ml. The ink was suitably

diluted in deuble distilled weter.

Pelikan ink (0.2 nl = 2.8 ng.) was injected
intravencusly in lateral tall wein of souse, Half an heur
after injection when all cerbon had been clesred from
oirculation, the sice were killed. The injecticns were
glven at intervals varying from 30 miwmtes €0 24 howrs after
the suboutaneeus injection of coocd mdwed with cottom dusts A
plece of skin and suboutarscus tissus 1.5 ins squars containing
the lesion was excised: The feur oorners were pirmed on to s
plece of cork in order to keep the tissue stretched, After
formalin fixation for 48 hours, the tissue was driefly yinsed
in water and then oleared in two changes of glycerine for 48
and 24 hours. Pinally the preparstion was trissed, floated in
two changes of ware glycerine Jelly for a few minutes and mounteld
under a cover alip. In this state the preparation is perwenest,
The forwula for glycering Jelly 1s glven in appeniiix.

TThe oleared specinen was first exanived at o Jow
magrification of 8 ¢o 10 times. At this magnifiostion only
large dlood vessels (jresumably verules) are seen and gives an idea
of the extent of vascular lebelling with casbome Next the prepmration
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was exspined under higher magnifioation to determine the
type of blood vessels affected and the leskage of carben
particles from blood vessels. .

To demonstrate the vasculsy pattern of normal
subcutansous tissue and skin of the mouse, the whole
vascular gystea of o normal wouse was £illed with a mixture
of 5L golatine and colloddal carbon (see apponiix).

Imediately after the mouse was killed, its thovex was
opensd ard the left wentricle was carmuleted with a fine
polythens tube whose other end was attached to a myringe and
needle. miwm«:nmnsmwmamm
was perfused through the carmuls with approviwstely 10 nl. of
wars saline followed by 6 »l. of ink-gelatine mixture, Finally
the tissue was cleared and sounted es dsscribed sbove.

At interwals sfter the suboutensous inoenlation of ooocd

with or without a ootton plug, pairs of sice selected at ranicm
were killsd anl the lesion oontaining the ootton dust wes excised,
¥hen coccd were injectsd withmut ootton dust, the srea of
inoculum was mede visible Yy intravenous injestiom of Evans bloe
which exudes cut in the aress of inflammetion, The excised

tissue was homogerdzed 4n a tissue grinier with 2 ml. of % strength
Ringsr's solution and a small quantity of sterile sand. Ten-fcld
dilutions of the homopemiwed suppsnsion were made in I strength



Ringsr*s solution and the visble oocunts of cooci done on

5% serum agar plates by the method of Miles and Misys (1958).
In all cases the sero hour counts were mede Yy killing the
snizal ismediately after ths inoculation of cocoi.

A mmber of anti-inflassatory drugs were used, All the
Grugs were dissolved in sterile dcubdle distilled water, excapt
Indomethacin which is not moluble in distillied water, and
0.1 nl. injected as follows~

= e g,
B

Colchicins 1Leg 8.C.

Sodium salioylate 400 Lg/g B4Ce

Phenyltutazone sodium ,

(WW,*MQ') 240 Lg/g 84Ce 8

("Lergactil”, ¥ & B) 1 e/s 8.Ce

Quinine hydrochloride 160 Lg's 8.Ce

("Indocid® !;mk Sharp o ly I.v 8
and 50!‘.) & e

("Cortisyl”, Roussel Lab.Xtd.) 125 [g/g I, &

Prednisclone disodium |

phosphate ("Predscl”, Glaxo) 100 [¢/E 5 N 8

— R

(W txm gharp 2l 1 o
and Doline 144.) & .

Betamethasone 41sodium
prhm salt 8 g T n
*Batnesol”, Claxo)
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Xys * = Thoﬂouduchdmsh‘stmin

[ 8 per g boly wetgnt.

5L, = suboutaneous

I.Ve = Intravencus

Lo = Intramuscular

I, = Intraperitonesl

8 = Single dose given ¥ hour before the injection
of coecd.

~ 8 = Single dose given immediately before the
inooulstion of coocd.

& = 4 daily doses, the lsst dose given 2 howrs
before the injection of coccl.

I am grateful to Merck Sharp & Dome far supplying
Indomethaoin powdar. As it is inscluble in distilled water, the
fallowing procedure was used to obtain a solutiom, Om‘permt
solution of sodium blcarbonate was added drop Yy drop till the
powder dissolved, Fimlly the requisite concentration of drug
was mafe up by adding sterils double distilled water. The pH wan
cheoked and was kept between 8 and 9, Tmmm;:itatu
mtvbcnthololutimhun;ﬂnhobalma}.q

Enflotoxin treatment
RBacto Iipopolysaccharide from Escherichia coli
Os 1283 B12 (Difoo Iab.) was used, A stock solution

containing 1 mg of lipopolysaccharide powier per ml, of
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sterile saline (0.9%) was prepared and stored at ~20°C, Suitsble
diluticns were made in saline for injecticn. The doss of
endotoxin was 0.5 /. §/g body weight and it was sdministered Yy
the I.V. route, Immelistely afterwerds mice were challengsd
with the subcutaneous injection of coocd wixed with cottons

mmmm«wmn&m

: sureus was collocted and 0,25 nl. was

 injected intravenously imto noreal mlce, The injection was given
imnediately before the sibostanecus inoculstion of mice with

Iymph node oells for passive transfer were prepared from
nice previcusly infected with Staphyloccoous surgus; After killing
tum,t&;:&maﬁqmrmﬂwumm
cervicsl, axillary, inguinal, enterior abdominal wall and mesenteric
aress, The lymph nodea were freed of fat and put in oold sterile
Hank's solution (Oxeid) comtaining 1% lactaltumin hydrolysate.

The lymph noSes wore tesased between two pairs of forceps.
mwmmamamw‘mwfm
rylon and the cslls ocollected by centrifugation in a SE angle
centrifugs at 2000 R.PM. for few sinutes. The pad of ocells were
mpemdmmmhmwmﬁ's»mmmﬂm
totel mmber of cells oounted in a ccunting chesber. In practioe
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all the lymph nodé cells of one mouse were injeated into
argaipimt suse. The muwber of oslis injected varied
between 70 to 120 millicn oells per mouss.  The interval
betwoén killing the lymph node domer mice and:injecting
their cells inte.recipient was never mcre than 4 hours,
The lymph node cells were injected intravercusly into

the recipient mice. Eighteen hours later the recipient
mice were injected smuboutansously with Staphylococous aureus
end cotton dust. - - |



Vi __ EXPERIMENTAL RESULTS

Although it is well esteblished that in the presence
of & foreign boiy, a auall mmber of staphylooooci can
establish an infection, the mecharism Ly which a fareign bedy
promotes the staphylocoocal infection is not clearly understood.
I therefore, dscided to study the oarrelation of the severity
of staphylococoal infections in mice in the presence and
absence of cottan with the degree of fluid exudation end
leucodyte emigration as well ss changes in the bacterial
populaticn at the site of infection.

FS 60 were injected without cotton, the lesions proiuced were
sild; only wythema or slight pus formetion wes noticed up %o
2 deys after infection and there was rarely any necrosis o
white scoe. The average lesion soore (see page 55 ) was 1.3,
On the other hand, s similar dose of PS 60 in the presencs of
ocotton led to severe neorcpurulent lesiom, with a mecrotic or
white sone more than $ am. in diasster in most cases; the aversge
lesion soore was 5.8, These mean lsxion scores are based on the
cbservations on 2 mice in each cass. Although mice vary in the
severity of the lesion for a given dose of coocl, with cotton all
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60 —e PS80 only
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Pigure 4: Comparison of mean ocedema weight of tissue to the subcutaneous
injection of 106 Staphylococcus aureus FPS 80, with and without cotton-dust.
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tmnmhﬂmmquaumthmﬁninm
exd in the sbaence of cotton all the mice showed mild lesions,

(V) 2luid emistion
¥hen PS5 80 (dose 10°) was injected withaut cottom,

an inoreass in vascular permeability, as Judged by the weight of

- cedema £Iuid in the losion, was evident half an hour affter

injection (Figire &), Each point on thin greph represents the
mean of the results from four mioss Az in the case of lesion
severity, the nice waried in the ameunt of fiuid exudation st
the site of inflasmation for a given dose of ocvoclij however
J out of & pice at half an hour axd all the mics at 1 ard 2 houx
period showed sn increase in the tissue weipght, indicating
sxudation of fludd, . Therefore, in spite of variality in
the respoose of mice, thers was definitely an early exudation of
fluia, |

On the other hand, a siadlar dose of PS 80 injected with
ootton dust elicited the exudation of fluid enly after an initial
delay (Figure A)e The fluid exdstion commenced bDetween ome and
two hours after injection. Three out of four mics showed 1ittle
or no exslation of fluld up to one hours After 2 hours there was
mtm@ﬂﬂmhthcaxﬂaﬁm&fhﬁuﬁwmwtm.
The above results were reproducible; in ithe repest experiments
there was alwmys an initial delay in the exudstion of fluid oftex
injeotion of P8 BO in eotton dust. However some other strains of
staphylococsi, even in cottun dust, produced mors rapid exudation
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Figure 53 Increased vascular permeability, expressed as diameter of area of exudation

of dye-stained plasma protein, to the subcutaneous injection of 106
Staphylococcus aureus PS80, with and without cotton-dust.
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Figure 6: Increased vascular permeability to sterile cotton-dust and mutrient broth.
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Figure 7: Compariscn of leucocyte emlgration at the site of subcutanecus injection of
106 Staphylococcus aureus PS80 with and without cotton-dust.
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as described in the next seotions Similer findings were
noted when increased vascular permesbility was Judged by the
exdation of proteinebound dye, Evans blue, at the site of
injection (Figure 5). |

In arder to find cut the effect of cotton dust alone in
eliciting the exudation of fluid, sterile cotton dust with
5/.1 of sterils rutrient broth was inomulated mubiutsneaisly
into a mmber of mice, Thers was little exudation of fiuid
in the first 2 hours of injection (Pigre 6). The main phase
of vasoular pormeebility was after that period and it reeched
its sexisum 7 hours after inoculation.

(o) lsucoayte emigration
The leucocyte response to the inoculation of
reus strein PS 80 with end witheut cotton dust
is shom in figire 7. About 100 leacooytes/H.P.F. was the
upper lipit of normal in the mouse tissue sectione with the
method of examination used. |
In the sbsence of ootton the mean ocount was 500 cells per
BPJF. after 2 hoursy in the presence of cotton there was no
notable emigration until after 2 hours and it was 7 hawrs befors
there was wy significant infiltration of the cotton dust itself,
The histological sestions showed that {n the absence of
cotton dust, large rmbers of leuccuytes were preaent at the aite
of injeotion of cooct at 2 heurs (Figwre B a,b); bty 2 hours, a well
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defined abacess wes formed (Figire 9). The high power view
of the 24 hour lesion showed that the leucvoytes were distorted
in the impediate vicinity of cocol (Figure 10).

In coutrast, in the presence of cotton the histologiosl
sections showed no cellular response for the first two hours.
Even four hours after injection, lsucccytes hal not infiltrated
the cotton,; and in faot in most cases they resained st scae
distance from the periphery of cotton dust (Figure 11). Though
the infiltraticn of ootton By leucocytes started at 7 hours, the
entire area of cotton dust, perticularly the central parts, was
not infiltrated even at 24 hours (Figure 12, 13). Thus the cotton
dust contained masses of cooci without the infiltration Wy
phagocytic cells,

¥hen sterile ocotton dust was injected withaut staphylococci,
leucocyte emigration started 1 hour after the introduction of cotton.
The cotton dust was infiltrated by leuococytes at 3 hours; at 7-8
hours large rusbers of leucocytes hed infilirated the entire cotton
dust,

(8) Basterial counts in the lesiop
The viable ocounts of oooci in the lesion ere shown in
figare e In the absence of ocottem, Iittle or no increase in the
mumbers of visble cooci was cbserved; 24 hours after injection the
bacterial count in the lesion was less than the dose inooulsted.
On the other hand, in the presence of cotton dust, ufter an initial
lag pericd there was a rapdd increase in the mmber of arganises
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Bacterial counts at the site of subcutaneous injection of
Staphylococcus aureus PS80 with and without cotton-dust.
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recovered from the lesion. Twenty four hours after injectien,
bacterial counts increased more than 100 £0l3 over the initial
doss inoculeted.

(o) Eyurther Livestigtion into the mechanims of sctimn
ogtton dunst.

Other possible mechanisms of action of cotton dust
were 2180 investigated, For exsmple the infecticn snhancing
activity of the cotton~dust cmuld be due to its spesific toxicity,
or dus to the retention of cooci at the site of injection.
Noreover, in the sbove experimants when PS 80 was injected
without cotton, the volume of troth culture injected was 0,05 ml,
tut with the cotton 0,005 ml (5/41) of broth culture was used.
Therefore there was 2 possibility that grester early inflammatoary
reaction in the sbsence of cotton might be &ue to a larger volume
of mutrient troth which is knowmn to elicit an exulaticn of fluid
(Durke and Miles 1956), To imvestigate this possibility 105
viable units of Staphylococsus sureng strain PS 80 were injected
in & volume of 5/ 1 broth culture by means of a microsyrings;
the response was sinilar to that elicited Yty the injection of
005 ml. of culture fluid. Therefore the earlier exudation of
£Iuid and emigration of lsuccaytes in the absence of cotton was
not due to the greater volume of troth injected.

The exact mechariss ty which cottom dust ceuses the inmitial
delsy in the onset of the inflammatory resction is unknown.
Nicholls (1961) showed that extracts of cotton dust from the
cardrooms of English and Dutch octton mills ceused contraction of
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the isolated ileum of the guinga-pig and wasooonstriotiom in
the perfused hind quarter of rats. Extraots of the cotton
dust used in the presant stulies were prepared by grinding
5 g. of the material with 20 al. of saline in a marter this
extract was injected along with PS 80. The lesicms profuced
were sixilar to thoss caused by the injection of FS 80 alone.
¥ice that were injected with PS 80 in the presence or
absence of cotton-dust were killed. Both kidneys, liver, spleen
and heart blood were romoved asepticelly and cultured for the
presence of staphylococcl. All the cultures were sterile.
Howsver there was & possibility that the pressnce of msall rusders
of 000ci in the viscera 0ou)d have been sissed, Therefare the
poesibility that in the absence of ootton dust, the cooal were
quickly weshed avay from the 1ooal sits oould mot be discounteds
'mm'mmmwmmmcrm“m«m
by the results of aulture.

It was found that the cotton plug wes peuwtrated within
mimutes of intravencus injection of Pvans blue, This suggested
that the material present in the blood especially the humcvel factors
were able to pemetrate the ootton pluge |

In the greviocus section, the infection enhanting effect of
ootton dust was descridede This section deals with the response
cbserved Yy injeoting different doses of staphylococous FS 60 with
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Figure 15: Mean oedema weight of tissue to the subcutaneous injection of varying
doses of Staphylococcus aureus PS80 mixed with cotton-dust.
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Figure 16: Increased vascular permeability, expressed as diameter of area of exudation
of dye-stained plasma protein, to the subcutaneous injection of varying
doses of Staphylococcus aureus PS80 mixed with cotton-dust.




s constant smourt of estton dust.
Mice were injected with varying doses of stsphylocooct
of strain PS 80 in cotton dust and examined after 1, 2, 3, 4, 7
and 24 bauwrs (figires 15 t0 19). The wxperiments with
mmwmwmm{tmmmw
nm,m’psaammmeam-mammwm
cocesions and sisilex results were obtained. mmnzcﬁem
ea&poﬁntmmmwkmmm‘adm,ﬂth
the rest sach point is a mesn from & mice.

() Fluid exulation
The relation of fluld exudation to dose iz shomm in

figares 15 and 16, According to the tissue weight determinations
(figure 15), although the time of onset of emation tended to be
earlier with the larger dosss, there wes never evidenos of
exudation at 1 hour and rather littls at 2 hours sfter injection,
The fact that in some mice there appsared ¢o be a diminitiom
in tissue weight may repreasnt the naturs] variability in the
determinaticns or may perhaps result froe actual constriction
of bdlood wessels. However the faoct, that in most cases at least
three cut of four mice 414 not show any emdation up to the first
hour, means that there was truly a delay in the cnset of fluid
exdation. )

Measurement of the "blue dismeter”, after injection of Fvans
blue (figure 16) gave very similar results io the weight estimations,
though suggesting that the Fluid emudstion commenced slightly sarlier.
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This sight mean that the Evans blue methold is the more
semsitive, tut Spestor (1956) considered thet the tissue:
. weight offered the bebter method for deterwination of
exxdation in subdoutaneous tisgue

(b) lsueccyte emigration
 With a high dose of PS5 80 (105 to 20°) tm

emigration of lesucocytes wes not notioeable until after 2
houre sd Yy & hours, although the leuococytes had come out of
bmmh,thv'matmawmm&oap
of the cotten, It was 7 hours befare any significant
infiltration of the octton dust was seen, Vith the 10° dose the
leucoqytes hed not completely penstrated to the central part
oven et 25 hours; however with 30° cooed there was heavy and
oomplete infiltraticn of cotton at 24 hourss With lowe: dcses of
ooocl, although the amigration was found to start at 2 hours, the
infiltration of ootton which contains cooci was noticesble 3 =~ &
WMWW. At 2 hours there ws a heavy
infiliration of entire cotton dust (figure 17).

Counts were asds of the mmbers of cooci inoculated
("inoculus") ani of the mmbers recovered from the tissue of sdce
killed immedistely after inoculstion ('am—hmr coamt'), as well
uﬂmmmﬂatWQWM. The results

are shom in figure 18, mmmmmwmm'
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Figure 18: Bacterial counts in the lesion after the subcutaneous

injection of varying doses of Staphylococcus aureus PS80
mixed with cotton-dust. ‘
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of the values from two mice, With the 107 inoculum, &
MMMMM- The upper point on the left
hand margin of the graph represerts the inooulum and the
lower, the serc-hour ocount.

The sero-hour count was always lower than the inooulum,
W 20 ~ 50 per cemt. This indicates that it wes Aifficalt to
recover all the oooci in the lesion, because it seems unlikely
that such a high propartion of coood oould be killed within
seconds of being introduced, Moreover, whether the original
iroculating dose was Mgh (10%) or low (1), the retuction
was proportional ard in no ocsse did the count &rop to sero.

mmummmu@tﬁm.mma
coocl, which has been reported during the ocurse of
staphylococosl peritomitis in mice {Kapral 1965)s It was
therefore decided to test the importance of clumping in the
suboutanecus lesione A 0.5% trypsin sclution in I Ringers was
msde and sterilized by seits filtrations O.1 ml of trypsin
solution was added to 0.9 =l of homogenized tissus, For control
0.1 nl. of } Ringers was added to a similer volme of homogenised
tissus. Both the test and control msterials were laft at rooe
temperature for 30 mimtes befare doing the bacterial ommt, The
visble counts of cosod from the lesion wes not different in the
two cases. It sppesys that clumping msy not be playing en
isportent yole in altering the besterial count in the suboutavecus
lesicn. As descibed in previous mection, there wes alsc no



Initisl Initial Time of Rate of Count at
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A x20° not tested 1 0.51 2.3 x 107 5.91 % 107

3 x10% 1.68 x 10* 2 01 5.6 X 1P  1.55 x 107
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Figure 19t Growth curves of cocci in the lesion after the suboutaneous

injection of varying doses of Staphylococcus aureus PS8G:
mixed with cotton-~dust.
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evidence of dissemination of cooci to gther perts of the
body. | ’

With all the inoula there wes a further dvep in the
mubers of viable c0oci recovered &uring the period after
incculation; the lowest count was cbeerved during 1 to 3
hour saspling depeniing on the imitial inoculime The
detailed results of bacterial counts are shown in Tebls 3.
mthaummmofﬁwmmﬁmwm
from the site of injection or clumping of coood in the lesiom,
it seemed that these low oounts representsd the actusl
deatruction of coool, _

The rate of miltiplicstion of the cocct sfter the drop
in oount is shown in Teble 3. The growth rate wes celaulated
sccording to the farmula k = M‘(an
Neynell 1965); where k is the growth rute constant, t ia the
tine in hour and 1 is the mumber of bactaria. As this equation
presupposes that the growth curve in the logarithmic phase is
repressnted by a straight line, the bacterial oounts at various
intervals with different dcees of FS 80 were plotted on a log
peper and the straight lines clossst to the points were drawn
(Pige 19). With 10° dose the regression line was drswn on the
basis of a fow puints, therefore its slope may not have the seme
validity as in the case of 10° The value of k was then caloulated
az the basis of these straight lines, The growth rate of 107 F8 80

was slightly greater than the rest. With the lower 3 doses, the
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grovth retes were very similar, The growth ourves also
indicated that with 107 dose the maximm becterial population
wes reached in sbout 8 hoursp with lower dossge it reached
presusably at varying times later om.

At 2% heurs the bacterial population was very similer
© for all four inooula. Although the mumber of vishle units of
0o0cd 4n the originel inoculum differed ty &4 log urdts, the
bacterial count at 24 hours with the warying inocula differed
only by 1 log unit.

(8) lesion score
Although the viable oonts of coocd in the lesion
2) hours efter the injection of varying mmbers of FS 80 did not
show much difference, the lesions differed considersbly in thelr
severity, The averags lesion scure end the dismeter of necrotie
sone is shown in Table 4.

With the lowest dose (10°), the lesions were mainly
purulent and only rarely showed a 1-2 me. sove of necrceis, With
higher dosage the lesions were mecropurulent and with 10° dose,
there was hardly any swelling; almost all the mice had en aree

of necrosis nore than 5 sm. in ddsneter,

Since there is evidence, based both on epidemiclogical studies
and armimal experiments, that strains of Staphylococcus aureus vary
in their virulence (¥illisms 1963, Noble 1966), it seemed of
interest to investigate the detalls of the inflammatory response



TABIE 5.

Strain Rumber of Tesion score
nice
1531 12 5.0
S 80 2 heB
Orbach 12 4e6
_ oSmith 12 2.8
P66/7 6 2.8
Yood 46 2 2.3
Vard 12 2.1
M. hyious 12 2.0
PS 83A 12 2.0
KCTC 7292 12 1.6
278 A2 1.6




4

elicited by strains of staphylocoocd that differ in their
ability to profuce suboutanecus lssions in miocs.

In thess experiments 10° wiablé units of &ifferent
strains of stephyloococd and micrococoi ware injected
subaitansously in mice with the ootton dust.

(a) Zesion soore | ‘

The strains used in the experiment were grafed
according to the severity of the lesion produced after the
mumwmsmmmmm&m(zmuﬁ). In most
mﬁuwmmuwmmmmﬂmm
12 mice, Wt with PS 80 the experiments were done several times
end each time the leaioms produced were severw, Of the strains
tested, 270 is a miarococcus} N.hyicus and NCI'C 7292 sre cosgulase
negative staphylococci and the rest of the strains ave
Staphyloooocus sureus. Strains 1531, FS 80 snd Orbach produced
lesions of great severity, the rest of the strains produced
" lesions of moderate to mild severity. Strains having higher
losion scores produced big necrotic scnes, while those with
low lesion scores were characterized mainly hy swelling and pus
formation. It is significant that although Wood 46 produced lerge
quentities of alpha haemolysin and delta haemolysin in vitro, it
failad to produce a large necrotic lesion in the mouse.

(b) Fluid endation
In these experimsnts fluld exudation was deduckd Yy
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Fipure 20: Mean oedema weight of tissue after the subcutaneous injection of 10
Staphylococcus aureus strains 1531, Orbach and PS80 mixed with cotton-dust.
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Figure 213 Mean cedema weight of tissue af'ter the subcutaneous injection of 105 Staphylococcus
sureus streins Smith, Ward, P66/$ , PS 83A and Wood 46 mixed with cotton-dust.
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Figure 22:Mean oedema weight of tissue after the subcutanecus injection of 105 coagulase-
negative staphylococci and micrococcus strain 278 in the presence of cotton-dust.
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Pipgure 23: Leucocyte count in the tissue after the subcutanecus injection of 105 dose
of different strains of Staphylococcus aureus mixed with cotton-dust.




measurenents of tissue weight (figures 20 to 22), The
three aouse-virulent strains - 1531, F2 80 and Orbech elicited
the exdation of fluid omly after a delay of 2 hours (figure
20)e In the case of Orbach and FS 80 for the firsttwo hours,
the weight of the tissue comtaining the lesion was less than
its expected normal weight, Of the remaining 5 streins of
Stephyloooocus suyess which produced lesions of mederate to
nild severity, i profuced an earlier exudaticon of cedema fiuid
than that produced by the 'virulent' strains. The exudation
of £1uid began betwesn ¥ and 1 hour after inoculation (figre
21)e The £ifth strain, Ssith, elicited the exudation of fluid
with an initial delay of 2 hours like the 3 most virulent atraine,
The fluid exdation elicited by strains of cosgulase
negative staphyloccosi and the miorocooous strain is shown in
figure 22, Strain NCTC 7292 elicited the emudation of fIudd
1 hour after the injection, Strain 278 amd N, hyicas slthough
producing lesions of only mild severity elicited the exdation
of £luid with an initial delay of 2 to 3 hours like the I most
virulent streins. At 2i hours thess 3 strains producsd mere
‘vedema than any of the other strains except Saith,
(o) leucooyte emigratign

The lsucoayte counts in the tissue are shown in figure
23 and 2, With the thres mouss~virulent strains the emigration
otlmwcytuMdtwmwtmulquhm. On the
other hand 6 out of 8 strains produsing lesicns of moderste to mild
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Figure 24 Leucocyte count in the tissue after the subcutaneous injection of 10
coagulase-negative staphylococcid and microoococus strain 278 in the
presence of cotton-dust.
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severity gave rise to an early tissus leucogytosis, While
with P66/7 ard 278 infeotion leucooyte smigration was seen
¥ av hour after the challengs, with Smith, Ward, Wool 46 and
KCTC 7292 4t was apperent 1 hour after the inoculation. With
FS 83A and M. hyicus which gave poor lesion sooves, the
emigration of leucocytes was delayed until 2 hours af'ter the
injection as was the case with the mouse-virulent oirains.

In no cass was the infiltration of cotton dust apparent
Wmswtmmmmuam'mmwm&,'m
and 1531 only the peripheral parts of the cotton were infiltrated
even at 7 hours (Pigare 25). With the other strains, the cotton
wos infiltrated throughout ky leucoaytes by 7 hours. A few
histological preparatiocns taken fiom the 2k hour 0ld lesicns
of Orbach and 1531 showed no evidence of leucucyte infiltratien
(Pigure 26). Vith the other struins there was a dense collsotion |
of leucoqytes in the region of ootton dust Ly this time.

It was not possible to quantitate the vellular reaction at
2l hours with accuraqy, because of the very dense eollection of
Jeucocytes in the region of cotion dust. Noreover the lesuvocytes
wore not uniformly distributed throughout the leaion. Iastly,
in mary sections, the lsucogytes were broken up and distarted
making acourate counts impossible.

The .momm_m produced in mouse leuococytes ty the
extracellulay products of Staphyloooccus sureus have been described
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Figure 28: .
Bacterial counts in-the lesion af'ter the subcutaneous injection of

Staphylococcus aureus strains 1531, PS 80 and Orbach in the presence of
4+ nediat .
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ty Gladstone and van Heyningen (1957). Distorticn of the
lsucocytes was apparent in the meture lesions. A1l the
strains producing alpha exd delta haemolysin in vitre

showed the dlstortion of the lsucocytes in the lemions
(figure 27), axoept Wood 46, This stredn produces deita
heemolysin end large quantities of alpha haemolysin in vitro,
yet the leucocytes were better presarved in the leaion
(Figure 27a)s In the lasions of stredms 278, HOTC 72592 and
Mehyicus which produced neither delta or alpha hasmolysin, the
form of the leucooytes was also maintained.

(8) DPagterisl oounts in the lssicn
¥hile all the previous studies 1.8,, lesion score,

increased vascular permeability and leucocyte emigration were
cerried aut by injecting 10° coocd, for the bacterial oounts
in the lesion 10° coocd were introduced along with the cotton
dust, because with a doss of 107 coocl, the finer differences
in the growth petterns of different strahnmmfmgat
aite

With all the strains, 'sero-hour counts' were alweys lower
than the initial inoculus, s»d during the period after injection
there was a further drop in the mmbers of wiable cooci.

Pigure 28 shows the result of bacterial counts in the lesions
of the three mouse-virulent strains. There was a rapdd rise in
the mmber of recoversbls visble undts after the first 2 houmrs,
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Figure 29 AGE (hr)
Bacterial counts in the lesion after the subcutaneous injection of
Staphylococcus aureus strains Smith, P66/7, Ward, Wood 46 and PS 834
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Bacterial counts in the lesion after the subcutaneous injection
of M.hyicus and strain 278 mixed with cotton-dust.
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Bacterial counts in the lesion after the subcutaneous injection of

coagulase-negative staphylocoocus NCIC 7292 and Staphylococcus
aureus PS80 in the presence of cotton-dust.
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Four hours after the injection the bacterial coumnt exceeded
the initial maber «f bacteria inoounlateds By 24 hours the
bacterial population had incressed by 3 to 4 log units to a
finalemntofbetnenzxmsmiixmz

The bacterial counts in the lesions of remaining five
strains of Stephylococous mureus which produced lesicns of
moderate to mild severity are shown in figurs 28, In the
lesions due to Wood 46, FS 83A and Ward, the initial drop ves
greater than with the 3 mouse-virulent strains and at 4 houwrs
the bacterial count waz still lower than the indtial inooudum,
Viith PS 834 even at 7 hours the population of coocd was lower
than the doss inoculated, On the other hard in the lesions of
Smith and P66/7 the bacterial oocunts at 7 hours were similar to
that seen in the mouse-virulent sirains,

Bacterial counts in the lesicns due to Mshyicus and strain
278 are shown in figure 30, During the first L hours the
bacterial counts were lower than the initisl incculum. It was
only at 7 hours that the bsoterial counts bacame preater than
the criginel dose. Thile with M.hyiocus, the 24 houx count was
as high ss with the mouse-virulent strains, with 278 the
bacterial population at 24 hours was lower than the initial
mmber of cocci inoculated,

Figure 31 shows the bacterial count in the lesion of NCIC
. 7262. In this cese the bacterial count was done sfter injecting

10”7 ococd because even with this high dose there wes haxdly ary
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Figure 32: AGE (hr.)

Growth curves of cocel in the lesion after the subcutaneous
injection of Staphyvlococcus aureus strains 1531, PS80 and

Orbach in the presence of ootton-dust.
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Figure 33: AGE (hr.)

Growth curves of cooci in the lesion after the subcutaneous
injection of Staphylococcus sureus strains Smith, P66/7, Werd,
Wood L6 and B 8§A mixed with cott

on-dust.
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Figure 34: Growth curves of cocci in the lesion after the
subcutaneous injection of M.hyicus and strain
278 mixed with cotton—dust
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ggz 35¢ Growth curves of cocci in the lesion sfter the
subcutaneous injection of coagulase-negative

staphylccocous NCTC 7292 and Staphylococous aureus
PS 80 mixed with ootton-dust.




82

ovidence of multiplicationy for compariscn the growth curve
of PS 80 with a sisiler dosage is also shown. Even with much
a high initial inoculum, NCTC 7292 failled to produce ary
significart Sncrease in the bacterial population.

The detailed remilts of bacterial oounts, including the
growth rete (k), of various sirains are shown 4in Tsble 6. 7The
value of k was determined (figures 32 to 35) in the sase wy
as described in the mection 2. The growth rate of the three
mcuse-virulent strains and of Smith and P66/7, which produce
wolerate lesions, was higher than the strains profucing milder
lenions, The ssverity of the lesions was better occrrelated
with the value of k and with the 7 hour count rather than with
mamm.mmmmwmmmmw{

In an attempt to demcnstrate the relation of the

lesion soore to the 2 components of the inflammatory resction
measured, the data were plotted in the form of a "3 dimensional”
groph (figare 36), The two sbadasse are (1) the sum of the mesn
*mmmmvm;mmmmmw&.w(z)
the time at vhidh leuccoyte emigration was first detected, The
height of the blociks represents the lesion soore.

The three 'souse~virulent' strains - PS 60, Orbach end 1551
elicited little or no fluid exudation during the first 2 hours after
mmiap.mraetmmso.mmemmﬁmmtmm
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the expected weight. There was alao a delayed smigration

of leucoqytes. The remaining strains except Mihyious either
showsd exudation of fluid during the th’mm of inflampation
or early emigration of leucocytes, or doth. An_thmam:u
produced the milder lesions. M.yious, uthm@mma
2ild Jesion, elicited a poor exudation of fluld as well ax &
dslayed leucocyte emigration, that is it hed these characteristics
of virulent strains. ,

The relation of the severity of the lesion to the lsucocyte
Mmtimaﬁthcbwteﬁalm&ahﬁukﬁmat?hauau
shown in figure 37. The twodbscissae are the log of viable count
st 7 hours and the time at vhich leucocyte emigretion was noticed.
The strains with high lesion socres elicited a delayed emigration
wmw.aammm@nmuuMsmmm
In contrast the strains that produced poorer lesions either
elicited a repdd lsucocyte eslpration or showed & lover becterial
caunt in the lssion, or doth,

The relation of the severity of the lesion to early exsdation
of £ludd and the 7 hour Dacterial ounts in the lesion is shown in
figure 38, The twoalscisses are the sum of the mean "oedema
m@tsﬂwmﬁmmmmwm,wmm
of viable counts at 7 hours in the lesion. The strains with high
lesion scores showed a poor flidd exudation during the first two
hours and high Yacterial omints, VWith the exception of Smith,
mmumgmmummmmgmmmmzy
exudation of fluid or a lower bacterial oount o boths Spith, in
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spite of profucing pocr exudation of fhrdd and & high becterisl
oount in the lesion, had a much poorer lesion soore than PS 80,
Orbach and 1531,

‘It is therefore oomoluded that, $n general, with the
strains producing severe lesions emadation of £hud as well as
the emigration of leucooytes ooccwrred only after an initial
delay, and the baoterial counts in their lesions ross quickly
to a kigh level, However the reverse of thess findings waa
not true for all the strains profuoing poorer lesionss But no
strain producing pocr lesicn had all the 3 characteristics seen
in the lesicns of “"virulent straina®, rapely delayed exudation
of fluld and emigration of lsucooytes ss well as high beocterial
ocmnts in the 7 hour old lesion,

The factor or factors in staphylooooci that can poasidly dbe
responsible far the initial delay in the inflammatary respouse are
not known. In crder to dsfine any possible role of the
structural components of staphylocoocl, heat killed and washed
cells of Staphyloocooous sureus strein P8 80 were injected with
the ootton. Of the extracellular factors of staphylooooci,
alpba toxin which is known to cause vascoanstrioction of blood vessels
(Thal and Egner 1954), was also injected suboutanscusly in mice
mixed with cottome The two main oomponsnts of inflasmatory response
mmmmammmmm¢
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The mean ocedema weight of tissue to the subcutaneocus injection of cotton-dust
with and without heat-killed Staphylococcus aureus PS 80.




An overnight mutrient btroth culture of PE 80 wan
heated at 72 = 74°C for one hour; it wes suboultured on blood
agar to verify that no viable coocl weve present, The oells
ware washed thrwe times and resuspenlied in the original voluse
of sterile mutrient broth, The cotton &ust was inooulated with
541 of this heat killed suspension and was then njected
suboutanscusly inte mioce, The changes in tisme wedght after
the injection is shown in figure 39, For the sake of comparison
the response to the injection of cotton and mutrient broth is also
shom, Each point on the graph represents the mean values from
four mice. With the hent killed PS 80 there was an indtial delay
in the crmet of exudation of fluid, When salins suspension of
heat killed PS 80 wes injected with cotion & similar yesponse was
cbtained,

leucocyte counts of the lssion revealed that emigration storted
1 hour after the injestion; the ootton dust itself wes first
infiltrated at 3 hours amd by 7 to & hours the whols ares of cotton
dust was heavily infiltrated by leucoqytes.

“Wellacme" nwm:mwummm
the experiments. Ten ul, of mtrient troth was sdded to the fresse

dried toxin and 5/1 of this was injected suboutanecusly in mice
aixed with the ootton dust, The smaunt of the toxin injscted was
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Fipure 40: The mean oedema weight of tissue to the subcutaneous injection of alpha
haemolysin with cotton-dust.
/
! §

|
B




86

0.16 *welloome' units. Alpha toxin elicited repid
inflemsatory emdate (figire 40). The acoumilation of
fluid wes evident half an hour after the injection.

Leucocyte emigraticn 4n the injected site was detected
at 1 hour, tut the infiltration of cotton was not seen until
after 7 hours and even st this time cnly the perigheral
parts of the cotton were infiltrateds Even 2i hours after
injection most of the ootton dust resained fres of leucocytes
only the periphery being infiltrated,

These results suggest therefore that the initial delay
in the inflamsatory response sight well be due to some
component associated with cells of steplyloococt and not the
alpha toxin. However, alpha toxin could be the factor
responsible for inhibiting the infiltration of ootton by
lsucocytes in the later stages of inflassation.

Although, after stephylocoocal infection, both imsunity
and hypersensitivity are known to develop in enimals (for exsmple,
ses Elek 1959), no detailed information is aveilable about the
effect of these changes an the inflammatory response or the
beoterial population in staphylocoocal lesions of these snimels.
This section describes the response to the injection of
staphylocooei in mice that had recovered fyrva previcus
staphylocoooal infection,



Ro. of Doze of Foe. of  Average leaion
ingjection ;s 8o wioce soore/nouse

1 5.75 x 207 12 40

2 3.5 x 100 12 3

3 5.25 x 10° 12 237

A 15 x 10 12 3eb

5 5.6 x 107 12 2.7

6 9e25 x 107 12 2.9

7 675 x 107 12 2.9
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Mice that hed been infected 2 to 3 times Ly suboutanscus
injection of Stephylococous gureus strein FS 80 mixed with
outton dust, were used, About 4 weekn after the last injection
mmmmmmmutbwrmﬁmmam
uummﬁyrwthmimtiaﬁm They were reinjected
with 10° staphylooossi of strain FS 80 mixsd with cotton dusty
mmtmwammnmmm&m;@rtw.

(a) lesion Soure
In the *previcusly-infected’ (P,l.) mice given a

dose of 10° TS 80, the lesions ware mild comaisting mainly of
swelling and pus formation, Only an ocoasdonal moune showed
saall sone of necrosis, 2 ~ 3 mm. in dinmeter. The average
lesion soore was 2,6, This value was based on the mesan from
18 mice used in three different experimsnts, In contrast, control
mice alwgys produced severe lesicns which were characterized ty
necrosis ard pus formation, The averuge lesion score varied
betwoen Le2 and 4.8, The reduction in the lesion score in 'P.l.’
nice was mainly due to partial neutralisation of skin necrosis.

In view of the reports that repeated staphyloecconl infection
inoreases the susoeptibility of experimental andmals to
staphylococed (Johanovaky 1958b, Jhonson, Cluff and Goehd, 1561),
Mﬁwmm,‘atmﬂymtemlmr7m The aversgs
lesion score after each inoculation is shown in teble 7. In nome
of the repeat injections, was the severity of the lesion more than
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Figure 41: The mean oedema welght of tissue to the subcutanecus
injection of Staphylococcus aureus PS 80 mixed with
cotton~dust in previously-infected (P.1l.) and control mice.




at the first injection.

Fhen mioce that had been injected previoualy with heat
killed PS 80 were reinoculsted with visble cells of PS 80,
there was no reduction in the severity of the lesion, a
finding sieilar to that reparted Ly Noble (1965).

(b) Fluid sxudation
The r» lutiom of fluid exudation with the animal's

past experience with ataphylocoocal infection &s shown in
figure 41,  Badh point on the graph is the mean taken from
4 mices The controls were a2 group of mice that had been
injected with cotton anl sterile rutrient twoth 4 weeks previousiy;
they were reinoculated at the sawe time and with the same done
of P3 EC as the 'P.1.' mice. This control was included in crder
40 moke an allowance for any possible alteration in the response
of mice due to age end the previous injection of mutrient broth.
In the 'P.1.' mice there was an early exudation of fiuid which wes
evident half'-anehour after the injections Thereafter the fludd
exudation went on incressing and at 24 hours thexe vas &
considerable amount of cedema. In contrast, in the contrel mice,
the fluid exudation started after an initial delay of 1 hour, and
at 7 and 2 hours the oedema was much less than in "F.l.' mioe,
With the controls no study at half-an-hour was done, however the
injection of cotion amd PS 80 in normel mice hed always falled to
elicit wy exudation at half-an-hour in the previcus experiments,
Although the mean value for sach point on the graph is based on
4 mice, fluid exudation wes evident at both half anl ane howr in 3
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Figure L42: Two separate experiments showing the mean ocedema weight of
: tissue in previously-infected mice to the subcutanecus
injection of Staphylococcus sureus PS 80 mixed with cotton-dust.
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Figure 433 Leucocyte counts in the lesions of previously-infected
(P.1.) and control mice to the subcutaneous injection

of Staphylococcus aureus strain PS 80 mixed with
cotton=-dust.
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Fipure L4t Bacterisl counts in the lesion after the
subcutaneous injection of Staphylococcus

aureus strain PS 80 mixed with cotton~dust
in previcusly-infected (P.l.) and control -
mice,
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cut of & 'Pol.* mice. Furthermare on two other cocasions
mice that had experienced previcus subcutanecus staphylocoocal
infection, showed o similar response to e second infection
(figare 42)e With these studies no parallel controls were
included, |

(). lsucoayte emigretice

" The 'P.l.' mioe also resporded with an accelerated
leucoayte response (figure 43), Ieucocyte emigration at the
injecticn site was noticestle st 1 hour and the infiltration
of ocotton began ot 3 = A hoursj by 7 hours the entire ootton
dust was infiltrated by leucocytes, On the other hard in the
control mice, the emigration of leucocyte was not seen until
aftor 2 hours end thess leuccoytes remained at scme distance
fyom the edge of the cotton up to & hourse It wea 7 hours before
any significant infiltration was ssen and even at 24 hours the
mmm:dtuwwmmmmww.
The histologicel sections aiso showed that the tissue from 'P.l.
nice wes much more codematous than in the cestrols. This
further supports the finding of an incressed fluid emation
in mice with the past experience of staphylococoal infeotion.

(4) Baoterisl counts
Fwtmummcamtsvlﬂ’md‘m%m
injected and the remilts are shomm in figure bis ZEach point an
the graph represents the sean from two mice. The lower pednt
on the ordinate represents the sero~hour ccunt. In the 'P.l.' mice
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Figure 45: Growth curves of cocci in the lesion
after the subcutaneous injection of
Staphylococcus aureus strain PS 80
mixed with cotton-dust in previously-
infected (P.l.) and control mice.
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the inltial drop in the oount was lower and persisted for
& longer pericd than the omtrel. After 4 hours, the oount
started rising but even at 7 howrs it wes lower than the
*initial iriooulim’. There wme presumsbly a further drop
in the becterial population ss at 2 hours the comt was
lower than et 7 hours, The growth rete of ooect in (figive
45) Pule mice was 0,20/hour as oompared to Oukd/hour in the
controls,

(e) Yasoular lsbelling

The finding that the *P.l.' nioce responied with an
avcelerated inflamatory resction to staphylocooceal infeotion
was furthe ocrrovorated by studying the degres of vascular
labelling after the intravencus injection of Pelikan-ink
(see methoda), The results are shown in Tabls 8. In the
'Pul.! mice the vaseular labelling both at ¥ to 1 howr snd 24
hours was more then in control mice. At 6 hours there wus a
ecnsidersble amcunt of vescular labelling in 'P,l.' mice in
contrast to controls (Pigire &6 a,b). Similarly wiile at 24
hours in the Pol, nice a large runber of blackensd blood vessels
were seen, it had almost diseppeared in the control. Oarbom
started lsaking out of blood vessels st 1 haur after the injection
in 'P.1.' mice and et 2 hours in the ocmntrol mice, Thene times
ccincide with the onset of leucoqyte ewdgration in the two cases.
Itmnda!ythcluysﬁubmh,mlywmm
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Figure 49: The mean oedema weight of tissue to the subcutaneocus injection of heat-killed
Staphylococcus sureus PS 80 mixed with cotton-dust in previcusly-infected (P.1.)
and control mice.
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that were affected (figure 47) 4n both the cases. Smaller
’blm%mn,mumpﬁnm-mmmmw
sone extent, between 1 and 8 hours in the omntrol mice and
throughout the pericd of inflemsation 4in the 'P.1.' mios. In
order to identify the vemules and capillaries the nermal
vasoulsr pattern of the suboutsnecus tissue is shown in figure
4B,

In order to fird which sntigen of the staphyloococd

might posaidly be respunsible far the accelersted inflameatory
response, 'P.l.' sice were injected with heat killed IS 80 and
their response ws sarutiniseds In the naxt section thelr response
to the injection of alpeh~toxin will alse be desoribed. ‘

In the 'P.l.' mice, the exudation of fluld was evident half
an hour sfter the injection (figure 49)s Bach point on the greph
is the meen from 4 mices During the first 5 hours after injection,
alsost all the mice showed the local exudatiom of fludd. Far centrol
norsal mioe were injected with heat killed FS 80 and cotton. In
these mice the incresse in tissue weipght wes discernible only after
5 howrs. However the mean ‘osdepa-weight' of the tissues at 7
and 24 hours wes not much aifferent &n the two cases,

In the 'P.l.' mnice, the emigration of leucocytes was evilent
at half an hoaur; the cotton itself ws infiltrated at 3 hours and by
2, hours it wes heavily infiltrated bty lsuooqytes, smmm
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were olicited in the control siow exoept that lsucoqyte
enigration commenced at 1 hour af'ter the injeotion.

'Welloome' trand alpha<heemolysin (0.16 units) wes
injeoted subcutanecusly mizel with cotten dust into 'P.1.'
nice, The vesults ere shown in Table 9,

The degres of fluld exudation tended to be greater in the
Pel.? pice both in the early stages and at &4 hours than in the
_mice that had no pest experience of stapiylococoal infestion, .

mmtohgdiintmmwinﬁai’.hm
the emigration of leucoiytes was detectable half sn hour and |
infiltration of eotton started at 2 hours after inooulations by
2 hours there was a sassive infiltration of the entire coften
dust. On the other hand, in the control mice in spits of early
emigration, the cotton was not infiltrated to any signifiocant
degree before 7 hours and even at 2, haurs enly the peripheral
perts of the ootton were infiltrated.

tP.1.' mice showed evidenos of imsunity to dmrmonecrotic
eoffects of alpha~toxin, While the oontrol mios showed o average
s zens of pecrosis 5.1 mse in diameter} in most cuses the 'P.l.*
mice had no necrosis and enly rerely a pin point erea of necroais

Was 80en.
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(a) Servm trersfer
The experimental results described in the
previcus sections showed that mioe with pest .experience
of stephylocgosal infection exhibited some degree of. -
protection ard acoslerated inflamsatory response to the

" 4s8.als0 known that in locel anaphylactic type of reection
modisted through serum and characterised by wheal and flure
there is sn immediate increase in vascular permestility
(Mckiaster 1959). It was therefare decided to trarsfer the
 serum frum mice having past experience of subcutansous
staphyloooocal infection with strain PS 80 to new sndce Yy
systemio injection (See Methods) and to study their response
to the subsoquent injection of 107 Staphylocoocus mvevs strain
FS 80 mixed with cotton dust.
(1) lesion seore
¥113 lesdons were produced after the injection of
0% viable units. The sversgs lesion acore based o two experiments
of 6 mice esnch was 3,0. - The reduction in the severity of the
lesion ws due to noutralisation of dermonecrotic offect,
(41) Zaujd emaation
The tissue weight wes entinsted at ¥, 1, 2 and
24 hours after the injection of ococei, The resnlts are shemn in
Table 10, The value for each period was the mean from four aios.
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¥ sxudation the on of PS 80 and

Time after Weight of oedema £1uid {mg.)
injection of
ooocl (k) In serum recipient group  In oamtrol group
¥ 5¢7 (0e2 to 19.3)* 640 (=16.7 to 3.9)
24 1548 (120.9 to 187.2) 111.7 (7h.2 to 168.9)

* = In birackets is the range of mean oedema weight
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Bacterial counts in the lesion after the subcutaneous injection of
S

taphylococcus aureus strain PS 80 mixed with cotton-dust in serum
treated and control mice.
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There wes no evidenoe of fluid exudation for the first two
hours after the injeotione However only 2 of the 4 mice
tested showed the lack of exdation in the early period and
no control was included in the experiment, Kext a group of
untreated mice were also injected with PS 80 mixed with
ocotton at the time of inoaulation of serum trested mice, The
result-is shom in Teble 1l. Again the values for each point
ere the mean from four mices All the four mice that received
serus showed some exudation of fludd at half an hourrs 1In
contrast all the comtrol mice showed 1ittle or ro fIuid
exudation at this stage., /At2) howrs the senm treated group
showed 387 more colema fludd 4in the lesion than the control
groups The range of mean ocedesa weight also indicetes that the
difference between serum treated end control mice may be real.

(441) Leucoayte emigretion

The enigration of leucogytes was detected at
zmmmmmzmvmﬁmmammtm
oven at this time, This 4is in marked cantrast to control mice
where the infiltration of cotion was not seen until 7 hours after
inomulation, although the leucocyte ﬂ@ﬂm wos evident at 2
hours.

(4v) Pagterial ot

The oounts of visble coocd in the lesicn is shomn
in figire 50, and for the sske of ompariascn, the bacteriil caunts
in the lesions of untreated mice are also inoluded, Each point on
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Bacterial counts in the lesion of serus treated snd contrel mlce
Group Indtial Zero-hon® Time (h) Count at Growth Counts at
dose ocount of lowest 2 hr. ™te
ount _ 7 . "2k br.
trested 5.5z 10 3.5 x 10 2 342100 045 Selx10° 2.59 x 30°
group o
Coutral 533305 2,83 x 105 2 9321° 040 LB3zX 166x1
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Figure 51: AGE (hr.)

Growth ocurves of cocci in the lesion after the suboutaneous injection

of Staphylocoocus sureus strain PS 80 mixed with cotton-dust in serum
treated and control mice,
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the praph iz the mean from two mics. The ocunts in the
lssions of both the groups were similar exocept that the
serum treated group showed a greater imitial drop at 2 hours,
which perhaps acoounted for slightly lower counts subssquently
in their lesicns. The growth rate (figoe 51) of cocct - .
mmummm(wmn).

(v)

Since it has been reparted that in the tuberculin

type of hypersensitivity reactions mediated through cells there
15 an inarease in vassular parmeability which i maximum at 2
hours after injection (Vedsin and Toullet 1960), I decided to
tranafor lymph node cells from mice having pest experiencs of
suboutanscus staphylocoocal infection with the strain FS 80, to
new mice (ses Methols). The reapcnse of these trasted mice to
FS 80 and cotten is now
reported. In thass experinents only ssall musbers of mice were
used because of scarcity of time and material, thevefare the
oonolusions may not have the same valifity as in esrlier experiments.

Mice that hed received the lymph node cslls showed very
severe lesions after the injection of staptyloccowds The lesions
were characterized by large areas of necrosise The average dismeter
of necrotic some sfter an injection of 10* dose of FS 60 was 6.2 mme
and the average lesion soore wes Leke Six oontrol mice injected at
the same time with the same dose had on sveruge a necrotic sone of




1 2.5 x 10° 673 85.3 .

, (357 to 125.3) & (73.8 to 1M:0) &
2 2 x 1M 550 97.1 |
* (=0 to 9946) & (59.7 to 118,3) &
* =Iamn‘hmwcrmmﬂ»¢luwum‘

Group Initial oount Bastorial count at
7 hr. 24 b,
Control 5.6 x10° 2.5 x 10 8.3 x 20°
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2.2 sme in dlametor and & lesion soore of 3.6, The mice
given lyxph node cells thus ahowed an evidenos of inaressed
susoeptitdlity to stsphylocoooal infection,

Fluid emdation and leucoqyte oount wise estimated only
st 2\ hours after the inoculation of coocl, A group of
untreated aioe were also included as countrolss The mice
recwiving lysgh node oells showed no evidence of increased
fluid exudation at 2 hours; indeed their lesions were
less cedemstous then in the control mice (Table 13).

In the histological aections of the lesion at 24 hours,
both with the 10% ani the 107 dose of ¥S 80, there was coly
slight infiltration of the ootton dust Ly leucocytes. Only the
peripheral parts of cotton was infiltrated and at places the
leucocytes even remained away from the edge of the ocottam. There
is no data about the lsuccoyte esigration in the early peried
in the lyaph ncde cell treated mice, Bt the 2, hour response wes
1ike that associated with virulence. For exmmple, as alrveady
described, with very large dose of PS 80 (1) in normal mice,
there was a similar leucodyte response at 2 howrs and severe
lesions. In ooutrast, in the untrested mice, with both the 10*
and the 107 doss of FS 80, there was a hesvy infiltration of the
entire ootton dust Yy leuocqytes at 24 hours.

Seven snd twenty-faur hour vieble ccunts in the lesions are
shown in Tadle I A group of untreated rice ware inoluded as
controls. Rach value is the mean $aken from two wdoe, The
bacterial counts were similar in the two groups.



Group Dose of Ayerags JNean Osdema  Infiltration 'of
P8 80 lesion weight at ootton Yy
score 24 hrs.(mg) leucoqytes at
2 hrs,
Control  7.75 x 10° lools 128,5 ot
e s x20® 25 ama e
cellis + serum o , ‘

Strain Ko. of " Averags lesion socmre

Bi0®  rirst injection  Seeomd injection
1531 6 540 342
Orbach 6 5.6 355
Smith 12 2.5_ 205 .
Yood 46 12 242 - 2.2
Vard 6 2.1 - 23
S 834 6 240 2,0
Mhyicus 6 2.0 2.2
278 [ 4 1.6 - 148




An experinent was devised in which the mice ware
given not only lysph nole cells tat also serus from 'P.l.' sice.
Each mouse was given 120 aillion lymph node cellsx and 0.25 ml,
of serum 1y the intravencus reute. Eighteen hours later,
these nice, together with a group of untreated mice, were
injected with & 10° dows of Staply s 6 B0 in oottan
dust. The result is shown in Table 15, The lesion soore is an
average from G:mios sachs The lesions produced in the treated
sice were mill in ssverity, Tihw averasge lesion soore in the
trestod nice wes 2.5 as compared to Aok in the control mice.
The value of cedewa weight in each group is the mean fyom founr
mice. There was no evidence of an inareased exulation off fhuid
in the 2 hour o) lasiors of treated mices However, ss alresdy
described 'Pol.' mice had mhown greater sxulation of fluid ot
2 hours than the oontrels., There was a hesvy infiltretion of
the cotton dust by leuoccoytes st 24 hours as &n the control mice.

So far the respense of the mice to reinfection with
the strain (FS 80) used far the primary infection has bemn
demoribel. It was decided to Anvestigate the responss of
previcusly infected mice to yeinjection with a mmber of different
strains of stsphylocoocd (Teble 16 and I7)s In these experiments
also a small mamber of mice were used, therefors the conclusions



ot g 3wy
" ’-a 3: 3l 1= % 3o AR ) oas
...... e - s = :
T D L0
h_a heterelogous :

for sooxe sfter the of lesion
infection mioe  jniection of soore in 'F.l.' m.
PE 80 in the rioe as compared of PS 80 in
1P.1.' mice to control untreated
wiow
Orbach 6 3.0 &0 540
Smith 6 &e2 15 5.0
Wood 46 6 9%, U 5.0
Wood &0 6 3J Py 3.6
S 834 é 540 Nil 5.0
Ward 6 2.6 25 3.6
218 6 3.5 3 3.6




-
may 2ot have the same walidity as in serlier sectioms.
(a) He
~ The results sre shown in table 15, ‘Mouse-
virulent! strains 1ike 1531 and Orbach, which profuced severe
lesions at the time of first injection, confesTed same degree
- of FEotecticn to reiajection with the hosologms strein, A8
aemm.ana-nmmumwmm
necrosis that led to a veduction in the severity of the
lesicn as scored. The rest of the straims, which were *poor-
lesion' producers, did not confer any sigrificent degree of
-mtmmawmwmwawmmam
(b) Hetercolegous reinfeotice
rwhnmmmmsmmau
wureus strain FS 80 into mios that
hai a previcus suboutanscus infeotien with a heterclogous
strain of stephylococci. The valus for the comtrol is the aversge
Mmmmmmdmam%mdmw
FS 80 though the oantrol figure was not always derived from
aice reinjected on the seme day.  The meximm reduction in
severity of lesion after reinjection wes seen in mice that
‘hed previcus infection with Orbach - a'm’
strain. Of the rest of the strains, only the infection with
‘Saith, Wood 46 and Ward inkuced s slight reduction in the severity
of the lesion to subsequant 4njectiom of FS 80, However, sdoe




Two past  No, of Average lesion % Suppressien °  Comtrel

injections miocs  soore after of lesion leston
with P8 80 ‘ soore in *P.l.¢ soore to sspe dose
in '?011' sloe sios as of IS 80 in
oapared to untreated mice.

278 12 2,3 52 b8
M.hylcus 6 Sels 29 &8
Bulith 6 24 50 L8
Ward 6 2.3 36 3“
Vool L6 6 32 b3 | 3.6




+150F Mean oedema ;
weight (mg.) -

+120

+90

+60

Control
===

430

1y 1 2 3 A 7
AGE (hr.)

Figure 52: The mean oedema weight of tissue after the subcutaneous injection of
Staphylococcus sureus PS 80 mixed with cotton-dust in mice previocusly-infected
(P.1.) twice with strain 278 and control mice.




that hed two previcus infections with & *pocr-leston’

producing strain, exhidited some reduction in the

severity of lesion to challenge with FS 80 (Tedle 18).
Strain 278, vhich is a microooocus, also conferred scme

elthough the strain 278 fails to profuce either delta or
alpha hasmolysin in vitro. Therefore the inflammatory
response after injection of F5 80 wes studled in mice that
had hed two previcus suboutanscus injection of 278, Pigure 52
shows the tissus welghts, Xach poirt on the graph is the mean
from b mdow, ﬁmmmmlymwmaﬂfs&
becase evident half an hour after injection. A1l the four mice
tested at this time showed fludd exudation, The cedema welght
varied from 3 to 38 mg. in these mice. This was followed by &
phase in which there was no fluld emsation; thereafter the
exudation of fluid went on increasing abd at 24 how's the lesions
were very codematous. mmmmw
untreated mice to the injection of PS 80 is also shown in the
graphs Thus the mice that had jrevious infection with 278 showed
an early es well as aooelerated emistion of fluld. Histology of
the lesion revealed that emigration of leucocytes sterted two
m-nftwtlaw cotton began to be infiltrated at
four hourss However Yy 7 hours cnly the peripherel parts of the
ootton was infiltrated; the entire cotion dust was ssen to be
infiltrated only at 24 hours. " |

In view of the finding that streims of staphylococci that



Colchioine treated mioe Control mice

Strain
ﬂ:;: Amago legion 7 W x-:; of Am
m-n to’

Vard (3 3.0 A3 € 2.1
Vool &6 6 W) 9 (4 2,1
PS 83A 6 1.7 32 6 2.5

278 6 2.0 33 6 L5
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pm@mugmmmammmmumaaw
of protection in mios against veinfeotion, it was decided
to try to enbance the saverity of the lesions profuced by
strains like FS 83A and Wood 46 which are 'pocr~lesion®
producers by treating them with colthicine (see Nethols)e
In the next section a detailed Cesaription of the switi-
inflammatory autim er oolchicine w1l be given, The
Wlesiwminthemlmmmtndwamm&
mice after the injection of coccd 48 shown in table 19,

The lesions were greatly emhanced in the case of Weol 4S.
¥ood 46 produced large quantities of alpha toxin and Gelta
toxin in vitro. Although strains PS 834 anl Ward also
produced alpha ax well as delta hsemolysin in vitro, their
lesions vere not enhanced to that extent, Strain 278 produced
neither of these hasmolysins end its leatons ware also not much
erhanced, When coldhicine treated mice had recovered from the
subtutaneous infection with Ward or Wood 46§ they were reinjected
suboutansously with FS 80 and cotten, The lemicn socre to 100
dose of FS 80 wus k5 4n the cese of Ward and 40 in the case of
Wood 46, Thus there mas no evidence of en increased resistance
to reinfection with FS 80 in thess mice even sfter nome
mmmd'thaﬁmtwmo

i 000 £ ‘at 01 GG ..‘l_ﬁ.“....m LA Y ‘4"'.' i3 $754
This section describes the effect of a mmber of anti~
inflammetory drugs (see Methods) on the two components of inflammation




¢ Treatment No, of Nean Oedems Mean blue
gﬁ ugcn weight (mg) Dismeter (m.m)
Control 5 0B =1lek 40 2446)* 963(7.3 to 10.8)*
Cortisone acetate 6 123 (25,9 to bhel) 2.4(649 to 1leb)
Betemethasone -30, . R
1 e et 5 «Quk (=30,7 to 15.4) 7.1(2.8 to 9.7)
D oriote diattum & =12 (= L6 to =37:6) 8:7( 6 to 11.8)
salt
Contyol 5 64e8 {943 to J40.1) 12.8(9.9 to 14e0)
2 Muan&in 5 : 71‘& ("I}Ql to 52.2) 709(5:0 to 11.9)
Prednisdlons 5 8.3 (1.5 to 4342)  8.5(5.2 to 114)
disodiun phoaphate ,
Control “ 4 ﬁ.7 (= 746 t0 32,8) B8.8( 546 to 10,9)
3 Soitum saliqylate &4 749 (= 9.0 to 25.)  3.8(Cotton enly
. blus to Bqﬁ)
Gontrol b 65.3 (42,3 £0 79.0)  13.7(10.9 to 15.8)
4 Colchicine I 1Bk (=173 t0 50.7)  7+7(5:0 to 11.0)
Sodium salicylate & 5646 (104 to 46.5) 12,2(9.4 to 3e9)
Cantrol 6 418 (13,0 to 66.4) 13.3(1lek to 15.0)
5 mmw.’ 5 39.3 { 6.3 to 79.3) 12.6(8.9 to 17.3)
Quirine hydrochlcrideS 4647 (31.8 to 65.7) 15.5(10.9 to 18,9)
Colchicine 5 20,3 (=14 to 32.3) 8,77 to 9.7)
Cantrol N 18,5 (16,0 to 20.2) -
6  Inicwetnacin & 25,6 ( 2.9 to 60.6) -

* = In brackets the rangs of meen cedema welght ard mean blue
diameter in the mice tested is given.

= = not tested |



end the lesion produced ty Steph
However this is only a preliminary study end soue of the
results are difficult to interpret probably due to swall
mmber of snimels used and dus to the faot that wery little 4s
known about the mode of sction of these drugs. Nevertheless,
the results sre reported as they were considered to be of same
isportance. Fluid exudation and the amigration of leucocytes
into the lesion were estimated at only one time, remely & hours
after inooulation except in the sice treated with indomethacin,
where the inflammatory response 24 hours after the injection
was also studied. The response at & hours was chosen for
study, because of the evidence that in experimental bacterial
infections most of the reactions determining the ultimste sise
of ths locel lesion are complete in b - 5 hours (Niles, ¥iles
and Burke 1957). In all experimenis a group of untreated mice
ware inoluied as controls. The varicus anti-inflammatory drugs
were tested in sepsrste axperiments.

(a) Fluid

The oeslema weight in the lesions of drug treated mice
was compared with the vedema weight in controls. The detailed
results are given in Table 20, As in eadh group only small
nmber of animals were used and mioce within any group often showed
& great variation in the codema weight of the tissue, very fow
differences between the nean cedems weight of Grug-treated amd




Noe welight in ocontrols
Cortisone acetste o 0.81
1 Fetamethasone disodivm
 phosphate <o.1
Dexamethasons=21~rhosphate - ,
aisodium sslt © <oa
Butajolidin 0a22
2  Prednisolone discdium - 018
‘ phoaphate 1 R
3 Sodium palicylate i 0.68
N Colchicine \ , De29
Sodium salicylete 0«57
rlorpromazing
w A ' 3».1 ' . it

Colchicine : - 025

6  Indomethacin o : 13




Cortisone acetate

Ouli

Control 519
Colohicine 04 0.33
Sodéum salicylate 285 0490
(hlorpromasine hydrochloride 458 1.3
Quinine hydrochlcride - 5318 . W
Prednisolone disodium phosphate 208 Y
Sodium salicylate &7 | 1431
Control 27
Indomethacin 297 1,30
Dexspethescne~2l-phosphate ,
T alscdiue salt 122 Oo2ly
phosphate 296 0,38
37




o2

control mice were aignificents In tudls 21 the results
wmmmtinm&mtmmﬁmmvudu
ratio of the cedema weldght in the dontrols, A retio of 0.5
whummiwmmmﬂdwmﬁtmwamtm
in the £luid exudetion & hours sfter the injection of
staphyloococol.

Of the drugs tested colchicine, butasclidin, betamethasons,
aAexmmmmmmmwumazMu
ratio of 0.5 or less to the controls. nﬂmmthmmn;au
a suggestion of some muppression of fluld exndption in mice
treated with cortisone or sodium salicylate the ocdens welght
elways had a ratio of more than 0.5 to the emtrols, Treatzent
wnmnmwmw@nmmm‘mwm
fluid emdation. Similsrly endomethacin trestsent had no effect
on fluid exudation either at 4 or 2b hours after the injection
of coccis The osdema weight of the tissue in indomethacin
treated mice 2 hours after the inoculation of coocl was 820 mgjp
the weight in the untreated mics at the sape time was 102.1 mg.

(v) Isucooyte oount

The results of leuocoqyte courts are shomn in Table 22,
Eachvalh. w-m-mm&hutoiogmd preparations
of two mice and in each tissue ssction the counts were done in
3 to b fields. Again, if the drugs that reduce the leucocyte
count to half or less of the control are regsrded as suppressing
the leucooyte emigration, only colchicine, cartisons, prednisclone,
betamethasone and dexamethascone could be considered as effective,



g:l:' Bo. & Aiversgs Nean Heen
score of of necroais
oecrosis in treated
< (mm) nice as ratio
| . of dlaveter
L in omntrols
t ’ .
Quinine hydrochloride 6 ' 4O 2.8 066
hydrochloride 6 43 33 07 .
1 phosphate 6 b6 547 T
Dexamethasong~21= o
phosphate :.;:am 6 5.3 62 L5
Butasolidin 6 5.3 8.7 2,1
Cartisone acetate é 5.1 B.9 ‘ 2.1
Prednisolcne disolive ‘
phosphate 6 5.6 95 203
Control é 38 242
2 Solium saliqylate 6 L8 61 2.8
3 Control 6 3.0 1.3
Sodium saliqylate 6 &5 3.5 2.7
N Control 6 3.8 2.8
Indomethacin 6 heb heb 1.6




(¢) lemion score
The severity of the staphylocoocal lesion after
the administration of various drugs was evaluated 24 and 48 .
after the injection of coccl and the results are shown in table
25¢ In all cases the higher lesion soore wus dus to a Digger
sane of necrosis then in control mice. A better estimate of
the lesion svhancessnt was therefore obtained.ly meamuring
the mean dlsaeter of nscxrotic lesion. Tiw memn &iszeter of
necrosis in the &rug treated mice 42 aloo expressed as ratio.
of mean diameter of necrotic lesion in controls (tsble 23).
Apart from chlerpromssine and quinine hydrochlaride, all
the druge tested ezhanced the severity of lesions to some extent.
However if only the drugs produaing an area of necxosis two tines
or more of the controls are reganded as snhancing the lesicn
severity then enly cortisone, prednisolone, butasolidin, sodium
salicylate and colohicine were sble to erhence the sevedity of
staphylococcal lesionss The lesions in mice treated with
dexsmtthasone and betamethesone were enhsnced 1.5 and 1l times
of controls respectively. It is noteworthy that of the four
corticostercids tested betamethascne snd dexamsthasone had
reduced the flunid exudation and leucogyte emigration to a greater
extent than cortisone and prednisclone and yet the staphylocoocal
lesions in both dexamsthasone or betamethascne-trested mice were
smaller than in the mice treated with cortisone or prednizolonse
It may be that the evhancement of staphyloccocal lesiocns by
corticostercida is not solsly due to suppreesion of inflammation.



Guinine hySrochloride

Cartisone scetate

Predrdsclone disciium
yhosphete

Betemethasone disocdium
phosphate

Dexamethosone-21-phosphate
dinodium anlt

Butazolidin
Colohlcine

Sodium salicylate
Indomethacin




The effects of the anti~inflammstory drugs are _
susparised in table 2 on the banis of the ariteria of yoduction

in the two components of inflammstion end evhancement in the
‘lesion severity alresfdy desoribed. Of the drugs tested
chlorprosesine, quinine end indcmethacin affected neither
couponents of inflammaticon at & howr nor the ssverity of the lesiom.
Solium salicylate failed to reduce sither of the two components
of inflsssation in the dose used far the experiment, yet it
erhanced the severity of lssion. However soiium salicylate had
shionn some Teduction (627 of the control) in the fintd exudation
and if larger mumber of mics were used in the experiment the
results might have been more valid. Of the four corticcsterolds
tested, ourtiscne reduoed Wlﬂmﬁw withmt reduaing
the fIuid exudation, while betemsthasone, dexsmethasone and
prednisclone reduced both the compoments of inflammetion yet
enly cortisons snd prednisclome were able to pruduce the lesions
twice or more es btig as the controls, However even with
dexsuethasone and betamethascne the lesions were slightly bigger
than in controls, Colchicine reduced both the components of
inflasnation and also enhenced the lesion. Putasolidin reluced
£Inid exudation witheut affecting leucoqyte smigrstion and
incressed the lesion severity.
mm.wwammuwmwmmmﬂy
ummmmwmmwdmmm
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The effect of anti-inflammatory drugs on the two components of inf

nation and the severity of

lesion produced by the subcutaneous injection of Staphylococcus aureus strain PS 80 in mice.

re 53:

i




3 80
Ko. of Average Moan Bo. of Average Yean
nice leaion Aisneter pice leaion diameter
SO0 of soore of
necrosis(mm) necrosis{mn)
6 x 10° 6 5.1 8.9 6 b8  L.2
5t6 x 10" 6 5.3 9.1 6 506 Le?
50“1 19 6 2.8 . 6 2.5 %
9 x mﬂ 6 005 oll é 2.5 <10°
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reaction measured, the dsta were plotted in the fum of o

'3 dimersional’ greph (figare 53)s The two abacisses are (1)
the sean cedema weight in experiwents as ratic of the mesn
cedesa weight in ommirels and (2) the leucoayte ocunt in
experinent as ratio of the ourt in ecmtrols. The height of
the blocks represents dianeter of necrosis in drug treated sice
&8 ratio of diameter of mecrosis in controls.

or both of the cosponents of inflammetion except solivm salicylate
which 444 not reduce any of the components of stephylocoocel
inflammation st & houwrs yet led to a bigger lesion then the
controls. ‘ ’

These cbeervations suggested that besides the anti-inflamstory
ectivity, thess drugs may have metsbolic ar scme other effects
mﬁmtmmmmwmm That this may
well be true was suggested by the fact that the action of cortisone
acstate in exhancing the severity of lsaicn seemed to be dependent
on the mumber of staphylooooci dnjected. With low dose of FS 80,
oortisons treatmant sither failed to eshence the lesion severity
or even gave rise to smaller lesicns than in the control mios
(Teble 25)s ‘A’wmmmmam‘w(m‘-ms)wm
trested mice showed large areas of necrosis and & higher lssion
socre than the oantrol. ﬂﬂ:k@’m'mmmm
" 4n the cortisons treated animals was dus mainly to two sics aut of
6 tested, With the lowest dose (10P) the lesien sore in cortiscne
treated mice was such lower than in the ccntrole



Trestment  Indtia) sero-hour 2 bhr, Rateof _Counts af
dose oount ocant growth 7 he. 24 hr.

40 x 107 not tested 8.13 x 10% 0,51 241 x 207 5.91 x 107

M
(&‘3’31) 3.0 x 2" 1.68:105 267 X 10 OO 5.6 x 107 195 x 10
3.63 X100 2,81 x10° 9.3 x 10° OkO 1.83 x 305 1.68 x 107

2..5::»:1&15 3o x 30* 3.91:10"“ 053 1-%310?" 1.1.1:108

Cortiscne 5.33 x 10% 8.5 x 105 2.35 x 0% 01 2.86 x 20° 2.6 x 10
5.66:10‘ 1.3 x 10 6.05&102 0.29 1.75:210" 'Ms:.m"

Colehicine 6.0%10° 27 x10° 2.28x10° 00 2.5 x10* 3.09 x 207

~ 2
Patasolidin 7.4 x 10° 1.9 x 1207 3.5 X 10 040 3eb x 30* 3.08 x 10'




BACTERIAL
COUNTS

_e Inoculum 105
.~ Inoculum 103

-0 Tnoculum 101'

*
2 4 7 24

AGE (hr.)

Bacterial counts in the lesion of cortisone
treated mice given different inocula of

Staphylococcus aureus strain PS 80 mixed with

cotton-dust.



BACTERIAL 4
COUNTS 10

Inoculum 105

Inoculum 101'

Inoculum 103

24

AGE (hr.)

Figure 553 Growth curves of cocci in the lesion after
subcutaneous injection of varying doses of
Staphylococeus sureus strain PS 80 mixed
with cotton=dust in cortisone treated mice.



7)
5X10' BACTERIAL _¢ Colchicine
COUNTS |1+ Butazolidin

~_~® Control

24

Fi 63 AGE (hr.)

Bacterial counts in the lesion after subcutanecus injection of
Staphylococcus aureus strain PS 80 mixed with cotton-dust in
colchicine and butazolidin treated and ocontrol mice.



5 X10’r BACTERIAL

107 '

102

COUNTS

2 4 7 24
Pigure 57: AGE (hr)

Growth curves of cocci in the lesion after the subcutaneous injection
of

Staphylococcus aureus strain PS 80 mixed with cotton-dust in
colchicine and butazolidin treated and control mice.



(e) Bacterial counts

Bacterial ocunts in the lesicns were dane in
cortisone, butasolidin end colchicine treated mice. The
results are ahomn in figures 54 to 57 end table 26, The
table alsc shows the beoterisl ocunts in the lesion of
untreated mice for the seke of comparison, Each podnt on
the graph represents the msan from two mice. A4s the action
of ortisone in sshancing the lesion severity was fourdd to be
dspendent on the rumber of staphylocooci injected, bacterial
ocunts in cortiscae-treated mive were dooe after injecting
verying mmbers of FS 80, With colohicine and tutesolidin
the baoterial counts of the lesion were dors only with an
original dose of 10 Staphylocooous gureys strain PS 80, beceuse
as alreedy deacribed in serlier experiments the differences in .
growth petterns of coocl were best revealed at this dose.

‘It is noteworthy that in all coses the bacterial camts
in the drug treated mioe were similar to those seen in the
lestons of ooutrol wice except with the 10 dose in cortisane
trested sice, where the rate of growth of coocd per hr (k/tw)
wes 0,29 as otmpared to O.40 in oomtrols. At 2 hours the
beoterial counts were very sisilar in all cases irrespective of

treataent or dose of PS 80.

45 alresdy described meny of the drugs tested increased the
severity of the stephyloococal lesion ard it seemed possible that



Exp. Trestpent at No, of
§§f firat infection only nioe Lesion soore
~ 2 1st infection 2md Muﬁm
(rs Bo 10°) (¥S 80 10%)
None . (eontrel) N ool 3,0 -
Quirdne hydrochloride 3 50 31
N ' Chlaxmum wmzam 6 bel 2,6
. Betamethasone aacdium 6 46 3.2
phosphate :
Cortisone acetate N 3 Ged 2.6
Dexsmethascne-2l-phosphate * 6 5.3 2.3
Butazolidin 6 53 2.8
Preduisolons diwcdivm
Nooe (oontrel) .- .6 3.5 53
2 Solium salicylate 6 heB 3.1
Colehicine 6 S.8 241




Lesion score
2nd. infection

1 2 3 4 5 6

Lesion score 1st. infection

Figure 58: Correlation of lesion score after the first infection with the

lesion score after the seccnd infection with Staphylococcus
aureus strain IS 80 mixed with cotton-dust.
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the grester lssions might have induced better immurdzetion
of the nioe ageinst staphyloococci. Howewer, some of the
drugs tested are also claimed to alter the imsunological
vesponse of animals, .Mmmmwaflgm
after reinfection of FS BO in mice that had received the
drugs st the time of first infection was stullel. The
result is showmn in table Z7. The sesn dismeter of necrosis
is not shown as in sany cuses af'ter the second infeotion
there was only a pir-paint area of necrveis ani it was
ym«mtommeﬂﬁwm.

The mice thet hal been trested et the time of firet .
infection with the drugs like cortisone, preduisolane, colchicing,
utazolidin und sodium saliqylate, which erhanoce the lesions
~ showed less severe lesions than controls after the secomdl
injection of staphylooodols Homever the treatment with drugs
like chlorpromssine and dexamethascne at the time of first
wm,mmmmmmwmmmwm
of staphylococod,

Pigare 58 shows the carrelation of lesion soare at the time
wwwmnthmmmpmemwm
infection. The paints, though scattered, tend to fall arcund a
straight line; um.awmm:mvatmmw
first infection was asscoisted with & lower lesion soare after the
second injection of staphyloooocds |




. Trestrent Koe. of Aversge Aver Diameter of
gﬁ e mioe lssion ﬂiamtag necrosis an
acore of retio of
necrosis &lometexr of
ma. necyosis in
controls
None (control) 6 2.6 0+9
Colchicine 6 30 1 1.5
Butazolidin é 340 1okt 1.5
1 Scddum salicylate 6 2.0 0.5. 0.5
Quinine hydrochloride 6 240 Oe?0 Ce7
Chlorpromagsine hydrochlorideé 3.1 1.6 1,7
Prednisolone disodium
W&Eﬁe 6 2ok 0.6 7
None (control) 6 2.5 0.6
Cortisone acetate 6 51 63 105
2  Betamethesone diszodiwm
phosphate 6 440 243 3.8
Dexemethasone-21-phosphate |
disodium salt & a3 Leb 746
3 None (eantrol) 6 247 0.5
Indozethacin |6 Zel 1,2 2ely




Exp. Treatment Noe of Neaun Osdema blne Nean Ocdema
Noe mice weight (»g) dlameter (mm) - wedght as ratio
of celems weight
- in controls
Name (control) €  50:3(21.5 to 76.8)* 17,1354 to 19.8)*
Colchicine 6  27{7.3 to 51.1) 11.5( 9.k to Jusb) 05k
- Butasélidin 6  10.4(2.,8 to 18.6) 9.5( 6eb to 13.0) 0.2
1  Solium salicylate 6 Z7.3(1344 t0 36.9) 10.5( 7.4 to 12,6) OBk
Quinine hydrochloride 6 22.3( 840 to 5042) 9.5 7+b to 1344) 0.5
Gilorpromesine hydrochloride 6  &h9.4(25.8 £0105.1) . 15.5(12.9 to 18,0) 0.98
Prednisclons Mw 6 38.8(~232t0 Bl.4) 10,9 8.3 to Teeh) 0,70
Cortisone acetate 6 25.0(=0.2 to 53.4) 12,38( 8.9 to Wee9) 06
g  [Detemcthascne dlsctium 6 " 39.6(=5.5 t01B.1) 10.32( 93 te Ued) Ll
Dexsmethasone-21:
Clasomessipiomiate 6 20.3( &b t0 39.6) 10.68( 7uk to 12.4) 0.6

% = The range of mean oodema weight and sean dlue dismeter is given in brmociet
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inflasmatery vesponese ani protectionm against skin necrosis
after the reinjection of stephylocooed, it wes doeided to
study the effect of treating such mice with anti-inflamsstory
drugs at the time of seccnd infeotion. Mioe that hed hod &
previcus subcutanecus staphylococcel infecticn with the
strain FS 80 were treated with anti-inflmmsstary drugs. |
(2) Jasion soare

The average lssion soore and meen dlspeter of
' necrosis in *zrevicusly-infected' mioe after the reinjection
_ sureus PS 80 and dmig treatment is shown in
table 28, Of the drugs tested cortisone, betsmethssone,
dexsmethiasone and indomethacin ezhanced the severity of lesicos
on the criteria that the diameter of nocrosis in these drug
treated mice was nare than double of the controls. The meximm
enhancenent was soen after trestment with cortisone, betamethasone
and dexamethasone when lesion L to 10 times btigger then controls
were produced.
() Fluit endetien

The result of fluld exudation 4 hawrs after the injection
of TS 80 in these mice is shown in table 29 and 30. Althaugh
there was scse veduction in the fluld exudation after treatment
with colchicine, butasolidin, sodius saliqylate end quinine
hydrochloride only butesolidin and quinins refuced the fhuid
exndation to half or less of controls. With indossthacin the
fluid exudstion wes elao estimated at 24 hours in addition to &




ZABRLE 20

* Al
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e

he effeot of indomethncin on flud AT O] :
train ¥a 60, : )

: : . Nean Ocdena weight
Treatnent Nos of :

aice At hhﬂ"; At 24 ar, .
' weight - as vatio of wedght as ratio of
» ‘oedema weigh cedena
( 51 ~, 4n controls (ee) in m&%
None (control) 12 1318 . 194.8
e (conteol) (6240 to 176.0)* (79+2 to 321.5)
Indomethacin 2 - Bi7 DQ" 11649 060
C e (59 to W) . (353 to 173.3)

,*_iﬁcmwmwmasth\gimin



Trestment Total nos Isuoooyte
of oount as
leucoaytes/ ratio of
Her ocount in
- ocontrols
None (control) 495
Cortisone acetate 3 0.6
Betemethasone disoéium phosphate 169 Ol
Dexamethascne-21: te
ne E‘P““P‘“Im 256 0452
Prednisolone disoditm phosphate 267 0ol
Chlorprosasine hydrochlorids 587 © 1e2
None (control) 237
Colchicine 2542 1.2
butasolidin 236 09
Sodium saliaylate 352 1.5
Quinine hydrochloride L53 - 1.9
Inﬁw?ntham 269 1.1




Coldiicim ! - e -
Butazolidin ’ * - -
Cortisone acatate - - +
Frednisolone disodium '

I 3 t‘ . - - -
Betamethasone disodium

phosphate - + *
Dexamethasone=21=-phosphate

disodium salt . - - +

Sodium salicylate . - - -
Quinine hydorchloride * - -
(hlorpromagine hydrochloride « - -

Indomethacin - - +
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hours after injection (table 30), becsuse of reports that
indamethacin specifically suppresses the flutd exndation of
the delaysd hypersensitivity reaction (¥alters and ¥illoughly
1965) « Although there was scme reductien in fluid emudation
both at & end 24 hours, it wa not veduced {0 half of the
oontyol.

(o) Isucgayte ogunt
The total leucocyte couta/HEF in the tiswue sections
of & Bi old lesion are shown in table 31. Of the drugs tested
only betssethasons was sbls to reduce the lsucogyte emigretion.

The sffetts of anti-inflasmatory drugs on the response
of 'previcusly-infected’ mice sre summarised in table 32, On the
basis of ariteris of reduction in the two components of inflesmation
and echancesent in the lesion severity alresdy described, only
betanethasone ‘reduced leucocyte emigration and enly tutesolidin
and quinine hydrodhloride reduced fInid emidation, However the
enhancement of lesicn was meen cnly after the treatment with
betsmethesone, oortisone, dexsmethasone and infomethacine Thus of
the drugs eshancing the lssion only in the case of betamethasone the
increased severity of lesion was related to reduced lsucoqyte
eaigration. These finfings sugpest that the enhancesent of lesion
ly thess drugs is not solely due to thelr anti-inflamsatory astivity.
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Figure 59: The mean oedema weight of tissue af'ter the subcutaneocus
injection of 105 Staphylococcus aureus PS 80 mixed with

cotton~dust in endotoxin treated mice,



Endotoxin-trested nice (seo methods) were injeeted with
10° dose of Staphylooooous sureus strain FS 8O mixsd with
cotton dust,

(2) ation seces

mmﬁnmtdﬁu.mmluimm
produced after the injection of staphylocwocd. The average
lasicn score fyow 16 mice in three different experimemts
was 5,66, The lesions were mainly necxotio. The pesn
Qlanetor of the necorotic sone was 11.6. 1.0., three tines as
g as in the oomtrole. mmwmmmﬂu
Waﬁaulammnmmmwmmh
mmwﬁwmu.&auwmww.

(b) Ziwd exdation

The oedema weight of staghyloooccsl lesion in
endotaxin treated sdos is shom in figwre 55. There was very
little expdation up to the first 3 hours of challenge. Scme
exudation of fluld started af'ter 3 ko, tut was slight evem up
to 7 hr.  The lesions 24 hr. efter the injectien of coccl ware
osdematous, mmmummﬁ»ammw
£luid,

(¢) lsucceyte emigraticm

The leucooyte response did not start until about &
hours after the injection of coosl, Although the cotton itself






Treataent No. of & Diameter of
: _ of necyosis (mm.) necrosis as
: ratio of
diepeter o
nacyrosis in
aontrol
None (control) 6 348 (24h t0 4eb)*
Cartiscne acetate é 55 (240 to 7,3) 1,2
Colehicine é 303 (2.5 to 7.2) 0.87
Endotoxin 6

5:2 (hoks to 6.6) 1.3

* The range of diameter of necrosis is
given in breacikets



showed evidence of alight infiltration at 4 howrs, it

was not oamplete even at 7 or 24 hours, sand enly a smell
part of the periphery of the cotton dust was Anfiltrated
By lsucoaytese At places im sections of 2 hour 014 lesion
the emigrated leucocytes remained at some distancs from the
odge of the cotton dust (figwe 60).

@
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Banides affecting the inflasmatory response,
there pay also de other mechanisms by which endotoxin erhances
the staphylocoooal lesion. In view of the large sreas of
neqrosis produced Yy staphylooncoel injecticn in the endotoxin
trested mice the possidility that endotewin sight be eshancing
the sotion of alpha hasmolysin was considered,

"Welloome' trand alpha haemolysin (026 units) along with
ootton dust was injected suboutsnocusly in mice that had been
trested with endotoxin. As:a oomtrol alphe hasmolysin wes also
injected in the untreated mice. For ocoapariscn mice treated
with cortisone scetate and colchicine were alse inoluded in the
exporiment, The mean dlamster of neorosis is shows in Table 35.
Inmﬁmtmmmctumarwmtdmu
Mggsinthcumtrﬂhr Therefore the encruously big sreas of
pecroats profuced after injection of staphyloococi in enfotoxin
treated mice seemed not to be dus to enhancement of the
derronscrotio aotion of alpha hassolysin,



Nean dimmoter of necrotic zone (mm)

Endotoxin treatment Colchicine treatment

Control group Ure3 (603 to 21,33 9.3 ( 5 o I7.4)
Diberyline group 8:5( 5 t012.5)  7:26 (e6 to 1u5)

1

* = The renge of dismeter of necroais is given in
rackets. '

|
|
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In view of the similarity between the effects of the
intereotion of staphylooooci and endotoxin to the effests
of sdrensline upon endotoxinprepered akin of rabdits
(Thomes 1959), an experiment was dcns using the adrenergio
blooking agent 'dibenyline’, Twelve mice were given
*aiberyline® (Smith, Kline & French) intraperitcneally in
2 doses of 50/.g at 24 and 2 hr. before the injection of
endotoxin or colchicine, As controls ancther 12 mice were
treated only with endotoxin or coldhicine, ALl the 3% mice
were injected suboutanecusly with 10° Stanbvloonom:
strain FS 80 pixsd with cotton dust, The severity of the
lesion is expressed in terms of mean diumeter of necrotic sone
in table 34. There was some reduction in the severity of
staphylococcal lesicn in the endoteain treated mice after
aiberyline administration. Dibenyline reduced the dismeter
of peorosis in endotoxin treated mice to 607 of the controls
as compared to cnly 787 of the cantrols in colchicine treated
mice. Thus diberyline did mot completely sbolish the imfection
evhancing activity of emdotoxinj even after its adairdstration,
the lesions in endotoxin prepered mioe were twice s big as in
the untreated mice injected with a comperable dose of 10° FS 80,




i1 DIscussion

MMWM&:WMM
coe considers the almost constant cantact that this
siorcbe hes with the humsn host, Therefore the facters
that predispose the host to staphylococcal infection are
importent areas for investigation, It 1s almost impossible
to stuly the interplay of thess fsstors with those of the -
mmmmmv&m,maﬂmymmm
made to analyse same of thase interecticns by mixing blood
serva and phagooytic cells with stsphyloooccl, it is not an
mwmwm.mﬁﬁ.mwaﬁmm
Wwwmmmxmmmmmﬂu
celluler and husoral defenos fastors of the host at the lesion
site. xtuammmtommwimm
therefore nioce were used for the present stuly. Although the
nmuamnwa-mnwhwwmmhm.
it was thought worthwhile to study the pathology of staphylocoocal
infeotion in mice as little is knom ebout the dynemics of
staphyloococcal infeotioms and there are oxamples of scme baoteria
where virulence in animels and man yun parallel. By studying
the infalmmetory response of the mice and bacterial population
changes of the lesion at intervals after the injection of ooocl,
scwe aspects of hosteparasite intersction can be elucidated,



Thers is suple evidence that the pressnce of o fareign
body in the tissue enhances staphylodoooal infection (Elek
and Consn 1957, James and Macleod 1961, Noble 1964). Howsver
the mechanisa Ly which e foreign boldy promotes the infection
is not understoods This work illustrated that when cotton
dust was mized with the coocd injected into the tismes there
was a delay in the exdation of flnid amd the emigration of
lsucocytes, The difference in the inflsmmatory responee to
staphylococad injected with or without oottom-dust was evident
in the first hour after injection. With cottom dust, in
sddition to a delayed amigration of leucocgytes there was also a
narked delsy in the infiltration by phagocytic oells of the
region of baoterial growth, Twenty four hours after injection
of 105 cooal, there was very 1ittle cellular infiltraticn of
the eotton dust, which cortained masses of besteria. A similer
finding of the absente of gramulogyte infiltration in the
lesion has been reparted by Cluff (1965) when staphylocooot were
injected in large quantities intraderwally in rabbit or when a
third-degree burn of a rabbit's skin was infected with
staphylococcd.

The benefiolal effect of the presence of cotton dust to the

invading cooci was reflected in the basterial counts of the lesion.
There was a rapid growth of ocoocd efter an initial lag period and



s

by 7 hours the oount had inoreased two log units over the
original dose inoculated; at 2k hawrs the oount had
increased more than 100 fold. In the sbaenos of cotton dust
there wan 20 such multiplicaticn and the 24 hour oowt
remained lower than the initis) fnoculim. A sisiler
miltiplication of staphyloocoocl injected suboutsnecusly in
nico was reported by Taubler and Eagrel (1964) in the
W’afmm- '
mmmammmmwmm
dust osh be ocrrelated with the deficient cellulsr emigration
anl fluid exudation during the sarly stuges of infectien; the
fluid as well as the cellular components of inflismstory exudate
seem to be important determinants of the destruction of
ataphylocoocs (Gladntons and Clenaross 1960, Cchn 196Zabs0)e
Dus to the unrestrictel growth during the early stages after
inoeslation, thers is premumably an elsbaration of varicus
extracellular fastors, including lsucotoxic factors which are
then able to keep the lsucocytes awmy from the site of bacterial
multiplication, This further promotes the growth of
' staphylocoocde
'mmwhwmxmﬁmdmmm
was prosumsbly due to alpha toxin beceuse shen comwercial alpha
toxin was injected with the cotton dust, thare wes a similar
lack of Anfiltrstion of the cotton dust bty leucooytss. In the
mice with past experisnce of staphylooocosl infection, that is
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having some immunity against staphylocooci, the leucooytes
infiltrated the cotton contsining elpha toxin, However
"Welloome' brand of alphe toxin used in the experiment is
not a pure product, =0 it is posaidle that this effeot is due
to some other factors. It would be useful to carry out
these experiments with purified alpha haemolysin, P-V
leucocidin is known to be ineffective against mouse leucoaytes
(Gladstone and ven Heyningen 1957), therefore if other factars
are involved it may either be delta haemolyszin or some other
unknown leucotoxic oamponent of stephylocoocet,

James and Maoleod (1961) suggested that the potentiating
effect of the suture material was dus to the inflammatory
reaction provoked by the sterile suture material. In order to
test the effect of cotton=dust alone in eliciting an
inflammatory resction, sterile cottom-dust with sterile
autrient broth was incoulsted suboutanecusly in mice, thers was
1ittls exudation of fluid in the first 2 hours of injection.
The main phase of vasoular permesbdlity was after that pericd
and it reached its maximm 7 hours af'ter inoculation. The
lsucocyte emigration started 1 hour after injecticny however
cotton was infiltrated by leucocytes at 3 hours and by 24 hours
s large mumber of leucocytes hed infiltrated the entire cotton.
As already discussed the infiltration of cotton dust during the
lster stages of inflammation due to staphylococed im prevented
presumsbly by alpha toxin and the cotton itself does not appear to
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play & direct role in this, Pem and Ashford (1963) who
atudied the inflammatory response o implantation of cotton
pellets in the rat also reported that the main phase of
increassd vasculsr permesbility cooured after 2,5 to 5

hourae Thus there is no doubt that cotton-Sust by itself
oMﬂM&wW,M%ﬁkMamw
mmmmmammmmummta
thnm:yinﬂmatwnwm,mﬁmﬂmtwwm
enhancing effect of the ootten~dust is due to the initial delay
in the inflasmatcey reaction caused by cotton dust,

' The mechaniss by which the ootton &ust delays the onset
of inflamsation can caly be postulated. It is possible that
it way be due to the incveased tissue presmure dus to the
mechanicel presence of cotton dust, The chesrvation of Andricle
and Iytton (1965) that under conditions of incresssd tismue
mmﬁumwmrwwa«m
emigration of leucocytes is pertinent,

Pesides the delay in the onset of inflammation in the
presence of cotton dust other factors that may be responsible
for the ephancement of stephyloooccel infection should also be
considered. An important effect of the cotten dust is to comoentrate
mmmamudewmemmmm.
In contrast, when coocd are injected without cotton, they are
2istrituted in a much larger volume of Spade,

Thers was no evidence in this work to support the poseiddlity



1ns

that in the sbsence of cotton dust, coccl Gimsemirated %o
other parts of the body., However Fisher and Robson (1963)
repart that sbout 0.2% of staphylococod injeoted
suboutanecusly in a mouse withaut any foreign boly find
their wy into the blood st¥esm. = Neverthelsss tha above
findings indicate that most of the staphylocoosi injected
suboutaneously whether in the presence ar ebsenice of ootton
dust remain oonfined to the local site of injection.

The possibility that scome bumoral defence factors faeem
the blood oould not penstrate the cotton piug oould not be
substantiated; 4t was found that the cotton plag wen
ponstrated within minutes after the intravenous injection of
Evens blue. Vhether the conontration of umaral feotore in
the deeper perts of the ootton was the same as on ths surface
oould not be ascertained. _ |

It is also not known shether phagoaytosis was in any wy
affectod in the presence of the eotton dust, In vitro experiment
on phagoqytosis of staphylooooci dn the presence and abeence of

cotton dust may serve to clwiify thia point.

The vascular permeability responae of the meouse to the
subcutanecus injection of Stathyloccoous sureus strain PS 80 was
found to be monophasic, Some mmt:'oré have repozied a
biphasic response after the injection of Staphy)
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in experimental animals (Riglon 1941, Burke ant Miles
1958). However thess warkers injected etephyloococd ly the
intrederwmsl route and without any foredgn body. The
axperinerts were also cerried cut on species of animal other
than souse. All these differences in the syperimental
oonditions may azoount for the ebsence of primery phase of
perneability; Niles (1961) hes suggested that the primary
phase depends on the species of andsal,

Ons of the atriking features of this stufy is the notable
mrmumwmmmmmw
different strains of staphylocooci. Some streins produced an
eaxly inflammatcry response even in the presenve of cotton Qust,
that nesns these strains bty themselves produced so much
wmummtwmmmummak
oottons

The 4nitial delay in fiuld exudation in the pesence of
cotton dust was found to be e charscteristic of 'mouse-virulenmt!
streins such as PS 60, Orbech and 1531, With all the tiaee
strains a delay in the influesatosy reaction wes also correlated
with repid bacterial growth and the production of severs lesions.
The finiing that with thess strains the weight of the tissus
during the first hour was less than the weight of the control
tissue 4s in agresment with the work of Burke and Friberg (1961)
who have veported a decreese in the dry mass of the 'inflamxatony
exndete' during the early stages of staphylocootnl inflammation.
The renson for this inftial drop in the weight of the tismue after
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injection s not knownj 4t oould be due o o decreased
blood flow at the site of injection.

In all cases, there was an initial drop in the bacteriel
counts before the growth of cooci in wivo wes spparent, This
initial drop in the bacterial counts a4 not seem to bo sither
due to dissemination or clmping of the coocd. No viable
mmumﬁmmmwmmmma. However

'ma-hwr‘ Msofl&mhmmﬁmﬁ:ad,ﬁwmma
amxmqmmmgmmmmwumor
wammmitﬁm animal wvas examined ismediately. Thevrefare
amvuimmmumammunmbmim. Keprel (1965)
has reported that in the stephyloooccal peritonitis of mouse
there was clusping of coocd and the oounts of colony forming
units remained low t111 the death of the animal. In the present
werk the low counts were only seen during the first 1-3 hours
after which there was a rapdd rise in the bacterial oount with the
three 'mouse-wirulent’ strains. It sppeers likely that the
initial drop in the count was due to the destruction of coocds

Arterthcinummwﬂunctmalm.ﬂzmma
rapid growth of 000l even with a mmall dose of 0% PS 80, With
this dose the 2h-hour count was sisilar to that seen with an
initial dnooulum of 10°. However with the 10° dose of ¥5 8O
lesions were wuch milder than with the 10° dose. This inlicetes that
the ultimate size of the lesion is determined during the early
astages of infeation, Mmmaﬂdmtowm%-
¥ith a high dose of FS 80, 4 hours after injection the lewcocytes
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remained sway from the cotten and the bacterial oounts in
the loaion bad incressed well above the dose inoculated,
On the other hand with a 10° doss of 7S 80, leucoqytes started
infiltreting the cotton dust 3 = 4 hr, sfter injection and
the bacterial sount in the lesion st & hours was still lower
than the doss inooulated. However the basterial osunt in vivo
nmmmmmormmangmm
sultiplication sims the mbers lost from the lesion due to
destruotion or disseminetion ard there is no satisfactary wey
to find 4t

It has alresdy been shomn that alzha haswolysin was
ultimately respoosible for dermoneerceise It was however not a
factor involved in the initiation of infection, becuuse alpha
haseolysin by 1tself elicited esrly exdstion of fuld snd
repid emigretion of leucoqytes. For the indtistion of
infecticn the faotor which delsys the emset of inflammation
should be considered impartant, Although oottomedust iteelf
delsys the tnset of inflassetion thers also sppeaxs to be &
factor in some staphiylococal which also dolays the inflamsatory
yeaction. It was shown 4in the experisental work that heat-killed
¥S 80 injected along with cotton-Sust slicited the emdstion of
fluld after an indtial delsy of 3 howrs thet i after a muh
longer delay than the injection of sterile ootton-dust.alokies The
Wawmm'unmmmwmmma

reus strains sudh a8 ¥ood 46 and Ward, Both were

memmammmwum; norecVer
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Wood 4§ produced Jargest quantities of alpha hasmolysin
‘smongst all the strains used for this studys Yet both
these streins failed o produce severw lesioms, This
"seemed £0 be beceuse both these straina stimilated an eardy
inflasmatory response which in turn accounted for the low
bacterisl oounts in the' lesicn, presumably becwse of a
repid destruction of coccd. On the other hand a strain
that delayed the wnset of the inflszmstory resctiom tut
lacked the capabiliiy to produce alpha hassolysin also felled
to produce severe lesions, ss exmplified Ry Jicwococous hyicus,
It seens theyefore that no single factor of staphylocouci
csn be held responsidls for “virulence®, A fully virulent
“stradn sust poasess both the factor amusirg sn indtial &elay
in the inflamsatory vesponse and the factors needed for
ultinate destruction of tissue,

Similarly 4t sppears that for protection against

mmmmmmwwmmm
. Btaphyl sureus strain Woold 46 produces
culy sild lesions in mice, with minissl mecrosis, Howewer when
cclobicine treated mice are injected with Vool AS a fair degree
of rocrosis is evident which is presunsbly due te alpha
hasnolysin., But thess mios wire not protected ageinst
subssquent infecticn.with ¥8 80 which also has the sbility to
delay the onset of inflasmation. Vool &6 presumably lacks the
. factar respousible for the initisl delay in inflssmation.
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It was also fourd that edther of the two coxponents
of inflammatory response wes probably cepeble of Isdting
the sultiplication of ococl in the early stages of
infectione For exsmpls, Staphyloogocy s styein S 6832
olicited esrly exudation of fluid tut delayed emigration of
lsucocytes and strain 278 which ia a microcooous evoked the
opposite resction; in both infections the bactersal counts
ware low and 13ld lesions were produved. PS 83A wus capable
of producing both alpha snd delta heemolysin in vitro. Strairs
Jike the coagulase-negative strain NOIC 7292 shich both evolwd
an early inflagmatory responss and also lacked the capacity
to produce alpha haemclysin, profuced the mildest lesion.

Besides the inflammatory response, other host factors
such as phagooytosis and the ultimate destruction of cocol
within the phagooyte seem to be important. For example
strains like Smith, which elicited an carly emigration of
leucocytes, end P66/7, which elicited an early exdation of
fluid as well as & leucoqyte response, nevertheless showed a
mmumwzmtumommmaym}e
infection. Saith strain is Inosn to possess an antiphagocytic
surface antigen (Morse 1962a, Kosnig 1962, Rogers and Nelly
19%62).

mhmmmmummhmm
carly sxmdaticn of fluid during the oourse of staphylococoal
inflamsation with the severity of the lealon. Thare are a few
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brief reports sbout the relstive delay in the influx of
mwmmmmmmmauuw
s sureus infecticn as compared to Staphylocoocous
(Delww 1542, Cobn 1962a)s Howewver no attespt was
made in the past to &lstinguish straine of Step :
mmngmmmlmmﬁmmadwmum
leuoncytic emigraution or deleyed fludd exmdatiom. The findings
mwmmmm;m«mmmw
' sug tested virulence oould be partly related
to the ability of a strain to delay the onset of inflsmuation.
The exeot foctor or factors in the 'mouse-virulenmt' strains
responsible for causing the deley in the inflasmatory reaction
is not known, It seems to be due to some component sssoclsted
with the cells of taplyloooaci s the heatekilled and washed
cells of Staphyloooosus aurens strein PS 80 elicited an
inflamsatory response only after an initial delsy of 5 hourse
ﬁm&utWMmﬁﬁfwmnmnmpmtsw
mmmcummaewmmmwwmm There
m;fwmsdmmmofeﬁotmubm«m
in staphylococel {Arpat, immgmag;ttu 1963, Neter ot al, 1960).
This msy be pertinent in that endotaxin from Grsm-negative basteria
1s imown to delay the inflamatery prooens (Miles snd Niven 1950,
Conti ot al 1961), It would also he interesting to inveatipsate
vhether the cellwmll *aggressin' of Stachyle
by Fisher (1965) delays the cnset of inflasmation; this ‘agpressin'




was claimed to promote the multiplication of ococc,
Although alpha toxdin weas shown to be involved in preventing
the leucoayte infiltration of cotton in the later stages of
inflammetion and premmsbly it them reniered the leucocytes
ineffective, At is not responsible for the initlal delsy in
the inflsmsstory reactiom,

The protective role of the inflammatory resction agsinst
bacterial infection has been investigated hy other workers
(Miles, Miles and Burke 1557, Burie and Miles 1558). From a
study of nine diffarent bacterial infectiony inoluding
oonoluded thet the maximum deatherate of injected besteria
oocumed during the first 2 hours of infection and that after
4 = 5 nours most of the ressticns dstersining the ultimate sise
of the local lesicn had oocuwed. Howsver the conclusion that
the maxisum death of injected bacteria ocourred during the
first two hours was dased on irdirect evidw.oe and no sctual
bacterisl counts of the lesdon ware dones Purke and Miles
(1958) cbeerved further that during the first 2 hours of this
"decisive period® maoroscopic signs of inflamsstion were scanty
and a fully developed acute inflummatory response wus ssen only
after this "decisive period”, However kiles and co-workers
used intradermal injection and had used mesll mwbers of bacteria
shich might have been the ceuse of slower evolution of Anflammatory
reaction. When Burke and Miles (1958) injected large mubers of
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bacteris, there was a fully developed inflammetory response
at 2 hours and in this cese the period of saximal batterial
destruction correlated woll with the maximum vascular response.

ummmwwmwmwmw
an altered reactivity to the reinjection of staphylooccel, These
ﬂmmmwmmma’
infected’ mice ware not protected sgainst ataphylococcal abscess
formation. These nlos also exhibited an scoslerated inflsssatory
response to staphylocoooci whidh wes charscterised by an early
sxudation of fluid evident balf ap hoaur after the injection, in
contrast to normal shers it started af'ter an initial delsy of
two hourss At 2 hours there was much more oodems fluid in the
lesion of 'previcusly-infected' sice than in comtrol mice, The
enigration of leucocytes started 1 hour after injection in
contrast to 2 hours after injection in nourmal mics snd the cotton
dust which contained the cooci was infiltrated 3 - 4 hours after
injection 1.¢., mich serlier than in the normal mice. With a 10°
MMWPSBOM'«”;W&%&
growth of ocoal in the lesion of ‘previcusiy-infected® mice than
in normals and 24 hour bacterial oounts were lower than the
ariginal snoculating doses

mmmwmma'mmwm' aios
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was modisted by serum presumebly due to the presence of
antibodies t0 alpha hasmolysing when serum from 'previcusiy-
infected' mice was transferred to normel mios it conferred
protection againat the dermonacrotic effedts of stephylocooct
in the treated mice. Similarly the accelerated exudation of
fluid and the rapid lsuoocyte emigretion ss well as the
inf4ltratitm of the ootton dust containirg stapkylococcd was
dus to an ismunclogic response mediated by eirculating entibodies,
Serun frve 'previcusly~infected' mico wus sble to conf'er these
altered reactions on normal miocs,

The accelerated increase in vascular permeability eshibited
bty ‘previcusly-infected' mice seess to be due to a hypersensitivity
reaction to staphylocooci. Othsr workers have also reported
that animals with previous staphylocoocal infecticn show both the
ismeliate and delayed type of hyperssmsitivity resction to the
injection of staphylococei and their products (Julisnelle and
Vieghard 1935b, Julisnelle and Hartmerm 1936, Johnson, Cluff and
Goshi 1961, Goshi, Smith, Cluff and Norman 1963, Bodel and
Atkins 1964). The finding of Voisin end Toullet (1560) that
increase in vascular permeability is an essential fasture of both
the imnediate as well as tuberoulin type of hypersensitivity is
relevant to the present discuasion,

The nature of the antigen ar antigenms responsible for
sensitization can only be surmised, This work has illustrated that
both the alpha hasmolysin and some comporent associated with the cells



of staphylocooci were involved, bLaceuse hoat-killed
mmmuamnymmw
£1u48 1n the 'revimaly-infected® mice. Similerdy alpha
haesolyain evoked & greater exuation of fluil in the first
hour as well as st 24 hours in the *previcusly-infected’
sice than in norwals. The smmsitising antigen associated
-mm«m«r:wmmmuumm
inadmawam, ﬁm*mﬂmMM‘ wth
mmmmymmmmmm
reduced lesion severity after the injection of Styphyloovooug
Auksup S 80. Pacheco (19532) found that repeated intradermal
injection of guines-pigs with heat-killed staphylocooci led to
‘ummmmmmwmwm
Staph popug, Goehi, Swith, Cluff and Nowwen
(1963) have also damonstreted that rebbits imsunised with
alpha hasmolysin developed lerge inflamsatery resctions to the
injection of this toxin, in omtrust to neo-imsune andmels,
Other staphyloocooal antigens inarimineted $n hyperseneitivity
reactions inolude polysaccharide A for the immediate type of
resotion (Julianslle and Hartsenn 1936) and a protein antigen
coumon £0 both the pathogenic and nonwpethogenic struins of
staphylocoocd for the delayed resction (Julianelis and Wieghend
1955%) .

The repid emigrstion of leucocytes in the staphyloccocel
lesion of ‘previcusly~infected’ mice oould be due $0 &
chenotactia effect exerted by staphiylococoal antipgem-antibody
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oomplex. Boyden (1962) has recently shown that mixtures
of antibody ard entigen have a atrorg chemotactic effect

en polysorphomiclesr lsucooytes, On the.other hand the
rapid leusocyte infiltration of the cotton dust containing
staphylocooci seexs to be due to neutralisation of
staphylocootal elpha toxin, because in the 'previcusly=~
infected’ mice the leucoaytes rapidly infiltiated the cotton
dust containing either alpha hasmolysin or staphylocoocts
Howvever as alvesdy discussed the 'Wellcowe' trand of alpha
toxin is only o pertially purified product end the findings
shauld be confirmed by the use of pure alphs haesolysine
Goshi, Cluff and Norsen (1963) using purifiel alpha hessolysin
have demonsirated prompt infiltraticm of the srea of
stephyloooousd inooulum by polymerphonuclser lsucoaytes in
the animals imsunized with alipha haewolysin toxpdd, in contrast
to norzals,

The accelorated inflsheatory response of the ‘previousliy-
infected’ nice led to low bacterial oounts in the lesicn,
previcusly becsuse of the destrustion of coosl, In these mice
thare was a greater initial fall in the beoterisl count which
mmrwgmwmgm‘ The
increased ability to destray staphylooocci eould not be pasaively
transferred Ly serum.

 Cluff and his associstes (Johnson, Clhuff end Coshi 1961)
found that repeated staphyloccocal infection of yabbit sidn is
associated with increased susceptibility to reinfection due to the
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developuent of delsyed hypersemsitivity. In thisstudy the
mouns showed no inoreased susceptibility to repestsd
stapliylooocoal infection. However when living lysph node
. cells from 'previcusly-infected' sios were transferred to
nornal mice,the treated mice exhibited o markedyinareased
susceptibility, Hven « dome of 10* FS 60 produced severe
necrotic lesions in these mice, whiloe the sanw dose in normal
mice produces anly a mofderate lesion. NHowever sice trested
with Jysph node cells 48 not show an accelerated exudation
of fluid at 24 hours as might be expected in a delayed
hypersensitivity resction. Johanowsky (1958b) has reported
tranafer of inoressed susceptibility, as well as skin
resctivity, to ataphylococoi by spleen cslls ar paritoneal
exdate oslls from the sensitized animals.

" In the jresent studies when lymph node cells from
sexsitized mice were trunsferred along with the serum five
' previcusly-infected! sios there was no increased susceptibility
to staphylocoscd in the treated mice, in fact they exhitdted
protection against dermcneorcsis, Thie may seen that in the

"] peesenoe of entibodiss to products of staphyloooccl, the

increesed susceptidility mediated by lymph node cells is not
sanifested. ’

So far the effect of reinfection with a hemologous strein
§ sureus has Deen discussed, Scme degree of
protection was also aonferved againat the infection with a
‘heterologous strain of staphyloococus. The degree of protection
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scemed to be yelated to the severity of the first lesion
and repested infectioms with the streins of staphylocooci

producing mild lesions gave better protection against
reinfection with a ‘mouse-yirulent' strain than ane infection

Several investigators have reperted on the type of blood
vosgels affected after thermal and chemical inpay (Wells and
Niles 1963, Hurlay ani Spectar 1965, Speotar, Walters and
¥illoughty 1965). However there is a ladk of information sbout
the type of blood-vessels involved during the stephylocoocal
inflesmation, In this study, utilising collaidal carbon as a
vascular serker it was shown that the leslting blood-vessels were
meinly vermles, although scee capillery involvement was also
seen. Majno et al (1961) showed that the vasculsr lshelling
was due to the accumslation of carbon particles between endothelial
cells and thedr basement mesdrane. The carbon lebelling of
blocd-vessels was first seen st half an hour after injeotion but
the maxisus labelling was 6 ~ 7 hours after inooulsticn which
is the time of maximum permeability, Judged by the messurement
of codema fluid. Similaxly the first leakags of cerbon from the
blood veasels, which was seen at 1 hour in ‘previcusly-infectedt
end 2 hours in "non~imsune® wioe, colinoides with the onset of
leucocyte smigrations This technicque was also found to be useful
in demonstrating the extent of wasoular labelling, For example
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in 'previcusly~infected' mice a larps mmber of blackened
blood vessels were seen at 2l hours which wee quite in
contrast with the norwals where the carbem labelling hed

slmcet disappesred ty this tine,

s of'f'e ot of antl nf lopmato
taphylooooced ind

»
petion

8

The inflsmmatory reaction of the host oan be
delayed not only Yy the presence of a foreign body, tut alse
ly treating the animals with anti-inflasmetary druge. Those
anti-inflammatory drugs that reduced ome or both componsnts
of staphylococcal inf'lssmstion e.g., colchioine, butasolidin,
oortisons acetate apd prednisolons, were found to enhance the
severity of the lssicns. However, betamethascne and
dexemethesone, in spite of their anti-inflameatory activity,
844 pot increuse the loaion severity in the dosape used. Both
these drugs were able to enhance tha lesion severity in the
' previcusly-infected’ mice. Fven in normal mice the betamethasone
and dexamethasone produced slightly bigger lesions than in oomtrols
tut the lesions were less than double the aise. of controls, Drugs
like quirdne hy@rochlaride, chlorprosasine hydrochloride and
irdcmethacin vhich 414 not altexr the inflasmatory response during
the first 4 hours, feiled to increass the susceptibilty of the
pice to staphylococeds However indomethacin was able to
erhance the severity of lesions in 'previcusly-infected' mioce,
The rols of inflamsatery cells as the major agent in the
destruction of staphylocooci is well knomn (Cohn 1962 a,b);  the
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'role of the flniad puwrt of the exulats in the response
to staphyloooccal infection 48 not well known. The results
of treating sioe with axti-«inflsmmatory drugs suggest that
the fluid part of the exndate also plays an importent role.
Por exsaple treatment of mice with tutasolidin, which was
fourd to reduce the fluid exudation without affecting
levcocyte enigration, ephanced the ssyerity of staphyloococcal
lesion. However it is not known whether butasolidin affects
yummﬁmmwmumwmmm
cell, That the 'infection-evhancing' effect of most of the
M~thmwmghmwita§ce1mm
MMnmatm};mhmmmmw
not disoounted, |

The action of corticostercids in erhancing the
stapiyleocooal infection was associated with decressed leucccyte
emigrotion which premmedly romulted in greater multiplication
of coocdy however this oculd not be substantiated Yy the wethod
of bacterisl ocounting used in this study, Another complex
upecborms.mam»ltbat,ﬁﬁslowéﬁonofm.ﬂu
lesions were nilder in oortisme trested then in normel sice.
This may de due t0 the stablilizing effect of cartisone on
Iysoscmea (Veismmarn and Thomss 1964) and perhaps in spite of
mmmmmmumammam
afiequate to denl with the small mumbers of cooci injected. As
already suggested there may be scwe other mechaniss reducing the
host resistance besides the amti-inflammntory activity of these
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drugs. Soliue saliylate treatment in the dose ewplayed in
this study neither reduoed flutd sxudation nor leucooyte
enigretion yot the severity of stephylocooosl lesion was
evhanoed. It is not known what is the exast mechanisn hy
shich this drug enhances the stephylocoonal infeotion.

a nmmwmmmﬂmaww
Wzm.mmwnmma~mmammm
also able to enhanoe the severity of the lesicn but the
severity was such lsss than in the memal mice trested with
these drugm. m-mummmmmwmmem
Mmmﬁmafmm The anti-inflapmatory
drugs were also found t0 be less effective in reducing the
inflanuatory response in 'previcusly-infected' mioe.

The infection-enhancing activity of endotoxin has besn
attributed to a delay in the emigration of leucoaytes (Miles and
Niven 1950, Conti et al 1961, Cam 1962b), The finlings of this
work Sliustrated that endotaxin treatsent reduced both the
£luid exvdation and the leucoayts emigration and allowed the
staphylocoosl to produce big necrotic lesions. The lurge arces
of necrosis sesmed to be related to inareased alpha hawsolyain
profuction presumably as a result of deareased destruotion of
oocel dus to altered Anflamatory resporss. That the large
pecrotio avess in the endotaxinetrested mice were not due to
wwuwwmmnmmwm
shomn Yy the faot that alpha haemolysin itself produced simtlaw
areas of necrosis in normal and endotoxin treated mioe.
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‘There are strong reasons to believe that besides the
erti-inflamatory aotivity other ections of endotoxin may
wummmmw Cain and Moree
(1960) tave yeported an altered phagocytic activity of
polyrcrphomialear leuoocytes under the influence of endotoxine
There is also considerable evidence that the effects roducsd
by endotoxin wre mediated at least partly through epinephrine
(Thomas 1959, Brunson 1964, Sultzer and Freedwen 1965). This
ssemed to be true becsuse in the pmesent study it wea fiound
that administration of edrensrgic blocking agent dibenyline in
endotoxin treated mice reduced the severity of stsphyloccacal
lssion. Howewer the enhancing activity of endotoxin was not
cospletely abolishsd snd the lesions were still twioe as big as
in the untreated mice, These cbaerwvations will support the
suggestion that other factore like the delsy in the inflammatory
response alsc play a part in the mode of action of endotoxin,
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The inflamsatory reaction of the host immediately following
the introfuction of staphylocoooi seems to be one of the
impartant determinants of the final cutcoms of infection,
Staphylocoocal infection is enhanced in the presence in the
tissus of o foreign body 1ike cotton dust which delsyed the anset
of both the fluid exudation and leucocyte emigration in
response to stephylococad. The initial atvantage enjoyed hy
invading ocoecd on accaunt of the delay in inflazmation was
reflected in rapid growth of bacteria in the leaion and increased
severity of the final lesion,

No single factor was recognized us responsible for
virulence in stephylocoocd. The viruleise of streins of
WmtmuMmfmwumwh%m
component associated with the cells of staphylococod which delayed
the onset of inflemmation. For the initiation of stephylocoocoal
infection, factor or factars causing o slight delay in the cnset
dmtmmmwwmmmm-m
production, factars 1ike alpha haemclysin were needed.

Repeated utnphyml infection of mice led to fmmunity as
well as hypcmitivity to reinfectione JImmunity msmar due
to serum entibodies to alpha haemolysin protected the mice againat
tbdmmmticmdlwwbﬁncﬁmﬁaiﬂammm The
rapid emigration of leucocytes in the staphylococcal lesion of
'previcusly-infected’ nioe sesmed also sn immunclogical response



modiated ty serum antibodies.

Bypersensitivity led to an acoelerated inflsmmatory
reaction in the senaitized mice to reinfection with -
staphylocoocd and this reactivity could be transferred to
normal mice by the serum from 'previcusly-infected’ animals.
 Bensitizing sntigens seemed to e alpha haemolysin as well as
acme component assoclated with the staphylococoal ocells. 4Am
increased msceptidility to staphylococcal infection wes found
in the mice that hed reveived living lymphoid cells from
'previcusly-infeated' mice, The increased susceptibvility to
staphylocoool in the treated mics wes smanifested only in the
" absence of serum antibodies.

The anti-inflammatory drugs that reduced either the
exvdation of fluid ar the emigration of leuwcosytes during the
first four hours of infection also enhanced the soverity of
staphylococcel lasions The enhancement of staphylococceld
 infection by endotoxin was melisted partly by & delyy in the
inflammatory reection and purtly tiwough epinephrine.




Kedlp ,
Broth: Oxoid mutrient broth
Serus agrt MEWWWM%

horse serus.

Blood agers Oxold bLlood agar base ocmtaining 108
_ horse blood. '

Diluent: M%MW? nsolution.
| | " Formuls |
Sodivm chloride 2,25 gns,
mmm 0105 gus.
Calcium chloride C.d2 gms.
Sodius bdcerbonate 0,05 gms.

Distillsd water 1000 ml.

(s 7.0)
Sterilised Yy sutoclaving far 15 mimites at
15 1b, per square inche

Depilating powder
Baﬁmmlwdﬁo‘ 7 parts
Flour 7 pexts
Taloos powder 7 parts
Sosp pomier 1 part

m:mmmsmﬂayuteﬁthmter.
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Siycerine jelly:

Bequal parts of glycerine end 107 gelatin sclution ware
mixed, A few cxystals of phenol were added to the sixture.
Ink-gelatine mixtures

Gelatine (5 gm.) was dissolved in 100 ml. of warm diatilled
water. To it was added 5 gas. of potassium lodide, This is
fluid at room temperature. Pelikan ink (142 mg/ml.) was
diluted tenfold with this gelatine mixture and was used for

mmmo
Staining proceduress

Haematoxylin and Rosin

Deperaffinize with xylere, sbsolute alochol.

Stain with Enrlich's heesatoxylin 2 - 3 mimutes.
Blue in tap water.

Counter stain with 17 aquecus eosin 1 minute.

Wash with yunning water.

Blot, dehydrate in absclute alechol.

Clsar in xylene,

¥ount in Canada balsem.

Toluidine blus

Deparaffinize with xylene, absclute nlochol and water.
Stain with X% aquecus toluidine blue .l = 2 minutes.
¥ash in mater



Dehydrate with abaclute alochol.
Cleay in xylems.
Mount in Canada balsem.



EERRERGS

AIDER, VsGs, GILIESFIE, Weds snd mm, HoRM. (1955)
Virulence end phage patterns of antibiotio-resistant
stophylococed in a hospitele J.Path.Baot., 70,

505 - 511, o o

ALIZS(N, Fo (1965) YThe Inflamsatory Frocess'. ed.,

BJ¥W, Zweifach amd R.T. MoCluskey, pe 559 = 576,
Acedesic Press, New York end Lemdon,

ALLISON, r;, Ir. and ADCOCK, Mo (1964) The influemce of
hydrocortisone and sertain elactrolyte solutions upon
the phagocytic and wtoriddal capecity of laukocytes
obtained from peritonsal exudate of rats. J.Imsun., 92,
435 ~ bAS.

ALLISON, F., SMITH, K.R. and ¥OOD, ¥.Bs (1955a) Stulies on
the puthom of acute inflammation, X« 7The
inflasmatory resction to thermal injury as cbhserved in the
rebbit eor chamber, J.Exp.ded., 102, 655 - 668,

ALIISON, Fo, SMITH, M.R. and WOOD, W.B. (1955b) Studies on
the pathogenssis of ecute influmation. II. The ection
of cortiscne on the inflamnatory response to thermal injury.
JExp.ed. 102, 660 = 676. .

ANTRIOIE, V.Te apd IYTTON, B, (1965) The seffect and aritical
duration of inareased tissue pressurs on musceptibdlity to
bactarial infection. PErit.J.Exp.Pathe, 46, 308 ~ 317.



ARNDT, W.Fo, YOUNG, E.J. snd RITTS, R.E, (1963)
Staphylooocosl enhancement of susceptibdlity to
bacterial infeotion in the mouse, a.xmee.nuu 22,
255 - 263, :

BACQHUS, H, and BACHHUS, A. (1953) Effect of aspirin on
formalin~arthritis in normel snd adrenalectomised
ratss Fed. Proo,, Es 7.

RADDIIEY, 3, (1962) Telckoic acids in walls snd cells of
gram-penitive bacteria, Ped.Froc., 21, 1084 = 1088,

BADDITEY, J., BOCHAAN, J,C., BATSINNDARY, UsLe end SANDFRSON, AR.
(1962) ‘Tedcholc soid fyom the walls of Staphyloco
He Struoture of the Neatetylglnossaminylribitol residuss.
Ploches.J., §2, 439 =~ biB.

BATRD=PARKER, A+Cs (1963) A classification of micrococel end.
staphyloecoss based on physiological and biochesical
tests. JJCendiicrobiol., 30, 409 = 427. -

BATRD-PARKER, A.C. (1965) The classificetion of staphylococod
and micrococal, ﬁhﬁa&nﬁu scurces. J.Cendiarcbiols,
38, 363 - 387, . . o | |

BARBER, M., WILSON, B.D.Re, RIFPAN, J.E. and YILLIAMS, R.E.0. (1953)

in the m of severe sepsis. :.mmm.mum.. '
50, 476 ~ 482,

FERMHEIMFR, A.W. (1965) Staphyloeoccal alpha toxin.
ATRY Acad Sk, 28, 112 - 120,



L3

BERMIETNER, A.W. and SCHWARTZ, LeL. (1961) Extrecellular
proteins of staphyloococcis Proc.Scc.Exp.Biol.Ned,,
106, 776 - 780.

¢mmmzm, AJsWe apd SGHWARTZ, L.L. (1963) Isolation and
composition of ataphwloooocal alpha toxin, J.Gu.llimhiol..
1_, &55 &58. '

Bmmm, AN, and scmmz, Lele (196#) Iysosomal

- disruption by bacterial toxins. J.Bacts, 87, 1100 - 110k,

BERMHEIMFR, AW, end SCHWARTZ, L.L. (1965) Effects of
staphyloooocal and other bacterial toxins on platelets
in vitro. JoP&ﬂhB&Gt-;}ﬁﬁ. 209 - 223%. o

. BIOEZI, G., BENACERRAF, B and HALFERN, B.N. (1955) The effect

of Salm. typhi and its endotaxin an the phagocytic
activity of the reticulo-erdothelisl system in mice.

B!'lt.J'.!lp-Path.. 2§g 226 - 235.

BIDMENTHAL, H.J« (1964) Estimation of staphylococcal virulence
in mouse testis. Bact.Proc., P076‘

BLOBEL, Ho and BERNAN, D.Te (1961) Further stulies cn the
in vivo sotivity of staphyloccagulase. J.Infoct.Dis., 108,
3 = 67,

BORR, J. (1965) The effect of alloxan disbetes an experimental
staphylocoooal infection in mice. J.Path.Bact., 83, 749 = 752,

BODEL, P.T» and ATKINS, B. (1964) Studies in staphylocoacal fever,
v, Hypersensitivity to cultuve filtrates. Yale. J oBiOltldn.
31» 330 = Liks |



ik

POLAND, EJWe (1964) Nonspecific anti-inflasmstory agents =
stme notes on thedr practicel spplication, especislly
in rheumatic discrders, Calif.Wed., 100, 5 =« 155.

BONVENTRE, P.F. ani BIACR-SGHAFFER, B, (1565) The effect
of meutral and scidic polyssocharides on natural
resistance of mice to bacterial challenge. JeInfectDis.,
218, 415 - 420.

BOYDEN, 8. (1962) The chemotactic effect of sixtures of
entiboly and sntigen on polymorphomuclesr leucocytes.

“JExpeed., 118, 453 - W66,

BOYER, F. and IAMENSARS, Ae (1961) Action of fasting snd
ocrtisone on mice susosptibdlity to staphylococoal
infection. Applicetion to dhemctherspy. - AnncInet.Fasteur
(Pards)., 300, 614 - 818,

| PRUNSN, J.C. (1964) ‘Bacterisl Endotoxin', 3., M. landy end
¥, Braun, p. 126 - 133. Institute of Miorobiology,
Rutgers, The State University, New Brunswick, NeJ.

m. J.F. apd FRIBERC, v, (1961) A micyersdio-graghic study
of developing stsphylocoossl inflamsetion using ultra-soft
yoentgen rays. SurgSforum., 12, 38 « 40

WURKE, JFe and MILES, Ache (1958) The soquance of vascular
events in early infectiwve inflammation. J.Path.Bacte, 7§,
1-19.

BURNS, Jo and HOILTMAN, D.F. (1960) PBiochewical properties of

virulsnt and avirulant staphylocooci. Amn.N.Y.Aced.Sci., 88,

1115 - 1124,



W5

BUTIER, E«CeDe andl VALENTIKE, F.c;o. (1543) Wr
cbeervations on acute stephyloccocel infection.
Lencet, }, 154 - 157.

CGHESERO, W.Ra, HEIDRICK, FoPs, umnm. R. and Pmm, Gelte (1965)
wmmanmmmpmwwua action
on staphylocoosel and otuptoomd osll um. J«Bact., 89,
578 - 389.

cnmv, m:. (1965) *skin sactem and their noh in Infection!.
ed., He I, Naibach and G. mmwm, pe 95 - 112,
MoGrawH111 Book 0o

OGFIEN) Jo0s s NEFION, WoLe, GIERRY, WieBs ent mm, E.Le (1965)
Ronauy ocamg staphylocoocel mkibo&i.u in gerafree
mice. J.Immmols, 90, 358 - 67.

CHN, Z.As (19628) Detorminants of infection in m pmtmx

cavitye I. Response to and fate O‘W

* and Staphylococous situs in the mouse. Yale J.Biol.Ned.,

35, 12- 28, |
COHN, ZeAs (1962b) Determinants of infection in the peritonsel

" cavity. Il. Pactors influencing the fate of Staphylocooous
minﬂumc. ‘Yale J.Biol .nea..,u.‘w-»w.

CCHN, Zehe (1962e) Determinants of infection in the peritonesl
'oavity. III. Thé sction of selected izhibitors on the fate
of Stapylocooous sureus in the mouse. Yale J.Biol.ked.,
35, 48 - 61 | o



us

COHN, ZeAe and MORSE, S.X¢ (1959) Interactions betwesn
rabidt polymerphomclesr lesucosytes and staphylococcd.
J.Bxpuiede, 110, 419 = W3, o

CCHN, z.a.: and im. SaIo {1960) Fumctionel and metabolioc
properties of polymcrphomuclesr loucooytes. IT. The
Srfhience of a Mpopolysaccheride endotoxin, |

| I Expuets, 211, 689 = 70

CONTI, CoRe, cnm‘, LeEs and SQIEDER, FoPe (1961) Studies
on the pathogenssis of staphylococcal. infection IV, m’ ‘
effoct of bacterial endotoxin. J.Exp.ied., 113, 845 = 860.

cmzmm. AdH, (m) Reaistance to infection in the
.nmn-amm rebbite J.Path.Becte, Ty 323 = 334

DAVISON, AsLes BADDIIEY, Jop HOFSTAD, Ta LOSNEGATD, No arsd
OEDING, P (1964) Tedchato acdds in the wells of
ata;%vm. serological investigations ci telchoto acids
from the walls of staphyloocoocd. Nature (Lonlon)., 202,
872 = &7 f -

DELAUNAY, As (m) Recherche des constituants bectériens
rpnpmcbhu de 1'appel leuccaytsire. AmaInstPesteur (Paris).,
8 72T | |

DE REPENTIGNY, J,, SONEA, S. end YRAPPIER, A (1962) The '
moledo acid oontent of streins of staphyloccocd having
differences in antigeniclty snd virulence. m..r.umzol..
8, 505 -5

DOUCHERTY , TP, and SGINEFEELI, G.Ls (1950)s Role of cortiscne

in regulation of inflammations Proc.Soc.Exp.Blol.Meds 75, 854 ~ 859,



g

DUBOS, ReJe (1§5h) '"Biochenical Deterninavts of NMiorobial
Disesses'. p. 39, Horvard University Press, Cestridge,
Nansachusetts,

DUBCS, ReJe and SCHAEDLFR, RJW. (1959) Rffect of nutrition
on the resistance of mice to eniotoxin, and on the
bactericidal power of their tismuss. Jobipuied., 110,
935 = 950,

DUBOS, ReJe and SQAYDIFR, RiWe (1962) The effect of ddet
on the fecal bacterial flcmm of mice amd on thefr -
resistance to infection, J"Mﬂdu;w, 1161 - 7é¢

EXSTEDT, ReDe (1956) The effect of congulsse on the
antibacterial activity of normel humen serus ageinat

AmnoNJYeAced Scl, ﬁp 119 -~ 151,

EXSTEDT, RJDe (1963a) Stulies on ismmity to staphylocoooal
infection in mive, XX, Effect of immmisation with

g8 prepered Ly physioal

and chesical methols, J.Infect.Dise, 12, 152 - 157.

EXSTEDT, RoDe (1963b) Studiss on fmmunity to staphylocoocal

| infeoticn im mice, III. A peotein amtigen that induoes
protection against challenge with saline-suspenied
organises, J.Infect.Dis., 313, 105 = 109.

ERSTEDT, RoDs (1965) Nechanisms of resistance to staphyloscoonl
infections natural and acquired. Amn.N.Y.iced.Scd., 128,
301 = 3k



us

'EIEK; 8.0, (M)’WWMW
inthamnwm- MNJM&%;&;% 90.

EIEK, s.n. (2959) wmamamm
' to Disease's E. & 5. Idvingstone Ifd,, Tdinburgh and
 EIEK, 8Dy apd CONEN, P.E. (1557) The wirulenoe of

. Staph us grogenes for msn. A study of the prcbless
of wound infection. m.:.m.rm.,g, 5?5«5%.

xms.s.n.mm, E. (1950) mmmmwmmm

pathogenic and non-pathogenlo staplyloooood.
Jcht‘h-wo’ ,@.5&1 - 554,

EVANS, D.G., MILES, AsAs and NIVEN, J.5.F. (1968) The
srhancemert of becterial infecticns hy edrenaline,
Brit.J.Exp.Pathe, 29, 20 - 39,

FERGUSON, FeCo Jre, (1952) Colahicine, I. General
pharsacologys JPharmacol.Exp.Ther., 306, 261 - 270.

FISHER, Adds (1936) The plasme-coagulsting properties of

. staphylooooed, Pulldopkine Hosb., 32, 395 ~ ddke

FISHTR, AsNe and GOSHI, Ko (1963) Further stulies on the
Ppathogerdcity of staphylecoocts Interaction of amtisalpha

cus mmeus in mice. BullScpidns.

Hospey 112, U3 = 150. , ,
FIHER, Melisy DEVIIN, HoB, and mumsm. AsLe {1963) A new
staphylocoocal antigen. Nature (o)., 199, 107k - 2075. -



9

FISHTR, 3. (1960) The antistephyloooocal activity of
Inman sera in vitro and its relationship to pessive
protective potenqye  AuskJ.Exp.Biol.MedSoci., 28,
339 = 346 |

FISHER, S. (1962) The problem of the staphyloccocus: a
stuly of host-pavesite relationabip in staphylococcal
infections. MNeduT.Auste, 1, 29 ~ 39 |

FISH'R, Ss (1965) Experimental staphylococcal infection of
the muboutanecus tissue of the mouse, III. FPurther
observations on the cellular aggressin of coagulase~
producing staphylococcl. J.Infect.Dis., 11§, 285 - 292,

PISHRR, S, and ROBSON, JeE. (1963) Experisental stephylococcal
infection of the subcutanecus tissue of the wouse., I.
Baoterial populstion changes in relation to tissue responses
JJInfect.Dis., 133, 204 - 212,

POBTTR, WeDe (1962) The role of ccegulase in the pathopenicity

Steyd sureuss JePath.Bact., B3, 2687 - 292,

FOSTER, WDy (1963) The role of alpha-haemolysin in the
pathogenicity of Staphylocooous gureus. J.Fath.Beot., 56,
535 = Skle

FOSTRR, ¥.D, and HUIT, K.SR. (1960) Experisental stephylocoosal
infections in'man, lanoete, 2, 1373 - 1576.

c&mxs’, c.'(le@es) Zur astiologle sout eltriger entsundungen
(Ostecmyelitis, Furunkel, und Panoritimm). Fortachr.ed., 3,

365 - 173, CatErek (1959).




150

GERMUTE , FJGuJ¥e (1956) The role of adrencecrticnl
stercids in infection, immmity and Rypersensitivity.
Fharmacoldieve, 8, 1 « 2).

GCRRILL, R.H. and NHEIL, BJM. (1963) Staphyloooooal
infeotion in the mouses I The effect of route of
iofection. PriteJ.Exp.Path., 4k, 40k - 415.

GOSHI, Key CIIFF, L.E.p JOHNS(H, JoE., 332 and CONTI, C.R. (1961)
Studies an the pathagenesis of staphyloooocal infection,
II. The effect of noe-specific inflasmation,

J.Exp.¥ed,, 113, 249 - 257.

GOBHI, Kep OLUFF, L.Es and JOHNSON, J.E., 3rd (1961)

Studies on the pathogsnesis of stsphylocoosal infectiocn.
III, The effect of tissus necrcsis and antitoxic imsurdty.
JExpdied,, 123, 255 ~ 270.

COSHI, K., CIUFF, L.E, and NORMAN, P.S, (1963) sStudies on
the pathogenesis of staphylocoooal infecticn.

Vi. Necharisa of ismmity conferved Yy snti-algha
hemolysin, BullHopkine Hospe, 132, 31 - 47.

GOX, K., SMITH, EJW., CIUFF, L.E, and NCEMAK, P.S. (1963)
Stulies on the pathiogensdis of staphylococcal infection,
Vil. Characterisation of the dermal resction to purified
alpha hemolysin in normal end imsune arissls,
PullHopkins Hospe, 113, 183 « 201.

GLADSTONE, G.P. and GIENGROSS, EuJ.Ce (1960): Growth ani toxin
profluction of staphylocoosd in cellophane sacs in vive,
Brit.J.Exp.Pathe, 41, 313~ 333,



m

GLADSTONE, G.P., MCTD, 8., HOGHSTEIN, H.D, and IENURT, N.. (1962)
The assay of axti-stajiylocvoosl lsucecifal Oomponerits
(F and 5) in humdn servm, Brit.J.Exp.Path., 43, 295 ~ 312,

mnsmm. GuPe and VAN HRYNINGEN, W.E. (1957) Stapkylocsconl
humemn. Brit g Exp.Paths, 38, 125 ~ 157,

mmms. Lo and m, Nex. (1960) Polyvelent scestic
antigen for the yrevention of stephylocococal infection.
m.m.m.a.. 83, I3 - W7,

(ROV.A., NYEIESTAD, B. and OEDING, P. (1964) ZImnochemionl
stulies on antigen prepereticns from Stark reus
1. ‘Isolaticn il chemicsl dharicterisation of artigm A.
Acta Path.Nicrobicl, Scand., §1, 588 = 596.

GULASERIARAN, J., GHEYNE, T., DOBRY, H.¥, and MACRISSON, BuJe (1963)
Servm opacity reaction produced by staphylocoocis
Nature (Iondon)s, 398, 11k

HAIZ, JH. and SKITH, We (1545) The influnence of cosgilase
ah the phagoaytosis of stiphylosooed. Brit, J.Exp.Path., 26,
209 - 216, ‘

HAN, K.N. and HURIEY, J.V. (1965) Acute inflammationt an
sloctron-microscops study of turpentine-induced M
in the ret. JPathBacte, 90, 365 «~ 377 -

HARRIS, He (1955) Chemotaxis of gramloqytess JPath.Bacts, 48,
135 - U6,

HARRIS, He (1960) Nobilisation of defensive cells umm-.w
tissue. Bact.Rev., 2k, 3 5. '




s

HASKELL, T+H, and BANESSIAN, S. (1963) 2-emino-2-decaysD-
glucurcude scid, the main constituemt of SPA
 (stapiyloooccal polysascharide antigen). Nature (Ienion),
229, W75 - 2076,

hy@rolysates. Asta Path.icrobiol,Scend., 55, 299 - 307,

HAUKRWES, Co (19626) Imsunochesdoel stuliss on polyssccharide
A of Stagh
the sarvlogical reactivity and the mature of the extraction
process. Acta PathJilcrobicl.Scends, 55, 463 « 474

HIRS®, J.G. (19608) Comperative bactericidal activitios of blood
serus and plasma sexvm. J.Exp.iied., 112, 15 - 22,

HIRSQH, JoCs (1960b) Antimicrocbtdal factors in tissuss and
phagoqytic oells. PBaot.Reve, 2 15 « UD.

HIRSGH, J.C. (1964) Demcnstration hy flucrescence microscopy
of sRsgrption on to baoteria of & heat~labile facter fyem
guinea pig serume Jolmeuns, 92, mf 158.

HIRSGH, J+Go and (HURCH, A.B. (1961) Adrenal stercids and
infection: Ths effect of cortiscue adminiatration on

polymorphomiclear lsukogytic funoticns and on serum
opscnins and bacterieddins. J.Clin.dnvest., 40, 7% - 798.




Ly

HIRS®, J+Go and STRAUSS, B. (1964) Stulies on heat-labile
opsonin iummt serm.  Jelmeune, 92, A5 - 254

HITE, K.Ee, BANKS, 5.¥. and DACK, Gy, (1538)
Stuiies en the becteriology snt Smenology of chrenio
stephylocoooal ostecmyelitis: 1. The caltures imvolveds
the antihasmolysin An the patisatis ssrums and the lowsl
i.ﬂlmt«y mtua. a.xmamu.. Q. 317 - 329.

*

HOUSER, EJD. una m, x...r. (1961) m ptihapmu of
WMMMW. I. 'nunuafmw
in establishing the role ar -twm toxins.
J.InfectDis., 109, 2k = 30,

HOWARD, J4Go (1954) Diffusible m:w in relation to the

JoPl.ﬂhMu. ﬁp 177 - 186,

HUNT, GoAs snd NOSES, AeJe (1958) Acute infection of mics
‘ . Selence,, 128,

157 = 1575

HURIEY, JVe (196ka) Acute inflsmmstiont The effect of
concarent Wamtwwwmmw '
on perticle retention Yy the vaswular wall.
Brit.J Exp.Pathe, ﬁ. 627 - 633.

HURIEY, JeVe (19640) Substances presoting mmtc extgwtion.
AnnuN.Y. Aced.Sct., 136, 918 - 935,

HURLEY, JV. and SPECTCR, W.G. (1965) A topompm«: study
of incressed vescular permeability in acute turpentine -
induced plevrisye J.Path.Bactes B9, 245 = 25is



a5,

IVIER, Do (1965) Comparative metaboliss of visulemt emd
avirulent staphylocoeoi. Am.N.Y.Aced.Sod., 128, 62 - 79,

JAMES, ReCe and NACIE®D, Coe (1961) Induotien of staphylococcal
infections in mice with small indoula introduced en sutures,
Brit.J.Rxp.Fathe, 42, 266 ~ 277, -

JELIASERWICZ, Joy SZMIGIFISKI, S., KOREECKT, ., and ZAK, C. (1965)
MM demonstretion of W ia mﬁe m&uty
of XB oells prodused by staphyloococoal alpha and bete
hemolysina,  J.Infeet.Dis., J15, 421 - A28,

JRNSEN, Ko (1958) ' 4 newmally mmmmmmm
in taman serum. Acta Patheiorcbiol.Scande, ki, 421 - A28,

JOHANOVEEY, Jo (1958s) Die bedeutung des eantileukosidins und
antitexing bed der immunitit gegen staphylokokken-infektionen,
Z ImmunJFerachs, 128, 318 - 328,

aaamn. Je (zsm) Rols of hypersensitivity in experimental
stamlaml infection. Nature (Lowdon) <, JB2, JeShs

JENSQN, J.E 3rd., CIFF, L.Es and GOGHI, K. K. (3961) m on
the pathagenests of staphyloooocal ixfeotion. I. The
effect of repested akin infestices, 3 Bxpaiods, 113, 235 = 218,

JoMES, D.,’ DEIFEL, RMe and NIVEN, Co¥.p Jr'e (1963) Idertity
of staphylococous epidermidis. J.Bect., 83, 62 - 67.

JULIANELIE, Lhs and HARTMANN, APe (153€). The immmologlosl
ap.mw of staphyloccosts IV, Cutensous reactions to
the mo md.ﬂe amwdratu. JM&».&. U9 - 155,



-155

JULLANELIE, L.A. and WIRGHARD, C,¥. (1535a) The issunological
specificity of staphyloccoal. I. The coourence of
serological types. J.Exp.Med., 62, 11 - 21,

JULIANELIE, L.As and FIRGHARD, C.¥. (193%%) The imsunclogical
specificity of staphylecooci, III. Inter-relationships
of cell ccustituents. J.Exp.Med., 62, 31 = 57. '

KAHN, RoL. (1962) Irrsdistion and tissue imsunity. II. Response
to injection of staphylocoooi in X-irrsdiated sidn aress
of rabbits, J.Infect.Dis,, 110, 107 - 113,

KAFRAL, Fohe (1965) The phagooytosis and intracellular fate of
staphylocooci. Amn.N.Y.Aced.Scd., 128, 285 - 297.

KARAS, E.Ms apd KAFRAL, Fode (1962) Virulence and coegulases
of Staphylococous gireus. IIT. Survival of certain cosgulese-
negative mutants in the argans of intravencusly infected
wios. J.InfectDis., 111, 205 = 2.

KASS, FHe (1960) Hormones and host resistsnce to infecticn.
Bact.Reve, 2k, 177 ~ 185,

KIENITZ, Mo and SCHMRITTR, G, (198%) Uata-mmmw den
omnm von stwmm auf affernieren~zellimlturen,
zm.r.am.z.au‘ong.. 193, W7 = 453.

KOENIG, M.Co (1962) Yactors relating to the virulsnoe of
stephylocoocis Is Oomparative stulies on two colonial

 variants. Yale J.Blel.Ned,, 34, 537 = 559.



156

mmc,'n.-d.;ma MELIX, M.A. (1965) The dmpartance of
 murfacs antigens in staphylococcsl virulence.
AmnNY.Aced.Scl., 328, 231 ~ 250.

KOENIG, ¥.C, MELIY, MoA. amd ROCFRS, DoE. (1962a) Factors
relating to the virulence of staphylodoocd. ITT.
Antivacterial versus antitoxic imeunity.

J.Exp.iied., 116, 601 - 610.

KOBNIG, MoCe, MELIY, M.As and ROGERS, D.E. (1962b). Feotors
relating to the virulence of staphylocoocod, II.
Observations on four mouse-pathogenic strains,
JExp.ieds, 116, 589 « 599.

ROREECKE, Mo and JELJASZEWICZ, J. (1965) Action of
staphyloooooal toxins in cell oultures.

J.Infect.Dis., 115, 205 - 215.

ERUAN, R.2. (1963) Coagnlase negative mutants of
reus: Cenetic stulties. J.Bact., 86,

KRYNSKI, Se, KIDZIA, We and KAMINGKA, Mo (1964) Scme
differences between staphylococoi isclated from pus |
and froe healthy caxriers, Je.lnfectDise, Ik, 193 - 202,
KUMAR, Sa, LOKEN, K.I., KENYOK, AcJe, 6nd LINDCRFYR, RoeKe (1562)
' The characterixstion of staphylocoocal toxins, IT. The
' 4solaticn and characterisstion of s howogenous staphyloosocel
protein possessing alpha haswolytic, dermonecrotic, lethal
and leucoeddal activities. J.Exp.ied., 115, 1307 - 1115.



157

1AGK, CoHo (1957) Staphylocoocsl antibely in cstecwyelitis
and suppurative arthritis. ProodRqy.Soc.Med,, 50, 625 - 628,
TACK, CH. and TOWERS, A.Ge (1962)  Serological tests for
' staphylooccoal infection. Brit.Med.J., 2, 1227 - 1231.
IAN, C.T., SVERNRY, PoJ.Jre, WITNER, CuNe and WISER.I. (1963)
Absoesas-forming factor(s) produced by Stanhvloooos
I. Collolicn bag implantation techrdques
J.Bact., 86, 611 - 615, -
“LaN, GuTe) ¥ISE, R.Te andl SWEENEY, ¥J., Jr. (1965) Absoese-~
forming factors produced by mwum
Ann N Y. Aced Sed., }28, 251 - 258,
wzamw. JeCo (1959) Some effects of staphylocoocal end
atrapteeml toxins mmnm skin in tissue aultm'eo
| Brit.JExp.Pathes 40, 8 = e '
IENHART, NeAs, MUDD,S., YOSHIDA, A. end 1, I.W. (1963)

- I, Distritution in intemationsl serciypes end oorresponiing
antibody in humsn populstions. JeIssun., 93, 771 - 776.

1I, I.¥. and MUID, S, (1965) The heat-labile serm factor
‘asscolated with intracellular killing of Step
JoImmuin, , 9, 852 = 857. "

1I, I.¥., MDD, S, and KATRAL, F.A. (1963) Disscciation of

Ly humsn blood leukooytese J.Imeam,, 90, 604 - 80D

II, I.W. and KAFRAL, Fuhe (1962) Virulenos and coagulases of
Staphylocooous sureus, (2). Surviwel of certain cosgulasc negative
mutants in the oargans of intravenocusly infected rabbita.



| 158
J.Infect.Dis., 111, 204 ~ 208,

LFRVIST, T. and SIOQUIST, J. (1962) Chemical and serological
analyeis of antigen preparsticns from Stahy
A compariscn between the products citained by Verwey's and
Jensan's techmiques, Acta Path.Microbiol.Scend., 5§, 295 - 30k,

LOMINSKI, Ly ARBUTHNOTT, JoPey SCOTT, A.C, and MECALIUM, HJM. (1962)
Bffect of staphiylococcal alphe-toxin on striated musole of |
mice, Iancet, 2, 590.

IXIES, 8.T., SHARP, M.S., NABCRS, ReB,, LARSEN, S.P. and
FOITER, P.Ss (1965) Virulenoe of stephylococct, T« .
Invasivensss .and wirulence for the chick embryo.
JeInfect.Dis,., 115, 400 - 412,

MACKARESS, G+B. (1960) The phagecytoais and ‘smctf.@tm of
ataphylocooed hy macrophages of normsl rabbits,

J.Exp.ed., 112, 35 - 53, A

MACIE(D, CMsy HALL, CoAey Jrs, and FRUEMAN, Luas (1963)
Relaticoship of absosss farsation in mice, Piinea-pigs
and rebbits to antistaphylocootal activity of their tissues
and blood serum. Brit.J.Exp.Path., bk, 612. 620,

MADCFF, M.As ard WEINSTEIN, Le (1962) smm of mmml
ccagulase-reacting factor, ani antiooagulase in man..

Aner,J Hyg., 75, 212 - 229,

MAGNUSSON, B.J., DOERY, H.¥. and GULASERHARAK, J. (1962)
Phospholipase activity of staphylococcel toxin,

Fature (London)., 196, 270-271.



5

¥AJNO, G., PAIADE, G,E. and SCGHORFL, G.I. (1961)
Studies on inflasation. IX, The site of astion of
histamine and sevotonin along the vesculap trees A
topograzhio study. J.Biophys.Bioches.Oyts, 13, 607 ~ 626.
MALAWISTA, S.B. (1965) On the aotion of colchicine, The
melancayte medel. J.Exp.Med., 122, 361 = 38k,
MARKS, J. apd VAUGHAN, A.C.Te (1550) Staphylocoooal delta-
haemolysin. JePath.Bact., 62, 597 « €15,
MCCARE, W.R. (1964) Studies of staphylocoocal infections.
I. Virulence of staphylococcd send characteristics of ,
infections in emtryonated eggs. J.Clin.Irwest,, 43, 226 ~ 2157.
KOMASTER, PoDe {1959) 'Coelluler and Humaral Aspects of the \
Hypersensitive States', ed., H. S. Lawrence, pe336. Cassell,
Jandon. -
NELIY , MoA+, THOMISON, J.B. ond ROCGERS, D.E. (1960) Yate of
staphylococod within Juman lsuccoytes. J.Exp.ied,, 112, 13121 - 1129.
MEYNELL, G.G, and MEYNELL, B, (1965) ‘Thecry ani Practice in
Experimental Bacteriology's pe 26., Canbridge University Press.
NILES, A. A. (19%5) The meaming of pathogemicity, (in) *Nechanisas
of Nicrotdal Pathogemicity’. 5th aymposium of the Soclety
for Goneral ¥iarcbiclogy.s pe 3 = be
MILES, A« Ao (1961) Iocal and mystesic faotors in shooke
Fed, Froce, 20, (Suppls 9), U2 = WS,
WILES, A.Ae, WILES, E.M. and MOREE, J. (1957) fThe value and
duration of defence reactions of the skin to the primary
Iodgewent of basterias Brit.J.Exp.Path., 38, 79 = 96.



160

MILES, A.As and MISRA, S.5. (1938) The estimstion of the
baotericidal power of the blood, JHyge(Camb.) 38, 732 « 749,

NILES, A.Ae and NIVEN, J.8,F, (1950) The enhancement of
infection éuring shock produced by .bacterial toxins snd
other sgents, BErit.J.Exp.Fithe, 31, 73 = 95

MIIES, A.As and WIIHEIM, D.L. (1960) .'The Plochenioal Response
to Injury'. ed., He.D» Stoner end C, Js Threlfall, p. 51 = 79,
Blacikwell Seientific Publications, Oxford.

MOORE, Be.{1960) A new screen test and seleotive medium for
. the rapid deteotion of epidemic strairs of Staphylocooous
aureus. lancet, 2, 453 - A5B..

MORSE, S.I. (1962a) Isolaticn and properties of o matace
sntigen of Staphylocooous suveus. J.Exp.ed., 115, 295 - 31l.

MORSE, S.I. (1962b) Stulies on the chemistry snd
femunochenistry of cell walls of Staphylococous sureus.
J.Expdieds, 116, 229 = 245.

MORSE, SeI. (1963) Distritution of a surface antigen of

MORSE, SeX. (1965) Bielogloal sttributes of stephylocoocal
oell walls, AmnN.Y.Acad.Sci., w. 191 - 215,
‘MUTD, Se (1965) Capsulation, peevdocspeulation, and the somatic

antigens of the surface of Staphylooooous aurenge.
AmnoNY. Aced.Sele, 128, 45 - 58. .

MUID, S..and DE OOURCK, SeJes Jre (1965) Interaction of
viscid material of Staphylocooous surew

imsune serum. JeBect., éﬁ. 87h - B79.



16

MUTD, 6., GLADSTCNE, G.P. IRMLART, NeAe and HOGHSTEIN, H.Ds (1962)
Titrations of antibodies againsto( -haswolysin and the |
comporents of staphylocoocal lsucecolin in lumen subjects
following dsmunisstion. Brit.J.Exp.Paths, 43, 315 - 319,

MUDD, B, YOSHIDA, Ae, II, I¥e and LERHART, Nohs (1965)
Identificgtion qr & mﬁe anﬁm -.n
‘aritical for ptwm by hsman blood .umw-

Kature (Londm)., 199, 1200 -~ 1202,

WUTHOLIAND, JH. and CIIFF, L.E. (1964) *Bacterial Endotoxins'.
od,, ¥, Lanly snd Wo Preun, pe 211 - 225. Institute of
W Rutgers, The State University, New Brunswick, NoJ.

MYRVIK, Q.Ne (1956) Servm bacterieidins active against gram-

positive bacterias Ann.NY.Aced.Sed., 56, 391 ~ 400,
mxms. AeJe and EICKHOFP, T.Co (1961) Staphyloocovel infections
in hospitals (comtimued). Recent Sevelogments in
WMﬁ and laboratory investigation. Kew Eng.J.led,,
268, 120 ~ 128, | |
NATHENSCN, S.Go and STRONINGER, J.L. (1962) Enaymstic aynthesis

Je mm.,m.rcsssa - 381,

NEIER, E., ANGAX, H. an GIRZYNSKI, E.A. (1960) mmmw
staphylocoocal extract and of visble stepkylococcd on Sersal
mﬁﬁvdmmngw.

J.XnfectDis., 107, 532 = 340.



152

NIGHOLIS, PuJe (1961) Ryssinosis: Studies of the activity
of extracts of ootton Gust and other vegetable dust,
JPhysiols (London)e, 258, 39 ~ &P

NOBLE, W.C. (1964) *Staphyloooocal Infeotions in Man and
Andmalst, A thesis presented for the degres of Doctor
of Fhilosophy, Lendon University.

NOBIE, WeCo (1965) m\mmm of subeutansous staphyloovccal
skin lesions in mice. Prit.J.Exp.Path., 4§, 254 - 262,

NOBIB, W.Co (1966) Virulencs and the biochemical characters
of stephylococcle JePath.Baste, 91, 181 - 193.

NORTHOVER, BoJe (196ha) The action of anti-inflamsetoxy
oompounds in mice with peritomitis. J.PatheBact., §7,
395 ~ 40he

NORTHOVER, BoJe (1964b) The effect of varions anti-inflemmatory
drugs on the accumulation of leucogytes in the peritonesl
cavity of mioss J.Path.Bect., 88, 332 - 335.

OFDING, Po and HAUKENES, G. (1963) Tdentificetion of
Staphylococcus sureus antigens and antibolies Yy meens
of the gel precipitation technique.
Acta PuthJMicrebiol.Scande, 57, 438 = 450.

PAGHECO, GeAs (1932) Loosl tiasus imeunity, Arm.hth.(miam)u
13, 868 - 888,

PANTON, P.N. and VRIENTINE, F.C.0. (1929) Staphylococoal
infection and ve-infections Brit.J.Exp.Pathe, 10, 257 ~ 262,

PARISH, HoJe and CANNCN, Do (1960) Staphylococoal infections
Antitoxie dmmrdty, BritMed.J., 1, 743 - 747»



163

PARKER, N.Te and JEVONS, .P. (1963) Howpitel streins of
staphylosocei. (In) ‘Infection in Hespitals. Epidemiology
‘and Comtrol’s ed., R.E.O. Williams, and Rod, Shooters,

Pe 55"-_ 65, Mackwell Selsntific Publications, Oxford.

PAZ, ReAe and SPECYCR, WeGe (1962) The monomelsar-cell
responss to injury. J.Path.Bast., _&, 85 - 103,

PENN, GoBe and ASHFGED, Ao (1963) The inflammatory respouse
to isplantation of cotton pallets in the ret. J.Fharn.
Prarsacols, 38, 796 = 803. |

PERKINS, H.R. (1963) Chemical structure and biommthesis of
bacterial cell walls. BactReve, ﬂ: 1B -~ 55.

PRTTERSSON, As (1926) Uber die mmwm m
mm.’m betaslysine der tiersera und 4ie von diesen
Deeinfinssten bekterien. Z. Immnitatefschg., 48, 233 « 296,
Cit, Skarnes and Vatson 1957,

QUIE, P.Go and WANRAMAKER, L.Wo (3964) Serum antidodies in
mwmx nm. Pediatrios., 33, 65 < 70.

RAMMELKAMP, CH. and mm. 3:Le (1556) The role of coagilase
in staphylocooeal infections. Amn.N.Ye Aced.Sel., §5, Ik - 151.

RAMDALL, LeOe (1963) *Prysiologioal Prarmacologr', ed., W.S. Reot
and P, C. Hofwam. Vols I., p., 576. Acelenic Press, New
York and wcn.

RAWSON, Redo (1943) The binding of T-152k snd structwally
related daso Syes by the ph- protedns,

Aser. JM. J,ﬁ. 708 - 717,



164

RICDCN, RJH. (1541) Observations on capillery permeadility
"in areas of inflasmation produced YWy staphylococtus.
Surgery., 3, 436 ~ b6,

ROBSON, J.E, aiid PISHFR, 8. (1965) Nouse-protective antigens
in culture fluids of Starhylooo
JJPath.Best., 89, 557 « 567.

ROGERS, D,E, and MELIY, M,As (1960) Further obearvations on
the behaviour of staphylocoosi within humen 1momn.
J.Ex;uﬁ‘d-. i, 53 - 558.

ROGERS, D.Fs and MELIY, ¥.A. (1961) The dynsmics amd immunoclogy
of the phagoartosis of staphylocooch. Trans.Ans.Awer.Fhysicians.,
Zh 216 - 224,

ROGERS, D,E, and MELLY, ¥ohe (1962) Obeervations on the
smmunclogy of pethogenic staphylooooal. Yale J.Biol.Meds, 3k,
860 - 581,
ROGERS, D.E, and NELLY, ¥.E. (1965) Speoulations on the immunology
| of staphyloosocal infections, Ann.N.Y. Acad.Scl., 128,
27 ~ 280,
FOGERS, DsEe and TOMPSETT, R. (1952) The survival of staphyloccoal
._ within bumsn lescoqytes. J.Exp.¥ed., 95, 209 « 230.
W " ROSENPAL, Ko (1963) OCorrelation of virulence of staphylocoocd
fros patients with bvacteraesia with m laborateory
inddoes. (In) 'Recent Progress in icroblology!.
pe 570 - 57k, University of Toronto Press. |



185

SCHAEDIER, R.We and DUBOS, ReJ. (1959) Effect of dietary
proteins and smino~acids on the susceptibility of mice
t0 bacterial infections. J.Exp.Med., 110, 921 - 93ks

GERER, V., SCHUERRT, J. and JCHANCVSKY, J. (1959)  Noknosti
izsunoprevence stafylokokovich nikias matek a mosm‘i
IV. Cas.lek.Ces., 98, 1181 - 1188,

SEIBIZ, F.R. snd SIHON, RDe (1952) Virulemce to sice of

to certain in vitro properties. Frit.J.Pxp.Pasth., 33,
315 - 326,

SHAYEGANX, N.Ge amd KAFPRAL, F.iA. (1962) The ismediste fate
of stephylosoccd after phagoqytosds. J.Cen.iiarobiel., 29,
625 - 636,

SHILD, M. (1962) The effect of levan on extravasation of
lumoral and celluler ocmponents into the peritonesl cavity of
the mouse. Brit.J.Exp.Path., 43, W2 - 152.

SHIIO, M. (1964) The use of levan-evhanced dermal infectices in
rebbits in the study of in vivo activity of antibiotic
substances, Brit.J.Pxp.Path., 45, 187 - 191,

SHOOTER, ReAe, SHITH, M.A., GRIFFITHS, J.D., FROWN, K.E.ie,
WILLIANS, R.E.O., RIPEON, J.E. and JEVONS, M.P. (1958)
Spresd of staphylocooad in s surgical wurd,

BErit.MeduTe, )y 607 = 613,

SIEGEL, I. and CCHEN, S. (1964) Action of staghyleccocal toxin
on human platelets. J.InfectDis., L4, 488 - 502.

SKARNES, R.Cs and WATSON, D.W. (1957) Antisierobial factors of
normal tissues ard flulds. Baot.Revs, 21, 275 - 2%h.



. 366

SHITH, D.D. (1962) Experimental staphylocoocal infection
in mloe. J.Path.Bacte, Bh, 359 « 368.

SMITH, D.D. (1963) Mouse virulence and ccagulase production
in Stephyvlococcus smreus. J.Path.Bact., 86, 231 - 236.

SKTTH, DJDe and JCHISTONE, Jo¥e (1958) - ‘Staphylocosgulase

- activity in vivo. Brit.J.Exp.Path., 39, 165 - 170.

SMITH, D.D, &and MIIFS, A.A. (1960) The rola of histamine in
sarly bacterial inflasmation of the rat peritoneal cavity.
Brit.J Exp.Path., 41, 305 - 312.

SHITH, J.¥ and DUBOS, R.Js (1956a)  -The behaviour of virulent
and avirulent staphylocooci in the tissues of normal mioe.
JeExpJed., 103, 67 ~ 197,

SKITH, JeH. and DUBCS, ReJs (19560) The effect of mtritional
disturbances on the sunceptibility of mice to staphyloceccal
infections., J.Exp.Medq, 103, 105 - 118, -

SHITH, J. and DUBCS, ReJe (1956¢) The effect of dinitrophencl
and thyroxin on the susceptibility of mice to staphylococoal
infections. J.Exp.¥ed., 103, 119 - 126,

SMITH, W, and HALE, JJdis (194) The nature ard mode of action
of staghylococcus coagnlase. Brit.J«Exp.Path., 25, 101 - 110,

SONEA, P.Se &l FRAFFIER, Ae (1954 = 55) Fouwelle technique
pour 1! slude in vivo de la sensibilité des staphylosoques
eux substances antibactériemnes. Utilisaticn de 1'embryom:
de poulet de 19 jours, Cansd.J.Microbiol. 3, 597 - 60k.

SPRECTOR, W.G. (1958) Substances which affect capillary perseebility.

Fharwacol, Rev., 10, 475 - §0B.



-
SPFECTCR, WeGe, FALTERS, MoNol., ard WILIOUGHEY, D.As (1965)
Vemilar and eepillery permesbility in thermal snfury.
3 Path.Bact., 50, 635 = 640, -
smm, .G, and WILIOUGHEY, D.A. (1960) The muppression
'tur anti-onterases of incressed oapd.uuw pmunw
in acute inflmsmstion. J.Fath.Bact., _zg, 21 - 35.
SPECI(R, W.G, and WILIOUGHEY, D.A. (1963) The snflammatony
responss, Bact.Revs, 2, 137 - 15k, -
SPECICR, WaCe and WILLOUGHEY, D.A. (1965.-) The effect of
vasoular Mﬁv factors on the emigration of
leucoqytess JePath.Bacts, 87, 341 « 346,
SPECTOR, WG, and WITIOUGIRY, D.ie (19640) Vascastive smines
in acute inflammation. ATDN.Y. Aced.Sed., 116, 839 - Bu6.
SPINK, W.¥, and mﬁm. JeJe (1942) The coagulase test for
staphylocooot and its correlstion with the resistazce of
the organisss to the bectericidsl action of human bjood.
3.Clin.Tavest., 23 353 = 356
STAMP, L. and XDWARDS, HH. (196) The W activity
iun‘bbitsctfmtimmt&fm Btarh
Brit.J Rxp.Pathe, 45, 26k = 270
SUITZER, B.M. and FREEDMAN, HMH. (1965) - Endotoxin-intuced
susceptibility to staphyloocosal infection ani its reversal
Yy sdrenergic blooking agemts. J.Bect., 50, 1001 ~ 3006.
TAUBIER, JoHe, KAPRAL, F.A. and M0, S. (193) Role of alphe~
toxin in lesion formation by Starhvlecooous
sutures miboutaneously isplented in sioe.
I Bact., 86, 51 = 57.




168

mm:a. JHe. m :mm:., (m) In m multiplication
dw sdsorbed ém M m
M.Pm.. Ps Tle |

THAL, A. and EGNFR, W (1954) Iooal effect of staphylocoocel
toxin, Stuiies an blood vessels with partialer reforence
to phenmmencn d.' ﬂmmau-

Arch.Fath, (Chicego)e, 31, 392 - 4Ok “

THAL, AoPs and m, W, (1961) The site of ecticn of the
staphylococous alphe toxdn. :.mp.xaa.,,m, 67 - 82,

THOMAS, Le (1959) Nechanisss involved in tissue dsmage Wy
the endotoxine of Gram negative bacteria, (In) !Cellular
and Kuml Aspects of the Bymrm'n States's ed,.,
HeSe Iamnat. Po m 56, Guull. Londone

TGRII, Mo KABAT, EoAs and BEZER, AcEs (196h) Separation of

dssunologically Mmt spowle W&- with
Xw apdf -H»amtywl linkages rospectivelys
Antigenicity of wme solds in men,
Jﬁmmﬁu .mn 33 39

TORRES, Pohe (1962) eonguhu-msnﬁw strains of staphylococous
Mmmﬁuamttdmym.
J.Clin Path,, 18, 252 = 253,

VERWEY, ¥o¥s (1840) A type-specifio mﬁwﬁc lwtd-n derived
from the staphylocooous.  J.Fxp.Ned., 23, 635 =~ 6hle



169

VOISIN, C.A. and TOULIET, P. (1960) Modifications of
capillary perseability is immmologicel rescticns
sediated through cells. (In) *Cellular Aspects of
Imsunity', ed., G.E.¥., Wolstenholme and M.O'Comnor,

Pe 373 = 4Ohe Iy & A. Qmirchill Itd,

VAITFRS, MoNoI. and WILIOUGHBY, D.A. (1965) Inlomethacin,

a new anti-inflamsatory drugt  its potential use as a
laborstory toole JePath.Bacts, 50, 642 - 648,

WEISER, R.Se, GOIUB, OuJs and HAMRE, D.M. (191) Stulies on
araphylaxis in the mouse, J.InfectDis., 68, 97 - 112,

VEISSMANN, G, and THOMAS, L. (1963) Stuiies om lyscsomes.

II. The effect of cortisons on the releass of aocid
hydrolases from o largs gramile frection of robbit liver
induced Yy an excess of vitamin A, J«Cln.Invest,, 42,
661 ~ 669,

WEISSMARN, G. anl THOMAS, L. (1964) ‘Bacterial Endotoxin.
ed., N Landy and We Brsam, pe 602 ~ 617, Institute of
Eiorobiology, Rutgers, The State Univeraity, Kew Brunawick,
KJe /

VELIS, FJR. and MILES, A.A, (1963) Site of the vascular respense
to thermal injury. Nature (Iondom)., 200, 1015 - 1015,

WIEGHARD, CoW. and JULIANRLIE, L.A. (1935) The imsunologioal
specificity of staphylococci. II. The chemicel nature of
the soluble specific substanves, J.Exp.led., §2, 23 ~ 30.



170

VIIREIM, DeL. (1962) The mediation of incressed vasculer
permesbility in inflssmation. Fharmacol.Rev., 14, 251 « 280.
WILIIAMS, R.EJL (1959{ Epm lmmio Iancet, }:p 190 ~ 5,

. WILLIAMS, R.E.Os (1963a) Ecological evidemce fcr the existerce
of virulent streins of staphylocooci. (In) SRecent Progress
in Microbiology’, 8, pe 551 ~ 560. University of Toronto

WILLIANS, ReEeOe (1963b) Healthy carriege of Jtaphylocooous sureuss
its prevalence snd importance. Bect.Rev., 27, 56 - 71.

WILLIAMS, ReEeOs and HARFER, GoJe (1547) Staphylococoal haemolysins
on sheep-blood agar with evidence for e fourth haesolysin.
J.Path.Bact, 59, 69 - 78,

WILLIAMS, R.E.O, and JEVOHS, H.P. {1961) Iysotypen von
Staphylococous gureus verschiedener herkunft. Zentr.Pakteriol.

. Parssitenk. Abt.I.Orig., 1B1, 349 - 358.

WILITANS y ReEeOe, KUBIE, WeCop JEVONS, MoP., LIDWELL, Oule, SHOOITH, Reley
UHITE, ReCe, THOM, B.T., and TAYIOR, C.F. (1962}
Jaolation forr the continl of staphylococosl infection in
surgical wards, Brit.Med.J., 2, 275 - 282, |

WIILIS, ATe, JACOBS, S.I. and GOGDEURN, G.Me (1963) Observetions
on multiple-antibicticeresistant epidemio strains of
Staphylococcus meus. lancet., 2, 67 -S.

¥ILLIS, AJT. and TURNER, G.C. (1962) Stephylococcal lipolysis and
plgeentations JePath,Bact., Bh, 337 - 347,



i

¥I : » Cehvy RISIEY, B.A. and NUSS, G.W, (1963)
| Anti-inflamstory snd amtipyretic activities of
Intomethacin, 1~ (p-chlorcbenseyl) - 5 - methoxy - 2 -
. methylindole - 3 ~ aoetic acid. '
' J.Pharmacol.Exp.Ther., 1, 369 - 376.
. WISEMAR, G.M. (1965) Some charactsristiocs of the beta-
' hassolysin of Staphylooocous sureus, J.Path.Bact,, 89, 187 = 207,
'*[  WLCDARCZAK, K. and JELJASZEWICZ, J. (1959) Influence of coegulase .
| on the growth of staphylocooci in normal husan serum.
Fature (Lendon)., 184, 1514 - 1515.
 WOODIN, A.Me (1959) Fractiomation of a leucooddin from
Staphylococcus sureuss BiochemJ., 73, 225 ~ 237.
YOSHIDA, Ae and HEDEN, C.~8. (1962) Socme serological properties
of staphylocoocal oells end cell walls. Jlmeun,, 88, 389 - 393.
YOSHIDA, Ae, NUDD, S, and IBNHART, N.A. (1963) The comson protein
agglutinogen of Staphylococous sureus. II. Purification,
chesical characterisation, and serologic comperisen with
Jensen's antigen. J.Imsun., 91, 777 - 782. ‘\
YOTIS, W.W. (1962) Effect of the amtibacterisl serus factor on
staphylocoocsl infections. JeBacte, 83, 137 = 3.
YOTIS, W.¥, (1963) Absarption of the entibacteriel serum factor
by staphylocooci. J.Bact., 85, 911 - 917.
- YOPIS, WeW. and EESTEDT, R.De {(1960) Studies on staphylocicci.
IIT. Further studies on purificetion and mechanism of action -
of an antibacterial humen ssrum factcr. J.Baot., 80, 719 - 725.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259

