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AB3TRAat 

The dynamics of staphyl000mal infeotice in micelles 

been studied bryr estimating the inflammatory response and the 

bacterial population changes in the lesion at intervals after 

the suboutaneoue inoculation of cocci, mixed with cotton-dust. 

The infection•enhancing activity of cotton-duet was found to be 
correlated with its ability to cause a slight delay in the comet 

of Inflammatory reaction ehicil in its turn led to a rapid 

growth at cocci in the lesion. 

There was found to be some variation in the severity of 
lesion production in sloe IV  strains of staphylococci injected 

alms with cotton-dust. Studies werelMOUt of the inflammatory 

response of the mice, and the bacterial counts in the lesion 

resulting from inoculation with different strains of staphylecomi 

Strains of Staphylowoous aural, producing severe lesions in mice 

elicited the inflammatory response with en initial delay nhinn in 

addition to cotton-dust seemed to be due to some material associated 

with the cocci themselves. Alpha haemolysin was found to be of 

importanoe in the later stages of lesionproduction. 

VIme having a pest experience of staphylococcal infect:  ice 

showed an altered reactivity to further infections These mice 

allowed en accelerated inflammatory response'  increased bacterial 

destruction and reduced necrosis after the Injection of staphyl000mi 

The acceleratotinflammatory response and the resistance to 

dersoneerosis was found to' be medieted Inv circulating antibodies 



as the amid be possively transferred tqf s 	from 

*previously-infester to new nice. lath alpha haemolyidn 

and some material associated with staphyloocool messed to he 

involved in sensitising the aloe is that the inflsomatory 

response after reinfeetion ens socelerated• Transfer of 

lymphoid oells from the 'previously-infected' to normal 

Sloe was fame to maw same Ina:vase" musoeptibility to 

et107100000e1  infectiaa in the treated sloe. 

The snhanosment of staylvl000ccal infection by anti-

inflemmatozg agents was to some extent due to a reduction 

in ens er both comporonts of 'onomastics at I Mors. 
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urgieDuarvar 

The Characteristic staphyloopoCal lesioninsan is the 

subcutaneous or soft tissue abscissa. The mechanism* 

ehish fitaphrleeaceus *mous 'stab/lobes itself and produces a 

lesion is net properly understood and althoush this organism 

produces a 'arse amber of biologically aetive extraeellulor 

toxins and commas, the pert tor play in the evolution of a 

staphylecoocel abscess remains unknown. One Important factor 

that imfluencos the outcome of the stephylocomsal lesion is the 

reaction of the host. Use are to understand the factors in 

the host and in the staphylococci that determine the patbosonaala 

of infeotica, a suitable experiaantal aoaal has to be used far 

the stu4y. The Mal method for determining the mechanism of 

otapbyl00000slinfoxition monwould be to infect man 

experimentally. But there are severe limitatians in doing mush 

experiments and usual* animals have been used. Rowers great 

caution is needed la Interpreting the results obtained from animal 

experiments as relevant for home lufectione 

Tor a *tuft' of the pathogenesis of the cemmonest type of 

staphylocoocal lesion, the cutaneous abscess, techniques that 

involve the injection of very large numbers at comity intravenous 

or intrsperltosoal route are not suitable. But in order to produce 

a cutaneous abscess in experimental animals it is necessary to injeet 

more than a m4llion cocci. Quite clear*, it is doubtful if ands 

aid& dear of Stavhyloococus aureis  combo initially intOoduced 



in rest natural infeetione. Horever in the peeeenee of 
eetton dust, aehetttaneous absessees osa be prettiest in aloe 

with as few as WO staphyl000coi (Noble 1960 • Noble's 

experimental main is PortiouleAr suitable because sane 

correlation has been shown to exist between the Lairtmlenoer of 

the staphylococci, for nice as tested by this netholi  and their 

sepidesisite for son. 

This thesis describes a studd► of the inflammatory response 

of the souse to subcutaneous sterhylooponal infection. Particular 

attention has been given to the early stages of the inflammatory 

response. because at, the considerable balty of evidence imalleating 

that the period issediately following infection is the soot 

critical in deciding the final outcome of the lesion. 

Is order to analyse the progress of the lesion, ve.rious 

apeponents of the acute inflammatory response have been studied in 

relation tom differs:coos between strains of staftloococdit  the 

animals* past experience of steevl000ncal Infection and the offbeat 

of anti-intlarnatory drugs. The components of saute infleemation 

selected for analysis were fluid enadations  leucocyte esigratimi 

damage to bloodmesas and the bacterial population clumps in the 

local lesion at various intervals after infect/Ow 



before discussing the published work ce the lu his 
et staphylooecoal infection. it is desixtble to clarify the 
moaning of same of the tens used the tint* 

The tuna methosineelm refers to the nechanthe Weida a 
microorpmaies comes disease in a ssertimulpr host. The tam 
sa►thos 	ani yirulamog bane comecmy been, used as woman 
bat, as Miles (MO has pointed cut, a userul distinction can 
be made between the terse, Pathossricitr say be regarded as a 

general attribute of a species or genus or same other gauging of 

sicroorginiees and refers to the capacity of microomaniame to 

cense disease In a given host species* VirTulence inlicates the 
degree of pathogenicity or a given stable homogenous strain of a 

microbe in a particular host species wrier defined oanditions. 
The term Eitamhyl000ccus artrous has been used far those Grew. 

positive and catalasevositive cooci that ere able to produce 

magulame, phoophatass, acid from glucose at inodbatel anaerdbioally 
and rava sannitol both aerobically and anaarObically, Menthe 

tea *staphylocoocuss is used inthetext without qualification, 

it is talon to seen St.athvIccoocue wens, The term esiorcoocouss 
is used without qualification for the Grimrpositivat  oatalaeevositive 
coed that are unable to fors acid bras glucose anaerobiceilly (Baird—

Parker 1963, 1965). The tam "Cossilase.negative stalhylcceocue is 
used for those Gras-positive and catalasespositive cowl that turn 

acid trot glucose anagrobioally but are unable to produce ocagulase 



1. Sods of detendablig 	 cod witulenos 

CO Ana 

(1) IciAdeticactaicol Studios 

There, is epidemiological wridemoo that stratus 

or,  jqtathri0000cus rime differ in *air ability to mire damns* 

in ism Sato plkage typos or ataybyl0000mt .arse nor* frequent" 

rospenelbla far oldaselee inhospitsar than ethers mss US% 

William slid Ammo 1941, Pasta. ant Moves 1914), Mom Anis* 

are Outvoted as shoupitor or eeptdonte stabs. 'NW WWII 

as thus be of wise in rosovising itopidosioa stepkyl000sai• 

Sofeweert steulatoe &AWL from otts‘adelessaal matte* mg not be 
nooessaray duo to dirrewoneeo in the ability to prat** disoaso• 

Then is a poostbLUIF that a. strain nay be fully virulent but or 

lac some tacking leading to sacinaodaabilito (mums 1104) 
In =ter to itt000lior the Lelrulemat" tooter, tho pripertieo st 

ot4q;ftyloc000al strains tram warier sal led= sites bays often lost 

oespared tris23ass 1963:610)• Statistically there soroo to be 

difforunoe in the distribatten of phov topes wocapt staybeloomesd 

strains from woo and lesion Wimp Int esiddedio types emir 

frequently aronsat patients* noses without the proluotion of sqy 

septic oarplioaties so that the stratibtforevent asevrioon of strains 

tea lesions with strains fral oanitior site, can not bs erastly 

intarprotod• 



(2) Asserinental gavials 
Zeperisental staphylaccocial 'MUGU= in san 

requires either an initeotion of large numbers of staphylecoxti 
of UM* dims, at the site of incoulatics. Wee (1885) seem 
to have been the first to test the vivifies* of stephyloceoci 
for mei The procedure 'wasp bower, dangerous before antibiotics 
awe aallable• 

With the advent of antibiotic thereof the eluestice of 
pattescnicity of staphylococcus for am vas restudied (glek 2956, 
Sisk *M Ocean 1957), It yes shown Oita the eddin et newel 
bums* is highly resistant to stapbylocoocai imam. The 
swamp TaT • fencing dose by intraderaal injeatiore vas 2 to 8 s106  
staihyloccocia Otrains frce lesions io non or from healthy 
carriers diet ncet elserly Winer in virulent:0i On the other bent, 
the sinless pue-foraing dose in normal skis octal be reaped to 
102  cocci it ostenices were isseagoated on silk suture that sae 
tied trough the skin and left in place. 

That local tiasus damage redeem the infesting doss of 
stapiqrleoccoi for Ran is also shoo t  mother ceparinent Oast*,  
Bred Batt 1940). An overviett broth culture of pathogenic 
staphylovoocus sae inoculated into a searified area cif skin hy 
seen of a plstinus leap and the Smoak* pas cowered under • eroded 
cam alit'. With this technique as fW as 15 oripsiass prektael 
a lealita• Fester ant putt read vat detest 	difArrence in the 



vi lane of 5 strains of coagulase positive staPhylocooci 

by this testi coagnlase negative staphylococci produced 

seropurulent lesions without erythema. 

Virulence tests Inman are. however, fraught with dangers. 

timnivith the use of antibiotics._ severe complications may 

arise. Therefore for detailed studies animals have been used. 

animas 

Seat laboratory animals are relatively resistant to 

infection with,Stathyl0000eme aureus. The animals commonly 

employed for the experimental staphylococcal infection include 

guinea pigs,  rabbits and nice. The nature of the effect those  

to I:Moat* virulence varies in different experimental  models 

tut has very commonly been death of the animal. Although death 

usually provides the most secure end point. death from 

staphylococcal infection produoed by injecting cocci 

intraperitoneally, intravenously or intracerebrally (Cahn 1962a, 

lusher and Gooni 1963*  Smith 1962 and Morrill and 'Weil 1963) is 

duo to the lethal toxin and these tests may well throw aittle light 

oaths mechanism of sieves* formation. 

Similarly experimental procedures. such as the intraperitcneal 

implantation or saes (Gladstone and Glencroes 1960, Lam et al. 1963) 

or diffusion &ambers (Souser and Berry 1961). injection of the 

Chick embryo (Sasses aniBrappier 2954. McCabe 194, Lyles et al. 1965) 

or injection of cocci inmate testis (11monrithal 1960 give very 



little 	on relevant to the preduction of =Nguema 

abscesses• 

Sore realistic sal prooedurse include the 

Injection et cued by' Intramuscular. Ultra tonal a 

subcutaneous routes. 

(3)IiBUSSMOM192Slignin 

Intramuscular Injection of mare than 111 stapixfloccoui 

in aloe induces local ceduca and sametisee ulceration through the 

skin. The intensity of the reaction, as deteracitud. by the 

dopes of swelling has been wet as a exaltation of the ulance 

(Sonde and Steno 1952). 

(2) lfutradersal inoculatilas 

Tly the intradersal route, not lees than 107  Stalbyloop00% 

Ana ere nestled to produce mall neoropuraccat lesion" in the 

souse car rabbit (JQham% et al. 1961, Fisher 1962). 

(3) Subcutaneous inoculatisa% 

lithe the skin lull muscle the subcutaneous tissue of 

elm !Winn* a high  aeSrect  of resiatenoe to infection% with 

StarbYl0000ci aura Onus and Iladlooll 2961, Piaui and *c eon 

1963). Bore than 10 are needed to produce a lesion. Stailar 

doers are required far guinea pigs (MacLeod. Hall ant Protium 1963) 

The above enputnental prooedures are open to the criticise 

that large webers of cocci are required to amuse Intectica. It 



isms urotw 	 of natural stspikylococcal 

disease, such a bl# dose of 	be introduced initially 

to the site of lesit"aa. Reno*, saw artifices hale been 

designed to whams the pathogerdnity of Eittairra00000tIS sure" 

and therelv reduce the infecting dose of cocci. 

(0 Pat./x*11411g "WA Pr A f3841440 1F41237 

The suture technique teed far *thawing 	lowocus 

arm infection in man is also applicable to experimental animals. 

James and Vaasa (1961) *ere able to produce cutaneous abecesass 

oweistently in sits with as few as 10 = 100 coagulase positive 

staftl000cui by introducing them on sutures. Of the suture 

materials used silk silicone-treated silk, catton aid &arca 

were post effective in potentiating the infection. Ito differeuxe 

in virulence could be detected anceget 22 ocaguleaelPositivs 

stapbylowoci, but the number of sloe used to test inlividual 

strains was too mall to yield firm occolusions. There ware also 

some draebadee in this experimental procedure; the sutures ware 

sometimes lost during the esperiment thereby affecting the severity 

of Issicaa, and there was difficulty in assessing the dasa of 

bacteria inserted on the suture especially ehen a Nall inoculum 

was used. Noble (1965) overceme these difficulties with a technique 

whereto,  subcutaneous abscesses oculd be 1:moduced in mice using as 

little as 3i? sta;ttylocooci inserted on plugs of cotton dust. This 



method used in the present study 

(5) Other txzetentiating procedures 

riecrosis of the rabbit skin produced by a thermal 

burn was found to result in a striking increase in local 

infectivity of Staplzflococcus aureus alien the infecting dose 

was given within 2 or 3 days after burning (Goahi, Cluff and 

Johnsen 1961, Goshi, Mery Johnson end Conti 1961). 

An retrzi  strati= of adrenaline (Evans, tales and ?liven 1948, 

Miles and ?liven 1950), nen-lethal doses of en2otoxin (Gantt 

Cluff and Scheder 1961) and levan (Shilo 1962, Shilo 1964) have 

also been used to increase the infectivity of staykylococci 

(a) Correlation of pathconicity and virulence with 
in vitro tests.  

There are pertain characters thidh ere regularly 

present in all strains of StaPhyloeoccus aureus and absent from 

coagulase negative staphylococci and mierococci. These 

characters have been thought to be asecoiated with pathogenicity 

Let us examine these characters one by one. 

(i) Pathogenicity and in vitro, tests 

(1) Coasulase 

That coagulase plays a role in the pathogenesis 

or infection was suggested by the observation that the carrelation 

between coagulase production and pathoolnicit holds only when the 



plasma of the animal oonoernoi is cosplable (Smith and Hale 

1941.•  Smith 1963). • Rovever, it has subsequentiy been six= 

that strains of iftavbri000mus purcus varying in their ability 

to clot guinea pig plasma do not vary in their capacity to 

produce disease in this animal (Faster 1962). 

The role of Quassia** in temporarily imterfering with 

sfhagogytoids ts,  contributing to the fibrin barrier Ms been 

both-affirmed (Hale and Smith 18165) axe:daded (oam sal 

Tompoett 1992). Injeation or large amoLosta of easgu3ase 

intreveneusly in rabbits has been shown to prelim fibrinogen 

depletion and intravesoular clotting (Smith and Montane 1958 

Mabel and Benno 1961). llorseers extensive intravasoular clotting 

des not acocegew severe or fatal staphylococcal disease (Piaher 

1936). 

Oesiplame has also been shomo to ontintersot the motion of ua 

antistasigl000coal factor present in the normal human serum, 

thereto' permitting the growth of pathagonis strairm (Skated( 

1996$  Teti* 1962. 1963). Altheu0 there is a rommoottity that 

sere esesslese is produced in vivo than in vitro, this vas not 

supparted by the int* of Oledstons end Gleseress 09604 Moreover, 

no elms relation has been established batman amount or nossulane 

produord and the relate, virulency at different strains ot 

Stpskyl000rus !rem  (Usk 1959). 

In order to define the role of 	lase, 	re 

warm laboratory-derived mutants of Staxterl0000cus ammo Wiring 



coagulase (Li and Kapral 1962, Karas and /Capra 1962) 

cos mies. negative mutants of staphylococci were shown to 

be as pathogenic for rabbits aid mice as the parent strains.  

Great caution is needed in such experiments and the ooagulase 

negative "mutants* described by Korman (1963) which differed 

from parent strains in coagulase production, fermentation of 

mannitol and galactose and the structure or cell 1 cannot 

readily be accepted as true "mutants" without much more 

evidence. 

Finally ooagulase negative strains of staphylococci may 

be responsible for disease processes (Jones, Deibel and 

!given 1963 and Torres Pereira 1962). These observations do 

not exclude cougulase as a pathogenic factor, but probably 

emphasise the fact that virulence is due to several factcrs 

whose relative importance is governed by the circumstances of 

the infection. 

(2) Altha haemolvain 

The classical biological effects of alpha 

haemolymin are lethality, dermonecrosis and in vitro haemolysis 

of acme red blood cells. It has now been demonstrated that 

these activities are due to one substance (Kumar at al. 1962, 

Bernheimer and Saheamtz 1963). 

There has been discussion as to whether alpha haemolysin 

produces necrosis of cutaneous tissue directly (Elek 1959) or 



throuipiproduCtion of prolonged spasm of blood vessels 

(Thal and Ewer 1954). But the fact that necrotic changes 

have been observed in explants of skin (Lawrence 1959) 

indicates that necrosis is probably not produced by circulatory 

occlusion. This is in agreement with the work of Gcehi, 

Muff and Norman (1963). 
Alpha haemokysin produces spasm and paralysis of both 

smooth asd skeletal. muscles (Thal and Bigler 1961, Larinski 

et al. 1962), it can damage a variety of tissue culture cells 

(Kortecki and Jeljassevics 1965) as igen as platelets  (SieSel 

and When 1964, Seeoheimer and Sc warts 1965) and lYsoseses 

(Bernheimer and schwarts 1964). It kills rabbit leucocytes, 

but humanieucecytes in contrast are resistant (Gladstone 

et el. 1957). There is evidence to suggest that the primary 

action of alpha haemolysixt is on cal membrames (Bernheimer 

1965) and the damage to the cell results in a decrease in 

glucose utilisation and lactic acid production (Jeljassevicz 

et el. 1965). Korbecki and Jeljawarias (1965) noted that alpha 

haexiolysin has a eynergio effect in producing cytotoxic effect 

on tissue culture cells by staptylocoocal deoxyribonuclease 

This observation suggests that simultaneous action of several 

staphyl0000cal toxins may play an important role in the pathogenicitr 

of Staphylocoocus  

The effect of alpha toxin on scut tissue cells would sets 



21 

to indicate that it should be involved in abscess formation. 

rut there La no direct experimental evidence to suggest 

that it plays art, important role in the pathogenesis of 

/Asians characterised only by abscess formatias (Goshis  Cluff 

and Johnson 1961 and Foster 1963). it does not increase the 

ability of a given inoculaa to produce a wegerde lesion 

(Hlek and Conan 1957), and atomism suspended in saline have 

been foxrd. to be no less virulent than those suspended in 

culture medium oartaining alpha toxin (Noble 1965), Bowyer 
it does seem to be the cause of skin necrosis in estaviviccoocal 

lesions (Goshis  Smith, Muff and Norean 1963, Noble 2960, 
Noble (1960 found that the severity of the staphylococcal lesions 

in sloe was not correlated solely with the production of alpha 

haemo1ysin in vitro and other ensymes particularly beta lysin 

and fibrinolysin seemed to play a supporting role. However 

has been shown that staphylococci cultivated in vivo produce 

much higher quantities of alpha toxin than in vitro (Gladstone 

and Glencross 1960, Houser and Perry 1961) • 

(3) ?eta haeaolysin 

Beta haesolysin production is typical of 

staphylococci isolated tree animals (Burns and Holtman 1960) 

The fact that beta haeasolysin production is uncomsca in human strains 

(Williams and Harper W. Elek and Levy 1950 means it can not be 

an essential factor in pathogenicity. 



It has nor been purified (Chesbro et as 2965* Wiseman 
1965) ani the purified toxin is not lethal far rabbits and 

mice. It is strcegly c:vtotoxic far tissue culture cella 

(Korbecki and Jeljasseedem 1965) and damages rablxtt 

platelets (ftrnharmer and Sdiwarts 1965). Beta ReteocVsin 

seems to affect the lipid meta'bolism of susceptible ealls 

(Saw/upon et al. 1962, Gulasekharam et al. 1963). It hem 

also been suggested that it damages the cellular menttrane 

(Korbeoki and Jeljassevics 1965) • The exact role of beta 

haelaulysin in the development of staphylococcal lesion is not 

lame. 

 

$© 	sr beta hsemolysin has acme potentiating 

effect on other staphylococcal tat" ma 	rerrlers red cells 

mare susceptible to staphylococcal delta lysin (Williams and 

Harper 1947); enhances the leuookytio action of delta 

haemcaysin (Cladatore and van Fleyningen 3957) and accelerates 

skin necrosis in rabbits ahem injected acing with alpha 

haemolysin ((keel= et al. 1965). =bonSh beta haesclYsin 
pro:libation is a itharacteristic of emissi strains, recently,  

strains of a new "epidemic" typo cC 9tinixfacccocue sureuit frcs 
human Imams have been show to produce beta haemolysin 

et al. 3.963). 

(4) Delta haemolysin 

Almost all human strains of Staphyl000ceus warms 

produce delta haemolysin (Williams and Harper 3347* Elek and 



Levy 1950). Besides its action an red blood cells, it 

produces dersonecrosis (Narks and Vaugban 1950) sal Aysow 

busman leuoogytes (Gladstone and wantleyninipn 1957)4, It is 

possible that delta haesolysin may to involved in the 

pathogenicity of Staxixylococcus aura at. 

(5) Leucocidins 

There are at least three distinct staphylococcal 

leuoocidins (Gladstone and van/ley:ling= 2957)." The alpha 

haesolysins  sometimes known as the Nasser Wechsberg laumaidin 

attacks rabbit leueocytes and has no effect co human leumoytes 

Delta haamolyata is active aminat rabbits Epinewvigs  human 

and mouse leucceytes. It is not only lethal to leucogytea 

but lytio aS well. The third leuooddins  called as Pentamm 

Valentine (P4) India is qytotoxic farhusan.and rabbit 

leucogytesi Woodin (1959) found that 13-4 1sucooidin cousists 

off' (fast) aid S (alcs0 components and that both fractions 

are required for leucotoxioitye It is a distinct possibility 

that the gytotoxio effects of various leucocidins in vivo aids 

in the progression of stayboUcommadisease. 

(6) Other srstracenetrly. ran:ducts 

The role of various other enzymes of 

Stakiwiocomus aursuss  e.g• bualuromidases  deoxyribonsucleases 



lipase and fibrinolysin, in pathogenicity is not yet 

recognized (Elek 1959)* Enterotoxin which is responsible 

for staphylococcal food poisoning is not discussed in this 

review. 

(ii) Virule e a in vitro tests 

far the characters of staphylowooi 

that may be related to pathogenicity have been discussed.  

Some properties are limited to certain strains of 

Staphylococcus aureus and these have been tested far 

correlation with virulence. 

Efig-yolk reaction has been claimed to distinguish 

virulent from non virulent strains. Virulence has been 

correlated with a positive (Alder, Gillespie and Thempson 

1955) as well as a negative egg :yolk:reaction (Roseadal 1963,  
Noble 1964)* However others regard this test to be of no 

value in distinguishing virulent strains (yii t1  and Turner 

1962). 

Resistance to mercury salts has also been correlated with 

the "epidemicity" of atzliwlococcus aureus (Moore 1960)* But 

it has been claimed that this test merely serves to identify 

staphylococci that have multiple antibiotic resistance rather 

than the "epidemic" strains (Willis, Jacobs and Goodbmrn 1963). 

Resistance to antibiotics particularly penicillin and 
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tetracycline is a dharaoteristic of most of the 

"epidemic" strains of stapkyl000coi (Williams et ala 1962) 

It is likely that antibiotic reeistance, instead of directly 

affecting the virulence of a strain, enables it to survive 

in the hospital environments,  Moreover, there are instances 

or widespread nasal colonization of patients with antibiotic 

resistant Staltylocoacus aureus in the absence of sepsis (Mather 

et al. 1953, Shooter et al. 1958). 

Recently, it has been claimed that the getabolien of 
"virulent" staphylococci is different from ,-aviruIent cocci 

and the former exhibit a greater biochemical activity than the 

latter (Rrynski, Eedzia And Kaminska 1964. Ivler 1965). 

Virulence of staptarlococci has also been correlated with the' 

nucleic acid content of the bacterial cell and the number of 

lines of precipitation obtained between antitoxin and 

staphylococcal strains (Howard 1954, be Repentigny, Sonea and 

Preppier 1962). 

Correlation of in vitro tests with virulence has the 

essential drawback that bacteria hearnot produce in laboratory 

media the same antigens and enzymes zS they produce in vivo. It 
is also very difficult to make an accurate determination of the 

virulence of a partiaalar strain of stathylocaccas aureus. 



The pathogenicity of 

 

lac000ne sawn seem to 

 

due to the oembined action 

effect is influemosii to the 

aircumstanoes at Wootton* 

bacterial factors abase 

of the host and the 
the estraoelimlar 

faatoss, structural components of staptcylocoont ale* seem to 

play an Important salsa 
(A) Cmpemalar autism= 

The Smith strain of Starhyl000coue :arms has been 

extensively used for studying the viragoes of staphylococci 

This strain vas isolated tty Dubois (Smith and Dubai 39564 anti 
it produces two oolesztal variants In soft agar containing 

or plasm (Hunt and loses 1950. The 'diffuse'  variant ales 
!cord to be highly virulent for Ricci These variants pluses' 

a &finite capita* which can be dams rated in eleotrue 

sicrographs (Koenig and Melly 1965) aid  natgative attaining 
(Kohl 1965) The capsular antigen is a polysaccharide whose 

major component is 2 - sae  luounnic said (Wrap 1962a, Mbar. 

Devlin an! &Unison 1963, Partin* 1963 Ind fivalvalt  and 

Hanissian 1963). The increased whoa nos of enoapstaatel 

staTityl0000ci has been attributad to antiatagocytio prcparties of 

this surface antigun Norms 1962a, Koenig 19621/topers and Nellty 
1962). It also *ltd * a byperseneltivity evaotion mina 



injected intracutaneously in rabbits immunized with a 

homologous strain of staphylococcus (Morse 1962a) • The 

antigen has been recognized in only a feyretrains of 

Staphylococcus aureus vhich have, in °moon rith the Smith 

strain, a mucoid colonial appearance, no recognizable 

baoteriophage type and absence of bound coagulase (Morse 

1963). 

Koenig and Melly (1965) screened 1,833 clinical 

isoktes of Staphylococcus aureus and found only one strain 

of "diffuse variant" Therefore sudh rare strains may throw 

little light on the pathogenesis of st4Ohylocomal infection.  

However, an attractive hypothesis has been put forward that 

other staplvlo4xxxl may produce ortler anti, n© during  in 

vivo multiplication (Koenig, Melly and Rogers 1962b). Portlier 

support for this is the presence at opecnising antibodies 

against the Smith diffuse strain in normal human serum (Rogers 

and Melly 1962), but the sera of rabbits immunized with strains 

other than Smith also react with the encapsulated Smith strain 

(Mudd and DeCcargy 1965) so the aerological evidence la 

equivocal. 

(B) Cell wall teict cdo acid 

The existence of a specific carbohydrate antigen 

of Stattylococcus aureus was recognized in the mid-1930's (,tblianelle 
and wiselard 1935a Viieglard and Julianelle 1935). nu 



antigen was designated as polysaccharide A. After the 

elegant studies of Baddiley (1962) had defined the 

structure of StarhYlocoocus aureus teiChoic acid, it was 

shown that polysaccharide A and Stanhylocoocus aureus oell 

wall teichoic acid are Chemically and serologically similar 

(Haukenes 1962a, bo  o). The N-aoetylglucosamine of the 

teiohoic acid ie the determinant group for serological 

specificity (Morse 1962b, Nathenson and Strominger 1962) 

and may occur both in alpha and beta linkages (Baddiley et al. 

1962). It is now established that the beta-glucosamine 

linkage is responsible for the precipitation line of 

polysaccharide A (Davison et al. 1964.). Naturally occuring 

Stanhylocoocus aureus strains seem to have both alpha and 

beta specificities in varying amounts (Terri et al 1964.). 

It hpe been claimed that the phagooytosis promoting 

action of human serum against Stan4ylococcus aureus is removed 

by absorption with teichoic acid (Mudd et al 1963) and therefore 

it is suggested that antibodies against Starhylococcus aureus 

cell wall teichoic acid are required for efficient phagocytosis. 

Polysaccharide A also elicits an immediate cutaneous 

hypersensitivity reaction after intradermal injection in most 

adults (Julianelle aninartmann1936). 

(c) 0.11 loll protein antigen 

A protein antigen of Stanhyl000ccus aureus Wars described 



a away 
ea clad antigla A. 

tt have fir► berms shown that Temp aid Jensen both were 
dealing with the sane antigen#  yid& is protein is nature 
and has been purified ( stighwist end iaquist 1962, Yoshida 

et al. 1963, Craw et al. 196). Antigen A is present in mast 
strains of !itanbyloaoccus awe, sith the noteble exaeptice 
of the Trod 14 strain Norse VW. 

The part played lny this antigen in pathogenicity is net 
Abeception of husan saw with antigan A does Ilat 

in ax my reduce the cpsonio preverties of won (tom 
ert sl• 1963). slailarkr. 	Utz. rabbit autisera askinst 
Smith difftee strain after absomtice with antigen A wer still 
capable of passive prate:43*e of aloe against infection with 
Smith strain Olketedt 1960« Cts the other haul. Stamp (VW 
reported that antigen A esceerred protortica ikeelnat intravenous 
challenge in rabbits. 

(D) Other "Mu anti's** 

Tio protective antintes tun* been 	rdarateed in the 
Itsith strain of titarhyloecocus awe" (Ekstsdt 1963 aots)i 

antigen which is $rchaatly identical to teichoio 
1$60 and a protein antigen whose identity is not 

is different trot antigen A. 

A cell wall "ssexierain" ,ftintid221MA9333 



been, described*Figium(2965). The aggressin was item* 

in all of 10 ooagulase positive staghylcooscrip that were 

examintd; it was not present in ocagplase negative strains. 

Then 0.9,44 of the &agreed= was injected subcutaneously ill 

sloe mixed with coagulasempositive starbyl0000cis  it had definite 

infeation-enhancing activity. The aggressin did not appear 

to be identical with !midwife acid or with extracellnlar 

products present in toxic guitars-  eupernatent fluids of strain 

food 46. 

There lias been a suggestion that an endotomin like 

substance is involved in the pathogenicity of Stanbiloonacue 

Staithyloeoccal attracts obtained t methods stale r 
to those used with Gram-negative bacteria possess biological 

properties not un13ke Gran-negative bacterial. enlatoxln (Arndt. 

Young and Rifts 1963). Staphylococcal extracts also produce 

cutaneous Instals when injected with epineThrine in the money 

described for the enlotrain of Mean-negative bacteria (Peter 

et al. 1960). 

Besides the known antigens of Steohylococcus aureus•  there 

is a possibility of the existence of unrecognised antigens that 

have a role in pathogen city* Several studies Show the 

presence of uncharacterised antigens in Stavkarlroccun aurae 

(berrheimer and Sdawarts 1961, Oeding and friwilrones 1963, Eienitz 

and Schnelter 1964). 



cat faction!' 	 stighirlocoocal. lesion 

There is • ocreiderabla body at evidence that 
humans and animas exhibit a hieb depict of resistance to 

siaphyl0000cal infection (Usk and Mesa 1957, Johnson* Mar  

end Coshi 1961, Iiisher 1962, Gamin and 1104141 1963* lisolsoas 

Ba31 and  man 1963) • The was of this resistance 

is net properly understands it seems to depend on a complex 

*Otos idvolving nourepecific and specific defense factcrs• 

(A) Ittn-etweifica kumr4 factors 

It is now well established that human and anima 

sera posers* satistepltrlosoccal activity (Via and Vivito 

1942, Piabor 1960, Masa at *1. 1963) thou* the Warn nature 

at the substance or substenoes • in the sous reepoosible is 

Wawa. Iketedt (2956) eusgested that it sa a =antibody 

heato*stable ecoponent probably identical to the mbeta-lysie 

of Potterssan (1920• Ha toteod that, while cuagulasevositive 
*trams were so= resistant. ocagulase-negative strains were 
saws eusceptibla• Tatar studies revealed that a water soluble 

globulin was the bactericidal fraction of the serum (Totia and 
Pkstedt 1960) and that ocasularagattn atasb710000•4 coal as 

Irotitated free it by treating the with magulase• However 

other IKErkillre hs been unable to show • reversal of Schibitice 

in sera tor ooasalase (ityrsik 1956, Illodercsak and Jeljasonrics 

1999)* 



The source of aritistasivl000acal factor in the serum 
is not definitely 1:001111• Spink & Vivino (1942) fond that 
the antistaphylocsoccal poor of aitratod imman blood veal 

due to the serum freatics end not to the leuotnytes. Bisect: 

(1960a) found that ems% obtained free blood drawn into 
e3.lioanised taco and cestriftged befall clotting shoved a 
mach reduced antiste.phyl000ccal *activity as °capered with 

scrum obtained following Maud clotting, and suggested that 

this night be due to the liberation of an agent during the 

breakdown of platelets. 
Although lyetseptes biota'se and other tissue bole 

polypeptidee have been shows to possesrr beaterioida activity 

against stetivl000cci in vitro Norms and Watson 1357. 

Hinds 1960b) • their role in vivo Infection is not clearly 

defined. 
toes of the mein difficulties in the study of not-specific 

bay 	 actors to Stepb.1•090ossit sureRs la their wiliesproad 

o+ 	error, so that no ardnal species under normal oanditions 

wroapes repeated ensure. Beeentkrt  gins-free sloe have beet 
found to survive en acute steihylc000cal infection as wan ar 

eons/stigma azdnalet  although they wed to meow& to a 

ohrenic infection in slightbr greater numbare (Iketedt 
The presence of antibodies to sta;kyl0000ei has awe been reported 
in the sera of gens-free mice (*ben et ad. 1%3). Bloods fn. 

colostmaridesarived sad colostrum fed piglets have also been 
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0:spared for their ability to ;bags:tortoise strains ct 
atapkil000ccri• It ins fount that wren with the narkedly 
twpogamaglehulinesia ooloetnardeprived piglet bloods  

phsgewtosis vas rapid aid efficient with coagulase negative, 
Seith *diffuse* and Smith accapact* strains (Ekstedt 3965). 
However a caparison of bactericidal activity of saw aril 

colaatnul deprival piglet blood reveabol that the latter 'is 
less bactericidal tar all the shore menticned straits 
pertieu3ar37 Smith diffuse strain. It con therefore be 
canoluded that the innate defence seohaniam are active against 

stap1w3c0000l• 

(13) Naafi° IIPP02,4 irlorict3  

The extent to elztch acquired lasunity rerticipatee 
in protection against staghylooccoal infection is also not mill 

defined• Despite the presence at antistagbylococoal antibcolims 

to bath a:drat:010as* and struatalrel antigens in the sea of 

wet adult bum beings (Rogers and 110137 1965, inmtadt 2960 
repeated staphylococcal infections are not in7COMBOrts Bost 
adults 	antibodies against alpha tocdn (Lack 1957, Ragals 

and Kiluz 1961, Quie and irannwasker 19614 laaa041in Otudd at  441 
1962), ocagulase (Rainelkasp and Lebarits 39%), Jensen's antigen 
A (Jensen 3.958). totahata gad (Tornio  Mast and reser 190,) aid an 
opsonin prorating shaspertasis cot enciapagato2 Bath strain at 

PlavIglootecutooreult (Rogers and 11.13y 1960• 



Re *Omlattice between the titre of a particular 

antibody and resistanee to staligrloeocoel amass has been 

discovered. with the possible onveytion of antihuman 

leucooldin (Butler seed Talentine 190. Gladstone et *1. 1962). 

It is notewortlw that patients with settee staabyloccocal 

infeetion often do not boo higher titres ct a gorier e 
antistagbyloomaal antibodies than do nernal adults (Li* 

1957, wag •nd Tams 1962, NOWT sad Weinstein 1962, 

Yoshida and Was 1962, Luta, et al. 1963, Ekatedt 1$65)1 

in patients with osteomyelitis Ivey hish titres of alpha 

mtihaeeo3ysin way be obtained (Rite, Bodo and Doak 19309 

(1) *Marie uounitz 

Althea* mush work en stiolvicoomal isseenifir 

has been dime as melee infected intrevenmely or introyeritoneelly 

will be wen fined to waperiatets wham anisals ewe 

infected by the intradereal er subsutansous routes 

Antibodies directed spinet sighs toxin are protective 

web,  in certain everieental models• Per orseple, rabbits 

isomised with a1 tome d ere prateeted against Indio tomettion 

iet neeretio tissue but Nit #s marsal ebbs (Gaidti. Cher awl 

/damn 1961). Gadd, Chef and Norma (1963) went* eletarle 

to Wiest* that alpha entitoidis isentfty facilitates bacterial 

phagegtosis. inhibits bacterial weltiplioatice end yorents the 

moralising *Mots at esperisentany induce! stelbylomosel infection. 
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Wable 964) has also demonstrated partial protection of 

Iv ?spiv* immunisation with staphylococcal antitaxbx* 

The protection las mainly directed against the skin necroels 

that characterises the mature lesion and had no effect on 

abscess fellation*  On the other howl Tenshier at al* (1963) 

could not find err specifier protect:ice tgr alpha antitoxin 

against lesion formation in mice. 

Immunity to alpha toxin regy be of lees imprrtanos in 

mac than in rabbits and nice far as Slat (1959) paints out, 

alpha tcsin destrq's rabbit and mouse leueorytes but does not 

affect human leucocytes* In Inman beings there is no clear 

relationship between circulating antitoxin and. clinical 

protection (Parini aM Cannon 3960). 

The role of antileucocidin in wawa,. vas ate. ter  
the observation that the incidence at staphyl0000cal Manse 

in newborn children was inversely correlated with the 

antiltuocadin titre at oord-blocd (3chanoveity 1958.).  
Immunisation with leueocidin Untold mesa to reduce the 

incidence of disease (Sebek, Schubert and Johanovsky 1959)0 

There are* harem • no subsequent *Winston reports* 

Besides the well known extracellOvi factors of Stapbyloecoeue 

man*  a non-toad moms protective antigen has been describe 

in the supernatant fluids of strain Wood 46 cultures (Robson and 

/idler 1965). It give an absorption spectrum suggesting the 

presence of nucleic acrid end was heat labile 



(2) fiptibiaterial ismardtr 

The present eridense indiaates that both the 
protein aid polyeaeohoride onponents of staihrlmenoaal °all 

wall say tot as antigens. inducing the formation of protective 
antibodies. 

Rudd et al. (390) have shoo that the call vial *Whole 

amid of iterbylownous wrens will abseat the rimagotetaelm 
promoting amnion of Isom sera. In the ease or anoid And= 
stab as emd.th .train of Etaihr 	surem. the statute antigena 
Midi mutable WS earbokrarate. has an important role to play in 
the phagliortosis at such strains Oars* 3962a. Emedg et a• 196214 
Wisher, Devlin and Erlanimin I963)• dteerPtica of  entiserali tit 
the esith .us/nee antigens ramose. csessising antibodies and 
issunisatica GC sloe with this antigen gives protecticas against in 
intraperitonaal dmallenga with the Enith strain suspended in 

suain. Other studies that that a Frotain antigsn is alter 
involved in the sratmetiom of sloe against the Baits strain 
(Ekstadt 1%3b, 1963). The importing* of an 	inemnitar 

was allhasised tit Orwallsrll iM Casper (WO rho claimed that 
polyvalont vaccines swami tlf dissolving suitably selected 
strains of ataizbyl000eci with dams*. isotaoted hunters amel 
rabbits against obAller. with *trains at scat types isolated from 
patients. The studies at rem et al. (3965) also suggest that 
antibacterial antibodies are required for protactios against 
abscess forsatien• 
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The 	tive importance ar antibacterial ad antitoxic 

	

:ty 	etaphylseoceal infection is not oleo" toonis 
aid lows 09624 point cut that in ado* dualenold 

trap eneally with the Smith diffuse strain et 

Zorn us yaws* antibacterial Issunitor le of greater 
to rr'tataeae than antitoxta issunity• Animals issunised with 

la-cell vaccines 'ere signifioantly sore resistant 
to intraperitoneall infection than theme larnitsed 'with tozoid• 

?hasecwtosiit 

The ability eat the 	• 

destroy stapbyl00000i geese to play an inportent role in 
the final *Acme cwt' stapixol0000cal infection 

Several studies lancet* that both heat4abile 
and beat stable sem Atetcra are needed for efficient phagemtcsis 

and eventual destrobtion of livened Staolprlocqccus koalas (Ctim an, 

Norse 1959, Rogers and Melly 1960, Hirsch and Strilled 39641 a and 

Woad 1965), The beat stable serum recta* seems to be the *cecina 

antibody die voted against antirkeextytio eurnicc coon;cninte Or 
stapkyloccooie  such as capsule or ribitel teichoic acid dappling 

on whether or not the strain is capsulated (Worse 1.9152a, ltudd et al• 

1963) 
	Li aid Vold 0960 meant evidence to eoggest that the 

heat- 	cospenent of serum sorrosponlia to oospioassa• lloorrori 
besides omplosont. boat labile boron apeman* for stapkylocioosi 

have boon d000natratol in goinee•pig and robbit sorts Oils& acrd 



Strauss 1964# Hirst* WO • The hosita.labilit serum rectos 

aae required net only for roil ibegogytosis bat also for 

intracellular killing of Abinkloosoce owes (74, kula tag 

tapral 190. Li aril Mudd 1965). 

There ars eanflicting reports about the isdiats fats 

or Sfambylemeemaa sunup within plasgomptes« des s studies 

have indicated that after ingestion both non-pathogenic 

staphylococci and titeriarl0000mis awe, *ells arc rapidly 

killed within hem and rabbit lousocytes in vitro and within 

mouse leucocyte* in viva (Celan and lions $59, Yates 19600 
Oohs 19624. On the other hard thaw are reports that 

pathogenic strains or staphylooecci survive for WNW WSW* 

within the phaveytio cells et man ant rabbit than nanwpathoginie 

strains (Users and *fly 1960, Melly. Thomism and /Rogers 1960,  
Sh•T•gani end nivel 1562) • Theme discrepancies in the results 

or various waters way be due to a difference in the technique 

of studies and variations in the opeonie activity c e the sera« 

(D) ltroaressattivitar 

The passible rota el' hypersensitivity in staphylococcal 

infection was suggested by Auden sad Valentine (1929) who 

demonstrated that repeated staphyl0000cal infection at rabbit 

aldn was characterised by increasing resistance to Ursa bacterial 

inocula tut ingrowing susceptibility to mnall bacterial bascule 

The co-weistence or immunity and hypersensitivity after staphyl000ccal 
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int 

Mutt 

the infeatisity c Stoityloageoceke annum in Inman bangs as it does 

in esperimental rabbits. homers  romans to be eleternined. 

Staphyl0000ral antigens incriminated in the *persona 

reaotion imluds alpha teeth (Goshig  ad,tho  duff and Hamm 

polyeaocheride A aM a protein antipn acemen to both pathogenic 

as neer-pethogenio strains of staphylceoact Grulianelle end 

Vicenza 193,b, jullanelli rat Harlem 19$). 

(1) rectors that eater hext resOtanos infectiorl 

To proem* an experimental staphylom000sl irifeotiai 

in man or animals an ineculus at sere than a million coma is 

needed, It is way likely, hoover. as Eldc (1956) has 

=Wlt -;:p that in the initiatier at most natural infectiens, 

only a few cocci are involved* Thirster* the 01room:tonna 

faveurablA to the nth cC Good. at the mite at infeatien are 

quite important 

Tafia; 	Iwo* IOW 
In stepAyl000mal &scam it is meal to observe 

**too in, area of tissue injury such as wounds, abrasions, burns 

or obstructed hair follicles (11eX 1956, Cesar Miry Aims= ani 

Coati 1961§  Coshit  Muff and Johnson 1961)« The devitalised tisane 

temporarily protects the invading 'Uphill-loomed free the bodes 

defames. There is a monetion that trauma of tissues results in 

acutecodeeri and increased interstitial tissue pressure *rich leads to 

leering of mister* to bacterial inflation* Andriole an% lyttotr (1960 

demonstrated that under conditions cC increased tissue pressure there is an 



increased ameoeptibility of guinaespige to intraderial 

injectlat of sta*griociool. The increased tissue presswe 

resulted in a deareasee. ourillati blood flow lath aeomonted 

for a delay in the oulgratios lecaccwtes ai pesetbly ether 

antibacterial amnia necessary far adequate host defences* 

Stesbylectecial lefeetisa can also be erbanesi by the 

paiscstoe of a fereign be* in the Cisme, for eiample a win= 

ert mitten dust (2lek 1955k VA and ego= 1957. Akan mil 
Macleod 1961, b3. 3.961)* The netheelie 1gr alai* the 

ides bedy etheecie the lareetios Is not proper* Auslerstosis 

11* (1.956) its that there is a BIWA delay in the Wows 

egrets 'bids ellen the revisits aultiplicatics of ceeci• 

itemover ne experinenial evidaftee sae rut tereard to sappiet this 

*pitheads. 

(2) Itersociate and hest. realists's* 

Kereenes secretid t  isideerine Elude exert 

au influence au hest resistance Nee Ease MM. ftperthyroldisu 

lasers the realstenai at mina to experimental. itakftleosawal 

inteetice (with ana3 Dates 1.9564 sad mama 9311000artSadaar 
in lacy deems leeriess easeeptibility in esperiaental sinisals 

(Daugherty and Batas belt 1950. Oahu 3962b). The passible sees et 

*stigma ac edrinal gasemiceticelde is disavowed in the chapter 

anti intlemsatew drip* 

(3) neingssitaxszisseAtuLasseet 
Totem dimes, messes* such as callgaincy 



• 
or agramulogytasis and viral lutkritaia sre assocdated vitt 

increased susceptibility Cat man to istaptorlocaccal inteotion 

(Nahmias aro Ricithatt 1961)• There are oontlioting reports 
Of the 'mat of Amman diabetes on esparimental staphyl000cail 

infection, in animals (Cruickehank 19%0  Coin 3,962bs  B‘or 33601 

Dubai (1950 has suggested that the resistance of the host is 

lasered Gay it the diabetes is unocutrollivi 

(4) Ifutrition 

Imbalace in the diet at mice. especially shortage 

of adequate protein nutrients leads to increased ausceptibility 

to staphyl0000cal infection (Dubos anc1-1.,::baosiler 1959#  Schaedier 

awl Dubce 1959). The quantity as veil as the quality of amino 

acid nutrition tare shown to be of isportanoe• Relatively 

short peclois of starvation ezhanat the susoeptibility of mice 

to staphylococcal infection (Ssith aid Dubos 1.956b). The 
precise mechanism *Jar* nutritional disturbances altos' the 
resistance is unknown; the etteot say be a direct u* or it as 
operate throw alteration of the intestinal flora (Dubcs and 

Schaedlor 1962). 

(5) Inflammation and its soditication 

Among the early responses to injwy,a  tbes inflammatory 
reaction 	paramount importancs• The fats of 	invading 



ideroorsaniamis is to simse Wont detendard by the 

inflaaeatomy rupees. of the tialleSIN 

During regent years the inflassation proitioat by 

staphylococcal inTestion 3n curperiesettel animals has bus 

investiened was 1944 Burks and Niles 1958) tel 

incaLlaktins sail doses of besterla into the *in* 

inoressed irasoular perseability was morsured * the esolation 

into the skin of a vital to Introduced into the eiroulatien• 

The •mital dyes like Ivens blue and pontesine sty blue at baba," 

as if the, are taunt, to plasma allosiiis 	on, I%3), sad 

therefore their eftailetien indicates sovesant of plasma poteins 

!fir blood vessels* It is also possible that tree Are *mules 

but its soleoular eelaht is me than 20,000 and hese the 

eacdatiai pechably indicates incossed parseability to lams 

solseules ineluding proteins (Riles and Wilhelm 1960* 

In the erperismats of RIO= (2%1) and of Dario end 

Riles (1958) the inereased vascular pouesbility °soured in 

two phases* The first Those mai immediate and transient usually 

3asting a few sinutes .titer *ids peresebiLity getout* to 

normal eithin 30 sin. This vas followed I  a delayed phase of 

coulation 'hick case to a sodas several hours later deperding 

on the dose at bacteria* lbs degree of increased vasaular 

peresability vas faint to omelet* directly el* the extent of 

persistent indundien and nearodes at the inoeulatlos site Oats 

and Else UM* The immediate response could be lank, elisinatai 



1pomp 	et tau bye+ er tart 

inecolatica (eurke and Niles 1956)* The imamate  Theis ago 
gegida to depend en the species et &Waal used in the 
experinent. being leaking in the rat Niles 1964 

The gonna composent et the int2 atce7 sosponee 
ltratian at thet inoculated tame* tr leucooytes 	Brit 

at 1 bank* and progneami steadily atter that (ltnice 
and Nile* 1958) • 

The tope ,DE blest veseeis affected during smote intlamations 
has been studied tr carbon labelling (Samoa, Pala& and Schoen 
1561)* The inereseed vessular pesseehilit7 in ransoms to 
chemical and thermal injusy has been sheen to be mint, due to 
yowler damage (*may1,9610, San and Barley 1965* SPostors Wins 
and Willcughtr 1565)* Ste*  Ville & Mee (3%)) raost that 
though, in the immediate shame. the damp la min" 'maw in 
the delayed Iheme it is espinary. 

Timm is new s peat deal et evidence to Wiest* that 
increased vascular permeability is due to &mina mediators 
(specter and Ifillougtby 190) bat than will not be disgusted here* 
To ghat extant the emigratics og leucccemil  is  =law theiretneres 
of alundaal mediators remains umeertals• 

The exact nechatienQC leueogyte emigration reining mimosa, 

(299311 1960) tested the Obellettetto abilitCr of tisau0 



extracts and various bacterria for granulocytes in vitro. 

Mile living Stirchrlococcus albus cells were foiled to be 

chemotactio to walla/Altos. Stareulococcus auras cells 

were not chemotactic and exerted • toxic effect. Harris 

found that tissue extracts were not capable of exerting any 

ehemotactio effect on granulocytes, but in vivo a contrary 

result has been reported (Hurley 1964b. Spector aid Willauenr 

19616a) 

The analysis of lea 	emigration in.vivo following 

staphylocnocal infection seems to support the in vitro finlings 

of Harris. There is a relative delay in the influx of 

polymorphonuclear leucogytes in the lesion site with 

Staphyl0000cus aureus infection as compared to Staphy °coccus 

al 	(Deleeuw 1942, Cohn 19624. 

Recently !keen (1962) has shown that mixtures of antibody 

and antigen have strong chew:tactic effect on polymorphonualsar 

leucogytes in vitro; the chemotactio substance is probably 

produced as a result of interaction between antigen - antibody 

complex and a heat labile substance of serum. Staphylococcal 

infection in rabbits possessing acme lemunity to alpha haemolysin 

has been shown to be associated with a more rapid infiltration 

of Isaias sites with polymorphonuclears than in normal control 

rabbits (Goehip Olaf and Norman 1963)• The rapid leneee*Yte 

emigration in immune rabbits may be partly due to the chemotactic 

influence of antigen - antibody mixture and partly due to the 

neutralisation of the leucotazic effect of alpha haemolyein. 



stsiftlooecoal 

animals ean be considerahly increased by the use of anti 

infloasatoty agent*. 

(a) Adrenaline 

Wee ant coworkers Wanes  Niles awl Sixes 

ted that the legal injection or adraikun• 

winatopige restored the treated time* awe eueosptibla to 

Ptuk01000011_ forests. The infection vas 'Thawed 20 to 340 

fold. The erinneement of Infection vas attributed to local 

iechaemia sthich led to an isaltVition of leusegrtic migration 

and exudation of fluids fres blood vessels 

(a) patise lave* 

Native lentos and dextrose hove bean rand 

asked infectionirometing activity in various 

*nos of experimental infostice including fiteTtgloarella 

,eurese (Shilo 1964. illouventre and Wiacirrechaffer 1965)0 Thercs 

is evislesos to indicate that these aubetanoes produce their 

infectice-enhancing activity * hindering the diapedesie of 

leucogytee and extravaeation of fluid from blood seseele into 

loci of intlection (Shilo 1962)0 However Bormentre and Meek-

Schaffer (1965) put format the *pathos& that the irdaction 

prometing activity of bpi #t molecular sleight dextran le &* to 

rctioulo-endothellal stem blockade, 



(0) 

ntallr thawed inflammation 

antihistaminic: dm. us'  17  fell to influent* the eouras 

Mint. ORPOOtCr aald Tim 1964b) • in stapilylompooel 

infeetice in rabbit skin caly the short lived tec.lister 

vascular phase is aggressed by antihistasinic druoi 

delayed pbaee maks unaffected (Wilhelm 1962). Tortheracce 

SIBIU and  WU** 4960 swaying eciperimectia. bacterial 
peritonitis in rat, failed to modify the inflammatory reeporms 

to,  anti-histamine &ruses 

(a) Megan 

The admiszistratzloa et bacterial erclotomin 

transiently inereaass the ausooptibiliV of animals. to 
atikpbyl0000cal lidectica Niles eat lawn 1950, Crontio  C3zitt col 

Elcheder 1961, Clan 2962b and $ultser and Freedman 1.965). 

Staphyl000ccal lesions enhanced by endotarin are characterised 
by extenaive haenorlhagio dermonecrosise  accelerated bacterial 
multiplicatica and liberation of large *mounts of alpha 

haemalysin (Oantio  Muff and Baheier 1961). 

The infectiam-pracoting &admit/ of endotcccin has been 

attributed to dele in the emigratice of leuoccytee into the 
infected site (Cohn 3.962b, Conti at al. 1961) petimps aue to 

vasoccastriotion, it can be ;mooted tcy the eiministration CC 
adrenergic blocking coots (SuUser and ?reed:man 1965),  am the 

other hand delayed leucocyte emigration has la** been attriluted 



to leteoposnia (ilaMoller& and Cliff 386‘) and to hypotension 

Niles toad Nivea 2950 
ihalotosin has * hipbasia offoot upon susceptibility ot 

expsztasnta1 animals to infection* The in ranee 

susceptibility lasts for a fee hours w3 and tfr 24 hers a 

stet, of non-apeolfie resistance to Wit, including 

dtafirrleceoets ppm  is establidad *doh lasts for ? 

dos (Cate 1962b•  itulholland and Clef 3961)• Tits edam& 

resistance mg be thce to US stisilation Mesa apt al* 1955), 

to an inaroased tiosbor of plasicrtes at than lesion alto or to 

an ethanood efficiency of Thasoaytee (Ms 3.9676). 

(0) ifediedititia 

Cortisone in lama demos is eepable of eshanoins 

the suseeptiltility of esper3aeets1 animas to skaplyl0000ed 

infestiat (Wes,  and Lissmosne 1961, Mtn 3962b) and probally 

represents a surnsation of hewn' soli= on the host defuse 

asohardes at aorotal levels (sse desentie 1956, Alum 2965)* 

The mot atrikisg effect is the supsreasion of issilaisationi  

partioular/y the diapedoste of leueoortes (Allison cot al. 1955 asb 

larthowar 1364b) prolicAr 1 interfering with the *imitation 

and stioldrog of letoocytes to roomier .add. Wilhelm (1962) 

assanstratel that eartisone inhibits both Mid estadatice ttM 

alepsdesis of laucloortes in inflemation• itactent *tulles Sanaa* 

that at least a pert of stesvid offeet in suppressing inflassition 



say be due to a stabilising action 1112 thew assabnume 
intraoellriler ors  (11aisaseen & Thomas 190). 
Oartioasteroida have also been shown to 	 sae  antibody 
fenstion (Isiser et al 194) end altar the fusstional 
capacity of zbasnytes (Allison and Admit 1960• Bowsaw 
Ni ro& and Char& (1964) tailed to file tee deficiency is the 
functional *opal* CC des. 

(t) podium salicirlatAt  

*sr' vorhers ban desanstrated an anti.. 
int ameaatgaty effect CC Sodium aalloylato (Northam 1961644 b,  
Specter 	1962) It is 'assisted that this thug 

mdation without altering the esicatien 
o 	196 asb), Its s of action is not 
be passible 42;:klanattonts far its activity 

effects as sawn systems (apeotar end 

wiThwelow 	and adrenal atimealatias (3sodhua and Swim 
WM. Homer it is also assented that its *parity is not 

mediated thrash* adrenal glands but is a perliheral action at 
the site of Selassation (liandell 1963). 

BIEDLUINMILIBI 
Idka sell= oaliay3ate. 	lbutasa©e bas 

also been sham to omens e. 	ion 'tithe* altering 

the onsPeOldscrietioxtrtes (Nerthaver 39614b) « Its =sot mode or 
aatien remain mammy but it is supposed to be, dos to a pedsiners1 



3). 

Osimbieins has bon ahem to posses astir  

tistivito pa w' suggressins the 

dims at 3sumertes Osithtfoor 1964bo Masai 1964 
The antiAntisinatoly West at ccacklaiso bar boon sttributsd 

to weed pretoplamto viscosity at mils (hdontsta 1965) 

Triad possib3y would interfere pith amootoid oativitiee Or 

gingocytes, pert its actim has also been samosted to be 

due to poripherai vas000nstrietica OPerguson 1952). 

(0 atietaida 

Indesetbanin 

	

timintleinatosy agent in rata s tonsil 
	cottorooal 

grandmas and therm' injury 	et al 	s  1s1tors & 

innoulibter 1960* its it tailed to suppress tit. Satianostery 

remotion slicitsd tr irtoolwlacncoal alpha hassalysin tumid (Waiters 

ash War 3969). "ben irdenethanin elm nonsined tor its 

effect on ins= fatten it vas fond to moron the 

erythema at the inantradin revs tice wilt Waft* the 
isucoqirtic esigratimb waiters and Wilicught, 4965) attritate 

the anti-inflamatay activity at inimetbacin in delayed 

Inersonoitivity to suppression at Vigil node pormability 

VIID411111111110 inileasatini its activity bas been attributed 

to suppression of idodn tavatUn• 



($) 	 

Total body irreitiatial (tea 19620 Cr Meal 
Ube U162) here been &Om  ►fillkame 

aeon  b 	at eeperieestal an deals to stairbyl000aeal 
Isirrottatioa leads to a seduction is noulber et 

alma ating leueogytee sad the salbeequest 	lhapaytee 

is the aria at the lotion* 



lin! Wz3311 

Since the dynamics of infection involves tan 'tarsier 

processes nemely growth of bacteria and the wortliflation 

of bokr defences to sterilise the lumina. I decided to 

study the inflamatogv response of miss sal the changes in the 

bacterial population in the lesions at into vela after the 

subcutaneous inontlation of staphylococci.* ite interest in 

the inflameatoxy response during the Meet few hours of 

injection stemmed from the ounsiderablet bodky of evidence i cis 

the importance of the period iweediately following infection in 

deciding the final outcome of the infection. 

It is well established that the preseroe of a foreign 

body lika cotton dust or a suture in the tisane aduences 

stapbyknoccal inteotion• It SOMA of interest to roma* the 

inflasmatcay response aM the bacterial population dames in the 

lesion in the wean= and absence & cotton dust ,sith view to 

correlating these factors with the severity of the lesion that 

fizally dreeloped 

A comparison of the reaction of the host to ett~ of 
staphyl000cci and edor000cci differing in their 'virulence* snit 

serve to elucidate the signifiosnos of inflammatory response in the 

pathogenesis of staphyl0000cal lestorm: 	Therefore it ISO 

decided to see Thoth's" there ees ase, ocereletion between 

the severity of tinseled!* and the type of inflassaators response 

and growth pattern of cocci during the first taw hears of inftoction• 



thought to be Important to examine in detail the inflammatory 

reaoticn am solo. as moo* of coca in the Isamu of these 

mice. It was also decided to atteept the transfer of the 

altered reactivity of sprevimmlirsinfectedi mice far 

staphylocomt %y in3eation of serum and lysphaid cells from 

previously-infector to nommal sloe. 

In the studies snorted the effect of anti-inflemeatory 

agents cm the too ommponents of etasindocooval infleasation 

and lesion, ;production has been emudnede The use of the 

drugs sight sere to define the relative importance of humeral 

and cellular factors in the defence of host spinet staptfloccoaal 

infection. 



later by applying barium sulphide depilating 

to the clipped area. After 3 - 4 minutes, the paste and 

53 

MATMIALS AF 

Bacterial Strains 

The strains of staphylococci and micrccoodi used in 

the esperimental work are Shown in Table 1. 

Media 

Podia used in the experimental irk are described in the 

Mice 

The Wright4leming Institute strain of mice 	used. used. 

They are derived from a cross of 'P strain' and 'strong A' . 

Vale and female mice vrettgliing 20 - 25 ems. and 9 to 12 weeks old 

were used. Mice were housed in 	of up to 12 in cages 

75 square inch in 
	were fed 'Diet 41B' and water 

ghout the experiment without any restrictions. 

Method of Producing Subcutaneous Abscess 

Acute staphylococcal infection 	produced in miee, using 

the method described by Noble (1965). The hair from the back of 

each mouse was removed first by 	of electric clippers and 

were washed away with warm rater. The animale were 

the cage in front of a heater. In one to two hours the mice had 

completely dried and v.tre ready for injection.  



Table 1. Bacterial strains used in 

Strain Haemolysine  Ptases Antibiotic 
alpha beta delta tiPek sersitiyity 

s ashyl000ccus 
SUMS 

PsEo 	Nam 9789 + . 	+ 8V81 
Wood 48 NOW 7121 + ... 	+ Az + 
Cete,ch. SpItuee-case 

of - 	+ 83A 

R to P 
3 to all 

R to P& T 
bronchopneumonia 

Smith "Diffuse* varimat 
of Hunt & Moses + 

(1958) 
PS 83A NON 10039 
P64/7  Tropical 

utyositis in 
Uganda 

Untypable S to all. 

4/7/53/83A S to all 

37V3W+ 	R to P 

Ward Boils 	 52A 	S to all 
1531 Human mord:ages 

post-martem at 
Malbcurne + 

(Wisher 1965) 
290. 	R to P 

 

Ir.horicue Nam 10350 
CaNtagicus 
impetigo of 

wine 
GTO 7292 

Untypable S to all 

Untnable S to all 

Micro comma 
278 Peritonea 

dialysis fluid 
of a kidney' - 
greet patient 

4. 	train produced 	- 	I1yain 
• Antibiotics used for sensitivity t 

streptcsycin, Tetracycline*  Chlarampheniooli  
Erythromycin, Nowa% Narobiocin and Cloracillin 

• Resistant, 	3 la  Sensitive > P = Penicillin 
T ckt Tetracycline St = Streptasynin S to all = Sensitive 

to all the antibiotics 
used for sensitivity test 

R to P & St. 



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



Gauge sixteen transfusion needles are used for 

subcutaneous injection. The needles are fitted with a wire 

plunger to expel the cotton dust (Figure 1). The plunger 

vas marked so that it could be withdrawn up the barrel of 

needle for a distance of 3 um« end the lumen of needle between 

its tip and the wire plunger was packed with cotton dust. 

About 2 mg. ar cotton dust was used for each plug. 

Cotton dust: The cotton was Cj4  white cotton flock which is 

pure cellulose and carrespords to the cotton in bleached cotton 

fabric. I am gc•aterul to Shirley Institute* Maury t 	eter 

and to Messrs. Hutchinson (Ramsey) Ltd. for this material 

The cotton plug was inoculated with 5A.a. of an eighteen 

hours broth culture of microorganism. The inoculation was done 

by means of mg ultraudero pipette (E pm). she Lumber of 

viable cocci on the cotton plug was deter/tined by suspending the 

plug in strength Ringer's solution and doing the viable count cis 

semis agar plates by the Niles and Mara (1938) method« 

Mice were injected suboutaneousbr in the depilated area with 

the cotton plug containing cocci The skin of the back vas 

pinched up between the fingers*  the needle inserted at the base of 

the fold and the plug expelled by means of wire plunger« The 

reaction vas read daily. In the stem* of cotton, 0.05 ml of a 

suitable dilution or culture was injected and the dose determined 

by doing the friable count (Miles and Rim 1930)• 



Method of ecorinp lesion severity 

The lesions were graded according to severity as follows 

Eg (No Reaction) Complete absence or pus visible 

at the skin surface ard no erythema except in 

the skin incediatel,v above the cotton plug. 

(Slight Reaction) Minimal pus visible through 

the skin immediately above the plug and erythema in 

the skin around the plug.  

(11oderate Reaction) An area of necrosis or a 

white sone not more than os. in diameter. The 

white zones Eil.ways progresees1 to necrosis within 

24. hours. 

(Severe Reaction) The sane of necrosis or white 

area s'eater than 

The diameter of elliptical lesions were recalled as Era*  

*sere 1) at. d are the lengths of the major aml minor axes. 

The results are =silly quoted as the sum of scores for 

the first two days following challenge; thus a mouse shoeing a 

slight reaction on first day awl a moderate reaction on second day 

would score 3 + 2 = 3 marks. The maximum score far ally mouse 

would be 3 + 3 = 6 marks. 

Within arer one test, mioe of 	one sea VEWO used. 
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Mice vere found to vary in the qty of the 	for 
a 	dose of cocci as emphasized by Nob (1964). Ate the  
scoring of lesion severity is subjective an in 	was 

carried cut to estimate the persooal error in assessing the 

lesion. Twelve mice were marked on the abdominal aurface, 

ea that the markin rere net visible while soaring the lesion. 
The mice were inoculated subcutaneously and the lesions were 

scored 24. and 48 hairs after Challenge. Mice were taken cut 

of the cage at random by an assistant vivekept the record of 

the order in which mice were given far assessment. In this 

vey the assessment was done twice an each day. The average' 

lesion scamper mouse was approximately similar in both 

assessments; it was 4.0 and 4.08 respectively (Table 2). On 

three occasions the scoring differed in the too assessments 

when the lesions were 24 hours old. At 48 hours there was no 

difference in the assessment of lesion score in the two instances. 

Study of acute inflammatory response 

The acute inflammatory response to the subcutaneous is 

of cotton and cocci was studied by the following methods. 

1. Increased vascular permeability 

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

the subeutaneous injection of mice with microorganisms, the animals 

were injected intravenously with 042 ml. of Z1 solution of Busse 

blue (Boots Pure Drug Co. Ltd.) The dye becalms rime on the sit 



Figure 2: Punch used to excise the skin 
and subcutaneous tissue. 



albumin (Ramon 	) and in arise er inareemed vascular 
permeability it shore up tithe tissues as clear* visible b 

spots. The injeetions ware mad* in the lateral. tail loin. 
end the animal* _ra robeequently killed tgr ehloreform atter 
waste= internals= the 'flap or akin sod embentaneeue Ideeme 
bearing the lesion was rerleated and the blue areas remoimed 
en the hoer aspect or skin time The demos et MIA 
exudation was estimated bp measuring the diameter of the 
bin* *WAIN or tissue arena the lesten. The bine area ems 
maia137 circulars 'hem, rolliptioal, the diseeter of bluing 
was recorded as Elitly where D end d are the lengths or the 
major mg miser =oh 

(b) 	Alter measuring the diameter at the blue areas, the 
weight or the oedema fluid in the inflamed tissue 'me estimated 
This was done to excising the are* at skin int euboutanecoa 
tissue ecetaleing the lesion with a 2 was. diameter punch 
(iPigerre 2) aM emisping this piety or tissue. Oedema wei#t 
was calailated t subtracting the expected weight or this piece 
or time "hen not inflamed from the *served weight. The 
expected weight of tiaras when not inetemed was calculated in the 
following way. 'hen two please of tisane of semi else %were 
azalea tsar the back of each at a *mum at mice, it was round 
that,r in amoral, the misfit of the time excised item the Ivor 
hair et the bask of aquae was mere than the matiftt at the tissue 



mg. 

260 

220 
cr 
a_ a_ 

180 

140 

• 

120 	140 	180 	220 	260 mg. 

WEIGHT LOWER HALF 
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. 



this upper half of the bis st amuse. The esiihts rift 

a amber of sims gess plotted m & PIO Oils* 34 add 

the points, that* seattesedi  tend to 1141 masa a streitht 

limos the oormlation eseffialsot sals t 0.046 

probability of this Win due to chasms is 0001. The 

regteseien equation ealaulistad c the basis of these noose 

sass s ris 20.91 • 0•876 y 

	

at The expooted 	of tissue item low 
half of the teak 

ya The mei** et tissue has 
task 

ettperinents. semi mixed odes mattes 

Wasted 	the suboutanestas tisane st the User belt of ttSMs 

back of steam. After kLUiss the animal. a omArel piece of 

tissue from the mos half of the back of muse vas also ass aga 

as well as the tissue bsasies the lesions Bath the pietas 

sem weighs& and the egeetea weight of the tisme tom the lair 

halt at the trek of mass shim not ieflosed vis &stamina item 

the rest essiota equation, 

2. 21522SOLlitailla 

	

The leumactrte seism 	the 

by camising a histologioal 'separatism of the Mali of the 

(Pas as Spot= 1962). After Iniablest  the inflana tissue was 

fixed in 34 neutral famel-salise t 78 to 24 hours* 



Altar 	 nos cut t 	the Addle 
et the leeks and 	tsIlines 

1. The Ilium was 	th 44g shawl (Londlaue.* method) 
tar 3 to J. 	pranks* softens the timme. 
Dokoydraties snit alearisg at the tisane las wrist *zt ti 
roam or an atttonatie tisane 	in tike moat ery. 

3. after delveration and elands*t e tisane INTO eakened 
in prestria sex. 

deotisna at GA tam tore out VI amens of a 
rocking siorotaw one stained with haieatosplin end 

eosin or $ aqueous tolnidine blue. The degree of latoogyte 
emigration INS determined tg,  mating the ember of leneogytes 
in stardead areas. This els achieved la using a graticule 

ea Nodded into 100 *pares. A 4 so. obilm,this 'MB wool 
tor counting. The *Aosta were done in an amer areas as peseible, 
a noes value adailated and results erpreeset as the total 
nueber of cells per it aa field. The promos of non then 300 
lencoctrteait.P.11, was indisatire eif let000yto en/grottan* als 
the nasal suboutauseni tissue of num vas teed to oontain 

to a soda= of 300 laceeertea41.P.Y. 

3 	Arcpreis of 9aeo3aler InTolvosint 

The damp. blood reasele mere demenotratel 145eoting 

a oolloPial ecepensica of sorban black introenanaly into the 
aloe. The carbon bleak ye Mikan ink pfd tr the 



(latd2 
$o. 11111/14314• Before we 	 t 5000 

15 minutes to ream heavier particles 	as ,es 
342 sgr . at carbon per al. The i a suitably 

diluted in doable distilled eater. 
Mikan ink (0.2 al 2.8 era.) ese injected 

intravenously in lateral tail vein at mouse. Balt an hair 
after injection 'hen ell carbon had been cleared tram 
circulation, the aloe oar* killed. The Injectices sere 
given at intervals Taxying from 30 *butes to 24 hours after 
the subcutaneous injection of cocci nixed irith cotton dust. A 
piece at skin and subcutaneous tissue 1.5 in. squire testainisli 
the lesion was escieed. The tour GOMIS were pinned as to a 
piece at coat in older to keep the tissue stretched. Atter 
fenalin filiation far 48 hours, the Usage was briefly rimed 
ins eater and then cleared in Imo chews of ermine for 4$ 
end 24 hours. Molly the preparation vas triamedi floated in 
two changes at warn trios jelly for a ter Ideates and mated 

waist a cov,er slip. la this state the peaty is paraersob. 
The formula for &Veering jelly is aim is Vic. 

The cleared specimen was first saasined at a 3as 
aagnilficatien of 8 to 10 times. At this aegnitioatica ody 
large blood vessels haresunably venulss) are sew and glees as idea 
of the octant at vascular 	eith casbas. Neat the pryers 



was esseined under higher swiftest  :ice to determine the 
vicssels *Mated and the leakage of oaten . 

blood vessels 
To decastrate the vascular pattern of wawa 

02100211 tillitiO ea akin or the wuae. the shale 
wefts or a mud ,nouse was tilled with a sinters 

of 0 gelatine and felloioul *whoa (see appendix), 

Ismediately after the some was killed, its tuxes was 
opened and the left ventilate was oar fated with a fine 

polythene tube whoa. other end was attached to a wrings end 

The inferior vets owl was cut open and the animal 

poetised. through. the caimula with epprocioately 10 el. of 

wars saline followed 'by 6 el. of ink gelatine "datum. Finally 

the tissue was cleared and saluted as described above. 

Bacterital omits in the lollop 

At laterals after the subcutaneous inoculation of coact 

with or wit out a cotton plug, pairs of aloe selected at raMoe 

were killed aid the lesion containing the cattail dust was audited* 

When coat were injected withatt **tau dusts  the area Ce 

Sa004211111 los made visible by intravenous injeetios cC vane b2tie 

uhich inudes cut in the areas of inflausaticak The excised 

tissue was halogenised in a tissue grinder with 2 *1. at t strength 

Ringer's solution and a small quantity at sterile said. 4r•Dima 

dilutions of the homogenised suspension were side in * strength 



acetate 
0$  Ecossel 

Inger,* solution and the viable counts of cocci d cc 

54g gene agar plates by the aethod of Niles eapd liar a (1938) 

In all awes the 11111"0 hour counts were made * l4ili g the 

animal immediately after the inoculation of cocci., 

AttUBMISEAULLAMMI 

A comber of anti-inflassuctory drugs sere used. All the 

'Imre dissolved in sterile Amble distilled mete re  exempt 

Indoewthaoin ,  *Joh is tot asicil ale in distilled meter, end 

0.1 al. injected as talon: 

Colchicine 

sodium salioylate 

Mutant* ecdiam 
wilutasolidina Geigy) 

bydivohleride 

Quinine Vdrochlori de 

IndomethaoLm 
(174locid", Nor* 

and Doh's) 

/44 

iboo its's 

ao Avg 

AEA 

160  APig 

30144 

123 it 

100 ).41,6 

2  Ms 

8 ,4g 	I•110 

B.C. 

B.C. 

B.C. 

S.C. 

S.C. 

B 

S 

8 

B 



* as The dose at each drug is gi'en in 
/4, g per g body wei.ght. 

S.C. - subcutaneous 

I.V. Intravenous 

I.H. s  Intramuscular 

LP.: Intraperitoneal 

8 	• Single dose given hour before the injection 

of mod. 

at 	Single dose given lanediately betar e the 

inoculation of cocci. 

4D a 4 daily doses*  the hat doss Sim  2 

before the injection of 

rerstics Re IndomIthsoin *caution 

I as grateful to Merck Sharp & Ddime for supplying 

Indosethaoin ponder. As it is insoluble In distilled water ie  the 

following procedure was used to obtain a solution* One percent 

solution of sodium bicarbonate was added dm by drop till the 

powder dissolved* Pirtally the requisite comoentration of drug 

was made up by adding sterile double distilled water. The pH was 

checked and was kept between 8 and 9. The ponder precipitates 

out *nu the solution has a 111 value below 8. 

Er/lotto:In trottment 

Bacto Upopolysaccharide from Escheriothia colt 

Os 128s 822 (Difoo lab.) was used. 	A stock solution 

containing 1 mg of lipopolyeaonharide poed.er per sa ar 



sterile saline (0.9%), was prepared argt stored at .420°C. Suitable 

dilutions were made is saline far injection. The dose of 

endoto:dn was 0105 /11/4 'body *eft mad it wee adeixd.stered 1 

the I.V. route. Insatiate', afterwards sloe were challenged 

with the subeutouteous injeetien of cocci sized with oetton. 

is trangtor bounSttf Ana brArIMPAttfittY 

Serum fres mice privieuel, infected with haeolcvens 

train at pialviteepocui +preps we collected and 0.25 mi. was 

injected intravenous], into maul mice. 1* injection was given 

iseediate3, Wars the subastarmous incoulatica of mice with 

.111TA2I2211..11321a,  
Vail node cells few passive transfer were prepared from 

mice previous', infected with Staahvloccoaus sums% After killing 

the muse. the 'gab and, leer* rowed aseptios11, from 

CerriCia p awillexy, invinali  anterior aboicerbral wall end mesenteric 

areas. The mph nodes were freed at fat and put in acid sterile 

Sankfa solution (Oxeld) containing 2% lacteibusin brirolysate. 

The 3,mph nodes won* teased between two pairs of forceps. 

The suspernion was freed at sell debris 10 pommy through fine 

nylon and the cells colleeted by centil.fugatien in a USE angle 

centrifuge at 2000 R.P.11. far fee minutes; The pad of mils were 

resusperded in an apprariate values of Hank's solution and the 

total number of cons wonted in a counting chamber. In ;cacti** 



all the 	node 	 were injected into 

a recipient scums The weber et coils injected varied 

between 70 to 220 million cells per souse. The interval 

between 1r4331.4 the ]yaph node dolor mice end. injecting 

their cells inte.reolpient WS never acre than 4 hours. 

The kysph node cells were injected intravenously into 

the recipient sice• Eighteen hours later the recipient 

nice were injected subcutaneously with Stattsyloctoccue  

and cotton dust. 
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RESULTS 

Although it is well established that in the preeenoe 

of a foreign body a mall number of staphylemoci can 

establish an inflation, the medhanism hy Uhl& & foreign body 

promotes the staphyl0000cal infection is not clearly' understood 

therefore' deoided to study the correlation of the severity 

of ataphylc0000al infections in rim in 	memos and 

absent* of Gott= with the degree of fluid exudation and 

leucocyte emigration as yell as Changes in the bacterial 

population at the site of infection. 

toR  

(a) anitilLe—atain 
When 106  viable mita of 8tarkY100q0alait sureun strain 

P8 80 vivre injeoted without cotton. the lesions produced were 

aildJ only erythema tea slight pas formation was ratios. up to 

2 days after infection and there lee rarekr ass/ necrosis or 

white sore. The average ].siren score (see page 55 ) was 1•3 

On the other hands  a 'Wier dose of P8 80 in the pregame of 

cotton led to were neeropungent lesion. with a near otio or 

white SCOW more than I am. in diameter in met mumps; the aysrn 

lesion score was 5.8. Theme seen Indian micros are based on the 

observations an 24 aloe in .s case. Although alas rarer is this 

mrcerity of the lesion for a given does of coach', with cotton all 
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Figure 4.: Comparison of mean oedema weight of tissue to the subcutaneous 

injection of 106  Staphylococcus aureus PS 80, with and without cotton-dust. 
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the mice had an eve of necrosis more than 5 an in dia lete. 

and in the afeenee of Gotten all the mice showed mai lesions 

(b) Fluid exedettkin 

Then PS 80 (dose 106) vas iz 	t without cotton 

in vascular paseabilliort  as judged by the weight of 

oedema fluid in the lesion* was evident half an hour after 

injection More 4). Each point on this graph represents the 

mean of the results five few mice As in the case of land= 

severity*  the nice varied in the amount of fluiA exudation at 

the sits or inflasation far a given dose of cocci; however 

3 out of 4 mice at half an hour and all the nice at 1 and 2 hair 

period shomd an increase in the tissue weights  irdiaxting 

exudation cit fluid. Therefore, in spite or variability in 

the response of mice, there ens definitely an ear1T exudation of 

fluid. 

Ca the other hand. a similar dome or PS 80 injected with 

cotton dust elicited the exudation at fbLiA only after am initial 

delay Mauve 4), The fluid .z4&tion ocasenoud beteeum ens and 

two hours after injection. Three out of four sloe showed little 

or no exudation of Mid up to one hair. After 2 haws there revs 

not much differ's** in the exudation of fluid wider two corclitiesa 

The above results Mire reproducible; in the repeat experiments 

there was *legs an initial dolor in the exudation of fluid after 

injection of PS 80 in option dust. Hasever sate other strains of 

staptoPloc ooxi. even in oottel dusts  produced more  rapid exudation 
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Figure 5:  

 

Increased vascular permeability, expressed as diameter of area of exudation 

of dye-stained plasma protein, to the subcutaneous injection of lCfi 
Staphylococcus aureus P$80, with and without cotton-dust. 
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Figure 6: Increased vascular permeability to sterile cotton-dust and nutrient broth. 
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Figure 7: Comparison of leucocyte emigration at the site of subcutaneous injection of 
106  Staphylococcus aureus P$80 with and without cotton-dust. 
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as described the nett 	541141er flattop were 

noted when increased vascular permeability was judged by 

eaudation of protein.tomd dyes  Swans blues  at the site of 

iNieotion (Figure 5). 

In order to fist cut the ittfoot of cot dust alone in 
eliciting the exudation of fluids  sterile cotton dust with 

5,,x.1 0* sterile nutrient broth /NW inoculated ssaboutanssuslr 

into • number of mice. There we* little exudation at flrm 

in the first 2 bouns of injection (Figure 6). The nein phase 

ce vascular pa ssability was after that period and it reached 

its sexism 7 hours after inoculation. 

(a) Isuoparte emi4ration 

The leuencyte response to the inoculation of 

Staitarl000saus man, strain PS 80 with as without cotton dust 

is shoat in nor* 7. About 100 les000yteelli.P•P• nem the 

upper Brit of =sal in the souse tissue motions with the 

method of exasdnation used, 

In the *beano, or cotton the seen ()cunt Ins 503 gene Pow 

H.P.F. after 2 hours; in the Iresence at cotton there sus no 

notable emigration until after 2 hours laza it was 7 hours before 

there was argy significant infiltration of the dotteu du* itself* 

The histologjnal so tiers showed that in the abeam, at 

**Um dust, largo numbers of Iowan:4es were present at the site 

of injection CC coal at 2 hones (Pistro 8 asb); bli 24- homes  a well 
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Figure 8:  Two hour old lesion in mice after the subcutaneous 
inoculation of 106 Staphylococcus aureus PS 80. 
(a) Large collection of leucocytes at the site of 
injection. X4.0. (b) Same as above. X160. 

(b) 

• 



Figure  9: Abscess at 24 hours after the subcutaneous injection of 
106  Staphylococcus aureus PS 80 X4.0. 

Figure 10: Abscess at 21 hours after the subcutaneous injection of 
106  Staphylococcus aureus PS 80. Note the distortion of 
leucocytes in the area adjacent to cocci. X250. 



Figure 11: Four hour old lesion in mice after the subcutaneous 
inoculation of 10 Staphylococcus aureus PS 80 mixed 
with cotton-dust. Leucocytes are at some distance from 
the periphery of the cotton-dust which contains cocci. X40. 

6 
Figure 12: Twenty-four hours after the subcutaneous injection of 10 

Staphylococcus aureus PS 80 mixed with cotton-dust. 
Leucocytes have not fully infilttated the cotton-dust. X40. 



Fiore 13: Same as figure 12 showing the presence 
of masses of cocci in the cotton-dust but 
an absence of leucocytes. X250. 
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defined abscess vas formed (Pigure SO. The hilim pamer eisw 

of the 24 hair lesion showed that the leuemytem were distorted 

in the immediate vicinity of cocci (Figure ID). 

In contrast, in the ;resew" or cottom the histological 

section' showed no cellular response far the first two hours, 

EV= tour hours after injection, leuccoytes had rat infiltrated 

the cotton, and in fact in most oases they remained. at sate 

distance from the patriot',  of cotton dust (Piga* 3.1), Thou* 

the infiltration of cotton leucocyte* started at 7 hours, the 

entire area of cotton dust, rerticularbr the central parts, was 

not infiltrated even at 2.4 hours (Figure 32, 13). Thus the cotton 

dust contained masses of cocci without the infiltration ty 
phogoccrtic 

lihen sterile cotton dust was injected without starktyloccaci, 

lemacyte emigration started 1 hour after the introduction of cotton. 

The cotton dust use infiltrated by leuomytes at 3 Mors; at 74 

hours large Embers of leuocoytes had infiltrated the entire cotton 

dust. 

(4) Bacterial counts in the lesicm 

The viable counts of cocci in the lesion are 	in 

figure 34.. In the absence of cotton, little or no increase in they 

numbers of viable cocci was °beamed; 24 hour* after injection the 

bacterial count in the lesion was lass than the does inoculated. 

On the other band, in the presence at cotton duet, after an initial 
lag period there was a rapid increase in the umber of organisms 
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recovered frs the lesion, Twenty four hours after injection*  

bacterial mints increased more than 200 fold over the initial 

dose inoculated, 

(40Flirt-her investigation int2 the ipechanime of action 
or cotton dust.  

Other possible mechanisms of action of cotton dust 

were also investigated. For example the Weal= eking 

activity of the cotton .dust could be due to its speoific tcecicity. 

or due to the retention of cocci at the site of injection* 

Moreover, in the above experiments when PS 80 we injected 

without cotton*  the volume of broth culture injected was 0.05 el,  

but with the cotton 0.005 	(5/41) of broth culture was met* 

Therefore there was a possibility that seater early influmeatat7 

reaction in the absent:* of cotton might be due to a larger volume 

of nutrient broth idaicih is Imam to elicit an exudation of fluid 

(Burke and Miles 1958)* To investigate this possibility VA 

viable units of rityl000ccus Bums strain ps 80 ware injected 

in a volume of 5//4.1 broth culture by means of a sricrosyringel 

the response was similar to that elicited tip the injection of 

0.05 ml• of culture fluid* Therefore the earlier exudation of 

fluid and emigration of leumaytes in the absence of cotton was 

not due to the seater volume of broth injected. 

The exact mechanism tV Watch cotton dust causes the initial 

delay in the meat of the inflammatory reaction is unIcnown.  

Nicholls (1961) showed that extracts of °Ott= dust trot the 

cardroass of English and Dutch cotton sills caused Onntraction of 



the isolated ileum of the *drat-pig and vasoconstriction in 

the perfumed hind rgrarter of rats. EXtracts of the cotton 

dust used in the pnagent studies 11162* payload 'kr grinding 

g. of the material with 20 al. of saline in a winter; this 

extract was Wefts' aloog with PS 80. The lesions produced 

were WA ler to those awned trif the injection of P8 80 alone. 

Vier that were injestsd with PS 80 in the ziresenos or 

&beano, of cotton-dust were killed. lath kidnors. liver. spleen 

and heart blood were resoged wept  iaaLly and cultured far the 

presence of staphrl0000tsi. All the cultures won sterile. 

However there ems a possibility that the presence of mall numbers 

of coact in the visogra-cotild have been sisent. Therefore the 

posiibility that in the abeax . of cotton dust, the Cowl were 

qilick3iy washed-  awed fros the local site could not be dismounted« 

But there ow no widespread &Agglutination of moot as indicated 

trpr the results of culture. 

It was tour that the cotton plug ins potatrated within 

Ininates of intravenous injeotiost or Draw Inisie, This enggested 

that the material present in the blood espeeially the bowel factors 

were able to penetrate the cotton plug. 

The effect of varying dossp ofStanhyloopootte swots PS 80 
with cotton dust. 

In the seevious sections  the infection exihanoing effect of 

cotton dust was described. This section deals with the response 

observed ter injecting different doses of stuotwl0000cus Ft3 80 with 
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Figure 15: Mean oedema weight of tissue to the subcutaneous injection of varying 
doses of Staphylococcus aureus FS80 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 P$80 mixed with cotton-dust. 



a oonetant secant of rotten dust. 

Mice were injected with varying domes of staphylococci 

of strain PS 80 in cotton dust and examined after 1, 2t 	7 
mad 24 his (figures 33 to 34. The its with 

varying dooms of Ps 80 were not all dons alaultiareously.  

Boweverp105  PS 80 were injected into mice, on two different 

commie* and similar results were obtained. *bile with 105  doss 

each paint en the graph represents the mean from 8 idae, with 

the rest each paint is a men from 4 sloe 

(a) Fluid extelattep  

The relatice or fluid exudation to dose is shown in 

figures 35 erg 16. According to the tissue weight detandnaticos 

(figure 35), although the time or onset of emulation tended to be 

earlier with the larger doses*  there woes never evidence or 

exudation at 3. hour and rather little at 2 hours after injection. 

The fact that in some sloe there appeared to be a diainitiar 

in tissue weight may represent the natural variability in the 

determinations or say perhaps result from actual constriction 

of blood vessels. ilomerer the fact, that in wet oases at least 

three out of four sloe did not mhos ouvr onsdation up to the first 

hour*  means that there was truly a delay in the comet at' fluid 

exudation. 

Measurement of the "blue diameter", after injection or Evans 

blue (figure 16) gave very similar results to the weight estimations. 

though suggesting that the fluid exudation commenced slit/110y earlier. 



Figure 17: Twenty-four hours after the subcutaneous 
injection of 104  Staphylococcus  aureus 
PS 80 mixed with cotton-dust. Leucocytes 
have infiltrated throughout the cotton-
dust. X40. 



This might mean tleat the Sims 	'is the more 

coneitiee. but Spector (19,8) considered that the tissue,  

weight attend the better method for determination of 

exudation in subcutaneous tissue. 

(b) Etta  cpisraticn 

With * high dose of PS 80 (206  to 205) the 

emigration of leueogytes was not noticeable until after 2 

hours amt by 1 hours, although the leucecytes had come cut of 

blood vessels, they remeined at some distance from the edge 

of the cotton. It ems 7 how* Want my significant 

infiltration at the cotton dust wee seen. Pith the 30 does the 

laucuscytiss had net ocoplartely penetrated to the central port 

ewe at 24 halltlit however with 3C cocci there teas haw eM 

cotplete infiltration of cotton at 211. hours. With loon-  doe's of 

(1000i, although the emigration was found to start at 2 hours, the 

Infiltration of oettos chick contains tumid was notiesable 3 - 

hours after the challenge. At 24. hours them was a heavy 

infiltration of entire cotton dust (figure 17). 

(o) Bacterial counts in the lesion 

Counts ware node of the numbers of owl inoculated 

("ireou3se) gni of the ambers rammed from the tissue of Dios 

killed imeadiately after inoculation (isero-hour' 	°cunt') p as well 

ate or the miabara recovered intervals subsequently. The remits 

are lbws in  riagron !soh point on the vs* represents the seen 
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Figure 18: Bacterial counts in the lesion after the subcut• aneous 
injection of varying doses of Staphylococcus aureus P880 
mixed with cotton-dust. 



With the Inman*  a 
The upper point on the left 

was the inocultaa and the 
loser, the sercohcar count. 

The sero-hour ocaumt was alwe lower than the imoulim*  

'by 20 50 per font. This indicates that it was difficult to 

recover all the waot in the lesion*  because it seam unlikely 

that on a hips proportion of cocci mail be Idlled arithin 

waft of being intro aced.. Moreover*  'bather the original 

inoculating doe* was Ugh (101 or low (le), the reduction 

proportional and. is no ease did the count drop to sero. 
The immediate drop In want might be due to cherging or 

*coat, which has been reported during the moose of 
staptyl00000al peritonitis in nice (Kapral 1960. It was 
therefore decided to test the *portant* of clumping in the 

subcutaneous lesion. A 0.5g tcypein solution in Rimers was 

made and sterilised by melte filtrations 0.1 ml of trypain 
solution was added to 0.9 al. of homogenised tissue. For control 

0.1 ml. of Ringers was added to a "tidier volume of hangentsed 

tissue. Both the test and control meteriale ear, left at roam 

torparature for 30 sciontes before doing the baeterial mount. The 

viable counts of cocci from the lesion was not different in the 

too cases. It appears that clumping say not be playing am 
imparts* role in altering the bacterial. count in the subcutaneous 

lesion. As described in previous meetiaa* there was also no 
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Figure 1: Growth curves of cocci in the lesion after the subcutaneous 
injection of varying doses of Staphylococcus aureus POW 
mixed with cotton-dust. 



evidence of 	 of 	 of the 

body. 

With all the isecula there was a thrther drop in the 

numbers of viable owed reemered during the period after 

inoculation; the to at wont mem observed during 1 to 3 

hour sampling depending on the initial lawman. The 

detailed results of bacterial counts are shover in Table 3. 

As there was no evidence of eidespread dissemination of 000ci 

from the site of injection or clumping of cocci in the Ireton, 

it seemed that these low *musts represented the actual 

destruction of cocci. 

The rate of multiplicatien of the ecoci after the drop 

ire count is shown in Tablet 3. The grew% rats  Va. oolculitted 

according to the formula k • latt 	n *ma aid 

lie rnell 1960 i  here k is the growth rate cortstault, t is the 

time in hair and a is the number of bacteria. As this equeficet 

presupposes that the growth curve in the logarithmic,  phase is 

represented by a straight line, the bacterial mints at vaxices 

intervals with different doses of TS 80 Imre plotted at a log 

paper and the *freight limes closest to the points wow drama 

Mg+ 39)• with 302  dose the regression line was drama at the 

basis at a foe points, therefore its slope air riot bare the same 

validity as in the case of 205. The value of k was that maculated 

as the bards of these strati** lines. The gro w th rate of 105  PS 80 

was slightly pester than the rest. With the lower 3 doses, the 
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growth rates were very sylwrtsre The growth curves also 

indicated that with 105  does the maxims bacterial population 

was reached in about 8 hours; with lower dosage it reached 

presumably at varying times later on, 

At 2 hours the bacterial paptllatiexas was 	der  

or all tour inooula. Althea* the number of vieble units or 

000ci in the original. Inman differed by 4 log units, the 

bacterial count at 24 hours with the varying ittocula differed 

oily tor I log unit. 

(d) Lesion so9m! 

Although the viable counts of °coot in the lesion 

24 	after the injection of varying masters of PS 80 did not 

show such differenoe.the lesions differed considerably in their 

severity;The average lesion score ant the disaster of necrotic 

son is ehonn is Table to. 
With the lowest dose (le), the lesions 	sain%r 

purulent and only rarely showed a 1.2 sm. sone at rooms 

higher dosage the lesions were necropumlent 	with 10 dome, 

there was hardly any swelling; almost all the nice bed an area 

of necrosis more than 5 sn. in diameter.  

3. Reesponese to different strains of stark.  

Since there is evidence, based both on epidatial 

and animal experiments, that strains of Starenrlocceaul acre  vary 

in their virulence OrtIl(pme 1963, Noble 1%6), it seemed of 

interest to investigate the details of the inflammatory responee 



TAreit 5.  

Strata 	*mbar of 	Lesion zoom 
aloe 

1531 	 32 	5.0 

Ps 80 	 24. , 	4.6 

orbadt 	 32 	4.6 

Saita 	 32 	2.8 

1146(7 	6 	2.8 

Wood 46 	 32 	2.3 

Ward 	 32 	2.1 

M. bylaw 	12 	2.0 

PS 83A 	 12 	2.0 

NOTC 7292 	12 	1.6 

278 	 32 	 1.6 
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elicited by strains of staphylococci that differ in their 

ability to produce subcutaneous lesions in aloe. 
In thew its 105  viable units of differvert 

strains of staphylecoeci and micreoeoci Imre injected 

subeitanecousky in Ries pith the cotton dust. 

(s) letsione maw 

The strains used in ,the experiment 	gelded 

emceeing to the severity of the lesion produced after the 

inoculation of 10 cocci in the cotton dust (Table 5). In meet 

cases the average lesion seem* is based on the observation on 

7.2 nice, but witb PS 80 the imperilment* Imre Acne several tines 

and each time the lattices produced were severe. Of the strains 

tested, 278 is a atineeccaurj Wag:tout  anti NMT 7292 are enagulase 

negative stapitrloceoci 	the rest of the strains 

Staciracorcus .*sus.  Strains 3531, PS 80 end attach produeed 

lesions of great serenity, the rest of the strains produced 

lesions of moderate to cud severity. Strains having higher 

lesion scores produced big necrotic acmes, viale those with 

law lesion sores mere characterised mainly by swelling and pus 

formation. It is significant that although Wood 46 produced large 

Quantities of alpha haesolysin and delta haemoliyain in vitro, it 

failed to produce a large necrotic lesion in the scum« 

(b) Fluid **Antic* 
In theme everiments fluid exudation sae dedwied 
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Fiwre 20: Mean oedema weight of tissue after the subcutaneous injection of 10
5 

Staphylococcus aureus strains 1531, Orbach and FS80 mixed with cotton-dust. 
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Figure 21: Mean oedema weight of tissue after the subcutaneous injection of 105 StaRhylocoocus 
aureus strains Smith, Ward, P66/7 , PS 83A and Wood 46 mixed with cotton-dust. 
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Figure 22: Mean oedema weight of tissue after the subcutaneous injection of 105  coagulase-
negative staphylococci and micrococcus strain 278 in the presence of cotton-dust. 
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Figure 23: Leucocyte count in the tissue after the subcutaneous injection of I015  dose 
of different strains of Staphylococcus aureus mixed with cotton-dust. 



)• The 
1, PS 80 and Mi aeit elicited 

the meatier, at fluid only otter a delay of 2 hours (figure 

20). In the case at Oda& and PS 80 for the first** hours, 

the suit *t of the tissue eantairdng the lasice sae less then 

its expected normal weight. Ot the remaining 5 strains at 
Stagbyl000cous 1001111111 	produced lesions of moderate to 
mild severity. J. produced an soli., exudation of oedema fbali 
than that produced by the 'viselsat• strains. The 0:iodation 

of fluid began betimes * and 1 hour after inoculattah Moire 

22). The fifth strain, Smith, elicited the eaudatice of fluid 
with an initial delay of 2 haws like the 3 most virulent strains.  

The fluid exudation elicited Iv strains of reamplase 
negative stapbyloc000i and the siorocooces strain is rime in 

figure 22. Strain Nom 7252 elicited the emulation of fluid 

1 hour atter the injection. Strain 278 and )14. briers althceift 

producing lesions of only mild severity elicited the exudation 

of fluid with an initial delay of 2 to 3 hams like the 3 most 

virulent strains. At 24 hours these 3 strains prodused Ere 
oedema than any of the other strains except smith. 

(o) leaocaarts gindaraIino, 

The lsu000yts counts in the tissue are shorn in figure 

23 eni 24. pith the three mousei•virulamt strains the emigration 

of leucooytes osoured after an initial delay cat 2 hours. On the 

other hand 6 out of 8 strains producing lesions of moderate to mild 
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Figure 24.: Leucocyte count in the tissue after the subcutaneous injection of 10
5 

coagulase-negative staphylococci and micr0000cus strain 278 in the 
presence of cotton-dust. 

  



Figure 25: Seven hours after the subcutaneous injection of 10
5 

Staphylococcus aureus strain 1531 mixed with cotton-dust; 
only the peripheral parts of cotton-dust being infiltrated 
by leucocytes. X40. 

zlipm 26: Twenty-four hour old lesion in mice produced by the 
subcutaneous injection of 105  Staphylococcus aureus 
strain 1531 mixed with cotton-dust. No infiltration 
of cotton-dust by leucocytes. X60. 



severity s rise to an early tissue :au 	eels While 

with P66/7 aid 278 infeetitax leu000yte emigration ems sun 

if an hoar after the ehal)ainge, with Saith, ward, Wood 46 and 

wore 7292 it was apparent 1 hour after the inoculaticat. With 

PS 83A, and X* IlyiLwa *high gave poor lesion soaves, the 

migration of lau000rtes vas delayed until '2 hours after the 

in,jection as was the ease with the mouseseirulent otrairm. 

In no ease was the infiltration of cotton duet apparent 

before 3 to 4 Mars and in the lesions produced Ay- PS ao, Orbath 

3531 only the peripheral parts of the cotton 'ere infiltrated 

even at 7 hours (Fiare 25)* With the other *trains, the cotton 

was infiltrated throughout by leu000rtes ty 7 hairs. it few 

histological preparations taken from the 24 hour old lesions 

of Orbaoh and 1531 showed ne evidenoe of leueocyt* infiltration 

(Figure 26). With the other strains there was a dame causation

of leucocyte* in the region of cotton dust by this times 

It was not possible to quantitate the oeTh,lar reaction at 

24 boors with aeouraqi, because of the way dense eolleation of 

leucocyte* in the region of cotton dust. Ito recover the leucocyte* 

more not uniformly distributed throashcait the lesion* tastly 

in many sections, the leucocyte* eerie broken up au! distorted 

making accurate musts ispoesible. 

The morphological changes produced in mouse 3suomytes ty the 

extreoeXlular products of Stsultrl000cous aureus have been described 



Figure 27: Twenty-four hour old lesion 	mice produced by the 
subcutaneous injection of 107  Staphylococcus aureus 
strain 1531 mixed with cotton-dust. See the distorted 
leucocytes. X250. 

Figure 27a:Twenty-four hour old lesion in mice produced by the 
subcutaneous injection of 105  Staphylococcus aureus 
strain Wood 2+6 mixed with cotton-dust. Leucocytes 
better preserved than in fig. 27. X250. 
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Bacterial counts in.the lesion after the subcutaneous injection of 
Staphylococcus aureus strains 1531, PS 80 and Orbach in the presence of 
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by Gladstone and wan Spates= OM). Diatortion of the 

leuctocyte& was apparent in the mature lesions. All the 

strainsprcducing alpha and delta haeao]ysin In vitro 

Showed the distortion of the leucocyte* in the lesions 

(figure 27), except Wood 16. This strain produces delta 

haeacaysin and large quantities of alpha haemolysin in vitro, 

yet the leu000ytes were better preserve:I in the lesion 

(Figure 27a), In the lesions of strains 278, NOTC 7292 and 

btu which produced neither delta or alpha haemolysin, the 

form of the leucocyte& ems also maintained. 

(40 Peateri/al count* in the lesiva 

While all the previous studies i.e., lesion soars, 

increased vascular permeability and leucocyte emigration were 

t by injecting 105  cocci, for the bacterial counts 

in the lesion 105  cocci were introdueed along with the cotton 

dust, because with a dose of 105  cocci, the finer differences 

in the growth patterns of different strains Imre not brought 

Alt. 

With all the strains, 'zero-hoar counts' were always lower 

than the initial ineculum, and during the period after injection 

there vas a further drop in the nuebers of viable *mei. 

Figure 28 shows the result of bacterial counts in the lesions 

of the three souse-virulent strains. There wee a rapid rise in 

the miter of recoverable viable units after the first 2 hours. 
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Figure 29: 	AGE (hr.) 
Bacterial counts in the lesion after the subcutaneous injection of 
Staphylococcus aureus strains Smith, 1:66/1/, Ward, Wood 46 and ES 83A 
mix 7 
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Figure 301 	AGE ( hr.) 
Bacterial counts in the lesion after the subcutaneous injection 

ofliaxviilus  and strain 278 mixed with cotton-dust. 
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Bacterial counts in the lesion after the subcutaneous injection of 

coagulase -negative staphyl00000us N0T0 7292 and Staphylococcus  
aureus PS80 in the presence of cotton-dust. 
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Fair hours after the injection the bacterial °cunt exceeded 

the initial number of bacteria inoculated. By 24 haws the 

bacterial population had increased by 3 to 4 log units to a 

final count of between 2 x 106  and 3 x 101 

The bacterial counts in the lesions of remaining five 

strains of Styhyloc9ccus ..mss which produced lesions of 

moderate to mild severity are shovel in figure 29. In the 

lesions due to Wood 46, P5 83A and Ward, the initial drop  was 

greater than with the 3 mouse-virulent strains and at 4. hews 

the bacterial count was still loser than the initial inocalum 

With PS 83A Irtint at 7 hours the population of cocci was lower 

than the doss inoculated. On the other hand in the lesions or 

Smith and 1:66/7  the bacterial counts at 7 hours were similar to 

that seen in the mousa-virulsut strains. 

Bacterial counts in the lesions due to V ebyious and strain 

278 are shown in figure 30. During the first 4 hours the 

bacterial counts were lower than the initial inooulum. It was 

only at 7 hairs that the bacterial mints became greater than 

the original dose. While with ?Wiens. the 24 hair count was 

as high as with the souse-virulent strains*  with 278 the 

bacterial population at 24 hours was lower than the initial 

number of cocci inoculated. 

Figure 31 shows the bacterial count in the lesion of NOM 

7292. In this case the bacterial count was acme after injecting 

3,05  cocci because even with this hi* dose there was hardly ems' 
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TAXER A 

Basterial moats An the lesiene of different 'Weirs sr 
ittglultsioce,* 

Dees 
ineoulated 

Initial 
damp 

1531 8.1 x 105  5.5 x 105  

16 80 34.81* 103  2.83 *105• 

Ortaeb 5 x 20' 1•86 x 101. 

smith 6.83 * 103  6.33 x 103  

P66/7 7.83 x 163  1.66 *1CP 

Weed 46 8 x 101  3.91 x 105  

Weed x 105  x 

1.6 x 110 x 102  

PS 83A 4 x 103  3.75 * 10 

7292 1.45 x105  141 * 105  

278 5.6 405  3.5 x 
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Figure 32: 	AGE ( hr.) 
Growth curves of cocci in the lesion after the subcutaneous 
injection of Staphylococcus aureus strains 1531, PS80 and 
Orbadh in the presence of cotton-dust, 
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Figure 33: 
	AGE ( hr.) 

Wood 46 and PS t33A mixed with cotton-dust. 

Growth curves of cocci in the lesion after the subcutaneous 
injection of Staphylococcus aureus strains Smith, F66(7, Ward, 
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Figure 3l.: 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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Figure 35:  Growth curves of cocci in the lesion after the 
subcutaneous injection of coagulsse-negative 
staphylococcus NCTC 7292 and Staphylococcus aureus 
PS 80 mixed with cottonrilust. 



'Wong* of 	tine) for comparison the growth eLaVe 

of PS 80 with a similar dosage is also shams gown with soh 

a hi* initial imealts. !MC 7292 failed to Trodnoe sr/ 
significanS increase in the bacterial population. 

The detailed results of bacterial moots, 4tbeanding the 

growth rats (k), of various strains are shown in Table 6. The 

value of k was diteridned Meares 32 to 35) in the alma wolf 

as described in the section 2. The groat& rate of the three 

monee-virulent' strains and of Smith aid P66/7, which' produce 

moderate lesions, was Maher, than the strait", producing milder 

lesions. The severity of the lesions Iles better correlated 

with the value of k and with the 7 hour count rather than with 

the 24 hour count, exoept in the case of Smith and P66/7. 

(0) ROXII#012 of leitimp,sopre Atip istlAmmatocr remcrtiort 
amd baoteriAl °amts. 

In an attempt to demonstrate the relation of the 

lesion score to the 2 comonents of the inflameatory reaction 

measured, the data were plotted in the form of a "3 dimensions/ 

graph (figMre 36). The two alatissem are (1) the sue of the mean 

"oedema weights" during the first two haws after injection, and (2) 

the time at wbiett leueocyte emigration wee first detected. The 

height of the bind= rots the lesion scome. 

The three smouseant° strains - PS 80, Orbach and 1531 

elicited little oar no fluid, inundation during the tint 2 haze after 

inoculation, in fact in PS 80 and Orbs,* the tissue weight ems bslco 
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Figure 36: Relation of lesion score to the total fluid exudation for the first two hours and the 
time of onset of leucocyte emigration produced after the subcutaneous injection of 
different strains of staphylococci and micrococci. 
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Figure 37:  Relation of lesion score to the time of onset of leucocyte emigration and the bacterial count 
7 hours after the subcutaneous injection of different strains of staphylococci and micrococci. 
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Figure 38:  Relation of lesion score to the total fluid exudation for the first two hours and the bacterial 
count 7 hours after the subcutaneous injection of different strains of staphylococci and micrococci. 
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the expected weight 	was also a delayed emigration 

of leucogytes. The remaining strains except lishkilps either 

showed exudation of fluid during the initial stages of inflommwtion 

or early emigration of leucocytee, or bath. All these strains 

produced the milder lesions. NApricus, although producing a 

mild lesion, elicited apace- exudation of fluid as well as a 

delved leuomyte emigrations  that is it had these Characteristics 

of virulent strains. 

The relation a the severity of the lesion to the leucocyte 
emigration and the baoterial counts in the lesion at 7 hours is 

shown in figure 37. The twoaiimisaaeuvpthe log of viable count 

at 7 hours and the time at which leucocyte emigration ems noticed. 

The strains with high lesion *cores elicited a delved *migration 

of leuomytes and Showed high bacterial counts in the lesion. 

In contrast the strains that produced poorer lesions either 

elicited a rapid leucocyte esigvatice or showed a lower bacterial 

ccunt in the Imam. orto4h. 

The relation of the severity of the lesion to esrly exudation 

of fluid and the 7hoar bacterial counts lathe lesion is shown in 

figure 38. The twoabs dame are the sue et the mean "oedema 

weights" during the first two hours after injection, and the log 

of triable octants at 7 hours in the lesion. The strains with high 

lesion soaves Mowed avow fluid exudation during the first tno 

hours and hi* bacterial counts. With the ezorption otOmithp 

the remaining strains with poor lesions showed either en (lark, 

exudation et fluid or a item bacterial ocunt or both. Smith. in 



of fluid oat a hijs bacterial 

lesion score than PS 80. 
Ortaglit and 

It is 	ors eonoluded that, in awarmal, with the 
strains pis:Alluring severe lesions gradation of fluid as veil as 
the emigration of leuooeytes oecureed only after an initial 
delay, auk the baeterial omits in their lesions roma quickly 
to a bi* level. However the revers* at them findings ens 
not true for all the strains produoina poorer lesions. But no 
strain pas:Am:dna poor louden law! all the 3 ohoraotoristios 1101110 
in the lesions of "virulent strains*. nomeky delayed exudation 

of fluid ant emigration of leueogytes as well as 	Tae of 

°Wilt* in the 7 hoer old lesion. 

Staularloc000al flinty "using  inikiAl dolor in Afidention 

The factor er factors in stapkyl000noi that can possibly be 
responsible for the initial delay in tho inflasmatory mows* are 

not known. In order to define any possible role of the 
structural oompanents of staphylococci. boat killed and washed 
cells of Stiotyl0000mis exras strain PS BO 1111r0 injeatod with 

Use cotton. Cl the eattraaellular !octavo or stgrOyl000aci. 

altha toxin shirk is known to cause vas000nstriction of bleed vessels 
(Thai and Spur 1994p vas also injected subcutaneously in mine 

mixed with cotton. The two main components of inflammatory response 

yore estimated at intervals in both oases 
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Figure 39:  The mean oedema weight of tissue to the subcutaneous injection of cotton-dust 
with and without heat-killed Staphylococcus aureus PS 80. 
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macre! 1p 11:". imitation or heat-killed 
aurora Ps ov•  

An overnight zattrient broth culture of PS 80 was 

heated. at 72 - 74°C for one hours it was subcultured an blood 

agar to verify that no viable coma were present, The oslls 

were unshed three tiass ar resuspended in the original volume 

or sterile nctrient brat t. The cotton dust vas inoculated with 

5/  1 of this heat killed sum sod was them in3soted 

subcutaneously into sloe. The changes in tissue weiglt after 

the injection is rho= in fisoire 39• Pen the sake of cosparison 

the response to the injection of cotton and rutricot broth is also 

shown, Each point on the gra* represents the seen values free 

four nice. With the haat killed PS 80 there was an initial delay 

in the comet of exudation of fluid. When salixie suspension of 

heat killed PS 80 warn injected with cotton * 	 lAr response was 

obtined, 

leucocyte counts of the lesion revealed that emigration started 

3. 	after the injections the ootton dust iteelf wee first 

infiltrated at 3 hours anti ty 7 to 8 hours the whole area of cotton 

dust was heavily infiltrated tit leucocyte:la 

(b) Inflarmator, stops to tics ingieetion 	Issin 

wWellocate sta;byl000ceal ar, a haseolysin was used in 

the experiments. Ten al. of nutrient broth was added to the frees* 

dried toxin and 541 Of this was injected suboutaneous3;y in WA* 

mixed with the cotton dust, The mount of the toxin in 	was 
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8,6 

0.16 welicomet its. A2, toas#ss arliotted n40 

inflammatory exudate (name 40). The socumulation of 

fluid vas evident half an hour after the injection. 

Leucocyte emigration in the injected site vas detected 

at 3. hour. but the infiltration of cotton was not seen until 

after 7 hours and even at this time only the peripheral 
parts Of the cotton item infiltrated. Even 21 hours after 

injection most of the cotton dust remained free of leuoccytes 

only the periphery being infiltrated. 

Theme results suggest therefore that the initial dolor 

in the inflammatory response sight veal be due to some 

orompomemt associated with coils of staphylocooci end mot the 

alpha toxin. However. alpha toxin oou]4 be the factor 

responsible for inhibiting the infiltration of cotton hy 

leuoccytes in the later stages at inflesmatioa. 

of 'erevious4-inf 

 

p. to 

  

Although, after staphyloc000al 	 nr both I nit  

and hypersensitivity are known to develop in 	 

see Elek 1959) s  no detailed infatuation is available about the 

effect of this* Ohmic* as the inflammatory rsspaas or the 

bacterial population in stephyl000ccal lesions of these animals 

This section describes the response to the injection of 

staphylococci in mice that had recovered fres pyrites 
staphyloc000al infection. 
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Mice that had been infected 2 to 3 tines t  suboutanscos 
injection of Staliiiy1cooce4s *kraus strain PS 80 abed with 

cancel dust, were used. About 4 weeks after the last injection 

the lesions had completely healed with seer formation are the 

sloe were ready for these investigations. They wee reinjected 

with 105  atapbylocooci of strain PS 80 mimed with cotton dust; 

care was taken to avoid the injeatice in the soar tissue 

(a) Lesion Score 

In the 'previously-infected" (P.1.) WM. given • 

dose of 105  PS 80, the lesions wtuse sill consisting mainly of 

swelling and. WS formation. 023.1y an occasional. maaamm showed 

snail sone of necrosis, 2 - 3 mm. in clinometer. The averages 

lesion score was 2.6. This value was based on the mean from 

18 nice used in three different everiments. In (=treats  control 

mine als•ye produced seem lesions mint& were diarsoterisad Igt 

necrosis and pus formation. The averagp lesion score varied 

between 44 and 4.8. The reduction in the lesion moor* in V.I.' 

nice was mainly due to pe,rtial neutralisation or MU necrosis. 

In view ot the reports that repeated staphylocoocal infection 

increases the ausomptittility of everinental animals" to 

etarkfloeocai (Jdunovsky 1958b, ,Thoneono Muff couch Corti 	I), 

twelve olio* were injected with Starhyl000ccoe smote strain PS 80 

nixed with cotton, at weekly interval ter 7 weeks. l'ho average 
lesion score after sac& inoculation is shown in table 7. In now 
of the repeat injections, was the severity of the lesion more then 



• 

1/21 2 3 4 
AGE (hr.) 

• 

/
• 

160 

140 

120 

100 

80 

60 

40 

--0 Control 

• P.I. 

• • 

• 20 

0 
24 

Mean oedema 
weight (mg.) 

Figure 41: The mean oedema weight of tissue to the subcutaneous 
injection of Staphylococcus aureus PS 80 mixed with 
cotton-dust in previously—infected (p.1.) and control mice. 



at the first injection« 

then aloe that had been injected previously with heat 

killed PS 80 were reinoculated with viable calla of PS 80 

there was no reduction in the severity of the lesion, a 

finding similar to that reported t' Noble (1965). 

(b) Fluid exudation 

The re- lation of fluid exudation with the animal's 

past experience with staph,yloc000al infection .is shown in 

figure 41. Bach point on the graph is the mean taken from 

4 mice. The oontrola were a group of mice that had beau 

injected with cotton and sterile nutrient 'broth 4 weeks previentayl 

they were reinoculated at the same time and with the same dose 

of PS SO as the 'P.1.' mice. This control was inclIaLeti in order 

to sake an allowance for ate possible alteration in the response 

of mice due to age aril the previous injsotion of notrient broth. 

In the 'P.1.' mice there was en early exudation of fluid which was 

evident half-an-hour after the illjeat3C12, Thereafter the fluid 

ecuadation went on increasing and at 24 haws there was a 

considerable amount of oedema. In contrast, in the control mice, 

the fluid exudation started after an initial delay of 1 hour,  

at 7 ani 24. hours the oedema was much less than in 'P.1.' mine.  

With the controls no study at half--an-hour was done however the 

injeotion of cotton and PS 80 in normal nice had always failed to 

elicit any exudation at half-am-hour in the previous experiments. 

Although the mean value for each paint on the grarh is based an 

4 mice, fluid exudation was evident at both half exit aae hour in 3 
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Figure l2: Two separate experiments showing the mean oedema weight of 
tissue in previously-infected mice to the subcutaneous 
injection of Staphylococcus aureus PS 80 mixed with cotton-dust. 
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Figure 43:  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 
cottondust. 
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Figure 42t: Bacterial counts in the lesion after the 

subcutaneous injection of Staphylococcus 
aureus strain PS 80 mixed with cotton-dust 
in previously-infected (Pa.) and control 
mice. 
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cut at 'P.1,' mice. Furthermore on two other oomesions 

'doe that had experienved previous euboutanseus staphy/oonocal 

infection, showed a simile" response to a soave intectiat 

(figure 42). With these studies no parallel controls were 
included. 

(o), lenzoogte c ation 

The *Pa.' sta. also responded with an accelerated 

leucocyte response (figure 43) • Leucocyte salvation at the 

injection site was notioeable at 3. hour and the infiltration 

at cotton began et 3 4. hams; by 7 hourst the entire cotton 

dust win infiltrated by leucocytes• On the other haul in the 

control mice, the emigration otf leucocyte was rot seen until 

after 2 hours and these leucocyte* remained at some distance 

from the edge of the cotton up to 4 haunt. It was 7 hours before 

any significant infiltration was seen sal even at 2# hours the 

central parts of the cotton ape revalued free of leucocyte** 

The histological sections also shooed that the tissue free 'P.1.' 

mice was much sore oedematous than in the controls. This 

fbrther supports the finding of an increased fluid exudation 

in mice with the past experience of staphylococcal infection* 

(d) Attoteriel ecucAs 

Par the bacterial °cunt* 113 dose of Pg so was 

injected and the restate are she= 3a MUM 44. Eadi point al 

the graph represents the seen from two sloe. The lover pent 

on the ordinate represents the sero..hour scant. In the IP.1.* 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.1.) and control mice. 



(a) 

(o) 

Fire 2+6: Vascular labelling 6 hours after the subcutaneous 
injection of Staphylococcus aureus strain PS 80 
mixed with cotton-dust. (a) previously-infected 
mice. (b) normal mice. 
Tissue cleared in glycerine, no stain, X40. 
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the initial drop in the mat was low' and persisted fore  
a 	period than the admiral After 4, hours, the *cunt 

started tieing but ceen at 7 hours it vies lower than the 

'initial is coubSO • There sae presumably a further drop 

in the bacterial population as at 24 hours the wort vas 

lower than at 7 hours. The growth rate of wool in (fispre 

45) p.3. WA* was 0,2Whour as oospared to 0.43/hour is ea 

controls 

(a) Igaikeibbaing 

The finding that the 'P.1.' sloe responded *ith an 

inooelerated irdlannateiny reaction to staphyl000ecal infection 

was further oorroborated by studying the deegr ee of vascular 

labelling after the intrevencos injeot•ion of Pelikeni-ink 

(see methods). The results are shoes in Table 8. In the 

*P.I.* sloe the vase u/st 10014   both at ft() I boor ant 24. 

hours was sore than in control siege At 6 hours there was a 

considerable amount at wesaaar labelling in 'Pa.' aloe in 

contrast to controls (Figure 46 *M. S4/44/A+17 etas at 24 

hours in the pa. Rios a large umber of blaokened blood vessels 

woe seen, it had almost disappeared in the control. antbOn 

started leaking out of blood weasels at 1 hour after the injection 

'1).1.* sloe and at 2 hours in the ccestrol sloe. These tines 

coinoide with the onset of lauacmyte emigration in the toe oases. 

Xt was mink/ the lergee else blcod-weaaele prinsuesbly vnynules 



Figure 14.7: Carbon labelling of large blood-vessels. Cleared 
unstained preparation. X250. 

Figure 48: Normal vascular pattern of the subcutaneous 
tissue of mouse, after the injection of ink-gelatine 
mixture. Cleared unstained preparation. X40. 
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Figure 49:  The mean oedema weiht of tissue to the subcutaneous injection of heat-killed 
Staphylococcus aureus PS 80 mixed with cotton-dust in previously-infected (P.1.) 
and control mice. 
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that were affected (f care 47)  to both the 411.01110  alantir 

blood weasels, presumably a/wills:Us were also blackenel to 

same extent. between l and 8 haus in the control Edo, ant 

threuitheut the period of inflammation in the 'PAO mctoe, Iu 
ceder to identify the ennles and capillaries the normal 

vascular pattern or the intboutaneces tissue is shown in figure 

48. 

(f) Rear to the ifixiectice of heettotkiled Stark)ucoccils 
ikuremi I'S 80.  

In order to find which antigen of the starbyl000cal 

aught possibly be responsible fcr the ac celerated inflassatcay 

responses  'F.1.* nice were injected with heat ailed rs 80 and 

their response wens scrutinised. in the next section their response 

to the injectice or alpahwtradn will also be described. 

In the *1).1.* sires  the exudation fluid was evident half 

en hour after the injection (figure 49). Hach point on the graph 

is the seen from 4. nice. During the first 3 haws after injection* 

alseet all the sloe showed the local exudation or fluid. For control 

normal sloe were injected with heat killed FS 80 end cotton. In 

these Rice the increase in tissue losight was discernible tely after 

3 hours. However the mean oedeemr-weig;mt* or the tissues at 7 
and 24 hours was not such different in the two cases. 

In the °F.1.* sices  the emigration of laucooytes was evident 

at half an hour; the cotton itself was infiltrated at 3 hers end tr 

21 haulm it was heavily infiltrated * leucocyte", 	 responses 



Wootton 614;11 Waal 
0 	) mixed 14th eqttqn 400  

Tim attar 
in,lootits (h) 

weight of wale* (as) 

 

P.3.. sift No. of 	Ccutro3. 
aloe 	aloe 	sift ' • 

6 *9 6 42.8 6 

694 6 42.8 6 

2 57.0 6 38.1 6 

106.8 6 90.7 



Imre elicited in the control nice except thatleueociftil 

enignition ommenoed at 1 hear after the inamotion. 

(g) Reap"nee to the iniection of *Ulm hats oho  

'Wellcome' brand alpha-haemoliain (0.16 units) was 

injected eulemitaneoUsAy mixed  with *cotton dust into V.10 

nice. The %vaults are show in Table 9. 

The degree of fluid mutation tended to be ator in the 

'P.1.' mice both 1.n the. early stages and at 2h hours then in the 

mime that had no past experience of artapktrl00000al infection. 

The histologf of the tissue resealed that in the P.1. Idea 

the emigration of leuookortes was detectable half en hour and 

infiltration ot" cotton started et 2 hours after inoculation; hif 

24 hours there was a massive infiltration of the entire cotton 

dust. On the other hi at. in the control "Lee in spite of serkr 

emigrations  the cotton was not infiltrated to exqf siSuitioant 

de 	r before 7 hours ant even at ra. hours con37 the peripheral 

parts of the cotton ware infiltrated 

ep.1.* riot showed evidence of limenity to donmeworotio 

offsets of alpha-toxin. "bile the control side shooed on average 

a son or necrosis 3.1 me. in diameter; in most uses the '1'.10 

nice had no necrosis end only rare); a pin point area or monde 

wnus 110014 
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6* PasOm* inirten nkoriaPite 

(a) Serum transfer 

The experimmtal re 

previous sections showed that 

at .tart yl000ccal infection 

described in the 

with past ,everience 

tad some degree of ,  • ' 

protection and aooelerated ileflammatea7 response to the 

injection of Stazobylecoocus serous  IS 80 and alpha toxin. It 
is Also lama that in local anaphylactic type or reaction 

mediated through s 	end characterised by wheal and flare 
there is aro immediate Immo* in vascular permeability 
(McMaster 1959). It was therefore decided to trustier the 

serum tree mice having past experience of saboutanscus 
staphylococcal infection with strain PS 80 to new mice tly 

',Totemic injection (see Methods) and to study their response 
to the subsequent in,i11004111 of 105  8tlatterloaxsoue surety' strain 

PS 80 mixed with cotton duet. 

(i) IddeiLESES 
Mild lodes ewe 

10,  viable units. The Dom. ec 
of 6 mice *ads was 5.0. The reduction in the save ity ofthe 

lesion was due to neutralisation of dermoneorotio effect 

(ii) fluid ensistisie 
The tissue weight Iwo estisated at 4,  

24 hours after the injection of 000ci. The results are shown in 
Table 20 Theo value for ea& period ms the mean from tour mien 



TtBIS 21 

he inaeotion P8 80 and cotton 

Tine after 
inaection or 
0000i (b) 

Weight of oedema ring (ag.) 

In UT%* recipient group In ooutrol group 
AMONININNOOMMININWar 

5.7 (0.2 to 19.3)* -6.0 (-16.7 to 3.9) 

1511..8 (220.9 to 27.2) 12247 (74.2 to 168.9) 

* * In heankets is the range of mean oedema weight 
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There me no evidence of fluid eetudsti on for the first too 

hours after the injection. However anky 2 of the 4 nice 

tested showed the lack of conviattas in the earl, period end 

no control was inched in the everieent. Next a group of 

untreated sloe were also injected with PS SO nixed with' 

cotton at the tine of inoculation of set a treated nice. The 

reeult,ie shown in Table U. Again the values for each point 

are the wean from four  mice. All the four aim that received 

serum showed sane exudation of fluid at half an hour. In 

contrast all the control nice showed little ox nc Mid 

exudation at this stage. If:24 hours the eons treated gra* 

showed 38% more oedema fluid in the lesion than the control 

group• The range of seen oedema wilt: also indicates that the 

difference between seem treated and control mice seer be real. 

Leucoarte misration 

The emigration of le 	tear was detected at 

2 hours and the cotton itself showed saw evidence of infiltration 

even at this tine. This is in marked contrast to control mice 

where the infiltration of cotton was not seen until 7 hours after 

inoculation, althougtt the leucocyte emigration was evident at 2 

hours. 

Aftefteriel count 

The masts of viable *owl in the Unica is shown 

in fib a 	for the sake of oreparisone the bacteria counts 

in the lesions of untreated nice are also inobaded. Each point an 



.111 L 	4024 	Ismer  Jo 	ItIMCO eV" 	
IMMO 

latiott.O.Via wo lump (51 asrE 

LOt z cat s C 	Or0 zug = cpg tot x era en xra•C 

dloal 
90T x 65•Z of x rig c4r0 zat z irc 	cOr 	et x 95 MIMS 

MIMS 

 

toxpeo tatiman 

 

,P2  Litegt UT nUro30  rivelcog 

  

gnea 



0 

Control,. • 

Serum 
treatment 

o 

ee
•  

• 
0 

a 	• 

0 

• 

- 

5X107• BACTERIAL
COUNTS 

0 

107  

• 

106  

105  

104  

103  

a 	a 	I 	 I 

1 2 3 4 	7 	24 
Figure 51: 	AGE (hr.) 
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then 	is the ere 	tcor Rios. The scants in the 
lissions et both the groups ware 'oftener except that the 

soma treated grasp *hewed a greater izdtial drop at 2 have, 

Wilds perhaps amounted for slightly.  lower counts aabeequently 

in their lesions. The growth rata (NM. 	of cocci 

*sus same in both the groups (Table 12). 

(b) rifFrarn4F141. o]s tote 
Sinai it has been reported that in the tteberaain 

type of liyperreensitivity reef:Wane mediated through cella there 

is an increase in vascular permeability midst is masdaus at 24 

hews otter injection (Vgisin ant Mullet 1960), I decided to 

transfer lyzwil node sells from mice having past experience of 

subcutaneous staphylococcal infection with the strain PS 80, to 

new mice (see Netbods). The response et these treated mice to 

the injection at Still:styli:m:1m auras"  le 80 and *attic is WI 

reported. In theme experiments' ally mall numbers of sine Tore 

used beanie* of scarcity of time ard materials, theraftre the 

conclusions may not have the sow validity as in earlier experiments. 

ides that had received the 3ymph node calla showed Teri 

severs lesions after the injection of stsiphyloc000l. The bolas 

sere characterised * large areas of necrosis. The average diameter 

ot necrotic mace after an in4ection of lf# dome of PS 60 we 6.2 sae 

and the average lesion wore w 4.4. Six control Wes injected at 

the sane time with the sees daze had on average a neurotic soar of 



No. 
Do*

80
Of 

PS  
Oodoos weight' (114 

iroph node No. of col No. of 
treated nice siee nios eine 

8.3 s 20 5.26 103  

5.16 x 10  

2.33 304  

4.25 z 10‘ lymph node cells 
recipient 

1 	2.5 z 305 	67.3 	85.3 
(35.7 t40 115.3)* 4 (73.8 to 114:0) 

2 104  55.1 	 97.3. 
(-0.4 to 994) 4 (59.7 to 118.3) 4 

* 11  In brackets is the rano or amen oedema weight 

DELA 
Bacterial mutts in the lesiva ear in3 

taFirrIcoseoems gonzloo PS 80 

Group 	 Initial eaunt 
7 hr. 

et 
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2.2 em. in diameter and a 	of 3.6. The sine 

given kyaph node cells thus showed an evidence of increased 

susoeptibiliter to staphylococcal infection. 

Fluid oxidation and Imueogyte count rare estimated only 

at 24 hours after the inocalation of cocci. A group of 

untreated mime were also included as 	+am. The sloe 

receiving lymph node cells showed no evidence of increased 

fluid 1*n:dation at 21, hours; indeed their lesions were 

leas oedematous than in the mama Rios (Table 13). 

In the histological stations of the lesica at 24 hours, 

both with the 10 end the 105  doge at PS 80, there was only 

slight leiltration of the cotton dust by leumocytes. Only the 

peripheral parts of cotton wen infiltrated and at plains the 

leucocyte* even remained awl fro: the edge of the aotten, There 

is no data about the leucocyte emigration in the early period 

in the lymph node cell treated mice, but the 24 hear response was 

like that associated with virulence. For example, as already 

described, with very large doe* of PS 8o (11P) in mama nice* 

there was a similar leucocyte response at 24 hairs and same 

lesions. In ailietreata  in the untreated mice, with both the Id* 

and the 105  dose of PS 80, there was a heavy infiltration of the 

entire cotton dust by isuoaqytes at 24 hours, 

Seven and tweextreour hair viable ocants in the lesions are 

shown in Table 14. A group of natraated rice atria included as 

acntrels. Each value is the mean taken from two mice. The 

bacterial counts were Moiler in the two grows. 



Pla  

Deem or 
PS 80 

Average Mean Oedema In 	'of 
lesion 'might at 	cotton 11.7 
Wee 	 .(es) lenoolvtee at 

21. hr. 

control 	7.75 * 105 	 128.5 

Treated with 
kin& nog. 7.75 x 10 	2.5 	1274 
cells + serum 

Strain No. of 
aloe 

Average Union *owe 
First injection Seared injectim 

3532 6 5.0 3.2 
Orbaoh 6 5.6 3.5 
Smith 32 2.6 2.5 
Wood 1.6 32 2.2 2..g 
Weed 2.1 2.3 
PS 83A 

6 
6 2.0 20 

X alwious 2.0 2.2 
278 6 1.6 1.8 



(a) Ammeter ft 	node cells ssl ems 

esperiment wr s devised in 'aid* the litre lore 
given not only irspit moils sans but also serum from *Pa.* 40*. 
each mouse was Oven 320 million Vs* node cells and 0.25 el. 

of serum by the intravenous route. lighteem hours later 
these *lest  together with a group or untreated ace, were 
injected with a 3115  dose it ingsbantesejense FS 80 in (often 

dust. The renal is main in Table 15. The twice sooty is an 

average from &slice each. The lesions produced in the treated 
mice were slid in severity. The average laden score in the 
treated sloe was 2.5 as wavered to 4.4 in the control mice. 

The value of oedema weight in each group is the mean from fear 

mice. There was as creidenoe et an inureased exudation fluid 

in the 24 hour old 101110011 of treated nice. aosever. as already.  

described *P.1.0  Ace had shown greater mulattoes of flula at 

24 hours than the centrals. There was a heavy infiltration of 

the cotton dust ty des at 24 hours as in the control mice. 

So tar the response at the mice to relegation with 

the strain (IS 80) used fez the prissily infection has been 
&earthed. It mas decided to investigate the response of 

previously infected mum to reinjection with a number at different 

strains of. staphylococci (Table 16 and V). In these experiments 

also a man amber of sloe were used thereforui the oonelusions 



Strain used 
for previous 
infection 

No. at 
nice 

Average lesion. 
SOOTS after the 
injection cdr 
PS 80 in the 
'P.1.' aloe 

suppression 
or lesion 
$40111 in *P .1.* 
sloe as =Tared 
to oontrol 

,Contra 
listen score to ms doze 

Ps so In 
untrentel 

Rios 

Ostaoh 6 3.0 40 5.0 

Smith 6 442 26 5.0 

Wood 46 6 4.3 24 5.0 
!toad 46 6 3 al 33 3.6 

PS 83A 6 5.0 
Ward 2.6 25 34 

278 6 3.5 3 3.6 



nay not have the ease validity as in earlier seations 
(a) Ha 	is reinfection 

The results ex's shown in table 16. ifigease- 
virulent' strains lib, 1551 and attach, ehieh prod nod severe 

lido= at the tine of first injection, essferred sass degree 

or protection to reinjeation with the h000logoas strain. As 
described earlier it was mainly a protection spinet the aids 

necrosis that led to a reduction in the severity of the 

lesion as soared. The rest of the strains, which were *poor-
lesion* producers, did not confer any significant degree at 

protection against reinjeciti, on with the s strain. 

(b) Heteroleacus lea tion 

Table 17 she= the ware. lesion score after the 

injection of StAillocleaute roma strain PS 80 into aim that 

had a previous subiedtareous Wont= with a heterologeue 
strain of staphylococci. The value for the centre' is the memos 
lesion may in the =tweeted sloe given the sone dose of 

PS ea them h the *central figure Ilia not always derived from 

sine reinjected os the some day. The maxims reduction in 

=verity at lesion after reinjection loss seen is sine that 

had previous infection with Orbitals - a secaupe.airtgeat• 
strain. Of the rest of the strains, only the infection with 
Smith, Wood 46 and Ward iniuoked a slight reduction in the severity 

of the lesion to subsequent injection of PS BO. However, sloe 



TAKE 18 

with a heterolosous strain.  

Two past No. of 
injections molt

with 

Amoroso lesion 
some alter 
PS 80 injection 
in 'p.1.' lamp 

% Suppression 
Or Union 
soon in *Pa.* 
sloe se 
oasiered to 

oontrols 

SSaret 
Casparablo lesion 
sooty to sass dose 
ot TS 80 th 
untreated sic*. 

278 32 2.3 4.8 

M atria= 6 3.4 29 4.8 

Stith 2.4 50 4.8 

2.3 3.6 

'Wool 46 6 3.2 21 3.6 
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Figure 52: The mean oedema weight of tissue after the subcutaneous injection of 
Staphylococcus aureus  PS 80 mixed with cotton-dust in mice previously-infected 
CP.1.) twice with strain 278 and control mice. 
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that heed too preview infeetieme with a speor-lesimoo 

producing strain, exhibited some reduction% in the 

severity of lesion to Shelling, with PS 80 (Table WO. 

Strain 278, *hick is a micreecocusi  also conferred some 

donee of proteotion against Ettarirrlococcus wpm PS 80, 

elthcue% the strain 278 fails to pridare either delta cor 

alpha hasealysin IA vitro. Therefore the inflammatory 

response after injection% of PS. BO wee studied in aloe that 

had had two previous auboutansous in.leotion or 278. "Uwe 52 

shows the tissue veilbte. Each point en the graph is the mean 

fano I. mice. There ems an early exudation of fluid *tab 

became evident halt as hour after in art:tau All the four nice 

tested at this time shooed fluid imitation. The oedema esieht 

varied free 3 to 38 mg. in these sloes This was folland bri,  a 

rhos* in vial* there was r fluid eeudationj thereafter the 

exudation of fluid went on increaaing aid at 21s hours the lesions 

Were very coedmmatges. Per comparison the response of 

untreated mice to the injection of PS 80 is also shown in the 
graph. Thus the nice that had previous infeaticet with 278 showed. 

en sail as well as aeoslarsted 	tion at fluid. Histology of 

the lesion revealed that a digratiaa of letnenlytes started two 

hours after the inleations oaten began to be infiltrated et 

raw hours. However tr 7 hours only the periOseral parts of the 

cotton was Infiltrateis the entire cotton dust was seen to be 

infiltrated only at * hours. 

In view at the finding that strains of staphylococci that 



without oolohleine treat  

Colctiolne treated aloe 

 

Control aloe 

   

   

No. of' Average lesion edianoenent No. or 	Average 
aloe 	1111001, 	Or 111411011 	11100 

MOM 

 

a. 
asewered to .  

controls 

Ward 6 3.0 43 6 2.1 

Wood 46 6 90 6 2.1 

rs 83A 6 32 6 2.5 

278 6 2.0 33 6 1.5 



Uig 	 arm induoad the maxis= degree 

of protection in sloe spinet reinfection. it was decided 

to try to enhance the severity of the lesions prodammel tpr 
strains like PS 83A and Wood 48 which are 'poor-lesion* 

producers bar treating them with colthicine (ass Wotholl4. 

In the zest section a detailed description, of the sad a-

intlanaat action at oolchiatne will be Oxen. The 

average 1esior snare in the each-  icing treated and cmettrol 

mice after 	 injection of cocci is shore in table 19. 

The lesions were grea  tly enhanced 113 the ease of wool 46.  
Woos 48 produced large quantities of alpha train and delta 

Ueda in vitro. Althaush strains PS 63A end Ward also 

produced alpha as well as delta hassollysin in vitro, their 

lesions were not enhanced to that extent. Strain 278 proluce8 

neither of these haemAysine and its lesions way also not much 

enhanced. When oolchicine treated mice had recovered from the 

subcutaneous infection with Ward or Wood 481 the/ were  rett4ect 

boutansousZy with PS 80 and cotton* The 3esion soar. to 

dose of PS 80 was 4.5 in the case at Wart and 4.0 in the case of 

Wood 46. Thus there was no evidence of au incrossed resistance 

to reinfection with ES 80 in these sloe even after sc.e 

enhancement of the first inteotice. 

8. The effect of lientIreflinc  

This section describes the effect of a umber of anti• 

irirlassataq drugs (see Methods) on the two components of inflammation 



=W 

Control 	5 
Cortisone acetate 6 

1 Betemethasone 	5 discdium phosphato 
pexamethassme-21. , 
• phoephate diacdit 

salt 

14.48(.41.4. to 24.6)* 9.3(7.3 to 10.8)* 
11.3 (-254 to 44.4) 9.4(6.9 to 11.0 
-0.4 (-30.7 to 35.4) 7.1(2.8 to 9.7) 

(- 1.6 to 47.6) 8.7( 6 to 11.8) 

2 
Ccatrol 

Butasolidin 
Prednisolons 

5 
5 
5 

7.4 
8.3 

disodium phosphate 

( 9.3 to 240.1) 214(9.9 to 14.0) 
(434 to 52.2) 7.9(6.0 to 11.9) 
( 1.5 to 43.2) 8.5(5.2 to 114) 

Control 
3 Sodium enli 

4. 	11.7 (4* 7.6 to 32.8) 8.8( 5.6 to 104) 
4 	7.9 (- 9.0 to 25.4) 3.8(Ccitton  

blue to 8.0) 

65.3 (42.3 to 79.0 23.7(10.9 to 35.8) 
384 (47.3 to 50.7) 7.7(5.0 to 314 

Soli= saligylato 4 	36.6 (10.4 to 46.5) 124(94 to 34.9) 

Control 	6 

5  AChlorpromazine 
crid! 	5 

Quinine kdrochlaride5 
Col .chicine 	5 

14.8 (23.0 to 66.4.) 13.3(114 to 15.0) 

39.3 ( 6.3 to 79.3) 12.6(8.9 to 21.3) 
46.7 (31.8 to 65.7) 35.5(104 to 16.9) 
30.3 (.4.4 to 32.3) 8.7(7.7 to 9.7) 

Control 
6  IrdaiettukaIn 

4 	18.5 (16.0 to 20.2) 
4 	25.6 ( 2.9 to 60.6) S 

• re In is 	the range cd' MOM oedema weight ani mean blur 
diameter in the mice tested is given. 

ig not tested 
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and the lesion produced to,  atiasylassmang strain PS 80. 

Hamm. this is an37 a ;relining*, stud, and sale of the 

results are difficult to interpret prebably duo to seseU 
number of ordinals used and due to the fact that vow little is 

known about the mode of action of these drugs. lisrvertheless. 

the results are reported as they' were aonsidered to be or some 
dipertanass. Pla.dd anxieties' and the emigration of leucocyte," 

into the lesion were estimated at enky one time. namely 4. her 
after inoculation except in the mice treated with indomethaoin• 

where the infieseatory response 24 hours after the injection 

ins also studied. The response at 4 hours was diesels for 
study, because of the evidence that in experimental bacterial 

infections most of the reactions determining the ultimate alma 

of the long lesion are oomplete in lr - 5 hairs =Miles, Wiles 
ewe hark* 1957). In all experiments allroup 0' untreated else 

ware inoluded as controls. The various anti-inflasmatary drugs 

were tested in separate eogariments. 

(a) Fluid ausietioss 

The oedema weeigAt in the lesions of drug treated mice 

west compared with the oedema weight in controls. the detailed 

results are given in Table 20. As in ea* groop entr small 
:amber of animals wen used and 'doe within aor group often abased 

• great variation in the sedges weight of the tissue* vow few 

different*, between the seen Oedema weight of drug-treated eta 



<cia 
Dexamethasam-2.1 

disclaim salt <0.3. 

Huts ©Udsn  
2 	Prednisolone aeon= 

Pho*Ode 

Sodium salt 	 0.68 

4. 
	Colchicine 	 , 0.29 

Bonus salimIate 	 0•57 

0012 

0.23 

lorprceasins 
hparacttleride 	 ' 0.94 

Quinine bydroohloride 	 1.1 
Colchiciihe 	 0.25 



Control 

1 
Sodium salictylato 

 

butasolidin 

5ri 

196 
	

0•38 

237 
	 0.46 

Total loscoartit 
Vreated slop 4 h fix' the 

OAP 78  f9* 

 

frgtice 9r fts 
rtdmhsigootrag aureus 

 

 

Exp. 
No. Treatment 

 

Total lou 	Ism000yto ' 
count in dxug 
treated mice 
as ratio of 
counts in controls 

  

r 	 

 

VIIMINIMI011011110011.11111111161111011,  

   

319 
104. 	 0.33 
289 	 0.90 
1499 	 1.43 
51)) 	 1.62 

1.44 

Control 	 456 
2 	prednisount disoditaa phosphite 208 

	
0.46 

Sodium salioglate 	 647 
	

144 

Control 	 227 
Itdonethaoin 	 29T 

	
1.30 

Control 
Dexamethasans-21 

disodka salt 
TJetamethasona di Oi 1i wu 

rilosithete 
Cortisone &estate 



control mice .were 	 fioaut. 3n tale ,them 	tits  
of oedema weisAt in the drug treated mice are rapeseed as 

ratio of the oedema weight in the oontrols. A ratio or 0.5 

Cr less was arbitrarily regarded as indicative of a reduction 

in the fluid foaidation 4 hours after the in ilection 

staphyloocood. 

Of the drugs tested oolohiaine, butasolidin, betamettuusone. 

d.er 	and preardsolone gave oedema weights which had a 

ratio of 0.5 or lass to the controls. Although there was also 

a suggestion of some soppression of fhb onsiLiztion in nic 

treated with cortisone or sodium saliqylato the =doe weight 

always had a ratio at more than 0.5 to the ecntrols. Treatment 

of nice with oblonromesine or quinine Mailed to suppress the 

fluid exudation. Sivilerly endomethacin treatment had no effect 

on fluid exudation either at 4 or 24 hours after the injection 

or cocci. The oedema weight of the tissue in indonethacin 

treated mice 24, hours after the inoculation of connives 82.3 sei 

the weight in the untreated mice at the same thieve,* 302.1 mg. 

(b) thatuncyte exult 

The results of leu000yte counts are she in Table 22.  
Each value represents the mean from the histological preparations 

of two nice and in eadh tissue motion the counts were done in 

3 to 4. fields. Again, it the drugs that reduce the leuonwte 

omult to half or leas of the control are regarded as suppressing 

the leucocyte emigration, aaar aolchicanes  cortisone. prednieolones 

betamethasone and dexamethasone could be considered as effective. 



PFLE  

Stoutly 	 in sic" atter the adninistratkin 
tory drum 

NaltP• Tarsals*** 
Roo 

	

No« Average Wean 	Neon 
miss lesion diameter diameter 

score 	 car necrosis 
ameroals in tristiel 

	

) 	sine as ratio 
or dimmetirr 
in emotrials 

1 

Caatrol 
cuirdas bydroottlarids 
Chlorpromazine 

kniroohlerids 
Begone disc lias 

Phenelatio 
Dexamethaaons-230-

phosphate disodba 
salt 

Butimoltdin 
Cortisone acetate 
Pradnisoloro &twits*" 

phosAate 

6 

6 

6 

6 

6 
6 

6 

4.8 
4.0 

4.3 

4.6 

5.3 

5.3 
5.1 

5.6 

4.2 
2.8 

3.1 

5.7 

6.2 

8.7 
8.9 

9.5 

0.66 

0.7 

1.4 

1.5 

2.1 
2.1 

2.3 

2 
Control 
Salim salisylate 6 

3.5 
4.8 
5.8 

2.2 
6.1 
9.8 

2.8 
4.4 

3 Control 
Wins salisOate 

6 
6 

3.0 1.3 
3.5 2.7 

14. 
Control 
laviosethaoin 

6 
6 

3.8 
4.5 

VONA, 

2,8 

4+5 
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(c0 jadiaLten 

The severity at the staphylococcal lesion after 

the administration of various drugs was evaluated 21, and 48 hr. 

after the injection of °owl and the results are shoWn in table 

23. In all eases the highs lesion some was due to a bigger 

sane of necrosis than in control mice. A better estimate at 

the lease enhanoement was therefore obtained,t, measuring 

the seen diameter of =arctic, lesion. The memo disaster of 

nedrOldi in the drug treated mice is also expressed as ratio 

ar mean diameter of nearatio lesion in controls (table 23). 

Apart from cttlorpramasine and Quinine hydrochloride, all 

the drugs tested enhanoed the severity of lesdene to some extant.  

Romover if only the drugs producing an area of necrosis tic tines 

or more of the ccertrols are regarded as enhancing the lesion 

severity then only cortisone, prednisolone, butasolidin, sodium 

salicylate ard oalcticint were able to ediance the severity of 

stapbylococcel lesions. The lesions in mice treated with 

dionmethasone and betasethasona core rahanced 1.5 aid 1.1. taws 

or controls respectively. It is noteworthy that o' the roar 

oorticostercdde tested betamethaime and dexamethasone had 

reduced the fluid exudation and leucocyte emigration to a greater 

extent than aortic:es asd prednisolcos and yet the staphylococcal 

lesions in both dexamethasone or 	trested mice were 

manor than in the mice treated with cortisone Or prods solcus• 

It may be that the enhanomeent of etephyl000mal lesions 

cortieceterolde is not solely due to 111144111111114181 at inflammations 



The effect of lopti-knfkalanatorY amp co 

 

leeottelga 

  

Snhencement Reduotion ReductIcn 
or 	In 	In 

lesion 	filszta 
	

leucocyte 
exudation critration 

Cortisone acetate 

Prednisobarie asodium 
phosphate 

Seto aeon disodium 
phosphite 

becramethasons,2bate, 
disodium snit 

Butasolidin 

Colchioine 

Sodium sulicylate 	 Olt 

Indomethscin 	 Mt 
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(a) Relation ce 	acovonents at inflaveation  
1,14MI  

The Wefts at the anti-infliumatory da are 

summarised in table a CU the bends of the drawl& a redLiction 

in the tee components of inflammation end meet in the 

lesion severity already described. c the drugs tested 

chlorpromasine. quinine an indomethacdn affected neither 
eamponents of inflammation at 1r hoar ta' the erverity at the lesions 
Sodium ealloylate tailed to reduce either of the two components 

of ialamatien in the doss toed far the experiment. yet it 

*reamed the ..verity of lesicn• HOPSVOr *olive salicylate had 

shown sew ream/time (641% ar the control) in the fltdd exudation ,  

and if largpr number at mice 'ere used in the experiment the 

results might have been mere valid. or the four corticosteroide 

tested, cortisone reduced leucocyte emigration without reduodng 
the fluid exueatien. whiles betasethasoce, dexemethaecne 
prednsolone reduced both the eampanants eef inflasmation yet 
only cortisone and gredelsoloos ivere able to produce the lesions 

twice or sore as !dg as the mantras* Romer rem with 
dexamethasene and betemethasone the lesicoe were slightly bigger 

than in COntrols. Coldsicine reduced both the comments of 

infleasation and also =hewed the lesion. Datasolidin redumel 

fluid exudation without affecting leucocyte emigration and 

increased the lesion severity. 

In an attempt to descostrate the relation of the 	severity 

in the drug-treated nos to the t cceponents of the inflaresstory 
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4 0.2 

0 1.6 
Figure 53:  The effect of anti-inflammatory drugs on the two components of inflammation and the severity of 

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



The relat 
with the 

WW2 

Dose of 
P5 80 

Cortisone treated sloe 	Control aloe 

 

	

No. of Average 	Mean 	No. or Average Neon 
nice 	lesion 	diameter 	mice lesion diameter 

score at 	 soma of 
nearosis(a) 	 necnvels(ns) 

6 x 105  6 5.1 0,9' 6 4.8 4.2 

5.6 x 204 6 5.3 9.1 6 3.6 4.2 

3.66x 105  6 2.8 • 6 2.5 s 

9 :102 6 0.5 nil 6 2.5 <1.0 

• in Of the 6 sloe tested only too allowed necrosis, 
cd. 4.6 an aM 32.8 an in diameter respeatively 

s a Of the 6 mice tested only coe shored a necrotic 
sans or 2 on in disaster 



reaetion measured. the data mere Plotted in the farm or a 
63 dimensicier 'pa* (tiore 53). The tee abeadssea are (1) 
the mean oedema weight in esperieents as ratio of the mos 

oedema wet** is ocestrole sal (2) the leucocyte count in 
experiment' as ratio at the owns in earstrols. The height of 

the blocks represents diameter et mesposis in drug treated sloe 
as ratio of diseetir of necrosis in controls. 

The drugs slimming the staphylocoocal lesion reduced con 
cams both of the °components et inflammation except sodium selitylate 
ehich did not endues a  of the savonents et starsbylocasecal 

inflammation at 4. hours yet led to a timer /Asian than the 
controls. 

These observations suggested that 	the anti-inflaseatary 

activity. these drugs say have metabolic ar some other effects 

velich 	atoms the stapteriogeocia laden* That this sky 

veil be true was suggested tr the fact the* the action of cortisone 
&estate in *chancing the severity of lesion seemed to be dependent 

en the number of staphylococci injected. With law dose of PS 60, 
cortisone treatment either failed to enhance the lesion severity 

or even gave rise to smaller lesions than in the control mice 

(Table 25). ' With hi* dose of PS 00 (Id+  - 10) the cortisone 

treated mice shooed large areas of necrosis sal a higher lesion 
score than the control. With 10 doses the aver, lesion wore 

in the ocatisone treated animals ems due iesiely to tee aloe cot of 

6 tested. With the lasest does (302) the, lesion acme in cortisone 

treated mice was mesh lower than in the ecatroli 



rwatod and  
wrens 

2 	Itoto-or 	 
growth 
Wixsar 

	

Tperu.t_ 	Ei 	Ett, 

	

7 br. 	24 hr. 

not 

1.68 z 

2.81 x 

x3 

4.67 x 103  

9.3 x 202  

0.51 

0.40 

0.40 

2.41 x 107  5.91 x 107  

5.6 x 205  1.95 x 107  

1.83 x 205  1.68 x 107  

344 x 104  

8.5 2103  

43 x 103  

3.91 x 30 

2.352 304  

645 z 102  

043 

0.43. 

0.29 

1.98 * 3g 1.432 148  
2.86 x 106  2.6 x347  

1475 x 	7+49 x 147  

x343  2.28 x 20 0 2.5 s2 3.09 x 107  

1.9 '  x 103  3.5 zr 102  0.40 3.4 z I 348 at 107 

Trwataant 
doom 

4.0 x 105  

No 
Control 3.0 x 

3.83 x103  

2.5 x 203  

Cortisone 5.33 z 104  

5.66 x 103  

Colohlolne 6.0 z 10 

Notasolitlin 744 x 103  
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Figure 54: Bacterial counts in the lesion of cortisone 

treated mice given different inocula of 
Staphylococcus aureus strain PS 80 mixed with 
cotton-dust. 
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Figure 55; Growth curves of cocci in the lesion after 

subcutaneous injection of varying doses of 
Staphylococcus aureus strain PS 80 mixed 
with cotton-dust in cortisone treated mice. 
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Bacterial counts in the lesion after subcutaneous injection of 
Staphylococcus aureus strain PS 80 mixed with cotton-dust in 
coichicine and butazolidin treated and control mice. 



1031. 

102  

Figure 57: 

0 

2 	4 
AGE (hr.) 

• 

• 

5 X107-  BACTERIAL 
COUNTS 

107  

106  

i05  

• 

• 

104  O iS  I'  

• 
.0. 	Kor 

• 
/ ./ cy 

/ 
P 

/ / AN.  

/ 
• 1 / • 
/  

♦ • 

a 

7 	24 

Growth curves of cocci in the lesion after the subcutaneous injection 
of Statihvlococcus aureus  strain PS 80 mixed with cotton-dust in 
colchicine and butazolidin treated and control mice. 



(s) Beat ci 
Bacterial counts in the lesions were done in 

oortiecone#  butasolidin and colchicine treated mice. The 

results are sham in figures 54 to 57 end table 28. The 

table also sheers the benterial mints in the lesion moor 

untreated sloe for the sake or ompari eon. lesh point on 

the graph represents the mean from two mioe. As the action 

of ocetiecee in scheming the lesion severity was Stand to be 

dependent on the Tauber of starhylooccat injentea. bacterial 

*aunts in oortiacms-treated mice were d after injecting 

varying umbers of I 80. With colohiaine and butasolidin 

the baeterial mulcts of the lesion mire does only with an 

oristnal dose' of 105  Stmkr2comous soaecyssr 'train PS 80#  because 

as alree4 described in earlier experiments the difference* in 

growth patterns of moot weev best revealed at this dome. 

It is noteworthy that in all coma the bacterial mints 

in the drug treated mice usia sdatlar to them NAM in the 

Usti= of °antral edam except with the X) doe, in cortisone 

treated Rios, where the rate of growth or mod per hr (I r) 

vas 0.29 as ocapared to 0.110 in oentrole. At 24 hours the 

'bacterial octants were very similar in all eases irrespective at 

treatment or deem of PS 80. 

9. 	 o% 7,17thefflot ta:r1-14Clases. 	tom 	onkyraulri,,roircriten 

As already described many of the drugs tested increased the 

severity of the staphylomboat lesion arit it emeed palmlike that 
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bp. 
No. 

Trsatsent at 
first lewd= 

No. ar 
arise 

*fens" 
lesion moors 

1st intooti 
(Ps 8010) 

2n1 Wootton 
Ira 8o 305) 

1 

Sens ,(santrol) 

Quinine bydrodOssids 	6 

Chlarinosasine Nydroohlarida 6 

Ztfatenethasene Alsatian 	6 
11168Phati 

cortisone mutat* 	6 

Dostareth
ise  
asces.21-Thaegtate 	6 

d 	dSms salt 

asalidin 	 6 

'reanimates dim:dim 
stailhate 

4.8 
444 

1.4  
44 

5.1 
54 

54 

5.6 

34 
2.6 
3.2 
2.6 
2.3 

2.8 

2.6 

2 
Nom Loontsal) 
saute salteylate 
Caloaielns 

6 
6 

3.5  

4.6 
5.8 



Lesion score 
2nd. infection 

1 
	

2 
	

3 
	

4 

Lesion score 1st. infection 
Figure 58: Correlation of lesion score after the first infection with the 

lesion score after the second infection with Staphylococcus 
aureus strain FS 80 mixed with cotton-dust. 



IV? 

the greater lesions al** has induced better ineunisation 

of the sloe against staphyl000cci. However. IMMO of the 

drugs tested ars also olaimed to alter the imannologioal 

response of animals. .Therefore the severity ot lesion 

after reinfection of R3 80 in mice that bad rewired the 

amass at the tie, of first infection was einediel. The 

result is shown in table 27. The seen disaster of necrosis 

is not shoes as in many oases after the wool infectimi 

there wee only a pirrpoint area or necrosis and it was 

difficult to measure the nearotio sae with any &murex" 

The glee that had been treated at the time of rivet 

infection with the drugs like certisone. preitmisolons addlicing 

butasolidin and sodium audio:Oats. "fact =hews the bestow 

ahcmed loss severe lesions that ocettrole after the mecca 

injection or staphylococci. Eowever the treatment with drugs 

like chlorpraissire and denmethasone at the time of first 

infection also reduced the lesion severity to the swore injection 

of staphyl000cci. 

Figure 38 shows the correlation of lesion soars at the time 

of first infection with the logics ware at the Use of second 

irdaction. The points. thou* scattered, tend to fall around a 

straight lines in ginerel a greater lesion score at the time of 

first infection was asseelatod with a lamer lesion some after the 

second injeetiat of ste;phylococoi• 

TOP +Oast of anti-inilsimatog drule .ureviouelv jinteCteds 
Aft, 

As spreviouslyi•infectedo sloe eghibited accelerated 



E2p. Treatment 
No. 

No. of A 	Average Diameter of 
nice leeion diameter necrosis as 

score 	of 	ratio of 
necroels diameter of 

asa. 	necrosis in 
centrals 

1 

=tans (control) 	6 

Colchicine 	 6 

Putazolislin 	 6 

So li= *alienate 	6 
Quinine hydrochloride 	6 

Chlorpromasine bydrochloride6 

2.6 

3.0 

3.0 

2.0 

2.0 

3.1 

0.9 

1.4 
1.4 

0.5..  
0.70 

1.6 

1.5 

1.5 

0.5 

0.7 

1.7 
Prednisolone disodium 

phosphate 6 2.4 0.6 0.7 

(control) 6 2.5 0.6 

Cortisone aoetate 6 5.1 6.3 10.5 
2 Betamethasone discdium 

phosphate ' 6 4.0 2.3 3.8 
Dexamethasane-21-phosphate 

disodium salt 6 4.3 4.6 7.6 

3 
None (control) 6 2.7 0.5 
Irdamethacin 6 3.1 1.2 2.4 
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The effect of inflamatary drum cen in .trevieultly-inferted 

 

miee to the rein4eeti st atm:brume= PS 

 

Rep. Treatment 
No. 

lean Oedema 
weight as ratio 
at oedema weight 
in controls 

Mast (antra) 
Caddell* 
	

6 
Bataanlidln 
	

6 
3. 	Fedi= salloylate 

Quinine by'drochlcride 
Chlorprousine hydrochloride 6 
Proclaim:lone diaodium SILOS-. 6 

phate 

50.3(21.5 to 7640 
27.40.3 to 524 
104(2.8 to 18.6) 
27.3(13.4 to 36.9) 
220( 8.0 to 50.2) 
4.9.4(25.8 to1o5.1) 
34.8( -23 42 to 81.0  

27 	35.4 to 39.8)* 
3.2•5( 9.4 to 1406) 0.54 
94( 6.4 to 334 0.2 

1045( 704 to 22.6) osilk  
9.5( 74 to 13.4) 0.5 

15.5(22.9 to 184 0.93 
10.9( 8.3 to 344) 0.70 

ROM (control) 
Ccertieone aostate 
Betamthaeone dieedlue 

2 	 phospbato 
Desamathasene-21-phosphato 

await= salt 

6 	35.3( 1.6 to 87.8) 9.1.8( 7.4 to 21.6) 
6 	23.0(-0.2 to 53.4) 22•38( 8.9 to 14.9) 

39.6(-5.5 to 15.1) 11.32( 9.3 to 144) 1.1 

6 	20.3( 4.4 to 39.6) 10.68( 7.4 to 12.4) 

* a The range at mean oedema might and wen blur diameter is given in hrsaist 



inflammatory responee and pr of 	against skin nearomis 

after the reinjoetion of stepityloammd., it mem decdAed to 

study the effect of treating suck WA. with anti-inflammatory 

drugs at the time of second imfiotioTi. otiose that had had a 

previous subcutaneous stalbainc000al infection with the 

strain PS 80 were treated with antioduflassatary drugs 

(a) Lester' moan 

The average lexical some and mean diameter of 

=parade in spreviously-infeotedi Moe after the reinjection 

of !s,tashyl000ccus mites, PS 80 ma drag treatment is shoes in 

table 28. Of the drags tested cortisone, betamethaeons, 

denmethasone and indasathacin samenosd the severity or lesions 

on the criteria that the diameter of necrosis in these drug 

treated sloe was more than double of the controls. The mccimum 

enhanosment was sees after treatment with cortisone, betaseethasone 

and dexamethamane when lesion 4. to 10 limes bigger than controls 

were produoed. 

(b)  

Thom result of fluid exudation 4. haws after the injection 

of PS 80 in these mice is shown in table 29 and 30. Although 

there was some reduction in the fluid exudation after beau/int 

with oolchicine, butasolidin, sadism milicylate and quinine 

hydrochloride only butasolidin and vindne reduced the fluid 

exudation to is lf or less of controls. With indamethacin the 

fluid expiation was also estimated at 24. hours in addition to 4. 



TAME 30 

flui4 emidati 
l 	

strincicusk• 
of EStankocoo,* *um* 

Veen Oedema wet** 
Treatment 	No. a! 

'doe 

 

At 24. 

   

Inicmethaein 

wei*At 	$$ ratio or 
t 	(mg) 	oedema weight 

in controls • 

12 131.8 154.8 (62.4 to 176.0 79.2 to 521.3) 

12 81.7 0.6 116.9 0.6o 
( 3.9.to 144.2 445.3 teo V3.3) 

Name (control) 

f o mean • is ,given in 



i. ofroot anti 
REP in the, suretieuelr  

 

&ruts oa total leuootertea/ 
I mice. 

 

   

Treatment Total no, 
of 

leucocyte*/ 
KM 

None (control) 495 

cortisone acetate 313 

Botemethasono disclaim its 169 
Dexamothanone.21-phoophat e 

diaodium malt 256 

Predniaolone diacdits phoopbato 267 

Chlorgromasine bsdroolilorido 58? 

None (control) 237 
Colohioine 242 
butasolidin 216 
Sodium ealicrylato 352 

Quinine bydroehloritli 453 
Indomethaoist 269 

reuecoyte 
count as 
ratio or 
count in 

oontro3m 

0,6 

0.4 

0.52 

0.56 
1.2 

uce 
0.9 
1.5 

1.9 
1.1 



217.412,. 

Reduction eduction Erisvalorem* 
Drug 
	

in 
	

in 	of 
fluid leucocorte Isidro 

exudation ezeigration 

Colchicine 	 WO 
	

aw 

Butes°lidin 

Cortisone acetate 

Predate*lone disodium 
PhollPhate 
	 WO 

Betamethasone disoditas 
phoewhate 

Dexamethasone-21-phosphate 
dieodium salt - 

Sodium salicylate 	 40 

Quinine hydcirOhloride 

Chlorpromazine hydrochloride 

Inlosethacin 



in,jeation (table 30), 	or reports that 

specifieally suppresses 	fluid exudation at 

the delayed hypersensitivity remotion (welters and WiMustily 

1965). Althousit there was acne reduction in fluid exudation 

both at and # hours. it was not reduced to halt et the 

control. 

(a) Ammoryte oeunt 

The total lour neyte coontaikl, in the tissue *actions 

or J. ha ell lesion ern sheen in table 31. Of the drugs tasted 

only betemethaeone was ahla to reduce the leucocyte 	tton. 

(d) Relation of the two aospeneute irtlameatlion  
the emeriti! ot 3seiont  

The its of anti-inflammatory drugs on the regrows, 

of *previmusly-inteeted. mice are summerimed in, table 32. On the 

basis et criteria et reduction in the two ocasononte of inflammation 

and enhaneement in the lesion severity already described, only 

hateseethasene reduced leucocyte aderation and only hutesolidin 

and quinine 4Ydroshloride reduced fluid exudation. Roemer the 

entwinement at lesion we seen only atter the treatment with 

hotemothaiomes  °artisans. dextenthasone and indomethanin. Thus ot 

the drugs sehancins the Ionian cm!, in the ease or betemethaeone the 

increased selerity tad' lesion leas related to redwood lanmecyte 

emigration. This* 	inip emenmet that the enhaneement of lesion 

ivr these amp is mat solely due to their arti-inflowattey activity, 
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Figure 59: The mean oedema weight of tissue after the subcutaneous 
injection of 102  Staphylococcus aureus PS SO mixed with 
cotton-dust in endotoxin treated mice. 
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Indotaxisestreated sloe (see methodic) were injestaa. with 
105  di.. of Starlylooacaus einem strain PS 80 mixed with 
emu.  

C.) .151i402512 

In endotoxin 	ted mice, very amen lesia 

produosd after the injection of etashyloceoci. The swami 
lasiein mem from 36 *toe in three diffecvnt experiment 
was 3.66. The lesions vire sairdir necrotic. The mean 

diameter of the necrotic; sane was 11.6. 	three tines as 
W m as in the ocutrole. 	The moray lesion *NM and the 
~age diameter of the necrotic sine in untreated mime with 
staler dew or a So was 4.8 and 4.3$ ma tupeatilmar 

(b) ?hp anxiation 
The oedema **Wit or staphyl000ccal lesion in 

.r lots 	treated aloe is ahem in figtwe 39. There ens eery 

little exudation up to the first 3 hours of ohallenge. Saw 

exudation et fluid started after 3 hra  but vas Olga even cap 

to 7 hr. The lesions 24 hr. after the injection of owed lore 

oedematous. Thus ertiotorin delayed the onset of criudatice of 

fluid. 

(a) reueceite eoisratice 
The Isuoacyte responee did not start until about r 

hours after the injection of maxi. Althauift the cotton itself 



e r 

• 

Figure 60: Twenty-four hour old lesion in 
endotoxin treated mice after the 
subcutaneous injection of 
Staphylococcus aureus strain PS 80 
mixed with cotton dust. The lack 
of infiltration of cotton-dust by 
leucocytes. At places leucocytes 
are at some distance away from the 
edge of the cotton-dust. X40. 



No. & Average 
sloe of necrosis 

IOUs AI 

ao4 apti-Vissaatory drugs "It 
d•rmon•creoe.steadv t;igiskfirmtfoxvikne 

Diameter of 
necrosis as 
ratio of 
diameter of 
marvels in 

control 

Noss (oontrol) (2,4 to 1..6) 
Cultism* &estate 6 4,5 (2.0 to 7.3) 1.2 
Col aicise 6 3,3 (2.5 to 7.2) 0.87 
emotemin 6 5.2 (4.4 to 6.0 



showed evidence eat alight infiltration at 4. hours, it 

Worn not otelaste even at 7 or 24 hours. and only a small 

part of the periphery et the cotton dust was infiltrated 
Apr lauccoytee• At places in *entices of 2i hour Old lesion 

the emigrated leuomaytem remained at ease distance from the 

edge ot the cotton dust (figure 6o). 

111 	aVe:teVi9netapantar elPdlormaametcar 

alt eting the inflannatery response 

there may alma be other seeheniama by *Itch eastetexin erhanoms 

the stapbglocoocal lesion. In view at the large areas Or 

Allaraillik produced 1 stepbylocoocal injection in the INVICACCIA 

treated mice the passibility that madedisdat *tit byeeshamming 

the action of alpha 3111111110.101411 was censidered• 

'Wellman& tart alpha haemobtsin (o.$ units) eking with 

mattes dust was injected subcutaneously in miss that had been 

tsiated with endatexin• 	ovntrel a4ha hassolysin was also 

injected in the untreated mice. For oomparisas ries treated 
with cortisone testate and onlehicine'were also inaluded in the 

Ilirperisent. The man diameter of necrosis is to in Table 33. 

In none of the treated mine the son of necrosis was twioe as 

big as in the oontrole• Therefore this encrummely big areas of 

necrosis produced after injection et atephylecessi in endetertin 

treated mice messed not to be due to inhaneenent of the 

dereoneorotio action of alpha haemolyaina 



3mi the starierZocoecal lesion of 

m n 	a necrotic sane (ma) 

Endotoxin treatment Colehiaine treatment 

Control gaup 	14.3 (6.3 tee 23..3.)* 9.3 ( 5 to 27.0 

Dibenyline pimp 	8.5 ( 5 to 22.5) 7.26 (4.6 to 33.5) 

* = The rangt of 	 is given in 
brackets 
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In ?JAW of 

interaction of staghyl0000ci and andotorin to the effects 

eed' aronawn two endotactrecrepared skin of rabbits 

(Thomas 1950, an aperiamat vas done using the adrenergin 

blocking agent Utibinviingov 	Twelve mice mere given 

*Mewling. (Smith, rano & Frendi) intraperitcosaLly in 

2 doses of 50/4 at 24. end 2 hr. before the injection of 

srdatamin or *Addams. As contras another 22 sloe sire 

treated only with andotomin or coldacdmm. All the 	Rios 

sere injected suboutartecusly with 105  Stapbylcoomolt aural" 

strain TS 80 mimed with °attain dust. The severity cat the 

lesion 

 

is expressed in tams of mean diameter of necrotic sone 

in table 34.. There ass saes reduction in the severity of 

starbylococoel. lesion in the endotenin treated mice after 

ditemyline administration. Dibemyline redwood the diameter 

at necrosis in =detrain treated mice to 6c of the centrals 

ea compared to only 7eic at the controls in colchicine treated 

mioe. 'flats diberylins did not completely abolish the infection 

erhemoing activity of endotoxinj oven after its administration 

the lesions in endotorin prepared mice mere tidoe as big as in 

the untreated mice injected with a comparable des* of 3.C? is so. 



1111.8=2,101‘ 

Stspivlococcal disease seems as unoalmon went when 

cos ocesidare the almost oemstant oantaot that this 

*iamb. has with the human host. Therefore the factors 

that predispose the host to stapiviaccoocal infection 

important areas for investisaticn• It is Owlet impossible 

to study the interplay or these !octant with those of the 

host end bacteria in vitro, and although attempts hate been 

sage to analyse same of these interantians by nixing blood 

serum and phageoytio cells with staftemeoccie  it is not an 

exact reproduction e events in vivoe  where there are eontinual 

changes not only in the baaterial population but also in the 

oelluler and humeral defame Atoka* of the host at the lesion 

site. It is difficult to cern est experiments in Ian 

therefor* sloe were used for the present study. Although the 

results of animal imperiseets can not be extrapolated t humans, 

it was thought warthihile to stoma the pathology of stsphyl0000cal 

infection in nice as little is lumen about the etraud.os of 

staphylococcal infections and there are examples of acme bacteria 

where wirulerne in animals and man run parallel. It studying 

the infalmuLtory response of the nice and bacterial population 

changes of the lesion at intervals after the injeation of owed*  

acne aspects or hosticarasite interaction can be elucidated* 



Tha Tole of cotton-doet sommotttni stiglieloorifl infecetplop 

There is ample evident* that the preset:toe of a foreign 

body in the tissue embanoes staphylococcal infection (Usk 

and Omen 1957$  James ant Naelood 1961„ Wobla 1960. liovirer 

the sir by /bids a foreign body promotes the into:tit:0 

is not understood. This work illustrated that shen cotton 

dust was mixed sith the oocai injected into the tissues there 

was a delay in the emulation of fluid and the adoration of 

legooqytes. The difference in the inflameatamy response to 

staphyloomtoi injected with or sifted cotton-dust was meridmmt 

in the first hour after injection. With cotton dusts in 

addition to a delayed emigratice of lamoocortes there ors also a 

narked delay in the infiltration by phasxotio aims at two 

region of bacterial graft. ?minty fame hours after injection 

of 106 *omit  there mos wee* little cellular infiltration of 

the cotton dust, shills contained masses of bacteria. A similar 

finding of the absence* of granuloorte infiltration in the 

lesion has been reported by Chef (1965) ehen staphylocooci were 

injected in lave quantities intradersa3.37 in rabbit or shell a 

third-de 	burn of a rabbit's skin sae infeoted with 

staphylococci 

The beneficial effect of the preeeme of cotton dust to the 

invading cocci was reflected in the bacterial counts of the lesion. 

There wee a rapid growth of mad after an initial lag period stml 



hi 7 home the °cat had inereased too log units ow the 

original dose inoculated; at 2i hours the coat had 

increased sore than WO Md. In the abseree of cotton duet 

there calms no such multiplioation end the 24 hour count 

remained lower then the initial incloulun. A similar 

multiplication or stapixtrlocooci injected subcutaneously in 

mica was reported by Taubler and Repeal (1964) in the 

memos of auturias. 

The rapid growth cC cocci in the present* at cotton 

dust can be oorrelated with the deficient ceibtlar emigration 

ant fluid exudation during the early stems or infection; the 

fluid as well as the oftlitsser oomponente of Vista r7 exudate 

seem to be isportairt determinants of the destruction et 

stapAylocausi (Gladsteme and Gleneroes 1960, Cohn 196244144. 

Due to the unrestricted growth during the early stages after 

inoculation, there is ream sob an elaboration at various 

extraoalltoor factors, including leuoutado factors which are 

then able to keep the lawoctites sway from the site of bacterial 

multiplication. This iNtrther prouotes the growth or 

stffiviccoaci • 

The defirdenay in leucocyte i lk tics of the oaten-dust 

was presumably due to alpha tadn use then commercial alpha 

toxin las injected with the cotton dust, there was a similar 

lack of infiltration of the cotton dust lgy leueogytes. In the 

Rios with past experience of staphylococail infeetion, that is 



having arose 3a~.i ► 	 staPhyl000cci, the leueogytes 

infiltrated the cotton oonteining alpha toxin, However 

Monaco.' brand of alpha toxin used frith. experiment is 

not a pure product, so it is possible that this effeet is due 

to some other factors. It mould be useful to army cut 

these experiments with purified alpha haemolymin, 11.-V 

lemoidin is known to be ineffetstive agatnat mouse leucogytes 

(Gladstone and van Beyningen 1957), therefore if other factors 

are involved it may either be delta haemolymin or some other 

unknown laucotosio component of staphylococci, 

jaMee and ileatecd (1961) suggested that the potentiating 

effect of the suture material was due to the inflmmeatory 

reaction provoked by the sterile suture 'material, In order to 

test the effect of cotton-deist alone in eliciting an 

inflammatory reaction, sterile cotton-dust pith sterile 

nutrient broth was inoculated subeutanecuely in mice, there was 

little exudation of flnia in the first 2 hours of injection. 

The main phase of vascular permeability was after that period 

and it reached its maximum 7 hairs after inoculation. The 

leuomyte emigration started 1 hour after injection; however 

cotton was infiltrated by leuoocrtee at 3 hay% and by 24. bags 

a large nuMber of leucocyte. had infiltrated the entire cotton. 

As already discussed the infiltration of cotton dust during the 

later stages of inflammation due to etephyl000cci is prevented 

premasablyby alpha toxin and the cotton itself does not appear to 



play a direct role in this. Penn asst Ashford (1963) who 

studied the irdlammatozy response to isplantatice or cotton 

pellets in the rat also repeated that the main phanm'ar 

~e molar ponleaututr centred after 2.5 to 3 

is re doubt that cotton...dust Icy itself 

toy reaction bit that is atter a lopes of 

in this vole the importanoe is attached to 

the early Intimately reaction, *MU seems that the into:Km 

onhanaing effect at the cotton-dust is due to the initial delay 

in the irflauematory reaction caused by cotton dust. 

The sechaniem by which the cotton dust delays the meet 

of inflammation can only be postulated. It is possible that 

it 11.7 be due to the increased tissue pressure due to the 

mechanical presence of cotton dust. The observation of Andriola 

azd lotton (1965) that under oceditices of increased tissue 

presage there is a decreased capillary blood floe and delayed 

emigration of leucocyte. is pertinent 

Besides the delay in the onset of inflammation in the 

reesence of cotton dust other factors that sty be reversible 

for the enhancement or staphylococcal inteatica should also be 

considered. An important effect of the cotton duet is to concentrate 

the cocci in a wean velum of apsoc occupied by the cotton pellet. 

In contrasts when cocci ire injected without cotton, they are 

distributed in a mach larger YOU* cC specs. 

Thar* was no evident)* in this wet to support the possibility 



that in the 	of 	dust, moat 

other pert, of the body• However Ifieher and poi 

report that elm* fa.2g of staptcrl000aci Waned 

subcutaneously in a mouse Without any foreign body find 

their may into the blood streams tievertheless the Owe 

findings indicate that most or. the stapkrloccoci injected 

subautaneously idlether in the presume or absence of ootton 

dust remelts oantbsed to the local mite of injeaticn• 

The possibility that use b,aril defence factors teem 

the blood amid not penetrate the cotton plus could not be 

substantiated; it was found that the ootton plus was 

penetrated vdthin sdnutes after the intravenous injection of 

Evans blue. %bother the eancentration of humeral factors in 

the deeper parts of the cotton was the seas as clek the surface 

could not be asoertainel 

It is also .not known ehether plumpoytosis sus in air say 

affected in the presence of the *Man dust, In vitro experiment 

on phasowtosis of stsAyloouoci in the presence and absence of 

cotton dust may sere* to clarify this point* 

Th? rename to aware* Orlkins of staarrlococci.  

The vascular permeability response of the scum to the 

suboutanecus injection of StaiWoocclaus slums strain PS 80 was 

fond to be scoophasio. SOO ineeetisetbrs have reported 

biphasio response after the injection of StOwlocoasum apron* 
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in experimental aoaiaacals (Riga's 1941, Bud* ant Miles 
1958). However three smirkers inghatel stagbylcoocci 1  the 
intraday's]. rade and without erg fereign batty. The 
experinents were alas© carried out on species at animal other 

than mouse.  All these differences in the experimental 
condition. fay sascunt far the absent, cat' primary phase at 
pormeabilitgs Niles (1961) has suggested that the prism," 
phase depends en the spec:tee it animal. 

One at the striking features of this std iae f an 
difference found in the inflammatory response 
different strains at stogbylococci• ease Waving 

early inflasestary response 11‘031, in the prison°, of egret 
that Mulls these strains by thesseless produced so much 

inflammation that they 0°1134 exercise the delaying effect of 

cotton.  
The in tial deleor in fluid exudatiai in the present* of 

cotton dust was found to be a characteristic of trioueesorirulent. 

strains each as PS 8o,, tortatt and 1531. pith all the are* 
strains a daisy in the inflormatrey reaction wow also correlated 

with rapid bacterial growth and the produotion et severe lesion§ 

The finding that with these strains the weight at the time 

during the first hear was less than the weight of the control 
tissue is in agreement with the work of aorta and Priberg (1%2) 
she bate reported a degrease in the dry slues at the iinflameatagr 

exudate' daring the early stages of stalzhyloceemal inflammation. 

The reason for this initial drop in the lid.** ot tut time atter 



injection is not knaves it coal be due to a decreased. 

blood flow at the site et inject ion. 

In all oases, there was an initial drop in the bacterial 

oounts before the ;growth of cowl in vivo was apparent. This 

initial drop in the bacterial counts did not seen to be either 

due to dissemination or clumping of the cooed No viable 

cocci could be cultured from any of the viscera tested. However 

as 'sego-hoar' cotolts of lesion bay* emplutsised, there was a 

difficulty in recovering all the (moat from the site of 

injection even if the animal was examined lunediatekv., Tharvsfine 

a trivial disseffinaticer mead well have been missed !Capra 0960 

has reported that in the staphylococcal peritonitis of souse 

there was clumping of cocci and the counts of oolony forming 

units remained law till the death of the animal. In the moment 

work the low counts were only seen during the first 1-3 hours 

after ithich there was a rapid rise in the bacterial count with the 

three *muss-virulent' strains. It appear* likely that the 

initial drop in the count was due to the destruction of cowl 

After the initial drop in the bacterial count, there was a 

rapid growth of cocci even with a mull dose of 102  PS 80. With 

this dose the 24 -hour count was stellar to that seen with an 

initial in3oulus of 105. nalerrOr with the 102  dose of PS 8o 

lesions were suoh milder than with the 105  dose. This indicates that 

the ultimate size of the lesion is determined during the early 

stages of infeation. There sea some evident,. to support this vim, 

With a bigh dose of PS 80, 4 hours after injection the leuoocytee 



remained way from the (Patten end the bacterial tints in 

the lesion bad increased well *bors the does Ineoulatml. 

Ca the other bead with a 102  doss of P13 80. leuecnytes started 

infiltrating the cotton dust 3 - 4. hr after injection and 

the bacterial Gaunt in the lesion at 4. hours was still lower 

than the dose inoculated. licesever the bacterial °Punt in vivo 

is actually the ember of cocci sweating fres bacterial 

aultiplioation sinus the namboana lost tram the Isaias due to 

destruction or dissomination and there is no satisfactory ler 
to find it. 

It has al:eat? been she that 

ultimately responsible tor desmonsorceda. It was b 	not a 

factor involvad in the initiation of infection 

hasoolysin yr itself elicited early exudation 

rapid esignitioss of lemeowtee. Par the initiation of 

infection the teeter *doh delays the onset of intlecesetics 

alsculd be considered important. Although cettet4eat itself 

delays the west of inflaimatice there also appears to be a 

factor in some staphyloomai which also delays the inflameatory 

reaction. It was goon in the experimental work that heat-killed 

PB 80 injected along 'with cotton-dust elleitml the exudation of 

fluid after en initial delay et 3 hours that la after a semen 

longer deler than the injection at sterile matton.dust.alohk. The 

isporteaxm. of this faster i illustrated lw 	injection of 

agiarkustmigEss strains in* as Wood 14 and bard. Bath were 

capable of miming alpha and delta heemoirein in vitro; moreover 



Wood 46 produced Ott q Cities of 	hasmelysin 

easeget all the strains mid for this ms's  Wet both 

these strain" failed to produce severe issiems• This 

seemed to be because both theme strains stimulated an early 

inflammatory response which in turn acconited for the 3 

bacterial mounts in the lesion. poissumably bosom of a 

rapid destruction of cowls Cis the other hand a strain 

that delayed the asset of the inf2ame/sty:7 ~tins tut 

3aciord the oapability to produce alpha hue of 	also failed 

to produce severs lesienes  as amplified lc iticatt0000co;kvi  

It IMMO therefore that no single factor or stc111710occal 
can be held responsible for ivirulesoe"4 A fir vinalent 

strain must possess both the factor es sing On initial d.1a 

in the inflassatotty response and the sfiraterr mewled far 

ultimate destrootion tissue• 

Similarly it mown that for protection spinet 

stabylooecoal infeetion. antibodies to both faaters are 

ispartant• StoWleoeoges sums strain Wood VS product** 

only mill issiems is mice. with 	nearesis• Sarever 

oaf treated mime 4070 issjeotei with Wood 46 a fair degree 

of 7400700111 is evident "hick is presumably due to aka 

bassolyidn. bat theme Mc. sere not protected syminat 

subsequent infectica.mith 1E3 SO this& also has the ability to 

d.1 	the toast at infisamatien. toed ii presumably looks the 

factor sesponsible far the initial delay in inflasmation. 



It limo also found that either of the two eampacente 

of inflammatery resposee was prahably cel:able of limiting 

the multiplication of Good in the early stages of 

ideation. For example, astangsgsp anima strain It OA 

elicited early exudation of fluid but delayed emigration of 

leu00004111 ani strain 278 which, is a soicroceocus evoked the 

apposite reaction; in both infections the bacterial counts 

were low sod mild lesions were produoed. PS 83A lam capable 

of producing both alpha ate, delta haemolysin in vitro. Strains 

like the ocapilase-negstive strain ?1OFC 7292 *Soh both evoked 

an early inflammatory respase and also Udald the capacity 

to produce alpha hoe molysino  produced the raildeet lesion. 

Besides the inflasitatcey rename, other host factors 

sada as phagocrytoeie ea the ultimate destruction of cooed 

within the phagocyte use to be important. For exeeple 

strains Was Smith. vilida elicited an early estigration at 

lanooeytes. steed P66/7, lira.* elicited en earZy exudation of 

fluid as well as a Immooyte response, nevertheless showed a 

higfa bacterial mont in the lesion during early stages of 

infection. Smith strain is Ic10111 to possess an antirhagooytin 

surface antigen Norse 2962ao  Koenig 3962, Rogers esil Melly 

1962). 

There are no reports in the literature correlating the 

early exudation of fluid during the *cum of staphylococcal 

inflammation with the severity of the lesion. There are a few 



brief 	the relative delay in the influx of 
celear 	 ctooytes in the lesion site with 

Zialagsmaissin intectice as ocepared to ZtaFicrloopootig 

Jake (D01suang 1942, Cohn 2,962a)• Iloeswer no attempt was 

awls in the past to dietinvisk strains of  tecarkylavocsus sums 

differing in their viriMillitel cc the basis of either the delayed 

leu000ytio migration cc delayed fluid caidatiam.- The findings 

in this work illustrate that amonget the Aram CC 

Stexivl000cona same* tested virulence could be partly related 

to the ability of a strain to delay the onset of inflammation. 

The meat factor or factors in the 'souse virulent' strains 

responsible fcr causing the delay in the inflammatory reactice 

is not Imam, It sere to be due to aces oceponent amocdated 

with the °elle ©f staplorl0000ai as the heat.-kinol and lashed 

cells of Statzbyl0000cum aurees strain PS 80 elicited an 

inflammatory response only after an initial delay of 3 hours. 

A search is therefore needed for cell wall , oomponents or 

staphylococci that can deli" the onset ar inflammation. There 

are a few reporti of the presence of endotorin-like substenos 

in stnbyl000cci (Anmit, toung and Ritts 1963, 1.ter et al. 1960. 

This say be pertinent in,that eldotomin frce Orem-negatiwe bacteria 

is knom to .dely the inflaamatee7 ;rooms (RDAs and Riven 1950, 

Coati et  al 1961)• It would also be interesting to investigate 

whether the 	'aggressinl of Staxpeelccocoue %me described 

by Fisher (2965) delays the meet of irsrlassation; this 	ssint 



was claimed to promote the eultipliAation of cocci. 

Although alpha toxin ems shoot to be involved in preventing 

the leucocyte infiltratios of oaten in the later stages of 
inflammation and ably  it thin realer,' the lenocsaytes 

isaffeatives it is not responsible for the initial Wray in 
the inflammatory reaction* 

The protective role of the inflammatory reaction against 
bacterial infection has been investigated ter other nor IMS 

(1fil**, Miles sod ftrks 1957, Surfs,  ana Miles  1938).  Pros 

study of nine different bacterial infection including 

9uxteragsmocaa aursupo  in the akin of guinea•pige thessriorkers 
comoluded that the maximum death-Prate of injected bacteria 

occecod during the first 2 haus of infection and that after 
- 5 flours most of the reactions datersining the ultimate else 

of the local lesion had °craned. However the Oilegauldon that 

the marlaus death of injected bacteria uncured during the 
first two hours was based cm lair,* mrsideLoe and no actual 

bacterial counts of the lesion Imre dm*. Itur.ke and ittles 
(1958) observed further that during the first 2 hours of this 

"decisive period" macroscopic signs of inflesmatica erre scanty 

are a fully developed acute inflammatoy response acs NM onat 

after this *decisive period". forever Kilos and comoorkers 

used intradersal injection sod had used email webers of bacteria 

which might have been the Celan of sloesr volution of infinemataly 

reaction. Shea atria and stiles (1958) injected large ambers at 



bacteria. this. was a Ail] developed itarlasmators ,response 

at it haws and in *is as the period of maximal besterial 

destruction eorrelated well with the maximum vascular response 

Billow* or 1P2r4019;r4nrootoa' 144 tq Otalik324490" 

lice helping past evertor* of staphyloaocoal infection showed 

an altered reaotivtkr to the rel.:40114as of staftloopoci. These 

mice were protected against the dereaneorotio streets of 

stnbyloc000i and aka* hasmAysin. licinresr the *previously-

infected' sioe were not protected against atagbylococoal ellooess 

fellation. These sloe also exhibited an emoslerated inflassiatow 

response to staphyloccooi 	yes characterised by an early 

exudation of fluid evIdent half au he after the in tire, in 

contrast to normal admire it started after an initial delay of 

two Mem At 24 hours there wee such ewe oedema fluid in the 

lssion of opreviously•infeateds sloe than in control Moos 'fie 

ration of leueogytes started 1 boar after injection in 

contrast to 2 has after injecrtdon in normal Rios and the cotton 

dust 	osontained the cocci vas infiltrated 3 - 4 hours after 

injection lee., a* earlier this in the sermel sloe. With a 103  

dose of .13.Mtakaggamaga PS 80 there was a slower rate of 

growth of moat in the ?mace of spreviously-infeoted,  sloe t 

in sormals and 24 hour bacterial ownits wore lower than the 

an 	inoculating acme* 

The protection against dermoneorosis sprealouslyAttetoted° sine 



was mediated by serum presumab4 due to the pregame of 

antibodies to alpha haemolysing when serum from irrevious4.-

infected° mice was transferred to normal alma it conferred 

protection against the dersonscrotio Wefts f staphyl00000l 

in the treated mice. Similarly the aooelerated exudation of 

fluid and the rapid leucocyte emigration as well as the 

infiltratiim of the cotton dust containing stlaYkylococol was 

due to an immunologic response mediated by eiroulatieg antibodies. 

Serum from 'previously-infected' micelles able to confer these 

altered reaction* on normal mice. 

The accelerated increase in vascular permeabilit/ exhibited 

WIpreviously-infeeted. sloe seems to be due toe hypersensitivity 

reaction to staphylocoonie Other workers have also reported 

that animals with previous stapbriocoocal infection show both the 

immediate and delayed type cd'Impermensitivity reaction to the 

injection of staphylococci axed their products Giullanelle and 

WieSholl 1935b, Julienelle and Harts= 2536,Johmscol  Cluff and 

Coshi 1961, Coshis  Smith. Cluff aid Norman 1963s Boatel aid 
Atkins 29(4). The finding of Voisin and Toullet (196) that 

increase invasaular permeability is an essential feature of both 

the ismediete as wallas tUberoulin type of) persensitivity is 

relevant to the present discussion. 

The nature of the antigen ar =Upon responsible for 

sensitisation can on.11y be surmised. This 'week has illustrated that 

both the alpha haemalysin and some component associated with the cells 



of 	 best= 
at 

n tho prrerieus37-infectodo *Los. imilarlg alpha 

haisolysin embed a orator oralation of iltdad in the first 
bare as will as at 24 hours in the 'provions.1 
nioo than in normals• Th. OSIMEitiAblj anti associated 
with the Cells of stephylesooct seemed also to be present 

in a miene000cus strain 278. *fare .proriewarslareater with 
278 showed to ear) acooloratod inflassatosy WIMIT4010 a 

reduced lesion simentity after the injection of ISt.eahrl000coup 

masa FS 80. Pachsoo (1932) found that repeated intradarmal 

injection at guinsa-pige with heat-killed stalivls000si led to 

an aoosleratod inflammatory response to subsoqualt infer 

with agikagstsmejfitm, Cathie  Smith. Muff end Norman 

(190) bees also demonstrated that rabbits isesedsoi with 
alpha has.o3jain dovolopod large inflansatcry motions to the 

ration of this toxins  in contrast to non-Sarum animals* 

0th_sr stapitylooecoa1 antigens incriminated in knperoeceitivity 

motions is 	polysaccharide A ter the ismodiato typo of 

reaction (Julianella and Hartmann 1934) mad a Protein lattSall  

mom to both the pathogenic anti nceitathogresio strains of 

staphyloosoci far the delayed reaction (Jultanollo mai Wiashond 

19350 • 
The rapid emigration of leuoicytoo in tho stagialoococal 

lesion of opreviousliy-infooter nios could be due to a 

dsemotactio offset exerted 1y staOyl000coal satigssomintiboar 



oceplez. 	(1962) ha. tweently shaven that mixtures 

of antibody 	igen have a strong chemataotic sefecrt 

PAY* 

	

	
Unmet:rte.. (MI the .other hand the 

filtration at the cotton dust containing 

staphylococci seams to be due to nextraligetion of 

st 	lowooal alpha toxins, because in the *previously. 

infected' sloe the Iwamoto. rapid3y infiltrated the cotton 

coast containing either alpha,haesolyein ear stephyl0000ci. 

However as already discussed the sicelloase" trend of alpha 

toads is only a partially purified product sad the tindinos 

should be confirmed by the use ce pure alpha hmssolysin. 

Ooshit  Muff ani Norman (1963) using purified a3pha hageolysin 

have demonstrated prompt infiltration of the area of 

staphylococcal ineculus by polynorphonuclesr imuomytes in 

the animals immunized with alpha hasecarrin tumid in contrast 

to renal. 

The accelerated inflameatery response 

infected' sic* led to Ice bacterial meats in the lesion, 

previously because of the destruction at wool. In these mice 

there ins a pester initial fall in the bacterial count Which 

remained low for a longer period than in controls. The 

increased ability to destrcy staphylococci could not be passively 

transferred by serum. 

Muff and his asswiates (41 	and Oashi 2961) 

fond that repeated staphylococcal infection of rabbit skin is 

associated with increased suweptibility to reintegrate due to the 



development of delayed hypersensitivity. In thiamtudy the 

mouse Ahmed no increased susceptibility to repeated 

staPhyl000ccal infections Elawavimehen living lymph nods 

cells from 'previously-info:4W mice were transferred to 

mensal aice,the treated mice exhibited a marheftlmoreasel 

susceptibility. Dren a dome of 10PS 80 produced severe 

necrotic lesions lathes* mica awhile the ease doss in :normal 

mice 	:ces only a moderate logical. Roemer aloe tested 

with lyeph nods cells did not Chow an accelerated exudation 

of fluid at 24.bcure as might be expected in a delved 

bypereensitivityreectien. .1chanowsby (1958b) has reported 

transfer of increased susceptibiltliy, as well as akin 

reactivity, to staphylococci la spleen cells er peritoneal 

exudate cells from the sensitised animals. 

In the present studies when kvaph node cells from 

sorlsitised mice *ere transferrei along with the eerie from 

spreviouslo-infeateds mice there was no  increased susceptibility 

to staphylococci in the treated mice, in fact they tothibited 

protection against dersenscroeiss This say mean that in the 

preemies of antibodies to products of staphylooccoi, the 

increaaed susceptibility mediated by lreph node cells is not 

manifested. 	• 

So far the efface of reirsfeetion with a homologous strain 

of Stellh0.00000441 UAW. has bow discussed* Sae degree at 
protection was *leo eomferred against the inflection with a 

heterologous strain of stephyl0000cues, The degree of protection 
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related to the severity of the met 

awl repeated izzfections with the strains of staphylococci 

producing mild lesions gave better protection against 

reinfection with a imousmirulent. strain than cat infection 

only. 

VD• at blood-.vessels affected chain& etatabilsocowl inflammation 

Several investigators have reported on the tate e 
vessels affected after thermal and chemical injtay (Wells and 

Miles 1963, %brier and Spector 1965, Speotor. Walters and 

Willoughby 1965). However there is a lack of information about 

the type of blood-vessels involved during the staphylococcal 

inflammation. In this study, utilising colloidal °exhort as a 
vascular marker it mks *Wan that the leaking blood-vessele were 

Thai r113  venules, although. same capillary in 	was also 

Sajno et al (1961) showed that the vascular labelling 

was due to the *lacuna/A:ion of carbon particles between endothelial 

cells and their basement membrane. The carbon labelling of 

bloodwesaels WWI first seen at half an hour after injection but 
the meacimus labelling was 6 - 7 hours alter inoculation which 

is the time of manimum peameability. judged 'by the measurement 
ar oedema fluid. Slailarly the first leakage of carbon from the 

blood vessels, which was seen at 1 hour in tprevionly.-infectsii 

end 2 hours in inan-inmenet sloop coincides with the onset of 

lecaeorts emigration* TWA Feiss also found to be ussals1 

is demonstrating the extent at vascular lahelLiag. For camp'. 



in *previeuskr.infeated. aico a large ma beer of blackened 

blood vessels were seen at 24. hours whiCh yes quite in 

contrast with the newels where the out= labelling had 

almost disappeared. lir this time. 

TIN!, *Moot qt  
at,41.9°Docolt 

t_ccy &wiz 	erflotorin on 

The inflammatory 	the h 

delved not ally by the presence of a rowel.ga baly, tut also 

by treating the animals with anti-inrialmatcry drugs. Those 

anti-inflammatory thugs that reduced ow or both components 

of staphylococcal: inflammation e.g., oolchioine, tutasoliitin, 

oortisous acetate ape prednieoloom, were f 	to enhance t1 c 

severity of the lesions. However, betimmethasone and 

desomethasone, in spite of their anti-inflaseatcsi activity, 

did not increase the lesion severity in the dosses used« loth 

theme drugs we* able to ethers* the lesion severity in the 

'previously-infected' mice. Dvenixsnormal ili a. the beta :isthmian, 

and dexamethasone prcduoed slightly bigger lesions than in *carols 

but the lesions were less than double the sins. of controls. Drugs 

like quinine hydrochloride, ohlorprosasine hydrochloride ant 

indosethacin which did not alter the inflammeaton response during 

the first 4. hours, failed to increase the suseeptibility of the 

rice to staphylococci. However indommethaatn was able to 

enhance the seventy of lesions in Iprivicuairdnfeatedt  

The role of inflassatacy cella as the major agent in the 

destruction or stapbyloaccol is well known (Cohn 3962 alb); the 
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refs of the fluid 	the caudate in the response 

to staphylocoosel iatiot ien is not well. bona. The results 

of treating sloe with ac*iiinflaseatat, drop suggest that 

the fluid pert of the exudate also plays an important role. 

Tor maple  treataent of sic* with butesolidinv  which was 

remit to reduce the fluid exudaticet without affecting 

leucocyte emigration, ezbanced the severity at staphyl00000al 

lesion. However it is not known ehether butssolidin affects 

phew:I:4°41s or eventual destruotion at cocci inside the 

coll. That the 'Irrectian-erbancine effect of moat of the 

anti-inflasestory drags say well be due to its action at 

host define* she at neveral levels *add therefore be 

not discounted.  

The action of oce-ticosteroids in enhancing the 

stapivlsectooal infection was associated with decreased leucocyte 

migration *hilt presanabl,y resulted in greater aultiplioation 

of c0004 however this mould not be substantiated by the method 

of bacterial wanting used in this study. Another ocaFlex 

aspect of cortisone action ins that, with 	doss of moos.e, the 

lesions were milder in ecetisone treated than in narsal *ice 

This sey be due to the stabilising effect of cortisone on 

lysosames (Weissmann and Thomas 1960 ant perhaps in spite at 

the reduced inflasuuktosy response the tissue defences yore 

adequate to deal with the snail webers of cocci injected. As 

already suggested there say be etas other nedtaniss reducing the 

host ressistanos besides the antii-inflasnatory activity cC these 
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drugs*  Sadism sallsylate treatment In the dose employed in 

this study neither redoes( fluid esudection nate leucegyte 

emigration yet the severity et stechylecoonal lesion was 

adtaneed• It is net IOXIIIII JENA is the meet meolanien by 

*Loh this drug adtansies the staybylecocoal infection* 

Ia the sloe having peat experience with staphylococcal 

irrfectiona  the treatsent with anti-infloosatory drugs was 

also able to UMW& the severity, a the lesion but the 

severity was sack less than in the unreal sloe treated with 

these drugs. this reduetion in the lesion severity ells due to 

partial nentrelisetion d akin 3300rOillies The anti-inflesmatoey 

antes sere also fond to be lees effective in Mooing the 

infleassatory response in 'previously-infector alas* 

The intecticerembanodng activity of endetomin has been 

attributed to a delay in the migration of leucocyte* (Niles and 

lire 1950. Conti et al 1961!  Calm 1962b). The tinting. of this 

work illustrated that indetocin Undoes* relluced both the 

fluid isolation mei the leuenoyte emigration and allowed the 

staphyl0000ei to predoce big necrotic lesions* The large areas 

of necrosis sewed to be related to increased alba haemolysdn 

prakunien prenembly as a result of decreased destruction at 

ovoid due to altered inflammatory response* That the large 

necrotic areas in the endoterinptreated sloe emu not due to 

increased susceptibility of theme *ice to alba hassolysin was 

sham by the tact that alpha haenolysin itself produced /Wier 

areas of necrosis in =real and eislotoodn treated *the 
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Therea 	reasons to 'believe that besides the 

arsti-inflameatacir 	* other actices cr endotozin say 

also be involved in estuqw*4pg the inflection. Oohs and lose 

(1960 have reported en altered Thavicartio activity of 

polymorsimmazolser leuoocytes tinier the intluenoe of endotaxin. 

There is also considerable evidence that the effects produced 

by endotomin are mediated at least pertly threat* epinephrine 

Mesas 1999, Brunson 19641, Batter ant Freedmen 1965). This 

seemed to be true because in the present study it vas Mama 

that administration or adr‘mergic blocking agent &it:en:Aim in 

endotomin treated mice reduced the sorrority of staphylocoocal 

lesion. limner the enhenaing activity at' endatosin was not 

completely abolished and the lesions were still twice as big as 

in the untreated nice. These observations will support the 

suggestion that other factors like the delay in the intlassatary 

response also play a part in the mode of action of eniotoidn• 
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The inflammatory reaction of the host immediately following 
the introduction of staphylococci seems to be one of the 

important detanainants ©f the final outcome of infeatian• 

Staphylococcal infeation is enhanced in the presence in the 

tissue of a foreign body liken cotton dust Which, delayed the onset 

of both the fluid exudation and leucocyte emigration in 

response to staphylococci, The initial advantage enjeyed by 

invading °coat on account or the delay in inflaseation WSW 

relegated in rapid growth of bacteria in, the lesion and increased 

severity of the final lesion. 

No single factor was recognised as responsible for 

virulence in staphylococci. The virulence of *trains of 

Stathrlocoocus stump for mice was found to be due partly to some 

ocuponent associated with the cells of staphylococci which delayed 

the onset of inflammation. For the initiation of staphylocomal 

infection. factor ar factors (mein a slight delay In the onset 

of inflammatory response were necessary but far the final, lesion 

production. factors like alpha haenolysin were needed 

Repeated staphylococcal infection °face led to immunity as 

well as hypersensitivity to reinfection, Immuniliy presumably due 

to serum antibodies to alpha haemolysinproteetcd the mice against 

the dermoneorotio and leuootoxio effects of skew heamolyalz. The 

rapid emigration of leucocyte* in the staphyl0000cal lesion or 

,previously.infeoted, mice seemed also an immunologkel response 
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_mediated by se eel anti:ballot 

Hypersensitivity led to 0E1 ammilmratid inflammatory 
reaction in the sensitised mice to reinfortice with 

staphyl000mi and this reactivity could be transferred to 
nankilsioe t  the serum from 'previousArinflootedi animals* 

Sensitising antigens seemed to be alpha hamoolyein as well as 

suet °opponent associated with the staphyloocoaal cello* As 

increased ausceptibility to staphylocomal infeotiammos found 

in the mice that had readied living lymphoid cells from 

epeondxsuardUCeot4WV Rice* The increased enmceptibil4ty to 
staphylocooci in the treated sloe ems manifeeted sa237 in the 

'absence of serum antibodies. 

The anti-inflawmataw drugs that r duc d either the 

exudation of fluid or the emigratioe of leucopytes during the 

first four hours of infection also enhanced the severity of 

staphylocoocal lesion* The enhancement of staphyloomoil 

it 	by endotoxin was mediated partly by a deley in the 

inflammatory reaction and partly through epinephrine* 



blebs amid sutriarst troth 

NeeLassi Oxadil blood agar base eoutairdsg 104 

Diluent solution. 

  

Formula 

Sadism chloride 

Potssabas chloride 

Wait= chlorids 

Salim bicarbonate  

245 sems, 

0.203 ass. 

0.12 gas. 

0.05 Owe 

Distillod 'star 	1000 al. 

411 74 

Sterilised by sortooloriug for 15 odziutes at 
15 lb. per squaw* izch 

Derd.latin4 waster 

Baits 	 7 parts 

Floor 	 7 parts 

Tabus polder 	7 Parts 

Soap pander 	1 part 

This powder was tads into a pastawith water. 
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G3zoorimi Jab': 

Equal parts of glyatrine and 101 aslatin et:antics& wore 

sized. A fey crystals of litenol were added to the stisture. 

Ink•gelatine mixture: 

&actin* (5 	wwa dissolved in 100 al. of Valli distilled 

water. To it was added 5 Apr* of potassium iodide. This is 

fluid at rocs temperatures P•likan ink (342 	was 

diluted tenfold with this gelatine mixture and was used to 

injeation. 

Ltougfaim 

Eassatrowlin snit Nocip 

Deparaffinise with nanny absolute alodhol. 

Stain with Ehrlich's haesatowlin 2 - 3 sinutee. 

Blue in tap water. 

Carter stain with r aqueous 	1 sizatte. 

Wash with running water. 

Blots  dehydrate in absolute alochol. 

Clow in syleme. 

Vaunt in Canada. balsas. 

Twin! blos 

Deparaffinise with *lane. absolute Elochol and water. 

Stain with aqueous toluidine blue .1 2 minute s. 

lash in water 



Dehydrate with absolute aloc:hol 

Clear in gases. 

Man* in Canada balsam. 
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