PATHOOUNTC STAPHYLODOCUT OF THE MIRMAL UAWDS
A GROUP OF WEDICAL WORKERS A5 COMPARRED
®ITH A LAY CROWP

PRARYL ALBRRY

A Thesis

Presented t5 the Department of Bacteriology
and the Greduste Division sf the University of Oregon Hediosl Eehool
in partisl fulfillment
of the requirvements for the degree of
Haster of Arte

June 10h0



APFROVEDS

I

fiajor Advinoy

o by (6, 19¥O
Por the Cradusts Somuities of the

University of Oregon Pelical Behool



TERLE OF Cumrses

:awm‘ QU & @ & w o e w e e O -

Beview of the Iiterature on Paliwgeniciiy Yoets fop

Staplylogesel =~ ~ « »
Pzperimenial Youk - » « =
Fregedurs » » = -« =
Bomalds « = = = & = =

e

™

E

al

-

L

L

Maooussion end Resunits of the Incidence
Fathsgenie Staplylococet on ke Vanils &8 ihe

TR drsups e & e

Pizousstion and Results o5f Pathepralatty Tents

-

-

Yo

-

-

L

L g

Wt

-

-

Bumoary and Conolustiong ~ = =« » o « « » =

_’g bi xm{#‘ - - L Lo e

-

-

¥

% B o



Tuble

b3
iz

v

LISY OF TADLEE

Sumuery of 411 Resections of All Orgamisss Tested

Relationship of Al Aureus Strains Isolated From
' Rach Person Sawving Pathopenie 3daphylocscel «

Time Talken For Positive Tests For L11 Pathogemie
m“m*w.-mnuumwm*www»wu

Hemolytic Titrations of Toxie Filtrates Frepared
From 411 Coaguluse Positive Culturss « » « «

-~

_ Relation of Pipment Produstion to Other Tests « » «

- -

g -

LR

Hempiytie Titratiose of the Pexic Filtrates Preparsd

at Different Dates With the Control Orssniem,

h"lﬁlu-mmummhmwhmh*nmm-m

L



PATEOGANTC STAPEYIOCO08T OF TIIE NURMAL HANDS
A GROUP OF MEDECAL UUNESES AS COITARED
VITH A LAY oBGUP

Introduction

“The real soures of iafection of & wound deliderately wmde
by a careful surgeon whose smtorials are properly prepared and
th unes tm nsepticaily §8 to be found in mest eireumstances
- either In the ekin of the patient or in the hands of thove dipe
actly cenoernsd in the operation,” %his statement was made by
Dr, Teylor (27) in 118, Although our methods of surgery have
grently improved since that time, snd the number of surgieal
fafections hae g-»tir deocransed, this stetement 28111 holds
true fo some extent,

¥ith this thought in sind it 4o of intercst to kunow what
pathogenic organiems sve on the skin and the relative pusbers
of these orgenienms as cospared with the number of snd types of
pog~patiiorenie organisms,

The norsal flore of the skin has besn guite wel)l established
to be compased of staphylocscei, sareima, microcncel, end 43phw
therodds (34, 35, 31, €). The white staphyloercel constitate
G0 por cent of the todad micﬁﬁn develoapiag on blosd acnr

plates prassed spainst the normal aledn, the golden yellew



staphylococel compone 3 o 5 per cent, Priee (79) hes sstimated

the aumber of orgunisae on the normal skin of the hande and aras

up to the elbows to deo roughly five millien, His sotimatse ware

aade on the growith of the orpeniems on pladn agey. Since this
was o mintsmm nusber sad sines the more delicste ovpaniems de

not grow upon this medium very readily, it is gquite 1ikely that
the normal ekinm flora is much greater then five milifon end i

the staphylococcl covpoee 95 per cent of the normal flors of the

skkin the imperitsnce of thuse orgeniens may readlly be seen,

' Welck {34) has said that the bacteris, which say be con~
ssrped in mgieni infactions are many, bdut the pyogenic cocel,
far out rank in frequensy, and therefore in fmportance all the
other bacteria combined,

It is therefore of utmost fmportance to the murgzeon, as
wall as %o the practicismg physieion 9 kuow the relstive oo
currance of pathogenle staphylococei on his own hande as well
58 the skin of the patisas,

The normal ekin flors te considered to be velatively free
from pathogenic orgenisas {31, #), In view of this foot it s
of interest to lmow the relative nwiber of peeple that ave
normal carriers of patbhagenic orgenions and ales how thay ob~
tained these orgunisms av part of their norsal sicin flora,

Smith (26) has said that among the freguentors of a general

hospital in Glasglow, incluiing s few doctors, stulents, sud



3
nurses 1t is wncomson for pathogonie staphyloecocel to de found
on the hands, unlese the person i suffering from fraak vyodermia,
or olse has bean in coatect with thoss se sufforing,

T™he axeectione may be regarded ap pathssoenie startyincoeeys
carriers, |

Frice (?5) belisves that 4F the novms) shim is 1in condact
with certain bacteris over a prriod of time there iz a terdency
to setabdlish a noruel flora of %huu bagteria on the sitin, Whils
Frice was in eharge of a wardful of puﬂmh with virulent in-
Yecetions fanoﬁu gun shot and mm -mds &) though dreseinge
wors done with vanswal onre, thoush ium'l gloven~~after seyeral
mm he notlieed a ‘ilmm proportion of pathogenic organisme had
boen satablished on hie m&a an pard of the poroml ﬂnm.
Serubbing and eppliestion of germicides 413 not apvear to raduce
the proportien of pathogeniec orgenisms any move rapidly then the
non~pathogenio. In spite of Preguent weshing and daily uwse of
hand disfiafectunts of varfous té-ﬂs, the last of theee pathogenie
organioms 414 not divappear from his hends fop nany mﬂi after
be hod ceased work inm the septic ward, The importenee of this to
doctors and murses in constant cherge of infectious comss and
deing surgical work cen readily be seen,

Gillesple (11) bowever, delisves the pathogenie sterhyleccecus
eurrﬁr condition on the normal siin %o bs dependent upon the
presence of pathogenic staphylococel in the noee, which in tura
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i» directly assoclated with 3 histery of ehronic nassl disense,
In & reosnt sxperinemt he detorminsd the sseal end oirin carvier
rater in medical stndemte and commarsd them with the incidence
of naeal and sikin infections, Of 190 students examined, he
found » nusal cavrier rate of B34 per cont, snd & sikin carvior
rate of 10,5 per cont, OF the entire group, 1} per cont wers
found to Do doudbls carriers, Ee ales states that there wae wo
relstion Betwesn the nesal and skin carrier retse and the length
of the students snjourn in the hospital,

in view of the Tacis Drought ous sbave, thai pathelogieanl
organiens may ressin for gsonsidersbles parinde of $ime an the
normal shim, 1t was thought that a eomparison of shkin carrier
ratos Detween two groups differing with respset to their probeble
santente of pathogenie staphyleococel would be of intevest,
Consequently, a group of medleal peapls sho ars in conotant
contact with patisate having vartous dis-ases and iufectione,
. were comared with a lay grous, |

1a selecting the menbops of cueh group o be tested, epecisl
eare »as token to select pesple free from fnfections of any
sort, 1.e,, enlds, simusitie, pyoderme. The meobere of ths
medical prafession conrinted of preeticing physieisne snd
puress, Farsers, houtewives, high schoel studente, vtessgrapghers,

eonposed the lay group,



Suitures were Salten fyom the hende of 50 mecbers of each
grouwp, If preseant, three Slachylogaccus glhus end three

ftachylocoocus purgus stratns fyom the hamds of each person
waro culiuvred and terted for pathegenicity by the conmlave,

fivrinelytie, alphs-henolyeia, maunitel fermendation smd the
gelatin liguefying tests,



Seview of the Litverstupre on Pathogeniclty
Zests for Stechylecocel

The value of & pathogesileity Sest for wiaphyloencel depends
¥pom 1ts ability te A1fferentiste betwoeen the pethogeaic and
aon~pathogenie struine, To detsreine the walus of cuch & test,
& large mumber of teste would be rum sn pathogenie staghylosocci
known to be pathopemie for husan belngs {isolated s the csuse~
tive ssemt of ssteomysiitis, furunculosis, sspiisenmtia) ss enn-
pared with similar teoste run on staphylococetl isolnted fron
non~pathepenie¢ sourcss {such ae air, dust and ﬁ%cr}. Row=
evey, in the latter case thers may he some doubt ax to the ab~
solute noo~pathogenieity of the staphylocsced ae there may be
ttaphylosoeel which were previouely directly comnoeted with
vatholegicel enses, 4 teet which womld give » high degree
of aceuracy on the pathogenic organiems with & negutive or
very small proportion of positives on the non-pathogentic would
then be n gond test for vethopenioity. That sush a test
should, 1f poesidble, be sasily carried sut, reguire readily
available materisle, snd not be toe time consuning, emn rendily

be seen,
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lony tests by 44T rent vorkers have been srigineted for the
ourpers of diffaventiecting the staphylosoeet, i‘.ﬁo of the mﬂiwt
methods wes bBased on the formation of pigosas (), The golden
rellow Shachylogoscus gureus wes Mﬂ at pathogemic and the
white Siaghylococous albus as nom~pathogenic, WThile it iz wa~
doubtedly trus that the sejerity of pathogenie stapiglocscot are
af thy goldem yellew Mzﬁy. the faet that there say w pathogenic
Sispaylocoesus slhus sod non~pathogente Stmxiyloeccous surens, vius
the difficulty of & proper diffeorentiastisn of the in-between
vignente leade to mwtninw in using pigment formantion on the
eriterion of pathogenictdy (2, &),

That the fesmentation of masnitol wae firet used by Gordon
in 1903 1s nmentioned by Dufgeon {£). Dudgeon slso uwsed this end
‘other wothods in differentiating the stighyloescei. Ee fousd
that of 14 stvaine of Stapigloccegus sureus feolated from
supperative loeions oll fermonted mennitol; 15 out of 16 stmmine
irolated from svboutsneous lesiens formented mannitol, and § out
of & ieclated frem the normal ekin also gave positive msanite)
fermeatation. In contrast to the Syabylococeys sureus resction
on masnitol, of the $taphyloecaccus albus strains he cbinined
from hesling wousis only two out of 16 straine isolated gave
poeitive Termsutation resotions, 4 grest many workere have abe
tained einilar resulés witk the fermentation of manmitel (30, 9,
go, o, W, §, 12), Although o very high degrse of eorrelation
with pathoganicity hss been found, the Tmet that an appreciable
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proportion of nen-pethogenic staphylococei slse ferment sannitel,
fyem 11 to £ per eant {2), would seem to Mﬁit the use of this
test, |

Dudgeon (6} wes alee one of the sarlleet wsers of gelatin as
& mafius for 4ifferentiating the siaplglioceeci. Te found that 4%
was quite an exception for Jtaphylococous sureus %o feil to liguefy
gelsting bul that the =majority of Stachvloceccur sllbus sles
liquafied 13, slthough thers were nuserous excertions, Tn 1978
using the gelatin, preciritin, and other teste for diff-rentiating
the etaphylococel, Dudgeon and Sieopeon {7} found thet out of 50
Stashyloggocus sureue straine 37 liguefied golatin st 37°C,, the
resaining 1E 1iguefied gelatin at 2890, Thirly Stoxhylococcas
2lbys etreins were slso tested, 13 of these liguefied golatin at
37°C. ond oix ot 2270, the remaining 11 failed ta‘ 1iquetfy gelatin
by sither methad, Other vorkers have obitnined sisilne results
{80, 24). 7This test apresrs to give similar results to the
zannitol fermentation test, The mmber of the aon-pathogenic
orgunisme glving pooitive taste seems to be the limittug faetor
in the use of thass tewds, |

Congalene production was firet observed by Losh 4n 1973 (17),
1% wae assoointed with pethogsnieity By Mueh in 1908, and sisce
then 1te value in {dentifying etaphylecoce!l of potentisl path-
ogenietty hae baen ovtablished {4, 5, 10), Chapman (b}, Crwik-
shank (%) and Enllman (12) bave found & correlation of Detter
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thea 96 per cent, with a cerresponding lacik of adility $o oosgu=
lste plesma on the part of nonwpathogenic staphyloescel, Chasmen
tostedf 5,000 steains of staphyloooeel w‘m eongulese, hemalyein
on blood agar, snd agrlutinin tests, using pathogenieity for
Pobbits 28 the basls of pathogmmieily, Ne found that 811 of the
plosma congulating orgsniess were pathogenic for wabbite, In
the summary of his work he states that regardless of its colow
and hewolytie abilidy & coepulating strain e uesually pathopenie,
Crulkshaniz (5) has mede the fellowing etatenant in rognrd $o
eoazulase production--that althoegh unrelated to the ned¢rotoxin
and alpha=hemolysin of the staphylococcus, staphyloccugulasce,
1ike them is presend snly ia the pathogemic moshers of the speeles
vhsther altue or surens, Decause of ite constency snd sase of |
demonstration, eongulase production is recsmmended as & test for
pathogenieity of the starhylecocel, Blaly (2} in a recent review
of the literature on the pathogenic staphyleeses! muggests that
while hemolysis and plgment forsation frequently parelisl the
coagmlace reaction, vorlations cccur sulficiently oftes to rveader
thea inedequote, and only sugpestive at best, 1t is Blair's
spinisa thot the econmulspe fmtﬁ&n slones te¢ & sulficiont invitrs
indiontion of the pathopenie potentiality of estavhylococel, He
believes thet the fermentation of wnnnitsl suprlies & valuadls
aonfi »uatory test, and that the use of numeroue iavitro tests
serves only to emltiply senfusion, rertiecvlarly if one i» forced
by dieasvesing resctions %o postulate warying degrese of pathe~
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genieity., Sesides haviag the ubove juniitisn, the sosgulnee Leed
iv essily esrried sut snd the roesults may be bnown aftey three to
four hours {ncubation., The only negercary materisie are an 18 to
4 bour evliture of the orpanienm and buman or rebbit plssme, Palre
brother (19) we found bapnem plosmn 2 e witlfzedle for this test
aftey aix wogks of storage ot O o0 296, UOnly 0.5 v.e. of & 138
dilution of the plosms i# nspsesery. Thas, the secursey, coubined
with simplieity sad readily avelloble matzriale vonld seen to
meke this a very valusble tens,

Rogarding the fibrinolytie reaction, ¥adieon (12) found that
a0 per cent of the straips lrelated from Internsl humen leefione
were Pibrinalytie, while 77 »ov cont {rom sunerPieial losione wers
Innetive againet husan Pibrin, Plehsr (10) and T1112% and Camer
{PEY have veported thet selatively few #tratne of sterbylococed
from buyven pathogenic mourcer fiesclve plnasem elot, In teeting
25 etreins of pathopenie stachylocove), Pieher found that only
seven ¢ould diesolve plasns elot, Dus t2 the fuet that fibrine
olyeis by staphylooncel sften ragnires seversl days to bring adout
ﬁiimluﬁm af » plamme clot (10) and that shen seny hours of in-
cubation are reguired %o demonetrats fidrimolysie, cowpliceting
factors are introduced Yy the vetraction of the slot from the
sides of the tude, and By the tendency of fbrinogen tlois $o
spontanesus lysis {2}, thie tost cleo hae & very lisited wvalue,

That certain strains of Stadlylocogens surens snd Shaghy-
locouens albus vreduce exotoxims is goite well Jmown (36}, Mive



il

A17Terent toxic offaote have been doserided nw belng sroduced W
these toxine, "hay are the follewing: hemolvsis, louboeiiln,
negrstising toxin, loethal Somin, ond gastre~cuterie tomtn,

say of thoeo Sonlas have buen smployed ne Sosis for neth
egenieily. Nemolysis was sme of the cerlier omes used. Julisnelle
{15} glves & brief report concerning the eerly use of homolreing
rma; 1900 (16) brought out the faet thet stardhylecocel leke
biced on bleod agar plates, In 1001 Welsesr snd Hechaberg {20}
demonstrated & hemolytie substanes in filtrates of broth eultuves ,
They showed in o general eay that surens snd wisulent stanhelaanant
produced groator quantitiss of hemolyeis thep 414 odther albuw or
non-virulent straine, The work of Van durms 101€ {15) showed
similer resulis in regerd %o virulent mvd svirolent straime, WHow-
ever, in bis work Julianelle (15) drewe the Jefivite aonclusion
that although different strains of stephylocsced will vary in
degree of hemalysis, and in ranidity of hemolyeis, but if »nﬂ
ficlent time 10 givem, all etraine of stupdylescocet, pathopenie
end non-pathogenie, will show hewolysis, |

it 1 m&mﬂy agraed that hesolysis on dlood agar is not
nocessarily related to tha produstisn of seluble hewiosin 33,
Out of 262 straine of stashylococel, 62 sureus snd MO &1 bus,
Hudeon {14) found 63 per cent positive for hemolyeis on Hised
agar sfter 72 houre, 5L, Thompeon f@ﬁ‘) found 45 out of 40 straine
fsolated from progente infectione poeltive; 72 out of 23 strainms
from boils and ostesnyelitis positive; 36 out of 3O from atyriesl
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biosd enltures, snd 17 sus of 30 from the normal wiin, Tudegm
sad Biymuon (7) found that 68 per cent of Sfehyiooneras surons,
wod 96,6 per ceut of Stavhvlosegous slbus esve positive hemolyeis
an bloed ager, Chapman (4) found ihat only 51,7 pey cent of £90
stroins of §iophylococous museus were hewolytie, Fellman {12}
found that 9L per omt of B30 stralue hwmolyzed Blaed ager,
while oply 67 per eent of the strains wors pothogenic, Thae 4%
may be seen that the »Hility of o staphylotoccun o hemslyse blood
agner 48 wod pecessarily en indlcetion of pathogunicity, Howover,
Chapmen {3} Belisves that hesslysis op Blsed aper may b2 & vy
walaable fndex Bo oathwomistity through the following fntor-
‘peatstion: that 4f & strain e enreus wnd hesolytie 16 ix
rrohably pathagenie, while 47 n etrain 1e aldbue =nd pem~bhemolyiic
it 1s rrobably somepathogente, wvhile surens nogative hemolytie,
and aidus poeitive hemolytic strains are deubtful,

Pue to the wariove metbods of obtaining toxie Plltrates, the
A4 rforent evythmeytes noed, and alse the different techniguee in
preforming hewolysin tovts thore seems 60 be considsyabls dde-
sgresnent in the literature se to the degres of corrclation of
benyborin prodactisn with pathoseafeity (30}, Powower, some
workers hawe shisiped 8 v-ry pood oorrelation with pathogentieity
by this method. R, Thospeon (30} found s eorreletion of 01 per
oent, Crulckehent f%) 61 per cent and Gfllespie (11} 1O por cemb.
Pue o the time comsuwing procedure of pressring the texin and
the neosssity of having freshly prepared rubbit srylhroaytes om
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hand, and also 8o the fact it 48 not possidle to demnstrate
hemolysin 48 o msamber of freshly isclated etreins of staphylecocet
(1), this wethod would appear to have limited use,

Piffionlity in the methods uned oy testing the produstion of
Jeucoeidin have aleo hampered the use of this test as an index
of pathogeniecily of the staphyloeseet (2), Rscently Vslentine
{32} hoe smployed a mieroscopie method, sbuerviag the destyuction
of leuccoytes direetly in a series of slide preparsitions etsined
with a suitable blood etain., He fimde that etraine of patho-
gonie stapkylooncol isolated from serous lesions are capahle of
producing leucocidin in considerable amoumts, MNowawer, out of
36 pathogenic strains tested, only 27 were capable of profuctng
isucoelding & correlation of sbout 75 per cent

Aggiutiaine huve in the past been used mataly as & msthed
of claseifying the etaphylocoeet (18, 13). but not ae 2 methed
of sepsrating the pathogmics from the saprochytie forms, Howe
sver, retently Thompson and Yhovaso (30) using the original
groupings of Julianclle have found o high degres of correlation
with pathogentielity, They found thet estaphylococei from Qlscssed
sources tand to fall fnts & falrly uniform group possessing
vertain blochemical and antigenie properties &ifferemtianiing them
from son~pathogenic staphylococel, Howsver, the time convuming
tochnicue and uncertsinty would be facters lseding ve %o }mk

for a more perfect tewd,
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The sbility of staphyloescel ts form precipitine has been
correlated with pathogemicity., Dudgeon sad Slmpson (7) in using
50 straine of aureus and 30 strains of albus obtained from path~
ogenie sources, conoluded ihat cultures of Starhylocoqeus sureus
produced efficlent antissra more readily than Jtasdwlocooens
albug cultures, bub when an active Jtaphylocsccus albus anti~
sers wae prodused, it aeppeared to de as effeoctive as the
Stavhylococeus gureus antisera, A marked 44ff-vence in efficiency
betwoen Stachyloceccue sareus and Stephylocoocus albug antdcens
was noted, Gtanhylocogeus surens antigene were almost thres tives
more active than the Suohyleconcus mlbus aantigens, Pathogenie
straius of Jtenhylococems mureus sod Stsphylococeus albus produced
more efficlent grnipit;n sntigens than non~pathogenie, Burky
(3) found & very high degres of sorrelation betwesa the preeipitin
resetion with rabbit pathogenteity. However, in a ;reliminary
raport Blair {2) had found no covrelation with pathogenicity and
the precipiiin test, Mo suzgocted that the coamilase $e9t may
apparently serve for prelisinary separation of staphylecoesi
indo pathogenic and non-pathogenie etrains,

Mooy workers have ussd anims) puthocenioity as the basis of
virulence in sarrying out exporimental tests on etarhylococel '
ELUEN 6, 10, 3). Burky (3) has stated that while the sarvelation
is not dofinitely proven thers i2 a stromg osuggestion thot only
strains capable of producing humen lesions preduce any effects in
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rabbite, In his experiments Durky has shown that in the majority
of eases a lethal toxin is mot produced, that eultures usnally
i1l rebbits with definite abscsss formation in the ¥idneys and
heart wmuscle, |

It soome that the adility of a etaphylocecsus to produce
axotoxin is in 2o way related to ths severity of the infection
from which 1t wes 4volsted (2)., Parieh {22) found m» reletionship
between the poteney of the texin prepared and the elinteal
severity of the condition frem whiech the etrain hed been fssleted,
Fanton (71) slso found me ecorvesvendence between the smount of
toxin oroduced and the sevepity of ths lestion from which the stradn
wae isolated. That the dermonserotoxin appears 3¢ parallel the
lethel toxin in ite production, propertiee, snd sntisemielty, hes
been brought out by Blaiy {2), Juet as few pathogenic strains
have been found to produse lethal toxins, ®o Parker (23) working
vith dermoncerotoxin found thet out of 1 strains of Stschylococcms
Gureys isolatsd from beils, corbuncies, dermatitis, adsgesses,
septicenmis, only four produced filtrates vhich were sffeotive
on the skin of rabbite,

it would syprar from this briaf review of the diffeorent tests
which bave been used as teats for panthogenteity of the etaphylococei,
that the ecoagulase remciion glves the highest degree of scoursey
#ith puthosenle straime; with very fow pesitive for son-pathogenic
stralus, that it is very eaeily cerried out, and that 1% is not

tims consuming., All of thess fectors lends we to seloct this test
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as the oriterion for dstevmining the pathogemieity of stuphyle~
escel isolated from nmonwpathsrenic sources, Since we are very
intorested in the correlation of the sther teate with the eoagulass
resction wo have aloo included pigment formation, hemolysie on
vlood agar, production of alpha hesolysin, gelatin liquefaction,
mannitol Cermmtation and Pibrinslysie, |
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Srporinental York

Procsdure

Yor sur work we obtsined enltures from the hands of 50
mesbers of the medies! group and 5] members of the lay group.
Bars was taken to aveid using anyone that bad infections of any
kind, The hands of cach meshar of each grous were thevroughly
washed with sosp end waler., Brushes wore not used, The hande
wers not Aried ae the moist hande would Feedlitats in pesdbing,
Stertla swabs wers rabbed over the entire surface of the hande,
including backs, palms, detwesn fingers snd fingernails, %he
owed wae then etresked sver the surface of Blood sgar plater in
& memnar $5 a® %o haws well {molated colonliee om the last pard
of each plate, The plates were then fnoubated at 37 %, for &4
heurs, Sewlytie colomies were eneireled and the piMca yare
slaced in semi=dsylight for BE hours i order to facllitats the
development of pigmwent. At the esd of the HE hours, if present
thres albus and three suremns oolonies were ploked and transferred
42 axtract apar slants, In selosting the three sureus colomiass,
golden yollow colonias were ploked 1f three of these wers prasent,
4f thres of thess wore not orovant, snd stevhylsecrcoue celonise
af varying thedss fros cream colored to oather shedss of yellow
wers orsesmt, enough sf these were pleked to meike a total of

WM. The type of pigment wae nated in ecseh inedance, A1}
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hemslytic eslonies wers given preference to MoR-hemolytie colonies,
howevey, Af three goldea yellow aureus mwu were prevent, Ai-w
though non~hemslytiec, these wers taken lnstead of hemolytiec lemon
y+ilow oolenies,

The enlturee made on extract agar slante were incubated st
37°C, for 74 hours; and ucod as the steock culturss, from whieh
the different tests wore carried cut, Btrains were mada of sach
orgenien to incure its being & starhylococeus. All omgenisas that
wers gram positive cocel, with cells cceurring singly, in paire,
snd in grape~-liks slusters, not patkets, were oonsidered an
staphylococst,

All #ix ovguniswe, ithres albus gua thres aureas, from emch
person wers tested Tor congulass, Alﬁ*&m&ya&m fibrinolyeis,
mannitol fermentation mnd gelatin liquefying edility. The tests
were sarried out as follows

¥or the eoagulase teost rabbll plasme wae uneed, The plasmm
was usually ot over 24 heurs old, slthough im a fow cuses 1%
bad stood & wesk in the 1ce Doy, 4 115 dilution of the plasss
vith pliyeiologles)l enline wes made and 0.5 o8, of this dilution
wos used for sach srganism, A lospful of & 2 hour sxtract agar
culture was ewuleified in She diluted plassa snd incubsisd st 37°C,
Readinge wors made hourly for four hours; final readings wore
tskem at the end of the four hours. Tubes which centained firm
clots; vihich allowed the tube to De inverted, wers consldered as
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four plus for the épqulna reaction, others wers graded scooriing-
1y. A comtrel srgsnima wes used which clotted plases within one
snd ﬁwmt hours, If plasna was not clotted by tide orgentem
ws.tm# this time 211 teste run at that time were repsated,

For the fibrinolysie test the Sudes contalning plesme elot~~
from the cosgulase teet~-wore kept fow um daye and un@ daily
to determine &ianmmﬂu of the elot, Complete nm;wiﬂil e
regarded as a four plus resetion, ’

For the aif?éixvnnmlﬂm roaction « loonfal of & 2 hour
calture from extract ager was imoenlated into petri slates com~
talning 0.3 per cont i{nfusion sgar. The plates were incubated in
an atmosphers esntaining 30 per cent esvbon diozide, and 70 per
eent oxygen, for UZ hours, After incubetion the azar was cut wp
with & sSerile loop and poured inte sterils fumpele éontaining
r:attah gemne and allowsd $o dvain over night in the refrigerator,
%he filtrates wors them comtrifuged at top speed for 30 minutes
in order to completely sediment the bacterial eells, One-tenth
of & g.¢. of this supernatent fluld wvas used in the titmt_sen.

A et uwp of seven tubes was ueed for emch $itration, Fine~tenths
e.0. snline was placed im the Piret tube and 0.9 .0, '8 the sthers,
One tenth e.2, of the superaatent fluid, or exotexin, was mized
with the saline in the first tube, 0.5 ao, of this dilution was
trunsforred o the second tube, after thorsugh mixzing 0.5 e,¢.

was braneferred to the third tube, snd o on with eath susceeding
tube, 0.5 ¢.0. Dolng discarded fyem the laet tube, leaving 0.% e.c.
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fu 21l the tobes, Plve tenths e.e, of & two psy cont suspension
of ewashed vabbit svythrogytee was sdded te cech of the soven
tubes, A contrel tube containing ©.% eo.¢. saline and 0.5 e.e
of the ealle wae made for each five orgenises, or 35 tubes,

The tuboe wers o8t in o 37 T, water Dath and readings talten after
one hour, Oomplete hemolysis wam vogerded es four plust sthey
smounts of lyeis were graded seosrdingly.

For the masnitol fermentabion, 48 hour agar cultures were
used. A Joopful of the culture =ns inoculated intn tubes con~
taining mannitol broth, The tubes were incubsted at 37°C, emd
ﬁsrm dolly for & peried of sevem daye for the production of
avid. 4n marsfes indicator had besn included im the medium , the
inteneity of the color change tould be noted daily, The time
taken Yo produce acid, and the degres of acid as dhown by the
eolor, was noted, A bright vred ovler was considered ae four
rlus, PFoint cimk sed osther shades werc gradsd accovdingly.

A B8 bour sger sulture wus alse used for e ﬁutia
liguefaction test, A stsd inoeulsticn vas meds inte esoh seladin
tube and obesrved dstly for seven doyw for Mauefaction, Tine
taken for 1igusfaction, vad ssount of ligquefostion was noted,
Complate ummma wes regavdsd an four pluw. |
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Piscussion and Bemulte of the Incidence »f Pathogenie
Staghylococel om the Hands of the Twe Groups

. Using the cosgmlase resction ad s oriterien of pathogenieity
for the staplylocoeel, wo find that of the 50 medisal pesple
sxsmined, nine were found to b potentisl rathegenio staplyloceccens
carriers, oF 16 per cent. Of the 28 murses exsmined, five wers
found positive or ajprozimately 1& por cent, and of the 22 doctere
sxamined, four were found to be poelitive or avprexisately 14 per
cent. It 40 rather intoresting to find that t;:m war approxie
mately the same pereentage of positives from doth deeSore and
nurses, OFf the 5% people from the lay grour examined, ﬂlraul
was found pesitive or aporoximately two per cemt. Yhe faot
that one out of every six ia the mediesl profession i» & potential
pethogenie staphiylocccous sarrier, bringe thres questions to our
wmindes Why does the medicel group have more pethogenmic staphy~
lococel on thelr hends than the ley group, 1o spite of more
fregusnt washings mad the more general wke of germicides? What
is necessary to prevent this high carrler vote? %hat {9 the danger
of spread of infection by the doeter %o his pretiente’

In ensvering the firet question, we oan roadily ses that m
great difference detwoen the twe groups is mainly in thetlr oe~
cupations, One might trimg up the quention »f whether ar nod
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the medical grour hed more ohrenie infections {colds, simusitis,
Mih) due to pathogenic staphylocecci tham the lay group; Wit
thiz, if 46 were tvne, would lesd ue back again to the ccoupation=
&l differescen, In looking at the cvewcational differences we
cen aloo readily ese that the main differende which would have
sny bearing on pathogenic arganiswe is that the medlieal person
hae far more diysct contect with infactious casse of various
types then membepy of the lay greup. This then, would seem S0
answer our first guestion; that constent contact with infecticus
ensen tends to estadlish o flova of thess pethogemiec bacteria
on the skin iz contact, In epite of frogucnt washing and the
delly use of hand disinfectants, Price (2Y) could not rid his
hands of psthogenic organisms for many weeks after he had censed
wark in & septie ward, How then would any doctor in constant
charge of infectious caves olthey vid hies hande of thewe pathopmie
organioms, or prevent such & flors frem establishing themselves
on his hands, Since direct cemtact with the infecteld part, or
infected drsesing, vould vsem to be the enly way of estsdliehing
such & flora, vrevention would appear to be im preventing euch s
contact, The wearing of rubber gloves ip the dreseing of all
wounds wsould soem to snswer thie muestion,

Omne may bring cut the view of (Mllesple (11) that the
sathogenic wtaphylooceens carrier condition on the avrmal akis

is dependent uoon the presenes of pathogenie staphylecocei in
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in the nose; which in tuarn ie i&rw'ﬂy ssscelatsd with o histary
of chronie nasal discacs, Whether or not doctere and nursece suffer
wors from chroanic nasal Afseane than loy pessle 40 questionsdle,
That muress and dootors may have more pathogenic staphylooseei in
the nesal cavity than the lay grewp way be true, but aven ssruming
this to be the cose, constuout mseseistion +ith the srgzmisme would
98111 seem to be the only explanstion for the difference between
the two groups, The question af mthnr\ the crgm-l are firet
ostablished in the nose end thea transferred to the hande of
whethsr ths saverse 45 4ivs 15 ales suite dedatuble,

Tao question of the danger of spresd of infection by dectors
ko patients would, of course, depead om mmr cteixh rubber
gloves wore worn, the tecimigus used in handling end Rnn&m the
wound, the type of wound, the resistance of the patient. Nowever,
there ie 2o question but that the danger of spresd of infoction
in the drossing of wounde by dootors without the use of rubder
gloves is greatly incressed,

In the course of our work the hands of four maids #f ®
howrdtal were also $ested for pathogenic etaphylocecel, One of
the girls vho had been employed at the hospital for a period of
more than four years, was & pathogenie etsphyloccecus carrier,
while the others that hed bBesn employed within the last wight
monthe wers not pathogenic staphylocoecus carrisrs. Thie may
serve Further $o bring out the peint of assceigtion with pathe~
gonle srgunions apd the eetablishwent of thesa orgemisws as part

of the flora of the hamds,
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Plecussion and Resulis of
Patingenieity Teste

Teble I shows the relationshiy delween the starhylococei of
the Swo groups. Although the lay group eoataimed mars sureus
organisas according to ehromogenesis; the aurens straine from
the medieal mnp én SHre pﬁiiﬂ.’u rosctions in a1l of the
pathogenicity tests; 58 per cent glving posltive mammitel forw
montation a¢ eompar«d with 26 per cant fram the lay group; 67 per
eont liouefied geletin, as compared with 36 per cent from ths lay
group,  Thirty-ons per eemt of the Slaphylococeus sursus from the
Mu‘& grouy shoved hemolysis on Bleod agar, whiile only 1€ per
eont from the lay group pgove positive hewolyeis on dleod agay,
There was perfeot correlation betwesa congulase and alpha~hemolysia
produstion on all tests carried out. Twenty per cent sf the sureus
from the medicsl group were positive in Doth of thene tests: while
only 0.8 per cent gave thie resction from the lay groun, However,
in eomparing the albus stralas from deth groucs we find that
practically the reveree ie trus of the orgenisus siving postitive
teste, Hemolysis on blood ager iv the enly uamﬁo, 37 per cent
of the medical group giving positive hamslywsie, and only 16 par
cent of the aldus from the lay growp. Teealy-nine per cent of
the albus fyrom the mwedionl grour gsve positive maanitel feruenter
tion tests and 41 per cent fron the lay group, Twenty-iws per
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cent from the medical grour gave positive gelatin liguefaction
testn, while 46 per cent frem the lay gyour gave positive gelatin
tests, |

The ralation of ploment to nuthogenieity is further bBrought
sut in Table 11, That slthough the golden yellow (true aureus)
sirains in the medieal group gave the highent percentage of path-
ogenieity, 41 per cent, 9 per cant of the lemon yellow strains
wore pathogenie, sad the cresm ecolored straine chowed 19 per cent
positive, Iu the lay group the golden yellow strafne showsd two
per cont pasitive for the coagulase remction, or pathosenielty
and none of the other shades of sursue showed any positives,

Another inmstance showing the relationshins of pignent ¢
pethogenicity mey be brought cut heve. Vhile debating as o
vhether wa shonld pick thres 4efinite aurens nonshemslytic
straine or thwes eream colored hemolytie etraine, we declded ia
thiz one cass to take thres of each, The cresm eolored straine
proved 8o be potentisl pathorens, while the golden ysllow stvaine
wore not,

m& 111 chows the interesting velationshir with regsrd to
chromogenesis, hemolysies om blood sgar, end cosgulame produstion
af the thros aureus etrains isslated from sueh person,

Table IV shows the reactions with the coagnlass, fidrimelysis,
gelatin liquefaction, and meanitel Fermentation tests of ull the
pathogenie organisms, While practicslly all of the organivne

{with the exeception of one that 414 pot liguefy gelatin) seve
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Table 1V, Time Talen For Positive Teats Yor A1) 29
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positive mannitol and zelatin 1iquefying teste the great wamber of
nonwpethogenie organisns also giving these Sesto would seen %o
rule out the efficlency of these ten reactiome se tesia Tor path
ogenicity.

Table 1V alse shows that all orgeniems showing positive
coagulate rm-ﬁﬁm £nve mﬂtiﬁ fibrinolysis; however, some of
these took as long asx Pive mt; ,

rénwﬁn of tho: asursus straine from the medicel group gave
definite positive hamolysis on Wlsod agar sfter 7 hours of incube-
tien {Table 7). Howsvss, not 511 sf the ralhagenic SSaphyloccseus
garsps straine from this group gave positive hemolysis om dlood
ager, 16 out of the 20 m-d‘ & positive reaction. This is a
ssnller provortion of positives than in elther the mmanitel for-
mentstion, or gelatia liquefying tests, but lack of correlation
hare, alss, would seem to rule out thie test as a pathogenieity
tost,

Table ¥ shows the relative amounts of texin produesd by the
pathogenie straine, Many showlng lysis in dilutions a.high =
111260, It will be seen from this that alpha~hemalyein production
sorralntes quite closely with coagulase., However, in the course
of our work we ran tests on staphylococei obtained from the hande
of a persou with an infected finger., Yo 414 vot include thece
vesults in sur sxperiments, but we did find in this one inetence
that all thres of the Staphylocoecus sureus gave complste hemolysis



Table V. HNemolytic Titrations of Toxie Filtratee
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in & 1120 dlintion and partial hemolysis in dilutions s high e
11380, with & negative ¢ongulase resstion.

hat the slphechesslyeisn sesetion is not a9 etchle ane the

eoumlane reaction was dreught out m the maunu of sur eon~
teal orgemies, ¥o, 161, Thiz usy be veen in Table VI, Then |
firet tenbed this strain showed conplete henclysis in dilubione
8f 1140 snd perbisl hemolysie in dflutions ae high o 316WO,
APYey two monthe of woekly framsferping on slain sy this strain
414 508 chow eomplete hemolysie in ony tube, and the higheut
41 lution showinmg partial namclysie wez 1:40, shile the eosgulase
tect, vhieh wae dope at the sawe time with the same tramefer,

showed crmplete comgulation of fhe plesma within oue and one-bslf

Eoure,
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Table VI, Hemolytie Titrations of the Toxic Filtrates
FPrepared at Different Dates With the
Gontrsl Orgeniem, Wo, 161,

Date 1120] 1380 lsq lﬁﬁl 1:3'&, 160 11280
a0 -~ s i
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Bumary snd Conclusions

=

In srder to determine the velstive cocurrence of mathogente
staphylococel on the noranl skin, and vhﬁmr constant sssociation
with @athogﬁm organiems has mueh influence on this flora, we
gonpared the fleru of the hands of a group of meditesl people with
a lay groap,

fultures were taken frem the hends of 50 members of each
geoup, 1f presant, Shree Bhsphylocogons plbus and three Blaph~
1lgeoctns gureus etraine from the hende of euch person were
cultured and tested for pathogenicity by the cospulase, fibrin-
olysis, hemolysis on biood esar, the production of alrvhe~hamelysin,
sannitol Tarmentotion, and the geiatin liguefactiion teste,

The coagulane ta20t was ussd a8 the eriterion of pam-»
eity. The production of axpm*hmm correlated perfectly
with coagnlase production; while the other Sests used gave wary«
ing veuults with both vrwtbogenie and nompathogenic orgenisss,
From our exporience with thes pathogsuieity tesds amloyed, we
conslude that the sccuracy of the tests goed--other than the
coagmless and alpha-hemolyein--camnot be relied upon.

From gur work with the staphylococel iselated fyom the
mesbare of oach group, we found that one ¢ut of every siz mesbere
of the mediesl profeseion and one out of avery 50 menbaprs of the
lay group 18 a pathogenic stephylococcus enrrier,

Sinces the madn 4iffervence Letwesn the tws groupe is their
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sceupation, it in tgmm that constant associntion with path-
ogonle ovganisus may Iave the effect of estadlishing a flora »f
theee orgenisme on the slcln,

Sinee wanhing, snd the mlluﬁam of permicides dooee not
saem to reduse the pathopgeaic organiewe any more resdily than the
non=psthogenie, the wesring of rubber gloves in dressing w«dl
wounds, and in m&mﬁruum tases would appear to be a very
important factor In outting down the Mgh rate of patheresie
staphyloesocus carriere among the medieal mfcnt:m
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