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TTTE DTFFERENTT.ê.TTON OF BOVTNE STAPHÏIOCOCffi BY

BACTERTOPHAGE

By Plng Hang firng

¿.BSTBÁST'

A, preliminary stud.y was earried out on the

optimun time for lneubating phages produced. by staphyloco*

celo. This vras done by eomparing the growth of eaeh

of several strains of Ela$¡hy-lgcoeeus with the grotrth

of the same strain pLus its ho¡nologous pha.ge ín

tryptlease soy broth at 37oC at LÊminu-ter lntervals

for nlne hours, with an ad.d-itional f inal eolorimetrlc

reading at 22 hours. A tlter of the concentration of

phage partieLes 1n the l¡rssC eulture was made at one hour

and. thereafter at half-hour ÍntervaLs until the

reading on the eolorimeter remained stationary for
on6 hour". The optlmum t1¡ne proved to be dlfferent

for different groups of phages* In one group the tlter
rema-ined at a. hleh LeveL overnlght;' 1n a second the

titer was lorsered appreciablyi and in a third group

the titer was praetically lost., 0n the basi.s of this
findíng the tine of incubatÍon 1n the studles reported

hereafter was varied from 2 to 6 hours, the tlne in
eaeh ease depending on the reactlon with the

individual phage,



Ihree hund-red and twenty-f1ve isolates vrere

obtalned from udd.ers of cows in nine areas adJaeent

to lJlrrnipego 0f these 166 r+ere typable b)- using the

21 phages in the basic set together with six otherg.

Most of the typable fsoLates were suseeptible to phage

Bl", The najority of these lsolates were suseeptible

also to one or more of four other phages-l+2Br \7p ¡
BO and 82',. One phage-type vras pred-ominant in each areae

but dlff erent predominant phage-types oscurrêil -rfn

different areaso. The majority of the i.solates could

nôt be grouped on the irasis of the basi.c set alonen

Seven of t+5 isolates obta.ined fron pooled. (cans)

m1lk 1n one of these areas rrere t¡'pable, Ti'¡o of the

types fron the pooled m1lk r¡rere the same as two of
the 18 types obtained from indlvidual eor,¡s in that
areao. T\,¡o other types were dj-fferent from the t¡rpes

isolated from the milk of lndlvidual cows" In a

seeond area ii:vestigated none of the ísolates from

the pooled m1lk was typable,

One of the seven isolates from bu]-k (tant<¡ milk
obtained from the latter two areas tras typable" This

type was the sane as the predoninant type isolated
from herds in the first of the tr¡o areas*

In trlals with JO bottles of miLk staphylocoecl

I¡Iere not found,
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INTRODUCTIW

Staphylosocciì are widespread, Their presence

in air and. 1n the lrutediate envfronment, of man i,s

eornmon. Und.er normal eonditfons they may be

present. ln the noser the throat' or on the skin of

the hu¡nan and. c'erüaln domestl'e anÍmaIs, Due to

their high adaptabillfy staphyLococeal lnfeetlons

have beccme of fncreaslng coneernr p-artÍ.cuJ.ar1y

durlng t?ie past d.eead-e". Ihey eanr adjust, them-

selves to new. envf'ronments sueh as human tlssue

bathed in antimicrobÍ.aIs, and most pathogenicr

strains presentl-y predomínant. are antíbíotÍe-

resistant:. (16 ¡"

Of the acute i.nfee,tlons ln man staphyiloaoceal

infeetions present, the most; urgenü; need for

basle treatnent', espec'íally' fol] owi.ng operafiìons

(2), Thlis need. resuLts from the fac't, thab

penic.í111n-res1'stant; stralns have steadily- ri.sen

from 5O to BO% of the strains eurrently earried.'

by sel-eeted groups of indlvidual-s within

hospitals, and. to a lesser extent. in the

populatlon at. large (L6)" Staphyloeoccal
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infectlons are endemi.e 1n the general populationt

slnee outbreaks have been reported repeated'Iy

(2¡L9) 
"

Immunizatj.on against staphyl-ococcal d'lseases

has not proven promising. Furtherr the dev'e1op-

ment of strains resistant,to antlbiotles and

d.rugs, eurrently aceepted as effeetiver lin1ts

opt'1m1sm that; a perüanent effeelfve antiblotte: or

synthetic drugr wilL appear fn the 1'mned.late

future. Therefore, eontrol remains of primary

lmportanee" A prime requisite in this eontrol is

the abllity to differentfate pathogenic' frou 11on':-

pathogeni'c straÍns,

The heterogenei-ty of this group of mlcro-

organisms eonfounds both the medical man and' the

blologlst, In the nnedlcal field.r a narrow vlew

wldely hel"d 1s based on the d.ogma of the fixity of

baeterial speeies, allowing plastlclty withln the

speeies as regard.s vj.rulenee but; failing to

reeogniìze variatlon d.ue to genetie instabillty",
The biologist, earing little about d.isease, airas

to fit.a speeies into a phylogeneticaL schene

and i.s bedevil-ledibl the overlapping of eharaeters

sueh as coaguJ-ase reaetlon, toxin produetlont
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pigment f,ormation and toleranee to high salt;

eoneentrati-on. However, methods of differentiat-
ing strains on the basls of one or more of these

characters have not proven completely

satisfactory (22)" BacterÍophage typlng appears

to be' stable and consi.stent. It provici.es an

arbltrary method for the segregatlon of strains"

The staphyloeoeci that eause an epld.emie i.n one

area always fall Ínto one phage pattern (17e19).

This presentaticn deals uith an attempt to

establisli't¡rpes of staphyloeocci by the

bacterlophage method" It; lnvolves: the' flora in
ml1k aseptieally dratrn from the cow and in n1lk

at various stages of hand1.lng" The flndlng at,

a sta.ge of handling of a type not present 1n the

aseptically drawn sample eould provide a basls for
measuring sanltat:i'on ín the handling of mi1k,

slnce the new type could. representr; contamination,

Cbnceivablyr as an alternate probabili.ty, the

new type coul-d. represent a genetical varlantn"



HTSTORTOAÏ,



4

ålF-pÃrqå..

The firs.b investigatibn involving results that.

seemed. to suggest 'bhat strains of staphyloeocei

could. be divided into groups accord.lng to their

susceptibllity to a serles of bacteriophages was

reported by Epstein and FeJgin (6)". These investi--

gatbrs noted that'; staptlylococeí from lesions and

from other sources did not respond in the saTre-lfay

to the phäges stud.ied", Burnet- and. f,ush (3) d.lvtded

dlfferent; stapÏrvloeoecal pliages j.nto different

groupsaeeord'ingtolytieaetionondlfferent,'
staphylococci, WlLliams and. Tlrnralns (e4r) atternpted

to use thi's ptienomenon to di,fferentlate the strains

of staphylococeir. eausing acute osteomyelitls'

However,it-wasFlsk(718.)whoinitiatedti.ne
present practrice of phage typing of staphyloeoecl"

Tn-is lnvestiþat'or demonstrated that lysogenic'

staphylocoeei;are widespread'' He used' the eross

eu-lture method' to obtaln dlfferent phages from the

lysogenic strains of staphylocoeci and' found that;

thereaetlþnofthesephagesond.{fferent'strains
of stapTiylocoeef: ls seleetive' Ihls reaetfon of a



staphylocoecal straih to a given phage 1s not
readlly altered.: by changes. inr envlror:ment; Soon

thlis method of typing proved. of value inr tnro smaIl

epldeniologlcal studies (9111)".

Fuceept, for the add.ítion of new phages andr

eertain mod.lficatibns in: teehnÍque' the current
methods used 1n-pliage typing of stapliyloeocej. are

based. on: those used: by l¡ll]-son and. Atklnson (251"

These r¡orkers demonstrated that phages cou-ld,, be

separated from eoccÍ- by flltratlon, tlie earlfer
nethod depended upon. inhlblìti'on of the coeci by the
quaternary ammoniiim dirsinfeetant, zephlran (T),.

They lsolated. 18 phages and devlsed a method. for
rou-tine testing of dífferent, types of süaphylocoeei.

on the basÍs of phage pattern, They divided thelr
typable staphyloeoecí into 21 types,,

A crcmprehensive rev.,ie¡s of the, methods eurrently.
ih use has been report'ed by Ïfilliãms and.: Rippon (23)".

T''.*e malh,lfse of phages from hr:man stapliylocoecf

has been th tracíng: the sourees of epidemies of
iirfeetlbns ih man, but. thelr use has been extended

to the typlng of staplÌyl_oeoeci of animal orÍgin,

MacDôna1d. (12) was the first: to report. the



typlng of staphylococei of bovine origin by phages-

This investlgator, working with phages obüained from

tlilson and Atklnson' reported that the majority of

the coagulase posltlve stralns lsolated from 28O

samples of aeered.l'ted milk, and alt- the 34 strains

from bovlne mastitisr: Itlere ful1y suseeptible to

phage +2D"

SxûItl¡ (2O), noting the value of 'r r:", phage-typing

ln the investlgation of outbreaks of staphyloeoceal

infections in human subjeetsr attempted to aseertain

whether the nethod of Wllson, and Á.tkinson (Z5l míglit
'be of value in the epidemiologieal study of stapllylo-

coeeal infeetlons in anj.mals,. This ínvestigator

obtained. 21 phages from G. So ÏJilsonr and isolated.

11 additi.onal phages" Hê reported that 2J of these

could. be grouped., as followst

JA Group ! Phag,sg

6 Group;' Phages

2p Groupl Phages

42Ð Group: Phages

3Ar 3Br 30 and fI.
6, 7, 4zn, 47 and 47c.

292 29tLt 31r 4zc, \4? J2 and- ,2a,
42o , Et74/r6 ? 14/94, 1363/14,

t2g/r6? 30/L6 and P42D/8]-93.

BB and BBA"

of 1016 isolaües obtained from

BB Grou-p:: Phages

Ife showed that 93*,3F,
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xûil"k were typable by this grouping, whereas the

remaining 6.7% proved.: to be susc,eptfble to the J2

test phages. Ovêr $3ft wexe susceptlble to one or

more of the l+2D groupr. ârrd, 9;$fi t;o one or &ore of 'tlie

2p group" I[e divicr-ed. the typable stap?iyloeocci fron
boviheml,lk into 25 types"'" StraÍns isolated from the

mÍ;lk of eor¡¡s suffering from aeuüe or ehronie: masti.tls

did not differ 1n phage type from the stralns

isolated'from the ni1k of cows wiTh apparently nornal

udders" Ohe phage type was predomirnant. ln the

strains of stapliylococei exsmined. from one herd but

in other herds the predominant types urere d.lfferent"
Dífferen¡: phage types ilr dífferent, quarters, of the

same eor¡ were nct, r:nusual but. stralns lsolated. from

one quarter were generally of the same typer wlth
fer,r exeePtions.

T{iith,a larger number of phages' Smít}Í (ZO) typed

a greater pereentage of stralns of staphylococci than

d-1d MacDonald (12) who used, on].y the pirages obtained.

from Vlilson and., Atkinson,, Further' the percentage

of stralns fulIy suseeptible to 42p alone (now

al.located to Group lll-) was not; as large as that,

report:ed by ÞiaeDonald (1.2).

Price et a1 (14) studied the phage types of
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staphylococci- lsolated. from eons i.n England, Tliese
of

inv,estfgators divided. nost¡\the 896 isolates lyom 276

quarters of 15 herds into 12 fairly eharacteristi.s

patterns when phages at, routine t-est; d.ilutions !¡ere

used." Ihese lr¡ere designated" by the letters A to !t,
as follows;:

Code Letter Pliage susceptibility pat'bern

det.ermined wi'th phages at,

routi.ne üest, dilution

ä 4Ð, 7 /42D/rÈ+14+a., and other

eombinatlons of these four pliages

B iVumerous phages of grou-ps I and 111

c Lysed by one or more phages of
group I and also by tr2B

D 7 ox 7 /52L+

E 3c /7/29'/42?j/ 52/-52a./ fu
(and 7/52/l++)

F 7 /+28/r+ +
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Code tretter Phage suseeptiblllty pattern

deüernined with phages at.

routine test. diLution

tr
.ct 4ru

T \zcfuzn/W/A+Mfl++

J 14+

K 6/\7/53/$+ +

t 6/:/ /\7 /r3/fu+

1f
IYl 53/f+

Three hund.red and thírty n:ine colonies ferl into pattern
C;: lBJ into A; and l8l into L" In heavily,infee:ted.

herds infections were due to more than one phage typeo

f.tro phage types obtained from one quarter were urleorumon,

thoug'h different, types from different quarters of, the

saüe coÌr rr€3ê eneountered. quite frequently. This

fihd.ing was in agreement w1th that, obtained. by

S¡nith, (2O)"

Barnum and Fi¡l]-er (1) used the baeteriophage

typlng of staphyloeoeei initiated by Smith (20), to
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differentiate pathoge:rie from non:pathogenic strains in

mi1k, along,with other charaeterlstlcs of the stralnsrì 
"

in studies on the epidemiology and-, the efffeaey of

treatment. and enntrol measllreso

These Ínvestfgators isolated phages from 42 lyso-'

g,enic culti¿res of staphyloeocci'*, Using these phagest

th'ey tested 648 lsoÏates of staphyloeoeel from mí1k,

and found that most of the ísolates belonged io one of

five groups, One hundred and ninety flve belonged to

Group Ä; I7g to Group \; ZA to Group B; 45 ta GrouP Br;'

L7 to Group B2; 123 v¡ere not: suseeptible to any of the

42 ptlages; and. t3 r'rere uncJ-assifiable by these phages.

Fr¡.rther, this r¿ethod of phage typing d.id not. distinguish

between strains fsolated. from healthy and. diseased

udd.ers. lhis result eonfirmed the finding of Snith (20)'

Ilbwever, it did afford definlte evid.ence that eol,rs

served as earrlers of strains t}:rat-. could eau.se infection

in the nanmary gland, One phage group of staphyloeocci

lras pred.ôrainant. in one herd and other groups fn

d,lfferent herds. This is in agreement with the results

obtained by other workers (fh)'

Edwards (t+) found. that. nost strains from 35, eows of

oae herd- l¡ere lysed by phage 4ZO at routine test,

dilution, but also tìIere lysed by stronger conc,entrations
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of phages 1+, 77 and 79. L,ater this inveshl'gator

r'rorking with Rippon (r) reported. s1mlIar flndings, in
thi's ease stronger concentrations of a larger number

of pliages proving to be lytle, fhey divided the
pathogenie staphyloeoeei isolated from these h'erds lnto
five typesr âs follows:

Type Diluted
Phage

Phage Patüern
undlluted

l. 42D 29 / 12/79 /42D/*./77

La 4zn 42D/6/T /+28/.+7

2 3L/3B/3C:/7L

3 523 7 /7 5/77/r2B

l+ 52L 52/ 52a

5 7B fu/z6nrna;;

AlI the above types rrere for:nd. in, cases of eJ-inicaS

mast¡ltis Ín cows", This finding eonfirmed tlie results of
Pil:ce g[ aI (Ilf) mentioned. earIier,. lkiese results
likev¡ise conflrmed those of Smith.(20) and,price et a!
(11+) thaü. one type \¡ras pred.omlnant, ln eaeh, lierd buti the

predonfnant, type in one herd dÍffered. from that 1n
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another,

ïn a stud.y'of ,7 i_solates of staphyloeoccl from

mll-k of a mastltis-affeeted herd, Rountree -É-a1 (l:Z)

found. that 33 were lysed, by phage l+PO or by other
phages not attacking human strains, Twenty two Ísolates
belonged to phage pattern 29/|+Znil2,

Ihateher and Slmon (2L) reported. that the

predominant type of stapilylococei isolated. from dairy
produets 1n Canad.a Ìras 42D,

In 1¡Iiseonsinu Seto and W1lson, (lB) iso]-ated. s¿x

staphylococcal phages d,esignated as 51, S2, 53: S4,, S5r

and 56". The pliages 'were propagated on, mjibrocoeei of
bovlne origi.n", lrì-..ese Ínvestígators found. that of 3Tg)

coagulase positive' stapliyloeoceal eultures testeð. 93%

I¡rere sensitlve to one or more of the. above six phag.es

and. to phage 42D" å.11 eultures of phage type: 52 were

sensitive to phage 44¿-- thi:s, type was reported by

Ifcf,ean (f¡l to be the predbminant, type ln staphyloeocei

i'soLated' from miSk ln Australia-- and 8O/, of the 4l+4.

phage type eultures were sensiüive to phage 52, 'Fhuss,

the pred.ominant type of staphylococci of bovåne origin
isolated- 1n Wisconsin r,¡a"s the sane as that 1n Australla
but differed- from the predominant; type of bovine orlgin
isolated 1n England (2O) and in Canad.a (21)" In the
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latter tv¡o eountries the predominant type Ì¡as 42D".

In a subsequ-ent; stud.y in Vfisconsin, Reid and. I¡Iilson

(l-5¡ found the same pred.ouinant phage type of

staphylococef- in eows with acute mastitisr- vri'üh chronÍc

mastj.tis and. r,¡Íth clinieally normal udders as that

reported. by Seto and Wi1son, (18)" Forty-foi.F per eent

of the ty¡¡able isolates belonged. to phage type I+trA' and

3O/, belonged to type l+2D" Furtherr type tìl+A staphyLo-

coeci- occurred more frequentfy in ud.ders of aeute and

ehronic na,stftis-affeeted eows than did type t+zD.

Hôwever,r. the liaO type occurred sllghtIy more frequentLy

in normaL ud.d.ers than did the l$rA type. A' grea er

number of strains Ìras phage typable from co$¡s ro¡i-th

aeute mastltls than from those t¡¡ith chronic mastitlgoT

from those r¡¡itli normal udd.ers"
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MATMIÁå AND METÏIOæ

lVIilk Sanples

The mil-k samples used. in this stud.y were coll-ected.

under the zupervision and rvith the cooperatlon of

Dr, Norman E" Stanger, Assistari.t Pathologist of the

Á,nima1 Pathology T,aboratory located. on the UnÍversity

campusô The flrst set d sa.nples rnras obtained

aseptieally from each of the four quarters of each

colvo llefore sampling, tf,re i¡åd.ers of the coitr were

washed. witih a \{iarn chlori.ne compound. follo-ued. by

JOl" ethanol. The' second. set was obtained from cans

of pooled. milk from eaeh herd.; the third set from

bulk tank whÍch contained the nilk from a number of

herd.s; and the fourth from tlre bottled ¡ailk after

pasteurizati on,

The se cows were fro:n herd.s ln the vlcínity of

l"Jinnipeg, namely; St, Vital, Tuxedo, the University

of ivlanitoba, Haywood., Grunthal, Gunton, Kenton,

Stonewall, and. l¡lest Klldonaa. Ca.n sar.pleso tank



L5

sau.ples and. bottled. railk sauples were obtained

from herd.s in the ?írst-:two-' areas.

Isola ti on of StaphYlococci

Each sample was streaked. onto a plate c ontaining

bovine blood in tryptose agar base and Íncubated'

at 77oC overnight. f$pÍcal staphylococcal colonies

were isolated. on nutrient agar slopes and. incubated

at j"lo} overnight' The cultr¡res from these slopes

were then sub-cultured. in trypticase soy brottr at

77oC for 4-6 hours, at which tirne they were typed'

Sources of Bactefiophajes

fhe phages r¡sed comprised the basic set of

2l recommended. by the Interr:atf onal com.ittee on

Phage Typing of Staphylococci (f0) ¡ âs follows:

GÍu L 2?, 52u 52L, 'lgt 80.

Gr, II" H\' lVo VAu 55u 7L"

Gr" rrr, 6, 7, +2ße 41 , 57rr4, 77, '.lTt

'l'l "

Gro fV" +2D"

Mi sc. 187"
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and. the following f ive phages obtaine d. f rom a¡d.

by the courte'sy of Ðr. E" T. Bynoe, Laboratory

of Hygiene, 0ttawa, ûntarlo:

42Ë', 4',18, 81 , 82, 97L.

One ad.d.Ítional phage deslgnated. phage W rjvas bn,tàine¿

from the ll[anitoba Provlncial Bacteriological

Laboratori.es, Department cf PublÍc Health and

Ii{elfare, rrillnnipeg by courtesy of Dr, f," Po Land.sd.own"

Cultr.¡rine the Propasatine fitraíns of Stapbylococci

Each strain of SqqLh_ytqe_gg.-gus from the freeze-

dried vial was suspended. in 0.5 n]. nutrient broth,

anô sub-cultured. eu. a blood.-agar plate and, in a

tube of broth, âd i-ncubated. at ïfC overnlght.

If growth was obtained. on the blood.-agar platet

a typical staphylococcal colony was picked and.

streaked o.n a nutrient agar slope in a scretr-capped

tube, and stored at 4o0, Tlor$ever, if staphylococci

f ailed. to grow on the blooil-agar p1ate, a tra¡sf er

from the broth culture was streaked. on a second.

blood.-agar plate and. after incubation at 37oC a

d.iscrete colony uras cultured. on an agar slope.

Thís uras incubated at TloC overnight and. stored.

at 4o0,
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The cultures thus obtained. $¡ere replated. on

blood-agar plates at three-week intervals and the

new isolates cultured. at 17oC overnight on nutrfent

agar slopes a-nd stored at AoC. Each propagating

strain of Staphylococcus was d.esignated. by placing

PS before the number of the homologous phage, Thus,

the propagating strain for pb.ge 7A was label_ted.

PS,A"

For uøe in propagating a phage, a Bropagating

strain was sub-cultured from the agar slope in
trytrlticase soy broth, This broth culture was

d.iscard.ed after two weelcs, at which tirre a fresh

culture in broth was prepared. from the agar slope,

Broth lJiethod. of Proìoagatine Bacteriophases

A propagating strain of Staphylqgere]ls was

sub-cultr¡red. in B m1 trypticase soy broth at 77oÇ

lor two hours, One milliliter of the homologous

phage was then ad.ded. and. lncubation at TOaC

eontinu.ed. for 2-6 hours, depend.ing on the phage,

General-ly a rlaximt:tn titer v¡as obtai¡ed. udren the

broth started. to clear up, The lysed. culture vras

centri.fuged at 4r000rpm., and. the supernatant

titered" The method of titering will be given Iater,
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The supernatant r¡¡as stored. at 4oC"

ff the supernatant had- a titer less than

I/Lr000, it was used. as phage for repeatÍng the

process d.escribed immed.iately above until the

supernatant gave a titer of L/L'OOO or nore. The

supernatant with the requi-red titer was passed.

through a sintered glass fÍlter (tlysif , grad.e l),
and. the filtrate titered and. checked. for 1yt1c

activity on the other propagating straj.ns, The

lytie s¡mctrum urj-lL be referred. to later,

Flate lvlethod of Propagating Bact,er.io.phages

tr'reshly pcepared trySlticase soy agar was

pourod. in 15 em Pet'ri dishes to a d.epth of J trtn..

The plates with the lids s11eþtly opened. vrere

then ilrled at 77oC for one hour and wíth the lids
on for 10 hours. Each plate ums flood.ed. with one

of the overnight trypticase soy broth cultures

and- allovrred to stand. at zOoC, for fÍve mi.nutes,

Excess broth was d-ravnr off with a sterlle ?asteur

pipette, and. the agar surface d.ried. for one half

hour with the lid. slÍghtly openeo, The homologous

phage was spread. over all but a smaIl segment of
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the agar surface, This segment served. as a control
on the groi,rrth of the bacteria. Incubation u¡as ei:ther

á.t,,' , 77aC tor j-6 h.ours or at TO}C for 10-15 h.ours,

fncubatÍon at tA?Ç, generally gave higher titers"
Hovreveg, at either temperature cl-ose observation

should. be carried out at tÌ¡ree hours and after to

detect overgrowth of lytic areas by secondary

coloníes" The control segment was then removed.

uri6h a sterile knife, and the preparation held

at -20oC overnighto This was folLowed by 1eavÍng

the plate sliehtl-y til-ted at zOoC to thaw. The

fluid elcpressed. on thawing vr¡as d.rai¡¡n off with a

Fasteur pipette and centrifuged. at 41000 rp&e

A portion of the supernatant iüas tÍtered. and

the remainÍng portion stored at 4oC. If a

satisfactory titer was obtaÍned (L/Ir000 or higher)

the supernatant was passed. through a sintered.

glass filter. The filtrate was titered,¡ ând.

checked. for lfbic activity on other propagatÍ.ng

strains, If the supernatant failed. to give a

satisfactory titer, the process was repeateÖ

using the supernatant as phage,

The plate method. was found. to be essential
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for the propagation of phages 29, 52,52Á' and 19

and- to be superior for phage 187, However, it
was much more convenient in terms of labour and.

equipment to propaþate the others by the broth

method, irf,rich method was used. for the propagation

of the larger groupo

0ptimum Incubation Time for Phage Production

During the propagation of phages, lt was

observed. that tíme of lncubation was ímportant in

obtaining high titer, 0ver incubation very often

gave an unsati.sfactory titer (Iess than l/:.-1000),

The followfng experiment was set up in an attempt

to find. the optimum time of incubation.

Tr¡'¡o test tubes of trypticase soy broth vrere

sub-cultured with a propagating strain of St,aphy-

loeoccus ín the sane l¡ray as in the propagation

of phage by the broth method.o To one tube 0.5mI

of homologous phage suspension having a titer of

L0 was ad.d.ed.. The other tube sorved. as a control

on the growth of th.e propagating strain" These

cultures were incubated. ln a t¡ater bath at 77oC,

To test for grorth and lysis, read'ings at L5-

ninute interval-s on the percent l-ight transraittance
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with a Beckman colorimeter (iUodel C) were taken.

One hour after the phage had been ad.ded.r âfl allc1uot

was taken from the tube contalníng phage and the

aliquot eentrl-fuged at 4r000 rpm and. titered."

Thereafter, alfquots were taken every half hour,

and. the aJ-iquots centrÍfuged and. titered. until the

percent transmittance reraained- stationary or d.ecreased.

steadily for one hour, The remaining portion of

the culture containing the phage was then i-ncubated.

at t|oÇ overnight. å.fter Í.ncubation, it was

centrifuged. and the supernatant tltered."

Titration gf Phage-Containing Broth

Serial ten-fol-Cr dllutlons of the filtrate
were prepared. Treshly prepared. trypticase soy

agar $/as poured. in Petri díshos and dried- at 17oC

overnight. Each. plate \¡¡as then flood.ed. with a

six-hour culture of the homologotls propagatlng

straìn, and. the er(cess liquld d.rawn off " The surface

of the med.iulr was permltted. to dryr the lid being

sligh.tly opened, l,'lfhen dry, the surface of the

med.ium was spotted. with one d.rop of each dilution

on different areas of the plate. fncubation was

at TOoC overnight" The routine test dil-ution

(R, T. Ð,) was the hig$est dilution at which the
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phage produeed confluent lysis on the propagatlng

strain. A titer of t/tO inÖicated. 10 times as

strong as the routÍne test dilution'

Testi.ng of Bacteriophages

/lt the outset it was essenti-al to test each

phage for contaù.inati.on or slight variations

otherwise und.etected." This was carried out by

comparing its lytic activity with the standard

lytic spectrum i-ssued. by the Staphylococca-l

Reference Laboratory, ColÍnd.ale, England-, and- the

Laboratory of Hygienen 0ttawa, Canad.a'

Each new phage

propagation straíns

tested- on the following

lytÍc actlvity:
wa5

for

ps29, PS29A, TS42B/47Ct PS42C, FS42E,

PS44A, PS4?, PS51, P952,T.s59, F:554,

PSBO, ts2oo9.

The undiluted. phage suspension was spotted on

each propagating strain, and the phage was títered.

on those strains wbibh were lysed. The hÍghest'

d.itution of the phage suspension that gave JO ot

more plaques on the hou.ologolls propagating strain
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was given the arbitrary nrrmber of 5. The lytic

activity of this phage oE the other propagating

strai¡rs listed. r¡nas SraÖeô relative to this reactiont

as fol]ows:

5

4

7

2

t
0

ruaxirnu¡r tÍter.
tOI - 102 of rnaximi.¡:u titer.
Lo' - 104 of maximum titer"

-a10) - 10o of maximr¡n tÍter,
Occasional or very loreak lYsis"

Inhibition "

Tyr¡ing of Tsolates

Routine test diiutions (R' T. D') in trypticase

soy broth urere prepared for each of the 2J phages

used, Each R,ToDr w&s cheoked' t-r¡rice weekly by

spotting it on its horoologous propagating strain'

lf the spot sbowed less than !0 plac¿ues, thls R.T'D.

was d.iscarded and new RnT.Ð. was prepared' fro&'

stocls pha$e susPensÍon"

Isolates gronring in the trypticase soy broth

mentioned earller were checked. for purity and

morphology by Gram staining" 0n1y those cultures

showing cocci¡ less than one micron and arranged-

1n g::ape-like clumPs were tYPed.
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A freshly prepared. and. d.ried. trypticase soy

a&aT plate was flood.ed with one of the six-hour

broth cultures referred. to earlier. Excess liquid.

was d.rawn off vi¡ith a sterile Fasteur pipette,

and. the meoiixu surface permitted- to d.ry with the

Iid. slightly opened.. The plate iaras placed. on a

labelled spinned wheel as shown ln Fig. I, and.

each of the 2? phages was spotted with a loop on

the proper area, One loopful of phage suspensÍon

contained approximately 0"005 .ml, After the spotted

aroas dried., the ptate was incubated. at gOoC

overnight with the plate fnverted.. The lytÍc âc-

tivity of the d-ifferent phages on the isolate

were recorded r âs fo1lows:

#

+

+

confluent lysÍs, or 50 or more plaques.

20 - 50 plaques,

weak lysis or less than 20 plaques"

If confluent lysis occurred. with ,*', 7B an¿

VC only the result was record.ed. as VL/1B/7C" If
on the contrary in ad.d.ition weak lysis occurred.

$rith sone of the other phages the result lÀras

record.ed- as TLhe/tC+ "
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Fig, 1.

Spotting of isslates ïrith phages.
TryBticase soy agar pLate, flood.ed wlth broth
eulture and. clríeil, was placed, on the splnning
wheelo Eaeh phage rças spotted. on the proper
âïGâ.¡
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ÐGERIMENTÁ,I,

Optinr¡n Tfune of Incubatlon for Phage Produetlon

The phages studied (3Ar 3Br 3Cr 6, 7z \2,
47 , ,r ,53, fu, 55¡ 7Lt 73c 7l¡ 77, 80, 81 and 82) c

' '- eould be divlded lnto three grollps aecording to

the relationship bettr¡een tlme of ineubation and

coneentration of pha-ge partieles produeed" The first
group inclu-ded phages 3Ar 38: 7 s 4eE, 47 u 7It 73t BO,

81 and- B2n and is repretented 1n Fig".2 by phage JA..

ït may be observed that the staphylococci inereased.

1n nunber for about tr'¡o hours after iuhleh time lysis
has a greater effect than lncrease ln number of cells,
The titers of the al-iquots showed that at one hour

the phage partiel-es had. increased in number, and- the

number of phage partieles kept on inerea-sing for three

to five hours, r,.rhen a slight drop ín titer oceurred*

This titer remained- approximately the sane thereafter,
even after incubatiolL overnight, The detailed data

eoneerning colorimetrie readings a:rd titers of the

aliquots on the lndlvidual- phages may be found ln
appendlx Á.,

TLre second group ineluded phage /1, JJ and 51 and

is represented in Fig.. 3 by phage 77,. In this grou-p,
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the first tr,¡o to three hours of ineubation gave

approxirnately the same result as did the first
grorf,pu Hor;rever, with eaeh phage of this group soon

after the maximum titer had been reached, the

staphylococci lncreased and the phage partieles
d.eereased rapidly as show::. by the tlters of the aliquots,
After ineu-bation overnight no reaction or only very

weak lysls oecurred r¿hen the undiluted supernatant

was spotted on the homologous straÍn"

The third group ineluded_ phages JC, 6e 4ZO, 53E fu
and Jj'anð, is represented in Fig" 4 ¡y phage lC"
In this group the result during the first two to

three hours of lneubatlon 'Þ¡as much the same as fn
the prevj.ous two grolrpso However, when the maximum

titer had been reaehed, it remained stationary for
two to four hours" Then, the titer deereased sloiril-y,

and if ineubatiolr'ùras eontinued overnight¡ a

satj.sfactory titer (fO3 or üore) was not obtalned.,

The d.ata on these three grou-ps indÍcated that

the optinn:m time of incubation for the producti.on

of these phages r,Eas from two to Ê,itr hours,
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Phage-Types of Staphylococcl--Al1 Areas

Three hund.red and seventy-seven isolates were

typed. d.uring the course of thÍs stud.y. Three

hunored. and. twenty-three r¡¡ere from mJ.lk taken

d.irectly from cosrs, 47 from pooled. samples, and.

seven from bul-k milk. In three trÍals (70 ¡aifa
garnples) witn bottled pasteurized. m1lk staphylococci

were not encountered., One hr-l¡dred. and. seventy-two

of the Ísolates from nilk obtained d.Írectly from

ud.d.ers were l-ysed. by one or more of the phages used,

I{owever, i;he nunber of Ísolates susceptible to these

phages varied. greatly--from 81,1"i" (West Klld.onan)

to 0i;! (St" Vitql), only seven of the 4? isolates
from pooled- samples tvere susceptible to one or more

of the phages, Sj.x of the seven isoJates from bulk

mil-k were not susceptible to any of ihe phages"

Several lsol-aies were susceptible i;o practically
al-l the phages and. vrere consid.ered. to be nontypable 

"

iviost of the typable i.solates coulcr not 'be grouped. 1n

the irasic set reconüte-ncteo by the Tnternatlonal üom-

mi:ttee on Phage Typing of ,Staphylococcus (10)"

Further aone of the lsolates r¡nas susceptible to phage

42Ð alone, 'out a few vrere susceptible to it as well
as to certain oil3.ers,
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TABLE I
Fhage-Ty¡res of Staphylococci from Ud.d.er X{Ílk

Source of
xtilk

No, of Noo ITo, not No, of
isolates suscepti.ble susceptible non-

to phÃee Br to phäee Bl typable

University 40 24 L5

Grunl,hal 75 22 L7

I{astitlc
strains

20 L1

Stone wall I5

Haynrood. L2

Kenton 10

W. Kild onan

Gu¡ton

Total L4V 68 L5 6o



From herd.s in seven areas ln Manitoba 7400 udder

sanples of milk 1fere obtained aseptiea}ly* From these

sarnples 123 staphylococcal isolates were obtalned"

As may be observed in Table I, 68 or 47,rF" of these

lsolates rÂIere susceptible to phage BJ-' Forty-three

pereeni of the Ísol-ates susceptibl e to phage 81 't'¡ere

suseeptibl-e also tio'the.'foil,o¡¡truephages 4Zn, \7n, B0

an<i. 82, and some othevs to certain phages of this

groupo The phage susceptibility pattern of phage

81 and the other four phages ris.;. presented- in Table ÏI"

0n1y one of the 68 isolates was susceptible to phage

81 but not to the other four" This isolate belonged.

to group rrr (+2F,/73/81#)*

Isolates from herds 1n two areas, Kenton and

Gunton, were not suseeptible to phage 81 but were

suseeptible to phage lf " The majorlty was susceptibl-e

also to phage 47F." Three t;,'pes l{ere recognizedu 77,

478/77; and. 38/6/7/42F./.+2D/\78/77* The rirst two

types eould be included in Group ITf of the basie

set, Five or 33.3% of the isolates were not susceptible

to any of the phages, I,fost of the 1so1a.tes from

the herd in Ïrlest Kil-d-onan rtlere weakly lysed by ma"iry

phages" Consid.ering only strong lysls, one of the
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TABTE TT

Susceptibility to CertaÍn Other Ph,ages by Staphylococci
from L{ilk T,ysed. by Fhage Ut

Source of
isolates

No.of isolates
lysed^by phage

öl_

Fhage

+28 478 80 Bz

Universi ty 2L

1U
Grunthal

##
I{astitic 1 # #
strains2#{{-++
Stoneivall

Haywood. #

2L
FF

5'.l516lTotal

.É = JO or more -olaques,

- = Iro.,r€9,ction"
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Ísolates was tfpe 52A+; one type ilV+; and one type

52h/8j/82/97t+, T\rro isolates were strongly lysed.

by practically ai-l of the phages and one wag not

sensitive to anyo they were consld.ered. nonty¡labIe,

Of 20 ad.d.ltional i solates f rom nastitÍs-lnfected.

cows 15 iuere susceptible to phages 6/5r/11/BL. This

may be considered- a broad type, lncluding in 1t the

basic group III andphage Bl-. This type may be dÍvid.ed.

into three suiotypes on the basis of susceptibility
of each isolate to other phages.

Twenty typable isolates from the university herd

belonged. to 6/l/ +ze/ 41 /u'tg/ 71/ 54/80/Bt/ur+" These

phages except 80, 81, 428 and 4lB belonged. to Group

III. Phage B0 belonged to Grou-p I and the remainíng

ones were not listecl in the basic set, One of the

typable isolates was type 52A; one' type 42F./17/BI;

one, type 428/418/5a/h/v'rr; one, type 42u/Bt+; and

one, type 428/418/17/Bo/9L. None d these lsolates

was sensitive to phages j-n Groups II and. IVgexcePt

three isolates lvhich were susceptible to practically

all the phages, These three plus L2 not susceptÍ.ble

to any phage gg.ve 1) nontypable ones, Tbree phage

ty,res were found rro#nÞSrunthal berd-. Most of the

phages that lysed. these isolates were the ones not

listed. in the basie set, fhese isolates were sensitive
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to only one phage in Group I, two in Group II, one

in Group Itf but none in Group IV, Five of the seven

typable Ísolates from the herd. at Stoneï\¡411 were

stro¡igly lysed by phages 1B/7c/42r.147r/ 11 /Bo/8L/82.

They rnay be subdivid.ed into two subtypes accord.ing

to susceptibility to other phages, narnely: 7B/1C/

428/ 42ß/ 4I / +1¡,/ 5+/ ll/ ll /ïo/Bz/vt ana 3n/7c / 428/ +7r,/

71/Bo/Bt/Bz/9'tt" Tire remainÍng two tytrrabte isolates

were type 47/47F,/54/71 r¡¡hich 1s practÍea}Iy the same

as Group III All of the four typable isolates from

the Haywood herd. were susceptible to phages 42n/+'ln/

It/ ll /Bo/Bt/ Bz 
"

ft r¡¡as found that in each area one phage-type

was pred.ominant, but d.iff erent pred.ominant phage-types

occurred. Ín d.ifferent areas. The pred.ominant type

i.n the university herd was 6/'l/42r,/41/41r./17/54/Bo/BL/

!11* and- conprised 7L,41" af the ty¡rable isolates; type

1B / 7c / 42n / +ln / 8o / BL/ 82 / 9 7L in Grun thal ac,c orrnteel,., f or

8t.B% of the typable ones" In the Kenton herd' the

five typable isole.tes belonged. to type 7'l , three of

tbese belng sr:sceptible also to phage 4'lB. The two

typable isolates from the Gunton herd. belonged to

plrase-type 7n/6/l/+zs/+zn/47F/71, and. all the tvpable

ones from the Hay-vvood. herd. belonged to type 428/+'lB/

7l/71/8a/fi/BZ, Four of the flve tvpable isolates
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from the herd. in vVest KÍldorran were susceptible to

pbage 524 but were lysed also by many otTrer phages.

Presr:mably, ttre preo.omínant type was 524, but the

isolates could. be divid.ed lnto three subtypes.on the

basis of lysis by other phages.

fYpes of Staphylococci from lwo Oth,er Areas

None of the ffve lsolates taken from 12 milk

samples frorn the heril in St" Vi-tal- was typable"

One hu.d.red. zuid. seventy-five staphylocoeci l¡Iere

isolated from LO24 nílk saraples obtained fron 15

herds in luxedo. 0f the 175 isolates p2 were not

typable and. 87 t¡rpa.b1e. The naiority of the ty¡rable

ísolates were ersceptible to phage Bf and. to four

other pleges, namelyz 428, 4'lB, B0 and. BZ as was

the case in most of the isolates referred to in the

previous section" Further, most of these isolates

were 1læed. in addition by phage 42D, It should- be

noted that Ísolates in the other areas zusceptÍble

to these pleges were not susceptible to phage 42D,

fn many cases the isolates were found' to have

rather coruplex phage-zusceptibility" Eighteen fairly

characteristic types rwere recognized.. They are

referred. to as type À to type R, as may be observed.
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TÁ,BTE ÏÏI
?hage-Tfpes of Staphylococci frqn Ud.d.er Mitk--Tuxed.o F{erd.s

Cod.e No" of
letter isolates Phage-type

,rtlTi(irB/ 42Ð/ +2r,/41F./ 51/ s+/ n /Bo/Bt/

7"1+

9B/ lc / +zB/ 47B/ 1'l / 80 / 8L/ 82 / 97L+

1Ì\/ rB/ 3c / +zv/ +zp/ +ln/ r+/ '11 / 8o /BL/ Bz / y lt

tB/ 7ö / 42r,/ 42Ð/ 47F'-7',1 /Bo /8t/B2 / g l]+

'17/54+

52Ã

+2F./418/ Bol81

Vs/lc/ +zn/ +zn/ +rc/Bo/Bt/82/?7t+

428

w/+w/Y+/n /Bo/82/Y{/

+zn/ +rc/Bo/Bt/Bz

41/ +18/ lzx/ r+/ r/Bo/Bt/82/\r\
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'in Table III. The pred.ominant ty¡e (21"71. of the

ty¡rable ones) was susceptible to nany phaees--|A/

TB/rc/ uzn/ qzp/ +zr,/ 47r./ 57/ yq/ n /ao/BL/82/9,1t+, and

the next tfpe occurrÍng often IZZ.B% ot the typable

ísolates) was susceptible to '17+" These tvro types

eomprised. approximately half of th.e typable isolates.

It may be observed. from Table ITI that ty¡ies

A, C, D and E r,¡ere suscepti-ble to phages 4781 7"1 r 80,

81, BZ ano. 9'lt. One could, eonsider A, C, D and. E

to be sutüypes of a broad. type, 4lv/"1"1/Bo/8t/82/9'lt"

This would. reduce the ntunber of types from 18 to

L5 in t'his group of isolates" Types I anô R wore

quite sirnilar 1,o this broad type. The main di.fferenee

was that the lsolates were not susceptible to

phage Jl. ff the broad type were taken to includ.e

478, 80, 81, BZ and. tJlphages, the others A, C, Ð,

E, f and. P. could. be considered. to be subtypes of

type |'tB/Bo/Bl/82/97t. Thís r¡vould. reduce the nr.m.ber

of phage-types in this group of isolates to LT"

As imill be referred to later, the broad type,

4'lB/ 11 /Bo/Bt/BZ/9?1 rvas the predomÍnant tSrpe isolated

from pooled. sample s.
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fsolates from Poo1ed. ard Bulk I'il1k Samples

Forty-seven isolates rvere obtaired from 52

pooleÖ samples (cans) from herds in Tuxed"o and st'
Vital. fîro of these isolates tvere from St, Vital
herd. and were nontytrlable, Seven of 45 isolates

from Tuxed-o herds ruere typable, and. VB untypable"

The typable ones represented. ., s]-x

d.ifferent typesr âs shown in the f ollowing table:

TABLE Iv
Fhage-Types of Staphylococci from Pooled fuÎilk

No, of
isola tes Phage-type

42D/',\',|

ïs/lc/ +zB/ 42D/ 4'tB/ 17 /8o/Bt/Bz/9lr+

7B/3a/ 42n/ +tn/lt /Bo/Bt/82/?7t+

42F/ "t',t

,r"r(1?ulu / 7 / qzv/ +zz/atn/ tt lvo/at/Bz/

1 Vs/ lsl tc / 42r/ 47r./ t t / 8o / Bt / Bz/ g tt



43-

It ruay be observed. also that four of these

l-solates were susceptibte to phage 81" In fact,
they belonged to the broad ty-pe, 47F/11/BO/BL/BZ/

971 which was tÌre predominant type isolated from

f\rxedo heroso Type 7B/7c/ 42p/ 42D/ 478/1 7 /Bo/Bt/Bz/

?7L+ in thi"s group of isolates u¡as the sane as ty¡re

E from isolates in Tuxedo; and type 7g/lC/+¿B/418/

11/Bo/BL/Bz/yJ1+ was the saru.e as type c(ra¡te III)"
Fr¡rther, tTrese seven lsolates vrere susceptlble to

phage 77, Three isolates wero srrsceptÍble to phage

42Ð and. belonged. to type 42D/'17" A much hÍgher

percentage (B+"6%)of nontypable isolates was

encountered. in the se pooled. samples than lvas the

case in uilk taken d.irectly fro'm the ud.der in the

Tuxeclo herês( 52.6d1") .

Only one of seven isolates from three bulk

(tantc) samples was typable" It belonged- to type

7t / in/ rc / +zs / +zn / 42w / 47r./ yl / t + / l l / Bo / Bt / Bz / g l L+,

whlch was the preooninant type in ßrxed.o hergg,
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ÐTSCU'SSIÛN

Staphylococci of phage type BI were common

in rrilk from the areas stud.ied.. This is 1n olose

agreenent -with the findings by other workers Ín
Canad.a (1) , Staphylococci lysed. by this phage

were }ysed by ofher phages also, especiall¡r phages

428, 4'lBu BO a¡ra 82" Therefore, in L¿lanitoba at

Least these five phages shouLd. be consid.ered. as

a group in the typl¡g of staphylococci of bovine

origín"

Gf interest is the fact that in this study

staphylococci of pb'ge-ty¡re 42D was encountered

onl-y rarely. Thls has been reported. to be the

pred.ominant type of bovíne origin in Canad.a ( 21) "

The firding that phage type 42Ð was not the

predonrinant tfpe could. iaean that shifting of types

has occurced.¡ or that type 42D has become frimmrlnsr?

to this phage in the Tuinnipeg êÍ€ao

GlassificatÍòn Ínto the broad. phage groups

recolumend.ed. by the Tnternational to¡amittee on
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Phage Wplne of Staphylococcí (fO¡ was of litt1e
value in the d.lfferentÍation of th.e stralns of

Ëtaphylococcus ísolated. in thÍs stud.y. Ìv[ost of

the typable isolates were susceptÍ.ble to phages

in more than one of the groups, and. more often
to phages not listed. in the basic set. Ind.eed.,

phages not llsted Ín the basic set were of greater

value than the phages lis,ted in it, Most of the

typable isol-ates were susceptÍble to unlisted.
pÌæ.ges together r¡dth phages in Group fII. In
addition, phage B0 riuas found- to be associated more

of ten vri th Group fII phages .than with Group I
pTeges, in which group phage BO is placed. ln tTre

baslc set.

Since feiver than 6Ol" of the isolates were

typable by these 2J phages, a d.ifferent set of

phages miglrt 'oe of greater value for typing

staphyl-ococci of bovine orlgin, The phages

should- be isolated. and. propagated. on bovj-ne

staphylococcj-. Seto ar:d trfilson (f A¡ have shovrm.

that ?7'1" of tbe bovj.ne staphylocoeci stud-ied wore

typable by phages propagated on micrococci

of bovine orþin" ,However, different phage types
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might be expected. Í¡ diff erent areas. lhls tould.

present a problem 1n obtaining a stand.ard. set

for general use, Tt night be possfble to prepare

a better set of phages by selection of isolates

of bovine origin from a large number of isolations

in mny dífferent areas, and by ad.apting some of

the more specific phages by the use of bovlne

staph.yloc occi n

It may be observed. that variation from a ty¡re

appears to take place or in otlier words that two

phage-types of staphylococei arise from one origin.

This is apparent from the tynable isolates from

Tuxedo herds, Fhage-types A, D, C and. E (fa¡le TII}

were suseeptiblè to phages 47F , '17, 80, Bl, 82 and

pJl and. strongly or r¡¡eakly lysed. by others. The

main d.Ífference separating these four types was

the degree of lysis by the other phages, d.ífferences

in r¡ùrlch could hatre been due to variations ín

envir onmental cond.i tions , Because of thi s

probability lt was suggested. that these 'types

A, C, D and- E should. be consid.ered. sub-types of

type 47¡./I"t/Bo/Bt/BZ/97L/, Frobably this would.

be the same for the two pfrø.ge-types ísolated from the

I(enton herd., T!4pes 7"t and 47F./77 mÍgbt have the

same ori.gin,
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Two of the phage-types isolated. from Tuxed.o

herds appeared in the pooled. seuaples, in addition

to two other types, ftle latter two types were

sueceptibte to phages 428, 42D and 71. Since

many of the isolates from the herd.s stuùied- were

susceptible to these trr¡¡ phages and since phage

42Ð Ís of bovine type (2f)' one hesitates to

conclud-e that the presence of these tvo types of

staphylococci ind.icates contarainaiiön of the

rnilk d.uring hand.ling" Tlowever, their appearance

Ín the pooled. rnilk remaj.ns unerplai-ned"
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440
4lo
500

none

10

r02

LO/

104

104

L04

r04

104

LO/
t0

1o

2
10-

Lot

rot
A.

10'

4
10

t+r0'

104

104

none

10

2
10-

L07

104
A

10'

104

104

r04

104
L

10'

104

10

öb
Bl
B6
B6
8l
B+
B+
B6
B+
B¿
BB
Qc
9,o

9o
9o
B9
90
g2
?7
92
g2
90
9o
9r
90
?2
BB
B9
B1

ö5
86
Rz

8z
BZ
80
77
'lo
67
6L
57
5i
47
4'.l
44
42
99
77
75
2¿
29
2l
27
22
L9
L'I
L6
L1
1t
10

oH

88
90
Bl
86
90
BB
86
Qnvl
B6
Bl
9o
B6
Ro

Bg
9o
9o
B9
90
9t
B9
Bg
B8
BB
Bl
B6
BB
Bl
B6
B7

g6
97
92
95
94
9'
9r
B6
B+
79
t1 ÀI+,IL

o2
5B
5L
46
+L
,1
77
26
24
20
20
L9
L7
T+
L1
1I
10
I

69
68
67
¡8
5t
5L
5L
5L
5o
46
45
47
69
8r
B6
8'l
B7
öt
B6
B7
B5
8l
B6
B5
B2
B2
75
'15
'15
'17

U1
11
7L
65
5?
54
49
45
4L
34
7o
27
25
22
L9
I7
t5
L4
LV
L2
11
IO
10
10
t0
10
10
10
10

9
overnight

IO
10
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APFMIDÏX B

Phage-Types of Staphylococcl from nfilk

Source of
i solates

No, of
i solates

Strongly 1yse0
(++ ) by

lfeahly lysed.
by (+ or t)

Gunton 3B ,6 ,7 ,428,42D ,
478,'.lI .

none

Grunthal 7B r7C ,42F ,4'.1.8,
80 n 81 ,82 ,gTL "

4?,80r81,

none

7B r+2]B, 82 ,W,

1B

7

1 4?,80,81,82 18"428,W,

Hawood 428,4"18,',lL r7'.l ,
80. Bl. B2,

none

Kenton 2

1

7'.l

4'lB 
"l'1

noiÌe

none

Stonewall

fìrxed.o

,B,3A r42Br42Er.
478,54,17 ,77
Bo,8t,82 ,r''i"

47 r+7Br54r'.l'l ,

'rPr',u3:ä??at',Bi

vÈ,rB r42B r42D ,
42ß,4"lB ,57 ,54,
l7 ,Bo, 8r, B2 ,97r.
'l'l 

"

TBrt1 ,42]F- r4'.18,
l'l ,Bor81r82 197L"

lgrlg 2tÇ ,428,
42Dr4lBr54r'17,
80,81 ,B2eg7t.

7ts?1Ç ,4?Br*2Ð,
478 n 7? , UO, Ul,
82,glt"
'17,54"

nonç

none

¡ 42fi' ,

,C rW"

7Bt6 r7 r'l7rW.

42T, r+2D ? 54,

none

Vi+r428,.

2'

L9

,l

+

9'.ll."
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@ísolates i.solates (+t) by (+ ort) by

Tuxed.o 1

2

¿

1

1

1

52A"

42B r47Br8o, 81 
"

1B 11Ç ,+2B r42D r47B,
Bo,Bl ,Bz,g7L"

428"

,Br[',lBr5+r77 ?BO,
82 rw,

+2Br47BrBO,81, B2,

+'1,+7F 252L?54 '11'ö0, ul , u2 ,1,'f "

BorSt r9znfizB,

6 r'l ,47 '
6 rLfizBr47Br71r9o,
8l- , it,l"

7B ,478 s 5+ ,BO ,82 n?',lL ,

7B ,1Ç ,42B r 47B,8O ,
81,82,97L"

none"

none

'lr r'17 '

none

I:.OIIe

none

-t.one

none

none

none

none

JLone

I

2

1

I

University 20
of

ivlanitoba 
l-

I
1

I
t

6 n'l ,4zB , A-l , A.7B ,17 ,
54,8o, Bl r ltl.

52Ã"

42T,r'.l7 r9r"

428,47H_ u54,11, 81rtrrl

428,81"

428,478, ?? , BO , 81 "

82.

none

Bo rtfi"

80,

'17 ,?'lL "

no-ne
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o. of ron
isolates isolates (++ ) by

lTeaKLy lyse
(+ or t) by

].âiest
Kild.onan

7B16 r7 r42Br42Ð"
478 r54,BO r 81, 82 ,
W

52A"

tfo 1B16 e7 e42Br8O,82.

Br6,'.l ,428,47l "


