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iewage «a» M i n t  #4 ae a seoree of pneumocoeeae and 

strep tococcus bacteriophages in  the  p resen t study* a f te r

severa l eo n a ie e ra tle tia . s ines bacteriophages a re  e n t i t ie s/.
eem pletely p a r a s i t ic  op b a c te r ia  th e i r  sstiree weald be la  

m a te ria ls  w ith c o n s is te n tly  IwirtiFiaat b a c te r ia l  f lo ra -  

th e  in te s t in a l  t r a c t  o f man ana th e  lower anim als is  a  

can s la n t source o f a. la rg e  number o f b a c te r ia l  epeelce with 

the  r e s u l t  th a t  th e  m ajority  o f phages reported  l a  U l t r a -  

t o r t  haw# h t ta  Iso la te d  from human and animal feess  o r tow* 

ago- fhe phages p resen t la  sewages a r t  not n ecessa rily  

H a l te d  la  th e i r  s p e c if ic i ty  to  a o r ta l  o r pathogenic 

in te s t in a l  spec ies , h a t  h a r t  been iso la te d  fo r  d iverse  e th e r

orgmiMM *uch m  C^B.i^SffTlM.-aiBftlBlggtai •*« IffiffiM to  
p e r tu s s is - However, I t  would be ekpsated th a t  paemaeeeeel

might pa ea la te  sewage systems although su rv iv a l i t  Inproba- 

b i t -  All spit tuns o f pm m m l*  p a t ie n ts  contain  h i$ i  numbers 

o f jmettaemeeel ; gate  ( I f l f } is o la te d  th e  organism fre e  the  

s t e e l t  o f lo b a r  pneumonia p a tie n ts ;  Bathers ( l f l6 )  repo rted  

t h e i r  presence in  the  u rin e  of in f to te d  in d iv id u a ls , a n t - I t  

I t  w ell known th a t th e re  e n is le  a high number o f paewmoooe- 

eua c a r r ie r s  U tebfetas, e t  a l ,  ifbo ) a lso  co n trib u tin g  

pneumocoocl from th e  s a l iv a  an t re sp ira to ry  secretions*

A review of the  l i t e r a tu r e  revealed  th a t  C lark and 

Clark ( i f 8 J ) made th e  only recorded attem pt to  fin d  a
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jHMMMNam tjrp*t f ir  eoBplataljr eoaelualva flnfliim* • *• •
* * H N  thorough l!r*t»ti*a«i*n ®f «M* cubjaet

'■ # A akdi tfaiteiMMuii - m  it* * ii ikMii- **% "S #Im-a amnum md f ’'ddFlPdPd̂BRsWr . «ffc 13f5*̂P

I* V *  ■ " P p ^ ^ W  IffAJjPW VhA drllw #

KuMAt Uaatarlojrtaaga, w  tha ljrtla prlnelp lt In tha 

m’aaansa of in iit iT *  Iw itirU , U  t a m  t«  $ m iih  tm «fc*
’& ’ <i A dPlSih-̂ fcr ■~,,'iK̂tefcJltt-PtoM̂ '̂̂ ii‘'d|td AfeMfc mjM,'

. ŵ̂PPpîP̂PPP i4hĴd̂3SkdP.*'.3PWwPPpflP̂ P̂wFj|i dP1̂®P̂r.iW’̂P̂PBŵd■ ®Pijp Jdfd

(19?**), that nei# aaaoont atrapteeoeaH* phagaa ljraad tha '• 
IMW MMil proaptefl a «t*4y of tha l j t ic  a cttr lty  of mg--
j M t « M b J t t  " MMkAA^^ A  ' dPtffcMfc - Pdfc ĵ fc ®



,tof ladtoriaaliaoef th e  phenomenon o f  bae-

teriophnffy **» f i r s t  ©bnermd «mi teee rib ed  by Tweri ( I f l p ) , 
*h.il# w f t i b t  on 'tbo  prebiass of - i » t ' .el**

rones, tie noted a ireoiiXeoefti ehoiife m eu rriiii ' Im.Moro* 

eeeeu* co lon ies ie e ia f  e i  from glyeeptftA iet e a l f  roeelyii*. 

fl»# it-t» iM iiiM R t area* tra n s fe rre d  t o . fre sh  agar e i th e r  

pro&aeed, e ta tX ar * watery** areas o r no growth n t 'm il  a ; 

flneeyooSoiyr ’« m t im ta t  w ith a  aovm l colony y ielded  a 

predominance o f the  g lassy  e e le n lo s . . fworf demonstrated.

IA I M i Hmasmroiit / aatsrlal* wa« ftitra b le  nnd tlnie;;«omif 
bo separated  from th e  alereceeei from wMe& t i  'm* obtaineds 

I t  mm tra**«i**lble in series rvto«* only in  tte  proiiofiAo o f ■ 
the  wicrooxocol; i t  bod no e f fe c t  on deed m arm o se t?  i t  

was astir# in  high d ilu tio n #  t W*^) o f to r  f  f i t  rat ism  and 

I to  no tion -mo sp a e if t#  * *Xt two .seas aefisa#  bu t we*f m s b  

looo;i on a i l i l l ^  and i i f e n  i« # in to i-  fw «  b e l l s
of mm, and i t  appears to  haw# no notion on fstesbsra o f th e

n o il  group o r on s tre p to c o c c i, tu b e rc le  b a e l l l l ,  yeast# , 

e t a . ?’ Ko dsaerlbed  th i s  agent «« *mr saute in fec tio u s  din* 

•non of a le ro e e e e l* .
It. m s not u n t i l  d 4Her#Xle C lflJ) repo rted  a • I n i ln r  

pheam ssea w ith * * * ’ *** f ro n t arotsat
o f a t te n tio n  was giweit to  Onto su b je c t, i e  found that the

s t e r i l e  f i l t r a t e  o f a  on!tu rn  o f feces fr m  recovering
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drsm tM ry e la r i f lc d  « teamr, *u«pen»lon mf

-$& im m m im *  «*■ * *rw »  o f tn io  ito o o tro a  io w o o io o . 

in  t i im , aloarod * mmm€ mmpmmlm o f  orgaifttono.' f b i •  

l y i l e  p r ia e lp lo  was tran o ftltto d  in  ««rlee in a o f in i te l f  in

tho  pm $m m  o f l l r i n f  orfmnliino* mod banana « p r t  a a i l r a  

a f to n . m pm bor of- frnteagas * &*H#roilo ' t^ g a r isd  ' t h a : ly t i*

p rin n i^ l#  as M u ltm jslaroacnp lc  f l i t r a b l#  v iru s  which ha 

nannd nrlophaprai intootl& nlo*!" thi*o th a  'I f t i e  pria~- 

aif&oo fo r  n i l  b n e to r ia l opoelao. oatio to  b o ta o w t mo - 

baotortophaffaa, no t th a  prooasis of lyot® by bnntarlopliaip  

ooo fciVMt bnatnnlopbAgy. Bfi o r a | l t  hao d o a o ta t h is

l i f t "  to  th in  jfeonosionoii* mad ham ooliootod stmeh 

of tha to io a t l f la  liiam itiF O  i a tw o  booho <lf$&|

•■ nhnnfagt lo laao  jtobliohod « boot .o a t l t lo d  iatitbook

- .jtfL iaadb te^  ' M-' *»« Inolndoi a fro p ao o d
•yotaa o f  ©li*#«lfiaati.oa and method of noaonolnttkr* of tho  

bnotin^i^N lio i^^  Thin work aooonibo.a only th o n o ;viwmm  
;; *feleh atiaofc p lan t# , inoliidlttg tha h ao ta ri*  * . th a  isi**§&o« 

f o r  the  phytopathogonlo airuoao 1# f irm s ' tha  phngaa f o i l  

In to  th a  a m n i o n i n  foparfttad in to  two 

elmsaao, .iolilnoolaftiMsliniri * vir»««a pathogenic In  ioHi«o* 

phytoo -  and ioowMitoohytoolinnl -  v iru s tu  pathogenic in  

•mod p la n ts , the formar olmoa Inolnioo only ana E asily f

H lta au tho r, loos fa m ilia r  with th a  phmgao, tran tad  
than  in  a  onpplonont to  him booh*



6

ffhmmmmm •  tlm ao* . pathofoiilo id  h ao to rta  -  la  wb%m tha

mm Fhaimii, mmprimm to apodt## and 2 rarlotlo# of
tbaotort opting# •

' For oaoh phag# wpoetoa* th# author proaoitfa hi# r#a~ 

son For’boloottaf tha apaoifto aaito a*d H a lt lb# following 
doaonptioaat tfe# rmrtmia ayaoiiya* for tha ayooloa* th# 
aaooaptlbla feaotorlai 9pmtm§ tin  iaop"»phloal dtatriba- 
tlon , tho indttead di##i*g#,g th# ##r©logloal and twuonolog- 
loot r#l*tl«m*tiip*y th# t  borstal iaaotiratloa* *othor pro* 
port loo9 dud th# r#?«r#n«o litorafar#*

g j l t e a i ^ f f j ^  t P* Horollo

(1926) f lo d tf tt . flmi&« oooio to ifif ottopandad orgaaio a a t to r  

audit a* fob a a lo r  sowago) ia  o to r i lo  femih and Ifioubatod o f 

37& c . o ro r i i i fh t .  fh# b a a ta r la l  notion brofc* dom  th# la rg o  

p a r tia l* *  o f ©rganio a a t ta r ,  and th# alirtttp# woo f i lfo ro d  

tbroogfei I p f a ta r ia l  a a r t t ta a d  a mmMm*- i#  moot th is  f t l~  

t ro t#  f o r  ap a e ifle  oarlohs»#at w ith th# feaotorial s t ra in  fo r  

whioh a phago aaa.batftg  sought.

C aidaa ll ( I f f ? )  ta a to d  o ity  aawaga f i l t r a t o *  fo r 

i y t l o  n ativ ity - a ip tiia t 67 a tro ia a  of"- gras® nagativ#  organ** 

tan# and found 11 *pot#nt baetoriophaft# fo r  p ra o tio a lly  a l l

^ h # r a  aro naay otfeor raaagaiaad *spool*#* of phag#
not #aaold*r*a by t h is  author* hut h i#  oat hod o f  ttanoa* 
o la tu r#  an t o la * s lf i* * t lo n » ' i f  aoooptot, would apply to  a l l  
spool##.

%#f#r* to apptarmaa* of placstt## fotistd by th# aatlon 
of phag# oa aaaaitlv* baatarl* growing on oolld a tt ia *
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s tr a in s  of Jh m lI  is o la te d  from u f ln a if  in fec tio n * , and 

fo r  meet o f th e  o th er common gram negative b a c i l l i  encoun

te re d  .in human diseases*  -  (t y e l l , j r e e a te r la e  ami 

proeyaneue) * Thera were a lee  strep tococcus a n t staphy- 

leeowe phage* in  th e  sewage f i l t r a t e s .  Her technique fo l 

lowed d^Merelle*** t ,  10 and >0 drop* of f i l t r a t e  were 

p lan ted  in  a l ig h t  suspension e f  young orgaaleae? the re -  

su itin g  f i l t r a t e  m s  enriched w ith i t s  homologous s t r a in  

u n t i l  d e f in i te  I f e l s  appeared.

Oewles (1931) f i l t e r e d  the  amid# sewage through paper 

(n# candles) and enriched I t  with beef e x tra c t and peptone?' 

to  th is  h ighly  contaminated medium he added 

employing the  usual praeeaa of a l te rn a te  feed ing  and 

f i l t e r in g .  He obtained a phage f re e  the th ird -passage  f i l 

t r a t e .  a lee  fep p lan tin g  hd-hm r  c u ltu re s  ef £ | .  t e ta a l in

crude sewage contained in  an egual volume e f  doubls-

s tre a g th  Infusion  b ro th , Cowles (193*4*) Iso la ted  a sp ec if ic  

l y t l e  p r in c ip le  fo r  th i s  anaerobe a f t e r  sev e ra l s e r ia l  

passages of th e  f i l t r a t e s  w ith the homologous s tra in s*  

im lth  and Jordan <1931 a) employed th e  follow ing

technique to  I s o la te  a phage sp e c if ic  fo r  CU d ip h th e ria s?

m ultip le  Inocu la tion  o f several s t r a in s  was made in  9 p a r te  

o f raw sewage f i l t r a t e  to  one p a rt o f a ten fo ld  een een tra t- 

ed b ro th , th e  advantage o f m u ltip le  s tra in  inoculation* 

was th a t i t  allowed any phage p resen t In th e  f i l t r a t e  to  

propagate i t s e l f  I f  any one o f the several s tra in *  was ewe- 

e e p tlb le .
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d©t*©r m& MaisfersoHt ( i f j j l  ©©©ur©d © p«tont portnoil© 
phnga by © tm tm tm *  a©«©rib«i by Owlth Mia ^or don {1931b) * 
fli# s»w©f© bouillon mmntmtmA of 9 part* of «©w©g« fix-*
I f i l t  to I  port, o f tonfold. «a«k©©atrftt©d bro th : I t  wo
©nrittlod with m mmll mmmm* of d©fibnt«©t©d blboi ©nd 
plant©* with a ih-ttowr ©altar©. Lyals ©posarrd on th© third  
day of larabafriOh, and plat*©* war© ntiwormiti ©a solid  natla*.

fvw o (Xf|% a;)- 'wood ©opal taaattti©© of doubl©
©troagtti b ro th  « i i  h o rk o f tl i  filtor©* a©*ag©' &!.$ tto d iw ; 

fo r  i s o l a t in g . stroptooooomo .photo©*' for th# f i r s t  p©*©ago 
In th is  nodlwi th© filtrat©  odiod woo obtain©* by planting 
broth with wofiXtorfd ©©wag©, incubating ow #ra i# it a t  37° d . 

o u t f  11 taring* 4 siiMtoro of W s tra in #  woo plant©* in « n  
tub# of ©mag* nadlim plot filtra t© « (It woo shown th a t th© 

prooono© o f phogo raalistant streptococcus strain# do©# not 

inhibit Xy©|© of phag# ooimltiw© ©train© in th© ©an© tub©.)  
I f  only on© o f  th© 10 strains wo© ©itaoaptlMo to th© ©hog© 
an tlo n , th© f i l t r a t©  o f  th is  pas sag© wool* ol©ar th© ©«mi» 
tiw© o tro ln  wh*n'to©t©* in  par# ©altar©’ fh© pr©o©©o o f 

oitoroot©  culturing in  th© wiotnr© o f ©owogo a©*ltiw ©ad 

filtrot©  .©ad f  ft!taring wo© oontinwod until © 1 ft ie  prlnolpX© 

■wai' I ©©lot ©&.

HWi«i(WHWl8. ghag»i Clark and Clark (M l?)
©jraalsia* aatiwat©*' ©lttdg© fo r  ©traptooooeu#, pntuaoeooou# 

an* Mcolon~tynhosu** phagas. fha.warlow© ©ultwras wor©

grown fo r  J o r  % any© la  th© pf©«©fto© of 10 p©r .©oat 

©ottwntoi ©Inigo in  b©#f in fao lM  b ro th , than ©antrlfiigat©*



#

and f i l t e r e d  tin w g h  Mandlar flltar»* amah f i l t r a t #  wm« 
tou ted  f a r  l y i l a  o f tha hwaolofoua • t r a in  ( i .a * , th a  «t r a in  

•mployad to  aitrloti tha phage wont ant of th a  matiwatad 
a lu d fa )« %#n tlaa itrmia ana not ly sad , tha f l i t  r a ta  warn

plaatad with tha  Jtoaologoa# © train ami 1# p a r ©ant 

matiwatad •!«£§* t ih t«  taahnloti* mm* rap ea ta i f a r  a t  ia a a t  

tan a o r ta l  paa»ag#a a r  u n t i l  a  f i l t r a t  a contained th a  ly tl©  

prlnaipXa* Phagaa far tha  *woiom~tyfiaaiia* group war® w ait 

ra ad lly  la a la ta i i  a aaeMd ouriahataat pa mmmm ytaldad a 

ly tlw  prlaw iplo  mettwo aga in st a  aura id  otrapiowoatita, hut 

a l l  a ttau p ta  to  i  s a la t  a a ptmm fo r tha  o th e r © trepto- 

wooawa t im ii ia  o r tha  atrmima warn..waauaaaaa*
f u l .  then* worltara attem pted to  adapt the n u a a li «trapto~ 

aoaaua phage #to  tha  3 fi*ed tjpee of gmemoeaeet by a ll of 

tha  wauai method*» and hy ta r io u i  uedifteatlea* of our own, 

hut e n tire ly  w ithout eueeeae*.

Eddy il$W$} examined. specimen# of pneumonia iputum 

f a r  baw teriephagle ao tlon  on tha  paaweeeaeuft* tha a t a ta i
i

th a t  i t  maenad poeelb le  th a t tha a r la la  eeonrrtng  In  

pneumonia n igh t ha caused hy tha rap id  development and 

nation  o f a phage v iru le n t  fo r  tha pnaunoeooeoa. Qua ml* 

o f sputum f i l t r a t e  warn oddad to  t  »1 * i f  i  eitepenelefi o f  

hono logon • pfteuiioeoeel ( l . a . ,  pfiaunooooal iw olatad fro*  

th a  eputun aaratpla), Incubated fo  hour©, mud f i l t e r e d  

through a  Serfcefotd f i l t e r ,  Although f i f te e n  a o r ta l  ea- 
riwhoent paeeagee war# made w ith  th a  f i l t r a t e  mud fraah  

iu©panaion© of pneumoooec*f .a hmetartophmga would not ha



xe

rmmmred.
cimabaoii (X93D described a pMuaooooen* colony sits* 

l i a r  in  appearance to  th a t  of a phage-eaten strep tococcus 

colony, bu t i l «  not a«««*taift whether I f  mm b sa tm tag tog#  

which produced th i s  ictypleaX  colony for®, Forage Clf3$l 

tfiree tig a te#  the  p o s s ib i l i ty  of fmenstoeeeeias bacteriophage 

producing the  i i f ts o e ta t i r*  preeesees which ho ebserre# m i  

i f t o i i t i  th a t  baettrlophii§* ac tion  wan not in te lr* # .

Brainftrd and noble (1935) aaanfa a t  a  e f tr le ty  of 

m tm *tal*  fo r  pn«n®ocoocisi» bacteriophage w ithout success. 

fh*y use# twe.wrttfcais to  t e s t  f o r  tha praaaaaa of phage aa 

Ind icated  by XyelsJ Cl) Ssrhef e l f  *w* f i l f r a t a a  a f  

m aterial*  being mmmtmmi mm*® a i i e i  to  yonnf surf**#* 

growth# o f the pmmmmmmm on blood a fa r  p la te s?  an t 

(2) the same f il tra t® *  war# plant## in  fh~henr beef 

Infusion  b ro th  suspensions o f  pasumoeocet. fh* t e s t s  were 

examined a f t  o r aram lglit- incubation  f t ta k  c u ltu re s  o f 

typo*. 1, I I , I lf . m i  ?  and reuen fly  lo o la to i s tra in *  m m  
in c lu d e  la  tha  s tu d y ... M aterial* examine# fo r the presence 

o f pneueoeoccue phage soroi cine stock s t r a in  tueh o f 

fltreptoooocus an# dysentery phages (by ad ap ta tio n ), i is ~  

coelute# paounooeoeu* e e le n lo s j , and th#  flseh a rg es  o f $1 

pn*u»onla p a tien t*  an# f  person* la f o s to t  w ith  ooiis*  Only 
n fti^haryngsfti washings war# o o llo e te#  from th* la t te r?  

f t  sputum*, 30 s to o l an# u rine  specimens, a r t  6 blee# se ra  

from th# pneumonia pa t le n t * war# examine#. fh* authors 

frequen tly  observe# c le a r  sm s* on th# bloo# agar p la te s
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I f

flit#**. fb# honologot*# typ# paoraooooott# ant th# otter  
tin*## type# #ispl»3r#d in th# slaty war* plant## ixi tooth 

aontatft&ag sputum filtra t#  In an apprawlrataly It*® dilu
tion* Thar# wan.no ly#l* of th# pnoaaoooooa# until auto* 
Xyola a$poay#£ in to to 3® day# in both th# tooth cultures 
containing th#. f iltra t#  and th# ooairol tooth eultwr##*
te la a ra lll f l l t a w i  th# aoiolyiod owltnma a n t found th a t

/

tii# ly tl#  agont eowld .not to trananitt#* ser ia lly .
■ to tlflna ' f l f j i l *  » traaiaf**, reported  th# f i r a t  po#- 

Itlw # is o la t io n  of paeuwocoecu# phag#. Hi# technique wa« 

th# usual #»#* sputum #a#pl#« o f pneumonia p a tie n t#  w#r# 

p lan ted  in  b ro th , inoabat## fo r  fb hoar#, and thou f ilte re d *  

fh# p ro itno#  of phage in  th# f i l t r a t# #  wa# #wid#raoi by 

complete e le a r ln g  o f  pneu^ocooeue o tflttooa w ith in  I f  to  1§ 

hoar# and by plaque form ation <#taeh# wiorg##*) on so lid  

media* t h# potency of th #  phage# we# determined by p la n t

in g  1*®, 0*5# 0 *3 , 0 .1 , 0 *05, 0 .03, 0 .01  and 0 *00$ ..A* in

to o th  oon ta ln in g  on# drop o f  a g*Mtewr broth e e lta r #  o f  

th# piteeraeoecif#. Jtodlgiaa did not doeerlb# h i#  ratted* 
o f  aortal paaaag# o f  phag# f i l t r a t # #  other than in  tto- 
fo llo w in g  tratatiofts * I t  a t  th# beginning o f  th# ewpari- 

rant ly # l#  o f  # pnawwoooooie owltwr# r e fu lr td  0*3 ra* o f  

th# pnonraphago# la t e r  on th l#  quan tity  became roiraed  by 

dogra#* ant f in a l ly  aramtod to  #itch n ln ira#  wain## a#

l An ut»«uce#«#ful attempt wa# ra t#  to  oramaioat# w ith  
th l#  HUthor
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co ll phage* they aaaenetrated that the reettiflftg eewn ma 
net ta e ter le lte l for Jg*. eel I , mod they ahewed that in th# 
pronene# of phage neutralised by m rm  e o l t , draw a* well 
an In the broth ©ultere control. ,fhe m ttm m m  inhibited 
th# notion of It# homologou* ’.phage hath In broth and on 
agar* In thl# f ir e t  report* the aether# found that one 
volume of mtlnormm neutralised 10 weluaee of honologon# 
phage*

.fe ta #  and d ro o l#  ( lf l% ) deeertbed a  sethed f o r  pro- 
deelng typhoid an<! «t*phyl®eeeeu* antlphai# « tm «  they 
injected rabbit# IntrftreaoeeXy 1 to i f  tim e# at f  t o  *Mi#y 
interval*. fh# fire t do at of 1.0 ml* ea# inereeea# In 1*0. 
a l. m o u n t a tip to S. 0 e l . f ab ie ti q u a n t i ty  mo io e aw la ted  

f o r  tha r a n a ln ln g  injection#. t h a  titer#  o f  th a  rnot§lt$Jt§ 

axttllyeia* warn no t, r e p o r te d .  Wfm th a  eaperlaaiite th ey  

concluded t h a t  antilyein# a r a  th a  antibodies produced by 
b ee te rlep h ag # *  and t h a t  t h e i r  a c t io n  1# h ig h ly  epeelfte.

% tigley and Bulloch HSB$) prepared 

staphylococcus and d y se n te r la e -e o li a n tlly e ia *  by in fe a t

ing  Ifi to  t i  doaaa o f g«o ml. aaah owar a period  of about 
% month#. '  riw e-tenth# ml. of tha  und ilu ted  honologoue 

phage f i l t r a t e  wa# n e u tra lis e d  by a 1*1000 d ilu tio n  of th e  

a a t t ly e in .

lendriah (ItJJ) reported th a t  aha wee able to  pro- 
due# an effective antllyein for |*  iM lM ttlltt phage with 
a eing&e in je c tio n  o f phage* Antiiytte t i t e r #  war# in

fluenced by individual rabbit reaponae and immunising



I f

I l M i w *  fill® worker tupperted th# s p M if te t ty  e f  ban- 

ieriM bag#  Hilt® hr th a t  *a If  t i e  f i l t r a t #

teweloft#! a t  th#  expm m  e# a  aea iltiw #  m tliur#  # th«r than 

I t #  q to o if ie  a## mm I t  u t i l !  h# n e u tra lise d  by an a n t i -  

I f a i a  ap e e iti#  f a r  th# o r ig in a l f i l t r a t # 1** th#  m rm  
t i t e r  waa defined a# th#  h ighest d i la t io n  la  which o .o i ##. 

o eap le te ly  n e u tra lise d  th#  foot a### #f approximately 100 

m alt# ' o f  hao tariophat#  la  1% hour# a t  room benptMbiiF#.

Kvan# ( i f j^ b )  d i f f e r e n t ia te !  fo u r ee ro lo g iea l type# 

of #tr#pt©e##©u« phage with type spent f i t  a a ti ly a ia #  f#*n* 
pared la  ra b b its  la J# o i# t with phage f i l t r a t # # .  th e  phage 

wa# ia e o u la t# !  intrairefiaualy a t  $ or %-!ay In te rv a l#  w ith 

an i n i t i a l  ton# o f  1 o r ^ wiilfih wa# tiadw aiifr innr####! 
wp t o  i  o r  10 ml. f i#  to ta l  q u an tity  of. an tigen  in jec ted  

rarl#d, hot a l l  ra h h lfa  war# b led  a week. a f te r  th#  l a s t  

treatm ent an# th# serum mmm !wvnt off* preserved with 0* n 
f # r  o#nt, trt#r##*l» ait! # ter« ! in  th#  re f r ig o ra to r ,  la  

i o t t m i a l a t '  th#  t ito r  o f th #  speetfi®  afttilyein#,' Ewan# 

f l f jb b )  oat# o o rla l d ilu tio n s  o f  th# ##n»fft .1# b ro th  and to  

th### d ilu tio n #  aMoi o . l  ml. of f i l t e r e d  phage, diluted to  

ooftialn 100 phage partial##; a •oatrol tub# o o n ta la ia t 

b ro th  was likew ise  p la n t# !  with th# phage d i lu tio n , fh# 

phage-sent# aijrtwr## w#r# thoroughly shaken an! inowha##! 

a t  |T % . overn igh t. !a#h phage-serum aixtw r#, th# phage 
co n tro l and a tub# o f b ro th  w#r# then p lan t# ! w ith a drop 

o f ttenelofewa strwptnMftOM ©wltwr# an! re ln eu b a t# ! a t  J7°* 

owernlght. fh# t i t e r #  o f th# ##ra v a iled  w ith th#  phage



u

type employed in  th e i r  preparation* She d lf fe re n tia te d  

four streptococcus type* by c re ss  n e u tra lis a t io n  te s te  w ith 

th# a n ti ly e in s  prepared a# deeerlbed abovet two a tm in e  o f 

phage wart regarded as belonging to th#  astrae type whan 

ftitfipttaf# semtm prepared with e i th e r  s tra in  n e u tra lise d  

both*; la  support o f  se ro lo g ica l type s p e c if le ity  of phage, 

Swans ( i f jb b )  s ta te d  th a t ' **tbe eenra prepared by ■treatsjcate 

w ith  a  fir#** f i l t r a t e  w ill  n e u tra lis e  any i y t i e  f i l t r a t e  o f  
the  sara* se ro lo g ica l type* reg a rd less  of the atrepteeeeow# 

which a e r ra t  ea th e ' .ew hetrain*  •

t i i f t e a *  l a e l l e r  and Heger# (1935) prepared a n ti ly s ln  

ag a in st c e l l  phage by In je c tin g  ra b b it#  in travenously  w ith 

repeated  doneeof ,9 .£ .ul* of a c tiv e  phage; 9% *1* were-. ' 
• M ta l i te r e d  in  a  30-day period* §erwst waa drown o ff  f r e e  

th e  h e a r t1# blood» in ac tiv a ted  a t  56% . and s to red  uapra* 

served la  th e  re frigera to r* , th e  phage waa almost ©eeplefe- 

ly  n e u tra lise d  a f t e r  ? f  hour# by m  equal volume o f m rm  
d ilu te d  I t  M oo.

S ortlo  and ieolgakov (1955) prepared various anti* 
phage aeniea by In je c tin g  rab b it#  in travenously  a t  6~day 

In te rv a ls  w ith f* b, i  and 20 ml. j th e  animal# w ere.bled 

10 day# a f te r  th e  laa t  la  Jo® t  ion * 1 ae t  eed of id, ea t i f  y lag

a new rae# o f phage by n e u tra lis a tio n  teat with the  an ti*  

se ra  o f each known type , these  workers pooled a l l  th e i r  

phage# fo r  a, given epeelea and prepared po lyvalen t aat!~  

eera* fhe unknown s t r a in  o f phage wee mined w ith actual 

p a r te  e f  th e  polyvalent antlpl»n§e aero* # incubated 3 hour#
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I I

he 9ug§e#ted an increased activation ef th* phage hg a 
substance originating frein the lyaed eell** fteyaoldtt 
Clftfi) duplicated fwwrt'e .reeult* w ith ttlephyloeeeeii* 

phage but was not able to p r ^ u e e  Ignitt of dea4 # e i i  or 
Shiga bacteria In th*-preeeae* of their respective pfcag*a 
and * tree# e f  l iv in g  sensitive bacteria.

• A fte r a d e ta ile d  confirm ation e f  th* observation# efV ; 

# r e t le  :*»n flttedes and thee*  of fw ort, 'Wrmfm^mnmr and ’ 

Muefeenfu## l i f t ? )  ' s tud ied  .the »#etkaht«» e f  ly s i s  of dead 

tN ieterta by phage iti'bhe'praeefke* e f  H iring ##11#. the- : 

r e s u l ts  were e lu c id a tiv e . Lysis we* prevented by «n **- 

bee# ef, deed b a c te r ia  dee to  t h e i r  absorption  e f  th*' phage 

b e fo re 1 ly a t*  e f  the  l i r e  ce lls*  # eed ;h ee te rt#  were lysed ' 

by phage In the  presence e f  l iv in g  organleia* b efo re , dur

ing and a f t e r  the  completion e f  I f  e ta  of th e  l iv in g  

b a c te r ia . bead staphylococci were lyeed n e s t  e a s ily  -  a  

species which a lee  nntelye** spontaneously* L y s is o f  dead 

§& t p t l  ■ Sa t e e ^ f g r i a e ' ha* . t a i t e t i a e t  »■ I f  e e ta ra tta *  

th e  l iv in g  from the. dead o s i l s w t th  a s s a i^ e ra e a b le  pea* 

b rans, i t  wee shown th a t  the  dead c e ll#  were, a c t  d isso lved  

evea  though th# l iv e  c e ll*  were undergoing ly e f n m  the  

apposite. i i iie  of the  membrane. th ey  ©eneludei *fite.agent 

determ ining th e  I f  a te  o f dead b a c te r ia  1# net d if fu s ib le ,  

while th e  p r in c ip le  in i t i a t in g  th#  I f  t i e  o f  l i v e  b a c te r ia  

diffuse#. fu l ly  and ie.-dam & etrablp p resen t on both  * idee 

e f  the  membrane. fh# eeap let*  Independence of th e  agent 

emitting d ie so lu tio n  e f  dead b a c te r ia  f re e  'b*#t#y**|dg»i#



easi a lso  b* by separating  th© two a g e n te ' by neaite o f

f i l t r a t i o n ,  or by ebeeyptioa  on b a c te r ia * . Among th#  

d lfferen o##  they found between phage and th l#  •fom en t^  

l i t # *  eubutance werof th# la t t e r  wae e a s i ly  absorbed .on 

c la y  f i l t e r ® , i t  was h e e t - la b i le  m& wm . ia n e iiv a te d  m  
stand in g . The #»sy»#~llfce agent which lyoed  dead stapliy~ 

lo c o c c l  wa# a le o  found In epiwitaoeeueXy au to ly* liig  etapfcy* 

loeoccue culture?=i, mmh la t e r ,  however, than In etapl^rlo- 

cocous cu ltu res  con ta ln ln g  phoge* ..

-Jitter*!!* ' Uf&6) f i r e t  nontlonee ly e ie ' o f  l iv in g  

b a c te r ia  o f hetarologoug i ^ o l e e  ^  nhee# In t i e  p resen t# ; ■ 

;ef se n s it iv e  b a c te r ia .  WhXlepmwiet*# worker# had only 

ln v ee tig a ted  th e .ly o le  o f ' dead heeelegette b a c te r ia  by "■' " 

phage, fce reperte&  a retnetloxi in  nunber o f e tnpbyleeeeel, 

v ibp ioa and,styepioooeo1 In t l^ ;n r e e e ie t -# f  a lye ln g  s e l l*  

phage e lx tu re*  i«  s ta te d  although *the r e s e l l s  may be 

In te t^ re teA  by the  hypothesis of a  l y t i e  fo m en t secreted  

by b&otcrlophage, they say a lee  be In te rp re ted  In. o th e r - 

ways*.

f i e  Wolloaae ( i f | i )  were t i e  f i r e t  t o  report eoae lu -  

s iv e  mperlmmt* m  I fe iO  o f  l iv in g  b a c ter ia  by naeoimt 

p la g e . They ten ted  s tr a in #  o f  l iv i n g  stap h y lococci end 

•arcin a  which were e e a p le te ly  r e e le ta n t  H  i  f i l t e r e d  

staphylococcus phage, and shewed th e t  in  th e p r eee n e #  o f  a 

s e n s it iv e  staphylococci*# s tr a in , phage may lye© r e s is ta n t*

x i .  t * # r e s is ta n t  to  the n otion  o f  th e  f i l t e r e d  phage*



stap h y lococci an# ca rs la * . fhsy btX iss## tb s  phago~lyso# 

s o a s l t t to  c e l l s  l ib e ra te d  d ia s ta se s  o r  au to ly s la s  which 

mmM in  tu rn  met on th e  r e s is ta n t  s t ra in s .

In k le  ten  ClfJJ) -ooaflras# t lm ©bssnratl©!*# o f  tb s  

tb s l y s i s  o f  r e s is t a n t  a t ta in s  s f - l i s l c f  

b a cter ia  by aasositt phagw* in  a lso  aadt c e r ta in  other  

Im tsrsa tlfif  bbaoMrotions * . i t  b s l la y s #  mmm o f  h i s rea l s t~  

ant staphylococcus s tr a in s  a stw a ily  d estroys#  staphyXn* 

ooecua ly t i o  f i l t r a t e .  in  en n tr ss t  to  tb s WoHnans* *h© 

oensldtrei! th» seeondary l y t l e  agent an a o to ly s it i produce# 

%  tb s  s e l l ,  h s m aintains# th at tb s  l y s i s  o f  a r  s a ls  ta u t  

•iap liy lccoiieits by nmnmt phage we* dtia to  tb s  ly s in  

elaborate#  b y ■tb s  Phans in  i t s  a c tio n  on tb s fmsoaptlbX# 

stra ta*  t h i s  *XyslnM was not tra n sm iss ib le  in- s e r i e s , but 

a f i l t r a t e  o f  a r e s is ta n t  s tr a in  ty«e#  by nascent phag# 

n d * - 's t il l  a e t t* e  a g a in s t  tb s  o a s s e p t ib le  strain*-' tbs,, 

•taphyXeaeeeae S i t  not d im telT t ta la o a s l la  ■

s a t a r i t l d l s , ' tbs- nsnlnigoeoceias, or th e  pnmmovmem* Ms 

t e s t s #  too' d if fe r e n t  races ©f nascent staphylococcus phage 

fo r  l y s i s  o f  a r e s is ta n t  staphylococcus out.fount a t i f f o r *  

ones. In t b s l r  l y t l e  n a tiv ity *  le n c s ,  he - s t a t e d 'th a t  th e  

amount o f  ly e la  pro#**©©# depended p r la a r l ly . apoa tb s la -  

t r in o is  eeaX lty  o f  tb s  phage rath er than wpoit tb s  stru ctu re  

o f  tb s  s ia p b y isceesa e  which was attacks#* in  193#» 

la k ls t s n  rep orts#  th a t pnsixnosoocns types X» IX an# i l l  

ha# n o # sn o n « tra b ls  o f f  s o t  on staphylococcus or eatere*  

coccus.phages when t e s t s #  fo r  t h s ir  p!»ege*efe*©rb 1 ng



n

n a tiv ity *

Iran#  (Ifjltfc) t«#t#d th# a e n a ttlv lty  # f »#v#ral 

tntikdrad b#t» h#»oly tie  •trap toeooe l to  f<w  type® of naa- 

e#nt atraptoooocii® phag© mud r#poi»t#6 th a t thl® f  #ehni<t**# 

4i#f«raiiti*i#&  than In to  w#ll~4#fl*i#& frranp®. ill# a tm  
lnv#etlgat#d  th# ly t io  ac tion  o f th# nn*##«it atraptoooocu®

ph«g#s m  ottMnr rai*t«6 #p#ei#«? #ight pnawRoeoeeu* 
strain® , on# staphyloooec'swi, mM m* In a tlra a

•train war# lye #<5. fira  alpha ctr#ptocoee«» at rain® wra  
unaffeetcd .



I l l

m  mmtBTv® %umm mm fm m m om m  km  m m m m m m t 
nmmmmmmwM in o m  ah* m m ttki m&wt 

$mtm rm mmmnik m m w  ■

Sawagat m& p a l la tM  watara hara  « ff9s»i»4 i  rv ro ltfie  

m nrm  a f  haat#j*ta$ihjita fo r  a wida f t n i t y  af feaetarta l 

•paataa la a la t lt ig  |u  draaafarlaa fhUa* (M * a »  19*0}# 

R hartha lla  typh l IhaaHartah and iaitdtiray, I f f t ) ,  © thaw »~  

pfetlta  © train  flaaar#  I f  i l l*  « pyftahrophllla © train (E lder
‘ i '" ■

and TMtnwr, 19^7) ,  •tr*p to«> o«l (Clark and C lark, 1927s 

Stm ss, 193%*), « t*ph rloeoeo i (Bulgakov and 8 # p tlo , 1930), 

£ i  and Jordan, 1931a ) .  ■»* aartaaala

(iattar and laabr m ht , 1933)* and afriet aaaarah* -

Cl* ta tan l CCaalan* fha praiiant atmiy waa ©aiar**
takafi to  &«tar«l*ta the prmmm  a r  ahaanaa a f  pnt©jsa©aami« 
phag# ana tlia dlatrlbtitlnfi of atraptanaaatt* phagaa in  »#w- 

■ a ft*  Tan mmplm, |  a f  ahtati ta ra  bmpttml aawaga* ah- 
talned fraa  d iffa raa t a tf la a  la  aatfam* itartham , and 
smthmrn part#  af tha f a i t^ l  itat#a* *rara. txaaiiiaa fa r  
paawaaaaaaa ana Btrwptmmm# ph*$m* •

Irparim im tal Praaatttraa

Materials* la  aaarahitif far a ptiattnaeaaaa* phaga a 
apeelal lM»hMt btaf Infunlm ferath, ©tad by- Dr. tloyf  
Felton far culturing the pnmimoooooue, was m play ad* It  
waa hoped that a highly favorable medium far pa«aaaaaaa»a 
growth sight «l*pllfy phage laolatlaaa. Tha dwafele
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Marin® Houpitale and a local hospital, were «ti« 
lasted at the final eleaa-eut traps before the sewage eater* 
©d the city system. the samples were seat in liter pyre* 
battles by railroad express; ne sample was In tranepert 
were than J days. 411 samples were adjaated t© pi ?.0» 
•tor.« In tb* eoli roo« (10° to 18°C.! «M •xanlnofl for 
phage content before the lapse of a weal;.*

Pester H. s* Triable, Medical Officer in Charge, 
if. f. Marin© Hospital In ialweetea, Mindly ©applied sewage- 
samples.free three hospitals. These were peeled and 
treated as one representative Oalweeten sample. Because 
a strong disinfectant odor was noted in the See ton . 
hospital sanplê .'.af filtrate of the se*ag© was tested far 
inhibition of tbe pmmmmmmB* The pnewaoeoecu© grew eat* 
tafaeterlly in tbe presence of the filtrate, heaee tbe earn* 
pi© was treated lib# tbe otbers*

After a sewage sanple was centrifugated to throw down 
tbe suspended matter, tbe cleared sewage was filtered 
through large *f® Merkefeld candles* tight ml. of eaeh 
sewage filtrate, the amount ©splayed per tube for phage 
isolation* was tested far sterility, sterile sewage fil
trates were stored in rubbei^steppered flash© in the .©aid 
race; contaminated sewage filtrates were refiltered until 
sterile and then at ©red.

Clean, clear test'tabes of ©attorn diameter were used 
in all tests. Serial enriohment passages In the sewage 
medium were aade iii 6 x | A f tabes; 6 x 1/2* tabes were



need f o r  n i l  e th e r  purpeeee*
411 f  i l t r a i lo ita  were and# t fcreugh • I 11. ie r k e fe ld  

enndlee. 8** ll q uan titie s , of n o to r ia l were f i l t e r e d  

through &*!/&- candles stoppered. to , 3$ 0 -tfX* fla«l*«j large 
amount* o f sewage were f i l t e r e d  through 5* eaadlee equipped 

w it It l i t  or fleeh e;/
t

00000,.OfroittfrMtttt thirty paeaaeeeeeee type#,
I  through x x x if, e*eiitelire o f XXfl ou t xxx* wore a a la ta la e d  

In  stock in  ajt ra b b it b leed  b ro th  (loo  boot boot in fu s io n ) . 

th e  jm evaeaeee**'gree very rap id ly  in  th te  aeditttt and le a f  

aueh o f l t «  v ia b i l i ty  I f  Inaubeted ae ro  thou l i  hour*. fit#

young W o o l ' b ro th  c u l tu r e s  wore s e a le d  w ith  e t s r i l #  waee* 

-'11m  and s to re d  o f b to  6 °c . f o r  one aa a tb s  " M p l f  tn m o *  

for*  to  f r o th  b lood  b ro th  to r#  stade to  le e e r e  n o b i l i t y ,  

f r o th  ro u te  s t r a i n s  o f  th e  a o m e n e r  pneM oooeette type*  were 

frequen tly  aided to  th e  s t e e l .  fh e s  b o th  .aaeath end rough 

s le e k  s t r a i n s  end w im le a t aeoee s tra in s  were ineleded  in  

th e  a tte n p t to  I s o l a t e  e i t h e r  n type s p e c i f  1@ o r  sp e c ie s  

specift@  phage.

l e t s  im e ly t i e  s trep teeeeeua s tr a in s  dentin**

lio n ) 751, 563, 59%, end 6 f | ,  s e n s i t i s e  to  the  ac tion  o f  

phages 4, B, C and Pf re sp e c tiv e ly , were stocked in  10 p e r  

cen t ra b b it blood b ro th  sealed  w ith v ase lin e .

I j e l i l l o a J L e l ^ i  1 *
fh e  *sewage atedlu** used in  th e  eeereii f o r  phage 

contained equal p a r te  o f f re s h  sewage f i l t r a t e  and double



H

s tr e n g th  Xew~h#at b e e f  in fu s io n  b r o th .

t h i r t y  type*  o f  p ftem o eo ee t were employsd In  th e  

se a rch  f o r  p n m m v p h m g rn  to  th e  sewage sam ples, I . e . *  type#

I  th rough  JQCJCII* e x c lu s iv e  ofTyp#® JU?X and X M *  411 

ty p e s  were c u l tu re d  in  %$ r a b b i t  b lood  b ro th  f o r  10 to  %&■■' 

h o a rs  .b e fo re  p la n t la #  to  th e  sew*#* annum* •

1st follow ing a multiple stra in  ineewlatlon .method# f  

enriching any piiewaoeoeeae. phage present tm * sewage filw  

irate*  the yewa# paeufaeeeeeu# type culture* /ter*.'grouped 

a* fellow st fftrelae of Types I through f i l l  were dwelt* 
noted group 4 | those o f types 11 through i f f ,  group »i 

th ese o f types I f II through n tlS *  group C; and those of 
fype* l l l f  through XXXtX, group b* the c u ltu r e se #  each 

group were a lx e f by adding t  or- J drop# o f snob- type to  9*0 

e l-  of.broth# By th is teehatgite* the JO strain * sere ter 
elid ed  to  tow* ■Series o f sewage, f i lt r a te *  to  a ltern ately  

earleh and f i l t e r -  f ia e , -mediav sad f t it e r s  sere scene-* 

mixed la  thlft way.

l a  a d d i t io n  t o  exam ining th e  h o s p i ta l  sewages f o r  

paeaeeeeeetis phage* a he*  te e h a ig a *  (n o t w e d  in  th e  c i t y  

sewage sam ples) was in c lu d e d  which allow ed fo r. elcttitam aem * 

I s o la t io n  o f  e trep teeoeew *  phages* th e  f in d in g  o f  s t r e p to -  

cocci** phages wool a ehee* th e  # f  f  le e c y  o f  th e  phage i s e l a -  

t l o a  method* i f  th e r e  were mm p o s i t iv e  pneuaophage lso le ~  

f l e a s ,  and d a ta  would be o b ta in ed  on th e  d i s t r ib u t io n  o f 

s tre p to c o c c u s  phages l a  sewage. T h e re fo re , s t r a i n s  o f 

yean* s tre p to c o e e tis  c u l tu r e  s e a s l t lv e  t e  th e  a c t io n  o f  fo u r
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is

o f the b a c te r ia  p resen t in  a ©©wage sample, the various* 

p h ag e s  pros on t  in  the ©©wage, epoeif in for  thee© b a c te r ia , 

would bo enriched uni a© a r e s u lt  the f i l t r a t e  o f  ©neb a 

c u ltu re  would contain more po ten t phage®*

th e re fo re , In th e  f i r s t  aortal, passage o f a given 

©©wag© f i l t r a t e , th e re  war# p resen t in  each of four tube® 

(X) 16 ml* o f a«*ago medium and (£) % ml* o f ©swag© mil* 

tur© f i l t r a t e . f© ©ft© o f the©© tube® wan added a drop ©f 

group‘A mixed eu ltur©  of pneumeeeoel and etreptoooeeii© 75I1 

to  tb e  3 remaining tube© a drop contain ing  mixture# of 

group i  p lea ©treptoeeeow© 563, 0 plus, otrwpteooeom©. $4%,. 

and f  pie® etrepteeoeeee: I f J ,  re e p e o tiv e lf  * th e  tube# were 

l*b*l*d I  A+7j X< I  *+543, 1 C+59* *•* 1 *I# d**l *“
mated tbe  f i r e t  pa««ag© o f  ©©wage f t i t r a t e  with th e  mixed 

o u ttu rn  o f pmemmoooooi and ©tr©pt©eeeoi> *A +?fl* deeif-* 

nated  tbe p a r t ic u la r  group o f pmeumoeoeei and strepteoo© - 

eee, 'ate* Broth' eoatpeX© were prepared by p la n tin g  the 

earn© inoeula in  tube© contain ing  10 ml* o f double s treng th  

b ro th  d ilu te d  w ith 10 ml* of d ie t  11 led  w ater, the  ©allure# 

were Intubated a t  yj*C . fo r  16 hour© .< (overnight) o r lee®* 

A fter Incubation , the  tube© were examined fo r  evidence of 

ly s i#  by comparing th e  tu rb id i ty  Wtieh had developed In the 

••wage medium w ith th e  tu r b id ity  o f  th e  ©am© Inoeulum In 

p la in  broth* A fter record ing  lysi® , the fou r eewat© medium 

mixed cu ltu re#  were f i l t e r e d ,  lab e led  "Plltrw t©  I  a^yp*  

a t e . ,  and b ml* o f eaeh f i l t r a t e  wa© te s te d  fo r  s t e r i l i t y .



if

fli# second and succeeding s e r ia l  f l i t  rat® pa®sag#« 

w ith the k group® of mixed culture® were made l a  fre«h «ew- 

a§e medium (6 «dl:. o f sewage f i l t r a t e  and $ ml- of double** 

• tro n f tb  b ro th ) # to  which wae added th e  f l i t  rata®..of Hit 
preceding package* fo r  example* fo r tho second pa«eage 

culture® k ml. o f f i l t r a t e  I  jm ^ l  were added to  16 i»l. a f  

fresh eewafe modiubi,. mat the combination wa® p le a te d  w ith 

a  drop o f young troop  A pnewmeeeeet p lu s 751* % al* o f

f i l t r a t e  1 wee- added to  eewage medium sad Inoculated

with a drop o f 'f tv n f  group 1 pfieoaoeoeei plu® 563* etc* 

the  l a t t e r  culture® were labeled  IX mm& ^  I+fSf*
e tc . they were ln eu b ftted a t 37°C ., examined fo r  ly e ie  with 

su ita b le  contrc la^ and f i l te re d *  th e  f i l t r a te ®  obtained 

'Were employed in  p reparing  the  th i rd  passage® a im  the  

pneumoooeol and etrepteaeeei * th i s  wee th e  process can 

ployed o f a l te rn a te ly  e p e c lf le a lly  enrich ing  (by feeding) 
and f i l te r in g *  a t  le a e t  5 passage® were made fo r  each 

eerie® i" in  several eerie® a g re a te r  number of pa®*®fee 

were made*

t i l t i n g .o f  Ktx«4 8«ima. C uit\tr> fo r  m g .  CoBt.Bti

f i l t r a te ®  o f th e  th i rd  and f i f t h  e e r la l  passage were 

ro u tin e ly  te s te d  fo r  ly f l e  a c t iv i ty  w ith th e  Ind iv idual 
•train®  a® described below, than lyel® of a mixed c u ltu re  

of paewateoeaei and etrepteaeeei appeared # th e  lyeed culture: 

wa® f i l t e r e d  and th e  f i l t r a t e  te s te d  fo r  l y t i c  a c tiv i ty  on 

th e  Ind iv idual culture® which made up th e  enrichment
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I f

ft eerie*  o f  mmplm mhmM lit ©amine# before th e  eeareh 

f a r  ft phage i t  ©#©»##»©#*

b eta  ©it the  lt# lftfl# « i o f pnem©©##©*!* in h ib it in g  

©gent# and #tr©pt#©e©e**fi phage© a re  ©elXeet*# 1ft fable© 111 

an t I f f  %»pF0iiftfttftl|r f | 0  © erle l f i l t r a t e *  were e ith e r  

egft*t**4 ©vie©##©. #f. ly t le .  o r ten t##  f a r - ly t le .  

'ftetlw tiy #n th e in ^ iv ia m l ©train© before p e m in g . Table 

I I I  ©hew© th a t  aiany o f the  * tre p t#©©#©«© phage©' were 

-Iftftlftlfti f r m  the f i l t r a t #  a f te r  tb e  »«»« am b er # f  

paeeftgeau F©r ©m aple f th ree  phage* war# found 1st th i rd  

f i l t r a t e  #©©*©£©* o f th#  twanavlll©  ©©wageI probably phage 

had developed In  the  f i l t r a t e  b efo re  th e  th ir d  paftftage, 

but ©iae© ther©' ©ft# ft# .©widen©© o f Ijrel© in  th e alxed m%«* 

tftih# the f l i t m t ©  m e'» © i tented  f e r i y e i #  a f  in d iv id u a l 

«tr# ln«  im tl l  a f te r  th e  third,'pfteeftg© *

Earlobe# f i l t r a t e #  obtained fre a  eaeft h m p t t m l  ©aapl© 

and .free one e l ty  am p le  ©f' sewage were nap able of In h ib it-  

lug  pnettnooeoeu* growth? fa b le  IV d©scribe© Cl) tb e  ©ear©© 

alii faeeage am ber e f  th e  f i l t ra te ®  whleit p re ren te#  growth 

o f tbe  p m m m m m m a t m m l m ;  ( f  ) tb e  am ber s f  i l i i i  th e  

'©genie were leolm tea f o r  ©aoh ©efteltiw# type , a a i ’C|) tb e  

am b er ©f time# the  In h ib itin g  agent could be t r a n m lt te d .  

I t  ha# already been ©tnied th a t  enriched f i l t r a t e s

were te s te d  fa r  l y t i e  a c t iv i ty  ©n the  ind iv id u a l s tra in #

naltln f up th e  m rtebaeftt group by adding two #y th ree  drop# 

#f pMmeeeefttift ©wltum-1# a 1CT* d ilu tio n  e f  f i l t r a t e .
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a p r tm  a#aaaa ila t#«  ttm  ad d itio n a l assumption th a t  tltla

p§*a§t* tn t i i ta  tfe* usual raaaa , ©an not m m lira in  ««waf«. 

fit© fraaaa iit in h ib itio n  and paattdo-lyala of paaiimonoaaiia 

by sam ga f l l t r a t a a  m y  ,ba axplaina&s (1) on i l i t  b n a lt a f  

tb#  a a ia ly a la  a f  ib is  afiatlm * nb lfii la  aflan*

l a t a #  l a  tte.jM haaafta* a f  a a r ia tf t  a te a - lm l a g a a ta , aualt m  

M ia  ana saponin, m  i t )  m  tho p a a a lb ll l ty  a f  m a t  ac tio n  

by^ the  pltagaa {### p a r i ' t  a f  tb l»  a tu iy ) *

In  m m  lm ia » * # a , ilia im bifeiiliif. agont m  tra a m in a lb la  

in  law d ila tio n *  for  a to r  pmm#**;- feomvar* m  diaint** 

tio n  in  o o m a n tm tia a  by d ilu tio n  iba  a f fa a i  dlmppm**** 
fh la ; a m id  ba dua a i th a r  to  las*  o f tha oharai©*! *g«**i at* ,., 

i a  * * ta rr litf  * an t a f  airapiaaoaaua phago*.

The Iso la tio n  fro® sawaga o f p r im lp l# *  l y t l e  f a r  a. 

wida ranga ©f pnitiagoa*, babti t n tm t ln a l  §nd ofb#y*i»a, 

which stim ulated  ih i#  work, a tta .a t*  to  tba a lf f t t f ia m m  a f  

I b a ’raflialla m p f € la a a  of tha  fa ilu a a  to  f ln 4 a pnmmo*
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...It.S. maria® ..JkMMu.. 1 ô aLaJtri * 6 * ....nJffiL_...._, - J L  1 ^ .

4 9 1 f t
6 , mail. d.  c .  • i i » i i 1 1

Colombia Baas. * ......r.d.......... » mJXI__ ...#.T—Q - — * 9 » n:f -*-1X1.. .
7. i-eana. Ind. U.S. » i i t » t i
... 'arise Hoaoltal .*. .-.. . 6 . ....... t ...I ll-  - _  * j h _ -*. -̂a.- » III. „-i-IIX...
8. S. X. Oily n.S. * t * * * t i

Marina ..Naanltal . 1.... ..... . . 1 ...^.... ♦ TTY _  JL JL- ..a ... * * 111
9* 0®lv#®*# ?«xas ’ t » i i * «

Pooled: 9«9*«MUrf i i * « t t
ffo*p.# John Scalar9 « i i * » i
Hoop. * St*»«ry9# 1 3-22-40 1 5 ♦ IX ♦ ? t ? * TIf * t* i « I * C

19* fma« 1 t t t t ■* «
B.8.ttarim* .M um *  .1 feafam..!... * ___a , , . * i a 1 , 0 .

* ..1L..,J - J 3 L *

X* £.«• of pnmmmomli and •trajjtooooei 
2. A/751 (Sue prewlmm tablo)
|« 0 that no X$ti« agaai waa found .la ih® »«&g@ fIXtrmt#*
4. Thm Sanaa tmmrml ladieatot tfa* of filtm t®  p**»ag«* mad® with mixod

eulfcxir® la th® ®««ag® mttdiua bofor® ly ilc  or inhib iting  ac tiv ity  a?3p®ar«d*



39

**KU I?
iiiMfc a # 1 TWiii^iii'fiii^aiidki^ffy'isi T*olk4 W<l # i4®os» i  muiinHlr*a IhafcO*IJHBN0^p0P*^p^ww 0 1  ^WuHmLfffi3L a  11 ^  . J t & ® P w k

Typss of tbls Spools* la §«waf* FiUratos
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t m  x a o u n o t f  a »  a r o o u m c u *  m m T i w t b & t z m
Of 4 mst TOE Of STHSHOCOGCtfS i4CflHI0f«4€l«

four e e re la g le a l  type# a t  e trep toeeeow e phage have 

been described by Svane <193^b) and d ee lg iia ted  4* ft, 0 and 

01 th e  re a c tio n * . of tli#  hemolytl© s tr e p to c o c c i  to thee# 

phages c la s s e d  them lot®  p h ag o lo g iea l groups which g v n m l*  

I f  correspond w ith  groups formed m  other baa##. I t  

appeared  that another typecf phage, actively  ly sin g  a 

given tub-group of a t re p to e o e e l ,  might aid In o la # tiff in g  

that group. * Henee several sample# of hospital sewage ear# 

examined for new phage type# and one was iso la te d . I t  a lee  

lyeed the paewmeeeeeu# in the nascent state*

E xperim ental P rocedure#

4. Method# of 1eolation

.S tra in # t I t  was impossible to fo r e te ll  which e tra ln #  

would he s u s c e p t ib le  t o  a y e t  u n le o la te d  phage or phages*

therefore, three e t r a ln #  o f  utreptoooeei representing eaah 

of two sub-group# based on eugar fermentations were employ

ed In the ieo la tion  of the new phage type, ftse National 

In stitu te  of Health designation# for the .e tra ln e  wares

*2>r. 4 lie#  Evan# ee l voted e t r a ln e  of etreptoeooei 
representing two #ub~§r©up« - with t h l e  fact In mind. 411 
InventIgaticM ie re la tin g  to re a c tio n #  of the s tr e p to c o c c i  
w ith  the new phage type w ill  be Included In future 
p u b lic a t io n #  from her laboratory* I t  le  w ith  reaction# 
of th le phage toward th e  pneumoeoeel that Part ¥ of thia  
th e e ie  l e  concerned *



t»

Hoa. 646, 1368, 13S7, €57 , 985 an# 990.

Sewage® Samplaas f ix #  o f  th# ammpl## o f  h o sp ita l #tw~ 

ag#—tiio## ©Main®# fro m  th# Baltim ore Marin# H osp ita l, 

th# 8##ton Marin# H o sp ita l, th# Columbia H osp ita l fo r  

'#om#n, th# Ewansv i 11# Marin# H osp ita l and th# 8#w X%rU 
MarliS# !t0«pltal~~w#r« #xamin#d fo r  ph*g#.

a u lt lo l#  Inoeu liiltop  f®obnt#n#i (% # fab l##  t  and 

f t . )  On# drop o f  snob o f  th# s ix  young malturaa was pooled  

In 10 ml* o f  i»#op#pton# broth , a drop o f  wht®h was plant##  

in to  s t a r l i t  s#mag# medium mad# up o f  8 ml. o f  11 sewage 

f i l t r a t e ,  i  ml* o f  double strength  n#op#pton# broth and 

b mi, o f  sewage cu ltu re  f i l t r a t e .  t h is  la t t e r  f i l t r a t e  

was obtained by p la n tin g  u n tu to r e d  sewage in  # t # n i#  

b roth , ineubating overnight at 37° c .  and f i l t e r i n g  

through a B#x*fc#f#ld f i l t e r ,  a drop o f  th# mixed Inoculum 

planted  in  W  ml. o f  double strength  broth p lus 10 s i .  o f  

d i s t i l l e d  wat#r served m  th# cu ltu r e  c o n tro l.

Th# cu ltu r e s  w#r« incubated overnight a t  37® c * The 

fo llo w in g  morning th# sewage medium cu ltu re  was examined 

for evidence o f  ly s is -  by comparing i t#  tu r b id ity  with th a t  

o f  th# broth cu ltu re  c o n tro l. Th® sewage medium cu ltu re  

was f i l t e r e d  and th# f l l t r a t #  was enriched a second tim#

w ith th# six## , 6 l i s t #8 cu ltu re  of stre p to co c c i in  th# ###•_ 

ag# medium I f  l y s i s  had not occurredt i . e . ,  4 ml. o f th is  

fresh  f l l t r a t #  was added to  1& ml. o f sewage medium and th#  

m ixture was p lanted  w ith a drop o f  d ilu te d  mixed suspension



%3

o f e tre p to e o o e l .  Thlo proeooo o f  e x te rn a l#  enrlohsten t and 

f  11 t r o t  loo  was con tin u ed  u n t i l  Xysi# o f tho  mixed o u ltu ro  

appeared  o r  u n t i l  th o  en rleh ed  f i l t r a t e  had boon a e r i a l l y  

poo to d  b tim e s . 4.11 thlrd*pa##m ge f i l t r a t e s  were r o u t in e 

ly  te s te d  f o r  phage f o r  th #  In d iv id u a l s t r a in #  re g a rd le e #  

o f  w hether o r  no t ly e le  o f  th #  mixed m ultu re Hat oaeitrred*

fe e t  laic o f  Mixed tewag# C u ltu re  fo r  Phage Content  t. ̂  ^ ^ ^ “r 'Tit̂ ariiiMtTiIlt n̂iv ■wwiTniirf̂nrrrftrnitiiiniWHf-imiv«ir«riw ■■»*! w»Tf.on'* miV i n .r iruci.niirm'tiii Ni.wi-itTi- i||iirMiwi»ii*irii<»tti»SiW'«*ii>*i   vi*~ --■ wiiw.wiin iwiriWMiiAnrwii-

I t  hae b een  explained (p a r t  I I I )  th a t  th e  rang® o f  l y t l e  

a c t i v i t y  o f  phage I s  widened In th #  presence o f  tro w in g , 

een e ltlv e  e e l l* .  H enee, i t  w m  not known w hether a glean 

m ixed o u ltu re  show ing ly s le  eontained m phag# w hteh , In  

th e  f i l t e r e d  stmt#., would ly e #  more then' one o f  th #  

s t r a in # .  For th e  d e te r m in a tio n  o f  phage e o n te n t  o f  th e  

f i l t r a t e ,  I t  wae t e s t e d  f o r  l y e l e  o f  eaoh s t r a in  m  f o l 

low #: To %.5 m l. o f  neopeptone b ro th  0,5 ml* o f  f i l t e r e d

ly ea te  and 1 droo o f  young s tr e p  to o  00 m n  o u ltu r e  were 

added? 1 drop o f  young o u ltu r e  In  p la in  b r o th  repreaented 

th #  c o n t r o l .  The tea t®  fo r  l y e i #  were liteubated a t  37°  C. 

and read  fr e q u e n t ly  d u r in g  th e  day. When a e u ltu re  wae 

e lee red  th e  tub e was Im m ediately  s to r e d  In th #  r e f r ig e ra to r  

fo r fu r th e r  s tu d y .
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B. Combined Method o f  Purifying and In c r e a s in g  th® 
Fotcney o f  F resh ly  Iso la te d  Kao*** o f  FtMge*

The now phage w « # «  ware p u r l f l t d  by m aerie*  o f  

t l  t r o t  loan which b oth  * starved** and dilu ted ' out a l l  cither  

contam inating r a c e s  which w ight hm m  been p r e s e n t .  For 

in s ta n c e » phage 0/695, •  very widespread. sewage type, way 

have been contam inating a n#« ra ce , but when i t  was not 

en r ich ed  w ith  c u ltu r e  693 ***6 * * •  c o n s t a n t ly  d i lu t e d  In th e  

t i t r a t i o n  s e r i e s ,  I t  dlaappeared* Likewise, w h ile  1ecla t*  

lu g  a pur# ty p e  of phage by t i t r a t i o n  methade, th #  phage 

In question  was strengthened by continuous passage w ith  

I t s  homologous s tra in *  (tee  T able VII'.) For example, th e  

f i r s t  e n r ic h e d  f l i t  r a t#  obtained frc is a mixed c u ltu r e  in  

th e  Baltimore H o sp ita l sewage median lyscd s t r a in  965 *n 

n in e  hours* T h is l y s a t e  was d ilu te d  w ith  2 0  ml* o f  s t e r i l e  

b r o th , f i l t e r e d  and t i t r a t e d  w ith  I t s  hom ologous organic®  

( s t r a in  9#5) f o l lo w s !  T en fo ld  d i lu t io n s  r a n g in g  from  

IQ-T through  1 0 -$  were mad# In 9 ml- q u a n t i t i e s  o f  s t e r i l e  

neopeptone broth* (Separate p ip e tte s  were used fo r  each 

d i lu t io n  in  a l l  t e s t s . )  h  drop o f  young c u ltu r e  o f  965 

was p la n te d  in  each d i lu t io n  and In a b ro th  c o n t r o l .

U su a lly  th e  s e r i e s  was in cu b a ted  a t  J7° C. and examined 

f r e q u e n t ly  d u rin g  th #  d ay , s to r e d  in  th e  c o ld  room o v e r -

; - -THirnUi n Ii n i|WWh HtWginnii I Pirir -WF Itvi-mi.in .nil. n«wi*gll«E* K»l'*1»Ui'.H'|»IW»

h m  term  "race* a p p lie d  t o  phage I s  a n a lo g o u s to  th e  
term  * stra in * 1 w ith  r e fe r e n c e  to  b a c t e r ia .  Each phage is o *  
lu t e d  I s  a new ra ce  I r r e s p e c t iv e  of th #  s e r o lo g ic a l  type*
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nigh t ana reexamined fo r  ly a i#  the follow ing morning.

The t i t e r  o f  the phage wan regarded a a the h ighest d i lu t io n  

p rod u cin g  ly s is  o f I t s  homologous organism ; the  l y s a t e  r e 

su ltin g  fro ii th e  h ig h e s t  native d i lu t io n  of phage wa® 

f i l t e r e d  fo r  th e  second  t i t r a t io n *  th e  w hole d ilu tio n  

process being repeated a t  lean t f i v e  t im es  t o  In su re  

elim ina tion  o f a l l  contam inating phages and to  increase th e  

p o ten cy  ( t i t e r )  o f  th e  type-pure p h age .

C. I d e n t i f i c a t io n  o f  th e  lew  S trep toeoceus^ype by 
Cross Kentr a i l s a t i o n  T e a ts .

w ith  t he  untyped r a c e s  o f ,phagf 

and a n t i  s e ra  fo r ph ages 4 , a , 0 , a and Jgl*?* The purpose  

o f  th e s e  t e s t s  was t o  id e n t i f y  r a c e s  of phage ( f r e s h ly  

I s o la t e d  from sew age) w ith  one o f  th e  r e c o g n ise d  ty p e s  or  

to  d i f f e r e n t i a t e  them a s one o r  more new s e r o lo g ic a l  t y p e s .  

(S ee  T able f i l l . )  Each ty p e  a n t i  serum and a normal serum 

c o n tr o l  was d i lu t e d  I f  100 and 1 :0 0 0  in  neopeptone b ro th , 

and th e  untyped  phage was d i lu t e d  so  th a t  0 .1  e l .  c o n ta in e d  

approximately 100 phage p a r t i c l e s .^  One-tenth ml. of

i® a phage i s o l a t e d  by .Doctor Iv a n s (1935) th a t 
lyeee s tr e p to c o c c u s  693, but d i f f e r s  a n t ig e n ic a l ly  from 
phage D.

p
'The s e r a  had been  prepared  and used  by D octor  Ewans 

<193*to)'

3to  compute t h i s  d ilu tio n - the  t l t e r - o f  the  phage was 
d eterm in ed , I . e . ,  i f  I t  was 10"®, then 10*5 c o n ta in e d  ap
p r o x im a te ly  10 p a r tic le .®  p er  m l . ,  10"^ c o n ta in e d  100 p a r t i 
c le®  p e r  m l- ,  10"  ̂ c o n ta in e d  1000 p a r t ic le ®  p e r  m l. o r  100  
per 0 .1  m l.



d ilu te d  phage wa# added to  this sens® d ilu tio n #  and to  m 
tub# o f #101*11# broth* Phono# A, », C, j> and war# 

added in  s im ila r concentrations to  d ilu tio n #  of homologous 

antteerum in  order to  co n tro l th# s p e c if ic ity  of th# to m  

In tho given d ilu tio n #  Fhage-cultur# co n tro ls  were iiiSc 

In normal #«rtim s im ila r ly  diluted. to- 1H00 and 1:200.

Aft or th# phage-sertim mixture# had stood overnight 

in  th #  ©old room, each tub # o f  m ixture and m tu b #  of 

• to r i l#  b ro th  w#r# p lan ted  w ith  a drop o f  young hom ologous 

s tr e p to c o c c u s  and incubated a t  J7° c .  Heading# were made 

only a f t e r  th #  phage-cultur#  con tro l#  were ly s e d  in  the  

normal serum d i lu t io n #  and were in h ib it e d  in  th e  reepee* 

t i r e  antieerum d ilu t io n # *  th# d ata  in  fab le  VIXI show 

th a t  ivartfiwilX® phage 985 •**** Baltim ore phage 985 rep re - 

•en t one o r  more new se ro lo g ica l types, tine© n e ith e r  was 

n e u tra lise d  by th e  s to c k  m ttlaara*

Frodu c tlori o f A ntibacterlophaglo Serum fo r  a Hew 

type o f g|rep.tocpeeu9 Phages An a n ti  ly  a In #p ee l f ie  fo r  

E vansville phage 985 prepared by In je c tin g  a ra b b it

in travenously  in to  th# marginal ear vein with f i l t e r e d  

phag#~ly##d c u ltu re * * h to ta l  quan tity  of 55 ml* of 

po ten t phage w«# in jec ted  over a six-weeks p e rio d , s t a r t 

ing with 2 ml* do### and gradually  Increasing? th# amount 

t© 10 ml* doses* Th# ra b b it we® bled from the ear a week
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a f te r  the la s t  in je c tio n *  * The strum was drawn o f f  anti 

preserve* with sse r th lo la tt  (1 :10,900) .  The rab b it wa t  

bled  again from the ear a week la t e r  without fu r th e r  in 

o c u la t io n s .

n e u t r a l i s a t io n  T e s te  w ith  flmges A, 8 .  C, D, Dg and 

#Baltlmoye Phage W T ,  an* Anttphmfgo ^erum fo r  th e  l e e  

J lB £ ! th e  p u rp ose  of th e s e  t e s t e  was (1 ) t o  demonstrate 

th e  an tig en ie  s p e c if ic i ty  o f  th e  new ty p e , (2) to  a s c e r 

t a i n  th e  s e r o lo g ic a l  s p e c i f i c i t y  and t i t e r  o f  th e  a n ti-  

phage serum prepared  w ith  t h i s  ty p e  and (3) to  determine 

w hether the  Baltim ore r a c e  was a n tlg e n le a lly  s im ila r  to  

th e  r a ce  u sed  In p rep aration , o f  th #  serum• (S ee  T able XX.) 

Normal and entiphage s e r a  were d i lu t e d  10* 10*5$ xo*^

and 10*5 xn neopeptone b r o th  (? tu b es  fo r  each d i l u t i o n ) .  

Phages 4 , U, C, 12# Pg and the two new ly i s o l a t e d  races 

war® d i lu t e d  so  th a t  0 .1  ml* q u a n tit ie s  contained approx

im a te ly  100 phage p a r t i c l e s .  Each was p la n te d  In th e  

d i lu t e d  normal and Immune serum s. A fter th e  phage-serum  

mi x tu r e s  were in cu b a ted  f o r  15 hou rs a t  3?0 C. ,  a drop of 

homologous c u ltu r e  was p la n te d  in  each  tub e and in  s t e r i l e  

b r o th . Both 12° c. and 37°  C. were s a t i s f a c t o r y  tem pera

tu r e s  f o r  a l lo w in g  th #  phage-eerum m ixtu res to  r e a c t .

1' A f te r  th #  ea r  was shaved and c le a n se d  with alcohol, 
a smell c u t  was mad# in  th e  m arginal ear  v e in  near th e  t i p  
and 25 ml* were c o l l e c t e d  in  a wide-m outhed tu b e .

2
d e s ig n a te d  E v a n s v i l le  phage 9$5 *



f l i t  t e s t s  were In cu bated  e t  57° 0 . u n t i l  th #  phAge-eulture 

mixture* in  th #  normal te rn s  d ilu tio n #  w#r® c le a r e d  and 

th #  b r o th  co n tro l cu ltu re#  were tu rb id ; reading# were 

th en  made.

Result*

fw® o f th® f i r e  ho«pltal eewage sam ples (o b ta in e d  

f r o m  Baltim ore, Boston, W ashington, E v a n s v il le  and Hew 

l o i t )  contained phage l y t i c  fo r  streptococcus No. 0B5

rep resen tin g  a o e r ta in  #ttb~group of s trep to co c c i. Phage# 

tpeotfi©  fo r  s tra in #  $4-6 , 1&6&, 13$?, 6? 7 and 990 were not 

presen t In the  sewage eauple# examined*

f a b le  f  in d ic a te #  th a t  the  Baltimore sew age sam ple 

o o n ta in ed  a ly t ic  p r in c ip le  s t i f f Ic le n tly  m otive  in  th e  

f i r e t  enrichm ent passage to  lye# s tra in  985* S'*1* f i l t r a t e

c o n ta in in g  th #  phage wa# passed tw lee a g a in  w ith  th e  o th e r  

f i r #  s tr e p to c o c c u s  s t r a in s ;  §§5 was o m itted  in  o rd er  th a t  

any o th e r  race® o f  phage p r e s e n t ’ In th e  sew age f i l t r a t e  

s ig h t  be enriched by on# or nore o f  th e  s tr e p to c o c c i!a  

s t r a in #  making up th e  mired c u l t u r e .  Bo phage was i s o la t e d  

f o r  th e s e  s tr a in ® .

A second ran# o f  phage a c t iv e  fo r  s t r a in  9$5 was 

i s o l a t e d  from E v a n s v i l le  H o sp ita l sew age. (S ee  f a b le  V I .)  

E vid en ce o f l y s i s  o f  th e  a ire d  enrichm ent c u l t u r e  did not  

appear u n t i l  the  t h ir d  f i l t r a t e  p a ssa g e ; th en  i t  was o n ly  

s l i g h t  as compared w ith  th e  f i r s t  f i l t r a t e  passage o f  th e  

l a ItIm ore #am ple. However, a secon d  r a c e  o f  phage wee
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iso la te d  s p e c i f i c  tor  9S5» and envlohment p a ssa g e s  were

mad# tw ic e  a g a in  with a l l  th e  s tr e p to c o c c u s  s t r a in s  w ith

th #  e x c e p t io n  of 985* Again phage lao la tlo n e  f o r  the##

s t r a in s  were unsuccessful*

f a b le  VII «howe th a t  th e  t i t e r  o f  ^ B altim ore phage

985%  o n ly  10~^ when f i r s t  i s o l a t e d  from th e  sew age T H 
IS

ir a t e *  g r a d u a lly  in c r e a se d  in  potency to  10 • ,  th #  megimti"! 

t i t e r  o b ta in e d . The fre sh ly  i s o la t e d  *£vanaville phage 

985* possessed a t i t e r  o f  10 * w hich we# g r a d u a lly  extended 

by th #  same t i t r a t i o n  method# t o  a maximum o f  10"^.

though  th e  two race# o f  phage cleared  he-taologous 

c u ltu r e #  o f  985 r a p id ly  and d is t in c t ly ,  e:ecendary growth 

developed in  a p p rox im ate ly  fo u r  hour# a f t e r  complete l y s i s  

had occurred.. As a r e s u l t , overnight incubation of ly t ic  

te s t s  w ith  th e s e  phage* was not feasib le*

Both race® o f  phage were demonstrable by development 

of p la q u es on g lu c o s e  agar seed ed  w ith  s e n s i t i v e  s t r a in

985*
th e  cro » e  n e u t r a l i s a t io n  t e s t s  w ith  th e  Baltimore and 

th #  S vansv ille  race® of phage 985 and an tle e ra  o f  sto c k  

ph ages of th e  v a r io u s  ty p e s  r e v e a le d  a n t ig e n ic  differences*  

The r e s u l t #  o f  th e s e  te s ts*  summarised in  T able f i l l ,  show 

th a t  antiphages A, Bt C, D and D#» c o n ta in ed  no s p e c i f i c  

a n t ib o d ie s  c a p a b le  o f  I n h ib it in g  l y t i c  a c t io n  (by n e u tr a l

is a tio n )  o f th# two 9®5 phages. This s ig n if ie d  a sero

lo g ic a lly  d i s t i n c t  r a c e  or r a c e s  o f  l y t i c  p r in c ip le *
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I t  was th en  n e c e s s a r y  to d eterm in e  w hether th #«# m w 

rm m ,  proven to  b© a n tlg sa le a lly  d i f f e r e n t  from th e  s to c k  

p h a g es, b e lon ged  to  th# »&»• tjrpe* A n tily tle  a#run speei~ 

f t#  fo r “E v a n sv ille -  phage 9^5* wa® prepared  In a r a b b it .

i>ata on cross n e u tra lis a t io n  te s t®  w ith  a n t l ly t le  

serum f o r  "Evansville phage 985* **•* p r e sen ted  to  Tab I# IX. 

Th# r e s u l ts  show th a t!  (1 ) E v a n s v i l le  and B a ltim o re  phage#  

W  b e lo n g ed  t o  th #  same phage ty p e ;  antiserum  p rep ared  

w ith  th #  E v a n tv i l l#  phage n e u tr a l is e d  th# B a ltim o re  race in  

th# same d ilu tio n s ;  (£) s in # #  th #  antiphage contained no 

n e u t r a l i s in g  a n t ib o d ie s  fo r  phage# h9 B, 0> I) or Dg, I t #  

homologous phage and likew ise  th# Baltimore phage belong 

t o  a  f i f t h  se ro lo g ic a lly  d ie t I n e t  ty p e ;  and (J )  th# an ti*  

phage was p o te n t ,  capable o f  i n h ib i t i n g  l y s i s  in & I(f*5 

d ilu tion*

The sero log ica l ty p e  o f  th #  E v a n s v il le  and Baltimore 

phages w as.designated E.

D isc u s s io n

I t  was. noteworthy th a t the  new phage E was success**

f u l l y  Iso la te d  from two sewage samples which a l t o  c o n ta in e d  

s e v e r a l  o th e r  ty p e s  p r e v io u s ly  d e sc r ib e d  by Evans (193^ 8 ) . 

The sample o f  Baltim ore H o sp ita l sewage f i l t r a t e  y ie ld e d  

5 d i f f e r e n t  s e r o lo g ic a l  ty p e s  o f  streptococcus l y t i c  p r in 

c i p l e ,  in c lu d in g  th #  new ty p e  E; th e  sam ple o f  E v a n s v il le  

H ospital 8#wage f i l t r a t e  contained k  ty p e s — E and A, C and

D. Th# r e s u l t #  I n d ic a te  th e  r e l a t i v e  e a se  w ith w hich
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s tr e p to c o c c u s  bacterophag# can be dem onstrated  In sewage 

n i t r a t e # .

S w e t i i f a l  is o la t io n  of a lytl©  p r in c ip le  fo r  nay 

species from sewage f i l t r a t e ,  depends upon th#  use o f a 

se n s itiv e  s tra in ;  however# th e re  I t  no c h a ra c te r is t ic  

which d is tin g u ish es  a phage^suseeptlble s t r a i n .  The p re

se n c e  of a s in g le  s e n s it iv e  s t r a i n ,  I®. f i § ,  p r o v id e d  th e  

n e c e ssa r y  'su b stra ta  s u i t e d  to  bacteriophage

'S e n s i t iv i t y  o f  th e  pneum oeocci t o  phage I ,  in  th e  

f i l t e r e d  and n a scen t s t a t e , was in v e s t ig a t e d  in  p a r t  V.

Conclusive p o in t s  o f  evidence th a t the  two phage  

r a c e s  w hich lysed 9S§ b e lo n g ed  to  .a new se ro lo g ica l ty p e  

were p r e se n te d  in  th e  follow ing - order* (1) S tr a in  $i5 

was n ot ly s e d  by any o f th e  fo u r  known ty p e s  o f  s t r e p to 

co ccu s  p h age , and I t  was s e n s itiv e  t o  phages p r e se n t  in  

S altiw ere and E vansville  sew age, ( 2) th e  new p h ages were 

n o t n e u t r a l is e d  by any of th e  a n t i  s e r a  s p e c i f i c  f o r  th#  

s to c k  p h a g es; (3) h ig h ly  p o te n t  an tiseru m  produced aga in st  

the  E vansv ille  race  n e u tra lise d  th e  Baltimore ra ce , but 

none o f  th e  s to c k  t y p e s .
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k sm m  or the b itic  acrxcv or iiLfiMii) n m c m  
kywtoc-occu* m m t$ m  tm  ?mmococci

In p a r t  I I I  above sewage f i l t r a t e s  w ere A sse r t bail 

w hich in h ib i t e d  tb s  pneum oeoecus, but th #  p rin c ip le  o f  

which wa« n o t tranem lse lb l# ' s i r e #  th### n m m  f i l t r a t e #  

were shown to  contain  strep to co cc i* #  p h a g es , I t  was reasoned 

th a t  p o s s ib ly  the l y t i c  a c t io n  o f th o s e  heterologous phage# 

was r e s p o n s ib le  fo r  th #  d i s s o lv in g  o f  th e  p iteum ococoi; th a t  

a lth o u g h  th# phages were ca p a b le  o f  ly s in g  th #  pneuw oeocciis, 

they oouia n o t p ro p a g a te  on t h i s  s p e c ie #  and thus would 

•starve" fo r  lank o f  a s e n s it iv e  strep tococcu s su b s tr a te .

In  ord er  to  d eterm in e  th #  e f f e c t  o f  h e te r o lo fo u #  phage on 

th e  pneunieoooou#, th #  l y t i c  a c t i v i t y  o f  s tr e p to c o c c u s ,  

s ta p h y lo c o c c u s , and c o l l  phages was I n v e s t ig a te d  fo r  th e  

pnettfftOGoeou#.

In a d d it io n ,  I t  was observed  th a t  when a s t r e p t o 

c o c c u s  phag# a tta c k e d  m s e n s i t i v e  s tr e p to c o c c u s  o f  th e  

alved paetttBocooeui s tr e p to c o c c u s  suepension in  th e  *ewage

medium, th #  pneumoeoeol o f te n  appeared t o  be ly#ed. T h is  
a.

In d ic te d  an enhanced l y t i c  -potency o f  th #  s tr e p to c o c c u s  

phag# in  th #  p r e sen ce  o f  I t s  s e n s i t i v e  organ ism , t h e r e f o r e ,  

th #  l y t i c  a c t io n  on th #  pneumoeocci was determined f o r  th e  

fo l lo w in g  ty p e s  o f  n a sc e n t  phages f i v e  typ e#  o f  s t r e p to 

c o cc u s  p h age, on# ty p e  o f  s ta p h y lo c o c c u s  p h age, and on# ty p e  

o f  c o l l  p h age. Tltoee show ing a p o s i t i v e  d isso lv in g  a c t io n
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were studied  IB g r e a te r  d e ta i l .

£*perlaent&l fro c td u rea  and hesuit®

Ly t l e A ction f

: Fnetiaeeoeeus type* I through XXXII ( e x c lu s iv e

o f  XXVI and XXX w hich nr# a n t ig u n I© a lly  s im i la r  to  VI and 
JCV, r e s p e c t i v e l y ) were t a s t e d  fo r  s e n s i t iv i ty  t o  s t r e p to 

c o cc u s  phage ty p e s  A, B ,  C, D and E, to  a s ta p h y lo c o c c u s  

phage and t o  a  c o l l  p h age. To a v o id  u n n ecessa ry  r e p e t i t io n  

fu tu r e  r e fe r e n c e  to  *phftgs” w ill  ap p ly  to  the l y t i c  f i l 

t r a t e ;  11 n a sc e n t  phag** w i l l  r e f e r  to  th e  phage In th #  

presence o f  s e n s i t i v e  b a c t e r ia .  For each  -s tr a in  o f  pneurso- 

coectte fo u r  tttbee c o n ta in in g  %-*5 » 1* cf neo-peptone b ro th  

were p la n te d  w ith  enough 10-hour 1- per c e n t b lo o d  b roth  

c u l t u r ^ t o  produce a d e f i n i t e  t u r b id i t y .  Thus w ith  a 

d e f i n i t e  t u r b id it y  I n i t i a l l y  p r e se n t  , th e r e  cou ld  b# no 

e r r o r  in  » is tak in g  in h ib i t io n  o f  pnsumococcus grow th f o r  

l y s i s .  Th# I f i i c .  a c t i v i t y  o f .a . g iv e n  r a ce  o f  phage was 

determ ined  by p la n t in g  th r e e  o f  th e  tu b es  w ith  phage f i l 

t r a t e  in  'd i lu t io n s  o f  10** , 10*3 and 10*5 , r e s p e c t iv e ly ^ ,  

and a fo u r th  tub# w ith o u t phage serv ed  a t  th e  b ro th  c u ltu r e  

c o n t r o l ,  d im llar d i l u t i o n s  o f  phage p la n te d  w ith  s t r e p t o -

* ln  p la n t in g  w ith  th e  b lood  b ro th  c u l t u r e ,  th e  b lood  
c e l l©  which s e t t l e d  to  th e  bottom  o f  th® tub# were c a r e f u l 
l y  avoided*

% hre# d i l u t i o n s  were In c lu d ed  b eca u se  o f  th® p o s s i 
b i l i t y  o f  a son# phenomenon.
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c o c c i  a lo n e  made up th e  phage c o n t r o l n* A lto g e th e r , fo r  

each  phage t e n te d , th e r e  were IPO tub## c o n ta in in g  broth  

euupon*ion# o f  th e  J O  pneumocoeeu* t y p e s .  th e  tu b e s , In 

cubated  a t  37° C., were read  fo r  ly e le  a t  fr e q u e n t in t e r 

v a l s .

Jfone o f  th e  3̂  pneunoooeou# s t r a in s  was s e n s i t i v e  to  

th e  l y t i c  a c t io n  o f  any o f  th e  5 s t r e p to c o c c u s , frtaah. 

aureu^ or  S i . c a l l  phage f i l t r a t e *  In any d i l u t i o n .  (S ee  

Table X .) The lO- * d i lu t io n  o f  th e  s tre p to c o c c u s , aureus  

and c o l l  p h ages s t im u la te d  th e  growth o f  m a n y  o f  th#  

s t r a in e  o f  pncum oeoccl, a* determ ined  by com paring w ith  

th e  t u r b id i t y  o f  the. b r o th  c u ltu r e  c o n t r o ls .  The *tlamia-* 

t lo n  o ccu rred  d u rin g  th e  f i r s t  fo u r  t o  s ix  h o u rs , and 

m ight be a t t r ib u t e d  to  th e  p r e se n c e  o f  m eta b o lic  p rod u cts  

o f  th #  ly e e d  s t r e p t o c o c c i .

'L ytle A c tio n  o f  H etero logous M m m a n t  Fhajges on th e

b ro th  and p la n te d  w ith  enough 10-h o u r  b lood  bro th  c u ltu r e  

o f  each, pneumo-coccus to  produce m d e f i n i t e  t u r b id i t y ,  were  

in c u b a ted  f o r  on# t o  two hours t o  a l lo w  th #  pnaumoeoeel to  

b e g in  a c t iv e  m u ltip lic a tio n  in th e  new medium^. A fte r  

t h i s  period, th #  l y t i c  a c t io n  of th e  n a scen t phage was 

t e s t e d  by f l r e t  add ing to  th r e e  o f  th e  tu b es f i l t e r e d  phage  

t o  make d ilu t io n ®  o f  10*’^, 10*3 and 1 0 * 5 \ th e  th r e e  tube#

: Four tu b e s  c o n ta in in g  %.§ m l. o f  ncopepton®

* I n  o rd er  th a t  ly e is  r e a d in g s  c o u ld  be wad# on tu r b id  
a c t i v e l y  grow ing c u l t u r e s  o f  p n eu ^ o c o cn l.
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were th en  p lan ted  w ith  m drop o f  s e n s i t i v e  s tr e p to c o c c u s ,  

so th a t  each  tu b e  c o n ta in e d  pneuraococci and phage in  th e  

p r e te n c e  o f  it® s e n s i t i v e  o r g a n i c .  The pneum ooocet In 

th e  rem ain in g  fo u r th  tu b e  were h e a t - k i l l e d  t o  s e r v e  me th e  

tu rb id ity  c o n t r o l ,  f o r  phage c o n t r o ls  s im ila r  d ilu t io n ®  

o f  phage were p la n te d  w ith  s e n s i t i v e  s t r e p t o c o c c i  a lo n e ,  

f o r  each naecent phage t a s t e d ,  IPO tube® c o n ta in in g  b roth  

suspensions o f  th e  30 pnsumocoecfes ty p e s  w ere required*

Th# t e a t s ,  in c u b a ted  a t  37° c * * were examined f o r  ly a ia  a t  

fre q u en t in te r v a l® . Lyaia w&c record ed  as p o s i t i v e  when a 

pneumoeoccus c u l t u r e ,  in  th e  preatnoe o f naaeeiit phage, 

became l e s s  tu r b id  than  i t #  h ea ted  tu r b id it y  co n tro l.

T ab le  XX in d ic a te ®  th a t  n a sce n t s tr e p to c o c c u s  phages 

A, 8 and C possessed no l y t i c  a c t i v i t y  fo r  any of th e  30 

pneumoeoocue s t r a i n s .  The n a sce n t s ta p h y lo c o c c u s  and e o l i  

phages ware a ls o  in e ffec tiv e*  That th e  l y t i c  power of 

th e s e  phage® fo r  the  hom ologous s t r a in  was unim paired by 

the  p r e se n c e  o f  pneUftoeocel was dem onstrated  by s tr e a k in g  

on blood ag a r. For example, a f te r  su ita b le  Incubation of a 

suspension of pneumoeoeol in the  presence o f nascent phage 

C, a l l  s trep to co cc i o r ig in a lly  p resen t i n  the mixture were 

found to  be ly sa d  and o n ly  a c t i v e ly  grow ing pneumococci 

rem ained to  grow on th e  b lood  a g a r .

Kane ea t s tr e p to c o c c u s  phages l> and E ly s e d  a l l  30 of 

the  pneumooooeus s t r a i n s .  The r e s u l t s  are p r e se n te d  in  

Table «j XIX and XXXI* Lye is  always occurred in  the  10*3 and

10~5 d i lu t io n s ;  i t  was u s u a l ly  ir r e g u la r  and l e s s  d i s t i n c t
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in  th e  ID*1 d i lu t io n *  Pneum ococci were mtsr# c l e a r l y  ana 

d i s t i n c t l y  ly s e d  by n a sce n t ph&g® D. L y s is  g e n e r a l ly  ap

peared  f i r s t  in. th #  10*^ d i lu t io n  and s h o r t ly  a fterw ard *  

in  th #  10*5 d i l u t i o n ,  though in  some in s ta n c e s  th e r e  was a 

slUftKltftftooti# c le a r in g  o f  th e  pneum ooooei In th e e #  two d i 

lu t io n s  o r  th #  10*5 d i lu t io n  c le a r e d  f i r s t . N ascent t  

phage e le a r e d  th #  J O  pnettmooeeoue s tr a in *  in  th #  10*3 and 

10*5 d i lu t io n # .  4# shown in  f a b le  XIXX l y s i s  cou ld  not be  

determ ined  a f t e r  0 hours in c u b a tio n  b eca u se  o f  secondary  

grow th o f  th e  s t r e p to c o c c u s .

Relative Proportion# o f  Pnemaoooocl and s t r e p t o c o c c i  

preceding* du r in g  and a f t e r  Lyeie o f  th e  fneumoooooue by

N ascent 1 h a g # * n a sce n t h e te r o lo g o u s  ph ages were

found c a p a b le  o f  l y s in g  th e  pneuraoeoeel, th e  a c t  Ion was 

s tu d ie d  in  d e t a i l  by s tr e a k in g  a lo o p f u l  o f  c u ltu r e  on 

b lood  agar  a t  fre q u en t in te r v a le  b e fo r e , d u rin g  and a f t e r  

ly e le  o f  th #  ptieumoooecu®* Th# c o n d itio n ®  n e c e ssa r y  f o r  

l y s i s  o f  th e  piieumocoecl were determ ined  by th e  fo llo w in g  

te ch n iq u e : th e  10*1 , 10*3 mn& io ~ 5  d i lu t io n s  o f  n ascen t

phage P were p la n te d  in  b ro th  c o n ta in in g  tu r b id  suspen

s io n s  o f  ty p e  I  pneum ococci, and a t  o , i # p, 3 , k t 

and h ou rs o f  in c u b a t io n  a t  v a r io u s  te m p era tu re s  

(se e  Tabic XIV) th e  t e s t s  war# read  fo r  l y s i s  and immed

i a t e l y  a fterw ard #  s tr e a k e d  on b lood  agar to  d eterm in e  the  

r e l a t i v e  number® o f  pneum ocoeei end s t r e p to c o c c i1 a t  any

1 1 * # . ,  by th #  developm ent o f  a lp h a  and b e ta  hemo
l y t i c  c o lo n ie s ,  r e s p e c t i v e l y .
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g iv e n  p e r io d  d u rin g  th #  l y t i c  p r o c e s s .  O o& trols o f  pure  

pneuaoeoeeue end s t r e p toeoeeu# b ro th  c u ltu r e s  and o f  th e  

p h a g e -s tr e p to c o c c u s  m ix tu re  war# a l s o  str ea k ed  s im u lta n 

e o u s ly .

f a b le #  XIV and IV p o in t  ou t the r e l a t i v e  p r o p o r tio n s  

of pnettmooocel and s trep to co cc i b e fo r e , d u rin g  and a f t e r  

l y s i s  o f  th e  pneumoeocou# by n a sc e n t phage# D and B. X 
d e t a i le d  in t e r p r e t a t io n  o f  th e  r e s u l t a  i s  in c lu d e d  in  th e  

t a b l e s ,  th e  expertRanta dem onstrated  that l y s i s  of th e  

pneumococci occu rred  o n ly  a f t e r  i n i t i a l  l y s i s  o f  th e  sen 

s i t i v e  s tr e p to c o c c u s  * the secon d ary  c lo u d in g  was due t o  

th e  m u ltip lica tio n  o f  the s e n s i t i v e  s tr e p to c o c c u s .

L y s is  o f  Killed- Fnaueoeoecl by Bssoe»% s tr e p to c o c c u s  

Phagest L y s is  o f  k i l le d  pneumoeocci urns t e s t e d  by th e  

same method employed in  ta s t in g  th e  l y s i s  o f  th e  l i v i n g  

pnaumaaoaels ier* »  10*3 and 10“9 d i lu t io n #  o f  phage were 

p la n te d  in  s l i g h t l y  c lo u d ed  su sp e n s io n s  of h e a t - b i l l e d  

pneumoeoaol plus a drop o f  sensitive s tr e p to c o c c u s  c u l t u r e .  

L y s is  was record ed  a s  p o s i t i v e  when th e  k i l l e d  suspension 
was le a #  tu r b id  than th e  con tro l su sp en sio n  w ith o u t nas

c e n t  ph age.

Killed pneumeeoeel were ly s e d  In th# 1 0 * * , 10*3

and 10*9 d ilu t io n ®  o f  nascent phage# I> and £, bu t i t  was

n oted  th a t  l y s i s  v a t  n o t mm co m p lete  ae w ith  l i v i n g  c e l l s .  

In c o n tr a s t  w ith  ly s is  o f  th e  l i v i n g  onettmooee©I, c le a r in g  

f i r s t  occu rred  In th e  lo w e s t  phage d i lu t io n # .  (See f a b le  

XVI.



by th e  Fnsumococcusi T eat#  fo r  absorption  or d e s tr u c t io n  

o f  h e te r o lo g o u s  l y t i c  f i l t r a t e *  by th e  pneumoooeeu® were 

made by p lan tin g  p h age, d ilu te d  10*^, 10*3 and 10~5 In  

su sp e n s io n s  o f  pneum ococci o f  a p p ro x im a te ly  th e  earn# tu r 

b id i t y  a* th a t  em ployed in  th e  l y t i c  t e s t e .  4f t e r  e ix 
hours in c u b a t io n , th e  tu b e s  were s to r e d  in  th e  c o ld  room 

f o r  two days and th en  c e n tr ifu g a te d  a t  h ig h  sp eed  fo r  I f  

hours to  remove th e  c e l l s .  The su n ern aatan t f l u i d s  were 

t i t r a t e d  in  te n fo ld  b r o th  d i lu t io n s  to  d eterm in e  th e  de

c r e a se  in  phage t i t e r  a s  compared w ith  phage c o n tr o l  tu b es  

t o  w hich paeum oeoeol had n o t been  added .

T ab le  XVIX in d ic a t e s  th a t  th e r e  was no a b so r p tio n  o f  

e i t h e r  phage I) op S by th e  pneum ococoi under th e  conditions 

o f  th e  p r e v io u s ly  d e sc r ib e d  l y t i c  t e s t e .  Thus pneumococoue 

a b so r p tio n  o f  th e  s tr e p to c o c c u s  phage p r e lim in a r y  t o  th e  

ly s le  o f  th #  s e n s i t i v e  s t r a in  appeared not to  be a f a c t o r  

in  the secondary ly s is  o f  th e  pnsumooooous*

T it r a t io n  o f  nascent 0 Phage w ith  th e  ?neuwocoocua:

To d eterm in e  th e  range o f  d i lu t io n  tn which n a scen t  

D phage would ly a e  ty p e  I pneum ococcus, 1 .0  m l. amounts o f  

a 10-h ou r b lo o d  b r o th  c u ltu r e  were p la n te d  in  1 2  tu b es  

c o n ta in in g  9*0 m l. o f  neopcrpton* b ro th  and in cu b a ted  f o r  

one hour a t  0 * To each  o f  10 o f  th e  tu b e s  c o n ta in in g  

phage J> in  d i lu t io n s  o f  10~^ through  10* ^  a d r o p  o f  sen 

s i t i v e  s tr e p to c o c c u s  c u ltu r e  was a d d ed . One tu b e  to  which
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m erth lo la t©  ( l i l Q tOOO) was added se rv e d  a* an i n i t i a l  tu r 

b i d i t y  c o n tr o l;  the remaining tube served as th e  pneumo- 

oooowa b r o th  c u ltu r e  c o n tr o l*  4 s im i la r  s e r i e s  o f  tu b e#  

was p la n te d  w ith  phage B  and a drop o f  th e  s tr e p to c o c c u s  

c u ltu r e  in  ord er  to- d eterm in e  th e  t i t e r  o f  th #  l y t i c  f i l 

t r a t e .  Th# tu b e s , in cu b a ted  a t  J70  c . t war# read a t  f r e 

quent in t e r v a l# .

The r e s u l t s  In T a b le  X t l Z l  show th a t  th e  pnewmoooecl 

were ly s a d  by n a sce n t B  phage in  ©very d i lu t io n  which th e  

s t r e p t o e o o e i  were lyeed  by th e  f i l t r a t e .

,t The s u p e rn a ta n t f l u i d  was a s p ir a te d  

from tw e lv e  10-hou r b lo o d  b roth  c u lt u r e s  o f  ty p e  X paeuuso- 

co ccu s and was c e n tr i fu g a te d  fo r  one hour. The packed ce lls  

were e m u ls i f ie d  l a  5*0 m l. o f  neop ep ton e b r o th . T h is  s to c k  

su sp e n s io n  waa used f o r  p rep a r in g  suspension®  w ith  tw r b ld -  

i t l e s  e q u iv a le n t  t o  75* 100» 200 and 400 o.p.m. o f  th e  

s i l i c a  sta n d a rd  in  4.5 « l .  o f  b r o th . Four tu b e#  o f  each  

c o n ta in in g  4.5 m l. o f  b r o th  were prepared  fo r  each  concen

t r a t i o n .  T hree tu b e#  o f  each s a r ia #  were p la n te d  w ith  

phage in  10*^, 10“ ̂  and 10“ ** d i lu t io n #  p lu #  a  drop o f  

s e n s i t iv e  s tr e p to c o c c u s  c u l t u r e .  To p r e se r v e  c o n tr o l#  w ith  

th #  i n i t i a l  t u f b ld i f y ,  m e r th io la te  was added t o  rem ain in g  

tu b e  o f  each  e e r ie #  * Fhage c o n tr o l#  o f  th #  tame d i lu t io n #  

w ith o u t pneum ocooci w ere made fo r  com p arative r e a d in g s .

H he t i t e r  was 10~6 .



The pneuaoeoeel were ly se d  by two o r  more d i lu t io n s

o f  n a sce n t & phage I r r e s p e c t iv e  o f  th e  i n i t i a l  t u r b id i t y .  

(S ee  T able X iX .) Howerer, i t  wan n o ted  th a t  l y s i s  pro

g r e s s e d  t o  th e  d e f i n i t e l y  c le a r e d  s ta g e  o n ly  w ith  th e  con

c e n tr a t io n  o f  75 p*p*m* o r  le e e  c o n e e n tr a t lo n e  ne shown In  

t e a t s  n o t in c lu d e d  in  th e  t a b l e .  The d egree  o f  ly e la  o f  

th e  pneusaoeeoei d e c r e a se d  w ith  in c re a s in g  c o n se n t r a t  ion  a , 

a lth o u g h  i t  p r e g r e ts e d  beyond th e  i n i t i a l  t u r b id i t y  c o n tr o l  

in  each a e rie s*

© lu cu stto n

.P relim in ary  to  th #  t e s t i n g  o f  th#  l y t i c  a c t io n  o f  th e  

v a r io u s  h e te ro lo g o u s  phage f i l t r a t e #  on th e  paeum oeoeel, t h e

method# o f  o th e r  worker# were c o n s id e r e d . C lark and C lark  

Cl9 2 J )  in c lu d e d  o n ly  th e  th r e e  *fixed* ty p e#  in  t e s t i n g  th® 

a c t io n  o f  a s tr e p to c o c c u s  phage; B a lssm elll ( I f 35) s tu d ie d  

o n ly  fo u r  ty p e # . S in c e  th e  30 ty p e s  used  in  this stu dy were 

a m ixtu re  o f  mouse and sto c k  c u l t u r e s f th e  p o s s i b i l i t y  o f  

in c lu d in g  s e n s i t i v e  s t r a in s  appeared to  be g r e a t e r .

B ralnard  and Woble (1 9 3 5 ) in c lu d e d  b oth  s to c k  and r e c e n t ly  

i s o l a t e d  s t r a in s  in  a n  a t t e m p t  t o  adapt c e r ta in  type# o f  

pneumoeeeol to  a s tre p to e o e o u s  phage, but In t h i s  c a se  th e  

worker# l im it e d  th e m se lv e s  to  th® stu d y  o f  o n ly  on® s tr e p 

to c o c c u s  p h age. Th® r e s u l t s  o b ta in ed  in  p a r t  ▼ o f  t h i s  

paper c l e a r l y  in d ic a t e  th a t  n e i t h e r  f r e s h  mouse p a ssa g e  

• tr a in #  n or s to c k  s t r a in s  o f  m y  o f  th e  30 ty p e#  o f  pneumo- 

c o c c i  were ly s e d  by th® f iv e  d i f f e r e n t  s tr e p to c o c c u s  phage



f i l t r a t e s .  C onfusion  due to  th e  m n m  phenomenon was 

avo id ed  by th® tie® o f  th r e e  phage d i lu t io n s *  Tn# h igh  

sp ecie®  s p e c if ic ity  o f  streptococcus phage® was th ereb y  

d em on stra ted . The p o s s i b i l i t y  of o b ta in in g  m pneumophage 

by th e  a c t io n  o f  s tr e p to c o c c u s  phage on th e  pneumoeeeel 

seem s to  have been th o ro u g h ly  I n v e s t ig a t e d .  The fa c t  th a t  

no d i lu t io n  o f  phage f i l t r a t e s  i*  ft* C, D or S ly s e d  any 

o f  th #  pn#umdeoe#l In d ic a te d  th a t  these phages were n ot th #  

n o n -tr a a s m ls s ib l#  pneuiBoeoecus I n h ib it in g  a g e n ts  found in  

th #  sewage f l  I t  r a te s  a s  d e sc r ib e d  in  r>art T il . Th# c o l l  

and s ta p h y lo c o c c u s  phage f i l t r a t e s  were a l s o  I n e f f e c t i v e  

l y t i c  a g e n ts  f o r  th #  pnaum ccoccua^-an a n t ic ip a t e d  r e s u l t  

s in e #  th# phage# o f  th e  more c l o s e l y  r e la te d  s tr e p to c o c c u s  

group were in c a p a b le  of d is s o lv in g  th #  pneuaoeceel. 

ir a ln a r d  and Mobl# (1 9 3 5 ) d e sc r ib e d  a d y sen ter y  phage and 

B elsam elll {1 935 ) * "strepto-etaphylococoim * phage which 

w ere I n a c t iv e  toward th #  pneumoeoccus• Th# grow th stim u

la t o r y  e f f e c t  on th #  pneuoocoocl o f  h e te r o lo g o u s  phage 

f i l t r a t e s  in  10"* d i l u t i o n s  appeared t o  be due t o  th# p re 

se n c e  of m eta b o lic  p ro d u cts  o f  th# ly s e d  s t r e p t o c o c c i  

which o f f e r e d  ad d itio n a l growth su b s ta n c e s  o f  some n a tu r e .

Th# enhanced p o ten cy  o f  a phmg# in  th #  p r e se n c e  o f  

i t s  se n s itiv e  organism  was ev id en ced  by th #  d isso lv ing  o f  

pneum oeoccus su sp e n s io n s  by two d i f f e r e n t  s tr e p to c o c c u s  

p h ages In  th #  n a sce n t s ta t# .  Thee© two phage# were 

"activated* to  th# ex ten t o f  l y s l n g  a s p e c ie s *  although, r e 

l a t e d ,  ifM lte d i s t i n c t  from th #  s t r e p to c o c c i  f o r  which th #
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l y t i c  f i l t r a t e *  were highly s p e c i f i c .  Since phage# A, 1 

and C tn  th #  p r e se n c e  o f  th #  hom ologous s t r e p t o c o c c i  did 

not noeeeea th e  p r o p e r ty  o f  ly s in g  th e  pneuaoeceel, i t  

seed ed  p o s s ib le  th a t  th e  pneuntocooeu* w ight i n h ib i t  ly e ls  

of th #  s tr e p to c o c c u s*  I f  t h i s  o c c u r r e d , th e r e  cou ld  be no 

secondary l y s i s  o f  the  pnewooooeel b eca u se  th e r e  had been  

no i n i t i a l  l y s i s  o f  th e  se n s itiv e  s trep tococcus. Yet ex

perim ents prev iously  m entioned demonstrated th a t  th e  hom

o lo g o u s  s t r e p t o c o c c i  f o r  phages A, 8 and C were lysed in  a 

tu r b id  pneum ococcus suspension, t h e r e f o r e ,  th e  v a r io u s  

s tr e p to c o c c u s  phage t y p e s ,  in  th e  p r e se n c e  of th e  hom ologous 

s t r e p t o c o c c i ,  d i f f e r e d  in  t h e ir  c a p a c ity  fo r  ly a in g  pneumo- 

c o c c i

Mo one o f  th® n a sc e n t s tr e p to c o c c u s  ph ages A, S and 

C, etaphylocooous phage or c o l l  phage was " a c tiv a te d *  o r  

enhanced to  th #  p o in t  o f  d i s s o lv in g  pneumoeaeol• In con

n e c t io n  w ith  t h i s ,  ftakieten (1933) reported  th a t  h is  

s ta p h y lo c o c c u s  "Xysin* produced by th® a c t io n  o f  phage on 

s e n s i t i v e  s ta p h y lo c o c c i  d id  n ot d i s s o lv e  pneuaeooeel*

on s tu d y in g  th #  r e l a t i v e  number o f  pnetnsoeoeel and 

s t r e p t o c o c c i  in  c u l t u r e s  p r e c e d in g , du rin g  and a f t e r  l y s i s  

o f  th e  form er by n a sce n t s tr e p to c o c c u s  ph age, th e  f in d in g s  

c l e a r l y  showed th a t  th e  d i s s o lu t io n  o f  pneum ocooei took  

p la c e  o n ly  a f t e r  i n i t i a l  l y s i s  o f  th#  hom ologous s tre p to 

coccus* As p r e v io u s ly  n o ted , l y s i s  o f  th e  pneum ococci in  

th e  10~* d i lu t io n  o f  n a sc e n t phage was s lo w er  and l e s s  d i s 

t i n c t  th an  in  th e  XO~  ̂ and 10“  ̂ d i l u t i o n s ,  a r e s u l t  probably
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explained on th e  b a s is  of th© son© phenomenon*

Ita k le ten  i l S J B )  ob served  th a t  pneumoeooeus type© l t 

XX and 111 had no demonstrable absorbing a c t i v i t y  toward  

staphylococcus or enterococctt* phage and he had previously

r ep o r te d  th e  i n a c t i v i t y  o f  naeeent s ta p h y lo c o c c u s  phage 

toward th© pneumoeoecus (1 9 3 J ) . X n  th© p r e se n t  work, ex

periment© have been p r e se n te d  which I n d ic a te  t h a t  pneumo- 

c o c c i  n e i t h e r  absorbed nor d e str o y e d  a streptococcus phage  

w hich , in  the  n a scen t s t a t e ,  was ca p a b le  o f  l y s i n g  t h i s  

s p e c i e s .  T h e r e fo r e , In th e s e  experiments phage absorption 

by th e  p n eu isococcl was not a prelim inary  p r o c e s s  in  t h e ir  

secon dary  ly sis*

C le a r in g  o f  th e  pneumoeoccus suspension was Independ

e n t o f  th© d i lu t io n  o f  phage p ro v id ed  a tr a c e  o f  se n s itiv e  

© tr e n to c o c c i w m  p r e s e n t .  However, no concentration  o f  

n a sce n t phage c o m p le te ly  d ie s o lv e d  rmeumoeoeoue suspensions 

more tu r b id  than  75 p*n*n*

In th e  p r e se n t  s tu d y , no p rem ise  1© made a s  to  th e  

id e n t i t y  o f  th e  agen t ca p a b le  o f  l y s in g  the pneumoeoccus 

which 1# produced d u r in g  th e  l y s i s  o f  s e n s itiv e  s t r e p to 

c o c c i .  In  th e  ea rly  c o u r se  o f  t h i s  work, the •agent* was 

found to  be non-tranem lselbl© , a r e s u l t  which l o g l f a l l y  

i n v i t e e  c o n s id e r a t io n  o f  m ch em ica l co n cep t o f  d i s s o lu t io n ,  

s in c e  i t  has been p o in te d  ou t by s e v e r a l  worker© th a t  l y s i s  

o f  the pftemoeoeeue, a s p e c ie s  w hich r e a d i ly  undergoes  

a u t o ly s i s  in  b ro th  c u l t u r e ,  I s  produced or a c e ©1©rated by 

s e v e r a l  ch em ica l a g e n ts .  That pneum ococci are  s o lu b le  in
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M l#  *## shown by M#uf«ld a# e a r ly  a s 1900 . Downl#, S te n t  

and *% lte (1931) r ep o rted  th a t o f  th #  ch em ica l ®ub#tan### 

w hich they t e s t e d ,  sap on in  and th e  sodium s a l t #  o f  many o f  

th e  b l l e - a c l d s  produced ‘l y s i s * • T hese o b s e r v a t io n s  sug

g e s t  th #  p ro d u ctio n  o f  a d i s s o lv in g  su b sta n ce  d u rin g  th# 

l y s i s  o f  s e n s i t i v e  s t r e p t o c o c c i  which 1# p o s s ib ly  s im ila r 

in  a c t io n  to  ch em ica l ag en t#  such  a# b l l« ;  y e t  i t  must b# 

em phasised  th a t  ly e  la  by na#.##nt phage occu r#  in  a com plex  

b i o l o g i c a l  system  in  w hich th e  n a tu re  o f  th #  a c t io n  o f  two 

o f  th #  coaponefite, phage and s e n n it  i r e  b a c t e r ia ,  i« s t i l l  

in c o m p le te ly  e x p la in e d . Add to  t h i s  a lrea d y  com plex com

bination a th ir d  c o n s t i t u e n t  in  th# form of a l i v i n g  h o t -
,i

•rologous s p e c ie # ,  and th #  e x p la n a tio n  o f  th #  r e s u l t #  s e 

cured  1# o b sc u r e . I f  t h i s  proposed  e x p la n a tio n  i#  main

ta in e d , th en  i t  must be assumed th a t  o n ly  In some s t r e p to 

co ccu s phag#-ly#lng com b in ation #  i s  th e r e  produced a chem

i c a l  e n t i t y  h av in g  th e  a b i l i t y  to  lys#  th e  pneumocooou#.

I t  i s  i n t e r e s t i n g ,  t o o ,  th a t  o n ly  s tr e p to c o c c u s  n a scen t  

ph ages p o s s e s s e d  t h i s  p r o p e r ty , an o b se r v a tio n  which su g

g e s t s  a c o n c e iv a b le  r e la t io n s h ip  betw een th #  two s p e c ie s .
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s e m m  cmcbmionn

Ten sam ples o f  c i t y  and h o s p i t a l  sewage c o l l e c t e d  

fro©  g oogr*p h ie* lly -*# ll~ sep ara ted  e l t i e *  daring th e  pneu

monia sea so n  war# examined fo r  pneumoeooeu* phage and fo r 

th e  fo u r  known s e r o lo g ic a l  ty p e s  o f  s tr e p to c o c c u s  l y t i c  

p r in c ip le .  % minimum o f  2J0 c u lt u r e  f i l t r a t e s ,  s p e c i f i c -  

■ally enriehed  w ith  m u lt ip le  c u l t u r e s  o f pnem oeoeei and 

s t r e p t o c o c c i , were e i t h e r  rood f o r  l y s i s  o r  t e s t e d  fo r  

l y t i c  a c t i v i t y  on th e  in d iv id u a l atrain* ©©ployed in  th e  

enrichm ent m lxturee*

Th# various ty p e *  o f  etroptooooeu* p h a g t, d if f e r -  

en tia ted  by Evans (1 9 3 ^ b )# and r e a d i ly  ie o la te d  fro©  

h o s p i t a l  sewage fey th e  tec h n iq u e  enployed* were d iatr lb utod  

a* fo l lo w s ;  Phages 4 and C, in  5? P m*  c e n t o f  s a u r ie s ;  

phage B, In  %3 p er  c e n t ;  and phage P # In  100 p e r  cen t*

From th e s e  r e s u l t s  i t  con clu d ed  th a t  h o s p i t a l  sewage

sample* d i f f e r  in  etroptooooeu* phage c o n te n t ,  a f a c t  

w hich mmt fee c o n s id e r e d  in  th e  eearoh f o r  any g iv e n  s t r e p 

to c o c c u s  r a c e  o f  l y t i c  p r in c ip l e .

$etw lth *t& n d ln g  th e  ready i s o l a t i o n  o f  s tr e p to c o c c u s  

p h ages , w hich served  t o  check th e  e f f i c a c y  o f th e  t e c h n ic a l  

method* used  in  search ing fo r  pneumophagea, th e  l a t t e r  wae 

not i e o la t e d  from th e  e n r ich ed  sew age f i l t r a t e s .  The largo  

number o f  f i l t r a t e *  t e s t e d  w ith  s to c k  and mouse s tr a in *  o f  

JO pnouiaoeoeoua ty p e s  s u g g e s t s  th a t  pneumophage, i f  e x i s t 

en t, can n o t s u r v iv e  In sew age, o r  th a t  th e  i s o l a t i o n



m

tec h n iq u e  was not s a t i s f a c t o r y -

The m p p m r m m e  o f pneuaiaeoecu* I n h ib it in g  agent•  in  

sp e c if ic a lly  e n r ic h e d  sewage f i l t r a t e #  was t e n t a t i v e l y  e*- 

P la in e d  on th e  basl*  o f  w ito ly iU , which i a  s t im u la te d  in  

th e  p r e te n c e  o f  c e r t a in  ch em ica l su b sta n c e * . The e f f e c t  

o f  th e  in h ib i t in g  a g e n t# , found in  sew age, o c c a s io n a l ly  

*tra m a m i# # ib lew in  low d ilu tion*  fbr a few p a s s a g e s , was 

l o s t  on c o n tin u ed  dim inution o f  concen tra tion .

4 new se ro lo g ica l typ e  of s tr e p to c o c c u s  p h age, h i t h e r 

to  u n rep o r ted , was Iso la te d  fro®  2  out o f  5 sam ple# o f  h o s

p i t a l  sew age. I t  was p u r i f ie d  and I d e n t i f i e d  s e r o lo g ic a l ly
/

by c r o s s  n e u tra lis a tio n  t e s t s  w ith  sto c k  a n t l ly t l e  sera  and. 

a n tl ly s ln  prepared a g a in s t  th e  new ty p e . S in ce  th e  fo u r  

sto c k  phage# had been d e s ig n a te d  Af 8 , C and B, the new 

phage wae g iv en  the d e s ig n a t io n  *E*  *

A  s tu d y  o f  the s e n s i t i v i t y  o f  th e  30 ty p e s  o f  pneumo- 

coeel to  th e  ly t lo  a c t io n  o f  5 atrcptooooeua phage*, one 

s ta p h y lo c o c c u s  phaga and one c o l l  phage in  th e  f i l t e r e d  and 

n a scen t s t a t e  was made. Mon® of th e  s to c k  o r  mouse pneumo- 

c o cc u s  s t r a in s  was s e n s i t i v e  t o  any o f  the f i l t e r e d  p r in 

c i p l e s ,  a r e s u l t  which d em on stra tes th e  high s p e c ie #  s p e c i 

f i c i t y  o f  th e  s tr e p to c o c c u s  phage* and which in d ic a te #  th e  

im p o s s ib i l i t y  o f  s e c u r in g  a pneumophage by th e  a c t io n  o f  

atreptoeooeu* phages on pneum ococci. M aseeni ph ages k t B,

C, c o l l  and s ta p h y lo c o c c u s  wore a l s o  in e r t  a g a in s t  th e  

pn eum ococci.

A d e t a i le d  stu d y  was made o f  n a scen t phages 0  and 1



which d is s o lv e d  b ro th  su sp e n s io n s  o f  the JO pneumoeoccu* 

s t r a i n s ,  Kmong th e  o b s e r v a t io n s  made were; ( 1) L y s is  o f  

pneum ocoecl by n a scen t phage occu rred  on ly  a f t e r  I n i t i a l  

l y s i s  o f  th e  s e n s i t i v e  s t r e p to c o c c u s : ( 2) K il le d  pneumo-

co cc u s  su sp e n s io n s  were a l s o  c le a r e d  by n a scen t phages Q 

and I ,  bu t n o t so  c o m p le te ly  as l i v i n g  c u ltu r e s ;  ( J) w ith  

th e  c o n c e n tr a t io n s  o f  pneum ocoeei employed in  th e  t e s t s ,  

h e te r o lo g o u s  phage a b so r p tio n  was n o t a p r e lim in a ry  s te p  in  

th e  secon d ary  l y s i s  o f  th e  p n eu m ococci; (4 ) pneum ococci

were iy s e d  t o  th e  same d i lu t io n  o f  n a sc e n t  s tr e p to c o c c u s  

phage a# w ere th e  s e n s i t i v e  s tr e p to c o c c u s  c e l l s  t o  f i l t e r e d  

p r in c ip le ;  i $ )  com p lete  o r  a lm ost com p lete  l y s i s  o f  pneumo- 

c o c c i  by n a sc e n t  phage occu rred  o n ly  when th e  c o n c e n tr a t io n  

o f  th e  pneum ococcus was 75 o .o .m . or l e s s ;  ( 6) a t h e o r e t i 

c a l  d is c u s s io n  o f  th e  l y s i s  o f  pneum ococci by some n a scen t  

s tr e p to c o c c u s  phages I s  p r e s e n te d .
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