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INTRODUCTION

Sewage was seleeted as a source of pneunccoccus and
streptococcus bacteriophages in the present study, after
tuvqrhl considerations. ©inoce bacteriophages are entities
sompletely parasitic ontbacturin their source would be in
zateriales with conslstently luxuriant basterial flora.
Thm.iaxnttinal tract of man and the lower snimals is a
constant source of a large nusber of baoterial species with
the result that the majority of phages reported in litera-
ture have been isolated from human and mnimal feces or sew-
age. The phages present in sevages are not necessarily
‘1iaited in thelr specificity to normal or pathogenic |
intestinal species, but have been lsolated for di?orﬂn,gﬁher
organisss such as Corynebscterium diphtheriss Hemophilus
Rertussis. Howsver, it would be expeoted that pneumecoeel

étght e 88 intc sewage systems although survival s in@fﬁbﬁa
ble. All sputums of pneumenia patients contaln high uwuﬁuru'
of pneumococecl; Rutz (1912) isolated the organism from the
atools of lobar pneumonia patiente; ﬂathqu’(1?16) reported
their presence in the urine of infected individuals, and it
18 well Xnown that there oxiste a high sumber of pneumocce-
eus carriers (Stebbins, et al, 19%0) also eentribduting
preungcocel frow the saliva and respiratory secretions.

A review of the literature revealed that Clark and
Clark (1927) =made the only recorded atteapt to find a



principle lytie for the pneumecoccus in sewage; they
~examined sctivated sludge but were unsucvessful. Bralnard
rna Nobel {1935) attempted, without suscess, to induce the
pneumonocsus to produce a phnge by passages in mixtures of
Wnagaawgaazl uyyana.rau sevage wheredy the trested pneuso-
coscus asw«waﬁa_wyusan than nswmga¢sauutuv; examined for
phage produstion. In view of these results it was one of
the purposes of ﬁ#»x,#ﬂ*&&ﬁﬁ&ﬁnv»ﬁ,aaAaaw%%apai the sxlet-
ence of pneumcphage in oity and hospital sewages sbtained
from aamnq:uu»atwwa.tuwnrumvaa’aaﬁ 2ities during the pnew-
menia season.

Also the n»aaawvwepes in hospital sewagee of pre-
4»an.wu reaported streptocoecus phages was determined oon-

. ourrently with aﬂtﬁnocﬁa: wsw pnausophage. There 1s no
report in literaturs concerning this subject. Furthermore,
positive »:aurapanaom a«wmwaouaaaau phage from osuv.u.¢:aq
sanple wore aaswnnsxtﬂ_uaa»an;a«asﬂ controls for the tech-
nleal methode employed.

In another series of isolation expsrimente with the
same sewage samples, & new uaﬂﬁﬁneoueaau.vwba- vas wra'»aua«
a race seroleglioally &ifferent from any previously ann;.
eribed 1a the literature. A part of this study was oon~
#aqlaa with the isolation and identification of this lytie
principle.

A fow »a&nca»aans%n:vwac_atau aﬂ:ﬁ@@»a attempta to
induce lysis of pneumsecooel by heterologous phage filtrates,
attempts whieh have ineluded too few phage races or
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% 4
HISTORICAL REVIEW

ia ry. 8 Bas eriophage: The phenomenon of bm-»
_tartaphuar was first obaerved aua deseridbed by Twort (&Qlﬁ) “
Mmile vavh&ag on the problem of eultivating fiitrmhlﬂ ¥i-

"ruaop, he noted a translueent change oscurring in wiuro»

ueoqua_nalguiatvtaalnﬁan from glycerinated oslf va@ein;p.
-fhaﬁiwﬁrﬁntiﬂ&ihﬁ areas transferred to fresh agar t&ﬁhnr"
pvnﬁaeaa aiﬁiiur‘“waﬁtry“ areas or no growth ;t'uﬁl; a
ginan: ealnnx nuzt&vatad with a uarmul aalanr yaoiaua .
prndaniuunan at ‘the glnasy 0alon3tt~ !wavt ﬁnnaattrmtﬂd
“thnt his 'tmuﬁtpurwnt aatarﬁul” wan £11trable and thun aould
be a«p«ratoﬁ from the miorecoeol from whiokh :t was ebattacd;
1t -ua traasutnuihla in as@lcs, but unly 1n the umﬁaoaa¢ ‘of
the mlﬁrﬁaneat; 1t Had no effect on dead niavm#amui: 4%
wae aotive in hlgh d1lutions (1&“3 after filtration: ‘and -
1ts sotion ‘was gpacifie - It has nome setion, but very nschi
ug and albus 1solated from bolls
of aua, nna 1t uppunra ta h«vo no aetion on mouktri of the

ol group ar on streptoscccl, tubarulo_»n&zlxi,.;tnuza,
f‘etn.": He dssoribed tﬁts‘ngwns,ué ?ﬂﬁ,aﬁutt infectious 4ie-
sasa of microcogel”. |

It was not until 4'Herelle (1917) reported a elmilar
phenomanon with a‘v;a pnteriae Shigs that any great nnuuﬂt
of attention was given to thie subject. Re found tm:t the

aterile filtrate of a culture of feces from recovering



dysentery patients elarified a heavy suspension of

B gxgggﬁgglgg and a trace of this Adlspeolved aumannaleu.
1n turn, eleared a nnuanﬁ suspension of organisms. This
‘lyt&n priunzpzc was trnncu:tto& in series znaeriuttaly in
th& prcannae of 11v1ng organxtnﬁ. and baaamt'ma“u eosive
after a numhwr of pamasgﬁﬁ. ﬂ*ﬁartlia rwgaraaa the 1yti¢
prineiple as an ultramieroscopic filtrﬁhh virus whieh he
| named 'l&atnriaphngua Antestinele®; thu: ‘the Iytla pria~-
oiples for all humtuvial species came to be knamn &8
baotnriephngna. and thc process of lru&n by b.&tnriayh&gl
wan t.rna& buatwriﬁph;;y ﬂ‘ﬁarsilt has dcvﬁttd his
<umeiautxr&n 1ife to thin phauumnnﬁn. aa& has euliaatuﬁ nudh
of She sclentific literaturs ;g two hﬁpka (19&?, 19&51

*g@ggggé In 1939 xazaut ?ﬂbiiﬁh&d & bnox aati%lqd ggu@gggg
-g1“ghggggggggggggg“m;ggggg in whaah he inoluded a proposed
systen of alama&f&aa&ian end methoa of nomenclature of the
bcetqr&ophngwa, ?hls wovh dtsawibu& Gﬁlx those viruoqs |
‘whioh &ttunk y&nﬁ%a, 1n¢1uﬁiﬁg'thn bumtarﬁa The kiag&mu e

for the pngtoatthagaaia viruaas 1s “;;; the ahagyarralz
Piytophagi which 1s goparu#ﬁa tato two.

seed plants. rn. rarmvr olasu 1naluaoa an&r one t!u:ly,

Igne suthor, lees familiar with the phages, treatsd
thnu in a supplement to his book.



ggene - viruses pathogenioc &n,ﬁnuturiu = in which the

one genus, Phagus, cowprises 40 spesies and 2 varieties of

baoteriophage.

" For esch phage spectes, the suthor presents his res-
son for seleeting the specific mame snd lists the following
desoriptionn? .'lma various aynonyns for the species, the
susteptible bacterial speeies, the gungrnphaillvﬂiutribu~
tion, the induces dlsease,? the serologieal and iwswnoleg-
iosl relationships, the thernal &nuativi#&an, ‘a%hnv“pr§*
pertise” and the reference literaturs.

ésthods of Isolating Phage from Sewsge: D'Herelle
(1926) planted flulds scontalning suepended organis matter
such as feces (or s.vugu’ in sterile broth end incubated at
37° C. overnight. The bacterial aetion broke down the large
particles of organiec matter, and the mixture was Tiltered
through infusorial sarth and a candle. He used this f1l-
trate for apeeific enrichment with the baoterial strain for
which a phage was being sought.

Caldwell (1927) tested oity sswage filtrates for
1rtie activity agmxnnz167‘aﬁraiuu of gran negative organ-~
lems and found a “potent bacteriophage for prasticsally all

lfhart are many other recognised "species” of phage
not considersd by this author, but hies methed of nomen-
elat:r& and olsesifioation, 1if sccepted, would apply to all
species. .

heters to sppearance of plagues fermed by the action
of phage on sensitive bacteria growing on solld medis.



strains of B. goli leclated from urinary infections, and
for sost of the other sommon gran aegativc haeilll encoun-
tered in human diseases®’ - ($yphi, dysenterise and
pregyansus). There were also streptososcus and staphy-
locous phages in the sewage filtrates. Her technique fol-
lowed 4'Herelle'as 2, 10 and 30 drops of filtrate were
planted im a 1light suspension of young organisme; the re-
sulting filtrate was snriched with its homologous strain
until definite lyais appeared.

Cowles (1931) filtered the erude sswage through paner
{no eandles) and emriched it with beef extrset and peptone;
te this highly contaninated medium he added B. anthrsaels,
employing the ueual process of alternate feeding and
filtering. He obtatned a phage from the third-passage 11~
trate. Alee by planting U8-hour cultures of Cl. tetani in
orude sewage contained in an egual volume of Qonbze-
streagth infusion broth, Cowles (1934) isolated a specific
lytie principle for thie anserobe after eeveral serial
passages of the filtrates with the homologous straine.

Smith Aﬁﬁ,aeraan {1931 a} eaployed the following
technique to !._u;:htn a phage specifie for (. diphtherise:
maltiple inoculation of several etrains was made in 9 parte
of rav sewage filtrate to one part of a tenfold concentrat-
ed broth. The advantage of multiple strain inooulations
was that it allowed any phage present in the filtrate to
propagate itself 1f any one nf the several strains was sus-
ceptible.



Sauer and Hembreohs (1933) sesured a‘patast‘p-rtunntl
phage by a teehnigque desoribed by tmith and Jordan (1931b).
The sewage bBouillon consisted of 9 parts of sewage il
trate to 1 pan‘af ttntnlé]u@nﬂ*ntrmttﬁ hrutn§ it L L
enriohed with a small amount of defibrinated blood and
planted with a Ri-hour oulture. Lysis appeared on the third
day of incubation, and plaques were numerous on solid medim.

Bvans (1&3&_&) used tﬁu&l quantities of double
strength broth and Berkefsld filtered sewage as A medium
for iaelqﬁzug_ﬁtpuptﬁeaaunn‘ph&gqa.' For the first passage
12 this mediwm the filtrate added was obtalned by planting
‘roth with unfiltered sewage, inecubating overnight at 37° G.
and ftl%«ring A utxtuvt of 10 mﬁra&na was plaatuﬁ An one
tube of sswage medium pluse filtrate. (It vas shown that the
presence 6f'phnga resistant a%rmptauucaua straine daat'nat
inhibit lysis of phage sensitive strains in thn sana tube.)
It only one of the 10 strains was sunatatzhln ta the pqua
action, the filtrate of thie paasugu-mmﬂla clear the sensi-
tive strain when teeted in pure culturs. The procsss of
alternate culturing in the mixture of sewage uuﬁlul nna
filtrate and filtering was continued until a lytle prineiple
was iselated. |

_Phs Clark and Clark (1927)
examined activated sludge for strepteccceus, pneumocosous

and "coloa-typhosus® phages. The various oultures were
grown for 3 or & 4days in the prezenss of 10 per oeent
activated sludge in beef &ntnnian broth, then etatr&ru&aﬁwa



and filtered through ¥andler filters. Each filtrate was
tested for lysis of the homologous strain {i.s., the atrain
ezployed %o snrich the phage content of the astivated
sludge). Wnen the strain was not lysed, the rzmtr;ty was
planted with the homologous strain end 10 per ot
activated sludge: this technique was repeated for at least
ten serial passages or until a filtrate contained thuylitie
prineiple. Phages for the "colon-typhosus® group were most
rqndil: 1801ated; a second enrichment passage ylelded a
1ytie principle active against a muvcold streptococeus, but
all attempts to 1solate s phage for the other strepto-
coocus atrains or the pnww&uﬁaaeua ttrmlna were uanuueatu“
ful. ?nus: workers attempted to ndnpt the muocoild atr.ptcn
cooous ghagg *to the 3 fixed typss of pneumccocci by all of
the usual methods, and by various modifieations of our own,
but entirely without success®.

’xaax {1928) examined specimens ofngn;unanxu»tputum
for haaﬁgizaynagac action on the pacuna#aaauaa She stated
th&t 1t seened ganulbla that the orisis avﬁurwiﬂg in
puuumanla might be caused by the rapid development and
setion of & phage virulent for the pneumococeus. One ml.
of sputum filtrate was added to 9 m). of a suspension af
homolegous paeumocosci (i.c.. pasumogocel isolated from
the sputum sample), inoubated 20 hours, and filtered
through a Berkefeld filter. Although fifteen serial en-
richaent paseages wore made with the filtrate and fresh
suspernsions of pneumocceci, a Daeteriophage could not be
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recovered.

Grumbach (193)) described a pneumococous colony sim-
ilar in appearance to that of u‘phngemqutau streplocooocus
colony, but 41d not ascertain whether it was bactsricphage
which produeed this a typleal colony forw. Farage (1932)
investigated the possibility of pneumoeocccus baoteriophage
predusing the dissooiative prodesses which he cbserved and
decided that batteriophapge setion was not involved.

nwnaﬁh?ﬁ and Woble (193%) examined i variety of
ﬂutnrtiln for pneumosocous bacterliophage wi@hnui suceess.
They used two metheds to test for the presence of phage s
indicated by 1ysis: (1) Berkefeld *¥* filtrates of
naterisls being &xaa&nua'ﬁwra added to young surfunc
growthe nr the yaaﬁmaamamua on blood agar niatsss and
(2) the same filtrates were planted in 2i-hour beef
infusion broth suspensions of pneumococei. The tests wers
oxamined after overnight incubation. 8teck cultures of
typee I, II, 111 end V and raﬁinyx; isolated uzrﬁaun were
included in the study. Materials examined for the presence
‘of posumocsoous paugo:wovus One stock mtrain eseh of
utruptnaaeeﬁa and Aysentery phages (by adaptation), dia-
seciated pneumococcus colonises, and the dlseharges of 3
pheumonia patients and 2 persons infected with eolds. Onmly
nasopharyngeal washings were collected from the latter;

26 sputume, 20 stool and urine specimens, and 6 blood eera
frem the pnewmenia patisnts wers examined. The authors
frequently obssrved clear zones on the blood agar plates
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and clearing of broth cultures, but the lytic sgent was
never tranemissible. By cultivating the pneumococcus in
a broth medtum contalning » 10 per ocent mixture of "fresh
ssvage" filtrate and streptococcus and dyeentery phages.
ayor- workers attempted, unsuccessfully, to induce w«iox
atwwapuﬁ. a process whersby certain basterial aawaz%cnw
produce phages to which they themselves are resistaat but
%o which other acqsnau of the same specles are auaouﬁ«nvwa.
._:aquw & eulture had ama: passed 10-18 times in this medium,
At :ﬁ.,uwnaaaw in vwsna.waaax‘.paaevSQma_QQewﬁaaya and
filtered. The filtrate was teeted for pneumosocous phage
ran& its normal (not eewage a&agasav homologous strain.
None of the strains was found to ua.w&uenrawc.

Balsamelll (1935) reported that a baoteriophams
,raswﬁn on the aaqavuaaeaagsruasvwwaanaanﬁa group aﬁaxeava
streptostafilo®) di1d not lyse the pneumososcus. Four Sypes
of pneumooceoi, I, II, III and IV developed normally in the
presence of an approximately 1120 dllution of this phage in
broth. After 15 deys at 37°C., the vyaai.pwa deteriorated
ir the tubes containing the pneumoccoeci and also in the
phage controls without pneumocosei. Im sbout 20 to 30 days
at 37° C. the pneumococous cultures with and without phage
becane limpid due %o sutolysis, a proosse which dlasolved
the cells similarly to phage lysis. The same author exam-
ined a few sputums of lobar pneumonia patients for pneumo-
eooous phage. The sputum was emuleified in physiologleal
saline, flltered through a Berkefeld and then a Chamberland
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f11ter. The homologous type pasusmoscoccus and the other
three types employed in the study wers planted in broth
containing sputum filtrate in an approximately 1120 d&iu-
tion. There was no lysis of the pneumocoscus until aute-
lysis appeared in 20 to 30 days in both the broth cultures
containing tﬁa.tiltrutu and the control broth cultures.
Balsamelli filtered the autolysed éultur&l and found that
the lytic agent could nos be transmitted serially.
Rodigina (1938), a Russian’, reported the first pos-
iixﬁo‘taalasleu‘er paeumococcus phage. His technique was
the ususl oner sputus samples of ﬁueunaai; patients were
planted in broth, incubated for 24 hours, and then filtered.
The presente of phage in the filtrates was evidenced by
complete clearing of pauumaaée@&clcaltarnc within 12 to 18
hagra and by piaégf fornation {“tache viurgop‘) on eoliad
media. The potenoy of the phages was determined by plant-
ing 1.0, 0.5, 0.3, 0.1, 0.05, 0.03, 0.01 and 0.005 ml. in
broth containing one drop of a 2h-hour broth culture of
fhn pneumosoccus. Rodigina 414 not deseribe his methods
of serial passags of phage filtrates other than in the
following quotation: “If at the beginning of the experi-
ment lysis of a pneumococolic culture required 0.3 co. of
the pneumophage, later on this quantity becams reduced by
degrees and Tinally amounted to such minimum velues as

_ lﬂn unsuccensful attempt was made to communicate with
this author.
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from 0.01 to 0.005 ce.* He published no data showing
whather or net continuocus aqiaaa»-»vaw»aw over n:nuesnvn«
leag periods was maintained. Three kinds of pneusococous
cultures were distinguished on the basis of their reaection
to pneumophage) (1) Lyscasnsitive atrains, {2) resistant
strains made semsitive only in the presence of phage, and
(3) lysoresistant strains. Each phage group oontained ve-
presentatives of all types studied. Cultures repressating
the four pneumceocous types I, IX, III and 1V ylelded mon-
type specifie phages. The dsta obtained suggested that the
phage isolated from type II1 cultures was vaua4wa¢asu.awns
_vWInaa.awppaaab from the oawanma«us sﬂuaasruu vnwclann
auﬁﬂ 118 ex&ugs&s.qama more resistant to phage sction.
ewmsannnowa iysis of cultures occurred and was apparently
distinguished from true lysie, but Rodigina d1d not des-
.anwvs his method of aifferentiation. The preumophage ap-
peared in the sputum of pnewsenia patients during wuc4ae#:
‘valessent period, i.e., after the erisis: 1t also appear-
ed sporadicslly in the sputum of patients "with ocular
dlsease and pneumonis®. Phages of pulmonary and oculsr
origin were similar in thelir properties. This pneumoccoecie
1ytie prineiple was reported to exert an “obvinuse curative

aetion” on ulous cornes serpens.

Hethods jOing i L. .
Serust Bordet and Cluca (1921) published the first paper
on production of antibdactericphagic serum which they ob-
tatned by treating rabbits with several injections of a

O _rroay and Teatin atibae

8 1ODOAR L EC
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eol4 phage. They demonstrated that the resulting serus was
not bactericidal for £. coli, and they showed that in the
pressnce of phage nqutruligaﬁ by serum E. coli grew as well
as in the broth oulture comtrol.  The antiserum inhibited
the astion of its homologous phage both inm broth and on
egar. In thie first report, the suthors found that one
volume of antiserws neutralized 10 volumes of homelogous
phage.

¥eiss and Arnold (1924) desoribed a method for pro-
dueing Syphoid and staphylocoecus antiphage serum. They
injeoted rebbits intravencusly 8§ to 12 $Simes at 2 to N-day
thﬁqrvciu] The first dose of 1.0 ml. was inoressed in 1.0
ml. amounts up to 8.0 ml., whish quantity was inooulated
for the remalning Anjections. The titers of the resulting
sntilysins vwfu*aat;vﬂper%ad‘ From the expsrimsnts they
conaluded that antilysins are the antibodies preduced by
bacteriophage, and that thelr action 1s highly specifie.

Sehults, Quigley and Bullock (1929) prepared
staphylocoeous and dysenteriae-eoli antilyeins by injeet-
ing 16 to 31}40#" of 2.0 ml. sach over & psriod of about
4 months. Five-tenths ml. of the undiluted hemologous
phage filtrate was neutralized by a 111000 dllutien of the
antilysin.

Kendriok (1933) reported that she was able 20 pro-
duce an effective antilysin for B. sulpestifer phage with
a single injestion of phage. Antilytis titers wore in-
flusneed by individual rabbit response and immunising
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techniqus. This worker eupported the specifiocity of bao-
‘teriophsge units by demonstrating that “a lytic filtrate
developed ot the expense of a sensitive oulture other than
1ts speeific one could atill be neutralised by an an¥i-
1101# wnuaif&a‘ror the original f&ivyﬁt«*q The serum
titer wes defined as the highest Ailution in which 0.01 ee.
completely neutralized the test dose of approximately 100
‘unite of basteriophage in 24 hours at roon Lempereture.
Evans (19340) ai1fferentiated four smiqgim. types
of streptocoscus phage with type spesific satilysins pre-
pared in rabbits injectsd with phage filtrates. The phage
vas ineculated intravenously at 3 or i—ény;iatquula with
an initial dose of 1 or 2 ml. which was graduslly inereased
wﬁ‘te‘a or 10 ml. The total quantity of antigen injected
varied, but sll rabbdite were bled a wesk after the last
trestment and the serun was drawn off, praserved with 0.28
per cent tricresol, snd stored in the refrigerator. In
aaﬁavmin&ng the titer of the epecific antilysina, Evans
(1934 ) nade serial dilutions of the serum in broth and to
these dllutions added 0.1 ml. of filtered phage, Alluted to
eontaln 100 phage particles; a control tube eontaining
broth was likewise planted with the phage dilution. The
phage-serum mixtures were thoroughly shaken and imeubated
at 37°C. overnight. Raoh phage-serum mixturs, the phage
eonirel and e tube of Lroth were then planted with a drop
of hemologous strsptococcus culture and reincubated at 37°.
overnight. The titers of the sera vatied with She phage
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type employed in their preparation. She Aifferentiated
four streptococcus types by cress neutralisation tests with
the antilysins prepared aa @aﬁarzhaé above; Swo atraine ét
phage wore regarded as baluhgﬁug to the sane type when
antiphage serum prepared with either strain neutralized
both, In aﬁpguvt=§f serological type sapecificity of phage,
“Evans (1934 b) stated that ‘the serum prepared by treatments
vith & given filtrate will neutralise any lytio filtrate of
‘the same serologioal type, regardless of the streptoscoeus
which served ss the substratun®.

Clifton, Wuellar and Rogers (1935) prepared antilysia
againet 0011 phage by injeeting rabbits intravenously with
»«naatca doses of 2.0 ﬁi- of active phage; aﬁvul. wiri '

administered in 8 30~day period. Herum was drawn off from
the heart's bleod, inactivated at 569C. and stored unpre-
served in the refrigeralor. The phage was almost complete-
iy nnutwuiiseﬁ after 72 hours Dy an equal volume ar,strﬁn
diluted 1:6800.

Sertic and Bowlgakov {1935) prepared various anti-
phage serums by injecting rﬁbbitu iutrnv«nahély'nt 6-day
intervals with 2,‘&. & end 20 ul.; the snimsls wara b1eﬂ
10 days after the last injeetion. TInstead of identifying
a new race of phage by nautvniatmttaa test with the anti-
sera of eash known type, these workers pooled all their
phages for & given species and prepared polyvaleat anti-
sera. The unknown etrain of phage was mixed with equal
parts of the polyvalent antiphage serum, inoubated 3 hours
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at 37°C. and 24 hours at room temperature, snd then spread
on a film of the homolegeous culture. The appearsnce of
plagues was proof uﬂﬁa the vytﬂe was & new type uﬂau no
antibodlies preaent in est w#waqmwa:a AOTUN @nutth e& neu-
“Sralizing the %&Jﬂd

. iget  The literature on nascent

_gusat hap qtax uiauasea by Evans awwraw in & recent paper.
The term xaasaaaa, in %ﬂwyawaa ea.ww;aa was firet intro-
duced by her ﬁww_ri %o deseribe the enhanced potency or
incressed range of aetivity aanwnaanﬁatvyimanna the pre-
“senee ew.wqesﬁ:u sensitive bacteria.

I8 has alresdy v.aa noted that Twort (1915) reported
the asuaauﬁwa« ﬁa a»naaacﬁ lysate for sasa sasuygmaﬁa
gnwusaau:u“ oawv living anwwi, aaaacssqu_unsaa agnneqan.
_were Aissolved by filtered phage. Gratis and Rhodes (1924)
,tnqﬁAawb tirat werkers able %o produce lysis of dead
vﬂaucﬁpt by phage. This was ‘accomplished by %w:aw»a& a
naasac of wu¢»am staphylooscel in a mixture aéa«npupza vwﬁmt.:
and a assﬁpn suspension of atnﬁ ataphylorocel whieh eleared
after a sultable »saarinpeu period. Thus the potenecy of
the phage in the presencs of living ssnsitive organiems was
increased %o the poirt of being lytie for the dead cells.
In addition to oonfirming the observations of Gratia and
Rhodes, Twort aﬂwmmv found phags, in the presence of ite
homologous orgenism, to be as rpecifie in ifte lytic metion
on dead bacteris as in 1ts lytic action on viable baoteria.
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He suggeated an increased sotivation of the phage by a
‘substance originating from the lysed cells. anaalﬁl

(1926) auplicated Twort's resulte with staphylorcoecous
'@hﬂggfyut wnqiu&ﬁ«&bla to preduce iykii of dead coli or
V#h;(ﬁpﬁuthrﬁ. in %hm yr#:t§ﬁi‘uf thelr respectiva phages
,gnli. U£l§t of living sensitive hacteria.

‘ '!‘lhhficf a detatled aanfiruatiau-sf the observations orﬁ]
ﬁrntiu and Ragaau and th«na of Twort, Brnaranbrwanwr and
,‘mmmw mmn m;aua the mam:lm of 1ysis of dend
‘bacteria by pangt in tha prasence of living ﬁeliu* $h1~
'ryxuztu were elucidative. Lysis was prevented by an ex-
5&@;& Qf,da;ﬁ*baatarig dus to tha&r absorption of thg phage
 §§£§$§~1§¢1§ of thi'lifa cells. Dead bsoteria éurb i¥!¢@‘,
‘hg vﬁnsm in the wriaanna of zivsug organisus bafore, agrw“
‘ing and aftnr the nanplotian of lyeis of the lxving
'bcotnrin. Dend ctaphyluaoaai vore lysed most easily - &
apuataa whiwh alnﬂ aatulyse: upauznanauﬂly %yaia éf &auat
B. g9l or B.
Jthn lz*Sns tram thﬂ a.ua 3‘111 with a c«na~paraunb1u T
brﬁnt. 1t wae aliown that the dead cells were aut dt!a&l&qd

 WRS lmﬁantinet. ﬁ: qapuruzang

-vnu though ‘the lxva oells ware undsrgoing 1ys$a on tha
epp»a&%a side of the membrane. ?hof'caaoluaaa *The sgent
aatnmnlntnm the lysis of dead k&atorin is not ﬁtffuuiﬁiw,
whlle thb pr!aaipzn initiating wha 1ysis of 11%& bacteria
aiffuses fully and is demonstradly presens on both aldes
of the membrane. The complete indepenience of the agent
causing Atesolution of dead bacteris from bn@tnf&éphu@t
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can alse be shown by ﬁnyqrutgng‘tﬁn two agente by means of
filtration, or by absorption on basteria®. Among the
a1fferences they found between phage snd this *ferwent-
1&3.“‘§ﬁ5§t¢n§e.wora% the laster ign gua;ly'uﬁaarbqa.oa
.aziyﬂftltunu, &t uun'hanﬂaihhﬁiav&na vas znnat&v5£ua-an
:zmsm 'rha mm-um agent whioh uxm dead staphy-
13»0»&1 uman found in uyantumauanxy aatnlrsius staphy-
lacucuuo wuzturna. much 1:&!!. hawcvar, than in ctugurzén
coesus aniﬁumna containing p&usb . o

B B?hurnllo {1926) fires mantzanuﬁ 13:1# of A&mﬁgg
zhantnvin,uf }fg;.»,;}rif npc#&mn hy phage in the prnuunai
of !ﬁﬁ'1$£V¢ buatnriq~ wh&lc prvriaua workers ‘hed auzy
‘3uv¢nuiguﬁaé thu xyatn ar é@ma humm&ageuﬁ/buattran hr ;

: hnce, ha rtp#rtua a ﬁaauatiea in aanhcr af ctaghylaeanaa,

vibv&a& %ﬂﬂ #ﬁ#ﬂ#ﬁﬂiﬁ@#i 1n ﬁhﬁ prcauuwn of a mya&na a@li«
@w autm, ‘He stated although “the résults may ve
' s.ntumﬂu by the m»mmia of a lrtse ferment namma
by hnutorﬁeyhazt. tbir nay slae be 1n%¢rprutnﬂ in athar

- ways®. | :

The Wyiﬁ?ﬁ&k (19}8)'xtrtr§hl.firltj§@ report conelu- .
“sive experiments on 1ysis of living baoteris by nascsat
phage. !a;jftiaina strains of living nﬁgph&l»&aetx and
sareina which were completely resistant to & rxiﬁoruﬁ
uthphylaﬂonani'pﬁisu, and showed that in the presence of a
u«nnt&iil ttuhhylaaueaﬁn strain, phage nny”ly¢e1rwnaitaut1’

1y, e, rﬁgxstant\ﬁu the action of the filtered phage.
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staphylocosci and sarcina. They believed the phage-lysed
utanitsve-eells 1xbarntea diastases or sutélysihn whioh
\taulﬁ_zu.turnyiat on the resistant strasha.

Rakieten (1933) confirmed the observations of the
Wollmans on the myaln\ar iuﬁiutnﬂ#-utraxau of ‘living
ﬁa#tﬁ@itahy\nuuuwnt phage. He also made wgrtuxn other
interesting observationa. He believed some of his reslot-
ant ltaghtleeaueun atrmlan actually destroyed ltaph110~
” aaaaui nxtic-filiautn. In eontrsst to the wollmgns, jha
é«n&i&irua the secondary lytic agent an nﬁtwﬁitsﬁ pvu&aan&
‘bx the coll, he maintalned that the lywiulaf a resistant
etaphylocoocus by nascent phage was due to the lysin
'e}uhexntaa by the phage 1n its action on the susoeptible -
.atrﬂ&u. This *lysin“ was not trnaam&taiblo in serles, but
u,ftztrutn~af a rpugexsut stratn lysed by nascent phage
was #t111 aotive agn&ust‘tna-duqcemtiblﬁ'atvatn.* The.
u'otayhyzoﬂa@una ”lyaxu“ 414 net alesolve Salmonells
dis, Shn u‘alnsaaaeﬁua, or the pneumococous. He

ttatua two dtrfnrant races of nascent atuphrl@eeacut phage
_tgs 1ysis of a ronlatsnt staphylocooous and found s differ-
‘onoe 1n their 1ytie sctivity. Hencs, he stated that the

. amount of lyeim produced depended primarily upon the in-
trinsle quality of the phage rather than upon the strueture
of the staphylocossus which was attacked. In 1938,
Rakieten reported that pnnumuebaeua tyyau‘!}‘11 and IIX

had na'aduaaatrnhld effect on staphylocogeus or entero-
cocous phages when tauuya‘rar'taQSr ghagaﬁlﬁaarbing
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activity.

Evans (1934 1) tested the neneitivity of several
hundred beta hemolytic streptococel to four types of nas-
oent streptosoccus phage and reported that this technique
Aifferentisted thes into well-defined groups. Ghe also
investigated the 1ytlo action of the nasoent streptococcus
phages on other related spectes: sight pneumococous

ctvnias. cna staphylesocous, and one Streptococcus lactiocus

strain were lysed. Five alpha streptoccceus strains were

unaffected.
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AR RXTENSIVE SEARCH FOR PHEUMOCOCCUS AND STREPTOCOCCUS

BACTERIOPHAGES IN CITY AND HOBPITAL SEWAGK

DURING THE PNEVMONIA SEASON.

Sewages and polluted waters have afforded s prolifie
‘sourss of bueteriavhngv“fer’q wide variety of bacterial
species including B, dysenteriae Shigs (Dumas, 1920),
Ebsrthells ngg; (Beckerioh snd Hauduroy, 1922), a thermo-
philie atrnin (xustr, 1927), a ppnabruphllia strain (Elder
and Tamner, 1927}, ntmtmnz {Clark snd Clark, 1927;
Evane, 193%4), am&rxwﬁwi (Bulgakov snd Sertioe, 1?30),
C. diphtherise (Smith and Jordan, 1931a), K. m
(Sauer and Hambrecht, 1933), and the strict anserobe -
g1. Setani (Cowles, 1934). The present etudy was under-
taken to determine the presence or absence of bﬁ-ugaaoecvt
phage end the dlstridbutien of streptocosccus phages in sew-
age. Ten c&aplns,‘? of which were hospital sewsges ob-
tained from different cities 1n sastern, northern, and
southern parte of the United States, were ﬁxagxue& ror
puiunnoaauut and streptocoocus phages. |

Experimental Prooedures

Haterials: In searching for a pneumococcus phage a
epecial low-heat beef infualon broth, used by Dr. Lloyd
Felten for aulfn?ins the pasumocoosus, was Qﬁpiﬁtld- It
wae hoped that a highly faverable medium for pneumocoseus
growth might siamplify phage isolations. The double



strength, low-heat brath was prapared in the same way as
the awuay-;sauﬁnaay medium but with half the volume of

vater.

Low-heat beef infusion broth for paeumocscei
{Dr. Lloyd Felten)

aosuswnwtamx“

Beof steak (freed of Fat and bone) maa groms
‘Paptone ﬁasawnuwaﬂawnam Parke Davia and Co.

- Sodium eykaawaﬂ* ﬁ»ﬁ* ‘e & ﬂ&ﬁﬁ@ ‘ w “f
Sodtun phosphate slc Ra .
Dletilled vater 2P0y 1000 ce.

‘The resstion was adjusted to pH 8.0 before final
.s»guaﬁwnpawaa,»s_ua meuaanna@,as 15 pounds preasure for 15
' minutes. -

Another broth employed was a 2% neopeptone beef
Anfuston with a pH of 7.6. ,

Blood uauwwttn preparsd vs.una»ua_mn fresh rabbit
‘bleocd to R% beef muwn-uaa agar.

43& nazawaa of aainaa were obtained during the pneu-
monia ssason from Deoenber through iapeh from the follow-
Ang geographieally 4&ww;ﬁ»ﬂ¢wpw¢anw.awa»ua. Samples ware
‘taken from the Pumping ﬁnsapws located at Second and %
Streets, 5. L., Vashington, 9. C.  They consisted of
domestio atanc,nwa atrest wﬁaw. The 1iter of wur sevage
received from Cineimnati, Ohio, was collected near the
mouth of a large eity sewer: it wan of the combined type
and ocontained some industrial waste as well as domestiec
wagte and street wash. The other sewage sasmples, a&%ﬁu&s»



by 6 U. 8. Harine Hospitals and a loosl hospital, were col-
lested at ths final elean-eut traps before the sewage enten
ed the city system. The samples were sent in lltﬁr'pr?tx
bottles by rallrosd express; no sample wss in transport
mors than 3 days. All .umhn were adjusted to pH 7.0,
stored in the sold room (10° to 12°C.) and examined for
phage content before the lapse of a week.

Doctor N. E. Trimble, Hedical Officer in Charge,
u,-ﬁ;'ﬁarinn H@#pitil»iu Galveston, kindly suppiied sewage
samples fyrom three hospitala. These were posled and
treated as one representative Calveston sample. Becanse
8 utrﬁng disinfectant odor was noted in ﬁaa Boston
hospital @ampia{aﬁ filiéaﬁo of the sevage was ;aatgd°fﬁv
inhibition of the pneumccceous. The a#snmeupaou: grev sat-
&arantegdiy in the presence of ﬁh@,f&ltwdtq; hence the sam-
ple was ‘treated liki the aﬁ&nrﬁa

After a sewage sample was centrifugated to throw down
the suspended mﬁﬁﬁyr,'tho alaurqd aswage was Tiltersd
‘through large ** Berkefeld oandles. Eight ml. of eseh
sewage filtrate, the amount employed per tube for phage
tsolation, was tested for sterility. Sterile sewage fil-
trates were stored in rubber-stoppered flaske in the eold
room; contaminated sewage filtrates were refiltered until
sterile and then stored.

Clean, olear test tubes of uniform dlameter were used
in sll tests. Serial snrichnent passages in the sewapge
medium were made in 6 x 3/3 tubes; 6 x 1/2" tubes were



used for all other purposes.

All f1ltratione were made through "E* Berkefeld
oandles. 5mall quantitles of material wers filtered
through 2-1/2° candles staoppered to 250 ml. flaske; large
amounts of qan#am were riltérua through 5‘;¢ana1§;.§qu1pgua
vith 1iter flasks. | |

Thirty puuanoqaaanu types,
I through zxxxz uxalunlvt et xxvx and XXX, ware maintained
in atook in 2% rabbit blood breth (low heat beef infusion).
The pucuua#aaaua §rct very rapidly in thie medlus and lost
muéh of i1ts viability if inoubated more iﬁan 18'&#&?&-‘ he

young alao& broth eul&uvan were aanzaa with :tar&la vase~
‘1ine and stored at B te £%. ror one aaath: umaﬁ&ly trans.
fers to fresh blood broth vere made to ineure viability.
Fresh mouse etrains of the commoner pnqnuacaeeaa types ware
rruquintly added to the estoek. Thus both smooth snd rough
atock strains and virulsnt mouse strains were included in
the attempt to inolate elither a type specific or specles
specifio phage. |

Bata hemolytic atreptococcus straine (N.I.H. designa-
tion) 751, 563, 594, and 693, sensitive to the action of
phages 4, 8, C and D, respectively, were stocked in 10 per
cent rabbit bleod broth sealed with vaseline.

Isolation Methods: Enrishment passages:

The "sewage medilunm® used in the search for phage

contained equal parts of freeh sswage filtrate and double



strength low-hest beef infusion broth.

Thirty types of pneumococel ware employed in tha
seareh for pneumophage in the sewsge samples, i.e., Types
I through XXXII, exclusive of Types XXVI and XXX. Al}
types wers cultured in 1S rebbit bicod broth for 10 to 16
hours before planting in the sewage medlium.

In following a multiple strain incoulation method of
sariching unyiﬁhgauuamaﬁut,phsgn4pr¢qaﬁt in a sewage Til-
'frsﬁh; the young pneunooocsus type anlturaa;wcrq‘gvauaaﬁ
as follows! Straine of Types I through VIII were desig~
nated group A; those of Types IX through XVI, group B;
those of Types XVII through XXIII, group C; and those of
Types XXIV through XXXII, group D. The cultures of each
- group wers mixsd by adding 2 or J drops of esch type to 9.0
ui- of broth. By this technidque, the 3O straine vere in.
.élu&na in four series of u&uuggtriltvutau”ta'glturﬁatcly
. snrioh and filter. ?tnn.’méﬁit, and filtere were scono-~
mized in this way.

In mddition to exsamining the hospital sewages for
';gncﬁmnaa@an- vhage, & new teonnique (not used in the oity
sevage samples) was included which allowed for simultaneous
‘1n§1utaan of ﬂtvatamaaeut*ph&gin«” The finding of etyrepto-
cooous ﬁhagut wmu1d cheek the efficacy of the phage isola-
tion methods 1f there were no positive pneumophage 1sola-
tions, and data would be obtained on the distribution of
streptocoocus phages in sewage. Therefore, stralns of
young streptococcus culture sensitive to the setion of four
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of the bactesris present in & sewage sample, the various

" phages present in the sewage, specific for these bacteria,
would be enriched and as & result the filtrate of such a
eulture would contain more potent phages.

?hcrcrafa.'in the firet serial passage of a given
sewege filtrats, there were present in each of four tubes
(1) 16 m1. of sewage medium na&_(&) 4 ml. of sewsge cul-
ture filtrate. To one of these tubes was added a drop of
group A mixed oulture cf’pnnnmaeaoui and etreptococous 751;
to the 3 remaining tubes a drop aeneusn;ng mixtures of
group B plua streptococcus 563, C plus streptoocecus 594,
and ﬁipliu e@rapteadaeua:593.'?&&@3#%1?01;5 The tubes were
labeled I o 0oy ¥ pioy T oouggn 8n4 I pigoy.  "I* desig-
nated the first passage of sewsge filtrate with the mixed
eulturﬁ of pneumocoool =nd streptococel, "A +751" desig-
nated the particular group of pneumococoi and streptococ-
ous, etc. Broth controls were prepared by planting the
auma'inpdala in tubes aémtgtnsns'lm ml. of double atrength
broth ailuted with 10 ml. of distilled water. The cultures
wers incubated at 37%C. for 16 hours {(overmight) or less.
Aricr inoubation, the tubes were examined for evidence of
lyiia'br'ennparing the §urbtaityinieh-hnd &qulaptavin the
sewage medium with the turbldity of the same inooulum in
plain broth. Afttr recording lysie, the four sewage medium
mired cultures were filtered, labeled *Filtrate I , .
ete., and § ml. of eash riltrate was tested for sterilily.



29

The second and 3uue¢@diasm!er1al filtrate passages
with the § groups of mixed cultures were made in fresh sew-
sge muﬂing‘(a nl. of sewage f!libﬁtd and 8§ ml. of double-
atrength broth), to which was added the filtrates of the
preceding passage. For 0rqmg1¢, rurﬁzn. second passage
sultures 4 ml. of filtrate I , .., were added %o 16 m. of
freah sevage medium, and the combination was planted with
. arwpvﬁr young group A pneumoeneel plus 751: & aml. of
filtreate I 8+563 was added to sewagze medium and inoculated
with a drop of young group B pnauunuaaai plus 563. eto,

!kn laytnr oultures were 1#”’1*““1-A+7§z, and II B4563,
oto. They were incubated at 37°C., examined for lysis with
sulitable ebnﬁiﬁiﬂ. and filtered. The flltrukas‘aﬁtaiaad
‘wers @hpiayca in preparing the third paseages with the
-pn&nmoaaaax and streptoscosl. This was the Procens em-
ployed of alternately specificelly enriching (by feeding)
and rilfﬁriﬁg; At least 5 passages were made for each
series; 1in several series a greater number of passages

vere made.

Culture for Fhage Content:
rilﬁrltca of the third and f£ifth eerial passage were
routinely tested for lytie aotivity with the individusl
straing as described below. Uhen lysis of a mixed culture
of pneumoceeel and streptocooni appesred, the lysed culture
was filtered and the filtrate tested for lySic activity on
the individual culturee which made up the enrichment
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group; the third and fifth passage filtrates were teeted
wr&sﬁawaan of lysis. For example, Galveston sevage eul-
ture I D+693 shoved & definite clearing after incubation
and was imnedlately w»waaaan“ 0.5 ml. of filtrate wae
added to each of 9 sﬁ«an aa&aﬁug»«@ 4.5 ml. of broth.
Seven tubes were 1waunxﬁ & aawua#au two drops of young
mvaaanamaoaza oulture of Type XXIV, XXV, XXVII, ugNnnm.
XXIX, XXI, a« xxumn» awﬁ a»aaar gﬁua was uwmaana vith ua¢ 
,aaav of waaaa asﬁgugaaeﬁaan asuagat 693; the ninth tube .
was left agwauagw»«aﬁ to serve a8 & a»aﬂpwuan control for
the riltrate. maaaw eulturs aanaﬁewn were made w% plant-
ing the same amsunt of each »asasuﬁx into w.u »l. naaﬁaar_
of 33? The %ﬁga were incubated at u.wa? and read
at nqsaanan »aaaﬁﬂau. during the day to uwﬂanaa any me:sas
&»w»a« of secondary growth developing before iysis had
Deen afsrqtun; ‘Readings were sleo mads the following day
after the tubes had stood nsawa»umgﬁns the eold room.
‘When a pnsumocoecus or streptococcus paseage culture
»vuuanop_wnna turbia than 1ts broth culture control, the
lysate and 1ts broth culture control wers streaked on
blood agar in orfler 3o observe any plague formation, and,
next, the lysate was diluted with an equal ns;ua»aw:eﬁ
sterile broth, filtered and retested for lyels in 4ilu-
‘tions of 1071, 10-3 ana 10™% with fresh homologous broth
amwusﬁt %#»a range of dilutione was seleoted ao.aiaaa
‘any paeudo-negative readinga whish wight result from the
sone phenomenon in which there is fallure of wwuww in the
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low dilutions @w.ays,@ﬁ@ﬁﬁkaﬂgs.ﬁea@wsac lyzis in higher
d1lutions.

~Filtrates of pneumococcus broth-control cultures
vere tested for lyels of the homologous strain in dilutions
of 10~1, 10-3 ana 10°5 1a persllel tests.

Results

Table I gives a w.
aﬁvycnqn,»a,aqia@a»am_&yi asmaon present in fvanaville sew-
age. It may be observed that none of the wultiple cultures
aw sewage filtrate media showed evidence an.wqawa“ yet a&a
f11trates of «wy esaaa_usa £1£th pussages “inhibited”
vnrssecauaﬁn_maaaaw‘aaa.aaaa.ﬂaaa aa@mwaaaaaaﬁa vhages.

mtic pioture of the teohnigue

Por gwpu reason, the wnwanﬁaan of the sewage nea»nn cultures
iaua 1&e¢»aawu tested for lytic metivity toward a:. »ﬁ&p;
vidual strains after the third asm‘npw¢w serial pacsages.
mracﬂsun in the ocase &w.aawaa hospital uat@a» filtrates,
lysis of mixed aerial cultures was often evident.

The four types of gveptosoccus phage as AAfferen-
tiated and tdentifisd by Kvane (1934Db) wers easily isclated
by the teehnique aawwawqa in this work. ﬂrwws I1 indicates
that phage D oscurred in every sewage sample exemined;
phages A and G were found in four out of seven samples
aww per aaaﬂ_ow sewages); and phage B occurred in three

out of sever {43 per eent incidencs). Ginece samples of
sewage filtrates vary in their streptococcus phage ocontent
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a series of samples should be examined before the search
for a phage i abandoned. |

Data on the isolation of pneumccococus inhibiting
agents and streptoccaous phagea are solleoted in Tablee IIT
sand IV. Approximately 230 serial filtrates were elther
umth@uaaifaw evidence of lysis or tested for lytio
80tivity on the individual strains before passing. Table
11T shows tha& many of the atrapﬁaﬁaeeua phages were
‘1solated from the filtrate after tﬁs same number of
passages. For example, three phages were found in third
fi?ﬁri#a.pssﬁugna of the Evanaville sewage; prabgbly,phaso
;ﬁ»hgﬁ:Ai#glapod in the filtrate before the third passage,
‘hﬁ%’#&ﬁnm‘thprq'wan no evidence of lysis in the aimnﬁ ¢n1~
ture the filtrate was not ﬁémtud for lysis @t‘xuaivi&uul
\‘utrulup'un#iivnrturwtna th@ra;pn:augo~

Enriched f&;trute¢~§h§uintd from each hoepital sample
and frem ome city sample of sewage wers capable of inhibit-
ing pnewmoceccus growth; Table IV desoribes (1) the source
:ané'aaatnao Rumber of the filtrates whieh prevented growth
of the pheunceccous 1aanu1ui;' {2) the number af-%imaq‘tht
agents were isolated for ssch sensitive type, and (3) the
number of times the inhibiting agent could be transmitted.

I3 has nlready Deen stated that enriched filtrates

were tested for lytie activity on the individusl strains
making up the emrichment group by adding two or three drops.
ux7anqumnna¢aan culturs to s 1071 dilution of filtrate.
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sputunm necessitates the add1tional assumption that this
phnga;\umi&ﬁa the usual ranes, anu not survive in sewage.
?ao'rriqiiat inhibition and ﬁnauan~11nts of pReUMOSOVCUN
by sewage riltwuton nay be uxpxnanaas {1) on the basis of
the ﬂw11~kuown mutairsia of this ﬂp’#lﬁﬂ; whigh 18 stimu-
lated in tha_prpsqaan of eertain chemlecal qgnnt&,‘ﬂuﬂh Y]
“ile snd saponin, or (2) on the possibility of weak astion
by the streptosocsus phages (see part V of this study). |
In some instances, the inhibiting agent was transwissible
in low ailutions for a fev passages; however, o&kaiiaauu
tion in aaaaonsrnxﬁan by dilution the offent &Lcavpnuroa.
T™his sould be ﬁnw«tith-r to loss of the ah*mionl lsnnt or
to *nmzng out of streptoooccus phages. |
?h4<&saza$&nn from mawage of nﬂiﬁﬁipl&‘ 1yt1c-t¢r s
wide ruuan of aaxhagaun, hn%h in%&ntannl and qthnvntat, 4
whish stimulated shis work, attests to the significance of
thﬂ funwita vcgmﬂﬁlyau of the failu&u to rind . pununuw
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Table II
mm»rm»wmmnmmwmmm

1" ¢ Ineidence in saaples exanined
I Paage in_peremitaes !
S ' &7 '
R I L
' | '
' " —— -t 4
l‘ ﬁ 4 s‘? 1
1 a ] m l ¥
¥ . ¥

1 Phages A, 8, C and D werse isolated by means of sengitive
streptosoocus cultures 751, 563, 594 and 693 respectively.



Table III

Pneunoenceus Inhibiting igents and Streptococcus Hacteriophages
Isolated from City and Hospital Sewage during the Pneumonia Secason,

! 'No, of sewage ' T '
' '#11ltrate pas- 'Pneumococcus’_ ﬁw““ phages
m« of ' Date ’w“ tma ""inbibiting ! a '
o " ' Received galturesd ¢ pgent® 23 fryes ] Lt )
lm ,uh"ﬁ..ﬂ. Giw ¢ 4 ¥ 3 X ¥
2 wm m: ™ et ; 2 ; ot stbdied ..
0 ‘;M.' ﬂ,. ' ot ¥ [ ¥ ™
%ash, dooestic ! ' t ' t ' '
& .‘mdmmd L B A T 6 ' 0 ' fhot stddied !
raute ' ? t $ ’ 3 1
Aﬂ mﬁ.’ Md‘ U‘ S. 4 ' L ¥ ¥ ] [}
pe Hoapital ' Q= ¢ 2 I 4 4 1 00 SR 6 LIS ¢ & A5 5 |
] H L] 3 t [ 1 ‘
: - S 5 L. ) LA SN ML « 3
' ' 1 1 '
* - BRS¢ ¢ SN - SO SIS + SIS +<
$ [ ¥ ¥ t t ¥
- ¥arine Hogpit ! : | LT 48 4 IR DL IOLAE  JO I § 4.1
P &a:wu., '!‘ms ¢ ' ' i ' ' '
pooled: U.3,4arind ' ' ' ' ' '
fosp., John Sealy’ ' ' ' ' ' '
Hoop., St.fery's ' 3-22-40 ' 5 i 1x L S S AN 6 % S
' ’ ' 1 4 ' 3
$ & L H ] L
| ¢ 4 ] Iv ; ] Q ¢ 9 ] Q t W

1. f.e. of pnewsococci and streptococci

2. A/751 (See previous table)

3. O signifies that no lytie agent was found in the sewage filtrate,

4. The Roman numcral indieates the number of filtrate passages made with mixed
culture in the sewage medlium before lytic or inhibiting activity appeared.



Table IV

(ecurrence of Pneumosocous Inhibiting Agents for 30
Types of this Species in Sewage Filtrates

Pneumococcus | Filtretes ocausing "inhibition of the ' No, of times ' No, of times
_.m ! S E R AT S i ¥ 32 AR D S ey e R T
' vy & gwd [ ' ,
1 , Bvt 2 X , ©
¥ L] ) ¥ ¥
I N Ev iiIA 'l'? N . 7
111 ' Bald M‘!ﬁ BT VII, N7 ¥ t
| B Il ¥Ty ¥, WT . 7 .o
v Geld, Ii-g; Wty V, Wt ' '
’ B 4 ¥
v BV 111, BT _ . 1 . 0
v ' Balt T(D, W7y Bv 1L, WY J 2 ' 0
* . ’ o
vI : Ev Hl& KT ’ 1 ’ 0
! ¥ Ly 1 . '
129 , ¥ mz, ur . 1 , 0
' 3 t o . - [ , []
VIil . bios. V';A m; Ev ‘EI,@.‘ ‘!‘L , 2 . 3
) 4 ' Kone \ 0 ' - Q
[] . ' ; '
44 ' Balt. HI! ¥7 ) h § ' 0
) Yy - yre ? [
' Bal% IVp Ta3 Bos. ITI, ¥Ty III BTy '
' A B ' '
v IlIg 5Ty Bos. III, Ty Col ITLNTs o 18 4
- LIT,¥Ty LII Ty WY [I1 ¥ FEE P '
] L] L
' ?ﬁfﬂ‘p Gal mﬁm IIZEN!'; ‘i*é}m, . .
XILI X None ; 0 . 0

1, Yor explanation of ¥v,, Falt,, etc see table [1I

2, Roman numerals designate numbor of fassages made »ith mixed culture; letter
indicates one of four groups of mixed culturea

3. T plus figure indlicates number of times transmissible

4e ET pignifies pot transuissible



Table |V (continued)

Pnevmococous ' Filtrates cw;m '1uh1h§.t1m' of the ' No, :az' %:Luu t Eo. af t&mu
' v e 4 4 § s »
Xiv . fos, Vigﬂ? , i . G
xY ' Bow, VINT ' 1 ' 0
IVI ' ¥one ! 0 ' 0
AVLL y Nome ' 0 ‘ 0
XVILL ' None ! 0 ! 0
iix t Mo V:Qm % 1 § 0
I _, None - . N [ X J
XXI + NXILLHT) Oal,ili WP ' 2 ' 0
a1l , Wash, TV NTy Bos, VIGNT R K o
. v [~ Ia— . N 1
IXLix , Boe, ?}ﬁ?g NY Iligﬁh Gal. IH{:E? ' 3 . 0 |
f - ; ] ¥
KXIV | Balt. IV KT Gel. 111 3Ty Nem.IV ¥ 3 ' 0
E44 ' Bals ﬁﬂﬁf J l ' 0
LXVii v None ! Q ' Q
XEVILI | em, TVCTy ' 1 ' 2
Al1L ' Bos. VI NTj Cel.l(L. KT ' 2 1 0
B & ﬁ e insitffio
XX + Bos, l'ifﬁﬁ?; Col. VEE‘T; Gal. VEE‘I‘ ' 3 ' o
KAXLY , None . 0 , 0o
¥ . * b
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THE IBOLATION AND SEROLOGIC:L IDENTIFICATION

DF & NEW TYPE OF STREPPOCOCCUE BACTERIOPHAGE

Four serclegical types of =treptocoscus vhage have
been desoribed by Evans (1974 1) and desilgnated 4, B, C and
D: the renctions of the hemolytic streptocoeci to these
phages claesed them into phagologlosl groupe whieh gensrale
1y correspond with groups formed on other bases. It
appeared that another type o phage, actively lysing a
given sub-group of straptococel, might ald in claseifying
that group.l Hence several gamples of hospital sewage were
examined for new phage type? and one was isolated. It gleso

lyssd the pneumococous in the nascent state.

Experimental Procedures
A. Methods of Isolation
Strainst It was impasasible to foretell which etralins

would be susceptible to a yet unisolated phage or phages.
Therefore, three straing of strentocneei representing esch
af two aub-groups bared on sugar fermentations were employ-
ed in the 1eolation of the new phapge tyve. The National
Institute of Health decignations for the straine were!:

1ﬁr. Allice Evans selected straine of setreptoeocel
representing two sub-groupe with this fact in mind. Al}
investigatione relating to resctions of the streptoconsi
#ith the new phage type will be included in future
publications frosm her laboratory. It is with resctions
of thie phage toward the pneumococci that Part V of this
thenis 18 concerned.



kg
Noa. BUS, 1268, 1387, 557, 985 and 990.

Sewage Uemples: Five of the samnles of hospltal sew-

age~--those obtained from the Baltimore Narine Hespltal,
the Boaton #arine Hosnltal, the Columbia Hospital for
¥omen, the Evansville Harine Hoepital and the New York

Herine Hoapltal--were sxamined for phage.

#ultiple Inoculation Technigue: (Cee Tables ¥ ana
VI.) One drop of each of the aix young cultures was pooled
in 10 ml. of neopepntone broth, & drop of whiech was planted
into sterile sewage medium made up of 8 ml. of a sewage
filtrate, 8 ml. of double strength neopeptone broth and
4 ml. of sewage culture filtrate. This latter filtrate
was obtained by planting unfiltered sewsage in sterils
broth, incubating overnight at 377 . and filtering
through a Berkefeld filter. A drop of the mixed inoeulum
planted in 10 ml. of double strength broth plus 10 ml. of
dlstilled water served =s the culture control.

Ths cultures ware lnoubated overnisht at 27° C. The
following morning the sewage medium culture was examined
for evidence of lysis by comparing its turbidity with that
of the broth culture contrel. The sswage medium culture

was filtered and the Tlltrate 7nz enriched a second time

vith the mixed, 4lluted culturs of atreptococcl in the sew-
age medium 1f lysis had not occurred, l.e., & ml. of this
fresh filtrate was added to 16 ml. of sewage medium and the

mixture was planted with a drop of dilluted mixed suspension
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of atreptococci. Thia prooess of slternate enrichment and
filtration war continued until lysis of the mixed culture
apperraed or until the enriched filtrate had been serislly
parged 5 timen. 4l1l third-pagssge Tiltrates were routine-
ly tested for phage for the individual strains regardless

of whether or not lysis of the mixed oculture had ovourred.

Testing of ¥ixed Bewaye Culture for Phage Contentt

It has been explained (part I1I) that the range of lytic
setivity of phape i12 widened in the presence of growing,
gsensitive cells. Hence, gﬁ wan not known whether n given
mixed cullure showing lysie contalned = phage which, in
the filtered atate would lyse more than one of the
straina. For the determination of phage content of the
filtrate, 1t was tested for lvsis of esch 2train as fol-
lowat To 4.5 ml. of neopentone broth 0.5 m)l. of filtered
lyeate and 1 dron of young atreptococcus culture were
sdded; 1 drop of young eulture in plain broth repressnted
the contrnl. The tests for lysis were incubated at 37° C.
and read frequently during the day. When e culture was
cleared the tube was immediately stored in the refrigerator

for further study.
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f. Combined Heathod of ?uri{ying and Increarsing the
Potency of Freshly Irolated Races™ of Fhape.

The new phage races were purified by a reries of
titrations whioh both "starved” and diluted out all other
contaminating races which might have besn present. For
inatance, phage D/693, & very widespresd sewage tyne, may
have been contaminating s ne» rsee, but when i1t was not
enriched with culture 693 and was constaently diluted in the
titration szeries, it Alssppeared. Likewise, while irolat-
ing a pure type of phage by titration methode, the rhage
in question wae atrangthened by continuous passage with
its homologous etrain. (See Table VII.) For example, the
firet enriched filtrate obtained from a mixed oulture in
the Baltimore Hospital sevage medium lysed strain 985 in
nine hours. This lysate was dlluted with 20 ml. of aterile
broth, filtered and titrated with 1te homologous orpganiem
(strain 985) as follows: Tenfold Adllutions ranging from
10-1 through 10-% were msde in 9 ml. auantities of sterile
neopeptone broth. (Separate pipettes were uaesd for asach
41lution in all testas.) & drop of young oulture of 985
w58 planted in each dilution and in a broth econtrol.

Usually the series was incubated at 379 C. and examined

frequently Auring the day, stored in the cold room over-

1?ha tern "race” applied to phage i# analogous to the
term "atrain® with reference to bacterisa. Each phage iro-
lated 18 & new race irrespective of the serologieal type.
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night and resxamined for lysias the following moraing.

The titer of the phage wsa regarded ans the highest dilution
producing lysia of 1ts homolegous organism; the lysate re-
pulting from the highest active 1lution of phage was
filtered for the ascond titration, the whole dllutien
process belng repeated at least five times to insure
elimination of 211 contaminating rhages and to increase the
potency (titer) of the type-pure phage.

€. Identification of the New ﬁtrantoaccauna?y@a by
Crose Keutralization Tests.

b e

and antisera for phagee A, B, G, D anﬁ,ﬁéﬁﬁ: The purpose

of thene testa wan to 1dentify races of phage {fresnly
1soluted from sewage) with one of the recognized tynes or
to differentiate them ma one or more new serological types.
(Sesn ?&b}e ¥IIT.) Each type antiserum and a normal serum
control was diluted 1:100 and 1:200 in neoveptone broth,
and the untyped phage wse Alluted an that 0.1 ml. contained
approximately 100 phage particles.’  One-tenth ml. of

19,18 » phage i#olated by inetor Evans (1935) that
lyses strentococcus 693, but Aiffers unaxgeniaﬁlly from
rhage D.

ETha aers had been prepared snd used by Doctor Evana
(1934 1v).

3?0 compute thise dilution6 the titer_of the phage was
deternined, i.e., 1f 1t was 10°°, thep 10 10~2 contained ap-
proximﬂtaly 10 pagtialaa per ml., 1077 contained 100 parti-
cles per ml., 1077 contained 1000 particles per ml. or 100
per D.1 ml.
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411luted nhapge wap added to the gerum Jdllutions and to a
tube of sterile broth. ‘hages A, B, U, D and Dg wars
pdded in similar concentrations to dilutions of homolagous
antieserum in order to control the specifioity of the sera
in the piven dilutions Fhage~oculture controls =ere made
in nor=al serum similarly d41luted to 1:100 and 1:200.
After the phage-serum mixturssz had stond overnight
in the cold room, eaph tube of =ixture and a tube of
aterile broth were planted with a Aron of young homologous
streptococcus and incubated st 37° .  Headings ware made
only after the phage-culture controls were lysed in the
normal serum 4llutione z2nd were inhibited in the respec-
tive antiserum dilutions. The Adata in Table VIII show
that Evanaville phage 985 and Baltimore phapge 985 repre-
sent one or more new serological types, sinece neither was

neutralized by the 2tock sntisera.

Produetion of Antibacteriophsgic Serum for a New

Tyne of Utreptocoecus Phaget An antilysin specific for

Evanaville phage Q8% war oreparsd by injeeting a rebbit
intravenoualy into the marginal ear vein with filtered
phage-lysed culturee. & total quantity of &% ml. of
potent phage was injected over a siy-weeks period, etrrt-
ing with 2 ml. 4dores and credually inereasing the amount

to 10 ml. doses. The rabbit wag bled from the esr 2 week
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after the laet 1njwetian1. The serum was drawn off and
preserved with merthiolsate (1:10,000). The rabbit wae
bled again from the zar & week later without further in-

oculations.

Neutralizatlion Tests =1th Fhages A, B, C, D, Do and

SBaltimore Phage 985", and Antiphage terum for the Kew
212532 “he purpose of these teaste wae (1) to demonstrate

the antigenic specificlty of ths new type, (2) tn ascer-
tain the serologicel apecificity and titer of the anti-
phage serum prepared with this type =nd (3) to determine
whether the Baltimore race was antigenleamlly similar to
the race ured in preparstion of the serum. (See Table IX.)
Normal and antinhage sera were diluted 1072, 1073, 107%
and 10”7 in neopeptone broth (7 tubes for each ailution).
Phages A, B, ©, D, ﬁa snd the two newly irolated races
wvere dlluted =0 that 0.1 ml. quantities contalned approx-
imately 100 phage particles. Each was planted in the
d1luted normal and imaune zerums. After the phage-serum
mixtures were inecubated for 15 hours at 37° C., a drep of
homologous culture waa planted in each tube and in sterile

broth. Both 12% ¢. and 37° €. were satisfactory tempera-

tures for allowing the phage-serum mixtures to react.

1Artar the ear was chaved and cleansed with aleohol,
A sfrmall cut wae made in the marginal ear ve'n nesr the tip
and 25 ml. were oollected in 2 wlde-mouthed tube.

o
designated Evansville vhage 985.
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The teats were lncubated st }7a C. untll the phage-ocullure
mixtures in the normal serum dllutions were elearesd and
the broth control ocultures were turbid; readings were

then made.
Heaulte

Two of the five hospital eewage samples (obtained
from Saltimore, oston, ¥ashington, Eveanevilie and New
York) contained phage lytie for streptococcus lo. 985
representing a certain sub-group of atreptoenccei. FPhagee
epecific for strains 846, 1268, 1387, 657 and 990 wers not
present in the sewage samples examined.

Table ¥ indicates that the Haltimore sewage sample
contalined a lytic princinle sufficiently soctive in the
firet enrlchnent passage to lyee strain 945. The filtrate
contalning the vharge waa pasged twice agaln with the other
five streptococcus strains; 985 waa omitted in order that
any other races of phage present in the sewage filtrate
might be enriched by one or more of the streptococcus
straine making up the nixsed culture. Ho phage was ieoclated
for these strains.

A esecond race of phape active for strain 985 was
jeolated from Zvanaville Hospital sewage. (See Table VI.)
Evidence of lveia of the mixed enrichment culture dild not
appear until the third filtrate pasrage: then 1t was only
slight ar compared with the first filtrate passapge of the

Baltimore cample. However, & second race of phage was



49

isolated apecific for 95, and enrichment pASSARZes wWere
made twice agnin with all the streptocsceous straine with
the exception nf 985. Again phage 1solations for these
gtrains were unsuccesaful.

Table VII shovs that the titer of “Baltimore nhage
985+, only 16"3 when first isolated from the sewape fil-
trate, graduslly increased in potency to 16*6, the maximu=
titer obtailned. The frashly 1solataed “Evanaville phapge
985" nongensed a titer of 1@"5 which wng graduelly extended
by the same titretion methods to a maximum of lﬁfﬁ.

Though the two raceg of phage cleared hcmélagaun
cultures of 985 ranidly and ﬁiatindnly, secondary arowth
developed in approximately four hours after complete lysis
had ocourred. As 5 result, overnight incubation of lytie
tests with these rhages was not feasible.

Bath races of phrpe were demonstrable by development
of plagques on glucese agar seeded with sensitive atrain
L5 .

The eross neutralization tests with the Baltimore and
the Evensville races of phage Y85 snd antisera of stock
phages of the various types revealed antigenie differences.
The results of these tests, summarized in Table VIII, ashow
that entiphagpger A, B, C, & and Dy contalned no speocific
antibodies capable of inhibiting lytie metion (by neutral-
1za%ion) of the two 985 phagee. Thie eignified a sero-

logicelly dilastinct race or races of lvtie prineciple.
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It was then neceasssry to dstermine whether these new
races, nroven to be santigenically dlfferent from the stock
phages, belonped to the same type. Antilytie smerum speci-
fic for "Evansville phage 985" was prepared in a rabblt.

iata on oross neutralization teste with antilytie
serun for "Evanaville phage 985" are nresented in Table IX.
The results s ow that: (1) Zvanaville and Baltimores phages
985 belonged to the same vhage type; antlasrum prepared
with the fvansville nhape neultralized the Baltimore race in
the same dilutions; (2) since the antiphage contained no
neutralizing antibndies for phages A, B, ¢, D or ﬁg, its
homologoua phage and likewiee the Haltimore nhage helong
to a fifth serologically dlstinct tyre; and (3) the anti-
phage was potent, capsble of inhibiting lysis in & 1075
4llution.

The serologioal type of the Evansville and Baltimore

nvhages war designated E.
Dlacussion

It was noteworthy that the new phage & wne success-
fully 1solated from two sewmge eamples whieh also contained
feveral other types praviously described by Evans (1934%).
The samnle of Baltimore loanital cewage filtrate ylelded
5 different serological types of strentococcous lytie nrin-
eiple, including the new type E: the ramnple of Evansville
Hoapital Dewage filtrate contained 4 types--H snd A, C and
D. The results indicate the relative ense with which



51

gtreptococcur basoterophage cen be Aemonstrated in newage
filtrates.

Syocesaful isolation of a2 lytiec principle for any
species from sewnge Tiltrate depends upon the use of a
sensitive strain; however, thers 12 no characteristic
which dletinguiches 2 phage-susceptible strain. The pre-
gence of a single sensitive atraln, No. 985, provided the
necessary substrate sulted to bacteriophagy

Ceneltivity of the vpneumococel to phage B, in the
filtered sand nascent =tate, was inveastigated in part V.

Conelusive points of evidence that the two phage
races which lysed 985 belonged to & new serological type
were presented in the following order: (1) Strain 955
wag not lysed by any of the four known types of strepto-
cocoun phage, and 1t was seneitive to phages pressnt in
Baltimore and Evsnsville sewage; (2) the new phages were
not neutralized by any of the antisera spenific for the
stock phagea: (3) highly notent antiserum produced againet
the Evansville race neulralizsd the Haltimore race, but

none of the stook types.



Table V

Isclation of a New Streptococcus Fhage Type from
Baltinore Harine Hoepital Sewsge

AW of mixsd culture

m« no, of ﬁltm e after inoubation in sewage

t t
¥ 1]
; nedivs »
1 ¥
1 ' Aysed® + Strain 985 effectively
' s lyseds lysate filtered
' ' and purified with
' t  homologons strain?
2l ' Turbid ' vone
] ¥
L] ¥

1. Passages with the sixed cultures were continued with the
possibility of iselating a phage specific for others of the
mixed group (Strain 985 ocmitted).

2, Although there was only s phage for 995 present, the "nascent®
phage lysed the resistant straine,

3. This rase of phige was designated "Baltimore phage 985" untll
serologically typed.
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Table Vi

Isolation of a New Streptococcus Fhage Type from

U Appearance of mixed culture ' Lytic setion of
Famgs Ra. of t&uﬂ% an-~ ! wm mmuos in sewages ' mtmm eu&tm o

. g g~ ,&-., s

3 ' turbid * bele 7 ]

2 M s 0 Vested

3 ! alightly lysed ' strain 985 effectively
' ! lysedy lysste filtered

. v ! and purified.?

w 4 X §
3 v urbid — ; none
5 ; turbid . none

1. Passages »ith the mixed cultures were continued with the
poanibility of Lsolating a phage speeifie for others of the
mixed group (Strain 985 emitted),

2, 'This phage designated as "Evansville phage 985° mtil
serologically typed.
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Table VIT

Purification and Inerease of the lytie
of a Freghly lsolated Race of w

-
' Lysis? in phage dliutions ofi
1‘0‘. M L ¥ " L i ’ . ¥ ? ¥ ‘é
Steabions + 207t 3072 ¢ 3003 8 2078« 2970 4 20 0 g 1 g
1 ' » R ‘3 ' » ' - . ’ ' !
Jo 1 i, - T 3 " s = L -~
2 IR T
3 P A A I R R I M
-~ > > o e e s i’ p
‘ .  * r * y * ;1 ¢ ' “3 g - T § -
P Poe 1 e 1t e 8 e 1 s & ¥ oe v o,
L
1. Tesignated as "Baltisere phage 985% until serclogically typed
2, 1i.e, of the homologous atrein 935.
3. The dilution selected for the titration
4e TFinal titer of ihis phage was
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Table IX

Croes Neutralisation Testa of Antiphage E Serun with
Phages 4, B, €, Iy nzmdrmmm«mw'

3 1 4 por X ~
' ? ] '
Phage ' Culture ’w ' m" ' ' 19:§ 12 B »
) ] s i 1 ' t : ' 14
£ . ' W 1 ’1 1 * 4 * 4 * ¥ “3 ¥ - 1 - [ -
#albinore ¢ ' 1 ‘s t ) 3 ' ]
_phage m ' ggj R ¥ 2 ' + ! - .S AE... U
A N 2 R R R N A I A e e
3 ¥ [ ¥ * 1 * ] Y ¥ s * 1 ' [ *
r ‘ ' g ¥ ——y Y
¢ 594 * * * T e T e T T e T
L ; 4 . L3 L & B sl g L A
n & %_ % ‘ & * ‘ ’ ‘: ‘ s ’ Y * 3 * E 3 ;’
:;2 y 693 0+, & e s e b s

1. ¢ designates lyels which, in turn, signifies thal there wers no
neutralising antibodies in the serum
2, = designates no lysis (turbid ss "roth culture comtrol) wrich, in

turn, signifies that there were neutralising antibodies in the serum

3. sgone p



v

A STUDY OF THE LYTIC ACTION OF PILTERED AND WABCENT
GTREPTOCOCCUS FHAGES OF THE “NEUMCUOCCT

In part IIX above sewage filtrates were described
which inhibited the pneumococcus, but the principle of
which was not transmissible. Since there same filtrates
were shown to contaln streptosnocus phages, 11 was reasoned
that poseibly the lytic action of these heterolognus phages
wae responsible for the dissolving of the pneumocsceli; that
although the phager were capable of lysing the pneumococcus,
they could not propagate on this species and thus would
"starve” for lack of a sensitive streptococcus subsetrate.
in order to determine the effect of heterologous phage on
the pneumocococus, the lytic activity of streptococcus,
ataphylocoocus, and coll phages was investigated for the
pheumococaua.

In addition, 1t was observed that «hen a strepto-
coceue phare attacked n senaitive atreptocsceus of the
mirzed pneumococcus z2ireptococcus suspension in the zewage
nedium, the pneumococci often appeared to be lysed. This
indi%&uﬁ an enhanced lytic potency of the strentococcus
phage in the presence of its seneltive orgenien. Therefore,
the lytic action on the pneumococel was determined for the
following types of nascent phage! five types of satrepto-
soccues phage, one tyre of ataphyloeoccus phage, and one tyne

of eoll phage. Thore showing a positive dissolving action
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wers studied in grester detsil.
Zyperimental FProcedures and Resulte

Lytie Aetion of Heterologoue Phage Flltrates on the

Prneumococel: Pneumosooccus types I through XXXT1I (exclusive
of AXVI and XXX which are antigsnically similar to VI and
KV, respectively) were teated for sensitivity to strepto-
coccus phage typee 4, B, C, D and £, to a staphylococcus
phage and to a coll rhage. To avoid unnecessary repetition
future refersnce to “phapge” will apply to the lytie fil-
trate; ‘“nazcent phage"” will refer to the phage in the
presence of sensitive bacteria. For each strain of pneumo-
coscus four tubes contalning 4.5 ml. of neopeptone broth
were planted with enough 10-hour 1 per ecent blood broth
culturel to produce a definite turbidity. Thus with a
definite turbidity initislly present, there could be no
error in miastaking inhibition af nneunocoecus growth for
lyasts. The lytlc aotivity of a glven race of phage was
determined by planting three of the tubes with phage fll-
trate in dilutions of 10’1, 10~3 and 10'5, respaetivelyg,

and a fourth tube without phage served snz the broth culture

control. Yimilsr 44lutions of phage planted w»ith strepto-

lin planting w»ith the blood broth culture, the blood
cells whioh pettled to the Lottom of the tube were careful-
1y avolded.

EThreu d1lutions were included because of the posei-
biiity of a zone phenomencon.
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eoccl alone made up the phage controln. Altogether, for
each phage tested, there were 170 tubes containing broth
sugneneionns onf the 20 pneumococcus types. The tubes, in-
cubated at 37° C., were read for lysis at frsquent inter-
vala.

¥one of the 10 pneumocncous atrains was reneitive to
the lytie setinn of any of the 5 streptoecoccus, 3teph.
sureus or fa. coll phage filtrates in any dilution. (See
Table X.) The 10~1 41lution of the streptococcus, aureus
and ocoll pheges atimulated the growth of many of the
strains of pneuwncocel, ae determined by comparing with
the turbidity of the broth culture econtrols. The atimule-
tion ocourrsd during the firat four to six hours, and
@1gh® be atiributed to the presence of metabolie products
of the lyesed atreptoaocol.

Lytic Action of Heterologous Nascent Fhages on the

Pneumocosci: Four tubes contalning 4.5 ml. of neopeptone
broth and planted with enough 10-hour blond broth eulture
of eaech pneumococcus to produce 2 definite turbidity, were
inocubated for one to two hours to sllow the pneumocneel to
begin active multinlication in the new mediumd. After

this period the lytic sction of the nasecent phage wans
tented by first 24ding to three of the tubes filtered phage

to make Allutions of 1%“1, 10~3 ana 10‘5; the three tubes

17n order that lyeis readings ocould be made on turdid,
aetively growing ecultures of pneumococel.
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were then planted with a drop of nensltive streptocoeccus,
a0 that esch tube contained pneumococel and phage in the
presence of ite sensltive organiem. The pneumococel in
the remaining fourth tube were hest-killed to serve as the
turbidity control. For phage controles similar &llutions
of phage were nlanted with szensitive atreptococel alone.
For sach nascent phage tested, 170 tubees contalning broth
suspeneione of the 30 pneumococcus types were required.
The tests, lncubated at 37° C., were examined for lysis at
frequent intervale. Lysis wae recorded as positive when s
pneumopcocecusr oulture, in the presence of nascent phage,
became less turbid than 1te hesated turbidity control.

Table XI indicates that nascent sireptococous phages
A, B and € posasssed no lytic setivity for any of the 30
pneumococcus straine. The nascent staphylococeus and coll
phuagees were also ilneffective. That the lytie power of
thess phages for the homologous strain was unimpalired by
the presence of pneumocoocal was demonstrated by streaking
on blond agar. ¥For exanple, after sulitable incubation of a
suspension of pneumococci in the precence of nascent nhage
C, all streptococcl originally present in the aixture were
found to be lysed and only sctively growing pneumococci
remained to grow on the blood apar.

H¥agoent atrentococcus phages I and E lysed all 30 of
the pneumococoue strains. The results are presented in

Tables XIT and ¥XIII. Lysats always occurred in the 10~ and

105 d1lutions; 1t wae usually irregular and less distinot
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in the 10‘1 Ailution. Fneumococcl were more clearly and
distinctly lysed by nascent phage D. Lysie generally ap-
peared first in the 1&'} dilutlion and shortly afterwards
in the 1@'5 dilution, though in some instancea there was a
sinultaneous clearing of the preumnecoce!l in these two 4i-
lutions oy the 10'5 dllution clesred firat. Nascent E
phage clearad the 10 pneumococcue atraine in the 1073 and
10”2 allutions. Az shown in Teble XIXI lysis could not be
determined after £ hours ineubation because of recondary

growth of the strenptococcun.

Helative Proportions of neumococel and Bireptocoeci

preceding, during and after Lyels of the FPneumococcus by

Nascent Fhage: “hen nascent heterologous phages were
found capable of lysing the pnsumoecocel, the asetion was
studied in detall by streaking a loonful of culture on
blood sgar at frecuent intervale before, during snd after
lysis of the nneumoenccua. The conditions necessary for
lysis of the pneumococci were deternined by the following
technirue: the 10”1. 10™3 =na 1077 ailutiona of nascent
phage D were planted i» broth containing turhbid eusren-
stona of type I pneumoncncel, and at 7, 1, 2, %, 4, &b, 24
and 48 houras of incubation at various temperatures

(see Table AIV) the terta were read for lysis and immed-

intely nfterwarda atreaksd on blond arsr to Aetermine the

relative numbere of pneumococel »nd atrentococeil at any

l4.e., by the development of alpha and beta hemo-
lytie colonies, reanectively.
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given pericd during the lytic proceas. Controls of pure
pneumococcus and atreptoenccua broth cultures and of the
phage-sztreptococcus mixture were also streaked simultan-
eoualy.

Tableas XIV snd XV noint out the relative proportions
of pneumococci and ztreptoecocel bafore, during and after
lysis of the pneumococcus by nascent phages D and E. A
detalled interpretation of the resulte is ineluded in the
tableas. The experiments demonatrated that lysis of the
pneunoccoecal ocourred only a?tnr initisl lysip of the sen-
sitive astreptococcus. The secondary clouding wae due %o

the multinlicatisn of the sensitivs streptococcus.

Lysis of K1lled Pneumococel by Nasoent Utreptosocous

Phageat  Lyeis of k1lled pneumococel wag teated by the
same method employed in %terting the lysis of the living
pneumoeoeci: 1071, 103 and 195 dllutione of phage were
plantaed in slightly cloudsd suspensione of heat-killed
presumococol plueg a drop of sensitive rirentococcus culture.
Lyeis was recorded as positive when the killed suspension
wae leas turbid then the control susnenaion without nes.
cent phage.

K1lled pneumococel were lysed in the 1ﬂ”1, 1073

and 10”7 dllutions of nascent phages I and £, but it was

noted that lysis was not as comnlete as with living cells.
In contrast with lysis of the living nneumococoel, elearing
firat occurred in the lowest prhage Allutiens. (%pe Table

X¥I.
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Tents for Absorption of Heterologous Fhage Filtrates

by the Pneumococcus: Teata for absorption or deatruotion

of heterologous lytic flltrates by the pneumoocecus were
made by nlanting phage, dilluted 19‘1, 10~7 ana 10‘5 in
suspensions of pneumocooci of spproximately the same tur-
bidity ae that employed in the lytic teste. After aix
hours incubation, the tubes were atored in the cold room
for two days and then centrifugated at high speed Tor 14
hours to remove the cellis. The sunernaatant fluids were
titrated in tenfold broth dllutions toc determine the de-
crepse in phage titer as commared with phage eontrol tubes
t2 which nneumococel had not been added.

Table XVII indicates that there was no abaorption of
elther nhage D or E by the pneurogncel under the conditions
of the previously described lytic tests. Thue pneumococcus
absorption of the streptococcus phage preliminary to the
lysie of the sensitive strain sppesred not to he a factor

in the secondary lysie of the nneumosnccus.

Titration of Hascent U Phage with the FPneumocoocus!

To determine the range of Ailution ‘nm which nascent
D phape wnould lyse type I pneumococcus, 1.0 ml. amounts of

a l0-hour blood broth culture were planted in 12 tubes

contalning 9.0 ml. of neopeptone broth and incubated for
one hour at 37” C. To each of 10 of the tubes containing
phage D in dilutions of 10-1 through 10~10 o drop of sen-

aitive atrentocoscus culture war added. One tube to which
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merthiolate (1:10,000) wae added served as sn initial tur-
bidity eontrol; the remaining tube served as the pneumo-
eocous broth culture control. A similar series of tubes
was planted with phage L and a 4drop of the atreptococcus
culture in order to determine the titer of the lytic fll-
trate. The tuber, tnoubated at 375 €., ware read at fre-
quent intervale.

The results in Table XVIII show that the pneumoecocel
were lysed by nascent I phage in every dilution which the
streptococcl were lysed by the filltrate.

Lytio Action of Nascent D Fhage on Pneumococci of
Varying Turbidities! The supernatent fluid was aspirated

from twelve 10-hour bloond broth oultures of type I pneumo-
coccus and was centrifugated for one hour. The packed cells
were emulsified in 5.0 ml. of neopeptone broth. This stoek
suspension wae used for preparing suspensions with turbid-
1ties equivalent to 75, 100, 200 and 800 »n.n.m. of the
si1lics stendard in 4.5 ml. of broth. Four tubes of each
eontaining 4.% ml. of broth were prepared for each concen-
tration. Three tubes of each serles were planted with
phage 01 in 10-?, 10~% ana 10-6 atlutione plus a arop of
sensitive streptococcus culture. To preserve controle with
the initial turbidity, merthiolate was added to remaining
tube »f each series. Phage controls of the same Allutions

without pneumocoeci were made for comparative readings.

the titer was 10~0.
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The phReusococel were lysed by two or more dilutions
‘of nascent J phage irrespective of the initisl tuirbidity.
{See Table X\X.) Howaver, 1t was noted that lysis pro~
greseed to the definitely eleared stage only with the con-
centration of 75 p.p.m. or leds concentrations as shown in
tests not ineluded in the table. The degree of lyslas of
the pneumococo!l decreased with inereasing concentrationas,
although 1t progresaed beyond the initlal turbidity control

in emch ceries.
Giscuseion

Freliminary to the teeting of the lytie actlon of the
various heterologous phage filtrates on the pneumocoeci, the
methoda of other workere were considered. Clark snd Clark
(1227) included only the three “fixed” typee in teating the
action of a atreptococcus phage; Balsamelll (1935) studied
only four types. 5ince the 30 types ured in this study were
a mixture of mouse and 8tock cultures, the possibility of
including aensitive strains apreared %o be greater.

Brainard and Noble (1535) included both stock and recently
tsolated strains in an attemnt to adept certsin types of
pneumncncol to a strentococcus phage, but in thie care the
workers limited themrelvern to the atudy of only one strep-
toenocus phave. The results obtsined in part V of this
paper ¢clearly indicate that nsither fresh mouse paasage
atrains nor stock strainas of any of the 30 types of pneumo-

cocel were lyeed by the five different streptocoeccus phage
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filtratea. Confuelon due tn the zone phenomensn as
avolded by the use of three phage dllutions. Tre high
apecies apecificity of strestoenccup shages was thereby
demonstrated. The possibility »f obtalning a pneumophage
by the sction nf atreptococeus phage on the pneumococcl
sesma to have been thoroughly investigated. The faot that
no dilution of phepe filtrates &4, B, C, D or & lyzed any
of the nneunncocoel indicated that thene phagez were not the
non-transnissible nneumocnecus inhibliting asgente found in
the sewage filtrates as Cesoribed in vart III. The eoli
and staphylococecus phage filtrates were slao ineffeotive
'Iytic agents for the pneumocorcuf~-nn anticlipated reeult
since the phages of the more clogely related streptoeoccus
group were incapable of dilessolving the pneumococcl.
Srainard and Koble (1935) deseribed a dysentery phage and
Balsamelll (1975) a “etrepto-staphylococcus® phage which
were inactive toward the pneumoenecus. The growth stimu-
latory effect on the pneumocseel of heterologous phage
filtrates in I&“l dilutions appeared to be due to the pre-
sence of metabolic produsts of the lysed streptocaocel
which offered additional growth substances of some nature.
The enhanced potency of a nhage in the presence of
its senalitive organier was evidenced by the disenlving of
pneunmocoocus susnensions by twn different etrentoenceus
phages in the neecent state. These two phapes wers
"activated® to the extent of lyeing a species, although re-

1ated, guite dlatinet from the strentococel for which the
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lytie flltr&tés were highly specifle. Uince phages A, B
and C in the presence of the homolowous atreptnecccol 414
not nosrsesr the property of lysing the rneumococecl, it
seemed possible that the pneumococecus might inhibit lyesis
5f the streptocococus. If thies occurred, there could be no
secon’ary lysis of the oneumococel because there had been
no initial lysis of the sensitive streptococcus. Yet ex-
perinments previously mentioned demonstrated that the home
ologous atreptococel for phages A, B and C were lyszed in a
turbid pneunmococcus suspension. Therefors, the various
strentococcus phage types, in the presence of the homologous
streptococel, differed in thelr capaclity for lyalng pneumno-
coccl .

Ho one of the nascent streptococcus phages A, B and
C, staphylocoocus phage or coll phage was "activated” or
enhanced to the point of dissolving pneumocencel. In con-
nection with thie, Rakieten (1933) reported that his
staphylocoecus "lysin® produced by the setlion of phage on
sensitive staphylococel 3148 not dissolve pneumoooccol.

Un studying the relative nu-ber of pneumococel and
atrectoencel in cultures preceding, during and after lysie
of the former by nascent streptococcus phage, the findings
clearly showed that the 4disanlution of nneumncncel tnnk
plece only after initial lyeis nf the homologous strepto-
coceua. s previously noted, lyeis of the pneumococel in
the 10”1 dllution of nascent phage was slover and less Adia-

tinct than in the 10"3 and 10'5 41lutiona, a result probably
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explained on the basie »f the zone phenomenon-

Rakieten (1938) observed that rneumncocous types I,
IT and III had no demonstrable zbsorbing sectivity toward
staphylococous or enteroeoccus phage and he had previously
reported the inactivity »f nascent ataphyloecoceua phage
toward the pneumocnccus (1933). In the present work, ex-
perimenta have been presented whicr indicste that pneumo-
cocol nelither abaorbed nor destroyed a atreptococcus phage
which, in the naacent ntate, was capable of lysaing this
apecies. Therefore, in these exneriments phage absorption
by the pneumococci was not a nreliminsry process in thelr
secondary lysis.

Clearing of the pneumceoccus suanension was 1néaaand~
ent of the dilution of phage provided a trace of sensitive
strentococcl was present. However, no concentration of
nascent phage completely dirsnlved pneumocnccous susnensions
more turbld than 75 p.r.m.

In the present atudy, no premise 1& male s8 to the
identity of the agent capable of lysing the pneunmococcus
which 18 produced during the lysis nf gensitive strepto-
cooci. In the early course of thig wark, the "agent” was

found to be non-tranemlenible, a result which loglEs;lly

invites consideration of a chemical concept of disaolution,
rinee 1t han been pointed out by several workers that lysis
of the pneumacoccus, a apecies which readily underpoes
autolysis in broth culture, is produced or accelerated by

feveral chemical apents. That pneumococel are soluble in
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bile was shown by Neufeld anr early as 1900. Downile, Stent
and Yhite (19%1) reportsd that of the chemical substancesn
which they tested, sanonin and the =20dium salts of many of
the bile-aclds produced “lyesir’. Thess obaervations sug-
geast the production of g dissolving substance “during the
lymia of nensitive ntrqptacaeei whiech 1s poesibly eimilar
in aetion to chemical agwﬁta such ap bile; yet it must be
emphasized that lyris by nascent phage ocours in a complex
blological syatem in which the nature »f the action of two
of the components, phage and sensitive bacteria, is still
incompletely explatined. Add to this already complex com-
bination & third constituent in the form of a 1living het-
erologous species, and the explanation ot’the results ase-
cured is obscure. If thie proposzed ex»lanation is main-
tained, then 1t must be assumed that only in eome strepto-
cocous phage-lysing combinations is there produced s chem-
1eal entity having the ability to lyse the pneumosoccus.
It 4» interesting, too, that only streptococcus nascent
phages pofsesaed thie property, an obeervation which aug-

gestr a concelivable relationship bhetween the two apecisse.



Table X

Lytie Inastividy of Neterclagons Phage Filtrates
far ibs Fneumoecoecl

M + Lytic sstiom of Magc phage gnmm in dile
tm - ¥ RWAATESSS S * " ' s* " 15 ,j X
- * e SRMA
TP REXIT s O + 0 + O + 0 s O ¢+ O ¢+ O

1. &’ ﬁ, 9, D and & are streptoo Y3
2. 0 designetes m ],ytw m&ﬁw

70



Table XI

Lytic Inactivity of Some Nasoent) Heterologous Phages
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Table XITI
Lytic Action of Nasoentl Phage E/085 on Pneumococci of Thirty Types
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Table XVI
Lysis of Eilled Pneumococel by ¥ascentl ftreptocoocus “Hages.
Phage 1/693

76

: - ’?hl”» at i, e} ?M
+ 2 hre, ot 37° C, | 3 brs, st 37° C, , overnight in cold room

- el

Type : ,
2 agnh L agd agh it ! 20 ¢ 13! e =
1. 2 wt l . 1 ARV e 1 « 1 e
1L } e o v e ;. 1 4- T 1
w [ [ T Y t . [ I I o+ t @
1¥ § ; t . ¥ o T e T @& ! e ! i &« 1 4
y ¢ I " . ¥ ) f & 1 &
25 R ;:“T D ™ S R M A U R
Phoge ¥/08%
! ! _ '*5 hrs. at ‘3’7” Cos %hm

g DYy Y 1 3 ! AR I <A 1 * c 3 AW £ F E £ 4

Type _sagrl 2931 39-5% el | aged ‘mﬁ*m-l ErEIET=I
1 t * ¥ $ .- L { t & LU B 3 t s e
T ? I T I A R
SO B A 53 AR
A I R I M N SR IO
R S P P A R N R I R T ™
P T T A I S S S IO YA S

1. 3ee tzble XII for definition
‘2, - designates no lysis (1like o th ovlture comtrel),

3. * designates partial lysis (less turbid than hroth culture contrel).

be * &eaigmwu wlnu or almost cosplote lyels (less turbid ithan



{

*SIRLL eyeTiimeo soguuiisa],

10T .mi@,m .vi&.n 1 =01 »w.uwﬂ *@:ﬁ‘m
ﬁmﬁ»? AR ST Qﬁ,

L4 g Lad

C 1 1 ' T 51 } i ¥ R )
3 ) i 4 £ i : i i i 5
1 ¥ % 4 Hml ™ T T T e i T
* 3 4+ & % N & % 5 % ¥ 0 % * I r & 3
& 4 3 ¥ 3 _k ¥ 3 £ 3 3 P. . 3
® 3 # 1 0+ 14 + * L % 31+ i % 1 € i % 1 9 P SO,
¥ ' ) ; 3 ¥ + | s i 3 s
% mmlmﬂ 1901

snoposermeyy T odly Ao selfeyi stdoodofdaxys JO UOIICIOSQY JoF 980L
1iL% o1ael



78

Table XVIII
Titration of Nascent [/603 Phage with the Pneumococcus
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VI
SUAMARY AND COMCLULIONS

Ten samples of city and hospital sewage collsoted
from geographically~well-geparated citiea during the pneu-
monlia seanon were examined for pneumococcug phage and for
the four known serological types of streptococcus lytie
princirle. A mininmum of 270 culture filtrates, apecifio-
ally enriched with multiple cultures of preumococel and
streptococel, were either read for lrsid or testsd for
lytic activity on the individusl strains employed in the
enrichment mixtures.

The wvarious types of strsptococeus phage, differ-
entiated by Evans (1934 D), and readily imolated from
hospital sewage by the technidue employed, wersz dlatributed
as follows: Phages A and C, in 57 per cent of ramples;
rhage B, in 43 per cent; and phege D, in 100 per cent.
From these reaults 4t »ne concluded that hosplital sewapge
samples Aiffer in streptococcus phage content, a fant
which must be conaldered in the szeerch for any glven strap-
tococcus race of lytie principle.

Hotwithstanding the ready 1solation of atrentococousn
phages, which served to check the sfficacy of the technical
mathods used in searching for pneumophagesn, the latter was
not isolated from the enrlched sewape filtratea. The large
number of filtrates teated with etock and mouse strainas of
10 pneumococctus types suggests that pneumophage, 1f exist-

ent, can not survive in sewage, or that the 1solation
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technigue »as not satisfactory.

Tre sppearance of pneumoecsecus inhibiting sagents in
specifically enriched sesvage filtrates was tentatively sx~
nlained on the basis of autolyelas, which i1a stimulated in
the oresencs of certain chemical substances. The effeot
of the inhibitings ageants, found in sewage, occaslionally
"tranamisalble” in low dllutions for a few passages, was
lost on continued diminution of concentration.

A new serologlcal tyna of strentococcus phage, hither-
to unreported, wag isolsted from 2 out of & mamples of Nore
pital sewage. It wam purified and ldentified serologioally
by crose neutrelization tasts with stoeck antilytic sera and
antilyzsin prapared againat the new type. Uince the four
stock phages had been designated A, B, C and L, the new
phage wae given the deaipgnation °E%,

A study of the sensitivity of the 30 types of pneumo-
cocel to the lytie aetion nf 5 streptococcus phages, one
staphylocoocus phage and one coll phage in the filtered and
naacent atate was made. None of the stock or mouse vneumo-
cocous atrains was gsensitive to any of the filtered prin-
ciples, a result which demonatratea the high specles speci-
ficlity of the sireptococcus nhares and which indicates the
impoasibllity of securing a rneumophage by the action of
strentococcus phages on nneumococei. Nareent phages A, B,
€, c0l! mnd staphylncoceus were aleo inert againat the
pheunococel.

A detalled study was made of narcent phages I and £



whioch Adlarolved broth susrensions of the 30 pneumncoccun
gtrains. Among the observatione made were: (1) Lysie of
phneumocnecl by nascent phage occurred only after initial
lysis of the sensitive strentococcus: (2) killed pneumo-
cooccus suspensions were also cleared by nascent phages 0
end E, but not so completely as living cultures; (3) with
the concentrations of pneumococcl employed in the tents,
heterologous phage abeorption was not a preliminary step in
the secondsry lyste of the pneumococel; (4) pneumococel
were lysed to the asnme Aillution of nascent streptococcus
phage s were the sensitive etrentococcusn cells to filtered
principlie; (5) complete or almoat cownlete lysis of pneumo-
coeccl by naascent phage occurred only when the concentration
of the pneumacoreus war 75 ~.n.m. or lees; (6) s theoreti-
enl discussion of the lysis of pneumoencel by some nascent

streptococecur nhages is presented.
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