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INTRWMUWCTION

Although bacteriophage was discovered some twenty-odd years ago,
little i yeot known of its real navure. It has been investigated ex-
tensively, but is still best knovn by its aoction on micro-organiszs
suscertible to is.

Y'hen a small amoumt of bacteriophage i8 added to a young culture
of susceptible organisme it brings about wheir aiseolution, or lysis
within a few hours. The tvime required for this phenomencn is variabdle,
but tnhe importance of the result is readily recogniszed and was imme-
diately of great interest to medical men, At first it appeared that
i{n this subsBtance had been found a "gure-all” for all basterial diseases,
and it nas been from the therapeutic a® well a8 the physico-chemical
gtandpoints that 1t nas been investigated.

The subsequent work with this material aid not bear out the
gloving reporte of D'Herelle. The resuts from #ts therapeutic use
were 80 inoconsistent that it was not lag before its e had been
generally aisoarded. Many explanatioms were offered for the variable
clinical results. thm D'Herelle (8) states that body flulds do
not inacsivate phage, Colvin (5 &6) reports tw the contrary. The
idea of greater speciricity of the pnage to the suscepilble organism
hat also been advanced, but very livtle work has beem done $0 demon-

strate the degree of specificity tnat does exist,



In this work, whe author has assumed that a specificity comparable
to serological specificities does exist and has endeavared to Bhow this
with aifferent sirains and species of the genw Escericnia. The proof
of a species or stirain specificity in inis gemss would warrant the
hypothesis shat such specificity does also exist in other pathogenic
goners and thus a better explanation fror the therapeuti ¢ inconsistencies

resulting from the use of commercially preparsi rhages might be advanced,



HISTORY

It was in 1916 that basteriorhage was first recognised. Twort
isolated a filherakle substance from the exuwdate of a boil whish when
added to a young culture of the starhylococsl 1solated from this bRl
produced the dissolution of the young culture. Two years later, D'Herelle
(8) 1solated from the feces of a pPatient recovering from dysentery a
filterable substance which when added to a young culture of Shiga
dysentoriae prodused the olearing of this oculture. These workers were
working independently and although Twort first dessribed the phamomenon,
D'Herelle deserves squal oredit for his work. It i for this reason
that it ie frequently referred to as the Twort-D'Herells phenomencm, but
D'Herells gave it the name of bacteriophage.

D'Herelle first made this substance the subject of an extensive
studye He founmd that basteriorhage could be isolated from sewage which
would be active for many different organisme, and his publicatimms
attracted wide attention among basteriologiste and medical mem.

imoh of the work with bdacteriorhage has been concerned with it¢s
therapeutic use in disease. Being a physician, it i& natural that this
aspect of the phenomenon appealed to D'Herelle, m d he isolatsd many

different races of phage active agalnet a number of different pathogmms.



His results were most remariable, and he attriduted to phage a role of
utmost importanse in the recovery of patients from bdaslllary infegtions,
partioclarly those of the gastro~intestinal $ract. In casee of typhoid
fover and basillary dysemtery he noted that reoovery was first evidensed
by the appearance in the feces of a particularly astive prhage against the
pathogeniac organism goncerned in the disemse. He fhund that doses of
phage by mouth to patients suffering from typhoid or dyeentery produced
rapid recovery.

The above results of D'Eerelle maturally attracted mmuch attention,
and phage cameé into praminence in the treatment of many diseases. How-
ever, the reports in the various medical Journals differed widely, some
being very favorable while in cther cases the results were amtirely
negative. Thersfore, it i# understandable that in recent Jousms We use
of phage therapseutically has become almost unheard of.

Nevertheless, the advantages of phage, 1f the phencmenon could
be constantly produced, has continued to hold the interest of mny, and
numercus men have ocontinued to work with thie substance in the effort to
disgover more about 1%, and if possible the reasons for the inomsistent
resulte obtained in ite therapeutic uwse Among the most plausidle ex-
planatione is the possidility of its ina'ctivation in the body. D'Herelle

(8) says that body fluide (blood serum, pleural exwiate, ete,) do not



have a harmful effect on bacteriophage, dut that bile is waquest{onably
inhibitory. Colvin (5 & 6) reports definitely to the sontrary. He

has found that serwn tende %o inactivate phage, md moreover that strains
grovn in serun become phage resistant (the existance of phage~-resistant
strains hes long been recognized), (4, 13 & 19). Although this sheds
much light on the inconsistensy of vhe reeults obtained, it does not
account for those many favorable results which have been reporwd, and

it 18 in thie conneotion that the question of specificity of the phags
used for the pathogen concerned has arisen,

The specificity of antibody for a.ntiéon is a yhenamenon that s
resognized and ascepted by bacteriologists and gclmiociane, Evidemce
for sush a definite specificity in the case 0f bacteriophages is not as
strong, but specifiocity, nevertheless, may have an ispoatant dearing in
the guestion of ite sherapeutic use. Dutton (10) in speeking of
streptoccoceal infections treated with stock streptococccal phages says
that the inoonsistent results obtained may be explained by she fhot
that the phage used was active against streptococci nommally occurring
in the throat, and that the pathogen aoncemed was resistant %o the
phage used. liom recently, Craigie and Bremfem (7) have isolated a
tyrhold bacteriophage which they nave foumd t be specific for only

those organiems containing the Vi antigen. They ave used this rhage



in the isolation of pure ¥V cultures of this arganiem, and have found
that it is specific tor only this V fomm,

S¢111 other workers have besn imterested in the specificity of
bacteriopnsge. Burnet (3) has worked out a dlassification of coli-
dysentery phages on the basie of the resistsut fosms produced by thelr
action a8 well a8 any serological differences in we phages themselves,
Fhyeiologieally he has recognized four definite groups of coli~-dysentery
phages, and serclogically, he has founi that they fall into Wwelve groups,
The above work of Burnet seems to establish beyondi a doubt a definite
specificity, but in most cases not Vo the degree f ound in antigem antibody
reactions geanerslly.

Froan e time of D'Herelle's original paper, wntil the present
day, there ims deen much dispute among the iaveetigators of bacterio-
phage a8 to its mode of action, and ite nature. Tkere have beem &
nunber of workers who have accepved and attempted to substantiave
D'ierelle's conception of pacteriorhage aé a virus. Andther sohool
is of the opiniaon shav bacteriolhage is not a virug, bul raWer an
onsyme which i8 capable of causing the dissolution of susceptible bacteria
and in this progess greatly nultiply itvself. Seweral extensive reviews
of the literature (2, 4, 13) have been made by competent workers with

this substanse and the study of these leads one more tovard the comoup—~



tion of phage a8 an enayme than as g virus, Only this year, Northrop
{14, 15) has isolated a protein mmch more active and more nighly
concentrated than anything previouely described, which he considers to

be the pure basteriophage.



FURP (B2 OF IEVETIGATION

Povers (16) has approached the stuiy of epecificity among the
coli~form organisms more closely than any other wo rker, except Burnet (3.
In hie work he avtempted to Bhow by the action of diff erent phages on
related colifom organisms, any epscificity demomstradble by meant of a
plate technique. Ee has found that as a whole thers is same specificity
between Bscherichia and Aerobacter, ani that by phage teste “inter-
mediates” are more closely related to the gernus Ischerichia than to
derobacver, Ot the forty-thres phages stwiled by him, most of them
shovea aifferent specificities and, therefore, he concludes that there
are many different racet of phage, some 0f whih ae monovalent (astive
oaly to coli~-aerogenes Bstrains} while othere are polyvalent (active against
a wider rvange of organisms),

Evans (11) has uwiliiad aifferent races of bacteriophage in the
classification of hemolytic streptococel mnd has found that the results
obtained by the differentiation of tnese organisms on the basiz of their
susoertibility %o phagee are olosl! comparable £0 thoBe ocbtained by sero-
logle classiflsations By this means, a different group may be established
leating to the assumpvion 0f new and heretofare unlacentified species,

Craigie (7) (mentiomed above) has 3l%0 ured a race of hage in the identi-



fication of a specific ssraln of Eberthella typhosus,

It 18 the purpofs of this investuigation to determine whether any
specificity exists in the several different phages which have been
isolated from sewage effluent, as Wwell as in ame whish €as obtained from

Dr. Emory E1118, on various species and straims of the genus Eseherichia
which have been obtained from different eources, The cemonetration of

suah specificlity would lead toy

1. The wee of rhage in the identification and dif fer—

entiation of closely related species or even strains,

2 An explanstion for the incomsistensies reportel

by cliniclans in the therspeutic use of baoteriopnage.
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BXPERIMENTAL

Physiologicali= Bpecimens of fresh fecee were obtained from three
different humans, a dog, and a chicken, as well as a saline solution

of menstrual fluid. These specimens were emulsif fed in broth and then
plated on eosin-msthylene-dlue agar. After incudation for twanty-four
hours, three typical Esgh. qoll colonies were picked from each plate,
and transferred to agar slants. Thus, it was assumed that eighteen
different strains of Regh. goll were obtained, and they were designated
A through B ap shown in Tgble 1.

After several rarid transfexrs to bring the cultures to a state of
meximun activity, they were subjected to the physiological teets shown in
Table 1+ This was done in oxder to differentiate them in 8o far as was
possible, physiologically, as well as to definitdly establish all straine
as members of the genus Escherichia. Inall cases not requiring spesial
media, & beef extract peptone broth base, IH 6.6 ~ 6.9, was used with one
per cent of the carbohydrate added.

Bome of the tests shown in Tgble ] wwe made in oxder to rule out
the possibility of strains intemmediate between the genera Escheriohias
and Aerobacter. A study of thie table shows thatdl strains were indole

positive, Voges~Froskausr negative, citrate negati ve, and with only three
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exceptions Methyl-red positive. According to Standsrd Methods of ¥ ater
Analyeis (17), these tests show that all strains belomg to the genus
Egscherichia and that there were no "intermsdiates" among them.

23ble 1 also showe the vhysiological reactions rwn in the attempt
to separate cultures into species and, if possidle, into strains. In
addition to the tests shown on this table, it was found that every
culture produced asid on litmus milk, and acid and gas on the following:
dextrose, lactose, levulose, xylose, arabinose, sorbitol , mannote,
glycerine, maltose, mannitol, and galactose. It was also found that
none of them liquified gelatine, and that all reduced nitrates in
twenty=-four hours.

From the 1§fomstion in Tadle ], each culture was assigned a
‘s'pooiﬂ name with the ald of Bergey's kanual. These are given in
Table 2, together with the iniividumal #train variation from the type

species, as well as differences in tests other than those listed in
Bergey's Mannual.

The cultures A, B and C appear to be identical, and wry only
skightly from the identical cultures Q and R. XN, X, and O differ
between themselves, so that there appears to be a total of five differ-
ent straine of Esgh. golf isolated from two sources.

D,E,F,J, asd K were found to be of the species commwmnior. Of
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TABLE 2 SPECIES OF ESCHERICHIA, ISOLATED FROM DIFFERENT SOURCES, CLASSI-
FIED FROM THUCIR PHYSIOLOGICAL REACTIONS ACCORDING TO BERGEY
STRAIN VARTJATION
SFECIES SOURCE CULTURE From Bergey Other Tests
A Dextrin, Raffinose Rhamnose
- — +
Chick B Dextrin, Raffinose Rhamnose
~— —— _+_
o] Dextrin, Raffinose Rhamnose
coli = so= =
Methyl-red =
M Dextrin, no gas Starch 1
Raffinose — . .| Rhamnose @
N Dextrin, no gas
Raffinoge ~— __ | Rhamnose [
+
Human 0 Methyl-red —
1 Raffinose _ = _ _ |.__Rhamnose €
Q Dextrin -
L Raffinose |__ Rhemmose (P ; Starch #
‘ Dextrin -
| R Raffinose — Rhamnose () ; Starch i
h _’lf """""""""""" " Methyl-red -; Salicin- |
A D nogas; dextrin-nogas | __Rhamnose (B ; Starch 4
Dog | E Dextrin — Rhamnose @
r Saliein-mogas | o
communior | S ‘,A_,-____,_-_r_,"ne\ximin,v,,-‘ Rhmmcza&@
Human J _Dextrin — ~ Rhamnos,cf'f* i Starch £
K Dextrin — Rhamnose -+~ ; Starch +
Menstrual H Typical Starch
gruenthali Fluid Rhamnose
I Typical Starch +
hamnose (B
formica Menstrual
Fluid G Typical Rhamnose @
— e e JUUURIVRSES DR —
anindolica Human L Indole - Starch ¥+
Rhamnose
pseudo=- Human P Typical Starch +
coloides Rhemnose
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these, J and K are the only identioal ones, 8o that there are four
strains of this species out of the five isolated from the two socurces.

According to the physiological reactions, G appsars to be
Esgh. fomics, H and I Esgh. gruenthall, L Esch. anindoligy am P
Esch. pseuiooolloides.

Phage provagation:~ The next step in this investigation was the iso-
lation of phages for the organisms obtained. Thie was done assording
to Hyde (12) and Powers (16) with minor modifications. Sewage
offulent was obtained from the Imhoff tank of the Blacksburg eewage
df{sposal plante To a tube containing 10 c.c. of nutrient droth,
inocalated with the organism for which the rhage was desired, was
added 2 0.0. of effluent. This enrichment tube was inoubated at 37°
C. for 18 to 24 hours. The contents of this tube were then filtered
through a Belts E = K filter. Two 6.0. of this filtrate were then
added to a tube containing 10 o.e. of Pifeo nutrient broth (pE 6.7)
to which had been added .1 of a c.c. of 18 hour broth culture of he
strain with which the enrichment tube had been inoculated. In most
cases, 1ysis ooocurred within five hours. This tube was filtered as
soon a8 lysis was complete and 2 ¢.0. 0f the filtrate added as before

t0 «1 of a 6.8, of 18 hour broth oulture., It was ®und that 1 c.c, of
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thils filtrate produced lysis within urree hours and a half, and this
filtrate was powerful emougn 80 that two drops were sufficient %o pro~
duce 1lysie in tne same time, The phages obtained were puprodnsed in
this msnner, .1 ¢.8. of the preceding filtrate to .1 of a ¢,c. &Y an

18 hour broth culture, for at least eight times. The last filtrete

was the on® in each case Which was used i the sest for »
and for propagating the phage to be uged in the serological w k.

For 1solating the phages, it was deoclded %o work With strains
A, };c. G. J, K, and P, a8 each of these Was from a different source and

among them v re both Esch. 00li and Esch, commmior.

It i8 commonly supposed that any true sumin specifieily would
be demonetrated only after many paseazes of Dhage on hamologous culture,
Therefore, it was hoped that the rhages first obtained vamld mt de
apecific and that from them eould be propagawd phages forall 16 of
the cultures, However, this did not prove to be trwe, and ¥ith mly
the fev exoeptions shown in Table 3, the phageswere specific as soon
as they had been propagated sufficiently to be really active, {Srd
pasesage) .

Although at some time Or another, lysates were obtained for
eaoh of the above mentioned strains, they were not strong enough %o be

maintained, and were loet in the subsequent offort to build wp their



titres. In addition vo the siraing mentioned in the preceding para-
graph, E aml F were used and these were the firet strains for which
a 0trong phag Wwas obtalned. At a later cate, a phage for If was
ohtained through the prooedure ontlined above,

In adaition to phages propagated on T, F, and ¥, a phage was
used in this work which was obtained from “r. Emory I, [11is of the
California mstitute of dtechnmolosy, at ‘asadens, ilong with this
thage, “r. E1lis sent the strain of isgh., 11 upon which 1% had been
rropegated together with directliouns for itz propagrtion. This wae
carried out as directed, except for the use of the 3eitz filter; he

recommended filtration through a eintered glase filter.

Opose lysis teets;= It was decided that these four rhages would be used
in this work without further effort to obtain those for the other strains,
The next step was to determine the titre of these four thages. This was
done according to the technigue for titre determination as givem in Zinssar
and Bayne~Jonee (19), except that nutrient broth was used 5 the medium
instead of peptone water. The titres of these phagee were as follows:

E had a titre of 1 x 107; P 5 titre of 1 x 108; ¥ atitre of 1 x 107}

amd £11is a titre of 1 x 1c°.

These phages were then tested gualitatively (at a dilution of



1=100) on all of the other cultures of Escherichia isolated. The
results are shown in Iable 3. Ewen in high concentratiors , each o the
four thaget aocted on only two to four of the ninsteen cultures. The
vhage for culture ' appeared to be speocific for four cultures in the
coli species. Eimnoe & and R were shovn o be identical physiologloally
{Zakle 2], this phage can be said to be specific for three strains of
Esgh. 0014

The wo communior fhages were specific for two of the five
cultures of Esch. sommuni or (E and F). Cultures E and F were shown
(Table 2) to be nearly identiocal rhysiclogioally so that there isa
poesibil ity that the phages were also identiml. They were peculiar
in that they also lysed onme cwlture of Esgh.gpli (¥1l1is). The phage
for this same culture of Esch. goll also lysed me of the Emh.
compunjoy stmins (E). Thus it would seem that in certain mses in
high concentration species is mot even a darrier to lytic acvion.
Hovwever, it must be noted that the degree of clearing is not nearly
80 great and that the titre to which it is evidenoced is much lower
than with the homologous strain (Table &} In spite of this dis-
orepanady a high degree of specificity sesms to be demonstrated.

In order to further differentiate specificity, titres were
determined between the phages and those cultures shown to be semitive

in Table Se
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This was done by the same method employed in detemmining the originmal
titre of the vhages themeelves. The results of hese tests together with
the original titres are shown in Table 4.

The stwdy of this table shows very little more than ha al ready
been evidenced by the table of the gualitative di fferentiation. It
does show that the titre of phage E on culture £ is greater thenm
oculture ¥ and likewise vhage F titre is greater on culture F than m
culture E. This might indicate & slight strain variation between
culturee E and F in epite of physiological similarity.

he eross lytic astiom of straine of Eedh. ooli aml Eseh.
gonmumior is shown to be only slight ocompared with that within the
species. That there could be any action at all, however, 18 an

interesting chservation.

Serologigals~ For this work, only those strains of hagh. ooll aid
Esgh. ggmmnior were chosen that had been classified accordimg to

their hysiologioal reastins. Nine cultures of these two species
were obtained in this way = 4, D, E,F,J, ¥, ¥, <, and Ellis; B anl
C were not used, because they were physiologi cally identical with A
and A was taken as being representative of this group (strain); J
wae taken as representative of the strain as enbodied in J mad X

as they are identioal physiologically; and 2 was taken as the
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rerresentative striin as represented by the two cultures . sm REwhid
are identical. O was not used beocsuse it was not lyered by any of the
phages.

THe nine aforemert ioned cultures vere traneplanted to Kcllé
flaske and inoubated at 37° for 24 hours. The gultures ware then
harvested in 100 oc.0. of sterile saline, trensferred to sterile fimks
and ylaced in a water bath at 60° C. for one hour. The sw peneions
were standardized againet a set of NMacFarlmd bacterial stambyds and it
was found that they had a turbidity of 1,5009000 orgenisme 1er o.c.
Vaoccines thus prepared were used throughout in %8 agglutinin pro-
duction in rabbits.

The rabdbits were healthy, at lesst four mmthe old, and veighed
more than three pounde at the begimming of the experiment. The
injections were made dally for a perid of seven days , the iAitisl
dose being .1 c.c. in each case and this v a8 inoreased by .1 c.c. »m
exoh sucoeeling day during the period of injes tions., Liweek after the
seventh injection they were bled, but the tit res of the agglut inins
fonred were movjufficiently high and further injections vwem then
made. In these injections, 7 c.c. was used, the first beirg glven
eleven days after the precedirg injectinon, and the second two daye

later- 4 week after this lakt injection, the animale were bled, the
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titres foumd to be matisfactory, and the animals then bled %o death.
These injections were made into the margimal vein of the rabtbit's
ear. “hen the final blood was taken afwr the cesired titres Wad been
reacheld, the rabbits were bled ocut by oxposing one of the carotid
arteries and colleciing the blood directliy im large sterils tubes.
The blood chtained was centrifuged andl 5 c.0. o the serum Was irarmse-
ferred to a flask where it wae dilutedw ith 9 c.c., of a ,b mremt
carvolic saline solution. This sarum of 1:2¢ dluti on wae thm used
in the croes agelutination tests.
A% the same time that the wmoscin@vere beilg injected for
agglud nin formation, phagee were imjected into differemv rabbiwmin
the attempp to stimulate the formutiom of prep itins, e i tres of
the ihages used in the injectiona are shom in Jable B, In tis case,
the injestions were vaade in the sas sejuerce @ the above, but the
dose initisted st .2 0.0. amd increased dzily by .2 ¢,c. 20 Bhat on
the fifth day the dose had remhed 1 c.c. snd this dosage was makirtnined
in subsequsnt injections. It was MR that ts etimulation of preciritins
would be more 4ifficult than the stimlation of agglutinins, and, thare-
fore, 13 injections were made, However, tws weeke ufter the last in-
jectom when the rabbite were bled, no precipiikction was obtained in a

dilution of one to forty, #o that rracipitin remiong of the iim gesvere
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not cbtained.
Crose sgglutinations were set up usimg each of the anti-sem

obizined againet each of the nine cultures wa, Seven dilikions of ke

serm were made sothst the finzl dilution afte the addition of the amtigen

ran from one ¢ € ghty to one to 5,120, Thes Aubes Were rlackd ina
wathr bath at 550 C. for two hours and e resultr taken at the &l of
this time; on the following morning, amy further evidence of aggluti-
nation was noted and recorded, but in no inst nce was the degree of

agglutination markedly changed in =ayy of the tnbes by standhg over-

ni@to

Resulis of agelutination tests;- ™a result € of these testssre shown

in Table 6. in apalysis of this tadle dows that A 18 very aiffer ent
serologically from the owher four strd n# of Bsch. coii shown in this
table (M, ¥, 4, and Bl11s). This woald be expected fras the physice
logical variations shovn in Zable 2 The last aifference 1s thet
petween A am Y {(vary only in the !@ntmi or of astarch ami yxodws tion
of gas on rhamose) and yet th ey have no aprasnt antigenetic mlation—
ship. On the other hand, even though !, ¥, an { shoved mrs physio=
1oglc'a1 differences they all seem to » sxUtpwmetically alke and
similar to Ellis. It would sesm from this dséa that physiologicl

variation is not necesearily correlated with amigenic variatl n,
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and vies versa,

In the group of four strains of Zsch. cmmunior, Eamd F aw
alike by ferological test and practically so phys iologically, D sd
J thowed mome antigenic similarity to E and F which {8 correlated
with 2light fernentation differences. There aprears to be saxe

relationship between Esch. soli (LNl 8 ) and culwres of Bech ., ®mauuior

{% and F) a6 already shown ia jable 4. This is borme out by the
serologkal data showa in jable 6. Eo ewr, the clos e antigeaic
similarity of this (Ellie) oulture 0 cther ooll cultures (x, N, and )
eetablished it as Esch. colibeyond masombl e doudbt, It W no way
explain® the astion of this oo0ll yhage on 2 strain of ceammumior but
1t does male 1t seem more reasom ble.

Division of all the orgenisums woxked with into two BTecies on the
paeis »f Byaiological tests becomes 3 bt cnfwing in the agghiin ation
reactions. Sene straine vwithin sither one of the gpecies coll or comunior
showed ocors ldemt e antigenioc similarity forsm in ths otler spocies
even tho ugh the two spesies di ffer mhyslologloally. Still other swains
showed the expected lack of antigenic similarity betweem species,

The action of two communior tfhages (B amdd F¥) on a stral of edli
(E111s) amd also the action of a coli thage (EIlis on a strain of

communior (E) pae been mentbned in the nr scedmg raragrayh., The



antigenic similarity of these warious oml twe s was also rointed axt,
The data in Table 6, however, 2180 shows amtigenlc similarity betwoen
strains of diffeyrent sreciss , vhich stminmswsre not effected by the
same phages, 1% would, therefore, apreartmst plage specificity is
not meessarily correlated with ant igpnic rela tionshiy,

The orgmnlisms in thie investigmtion have been stwiied frun the
standpoint of fementation and agglutinstlon resoticons ar mdll e thage
lysis; and it hae dbeen fomd that rhage spenificity is nt wr relsted
with phyelological rezotions, amt not necessarily with antigenic

relationshite.



Iin this work, a Eelected numr & sasire of he genus Swh, ® 11

snd Lxch o comounior were obtalned from differemt sources, and four

vhages wem obta ined which wem active ugainetene or more of them; Wiree
of these phages were isplated from sevwage effluemt while the fourtn was
obtaioed from another laboratory., Crss 1 wmie tests were prformsd

in order to determine whether the isolated phages were specific ® r one

or more of the strains used. From the results it would seem that swh

specificity does exist, for the rhags rroparsd O r two etraine of

Esgh. comunior (E and F) ware almost eqm 11y effective in lysing sither

of these cultures; but, With the exw ption of eome lytic actim o ore
ptrain of Isch. 00li, had no effect onihe other seventeen cultures of
t{he pix s@ois in the genw Eesheric hia which had been usel in the

investigation. Three other str ains of Zech, cammunior (D, J, and ¥}

appeared to b8 somevhat different Both Thyeicbgimlly and sewlogimlly,
go that the specificity exhibited Wy the jhages for the first two

strains of Bsch, oommumior (E 2 nd P} geared o be correlated with

their fementation and agglutinatimresctions. This ie not srictly
true, however, hecause there was amtignic siml larity between axrtin of

the coli culturee (¥, R, and y) and theseiwo comunior stmius,



The phage developed for one of (e Xsob . 0oll cultures (M) wes
lytically active against four of the nine stmins of this spcies with
little difference between them., These strains were antigeniocally alile
but differed materiaily in fermentatim reactbas,

Om strain of Esch. oll (Ellis) medbmd above cross lysed to a
slight degree in high concentration with @mch, oonmunior ad wmt with
other strains of Esoh. coli in spite of antigenic similarity to the
latter,

The specificity that has been dnnatmted In this work iz md
more maked than hae evor before been shown, although Bumet (3) staws
that ocossionally, one does »m into phages wich show a strainspecifiolty .
It nustbe borme in mind, thersfore, that in dealing wita suth a swaill

aumber specific rhages may mve been 1eclated Yy dance, It do® sam
that thie woull Ls highly lmmrobable ¥ theywre 9 rs1e 3 Bume

would lead cne to belleve, bult nevem hwless the Lossibility mmin,



CORCLUS 10NWS

1. Ly genic tests with phages, preared from strains of the
species coli and communior isolated f wmwhrious souoes, exhidited
marked specificity for only two to three cultumes out of a total of
nineteen.

2. Theyre appeared to W no direct rekii ansh ip between rhage
speoificity and physiological variatiam in stralas,

3. Serlogloal relationshipand idemity was not mecessarily
corrslated .

4 Sone evidenmce was odtairsd tht ompnisms of different
species mpy be lysed by the same phage (sltiough mot to the same exient )
and that the rhage is specific for amly thme mliures,

B. Swh specificity nas deen shown m to cast serious doubt on
the benaficial use of phage theropy unless it is first shcwn that

the specific pathogen is sumceptible to the jhage administered,

The results of this Investigation are sufficient to iniimte a
high degree of phage specific ity, but further wok would be nec essmy
to establish that this specificity i inde pendent of rhysiolo gical,

antigenic, or species relationship,
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