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INTRODUCTION

Dr» d'Herelle^**^ has given the name hacteriophage

to a suhsteuioe which he desorihes as a dissolving principle*

The phenomenon, through which the bacterial solution is

brought about, he has termed bacteriophagy*

Dr. d*Herelle describes this phenomenon as result-*

ing in the absolute dissolution of the bacteria, brought
f'

about by the baoteriophage* He further states that by dis

solution he means "passage of a solid body into a soluble

state, without residue, macroscopically or microscopically

visible"*

The first observation interesting him in baoterio-

phagy was in 1909, while working with Coccobacillus aoridi-

orum^®^^. This was in connection with a disease of locusts

in Mexico. He noticed irre{5ularities in some cultures of the

organism on laboratory media. They appeared as indented

edges of colonies, and occasional clear areas in an otherwise

normal, confluent growth of the. organism.

In accordance with the work of Schweinitz and

Dorset on hog cholera, d*Herelle developed an hypothesis,

He believed the clear areas, hindering the normal development

of the cultures, to be the growth of an ultramicrosoopio

virus. This virus, he believed to be either the direct cause

of the disease, or the cause in conjunction with Coccobacillus

acridiorum.
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with a desire to know the truth ahout mioh a virus,

d*HereXle endeavored to reooncile the results with facts

observed in typhoid fever, and dysentery oases. He secured

irregularities, such as described above, in some of the

cultures made from stools of patients. However, his first

results did not satisfy his expectations. He found that the

irregularities always appeared durixig convalescence, and not

at the beginning of the disease.

With this in view, in 1916 he made a systematic

study of the occurrence of this dissolving principle in the

stools of a dysentery patient. He found that when the

principle appeared, it not only inhibited the growth of the

dysentery bacillus in broth culture, but within 10 hours

cleared a cloudy broth culture of the orgemiam.

D'Herelle then conceived the idea that this principle

was a parasite upon the organism. He transferred a drop of

dissolved culture to an undissolved culture of the Shiga

bacillus. This latter culture then dissolved. With repeated

transfers, similar to this, d'Herelle reports a more pro

nounced activity of the virus, and more rapid dissolution of

the organism.

D*Herelle then inoculated a young culture of Shig-

ella dysenteriae with 1/10,000 oc. of a dissolved culture,

and subcultured the same on agar slants. The first sub

culture was made Immediately, and others after 1, 2, and 3

-8-



 

hours respectively. The first showed two plaques, or clear

areas, the second six, the third one himdred and the fourth

showed no growth of the organlSBi* D'Herelle^^'^isays, rPhis
gave ft new proof that the dissolving principle actually re-

genewftted in the course of action. It demonstrated that the

principle was condensed in the form of active particles."

At this point it may bo interesting to note a

phendmnion reported by Twort In 1915^^^^. D'Herelle has
not accepted Twort's phenamenon as identical with the bacterio-

phage, though there are undoubtedly points of similarity.

According to d'Herelle, Twort observed the phenomenon known

as Twort*s phenomenon, on agar cultures made from glycerinated

calf vaccine. He noticed watery areas on seme of these

cultures. Some cultures failed to grow. When normal cultures

were touched with small portions of the watery areas, similar

areas developed and gradually spread over the entire growth.

Such action was complete on young growing cultures; little

effect being evidenced on dead cultures. He further reports

fine Btainable granules in these areas, which hf beHeves to

be the remains of bacterial life.

S'Herelle enqphasises the following points wherein

hie phenomenon differs from Twort *s. He says that if a normal

eulture be touched with a portion of a clear area there is no

dissolution of the culture except at the point of contact. He

also states that in baoteriophagy there is a complete

m



dissolution of the organism in which the miorosoope rerealB

no remains, whereas Twort describes the presence of a

residue of fine stainable granules in the clear areas, and

ccaaplete clearing of normal cultures when touched at one

point with a portion from a watery area*
. «

The obserwations of these men have given rise to

widespread investigation, and considerable controversy, among

later workers in this field. The true nature of this lytic

principle has come to be a factor of greatest interest to

investigators.

There is an analogy between some of the possible

theories of the nature of baoteriophage, and those which were

held concerning the cause of fermentations, when Pasteur

proved by unique experiments that fermentation of grain and

fruit was brought about through the growth and development of

microorgazilsms. Scientists recognized ferments as organized

(living), and unorganized (chemical). Today, we have

d*Herelle*s corpuscular parasitic theory^^d) oonoeming the

baoteriophage as opposed to the possibility of its being a

chemical substance foreign to the baoterium, or a prinoiple

derived from the baoterium. Concerning the last theory

d*Herelle allows four possible solutions:

A. "It is an abnormal inert prinoiple derived from

the baoterium."

B. "It is an abnormal living prinoiple derived from

..4m
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th« baoterium."

0« "It is an enzyme, normally elaborated by tbe

baoterlum,"

D« "It Is a living principle, existing normally

In tbe bacterium*"

Tbe preemitatlon of such divergent theories of

baoterlopbagy makes evident tbe great necessity for the

further development and compilation of data bearing upon the

nature of this phenomenon*

IMPORTANCE OF THE SUBJECT

Thou^ few authors have endeavored to Incorporate

a concrete opinion concerning the nature of the baoterlo-

pbage In text-books, the following statement of Hiss and

Zlnsser^^^ shows their Interest In the phencaaenon: "During
the last few years a phenomenon has been observed with

bacteria, ̂ Ich Is likely to be of fundamental Importanoe In

the biological, and immunologloal study of bacteriology,"

Sinclair Lewis has Introduced to the public

the necessity for concentrated scientific experiment on the

tremenduous possibilities of the adaptation of the phenomenon

to therapeutic purposes* In "Arrowsmlth" he has depicted the

possible value of such a phenomenon used as therapeutic treat'

ment In plague epidemics* In a popular way he has brought
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this great principle, Just recently disclosed to science,

to the door of the lay reader, and made it a thing of general

interest. He has presented to the aTerage individual the

tremenduous worth of such a phenomenon in one of the world's

sucst terrible diseases* D'Herelle, not as a romancer but as

a scientist^ has given us a basis for hope in the prophylactic

and therapeutic use of bacteriophage*

H'HeroUe^^^^ has made use of cultures, lysed with
bacteriophage, in limnunizing against fowl typhoid, barbone

(a septicemio disease of buffaloes and cattle), and against

the toxic infection of rabbits with cultures of Shigella

dysenteriae* He describes an initial iiamunity which he terms

"exogenous imtminity" and attributes it to the action of the

bacteriophage corpuscle* This immunity, as described for

fowl typhoid, continues to regenerate itself in an environ

ment contaminated with the infecting agent*

In an environment free from contamination with the

infecting agent, he has described the initial immunity as

temporary, after idiich an "endogenous immunity" (or one which

results due to the reaction of the body to substances intro

duced into it, by way of the lysed culture) is acquired by

the treated animal, following an Incubation period* The

stimulus for this reaction, he attributes to the products of

bacterial dissolution contained in the lysed culture* He

says "These bacterial products, produced through

■•go*
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baotdrlophagy> appear to be la a distinotlTe and peculiar

physical statei one particularly suited to causing reaction

of imoanity by the body of the anistal*" Xn the oaee of

barbone of buffaloes, he describes this "endogenous iimnunlty"

as approaching absolute iiatuunity*

For prophylactic purposes, the bacteriophage is

being distributed in Brazil, in 2 cot ampules, for use by the

public. D•Herelis says that prophylactic vaccination against

bacillary dysentery by means of suspensions of the anti-

dysentery bacteriophage is applicable to man. He has shown

that animals can withstand 2000 times the fatal dose of a

potent culture. He describes the ImnBinlty as absolute after

the incubation period, but negative during this period*

D'Kerelle^^^ cites e:^?eriments which show the
duration of the period of incubation during the development

of "endogenous Immunity" to be lengthened by large injections

of lysed cultures* Xn the case of barbone, he found that

0.04 CO. of a lysed culture produced "solid" inEHunlty by the

fourth day, 0.25 oc. produced lisinunlty by about the twentieth

day, and 20 oo. required forty to sixty days. He attributes

this to two reactions produced in the body when lysed cultures

are Introducedt one a sensltizatlon, and the other an

immunity. He suggests that the sensltizatlon is IncreaaeA

with the size of the dose, whereas it disappears quickly in

smaller doses* These factors may prove to be of utmost
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li^ortanoe In the study of the possible uses of oiatures

Xysed by baoteriophage, In the production of immunity*

Another factor stressed by d*Herelle is the toxioity

of fresh filtrates containing lyeedi dysentery organiiOMi of

the Shiga strain* Be adylses that these should be at least

a month old*

In iregard to man more data concerning the

thbfapeutic than the prqphylactio use of the bacteriophagf

has been accumulated*

Results obtained at the Institute Oswaldo Cruz,

by da Costa Cruz, contain the following statements

"Bp to the present, we have prepared about 10,000 ampo\ile8

of the baoterlc^hage*" "The dysentery baoteriophage is by

far the best therapeutic agent in the baciUary dysenteries

known up |o the present time*" "Its action inoor^jarably

surpasses that of all obher agents, including serun, for

in the majority of oases the sycoptcsui materially diminish

in intensity within 4 to 6 hours after treatment, and the

patient enters upon oonvaleseenoe within 24 to 48 hours*"

In a report on 23 oases of baolllary dysentary,

Peroira says, "The anti**dy6entery baoteriophage constitutes

a specific treatment for the baoillary dysenteries, whether

they be caused by Shiga bacillus or by paradysentery organlmns.

Without causing general reactions, the ingestion of this

principle modifies completely within a very short space of

time, the evolution of the dysenteric syndrome.... By the

use of the bacteriophage the development of carriers is
-8-



avoided, for dysentery bacilli are never found in the

excreta of patients who have been treated by the ingestion

of the baoteriophage#"

In oases of typhoid and para-tjrphoid fevers, the

baoteriophage has according to d*Herelle, not invariably

proven beneficial* However, idiere it has been of value,

its value appears to be absolute. Beckeriok and Hauduroy,

Philibert, Arloing, Dufour, Bonnier, Segape, Munter, Boenhelm,

and dfHerelle^^^^, all report successful treatment of ooli
infections of bladders and urinary tracts with use of

lysed, filtered cultures, active for B. coli* A bacterio-

pliage isolated by Gratia, polyvalent for staphylococci, has

proven quite effective* Such a baoteriophage is now being

distributed by the Michigan State Health Laboratories for

treatment in cases of boils, carbuncles, and other staphylo

cocci infections. It is furnished with the understanding

that it may be used only when a control case Is possible*

The results are reported as favoring baoteriophage over other

treatment because of greater curative and immunizing value.

Possibilities are also held out for treatment of strepto

cocci infections* Likewise in a few very successful treat

ments d*Herelle indicates the greatest possibilities for use

of baoteriophage in plague epidemics. H. M* Winans^^^^
has reported the successful use of baoteriophage in several

diseases. Thus from a therapeutical standpoint alone,

bacteriophagy is of inestimable importance*



$hero are oases in idilob t&e aotlon of baoterio*

phage differs from most prophyXaotlo and thorapeutio treat

ments of disease* There Is the IniffeotlTeness of a rlru-

lent haoteriophaee for typhi in some oases of typhoid

fever, and there is the antl-tozio action. In vivo, of lysed

cultures containing the baoterlophage* These are both

problems of Importance.

It will be necessary to study closely the nature of

the elements In bactcrlophagy which are responsible for the

many Inesplloable occurrences In order to develop Its use*

It has been said that perhaps the action of the

baoterlophage In Its abl ity to bring about changes In the

type of organisms is greater than Its ability to lyse

cultures. Hadley states that microblc dissociation and

bacteriophagy are parts of the same problma. If It Is true

that In certain forms a pathogenic organism Is decidedly

virulent, and In other forms less so, then the ability to

change the virulent to the less virulent type, If such Is

a characteristic of the action of baoterlophage, becomes a

very Important consideration. It beeomes Important to know

whether secondary oultures appearing after lysis are more or

less virulent than the original cultures. That the appearance

Of colony growth. In the ease of secondary cultures after

lysis Is entirely different Is set forth In reports by

(15)
fejgln In work dons with l^roteus H Three yellow

varieties, and Proteus 0 are reported as variations

-10-



"brought about in Proteus H 13^9 due to the action of baoterio*

phage. Proteus is associated with studies of typhus fever,

and is frequent in outbreaks of the disease. Such facts

make us reflect on the possibilities In relation to bacterio-

phagy.

It is a well-known fact that in pure-line cultures

s<nae individual orgemisms resist heat much longer than others.

Likewise, some may be gentian-positive, and some gentian-

negative, It is also known that there are strains of

Eberthella typhi which are agglutinable and others which are

non-agglutinable in the presence of specific immune serum*

Tet both are Eberthella typhi. Hadley^^®) says, "Prom the

same pure-line strain may arise, depending on the manner of

cultivation and on other environmental oonditions, substrains

possessing little resemblance either to each other or to the

parent-strain. These different culture types mey be spoken

of conveniently as 'dissociated forms' or as 'dissociants';

and the phenomenon involved in their production has been

termed ^microbio dissociation^".

The study of bacteriophago in prophylactic and

therapeutic treatment of disease has opened a new and wide

field of study, end a new era in bacterioJ»tigy, The whole

study of bacteriology is not old, and the progress in this

science has been extremely rapid. Microbes were first

Studied by Pasteur as the cause of fermentation. He

recognized eertain types of organisms, morphologically*
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l^ooa th« U89 of gelatin «a a medina for growth presented

a means by shieh closer morphologloal studies oould be madet

In these studies Kooh beoame a master. His Idea of one form,

one type, and one purpose for the progeny of a definite

organism has until recently ruled the progress of the study

of the morphology and the physiology of mieroor^inlams.

Fasteiur and Eooh gaTe us the foundation trtiereby

hacterlologlsts recognise a disease by Isolating the oausa«*

tlTe organlma* This organism Is Identified by Its speciflON

characteristics* Koch recognised the shape and size of

organisms* Since then we have learned to study the specific

by-products of organisms In different hinds of media* This

was ioiloved closely by the recognition of the resistance of

Individuals for specIfto diseases* It was found that the

blood serum contained something which helped to protect an

Individual from a certain disease* Inmunlty was produoad

artificially by Injecting attenxuited organisms Into the body,

In response to shloh antibodies were produced* It was

generally recognized that antibodies were specific In nature.

Thus we secured the fcundatlon of a greater study of

prophylaxis, and therapeutics* Today this knowledge is one

of the great things In both preventive and curative medicine*

In spite of this great advance It Is well known that cure and

prevention are often due to poorly understood principles,

no doubt related to physiology of microorganisms*
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Xa disousslng his belief that baoterlopHoge is

a living farasite on baoteria, and that mloellae whioh ha
m

oalls "protobas**! and not oails are the elaqplist foms of

d'Herella^ laakes the following etatesaentt "Surely
it is not through studying visible organisms, oorq)lex ones,
that biologists will reach the solution to their fundamental

problems, for with suoh the investigator finds himself

surrounded by a multiplicity of diverse factors, whioh by

their very number and by their con^lexlty effectively

prevent advance into the nhtaaoin," This statement is of

great significance even should bacterlophaga bo shown to

be an enzyme or auto-ferment of the bacterial cell* It is

significant in that it points to the real basis for the

study of suoh fields as physiology, adaptation to environ

ment, and that other factor whioh no living thing evades,

heredity* With the rapidity of regeneration the

sluqpler forms of life, we have not only the advantage of

simplicity, but also that of numbers of individuals, as a

faotor in accuracy* The changes brought about by the action

of bacteriophage, help to center our attention more closely

on the individuality of microorganisms#
f
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SURTSY OF LITERATORB

In regard to the souroe of the baoteriophage»

d'Herellet^^) aaya that it is present eTerynhere, and that
it has been found in the intestinal oontents of healthy

animals inoludlng man* It Is aiq^eaially prevalent in the

fsoes of oonTalesoents, in bXood, pus^ riyer irater, and

eultirated soil. He says, that as it is a oonstant

inhabitant of the tntestlnal traot it may he wieountered la

sTsrythine vhioh may be eontaminated by feeal material* He

suggests that certain bacterial strains may be found

"contaminated", and that baoterlophage has been isolated from

such; but he adds that such oultures are rare. To such

sources Hadley has added: sea eater, infected lesions,

saliya, sterile abscesses (pus produced due to injected

sterile agar), suppurative lesions, animal tissue, scrapings

of mucosa, extracts of duodenum eall, pancreas, liver

extracts, lysg^h, tonsils, prostate gland, and secretion of

the latter. He also refers to its isolation by use of

commercial trypsin and pepsin*

Badley feels that rather than consider these places

as the source of the baoterlophage it vould be better to

consider them as influences causing the bacteria to produce

their oen baoterlophage. He states that at the University

of Michigan they have used the extract of the pancreas auto->

/ claved at 15 poxmds for SO minutes, as a meain for the

isolation of the baoterlophage. They have secured similar

-15-
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r«sults using tryp»ln. He further states that in his

laboratory the baoterlophage has been demonstrated by grow

ing an organism for suooesalTs generations in its own

filtrates, and that results show that baoteriophags imist

be generated the first time by a sensitiTe oulture*

He lists the following three resistant cultures;

1» (a) Resistant to lysis

(bl Hon-lysogenio, or not possessing the power

to trammiit the lytio quality (its filtrate will not

instigate lysis in a norms^ sensitive culture}*

(o) Hon-lytio

2* (a) Resistant to lysis

(b) Lysogenie (filtrate causes lysis)

(o) Non-lytic

3# (a) Resistant to lysis

(b) lysogenie

(c) lytic

W. Borohardt^®^ is inclined to attribute d*Herelle»B
pheaeaenon to the ferment at ive action of the pancreatio

secretion activated by enterokinase* In introducing Shigella

dysenteries into the intestinal tract of rabbits and dogs, h#

found that a filtrate of the feoes proved to be baoterio-

lytic# He reports the baoteriophags, or lytio principle as

in greatest amount in the duodenum, and most active during

the digestive period* He further found that a diltrate of

duodenal fluid dissolved a great variety of organisms*

-16-



H6 also states that ina£Eimoh as lytlo filtrates eaxmot be

produeed by inoubating mixtures of baoteria and iimune serum,

it would appear that preformed anti-bodies have nothing to

do with the phenomenon*

K* Hajos^^^^ states that passage of baoteriophage
through Hoen*s membrane proves that the particles are no

larger than an albumen molecule, and concludes that it can

not be a living thing* Smiyoshl has introduced

bacteriophage into the intestinal tract of guinea pigs and

later extracted the same from peritoneal exudates.

Petroyanu^^®^ reports a lytic principle for Es. coli in
filtrates from anginas, in scarlet fever, 8in5)le angina,

7incent*s angina, and measles. He reports these filtrates

as showing no lytic principle for Staphylococoi, Strepto

cocci, Micrococcus oatarrhalis, Bb. typhosus, or Shigella

dysenteriae. Bttttner^^®^ has secured bacteriophage from
old cultures of typhoid and dysentery organisms, and in

alkaline washings of Staphylococcus cultures, formerly

resistant to lysis. She has concluded from her work, and

other considerations that bacteriophage is a secretion of

bacteria, produced under certain circumstances. She says

that an autolysin is usually liberated in old cultures, from

cell disintegration, and acts as a catalyst, destroying

equilibrium in actively growing cells of constructive and

and destructive forces in favor of the latter.

-17-
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for tlie purpose of isolating baoteriophage

d*Her©lle says that the material in iftiioh it may be found

should be filtered, first through filter paper throu^

whioh water containing infusorial earth has passed. This

makes a less permeable filter# Then it is filtered through

a poroelain filter. If baoteriophage is present it will be

found in the filtrate.

Hadley gires the following method:

yor all work in baoteriophage a culture less than sixteen^

preferably twelve hours old should be used* The filtration

of material (commonly sewage) to be used in the Isolation

of baoteriophage should be filtered according to d»Herelle*s

method followed by use of two parts of sterile broth to one

part of the filtrate. To 30 cc. of this mixture add 15 drops

of a young culture of the organiato for which the baoteriophage

is being isolated* Hadley emphasizes the condition of the

culture. He holds that all broth cultures should be made

from either a 12-hour agar culture or a 12-hour broth culture

iftiich has been made from a young agar culture. Younger but

not olden cultures may be used. The inoculated filtrate plus

broth is incubated for 12 to 18 hours and then filtered.

To the filtrate is added one-fourth the volume of fresh

broth, and 15 drops of a young broth culture. This is re

peated until the filtrate is clear at the proposed time to

filter* VlMljai this ocours, 2K) drops of the Culture may be
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used for Inoculation* This amoimt may increase sometimes

to 4 or 5 00* in the fourth or fifth filtrate* Hadley states

that unless hacteriophage is secured in this manner) hy the

sixth filtrate) one may as v;ell hegin again* One should

seldom use over 400 nmi* raouum in filtering* Heserres may he

k^t from filtrates to test for the presence of haoteriophage*

Baoteriophage is recognized hy its ability to

bring about lysis in young clouded broth cultures) by its

ability to inliibit growth of the organism on agaX) and by its

ability to produce plaques or clear areas* Xn the production

of plaques a loopful of proper dilution is spread over an agar

surface which has been inoculated with a young broth culture

of the susceptible organism*

The method of isolating the bacteriophage takes

into consideration the enhancement of virulence to susceptible

cultures in successive transfers of the bacteriophage* It is

also necessary to watch for the maximum concentration of

the baoteriophage in the filtrates, for after securing an

active and concentrated bacteriophage the concentration may

be reduced by continued passage through a Berkefeld filter*

In my own experience this has occurred 7/ith Proteus H

im organism with which filtrable forms proved quite oommon*
{24)

Tomaselli^ ' is credited with experimental work

in which he has shown that after twenty days of contact of

certain organisms with the baoteriophage "ultrabacteria" or
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filtrable foxms were no longer dononstrable, and the

virulenoe of the haoterlophage was Inoreased from weak i^)

to maximum (++++) strength, by filtration at this time.

In July of 1927, using the method reoommended by

Hadley, I succeeded in isolating a baoteriophage active few

Shigella dysenteriae (B. dysent^iae(Shiga}), and later one

active for Proteus

After proper filtration the sewage was mixed with

broth, two parts of broth to one of sewage filtrate. I

followed throu^ the filtrates according to the method

advocated by Hadley, In the third filtrate I was able to

demonstrate approximately 45 areas in one loop of a 10~^

dilution, and in the fourth filtrate this number had

inoreased 22 times and could not be counted by use of a
-410 dilution. This lytic principle, as contained in the

fourth filtrate, had an inhibition titer of 10"''' and a lytio

titer of lo""^. In other words the growth in one loopful of

a 12-hour culture of Shigella dysenteriae added to a tube

containing 9 oc. of broth and 1 oc. of dilution of the

fourth filtrate inhibited the growth of the dysentery bacillus,

or rather caused entire clearing of the growth which appeared

during the first twelve hours. In the case of the lytio

titer, this represents the highest dilution from which 1 oc.

added to a moderately clouded 9 co. broth culture of the

dysentery bacillus brings about complete clearing of the

-20-



ouXture* In eaoh oasa these tubes were observed to remain

clear over a period of ten days.

Using some of the sewage which had been secured

10 days beforoi X proceeded to isolate a lytic principle for

Proteus by the same method employed above* In this case

I secured a lytic principle in the third filtrate which

would produce 720,000 lytic areas per cc*, and only 360,000

in the sixth, a cirouiostanoe previously referred to*

In November of 1927 for the purpose of attempting

to isolate a lytic principle for Salmonella pullorum, I

secured sewage from the end of a sewer pipe which carries

sewage into the Tennessee River from West Bhoxvllle. I

followed the same isolation procedure outlined above, using

Salmonella pullorum for growth in successive filtrates* In

the third filtrate-reserve (about 5 oc. of the third filtrate

kept to test for the presence of the lytic principle X

noticed growth* I had noticed similar passage of Proteus

through a "W" Berkefeld filter,

X transferred a loopful of growth from the third

filtrate-reserve of S. pullorum to a tube of sterile broth.

ffrom this tube I inoculated differential media, and found the
/

organism to be physiologically identical with the pure culture

of S, pullorum. However, it tended toward a slightly heavier

growth on solid media, and the colony formation was less

transluscent than that of the pure culture*
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Previous to the appearanoe of this growth in Pg-

filtrate-reserve I had spread one loop of the filtrate over

a freshly spread culture of S. pullonjoa, on an agar slant*

After incubation this revealed about fifteen watery areas,

each about 6 xom* in diameter, within a confluent growth of the

organism* After three days these areas were still visible,

but the center of each showed a growth heavier than normal,

and almost opalescent in appearanoe* I carried the procedure

for isolation of the bacteriophage through the fifth filtrate,

and secured decidedly increased evidence of the presence of

a transmissible principle inhibitory to the growUh of S*

pullorum, evidenced by scattered colonies on a spread agar

slant in the presence of a loopful of the filtrate, whereas

a control tube showed normal growth* However, I did not

build up the principle to one of maximum activity*

Another attempt was made later to secure an active

principle for S* pullorum* This time I used the sewage that

I had secured one month before* It was filtered, and added

to broth as previously described* Varying from previous

practice, I used a 20-hour broth culture of S. pullorum and

added 15 drops to the filtered sewage-broth mixture, at the

same time mahing a transfer to a tube of sterile broth and one

to an agBur sleint. Twenty-four hours later the sewage-broth

mixture called hereafter Fq filtrate, was entirely clear,

whereas slant (b) and broth (b) both showed normal growth*
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At thiB time I Yarled still more from previous practice and

added to the clear Fq filtrate 1 cc* more of the same broth

culture used for the first Inoculation, and in addition 10 co*

of broth. Transfers were also made from slant (b) to another

agar slant and likewise to a tube of broth eaoh labeled (o)t

Sight hours later the Fq filtrate showed no marked growth.

At this time, I transferred a loop from broth (b) to broth '

(b^^)* Broth (b) had acted as a check on the Fq filtrate
Inoculations, and was uniformly clouded.

Twenty-four hours later, making a total of thirty

two hours after the last Inoculation the Vq filtrate was

perfectly olear. Ten oc. were taken out for reserve. The

remainder of the Fq filtrate was fed 2 cc. of broth (b), a
twenty-four hour culture, and 10 oc. of fresh broth, Thlrty-

sli hours later the Fq filtrate showed a definitely agglutina

tive growth.

With the Fq-reserve the following tests were made;

one loopful was spread over a freshly prepared agar slant

culture of S. pullorum, and this tube labeled (Cg)* One drop

was allowed to run down the center of a second spread culture,

and this labeled {C3) and a third spread culture was left as

a control and labeled (Cj^). These spread cultures were made
from (C) which was about 30 hours old.

Slant (Cj,} showed uniform growth, slcuit (Cg) showed

ap growth and slant (Cg) showed growth except where the dirop

HMIiii i iiiiii I ir-" - — - ■
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had run donn over the spread oalture.

By preparing dilutions of the reserve filtrate I

found that the plaquee secured would approximate a total of

1|500|000 per oo. Pour serial transfers were made for

inhihltlon tests, controls being run in all oases* In the 

last transfer one loopful of a 2a-hour broth culture of S#

pullorum was added to each of six tubes of broth, one was

left for a control, and to the other five were added one loop

of a cleeufed culture of S* pullorum* The results were typical

of that which one might expect in the presence of an active

lytio principle, the control tube being uniformly clouded*

After 56 days I noticed that one of the cultures

lust mentioned showed growth, while the others did not.

Pollowing the above Inliibition one loop from a

cleared tube was added to a SS-hour broth culture of S*

pullorum, having previously made a transfer from this broth

culture to a second tube of broth* In this case lysis was

brought about. In a similar case of lysis the cleared culture

was used 103 days later in successful inhibition of th9 growth

of pullorum in broth dolture.

In January of 1928, I demonstrated an inhibitory

principle for Es* coll, using sewage which had stood in the

refrigerator for two and one**half months* In this case I

prepared the mixture of filtered sewage and broth as formerly

and inoculated it with 15 drops of a 12-hour broth culture



of Ea, ooll. After X2 hoiurs X added 1 oo. more of a eimlXar

culture* Thla eas filtered about sixteen hours after the

second inoculation* The filtrate proved very effective in

inhibiting growth of Es. ooli, both in broth, and on solid

media* I did no further work with it, at that tine*

D'Harelle^^^^ says that there are iraoes of baoterio-
phage virulent for only one strain, and races virulent for

all strains of a givwa species and to different speoieb. He

says, "Ordinarily a bacteriophage is virulent, not only for

bacteria of a given species, but also for bacteria of different

species, sometimes to organisaas very distantly related." He

says that there are races of bacteriophage isolated from

typhoid patients showing virulence in varying degrees for a

niimber of species. In other words a bacteriophage isolated

from the stools of a typhoid patient has been shown to be very

active for the strain of £b. typhi causing the disease, less

active for another strain, and showing varying degrees of

activity for Es. ooli and Shigella dysenteries, D'Herelle

says that in view of the possible combinations of virulence

in different races, no two races can be absolutely identical*
(6)

Bail has expressed his belief in a multiplicity of "phage",

as particular strains of organisms show resistance to particu

lar bacteriophages.

0*Herelle has applied a bacteriophage virulent for

Es. coli and E. typhi to Shigella dysenteriae, through 1,200
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passages, after which he claims it had not lost its ability

to pyse the other two organinas* Inasmuch as the baotorio-

phage concentration would have been diminished within seven

passages to the point of elimination of the original bacterio-

phage, and therefore all subse<iUent bacteriophage naist have

been developed during the lysis of Shigella dysenteriae,

d'Herelle has taken the manifestation of undiminished multiple

virulences to be an attribute of a single bacteriophage

oorphscle*

He has shown that after 15d0 passages with Shigella

dysenteriae of a "phage" only slightly virulent for Sb# typht

the number of plaiiuee formed with £b» typhi is someiihat

less than at the start. He believes it would be possible

eventually to cause the complete loss of the ability to re

act with Eb« typhi* He has likewise demonstrated what he

terms en adaptation of bacteriophage to an organism for

which it fomerly has shown no activity* He mentions work of

lensen and Wolff, da Costa Cruz end MoKinley in the adaption

of a "phage" virulent for one strain, to other strains and

other species of organisms for Sdioh it formerly has shown

no virulence* He describes the adaptation by lloKinley^®^^ of

a race of Shiga-bacteriophage to meningocoocus by means of

four passages in a bouillon containing glucose and blood*

thereafter it proved active for Staphylooocous elbu8,aureu8 and

citreus, for M. tetragmsus, for Streptococcus hemolytious
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a&A fop pneujaoooool of Group I, II, and III, for whloh

It was fomeply avlrulent. He states that no race of

baoterlophage Is unohangeahla, and that all Tory continually

M(3a» losing virulence very slowly, and others acquiring

virulences by adaptation* He says further, "In a given

suspension of the baoterlophage not all of the ocrpusoles

are endowed with exactly the same properties* Tlrulenoe, in

particular, is variable for each one of then*" llatsumoto^^^^
decided that baoterlophage proven to be definitely specific

is not adaptable to other organlmis. He says that certain

baoterlophages may act on a wide range of species; but this

faculty is present from the time of Isolation, and Is not the

adaptation of a specific baoteric^hage to other organisms*

h'Herelle suggests the use of suspensions of young

bacteria in broth for best results in lysis with baoterlophage*

Be says that in a 24-hour broth culture of Shigella

dysenteriae about one-third of the organisms present are not

capable of producing colonies on agar, whereas the organisms

on a 24-hour agar slant culture are almost all living. He

states that bacteriophage can develop at the expense of

living bacteria only, and consequently all live organisms

present the best conditions for lysis. He says that whereas

a drop of a suspension of active baoterlophage corpuscle will

completely dissolve a suspension of organisms from an 18-

to 24-hour agar slant culture, it will leave a certain degree
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of turbidity la a 15-day old broth oultura of the same

organism* He oltes data to show that it is not the products

of bacterial growth that prevent lysis in the old culture*

Gratia^ introduced a small portion of a potent Staphylo-
bacteriophage with a suiQ>enslon of Staphylooocous aureus*

Bacterial dissolution be^si after one weeh, and continued to

completion* In regard to this d*He|^elle says* '*fhe dissolution

of modified bacteria, and dead cells as well, appears to be

effected through the action of substances which become dis

seminated in the medium diiring the course of bacterlophagy".

In disoussing conditions most favorable for plaque

formation d*Herelle says, "The state of the bacteria is

Important* Toung bacteria are most readily attacked, and the

critical period Is the moment of division*" Vor application

of baoteriophage, Hadley has advised the use of a 12-hour

broth culture grown from an agar-slant culture not older than

24 hours. It Is Interesting to note that Hadley has

mentioned the aging of cultures as an influence In bacterial

dissociation, or Tarlance in type of organisms*

The above dlseuseion leads us into the field of

secondary cultures, or the growth of organisms In apparently

lyaed broth cultures, and within apparently lyeed areas on

agar. These organisms quite often show vigorous growth and

in the ease of secondary cultures of Shlgella dyssnterlae,

I have found them resistant to the action of that "phage"
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viiioh by serial transfer had beoome quite aotlTe for the

original culture from which these secondary ooloaies dewelop-

ed» It has been reported that organisms resistant to one

strain of "phage" may be susceptible to other homologous

strains* It Is also reported that secondary cultures may

reciiii their susceptibility to the **phage" to which they hare

shown resistance.

Bronfenbrenner has pointed out the decided dif

ferences between primary and secondary cultures, not only as

concerns resistance to **phage'*t hut also In morphology, size,

and motility of organisms, as well as In morphological and

physiological cultural ohuraoteristics* 1 have been

decidedly Impressed by the morphologloal differences In

oiltiiral characteristics In the presence of, and absence of

"phase", under Tarying conditions* It Is further reported by

Tarious workers that types of organisms which are resistant

to "phage" may be secured frraa normal cultures, without the

uee of "phase" or other agents. Such types aiy also be

secured in the presence of chemicals, heat, etc*

D'Herellei®^) says, "As a general rule It may be

said that baoterlophagy may always take place at that teu^era-

ture which is the most favorable for the development of the

bacterium subjected to the action of the bacteriophage* This

Is not equivalent, however, to the saying that this tenq^era-

ture is that at which the phenomenon is effected at the
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greatest rate. Uoreoyer, the phenomenon may ocour at

temperatures very remote from the optimum growth tempera

ture of the baoteriumi?..... "As regards the optimal tempera-

turOi that Is to say, that at /fhlch the phenomenon manifests

Itself most qulokly, and most completely^ basing my statements

upon the results of my experiments with B. dysenterlae and

B. typhosus, I had concluded that the temperature most favor

able for baoterlophagy was that which was likewise most

favorable for the development of the bacteria. The results

of maiiy subsequent experiments, preformed with a variety of

bacterial species. Indicate that this conclusion may have

been too restricted. As a general rule, the statement Is

certainly true for baoterlophagy of B. dysenterlae and B.

typhosus, but It Is not equally true for all other species

of bacteria."

In cases of Shlga-bacterlophage a temperature range

of from 8^ to 41^C. has been given.

Eb. typhl and B. pestls have been lysed at 41®0,

Staphylococcus at 43®0. and Es. coll at 45°C. Koser^^®^
has reported a bacterlophage for thermophlllc organisms which

acts best at 45° to 5S°C., and Elder and Tanner report one

active for a psychrophlllc organism at temperatures from

0.05° to 4°0. This Is in accord with d»Herelle*s opinion

that generally the best temperature for action of the bacterlo

phage Is that at which the organism grows best.
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Incidentally In explaining acme works of Bail^®^,
Doerr and Berger^^^^, and Nakamura^®®^, d'Herelle has given
results of tke slas of plaqLues on agar at different tempera

tures as follows:

I. Agar plates held at 37®0»

Suspension 4....About 50 plaques, having
a diameter of about 5 mm*

II* Agar plates held at 30®0*

Suspension 4*•••About 50 plaques having a
diameter of about 7 mm*

III, Agar plates held at 18°0.

Suspension 4.•♦•Confluent plaques (about 50),
with a diameter of about 13 mm.

In regard to the effect of temperature on the size of the

plaques, he says that it mi^t be considered the result of a

"race" between the multiplication rate of the bacteriophage

and the bacteria. He says that the thickness of the film of

bacterial growth normally prevents increase in the size of a

plaque when such growth has hardly become visible* In his

work with resistance of bacteria to bacteriophage d*Herelle

i^sed temperature variations* He found that at 25®C*, using
a Staphylo-bacteriophage he secured complete clearing of

cultures which remained so two months* He secured similar

results at 31°G* However, when after 6 days he incubated

tubes cleared at this temperature using on incubator tempera

ture of 41*5®0*, clouding resulted in 24 hours* A tempera
ture of 36°G. was less efficient in permanent lysis, one
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v tube not clearing at all. At 40®C. only 11 tubes cleared,

and all were clouded after 72 hours.

For selection of a Staphlo-bacteriophage of great

virulence from the race used in this work, d*Herelle recomr*

mends a tecoperature of 32^0. with a media more alkaline than

pH 7.5.

Various experimental works have placed the tempera

ture at which bacteriophage is completely destroyed at 75^0.

Hauduroy^^®^ reported resistance of bacteriophage varying with
the virulence, 102®C. being the temperature of actual deBtruo-

tion. Tchang Kono Ngen and Wgemanst^^J also reported varia

tion in resistance to heat according to the source of bacterio

phage. A temperature of about - 180®0. has been found by

d*Herelle to destroy bacteriophage from 47 days to 5 months

of age, however, it did not destroy bacteriophage less than

eighteen days old. He has presented only scant data as yet,

and draws no conclusions concerning this.

According to d*Herelle, Marcuse^®^^ states that a

filtrate mixed with a saturated solution of sodium chloride

may be evaporated at a low temperature, and the active

bacteriophage recovered from the crystals. In the case of

other salts, mercuric chloride, sodium floride, potassium

cyanide, and copper siilfate d*Herelle has reported

destruction of bacteriophage in varying periods of time*
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In rogara to the preeeaa* of electrolytes In

media Tarlous investIgatora^^^^ have reported that they are

neoessary for the aotivlty of haoterlophage. D*Herelle

claims that in acid media this is true, and may or may nor

he true in neutral media* He believes that the phenomenon

takes place in alkaline media with all races of bacterio-

phage in the absence of electrolytes* He reports active

lysis in bouillon containing S5 per cent salt, and

Brutsaert reports lysis of Staphylococci in broth

containing 14 per cent salt. Maitland's^^^^ experiments
showizig bacterlophagy in a medium such as 1 per cent bullion

in physiological salt solution have been confirmed by

d*Herelle* Although he has described cox^lete clearing of

a physiological salt solution suspension of an organism, he

does not attribute it to a typical bacteriophage* jD*Herelle

attributes to Kabeshima the statement that lysis of Shigella

dysenteriae occurs in the presence of antiseptic substances
♦

as sodium flouride or an excess of chloroform* All his

other data indicates that lysis does not take place in the

presence of sodium flouride although the bacteriophage is

not destroyed by it* In commenting on work of Brutsaert

he has presented the idea that the destructive concentration

of sodivutt flouride varies between 0*25 per cent and 0*05 per

cent for various bacterial species. He explains this as a

result of the state of the bacterium, rather than
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modlfloatlon by the presenoe of the antiseptic*

Reports of adaptation of baoterlophage to phenol

ohloromlnef Ixaonine serum, and mcrourlc chloride have been

reported. Munter and Rasch^^^^ believe that such flndlnss
are to be explained by the lysogenlc character of the organ*

lam used rather than by adaptation of the bacterlophage to

the sustances. This adaptation Is another of d'Herelle*s

points In proof of the living nature of bacterlophage. He

also reflects upon adaptation of bacterlophage to organisms

for which It has shown little or no virulence as proof of Its

living nature. However, here Hadley has questioned the

ability of bacterlophage to adapt Itself to organisms other

than those within closely related groups.

As to the reaction of media and Its effect on the

action of the bacterlophage, d'Herelle says, "Unquestionably,

alkalinity of the medium affords the most favorable reaction

for accomplishing the phenomenon of bacterlophagy". "The

optimal reaction Is not a constant, varying not only with

the bacterial species and the race of the bacterlophage con*

cerned, but differing also with the nature of the medium."

For routine purposes he advises ordinary peptone bouillon

with a reaction of pH 7.8. He says that with an active

bacterlophage lysis may or may not occur in media poor In

electrolytes. It does not occur If the medium Is acid, but

always occurs In an alkaline medium.
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Qratia^^'^ has set forth the effeot of the reaotlon

of media on the notion of a haoteriophage for Ss, ooll* Us

ing media of pH 6*8, 7»0, and 7*2 he demonstrated a fluctua

tion of clouding and clearing in broth, the growth becoming

more decided with each sucoessiYO fluctuation. In a media

of pH 7*5 the lysis was con^lete and normal. Da Costa Cruz

has been given credit for the isolation of bucteriophage

active in a medium with a pB 8*1. Da Costa Cruz^^^) has

demonstrated flooculation of bacteriophage in the presence

of acids. As concerns acids and bases in their effeot on a

(141
Shiga-bacteriophage, Eliava and Pozerski* ' found that it

was destroyed in 24 hours in media below pH 2.5 or above pH
(41)

8.4. According to Reichert* ' races of bacteriophage of

different virulences are affected differently, some resist

ing acidity or alkalinity which may destroy others.

In regard to the inactivation of "phage'* by anti-

serum, Bronfenbrenner says, "According to Bordet the active

principle is destroyed by antiserum, if the "phage" is an

organized corpuscular virus, one might expect by azialogy

with what is known about the mode of action of bactericidal

sera that a vlrucidal action of antibaoteriophage serum

would require the cooperation of complement for its

completion*" Together with Korb, Bronfenbrenner haa con

firmed earlier findings of Bail that antibaoteriophage serum

is equally oapable of neutralizing bacteriophage activity
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Of aflor itkaotifotioii of oon-

oludoft frOmhlB oorlc mith aatibaoteriopiiaa» serom tbat

ttzitigoziioliaxy tho baoterloptiago boXoaea bo tbat group of

mibataaooB tbat porduoo noutraXltlnit or antitoxlo anti*

boAloa* "Hiat Is to oay It is of tbo group inoludiag truo

)»aotsrlaX tosiiiBy toi^abXo polao&a» «ii& «as3«ioa produooA by

anisuas and plenta* Arnold and vieisaCS} working with doflnito

naOunts of baotorla, and baoterioi^go wltb antibaotorioi^iago

ooma agfoo vltb Aamold'a roport tbat tho antllysina balong

to tlM group of aatibodioa wbloh Inoludoo antitoaOnoi and

ontlfoxmonto* They deigonatratod that auooeptlbla booteria

grown in antibaoteriopbaga aerua develop no icsaitnlty to tbo

lytio prinoiple* They reduoe agglutinine* opaoninet and

aaboooptoxw f^r booologoua orgenioiuii bat do not roduoe tbo

antlbaoteriopbage propertiee of tbe seruo*

Osuaai(^) prepared antiaera in z^bbite by injeoting:

1« lyaato of culture of ooXl dieaolved by
baoterlopbage

&• ̂ nPhago^^free anulaicm <• B* ooXi

S« Autolysete of colon baeilli made b3
aolution of eolon bacilli in dietilled
water ("pba6e*'«free)

reporlo only tbe flret ontieerum ea inhibitory to tbe

notion of baoterlopbago* So further reporta that aorua iar

aetivatcd by heating wna reaotivatod by adding ooeipXeEiionti

and oonoludea that here la a lack of analogy between anti-

lyeina and anti^toxina*
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OBJECT OF UTTESTIGATION

In general the ohjeot of this investIgation is to

atteiig;)t to add samething to the rapidly aoouiaulating data

oonoerning baoteriophagy* The speoifio objeot of the work

reported here is to oomparo eight organisms of the intestinal

group, as oonoems their reactions to methods of the isola

tion of bacteriophage, and as to their actions in the preswoat

of a definite baoteriophage under oontrolled conditions*
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PROCEDURE

In th« following work media of a reeotion l>etwean

pH 6 and pH 8 has been used, ezoept where otherwise indioated*

This is in accordance with general practice la regard to

media for the study of hacteriophage. It is generally con

sidered that the best medium for the deyelopment of bacterio-

phage has a sli^t alkaline reaction* However, inasmuch as

the bacteriophage feeds directly on the bacteria, and not on

the media, he suggests that the exact pH value of the media

is dependent upon the best growth of the bacteria* In the

great majority of work with bacteriophage the phenomenon does

not take place readily when the reaction of the medium is

acid* Hadley, says that lysis will not occur under any con

ditions in which bacteria will not grow. He holds tliat

bacteria are not lysed by bacteriophage in physiological salt

solution but that upon transfer to broth lysis is immediate.

Da Costa Crua^^^^ gives a variation in the optimum reaction
of media for bacterlophagy ranging from pH 6.5 to pH 8.3.

He demonstrated the phenomena of the precipitation of bacterio

phage from broth by addition of acid, and its solution by

a reversion to alkalinity.

In using a portion of previously used sewage which

had been in the refrigerator for 5 months, I began a series

of inoculations and filtrations of broth. First I mixed the

sewage and broth as described above, using eight organisms
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taken from stook ouXtures cuid envlgorated throu^ suooess-*

ire transfers. For eaoh organism used, SO oo. of 'brotii waa

mlxad v/itli 10 00. of aawage, and filtered through a "W

Borkefeld filter. The eight tubes of broth"sewage mixture

were inoculated with 15 drops eaoh from respeotive 12-hour

broth cultures of the eight organimas. In all work with

this series no vaouum or pressure for filtrations was em

ployed. and only the "W" Berkefeld filters were used. Ail

organisms were treated in the same way. The treatment of

them was gowerned by the results. When one filtrate was

clear at the proposed time for filtraticso, and the other

seven were cloudy, all were filtered irrespective of the

possibility of developing a stronger lytio principle..

The eight organisms of the intestinal group used

in this investigation were as follows Salmonella pullorum,

Aloaligenes abortus, Aloaligenes fecalis (B. Alkaligenes),

Eb. typhi (B. typhosus), S, paratyphi (Para-A), Bs. coli

{B. coli), Shigella dysenteriae (B. dysenteriao (Shiga)),

and S. sohotemnilleri (Para-B). At first in the attempt to

isolate baoteriophage active for each of these organisms,

a laboratory stock culture of Shigella dysenteriae was used.

In applying a known baoteriophage of previously determined

activity for Shigella dysenteriae, a culture waa used which

formerly had been used in isolating this bacteriopliage at the

IJniYersity of Michigan. It was the prawtioe in this work
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to prepare broth cultures for use by transfers to broth

from young slant cultures. These cultures were

generally 12 hours old, and neyer over 24 hours old, unless

otherwise specified. The broth cultures used were never

over 16 hours old. After the first transfer of 15 drops of

a 9-hour broth culture to broth-sewage mixture, these tubes

were incubated at 57,5*^0,

After growth for sixteen hours each of these was

filtered, first asoeptically through sterile paper filters,

and then through Berkefeld "W" type filters. At this time

all showed good growth except A. abortus and s, dysenteriae

which were only slightly clouded, Inaisnuch as the filtration

was carried out in atmospheric pressure it covered a period

of two to three hours, ?rom each filtrate about 10 co, was

kept as a reserve to be tested for the presence of a lytie

principle. The filtrates described above were labeled

filtrates. For the organisms letters were used to designate

each as follows: S. pullorum, A, A. abortus, B, Alcaligenes

feoalis, 0, S. sohotertBdlleri, D, Bb« typhi, E, S, para-

typhi, F, Es. coli, 0, and Shigella, S. dysenteries, H,

For each successive filtrate I used a sub-nxnaeral

with the letter F to desi^'^ate the number of times filtration

had been carried out. As to the reserve portions they were

designated as A-Fi reserve, A-Fg reserve, B-Fi reserve, B-Fg

reserve, etc., the first letter designating the organism which
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liaa beea grown In tbat particular broth-sewage mixture.

After filtration for the Fx filtrates, and after removing

the Fx reserves, 10 oo« of fresh broth was added to eaoh of

the eight filtrates, and then to eaoh respective filtrate

15 drops of a 16-hour broth culture of the respective organ-

lams, For B and H-Fx filtrates it was necessary to use a

88-houp broth cultvire, because the 16-hour culture had not

grown sufficiently for use. After eighteen hours of growth

of these organisms in their respective Fx filtrates A, 0, and

D were very cloudy and the others moderately so. All were

filtered for the Fg filtrates. Reserve portions were kept

from eaoh of these filtrates. To the remainder of the

filtrates were added 10 oo, of fresh broth, and 15 drops of

their respective Idi—hour broth cultures. After 21 hours all

Fg filtrates to which cultures had been added showed good

growth. After 20 hours they were all filtered for the Fg

filtrates. As usual about 10 oo. of each filtrate was kept

as the F3 reserve. To the remainder of eaoh of the filtrates

was added 10 cc, of fresh broth and IS drops of their

respective broth cultures, IE hours old. After 24^ hours

duration in the incubator, at 37,5®C,, all Fg filtrates were

filtered for F4, althou^ A and B-F3 filtrates were absolutely

clear. About 10 00, of eaoh F4 filtrate was kept as a re

serve, and to the remainder of each of the filtrates was

added 15 drops of their respeotive 9-hour broth oultures,
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ajoA 3.0 00. of fresh broth.

After 21 hours incubation, the F4 filtrates were

filtered for 7g, exoept A* A was filtered 14 hours later,

but was perfectly clear durln^^ this period. The reason for

the delay la filtration of A was a broken filter. The Fg

filtrates were kept without adding either broth or culture.

They were held at Incubator temperature for several days to

allow for growth of any flltrable forms. No further flltra-

tlons were carried out.

In order to test each of those filtrates from Fj^

through F4 for the presence of a lytlc principle, plates of

nutrient agar were poured and spread-oiltures made of each of

the organisms. One such culture of each organism ireis kept as

a control plate. All plates were labeled according to the

organism, and filtrate used, thus A-F^, A-Fg, etc* To test

the filtrates for a lytlo principle 1/100 cc. of each of the

filtrates was streaked across Its respective spread-culture.

Thus 1/100 CO. of A-F], filtrate was streaked across a spread-

culture of A, and 1/100 00. of B-Fj^ filtrate was streaked
across a spread-culture of B, etc. For the control plates

1/100 oc. of sterile broth was streaked across each. All of

these plates were watched for Inhibition of growth along the

line over which the filtrate was streaked. In some oases there

was proliferation of growth, rather than Inhibition* The F4

filtrates were tested later by preparing two spread-cultures
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of eeoh of the or^aifittos on agar slants. One of eaoh of

these was kept as a control and oyer each of the others

was spread 1/100 oo. of eaoh of the respective F4 filtrates.

During incubation and filtration the presence of

growth duo to the passage of organisms through the "W"

Berkefeld filter was sought.

Five days after the last filtration, raethyleae blue

stains were made from eaoh filtrate in which growth had

appeared. All observations were carefully tabulated.

After 21 days slant cultures were made from each of

the filtrates showing growth, and in no case did they fail

to grow on nutrient agar, although the growth in some cases

varied somewhat in appearance from the usual laboratory

stock culture of the organisms. From these slants, after

about three weeks, broth cultures were prepared, and from

these the organisms were transferred to some of the BiiiQ)ler

kinds of media to determine the reactions that might occur,

and to check reports' that the organisms which pass porcelain

filters often show physiological as well as morphological

differences, as compared to standard characteristics. Hang

ing drop preparations were examined at 24 hours. Two days

later methylene blue stains were made, and their microscopic

appearcuice reproduced In blue printed drawings.

To check once more the presence of a lytic

principle in any of the filtrates, transfers were made of
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one loopful of a 15«houp broth oulture of eaoh organism to

each of six tubes of broth* One broth oulture of each

organism was kept as a control, and to the other flTe were

added a loopful of filtrates Fg, Fg, F4, and Fg,

respectively. Six hours later 1 oo, from each of these

cultures, thus prepared, was spread over a Petri plate con

taining nutrient agar. The excess fluid was removed. These

plates were incubated at 37.5^0, for 24 hours. In order to

test filtrates from F^ through Fg for the presence of a lytio

principle, plates of nutrient agar were poured and spread-

cultures made of each of the organisms. One such culture of

each organism was kept as a control plate. All plates were

labelled according to the organism, and filtrate used, thus

A-Fj^, A-Fg, etc. To test the filtrates for a lytio principle

1/100 00, of each of the filtrates was streaked across its

respective epread-culture. Thus l/lOO 00, of A-F^ filtrate

was streaked across a spread-oulture of A, and 1/100 00, of

B-Fj^ filtrate was streaked across a spread-oulture of B, etc.

For the control plates l/lOO oo. of sterile broth was streaked

across each. These plates were watched for inhibition of

growth along the line over vdiioh the filtrate was streaked.

The F4 filtrates were tested later by preparing two

^read oiiltures of eaoh of the organisms on agar slants. One

of eaoh of these was kept as a control, and over eaoh of the

others was spread 1/100 00• of eaoh of the respective F4
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filtrates.

The agar slant culture of Shigella dysenteriae

vhioh had been sealed at the University of Michigan on

June 29, 1927, was opened on June 19, 1928. A direct trana*

fer to a fresh a(^r slant was made and growth secured. This

was repeated on June 25, 1928, using the same culture,

later this culture of Shigella dysenteriae was used because

it was the culture on which the baoteriophage used in this

work had been demonstrated.

A sealed tube was opened containing baoteriophage

which eleven months before showed about one billion plaques

per cc. This baoteriophage was tested in connection with the

culture of Shigella dysenteriae mentioned above, and proved

fit for use.

A second sealed tube was opened containing diluted

baoteriophage, and of the age of that Just mentioned. This

diluted baoteriophage was used in all platings except where

otherwise stated* It had, formerly, about 30 plaques in each

loopful. By using one drop of this baoteriophage plated with

Shigella dysenteriae a good distribution of plaques was

secured under favorable conditions.

Knowing that the baoteriophage was sufficiently

active to be used in contact with the culture of Shigella

dysenteriae to be used, I proceeded to test its activity under

varying conditions with the organisms under consideration.
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Two broth oultures of each organlem were prepared, using

9-hour broth cultures for seed. These in turn had been

prepared from 16-hour agar slants. To one freshly prepared

broth culture of each organism one loopful of dilute baoterio*

phage was added. All cultures were incubated for 12 hours.

Using the 12-hour cultures, 1 cc. of each was spread oyer

nutrient agar on Petri plates. One plate was prepared for

each organism, using the oultures to which one loopful of

bacteriophage had been added, and two plates for each organ

ism using the cultures containing no bacteriophage# To one

set of the last mentioned plates one drop of dilute bacterio

phage was added before adding the bacterial oultures. The

other set acted as a control for the growth of the organism.

At this time I also centrifuged the broth oiiltures to which

a loopful of dilute bacteriophage had been added. The

centrifugal speed was approximately 4000 and the

time was five minutes. After centrifugalization of one drop

from the top, and one from the bottom of each culture were

plated for a study of colony differences. These plates were

all incubated at 37.6^0. for 24 hotirs.

Two weeks later 2 sets of eight plates each were

prepared to test the action of concentrated bacteriophage on

the eight organisms. To one set was added one drop of con*

centrated bacteriophage, the nutrient agar having been

previously added, and hardened. Then to both sets were
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added 1 oo. of a 12-hour broth oulture, so there vae one

plate with baoteriophage, and one control plate for each

organlam. Even distribution over the agar surface was

produoed. The plates were Incubated S4 hours.

To determine the effect of age and type of the

organisms on the action of baoteriophage, 12-hour, 12-day

end 28-day cultures of the organisms were used. This gave

a variation In the age of the organism to which baoterio

phage was applied, and theoretically a variation In type.

Six sets of plates, eight In each set, were prepared by first

adding nutrient agar and allowing it to solidify. Then to

three sets one drop of dilute baoteriophage was added. Then

1 CO. of 12-hour broth cultures was added to each plate in

one of these sets, and 1 oo. to each plate In one set contain

ing no bactez'lophage, so that there was one plate for a 12-

hour culture of each organisms In each of the two sets. A

similar procedure was followed, using 12-day cultures, and

28-day cultures respectively. In all oases the cultures were

well distributed over the surface of the agar, and all plates

were incubated at 37.5®0. for 24 hours.

For the purpose of demonstrating the effect of salt

concentrations In solid media, on the action of bacterlo-

plmge, double peptone media was used with the following salt

concentrations: Iji, 2^, 3^, 4$, and 5%. C. P. sodium
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was U89d» The reason for using doul>le peptone was

to aToid adding salt other than the ̂ aot emount desired*

The action of haoteriophage on double peptone media was

aeoeosarily determined, using Shigella dysenteriae for whioh

the haoteriophage had been isolated. Two sets of plates

were used for each de -ree of salt concentration. First the

media was poured and allowed to solidify* Then to one set for

each concentration one drop of dilute haoteriophage was added*

Then 1 oo« of 12-hour cultures of each of the various organ

isms was added and carefully i^read over the plates* Thus,

for each organism there was a control plate with the organism

and no haoteriophage, and a plate with the organism and one

drop of the haoteriophage, for each concentration of salt*

Only Shigella dysenteriae with and without haoteriophage was

plated on the double peptone media containing no salt.

In order to make observation of the effect of dif

ferent tCT^)eratures on the action of the haoteriophage six

sets of plates were prepared. As in previous work the

nutrient agar was first poured into the plates* This was

allowed to solidify, and a drop of dilute haoteriophage was

added to each plate of three sets. Then 1 oc. of a 12-hour

culture of each of the eight organisms was added to one

plate of each set. The three different temperatures at

whioh these plates were kept were 12®C», 26°0*, and 37*5°C,

These were all observed after 24 hours of incubation; hut
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the 12°C. plates were allowed to incubate 7 days for the

final reading# The final readings of the 26°C# and 37.5°C#

plates were taken after 24 hours*

Phenol and iodine were chosen in an attempt to

deaaonstrate the effect of different concentrations on the

action of baoterlophaiw applied to organisms under considera

tion*

A medium of pH 7*6 was used. ' To this the anti

septics were added, the iodine before sterilization, and the

phenol after. The strength of iodine concontration may have

been reduced slightly in sterilization of the media. Pour

concentrations of iodine in nutrient agar were used as follows;

0*006-2/3^, 0*01^, 0.02^, and 0.1^* Three concentrations of

phenol were used as follows: 0.055^, O.ljS, and 0.25®. Two sets

of eight plates were poured with each concentration of both

antiseptic media used* In each case the control set had

added to it 1 oo. from a 12-hour broth culture of the various

organisms under observation. The other plates of each set

had added one drop of dilute bucteriophage, and 1 oc* from

a 12-hour culture of the various organisms. This gave seven

sets of control plates, and seven sets of plates one of each

set representing one of the organisms being used, and one

drop of dilute bacteriophage* These plates were incubated

at 37*5°C. for 24 hours.
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In tli« voxic conoernlng the reaotion of loedla, and

its effect upon the action of the hacteriophage, a medium

was used for routine work ranging between pH 7*6 and 7«8,

For variation in reaction, media of pH value 6.8, 7.4, and

8t0 were used. Two sets of plates were prepared with each

kind of medium, and this allowed to solidify. To one set, or

eight plates of media of each pH value one drop of dilute

bacteriophage was added. For this test the dilute bacterio*

phage previously used was fuiijher diluted by one part of

sterile broth to one part of dilute bacteriophage. As a

result one-'half drop of the former dilute bacteriophage was

used. This made the strength of the bacteriophage equal to

about fifty plaques per drop, rather than 100 plaques per

drop. Having added one drop of dilute bacteriophage to one

set of plates of each plate, ao that there was a control

plate for each organism. There was also a plate with the

organism together with one drop of baotoriophage for the

medium of each pH value. These plates were incubated at

37.5^0. for 84 hours. Chicken blood serum was used in the

work demonstrating the effect of blood serum on bacterio-

phagio action. First, two sets of plates were poured, using

nutrient agar of pH 7.6 to 7.8. This was allowed to solidify.

A large drop of serum was added to each of these sixteen

plates, then one drop of dilute bacteriophage was added to

each of eight plates. Then to each plate X oo. of a X8-hour
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brotlL oulture was added, tiius making a control plate for

the growth of each organism In the presenoe of serum, and

one plate for the growth of eaoh organism in the presenoe

of serum and a drop of dilute haoteriophage*
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RESULTS

In the course of the work ooTerlng inouhation and

filtration of cultures in a sewage broth mixture, it has been

stated that a number of organisms passed through the "W"

Berkefeld porcelain filter# Stains were made from these to

detennine the sixe end shape, and other microscopic features

of the organisms to be found in these filtrates. The stained

prepairations revealed the following oharactejristics listed

accordlnc to filtrates from which st a ins were made:

F;IL S. pullorum—Innumerable minute coccoid forms,

very few well stained, occasionally cells of abnormal swollen

size. Organisms generally poorly stained. Few fibronous

clusters, organisms mostly email. Tery few rods larger tlian

normal.

Fx S. schotermfUleri—Large rod-like appearances,

swollen forms showing some normal shapes within them.

Abundant minute forms to swollen short plump rods.

Fx Eb. typhi—Very few stained organisms visible.

A few clusters, hyaline appearances filled with very minute

cells. None of normal size apparent.

Fx S, paratyphi—Hyalin structures showing iad^edded

variations from stained threads to normal well stained

organisms. Other organisms were poorly stained ranging from

vory wmXl to normal size*



I2 S. pullorum—No well stained organisms» many

oooooid forms, few osrowded clumps imbedded in hyaline

substance* None normal size.

Fg abortus—Very minute to normal sizes# Stained

very poorly.

fg schotermfllleri—Mostly poorly stained from very

minute to normal size. Some well shaped organimas often

evident in hyalln mass.

Fg feoalis—Bid not show growth when these stains

were made.

Fg paratyphi—From poorly stained, ill-shaped

foxms through cocoold and granular to normal well stained

organisms.

fecal is—Many very plump almost round forms of

variable sizes. Seme well stained, many very poorly, and of

granular appearance.

Fg sohotermttlleri—Cocoold forms, rods with granu

lar staining (bipolar), some club shapes. Hyalln branched,

and tissue-like substance in which normal cells were clumped.

jpLso masses of normal colls in brown clumps.

Fg paratyphi—Granular clumps, showing innumorabls

minute oooooid forms to normal sized cells. Minute forms

poorly stained, and normal cells well stained.

F4 feealls—Very few well stained organisms, very

small cocoold to short rods, with a few rods bipolar staining.



r4 sohotenaaileri—ldlnute oooooid foims, few

long lll-deflned rods, hyalin substance showing imbedded

normal cells well stained^ also clusters of Imbedded minute

to nozmal cells*

F4 Sb. typhi—Many very small to normal or^misms*

Many small dark granular clumps, with occasional well stained

hyalin masses, crowded with normal colls.

F4 paratyphi—Some normal short rods, some clumps

in brown mass* Many unstained and some very minute organisms.

?4 dysenteriae~<*Many minute organisms, some

granular clui^s occasionally showing cell forms, oooooid to

short rode, staining quality variable.

F5 feoalis—Many organisms clumped in masses.

Some single, very small but mostly well shaped short rods,

etaining poorly. Some bipolar etained.

F5 sohotermfllleri—Much substance of hyalin appear

ance, and some in which numerous organisms are clumped,

varying in size from very minute to normal. Very few organ

isms stained well, many such tiny organisms hardly visible.

The growth on agar slants was In some oases more

translusoent than the usual growth of these organisms, end

showed a tendency in some respects toward individual colony

formation. The Fg Para-B growth was more proliferous than

usual, and the growth of A. feoalis was less so, otherwise

there were no marked differences. Bom the agar slant cultures
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of th© organisms Just described together with alkaligenes of

the ?2 filtrate, nutrient broth oultureo were prepared* After

24 hours incubation these were examined in a hanging drop and

the following observations made:

pullorum—Tariabl® shape, with some short rods

agglutinated* The oocooid forms were single* Non-motile*

?! schotermdlleri—Some oocooid to actively motile

rods* Some agglutinated*

Fx lb. typhi—Actively motile rods*

Fx Paratyphi—Motile rods, few globular forms, and

granular clunks.

Fg pullorum—Hon-motile rods* no agglutination*

Fg abortus—Minute globular forms, 111 shapes, and

few rods* Clus^s, hyalin, non-motile*

Ffi feoalis—Minute and larger globular forms*

Non-motile*

Fg schotermdlleri—Granular and agglutinated olunps*

Size variation from very small ooocoid forms to very largo

rods in chains almost snake-like in appearance and motile*

Fg paratyphi—Motile rods, and few flobules*

Fa feoalis—Normal size, both motile and agglutinat

ed forms.

schoterrattlleri—Motile rods and large non-

motile strands* Few globules and granular masses*

Fjj paratyphi—Motile rods—sonw chains of several.
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feoalia-'-Matty fireo motile rods, few glotjular

forms* Oraoular amal^ejcoatcd clusters of orgaxilaas*

F4 schotoriaflllorl-^iyiotilo pods, agglutlaated massesi

F4 Eb. typM~-Actively motile rods*

F4 paratyphi—'Normal motile rods, non-motile

small granular rods. Globules* gourd-like to ellipsoideXf

F4 dysenteriae—Horraal size, motile.

F5 feoalis—Motile and agglutinated xods*

Fq sohoteimdllerl—Motile rods. Some globules.

F5 Para-A showed growth. Hot examined for the

characteristics of the organisms. Ho visible growth during

several days.

Transfers from the nutrient broth oulturee to

of the sla^lo sugars* and nitrate broth yielded result®

given in Table 1. Readings recorded represent four days
growth In broth*
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TITLES OF FIC5URES

Fig. 1 S, PuUorum after Passage of a "W" Berkefeld
Filter

Fig* Z SMgella Dysenteriae after Passage of a "W*
Berkefeld Filter

Flg« 8 From Gxrowth of S« Sehotermaileri in Presence
of Fg Filtrate

Fig* 4 From Growth of S. SohoteznlilXeri in Presence
of F5 Filtrate

Fig* S fc 8 A* Fecalis after Passage of a "W" BerkefeXd
Filter with different Filtrates

Fig# 7 & 8 S. Schotermfllleri after Passage of a "W"
Berkefeld Filter with different Filtrates

Fig. 9 A 10 S« Schotermtllleri after Passage of a
Berkefeld Filter with different Filtreates

Fig* XX S. Snhotermttlleri after Passage of a "W"
Berkefeld Filter

Fig* 12 & 13 £b* Typhi after Passage of a "W"
Berkefeld Filter with different
Filtrates

Fig* 14 & 15 S« Paratyphi after Passage of a "W*
Berkefeld Filter with different
Filtrates
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stained preparations were made from the nutrient

hroth oultxires when they were three days old# Desoription

of some of these, and a referenoe to drawings made from

others folloiras

Fx S# pullorum—Mostly minute poorly stained cells.

Fx S# schotermttllerl—Fig. 8 represents this stain

and In it may he seen the normal cells Imbedded in hyalln

substance#

Fx Eb# typhl—Fig# 12 represents this stain, showing

variation in sizes, hyalln substance, granular staining and

a small projectile on a long slender rod#

Fx S. paratyphl—Fig. 14 represents this stain.

Fg S. pullorum—Fig# 1 represents this stftln# Few

well stained cells#

Fg A# abortus—Cells mostly small and poorly stained#

Fg A# fecalIs—Large hyalln appearances some showing

sll^t central staining# Stained and unstained largo and

normal forms In slightly stained hyalln substance. Represent

ed in Fig# 5#

Fg S, echotermttllerl—Fig# 9 represents this stain#

Fg S# paratyphl—Tery minute forms and some short

rods, stained very poorly.

Fg A. alkallgenee—Forms as In Fig# 6 of F5

aUcallgenes#
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Fg S. sohotermtllleri"—Poorly stained except such

forms as appear in Fig. 11,

Fg S. paratyphi—Hyalin forms as in Fig. 15, &ot<l

the central amal^uoated clusters of hyalln substances con*

taining some poorly stained, and some well stained cells*

F4 A* feoalis—Forms as in Fig. 6.

F^^ S, sohotermfUleri** Mostly small cello, few
%

stained as in Fig. 8.

F4 Eb. typhi—Moderately well stained forms as in

Fig* 15.

F^ S. paratyphi**Mostly poorly stained minute

ooooid to normal rods*

F^ S. dysenteriae—Fig. 8. Cells showing projec

tions, and bulging and variable sizes* Also clumps contain

ing normal as well as poojeoting arods.

Fg A. fecalis—Represented by forms ahomi in

Fig. 6*

Fg S. sohoternsilleri—Variation in form, size

and grouping, some showing swollen ends as in Fig. 10.

Tables have been prepared showing the effect of

the application of 1/100 00. of filtrates of the organisms

under consideration to spread-cultures of the respective

organisms. In all cases where growth of the organism is

motioned reference is made to the type of growth foimd on

the control plate of that set.
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fij« first filtrate liad little effect on any

cultures except in the case of S« pullorum* In this instance

the growth was decidedly nK^re cloudy and noticeable where the

filtrate J2. puHo^nna was eqpplied, than on other portions of

the spread culture* This is shown in Table §2,

Table #3», representing the application of 1/100 oc.

of the F2 filtrates to their respective ̂ read cultures shows

all growth to be normal except that along the line of the Fg

coli filtrate. This filtrate showed ability to inhibit the

growth of Es. coli.

In Table # 4., we find that the Pg coli filtrate was

not inhibitory to the normal growth of the organlau. However^

in the case of S. pullorua, A. abortus, and Eb. typhi there

was definite inhibition of growth due to the presence of ths

Pg filtrates of the respective organlams. Other Fg filtrates

showed neither stimulation nor inhibition of the normal

growth.

Table #5. shoias similar inhibition for P^ S.

pullorum, P4 A* abortus, and F4 A. feoalis filtrates. Por

S. schotermulleri filtrate it shows slight inlftiition, and

for P4 Eh. typhi filtrate no inhibition whatsoever. The

growth along the line of the P4 dysenteriae filtrate was

marked with a number of large colony formations, not present

in the normal growth of Shigella dysenteriae.
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Plate III

Fig. 1

Fig. S

Fig. 1 Internal Structure of Jiledium
sized ColonjT of Shigella
Dysenteriae

Fig. 2 Internal Structure of small
sized Colony of Shigella
Dysenteriae
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Abbreviations not previously used are eiqplained
below. Where I have designated plaques, plaques
in confluent growth is understood.

" Prominent colonies in a confluent growth

9 « Colony surrounded by lytic ayea

(3) * Plaques approximately 5 ma. in diameter

(1) ® Plaques, very small 1-2 mm. in diameter

(2) « Plaques between (1) and (3) in size.
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'■t

A. abortus—From Fj, filtrate, heavy type of growth,

from Fg Tory light and from *3 as Fg light, but with a
tendency toward colony formation. From the F^ filtrate the
growth was scattered, and from the Fg no growth.

A. feoalis—From F^ filtrate, irregular olearingw

in growth, from Fg confluent, from F3 and F4 plaques, and

from Fg irregular growth*

S. Bohotermullerl—From Fjl normal, frOei Fg partly
heavy opaque type of growth and partly tendency toward

individual opaque colonies, with some small plaques in the

confluent growth. From the Fg filtrate growth showed

irregular clearings with some definite medium sized plaques.

From F^ dim milhy colonies appeared in confluent growth, and
from Fg plaques of anall and moderate size appeared in con

fluent growth.

Eb. typhi—From the Fj^ filtrate normal growth, from
the Fg lighter confluent growth. From the Fg the growth was
of heavy opaque type with irregular clearings. From F4, the
growth was as from the Fg and from the Fg the growth was the
same showing moderate sized plaques.

S. paratyphl—Normal growth from all filtrates, with

a few small plaques from the F^ filtrate.
Ss. ooli—Normal from the F^, F4, and Fg filtrates,

heavy frcaa the F3 and a much more transluscent frowth from tha

filtrate. There were no plaques.
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Plate rv

r^

Growth of A. Fecalis and Es. Coll
with and without Bacteriophage



Shlgella dysenterlae—-With small plaques from the

II flltratWy irregular clearings in growth from Fg filtrate»

tendency toward individual colony formation frm the Fg euid

Fg filtrates, the latter being heavier growth, and moderately

sized plaques from the F^ filtrate*

In all of the above plates £s. ooli was the only

organism showing no plaques or irregular clearing in the

growth on any plate* S. pullorum showed lytio areas from Fg,

Fg, and F^, A« abortus from Fg, A. fecalis frcm Fj|^, F^, F^,,

and Fg, S. sohoterraulleri from Fg, Fg and Fg, Eb. typhi from

Fg and Fg, S. puratyphi from F4, and S. dysenteriae from Fj^t

Fgj and F^*

The results of the interaction of a dilute bactcrio-

phage active for Shigella dysenteriae on the eight intestinal

organisms are given in Table No* 13* and No* 14* Table No* 13.

shows that the Shigella growth was altered by contact with the

bacteriophage, so that instead of a confluent growth individual

colony formation showed on the plate* Pecularily enough

Es. coll showed the same kind of altemtion in growth, Plate

lY, Figure No* 3* Growth of A* abortus was likewise altered*

Growth on all other plates was normal regardless of previous

contact with the dilute bacteriophage*

Table No. 14. shows an alteration in the type of

growth of A. fecalis, and A. abortus in the presenot of one
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drop of dlluto baoterigphagd on an agar plate. Growth of

Es. ooll also shows a slight alteration being less pitted,

whereas the dysenteriae plate shows a good distribution of

plaques or clear areas over the whole surface of an otherwise

oonfluent growth.

Plate 17, Petri plate No. 1 is the control plate

of Es, ooli. The pitted growth mentioned at various times in

this thesis may be seen in the upper portion of the plate, to

the right of the numeral. No. & is the confluent growtjj of

Es, coli in the presence of one drop of dilute baoteriophage

active for Shigella dysenteriae, Petri plate No. 3 shows the

growth of prominent individual colonies, with no growth

underlying these as a confluent substratum, due to six hours

contact in broth with one loopful of dilute baoteriophage.

Petri plate No, d represents the confluent growth on the con

trol plate of A. feoalis. No. 5 shows the prominent colonies

on a confluent growth of feoalis in the presence of one drop

of dilute baoteriophage. No. 6 shows confluent growth after

six hours oontaot with one loopful of the dilute baoteriophage

aotive for Shigella dysenteriae.

Plate 7, Figure No. 1 shows the individual fine

colony growth developed by A. abortus in the presence of one

drop of dilute baoteriophage, Plate 7, Figure No. 2 shows

the prominent colonies formed by alkaligenes in the presenoe

of a similar amount of baoteriophage,
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Tms Ko. 13.

Sproad-Oultiipos 1 oo. from 6-hour Cultures of

Organisas and one Loopful of dilute Baoteriophage.

Cultures
:
Growth of 5-hour

, culture and phage
* Growth on oontrol

pullorua

' I

2 Nonoal

abortus
I
T,I,C.

A* feoalls . : T*I*C«
L

tB* sehotemullorl T«X*C»

Sb* typhl ) T*X.C«

{S* paratTphl
i

T# X*C•

I

Es« ooll
:

t p.c. Individual
ooloniea

sShigella P»Cf Individual
. dvsenteriae : ooloniea
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Confluent

Confluent, T.I.C.

i Confluent

Confluent

] Confluent

Confluent
X

] Confluent, somewhat
wXtted

Confluent
t
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table No.

Growth of Organisms on Agar PLatos 1 oo»

of Cultures with one drop of dlXHtO

Baoteriophage*

Cultures
* • iC\ilture and one * Control growth
s drop dilute phago ^ ^

j Si pullorum
t

Normal Conflueht

t
Ai abortus • T*I»Ci

,.»i

' Confluent,T»IiCi *

: Ai fecalis

Si schotermullerl

t Nh. typhi

Si paratyphi

: Ss* coll

Shigelle
t dysenteriae

P»C> in confluent Confluent
growth I

Normal

Normal

Normal

Confluent

Plaques (8) and
(3[ over whole
E^te '

-09*'

Confluent

Confluent

' Confluent

- Confluent, some-' .
what Plated *

® Confluent,T.I.C* '



A8 reoorded In Table No* 14* all plates not already

mentioned as showing variation grew normally confluent in

the presenoe of one drop of dilute baoteriophage* This growth

Is represented In Plate 71, Figure No. 1* Plate 71, Figure

No* S represents the plagues as they appear in the otherwise

confluent growth of Shigella dysenteriae*

Plate 711, Figure No* 1 shows plaques as they first

appeared in the confluent growth of dysenteriae, and Plate

711, Figure Ho. g represents the plaques at a later time,

demonstrating the zone of diffusion, as well as the growth

of secondary colonies*

In no case did the plates prepared for colony

formation from the surface and bottom of the broth cultures,

which had been oentrifuged after six hours contact v^ith

dilute baoteriophage show differences in colony formation,

for the same organism*

The effect of the age of the culture used in

connection with baoteriophage is reoorded in Tables Nos*

IS., 1&, and 17* It has been previously suggested that this

also concerns the type of growth of the organism* It is to

he noted, moreover, that Table No* 14* represents the effects

of using a 9-hour culture under the same conditions as I have

used the 12-hour, 12-day and 28-day cultures, althou^

previous to a series of transfers which intervened*

-to-



�

 

Plate VI

r

% ^

I
53C^>
m

m

*i

iSf.

/

Fig. 1 Confluent Growth of an
Organism in the Presence
of Bacteriophage

Fig. 2 Plaques in Growth of Shigella
Dysenteriae
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In the oaa« at the 9-'hour culture, Table Ho* 14*,

A. abortus showed less oonfluenoy of growth, A. fecalis

showed the appearance of Individual colonies la a confluent

growth, Es, coll showed a more decidedly confluent growth,

and Shlgella dysenterlae alone showed well defined plaques

In the presence of dilute baoterlophage.

In using the 12-hour cultures, It is to be noted

in Ml« No* 15* that as In the 9-hour cultures A* abortus

showed a inarhed tendency toward colony formation In the

presence of the bacterlophage* A. fecalis, and S. schoter-

mflllerl also showed Irregular clearings la the growth. It

also showed medium sized plaques and lytlo areas surroxmdlng

minute colonies. Later this plate showed only a few streaks

of minute colony growth, all other growth having disappeared.

Paratyphl showed the presence of dim colonies In a confluent

growth. Only S. pullorum and Es. coll grew normally.

Shlgella dysenterlae showed plaques of moderate size.

Aotlon of the bacterlophage on 12-day cultures was

less Variable. In the case of S. sohotermSllerl there wawe

some opaque colonies surrounded by less opaque areas, and

other dim colonies In an Irregular growth, thou^^ not more

Irregular than the control plate. Other organlams shewed

normal growth, which Is to say no different in the presence

of the bacterlophage than on the control plate, except
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TABLE HO. 15

Twelve-hour Spread-Culture with one Drop of

dilute Baoteriophage

Cultures * Growth of oulture * Growth of con-*
^ with phage ^ trol ^

8, pullorun Honsal Confluent

A. abortus : T.1,0.

A. feoalis
t

• B.C.

T

I

B.C.

S. sohotermulleri: I
6G6

« B.C.

1

Eb. typhi (2) and B.C. Confluent
: 9, Later only g.I.C. '

S. paratyphi i B.C. • Confluent

Es. ooli Hormal Pitted, oon-
* fluent

Shlgellft • (1) and (2)
•4m

* Confluent,
I G.V.S.

'MQjg-.

t

t

1

t

t

t

I

t

T

I

t

-»



Plate YII

r

L r

A

\

Pig. 1 Early Plaques in Growth of
Shigella Dysenteriae

Fig. S Latent Zone of Diffusion of
Plaques, and Secondary
Colonies in Growth of
Shigella Dysenteriae



 

TABLE Ho. Id

fweXte-day Spwad-Cultup# wi%h paa Drop

oJT dilute Buoterlophage*

Cultures iQrowtb of culture
with ehafce

t Growtii of con- *
trol

S, pullorum ^Bormal

i

I
•

ConfXueiil
. . . •

A* abortus

j

Noziaal
I

i

s
Confluent ;

A* feoalls ^Normal t
}

Confluent
•

i

S* soliotennulleri.DtC* I
i

t
X :

Sb. typhi * Normal i
•

Z
•
e

Bf paratyphi {Normal •
«

Confluent *'

Ss. ooli
i
Normal

t

t

t

—

#

Translusoent1
finely pitted,^
confluent

Shlgella
dysenteriae

t

(1) and (2)
*

s
»

Confli^ent



dy84M&ter|a9i which ahowed aaall euad medium sized plaques*

However, the Irregularity of growth for S* schotermullerl

and Eh. typhl on control plates is to he noted, also the

more transXttseont growth of Is* coll*

In the action of the dilute haoteriophage on

day cultures the results as given in TahXe HO* 17* are soae*

iritiat uneipected in regard to pullorum and typhl* ^fhe growth

of S* pullorum in this case was opaque in the presence of the

haoteriophage, and showed innumerable small plaques, and

colonies surrounded hy lytic areas. These are to he seen

reporduced in Plate VIII* In the ease of Sh* typhl there

were moderately sized plaques, as well as colonies surrounded

hy lytic areas. On Shigella dysenteriae as might he ex*

peot^ with an old culture only one plaque was visible, a

fairly large plaque filled with secondary colonies* No

other plates appeared to have growth altered due to the

presence of haoteriophage, although several showed growth

different than usual on control plates. Thus A. feoalis

showed seme irregular clearing, as did Eh. typhl, S. sohoter-

mdlleri, Nb. typhl, and Be. ooli showed dim cloudy colonies

on a confluent growth*

The action of the haoteriophage applied to the

organisms on a medium containing 0*5% sodium chloride is

given in Table No* 18* A check of three plates on the action

of the hacte^iophAge on the double peptone media showed a

i'f *



 

 

 

 

 

 

 

 

 

 

TABLE Ho* 18*

Twelvo-Hour Spr©ad-Cultur®s with on© drop of

diluto Baoteriophag© on a Medium Contalnlnij

0,5% BaCl

Culturoa Growth of culture

■4—with phag©

s t
Growth of oon-

trol

S« pullorum Normal and P«C. i t
Confluent

A* ahortus 2 Normal j Conflueht

A. feoali© (1) and I
t
P*C. in oon-

t fluent growth y
6, aohotermulleri il

Eh. typhi
t
Normal

1 Confluent

1

X
Confluent

X
S* paratyphi ! Normal I Confluent

Sa. ooli
:
Normal

i

t j
Pitted, oon-

1 fluent t

Shlgella
dysenteria© *G.Y.S.

:

t :
G»T.S« except

j one colony, j
lar^e tvne

Shlgella
dysenteria©

1
Normal

i t
Confluent

t t

Shlgella
dysentarlae

No salt—
3 nlates

;(2) and (3)

I

t Confluent i

: t

M 'eii'iani'' ■



  

 

 

 

 

fma m* .X9«

Twelv«-Hour Spread-Cultures with one drop of

dilute Baoteriophage on a Medium Containing

196 MaCl

Cultures
:

Growth of oulture
t with phage

Growth of
: oulture

i

S« pullonim T* X•c ̂

ahortus Monoal

A. feoalis
T

Koxmal

3 ft sehotermulleri Hozml
I ' ' •—t

Sb. typhi
t
llbrmal

^ 3# par&typhl mmaX

I

. Conflueeat

i
ConfXuen'li

j Confluent ^

I

jConfluent j

Confluent

I '1

£s* ooll fiormial .Pitted, oonflu-,
'ent I

Shigella
dysenteriae

Dew^like eolonie# P.C#—later ^
. yellow pig-

ment

Shigella
^senteriae

Normal * Confluent *



reduotlon in tlie plaques produced in growth of Shigella

dysenteriae. However, plaques of moderate and large size

appeared. On double peptone medium containing 0,5^ of salt

the baoteriophage produced no plaques in growth of Shigella

dysenteriae# In the growth of pullorum prominent colonies

were formed on a confluent growth in the presence of the

dilute bacterlophage* There were small plaques in an

irregular growth of A* fecalls, and S. schotermfllleri showed

Irregular clearing in the growth. Aside from the plates

mentioned there was no difference in growth in the presence

or absenoe of the baoteriophage#

As shown in Table No* 19. on a medium containing

1^ sodium chloride, pullorum showed a tendency toward
individual colony formation, in the presence of the baoterio-

phage# In the case of Shigella dysenteriae less marked

colony formation in a confluent growth appeared in the

presence of the baoteriophage. The control plate showed a

more proliferous growth, and later a yellow pigmentation,

which became deep yellow upon aging. This characteristic of

pigmentation was easily lost in three transfers on nutrient

agar. A. faoalis showed irregular clearings in the growth

in the control plate, as well as in the presence of baoterio

phage. Other plates showed no marked deviations from the

usual growth on laboratory media#

On a medium containing salt the growth of S#

pullorum was inhibited somewhat showing irregularity# Shiga

•98»
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Plate VIII

r

M.

e

> V.

w

g

#*

r^ ,

L'^

Plate VIII Small Plaques in Heavy
Type of Growth from a
28-Day Culture of S.
Pullorum in the Presence
of Bacteriophage



 

 

 

 

¥

TiBLS lo. m

fwelve-Houl? Spread-Cultuarda witli one Brop pf

dllidre Bacteriophage on a lladim Containing

8jl mil

Cultures Growth of cultures
^ with phage

Growth of
control

t 3. pullorum I
Norml G.Y.S. 1

A. abortus normal Confluent

Am feoalls ' Normal

X

S. schotermullerl Normal
t I

D»C,

I Eh. typhl

t

i Normal J Confluent

t T
S. paratyphl Normal Confluent

I :

I SSk coll

t
Shi

t Normal t Confluent

gella
I dysenteriae , Dew-llha colonies ^ Confluent

Shigella
dysenteriae
repeated

Normal ?*0i



 

 

 

 

 

 

 

TABLS ISO. 22

Twelve-Hour Spread-Culture with one Drop of

dilute Baoteriophage on a Medium containing

4^ MaC l

t

Culture Growth of culture

A ,

I I
Growth of con-

l_«irol i

t 3* pullovom t Hormal

t

Confluent j
cloudy A

{
A. ahortus Normal Few colonies

* A. fecalis

I —

t X G tConfluent, F.C* t

3« sohotensSlleri Normal
» I

I {
Pitted, oon-

t fluent ,

t Sb. typhl I Normal I Confluent :

3« paratl^hi Nonaal Confluent
X

t Se. ooli

I

t No naal t Pitted, {
oonfluTOt

Shigella
t dysenterlae

Normal
I
N.G,'

*N.G. ® No growth apparent

•101-
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TABLB Ho* 83,

IhffialTtJr-Hour Sproad-Culture with one Drop of

dilute Baoterlophage on a Medium Containing

Had

Mw*

I Cultures

t

s Growth of cultures i Growth of eon-»

S t 1

pulXorom t Hoxtaal t G,V,3, t

t t t

A, abortus Few scattered G,V,S.
•1 colonies 1 t

A* feoalis t Honaal 1 P,C • t

1 i :
S. sohotermallerl Kormal Pitted,

Am i confluent t

Sb, typhi I Normal •
e 0,V.3. I

S« paratl^hi
i : I

Homal G.T.S.,
A~' confluent t

Ss. ooll e
e

Normal t D,C, I

Shlgella
}

Normal
s

N.G,
i

dysonteriae
1- —i.

*ioa*



 , 'j-'--' r,-*

dysenterlae showed no pi^Bentdtlon, and the haoterlophaee

Inhibited its growth somewhat*

^e presenee of 3^ salt In the medium affected the

growth of a few organisms as shown In Table Nb. 21. The

growth of A. abortus was Inhibited somewhat more than with

the 8^ salt oonoentratlon in the medium* Sb. typhl aim

showed a tendenoy toward colony formation, rather than eon-

fluent growth* Growth on the other plates was very similar

to that on corresponding plates on media containing 8% salt*

Only one plate of Shlgella dysenterlae showed colony foimatlon

in the presence of baoterlophage as compared to a more con

fluent control plate*

On a medium containing djJ salt only A* fecalls

showed variation In growth between the control plate the

plate to which baoterlophage was added as shown in Table

Ho* 22* The g3x>wth In the presence of baoterlophage shoved

Irregular clearings, and seme colonies with lytio areae

about them, as compared to confluent growth with definite

oolotttea la it on the control plate. The control pullorua

grew with more clouding than usual. The salt oonoentratlon

eeemed to limit the growth of a, abortus, sohoterMullerl,
and dysenterlae*

The growth on control plates using medium contain

ing 6^ salt wae ig^neraliy decreased* There was no indication
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ttiftti tlas ttaoteriophage produced any effect» as may be

seen in Table No* 23*

In oonsiderlng tmperature as a factor in

baoterlophagy some interesting results were secured, as

evidenced in Tables Hos. 24, 25, and 26* At 26*^0. Table

Ho* 26* showed that Shigella dysenteriae was effected as

might be eaqpected, and plaques appeared. A* fecalis showed

irregular clearings in the growth where bacteriophage was

applied. The growth of S, pullorum in the presence of

bacteriophage proved to be heavy, and opaque, as shown in

Plate IX, a decidedly different growth than the usual type

shown by S* pullorum, as seen in Plate X«

At 57*5^0* all of the organisms except Es.eoli

showed B(m» difference in growth with and without baoterlo**

phage as recorded in Table No* 25* S* pullorum showed a

few moderately sized plaques, for the first time under these

conditions* A* fecalis showed plaques and Irregular clear-

ings in the growth* A* abortus showed an inclination toward

Individual colony formation. S. schotermulleri showed

irregular clearing in the growth# Sb, typhi showed medium

sized plaques, and some slightly opaque colony formations*

S* paratyphi showed similar colonies, and Shigella dysenteriae

showed plaques* Thus, in this case four organisms showed

clean-cut plaques, and only one no change in type of growth

in the presence of bateriophage.
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T^LE No. 24,

Twelvo-Hour Spread-Culture of Orsanlsms with

one Drop of dilute Baoterlophage Inoutated at 26°C«

Cultures 1 Growth of oultures
with ohe^e

t Growth of
control

S. pullorum

t

: Opaque typo

t

t Confluent

H* abortus
t

t

HonaaX
I

•

Confluent«
pitted

A. feoalls «
« I I Confluent

S« soliotermulleri
s

Nonaal
I

•

Confluent

£b« typbl #
•

Normal 1 D*G •

S« paratyphl
I

m

Normal
t

•
k

Confluent

Es. ooll f
•

Normal s Pitted,
confluent

Sblgella
dyaentoriae

}

—f-

(2) and (3)
f

—1-

Confluent
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TABLE Ko, S5»

Twelve-Hour ̂ read-Culture of Orig^laEUi witJx

one Drop of dilute Baeteriopluiiee XneuHte^

at S7,6®0.

Cultures Growtli of oulture
witli piiage

t

Growth of
control {

S# pullorum , Growth few
' ta)

{ I

, Confluent
I

• A* ahortus Pitted D«C,

t

A* fecalis j I 3P«v (B)
I
D»C, t

* S* schotenauUerl * 1 ' Pitted, *
-I
oonfluwit

t

Eh. typhi (2) D*C, ,Pitted, I
confluent

S. paratyphi D.C, "finely pitted"
j confluent

t
Es* ooli Honsal

X
Pitted,
confluent

t Shlgella
dysenterlae

I

< (1) end (2) *Confluent# *
^ Part of plate
® N.O. «

t r

••106-
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Ti^£LS No, £6,

Twelve-Hour Spread-Cultures of Or^iaisms with

one Drop dilute Baoteriophage Xnouhated 7 Days at

12®0.

Cultures Growth of culture
with phap:e

Growth of
control

S* pullorum

A. abortus

(1) thin growth
Heavy after 9
84 hours at Z6^G,

G,V.S,

Normal G,7,S.

X

I Af feoalis Normal } P«G*

S, sohotermillerl' Normal »• V.S,

j Eb« typhl (3) secondaries
after 24 hours
at 26^0,

T« X*C«t

S. paratyphi Normal G.V,S.,

Ss, coll Normal ^ Pitted,
confluent

Shlgella
dysenteriae

it

t

G,Y.C» if any
•

(3), confluent
•

9

Shigella
dysenteriae

t 24 hours at 26**C#
Lar;5:e nlaaues

* (3), confluent
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Plate IX

r

m

•I

W. \4
It

L*<k.

Heavy T^e of Growth of S. Pullorum
at 26"G. in the Presence of
Bacteriophage



After seTen days Inoubation at 12^C« S» pulXorum

attowed eoaall plaques and lytlo areas about sxaall oolonies

and Eb. typhl showed fairly large plaques in the presence of

baoteriophage, as seen in Table Ilo* 26* The growth on the

dysenteriae plate In the presenoe of the bactorlophage

not visible vdien taken from the refrigerator# The control

plate showed very definite large plaques, v^ich later con

tained secondary colonies. The othor plate of dysent^iaa

showed growth with large plaques after being at S0®0# for

24 hours.

The growth on most plates was slight but visible.

After 24 hours at 26^0. S. pullorum in the presence of the

bacteriophage had developed its characteristic opaque growth;

but the plaques were unchanged. At this temperature A. fecalis

showed no alterations In growth due to the presence of

bacteriophage.

On a medium containing 0.05% phenol, S. pullorum

showed a few small plaques on the control plate; but none

in the presenoe of the bacteriophage. As recorded in

Table He. 27. A. abortus, A. feoalis, and Eb. typhi showed

Irregular clearings in the growth on the plates to which

bacteriophage had been added. On the oorrespendlng plate

for dysenteriae, plaques of moderate and large size appeared*

Any other changes ocouring were evident on the control

plates. The growth of dysenteriae was noticeably heavy.
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TiUSLB m*

Twelve-Hour Spread-Cultures of Or^nlens with one

Drop of dilute Baoterlophag© on a Medium Oontalnins

0«05^ Phenol#

Cultures Growth of orsanlam Grovrth of
t . »L. With uhaKe » control

I
S, pullorum

i

1

•

Confluent
1
Confluent

f

( A, abortus
3 I j T#X#G«

♦

A* feoalls
1

e
•

I * D.C,
e

. S. sohotenauUerl
• }

HoiSttal j Confluent

* Eb. typhi
5

t
I Confluent

1 S. paratfcjhl
e

t
Normal

I '

j Confluent

* eoll
1

t

:

Normal • Pitted,
translusoent
confluent

' Shlgella
dyseJiteriao

•
4 (2) and (3) 'Heavy

confluent

-109-
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TAmM m*

Twelve-Hour Spread-Cultures of Organlams with

one Drop diluted Baoteriophage on a Uedium

OJDjt Hienol N

Cultures Growth of organisa
1

Growth of

s» pullorum
t

Homal
1
Confluent

A* ahortus : Non&al s T*I,C.

A« feoalis
t

ti

Hoimal
t

t

D,C.

S* sohotenaullerl
t Normal

t Pitted,
confluent

Bh* typhi
{

Hozzoal
I
Confluent

S« paratyphi

^111

s
Normal

I
T*X»Cf

Be. ooli : Normal t Pitted,
transnarent

Shigella
dysenteriae

S

:
(2) andiS)

i

Heavy,
! o<>hfiuw|

-110-



 

 

 

 

 

 

�   

fms m*

Tw«lT®-Eoiir Spread-Cultures of Orfipjaisms wltk

one Drop of dilute B&oterlophage on a Medium

Containing 0,2^ Phenol*

T

Cultures Qrowth of Organli
i wltl^

S* pullorum
t

Normal

A* ahortua t Normal

A* feoalls Noxmal

S* sohotermullerl * Normal

;

lb* typhl Normal

S* paratyphi * Normal

Ss. ooli Nomml

Shlgella * N*0*

"111*

I t

Qro\Tth of
t control t

t

N.G*

t N.Q.

i

* G.V.S*

S.C.

N,G*

Confluent
s I

* Confluent *

> I

Conflucsat
t

il-'ir'iiiitiii^ . .. ;>>SS



TABXtS Ho • 30 •

Twelve-Hour Spread-Culturoa of Orgeuaiitnui with

one Drop of dilute Baoterlopiiaso oa a Uediuia

Oontaittlag 0*Q0d-2/^ Xodlae.

Culturea
T

Growth of orgaaiaa
t

Growth of

s. pulloroja
t

t
Honoal

e
•

1
Coaflueat

t

t

A# abortus s X t T.I.C, t

A* feoalis
!

Hormal

'""T

t

t

t

S» schoterraullerl* Honoal t Coaflueat t

£b* typhi
{

I

Honoal
1

t
B.C.

I

}

S» paratyphi t Hbxml t Coaflueat *

Ss* ooll
S

1

Honoal
t

*

Pitted,
oonfluent

t

Shigella
<iy»®nterla«

t (2)
S Coaflueat

t



On a iQBdlnm containing 0«1^ phennl. jStiigeXlA

dyaenteriao ahowed the same heavy grovth» as well as large

sized plaques in the preaenoe of baoteriophage* The other

cultures showed on the control plates, as given in Table

Ho. 28., similar to the control plates recorded for the

medium containing 0.05% phenol. The other plates showed

normal growth.

In the presence of 0.2^ phenol in the medtm growth

of all of the organisms, showed no change due to the presence

of bacteriophage, as nay be seen in Table Ho. £9.

With 0.006*2/39( iodine in the medlM, Table Ro. SO.,

those organisms showed growth very similar to that on the

medim containing O.S^ phenolic In the presence of baoterio-

-phauO, however, only A# abortus showed irregular clearing in

the growth, end dysenterlae showed plaques, only moderately

sized.

In the presence of 0.01% iodine, only ZTb. typhi

varied in tdie control growth, as oompared to that on media

with only 0.006-2/39^ iodine present. As will be seen in

Table Ro« 31., lb. typhi on the eontrol as well as inAthe

presenoe of bacteriophage ahowed irregular clearing in the

growth. Except for this differ^oe the results were

practically the same in the presenee of the bacteriophage as

they were with the smaller amount of iodine*
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TABLS »0« 31,

Twelre-Hour Sppead-Cultw^» of OrgaaisaiB witli

ono Drop of diluto Baotorlophage on a Medinm

Containing O.OX^ Xodina*

* Cultures
•

•

•
«

s

Crowth of ouXtura
with phage

t
Growth of

{ oontroX

s

S« puXlorum
s

i

1
HonaaX

1

Confluent
t

s A, abortu# f
• J » T»I»C#

A* feoalia
i

:

.1.
Normal.

e

B.C*
t

1 S. sahotermulleri i HoimaX I2>»C«

i ^
Sll. typhi

*

s

L

NdrmaX
t

X
t

j S, pcuratyphi
t HoimaX t ConfXuent

*S8. ooXl t
HormaX * Pitted,

f oonfXuent

ShlgeXXa
* dyaenteriaa s

(2) J Confluent
1

j •
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Ti^BLE Hb. 32,

Twelye-Hour Spread-Cultures of OrgaiilsiBlui

wltli oa© Drop of dilute Baoterioplmse m a

Medium Oontainlag Q«02^ Xodiae*

Cultures Growth of oulture Growth of

s» puiiorun

JL.

t

wiim pua^e

Boxmal

,-J.,

i

i

conrrox

Confluent

i

I

1

A« ahortua
: X and $*X«C. t T.XtC* }

A* feoalls
!

Nonaal
t

Confluent 1

V

S. sohotermullari
s

Normal

'T '

t
Confluent

:

£h. tjphi t Nonaal t D»C* :

S. paratyphl
i

?
{Z\ many

t

f
T.I.O.

t

1

Bs< ooll i Normal 1 Pitted,
confluent

:

Shlgella
dysenteriae

I

i

iz),($) and
two dozen large
colonies

1

t

Confluenlf
1

1
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TiBLS HOk SS«

Twelv«-Hour i^road»Cultur®3 of Organlisui

with, one Drop of dUute Bacterlophage Oli

A Modiuifi Containing 0*1^ Iodine.

T
* Culture®
I

Growth of culture Growth of
with phage t control :

g s« puiloram
t

Hoanaal

A* abortus ^ Large plaq;aes
m» ,

A* feoalia
t

D.C.

i S* sohotejmilleri > Normal

t ' t

Bb. typhl Normal
f J.

I S. paratyphl Normal

Ea« ooli * Normal

Shlgolla Normal
^ dysenterlae ^ (2)

••116*»

wi' ■

t

Confluent

* T.I.G,
T

Confluent

S.C,

Pitted,
confluent

Confluent

D.C•fX.,(2)
: and (5) t

t Pitted, t
confluent

:



Plate Z

'P

Normal Growth of S. Pullorum at 26^0.



Table Ho* sbows the growth on media contain

ing 0*02^ Iodine to he the aame as on media oontalning

0*006-2/3^, except In the case of paratyphl which showed a

tendency towazrd Individual colony formation* \Yith this

organism ve find that medium sized plaques appeared In the

presence of hactorlophage* A* abortus showed the seaae

Irregular clearing as in the previous tv/o sets* and

dysenterlae showed plaques of moderate and large size, and

also some large colonies*

On a medium oontalning 0*1^ Iodine, It will be seen

In Tahle Ho* 33* that the growth on the control plates of

paratyphl, soho^erraullerl, and fecalIs was altered by the

greater Iodine concentration. A* fecalls shewed Irregular

clearing and plaques In the growth on the control plate*

In the presence of bacterlophage these appearances did not

occur* On the other hand, A» abortus showed very large

plaques In the presenee of bacterlophage, and not on thl)

control plate* Shigella dysenterlae showed medium slsad

plagues In the presence of the bacterlophage.

As to the effect of a xaedla with pH d.B on the

action of the bacterlopJiage, no definite plaqucts wera

foxmed on Shigella dysenterlae, as may be s#sn In Table

HQ* 34*

However, the growth was inhibited somewhat as

compared to the control plate. Other organisms showed
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TABLE HO, 54.

TwelYO-Hour Spread-Cultures of Organlsos witli

one Drop of dilute Baoteriophage on a Medium

of pH Talue 6.8

Cultures

J.

* Gro;vtli of oulture
with phage

S« pullorum Normal

A. abortus Normal

A. feoalis Normal

S. schotermulleri, Normal

Sb. typhi Normal

S. paratyphi Normal

Es. ooli Normal

Shigella
dysenteria

No plaques, T.l.C,
* less in number

' Qsowth of *
control

J 1

* Confluent, *
t ,t

D.C<

B.C.

D.C,

Confluent

Confluent

* Pitted,
, confluent

T.I.C<

A •'rr''' t • i

1

i

-t

t

t

-f

t
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TABU mt» 3S»

TwaLv«-Hour Spread-Culture of Organlame with

one Drop of dilute Bacterlophage on a Medlixm

of pE Talue 7*4.

OiUtures Growth of cultures * Growth of *
A-

t

WAVU.

Noxml
2 2

S« pullorUBL Confluent

.1. 1

abortus
1

Norsial
:

2>,C«
2

A* feoalls
t

Eozmal
2
I

t

II I ' ®'

S* aohotenDulleri. F»C« opaque type j I 1

of CTOwth

Eb. typhi t Normal 2 Confluent 2

1 I e

S# paratyphi
t

Normal
t
Confluent

1

£s« ooli t Normal i Pitted,
e
•

1
confluent

2 t

Shlgella I J t

dysenterlae T.I.C. T.I.C,
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TABLS sro. 36.

TwelT«-Hour Spread-Cultupea of OrganlSBUi

wi%U om Drop of dilute Baoteriophago on

A Xedlum witii pH Ha&u* of 8.

Culturoa
t

arowtli of oultura
! witii phaga

t

•120»"

iriti r

Growtli of
t control

s. pullortm

t

•
a

Normal
2
Confluent

t

1

A. abortus : Normal •
a P.O.
confluent

e
«

A* fooalla
1

J, .

D.C.
2

J

(2) I
t

#

S. sohotermulleri I Normal 1 P.O. e
•

Eb. typbl (
Normal 8

Confluent
2

S. paratyphl
f

1
Normal

-i-

t
Confluent

—r

1

Ss. ooll s Normal 1 Pitted,
confluent

2

Shlgella
isrsitatariaa

1

t f.z.o•

i

t Confluent

t

t

-

■'V-a



little effect due to the reaotlon of the iaedium» ezo^t

that in no other case did the hacteriophage exhibit any

action* S* pullorufli showed a scoevhat better growth than

had been exhibited on more alkaline media*

Table No* 35. shows that in the case of A* fecalis

and S* sohoteiraulleri the growth showed irregular clear

areas on media with a The latter organism showed

an opaque type of growth in the presence of the baeterio-

phage* All other plates showed no effects due to the pres**

enco of hacteriophage, except for a slight decrease in the

growth for dysentarlae.

On media with a pH 8 i.* fecalls showed irregular

clearing and medium sized plaques, and as shown in

Table ]^o. 36. these were not present in growth with the

hacteriophage, scnoewhat opaque colonies appearing in a

confluent growth of the organism. The only other ciature

affected by the presence of the hacteriophage was dysen-

terlae, which showed a tendency toward individual colony

formation rather than the confluent growth on the control

plate.

In the presonoe of ohlcken blood serum pullorum

appeared in a heavy opaque confluent growth. In the presence
of the hacteriophage this growth was considerably less

proliferous, and more cloudy than opaque. Table No. 37.
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records a almllar tendency toward less proliferous

growt^ of A* abortus In the presence of baoterlophae^

than In ita absencei as Is also true in the case of

schotenaullerl. £s. coll shows a rewerse of these con

ditions* A* fecalls shows more decided Irregular clearlns

In the presenoe of the bacterlophage than In Its absence*

In the growth of Shlgella dysenterlae only one medluia slaed

plaque appeared In the presenoe of bacterlophage•

X,
X.

i r • ,X'' ? ' . -J. '

I , '

'• .X . 'V
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MLE No» 37.

Twelve-Hour Spread-Cultures of Organisms on

Agar with one Drop of dilute Baoterlophage and

one Drop of Ghlolcmi Blood Serum

Cultures

t

I S. pullorum

Growth of oulture Growth of
X with phage and serum : culture end

serum

j Slightly cloudy,
oonfluont

. Opaque, j
oonfluont

A* abortus Lighter, confluent * Confluent *
I

A* fecalls , Decidedly I

* S* schotenmillerl • Less dense, nonnal

Slightly I

Confluent *

Eb« typhl Normal D,C.
±

S» paratyphi i Normal ! Confluent :
I— ^ ^

Heavl or, confluent P • C ♦,
i confluent 8i

Bs. coll

^ Shlgella
dysenteriae

J One (2) t Confluent :

S» pullorum
* reaeated

* i t
P.O. cloudy donfluent Opaque,

t confluent t

-3i25-



 ! * f'r.-V ■! « .( *•"'WV^WMi .fi]} "TT^

f.

Plate 23

Growth of a pure 'Culture of S.
Pullorum after Contact with a
dilute Solution of NaHSO^
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DISCUSSION OF RESULTS

Xtt la rapidly baocanliig a reoogxxlsed Faot tbat

there are flltrable forma of a large xauaher of kxiowa

bacteria* D*Herelle describes such forms as oocurlng

In Shlgella dyeenterlae, also (Flezner} and CSlas). He also

mentions siwh forms of B* typhosue (Bb. typhl), B* pestls,

B* galllnarum, andEa coll. He attributes to the presence

of the bacterioph€iee the occurrence of filtrable forms among

non-spore forming bacteria, though he does not thereby

preclude other causes* Laboratory stock cultures have

passed through "W" Berkefeld filters In the University of

Tennessee bacteriological laboi^tory. Consequently, I «ui

not surprised to find growth In a n\mber of filtrates*

Though the eight Intestinal organisms under oondlseratlon

were subjected to exactly the same treatment they did not

all pass through the filters into any one set filtrate,

and Es* coll did not pass throu^ In any of my work*
each

dysentcrlae, and A. abortus/passed through only Into one

filtrate, the fourth and seoond, respectively. On the other

hand, S. peuratyphl and S. schotermullerl passed through Into

all filtrates* Eb. typhl and S* pullorum passed througih

In two filtrates* The results showed that although at times

organisms may have filtrable foims yet they do not always

im
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glTO eyidenoe of such, foxms, and such forma are not

demonstrable in all organisms under Identloal conditions*

The fact tbat with many organisms such forms may he deanon-

strated in normal 12-hour hroth cultures, preoludes the idea

that adyerse influence is absolutely essential to their

deyelopment* It imsy be that growth in a sewage broth

mixture has enhanced this quality in certain ones of the

or^^isms under consideration, and this in turn may be due

to the presaaco of a lytic principle, not strong enough to
of

bring about complete lysis, but the creation/sufficiently

adyserse conditions to hasten bacterial alterations, in the

struggle for existence*

The physiological characteristics of the organisms

found in the filtrates showed seme digression from the usual

espeetancy* In regaird to such forms of Shigella dysenteriae

d'Herelle quotes Bauduroy as saying, "the oiatural characters

and biochemical reactions of these elements are ordinarily

different from those of the Shiga bacilli from which they

are derihed," He also describes masses without definite

structure, and of yarlable slxe, haying a mucus oharacterf

and in which granules can be detected, Mlnuge granules are

also described, lohnis^®®^ speaks of l>ann*s (1904) reference
to the disappearance, and reappearance of motillty in

dysentery strains, Staran (1914) Is reported to haye
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A«iB0ii8trftt«d Mw formB secured from typical Tlbrio cholerae

cultures whieli rexnaioed constant tlirougli 540 transfers*

Bemhardt (1915) has reported similar results with meningo-

cocci, Sh. typhi, septicaemia, and diphtheria haoilli. Like

wise Perisz (1904) is reported to hate demonstrated so-

called seoondary cultures, in old cultures, producing rather

constant strains, different hoth morphologically and

physiologically.

The reports given in this paper are entirely in

accord with these reports for hoth the morphological and

physiological variations from the usually recognised

characteristics of these organisms, fhe hyalin, or mucus

masses described coincide closely with that stage in

bacterial life, called by Ldhnis the "symplastic" stage.

In garowing the eight intestinal organisms in con

tact with their various respective filtrates it is a

noticeable fact that none of them escaped variation in type

of growth in the presence of one or another of the filtrates.

In the case of the fourth or fifth filtrates plaques were

demonstrated on growth of all the organisms except A. abortus,

and for this organism there was decided inhibition of growth

in the presence of the third, foxirth, and fifth filtrates*

Some inhibition was apparent for the normal growth of

A. abortus in the first filtrate, fhis was also true in

regard to Es. coli, and on one plate for A. fecalis, in
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whioh ease there had been a IS-hour oontaot prevloua to

plating. filtrates for five of the organisms inhibited

growth, and six 7^ filtrates.

The ohanges in type of growth brought about in all

of the organisms in the presenoe of one or another of its

filtrates interested me in that Eadley and others have men*

tioned the faot that bacteriophage is decidedly aotire In

bringing about type Tariations in organisms. Had X been

guided by the reaotions of each filtrate in conneotion with

the particular organism conoemed, possibly an aotiTo trans

missible lytic principle might readily hawe been seoured for

all organisms under consideration* In faot, with the same

■swage I suooeeded in isolating sueh a principle for these

strains of S. pullorom, and Ss. ooli.

It is also of interest to note here that using the

same sewage in connection with which the la cteriophage notice

for Shiga was isolated by me, bacteriophage was also isolat

ed aotive for the following organisms: Bb. typhi, S.

sohotermulleri, S. paratyphi, Bs. ooli, S. suipestifer, and

Xroteus X 19.

S^Herelle says that he has neyer isolated two

races of bacteriophage absolutely identical in their action.

Thus considering the rariation in charadteristios between

different species of organisms to sey nothing of the well

reoogniied yaristions of indiyiduala within a pure culture
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of a glTen apeoiea, it le not areiarpx>l8ing tliot all apoeiaa

of a glYoa group do act react ezaotly the aame under

identical treatment. So try to study the oharaoteriatic

differenoes that ooour in isolating the haoteriophage for a

variety of organisms would he to attempt to lay down those

ahsolute laws for haoteriophagy which d'Herelle says do not

exist.

It is interesting to note again, in this oonneotion

the work of Kuttner^Zo) in which she concludes that the

haoteriophage is a secretion of bacteria produced under

eertain circumstances* In this work she demonstrates a

lytio principle in old resistant cultures of Eh. typhi and

Shigella dysenteriae, and in alkaline washings of Staphylo-

oooouB cultures*

1 have included Plates XII and XIII as demonstra

tions of lytio principles evident ip some oultuxes, Plate

XII sheVB lytio areas ahout eertain colonies in a mixed

culture, I have observed similar lytio areas ahout colonies

in pure cultures, These lytio areas are round, and show

marked similarity to those caused by haoteriophage, although

they may he due merely to lytic action of the metabolic

products of the organisms in the central colony,

Plata XIII shows lytio areas which appeared on a

plate eulture made trm organisms previously Isolated tron

tseth, Xhe areas appeared only after one or two weeks

•IBS*
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standing at 26°C« Eere again ws have a striking similarity

to the lytio airs as oaussd by baoteriophags. It may be tha t

ths organism carried the baoteriophags, and that it was

inaotiTS in vivo, allowing ths teeth to decay in spite of

its presence. Sheas plates are not indluded as evidence of

the souros of baoteriophage; but merely as demonstrations of

the frequency with which such lytic areas are to be found on
«

ordinary plate cultures, and to attract attention to the

clean-cut outline of such areas.

Results were quite different on those spread-

cultures which were plated in the presence of a drop of

concentrated becteriophage. In that ease Shigella dysen-

teriae showed no plaques; but a more decided growth with a

tendency toward individual colonies. The growth of Es. coli

was quite similar, being more translusoent than normally.

Eb, typhi, S. pullorum, and S. paratyphi showed no change

in growth due to the presence of the concentrated baoterio

phage, However, A* abortus, A. feoalis and S. sohotermdlleri

all showed plaques, of 5 mm. in diameter, with some on

abortus and feoalis es large as 1£ mm* in diameter.
, i/'V .

Concerning results secured on interaction of

baoteriophage on the eight intestinal organisms plated on
• • i*;. «

nutrient agar of pE 7it6 incubated at 37.5^0. we have varying

results. Tables Bos. 14., 15., and 25. represent plates

under practically idontioel conditions. However, the results

are not triplicated. In Table Bo. £6. it may be noted that
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U8«d« Tills, thou appears to be another time alien laws

devised by our present taiowledge oan not be applied to

govern the expectancy in results due to the aotlon of

baoterlophage*

It should be noted hero that the baoteriophage In

use has ehoan a reduced ability to lyso dysenteriae, as

compared to its ability almost one year previously, when it

was sealed up. However, I wish to add that the growth of

the dysentery organism is also less active, and more trans-

luscent than It was when sealed up almost a year before.

Consequently there are two possibilities as concerns the

lessened activity of the baoteriophage.

These results considered with other works have a

direct bearing upon the type of a culture in its effect upon

the action of baoteriophage.

Certain authors have pointed to aging as a factor

In causing variations in type of cultures. If the action of

baoteriophage is dependent upon the type of the culture, this

should bs demonstrated In Its application to cultures of

various ages. The baoteriophage used showed a wider range

of activity on IB-hour cultures than on 9-hour, though

factors, other than age may have entered, as the result of

frequent transfers. In the nine-hour oultures no action was

evident for S. schotermtllleri, nor for Eb. typhl. Both of

these oultures showed Inhibition, and Eb. typhl the results

-131-



of decided lyeie eliGn tlie X2-hour cultures were used* Here

again we find decided action of dilute bacterlophage on aa

organism, Eb. typbi fomerly not effected by the presence

of a drop of concentrated bacterlophage.

Xn the case of 12«*day cultures, any ability of the

bacterlophage to Inhibit the growth of abortus and fecalls

had entirely disappeared. The growth of both schotermttllerl

and typhl showed Irregular clear areas on the control plates

as well as In the presence of bacterlophage. The action on

tbie dysentery culture remained normal.

On the 28-day culture plaques appeared on 3.

pullorum, Plate VIIX» and the growth was entirely different

than that on the control plate, a demonstxmtlon not only of

the action of bacterlophage In relation to aging cultures;

but also of Its ability to cause organisms to depart still

further froau their former type. S. schotermttllerl showed more

variation In growth due to aging, as did typhl; but only the

latter showed plaques. However, 3. schotermttllerl showed

colonies surrounded by lytlc areas on both the control plate,

and that to which bacterlophage was added. As to the action

of the bacterlophage on a 28-day culture of dysenterlae,

only one plaque appeared on the plate, and that was filled

with secondary colonies. Thus ir^ereas, what d'Herelle

teims virulence of the bacterlophage was not as great for

organisms from a 28-day culture of dysenterlae as for those
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from a 12-hour or 12-day oulture* the reverse was true

for $0 pullorum cultures*

The results are Interesting as concerns growth on

media containing varying amounts of sodium chloride. In th®

presence of baoteriophage A, feoalis showed plaques and

irregular clear areas on that containing 0,5^ salt and

colonies surrounded by lytio areas on that containing 5^

salt, Sohotermfllleri showed irregular clearing in the pres

ence of baoteriophage on the medium containing 0,55^ salt.

In all other cases the baoteriophage showed no marked

activity in connection with any of the organisms, on con

trol plates of double peptone media, which was used to per

mit definite re^ilation of the salt concentration, Shigella

dysenteriae showed plaques, though less numerous than on

nutrient agar*

It is to be noted that on all media containing

salt except on the control plates containing 0,5^ and djS and

5^ A. feoalis showed irregular clear areas In the growth*
S, pullorum showed such clear areas on the media containing

2^ salt.

The salt per se can not account for the lack of

activity of the baoteriophage when applied to Shigella

dysenteriae, for Maitland has carried out experiments, oon-

firmed by d'Herelle in which they claim that lysis was

brou^^t about by the baoteriophage in physiological salt
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solution Oontaining X% bouillon. Brutsaert reports lysis

of Stapbyloooooi in broth oontaining 14% salt. It oan be

attributed only partly| if at all, to the double peptone

media used; for in the absenoe of salt this media shotred

plaques *ftion dysenteriae was grown in the presenoe of the

same amount of bacteriophage used on the other plates. The

tendency toward variations in the type of growth was notice^

able with dysenteriae and other organisms, and may afford r

some eiqplanatlon*

The action of the bacteriophage at varied tempers'**

tures is very interesting. In the first place, at 37,5®0*

the activity was wide, plaques showing in the growth of four

organisms, S. pullorum, A. fecalis, Eb. typhi, and Shigella

dysenteriae, as well as irregular clear areas in the growth

of S. schotermfllleri. This is, as has been mentioned before,

at variance with other results including the same kind of

media, temijerature, and time of incubation. At 26°C. the

activity was less pronounced in plaque production, with

organisms other than dysenteriae. In the growth of dysen

teriae the plaques were generally larger than at 37,5^0.

A* fecalis showed irregularly cleared areas; but no true

plaques. The growth of S, pullorum was decidedly changed in

type as shown on Plate DC, It has been known for some time

that under stimulus of heat^^) organisms change certain
charaoterietios, as their regeneration period* Such
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oharaoterlstlos as aloohol production of yeast have been

changed by ultraviolet rays. Plato IX as oooipared to Plate

X, shows what decided changes in laozphological cultural

development can take place in the presence of bacteriophage*

For coiaparlson with this note Plate XIX, which represents

the growth of a pure culture of pulloznjm plated out by Allen,

after the organism had been subjected to antiseptic action

Of M304*

Returning to temperature variation, we find that

after seven days at 12®C. S, pullorum growth showed innumer

able small plaques in the presence of the bacteriophage*

Sb« typhi also showed plaques, much larger in size* Shigella

dysenteriae showed practically no growth in the presence of

the bacteriophage, until after 24 hours at 26^0*, idien

large plaques appeared* However, the control plate of S*

dysenteriae to which no bacteriophage had been added showed

large plaques which developed at 12°C» In the case of both
Sb* typhi and the control plate of Shigella dysenteriae,

typical secondary colonies developed within the plaques in

24 hours at 26^C* The pullorum culture showing plaques

developed a growth similar to that shown in Plate IX; but

within this the plaques remained distinctly visible* The

plaques on the control plate of dysenteriae migiit be as

cribed to a contaminated culture, or to the production of a

lytlo principle which produced plaques in which secondary
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colonies ooouirred. These colonies are in all respects

like those developed in the presenoe of baoterlophage. This

vould fit in well with Miss Kuttner's idea that under certain

olrcumstanoes organisms produce an autolysin, idilch she

believed to be the baoteriophage. If the culture carried the

bacteriophage, I cannot understand irtiy it appeared at no

time under any other conditions. On the other hand, I have

not proven that the lytic principle which developed pla(3,ues
on the control plate was a true bacteriophage# Here as in

other parts of my T/ork I am lead to note the effect of the

type of growth of organisms on the action of the baoterio

phage, as well as the effect of the baoteriophage on the type
of growth#

In the presenoe of 0#05^ phenol the control plates

showed a change in the type of growth of a niamber of the

organisms evidently due to the effect of the phenol# S#

pullorum showed seme small plaques in the growth on the con

trol plate. In the case of abortus, feoalis, and Eb# typhi

irregular clearing occurred in the growth in the presenoe of

baoteriophage. There were definite medium and large sized

plaques on Shigella dysenteriae in the presence of baoterio

phage. In the presenoe of O.ljS phenol in the medium plaques

were formed only on dysenteriae in the presence of the

baoteriophage# In the presenoe of 0.2^ phenol the growth of

the organisms was so sli^^t that evidence of baoteriophage
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A0tiOB oouX& not deteote(i«

Xnasmuoh as, aooordlng to d*HereIle, pbenol re-

quires approximately seTen days in a 1$ solution to destroy

tne bacterlopliage, we would expect little impairment of its

action in the presenee of 0*05% or 0.1^ phenol in the medium.

It has been reported that certain organisms are

formed to change their typo of growth in the presenee of a

small amount of phenol in the media, and such a tendenoy was

evident on these plates. This may account for the laok of

manifestation of inhibition in the growth of A« abortus,

A* feoalis, and Eb. typhi in the presenee of 0.1?S phenol, in

the presenee of the baoteriophage*

In the presenee of iodine the presenee of the

baoteriophage was decidedly evident throuj^out, in the growth

of abortus. In the presence of 0.1^ iodine in the medium,

plaques IS ism. in diameter were to be seen. Iodine did not

prevent the formation of plaques on dysenteriao. On media

containing 0.0S% iodine many medium sihed plaques were foimod

on S. paratyphi, and the oontrol plate showed a tendenoy

toward Individual colony fomation, not usually evident with

S. paratyphi.

In the ease of A* feoalis on the medium containing

0,1% iodine plaqn«e weJ^e evident in the growth on the oontrol

plate; but in the presenee of baoteriophage they were absent,

and the growth merely showed the presence of cloudy colonies
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in a confluent growtii* All other oultures gronn In the

presence of iodine showed no change due to the influence of

the baoteriophage» we find the type of growth of the organ-

uams» S« paratyphi and A» fecalis, varied from the usual on

the control plate in the presence of the amount of iodine

preewat in each instanoe* In the preparation of the media

ueed with iodine content» I wish to have it remembered that

the iodine was added before sterilisation.

On media of variable pfi value we find no results

conflicting with former observations. Definite plaques were

not produced on Shigella dysenteria on media having a pH

value of 6«a, 7.4 or 0. However, there was a marked inhibi

tion of growth. This Is in accord with considerable work

done by various others on the effect of the pH value of media

on the action of the baoteriophage. The baoteriophage in use

in this work was isolated on a medium of pH 7.6 to 7.8, and

it evidently gives the best results on such a medium.

In regard to the change in type of growth of S.

schoteimeilleri on a medium of pH 7.4, in the presmee of

baoteriophage, it will be noted that the growth on the control

plate was not duplicated in either of the other two media,

and in each of these oases the baoteriophage caused no

Changes.

In the case of fetalis we have the occurrence of

plaques on a medium of pH 8.O. The growth also showed
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Irregular clearing. Here as in an identical case on a

medium containing iodine the growth reverted to a confluent

growth containing cloudy colonies, in the presence of the

hacteriophage. Thus it becomes evident that the pH concentra

tions used in this work did not destroy the action of the

hacteriophage, although dysenteriae was effected differently

than on a medium of pH 7.6 to 7.8. likewise, we have once

more a demonstration of typo of growth as effected by the

hacteriophage.

In the presence of chicken blood serum S, pixllorum

showed a digression in growth to the type shown in Plate ZZ.

In the presence of the hacteriophage there was a reversion

approximating the usual type of growth. This was repeated

under the same conditions with approximately the same results.

In the growth of dysenteriae there was only one plaque in

the presence of the hacteriophage and chicken blood serum.

In the wase of A. abortus, A. fecalis, S. schoterrafllleri and

ooli there mis some tendency toward change in type of growth

in the presence of hacteriophage as compared to the control

plate, where serum alone was added.

The ability of the hacteriophage to effect type of

organisms Is quite evident here as in other places in this

work. The lnq)airment of plaque production on Shigella

dysenteriae may he explained by inhibition of hacteriophagic

action by the serum, or change in type of Shigella
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dys^ntdriae* Other workers havs shown that norioal rabbit

serira does not inhibit the aotion of baoterlophage

i

.

T
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CONCLUSIONS

!♦ In the isolation of bacteriophaGe for the

eli^t Intestinal organisms considered here, the use of

sewage-broth mixture as a medium is effective when the

incubation and filtration are carefully regulated.

Unalterable laws cannot be applied to the

isolation and activation of bacterlophage, but individual

regulation is necessary.

i. Concentrated bacterlophage may produce plaquea

in the growth of organisms which are apparently not affected

with dilute bacterlophage.

4. In the growth of S. pullorum either in the S8-

day culture at 26°c. or in the 12-hour culture at refrigera*'

tor temperature the occurrence of plagues secBM^ to indlcat#

a definite phase of growth of the organisms.

5. In these experiments the inactivity of the

^oteriophage for Shlgella dysenterlae grown in the presenot

of various concentrations of salt appeared to be due to the

type of growth.

6. Teisg^erature does not se^ to affeot the

bacterlophage s^arately from the ore^ism.

7. The work here reported confirms d^Herelle as

to the most effective pH value (7.6 to 7.8) for the action

of bactcriophage.
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8. It appears that the Inhibition of the aetion of

bacteriophage on Shigella dysenteriae in the presence of

chicken blood serum is due to the effect of the serum on the

organism rather than its effect on the bacteriophage*

0* The type of growth of an organism probably

affects the action of bacteriophage to the same extent that

the better inflnenoes the type of growth of the organism.

10. ̂ e possibility of adaptation of bacteriophage

to any particular organism may depend upon what might be

termed the phase of growth of the organism.

11. It will be necessary to understand considerably

more about the physiology of microorganisms before a true

Sfaluation ean be placed upon d*Herelle*s parasitic theory.
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