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1 PURPOSE

The purpose of this theais is to investigate the relationship betw
ween some microorcanisms which are normal inhabitants of the intestine of wan

and a typical human enteric pathogen, Shiprella flexneri, It had been suggesteq

that some component of the nomal intestinal flora of mun may play an importe
ant role in preveuting or retarding the establishment of inteztinal pathogens,
This work represents a survey of the relationships in the intestine of nice
of several aloroorpunisms sand a strain of Shisells flexneri, C(rganisms

displaying an in vive antayonism to Shigella flexneri are demonstrated,




II HISTORY

Several studies have been undertaken in the past in relation to
sntagoniam between microorganisms, Nost of these studies were made by testing
the relationships between the orgenisms using in vitre culture methods, Scme
recent work has been done, however, employing in vivo methods,

Nissle (1916) observed in mixed broth cultures, that certain streins
of Escherichia coli were capable of depressing the growth of other microe

organisms, including some enteric pathogens, He sugpested that such strains
of E, coli micht play a role in preventing the establishment of enteric
pathogens in the intestine and used such streins in the treatment of intestinsl
infections,

fratia (1932) described a substance produced by a strain of &, coli
which was toxic to another stradn of k. coli, The substance was heat resistant{
withstanding temperatures up to 1209, Sinmn it was not self-reproducing in
the presence of susceptible bacteria, it was not considered to be a bacterioce
phage,

Fulton (1937) atudied the growth of mixed cultures of F. coli and
Salmonella schotimuelleri in a synthetic medium, The growth curves were

followed for 72 hours by means of periodic plate counts, During early growth
of the mixtures, Salmonella was strongly inhibited and the population consisted
largely of E. goli, After E, ccll reached its maximun concentration,
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2
Salmonella increased in mmber rapidly until at 72 hours the concentrations of
Salmonella and E, coli were approximately equal, In camparing the growth of
mixed cultures with pure culture controls, Fulton concluded that there was only
& alight inhibition of Salmonells schottmuelleri by E. coli.

Heatley and Florey (19L6) demonstrated san antibiotic substance
produced by & strain of I, coli isclated from cat feces, The inhibitory sub-
stance was produced on gluccse agar and was active agalnst sirains of Staphlow

coccus, Lscherichia coli, Becillus, and Pseudomonas., The subsiance was also

formad in aerated beef heari infusion broth, but not in any of the synthetic
media which were studied, The inhibiting substance would kill a small inoculum
of sensitive organisms even at high diluticns but did not cause lysis of the
bacterial cells, It was extremely specific in iis action, Some strains of
E, gg_lg_ were highly sensitive while others were unaffected. The substence was
soluble in water and reacted chemically like a peptide, It was only moderately
toxic for mice and almost non-toxic for lencocytes.

gratia and Frederiocq (1946) deseribed inhibiting canpomd; common to
the coliform group, These compounds, called "colicines", were active in vitro
against other coliform organisms and sgainst strains of Shigella and Salmonella
as well, Cratia and Fredericq postulited the presence of & mmber of "colicine
es", differing in physical properties, Fredericq (19L8) detected seventeen
active principlss in "cclicines® differing in range of activity and type of
inhibition sone produced, Iredericq and Levine (1947) showed that a consider-
able number of enteric orgunisms produced substances active against an equally
diverse range of other enteric organisms, In these experiments, agar plates
were stubbed with the strains to be tested for antibiotic activity and were
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incubated overnight. The following duy the plates were exposed to chiorofom
vapors for one hour prior to inoculation with the strains to be teated for
antibiotic sensitivity., After incculation the plates were siain incubated
overnight, The appearance of inhibltlon zones around the "stabbed areas®
indicated the presence of an antibiotic substance,

Fredericq and Levine (19L47) founc that the "colicines" produced by

various styains of Ischerichia ogli differed in their antibiotlic spectra and in

their physiochemicul properiies, Some strains produced several "colicines®
with different antivlotic spectra, Practically every member of the Fnterow
bacteriscose was sensitive to one or mors "colleines" produced by some other ]
nember of the Enterobacteriacese, Of all strains tested for antiblotic sensie
tivity, the Chipelia strains were frequently sensitive while iercbacter struins
were seldom sensitive,

wynne (1947) tested a single strain of Aercbacter against twenty-one
comacn bacterial species. Nearly equal numbers -cf Lerobacter anc m tast
species were inoculated into tubes wntainiﬁ}; ‘about L nl of nutrient vroth,
After incubalion of the mixed cultures for varying time intervals, each tube
was thoroughly ayitated and a loopful of broth transferred {0 sterile saline,
This s&line sugpension was diluted to pive epproximately 200 to 300 cclonies,
and was stresked on agar plates, The ratic of the colonies of the test species
to sercbacter colenies growing out on test plates was then determined, The
Aerobacter strain was found to be more or less antagonistic toward 14 of the 21
bacterial specles tested, Comparison of § iercbacter strains apgainst three

test species showed only uinor differences in antapondistic effects anong the

Aercbacter strains, Filtrates of cultures of the sercbacter strain appoared to




L
have no antapondstic activity., Seveniy-twoehour cultures were filtered through
a Derkefeld ' candle and the filirates wore added to mutrisent broth., After
incubation to test for sterility, orgenisus were incculated into the broth, In
all cases, the growth cbtained equalled that in nutrient broth controls, Froa
these results, Wynne concluded that the antaponistlic action of Aercbacter
straing aay involve some direct action of living cells rather than the produce
tion of a toxic substance,

Scme years later, Bowling and hymne (1951) reported additional studieg
goncerning the mechanism of the atagenistic action displaysd by aerobacter
strains, Fourteen jerobacter strains were tested against seven comuon bacterial
species by a "staled" agar technique, All seven of these organisms were smong
the species found susceptible to inhibition by hercbacter., For the preparation
of “staled® agar, serobacter broth cultures were incubated for three days and
then mixed with an equal volume of double strength nutrient agar, The temperae
ture of the two components was adjusted hefem mixing t¢ ive a final tenperaw
ture of the "staled" agar betweun LSOC am ;56"0. Aliguots of the mixture were
poured into petrl dishes, Uach plate was inoculated shortly after solidificae
tion with two test organisas by meanc of single massive streaks from 24 hour
broth cultures, All seven of the test orpganisms were inhibited, to varying
degrecs, by each of the fourteen Aergbacter strains, Ho inhibition of the test
strain cculd be observed when Aercbacter culture filtrates, culture dialysates,
heat or chlorofomekilled suspenasions were employed in the preparation of
*gtaled" agar, Furthemmore, live, washed cells gave inhibition equal to that

ohtained with whole cultures, If an antibiotic substance were invelved in

antagonism by Aevobacter, the depree of inhibitien might be expected to inemaaT
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with the age of the Aerobacter culture, However, 12 howr cultures were found
to be equal to 72 hour culbtures in this respect, From this evidence, Yynne
concluded that antepgonism by Aerobucter strains may depend upon the presence of
living cells in physical proximity with the cells of the inhibited species,
This phenouenon was temed "direct antagonism®,

The phencmenon of direct antagonism was also cbserved by Frankel and
wymne (1951) who studied several strains of Caffkya tetragens which inhibited

the growth of seventesn test orranisms, The "staled” agaer technique was used
in this study, )

vymne and Norman (1951? further investigated the conscept of "direct
antagonism®, Test specles streaked on "staled" apgar plates preparsd frem
cultures of Aercbacter aorogenss or Oaffkys tetragena showed maried inhibition,

as was previocusly described, Layers of sterile agar approximately 3 mm in
thickness were cut into radial sectors and placed on the surface of Ystaled?
agar plates, After preliminary incubationt of the "staled" plates, seversl test
species were streaked on the radial sectom:. Camplete inkdbition of 211 specied
occurred on layers overlying plates "staled" with the Aercbacter strains, and
most strains were also inhibited on sterile apar layers covering slates "staledy
with Caffkya strains, Sterility test showed no living Oafikya or Aercbacter

cells in the upper portion of the agar sectors, A layer of sterile cellophane
betwesn the "staled® agar and the overlying radial sectors did not materially
affect the results, After inhibition of test species had been demonstrated,
the radial sectors were removed, melted topether, and allewed to solidify, om
reinoculation, all test species grew, This finding appesred to rule cut deple~
tion of nutrients as an explanation of the cbserved antagorism,
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In the same study, Wynne and Horman (19555) inoceulated nutrient broth
with & strain of Aercbacter aserogenes, Cellophans dialysis bags containing

aterile broth were immersed in the inoculated broth and the entire apparatus
was incubated, After incwbuation the cellophane bapgs were inoculated with
varicus test orpanisms, On further incubation little or no growth cccurred
inside the bags, However, when this inoculated broth was removed from the bag
and incubated further, there was only & transient inhibition, and, after 2i
hours, growth of the test orgunisms was roughly equivalent to that in untreated
nutriant broth, Bynne concluded from these {indings that the concept of "direct
antagoniss® was inadequate to explain the aniagonism sxerted by Aerchacter and
Gaffkya, Furthermore, it seemed unlikely that depletion of nutrients was ine-
volved, The experimental findings, however, were compatible with a theory
postulating the production of very unstable antibiotic substances capable of
diffusing through agar and through cellophane membrenes,

Helbert (1947) tested more than :one thousand strains oat‘ coliform
organisms for thelr antagonistic pmgmﬁimfén selid mediuwm against & strain of
Shigella paradysenteriss, Each of the oclifomm orpganisms was inoculated on a

small area of an agar plate previously seeded with Shigella paradysenterise,

After incubation the appearance of sones of inhibition surrounding tha colonles
of coliform sugpested the presence of an antibiotic substance, ibout 187 of
the colifom organisms tosted exhibited zones of inhibition, The mechanism of
inhibition was shown to be due to the production of an antibiotic substance,
The active substance was obtained fram the sgar by s veriety of methods, includs
ing centrifupation of the mashed medium, freezing and thawing, or exbraction of

the agar with water, In wost cases, supernates thus prepared from culiures of
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the active atrains were capable of inhibiting the test Shigelia strain in
dilutions of from 11500 to 1:20,000, BSupernstes similarly prepared from none
antagenistic strains were completely inactive, even in dilutions as low as 112,

Halbert presented the following evidence indicating that the inhibie.
tion gones observed in his experiments were not due to bactariophage, The edg_eq
of the sones of inhibitien revealsd mimite stunted colonies when examinsd at 2k
hours, Had these zones boen due to bactericphége, it would scem likely that
differention between inhibition zone and areas of mrowth would have been more
distinct, Inocula from the zones of inhibition, when mixed with Shirella
ocultures and seeded on agar plates, falled to reveal areas lacking growth which
would indicate the presence of bacteriophage,

The zones of inhibition observed by Hulbert were probably nct due o
quantitative differences in the coliform and Shigella incculum with the subsew
quent, more rapid utilisation of local nutrients, This was indicated by the
following evidences - “

1, Antsgordstic and nonwantagonistic colifomn organisms grew equally
well in the survey tests,

2, Tests were performed in which highly entagonietic strains of I,
cold wers serially diluted and small drops of appropriate dilutions were inocue
lated on the surface of agar whieh had previcusly been sesded with Shipolla,
Zones of inhibition were produced even around isclated colonles of Fscherichia
coli.

Further studies conducted by Halbert and Magnuson (1548) with antie
bictic producing strains of Escherichia coli showed that although these streins

produced antiblotic when grown of the surface of agar nmedia, little or no antie-
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biotic develeoped when the antibiotlc producing sirains were grown in broth
cultures, The antibiotics studied by Halbert and Hagnuson were very stable,
Eztended storage abt lce box temperature or immersion of crude preparations in
boiling water resulted in no change of activity,

Halbert (1948a) conducted a survey for the presence or absence in
institutionalised individuals of coliform organisms antagonistic to Shigella.
Rectal swab cultures were streaked on Salizonella-Shigella ager, and in many

instances, alac on MacConkey apar, Colifomm bacteria isolated from lactosew
fementing colonles were tested for thelr antaronistic properties on Proteose
Ho. 3 agar ageinst a strain of Shipella flexnerd type IJI., Halbert found that

308 of the individuals harbored antsponistic colifomm orgordsms and that many
of thess individuals were infected with Shipella, The subjects who were
infected with Shigella had & significantly higher incidence of antagonistic
coliformm organisme than did the noneinfected individuasls, This terdency was
aspegcially marked in individusls whose cultures ‘Mlde& only & small number of
Shigella colonies, B

In another study by Halbert, (19L8b), the antagondstic properties of
the human intestinal coliform flora were imvestdpgated during the course of
Shigella infections, Coliform orpanisus were cbtained from patients of a
mental hospital in the same nanner as described sbove, Tests for amtagonism
were performed on Protecse lo, 3 agar against one or more strains of Shigella
isclated from the patients as well as ageinsta stook strain of Shigella flsnoril
type II1I, known to be highly susceptible to the antibiotic substances, During
the course of acute infections cultures were tiken at regular internals, In

some instances, indtlal rectal swab cultures were cbtained from individuala
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immediately after sdzission to the mental hospital and repeatedly therecafter,
It was thus possible to accurately date the onset of thelr infectiocn and te
detemine the character of the intesitinal flora baefore, during and after thelr
illnecss,

Halbert found that orgenisms active sgainst Shigella tended to appear
and to increase soon after the onset of infection and then to docrease after
several wesks, while the patdent was still infected, In some cases, antagonis-
tic coliform strains were active sgainst Chipella strains with which the patden
wéa infmétaﬁ. There was little correlation between the presence of these
straing and recovery {rom infection, The conposition of the coliform flera in
soveral instances showed striking changes in the percentage of antagonisis over
periods as short as two days,

The antagonisa of F. ¢oli strains isolated {rom patients infected
with Shipella was shown by the agar plating technique to be due te the produce
tion of antibiotic substances, The ability of ‘ﬁmae He gold ﬁtminqa to producs
entibictic subatances was found o be stahl; over nany sonths, Halbert cenclud
ed therefore that the observed shifts in the intestinal flors represent real
changes in the bacterial populations and not just tespory noneherediteble
variations of bacterial cells alveady present in the intestinal tract,

Holbert and Gravatt (19LE) found thet susceptibility of Shigella to
& group of avtiblotic producing . gold etrains was related to type specificity

Shigella sonnel strains proved to be the most susceptible, and Shijella parem

dysenteriae type Vi proved to be the nost resistant, Fron his cbservations,
Halbert (19L0b) concluded that the role of antiblotic-producing coliform orpane

L

ranas

isms 4in Shigella infections was not clear, He sumarized the folleowing
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evidence as sugresting that antibiotde-preducing enteric orgenisms may be
relsted to Shigella infections,

1. 4ntagonistic stirains ave prevalent in the intestinal [lora and
are widely distributed smong bhuman belngs, 4

2. Thae antibacterial spectrum of these organisms iz limited to the
enteric growp of bacteria,

3. Production of antibiotic substance 1s a stable characteristic of
8 given stredn,

Le Survey cbservations showed that individuals with positive rectal
cultures for Shigella had a greater proporiien of antagonistic E. coll strains
than did indivicduvals negative {or Shizells,

Robbins and Pary (1957) also demcnsirated that individuals with
shipellosis may harbor antagonistic colifomm orgardsms, Thoy found, however,
no positive correlation between the presence of antagenistic organisms and
protection against infection by Shigella, © Perhaps organisms may display in
vitro inhibitien but not in vive mumum.

Ludford and Lederer (19%3) devised & method of comparing the electrow
phoretic patterns of the antibiotic subgtences produced by various strains of
Ee gold, The X, coli strein under test wis incculsted in the center of a mutri4
ent agar sirip contained in a petri plate, The plates were incubated overnight
The organisme were killed the followiny day by exposure to chloroform, The
plate, with lid removed, was inverted on two blockes of heart infusion agar
standing in petri dishes containing a phosphate buffer of pH 7.k, Carben
electrides comected to a LS volt battery ware then placed in the petri dishes,

The strip was seeded with a strain of Shipella sonnei and was sgain inoubated
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overnight, %ith this technique, the position of antibictic substances on the
agar atrip could be recogniged &s an area free of Shipella growth, Four
electropheretdcally different antibiotic substances could be detected in the
strains of E. coll tested. Host strains produced more than one substance.
serological growing of the E. coli strains wes found to be independent of
antibiotic activity,

The studies described so far employed in vitro methods for the
demonstiration of antagonisnm between mioroeorganisas. In vivo studies were
hampered by the lack of a suitable laboratory animal in which enteric infectiong
could be reproduced, For this reason, %&w parenteral inoculation ef various
orgenisms was eaployed by some investigators as sn experimental model,

Halbort snd Swick (1950) inoculaied mice, either intraperitoneally
or subcutanecusly with coliform orsunisme which were hichly antagonistic in
vitro, After five or six hours the anlmals were bled {rom the heart and the
blood was centrifuged after coagulation. The contents of the periioneal
cavities or the local suboutaneous sites of Jinfeetim were washed with sterile
saline, The blood sera and cavity washings were sssayed for inhibitory aetdgviﬁl
against strain of Shigella flexmerdi, type III, using agar plates., The plates
were first seoded with Shigella and then inoculated with either sera or washe
ings of the peritonsal cavity, Zones of inhibition surrounding incculs were
congidered indicative of antibiotdc asotivity., Inhibitory substances were
ugually found in high concentrations in both the washinse and the sere, Injece
tion of E, coll strains producing no amtidbiotic in vitre yielded washings and
sera dovoid of inhibitery activity,

The significence of antibiotic producing sirains in the ecolopy of
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the flora of skin, mouth, intestine, outer eur, eyes, etc. has been a matter of
rreat interest, The rapidity with which changes in conventrations of antibiotid
producing strains occur in the ocular and enteric flora of individuals and the
high proportion of antagondistic strains in total bacterial populations cbserved
by Halbert (19LS, 19LBa) sucrest a potential significance of bacterial antaje
ondism a8 & protective mechanism against disecase,

In view of these observations, Halbert, Somn, and Swick {195Lk) cone
ducted a study of the in vivo relationship between antiblotic producing Micro-
goocus ovepenes straine isolated from the human ocular microflora and a strain

of Clostridium septicunm, Clostridium septicun spores and washed mlorccocci

were mixed in appropriate dilutions, prior te intramuscular injection lnto
white mice, The Clostridial strainz alone were exiremely virulent for mice,
yet a high degree of protection was conferred by adding micrococci to the
inoouwlum, The protection was assumed to be associuted with in vivo secretion
of antibiotics by the microecccl, A stromy correlation between in M arnd
ég vivo results with mierococeus strains ofﬁi'aryim antibiotlic properties
supported this ssswsption, In vitro studies were carried out on agar plates,
The data presented indicated that the human vacterial flore may represent a
source of antibiotics potentially wvaluable in resistance to certain infections,
Prior to 195L, in vivo studies of enteric pathogens could not be
related to conditions in an actuel enteric infection since there was no 1abora
tory animal readily available in which essential features of human enteric
infections could be reproduced, Freter (1955, 1955) devised a method of pro-
ducing asymptonetic enteric infections in mice and puines pige and presented
another line of evidence for the possible protective effect of nomal enteric
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flora, assuming that a protective action by the nomal enteric flora is
responsible for the natural resistance of laboratory animals to cnteric infec
tions, streptemyoin was administered orally to guinea pigs to inhibit the ine
testinal flora. It was subsequertly possible to infect the drugetrested wﬂmal#
with streptonycineresistent straine of Vibrio cholerae, Untreated animals

could not be infected,
At about the same time, Bohnhoff, Drake, and #iller (1954) reported
that the susceptibility of mice to oral infection with Saluonells enteritidis

was enhanced 100,000 fold after the animals had recelved a large oral dose of
streptomyolne.

%hile these resulits sup ested an antegordstic action of the part of
the nomal fleora, there were two altermnste explanstions:

1. Streptomycin might directly affect the intestinal tract in such
a way as to predispose 1t to the agtion of enteric pathogens,

2, The drug might directly increace the 'vifuleme of tht« bacteria
studied, -

The problem was further investizated by Freter (1956), Streptomycin
and erythromycin were aduinistered orally to several grouws of vhite mice in
order to inhibit the nomal intestinal flora, Two days later, the animals were
infected with mixtures of & streptomycineresistent Shirells flexneri and an

facherichla coll strain isolated from & human beling. One day after infection,

atool samples {rom the majority of the mice studied were positive for Shigella.
iwo days after infection the majority of the stocl sanples showed abundant
growth of the L. cold only, while Shigella could be recovered from only a few
of the animsgls, A contrel grouwp of mice which had received only “hipells
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orcanisms geve positive stool cultures on all three days, On later days, all
| of the mice studied excreted E. cold enly while the control mice continued to
rive stool cultures abundant with “hirella growth. No diffusible antibictic
substance could be demonstrated in vitre in plate cultures of the [, voli
strain studied, Freter sugrested that the in vive antegonism of the ¥, coell
atrain nirzht be dup to the production of an extremely unstable antiblotic sube
stance, a compatition for essentlial nutrienis, or merely & difference in
prowth rate,

To sumarize, a great deal of evidence has been presonted suggesting
antagonism betweon microorganisms, This evidence is, for the most part, the
result of surveys conducted with various in vitre culture metheds, A correlae
tion could not be made, untdl recently, between the antapondism exhibited by
mlicrcorganisms in vitro and the in vive inhibltory actlvity of amicrcoryanisms
in the “rlestine because of the lack of a suitable luoboratory amizgl, Freter
(195k, 1595) devised & methed for inhibiting thé normal flore and for producing
agymptomatic enteric infections in mice and ém.mn pips. In 1956, he denonstras

ted in vivo antagonisn to Shigella flexnori by & strain of E, coli, Although

antaronien beteeen mlercorganisms could be demonstrated in vive, the exact
mechanisn of this antagenistiec activity was not studled,

It 43 the purpose of this thosis, thersfore, to investigate the in
vivo anteronion between several microurganisas which are normal inhaebitants of
the intestine of man and a typlcal hman enterie pathogen, Shigella flexneri,

snd to develep an in vitre culbure techiique in which the results of the in
vivo study can be reproduced, In correlating the in vitro anteronism displayed

k4

by the micrcor;ardsus with their in vive antagonistic properties, a systen nay
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be developed in which the mechanisns of antaconism could be readily invesiigsme

tad,




IIT MATERIALS ARD METROIS
Crpaions

The orgenisme uwsed in this study were coliectsed from various sources,
Yost of the straine wers taken fruas stock cultures malintalnsd st the Striteh
School of Medicine, 4ill five strains of Zacherichia coli and iLercbacter,

atraing L and 23, however, were collected from infant dysentery cases at the
Hospital Infantil in ¥axico City durin- the suwmmer of 1955, Frozen 8tool specis
mens sent from Medoeo through the courtesy of Doctor Damuel Formal, weve streald
ed on desaxycholuate agar plates (Nifeo) and orrzanisms fran colounies resesdbling
colifors orramismg were lsolated and subjected to biochemical tests io establish
thelr ldestity.

Streptonyein registant mutants of all strains were selected by the
sradient plate technique for use in the study. ‘1‘2“’» organisms were i{makad
firat on veal infusion agar (MMfeo) g;raﬁieni ;:},e.tw containing twenty-ive
alcrosrams of streptonyein per milliliter of apar in the bottom layer., The
reaistent mutasts were subsequontly streaked on pradient pletes cormbaining
higher streplanycin concentrations, The process was contimied five times until
mutants were cbtained resistent to a concentration of one milligrenm strveptony
cin per milliliter of agar,

The streptomyoineresistant organisms were then subjected to norphoe
logical exaninution and blochemical testing to estublish thelr identity, e
nresented in Table I,

16
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The following method was developed to facilitate a repid quanititative
estimation of the nrgazﬁ.amﬁ in an inoculwn,

Orpanisms were stresked on & vesl-infusion agar plate (Difeo) and
incubated at 37 ¢ for 2L hours, Crowth was weshed from the surface of the platd
with 5 cc saline and a two fold dilution series was made of this suspension,
Klett readings wers then taken of each dilution using a blue filter, Mo, L2,
In addition, a tenfold dilution series wes made from the original suspension
and 0,1 ml, of each dilutlon was plated on the surface of veal infusion agar,
¥rom the colony count it was possible to determine the number of organisma in
each dilution in the serles. With the Klett readinss thus obtained, graphs

were constructed correlating the bacterisl count with the Xlebi reading,

Culture lsdla
The differentiation of Shipgells colonies from the colonies of test
organisms in stool cultures of mice infected. wiih %mbix strains or in mixed
broth cultures wus accomplished by plating cm aither desoxycholate azer (Nifeo)
or on veal infusion agar wmodified by the addition of 1Y mamitol, 0,18 wudium
desoxycholsate and LO mg, nevtral red, Both agars contained 1 mg.,/nl, streptom
myoin, The lactose utilisers, Ischerichia coll and serobacter, produced red

colonies on desoxycholate ager while the nonelectose utilieing Shigells strain
produced white colonies, 17 mamitol, LO mg,/liter of neutral red and 0,17
sodiwm desoxycholate added to wveal infusion agar provided an easy device for
the differentiation of Shisella colenles from colondies of Pseudomonas, Proteus

or Alcaligenes, dince the ghigells strain attecked marnitol it produced red

colonles, Pseudomonas, Proteus, and ilcaligenes strains produced white eelc«d,eﬂ
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The addition of sodium desogyoholate to the agar controlled the characteristie
spreading of Proteus colonles and of some of tho Pseuwdomonas colonies,

Plates of Proteose #3 or veal infusion apur (Difce}, containing 1
neefnl, streptomyain were used to observe the production of antdbiotic sube
stances by various orpanisss, In stwlies involving broth cultures, veal ine
fusion broth (Difce), brain heart infusion broth (Difco), or nutrient broth
(tdfco), each containing 0,5 mp. streptonyein and 0,01 mg./ml, erythromyain,

were uned,

In Vive Methods
Infectilon of Mces

Swiss mice approcimately 25 to 30 prams in welght were used in the
study, The technique of Freter (1956) wus employed in infecting the mice, Two
days before infection, L my, erythromyein and S mg, streptomyein in 1 o, of
boiled water were given by ztomach tube, The mim ware net fed on this day .
Boiled tap water containing 0,1 mo. erythm%din, L mge streptomycin, and LOO
unite nystatin (mycostatin, Squibb) per milliliter was supplied to the wmice
throughout the experiment, PFood was given the day vefore infeetion but withe
drawmn at night, On the day of infection, knows mbers of viable test orpgane
izms Prom 2L hour veal infusion agar cultures were suspended in veal infusion
broth contalning 5 mg. of streptomyocin and S0 ug. caleim carbonate per nl,
vach mouse was given 1 ml. of the broth suspension containing a mixture of
approxinately equal numbers of viable shipalie orpanisms and viabls test orpene
iems. Control mice were each given 1 ml, of the broth suspension containing
viable Shipells organimms or 1 al, of the broth suspension containin- visble
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tost orpanisms, Plate counts were mads on 2ll suspensions prior to the infece
tien of the mioce to quantitatively estimate the orpaniszms contained in the
infecting suspensions,

To determine the proportion of Shigelle crpundsms to test orgenisms
in the feces, one stool pellet was sollected from sach mouse in one illiliter
of sterile saline, 7The pellet was enulsified and streaked on either desoxyw
cholate ager plates, or on modified veszl infusion apar plates as described
aoove, Aifter streslking, the plates were incubated at 37 C for 24 howrs, In
2ll stuwdies, slide agslutination tests with Shipella flexnerd Oeantliserum were

nmade to confirm the ifdentity of Shirella recovered from stool samples,

pH Valueg and Plate Counte of Intestinal Contents:
Bacterial counts and the pil of the intestinal contents were determine

ed in untreated mice, in aninals whose nomal flora was inhibited with aniibilow
tics, and in mice infeoted with equal nusbers af vigble E, coli and Shipella
flexneri, The nomal intestinal flora was inhibited and the mice were infected
a3 descrived sbove, Ong section of the vwpper small intestine about 2 oz long
and the caccoun was removed {rom each untreated mouse and from each nouse whose
nomal flora had been inhibited 96 hours previously, 7The intestinal contents
nwere suspended in a drop or two of bolled distilled water and the pil values of
the suspensions were detemined with a Deckman p¥ meter,

Two sections of the upper small intestdne, about 2 em long, and the
capoum were removed from esch infected mouse with sterilised instruments L0
hours after infection (i.e, 96 hours after inhibition of the nomal flora),
fach sootion of intestine was incised longitudinally, The contents of one
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section of snull intestine and one half the contenis of the cascun each were
suBpenciou in & few drops of bolled distilled water and the pH valuse of the
suspensions were determined with & BDeckman pil meter, The contenis of the other
section of smaell intestine and the remaining cascal contents each were sugpOnte
ed in 5 nl, of veal infusion broth contalning 0.5 mz./ml, streptonyein, Tehe
fpld dilutions were made of the veel infusion suwepensions, These ddlutions

wore plated on desarycholate epar end counts were made of the colonies,

In ¥itro tethods

Celiophans dialysis bags were introduced into the center opening of
e liter three neck flasks, Both the bag and the flask were filled with broth
and were gsterilised at 15 pounds stesn pressure for 15 minutes, The broth withe
in the dialysis bag was inoculisted either with zingle strains or with suspene
glong of z@pmmhly equal numbers of Shirella and test organisms, The
apparetus was incubated at 379C for L8 hours, At 2k hours, the sterile broth
cutside the bag was replaced, At 2L and LB hour intervals, aliquots of the
broth within the bag were streaked on agar plates, The plates were incubated
for 24 hours at 379C,

another in vitro test was carried out with test tubes contudning ten
nle of broth which were incculated with single strains of viable orranisms or
with suspensions of approximately equal mubers of Shigella and test organisms,
after 24 hours ineubation at 3790, a loopful of the culture was trsveferred to
4 fresh tubo of broth and re-incubated, A loopful of culture was removed from
cach tube after 2l howrs ineubaiion and stresked on either desarycholate agar
plates or modified veal infusion agar plates,
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In experimenta involving the adjusiment of pH values of broth the
Heckman pH meter was used, If a buffer was required, 1 cc, of one of the

folliowing was added 4o 9 ce. of bhroths

pH value
6a5 50 W KiLPy and 15,208 1 NeoH
fal S0 @ woow p3.45% w0 oW
Tobt S5 n " " 3y,508 " W
7B e o " ® 43,007 o n

Studies of Inhibition Zones
The antibiotic relationghips of several test orgenisms end & sirain

of shipella flexneri were siudied using techniques developed by Frederdeg (19L6Y

and Halbert (1948).

The followving is & description of Fredieg's method, 4 mmall loopful
of broth culture of a strain %o be tested for the production of an ﬁ»nw.biatie
substance was siabbed on a previougly dried a;aw piate, sfter incubation for
LE hours at 37 G, the culture was killed by axposure to chloroforn vapors for a
pericd of about one hour after which the chlorofom was allowed to ovaporate,

The entire surface of the arer plate was then incoulated with Shirella flexneri

and the nlate was incubated for L hours st 37 C. The presence of areas of
inhibition around the test orrunisms indicated the pressnce of g diffusible
antibiotic avbstance,

The following is e description of Halbert'!s wethod, The zrowth from
a 2k hour culture of the Shigells strain wos suspended instorile saline and was
flooded onto the surfsce of an apar nlate, The plate was thorouchly diled by
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invertlng it without its scover in an incubator at 37 € for 30 minutes, The

gtrain to be teoted for the production of an antduiotdc substoance was then
inoculated onto & snudl area of the previcusly seeded scar plate, The plate

was incubated for L houre at 37 ¢ and was checked for the presence of irhible

tion gones 38 demeribed above,




IV REBULTS

1, In Vive Studies
Ae The measuvenent of the infective dose of Shipells fletneri.

The object of this wmperdment was to detemine the muwber of organiong
required to produce an agymptomatic shigellosis in mice, Trowps of &;pmimawr
1y ten mice each were infected with graded domes containing from 10 4o 10,000
Shipgells organisms. A conbrol group was given broth only, 3Stocl cultures wore
made as deseribed above at 2. and LU hours after infection, The results of
this experiment (Table II) indicate that infection could be induced with doses
of oenly %ten organisng,

e furveys of in vivo entaronlsm toward Shicvella,

5ix surveys of in vive antaponism were carried out with the organisms
listed in Table III throwsh IX, Orows ef from seven to ton mice were infected
with spproxiuately 1 X 107 viable g;ggza and 1 X 105 viable test drpaniems,
Control growns of approximately 8 mice were included, which received pure
cultures of each orpardsm involved in the siudy, One aillien organisms were
used In the finel survey in an attempt to decrease the nmunber of sterile stool
samples,

3tocl semples, taken after adulnistration of antibictics, but prior
Yo infection, showed no growth on veal infusion agsr plates containing or not
containing antibictics,

The fellowing resulis are Lllustrabed in Tables TII through I

Throughout the entire series of experiments, the jercbacter strains
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displayed s marked in 3'5.:."..5?. antaponism toward the Shigella strain, In only two
cases could Shicells be recovered Irem the foces of mice infected with a mix-
ture of ghirella and iercbacter strainas,

Escherichia coli strulns displayed an anteconisa toward the Shirells
which was less narked than that shom by isercbacter., COenerally, Shigella

could be recovered fron the feces btmentyefour hourg alter nixed Infection but
40 hours after infection the najority of the mice excreted only E. goli,

Hone ‘ai" the Alcaligenes sireins survived in the wlce., Only Shigells
orgumens were recovered from mice infected with a sixture of Zhirells and
alcalipenes, Flate cultures made of the infecting broth indicated that the
orguniong were viable at the ¥ime of infectdon,

The Pseudcmonss and Proteus strains displayed varying degrees of

antagoniasn toward the Shipella strain, In the majority of cases, both Shipellal
and the test organisms, Proteus and Pesudunonas, could be recovered from the
stools of the mice after 2L hours. Pseuddmosms 2601 and Proteus 192, however,
coupletely inhibited the Shigells strains in all mice tested at 96 hours mnd
48 hours respectively, Psoudcmonas 2603, 2820, and 2090 showed antagonism
toward Shigella at LS houra, Proteus 856 and Proteus 235 cisplayed no antagom
nistic action towerd the Shigella sirain L0 hours after mixed infection, HMost
of these stools contalned mixtures of both Shipells and test strains, Proteus
172 falled to grow at sll in the mice, ZTherefore, only Shigella could Le rem
covered from the stools of thess mice, A summary of in vivo resulis can be
found in Tsble I,

I. “easuremenis of the pil of the Intestinal Contents of Yise,

Organisms recovered directly from the Intestinal Contents of




25
Infected Hice,

Table X illustrates the results of pH measurements of the contents of
the caecum and upper small intestine of infected and non-infected mice, The
tatle also presents results of plate counts made of the contents of the cascum
and upper small intestine of infected mice. Geveral trends are indicated by the
results, Contents of the upper small intestine had conslistently lower pH
values than the contents of the caecum in the same mouse, The difference in pH
between the contents of the small intestine and the csecum was nearly constent
for each group, Oral administration of antibloticas sisnificantly raised the
pH of the contents of both the smsll intestine and the cascum, Subseguent ine
fection of the mice w th Sh pells alone or with a Shigells, L, coll mixture,

signficantly reduced the pH of the intestinal contents but net to the level of
the untreated mice. Shigella or ¥, coll were recovered from the intestinal
contents of all infacted mlce, except one, by the method described above,

These organisms could usually be found both in the upper small intestine and in
the cascum, In two cases, however, the orga;zism eould be recovered only fran
the cascun, (See Table X). The results in Table I represent the approximate
nusnbers of organisms recovered from the contents of each section of intestine,
Since the volume of cuecal materisl grestly excesded the volume of material
from the upper small intestine in each case, one misht expset that the number
of orpanisms isolated from the caecum would preatly exceed the number isolated
from the section of small intestine, This, however, was not the case, indicate

ing that much of the growih cgcurred in the small intestine,




In Vitrc Measurements

Several studies were carried out to duplicate the lin vive antagonism
vetween the orpanisms tested with an in vitro culture technique,

In the firet experiment, nutrient broth, without antibiotics, at pH
6.8 was incculated with mixed cultures, The results are listed in Table il,
Tubes containing the broth were inoculated with equal numbers of Shirella and
test organiems, and were incubated at 37°C, 4 leopful of culture was trans-
ferred to fresh broth after 2L hours incubation, After L8 hours incubation
only Aercbacter streins survived in mixed cultures, 7his situation had ocourred
in vivo, &s is shown in Table TX, Both Shipella and Pseudomonss stiraing sule
vived L8 hours in mixed broth cultures, which is in contrast to the in m
results obtained (Table XI). BShirella organimms did not survive after L8 hours
in mixed Proteus and Chigella culture, This latter result was agsin contrary
to the in vive relationship between the organisms, Vhen brain heart infusion
broth was sbhustituted for nutrient broth t¢ sustain nmixed cultures, Chicella
as well as the test orgenisms, could be reac;vémd after LB hours incubation,
The resulis of this study are shown in Table XII, These results, except in the
case of Proteus 235, are conirary to the in vive relaticnship between the
oryaniens,

Several studies were atiempled to simulate the conditions which exist
within the lumen of the intestine, In the firet study, sterile para’fin oil
was used to cover the surface of the inooulated broth in order to reduce oxypen
tension to a level closer to that presumebly existing within the intestine,

Table XIIT shows that the addition of paraffin oil had little effect on the

relationship between the orpanisms in viire, The results in Table XIII are,
e
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tharéi‘om, similur to the results in Teble X1I, The secoxi study involved the
use of a brothefilled cellovhane bap which was incculsted with mixed culturss
and was suspendsd in a flask filled with sterile broth, The dialysis bap was
used to allow a continuous diffusion of media inte the bag and the diffusion of
netabolites of the growing cells cut of the bag, This action would provide the
growiny cells with a large reservoir of fresh nutrient material, It was
thourht that such & constent supply of nuirient materisl might simulate, to a
tegree, the existing conditions in the intesiinzl tract where enteric organisms
contdnually encounter new food material., The resulis in Table XIV &, however,
show a discrepency between the antaconistic relationship of orpanisms in mixed
infections in the dialysis bag and the relationship of organisms in vivo, This
discrepency disappeared when the pH value of the brein heart infusion broth
was adjusted Yo 6,8, 'Table YIV b and ¢ shows that the adjustment of the broth
altered the results so thet the relationships between Shirella and test organe
isms were in this case the same a8 the in vive relationships,

in extensive survey was therefore fﬁ:aﬁe of the organisms which hed
been ingluded in the in vivo experiments. Each of the test orgarisms was mixed
with Shigells and incculated into brain hesrt infusion broth at pH 4,8, Cne co
of 1.6% brom-thymol blue, in aleohcl, was added to one liter of the broth, 4
zood correlation was found between the in vitro broth results and previous in
vive results (Table XV), The in vivo, in vitre correlation was most striking

with orpanisms which had displayed strong in vive antaronism to o rella such
as iercbacter and the E, coli, strains 36, 58, and 132, The correlation was
prencunced also with alcalligeneg, 2045, and 2258 and Proteus 172, which failed

to survive with Shirella in breth culture at pH 6,8, Controls showed that the
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strains did survive, bul prew very poorly alcne in broth culture at pH 6,8,

Drometiymol blue, in the broth, indicated a decided drop in the pH
(to £,0 or less) of the incoulated broth after 2L hours incubation, The
possibility existed that this pH drop miyht be responsible for the particular
pattems of in vitro relatdonships. To investizate this possibllity, equal
nunbers of viable test organisms and visble Shigella organisms were inoculated
into buffered weal infusion broth of pH 5,0 te which bromethymol blus indicatcer
had been added, The pF 6.8 buffer described in "Haterials and Nethods" was
used, Veal infusion broth replaced brain heart infusion broth because of the
difficulty in effectively buffering the brain heart infusion broth, Table XVI
illustrates that the buffering haed no effect on the final outocone,

To further investigate the importance of the pH value of the broth,
several veal infusion broth samples were adjusted to different pH values rang-
ing from pH 6,5 to pH 7.8, Braawthymol blue indicator and buffers were added
to the broth samples, The resulis shomn in ;’Rabia AVIT dndicate c:hm}{gm in
relationship pattems as the pH values of the broth changed, The Shigells
strain grew best in media of lower pH. In mlxed cultures, the Pseudomonas and
the Proteus test strains were appurently better able to survive in media of
high pH values than the Shigella strain, This probably accounted for the
predominance of these two test orgacisme in breth cultures of high pH, Table

AVII shows that Uscherichia coli and Acrobacler strains survived alone, with

one exception, in mixed gultures with Shirelia regardless of the piH values or

the length of incubation, Tiw one excepiion, & Shirella, serchbacter mixture,

revealed foru Shigella cclondes after 24 hours incubalion at a pH of 4,8,

In the great majority of cases, only iercbacter or E. gold could be
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recovered fraa the stools of mice LB hours after mixed infection and enly
aepobacter or I. coll survived alene in mixed broth cultures, It scemed feas-
ible thai an antibiotic substance might be responsible for this antagonism
toward Chigella. The methods of both Halbert (194') snd Froderieq (19L6) were
employed to test this theory. ALl the organisus included in the in vivo
studies were tested by the method of Fredericg described above, 4 circular
sone of inhibition arcund the test organism was consideved indicative of the
preduction of @ ciffusicle antibiotic substance by the test orpanisms, Small
zones of inhibition were obzerved around two typically sntayordstic organisms
when Halbert's method was employed, He visible gone of inhibition could be
detected using Fredericq! method with a emall ineculs, of any of the test
organisms, Zones of inhiblitlon gould be detected, however, when larye inocula
wers used as is 1llustrated in Table XVIYI, These zones of inhibdtion were
cbserved with Protecse ¢ 3 agar bubt were not cbserveble in two cases vhen veal
infusion agsr was substituted, All test organioms produced zones on ?mwéﬁa
#3 agar whehter or not they displayed in g._iég antagonism, Purthemore, there
was no correlation between the sise of the sones of inhibition and the depree
of in vive antagonism. Shipella flexneri, iercbacter 2710 and 7, coli 50 were

o

tested by Fredericq's method to determine the possible effect of autoe-inhibition
on the resulia, No autoednhiblitory action could be demonstrated with these

three organisms,
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TABLE II
ESTIMATION OF THE MINIMUM INFECTIVE DOSE FOR SHICRLLA FLAXNIRI

Ho. of Organisma

Group in the Infeoting Infection
Dose
1 1.15 X 10 1/10%
2 1.15 X 10% 6/11
2l; hr, Results 3 1.15 X 103 3/10
I 1.15 X 1lo* 7/9
Control 0 0/10
1.15 X 10 L/10
A 2 1.15 X 10* 7/11
48 hr, Results 3 1,15 X 10° 3/10
I 1.15 X 10* 7/9
Control L0 0/10

# 1/10, the stool from one of ten mice was positive for
Shl &;611 )
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TARLE ITI
A SURVEY OF IN VIVO ANTACONISH UOWARD SHIGELLA: ZXPESRTVDNT 1

Infecting dose: 10° organisms each of thigelle
and the test atraln,

a1l ALl Test®
Infecting Organism Shirella Organism xture t‘»“cearilez‘r
428 hr, resulta
Shigella 8/8 - - 0/8
Pscudononas 2081 - &/ - 1/7
Alcaligénes 2120 - 0/8 - 8/8
Aerobacter 251 - - 6/ - 0/8
Proteus 235 - 3/2 - 5/8
ch, Pseudomonas 2681 0/& L4/8 L/8 0/8
ch, Alcaligenes 2120 /8 0/8 0/& 2/8
th, Aerobacter 251 0/8 7/8 1/2 0/8

h, Protous 235 1/8 1/8 1/8 5/8

4
.

1 Fractions indicate the number of cultures positive for Fhigella
only over the total number tested,

2 Fractlons indicate the number of cultures positive for the test
organism only over the total number tested,

3 Fractiong indicate the number of niixed culturcs over the totsal
number tested,

I "ractions indicate the number of sterile cultures cver the
total number tested.
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TABLE ITT {contt)

a1t A1 Test? 3 '
Infecting Organism “hirella Organism  Mixture Sterile'r

o F
2 kr, rosults

Shirella §/8 - - 0/8
Pauedomonas 2681 - t/7 - 1/8
Alcalirones 2120 - 0/8 - 8/8
Aerobacter 251 - &/6 - 0/6
Proteus 235 - /8 - 3/8
fh. Pacudomonas 20681 5/ /8 0/5 0/8
Sh., Alcaligenes 2120 L/C o/G o/ 2/¢
fh, Aarobacter 2l51 0/ 8/8 0/6 o/
sh, Proteous 23%5 2/9 0/8 '6/8 0/8

1 Fractions indicate the number of cultures positlve for Shigella
only over the totsl number tested.

2 Fractions indicate the number of cultures positive for.the test
organism only over the total number tested,

3 Fractions Iindlcate the number of mlxed cultures over the total
number tested,

!t Practions indicate the number of sterile cultures over the
total number tested,




TABLE IV

3k

A SURVEY OF IN VIVO ANTAGONISM TOWARD SHIGELLA: EXPERIMENT 2

Infecting dose: 10% organisms each of chisella
and the test strain.

Infecting Organism
2ly hr, results
Shigells
Alcaligenes 2255
Aerobacter 2718
Proteus 235
Sh, Alcaligenes 2255
Sh, Aerobacter 2718
h, Proteus 235
48 hr. results
Shigells
Alca: zenes 2255
Aerobacter 2718
Proteus 235
fh., Alcalligenes 2255
Sh., Aerobacter 2718
¢h. Proteus 235

1,2,3,l4,: See Table TIT

e r————

Alll All Test2

Shigells Organism :!!ixture3

5/9 - -
- 0/9 -
- 7/8 -
- 2/8 -

9/9 0/9 0/9

0/7 /7 0/7

0/8 1/8 0/6

6/9 - -
- /9 -
- 7/3 -
- 5/5 -

9/9 0/9 0/9

o/l L/L o/l

0/8 2/8 5/8

!
Sterile4

4/9
9/9
1/8
6/8
0/9
o/7
7/8

3/9
© 9/9
1/8
0/5
0/9
o/l
1/8
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TADLE V
A SURVEY OF IN VIVO ANTACOUTSY TOWARD SHIGELLA: SBXPERIT
Infecting Dose: 10° organisme each of Shigellas
and the test strain.
a11l ALl Test?
Infecting Organism Shipella Organism nixtures
2ly hr, results
Shigella 5/6 - -
Pseudomonas 2803 - W/7 -
Alcalipenes 2L1i5 - 0/8 -
Aerobacter [ - L/7 -
Proteus 856 - 5/7 -
Ee coll 5 - L/7 -
ch. Pseudomonas 2803 0/9 2/9 3/9
Sh. Alcalipenes 24,5 8/8 0/8 0/8
Sh. Aerobacter 0/9 5/9 0/9
sh. Proteus 856 0/% . 5/9 2/9 "
She E, coli 5 0/9 0/9 3/9

1,2,3,l, See Table III

T A0

At
sl

LY

3

ﬁterilau

3/8
3/7
8/8
3/7
2/7
3/7
4/9
0/8
L4/9
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TARLE V (cont't)

Al ALl Test? 3 L
Infecting Organisnm thigellae Organism Mixture Sterile
1.8 hr, results
Shirella 7/8 - - 1/8
Pseudomonas 2803 - 5/7 - 2/7
Alcaligenes 2li5 - 0/8 - 8/8
Acrobacter l - 5/6 - 1/6
Proteus 856 - 6/7 - 1/7
B, coli § - 5/7 - 2/7
Sh., Pseudomonas 2803 0/5 7/9 1/9 1/9
Sh., Alcaligenes 2i/i5 8/8 0/8 0/8 0/8
Sh, Aerobacter l 0/9 7/9 0/9 2/9
h, Proteus 856 0/? L/9 5/ /9
Sh, %T. coll 5 0/9 6/9 1/9 2/9

1,2,3,l, See Table III
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TABLT VI

A PURVEY OF TN VIVO ANTAGONTSY TOWARD SHIGELLA: EXPHERIMENT L

Infecting dose: 10° organisms each of Shigella
and the test strain,

a1t A1l Toot? 3 L

Infecting Organism fhigella Organism Mixture Sterile

2l hr, results |
Shigella 6/8 - - 2/8
T. coli 22 - 0/6 - é/é
Proteus 172 - 0/8 - 8/8
Aerobacter 23 - 7/7 - o/7
Sh, E,. coli 22 W/8 0/8 1/8 3/8
Sh, Proteus 172 10/10 0/10 0/10 0/10
Sh, Aerobacter 23 0/8 8/8 0/8 0/8

48 hr, results
Shipella 7/8 - - 1/8
., coll 22 - /6 - . 2/6
Proteus 172 - 0/8 - 8/8
Aerobacter 23 - /7 - 0/7
ch, E, coll 2/8 l,/8 1/8 1/8
Sh, Proteus 172 10/10 0/10 0/10 o/10
Sh, Aerobacter 23 0/8 8/8 0/8 0/8

1,2,3,lL,: See Table TII
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A SURVEY OF TN VIVO AUTACORI O TOVARD SHIGRLLA: ZXPInIYENT §

Infocting dose: 10° orpanfisms oech of Fhipells
and the test strain,

1

ALl A1l Tent®

Infecting Orgoniesm Shirelle Organism #2xture St@rilah
2l hr. results
Shirella 7/6 - - 1/8
Proudononas 2020 - W/7 - 3/7
T. coll 132 - £/8 - 0/8
7, coll 58 - 5/8 - 3/8
Sh. Peeudomones 2020 /10 7/10 3/10 0/10
h., =, coli 132 /10 7/10 3/10 0/10
She 7. coll 58 1/7 2/7 W /7
48 hr. results
Shigella £/7 - - 1/7
Pseudomonas 2820 - % ;5/7 - - 2/7
T, eoll 132 - 8/8 - 2/6
T. colt GC - ¢/3 - 2/8
“h. Pseudomonas 2820 5/10 5/10 1/10 /10
°h, T, coll 132 o/10 12/10 0/10 0/10
h, T, colt 78 0/7 7/7 0/7 0/7

152,33, fec Table 111
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TARLYE VIIT

A SURVEY OF IN VIVO ANTACONISH TOVARD SHIGELLA: EXPERIMENT 6

Infecting Dose; 10° organisms each of Shigella
and the test strain,

a1l All Test?® 3 "
Infecting Organism Shigella Organism  Yixture Sterile
2l hr, results
Shigella /9 - - 2/9
Pasoudomonas 20689 - 7/8 - 1/8
Z. coll 36 - 6/1 - 1/7
Proteus 492 - L,/8 - 4/8
Aerobacter 2822 - 7/7 - o/7
Alceligenes 2258 - 0/8 - a/8
Sh, Psoudoaonas 2689 1/10 1/10 7/10 1/10
She I, coli 36 0/10 9/10 1/10 0/10
Sh, Proteus 4923 0/10 3/10 2/1o 5/10
°h., Aerobacter 2822 0/9 C 8/ 1/9 -« 0/
Sh., Alcallgones 2258 8/10 0/10 0/10 2/10

1,2,3,l, See Table IIT
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TARLE VITT (con't)

annl A1l Test® ) L
Infecting Organism fhigella Organlsm  Mixture Sterile
148 hr. results
chigella 8/9 - - 1/9
Pseudomonas 2689 - - 7/8 - 1/8
%, coli 36 - 8/8 - 0/8
Proteus 1,92 - 6/7 - 1/7
Aerobacter 2022 - /7 - 0/7
Sh, Pseudomonas 2089 0/10 8/10 1/10 1/10
Sh. . coli 36 5/10 9/10 1/10 0/10
“h. TIroteus 192 o/10 10/10 G/10 6/10
$h, Aercbacter 2322 6/9 9/ 0/5 6/9

1,2,3,4, See Table III




TABLE Ix L1

A GUMUARY OF IN VIVOC HEBULTS

Orcanism In Vivo Antagonisus Table
t¢ Shipella

iercbacter 4 8 v
Aercbacter 23 5 vl
Aerobacter 2451 ¥S 111
Lercbacter 2718 5 v
Aorcbacter 2822 5] YIII
Alealigenes 2120 Y] 111
Alealigenes 2255 o Iv
Alealipenes 2250 o VIiIX
Alosligenes 2ULLS 0 v
B, coli & , i v
F. coli 22 A Vi
Ee coli 36 M5 VIII
B, vold 58 y VI
E, coli 132 S VII
Proteus 172 4 VI
Froteus 235 N III,1v
Proteus L92 5 VIII
Proteus 856 K v
Peeudononas 2681 3 11T
Pseudomonags 2609 15 L VITI
Pseudomonas 2003 H . v "
Preudomonas 2820 w VI

S-Total overgrowth of the test orsanism at 2L and L8 hr,
iB-Fredominant overgrowth of the test orpenims at 24 and L8 hr,

“mwfredominant mixture of Shipella and the test orpanism at 24 hr.; predominant
overgrowth of the test org%ﬁfsm at L8 hr,

Hwiredoninant mixture of Shirella and the test organism at 2L and L8 hr,

Celnability of the test orpanism to survive in mice,




THBLE X L2

pil OF THE IHTESTINAL COWTEWES OF vICE

Untreated Hice

Houge pil=Caccua pH=Upper Small Intestine

1 7425 £a70
2 7.00 6480
3 £a 90 6480
b 7405 6.80
5 5495 6480

iean """"“ “ean ‘W

iverare = 7.03% .13 Averape o 6,781 ,0L

Miee with intibioticeinhihited Flora

1 7495 Te50
2 7.60 7.15
3 7.85 7420
L 8400 o 7,40 :
5 T90 7.30
lean - Hean -
iverage o 7,86%,15 sverage o T.31%,1L

All readin s made 96 hours after inhinition of the flora,
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TABLE X (con't)
pH OF THE INTESTINAL CONTEWTS OF MICEL
Organisms Recovered from the Intestinal Contents of Infected Mice

¥ice infected with Shigella-10% organisma

pH Reading-~ Shigella pR Reading- Shigella#
¥Mouse Csecum Recovered Upper Small Recovered
Intestine
1 7.50 5.16 x 108 7.00 2.1 x 108
2 7.85 1.50 x 10% 6.90 1.5 X 108
3 7,68 6.0 X 108 6.95 0
4 7,75 1.20 x 108 7,00 0
5 7.80 1.60 x 105 7,08 2,0 X 104
Hean 7.59+,23 ¥ean 6,981,058
Mice infested with Shigella, E, asoll 36 mixture-105 organisms
E, ecoll E, coll
Recovered - ’ Recoveyed
1 7,56 5.0x1208 . 7,00 4.2 X 108
2 7.40 2.5 X 10% 8,50 2,0 X 105
3 7.75 ) 7,10 )
4 7.40 1.0 x 108 6,90 2.0 X 106
ﬁagn 7.,53%,18 Mean 6,88%,26

# Shigella recovered per 2 cm section of small intestine,
1, All resdings made 48 hours after infection,
2, No Shigella recovered,
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TABLE XI
| BROTH CULPURE IN TEST TUTES
Broth: Nutrient
No. of organisms inooulsted/ml broth: 108
i Antibiotics added to broth: None
Indicator added to broth: NHone
pH of broth: 6.8
Original Subculture #
. Orgenisms 84 hr, 24 hr,
Aerohaoter 2451 Growth Growth
Aerodacter 2718 Growth Growth
Pseudomonas 2681 growth Growth
Proteus 235 Growth Growth
Shigella Growth Growth
8h, Aerobscter 2451 All Aero, All Aero, M38-ITI
Sh, Aerobacter 2718 ¥ixture Mixture 8-IV
8h, Pseudomonas 2681 Mixture Mixture H3-11T
8h, Proteus 235 Mixture ~ All Prot. H-I1I,1Y

# In vivo antagonism to Shigella and Tables where illustratqd
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TABLE XTI
BROTH CULTURE IN THU8T TUBZS

Broth: Brain heart infusion

No. of organisms inoculated/ml broth: 105
Antibiotics added to hroth: HNHone
Indicator added to hroth: None

pE of broth: 7.4

Griginal  Subeulture i
Organlams 24 hr, 24 hr,
Aerobacter 2451 Growth Growth
?seudomonas 2681 Growth Growth
Proteus 238 Growth Growth
Shigella Growth Growth
Sh, Aarobacter £451 Mixture Mixture MS=-ITI
8h, Pssudomonas 2681 ¥ixture Hixture M5-T1I

Sh, Proteus 238 Yilxture ¥Mixture ¥-11I,1IX

“
.

# In viyo antazonism to Shigella and Tables where lllustrated,




TABLE XIII

BROTH CULTURE IN TEST TUBES

Broth: Brein Heart Infusion

No, of Orgsanisms Inoculsted/ml Broth: 10%
Antibtiotics added tc Broth: None
Indicator added to Broth: None

pE of Broth: 7.4

Original
Organism Culture Subeulture
24 hr, 24 hr.
Broth overlayed
with 1 co of
parafin oil,
Aerobacter 2451 Growth Orowth
Pseudomonss 2681 Growth Growth
Proteus 238 growth Growth
Shigella Growth Growth
Sh, Aero., 2451 ¥ixzture Mixture
8h., Pseud., 2681 Mixture? Mixture?
3h, Prot, 2386 Mixture Mixture
Controls without o
parafin oll,
8h, Aero, 2451 Kixture ¥ixture
sh, Pseud. 2681 Mixture® ¥ixtured
gh, Prot, 236 Hixture Mixture

~1, Eot read

2, Predominantly Pseudomones

S, Predominantly Shigella

# In vivo antagoniam to Shigella and Tables where 1llustrated.

Sesond

Subeculture

24 br,

e

-

-1

¥ixture M3-III
¥ixture? MS.III
, B=III, IV

¥ixture

Hixture MS~III
¥Mixtured MS-III

Mixture

46

N«III, IV
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TARLE X1V

BROTH CULTURE IXN CELLOPTANE BAGS

Broth: Brain Heart Infusion

No. of Orgenisms Inoculated/ml Broth: 10°

Arntiblotics added to Broth: ,005 mg/ml erythromycin
W& mz/ml streptomycin

Indicator added to Broth: None

oH of Broth: As indicated

Original
A, Organisms pH Culture Subculture i*
24 hr, 24 hr,
sh, E, eoll 36 7.4 ¥ixture All B, co, ¥3-VIII
Sh, Aero, 2822 7.4 All Aero, All Aero, MS-VIIY
8h, Protecus 235 Te4d All Pro, All ?ro. N-ITII, Iy
B, pR of the Broth
Adjusted
3he Proteus 235 6.8 Kixture ¥ixture N~III,I¢
sh, Froteus 235 78 All Pro. A1l Pro, K-I1T, IV
C. pH of the Broth
Adjusted to 6.8 .
Sh, Aero, 2882 6.8  All Aero. All Aero. MS-VIII
Sh, Pasud. 2803 6.3 ¥ixture Mixture! -V

# In vivo antagonism to Bhigella snd Tables where 1llustrated,

! Hostly ?meudomonas




TABLE XV L8
BROTH CULTURE IN THEST TUBES

Broth: Brain heart infusion

No. of organisms inoculated/ml broth: 102

Antiblotics added to broth: ,005 mg/ml erythromycin
| .5 mz/ml streptomycin

Indicator added to broth: Brom-thymol blue

pH of broth: 6.8

%

Original  Subculture

Orgénisms 24 hr, 24 hr.
Aerobecter 4 All Aero, All Aero. SV
Aerobscter 23 . A1l Aero, All Aero, S-VI
Aerobacter 2451 All Aeroc, All Aero. M3-I11
. Aerobacter 2718 All Aero, All Aero, 3-IV
Aerobecter 2322 All Aero. All Aeroc. M2-VIII
Alcallpgenesg 2120 All 3hig. All 3hig, 0-IIT
Alcallgenes 2258 All Shig. All 3hig. 0-VIIT
¥scherichlia coll 5 -t All ¥,co. WV
E, coll 22 wixture °~ All F.co. é-v
%, coll 38 All F,co, All ¥H,co,. ¥8-VITI
. coll &8 A1l ¥,c0. A1l ©,eo0,. MeVII
¥, eoll 122 All E,co, All Z.co. ¥S-VII
Proteus 172 All 8hig., All Shig, 0=VI
rroteus 235 -1 Mixture NeITTI, IV

# In vivo entagonism to Shipella and Tables where 1llustrated,

t Mot read,




Orpganisms

Froteus 4982

Proteus 8858

Paeudomonas 26831
*seudomonas 2682

Psoudomonas 2803

Fasudomonas 20820

# In vivo antagonism to Shigella and Tables where lllustrated,

' Kot read

TABLE XV {con't)

Original
24 br,

Hixture
Mixed

Mostly Prot,

¥ixture

Bixture

-t

¥ixture

Subeulturs
24 hr,

¥ixed
Hostly Prot,

Mixed
¥ostly Frot,

wixture
Mixture

Hixed
Yostly Pseu,

Mixed
Hoatly ¥aeu,

L9

#8-VITT

K-V

NS-TT1
¥y

HeV

¥E8-VITI
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TARLY %VT
RROTH CULPURE IN TWST TUBES

Broth: Veal infusion with nhoanhate buffer
(See Materials and Methods)
¥o0, of orgsnisms inoculated/ml broth: 102
Antibiotics added to broth: ,005 mg/ml erythromyein
.5 mg/nl streptomyein
Tndicator added to broth: Brom-thymol blue
oH of broth: 6.8

Original  3Subculture *

Organisms 24 hr, 24 hr,
Pseudomonas 2681 Growth -t
Proteus 238 Growth -1
E. coll 36 Growth -t
Alcaligenes‘zlﬁﬂ Growth -t
Aerobecter 23 Growth -t
Shigella Growth -t
Sh, Pssudomonas 2081 Mixture #ixture ¥3-TI1
Sh, Vrtoeus 235 mtxtur;;l Mixture NETIL, IV
Sh, %, coll 38 A1l #.co, All E,co. MS-VITI
8h, Alcalligenes 2120 All Sshig, All Shig. 0-I11
Sh. Aarobacter 23 All Aero, All Aero, S-1IV

# In vivo antagonlam to Shigella and Tables where 1llustrated,

' Hot read,
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TABLE XVII

BROTH CULTURE IN TEST TUBSS

Broth: Veal Infusion with hosphate Buffers
(See MYMaterials and ﬁetgods)
No, of Organisms/ml Broth: 10
Antibiotices added to Broth: ,005 mg/ml erythromyein
.5 mp/ml streptomyein

Indicator addad to Broth: Brome-thymol blue
pH of Broth: As Indlcated

Organisms
24 hr, pH 6,8 pH 6.8 pH 7.4 pH 7.8 #*

fasudomonas 26881 CGrowth Growth Growth Growth

Proteus 235 Growth Growth Growth Growth

E. co0ll 38 Growth Growth Growth Growth

Aerobacter 23 g rowth  Growth Growth Growth

 Alcaligeres 2120 Orowth No Growth No Growth No Growth

Shigells Growth Growth Growth Growthl

sh, Pseud, 2681 Mixturs Mixture® Mixture® All Pseu. H3=-IIX
N-III,

‘ v
Sh. E. co. 38 All ®,e0, All E,co, All E.co, All %E,.co, ¥8-VIIT

Sh, Prot, 235 ¥ixture Mixture %‘ﬁixtureb All Prot,.

Sh, Aero, 23 A1l rero, Mixture? A1l Aero., All Aero, S-IIT
Sh, Alca, 2120 All Shig, All Shig, All Shig. All Shig. 0-IIT
# In vivo antazonism to Shigella and Tables where 1llustrated.

1, Very sparse growth of Shigzella

2, Mostly Paeudononas

&, ¥ostly “roteus
4, Mostly Rerobacter




Subeculture
24 hr,

Organiams

Sh, vsaud,2681
3h, frot, 238
S3h, ¥, co, 36
Sh, Aero, 23

8h, Aleal,2120

# In vivo antagoniasm to Shigella and Taebles

pH 8.8

Mixtured

3
tixture”

All Aeroc,

All Shig,

TARLE XVIT (con't)

pH 6.8
Mixtursg

411 Prot.

All Aero.
A1l <higz,

1, Very sparase growth of Shigella

2, Yostly "seudomonas

3, ¥ostly Protseus

4, ¥ostly Aerobacter

pE 7.4
All
All

vseu,
*rot,.
All E,co0,
All

All

Aero,

where

52

pH 7.8
All Ysau.
All Frot.
All E,.co,

All Aero,

B
A

¥8-111

HeI1]
v

HSeVY

S«T1]

A1l Shigl c-11

1llustrated,

I



TaBLE AVIIX

IRBIBITION ZCHY ¥rASUREMINTS 53
Fredericq's Yethod, Large Inocula
Proteose Yo, 3 Apar
spprosimate Radius In Vive Antagonism
Organisne of Inhibition Zonew to Shigella and fable
Centimeters where illustrated,
Aerobacter 2822 1.50 MS-VIIX
herobacter L 1,75 SuV
Aercbacter 2151 1.7 HMSwIIT
sercbacter 2718 1,50 SelV
Aerobacter 23 1,28 Su¥I
Alcaligenes 2258 1,00 OWVIIT
ilealigenes 2120 1,25 OmI1T
Alealigenes 2445 1,25 ¥
E, ecli 5 1.50 YV
L, coli 132 1,25 HSw¥TY
E, coli 58 1,50 fo | V1T )
E. coll 22 2,00 i Yl T
B, coll 36 1.25 WVIII
Proteus 235 ® ~ NeIIX, V
Proteus 056 Q.75 BV
Proteus L92 0,25 M-YITT
Pseudononas 2803 2.2% eV
Pacudomonas 2681 0,75 MB-I1T
Pseudomonas 2659 1,00 MVITI

# Crowth inhibited on entire surface of plats,




¥ LBISCUSSION AND CONCLUSIONS

This thesis demonstrates that infection can Le induced in wmice with
very samgll doses of Shirella after the intestinal flora is inhibited with streps
tamycin and erythromycin, (See Teble II) Infection could not be induced in
nornsl .miae even with inocula of several million viable organisms (Freter, 1959}-
Three explancilons were offered for these observations (Freter, 1956),

1. Some component of the nomal intestinul flora may play a role in
retarding the egtablishment of intestinal pathogens,

2. Streptomyein might directly affect the intestinal tract in such
a way as o predispese 1t to the action of enteric pathogenes,

3. The drupg might directly increase the virulence of the pathogen,

If the second and third Postulates are correct, the reduction of the
nomal enteric flora would be incidental to the incressed susceptibility to
Shicella., If the first is correct, inhibi‘f;igh of antayoenistic compohents in
the flora would be a necessary preliminary to the induction of infection,

This thaesis tneds to substantiate the first interpretation since
sirong in vivo aotagonise to Shirells was exhibited by &ll strains of JECt 0

bacter, by two streins sach of Ze goli and Pgeudomenas and by one strain

froteus (Summarized in Tasle IX). If streptomyoin alone were sufficlient for
predisposing the intesiine to invasion by intestinel pathopens or for incresse
ing the virulence of the Lacteriaz, the presonce of various orgenisms, as Aeroe

bacter, would hardly be expected teo impede the action of this drug, Inhibition

sk




55
of Shigells by several orpyanisss which are nomal inhabitants of the intestine
and the ease vith which enteric infection was induced in the absence of certain
components of the nommal intestinal flors, sirongly sugzest that the normal
flora pluys a role in preventing or retarding the establishment of intestinal
pathogens,

Until recently, there wus nc effective method for the investication
of in vivo antagonisa by the enteric flors, In viire cbservetions could only
sugrest the probability of in vivo anta onism, Varlous in vitro reactions were
interpreted as cvidence for the existence of in vive antayonism, These reac-
tions included the production of inhibition senes by test streins on agaur
plates, the inhibition of one organism by ancther in broth culture, and the
inhibition of the prowth of ssnsitive strains on staled agar plates (See
History).

In contrast to such studies, this thesls vepresents a survey of the
in vive antagonism to Shiyella exhibited by several orpanisms which are normal
inhabitants of the intestine, The procedure used measured the ability of
Shizella to establish iteelf in the intestine of mice, The mouse, in which,
only an asymptomatic Shisella infectlion could be induced, obviously did noet
reflect the exact con’ Llons of huwan Shirellosis, The aclual dissase process,
consequently, was not studled in the investiyation, It would sec} however,
that the ability of a pathorsen to esteblish iisell in the intestine of humen
belngs 18 a necessary preliuinary 1o the oscurence of a disease process, It
is probable thet the Shigella peopulition must reach & certain level in humans
before the organisms are able to invade the tissues and cause the symptoms

assoclated with dysentery. The mouse infeciions, induced in this survey, may
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have been anulosous to the first stazes of infection in human beings, i,e,,
vhen 1% is established whether or not the Shirells peopulation can reach suffie
clent mmbers to cuuse disease,

Tre in vive antagenistic activity of various orzanisms was compared
in the present work with the in vitro antagonism displeyed by the sane orgéne
isms using different in vitro culture techniques. In this manner, the rclia-
bility of the in viire techniques in expressing in vive results was evaluated,
and & satidfactoru in vitro technique for the reproduction of in vivo resulis
could be determined, Uxperiments were carried out by the author t» demonstrate
inhibition zones on agar plates, The diameter of the sones of inhibition had
no relation to the degree of antagonis. o Thigella displayed by the lest
organisu in vivo {.se Table XVIII), The lurgest inhibition zone vas produced

by Proteus 235 which showed no inhibitory activity to Shigella in vive. The

smallest zone was produced by Proteus 192 which vas antagonistic to Shigells
in vivo. These results indicated that the -Teduction of inhibition Zones by
test organisms against sensilive strains cennot be used as criteria for in vivo]
antagonisn, This might explain the lack of correlation betweon msistémm to
Shicella infecticn in human beings and the ;vusence of colicine-produsing
bacteria as shown by Halbert (1940b), It might alsc explain the presence in
individuals with shigellosis of colifcem orsardsms which inhibit the infecting
strains of ‘higella on agar plates (Hobuine and Parr, 1957),

Ao suteinhibition gones could be demonstrated by the suthor with

Shigells flexneri,iercbacter 2718, or Z. coli 58 when Fredericq's technique

was employed with heavy inocula, It seemed unlikely then that a depletion of
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nutrients or an accumulation of metabulites was responsible for the zones of
inhibtion, Tt is probable that an antibictic substance was responsible for the
zenes of inhibition, Inhibition zones coulo not be demonstrated, however, when
veal infusion agar was substituted for Protsose Ne. 3 agsr or when small inoGe
ula were used, Consequently, if inkl'ition genes are due 10 an antlbiotic
substance, the production of thirs substance must vary considerably depencing
upon the conditions under which the organismz are orown,

¥When, in the present sxperiments, the pH of the broth was adjusted
te approximate the pii of the upper swall intestine of mice (pH 6.01), 4 good
correlation was found betwesn in vive and in vitro antaxoniam; (Table XIV) It
is evident from Tables XxI through ¥V that slight changes in pH altered inhibie
tory activity of tesi strains, The &bility to reproduce in vive results with
the in vitro culturs techniques appeared to depend primarily upon proper adjusis
ment of the pH of ihe broth, This would suprest that variations in intestinal
pH might have a marked effect on the antagonistic characteristics of the nomal
enteric flora, )

Table X illustrates that the asmall intestine of mice, which had been
infected with a Shigella, [. coll mixiure, had a pH of about 6,8 while the
contents of the caecum had & pH of about 7,5, These results suprest that a
broth culture of pH (o8 would reflect with same &ccuracy the antaponism operate
ing within the amall intestine, which has a pH of approximstely £.6. Table

¥VII shows that the ~roteus and Pseudomonas mtrains exhibited a gtronger antoe

gonism to the Shigella straln at pH 7.6 to pii 7.8 than they did at p 6,8, &

broth culture of pi (.6 might be expected, therefore, to ainimise the in vivo

antagonism of these sirains because the final phase of in vivo gggwth in the




caocun is not taken into sccount. lxperimental results seemed o bsar out this
assumption (Table V),

The date presented in this work sug ests that appropriate hroth oule
tures nay be used as experimental bodels in the investigaticon of the nmechanlsms

of in vive antagonisn,
A AP




VI SUMIARY

A survey wis made of the relationship between seversl miorccrganisms
which are noxmal inhsbitants of the intestine of man end a strain of Shigslls
flexneri. Infection was induced in the intestine of mice, The survey indicated
the follewing: |

1. When the norsal intestinal flore of wice was inhibited, infectien
could be induced with Shigells with only 10 viabls organisms,

2, Five strains of Aervbacter displayed strong in vive antagonisa te
Shipella flwmeri.

3. Pour straine each of E. cold and Pseudomonas displayed moderste
to strong in vive antagenies to Shigells flexneri,

Le One of L strains of Proteus displayed strong sntsgonism to
Shigella flexneri,

In vivo relutionships between m@mm@ organisws and Shigells
oould be reproduced in broth cultures if the“pﬂ of the broth was adjusted to
spproximate the pil (6,8) of the small intestine of mice., Growth of Shipelia
on agar plates was inhibvited around colonies of all test organismas even if the
test organisue displayed no antagonisa to Shigella in vive. antazoniss displayed

59




Vil. BIBLYOSaprHy

Bomhﬂrf’ “Q. ﬂrwﬁt He lLia s and H&llel‘, Ge Pe s IS}M. Effeet of ﬁtreptmgygin
on Suseceptibility of Intestinal Tract to kExperimental iLulmonellae #rocs
500 EXpe Biole and Hada, 863132,

Bowling, fe Ta, and iynne, ts Se, 1861, Utudies on the Hechanism of Antegonism
by Aercbacter iHtraings dJe Infeote Dise, 8931277,

Frankel, Jo Jao, and iiymne, ke 5., 1801, antagonism by Goffyks Tetragena Etrainah
de Infects Dise, 89352,

Frederiog, P., and Levine, M., 1947, antibiotio Relationships smong the
Enteric Oroup of Huoterias, Je Baote 041700

Freter, Re, 1954, Fatal bnteric Cholers lafection in the Guinea Pigs Baocte
Proce 19564, ps DGs

Freter, ., 1966, The Fatal Enteric Cholera Infeotion in the Guinea Pig,
Achieved by Inhibition of Hormal Hnteric Florae Js Infecte Liss., 97367,

Freter, Re, 1856, Experimental Interio Shigells and Vibric Infections in Hice
and Guinea Pigse Je Hxper. Mede, 1041411,

Fulton, Me, 1937, intiblesis in the ColoneTyphold Groups Je Bacte., 341301,

Oratia, Ae., 1932, Antagonisme Microblien et "bacteriophapie®. Ann. Inste ?nst*$
481413,

Gratia, Ae, and Frederioq, P, 1846, Diversite des souches sutiblotiques de
Be noli et entendu variable de lesur chﬂmps dtactions Compte Hevde Sooe
Biole, 140:1032. - .

Halbert, Se Pe, 1948a, The Antagonism of Coliform Bacteria Against Shigellae
Je Ireamole 58¢183,

Halbert, Se P, 1848b, The Relation of aAntagonistic Coliform Organisma to
Zhigella Irfectionss. I« Survey Observationss J. Immunols 60323,

Halbert, Se Pa, 19480, The Helation of intagonistic Coliform Organisms to
shigella Infections II. Obaervations in Acute Infectionse Je» Immunole
804 3594

Halbert, 5S¢ Pe, and Gravatt, M., 1949, The Helation of Shi ella Typow
specifioity and Suoeptibility to antiblotlowProducing Stralins of
Facherichia Colis ¢ Immunol. 613271

Halbert, . Pe, and bmpgnuson, He Je, 1948, Studles With ﬂntlbiatio-?raﬂucing
Strainas of Hscherichia Colis Je Trmunol., 581387,

60




Halbert, Se Ps, Somnne, Ce, and Swiok, L., 1804, Mixed Bacterisl Infeations in
Relation to antibiotic Activities. J. Irmunol., 731169,

Halbert, Se Pe, and Swiok, Le ey 1960, In Vivo Antiblotic Produstion by
Esoherichisa Colie Jeo Imwnols 853675,

Hoetley, He Go, and Plorey, He Ve, 1946, An Antibiotic From Bacterium Coll,
Brit. Je Expers Pathe, 471378

Luderford, Ce Ge, and Ledorer, Me, 1963, The Antibiotics of Lscherichis Colie
Australe Je Expore Biols leds, 3116563,

| Nisale, Ae, 1916, Usber Dio Grundlagen Liner NHeuen Ursmechlichen Beksempfung
Der Pathologischer Larmfloras Deutsche led, liohnschr., 4251181,

Wynne, Ee Se, 1947, Antagonism by Aerobacter Stralts. Je Javte, 633469,

Viynne, Le 8e, and Horman, Je Os, 1963, On the Concept of "Direct Antagonism®
in Bacteria. Je Infeote Dise, 93:243.

61




APPROVAL SHECT

The thesls submitied by David Hentges has been read and approved by
three members of the DNepartment of ¥Merobliolopy.

The {inal copies have been examined by the director cf the thesis
and the signature which appeurs below verifies the facl that any necessary
changes have been incorpordted, and that the thesie is now given final approval
with reference to content, form, and wechanical accuracy,

The thesiz is thevefore accepted in partial fulfillment of the

requirenants for the Degres og Hegter of Science,

- A, 10/ /951 z ‘u‘-h. ":W‘lif.,‘w

Tate U ! M mature of sd¥isor




	In Vivo Antagonism between a Strain of Shigella Flexneri and Microorganisms Found in the Normal Intestinal Flora
	Recommended Citation

	img001
	img002
	img003
	img004
	img005
	img006
	img007
	img008
	img009
	img010
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068

