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PERSISTENCE OF ESCHERICHXA COLI
STRAINS IN THE INTESTINKAL TRACTS OF DUGS AND STUDIES
ON THE MECHARIBMS IRVOLVED

-~

INTRODUCTION: -

The funda-antalvgtadiae of Kscherich inm 188%1:nﬂ l&&ﬁtz)
established the bacillus now designated as Esaharichia coli
as the main organiem of the fecal mase, Originally it was
demonstrated by Breslau in 188&3)and later confirmed by Noth~
nagel in 18834)that the meconium of new born babies was
sterile and that miero~organisms appeared with the advent of
the first yellow stools. However the presemce of Escherichia
coli in the meconium at birth and within minutes after birth
bas been demonstrated by Hall and 0'Toole in 193§S)and 193%6’
and by Snyder in 193%7? Since it iz possible to isolate
Escherichia colli from the intestimal tract of man throughout
iife it becomes evident that this interesting organism is
preaent with man from birth until death. Because E, coli
has been isolated from the intestinal tract of new-bora
babies within a very short time after birth, 1t appears that
not only babies, but all through life man must come in con~
tact with various étruins of E. coli, The major sources of
such strains are: |

1. The food we eat,

2, The water we drink,

3. The general surroundings in which the organiem is

deposited by people and animals.
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1. The food we saté)
{
Jensen in 1945 , made the following statement:

"Reduced to its fundamentals, the mapnufacture and
subsequent handling of food products may be con~
pidered as a2 race between man sand microbes to
goe wh%eh will be the firet to consume such mat-
erial, '

In view of this and some brief work done by the author on
meat spamples fed to experimental animale it appears that
throughout life man is constantly ingaating many strains of
E. coli.

Travy in.193§9)-akas note of the presence of E. cali
strains in olives. They have also been demonstrated in
shell tisgg)nnd in certain kinds of canned fpnﬁiQ{ Janes,
193;102 reports that dairy products are another gonrce of
E. coli. This data is tabolated in table 1.

2 and 3. The water we drink and the gemeral surroundinge in
which the organisms are deposited.

In support of the hypothesis that man scquires his
intestinal flora from the surroundings is which he iifag and
the water he drinks, Levin's work in lﬁﬁéll)ts of importance.
He atnﬁiéd the intestinal flora of snimals in the arctioc
region such ae seale, white bears, penguine, eiderducks and
reindecr whose environment is of such a mature that few
bacteris live. He found that the intestinal contents of
these animals were in most cases sterile. Levin thinks this
paucity of micro-organiems ie due to the low temperature.

He asoribed these results to the relatively few micro-



TABLE 1

IRCIDENCE and ISOLATIOR OF COLIFORM ORGANISMS
from PASTRURIZED DAIRY PRODUCTS :
DELIVERED OVER A FIVE-YEAR PERIOD TO
V. A, HOSPITAL, VARQUUVER, WASHINGTON
for Patient Consumption

Tear Paztourized ice Cream
i1k & Cream
Nuuber of |[p Coliform || Number of |% Colifora
poec, Tested | Positive 8pec, Tested | Positive

APRIL 1948 153 14.9% 53 37.7%

1949 361 4.9 129 42.6

1950 299 3.0 127 4.0

1951 228 1.3 53 2.0

1952 387 206.7 82 8.5
APRIL 195% 68 28.0 21 24.0
Motals 1496 465

Reprinted from Janss(lg).



Be
organiems he wae able to demonstrate im the air sand water
of this region.

From the foragoiﬁg discussion it appears that man is
aahstlntly hain;‘subjeatad to not a few, but to a great
number of straine of E. coli coming to him from various
sources,

The gquestion now arises as to whether many different
gtrains or only a few streins are present in the intestinal
tract at any one time, It ig possible to determine this by
frequent sampling of the intestinal contents over a period
of time. Sears, ﬁrawnlée and Uchiyama in 195%12{ and BSears
and Brownlee in 195%131 found that at any one time the
strain composition of the fecal material of nowmal individu-
als consists of two trgaa‘af B. coli with #5tpeet to their
tenure. The first type consists of those strains which est-
ablish themselves and continue te multiply over extended
periods of time and are designoted as residents. The second
type consiats of those strains of E. coli which are found
only in a single or meveral successive gpecimens and are de~
signated ns trangients, They found that the tenure of the
resident strains was not permgnent and that they do disg-
appear from the intestinal traet and are replaced by other
gtraine which then tnke ng tenure for a period of time.

They do ndt believe, however, that one resident necessarily

displaces another 2s there meay be a period of time when the

individaal harbors no resident, but a nusber of transients.
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We have made considerable use of the term "strains of
E. coli" with no indication as to how these various strains
are identified, It is well to consider this guestion now.
Eauf fmann, 194§;4{ esteblished an antigenio schema which
makes it possible to clasgify strains 6f E. coll according
to their "0" or somatic antigens., Sinee it has been estab-
lished by Kauffwann that straine do not change their oY
group, and since strains isolated from foode and the environ-
ment show a great divereity of "0 groupe, we are justified
in essuming that sirains ingested by a single individual
will show & like diversity of antigenic mekeup. Thus we may
assuse that if oultures belonging to the same "0" group are
isolated over a period of time from a single individual, this
ié an indication that these culturas represent the progeny
of a single strain which heas been multiplying in the intest-
inal tract, and ngt the progeay of straime continuously
ingested. A chenge of "(0¥ group would likewise be indica-
tive of a mew and different strtgné)

Sears, Brownlee and ﬂehiya-nl have pointed ocut that the
tenureofl the resident strains is not permanemt. Thus far
there is no work reported in the litsrature that would ind-
icate the reason for the sudden disappearance of the resid-
ent strains, However, several possibilities suggest them-

gelves,



1. INCREASED CLEARING OF THE INTESTIRAL TRACT DUE T
BPORTAREUUS DIABHBEIC ATTiﬂlsf

Sears, Brownlee and Uchiyan:lg)repcrted some observ-
ations supporting this Mypothesis, yet some of their siudies
indicated that conmiderable disturbance of the normel intest-
inal function may take place without interfering with the
resident I.‘coli gtrain or etrains. Janeglnz working with
two humen subjects suffering from chronic irritable bowel,
found that even with increased emptying af}the int&stin&l-
tract, these individuals did not have a greater number of E.
coli "Q¥ groupe than do peraons with &2 normally functioning
intestinal tract. Im spite of freguent diarrheic attacks
these individuals carried a resident and a few transient
strains, The frequent clearing of the bowel did not dis-
place the resident straine from either subject. The results
of the study by Janeélo}throws cﬂnsidérable doubt on the
hypothesis that diarrhea causes a loss of the resident E.

coli straing from the human bowel,

2. DIETARY CHANGES ‘

Little work has been found in the literature correlat-
ing the sudden diesappearance of resi&ent E. coli straine
with changes in the diet. The basis for assuming that diet-
ary changes may have some bearing on the E. coli strain
composition of the bowel lies in the fact that the food we
eat determines to some extent the pabulum in the intestinal

tract apen which the bacteria grow and multiply.
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Lembire in 1896 , found that in 81 human oases examined,

E. coli remained presemt im spite of dietary changes. He
did note that under a reutrictaﬁ.diat there was a reduction
in the relaf&ve number of ogganismé ie tha bowel,

Gushiﬁg and Livingaa&lv)aonaidergd ail the various
spacieu‘of bacteria in the intestinal tract to be only tomp~
orary, since it was possible té completely remove all bact-
eries through a sterile dietary regime followed by a fast long
enough to allow the bowel to empty itself.
| gears and Brownlee in lgﬁglz)xaported that changes in
the diet seemed to have no etfect»upan the resident E, coli

strain composition of the intestinal tract of humans,

%.  BACTERIOPHAGE

There has been little work doiie on determining if there
is & bacteriophage active against a resident strain of E.
coli which has suddenly disappesred from the bowel. Sears,
Brownlee and Uchiyama in,lgsalglwtre unable in a gisngie at-
tempt to demonstrate such 2 phage.

Wallick and Qtunrt in 194;17)3130 failed to demonstrate
a hn¢$eriaphag§ active against a resident strain suddenly
disappearing from the bowel,

Tbe posaibility of lysogenic strains of‘E. coll playing
# role in the tenure and disappearance of other strains of

E. coli geems at the present time to be very intriguing, and

one which is in need of investigation,
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By lysogeanic straine of 8, coll we mean those strains
which ecarry phage»capable of lyéing other‘straina of B. coll.
Thus a resident strain of L. coll within an 1ndi§idnal wnight
be lysogenic end destroy almost all of the afhef,étrninn of
E. colil which wnuld}bé deposited in the tatéatinal tract
from the various sources previously mentioned. BSuch a lyso-
genic strain could remain in the bowel uatil amother lyso-
genie strain possesuing a phage apaeifiﬁ for th@vreaident
strain would be deposited in the bowel and thus the resident
would be diesplaced. Two resideants coald be present in the
intestinal tract se they might possess phage capable of des~
troying the other strains of E. coll with which they come in-
to aantaet, but not possess phages capable of lysing each
other, This wuuldvncéount for the tenure and sudden dis-
appearance of raéid&ntlﬂ. coli strains of the intestinal

tract.

4. ANTAGONISM OF STRAINS OF E, COLI TOWARDS ONE ANOTHER.

It has long been recognized that antagonistie relation-
ghips between micro-organisms exist. De Bary in 187;182 was
the first to emphasize thesi%gégiennca of the antagoniastio
relationship. Weksman in 1941 presented the broad anta-
gonistic ralétiona between micro-organisms living in assoc-
iation, either in simple mixed cultures or in complex natur-
al populations, He enphaaized.thé fact that pathogenic

bacteria would not survive long in water containing sapro-
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phytic bacteria, The pathogens were found to survive approx-
{mately three times as long in sterilized tap water,

wakumuélglemphnsiaed the following various types of
antagﬁaisma;

1., Antegonism in vi#a versus antagonism in vitro.

2, Repressive, bactericidal, and lytic formg of

antagoniem.
3. Direct, indirect and true antagonsim,
4. Hetero-pntagoniom between straine of different
species, |

5. Iso-antagonism between strains of the same mpecies,
It is with reference to iso-antagonism between straims of
the same species of E. coli that we are particularly inter=
ested. Sears, Brownlee and Uchiyama in 195&12), following
the studies of Gretia and Fredesieq ia 1947'29) . savestigated
the ﬂessibility that entibiotic substances called colicine,
which are produced by sowme girains of E. coli, might be the
cauge of the sudden loss of resident E. coli mtrains from
the bowel. ﬁawe#&r, they were unable to find evidence in
support of this hypothesis. They found mo correlation be-
ttaanAiha antagonistic activity of B. coli etrains and length
of tenure in the bowel,

It is well to note that the following differences were
recognized between the action of antagonists and that nf}

phagi.ilg)
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1. The filtrate of the antagonist may be active agsinst
other bacteriel specles.

2. Both living and dead bacteria of the antagonized
gpecie? are digsolved by phage.

3. The action of the antagonist is not as specific as
that of phage.

4. BRacees of E. coll resistant to phage are dissolved

by the filtrate of the aantagomist,

5. MABS OVERWHELMING OF TRE RESIDENT E., COLI STRAIN BY

ANOTHER STRAIR OF B, COLI,

It was thought that mass overwhelming of the resident
flora might be responsible for the sudden disappearance of
this flora. By mass overwhelming of the resident flora we
mean that simply by weight of numbers ome strain of E. coli
might be able to displace amother. If, for exasmple, ome has
& definite number of one strain of E, coli in the bowel,
these organisms may be assumed to be multiplying amd dying
2t about an even raté 8o that the namber of orgenisms in the
bowel at any one time remains relatively constant. However,
if massive numbers of amother strain of E. coll are ingested
their growth curve should be siwmilar to fhat described above,
That is, they alsc will multiply and be destroyed at a con-
stant rate and thus be expected to wmaintain a constant
pumber. Since their numbers would be much greater than the

regident strain they woald tend to displace the respident
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gtrain, This they would do becanse of the competition for

the limited material and area within the intestinal tract.

6. INGESTION OF MASSIVE DOSES OF NEW STRAINS OF B. COLI
AﬁGQHPAKiEH Y A4 BBDU&TI&K IN THE IRTESTIRAL FLORA,
This hypothesis is based on the assumption that if there
ie a marked reduction ir the resident flora and a2 new sirain
of E. coli is introduced in sufficient number, this new
strain will have ﬁeateiﬁed competition for survival in the
intestinal tract and iny thus become a resident. The strain
which was the previous resident would then be displaced.
However, it is possible that the new straim would not die-
place the resident, but that the two strains could exist to-
gether as residents. That two strains ocoamionally exist aws
residents of the intestinal traot of humans has been shown

by Sears, Brownlee and Uchiyama in 1950‘12}.

7. CORDITIGNS OF BARITATIOR

gince it has been shown that the main source of the E.
coli of the integtinal tract of man #ra faadé and general en-
vironuwent, it would appear that if aah&itio&s of ganitation
were responsible for the tenure of resident straims in the
.hawel tha e@igﬂaitian of the E, coll flora would be oxtreme-
iy oémg}éx. Au individual living ander unsanitary conditions
waﬁiﬁ greatly iscrease the sources from which he would ob-
tain the B. coli he ingesis and thus increase the number of

various strains to which bhe would be exposed. However, if
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the composition of the inteatinal tract is due to the multi-
plication of the progemy of a strain deposited in the bovel
and not to the progeny of constantly ingested straims the
gtrain compositlion at any one time would appear to be reiatn
ively simple in that ome or two residents with a few trane~

ients would be expected.

8. PER ARUM IﬁViﬂIGH OF THE BOUEL AS A FACTOR INFLUERCING

THE TERURE OF RESIDENT STRAINS OF E. COLI,

The possibility of strains of B, coli gaining accese to
the intestinal tract through the anus cannot be overlooked.
Snrd&r{7)ahowe& that out of thirteem casse of infante studied,
four infants showed the same bacterial species in the mecon-
ium ghortly after birth az was found in the region arcound
the anus. This he interpreted as suggesting either the oc~
curgnce of per anum invasion of the bowel or direct exterior
contanination of the wmeconium specimen from the skin. The
g@aaihiﬁiﬁy of per anum invasion hy the bacterial species

should not be overlooked.
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EXPERIMENTAL STULLIES

STATEAERT uF PROBLEM
The purpese of this study was to obtain evidence
through the experjmental approach as to whether pertain of
the possibiiities previocusly mentioned are the cause or
causes for the spontaneous change of the resident K. ocoli
flora of the intestinal tracs. |
Rejative to the previous bypotheses ziven, the ones to
be invesntigated are:
i. HSanitary Living Gonditioms,
2, Mass Overwheiming of The Resident H., coli Flora by
a Foreign Strain of B, coli, | V,
%. Ingestion of Massive lomes of a New Strain of K,
coll Accompanied by a Heduction in the Normal In-
testinal Fiora.
4. Per Anum Invasion of the Bowel by a Foreign &traim

of E, coli.

METHOBS
A, Experimental Animale:

Bince we bad at our disposal two well traina@ dogm,
and since doge would simaulate the condition of husan
beings who would continuonsiy be ingesting enormous
numbers and diverpe gitraine of E. ceoll, it secued use-

ful to use these two maimeles as the subjecte for gur
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experimental work. The two mongrel dogs used bad been
the subject of studles conducted by the Depariment of
Physiclegy of the Univergity of (regon Medical School.
Thege studies in no way altered the normal physiology
of the doge and tneroféra had no effect oa studies re-
ported in thies paper, other than to provide us with two
mongrel doge containing intestinal lcops. These loope
were isolated segments of the intestinal tract opem to
the ontside of the body and containing the same blood
and perve supply as the reamaining intact intestine.

Dog Hex had 2 loop formed from the upper jejunem, which
was started approximately 6 cm, distal to the ligament
of Treitz. The jejunal segment was approximately %6 ou.
long (143"). Dog Duke had a loop similar to that of
dog Hex, except tha! ine jejunal segment was approxim-
ately 18% lonmz. The loops are designated by the term
‘poaches" in the section on experimental work,

the two dogse were kept in two large adjacent cages
in the animal room of the Univeresity of Oregon Medical
Bchool. The animals were feod & coabination of horse~
meat and dog bisguits once each morning., The cagee
were hosed ocut once & day and antiseptic solution veed

%0 clean the floors.,

B, ¢btaining and Preparing Cultures for Antigenie
Clameification.
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Since it 12 sngsumed that the E. e¢oli atrain comnpo=
aition of reotal swabs would be the same aa that of
atoosl specimeng, and eince rectal swnbs were easier to
obtein, this method of obtaining specimens was used,

Into smell 4" x §5/8% sterile tubes containing
entton swabs, 0.5 ce. of sterile saline was pipetted.
The moist swabs were then inserted into the rectum of
the experimental enimals for about 2 to 3 inches, re-
moved and reingerted into the original tubes contalning
aterile saline, A smail amount of the saline was thea
poured onto an Eosin Methylene Blue Agar plate (Difce),
the plate streasked and incubnated at 370 C. for approXe
imately 24 hours, Ten E. coli colonies were then pick-
ed at random from the plate, Eech colony picked was
inoculated to mutrient agar slante in 4% x 5/8Y tubes
for the production of stock culitures and incubated 24
hours., A loopful of material from each stock ounlture
was inoculated imnto brain-heart infusion broth (bifco)
for antigen production and incubated for 24 hours. The
24~-hour broth cultnres wers then heated in the arnold
sterilizer at 100° C, for ome hour to destroy the K"
or capsular antigenz of the bacillus which cause %0
inagglutinability. Thres to four drops of 0.%% form-
alin solation was then adided to each broth culture for

the purpose of preserving the antigouns.



C. Hethod of Taking Fouch bpeciseus.

Two methods were employed.

i. 7The first method was lhe sawe as that used im
securing the rectal specimeuns except that the cotton
gwabs were inserted into the pouches of the two eiperi-
wental anisals. This method did pot prove very satis-
factory for obtaining speclmens wid was discontinued
early im the sxperimental work.

2., Imnto a 4% x 5/8" sterile tube, containin: a
smali capillary pipetie with a rubber bulb attached teo

8 upper end, 0.5 cc. of sterile saline wae injected.
A small ascunt of salive was drawn ap into the pigeite
and theu injected inte and withdrewn from the pouch of
the aniwal, The fluid was thes reinjected into the or-
iginal tabe end cultures prepared ae im the method for

pecuring rectal specimens,

b, Antigenic Classification of the E, coli Etraina.
Ulassification of the cultures was made on the
besis of their "O" antigens. ¥e are fortunate inm hav-
ing in our laboratory emti-sera for each of the 112
Eauf fmann Q" groupe., Stock solutions of anti-sera to
& dilution of lslﬁa,grégarreﬁ with merthioglate were
kept in a refrigerntor. Teo 0.5 cc. of the antiserum
corresponding to the suspected antigen 0.5 cc, of the

prepared antigen was added. Thus every antigen wae
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first tegﬁed by meaus of a siagle diluvien of 1:520.
If agglutiontion eccurred ia the 1:320 dilution seriail
dilutiong to 1:2500 were performed. asgglutination was
usaally obitmined in dilatiosms of 1:1280. Wien the ser-
ua titer with the wnkoown antigen was 1: 1280 the ocult-
ard was considsred to belong to the specific "0" group
repregented by the known anti-sera used. It was by
this method that we clamssified ail of the 2453% cultures
isolated in this stady. This wmethod of usiug E. coli
pera for classifying unkouown strains has been used im
iuig lebovatory for several years and shown to be en-
tirely reliable,.

For reasons meatiocued in the imiroduction we depend
apon the classiflication of caltures iuto "0 groups for
gifferentiation into sitregins. A blochemical stuady of e
nueber of our cultures was made to determine the possw
ivle corroborative value of such a study. The details
of this study are found im eppendix 1. We reached the
coneinsion irom this work that biochemical differences
between strains of 8, coli ere neither sufficiently
great nor constant %o be used for etrsia differentia-

tion, This conciasion was also reached by Iaﬂﬁliio),

Vn.hina‘ 21) and Kanffm{‘m} 2

E. Experimental Work.

1. Sanitary Living Conditions,
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The purpose 6f this experiment was to deter-
mine whether it would be possible to displace the
resident E. coli strain and establish a new resid-
ent simply through what to bumans would be Gon-
gidered an unsanitary regime. Doge would simulate
this unsanitary regime im their normal daily life.
It would be expeoted that if conditions of sanit-
ation were the main factor in determining the ten-
ure of resident E. coli strains, we would find a
most complex E. coli flora in the doge examined.
Thus the problem here was simply to determine
whether the E. coli flora of our experimental
snimals was a simple one with one or twe residents
and several transients; or whether the coupasitian
was eéxtremely ocomplex.

As is shown in Tabe 2, dog Hex was followed
over a period of approximately 13 months, during
which time nothing was done to tie dog other tham
the taking of rectal specimens, and classifying
nnfigenically the cultures obtained. Out of a
total of 494 cultures, 36 were 01, 213 were 04,
204 were 083, 18 were other strains, and 23 were
not identifiable., It should be noted that for a
period of approximately two months &t the begin-
ning of the study, strains 01 and 04 were bhoth

~present. Following this periocd, for approximately
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6 months, strain 04 was the sole resident, after
which strain 083 established itself as the reside-
eat strain, It s seen, therefore, that the K.
coli atrain compomition of this dog was extremely
gimple, conalling of mno more than two residents
at any one time and for the most part containing
but one resident,

Table % shows the results of following dog
Duke for a period of %97 days. Out of a total of
410 cultures, 8 were 01, 14 were 04, 14 were other
“o" groups and 373 were 08%, and one was not
identifiable, This dog maintained group 083 as
its resident throughout this experiment.

Conditions of sanitation appear to have no
effect upon the tenure of E. coli strains in the
intestinal tract. Ip thie experiment, it was
found that the intestinal E. coll of the two exper-
imental animals was gimilar to that of normal hu-
mans as shown by Sears, Brownlee and Uchiyama in
1950‘12) in that there appeared to be but one res-
ident in each dog, with several transients, The
complex flora which would be expected if conditions
of sanitation were influencing the tenure of res-
ident straine was entirely absent. Since the life
of the dog can be takem to simulate that of bumans

living under the most flagrant violations of sgan-
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19,
itary conditions it appears to be a sufe assuup-
tion that conditions of sanitation have no effect
upon the tenure of resident E, coli strains in the
bowel of the human subject.

2. Mass Overwhelming of the Resident E. coli

Flora by Another Strain of E, coli.
This experiment was ocarried out im two parts.
&. The contents of agar slants of E. coli
028 taken from 6" by 3/4" tubes were suspend-
ed in milk and fed over a period of several
days to dogs Duke and Rex in their regular
drinking pane. Cultures which bad bheen in-
cubated for 24 hours were used for each feed-
ing. As is ebown in Tables 4 and 5, these
feedings had no apparent effect upon the ten-
ure of the residenmt E, coli sivaing. Table 4
shows that dog Rex was fed & total of 1% agar
slants of E. coli 028 over a period of 43
days. Out of 106 cultures isolated, all were
083, the original resident. The 028 strain
wae isolated from a human subject.

From Table 5 it is seen that a total of
14 agar slants of 028 were fed to dog Duke
over & period of 57 days. Out of 125 rectal
cultures isolated ﬁﬁrin; this time, 122 were
083, the original resident and 3 were unident—



TABLE 4

o* group distribution of Eacherichia coli cultures
isolated from the intestinal tract of dog Rex over a period
- of 43 days, during which time the dog received massive feed~
ings of E. coli 028 suspended in milk,

)83 represents the resident straim.

Date Spec, Day of bate of Number Fumber of Cul tures
Taken Spec, feeding of in specified "4Y

onghgar Cultures groups
slant Yaken

028 083
5=25-53
5-26 1 10 10
526
h-27 2 10 10
5“
3-2h
5-29 4 10 10
5-29
b-4 10 2:; 10 10
6-9 15 7 7
12
6~1
6-17 23 " 9 9
6-17
6-18 24 10 10
6-19
620 26 10 10
625 %1 10 10
6~3ﬂ %6 10 10
7-7 A% 10 10

Totuls 106 106




TABLE 5

Bo" group distribution of Escherichia coli culturee
tsolated from the intestinal traet of dog Duke over a period
of 57 days, during which time the dog received massive feed-
ings of E, coll 028 suspended in milk,

087 represents the resident strain,

bate spec, Day of Date of Number Number of Cultures
Taken Spec. feeding of in specified "O%
onghgar Cultures groups
slant Taken Not.
- 028 083 Ident,
- P 3
H=-19 i i0 10
) 5-19 _
520 2 10 ‘ 10
5~21 2 ' 10 10
B2l
5=22 4 10 ' 10
T Z2
325
j“
5-26 : 8 v 2 2
b4 17 . 10 10
6 s 8 6
-10 23 | 2
6-12
6-13
6-15
6-16
6-17 %0 8 7 1
6-19 32 7 - 7
6-19
6-20 3 i0 10
6-25 % 10 10
6-30 43 10 10
=7 50 10 ’ 10
7=-14 57 10 10

Totale 125 122 3




20,
ifiable. The ingested strain was not recog-
niged at any timé in the feces of the animal
in spite of the enormcus doses given,

After the conclusion of these two at~
temptes to alter the}resiaent E. coll strain
of the intestinal tracts of the experimental
animals we decided %o change our wethod of
feeding the foreign straim of E, coli to the
two dogs. This we did because we remlized
that the E. coli might not be reaching the
intestinal tract where they could multiply,
but were porhaps being killed as they passed

through the gastric system. The seconi meth-
Voﬁ is as follows:

b. Dogs Duke and Rex were fed the contents
of several agar slants of E., coll 02 placed
in enteric treated capsules. These capsules
were gelatin and enteric treated with 10%
foruanlin solution and allowed to stand two
weeks before use, after the method natiineﬁv
in Remingiton's Practice of ?hnmm&cala:yiag}.
The capsules, with thelr contents, were fed
to the doges in small balles of horsemeat which
were rolled into the cages of the dogs., These
balls containing the capsules of £, ooli were

readily swallowed by the dogs without being



21.
cheéwed., Thas, we felt remgonably certainm
that the E. coli were getting into the ipn-
testinal tract where they could maltiply, and
were not being destroyed while passing through
the stomach.

From Table 6 it can be seen that dog Rex
was fed a total of 9 enteric treated capeules
of &, coll 02, Over a period of B0 days 129
cultures were isolated, 5 of which were 02,
the other 124 being the originel resident
083. The fact that 5 cultures of the fed
gtrain were recovered in the feces is indie~
ative that the becteria were getting in 1o the
intestinal tract where they could maitiply.
However, the fact thaf 5 calturss of the fed
group were isolated ont of a total of 129
cultares appears to indicate that massive
feedings of the regident strain by itself is
not sufficient to dieplace the resident K,
coll straim,

Tabla 7 shows that dog Duke received 10
feedings of E. coll 02, Out of 127 cultaures
isolated over a period of 41 days, all 127
cultures were 083, the resident, and mne were
02, the fed group.

it appears from the results of this ex-



~ TABLE &

0" group distribation of Escherichia coli cultures
isolated from the intestinal tract of dog Rex over a period
of 50 days wihile receiving enteric treated capsules contain-
ing E. coli 02, ‘ ‘

08% represents the resident sirain,

fate Spec. bay of UDate of Number Number of CQuitures
Taken  #pes. feeding of Caltares ia spec¢ified *0*
‘ one Agar Taken groups,
g 08
* 02 3
714 1 i0 10
7=22 ;
7-23 10 10 10
7=-23 '
=27 14 10 10
7-27
7-28 15 10 10
7-28
7-29
7=3%0 17 10 i0o
: %ﬁ§g
8-3 21 9 5 4
8-4
85 '
&-6 24 10 10
E~15 gg 10 10
8=-20 i0 10
E-2 4 10 10
&~ 4 10 10
8-31 49 A 10 10

-1 50 10 16

Totals 129 5 124




TABLE 7

0% group distribation of Escherichia colf cultures
irolated from the intestinal tract of dog Duke over a period
of 41 days while recelving enteric treated capsules of E.

cell 02,
087 represents the resident straim

bate Bpec. Day of Date of Humber Wumber of Cultures
Taken 3pec. feeding of Cultures in specified %07
one ngar Taken groups
slggz gg 02 083
7-2% 1 16 10
7~23%
7-27 5 10 10
7-27
7-28 6 10 10
7-28
12
B-1
B-3 12 9 9
8~4
Rew
“ 8
Ew7 . 16 10 i0
8~-10 19 10 10
B-1 22 10 10
8-~15 24 10 10
8-20 29 9 9
8-25 24 10 10
G- 37 10 10
8-31 40 9 9
Q=1 4l i0 10

Totals 127 127




periment that masceive domes of o foreign

strain of B, coli have no effect on the teaure

of the resident B, coli strein, The resident

strain wae iz ne instance displeced, nor was

the fed strain establiched asg a resident.

-

%. Ingestion of Massive Poses of a Forelgn Strain

Accompanied by a Reduction in the Inteaztinsl

Flore of the Experimental Apimal.

This problem wae approsched in twe waye:

a.

B

Massive dosges of ® foreign strain (02)
vere aduinietered orslly, after the nor-
mal flore had been markedly reduced by
the pduwinistration of sulfa~-guanidine.

Magsive doses of a foreigm strain (02)
were adminietered orally, sfter the nore
mal flora bad been markedly reduced by
the flushing out of the intestival tresect

by means of an enema,

From Table 8 1t can be seen that dog Rex
vas given seven feedings of sulfa-guani-
dine over a period of nine days. For
the firzt two dnyn thié lnin:i wss gliven
one gram in two equal doses per day and
for the last fi?e feedings wes given 4

gram in two egqual doses per day. As a



TABLE 8

#O" group distribution of Escherichia coli eultures iso~
lated from the intestinal tract of dog Rex over a period of
8 daye. The animel wae fed enteric treated capsules of E.
coli 02 atfter the E, coli contents of the bowel were firet
redinced by aduinistration of sulfe-gnanidine.

053 represents the resident strain cof the bowel.

Date Spec, lay Pate “Humber  Number of Cultares
Taken. of sulfa~ of in specified *o¥
Bpec., guanidine Cultures gﬁﬂﬂp, o
v Take 3 Not ldent,
G=2e57% yls.- '
9-% gu.
Q=4 .
9-7 .
9-9 s,
Qull gn,
O=11 gm.
9=9-53 1 10 10
9-10 2 10 10
9-11 % 10 10
g ¥ od
9-i4 6 10 i0
9-14*
9-15 7 10 10
9-15*
9-1ib P 10 1 9
9*16‘*
G=17 10 10 10 cent.igg.
9—1 L 3
G=~1 11 10 10
924 17 10 1 g
10=] 24 10 2
10«6 29 10 10
10~ 31 10 10
10-12 3 10 10
lﬁ~i§ % 16 10 Cent.Agg.
10-15 9 10 6 4 Cent.igg.
10«19 42 10 7 % Cent.Agg.
10=20 43 10 10 Cent. Agg.
10-28 51 19 i0
il=- - 58 9 9
ik 62 10 10
11-18 2 10 10
1i-%0 4 10 10
12~} gg 10 10
13-4 10 10
£, 239 _176 63
" on these dates one capsule of 02 was fed.

**  on these dates two capsiales of 02 were fed,



result of these feedings the number of E.
‘coll cultures isolated from the intest-
inal tract was greatly reduaced. Before
adsinletering the sulfs-guanidine the
colonies growa on the E. ¥, B, plates
were =m0 numerosus ag to be impossible to
count., Since care was taken to use ap-
proximately the same amount of material
for streaking the plates each time, and
since alter the administration of the
salfa-guanidine the rectal specimens
yielded colonlss which were greatly rew
daced in anuumber and very easy to count,
we assuned that the intestinal E. eoli
were correspondingly reduaced.

Upon the detection of the reduced
nanber of ovlonles dog Rex was started
on oral feedings of enteric treated cap-
sules of B. coli 02, The resident strain
of this dog was still, at this time, 083,
Dog Réx was glven seven feedings from
whole agar slants in 6% x 3/4" tubea.
From Table 8 it is seen that out of 239
caltures isclated over a pericd of 88
days, 176 were the resident 083, 26 were

neither 02 nor 083 and proved to be nn-



24,
fdentifiable, and %7 were roagh colouies
vhich agglntinated without serum. The
fed strain, 02, was not deteeted in any
of the specimens,

h. In the second approach to the problem,
dog Rex was given an enema consisting of
one quart of warm water with one table-
spoonful of soda, The doz had defecated
annroximately two houre earlier, The
eneus tnbe was inserted apnroximately
one-and-one~half feet into the bowel and
a considerable amount of water and feces
was gquickly discharged by the animal.
Imnediately afterwards, one enteric
treated capsule of E, coli 02 was fed to
the animal in a meat ball, He received
angther cansule on esach of the two fol-
lowing days.

Table 9 shows that out of 87 cult-
ures isolated from this animal dauring the
49 days of the experiment, 12 were 02,
the fed strain, and 75 were 08%, the res-
ident strain. No specimen taken during
the experiment failed to yield the res-
ident 08% and 2 daye after the last feed-
ing of 02 the 08% group was the only



TABLE 9

g group distribution of the Eascheriochia csli caltures
isolated from the iatestinal tract of dog Rex gver a period
of 49 days, after the administration of an enema consisting
of oae ¢uart of water and one tablespoonful of Soda oa
i 2--4—-%3 5

% represents the resident sitrain,

Pate Bpeo. bay date of  Hamber Rumber of Cultures
Takea of feeding of in specified “O¥
sSpec. one agar Caltures Y
SLART 02 'Taken 08%
12-4-53
L 1 2
12~
12«7 3 10 3 T
12«7
12-8 4 10 4 6
12«0 5 10 10
12-11 7 10 10
13716 12 10 10
1~8=54 15 10 10
1-15 42 10 10
1-22 49 10 10

Totals 87 12 75
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group which wag isolated and contipued
to be the only group isolataed for the
reaginder of the experiument.

An enemea appears to be n¢ wWore suUCw
cessful then sulfa-guanidine in preper-
ing the bowel for the muitipiication of

a new strain of Bscherichie coll,

4, Per Anum Invasion of the Intestinal Tract by a

Forelgn Strain of E. coli.

8ix loops of E. coll 02 were suspended in 1.0
cc of sterile saline and injected spproximately
five inches into the rectum of dog Duke by means
of 2 1 ¢¢, syringe with a long, rounded needle.
From Table 10 it is seen that the 02 gtrais ap~
peared as & itransient on two successive days only.
The resident etrain, 083, waé never completely
displaced, and continued as the resident strain

during the entire experiment,



TABLE 10

3" group distributinsn of the Racheriochia colil ocunltures
isolated from the intestinal tract af dog Nake aver a period
of 24 days after the injection of a anline suspension of the
contenta of six loops of B, coii 02 directly inte the rectum
of this aunimai.

083 represents the resideat strain,

Bate spec. Lay of bUnte of  Humber Fumber of Cultures
Taken Rye0, injection of in specified "¢
of 02 Caltures

Taken & 95%

1i=8~5% i 10 10

, 11-8

11-9 2 10 7 g
1i-i0 % 10 2 1
1i-11 4 10 i0
11=-18 i1 10 Lt
11-3%0 23 10 10
24 10 ' 10

12-1

Totals 70 9 61
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STUDIES OF POUCHES OF BXPERIMENTAL ANIMALS

Vork was done in which Escheriohis coli, other than the
resident strain, were injected ﬁtraﬂtiy into the pouch of
dog Duke, The pouches of buth‘do;s, Puke and Hex, as men-
tioned previously, were fsolated angnﬁntd of th&‘praxln&l
end of the jejunem aﬁd w#re open t¢ the autaiﬁé of the hody.
They were similar to the rest of the intestinal traoct in that
they had the same blood and nerve supply. Being isolated
seguents they did aat}reeeive the material ingested as food.

Table 11 shows the sirain composition of E. coli for
the pouch of dog Duke taken over a paried of 558 days. Out
of 410 cultures isolated 120 were 04, 282 were o1, 5 were
051, and 3 were not identified as to their "o* giaup. It is
interesting to note that the resident straint here are not
the same as the resident in the intact nnhll intestine. The
loop E., ocoli contanﬁwew similar to the mtmt intestine,
however in that there was only one renidont strain at any
time and several transientas,

Table 12 shows the results of injeoting directly into
the pouch of dog Duke a saline suspension of the contents of
one whole agar slant of E. eolt 02, Out sr’zz cultares iso-
lated, 17 were the resident 01 gtrain, and 5 wote the in-
jected 02 strain, The resident strain was at no time coump~
letely displaced, |

The E, coll strain composition of the pouch of dog Rex



TABLE 11

"o® group distribution of Escherichia coli cultures
isolated from the pouch of dog Duke over a period of 558
days,

Date Spec. bay of Kumber of Humber of cultures
Taken Bpec. Caltares in specifiea *0*
Taken Eroup .
84 01 Otherg Not
ldent.
2~26~53 1 10 10
-2 8 10 10
6-16 22 10 10
6-23 29 10 10
6-30 36 10 10
T~7 43 10 10
7=-14 50 10 10
7~-21 7 10 10
~23 5 10 10
-1 85 10 10
8-25 92 10 10
Q- 101 g F i
9 106 1 five 51
9-15 113 10 10
9-23 121 10 10
10-7 135 10 10
10-21 149 10 10
11-4 163 i0 10
§1~18 177 13 % 10
-19 239 1 ]
2-6 rd 10 10
2~11 2 10 10
2=24 5 10 10
Z=2 1 10 10
3-6 285 10 10
3=16 295 10 10 ‘
2=27 306 - 10 10
4=6 316 10 10
4~=1% %23 19 10
4-20 330 6 6
5-5 345 10 10
5=12 352 10 10
B~20 360 10 10
B=21 261 10 10
F-22 2352 10 10
5-26 366 8 5 3
6-4 375 10 10
6-10 381 10 10
6-%0 401 10 10
7=7 4068 10 10

7-14 415 10 10



TABLE 11 (cont.)

Date Spec. Day of  Rumber of mmmf of cultures
Taken Spec. ga’ttarea specified "O¢
aken
04 '.3.1 Utherg Hot
Ident.
9-11 A7 1 1
11-4 Bﬁ 1 1
11-18 542 3 3
11-30 554  § 1
12-1 55 4 4
12-4 5 3 3

Totals 410 120 282 5 3




TABLE 12

0% gyoup distribution of the Becherichia coli cultures
isolated from the pouch of dog Duke over & period of 6 deys,
during which time saline suspensions of E. coli 02 were
injected directly into the pouch.

01 representa the resident etrain,

Date Spec, bay of Kumber of Kumber of cultares
- Taken Speo. Cal tures in specified "g"
Taken EXoup
01 02_
12-4-53¢
12-5 1 5 2 3
12-5%
12- 2 4 4
12=7*
12= 4 5 3 2
12-9 3 4 4
12-11 6 4 4
Totals 22 17 5

* On these days szline suspension of the comtents of whole
agar slante of E. coli 02 were injected into the pouch.



a7 -
is shown in Table 17, Over a period of approximately 709
days, 234 cultures were igolated, OF these, 219 were 04, ome
waa 083, and 14 wére not iﬁ&&tifi&ble &a»ta-their G group.
The resident etrain here wse alse &iffereﬂi from that of the
intact imtestine, but the E. coli contents of this pouchwere
#imiiar to the intact boﬁel in thet one resident with zeveral

transients were present.

SUMMARY OF DOG REX

Several interesting facts were brought to light in the
study of the 1055 cultures igolated freu the rectum of dog
Bex. As seen in table 14, by far the greatest number of
cul tures isolated hulongeﬁ to group 08%, with gtrain 04 hav-
ing the next greatest nn-befa. Puring the first two monthe
of the study strains él end 04 were the dominant strains in
the bowel, Following this period, and lasting for a time of
five months, strain 04 became the sole resident of the in~
testinal tract of this dog. 4t the end of this five-month
period, strain 04 yielded to strain 08%, which th@n became
the resident and wae maintained ae resident until the term~
ination of the study, some 14 months later,

Appraxinntély five-and~one~half months after straim 083
became the resident, the dog was given oral feadiﬁ;- of milk
suspeneions of B, colil 028, 7This in no way altered the res-
ident 083 atrain. This was also the case in the following

two month period, during which time the dog was fed enteric



TABLE 13

UGN group distribution of Escherichia coli cultures
isolated from the pouch of dog Bex over a period of 309 days.

bate Gpec. bay of Fumber of Fumber of Culiures
Taken Bpec. Cultures in speecified %O
- ‘ Taken
04 t Ident
6-2-52 1 2 2
G=-23 22 10 10
6-30 29 10 10
7=14 4% 10 10
7-21 50 10 10
9-15 106 10 10
Q17 108 10 10
9~1i9 110 10 10
922 113 10 8 2
b 115 10 9 W
9= 117 10 9 1
9-29 120 10 8 2
10-2 123 10 9 3
10-6 12 10 9 1
11~4 15 i 1
11-18 170 10 10
1~13-53% 226 10 10
1-19 232 10 10
2-6 250 | § 1
2-11 25 10 10
2-24 2 10 10
G2 4 10 10
3=b 288 10 10
=23 305 10 10
T-25 307 10 10
3-27 309 10 3 1 6

Totals 274 219 i i4
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28,
treated ocapsules of I. coll 02, For a three-month pericd
following the administration of the firet enteriec treated
capsules the dog was fed more an&eriavtreﬁted capsules after
first reducing the E. coli contents of his bowel through the
ame of sulfa~guenidine. In spite of the redmctiaﬁ in nuanbers
of the resident £. coli strain, amd the massive fecdings of
the foreign, 02, siraim, the resident sirain of the bovel
continued to be sirain 08%, Reducing the H, coli contenis
through the administration of an euems fail@wad by massive
feedings of enteric treated capsules qf‘ﬂ. coli 02, likewige
failed to displace th@ resident 083 gtrain during the follow-
ing, and last two months, of the study. |

During the entire period of study of epproximately 20
mouths, from 4»7*52 to 1-22-54, 1055 cultures were imolated.
0f these, 695 were @83, 21% were 04, 86 were not identifiable,

26 were 01, 18 were other strains, and 17 were 02,

SUMMARY OF DOG DUKE

Ag meen from Teble 15, during the courge of the study
on dog Puke, a gariad‘ox approximately 19 monthe from 4~7-52
to 12-1-5%, 732 cultures were isclated from the intestinal
tract of this dog. It is intereating to note thnt E. coli
08% was the resident strain at the begimning of the étadr
and was maintained as residemt throughout the emtire petiod
of this work, After following the sirain composition of the
bowel of this dog for a period of 17 months, during which
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29.
time E. coli 083 was definitely determined to be the resid-
eut strain, the &ag waé given oral feedings of milk suspen~-
sions of B. coll 028, This lasted for a period of two
months and had no effeet on aliering the reéiﬁent strain of
the bowel., During the saccesding itwo mehths the dog was fed
eateric trested capsules of L. coli 02. This also did not
affect the tenure of thé resident B. ooli strain., For an~-
other two-month periocd following this, no work was done oa
this dog. Daring the lest month of the study the dog's in-
testinal K. coli contente were obzerved after first inject-
iug saline suspensions of E, coll 62 into the rectum of ihis
dog, This proved no more successful than the other metheds
.euyioyed to bring aboat an alteration in the resident B,
coli strain, |

Paring this entire study, covering & period of approx-
imately 19 months, from 4-7-52 to 12-1-53, 732 cultures were
igelated., Of these 683 were 083, 14 were other sirains, 8

were 01, nine were 02, and four were not identifiabie.

Remarks:

it the present time there are approximately 125 differ-
eut "% groupe known. We are fortunste inm having in our
laboratory 112 of thase "0 groups, It ies possible that the
% colonies which were not able identifiable belong to one
of the remaining 1% 0¥ groups. The 37 cnltures which were

agglutinated without serum were most likely rough variaats,
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DISOUSSION AXD COTCLUSIONE

By following, for a period of several months, the E,
coll strain au-paaiiinn of two experimental dogs, and comp~-
aring the results #ith those obtained from the study of hu~
men subjecte, it was determined that the resident E. coli
strain composition of dogs ie like that of bumans. In dogs,
&@s invhamnnﬁ. there ig but cne resident {aeegsian&lly two
may ha~preseni), with saver@i transient etrainé. Thie sim~
ilarity between hn-an‘subgactg living under normal cond-
itions of snnitation, and dogs liviog 8 noruil existence, iﬁ
just the opposite of what one would expeot if uanditiens of
ganitation played an important rele in datarﬁinin:Athatennro
of resident E. coli straine of the bowel. As pointed out
previously in this study, men comes inte contact with var~
ious strains of E. coli through the food he eats, the water
he drinks and through his general enviromment, It is logical
to assume, then, that a dog, whose conditions of sanitation
are low by haman comparison, would be exposed to more sourdaes
of contact with ¥, coli than would the normal husan, It
vould algo seem that if conditions of samitation were the
main factore influepcing the tenure of resident stralse of E.
coli, the number of various streins within the bowel wenid
increase in direet propertion to the number of sources of con
tact. Since the dogs' sources of contact with E. coll are

more nameroup than that of man, his strain composition at any



]
one time wonld be expected to he more complex thon man, How-
ever, since this was oot the coge, .nd the sirain compo-
gition of the intestinnl iroche of the two Qxyeriuemtai dogs
wem guite eimple, it appears that conditions of sanitatien
have no grest effect on the tenure of fémiﬁnﬂt B. eoli
étrains. |

1t ﬁ&s thought that iﬁgca%imﬁ of massive doses of a
foreige strain of &, coli might %a‘ﬁﬁffiﬂi@nt to establish
the forefgn strain s resident and to displece the originel
resident. Since there is definite competition in the bowel
for the limited sub-strate and spece available, it wee
thought that the strzin of E. coli presment in the i&rgest
nuubers would be the one to survive., However, cince massive
feedings of a foreign strain failed to overrhelm the resid-
ent satrain, which was presgent in sueller numbers, it appears
that massive numbers af a strain are not the important fact—
or in determining the resident astraim of the Lowel, This
also appears to be the case whether the £, coli ccutents of
the bowel are first reduced by oral adminietraticn of auxrué
guanidine or through tha.uﬂe of an enema. In no instance
was the resident etraim completely displaced, and at the
conclusion of the gtudies the regident strain wee presemnt in
numbers comparable to these present at the omset of the ex~
gerimental procsecdure,

From thie @tudy it appeare that per anam invasieh of

the intestinal treet by s foreign straim ia of no great sige-
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nificance in determining the E, enli strain comnosidtion of
the bowel. Per snum invasion wne simmlsted in this atody by
per anum injection of a foreign strnin of B, colt into one
of the experimental dogs. This procesdure did not eatablieh
the foreign strain as resident nor ﬁis;!&ae the resident
strain,

From the experimental procendures carrisd osut in this
gtudy, 1% wonld seem that n faetor, or factora, other than
those investigated in this work must be ressonszible for the
naddenilags of n resident straim of E. coll from the intest-

inal traot,
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SUMMARY

A study was made on two mongrel dogs in an attempt to
determine the factor or factors resyonsible for the sudden
disappearance of resident strains of Escherichia coli from
the bowel.

1. Conditions of sanitation as a factor influencing

the tenure of resident E. coli straine in the
bowel were investigated and found to play no im-
portant part in the tenure of resident strains.

2, Ingestion of massive doses of straine of E. colil
other tham that acting asz resldent have no marked
effect on the tesure of the resident E. eoli
strain, |

%2, The mdministration of massive doses of a foreign
strain of E, colil at a time when the resident
strain was in greatly reduced pumbers, did not dis~
place the resident strain from the intestinal
tract, nor establish the foreign strain as resid-
ent,

4. A foreign strain was injected directly into the
rectum of dog Duke without causing the displace-
ment of the resident strain, nor establighing 1t~
self me reaident.

5. BStndies were conducted on the pouches of the two

experimental animals. It was not possible to
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alter the reaident pouch strain of doz Puke by
direct injection of a foreign strain of E, coli.
Tﬁe pouch strains were mot always the same as the
resi&eﬁtﬂ>of the intact inte@tinnl.tract, although
the pattern of onﬁ resident with geveral trans-~
ients wae present,

6. Biecﬁam&eni studies show that biochemical differ~
ences between strains of E. coli were neither
safficiently great nor comstant to be used for

gtrain differentiation,



APPENDIM I

Biochemical Studies

From cultaures isolated over a sixwmanth‘patled
from the intestinal tracts and pouches of the two ex-
perimental dogs, 4B were examined for ability to ferment the
~ following carbohydrates: salicin, dulcitol, sucrose and
inositol, Tha purpose of this study was to determine whether
it would be possible to classify strains of Escherichia coli
through their blochemical characteristics. To insure uni-
formity of results, each of the carbohydrate media mentioned
above was prepared by the author. This was done as follows:
Into 25 ce. of digtilied water 1.25 grams of the carbo-
hydrate was added and the aolutidn‘sterilized‘&t 15 pounds
preszure for six minutes in the autoclave., Each carbo~ |
hydrate was then andded aseptically to a final concentration
of 0.5% to aterile meat a:traat\cantaining Andrades indioc-
ator. The carbohydrate media were tubed under aseptic cond-
itions and used for fermentation tests., Results of the
fermentatian tests were resed after 24 hours and are uhawn'in
Table 16. The iIndol, Methyl Red, Vogus Prosksuer and Citrate
tests were also conducted om these 48 cultures, These re-
sults are racurd@&‘ia Table 16.

From Table 16 it can be seen that the biochemical diff-
erences between strains of E, coli are neither sufficiently

great nor constant to be used as a busis for strein differ~
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entiation,
Table 16 shows that all of the 48 cultures studied here
fall inte the general IMViC pattern usually obtained for

species of the genmus Escherichia,
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