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TEWURE OF INDIVIDUAL STRAINS OF E. COLI
Ii THE INTESTIHAL TRACTS OF TWO CASES OF CHRONIC IRRITABLE BOWEL

Originally Breslau in 1866(1), Bi1irott in 3874(2), and
confirmed by Nothnagel in 3881(3), demonetrated the sterility of the
megonium of new-born bables and t@u appeargnce of micro-organisms with
the first yellew stools, lHowever, after the fundanental studies of
Bscherieh in 1885(4) and in 38504(5) in whieh he established the colon
baoillug as the main organism in the feee) mass, more careful cultursl
cbservations have beem made on the basteriology of the digestive tract.
Through the original ebservations of Escherich, confirmed by Schild im
1695(6), Popote 4n 1892(7), and Ssege in 1897(8); and others sines thet
period, i% was learned that the intestinal discharge of Labiss remained
free of bacteria for several hours after birth. However, through the
use of improved methods and enriched media there is now evidense thet
the meeonium of babies contain becteris st blrth(g)t The cocurence of
Escherdchia cold in t.he nocondum at birth apd within minuwtes after, is
reported by Hall & 0'%oole in 1934(29) ana in 1935(1), and 1y Sayder
in 1936(12}. From birth, and in instances perheps even hofors delivery
&8s discussed by Sayder in 1936, until death man harbors B. cold in Zhe
~ intestinal tract. Since coliform organisms occur in the new-born, v
usually cared for under relatively samitary sonditions, it ls evident
that adulte during the normal course of every day ensounter and smllow
many Es coli from various sources, such 2s from the food we eai, the
water ws drink and use otherwise, and from the general surrounding,
deposited there by other people and by animals,

In 1899 Levin{13) presented valusbls evidence supperting the
hypothesis that man acquires hils intestinal micro-organisme from the
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surroundings. levin studied the intestinal conbents of animels in the
arctie regions, such as white bears, siderdueks, penquins, reindeer and
seals bm-n‘ in surpoundings of such intense cold that fow bacteria live.
He found the digsetive tracts of t.hau animals in most cases; entirely
sterile. In the arctiec zone the great rarity of mioroworganisme in the
air and the small numbeyr found in the water Ingested by thene animals
probably aseounts for the absence of an intestinal bactarial flora.
Cushing and Iivingood in 1900(14) carried out experiscnts which they
interpreted as indicsting that the mumber of micro-organisas inm the
intestinal cenal depends largely upon the muuber introduced by the.
mouth and not upon the multiplication of pre-existing bacterds in the
mediom of the imbestinal contents. |

In addition to the volumineus literaturs on the presance '
of coliform bacteria in milk and dadry produets, and water supplies,
there are some reports on itz precence in various foods ingested by
humans such as in shelifish, in olives, (Tracy 193&(3‘5)); and in various
cannasd foods. ,

The date condensed in tabls 1, on the incidence and isolation
of coliform organisms from dairy products delivered for patient con~
sumption to & L*:u-gu local hoapital, from April 1948 thyu April 1953, by
various dairies, helps substantiate the hypothesis thal we ingest many
different strains of E. coli every day.

With respect to foods in generel, the lollowing siatement was
made by Jemsen in 1945(38), vReduced to its fundementals, the manufacture
and subssquent handling of feod products may be esnsidered asg a race
betwoen man and microbes to see which will be the first to consume such
materislv, Therefore it is interesting to speculate that the human



TABIE I

INCIDENCE and ISOLATION OF COLIFORM ORCANISMS
from PASTEURIZED DAIRY PRODUCTS
DELIVERED OVER A FIVE YBAR PERIOD TO
V. A, Hospital, Vancouver, lashingion

For Patient Consumption

Pasteuriged Hlk & Cream Ice Cream
. Mumber of | % Coliform | Iumber of £ Coliform
Spec, Tested | Positive o Tested | Positive
Apr.)ioh8 153 .98 53 37.7%
19k9 361 L9 129 h2.6
1950 299 3.0 a27 )
1551 228 1.3 53 2.0
1952 387 20.7 82 8.5
Kapr, J21953 68 28,0 21 2L.0
Tobals 1496 168
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intestinal tract muet be inooulated with many different strains of
Ee oold coming from diverse places because of rapid transportation of
foods; se well ag a result of travele |
the fellowing main cuestions now suggest themeslves about the
strain eomposition of the K. 0oll of the intestlizl tract of mant
1. Doss ome alweys retain the first strains scquired as a baby
. while other strains come and leave the intestinal trect?
2. Do all the strains ingested remsin snd multiply with eguel
facility?
kD irve thers soms inrested sm nore adapted te the human
bowel than other streins? Aire thers individeal differences
in people wvhich make the bowel of somo more sultable than
vthers?
be Is man at one age more susceptible te certain strains of
Be eoli than 2t another age?
5 Do we expect to find many different strains, o & fow
straine present in the human bowel at any cams time?
The gnestion arises sboub how to diffeventizta one strsin of
Bs coli from another, Kentfmenn 194337}, Kndpectt14t(18), snd Vahine
19155(19} established an antigenie scheme making it possible to classify
straineg of E. coll agcording to their O, K and ¥ antigens. At that time
s total of 112 different *O® groups wers demonstreted. Individual E. coli
polonies cen be taken from any culture and differentisted with regpect
to their »O* antigens {somatie or cell body antigzens) emplaying this
KoK.Ve mchema, With meny becterial species there is ne wey of demmstra«
ting this, but the great antigenic diversity of B, coll offers us a
method by which we can obtaim ressonshly relisble svidenee either that
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a given strain multiplies contimuously in 2 given individval, or that e
particular strain is displaced by another. Justification lios im the
fact that If cne isolates etrains of E. coll from diffevent persons or
animalds, or from many different sources in the enviromment, such strains
will be found to fall into a large number of "O® antigenic groups. It
mey therefore be agsumed that the streine ingested by s single individual
would show a similar diversity of antigenle groups, Xt. seems rassonable
therefore, to assums that if one continues to isolate, over a peried of
time from & given individual, cultures belenging to the same "O¢ group,
thess cultures represent not the straine contimeously ingested, but the
progeny of a single strain which has been multiplying in thet individualts
intestinal tract. Furthermore, if st any time a new *0¢ group appears
among the cultures from such an individual it seems certain that it
vrepresents a new and different strainm.

Thru frequent sampling of the bowel contents over & peried of
time we are able o determine whether an individual harbors a large
mmbey of E. ¢oll "0® groups, wmmronlyatwugmumtatw
one time. It has been demonstrated by various workers, thru the use of
the K.K.V. schema, that pormel individuals carry a surprisingly small
number of =0" groups at any one t.iﬁo. Sears, Brownles, & Uchiyams in
1950(%°) 4na sears & Browilee in 1952(21) tound that at any one tine the
strain composition of the feces of normal individusls consists of two
types of E. coli, with respect to their tenure. One type was found to
be present consistently over long periods of time ranging from months
%o years. These they designated as regident strains. The second type
included all those strains ocouring only briefly for days, wesks, or
months. These they designated as transient strains.
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Resident strains are not pemmanent for the life of the

subject, as studles indicate, but do dissppsar from the bowel.
Sometimes they end thelr tenure rather suddenly with no clear relstion
to conditions of the subject. So far definite factors tending to bring
about this change of tenurs have not been repertsd in the literature.
Various pospibilities have been proposed, and others suggest themselves
for this sudden dissppearance of resident strains of E. coli from the
human bowels

(1) Antagonism of straing

(2) Bacteriophage

(3) Change in environment

(4) Ssnitary living conditions

(5) Antiblotic therapy

(6) Dietary changes

(7) Increased intestinel motility

(1) Anatagonism of strains:

Do Bary in 1879(22) uas the first to emphssize the significance
~of the snatagonistic relations smomg micro-organisms. Waksman in 1937(23)
was concerned with associstions and amtegonisms smemg micro-orgenisms
in different habitats. In mz(w he presentsd the broad antagonistic
relatione between micro-ormnisms living {a assceistion, either in
etuple mived cultures or in complex netural populstions. He emphasized
the fact that pathogenic besteris would not survive long in waber
containing saprophytic bacteria. The pathogens were found to survive
approximately three times as lemg in sterilized tap water. Certain other
pathogzens much as Mycobacteriuwm tuberculosis and Brucells melitensis
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survived for longer periods. There is alse a marked difference in the
longth of surviwm:l of different strains of typhoid and paratyphoid
bacilli, Ruchhoft in 1934(25) demonmstrated that certain strains died
6ff very rapidly in a few hours in sewage sludge and other straine
survived for almost two weeke. |

in antagonistic relation is often found to exist against
certain besteria in some solls, being traced to the presence of specifis
basteria and fungd in the soil. B. coli is repidly crowded out by
other organisms in the soils as evidensed by Slkinmer and Murrsy in
1926(26),

Different strains of B. coli appesr to repress the typhoid
organism to s different extent. Froshly isolated strains of B. coli are
move sctive than stock eultures(27). Gldor cultures of E. typhosa ave
reported as being non-antagonistis. However, young actively growing
cultures inhibis the growth of B. eoxa{28),

Sea water appears to contain an agemt, other than its ulta;
vhich exerte o baoterieldal effect, Wakssan reported in 1937 frem
information by ZoBell in 1936{29), The dysentery and typhotd organisme
disappear rapidly in sea water, namely in 12 to 16 hours. The paretyphodd
orzanisms Mntwumuﬁmmmmm.

Various types of antagonisme are re-emphasized by Walksmann in
1941(2); 1) pntagonisn tn vivo ve. antagonim in vitre

2} Bepressive, bacterieidal, and lytic forme of antegonism
3) Divest, indirect and true antagoniam

4) Hetero-antagonism - between straing of different species
§) Isco-entagonimm - between strains of the same speciss.

We are particularly interested in isoventagonism between different straims
ef €. coll as a possible explamatden for the sudden lose of resident
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strains fram the human bowel. Sears, Rrownles & Uchiyama inm 1950(20)
baged on stodles of Ceatla 2 Frederiag in 19&?(30} s mggested the
vopsibility that the antibiotie substances, ealled colieines, produced
by some E. coli straines night be antagonistic againet other strains of
Be e2li and thereby affect the tenure of strains in the intestinal tract.
A newly ingested sirain could posses 2 colieine active against a resident
strain, hovever; Sears, Browmilee & ﬁchi:m{a@} were unable to obtain
evidence in fawr of this. Thay found no correlation between the antagoe
nistic sctivity of B, coll streins end the lemgth of temure im the bowel,
In fact they found thet the twe most sctive antegonists were iselated
from one of their subjecte ng transient struins whieh appear sctually
in snly me stoel specimen, |

Hoover in 1951(3‘13 fourd no correlation betwesn the productien
of colivine and the antigenic composition of E. coli.

2) Becteriophage:

This is the second pessibility proposed for the sudden
disappearance of residemt strains of E. ¢oli from the human bewel.
| The term *lysobacteria’” was applisd by &:mﬁhﬂwz) to
those bacteria capable of dissolvimg both living and dead orgsniaus,
Tha following differences were recognized between the actien of
antagoniste and thet of phages 2"
(1) The filtrate of the antagonist mesy be active sgalnst
other bacterdal species.
{2) Both living and dead basteria of the antagonised
species ape dissolved by phagse
{3) The action of the antagonist is not as specific as that
of phapee
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(4) Races of E. coli resistant to phage are dissolved by
the filtrate of the antagonist,

In 1945 Kouffmann and Vahine(73) were sble to demomstrate the
effect of bacteriophage on espsulated and on non~cspsulated streins of
B« coli. It appeared that the capsule protected the bacterium frem the
ection of the bacteriephazes. They suggested alse that bacteriopheges
with an effect against capsular straine of E. coli may exist in mature,
However thelr limlited experiments failed to reveal them.

Toft 1n 1946$3%) suceseded in isolating these capsulo-phages
stouring in mature, from "waste water” obtaimed from various provinsial
tovms of Zealande

The single attempt by Walliek & Stuart in 1943¢35) o iselate
from the humsn bowel, bacteriophages active asainst a resident strain
of E. ¢oli which had suddenly disappeared from the bowel, failed to
reveal such & etrain-specific phage.

Sears, Bromlee & Uchiyama in 1950(2°) 1ikewise failed in o
single attampt to demonstrate such & phage.

3) Change in opvircomegt:

Sears, Drownlse & Uchiyamg in 3-959420), and fears snd PBrownles
in 1952(21) progent some evidence in faver of the peasibility that change
in environment of the subject can be corpelated with a dissppearance of
ﬁ%w regident Ho coll slrains,. However thelr studies indlusie that sush
is not always Lho case for some of their subjects retained their resident
0" atraine for severzl yesrs in spite of @vaeml complets changes of

anvironuent.

4) Sandtary living conditionst

Those in unsanitery living conditions and who eat anmything
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anywhere, might be expected to harbor many different strains of B, cold,
If the intestinal E. coli strain composition is e direst result of the
nambers ingested, scon the strain composition would be most complexs
Evidently sanitation has no effect on the tenure of E. celi in the
intestinel tract for it has been shown that doge have an B. coll strain
pattern similar to that of man. Dogs alse carry just one or two resident
strains and & few translent strains at any one tm(36) .

5) Antiblotde theyepy:
Sears, Brownlee, & Uchiyams in 1950(2) reported that one of

thedr subjects receiving m_diaum over a period of months, received
sulfadiazine, sulfacetimide, and mandelie aeid orally, and streptemyein
and penicillin I, Their studies fatled to show a change in the
resident E. coll strain 4-17 during this period. These suthors reported
s numbey of persons receiving no such medieation whe did show 2 change
in vegident streins, Purther studies of the effect of these factors
should be made.

6) Distary changeg!
Feod we eal detemmines to same extent the pabulum in the

intestingl tract upon which bacterda grow and multiply. One would expect
a change in the ddet to affoct the composition of this mess in the
intestinal tract and have some intluema on the type of bacterial flors

of the bowel., Since there is a chemlcal change in the food residues ss
they pase down the intestinal canal 1% is to be expected that the basterisl
flore may be qualitatively and guantitatively different at different
lsvels. Escherieh showed in his early studies that breast Iod infants
‘harbor B. lactis aerogencs as the obligatery form of flors high in the
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intentinnl canal, while B coll flourdshes farther downe
lenbks in 1896(37) wms among the firet to demomstrate the
varistions in the intestingl flora of dogs fed for a series of cays on
different foods. He then compared the different tecterisl forms found
in the stools sfter s mixed diet, and after separate diets ¢f bread, meat,
or fat respectively. Numerous varisties of different micro-organisms
were represeated. In 81 human cases oxmmined by Lembke, B. coli remained
present in spite of changes in the diet. Some reduction could be noted
in the nlasﬁ.n mumber of organisms present under s restricted diete.
However, little is found in the litersture correlating the sudden disappcar«
rence of resident E. coll strains with changes in the diet. Sears and
Brownles in 1952(2%) peported that changes in the diet seemed to have
no effect upon the E. coli strain composition of the bowel.
 Cushing & Iivingood in 1900(14) constdered al) the various
spoecies of becteris in the imbestinal traet to be only mpomry; gince
it wes possible to completely remove all bacteria through & sterils
diotery regime followed by & faet long enough to allew the bowel to
ampty itselfs

7) Insresged intestinal motilityy

Same workers ave of the opinion that the sudden dissppearance
of resident strains of E. coli from the intestinel tract may be
assecisted with dlarrheic attacks or other intestinal upsets. Sears,
Brownlse, & vﬂuym(”) rgported some obgervations supporting this
hypothesis, yet some of their siudies indicated that considerable
disturbanes of the normal intestinmal physislogy may tam place without
interforing with the tenure of the resident E. cold strains.
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- Statement of Problem

It is the purpose of this paper to try to throw seme light
on the hypothesis that frequent clearing of the bowel could result in
8 loss of the resident and transient E. coli strains from the bowsl.
It seems & reasonsbls assumption that this frequent clearing of the
bowel would result in & turnover of & large mwmber of strains, amd
therefore the presence of many different coll "0" groups at any ome
time, and over s long period of time, |

“

Therefore of the above discussed hypotheses, the one chosen
for investigation in this study with its relatiomship to the disappear-
ance of resident strains from the bowel is the last, nemely increaged

EXFFRIMENTAL STUDIES

It seemed useful therefore, to exmmine stoel specimens from
papsonis with an abmormal bowel condition in an effort to learn why
strains of E. coli that have beem resident im the bowel contimuously
for months to years suddenly disappear. It was desired to conduct the
study on subjects normel in other respects, and able taa‘ lead & normal
home, business and soeial life, except for the attacks of diayrhea.

Fe were fortunnte ia having the opportunity to conduct atuéiea
on two subjects with chronic irritabls bowel. They are men and wife,
both of whom have suffered from this condition for many years. In both
subjects the begimning of their freguent diarrheie attacks antedated
their marriage by meny years. Subject B { the husband) has had an
irritable bowel since he wae about & years of age and iz now in his
late 60's. Subjeot A (the wife} has had the condition since before thelr



mrpisge 32 years spo at the tine of this writing. mmwu; ,
sperate & small manufscturing plant woricing with wood and motal, and are
together during the working day as well as at home.

Daring the period of our obsarwations from Ostobar 1981 %o
Aprdl 1933, thelr symptoms have been confined almost entirely to frecuent
mmam“um soft etools durins the interwals hotween attacks.
Such sabjecta shonld presant s situation in which newly ingested coll
straine are entering a relatively cleared intestimal tracts It would be
a reagonable assumption thet in these subjects the sbeence of encrmous
nunbers of organisme already growing and multiplying in the bowel might
of far an opporbunity for mumbers of incoming straine to maltiply, One
might expoat therefore %o lsolats many different stweine of B, coli frem
the bowel of subjects with fraquent dlarrheie sttucks,

ethode?

mmmmamsmmhmmm:m
extept during the suthor's swwmer vacation, over & period of 17 memthe
zm'mwm:m»mum. Feosl specimens ware obtaimed fram both
subjects at weeldy intervnls for ome year and for the remainder of the
time onoe & menth. These specimens were collected by means of eteriliced
rogtal swnbe inserted into the rectum for a ¢istanse of approximately
3 inches in an effort to elimimate stisins of B. coli present around the
amue, Bach sweb comsists of u length of rubber tubing, approximately
3 1/2 inches long, ewt on a bovel om ome end, and large encugh inside
diaseter to sllov essy movement of the cotton tipped applicator. This
device for seouring fecal specimens is reccmmended by the Division of
Infections Diseaso, Hational Mstitute of Realth, U. 5. Fublis fealth
Service. It s in use in sany fastories, hospitals, and publie health
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laboyatordes oonducting examinations for enterie pathogenic bacterie.
In this study each gpecimen ’ms invenlated within an hour &0
ar Fosin Methylene Ilue Agar plate (Difeo}, and sfter 12 to 2 hours
incubation ab 37°C, ten E. eoli colonies were pleked ot randon from
each of the two plates,
Zuch celony was inveculsted into Brain Heart Infusion Broth
{vifeo) for antigen produstion, to & plain agar slent for storage, end
vhen the slse of the colony permitted, the indol, mothyl-ved, voges=—
prosimuer, and citrate medis (Difee) were all imoculated directly frem
the center of each selescted colemy. Otherwlse the IMVICs were performed
from the one wesk old agar stock cultures. These results wers read as
followgs after 24 hours incubation for indel, after 42 hours for V.Pe %
‘eiz-mta, and afber 4 days for M.A.; all incubated at room temperature.
Eash culture was also exemined at o later time in the study for its
ability to ferment each of the following carbehpdratest duleitol,
inositel, lactose, seliein, and sueroses
40" antigenie clsssification of esch of the cultures wae
made on the 20-24 hour broth cultures heated in the Arnold steriliser
te 100°C, for 1 hour. Thie destroys the "Ev or cspsule antigems of
the bacillug whdeh eause "O" imagglutinability. For the salke of
preservation formalin was added to the antigen to attain a finsl con~
sentration of 0.3% ky diluting each of the antigens with 0.6% formalin
in sterile saline. After the preliminary agglutinations had been
poyformed, these antigens were stored in the refrigerator at + A to
+ 590, untdl time to do the titraticna.
Classification of these cultures was facilitated by the
possession in our laboretories of "0 serums made from most of the
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112 cold "O» groups of the Kauffmenn-Enipschildt~Vahlne (KKV) schema,
Otherwise “Or serums were prepared by intravenoms injection of rabbits
with the desired culture previcusly heated to 100°C. in the Arnold for
2 1/2 hours to destroy the "H» sntigens. Heating at higher temperstures
must be avoided or the *O* antigen will be dameged(7®),
Before preparing an antigen for use in inoculating a rabbit
fer "0¢ gpeyum production, a test antigen wes prepared from the desired
culture, as follows: |
(1) This 20~24 hour culture was heated for 1 hour in the
Arnold at 100°C, |

(2) The antigen was cooled and formalin added to & final
concontration of 0.3%,

(3) The antigen was titreted with novmal rabbit serum diluted
142 with nommal saline, and serial dilutions of lti
through 1:64 with the antigen were employeds

(s} If agglutimation eccurred within this range, the antigen

was considered rough end the sulture was not used for
snimal ineculstions, until gonverted from rough to smooth.

Then the culture premmtnmarbadhnumrw;
then another antigen was prepared frem it for use in incculsting the
rabbits

(1) This 20-24 hour culture was hested in the Armold for

2 1/2 houpg st 100°C,

(2) The antigen was coeled and formalin added 6 s finsl

concentration of 0.5%. (W‘” }}

(3) The rabbit was givem § L.V. injections of the antigen at

four day iatamlar The amount was respectively 0.25 coe,
then 0.5, 1.0; 1.0, and 2.0 ce.
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(5)

(6

n
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Pour days after the last injection a test bleeding was
made and the rabbit serum titreted with the homologous
strain. (snerally the higher titer serums were found to
oscur 8 to 10 daye after the last injection of antigen.
The rabbits were bled to death from t.h& heart by
enploying sterilized, evacuated bottles,.
Afber the aeﬁu wore separabed, merthiolate to s
concentration of 1:10,000 was sdded for preservatiom.
These 70" serums were t.itmtd. labeled, and stored in
the refrigerator at + 4 to + §5°C. and remained usable
until guantity beceme exhaunsted.

The *0¢ group determinatiop in performed in 3 a&agu{”):

(1)

(2)

First, the 112 serums were mixed inte 22 separate pools.
Each individual serum was present in the mixture in s
dilution of 11360, Bach pool contained from 5 to 6 of
these Imown momovalent serums., Bach pool was preserved
with merthiolate 1310,000, These when prepared
aseptically may be stored in the refrigerator and ave
usable over s periocd of months. |

Every antigen was then tested by means of & one tube
dilution of 11320 using equal quantities of the pecled
serum and antigem. Tem %o 20 antigens can conveniently
be tested simultaneously with the 112 serums in this
mammer. All *0¢ antigen agglutinations were read after
20 to 2) hours incubstion in a 50°C. water bath(39),
In the second stage of this "O» group determination each
monovalent serum comprising the pool in which aggluting=~
tioms ovcurred was employed singly to asecertain to which
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"0 group the strain being tested belonged.
{3) ‘The 3rd stage of thie determination wes a $itration with
the monovalent serum in which sgglutination oveurred in
stage two. Serial dilutions of 11320 through 1:10,240
were used. When the serum titer with the unknown antigen
wag that obtained with the homologous strain, the culture
was considered to belong to that speciffc "0" group.
In this mamner 730 strains of E. coll from Subjects A and B
vere classified into "D¥ groupe.
Kauffmann & Perch in 1948(40) denonstrated thet stored E. eold
cultures remained, with minor exceptions, biochemieslly constant after
5 to 6 years storage. Therefore the carbohydrate fermentatien studies
on cultures fram Subjects A and B in this projeet were performed as s
group towerd the end of the study from the stock eultures on plain sgar.
These stock cultures had been rubber stoppered and stoved in the refri-
gerator aince the opiginal 24 hour incubation peried.
mhefmmmmmmaamymwm}n
ability to ferment each of the following carbohydratest duleitol, inositel,
lactose, salicin, and sucrose. To insure freshness of media and uniformity
of results esch of these carbohydrates was carefully prepared by the
suthor, Pirst 10% solutions of each cerbohydrate were made snd sterilised
at 15 pounds pressure for 6 minutes. Each sarbohydrate was added asepti=
cally to a final concentration of 1f, to sterile beef broth containing
Andrede’s Indicator 1%. EHach lot wes tubed aseptically and tested for
sterility before being imoculated. These wera incubated at 3?“64'. and
vesults vecorded after 24 hours, & days, 7 days, and 10 daye{49), 1,
this manner 3,650 fermentation studies were conducted on the 730 strains
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O% Group Classification of 730 E. coli Sirains
Isolated from Two Cages of Chronie Irritable Bowel over a 19 month Period
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of Es 00ll selocted from Subjects A and Bs Cultures which had not
formed acid at the 10 day reading were recorded as negative.

keﬁg,‘l_.gll

The results from the investigstion of inteatinal E. cold strains
from two indlviduale with increased intestinal motility, show that these
subjeets do not have any greater number a: Ee coli "O¥ groups than do
persens vith a nomal bewel. Furthermore, in spite of their frequent
diarrheic attzcks they have the seme kind of an E. coll strain patbern as
ie found in persons with & normal bowel, that is, esch of the subjects
carried » resident, and » few transient E. celi sirains. In addition as
msy be seen im Table II, the freguent clearing of the bowel did mot displace
the resident strainse. It is of interest however that we were no lenger able
to isolate the vesidemt strain from either Subject A or B after November
1952 Befersnce %o an scourate record kept om both subjects as to changes
in their diets, medications, trauvel and illnesges, revecled none of these
Just prier to nor during that time. There wms no correlation between
conditions of the subjects and the apparent less of the resident strains.
In fact Table IIT from Subject B shows that ne change inm the "D* groups
ocourred when on three separsbs occasions B was ssverely 1ll with even
move frequent diarrhea tham ussale Tsble III revesls that changes in the
diet $n Subject B did not bring about changes in the »0¢ groups presente
This was aleo true in Subject A» It is of interest alse thst a esurse of
Terramyein therapy started on Subjsct B on 11-26~51 taken over 48 heurs for
sere throat caused no chengs im the "0" groups eithers

Gultures of the coliform group camnct be sstisfactordly classified

on the basis of their biochemical reactions(397(42) pouever, turough
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the use of numercus bioshemical types, even though they are net sll perfect~

1y eonstant, it ie possible to further subdivide the serologiecal »On
m(”)(m (Tables IV & V).

Blochemically, strains are ;nnonn; ¢ensidered to belong to the
Escherichis gemms if they are motils, aerogenic, form an INVIC patterm #+ee,
fermant lactose with gas, and ferment other carbohydrates 1like & typieal
E. coli. However, the fallure of a strain 6o ferment lactose does not
exclude it from the Bscherichia genus {f it behaves ctherwise like a
typical hghmcm(”)(u).

For some years it was held that the imverse vorrelstion MR + and
VP = for T. coll, and MR ~ and VP + for Aerobacter asrogenss was constante
It is now known that coliform organisms ocour which are positive to both
and negative to both. Stuart, Griffin, & Baker{s3) found thet almost 108
of their coliform cultures did not correlate in this regard. Though 4.3%
of the straine from Subject A, and 4.2% from Subject B were not IMVAC |
regular, the irregularity did not oscur in the ME-VP relation. In Subject A,
2.7% ware eitrate ¢, snd 0.3% were VP +. For Subject B, 0.9% were eitrate ¢,
and 1.9% were VP +. The vemaining few irregularities may be seen in Tebles
Ivev.

Subjeot 42

As is zeen in Table II, we continued to isolate the single regident
strain 0-10 from Subject A, from October 15, 1951 through Movember 23, 1952.
This represents a totel of 70.3% of all the eultures isolated frem A during
the 19 monthe of ﬂua M m transient atrn:lnl isolated were 311 insluded
in =0" groups (8, 13, 1, 18, 25y Thy 75, 91, & 96) and accounted for 13.2%
of all the cultures found in Subject A. Only 16.5% of the cultures ware
ungrouped. lost of thtnmhsinm ungrouped cultures from A belong te
the same biochemieal group, our Type I, as seen in Table VI. Thus the bio-
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TAHLE IV

Farther Subdivision of coli~0 groups from Case 4, inte
Fifteen Biochemical Types

Date | "ov | W, culbures inBiechemical Types

of fh’uup T
Spec.. T JIX |XII} IV VvV | VI VIIIEIXI | thlm
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TABLE IV +uss continued

Further Subdivisien of coli«0 groups from Case 4, into
Pifteen Biochemical Types

aﬁ. uQn Biochemical Types
" e
spees | T |l x| |v | ve|vidvi s |x ko
62 |00 [[a]2] |2 2
Author jon Veigatdon
e o-10 3 3
O=13 2
I :.'*‘hl ;5
yiog
&
22 10
. M p &
[P &;Hﬂl
2 3
&-19 | Rough || 7 ;
Totals plez |20 215 & [mlalalalsia

U = Ungrouped serologically
+ Each specimen represents 10 cultures.

= fermented sucross late ... T m’

a» !nmnt-td saliecin h“ nee lﬁ

(L) fermented lactose late ... 5 days
R formented sucrose late ... 3 days
R fermented sucrose late ... 10 days
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Thirteen Bilochemical Types

Farther Subdivision of ¢oli O groups from Case B. inte
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TABIE ¥ +..s contimmed

Farther Subdivision of coll O groups from Case B, inte
Thirteen Diochemical Types

Date | %ov | |
Qt %m T % M}M}m 3 i - :
Specs X | II?:{I!__T‘VI' Mnrln N
55 Oy i
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2, = _1 :
U 3 )4 "
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B! Omdy & i
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i i
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0-36 4 f |
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itotade | a7 'o0laees | ialosig s | (21 i3'3 3l

U= Ungrouped serologically
* Each specimen represents 10 cultures

¥ fermented sucrose late oa0 ?dm
#%  formonted saliein lato ... 3 days
% Permented suercose late ... 3 days
{I) Zfercented lactose lats ... 5 days
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chenical reactions of the ungrouped cultures are in accord with the

pregumption thot they may represent enly a small mumber of strains.

gubject Br
A study of our data on the 360 enltures lsclated from Subjeet B

revesls several peinmts of eonsiderable interest. The 30 cultures abhiu-dv
during the first three weeks all proved to be of 0 group 8, This group
then gave way to 0=83 which remained the dcminant ergenism for 7 or 8 weeks
only to yield this position to an organism of O group 4. This in torn per—
um“mmwrwmmm,mummmm, not to
be seen again during the period of this study. (Table II). In thres
specimens taken after the disappearance of the O group 4 strain over a
period of 11 weeks, wore 21 cultures belengimg to O greup 1. Howsver, the
number of gpecimens collected wus too small to permit us to aceept this
ag the dominant Owgroup during this period, Yt iz of interest that we con~
tinved to find & few cultures of 0-83 at long inservals throughout the
tenure of the O=h cultures. The most plausible oxplanation of this is
that this previously dominant sﬁrain had continued to multiply in the
bowel through this whole period, but to a large extent overshadowsd by
the O=i. This view is supported by the fact that most of those later 0-83
eultures were identical in their bilochemical rcwh:laﬁ with the earlier
0=83 cultures. |

It is interesting that two 0=8 cultures (Table II) were found
also in specimens collscted lomg after the aspparent disappearance of this
0 group. |

The transient straines isolated were all ineluded im *O" groups

(1,2,25,36,68,73,112) and acecunted for 16.9% of all the cultures isolated
from Subject B during the 19 months of the study.
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A% present approximately 125 "OM groups are lmown(db), oup
leboratories maintsin the cold O serums 1 through 112. Our ungreuped
strainy might belong to those "O® groups between 112 and 125, or perhaps
to a few "O" groups outside of the 125, Agglutination tests porformed on
2 1/2 hour autoclaved antigems from some of these eultures, showed that
the *O" insgglutinability was not due to the presence of capsules. Time did
not permit animal incculations for further testing of the ungrouped oule
tures, however, the biochemical resctions indi&ah & smell number of strains.
As may be seen in Table VI all except & few of the ungrouped cultures from
Subject B, fall into our biochemical Type IIX,

Sumary o Subject A1
1) #0" group 10 was the resident isolated from Ostober 1951 through
November 1952, frem Subject A. This represents a total of 70,3%
of all the cultures isolated from 4 during the 19 menths of
this investigation. (Table XI).
2) The transient strains isolated were all ineluded im 9 #on
groups and asccounted for 13.2% of all sultures isclated from 4.

3) As seen in Tsble VI, the biochemical resctions of the ungrouped

cultures indioated a small number of strainms.

4) Comsiderable varistion in the biochemiesl reastions oecurred

~ in menbers of the resident 0~10 group.

Bummary om Subject By
1) *0v group 4 gained the dominant position in the bowel of Subject
B enly after 0~8 and 0=-83 had yielded their positions, During
its tenure in the bowel O~} represented a total of 24.7% of all
cultures isclated frem B during this investigatien. {Table I).
2) The transient strains isoleted were all included in 7 wOw
groups and aceounted for 16.9% of all the eulturss from
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Subjeet B during the 19 months of this study,
3) The biochemical reactions of the ungrouped strains show that
almost a)l belong to our biochemical Type m, indicating
they could all belong to the same group, serologloally.

Discussiont |
The results of this investigation show that Subjests A and B

with increased intestinal motility do not have any greater mumber of coli
®0% groups at any one time, than do persons with a normal bowsl,

| In a_piﬁ. of the contirued close association of the twe subjeets
in this study, strains of B. coli comuon $o both eould be isolated in enly
two instances. These were cultu_ru, 0=2 and O-74 which did not ocour in
Subjects 4 and B simulteneously, but weeks apart. BSubject B, the husband,
had lost his 0«8 strain on 11~5-51 (Table II) and his transient O<74 om
11=26~51,

A sonth later; om 12-3~51, transients O=8 and O-7L were isolated
in a single specimen from Subjeet A. These were never found again during
the entire investigation on A. It is of interest that these strains frem
Subjeet A differed biochemically frem thoss of Subjest B suggesting
aequisition of these strains from some source other than B,

Almost a year later O-8 oceurred again in Subject B as a single
culture in each of two specimens. These differed from each other biochemi-
oally im that those isolated om 10-15-51 were late sucrose fermenters and
the latey 0-8 cultures formented suérose promptly (Table V).

The members of the resident "0* group 10 isolated from Subjeect 3
showed gonsiderable variation im their biochemical reactions. Therefors,

there is little or no valne in the biochemical resctions ag o means of
identification of individual strains. However ag seem in Table IV and
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Supplemenital Chart, a large percentage of the O=10 strains £all into our
blochemical Type II,

The residemt straine of Subject B also showed sonsiderabls variation
in the biochemical behavior in cultures belonging to the same G'ED“P; Sup. T, V.

Strains within the same transienmt "0» groups also differed blo~
chemically. 4s may be geen in Table IV on Subject A, for example O-group 13,
present on 10=22-51, again on 10=-g6«523, and on 9-30-52 are not the same
bioshemfcally either. They existed in the bowel only temperarily and had
not multiplied thers. The O=1 transient strains isolated from Subject B
on three ssparate oceasions 2-2-§3, 2-23-43, and on 4-19-53, also differed
fram each other biochemically, '

It one were to inooulate a flask of sucrose broth containing very
little other nutriments, with a specimen of fecee containing for exampls,
sucrose positive strains of E. enlg, together with other strains able to
forment a varlety of carbohydrates, the sucrose positive straims would thrive
and multiply faster and shortly overgrow all other strains. One would them
bo able to isolate many sucrose pomitive cultures frem this flask.

The human bowsl and contents may be cempered to this culture. t?
seems reasonsble to assume that 1f ome continues to isolate, for cxample,
sucrese positive strains frem the human Hu!., these ave not just paseing
through but are multiplying in the bowel, and are true sucrose fermenters.

Biechemical studies of cultures from Subjects 4 and B suggested
that the fermentative abilities of E. coli straine in the intestinal tract
of man are more constant than are those held in storage st roem temperatare
on artificial media. The biochemiscal reactiomns of the in vive strains would
appear to be more representative of the true fermentative ability of the |

straine,
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It is interesting to consider the poseibility that a strain with
a constant or true fermentative ability would be the one sble o establish
itoelf in the bowel when the particular carbehydrate whieh it could utilige
most readily was present. It would multiply rapidly and 40 a certain
extent erowd out other strains which happemed to be present simultaneously.
It would far outnumber all others and thus begome the resident strain, These
eonstantly being crowded out would be the transients. As long as the pabulum
in the bowel offered that specific carbohydrate readily utilised by the
dominant sirain it would continue to be the resident in the bowel,

Further studles eoncerning this influence of the fermentative
abilities of in vive strains on the temure of the resident "O¢ group in the
bowsl will be studied here and reported in a later peper.

4 guantitative decrease in the number of B. ¢oli colonies
appearing on the sosin methylens blue agar was noted im the cultures from
both Subjects A and B, compared with primary isolation plates from persons
with a normal bowsl, as witnessed over a peried of years im elinicsl
bacteriology. Many timea only 10 or 20 E. eoli colenies grew om the entire
E.{«B. primary isolation plates. In one insbance no E. coli grew from
Subject B specimen of 3-17-52 as may be seen in Teble II. It is of interest
that no colonles of Aerobacter grew on the primary iselation plates from
Subject B, and only an oceasions) rw‘m noted on those of Subject L.
Home of these cultures contained any enteris psthogenic organisms during
the period of this investigatiom.

Surmnay s ”
A& suwrvey has been made of the B. coll cultures igolated from the

intostinal tracts of two cases of chromic irritsbls bewel, over a 19 month
period. The T30 cultures thus obtained from A and B have boen classified
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into groups on the basis of thelr "0 antigens. This was done in an effort

to obbain information on the reason for the sadden lose of resident E. coli
straine fyrom the bowe)l of man.

1)

2)

3)

&)

5)

é)

The results from the investigation of intestinal E. cold strains
from two individusls with inercased intestinal motility, show |
that these subjects do not have any greater mumber of cold won

groups than do persons with & normal bowsl.

In spite of their frequent diarrhelc attacks they have the

same kind of an E. coll strein pattern as is found in persons
with a normal bowel, that is, each earried a resident strainm |
and & fow transients (Table I1), -

The frequent clearing of the bowel did not displase the resident
strains from either subject. |

A quantitative decrease in the mumbeyr of E. coli colonies
growing on the primery isclation plates because of the frequent
diarrhea, was evident, compared to studies om normal indivi~
duals over a period of years in clinical bacteriology.

In spite of the mnt&nnﬂ close association of the two subjects
in this investigation, strains of E. coli commom to oth sould
be isolated in only two instances. These cultures, O0=8 and 0~7%,
did not oteur im Subjects A and B simmltaneously, but weeks
spart (Zable II), and were not the same biochemically (Tables
IV end V). |

It was pomsible further to subdivide the serologicel groups
into blochemical types. However, subdivision into biochemical
types proved to have 1ittls or no value im identification of

individual straine, since considerable variation in biochemical
behavier cceurred in culturss belonging to the sams "O® group.
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7) ‘The presence of various biochemical types within the members
of the same resident O-groups indicated the presence of

various strains within thoss groups.

The results from this study of E. coli strains in two cases of
inereased intestinal motility, throws considerable doubt on the hypothesis
that diarrhea causes a2 loss of the resident E, coll strains from the human

bowel,
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