
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


SÏÜDIES OH THE ASSOCIAÏIOÏÏ OP 

E scherich ia  a o li  WIÏH AHIMAÏ.S

mïïTîto

Submitted £or the degree of. Doctor o f  philosophy  

in  the fa c u lty  o f  M edicine, D n iversity  o f Glasgow,

by

Maurice Grindlay, M.R.O.V.S., Dip. Baet.

Department o f  Veterinary Pathology,

U n iversity  o f  Glasgow. March, I 968



ProQuest Number: 10644221

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uesL
ProQuest 10644221

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



C O H S E H Ï S
Page

ACHNOWLEBGEIEMSS.

EZOEDIÜM, 1

PARS I .

SHE GOîaPOSISÏOH OP SŒ E seheïloM a e o l i  PiORA OP
mwue e#*! I niiwmpwKWMFi m i # r i m a i  ■iiriiiuMMrfc

SHE SUS OP SHE HOEMAI. DOMESSIO OHÎGKBW (Gallus 
domestiqua ) AMD OP SHE SÏEIAÎi HAUSSER {UesogglGetus 
auratua). 7

Hlat o r i cal* 7
M aterials» 13
Methods* 15

A» Ï s o la t io ï i  o f  toaûterial cultures, from
fa e o a l saraplea. 18

H. Bioohemi&al methods» 19
G. S ero lo g ica l procedures* 22

(1) Préparation o f  a n tisera . 22
(2 ) S itr a t io n  o f  antisera* 24
(3) S ero lo g ica l id e n t if ic a t io n  o f

g., c o l i  cu ltu res . 25
(4) Absorption o f a g g lu tin in s . 30

Results.* 32
A. Ohiokens. 32
B. Hamsters. ' 36

D iscu ssion . 49
Summary. 49



i l*
Page

XI.

m  im E B ^ïQ A T ion  im to  pac^oeb a b so o ia teb  wxïh
Qowmoh OP miE B sah eric lixa  o o l i  P0PUBA3:I0M OP TEE
BOWEL OP AEIMALBt 51

H lstoxd ca l*  51
A, The in f lu e n c e  o f th e h o s t  and i t s

environm ent on E* c o l l  in  th e  gut* 51
B. The in f lu e n c e  o f E# o o l i  i t s e l f  on

esta b lish m en t in  th e I n t e s t in e .  58
G. The r e la t io n s h ip  o f  E* c o l l  to  o th e r  

i n t e s t i n a l  m icro-organism s and, t h e ir  
proâuûts » 66

B eation  1 .

SHE C01P0S.Xæi(M OE IT-DS E sc h e r ic h ia  a o l i  FLORA OF 
THE BOVffiL OF A GROUP OF BOGS (Canis f a m i l ia r ie )
EIÎ>EEÏMEEi‘iaiLir lEPLGTBD WITH THE VIEÜB OP 
0 m iM l  HIPATÏTIB * 69

In t r  odue 11 on * 69
M a ter ia ls  end m ethods. 70
E e s u i t s t 74

A. The f in d in g s  from th e  dogs r e la t iv e  to
in f e c t io n  w ith  th e  v ix u s o f can ine  
h e p a t i t i s .  74

B. The in c id e n c e  o f b ioch em ica l ©nd s e r o 
lo g i c a l  v a r i e t i e s  of. E* c o l i  aMOiig the  
dogs b efo re  and a f t e r  exposure to  v ir u s .  75

D iso u ss io n . 79
Summary. 88



I l l

S ection  2.

«## ! ' * *  Wf i W w #*4 .i4*g*p

Page

A SERIES OP EXPERIMENTS DESIGNED TO BST.ABDISH 
Eeoherlohla c o l l  IN THE DOWEL OP OHICRENS AND 
OP HAMSTERS. 100

H isw orieal. 100
M ateria ls. 105
Methods Î 106

A. Adm inistration o£ cu lture to  anim als. 107
Ji. Eeeovery of the s tr a in  under t e s t .  108

In v estig a tio n s  and r e s u lts  : 108
Experiment No. 1 . 110
Experiment Ho. 2. 117
Expe;riment No. 3. 123
Experiment No. 4. 129
Experiment No. 5* 136
EXP6ï‘ira’®nt No* 6. 146
Experiment No. 7 . 154

D iscu ssion . 160
8uimary._ 166

S ection  3.

A STUDY OP THE ASSOCIATION BETïJEEN COLICINO- 
GEWESIS in  v itr o  AND THE COMPOSITION OP THE
EBclierichia w l l  FLOBA OF THB a m  OF AMIMiÆB. 1.68

H iB toriGal* 168
methods* 170
In v estig a tio n s  and r e su lts  5 172

Experiment HOo 1 . 173



i v .
Page

Bxpei’imenti Wo. 2» 181
Experiment No. 3» 185
Experiment No. 4» 194

B isau ssion . 198
Sïumary. 198

Section  4.

THE IKFI.ÜEWC1 OF OTHER ORGANISMS, MAINLY OF 
ENTERIC ORIGIN, ON C0I.IC1N PRODUCED BY 
tecfaerichla o o li  in  v itr o .  199
   ■   t—iii i»  iiiiBi ' IW—, m il liar nuMiltii HWK i

In troduction . 199

A. THE EFFECT in  v itr o  OF OTHER BACTERIA
ON OOLICIKOCtEWESIS by E, c o l l ,
S tra in  No. A7(1). 200

Introduction . 200
M aterials and methods. 200
R esu lts . 202
D iscu ssion . 207
Summary* 209

B. AN INVESTIGATION INTO Tîïl ACTION OF OTHER
BACTERIA ON ANTIBIOSIS in  v itr o  BY
E. c o l l  s tr a in  no. A7(1). 217

Introduatioa# 217
MaterlaXfi metkoda# 218
R ésu lta . 213
Biecusaieu* 220
Ummiaiy* 223

BlaO-UBaion* 223



V .

Page
Summary» 225

PINAL DISCUSSION. 226

CONCLUSIONS. 229



AOKWOWiæDGElEKÏS.

The author d es ire s  to  record h is  

gratitu d e to  P rofessor  J . W, Emslie fo r  the  

f a c i l i t i e s ,  generously made a v a ila b le , which 

enabled the in v estig a tio n s , to  be pursued and 

fo r  advice and. c r it ic is m , fr e e ly  g iven , during 

the preparation o f  t h is  t h e s is .  To Mrs. A lice  

House, Miss A lice  S i l la r s ,  Miss Annie Burns and 

Miss E lisab eth  C orbett, thanks are due fo r  

te c h n ic a l a s s is ta n c e . To Mr. A. McOaw and h is  

s t a f f ,  thanks are tendered fo r  the care and 

maintenanoe o f  th e experim ental anim als.

Mr. A. Finney provided, the photographic  

i l lu s t r a t io n s  fo r  which the author i s  duly  

g r a te fu l.



STUDIES ON THE ASSOCIATION OF 

E scherich ia  c o l l  WITH ANIMALS.

EXOEDIUm.

Eacherich (1885) described as Bacterium o o li  

commune an organism which he had iso la te d  from the  

s to o ls  o f  two healthy b rea st-fed  in fa n ts . Subsequently, 

the same organism was found in  the in te s t in e s  o f animals 

in clu d in g  the horse, the cow, the sheep, the goat, the 

p ig , the dog, the c a t , domestic; and w ild  fow l and various 

sp ec ie s  o f rodents (Jensen, I 89I ;  Dyar and K eith, 1893} 

Fremlin, 1893} Smith, 1895} Eyre, 1904} Houston,

1904).

Escherich (lo o , c i t . ) observed th a t P act, c o l i  

commune was a Gram-negative b a c illu s  which grew on 

g e la t in  medium without any apparent liq u e fa c t io n ,  

eadiibited ferm entative a b i l i t y  in  g lucose so lu t io n  and 

was feeb ly  m otile  in  hanging-drop p reparations. Smith 

(1890) recorded the production of both acid  and gas in  

glucose medium and Chanternesse and Widal ( I 89I )  noted  

th a t JBao-t. o o li  formed gas from a v a r ie ty  o f carbohydrates 

th at included g lu cose , su crose, m altose, rhamnose, 

g ly c e r o l, e iy t h r it o l  and raannitol but not from starch  or



from glycogen. To th a t l i s t  Jensen (1897) added 

arahinose, g a la c to se , fru c to se , r a ffin o se  and so rb ite  

and.concluded th a t, although ferm entative v a i le t ie e  of

B. c o l i  occur, the in d iv id u a l forms are f a ir ly  constant 

in  th e ir  sacoh aro ly tic  behaviour. However, Wilson 

(1929) remarked th a t, while ferm entative t e s t s  are of 

great serv ice  in  d if fe r e n t ia t in g  the typhoid-paratyphoid- 

colon  b a cter ia , when they are applied to  the B. o o li  

group and when carbohydrates are employed in  adequate 

number, the r e s u lt  i s  an almost in f in i t e  number of 

v a r ie t ie s .

R efik  (1896) made use o f  the property o f in d o le -  

production as a means o f  d istin g u ish in g  o o l i - b a c i l l i .

That a b i l i t y ,  however, i s  not. ab so lu te. Wilson at a l .  

(1935), fo r  example, reported th a t o f  two hundred and 

nineteen  cu ltu res o f  P act, c o l i  18 per cen t, f a i le d  to  

form in d o le .

Orlowski (1897) f i r s t  suggested the use in  media 

o f iro n  or lead, s a l t s  to  d is t in g u ish  .B. typhosus. which 

produces hydrogen su lph ide, from Bact. c o l i  which does 

not 80 behave.

Voges and Proakauer (1898) described a colour, 

rea ctio n  given  by cer ta in  e n te r ic  b a c ter ia , but not by



Bao-t» o o l i .  when, a few drops of potassiiaa hydroxide 

so lu tio n  are added to  a cu lture th a t has been grown in  

dextrose medium. A p o s it iv e  reaction  was explained by 

Harden and. Walpole (1906) as due to  the form ation o f  

acety l-m eth y l-oarb in o l v/hioh, when mixed w ith potassium  

hydroxide in  the presence o f peptone, slow ly  g ives r is e  

to  a pink co lour.

Eijkman (1904) demonstrated th a t , a f te r  incubation  

at 46®C., Bact. c o l i  fermented glucose v/ith the production  

o f both acid  and. gas. Wilson e t  a l . (1935) emphasized 

the need fo r  a water-bath maintained at a temperature of 

43-45°C. and reoommended. th a t fflacConkey's la c to se  broth  

replace Eijkman's medium.

Clark and Luba (1915 ) showed th a t the d ifferen ce  

in  hydrogen-ion concentration  produced, by the growth o f  

Bact. o o l i  and o f  re la ted  organisms in  a su ita b le  carbo

hydrate medium was e a s ily  recognizable a f te r  the ad d ition  

o f  the in d ica to r , methyl red. Development o f a red 

colour betrayed the low pH th at i s  c h a r a c te r is t ic  of 

Baet. c o l i .

Further to  an observation by Brown (1921) th a t  

Bact. c o l l  communie f a i le d  to  break down av a ila b le  

c i t r a t e ,  Koser (1924) described the use o f  a sy n th etic



medium in  which, sodium c itr a te  was the s o le  source of 

organic, carbon. Simmons (1926) modified, th a t medium 

hy the ad d ition  o f agar and bromo-thymol-blue.

Bact. c o l i  was. unable to  f lo u r ish  on those media.

M itch ell and. Levine (1938) reported th at  

E scherich ia  c o l i  was unable to  u t i l i z e  urea, which fin d in g  

wae confirmed by C hristensen (1946).

Since haomolyain-production by B̂ . c o l i  was 

observed by Kayaer (1903), haem olytic s tr a in s  have been 

recovered on many occasions and Smith (1963) has shown 

th a t they are common in  healthy man and anim als.

Extreme a n tig en ic  h eterogen eity  on the part o f  

E. c o l i  was recognized, fo r  many years b u t poor a g g lu tin -  

a b i l i ty  was a p e c u lia r ity  o f  th at organism u n t i l  

Kauffmann (1943) explained the phenomenon. He demonstrateo 

the presence in  E, o o l i  o f two types o f  antigen , namely, 

a h e a t - la b ile  'L ' surface one which caused '0 ‘- in a g g lu t in -  

a b i l i t y ,  as w e ll as a h ea t-s ta b le  som atic '0 ' an tigen .

By h eatin g  the organism to  100°C., he was able to  destroy  

the 'L ' an tigen , thus a llow ing the *0' p ortion  to  react  

with the homologous serum and to  produce agg lu tin a tio n  

to  high t i t r e .



Kauffmann (1944) observed th a t some stra in s  o f  

E. o o l i  were not- rendered '0 ‘-a g g lu tin a b le , even, a f te r  

they had been exposed, to  100®0. for. tw o-and-a-half hours.

He designated those varian ts as ‘A’ forms. lü iip seh ild t  

(1945a & b) continued the study o f 'A* forms and showed 

th a t th e ir  therm oresistanae was due to  therm ostable 

c.apsular antigens which he c a lle d  'A* an tigen s. He 

described the growth o f  'A* forms on s o lid  media as 

denser and more voluminous than th a t o f the usual s tr a in s .  

Vahlne (1945) showed th a t 'A' forms become '0 '-agg lu tin ab le  

a fte r  they were autoclaved a t 120°C. fo r  two hours.

ICnipschildt (1945©, 1946) described  a new thermo- 

la b i le  surface antigen  which he named 'B* antigen .

Heating the *B' form at 100°0. was found, to  destroy the  

a g g lu tin a b ility  o f  the antigen  but not to  a f fe c t  the  

agg lu tin in -b in d in g  property.

Kauffmann and Vahlne (1945 ) suggested the use 

of the group term *E* antigen  to cover the d iffe r e n t  

'Ii‘, 'A* and *B’ antigens o f  E. c o l i .

Edwards and Ewing (1962) recorded th at one 

hundred and. fo r ty - f iv e  *0'-a n tig e n ic  groups had been 

d istin g u ish ed , e ig h ty -s ix  'K' antigens had been recognized  

and fo r ty -n in e  'H ' antigens were known.



6

The r e s u lts  o f  s e r o lo g ic a l s'budies on g_. o o li  

have revealed  th a t the population  o f the organism in  the  

normal mammialian in te s t in e  i s  u su a lly  d istin g u ish ed  by 

a high degree o f  s t a b i l i t y  and th a t the l a t t e r  must 

depend on moans o f s t r i c t  oontrol* The in v e s t ig a t io n  

undertaken by the w riter  was designed to  extend know

ledge of. E, c o l i  in  the bowel o f  animals and o f fa c to r s  

which determine the com position o f  th a t f lo r a .  The 

work was carried  out during the period  from March 1963 

to  September 1966 and. was d ivided  in to  the fo llo w in g  

two p arts s

Part I .  The com position o f the E sch erich ia  c o l l  f lo r a  

o f  the gut. o f the normal dom estic chicken  

(Gallua dom estlous) and o f the Syrian hamster 

(Mesoorioetug. auratua ) «

Part I I .  An in v e s t ig a t io n  in to  fa c to r s  a sso c ia ted  with  

the con tro l o f  the E scherich ia  o o li  population  

o f the bowel o f animals.



PART I .

THE COÎÆPOSITION OF THE BBcherioMa c o l l  FLORA OF THE 

GUT OF THE HOEMAIi DOMESTIC OHICEEN (GalXus dom estioue)

AND OF THE S1DÎIAN HAMSTER (MesoarioetUB euratua) .

HISTORICAL,

Smith (IS99) appears to  have been the f i r s t  

person to  carry out a s e r o lo g ic a l examination o f  

Baet, o o l i  commune procured from a s e r ie s  of. fa e c a l  

samples taken from the same in d iv id u a l. During a period  

o f approximately seven weeks., he examined fo r ty -e ig h t  

cu ltu r e s , th a t had been iso la te d  from fou r  d iffe r e n t  

p la tin g s  o f the s to o ls  o f one normal in fa n t , with an 

antiserum prepared aga in st one o f th ose c u ltu r e s . A ll 

tout two o f the cu ltu res were agglu tinated  toy th a t serum.

Totsuka (1903) p la ted  h is  own fa e o a l specimens 

once a week fo r  tw elve consecutive weeks and se le c te d  

th ir ty -tw o  colon ies, o f  Bact. c o l i  from each p la tin g .

He employed two a n tisera  prepared aga in st the f i r s t  

cu ltu res from the f i r s t  two p la t in g s . His r e s u lts  

in d ica ted  th a t , although the number of cu ltu res  from each 

su ccess iv e  p la t in g  agg lu tin ab le  by those sera  p ro g ressiv e ly  

dim inished, a t th e end o f the period of tw elve weeks
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there were s t i l l  some which reacted s e r o lo g ic a l ly .

W sllick and Stuart (1943) o o lleo ted  specimens 

at regu lar in te r v a ls  from one human su b ject during a 

period of f i f t e e n  months and examined ten  co lo n ies  from 

each. Their f in d in g s  suggested th a t , a t any p a r tic u la r  

tim e, the in t e s t in a l  population  o f E. o o l i  c o n s is ts  o f  

a s in g le  dominant a n tigen ic  type which p e r s is t s  over a 

long period  o f time to g eth er  with sev era l other forms 

o f  quite tra n sito r y  occurrence.

Kauffmann and Perch (1943) reported a study of 

two persons conducted over a period, o f  s ix  months and 

in v o lv in g  fo r tn ig h t ly  examinations o f fa e c a l samples. 

Their r e s u lt s  from one in d iv id u a l agreed w e ll with the  

fin d in g s o f Wall!ok and Stuart (loo., c i t . ) hut the other  

su b ject was shown to  p ossess  a l e s s  s ta b le  E. c o l i  

bowel f lo r a .  Perch (1944), however, i-eoorded th a t  

fa e c a l samples from the la t t e r  in d iv id u a l examined one 

year la t e r  contained , a t l e a s t ,  two o f the p rev iou sly  

id e n t if ie d  ty p es, which fin d in g  suggested th a t some 

s tr a in s  may p e r s is t  in  the gut over a considerable  

period  of tim e.

Sears o t a l .  (1950) in v estig a te d  the occurrence 

o f E» o o li  '0 '-groups in  the fa eces  o f two persons fo r
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tw o-and-a-iia lf years ajad, in  the case 'of tv/o other  

in d iv id u a ls , duz'lng a period  o f le s s  than three months, 

They, to o , concluded th a t , at aoy a r t ic u le r  tim e, the  

E. c o l i  f lo r a  of. the human in te s t in a l  tr a c t  c o n s is ts  o f  

s tr a in s  th a t p e r s is t  over r e la t iv e ly  long periods  

togeth er  w ith more than three or four others th a t survive  

fo r  only a few days or weeks. Those tv/o types were 

designated  ’ res id en ts  * and • tr a n s ie n ts  ro sp eo tlv e ly . 

Sears and Brownlee (1.952) dosoribed fu rth er  observations  

on the res id en t population  o f two o f the su b jects  o f the  

previous in v e s t ig a t io n  and. included, an account o f a 

s im ila r  exam ination of. three in fa n ta . They demonstrated 

th a t the p a ttern  of. re s id en ts  and- tr a n s ie n ts  may be 

shown by veay young b ab ies.

Emslie-Smith (1961) reported observations  

concerning the secu la r  su ccession  o f  types of. E. o o li  

found in  the fa e o a l f lo r a  of. an adult human being and 

Robinet (1962) s ta te d  th a t a survey o f s ix  hea lthy  

persons, examined monthly fo r  s ix  months, confirmed 

the p e r io d ic  f lu c tu a tio n s  o f  a n tig en ic  ty p es .

In the case o f  anim als, Sears et, a l .  (1955) 

stu d ied  the E. c o l i  f lo r a  o f two sep a ra te ly  caged dogs 

and found th a t they showed the same general p a ttern  o f
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s tr a in  oom position as did human b ein gs. Sakazaki and 

Miura ( I 9 5G), who gave an account o f the e n te r ic  

b a c te r ia l f lo r a  o f  h ealthy  h orses, observed th a t E. o n li  

occurred as res id en ts  and tra n sien ts  s im ila r  to  those  

encountered in  the human bowel.

Smith (I960) examined the E. c o l i  com position o f  

th e fa ece s  o f  h ea lth y  cows and ca lv es  by bacteriophage- 

typ ing  techniques and ascerta in ed  th a t some types p reva iled  

f o r  a week or so to  be succeeded in  dominance by o th ers.

In some anim als, one type m i^ t  remain ascendant fo r  a 

considerab le period  o f  tim e but Smith did not o f fe r  any 

inform ation on th e  s e r o lo g ic a l r e la tio n sh ip s  o f those  

bacteriophagio ty p es .

In resp ect o f the d is tr ib u tio n  o f E. c o l i  among 

members o f the same community, Sears and Brownlee (1952) 

noted- th a t in fa n ts  as in tim a te ly  a sso c ia ted  as are twins 

are l ik e ly  to  harbour the same res id en ts  as w e ll as 

fr e e ly  to  share the tra n sien t s tr a in s . Orskov (1952) 

reported th a t in v e s t ig a tio n s  o f  the c o l i - f lo r a  o f h ea lth y  

ch ild ren  in  in s t i tu t io n s  have shown th a t each e s ta b lish 

ment i s  characterized, by few c o l i - types demonstrable in  

a great number of. ch ild ren , with v a r ia tio n s  from p lace  

to  p la c e . Taylor and. Charter (1952) described  the
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epidem iology o f three *0 '-groups among in fa n ts  in  two 

r e s id e n t ia l  nurseries»  The serogroups were shown to  

p e r s is t  in  those aommunitiea for. periods o f  sev era l 

months and to  appear in  the s to o ls  o f  new members soon 

a f te r  a r r iv a l.

Wood. (1955) recorded, fin d in g s from stu d ies  o f  

the incid en ce of. E. c o l i  types in  gi'oups o f  c a lv e s .

At the beginning o f the season when th e animals were 

f i r s t  gathered to g eth er , the c o l i  population  o f the  

community ws^ very heterogeneous- but, la t e r ,  p a r tic u la r  

s e r o lo g ic a l types, became widely e s ta b lish e d . wood. 

observed the appearance o f  a su ccession  of. those dominant 

ty p es .

In co n tra st . Sears e t  a l .  (1956) examined v/eekly 

fa e c a l samples from a man and. h is  w ife during a period  

o f  fou r hundred and f if ty -o n e  days b u t f a i le d  to  f in d  

any in d ic a tio n  th a t they ever exchanged th e ir  p ecu lia r  

s tr a in s  o f  E. c o l l .

In order to  a ssess  the r e la t iv e  a b i l i t y  o f  

E. c o l l  to  become esta b lish ed  in  the bowel o f anim als, 

the author o f the th e s is  under report chose the domestic 

chicken (Gallus domestlous,) and the Syrian hamster 

(M esocricetus au ratu s) as su ita b le  fo r  experiments
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in vo lv in g  ora l adm in istration  of new s tr a in s . The 

degree o f suocess o f suoh experiments i s  measurable by 

the resemblanoe borne by the p attern  of excretion  o f the  

s tr a in  under t e s t  by the h ost to  th a t o f the normal 

res id en t popu lation . Im plantation o f  E. o o li  has been 

claimed by some workers (Eauas and K ety i, I960; Ashburner 

and Mushin, 1962) fo llo w in g  the dem onstration o f a pro

longed a sso c ia t io n  o f the t e s t  organism with the gut of 

the experim ental h ost but, apart from work reported by 

Sears a t a l .  (1950, 1956) and toy Sears and Brownlee 

(195.2), in te r p r e ta tio n  of the fin d in gs does not appear 

to  have been based, on a previous study o f  the regular  

en ter ic  flora , o f the sp ec ie s  o f animal employed.

E xploration of the a v a ila b le  l i t e r a tu r e  f a i le d  

to  rev ea l any record p erta in in g  to  the normal population  

o f E. c o l i  th a t prevailed , in  the gut o f e ith e r  the  

domestic fow l or the Syrian hamster. Accordingly, the  

author was n o t-in c lin e d  to  accept, the f lo r a  as n ec e ssa r ily  

s im ila r  to  th a t o f other animals already stud ied  but 

p ie ferred  to  obtain  proof of. the normal c o n s t itu t io n  o f  

the E. c o l i  presen t in  the in te s t in e  o f the chosen  

s p e c ie s . In consequence, a d e ta iled  study was made of 

s tr a in s  o f E. o o l i  recovered from the fa eces  of three  

domestic chickens and a l ik e ,  but l e s s  in te n s iv e .
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in v e s t ig a t io n  v/as undertaken in to  the same sp ec ie s  of  

micro-organism obtained from tv/o Syrian ham sters.

materials.

Three Leghorn bantams, about three months of 

age, were s e le c te d  from a group o f  chickens which had 

been hatched on the prem ises from one s e t t in g  of eggs 

th a t had been f e r t i l i z e d  by the same male p rogen itor.

The three birds had been reared togeth er  in  the animal 

house under id e n t ic a l  con d itio n s. Two were co ck ere ls , 

one black and one w hite, and the th ird  was a grey p u l le t .  

They were conven iently  designated as Chickens 'B ', 'W 

and 'G', r e sp e c t iv e ly . From the beginning o f the  

in v e s t ig a t io n , they were kept s o l i t a r i ly  on bedding of  

peat moss l i t t e r  in  rabb it cages th a t v/ere cleaned out 

tw ice weekly. They were fed  on commercial meal and 

fre sh  water was con stan tly  a v a ila b le . Prom each 

chicken, a c lo a c a l swab v/as taken weekly u n t i l  f if ty -o n e  

weeks had elap sed . By th a t tim e, only b ird  'B* remained 

under observation  and from i t  fa e c a l samples were th ere

a f te r  procured a t , approximately, monthly in te r v a ls .

Tv/o adult Syrian ham sters, one fem ale and the  

other male, numbered '11' and '1 2 ', r e sp e c t iv e ly , were 

obtained from a breeder. A fter a r r iv a l, they were
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Caged sep arate ly  in  mouse boxes on bedding o f peat moss 

l i t t e r  and wood-wool and were fed  on D iet 18. Water 

was always a v a ila b le . The cages were cleaned tw ice  

weekly when fre sh  bedding vms a lso  su pp lied . Faecal 

samples were c o lle c te d  weekly at e igh teen  to  tw enty-four  

hours a f te r  the cages had been cleaned. By means of 

flamed fo rcep s, fresh  fa e c a l p e l le t s  were picked out of 

the bedding and consigned to  s t e r i l e  b ijou  b o t t le s .

S ix , or more, p e l le t s  were se le c te d  to  form each sample.

•Oxoid* MacOonkey 3 agar was employed in  the  

examinations fo r  the is o la t io n  o f lactose-ferm en tin g  

coliform  b acter ia  from fa e c a l m ater ia l. In add ition  to  

the normal in g red ien ts , th a t medium contains c r y s ta l  

v io le t ,  at a concentration  of 0.001 gm. per l i t r e ,  th at  

e f f e c t iv e ly  suppresses Gram-positive c o c c i. The resu lta n t  

i s o la t e s  were su b cu ltiva ted  on Dorset egg s lo p e s .

A ntisera used in  the course o f  the in v e s t ig a tio n  

compi'ised:

(a) Burroughs Wellcome E scherich ia o o li  monovalent 'OB' 

d ia g n o stic  a n tisera  fo r  groups 025:B6, 055*B5, 0111;B4,

0119 sB14, 0125*B15, 0126sBl6, 0127:B8 and 0128;B12 and 

E scherich ia  c o l i  p o lyvalen t I  antiserum v/hich was 

declared to  contain  both 'O' and 'B' an tibod ies fo r  a l l  

e igh t o f the preceding s tr a in s  and
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(b) s n t is e r a  prepared by the author in c lu s iv e  of one 

again st a cu ltu re o f E. c o l i  0103:K? is o la te d  from a 

Syrian hamster and seven against s tr a in s  o f E, c o l i  

removed from the chickens under experim ent.. The la t t e r  

micro-organisms were la t e r  examined by Dr. Joan Taylor, 

of the Salm onella Reference Laboratory, G olindale, fo r  

th e ir  id e n t ity  w ith in  the In tern a tion a l Scheme of  

C la s s if ic a t io n , Her fin d in gs were as fo llo w s *

S tra in
number

In tern a tion a l
c la s s i f i c a t io n

S tra in
number

In tern ation a l
c la s s i f ic a t io n

B1 01 :K? 033 073»K?

B31 037 ;K? 062 0l8ac jK77

B51 Not id e n t if ia b le 0107 02 sK?

B233 Not id e n t if ia b le

METHODS.

The in v e s t ig a t io n  in to  the com position o f the  

fa e c a l f lo r a  o f Chickens 'W and 'B' was begun on 3 /8 /64  

and continued, u n t i l  7 /6 /6 5  and 1 0 /5 /6 6 , r e sp e c tiv e ly .

The examination o f  Chicken *6* was commenced on 17 /8 /64  

and su sta ined  u n t i l  21 /12 /64 . The study o f Hamster *11 ' 

was in i t ia t e d  on 5 /3 /65  and la s te d  u n t i l  28/10/65 while 

th a t o f Hamster '12 ' p reva iled  from 20 /4 /65  u n t i l  

2 1 /7 /6 5 .

The incid en ce o f s e r o lo g ic a l types o f E. c o l i
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in  the bowel o f the experim ental animals was tracecl thus t

(A) Cultures o f lactose-ferm en tin g  co liform  b acter ia  were 

procured, from fa e c a l samples.

(B) The cu ltu res were examined fo r  reaction s to  the  

fo llo w in g  tests.*

(1) Eljkman t e s t ,  (2) Rroduction o f in d o le , (3) Methyl- 

red rea c tio n , (4) Voges-Proskauer rea c tio n , (5) G itra te-  

u t i l i z a t io n  t e s t ,  (6) Production of hydrogen su lph ide,

(7) L iquefaction  o f g e la t in e , (8) U t i l iz a t io n  o f urea  

and (9) Fermentation of carbohydrates. In ad d ition  to  

biochem ical exam inations, the cu ltu res were te s te d  fo r  

m o til ity , The fin d in gs from the Voges-Proskauer and 

m ethyl-red t e s t s  were regarded as c r i t i c a l  tout fa ilu r e  

of a s tr a in  to  g ive  the expected rea ctio n  in  any one of 

the other examinations did. not preclude i t s  id e n t if ic a t io n  

as E. c o l i .

(G) A ll o f the s tr a in s  which were id e n t if ie d  as E. c o l i  

on the b a s is  o f biochem ical a c t iv ity  were te s te d  fo r  

se r o lo g ic a l behaviour v/ith s p e c i f ic  E. c o l i  a n tisera .

The s e r o lo g ic a l procedures involved were *

(1) Preparation o f  a n tisera  in  rabb its to  s tra in s  of 

E, c o l i  is o la te d  from animals under observation .

(2) Q u an tification  o f antibodies in  the sera  to  'O' 

antigen  of the homologous E. c o l i  s tr a in . Standard
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BUBpenslOKs which had been heated at lOO^C. fo r  two hours 

and at 120^0* fo r  two-and-a-haXf hours» resp ective ly»  

were employed in  p a r a lle l  fo r  th a t purpose*

(3) Examination o f  E* o o li  is o la te s  from the experim ental 

animals fo r  *0 *-a g g lu t in a b ility  in  the presence o f  

s p é c if ia  antiserum . In the case o f  the chioRens, an 

antiserum was prepared in  a rabbit to  the f i r s t  s tr a in

of B# c o l i  which was is o la te d  from fa e c a l m ateria l from 

Chicken and used to  t e s t  the a g g lu t in a b ility  of 

cu ltu res procured from the p la tin g s  from a l l  three birds* 

From those cu ltu res th at f a i le d  to  react with the fo r e 

going antiserum was se le c te d  another s tr a in  wis^ch v/as 

employed fo r  the production of antiserum and» in  th at  

way, the incidence o f seven d iffe r e n t »0 * serogroups was 

revealed  among E* c o l i  procured from the creatures*

Cultures obtained from hamsters were t i t r a te d  against an 

antiserum produced to  a s tr a in  of E* c o l l  0103:K? recovered  

from a hamster received  from the same source as those  

under in v estig a tio n *  jAll of the E. c o l i  cu ltu res from 

chickens and hamsters which were not id e n t if ia b le  by 

means of the foregoing  sera  were examined fo r  both *0 •- 

and *B’-a g g lu tin a tio n  by Burroughs Wellcome *QB’ d iagn ostic  

a n tisera  fo r  groups 026jB6, 055îB5t 0111:184» 0119 :B14, 

0125 îB15» 0126:B16, 0127:38 and 0128:B12*

(4) F in a lly , in d iv id u a l cu ltu res of the resid en t
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serogroixps of long, standing were se le c te d  at» approximately, 

fo r tn ig h tly  in te r v a ls  fo r  in v e s t ig a t io n  of th e ir  a b i l i t y  

to  x*eduee the ag g lu tin a tin g  property o f the type serum 

fo r  i t s  homologous antigen*

(A) I8QLAÏI0N OF BACfERIAL 0ÜL1ÜEE8 FROM FAEOAl SA&'IPLES.

In the Case o f chickens, each c lo a c a l swab was 

used to  in o cu la te  a p la te  o f ' Oxoid • MacConkey 3 agar*

The p la te  was incubated at 37^0. fo r  e igh teen  hours 

whereupon ten  lactose-ferm en tin g  co lo n ies  v/ere se le c te d  

at random ©nd subcultured on Dorset egg e lo p es . The 

cu ltu res were given  the d esign ative  l e t t e r  o f the bird  

from which they were is o la te d  and were numbered s e r ia l ly ,  

from one upwards, in  the order in  which they were 

s e le c te d , Bl*

A few drops of s t e r i l e  n u tr ien t broth were added 

to  each of the fa e c a l samples from hamsters and the 

m ateria l was mashed with the aid of a flamed g la ss  rod*

A lo o p fu l of the fa e c a l suspension was BO\m th in ly  over 

the surface o f  an ' Oxoid * MacConkey 3 agar p la te  and, 

a fte r  incubation  at 37^0. fo r  eighteen  hours, f iv e  to  

ten  lactose-fearm enting co lo n ies  were se le a te d  at random 

fo r  subculture on Dorset egg slopes* The cu ltu res were 

la b e lle d  with the id e n tify in g  number of the animal of 

o r ig in , the date of preparation and other numera3-s, from
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one to  te n ,  t h a t  aOGordecl w ith  th e  sequence o f t h e i r  

i s o l a t i o n ,  , 11/5 t3tS^/X*

(B) BIOCHEMICAL METHODS.

1 . Eijkman te s t*  A • U niversal * b o tt le  

contain ing  ten  m i l l i l i t r e s  of * Oxoid • MacConkey la c to se  

broth to g eth er  with a Durham tube was in ocu lated  with  

the organism under t e s t  tmd incubated in  a water-bath at 

44^0. fo r  e igh teen  hours, a f te r  which time i t  v/ae examined 

fo r  groYfbh with production o f acid and gas*

2. Production of indole* The t e s t  s tra in s  

were in ocu lated  in to  four m i l l i l i t r e s  o f four per cent* 

peptone water, contained in  b ijou  b o t t le s ,  and subjected  

to  incubation  at 37^0. fo r  eighteen  hours. To each 

tube, approxim ately, 0*5 ml* of ether was then added and, 

a fte r  thorough shaking, the cu lture was allowed to  stand  

u n t i l  the eth er had c o lle c te d  at the su r fa ce , whereupon

a few drops of E hrlich  rosindola  reagent were intro** 

duced at the in te r fa c e  of the f lu id s*  The development 

of a deep pinîc colour in  the eth erea l la y e r  or at the 

ju nction  of the la t t e r  with the cu ltu re was regarded as 

a p o s it iv e  reaction* I f  a s tr a in  proved negative fo r  

indole-produotion  a fte r  incubation  fo r  e igh teen  hours, 

the t e s t  was repeated with another cu ltu re which had 

been incubated fo r  seven days.
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3* M ethyl-red reaction* Tv/o drops of an 

0*04-5̂  a lco h o lic  so lu t io n  of methyl x'ed were added to  

2.5 ml. of a glucose-phosphate-peptone water cu lture of 

the t e s t  organism a f te r  the la t t e r  had been grown at 

37^0. fo r  three days. A red colour denoted a p o s it iv e  

rea c tio n , ch a x a c ter istic . of E. c o l i .

4. Yoges**}?roskauer rea c tio n . For th is  work,

the m od ifica tion  o f the t e s t  according to  B a rr itt  (1936) 

was preferred  on account of the v e lo c ity  of the rea ctio n .

To 2 .5  ml. of a glucose-phosphate-peptone water cu ltu re ,

a f te r  incubation  at 37^0. fo r  fo r ty -e ig h t  hours, was 

added 1 .5  ml. o f a 5 pez' aent. a lco h o lic  so lu tio n  of 

A-naphthol mid 0 .5  ml. o f  40 per cen t, potassium  hydroxide 

so lu t io n . A p o s it iv e  r e s u lt  was in d ica ted  by the 

development of a deep pink colour w ith in  one hour.

5* C itrate-utili^& ation  t e a t .  Because of i t s

convenience, the mediuju devised by Binmions (1926) was 

employed in  th is  In v e stig a tio n . A s tr a ig h t  needle  

bearing a minimal inoculum was used to stroke the surface  

of a c itr a te -a g a r  slope and the cu ltu re was examined fo r  

growth a f te r  incubation  at 37^C. fo r  tw enty-four and 

forty**eight hours.

6 and 7. Production of hydrogen sulphide and
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liq u e fa c t io n  of g e la t in e . The medium used in  th is  

in v e s t ig a t io n  was f e r r ic  ch loride g e la t in e  (iCauffmann, 

1954)* A M jou b o tt le  contain ing four m i l l i l i t r e s  of 

th at preparation was inocu lated  with a drop o f a peptone- 

water cu lture o f the t e s t  organism and incubated at 

37^0. fo r  seven days. Darkening of the medium in d ica ted  

the production of hydrogen su lph ide. The b o tt le  was 

then p laced  in  the re fr ig e r a to r  at 4^C. fo r  h a lf-a n -  

hour. l iq u e fa c t io n  of the medium was denoted by i t s  

fa ilu r e  to  :e e -so lid ify .

8. U t i l is a t io n  of urea. A b ijo u  b o tt le  

conta in in g  2 .5  ml. of f lu id  urea medium (C hristensen,

1946) was in ocu lated  with one drop of a peptone-water 

cu lture o f the test-organ ism , a fte r  which i t  was incubated  

at 37*^0. fo r  up to  seven days. The cu ltu re was examined 

fo r  the development of a red colour, in d ic a t iv e  of an 

alka3.ine rea ctio n  r e su lt in g  from the brealcdown of urea*

9* Fermentation of carbohydrates. This was 

determined in  resp ect o f two sugars, namely5 dextrose  

and la c to s e . One per cen t, so lu tio n s  o f carbohydrate in  

one per cent* peptone water contain ing one per cen t. 

Andrade »e in d ica to r  were d istr ib u ted  in  4 ml. amounts in  

b ijou  b o t t le s ,  each provided with a Durham tube. A fter  

in o cu la tio n  vdth the t e s t  s tr a in , the cu ltu res were
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incubated, at 37^0* and inspected  at in te r v a le  during a 

period of seven days fo r  evidence of a d d  and gas 

production.

M o tility . M o tility  proved so d i f f i c u l t  to  

observe by means o f the hanging-drop method th a t the 

procedure was abandoned in  favour of the method according 

to  O raigie (1931)* A fter in o cu la tio n , the O raigie tube 

was incubated at 37^0. fo r  tw enty-four hours and 

in sp ected  fo r  grovth down and in to  the main mass of the 

medium, c h a r a c te r is t ic  of a m otile  bacterium.

(G) SEEOLOaiOAL PHOCEDÜREB.

The methods are reported under four headings ;

(1) Preparation o f a n tisera ,

(2) T itr a tio n  of a n tisera ;

(3) S ero lo g ica l id e n t if ic a t io n  o f E. o o li  cu ltu res

and

(4) Absorption of a g g lu tin in s .

1. PREPARATION OF ANTISERA*

To ensure th a t the se le c te d  s tr a in  of E. c o l i  

was in  the ‘smooth* form, the stock  cu ltu re  v/as sown 

th in ly  on a 5 per cen t, horse-b lood-agar p la te  and, a f te r  

incubation  at 37^0. fo r  eighteen  hours, p ortions of a 

repr0 S en tatlve  colony were te s te d  fo r  a b i l i t y  to  produce
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s ta b le  suspensions in  both normal sa lin e  and a so lu tio n  

of 1/500 a o r if la v in e  in  normal sa line*  The remainder 

of the colony was tran sferred  to  the surface of a 

Dorset egg slop e and the resu lta n t cu ltu re became the  

sourae of organisms required fo r  the production o f  

an tigen ic  suspensions#

The a n tig en ic  suspension co n sisted  of the growth 

from a cu ltu re on sloped n u tr ien t agar which had been 

incubated at 37^0* fo r  e igh teen  hours* The b a cter ia  

were suspended in  0#5^ formol sa lin e  so lu t io n  and den sity  

was adjusted to  an opacity  equal to  th a t o f Drown‘s 

tube. Ho* 3* For each in je c t io n , a fresh  suspension was 

prepared*

The suspension was adm inistered in tr a p e r ito n e a lly  

to  a rabbit in  doses of 0*2 m l., 0*4 m l., 0 .8  m l.,

1*6 ml* and 4 .0  ml* at in te r v a ls  o f three to  four days. 

Before i t  was b led , the z’abbit was rested  fo r  seven to  

ten  days when the serum v/as c o lle c te d  and p reservation  

e ffe c te d  by ad d ition  of phenol, to  an aBiount of. 0*5 ml. 

of a 5 pe%* cen t, so lu tio n  of phenol in  normal sa lin e  

fo r  every ten  m il l l l i t x 'e s .

A ltogether, a n tisera  were prepared to  seven  

s tr a in s  o f F. o o l i  iso la te d  from the experim ental
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chiokexiB and la b e lle d  according to  the d esign ation  of 

the homologous strain#  namely# *B1% *B31 % *B51*#

*B233*# ‘0-33’# ♦G‘62* and *U107 % An antiserum was 

s im ila r ly  prepared to  a s tr a in  o f E* o o l i  0103 îK? 

obtained from a hamster#

2. TITRATION OF ANTISERA#

In a sequence o f b ijou  b o tt le s  were prepared 

a e r ia l  d ilu tio n s  of antiseiuiii in  sa lin e  th a t ranged from 

1/100 to  1/25#600* An equivalent number of Dreyer tubes 

was s e t  up and 0*3 ml* o f each d ilu t io n  o f serum was 

tran sferred  to  the corresponding tube *

The standard an tigen ic  suspension con sisted  of 

a n u tr ien t broth cu lture of the homologous organism 

which had been incubated at 37^ü, fo r  e igh teen  hours ©nd 

steamed at 100^0* fo r  two hours, To each tube of

d ilu ted  serum was added 0*3 ml* of antigen  whez'cby the  

f in a l  d ilu tio n s  of soatiserum came to range from 1/200 to  

1/51,200* A con tro l tube# contain ing 0*3 ml* of sa lin e  

and 0*3 ml* o f antigen ic, suspension, was a lso  included*

Mixture o f the serum and matigen vms e ffe c te d  

by manual a g ita t io n  before the tubes were placed, in  a 

water-bath a t 50*̂ 0# Eighteen hours la t e r ,  the rack was 

removed to be l e f t  on the bench at room temperature fo r
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h alf-an -liou r. l ’or d e tee tio n  o f a g g lu tin a tio n , the tubes 

were scru tin ized  in  the l i ^ t  emanating from a hooded 

microscope lamp. The t i t r e  o f the serum was taken to  

be the l a s t  d ilu t io n  in  which some f i f t y  per cen t, of  

c lea r in g  was appreciable by the naked eye.

A l ik e  examination was performed on a n u tr ien t  

broth cu ltu re o f  the homologous organism which had been 

incubated at 37®C. for. e igh teen  hours and heated at 

120°C. fo r  two-andma-half hours in  an au toclave . In  

each ca se , i t  was observed th at the t i t r e  o f the serum 

was the same with both antigenic, suspensions and, there'?* 

fo r e , the homologous s tr a in  was not characterized  by the  

production o f an 'A’-typ e surface an tigen .

3. SEROLOGICAL IDEÏÏTIPIOATIOK OP E. o o l i  CULTURES.

Two d iffe r e n t  techniques were employed:

(a) an in v e s t ig a t io n  in to  ’0 ’-a g g lu t in a b il ity  o f cu ltu res  

in  a n tisera  prepared in  rabb its by the author and

(b) an exam ination of both the 'O' and ’B' antigens o f  

s tr a in s  not id e n t if ia b le  by the preceding method by means 

of Burroughs Wellcome 'OB* d iagn ostic  a n tisera .

(a) S e r ia l d ilu tio n s  of known antiserum in  normal

s a lin e  were prepared in  the same manner as th a t employed 

fo r  t i t r a t io n  but use was made only o f the three h igh est
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d ilu tio n s  which had induced a g g lu tin a tio n  o f the standard 

suspension  o f the homologous organism and were numbered 

1 , 2 and 3 in  order o f in creasin g  d ilu t io n .

The t e s t  antigenic; suspension co n sisted  o f  

10 ml. amounts o f n u tr ien t broth cu ltu re which had been 

incubated a t 37°G. fo r  s i x t e e n  hours, steamed at 100°C. 

fo r  two hours and preserved by the ad d ition  o f 0 .5  per  

cen t, form alin . That amount provided stock  antigen  fo r  

sev era l t e s t s .

Dreyer tubes were arranged in  rows o f four in  

racks, one row fo r  each t e s t  antigen . Into the fourth  

tube of. each row was p ip e tted  0 . 3 -ml. o f normal sa lin e  

so lu t io n  and the same volume of serum d ilu tio n s  3, 2 and 

1 were added to  the th ir d , second and f i r s t  tu b es, 

r e sp e c t iv e ly . The an tigen ic  suspension under t e s t  was 

p ip etted  in  0 .3  ml. amounts in to  a l l  fou r tubes in  the  

rov/. A s im ila r  array o f  four tubes con ta in in g  the  

same serum d ilu t io n s  and. the standard homologous antigen  

was always included .

The tubes were then incubated at 50°G. in  a 

water-bath f o r  e igh teen  hours and th e r e a fte r  fo r  h a lf-a n -  

hour at room temperature ere they were examined fo r  gross  

a g g lu tin a tio n  in  the illu m in a tio n  provided by a microscope



27

lamp. R ou-speciflo; a g g lu tin a tion  o f an antigen ic, 

suspension  was in d ica ted  by c lea r in g  end sedim entation  

in  a l l  four, tubes in  the row. I f  a g g lu tin a tio n  was 

observable in  any o f the serum d ilu t io n s , but not. in  the  

con tro l tube, the r e s u lt  v/as recorded, and compared vdth 

th a t n o ticea b le  in  the s e t  o f tubes con ta in in g  the  

standard homologous an tigen . Provided th a t i t  gave 

f i f t y  per cen t, a g g lu tin a tio n  to  w ith in  one tube o f the  

t i t r e  obtained with the homologous organism, a cu ltu re  

was presumed to  belong to  the same s e r o lo g ic a l group.

On the few occasions on which the resultpw es dubious, the  

t e s t  was repeated with a fr e sh ly  prepared suspension of  

the t e s t  organism.

(b) liïhen th e cu ltu res had been te s te d  v/ith the

a n tisera  prepared aga in st se le c te d  s tr a in s , the remainder 

o f u n id e n tif ie d  suspensions was screened by means o f a 

sim ple tube a g g lu tin a tio n  t e s t  dependent on the use o f  

Burroughs Wellcome E scherich ia  c o l i  p o lyva len t 'OB' 

d ia g n o stic  antiserom . The la t t e r  contains both 'O' and

•B' an tib od ies fo r  groups 026:B6, 055«B5, 0111:B4,

0119sB14, 0125:B15, 0126sB16, 0127jB8 and 0128sB12. The 

serum was d ilu ted  to  1 /50  and to  an amount o f  0 .3  ml. of 

i t  contained, in  a Dreyer tube was added a l ik e  volume o f  

stock  'O' suspension o f the organism under t e s t .
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Thereby, a f in a l  serum d ilu t io n  of 1 /100 aocr’ued. For 

each antigenio; suspension , a sa lin e  con tro l tube was a lso  

included . The tubes were inauba,ted in  e, water-bath at 

50°C. fo r  e igh teen  hours and, a fte r  a fu rth er  half-houi' 

at room tem perature, were in sp ected  in  the illu m in a tio n  

o f a microscope lamp fo r  evidence of a g g lu tin a tio n .

S tra in s which ex liib ited  any degree o f a g g lu tin a tio n  were 

s e t  a sid e  fo r  more d eta iled , study.

A cu ltu re  of each o f  those s tr a in s  was prepared 

subsequently on a f iv e  per cen t, horse-b lood-agar p la te  

and incubated at 37°C. overnight» By means of a s tr a ig h t  

n eed le , portion s of the resu lta n t growth were tran sferred  

and suspended, in  a sm all drop of s a lin e  and a lso  in  a 

s im ila r  dx-op o f E_. c o l i  p o lyva len t 'OB' d iagn ostic  

antiserim  on a g la ss  s l id e .  The t e s t  was observed under 

a low-povfer o b je c tiv e . I f  the s tr a in  agglu tinated  in  

the drop of serum but not in  the s a lin e ,  portion s o f the  

grov/th from the s o lid  medlim were suspended in  a s e r ie s  

o f sm all drops o f 'OB' a n tisera  monovalent fo r  the e igh t  

'OB' groups. I f  clumping occurred in  one o f  those sera , 

i t  was concluded th a t th a t m an ifesta tion  was probably the  

r e s u lt  o f a rea ctio n  between 'B' antibody and the  

homologous surface antigen  o f the bacterium . The 

id e n t ity  o f the som atic 'O' antigen  was in v e stig a te d  by
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a tube a g g lu tin a tio n  t e s t  with the same monovalent 'OB' 

a n tis  eruia.

Although the nature of the standard antigen  was 

not desoribed , the 'O' t i t r e  of those commercial a n tisera  

was g iven  as 500, which fig u re  was in terp reted  by the  

author to  mean f iv e  hundred a g g lu tin a tin g  u n its  per  

m i l l i l i t r e  o f serum. The t e s t  organisms vmre examined 

in  two d ilu tio n s  o f monovalent serum. The f i r s t  was 

prepared by the ad d ition  o f 0 ,1  ml. o f serum to  4 ,9  ml, 

o f normal s a lin e ,  so to  y ie ld  a conoontration of ten  u n its  

per m i l l i l i t r e .  One part o f the mixture was then d ilu ted  

with two parts o f sa lin e  to  provide a second d ilu t io n  

con ta in ing  approximately three u n its  per m i l l i l i t r e .

Racks were prepared in  which Dreyer tubes were s e t  out 

in  rows o f th ree . Into the third, tube o f each row was 

p ip etted  0 ,3  ml, o f normal sa lin e  and. s im ila r  volumes of 

the second and f i r s t  serum d ilu tio n s  were added to  the  

second, and f i r s t  tu b es. The f i r s t  tube, th ere fo re , 

contained three a g g lu tin a tin g ,u n its  and the second tube 

approximately one u n it .  To a l l  three tubes in  the row 

were added 0 .3  m l, amounts o f a n u tr ien t broth cu ltu re  

of the t e s t  organism which had been incubated at 37®0. 

fo r  e igh teen  hours and then exposed to  l i v e  steam at 100°C. 

fo r  tv/o hours. T hereafter, the tubes were incubated fo r
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eigh teen  heure a t 50°0. in  a water-bath and at room 

temperature fo r  another h a lf-h ou r before the r e s u lt  was 

read in  the illu m in a tio n  provided by a microscope lamp.

I f  a cu ltu re  exh ib ited  a g g lu tin a tion  th a t  was complete 

in  the f i r s t ,  and was complete or p a r t ia l  in  the second, 

d ilu t io n  of serum, i t  was considered to  belong to  th a t  

se r o lo g ic a l '0 '-group. S trains deemed to  have given  

p o s it iv e  r e s u lt s  were forwarded to  Dr, Joan Taylor fo r  

confirm ation .

4, ABSORPTION OP AGGLÜTIHÏNS.

Each t e s t  cu ltu re was sown th ic k ly  over twenty 

n u tr ien t agar p la te s  and incubated at 37®G« fo r  eigh teen  

hours. To each p la te  vms then added two m i l l i l i t r e s  of 

s t e r i l e  normal sa lin e  and the growths suspended and 

c o lle c te d  in  two • U niversal ' b o t t le s .  The la t t e r  were 

subsequently heated at 100°C. fo r  two hours before the  

contents o f one were cen tr ifu ga lized . at 2,500 r,.p,m, fo r  

th ir ty  mj.nutes and the supernatant d iscarded , 1 .0  ml, o f  

a 1 /10  d ilu t io n  o f the group an ti serum was then added to  

the sediment and, a f te r  thorough m ixing had been e f fe c te d ,  

the con ta iner was stored  in  a refrigerator* at 4°0, 

overn ight, a f te r  which i t  was again cen tr ifu g a l!zed  fo r  

half-an-hour at 2 ,500 r,p ,m . The superna,tant f lu id  v a a  

used to  resuspend the sediment obtained a f te r  c e n tr i-
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fugaJ.lnation of the eoaateiite o f the seoonH ’ Universal. * 

b o tt le  caad the pz’oaesa of absorptioB wbb allowed to  

o,ont.lme In  the ^refrigerator fox’ a fu rth er  tw enty-four  

hours. The suspension we  ̂ again spun at 2#500 r#p.m. 

fo r  half^^axWiour when the supernatant f lu id  was c a r e fu lly  

decanted and reta in ed .

0*3 ml. o f absorbed, serum was p ip e tted  in to  each 

of two Dreyer tubes and to  one o f those was added the  

saine volume of a. standard suspension of the absorbing 

cu ltu re  v/hile the other was augmented with 0 .3  ml. of 

standard homologous antigen . S a lin e  con tro l tubes were 

prepared fo r  both an tigen ic  suspensions and a con tro l 

c o n s is t in g  o f 0 .3  ml. amounts of 1/LO unabsorbed serum 

and standard homologous antigen  was a lso  included in  the 

s e x ie s .  The l a t t e r  was designed to  reveaD. aî y pro gone 

rea c tio n  which ml^Jit occur in  sertm at such concentration  

and which might s t i l l  inte3?f ere with the t e s t  in  the  

event of incom plete absoxption. The f in a l  d ilu t io n  of  

aJl the sera  was 1 /2 0 . When the tubes had been ag ita ted  

in  order to  mix the contents# the ra?ck was p laced  in  a 

water-bath at 50%. fo r  e igh teen  hours. .àfter a fu rth er  

helf.^hour a t room temperature# the tubes were in spected  

fo r  a g g lu tin a tio n  in  the u su el way. 3 ince the o r ig in a l  

t i t r e s  o f the m itisera  ranged from l/6#!400 to  1/12# 800,
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fa ilu r e  o f the absorbed serum at a d ilu t io n  o f 1 /20  to  

produae any ag g lu tin a tio n  o f e ith e r  the absorbing, cu lture  

or the standard antigen  was regarded as reasonable  

endorsement o f the view  th a t both o f those E, c o l i  

s tr a in s  belonged to  the same serogroup,

RESULTS.

The fin d in g s from the In v estig a tio n s  in to  the  

fa e c a l E. o o l i  f lo r a  o f chickens and hamsters are 

described sep a ra te ly ,

CHICKEHS,

The outcome in  r e la t io n  to  excretio n  o f  e ig h t  

serogroups by in d iv id u a l b irds was as fo llo w s :

CHICKEN *B' (v . Table 1 , pp. 3 § - # ) ,

During the period of eighty-one weeks, beginning  

on 3 /8 /6 4  and ending on 2 2 /2 /6 6 , Chicken *B* was observed 

to  excrete  E, c o l i  belonging to  Group No, B l, A ltogether, 

four hundred and n in ety -th ree  (87*4^) o f  the f iv e  hundred 

and s ix ty - fo u r  cu ltu res examined were o f th a t type and 

from only one p la t in g  was i t  not is o la te d . Between 

22/2 /66  and 5 /4 /6 6 , the residency o f  Group No, Bl 

term inated and fou r subsequent examinations f a i le d  to  

rev ea l i t s  presence.

Group No, B31 s tr a in s  were demonstrated in  the
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second p la t in g  and th a t type p e r s is te d  for. at le a s t  ten  

weeks, although i t s  oeeurrenoe was not deteoted  in  s ix  

o f the specimens taken during the p eriod .

The three other se r o lo g io a l groups is o la te d  from 

Chicken 'B* were n o ticea b le  fo r  short ten u res. Group 

No, B51 was obtained, from the s ix th  sample only but.

Group No# B233 was found at the tw e n ty - f ir s t ,  tw enty- 

second, tw enty-fourth  and tw e n ty -f if th  s e le c t io n s ,  

in d io a tiv e  o f a tenure o f  four weeks. The la s t  group.

No, G33, was recovered from the tw enty-eighth  and 

t h ir t ie t h  sam ples, which fin d in g  was su g g estiv e  of a 

tenure o f two weeks,

CHICKEN 'W (v. Table 2, pp. 41-42).

During a period  of fo r ty - f iv e  weeks, four  

hundred end. fo r ty -n in e  cu ltu res o f  E» c o l i  were is o la te d .  

Pour hundred and th ir ty -se v e n  o f those s tr a in s  (97* 3?̂ ) 

proved to  belong to  Group No, B l, which se r o lo g ic a l type 

was not absent from any o f the p la t in g s . The only other  

demonstrable se r o lo g io a l group v/as No, B31, to  which 

belonged f iv e  cu ltu res from the s ix th  p la t in g  and one 

from the tw en ty -six th  is o la t io n  th a t was e ffe c te d  twenty 

weeks la t e r .

The b ird  was s a c r if ic e d  on account o f p rogressive
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lo s s  o f con d ition  extending over sev era l weeks and the  

gross post-mortem fin d in g s in d ica ted  the ex isten ce  of  

avian le u c o s is .

CHICKEN »G' (v . Table 3, p . 43 ).

Over a period  o f  eigh teen  weeks, one hundred and 

eeven ty-th ree cu ltu res  o f  E» c o l l  were procured from t h is  

source. Por the f i r s t  fou r weeks, Groups Nos. Bl and 

G33 were presen t sim ultaneously . Between the f i f t h  and 

s ix th  p la t in g s , however, the bird developed a genera lized  

eczematous con d ition  fo r  which i t  was g iven  an em pirical 

course o f a n t ib io t ic  therapy c o n s is t in g  o f  f iv e  d a ily  

in je c t io n s  o f  20 mgm. of streptom ycin togeth er  w ith ora l  

doses o f 20 mgm. o f  g r ise o fu lv in . That therapy was 

a sso c ia ted  w ith the l a s t  appearance o f Group No. B l, 

although Group No. G33 was recovered from one sample 

which was examined two weeks a f te r  treatm ent was withdrawn.

Two new res id en t groups. Nos. G62 and B31, were 

d etected  during the remaining th ir te e n  weeks o f study, 

although there was an in te r v a l o f e ig h t weeks during 

which Group No. G62 was n o t is o la te d . During the tenure 

o f th ose groups, between the n inth  and ten th  and the  

s ix te e n th  and seventeenth  sa n g les , the b ird  was given  

two courses o f  iBetsolan ' therapy in  resp ect o f the  

cutaneous con d ition  which had f a i le d  to  respond, to  the
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a n t ib io t ic s .  The treatm ent eo n sisted  o f  f iv e  d a ily  

intram uscular in je c t io n s  o f 1 .0  mgm. o f ' B etsolan  '. 

Those courses o f treatm ent co-lno id ed  w ith the disappear- 

ance o f Group No. 662 and i t s  recovery e ig h t weeks la te r ,

The other three antigenic, groups procured, 

namely Noe. B5.1, G107 end 026jB6, were noteworthy fo r  

very sh ort tenures which did. not l a s t  fo r  more than one 

week.

Both courses o f • B etsolan  * therapy were 

accompanied by temporary re so lu tio n  of the cutaneous 

disorder but, when the con d ition  recurred fo r  a th ird  

tim e, the b ird  v/as s a c r if ic e d . Routine au top sica l 

in v e s t ig a t io n  fa ile d , to  revea l the cause of the d isea se .

R esu lts o f agg lu tin in -ab sorp tion  t e s t s  on s tr a in s  

secured from ch ickens.

Tw enty-five E. c o l i  cu ltu res is o la te d  from 

Chicken 'B* a t approximately fo r tn ig h t ly  in te r v a ls  and 

tw enty-three s im ila r ly  procured from Chicken 'W , a l l  of  

which were agg lu tin ated  to  t i t r e  by Group No. Bl 

antiserum , were shown by agg lu tin in -ab sorp tion  to  reduce 

com pletely the ag g lu tin a tin g  property o f the group 

antiserum fo r  the standard homologous an tigen .
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HAHSÏEES.

The d is tr ib u tio n  of. B, c o l i  betv/eea the two. 

animals was as fo llo w s t

ISTIR '11' (v. Table 4, p . 44).

Prom tw enty-four fa e c a l sam ples, examined 

during a period, o f th ir ty -fo u r  v/eeks, one hundred and 

seventy  cu ltu res o f  B. c o l i  were is o la t e d . Of the  

l a t t e r ,  one hundred and f i f t y - f o u r  (90.5)6) were found 

to  belong to  Group 0103, members of which were d etectab le  

in  a l l  but one o f the specim ens.

Fourteen cu ltu res obtained at approximately 

fo r tn ig h t ly  in te r v a l^  which were agg lu tin ated  to  t i t r e  

by Group 0103 antiserum , were shown by a g g lu tin in -  

absorption to  reduce com pletely the a g g lu tin a tin g  

property o f Group 0103 antiserum fo r  the standard 

homologous an tigen .

The examination was term inated by euthanasia o f  

the maimal because o f gradual lo s s  o f con d ition , the  

cau sation  o f  which wan n o t revealed  by autopsy but was 

p o ss ib ly  re la ted  to  advanced age.

HAMSTER '12'

Seven fa e c a l sam ples, taken during the f i r s t  

f iv e  weeks o f the in v e s t ig a t io n , f a i le d  to  y ie ld  any
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c o l i fo m  colon ies*  The sx)eoimen procured in  the s ix th  

week furnished  two co lo n ies  o f E. c o l l  and three of 

a.erofienes-type but the seventh and e igh th  weekly samples 

e^aln proved n eg a tiv e . At n in e, ten  and eleven  weeks, 

only aerogenes.-t.vpe co lo n ies  were encountered but f iv e  

co lo n ies  o f E< o o li  were forthcoming during the subsequent 

week and two o f s im ila r  id e n t ity  were recovered a 

fo r tn ig h t la t e r .  Aerogenes-types were is o la te d  from 

the in terven in g  sample. The examination ceased a fte r  

fourteen  weeks, during which only nine cu ltu res o f E. o o l i  

were is o la te d . Although t h is  animal came from the same 

source as did Hamster '1 1 ', none o f the cu ltu res was 

;lu tin ab le  by Group 0103 antiseium .
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Table 1.

CHICKEN *B

Date
of.

sample

Ho. Of.
E. c o l i  
i s o ia ^ d

Number belonging to  

Bl B31 B51 B233

serogroups 

033 *

3 / 8/64 10 10
1 0 / 8/64 10 9 1
1 7 / 8/64 10 10
2 4 / 8 /64 10 9 1
31 / 8 /64 10 10
7 /  9/64 10 3 3 3 1

1 4 / 9/64 10 8 1 1
2 1 / 9/64 10 10
2 8 / 9/64 10 10

5 /10 /64 10 10
12 /10 /64 10 10
19 /10 /64 10 6 2 2
26/10/64 10 10

2 /11 /64 10 10
9 /11 /64 10 9 1

16 /11 /64 10 10
25/11/64 10 10
30/11/64 10 8 2
7 /12 /64 10 10

14A 2 /6 4 10 10

* S er o lo g ic a lly  u n id en tif ied .

(contd. o v er lea f)
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Table 1 (c o n td .)

QHIOKEN *B*«

Bate
of.

sample

No, of.
B, o o li  
f s o l^ e d

Number belonging to  

Bl B31 B51 B233

serogroups 

G33 *

21A 2/64 10 8 1 1
28/12/64 10 9 1

4 /  1 /65 10 8 2
1 1 / 1 /55 10 4 6
1 8 /  1 /65 10 8 1 1
2 5 / 1 /65 10 10
1 /  2/65 10 9 1
8 /  2/65 10 3 1 6

1 5 /  2/65 10 10
2 2 / 2/65 1*9 7 1 1
1 /  3/65 10 8 2
8 /  3/65 10 2 8

1 5 /  3/65 10 10
2 2 / 3/65 10 10
2 9 / 3/65 10 10

5 /  4/65 10 10
1 2 /  4/65 10 10
1 9 /  4/65 10 8 2
2 6 / 4/65 5 5

3 / 5/65 10 10

* S e r o lo g ic a lly  u n id en tified ,

(contd. o v er lea f)
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m

Date Ho. of. Humber belonging to serogroups
of

sample
B. c o l i  
iso la te d Bl B31 B51 B233 G33 *

1 0 /  5/65 10 10
1 7 /  5/65 10 10
2 4 / 5/65 10 10
3 1 / 5/65 10 10
7 /  6/65 10 10

1 4 /  6/65 10 10
2 1 / 6/65 10 10
2 8 / 6/65 10 10

5 /  7 /65 10 8 2
1 2 /  7/65 10 10
1 9 /  7/65 10 10
26 /  8/65 10 10
2 9 / 9/65 10 7 3

2/11 /65 10 10
7A 2 /6 5 10 9 1

2 0 / 1 /66 10 6 4
2 2 / 2/66 10 10

5 /  4 /66 10 10
1 2 /  4/66 10 10
2 6 / 4/66 10 10
1 0 /  5/66 3 3

* S e r o lo g ica lly  u n id en tified
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Table 2 .

CHICKEN *W*,

Date
o f

sample

No. Of 
B. c o l i  
xsoIaSe'd

Number 1 

Bl

3 / 8/64 10 10
1 0 / 8/64 10 10
17 / 8/64 10 10
24/ 8/64 10 10
31/ 8/64 10 10
7 /  9/64 10 6

1 4 / 9/64 10 10
21 / 9/64 10 10
28 / 9/64 10 9

5/10/64 10 9
12/10/64 9 9
19/10/64 10 10
26/10/64 10 10

2A 1/64 10 10
9A 1/64 10 10

16/11/64 10 10
25A 1/64 10 10
30/11/64 10 10
7/12/64 10 10

14/12/64 10 10
21A 2/64 10 9
28A 2/64 10 10
4 / 1/65 10 10

Number belonging to  serogroups

* S e r o lo g ic a lly  u n id en tified ,

*

1
1

(contd. o v er lea f)



42

Table 2 , ( o o n t d . ).

CHIGEBN *W

Date
of

Ho. o f  
E. c o l i

sample TsoISÏed Bl

1 1 /  1 /65 10 10
1 8 /  1 /65 10 9
2 5 / 1 /65 10 9
1 /  2/65 10 10
8 /  2/65 10 10

1 5 /  2/65 10 10
2 2 / 2/65 10 10
1 /  3/65 10 8
8 /  3/65 10 10

1 5 /  3/65 10 10
2 2 / 3/65 10 10
2 9 / 3/65 10 10

5 /  4/65 10 10
1 2 /  4/65 10 10
1 9 /  4/65 10 10
2 6 / 4/65 10 10

3 /  5/65 10 10
1 0 /  5/65 10 10
1 7 /  5/65 10 9
2 4 / 5/65 10 10
3 1 / 5/65 10 10
7 /  6/65 10 10

Humber belonging to  serogroups

B31 *

S e r o lo g ic a lly  u n id en tified .
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Date 
of  

a ample

Ho» o f  
E. o o li  
iso la te d .Bl

Humber belonging 

033 B51 062
55 to  serogroups 

B31 GIO7 026
tB6

*

1 7 / 8/64 10 6 3 1
24 / 8/64 10 10
31/ 8/64 10 6, 4
V  9/64 10 4 4 2

1 4 / 9/64 10 7 3
21 / 9/64 1 1
28/ 9/64 10 4 5 1
5/1.0/64 10 8 2

12/10/64 10 8 1 1
20A 0/64 7 2 5
26A 0/64 5 1 4
2A 1/64 10 10
9A 1/64 10 10

16A 1/64 10 9 1
25A 1/64 10 10
30A1/64 10 9 1
7/12/64 10 10

14/12/64 10 8 2
21A 2/64 10 10

* S e r o lo g ic a lly  u n id en tified .
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Table 4«

HmS'TEË No. 11

Bats Ko. o;
of E. G o l i by '0*-gi’oup 103 by '0““groiip lû3

sample is o la te d a n tis erum a n tis erum

5 / 3/65 10 10
1 7 / 3/55 10 10
22/ 3/65 7 7
29/ 3/65 10 10
5 / 4/65 10 10

1 2 / 4/65 10 10
1 9 / 4/65 5 5
27 / 4/65 5 5

5 / 5/65 5 5
1 1 / 5/65 5 5
1 8 / 5 /65 5 5
25 / 5/65 5 2 3
1 / 6/65 5 5
8 / 6 /65 5 5

16/  6 /65 5 5
22/  6/65 5 4 1
29 / 6/65 5 3 2
6 / 7/65 5 4 1

13 /  7/65 5 4 1
21 / 7 /6 5 3 3

8AO/65 5 5
I 8AO/6 5 10 9 1
26A0/65 10 9 1
28/10/65 20 17 3
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DISCUSSION,

In reference to  reaidency of. E. c o l l  in  the 

bowel, Sears and Brownlee (1952) wrote : " . . .  the antigenic, 

d iv e r s ity  o f E, o o li  s tr a in s  found in  human fa eces  i s  so 

great th a t , when a number of cu ltu res iso la te d  from the 

same person at. short in te r v a ls  over a period of time 

belong to  the same group, they can be assumed to  be a l l  

the progeny of the same s tr a in , I t  was upon the

same hypothesis th at the author of t h is  work in terp reted  

the r e s u lts  o f the se r o lo g ic a l examinations of E. c o l i  

cu ltu res recovered from animals under h is  in v e s t ig a t io n .  

O rdinarily , agg lu tin a tion  of a cu lture to  t i t r e  by 

s p e c if ic  antiserum was taicen to  be proof o f id e n tity  but, 

in  the cgse o f se le c te d  is o la t e s  belonging to  two 

serogroups, the fin d in gs were v e r if ie d , by means of 

agg lu tin in -ab sorp tion .

In the in stan ce o f the chicken, there was 

revealed  a p attern  of. resid en t and. tra n sien t s tra in s  

s im ila r  to  th a t which has been described fo r  the human 

bowel (V/alliok and S tuart, 1943} Bears e t  a l .  « 1950;

Sears and Brownlee, 1952); the canine gut (Sears et_ a l . . 

1956) and the in te s t in e  of the horse (Sakazaki and ffliura, 

1956). The d ifferen ce  between resid en t and tra n sien t  

types was w e ll defined  in  the r e su lts  from Chickens 'B'
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and ’W* but not bo evident In those from Chicken 'G* 

which was stud ied  fo r  only a short p eriod .

In the la t t e r  su b ject, the term ination of the  

tenure o f S tra in  Ho. Bl during the f i f t h  week o f the 

in v e s t ig a t io n  was probably re la ted  to  a course of 

a n t ib io t ic  therapy* A resid en t population  was soon 

r e -e sta b lish e d  but the period of study was in s u f f ic ie n t  

to  rev ea l whether, or n o t, the succeeding stra in s*

Nos. G62 and B31, became firm ly  implanted in  the gut.

The r e la t iv e  v a r ia b i l i ty  o f the en teric . E. c o l i  

population  of the b ird  during the period fo llow in g  the 

elim in ation  of the former re s id e n ts , Nos. Bl and G33» 

may be re la ted  to  th e observation by Sears eib _al. (1956) 

th a t , in  the human being, lo s s  o f a res id en t i s  freq uently  

succeeded by a r e la t iv e ly  unstable f lo r a  u n t i l  a new 

resid en t s tr a in  becomes f u l ly  esta b lish ed .

Aside from the case of Chicken 'G', the resid en t  

s tr a in  was found to be excreted by the b irds with great 

constancy. In the case o f Chicken 'B',  only one 

fa e c a l sample taken during the tenure o f S tra in  Ho. Bl 

f a i le d  to  y ie ld  th at group while a l l  those o f Chicken ‘W 

proved p o s it iv e .  Those fin d in gs c lo s e ly  resembled the 

report given  by Walliok and Stuart (1943) fo llow in g
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examination of a htman su b jec t, Those authors recorded 

the dominance of the resid en t s tr a in  in  man and the same 

prevalence was apparent in  the chicken*

In resp ect of s tra in s  of E. o o l i # res id en c ies  

have been recorded, fo r  up to  tw o-and-a-half years in  

man (Sears and Brownlee, 1952), fo r  more than one year  

in  the dog (Sears e t  1956) and fo r , at l e a s t ,  f iv e

months in  the horse (Sakazaki and Miura, 1956)* The 

in v e s t ig a t io n  now under report revealed  th a t, in  chickens, 

E, c o l i  s tr a in s  may remain in  the bowel fo r  comparable 

periods#

At the o u tse t , a l l  three chickens were found 

to  harbour the same serogroup as th e ir  res id en t and, 

although they were sep arately  caged during the period of 

study, two of them continued to  excrete  th a t s tr a in  fo r  

a long tim e. Other groups of more tra n sie n t  occurrence 

were encountered in  more than one b ird , sometimes 

sim ultaneously* Those fin d in gs were in  accord with the  

observation  made by Sears and Brownlee (1952) th at  

in fa n ts , as in tim a te ly  associa ted  as are tw in s, are 

l ik e ly  to  harbour the same resid en ts  as w ell as fr e e ly  to  

share the tra n sien t stra ins*  Some exchange of s tra in s  

may have ensued among the birds but i t  was notable th a t,



48

a fte r  S tra in  Mo. Bl had been lo s t  by Chicken i t  was

not re^acquired by th a t creature, even, a fte r  maintenance 

in  c lo se  proxim ity fo r  th ir te e n  weeks #

Prolonged absence of E. c o l i  s tr a in s  was noted 

in  Chickens and and involved Groups Mos. B31 

and G62, r e sp e c t iv e ly . Bears and Brownlee (1952) 

remarked on a s im ila r  con d ition  when they described the 

E. o o li  f lo r a  of a p a ir  of in fa n t tw in s. In that  

in sta n ce , the re-*appearanO-e of a s tr a in  in  one baby was 

deemed to  be the r e s u lt  of re^ ln faction  from the other.

In the case o f the chickens, a d e f in ite  opinion i s  

im possib le to  record, s in ce  another source o f in fe c t io n  

may have been involved . In that re sp ec t, i t  was notable  

th a t the tra n sien t recurrence of Group Mo# B31 in  the  

gut of Chicken *Ŵ a f te r  an in te r v a l o f twenty weeks 

happened e igh t weeks a fte r  the micro-organism was la s t  

is o la te d  from e ith e r  o f the other b ird s. Group Mo. G62, 

the residency of which in  Chicken *G* was in terrupted  fo r  

a period  o f  seven weeks, was never procured from 

Chickens or •W*. I t  i s  not a lto g e th er  inconceivable  

th a t a s tr a in  may p e r s is t  fo r  so long in  the in te s t in e  

undetectable by weekly ex m in a tlo n s. A ltern a tiv e ly , 

m anifest re-appearance may have emanated from in fe c t io n  

by a new s tr a in  belonging to  the same se r o lo g ic a l group.
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In resp ect o f the E. c o l i  bowel f lo r a , i t  was 

foxmd th at the hamster, to o , may harbour a resid en t  

s tr a in  fo r  a long period , In one animal stu d ied , the  

resid en t was excreted  in  constancy equal to  th at shovoi by 

the chickens# The dominance of the res id en t in  the  

hamster, to o , was c le a r ly  shown.

On the other hand, over a period  of fourteen  

weeks, the other hamster was shovm ra re ly  to  excrete  

E. c o l i  in  the fa e c e s , a fin d in g  th a t i s  in  accord with  

reports by S h e ff ie ld  and Beveridge (1962), Hagen e t a l .  

(1965) and o th ers.

The r e s u lts  o f the work reported in  th is  se c tio n  

are deemed to  provide knowledge of the normal com position  

of the E. o o l i  bowel f lo r a  of the domestic, chicken and of  

the Syrian hamster s u f f ic ie n t  to  advance th e in terp re ta tio n  

of any r e s u lts  th a t may attend la t e r  e f fo r ts  to  e s ta b lish  

new s tr a in s  subsequent to  ora l adm in istration .

SÜBWAEÏ.

A ltogether, the fin d in gs from the in v e s t ig a tio n  

in to  the com position of the normal E'i c o l i  en ter ic  

population  of the dom estic,chicken and o f the Syrian  

hamster in d ic a te s  a c lo se  s im ila r ity  to  those described  

fo r  other animal sp e c ie s , in clu d in g  man, and lead  to  the
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olnguXar conclUBiou that, in thoee animale also, a 
resident strain may persist over a long period*
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PART I I .

AN INVESTIGATION INTO FACTORS ASSOCIATED WITH THE 

CONTROL OF THE E scherich ia  c o l l  POPULATION 

OF THE BOWEL OF ANIMALS.

HISTORICAL.

In view of the m u lt ip lic ity  of s e r o lo g ic a l  

types o f  E. c o l i  and the probable d a ily  in g e stio n  o f many 

d iffe r e n t  serogroups by an animal* th e normal s t a b i l i t y  

of the resid en t f lo r a  in d ica te s  the ex isten ce  of some 

mechanism of s t r i c t  co n tro l. Factors which have been 

in v estig a te d  by various workers in vo lve (a) the h o st,

(b) the micro-organism i t s e l f  and (c) the presence in  the  

gut o f other b a cter ia  or th e ir  products. Those need 

here to  be sep arate ly  reviewed.

(A) THE INFLUENCE OF THE HOST AND ITS ENVIRONMENT ON 

E. c o l i  IN THE GUT.

A re la tio n sh ip  e x is t s  between the sp ec ie s  of  

h ost and the com position of the b a c te r ia l population  of 

the gu t. Smith and. Crabb (1.961 ) examined human in fa n ts  * 

c a lv e s , lambs, p ig le t s  and one rabbit from b ir th  onwards 

and found th a t , although the fa e c a l f lo r a e  were i n i t i a l l y  

a lik e , q u an tita tive  and q u a lita tiv e  d ifferen ces  occurred



52

u n t i l ,  a f te r  sev era l months, those of the d iffe r e n t  

sp ec ie s  became g ro ss ly  d iss im ila r . Smith and Crabb 

found few E, c o l i  in  fa e c a l samples from gu inea-p igs and 

rabb its and the sc a r c ity  o f th a t micro-organism in  the  

gut o f the Syrian hamster has been commented on by 

Rogoaa e t  al» (1957), by S h e ffie ld  and Beveridge (1962) 

and by Hagen e t  a l .  (1965).

R acial p e c u lia r ity  o f the h ost in  re la tio n sh ip  

to  the number o f E, c o l i  in  the bowel has been reported  

on, at l e a s t ,  two occasion s. R esults o f a study of 

adult mice by Smith and.Crabb (1961) revealed  th at the  

excretion  o f  E. o o l i  by those animals was not markedly 

d iffe r e n t  from th at by man, the p ig , the sheep and the  

fow l. Hov/ever, Schaedler and Dubos (1962) noted th at  

mice belonging to  one p a rticu la r  s tr a in  seldom excreted  

E. c o ll  in  the fa e c e s , even, when maintained in  premises 

shared by other anim als. Again, Jensen at g l . (1963) 

observed th a t mice belonging to  one l in e  o f breeding  

harboured 10-100 tim es more coliform  b a c ter ia  in  the  

in t e s t in a l  contents than did mice belonging to  another. 

In d iv idual aberration o f a s im ila r  nature was recorded by 

Young e t  (I960) as a r e su lt  o f an in v e s t ig a t io n  among 

normal human su b jec ts .
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Several are the reports concerning the develop

ment of the enteric: h a c te r ia l population  o f young animals 

and in d ic a tin g  th a t  establishm ent and p ers is ten ce  of the 

various m icrobial sp ec ie s  i s  re la ted  to  the age of the 

host (Smith and Crabb, 1961; Smith, 1965; Huhtanen and 

Pensaok, 1955} Schaedler e t  al» » 1965a), E, c o l l , 

vfhioh i s  one of the f i r s t  organisms to  invade the bowel 

a fte r  b ir th , m u ltip lie s  rap id ly  to  a t ta in  i t s  maximum 

number w ith in  a few days but, as the age of the host 

advances, a gradual reduction  in  the 1 ,  c o l i  content 

occurs*

D irect con tro l of the in te s t in a l  population  by 

the h ost has been in v estig a ted  by a number of workers* 

Thus, in  add ition  to  the a n tib a c te r ia l actio n  a ttr ib u ta b le  

to  the stomenh by v ir tu e  of i t s  stron gly  acid  se c r e tio n , 

i t  has been shown th at other g a s tr ic  in h ib ito ry  substances 

may obtain* Smith (1966) described the form ation of 

anti-m i or obi a l agents in  the stomach of the suck ling  

rabbit as a r e s u lt  o f enzymic action  on the chloroform - 

so lu b le  fr a c t io n  of r a b b it's  m ilk, which d er iv a tiv es  

pr'oved a c tiv e  against a v a r ie ty  of b a c ter ia , in clu d in g  

&  oo li*  On the other hand, claim s in  support of the 

ex isten ce  of a n tib a c te r ia l substances in  the mucosa and 

the contents of the normal small in te s t in e  were c r i t ic a l ly
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reviewed, and re jec ted  by Dixon (I960) v/ixo carried  out a 

study of r a ts , with E* c o l l  as one o f h is  t e s t  organisms, 

but f a i le d  to  demonstrate any b a c te r ic id a l a c tiv ity #

Dixon as w ell as Dack and Petraxi (1934) concluded that  

the normal absence of m icrobes, in clu d in g  co lifo rm s, from 

the an ter ior  sm all in te s t in a l  tr a c t  was due to  a c tiv e  

p e r is t a l t ic  movements in  th at part o f the bowel* Dixon 

reviewed reports of a s im ila r  nature concerning vaxioue 

sp ec ie s  o f animals and concluded th a t the fin d in gs did  

not. in d ica te  any d ifferen ces  between them#

Bears al# (1950) reported th a t some of th e ir  

r e s u lts  upheld, while others refu ted , the b e l ie f  expressed  

by Stuart (1949) th at change in  the re s id en t f lo r a  of man 

i s  a ssoc ia ted  with d iarrhoeic attacks or other in t e s t in a l  

disorders# Emslie-Smith (1961), to o , noted a temporary 

lo s s  o f «'exclusive predominance*' on the part o f one 

resid en t s tr a in  in  h is  su bject during, and ju st  a f te r , an 

acute in te s t in a l  disturbance# On the other hand, Sears 

e t a l # (1956) stu d ied  fo r  a prolonged period  fa e c a l  

samples from a man and h is  w ife , both o f whom were subject 

to  diarrhoeic. a tta ck s, without demonstrating any s tr ik in g  

departure from the p attern  encountered in  the normal 

person#
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Emslie-Smith (1961) suggested th a t humoral 

antibody may in flu en ce  the resid en t B# c o l i  population  

in  man but Robinet (1962) found th a t h igh le v e ls  of 

norraal serum antibody did. not deter the organisms from 

e s ta b lish in g  them selves in  the bowel nor did antibody 

t i t r e  fo r  E. o o li  s tra in s  determine whether they continued  

as res id en ts  over sev era l months or oceurrod as tra n sien t  

flora*  Q opro-antibodies have been demonstrated against 

such pathogens as Vibrio cholerac (Burrows e t ai#* 1947) 

and B h ig e lla  f ls x n e r i  (Cooper and P illo w , 1959) and Park 

(1959) detected  them in  low t i t r e  in  human volunteers  

who had been in fe c te d  experim entally with E. o o li  0111;B4# 

However, Ashbumer and Mushin (1962) searched, without 

su ccess , fo r  copro-antibodies in  mioe which had been 

in fe c te d  experim entally with E# o o li  0111 îB4# Hence, 

in  the absence of more p o s it iv e  fin d in g s in  th is  f i e ld  of 

study, i t  appears u n lik e ly  th at antibod ies are involved  

in  the normal f lu c tu a tio n s  of E* o o li  in  the gut*

D iet has been shown to a f fe c t ,  q u a n tita tiv e ly , 

the E* o o li  population  of the gut. Haenel ^  bX» (1957) 

demonstrated th at p r o lifo r a t io n  o f E* c o l i  occurred in  

human volunteers susta ined  on an extreme p ro te in  d ie t  and 

Smith (1961) found a considerable in crease  in  the  

c o l i - f lo r a  of p ig s  when large q u an tities  of food, were
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in gested  fo llo w in g  enforced periods o f  fa stin g#  On the  

other hand, at le a s t  two workers have reported the  

in h ib ito ry  e f f e c t s  o f d ie t  on the B, c o l l  o f the 

alim entary tract#  Thus, Sieburth (1961) demonstrated 

th a t the absence o f E# o o li  in  the g a s tr o - in te s t in a l  

tr a c t  o f  po lar b irds was due to  the presence of acrylic; 

acid derived from the algae consumed* Another a n ti

b a c te r ia l outcome was detected  in  ra ts  by Dergheim e t  a l * 

(1941) in  a sso c ia tio n  with in g e stio n  of unusually large  

q u a n tities  o f b u tte r -fa t  and was deemed referab le  to  

r e le a se  o f b u tyric  acid in  the in t e s t in a l  lumen*

So fa r , in  the in stance o f E* c o l i ,  there has 

not been aiiy eysteniatie; e x ^ in a t io n  of the e f f e c t  of. d ie t  

on the p ers is ten ce  of. in d iv id u a l serogroups in  e ith e r  the  

human or the animal bowel althougii a s e le c t iv e  action  

exerted by a v a ila b le  oarboiiydrate on the incidence of. a 

ferm entative type has been shown by Ozawa and F reter  

(1964) to  p r e v a il in  the in te s t in e  of the mouse» Sears 

and Brownlee (1952) noted th a t the appeaz'ance of one 

s e r o lo g ic a l type in  an in fa n t was co in c id en ta l with the  

f i r s t  feed in gs of f r u it  and v eg eta b les . Taylor and 

Charter (1952), to o , remarked th at one serotype appeared 

in  the s to o ls  o f e leven  out o f tw elve in fa n ts  only a fte r  

they were put on to  b o tt le  feed in g . Another p o ss ib le
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s e le c t iv e  action, of d ie t  on the E. a o l i  o f the in te s t in e  

was observed by Kenworthy and Crabb (1953). Although 

the numbers of. haemolytic. E. c o l i  were low in  p ig le t s  

p rior  to  early  weaning, most counts were composed almost 

e n t ir e ly  o f haom olytia s tr a in s  th e r e a fte r  and the  

tr a n s it io n  was quite abrupt. However, s e r o lo g ic a l  

examinations o f those micro-organisms were not reported. 

Later, as the r e s u lt  o f a study o f  E. o o l i  is o la te d  from 

p ig le t s  both before and a fte r  weaning, Kenworthy and 

A llen  (1965) concluded, th a t there i s  a v a r ia tio n  in  the 

capacity  o f serogroups to  respond to  the new environment 

created  by d ie ta iy  change.

Y u ill  and Hanson (1965) observed m u lt ip lic a tio n  

of E. c o l i  in  the in te s t in e  o f rabb its as a r e s u lt  o f

inV raperitoneal, but not of o ra l, aâJuinlBtration of 

endotoxin* That, togeth er  with evidence of the in flu en ce  

of. environment, suggests the ezclstenoe o f a measure of 

con tro l o f E* c o l i  which may become impaired by treatm ents 

which a f fe c t  the p h y sio lo g ica l s ta te  o f the host*

Sears and Brownlee (1952) considered th a t, in  

the Case of man, change of. loca,tion  may be follow ed by 

a lte r a tio n  of the com position of the res id en t E# c o l i * 

Schaedler and Dubos (1962) reported th a t environmental



56

fa c to r s , such as v a r ia tio n  in  temperature o f the 

surroundings, crowding or handling of m ice, exercised, a 

profound in flu en ce  on the general m icrob ial f lo r a  o f the  

gut o f the animals, commonly accompanied by an in crease  

in  the number of Gram-negative b a c i l l i .  Y u ill  and 

Hanson (1 9 6 5 ) observed th a t c h i l l in g  o f  rabb its was 

fo llow ed  by an increase in  the E, o o l i  population  o f the  

in te s t in e  and a ssoc ia ted  the same phenomenon with the 

death o f a young rabbit fo llow in g  fo r c ib le  r e s tr a in t .

They a lso  remarked th a t greater s u s c e p t ib i l i t y  to  

environmental in flu en ces  was shown by ju v en ile  anim als.

(B) THE lîSfELÜEKCE OF E. o o li  ITSELF OK ESTABLISHMENT 

I I  THB INTE8TIMB.

Scha^ecller and Dubos (I960) observed a c lo se  

bond between a res id en t s tr a in  of and the gbt o f

i t s  murine h o st. Thorough washing of the in te s t in a l  

mucosa su fficed , to  remove experim entally adm inistered  

organisme b ut, not the resident* They concluded that a 

resid en t s tr a in  becomes implanted in  the in te s t in a l  wall# 

BTidenoe in  support o f th is  p ecu lia r  re la tio n sh ip  between 

host and res id en t was supplied  by iCetyi (1965)# The 

fin d in gs of those workers may be aonneoted with the  

observation  by Blorey (1933) of some u n id en tif ied  

b a cter ia  in  the depths o f the crypts o f the colon  of the
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Oat*

The dosage, or number of c e l l s  in g ested  by a 

p o te n t ia l  h o s t , i s  apparently not a s ig n if ic a n t  in flu en ce  

on the a b i l i t y  o f a s tr a in  to  e s ta b lish  i t s e l f  in  the  

bowel* When Sears and Brov/nlee (1952) r e -e s ta b lish e d  

a formel' res id en t in  one o f  th e ir  su b je c ts , they  

adm inistered the organism in  numbers of the same order 

as those which had been used, in  u n su ccessfu l experiments 

reported tv/o yesirs p rev iou sly  (Sears et, 1950)* On

the other hand, Sears e t  al# (1956) employed repeated  

m assive doses when they f a i le d  to  implant new s tra in s  in  

the canine gut and. s im ila r  r e su lts  v êre reported by 

Erskine at al* (1956) to  have follow ed  the feed in g  of 

large  amounts o f broth cu ltu res o f  B# c o l i  to  p ig s .

Park (1959), in  the course of a study of experim ental 

I n fe c t io n  of human su b jects  with B. o o l i  0111iB4i 

observed th a t there was not. a sp e c ia l re la tio n sh ip  

d efin ab le  between the number of organisms in gested  end 

th eir , appearance in  the fa e c e s . lik e w ise , reports by 

other workers, who have adm inistered to  adult hiiman 

volunteers graded, amounts of cu ltu res o f s tr a in s  o f  

E. c o l i  is o la te d  from cases of in fa n t i le  g a s tr o -e n te r it is ,  

do a ct iadioaiie th a t inoxeaaed. dosage la  to  be a ssoc ia ted  

with longer periods of excretion  (Ferguson and June, 1952;
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June e t  a l . , 1953î Koya et. a l . , 1954a & b ).

Illya tov ieh . ^  a l . (1962), however, adm inistered E. o o li  

0111sB4 to  Cats and recorded that the lo n g est  period of  

excretion  occurred in  animals in  rece ip t o f the la r g e s t  

dose.

Other reports suggest th a t the actu a l number of. 

c e l l s  s u f f ic ie n t  fo r  im plantation of a s tr a in  may be 

quite sm all. An account by Eauss and K etyi (I960) 

in d ica ted  th a t , i f  the resid en t E* c o l i  f lo r a  o f mice i s
^  II nm* I#I"  $# # #

f i r s t  elim inated  by means of atreptom ycin, the nmaber of. 

organiams neoeasazy fo r  s ta b le  impla^itation of a new 

s tr a in  i s  not s ig n if lo a n t  and they considered th at a, 

s im ila r  proviso may cypply in  oases o f  spontaneous 

In fection*  Ashbimier and Mushin (1962) noted th a t, 

a fte r  suppression of the normal in te s t in a l  f lo r a  of. mice 

by a h tlb lo tlcB , an ora l dose of ten , or fewer^ c e l l s  may 

r e su lt  in  in fe c t io n  whereas over three hundred m icro- 

orgonlams were required fo r  more regular co lon ization*

F ailure of s tra in s  of B# o o li  to  become
"■MW

esta b lish ed  a f te r  ora l admlni s t  r a t i  on under normal 

con d itions was explained by Eauss and Ketyi (I960) as due 

to  " imp 1 ant at 1 on antagonism»' exh ib ited  by B# c o l i  already  

resid en t in  the bowel, a view which was based on evidence



61

th at the presence of an a r t i f i c i a l l y  s e t t le d  s tr a in  

e f f e c t iv e ly  prevented im plantation of another. That 

observation  was supported by a report by Bpaulding e t a l . 

(1 9 6 1 ) th a t antagonism ex isted  between s e r o lo g ic a l types 

of 1 . c o l i  in  oontinuous-flow  (CF) c u ltu re s . On the 

other hand, Ozawa and F reter (1964) did not d etect any 

c o n f l ic t  to  obtain  in  m ixtures of B, c o l i  s tr a in s  growing 

in  a sso c ia tio n  in  *CF ' cu ltu res and Dixon (1959) had 

already recorded th a t, when paired s tra in s  are grown 

togeth er in  cu ltu re over a period, of up to  seven days, 

i n i t i a l l y  extreme inoculum ra tio s  p ro g ressiv e ly  change to  

approach eq u a lity .

B acteriophagic a c t iv ity  has been suspected as 

a reg u la tin g  mechanism of the B. a o li  population  of the  

gut. Blacklock ejb a l . (1937), however, were unable to  

show such a c t iv ity  on the part of f i l t r a t e s  of human 

duodenal or jeju n al aontents towards coliform  stra in s  

is o la te d  from lower le v e ls  of the in te s t in e  of the same 

in d iv id u a l and, although WaXlick and Stuart (1943) 

thought ix  p o ss ib le  th a t a bacteriophage might be 

instrum ental in  bringing about the disappearance of a 

resid en t s tr a in , th e ir  s in g le  attempt to  demonstrate such 

a phage was u n su ccessfu l. Bïïislie-Smith (1961) observed

th a t, three v/eeks a fte r  oral adm inistration of phage to
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M s subj e a t , the resid en t was lo s t  but %a*charova (1963) 

reported th at l y s i s  of B» o o li  013*1 tB4 by bacteriophage 

was only p a r t ia l  and did not lead  to  complete e3*imination 

of the organism from mice*

Production in  v itr o  of o n lio in s  by some stra in s  

of E# c o l i  (G ratia and Fredericq, 1-946) has been 

considered by a number of workers in  r e la t io n  to  the 

com position of the normal B, o o li  flora# A high  

incidence of a n tib io tic , s tra in s  i s  in d ica ted  by the 

remark o f Fredericq (1957) th a t, by the use o f s e le c t iv e  

techniques, i t  i s  p o ss ib le  to  revea l the presence of 

co lio in o g en ic  s tra in s  in  p r a c t ic a lly  a l l  human and 

animal s to o ls  stu d ied , Emslie-Smith (1961) reported  

th a t a res id en t s tr a in  was not recovered from h is  subject  

a fte r  the appearance of others producing a c o l ic in  a c tiv e  

against i t .  During a study of th at in d iv id u a l over a 

period of th ir ty  months, three su ccessiv e  resid en ts  ^#re 

found and a l l  o f them proved to be c o lic in o g e n e tia .  

Bz'anche at a l .  (1963) stud ied  the E. o o li  f lo r a  of f iv emtmmn ^   ̂ v m m  h  h iiuéh  m i»  iim

healthy in d iv id u a ls  fo r  s ix  months in  an e f fo r t  to  

evaJ»uate the e f f e c t  of co lio ln -p red u ctio n  on c o l i  in  

the normal human in te s t in e  and found th at resident  

serogroups elaborated ao»licin more c o n s is te n tly  than did 

tr a n s ie n ts . In eonsoquenae, i t  was suggested th a t the
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a b i l i ty  o f some c o l i  s tra in s  to p rev a il in  the him an 

gat as dominant reeidenta i s  ascrihahle to  a v a ila h il i ty  

of coliG ins*

On the other hand, Sears erfe (1950) examined

the c o l ic in  a c t iv ity  of sev era l hundred cu ltu res fẑ om 

th e ir  su b jects but did not fin d  the an tagon istic  action  

of resid en t s tr a in s  to  be greater than th a t of the tra n sien ts  

or of those obtained from e x tr a - in te s t in a l sources*

Friedman and Halbert (I960) observed th at a co lic in o g en ic  

s tr a in  of E* c o l l  was not more e ff ic a c io u s  than a non- 

a n t ib io t ic  cu ltu re in  antagonizing the le th a l  e f fe c t  on 

mice of dosage with a pathogenic s tr a in  o f E* c o l i  and 

Eauss and Ketyi (I960) were unable to  superimpose a 

co lic in -p rod u ein g  s tr a in  on a pz’ev iou sly  esta b lish ed  

E. c o l i  0111:134- in  the gut of the same sp ec ie s  of animal* 

F reter (1956) oLserved th a t c o l i  stron g ly  antagonized  

s tr a in s  o f S h ig e lla  f le x n e r i and of Vibrio cholerae in
wjujii #i*imnniiwiii.  iim ■  \m —  nrt'i h'nr t  fi~ iY i t i ' m r x w o x d i

the in te s t in e  of mice and guinea-pigs but was unable to

demonstrate co lic in -p rod u otion  by the s tr a in  of E* o o li

is . v i t r o . L ikew ise, Hentgee and P rêter (1962) fa i le d

to show any co rre la tio n  between v itr o  and in  vivo  
antagonism of E. c o l i  and other enteric, b a c ter ia  towards

a s tr a in  of gh. f le x n e r i and expressed the opinion that

c o l ic in - l ik e  subatanaes are not l ik e ly  to  be evolved in
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the gat under the stron gly  reducing cond itions nozmially 

prevalent th ere .

Gage et (1961) studied  the d is tr ib u tio n  of 

stra in s  o f B. c o l i  among a group of premature in fa n ts  in  

a nursery and observed th at some, which they described as 

' strong % were more l ik e ly  to p e r s is t  in  the in te s t in e  

of those in d iv id u a ls . That observation i s  supported by 

r e su lts  of s tu d ie s  of other communities (v. ) but the

reasons fo r  th a t 'strength* have not been d iscu ssed .

Taylor (1961) and Sojka (1965 ) have commented on 

the a sso c ia tio n  of cer ta in  se r o lo g ic a l types with 

p a rticu la r  animal h o s ts . There i s  l i t t l e  experim ental 

evidence in  auppox't o f h o s t - s p e c if ic i ty  but Schaedler 

and Dubos (I960) noted th a t, in  the case of the gut, 

whereas a s tr a in  of murine o r ig in  p e r s is te d  in  those mice 

to  which i t  had been fed , laboratory cu ltu res of 

un disclosed  o r ig in  were soon lo st*  In some in stan ces in  

which success in  e s ta b lish in g  s tra in s  from a d iffe r e n t  

sp ec ies  o f host has been reported, the work v/as carried  

out under very a r t i f i c i a l  conditions (Bauss and K etyi, 
I960; Ashbumer and Mushin, 1962).

Ozav/a and Freter (1964) stud ied  'OF' cu ltu res  

of mixed grovrbhs o f B, o o li  and observed th a t, when an
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•invader* s tr a in  i s  introduced, at an equal concentration  

in to  a population  o f an alx'eady-established cu lture of 

E# c o l i > i t .  undergoes a process o f  adaptation la s t in g  

from one to  three days* During th at tim e, i t s  numbers 

s te a d ily  decrease but, th erea fter , r is e  again to  a f ix ed  

le v e l  which i s  considerably below th at o f the resident#

A s im ila r  p ic tu re  was found when E, c o l i  was adm inistered  

to  mice from which the normal en ter ic  f lo r a  had been 

elim inated  as a r e s u lt  of a n tib io tic , treatm ent and an 

a r t i f i c i a l  res id en t E* c o l i  s tr a in  substitu ted* The 

duration o f the period of adaptation was considerably  

reduced in  •OF • cu ltu res virhen the invader was o ffered  a 

source of ferm entable carbohydrate which i t  alone could  

u t i l i z e  whereby i t s  population  quickly came to  exceed 

th at of the resident* A s im ila r , but. l e s s  s tr ik in g ,  

r e s u lt  v/as obtained in  experiments carried  out On mice# 

The authors concluded th a t analogous processes of 

adaptation and com petition fo r  carbon sources under 

reduced, con d itions p rev a il in  the animal bowel and th at  

tra n sien t s tr a in s  of E. c o l i  are exp elled  from the gut 

by normal p h y s io lo g ic a l movements while they are s t i l l  

undergoing adaptation#

A l ik e  theory propounded, by F reter (1962) to  

exp la in  the r e s is ta n ce  d isplayed by the normal murine
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gut to  the establishm ent th ere in  o f §h, f le x n e r i was 

c r i t ic iz e d  by Meynell (1963) on the grounds th a t an 

abundance o f  a v a ila b le  food m aterial obtains in  the  

l iq u id  in t e s t in a l  contents and by Bohnhoff ç t  a l ,  (1964) 

who reported th a t h ea t-trea ted  suspensions o f co lon ic  

contents remain in h ib ito ry  to  Salm onollae. The la t t e r  

authors suggested th a t growth of the normal f lo r a  i s  

co n tro lled , not by lack  of nutrim ent, but by m etabolic  

d er iv a tiv e s  from other organisms in  the bowel.

(0) THE EEliATIOISHIP OF E. c o l i  TO OTHER INTESTINAL 

MICRO-ORGANISMS AND THEIR PRODUCTS.

M iller  and Bohnhoff (1963) observed a d irec t  

c o r re la tio n  to  e x is t  between antagonism to  the e s ta b lish 

ment of Salm onella in  the gut of the mouse and the 

presence th ere in  o f  members o f  the genus, B aoteroides, 

which la t t e r ,  in c id e n ta lly , occur numerously in  the bowel 

o f  other animal sp e c ie s , in clu d in g  chickens and hamsters 

(Smith, 1965). Meynell (1963) re la ted  th a t a n t i-  

salm onellar a c t iv ity  to  the presence in  the murine caecum 

of large  amounts of v o la t i le  fa t ty  a c id s , mainly acetic, 

and b u ty r ic , produced, by other members o f the in te s t in a l  

f lo r a . In the fo llo w in g  year, Bohnhoff e t  a l .  (1964) 

confirmed those fin d in g s  and referred  th e production of 

v o la t i l e  fa t ty  acids to  anaerobic organisms of the
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Baotoroidea group,

K etyi (1964) examined the in flu en ce  exerted upon 

1.' ooLi by a number of organisms of en ter ic , o r ig in  

in c lu d in g  K le b s ie lla , P roteus, lia .a tob acillu s, S trep to -  

cQOCUa f a e c a l is  and,B aoteroides. In d iv id u a lly , none of 

those showed ty p ic a l im plantation antagonism towards 

experim entally  adm inistered E. c o l i  in  the murine gut, 

observations th a t v/ere la t e r  supported by the r e su lts  o f  

a study by Schaedler e t  a l .  (1965b), The la t t e r  authors 

noted th a t germ -free mice fed  su c c e ss iv e ly  cu ltu res of 

an anaerobic strep tococcu s, two s tr a in s  o f L a cto b a c illu s . 

one o f B acteroidee and one of a ooliforra continued to  

harbour each o f those b a c te r ia l sp ec ie s  fo r  four months 

in  numbers equal to  those th a t obtained when the organismal 

type was adm inistered a lon e. When the animals were 

subsequently exposed, to  fa e c a l m ateria l from 'NOB' mice 

(which are p e cu lia r  in  th a t they c o n s is te n tly  y ie ld  few  

coliform  b a c i l l i  in  the excrem ent), v /ith in  two days the  

number of co liform  b a c i l l i  in  the in te s t in e  s teep ly  

d eclin ed . In consequence, antagonism to  the coliform  

was a ttr ib u ted  to  a tran sm issib le  agent, the id e n t ity  of 

which was not d iscovered .
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In s p ite  o f the work which has been reported, 

i t  i s  obvious th a t inform ation concerning the regu la tion  

of the E. c o l l  population  o f the In te s t in e  i s  s t i l l  very  

incom plete. Factors which m erit in v e s t ig a t io n  are 

h ost s p e c i f i c i t y ,  'stren g th ' o f in d iv id u a l s tr a in s  o f  

E. c o l l .  o o lic in o g o n esis  on the part o f 1 , c o l i  and the  

e f f e c t  o f the p h y s io lo g ic a l s ta te  o f the h o s t . The work 

about to  be described  was undertaken in  order to  t e s t  

those p rop erties  inasmuch as they a ffe c te d  the E. c o l i  

f lo r a  o f the gut o f anim als. I t  c o n s is ts  o f the  

fo llo w in g  four s tu d ies  ;

(1) the com position o f the E scherich ia  c o l i  f lo r a  o f  

the bowel o f a group of dogs experim entally  in fe c te d  

with the v iru s  o f canine h e p a t it is ,

(2) a s e r ie s  o f experiments designed to  e s ta b lish  

E scherich ia  c o l i  in  the bov/el o f chickens and. 

ham sters,

(3) a study o f the a sso c ia t io n  between c o lic in o g e n e s is  

in  v itr o  and the com position o f the E scherich ia  c o l i  

f lo r a  o f the gut of animals and, f in a l l y ,

(4) an in v e s t ig a t io n  in to  the in flu en ce  of other  

organisms, mainly o f en ter ic  o r ig in , on c o l ic in  

produced in  v itr o  by a s tr a in  o f E sch erich ia  c o l i .
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SEGTIOH I ,

SEE COI\îPOSIÏIOE OF SHF EsohericM a c o l i  FLORA OF SHE BOWEL 

OF A GROUP OF DOGS (Canis fa ia i l ia r is )  EXPBEIMEHTALLX 

IÏÏFBGSED WISH SHE VIRUS OF C.âfîINE HEJ'ASISIS.

IHSRODUCSXOH.

R e la tiv e ly  l i t t l e  i s  known o f the re la tio n sh ip  

botween E. c o l i  and viruseo but i t  has been shown th a t
MMA-

the v iru len ce  o f E» o o li  as a cause o f resp ira tory  

d iseace in  chickens under experimental, con d ition s i s  

enlianced by the presence o f the v iru s o f in fe c t io u s  

b ro n ch itis  (Fabricant and. Levine, 1962). Gramblett and 

Siewers (1965) reviewed, the a e tio lo g y  of. g a s tr o -e n te r it is  

in  in fa n ts  and ch ild ren  with emphasis on the occurrence 

o f mixed v ira].-b ao .teria l in fe c t io n s , in c lu d in g  in fe c t io n  

by enteropathogenic; types o f  E. o o l i ,  but did not poin t  

to  any p ex tio u la r  a sso c ia t io n . On the other hand,

Amstutz (1 9 6 5 ) in  a review o f the a e tio lo g y  o f in fe c t io u s  

c a lf  diarrhoea, s ta ted  th a t , while various v iru ses  may 

produce in fe c t io u s  diaj-u-hoea ©lone, fo r  th e most p a r t  

there appears to  be some sy n erg is tic , a c tio n  taety/een 

E. c o l i  and v iru ses  in  the production o f the ty p ic a l  

d ise a se .
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BhoW.fi synerglBBi obtain  between a viiais and 

B* o o li  in  the in t e s t in e | it .  i s  conoeiyable th a t auoh 

a c t iv ity  might oonsiat. of rendering oonditlone su ita b le  

fo r  s e le a t iv e  m xiltip lioa tion  of a etraJ.n o f B* o o li  

e ith e r  already res id en t there or eubeeguently intro-*  ̂

duced but any study of th a t soquenae has not been 

reported* The c lo se  a sso c ia tio n  shown by Schaedler and 

Bubos ( i 9 6 0 ) and ICetyi (3.965) to  e x is t  between the  

res id en t B. c o l i  f lo r a  and the mucosa o f the gut and the  

p o ss ib le  iaxCluenae of the p h y sio lo g ia a l s ta te  o f the h ost  

on the en teric , population  provided, the stim ulus to  

in v e s t ig a te  v/hether# or not^ a v ir a l  in fe c t io n  o f the  

h ost might a f fe c t  the gx ia llta tive  com position o f the  

E* GO3.1 in  the in te s t in e *  A comprehensive study o f  

Eubarth*s d isea se  of dogs provided the opportim ity to  

t e s t  th a t theory* The in v e s t ig a t io n  formed part o f a 

jo in t  experiment in  which c lin ic a l#  h is to p a th o lo g ic a l and 

v ir o lo g ie a l exaûiinations were undertaken by other members 

of s ta ff*

MATERlAia AND METHODS*

An en tir e  l i t t e r  of seven farm-bred dogs, e ig h t  

v/eeka o f age, was used* A fter a r r iv a l, the dogs were 

m aintained in  separate cages in  the animal house under 

the care of one attendant. The cages were thoroughly
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cleansed  d a lly  but sp e c ia l attempts were not made to  

i s o la t e  the in h ab itan ts from one another* Nourishment 

con sisted  o f milk and a, proprietary canned dog food,

The dogs were given  d istin g u ish in g  numbers th at ran from 

seven to  th ir te e n .

During the f i r s t  four weeks of observation , the 

dogs v/ere te s te d  fo r  the presence of maternal antibod ies  

to  Canine v ir a l  h e p a t it is  (OVH) by means o f n eu tra l!sia tion  

t e s t s  in  t  i s  sue -o u ltu r  e but were found to  be negative in  

th a t re sp ec t. Thereupon, the animals were in fe c te d  by 

ora l adm in istration  of IO^TOIDjjq of v ir u s , Approximately 

two weeks la t e r ,  and at in te r v a ls  of one to  four days, 

euthanasia was e ffe c te d  by means of intravenous in je c t io n  

of * Nembutal * and autopsy immediately carried  out.

From each of the anim als, a r e c ta l  sv/ab was 

taken tw ice weekly and m ateria l therefrom was seeded on 

an * Oxoid * iVlacOonkey 3 agar p la te . The la t t e r  was 

incubated at 37^0, fo r  eigh teen  hours., a f te r  which four  

lacto se-ferm en tin g  co lo n ies  were su b ou ltiva ted  on f iv e  

per cen t, sheep-blood-agar p la te s .  Those preparations  

were a lso  incubated at 37^0. fo r  e igh teen  hours ere the  

resu lta n t growths were in spected  fo r  haem olysis. From 

each o f the su bcu ltu res, one w ell is o la te d  colony was 

in ocu lated  over the surface of a Dorset egg s lo p e , to
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provide the laaterieii fo r  future bioolxemical and sea?o- 

lo g ia a l  exgoiiinations. Post-mortem, a l ik e  examination 

v/aa performed on samples of gut contents taken at f iv e  

le v e ls  o f the alimentary t r a # ,  naAielyi three from the 

sm all in te s t in e ,  one from the caoaum and one from the 

colon . From each of those samples, f iv e  la a to so -  

ferm enting co lo n ies  wejre subsequently subcultured, v ia  

sheep-bloodf-agar p la te s , on Dorset egg slopes*

Within the l im its  imposed, by the email number of 

co lo n ies  s e le c te d  from the samples, an attempt, was made 

to  represent the c o lo n ia l types in  the proportions in  

which they occurred in  the primary cu ltu res from the 

sv/abs.

To the f i r s t  group of bi-w eekly samples was 

applied the group d esignation  *1» and each l ik e  s e t  

th erea fter  was accorded the subsequent l e t t e r  of the 

alphabet* Indiv idual cu ltures were d istin gu ish ed  by 

means of the group l e t t e r  of the o r ig in a l sample togeth er  

with the d istin g u ish in g  number of the animal and, in  

p a ren th esis , fo llow ed  the number of the colony, from 

1 -4 , according to  the order in  which i t  had been se le c ted  

from the primary cu ltu re , fo r  example  ̂ .47(1)* Strains  

iso la te d  from post-mortem cu ltures bore the number of
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the dog, the approximate e it iia t io n  in  the bowel from 

which they were recovered (duodenum, jejunum, ileum ,

Caecum or colon} and another numeral, 1 -5 , in d ic a tiv e  of 

the order of s e le c t io n , fo r  example, 7 Duodenum {!)•

Bio chemical examination of the s tr a in s  was 

carried  out as described in  Part X except that the 

organisms were te s te d  fo r  feszmentation o f e ig h t carbo

hydrates comprising dextrose, m annitol, la c to s e , ad on ito l, 

in o s i t o l ,  c lu lc ito l, s a lio  in  and suosrose.

in t i s  era were prepared against a s e r ie s  of 

f i f t e e n  a n tig e n ic a lly  d iffe r e n t cultures, by the method 

th a t was employed, fo r  the strtaina from the chickens and 

the procedure of s e r o lo g ic a l id e n t if ic a t io n  of cu ltu res  

was id e n t ic a l with th at which has already been described.

Of the f i f t e e n  s tra in s  which were se le c te d  fo r  

the production of a n tisera , only f iv e  were id e n t if ia b le  

by Dr. Joan Taylor thus :

D esignation of In tern a tion a l
type s tr a in  c la s s i f ic a t io n

7 Ileum (1) 0111îB4
1)7 (1) 069 sK?
N8{4) 0 7 1 :K?

N i l (1)  0 2 iK?
011(3 )  0 4 9 îK?
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The other ten strains aomprlsing Nos* A7(3), â6(1),
A9(3), 4 7 (1 ), D6(2), Jq(4 ), B i l ( l ) ,  11 ûejimim (4 ),

K 13(l) and 08(1) were not found to  belong to  ©jiy of the 

groups fo r  which Dr# Taylor, possessed  a n tisera .

B treln  Ho. 11 Jejumm (4) was oh©r‘aoterized  by 

the production of an 'A'-type surface antigen* In 

consequence, agg lu tin a tion  t e s t s  in vo lv in g  the use of 

Ho. 11 Jejunum (4) an ti serum v/ere performed on suspensions 

of E* o o li  which had been heated at 120^0* fo r  two-and-a- 

h a lf  hours.

A t o n s i l la r  swab procured from each of the 

dogs on the s ix th  day a f te r  in f ec tio n  with v izu s was 

submitted to  a general b a c te r io lo g ic a l examination.

RESULTS*

The r e s u lts  ai*e reported under tv/o headings,

(a) fin d in gs from the dogs r e la t iv e  to  in fe c t io n  by the 

viru s of canine h e p a t it is  and (b) the incidence of 

biochem ical ©hd se r o lo g ic a l v a r ie t ie s  of E. c o l i  among 

the group of animals before and a fte r  exposure to  virus*

(A) THE TlE D im S  FROM THE DOUB RELATIVE TO IHFECTIOH 

BY THE VIRUS 03? OMIHE HEPATITIS.

The temperatures of the afiimals were a l l  e levated
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on the th ird  day a fte r  in fe c t io n  and gen era lly  remained 

high u n t i l  the seventh day but, by the n inth  day, they 

a l l  returned to  normal. The dogs were depressed on the 

fourth  day but th e ir  ap p etite  remained good throughout 

the period of c l in ic a l  i l l n e s s .  Virus was recoverable  

from the t o n s i ls  up to  the s ix th  day a f te r  in fe c t io n  and 

viraeinia was d etectab le  from the f i f t h  u n t i l  the seventh  

days.

Haem atological changes f i r s t  became prominent 

in  some of the dogs on the s ix th  day a fte r  in fe c t io n  

and were gen era lly  evident tw enty-four hours la te r .

The p attern  was remarkably s im ila r  in  a l l  of the animals.

In gen era l, a leucopenia accompanied the viraem ia and 

pyrexia and th is  sta g e , which la s te d  fo r  approximately 

three days, was fo llow ed  by a marked lym phocytosis which 

p e r s is te d  fo r  about s ix  days. There was a moderate 

in crease of the erythrocyte-sed im entation -rate but the 

haemoglobin content of the blood, the packed c e l l  volume 

and the mean corpuscular haemoglobin c one entrait! on 

remained r e la t iv e ly  constant throughout.

(B) THE im im m iù  o f b iooh m ioa l ĵ d h ero loo iga l v a r ie t ie s

OF 3|. o o li  AMONG DOGS BEFORE AND AT'TER EXPOSURE 

TO VIRUS.

A ltogether, s ix  hundred and twenty coliform
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cu ltu res were examined and f iv e  hundred and n inety-n ine  

of them were Id en tified , as E. o o li  on M oohemical grounds. 

Nineteen were deemed to  be Aerobaoter aerogenes and two 

others were id e n tif ie d , as B. fr e u n d ii. None of the 

cu ltu res was found to  ex h ib it  haem olysis on 5 per cen t, 

sheep-biood-agar p la te s .

A ll of the E. c o l i  s tra in s  fermented dextrose, 

la c to se  and m annitol to  produce acid  w ith , or w ithout, 

gas. Five hundred and th ir ty - f iv e  of the i s o la t e s  s p l i t  

e a l ic in ,  three hundred and n in ety -e ig h t reduced d u lc ito l#  

e igh ty -seven  fermented sucrose, seventy-tw o decomposed 

ad on ito l and tw elve a ffec ted  in o s ito l*  A ltogether, 

n ineteen  d iffe r e n t  ferm entative v a r ie t ie s  were 

d istin g u ish a b le  (v* Table 5, p. 89).

V a r ie tie s  Nos. 1 , 3 and 4 were present in  most 

of the bi-v/eekly groups o f samples procured throughout 

the period of the in v estig a tio n *  On the other hand> 

V a r ie tie s  Nos. 6 and 7 were found maj.nly in  fa e c a l samples 

belonging to Groups *A* to  'H' and V a r ie tie s  Nos. 2, 5# 9, 

10 and 14 were obtained most freq uently  from samples in  

Groups *1 * to  *Q** The incidanae of other v a r ie t ie s  v/as 

n o t so d e fin ite*  The com position of biochem ical vsaxieties  

observed in  cu ltu res derived, post-mortem, from the
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In te s t in e  of the animals corresponded, with th at in  samples 

taken during the la t t e r  part o f the experiment. The 

d is tr ib u tio n  of v a r ie t ie s  among samples of faec.es and o f  

gut contents from in d iv id u a l dogs i s  described in  Table 6 

(v . pp. 90-94).

Four hundred and, sev en ty -s ix  E. o o l i  cu ltu res  

f e l l  in to  s ix te e n  d iffe r e n t  s e r o lo g ic a l groups. Group 

No. A 0(l)j and probably a lso  Group No* N l l ( l ) ,  were found 

to  be widespread throughout the community over the en tire  

period o f in v e s t ig a t io n . Groups Nos. D l l ( l ) ,  D 7(l) and 

N8(1) occurred sim ultaneously , or in  rapid su ccession , in  

more than one animal but the in d iv id u a l tenures were b r ie f  

and the organisms seemed to  be quickly elim in ated . Each 

of Groups Nos. 7 Ileum (1 ) , 11 Jejunum (4) and K 13(l) was 

f i r s t  demonstrated in  the case of a s in g le  animal and, over 

a period of some weeks, i t  was p o ss ib le  to  trace  th e ir  

subsequent progress through a l l  the other experim ental 

su b jects but the period of study was too short to  sllov/ 

of ex eg esis  o f th e ir  p ecu lia r  r o le s . The d is tr ib u tio n  

o f Groups Nos. Db(2) ,  J a ( 4 ) ,  08(1) and o f 0126 :B16 was. 

l e s s  w ell defined but the micro-organisms p reva iled  in  the 

community fo r  r e la t iv e ly  long p eriod s, apparently in  

s in gu lar  a sso c ia tio n  with one animal and with sporadic, 

occurrence in  the case of the o th ers. Groups Nos. a7 (3 ) ,
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,47(1) and 011(3) were iso la te d  only from s in g le  specimens, 

v/hioh fin d in g  suggests th at th e ir  a sso c ia t io n  with the 

h ost was of extremely short duration* Sinae Groups 

Nos. a7 (3 ) ©nd a7 (1 ) were ohtfàined from one o f the f i r s t  

s e t  o f fa e c a l sam ples, i t  may he th at both cu ltu res  

represented the f in a l  appearance of former resid en ts  and 

a s im ila r  in ter p r e ta tio n  may a lso  attach  to  the remaining 

Group No# A9(3)« The incidence of serogroups auong 

in d iv id u a l dogs i s  described in  Table 7 (v# pp. 95-98).

Apart from Groups Eos. A7(3) and 011(3), of 

which only s in g le  s tra in s  were id e n t if ie d , a l l  o f the  

s e r o lo g ic a l types proved to  include two or more 

biochem ical v a r ie t ie s .  Serogroupa Nos. a8(1) and 08(1) 

belonged predominantly to  V ariety Ho# 1; Groups 

Nos. D8(2) and. 11 Jejunum (4) co n sisted  la r g e ly  of  

V ariety No. 3 and Groups Nos. 3)11(1) and N l l ( l )  were 

composed mainly o f V ariety No. 4# Berogroups 

Nob* 7 Ileum (1) and D7(1) compxlsed. m ostly V a r ie ties  

Nos* 9 and 6, r e sp e c t iv e ly . In the case o f Group No. K 13(l)i 

the m ajority of the i s o la t e s  was equally  d istr ib u ted  

between V a r ie ties  Nob. 2 and 3* The s ix te e n  se r o lo g ic a l  

groups, the number of s tra in s  belonging to  eaoh and the  

incidence o f biochem ical v a r ie t ie s  w ith in  them are l i s t e d  

in  Table 8 (y# p* gg).
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A t o n s i l la r  swab procured from each o f the dogs 

on the s ix th  day fo llo w in g  ora l in fe c t io n  with v iru s  

was examined b a c ter lo lo g ia a lly *  Each o f the samples 

y ie ld ed  E# c o l i ,  among a v a r ie ty  of o ther organisms. a 

rep resen ta tive  member o f each E* o o li  colonial- type was. 

se le c te d  from the p la te  and reta ined  fo r  s e r o lo g ic a l  

exaîïiination. The swab from Dog *13 * y ie ld ed  E# opll^ 

beloïiging to  Group Ho* A8(1 )# Those from Dogs *7', *8*, 

*9' and *10' contained E, c o l i  of Group Ho# 11 Jejunum (4) 

ajxâ.» i a  ad d ition , Dogs '8* and *10* were shown to  

hsA’hour E. c o l i  Group Wo. 7 Ileum (1 ) , i . e . ,  0111 :B4, 

on the t ô n s i l s .

D iscu ssio n .

A ltogether, the o;|.lnioal fin d in g s  revealed  

oonsiderahie p h y s io lo g ic a l disturbance on the part of, 

the dogs as a r e s u lt  o f in fe c t io n  by v ir u s . However, 

exam ination o f the incidence of s e r o lo g ic a l and ferm entat

iv e  V a r ie t ie s  in  in d iv id u a l animals and the community as 

a whole f a i le d  to  a sso c ia te  change of the E. o o li  

com position o f  the in te s t in e  with the presence o f the 

v ir u s .

The dem onstration of. rapid changes in  the E. c o l i  

population  in v o lv in g  sev era l or a l l  o f the animals during
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the eaJ-lier part of the in v e s t ig a tio n  x^rior to  in fe c t io n  

with v iru s revealed  that a e im ilar  o0D.urx’enae in  

as8e o la tio n  with the preeence o f the  l a t t e r  might he 

xrurely ao-dnoldenta-l. and th at only the la o la t io n  o f a 

cerogroup al.readj incrim inated ac the eauae of camne 

d ia ea w  mg^.t he in tezp reted  ae in d ic a tiv e  o f a sy n erg ie tia  

r e la t io n sh ip . The so le  recnrd of the aerology o f E# c o l l  

is o la te d  from diaeaaed* doge i s  the account hy Mansi 

(1962) of experiment a l ly  •-rex>roducihle e n t e r i t i s  caused 

hy *0'-group 42* That serogroup was n o t found to  he 

repreeeiited in  b w  o f  the atraJins. id e n t if ie d  in  the dogs 

during the in v e s t ig a t io n  under z'eport# N everth eless, 

the r e s u lts  are deemed worthy o f comment*

An outbreak o f  d iarrh oea  oeourred  in  th e  

community betw een one week and te n  days a f t e r  in f e c t io n  

w ith  v ir u s  when th e  anim^vls. w ere, once more, c l i n i c a l l y  

normal ex cep t f o r  enlargem ent o f  t o n s i l s  and s u p e r f ic ia l  

lym ph-nodes but th e r e  were n o t  any f in d in g s  from f a e c a l  

samples, to  in d ic a te  a r a d ic a l  change in  th e  E* c o l i  

com p osition  during th o se  a ttack s*  However, two o f  th e  

t o n s i l l a r  swabs procured from th e  dogs on th e  s ix t h  day 

a f t e r  in f e c t io n ,  th e l a s t  on which v ir u s  was reco v era b le  

from th a t  s i t e ,  y ie ld e d . E, c o l i  0111 jB4 al.though th a t  

serogroup was not o b ta in a b le  from r e c t a l  swabs from any o f
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the creatures u n t i l  the d iarrhoeia  phase was oyer. The 

r e la t io n  between th at *0B* group and the bowel d isorder, 

th erefo re , remains in d e f in ite .  E. c o l i  0111:B4 i s  

commonly assoc ia ted  with e n te r ic  d isease  in  human beings 

(Bray, 1945; and oth ers) but, although the micro-organism  

has been recovered from dogs by other workers (Jacalne 

and Aragon, 1958; Mian, 1959), i t  i s  not a noteworthy 

Cause of d isease  in  those animals. P o ss ib ly , in  the 

Case under rep ort, the v irus may have formed a sy n e r g is t ic  

a sso c ia tio n  with E. o o li  0111;B4 by reducing the res ista n ce  

of the dogs to an organism not u su a lly  pathogenic to  them. 

More frequent sampling of the dogs may have revealed the 

presence of the organism in  the bowel at an e a r lie r  date 

but, on the other hand, i t s  seeming absence may have 

concurred with a process of adaptation in  the gut {Ozawa 

and F reter , 1964)* The fin d in gs are c la s s i f ia b le  only 

as in con clu sive  although is o la t io n  of the 0111jB4 s tr a in  

fo r  the f i r s t  time so soon a fte r  experim ental v ir a l  

in fe c t io n  and co^^incidental diarrhoea su ggests a connection  

between the three*

E. c o l i  0111:B4 was iso la te d  from a l l  seven  

animals and tenures o f  up to  n ineteen  days were 

demonstrated. Another *0B' group, 0126:316, which has 

been recovered from cases of human d isease  (McDonald and



82

Charter, 1956), was procured from two dogs during the  

in v e s t ig a t io n  under report and one p o ss ib le  residency of 

tw en ty -fiv e  days was observed. The source o f in fe c t io n  

of those two serogroups was not e sta b lish ed  but i t  may 

have been a human one. Such long natural tenures in  dogs 

suggest th a t animals may y e t be shown to  form a p o te n tia l  

r e serv o ir  o f human in fe c t io n . T o n silla r  in fe c t io n  may 

occur in  dogs and the hab it of the la t t e r  of l ic k in g  the

face  and hands o f  man provides an opportunity fo r

transm ission  of E* c o l i .

Bears Gt a l . (1956) commented on the r e la t iv e

in s t a b i l i t y  o f the E. c o l i  population  of dogs compared

with th a t of human b ein gs. In the in v e s t ig a t io n  under 

rep ort, i t  was observed th at the f lo r a  of the dogs was 

gen era lly  much le s s  s ta b le  than that of the chickens and 

of the hamster, the fin d in gs from which animals are 

reported in  Part I of th is  th esis*  That inconstancy may 

be c h a r a c te r is t ic  of the canine sp e c ie s . On the other  

hand, the m icrob ia l in s t a b i l i t y  may have been connected  

with maintenance of the animals s in ce  i t  has been shov/n 

th at ex tern a l fa c to r s  may a f fe c t  the e n te r ic  population  

(Bchaedler and Bubos, 1962), e sp e c ia lly  in  the case of 

young animals (Y u ill and Hanson, 1965)# For more than 

h a lf  o f the duration of the experiment, the dogs were
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subjected  to  various c l in ic a l  t e s t s  in clu d in g  temperature 

read ings, t o n s i l la r  swabbing and removal o f urine and 

blood samples., which in ter feren ces  may have e ffe c te d  the  

E. o o li  o f .the gut. The chickens and ham sters, on the  

other hand, were not handled o ften er than three tim es 

weekly when the cage was cleaned or a fa e c a l sample was 

obtained. Another p o ss ib le  in flu en ce involved  adaptation  

of the animals to  the new environment which adjustment 

may have a ffec ted  the E. c o l i  f lo r a  e s p e c ia lly  during the  

e a r lie r  part o f the in v e s t ig a t io n .

The period  of examination of the dogs was too  

short to  allow  exact comparisons with work reported by 

other in v e s t ig a to r s  but i t  was. evident th a t , in  the 

community, there p reva iled  a. common res id en t s tr a in  and 

th a t a great degree of sharing of other serogroups a lso  

obtained. In th a t resp ec t, the r e s u lts  were s im ila r  

to  fin d in g s by Orskov (1952) in  the case o f  ch ildren  

housed in  in s t i tu t io n s .  Again, d issem ination  of some 

s tr a in s  throughout the dogs follov/ed. a p a ttern  s im ila r  

to  th a t described fo r  the spread of enteropathogenic  

serogroups through communities o f  in fa n ts  (Taylor and 

Charter, 1952).

The incidence o f ferm entative v a r ie t ie s  among



84

the dogs was in v e stig a te d  prim arily to  a scer ta in  any 

a sso c ia t io n  th at may have obtained between th e ir  prevalence  

and the period  of v i  m s -induced d isease  or the attacks of 

diarrhoea# Although such a connection was not proven, 

the r e s u lts  are deemed worthy of d eliberation #

When the presence o f biochem ical v a r ie t ie s  was 

examined in  in d iv id u a l anim als, a p a ttern  was observed 

c lo s e ly  resem bling th a t normally found with serogroups*

Two or three v a r ie t ie a  were recoverable from fa e c a l  

samples procured during most, or a l l ,  of the period of 

study w hile others were demonstrable in  su ccess iv e  samples 

over short periods or were to  be obtained only on iso la te d  

occasions* In viev/ o f the p o te n tia l v a r ie ty  of b io 

chem ical ty p es , the p ic tu re  in  each o f those cases, was 

one of remarkable at a b i l i t y  in d ica tin g  some form of 

biochem ical con tro l over E. c o l i  in  the bowel* That 

opinion was strengthened by the not in frequent d iscovery  

th at an apparently b iochem ically  homogeneous E. o o l i  

f lo r a  in  s in g le  or su ccess iv e  samples from the same 

animal comprised s e r o lo g ic a lly  unrelated  members#

As in  the case of serogroups, abrupt changes in  

the incidence o f biochem ical v a r ie t ie s  were observed in  

su ccess iv e  samples from the same animal* Ozawa and
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F réter (1964) showed th at a v a i la b i l i ty  o f ferm entable 

carbohydrate in creases the incidence o f E# c o l l  which can 

u t i l i z e  i t  in  the in te s t in e *  Throughout the period of 

the in v e s t ig a t io n  under rep ort, a d ie t  o f one proprietary  

brand o f canned dog food was adm inistered but, probably, 

the contents were not o f standard q u a lity , a fa c to r  th at  

may have e ffe c te d  temporary changes in  the proportions o f  

biochem ical v a r ie t ie s  in  the gut. On the other hand, 

some le s s  common v a r ie t ie s  were recovered from fa e c a l  

samples from in d iv id u a l animals over a sh o rt, but w ell 

defined , period la s t in g  from one to  two weeks, which 

f in d in g  did not suggest an a lte r a tio n  a sso c ia b le  with  

temporary d ietary  v a r ia tio n .

\%ien the animals were viewed as a community, 

a more d e f in ite  su ccession  of biochem ical v a r ie t ie s  

became m an ifest. Sharing of some le s s  frequent b io 

chem ical v a r ie t ie s  by more thmi one animal occurred more 

or l e s s  sim ultaneously , as happened in  the case of sero

groups. Three v a r ie t ie s  were present in  most o f the  

bi-w eekly groups o f samples but others were found to  

predominate during the e a r l ie r  or la t e r  part of the 

in v e s t ig a t io n , which periods were separated , approximately, 

by the date o f adm in istration  of virus* I t  was im

p o s s ib le , however, to  r e fe r  the occurrence o f any
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biochem ical v a r ie ty  to  the d isease  r e s u lt in g  from the 

v ir a l  in fe c t io n .

The r e la t io n  betv/een the d is tr ib u tio n  o f sero

groups and of biochem ical v a r ie t ie s  in  the dogs was not 

c le a r ly  d efined . In the case o f a l l  but one o f  the more 

common serogroups, the members belonged predominantly to  

one v a f ie ty  end u su a lly  the la t t e r  was one o f  the  

•res id en t' ty p es , Nos. 1 , 3 or 4. V a r ie tie s  Nos. 9 and 

6 comprised, mainly i s o la t e s  o f serogroups Nos. 7 Ileum (1) 

and D 7 (l) , r e sp e c t iv e ly , and, in  those in sta n c e s , the  

incidence of^biochem ical v a r ie ty  and aerogroup c lo s e ly  

corresponded. On the other hand, v a r ie t ie s  a lso  

characterized  by a r e la t iv e ly  r e s tr ic te d  d is tr ib u tio n  

(Nos. 2, 7 , 10 and 14) each contained sev era l an tigen ic

forms,. The author consid ers th at biochem ical a c t iv ity  

rather than se r o lo g ic a l stru ctu re i s  more l ik e ly  to  

a f fe c t  the estab lishm ent o f  E. c o l i  in  the in te s t in e .  

M anifest f lu c tu a tio n s  of, s e r o lo g ic a l types are probably 

a  r e s u lt  of an a lte r a t io n  in  the e n te r ic  environment, 

which d ifferen ce  favours the p r o life r a t io n  of a serogroup 

with a p a r tic u la r  biochem ical p o te n t ia l .  At the same 

tim e, a b i l i t y  on the part o f E. c o l i  to  produce more than 

one bioohem ioal v a r ie ty  may render a serogroup more 

adaptable to  temporary changes a r is in g  in  the bowel and
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thus, help to  m aintain i t s  reeidenoy th e r e in . On the  

other hand, in  the oases under rep ort, i t  must he 

emphasized, th a t the 'r e s id e n t ' biochem ical v a r ie t ie s  

were not found to  be the most a c t iv e ly  s a cch a ro ly tic .

The need fo r  fu rth er  work in  t h is  f i e l d  i s ,  th u s, 

in d ica ted . F luctuation s of. biochem ical types may come to  

be revealed  as a natural phenomenon a sso c ia b le  with age, 

d ie t ,  h ea lth  or other fa c to r . A comparative examination  

o f d if fe r e n t  animal sp ec ie s  may d isc lo s e  v a r ia tio n s  in  

the incidence of. biochem ical v a r ie t ie s  and, thereby, 

exp la in  observations by other workers concerning a h o s t-  

s p e c i f i c  r e la t io n sh ip . On the other hand, negative  

fin d in g s may in d ic a te  the f e a s ib i l i t y  o f transm ission  

o f E. c o l i  from one sp e c ie s  o f  h ost to  another.

A ltogether, the r e su lts  o f t h is  in v e s t ig a t io n  

f a i le d  to  prove th a t experim ental in fe c t io n  with canine 

v ir a l  h e p a t it is  was resp on sib le  fo r  changes in  the 

e n te r ic  E. c o l i  population  of dogs d esp ite  considerable  

concurrent p h y s io lo g ic a l d isturbance. N everth eless, 

the outcome served to  in d ica te  the need, fo r  fu rth er  s tu d ie s  

o f the same type in  order to  determine the s ig n if ic a n c e  

of the p h y s io lo g ic a l s ta te  and environment o f  the h ost on 

the com position o f the resid en t m ierobiota.
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BÜIMARY.

The E. o o l i  flora, o f the gut o f a l i t t e r  of 

seven young dogs was examined over a period  o f  

approximately tw o-and-a-half months, in  the course o f  

which the animals were in fec ted  experim entally  with the  

v iiu s  o f in fe c t io u s  canine h e p a t it is .  V ariations  

occurred in  the incidence of biochem ical v a r ie t ie s  and 

se r o lo g ic a l types in  the fa eces  but they were not r e fe r 

able to  the period  of c l in ic a l  d isease  a r is in g  from the 

v ir a l  in fe c t io n . E xcretion of biochem ical v a r ie t ie s  of 

E. o o l i  was found to  fo llo w  a p attern  s im ila r  to  th a t of 

serogroups inasmuch as a few 'resid en t ' types p reva iled  

throughout the period  of study whereas others were 

elim inated  by the dogs, fo r  r e la t iv e ly  short, in te r v a ls .

An outbreak of diarrhoea in vo lv in g  a l l  o f the animals 

may have been a sso c ia ted  with in fe c t io n  by E. c o l l  0111sB4. 

Two oases o f t o n s i l la r  lo c a liz a t io n  were d etected  sev era l 

days before animals were observed to  excrete  th a t 'OB' 

group. The i s o la t io n  of the l a t t e r  organism and o f  

E. c o l i  0126sB16 from the dogs has been d iscu ssed  in  

r e la t io n  to  animals as a p o te n tia l r e serv o ir  o f human 

in fe c t io n .
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Nimber

of
Bioohemioal

Variety
I t

Carbohydrates fermented 

6* ^I
g I I

EP*
I I

1 + 4- 4 4
2 + + 4- *# 4
3 f 4- + «t# nM) ## 4 4-
4 f f + 4 4 4
3 4-
6 •f •f 4- 4 —
1 4" 4" M* 4 4
8 + f 4- 4 4 4 *p
9 4* 4* 4 4

10 + 4- 4 #* 4 4
11 + + 4" *# 4
12 + 4 •h 4 4
13 + + 4" 4 4 ** 4 4
14 4- Hh 4 4 4 4 0m

15 4- •f 4 4 4 4 4 4
16 4 4 m

17 't- 'h 4 4 W» 4 4 4
18 4* •f 4 4 ## 4
19 + 4 #•* 4 — 4 4

## cs failure to ferment the carbohydrate.

►î- S3 production of acid or acid and gaSe
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SEGÏIOK I I .

A SERIES OF EXPERIMENTS DESIGNED TO ESTADDISH 

EscherloM g a o l l  IN THE BOWEL OF 

CHICKENS AND OF HAMSTERS,

HISTORICAL.

Apart from observations on i t s  incid en ce in  

normal su b jects  » much o f tbe inform ation concerning  

reg u la tio n  o f 1 . c o l i  in  the in te s t in e  has been acquired  

aS a r e s u lt  o f attempts to  e s ta b lish  new s tr a in s  in  man 

and animals* The mechanism o f such c o n tro l, however, 

i s  s t i l l  impi^operly understood.

Sears, Brownlee and üohiyama (1950) were probably 

the f i r s t  workers who endeavoured, experim entally  to  

e s ta b lish  a new res id en t s tr a in  o f E. c o l i  in  the human 

bowel. The b a c te r ia l c e lls , were suspended in  water to  

be accepted e ith e r  between meals or gradually  w ith food. 

From each of the cases so trea ted , the s tr a in s  were 

subsequently recovered from the fa eces  f o r  a few days only  

or not a t a l l .  Repeated t r ia l s  were attended by s im ila r  

r e s u lt s .

Sears and Brownlee (1952) considered th a t they  

had achieved success when, in  one of th e ir  su b je c ts , they
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re -e s ta b lish e d  a former resid en t s tr a in  which was not 

demonstrable in  fa e c a l cu ltu res during a period of fo r ty  

days after* return from a Vacation la s t in g  th ir t y - f iv e  

days.

Sears e;t (1956) reported fa ilu r e  to  e s ta b lish  

new res id en t E. c o l i  *0 * groups of both human and oanine 

o r ig in  in  two dogs a f te r  in g estio n  of cu ltu res contained  

in  milk or in  *enteric?-ooated* cap su les.

Halbert and Bfiek (1950) observed excretion  of 

a s tr a in  of human o r ig in  by mice fo r  a few days only a fte r  

i t  had been adm inistered per os and Rauss and K etyl ( i 9 6 0 ) 

obtained s im ila r  r e s u lts  with both a human and. a murine 

c u ltu re .

Attempts to  reproduce p a th o lo g ica l conditions in

man. and animals as a r e su lt  of feed ing  with cu ltu res of

E. c o l i  have, generally# y ie ld ed  s im ila r  f in d in g s .

Koya at a l . (1954a & b) e ith e r  fed  a s tr a in  of E. c o l i

0111 (34 to human volunteers or introduced the organism

d ir e c t ly  in to  the bowel and found th a t th a t '013 ' group 

was d etectab le  in  fa e c a l samples fo r  ten  days# at most. 

Wentworth e t a l .  (1956) observed th at in g e stio n  of E* c o l i  

0127 îB8 was followed, by i t s  e lim in ation  fo r  tw elve days 

by one in d iv id u a l and fo r  f iv e  days by another.
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S ta s ile v ic h  (1950) in feo ted  monkeys with various  

serotypes and reported consequent carriage of the organisms 

fo r  periods o f up to  s ix te e n  days. Erskine e;t a l . (1956) 

adm inistered to  weaned p ig s  fo r  sev era l days large  doses 

of serotypes commonly encountered in  •oedema d is e a s e ' .  

During th a t p eriod , r e c ta l  swabs y ie ld ed .p u re  growths of 

those serotypes but, tw enty-four hours a f te r  dosing had 

ceased , the la t t e r  were u su a lly  not any lon ger  so 

d etec ta b le . On the other hand, I lly u to v ic h  a l .  (1962) 

fed  a s tr a in  o f  E. c o l i  0111:B4 to  ca ts  and recorded  

ex cretio n  o f the organism fo r  periods o f up to  one hundred 

and s ix ty  days.

Adm inistration o f E. c o l i  to  new-born m ice, to o , 

has proved not to  r e s u lt  in  permanent im plantation .

Thus, Friedman and Halbert (I960) found th a t a s tr a in  of 

human o r ig in  was excreted  by the m ajority o f animals fo r  

from th ir te e n  to  n ineteen  days, vifhile Mushin and Dubos 

(1965) reported th a t a s tr a in  o f s im ila r  source was 

elim inated  fo r  approximately tw en ty-eigh t days. When the  

la t t e r  authors in fe c te d  mice aged tw elve or tw enty-four  

days with the same s tr a in , they again lecorded carriage  

of the organism by the animals u n t i l  only the tv/enty- 

eigh th  day of l i f e .  Adult animals from the same colony  

x“e s is te d  c o lo n isa t io n  even when large  amounts o f b a c te r ia l
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cu lture were added to  the driuliing water fo r  three  

consecu tive days. Mushin and 3)ubos (lo o , o i ) d iscu ssed  

the p o s s ib i l i t y  o f a p h y s io lo g ica l explanation  of th at  

phenomenon but concluded# instead# th a t i t  was a r e su lt  

of the development o f an in h ib ito ry  m ioroflora  in  the gut 

at about tw en ty-eigh t days o f age# i.*£*# a t weaning.

Clearly# then# there have been but few su c c e ss fu l  

e f fo r t s  to  e s ta b lish  a new resid en t s tr a in  of E. c o l i  as 

a r e s u lt  o f adm in istration  to  a p o te n tia l h ost under 

normal con d ition s and# m anifestly# such a s tr a in  has f i r s t  

to  overcome r e s is ta n c e  to  i t s  presenoo in  the bowel.

The d ifferen t#  and probably in te r -r e la te d , fa c to rs  

proffered  to  exp la in  the p ers isten ce  o f some s tr a in s  of 

E. c o l i  in  the in te s t in e  and r e s is ta n ce  to  establishm ent 

of others have airea,dy been reviewed, in  the in trod u ction  

to  th is  p a rt. The m u lt ip lic ity  of those fa c to rs  

in d ic a te s  th a t maintenance of residency may be a very 

com plicated process in vo lv in g  environment a l and physio

lo g ic a l  con d ition s o f the host# the degree of antagonism  

offered  to  a s tr a in  o f E. c o l i  by organisms of the seme 

sp e c ie s  and the presence of m etabolic products o f other  

b a cter ia  normally found in  the in te s t in e .

The ensuing report presents the r e s u lts  o f a 

s e r ie s  o f attem pts to  introduce# as re s id en ts  in  the gut
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of newly-iia'boiied aîid of adult ciiiokens as w ell as of  

adult bajasters, s tr a in s  o f E. o o li  o f p a r tly  known ro le  

in  the h ost of origin* Because o f  the measure o f success  

atta in ed  as a r e s u lt  o f dosage of b . o o l i  to  day-old mice 

(Friedman and H albert, I960; Mushin and Dubos, 1965), i t .  

was decided to  t e s t  the performance of s tr a in s  in  day-old  

ohloks and to  compare i t  with th a t in  adult anim als.

Chicks o f such tender age provide a gut fr e e  o f e sta b lish ed  

baO-terial population  whereby inform ation on the fa te  of 

E. c o l i  in g ested  during, the f i r s t  day o f  l i f e  becomes 

a v a ila b le .

Some procedures were designed to  t e s t  the a b i l i t y  

of s tr a in s  of known tenure in  a p a r tic u la r  sp ec ie s  o f  

host to  repeat th a t behaviour in  creatures of the same 

type whereby i t  was. hoped to  t e s t  the observations by 

Gage a l .  (1961), namely, th a t s tr a in s  o f E. c o l i  vary 

in  a b i l i t y  to  p e r s is t  in  the bowel and so provide an 

explanation  fo r  residence or tran sien ce  in  the normal 

in t e s t in e .  Other experim ents, in  which s tr a in s  of 

E, o o li  iso la te d  from a s p e c i f i c  h ost were fed, to  animals 

belonging to  the same and/or d iffe r e n t  s p e c ie s , were 

intended to  t e s t  observations on h o a t - s p e e if ic i ty  made by 

other workers (Taylor, 1961; Sojka, 1965). The 

in c lu s io n  o f th ree known co lic in o g en etio , cu ltu res among
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the s tr a in s  o f B, c o l i  under t e s t  enabled the author to  

a sse ss  the s ig n if ic a n c e  of a n t ib io s is  in  the establishm ent 

of organisms in  the gut o f animals.

materials.

Six- s e r o lo g ic a lly  d iffe r e n t  s tr a in s  of E. c o l i  

wez'G chosen fo r  the t e s t s .  They were as fo llo w s!

(1) -J31, a co lic in o g en etio , former res id en t s tr a in  of

E« c o l i  0 1 :K? procured from a chicken,

(2) G143, a tra n sien t s tr a in  o f E, o o l i  026sB6 iso la te d

from a chicken,

(3) 6107, a co lio in o g en io  tra n sien t s tr a in  of E, c o l i

0 2  tK? recovered from a chicken,

(4) H l l ( l ) ,  a former resid en t s tr a in  of. E. c o l i  0103*K?

obtained, from a hamster,

(5) a6 (1 ) , a former resid en t of unknown se r o lo g ic a l type

is o la te d  from a dog and

(6 ) a7 (1 ) ,  a co lic in o g en etio , tran sien t, from a dog.

Aside from two birds, acquired, from an. outside  

source, use was made of young adult fow ls aged from about 

s ix  months to  one year which had been reared in  the  

animal house. Two were vftiite Leghorns but the others 

belonged to  bantam breeds.. The choice of the la t t e r  was. 

d elib ei'a te  and v/as made on account o f sm all s iz e  and ease 

of housing. They were maintained in  rabbit cages bedded
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with peat moss l i t t e r ,  wore fed  o n  commercial chicken  

mea]. and fre sh  water was always a v a ila b le , The birds  

v;ere disposed in  groups o f two per Cage or, in  the case  

of la r g e r  sto ck , they were housed in  adjoin ing cages.

Each p a ir  comprised birds with a s im ila r  background.

Chicks were hatched in  sm all batches in  an egg- 

incubator in  the department. Again, preference was given  

to  bantam breeds when they were a v a ila b le . The ch ick s, 

id e n t if ie d  with coloured dye, were reared in  gu inea-p ig  

cages under heat provided by an in fra -red  lamp. They 

were fed  with commercial chicken meal and fresh  water was 

con stan tly  su p p lied . As the b irds grew, the groupa were 

tran sferred  to  rabb it cages.

Five hamsters obtained from a lo c a l  d ea ler  and, 

la t e r ,  Hamster No. 12 (v . Fart I )  were maintained  

sep ara te ly  in  m etal mouse-boxes with peat moss l i t t e r  

and wood wool as bedding. They were fed  with D iet 18 

and fresh  water was con stan tly  a v a ila b le .

The procedures follow ed  were (a) to  allow  an 

animal to  consume ^  l i b , fo r  a standard period  of time 

d ilu ted  broth cu ltu re  of the s tr a in  of E. c o l i  under 

in v e s t ig a t io n  and (b ), th er e a fte r , to  examine fa e c a l
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epecimem at intexvaXo imtiX i t  was determiaaaBle whether 

the atrai^a had become firm ly  esta b lish ed  in# or i t  had 

been elim inated  from# the bowel# F ailure to  d etect the  

strai.n  in  fa e c a l samples procured, during a period o f two 

weeks or more was considered in d ic a tiv e  of. lo s s  of the  

organism from the gut* Before ak% anima-l was exposed to  

the s tr a in  undex* te st#  fa e c a l samples were examined on 

one# or more# occasions to  ensure th at the serogroup .ofX 

F, o o li  was. not al-ready in  residence*
m-mm w N tw w e w i»  ^

(A) ADMIlilBÏRATÏON OF E. o o li  TO ANIMALS.

For a period  of tw enty-four hours, the supply o f  

water was w ith -held  from the dey-old chicks as w ell as 

from the adult b irds and replaced, by a mixture co n s is t in g  

o f one volume o f  n u trien t broth cu ltu re o f the t e s t  s tr a in  

o f E. c o l l  grown at 37^0. fo r  eigh teen  hours and three  

volumes of s t e r i l e  d i s t i l l e d  water. The birds, were seen  

rea d ily  to  consume the proffered  suspension.

Hamsters v/ere presented with a s im ila r  cu ltu re -  

in -w ater mixture but, s in ce  they were seldom observed to  

drink it., and to  overcome p o ss ib le  reluctance on th e ir  

p a rt, those animals were provided, with fr e sh ly  prepared 

mixture supplied, d a ily  fo r  f iv e  consecutive days. During 

th at period , the supply o f  fresh  water was withdrawn.
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(B) PJEGÜVERY OF THE ETRAIM UNDER TEST.

C loacal swabs from chiolcene and fa e c a l samples 

from hamsters were o n ltiv a ted  on ' Oxold * MacGonkey 3 

agaï’ p la tes , whence, a f te r  incubation  e,t 37°C. fo r  eighteen  

hours, f iv e  to  ten  lactose-ferm en tin g  co lo n ie s  were 

s e le c te d . Each colony was subou ltivated  to  a 5 per cen t, 

horse-b lood-agar p la te  and in to  four m i l l i l i t r e s  of  

n u tr ien t broth. For convenience, the i s o la t e s  from each 

sample were accommodated on one agar p la te .  Both p la te  

and broth cu ltu res were incubated at 37*^0. fo r  eighteen  

hours. A fter i t  had been heated at 100*^0. fo r  two hours, 

the broth cu ltu re provided the '0 ' suspension fo r  a tube 

a g g lu tin a tio n  t e s t  aga in st d ilu tio n s  o f the s p e c i f ic  

antiserum prepared aga in st the adm inistered s tr a in . The 

technique o f the t e s t  and the mode o f in te ip r e ta t io n  were 

the same as those described in  Part I o f th is  t h e s is .

Of the cu ltu res agglutinab lo  to  t i t r e  by the  

sp e c if ic , antiserum , a t le a s t  one from each p o s it iv e  sample 

was su bou ltivated  from the blood agar p la te  and te s te d  

fo r  Indole-production , fo r  c i t r a t e - u t i l i z a t io n  and fo r  

reaction s to  the Voges-Proskauer and the m ethyl-red t e s t s .

investigations AND RESULTS.

The ensuing report describes the fin d in gs from 

seven s tu d ie s , designated Experiments Nos. 1 -7 , each
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in v o lv in g  the examination o f a s in g le  E. c o l i  serogroup.

Experiments Kos. 1 , 2 and 3 v/ere designed to t e s t  

the a b i l i t y  o f avian res id en t S tra in  No. B1 and tra n sien t  

Stra in s Nos. 6143 and 6107, r e sp e c t iv e ly , to  e s ta b lish  

them selves in  the gut of chickens v/hereby inform ation  

might be forthcom ing concerning, 'strength  ' o f E, c o l i .

In Experiment No. 4, S tra in  No. B1 was o ffered  to  hamsters 

and, in  Experiments Nos. 5 and 6, S tra in s Nos. H l l ( l )  and 

A8(1) were fed  to  both chickens and hatisters in  order to  

provide data on h o s t - s p e c i f io it y .  In Experiment No. 7 , 

an a c t iv e ly  co lic in o g en etic . cu ltu re , No. a7 (1 ) o f canine 

o r ig in , was given  to  chickens fo r  the purpose o f comparing 

the fin d in g s  with those o f Experiments Nos. 1 and 3, in  

which the cu ltu res  employed were a lso  o f a n t ib io t ic  type.
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EXPERiœNï No. 1 .

In troduction .

Ab a r e s u lt  o f th e ir  s tu d ie s  o f  a group of. human 

in fa n ts , Gage e t  a l .  (19.61) concluded th a t cer ta in  s tra in s  

of. E. c o l i , which they termed 'strong ', are more able than 

others to  e s ta b lish  them selves and to  p e r s is t  in  the  

in t e s t in e .  However, there i s  as y e t  scant experim ental 

evidence to  support th a t con jecture. Sears e t  a l .  (1950) 

and Sears and. Brownlee (1952) reported on the adm inistration  

of former res id e n t s tr a in s  to  human beings and claimed one 

in stan ce  o f  su ccess but not y e t  i s  a v a ila b le  inform ation  

concerning the p r e te r ite  ro le  o f t e s t  cu ltu res  in  

experiments conducted by other workers. The gen era lly  

high ra te  o f fa ilu r e  of attempts to  implant a new s tr a in  in  

the bowel may be a ttr ib u ta b le  to  the use o f organisms 

unsu ited  fo r  the purpose.

That p o s s ib i l i t y  provided, the author of t h is  

th e s is  w ith the stim ulus to  in v e s t ig a te  the a b i l i t y  of a 

former res id e n t s tr a in  is o la te d  from a chicken to  co lon ize  

other members of, the same sp e c ie s .

M aterials *

S tra in  No. Bl was fed  to  (a) two adult Scots 

Greys bantam p u lle t s  (Chickens Nos. 3 and 4) and (b) a



I l l

group o f  four day-old White Leghorn, ch icks (Chicks Nos. 11, 

12, 13 ahd 1 4 ).

R e su lts .

(a) (v. Table 9, p* 115)*

Tv/enty-four hours a f te r  Chicken No. g had been 

fe d ,th e  cu ltu re , a fa e c a l sample y ie ld e d  co lo n ies  of 

Bl type in  the proportion o f e ig h t out o f ten  examined.

The fo llo w in g  day, nine out of ten  co lo n ies  again belonged  

to  Group No, B l but, on the th ird  day, none o f the ten  

subcultures proved agg lu tin ab le  by .Bl antlserÿun. On the  

f i f t h  day, two co lo n ies  o f  Group No. Bl were again present 

in  the ten  th a t were examined and. from the s ix th  u n t i l  the  

n in e ty -s ix th  day th e r e a fte r  the organism was con stan tly  

found, u su a lly  as the dominant s tr a in .

S im ilar r e s u lts  p reva iled  in  th e case o f Chicken 

No. 4. Twenty-four hours a fte r  the bird, had received  

Bl cu ltu re , a o lo a ca l swab y ie ld ed  ten  o u t o f  ten  co lo n ies  

o f  B l typ e . On the second, and th ird  days, the numbers o f  

p o s it iv e  co lo n ie s  f e l l  to  f iv e  and one, r e s p e c t iv e ly , but 

by the f i f t h  day the number o f  Bl c o lo n ie s  had once more 

r is e n  to  four out o f  the ten  examined. From the s ix th  

u n t i l  the s ix ty -e ig h th  day the organism continued to  be 

excreted , u su a lly  as the dominant s tr a in .
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(b) (v . Table 10, p . 116).

A il four chicks continued to  excrete the Bl sero -  

group fo r  up to  one hundred and tv/enty-two days, when the 

experiment was discontinued*

B iscu ssion .

Although res id en c ies  o f only n in e ty -s ix  and 

s i x t y - e i ^ t  days were maintained by the Bl s tr a in  in  adult 

b ird s, i t  may be con fid en tly  asserted  th a t the organism  

esta b lish ed  i t s e l f  in  those creatu res. Aside from one 

n egative fa e c a l sample obtained, from Chicken No. 3 at the  

th ird  day of the experiment, the Bl organism was recover

able from a l l  of the swabs procured from the birds during 

i t s  tenure in  the l a t t e r .  Those experim entally-produced  

I'esldehoies v/ere not as s ta b le  as the one exh ib ited  in  

Chicken * w '  but, while they la s te d , they were not un like  

th a t o f the same s tr a in  in  Chicken 'B' (v . Bart I ) .

Chickens Nos. 3 and 4 were housed in  adjoining  

Cages but excretion  o f the Bl serogroup by both birds  

follow ed, the same p a ttern . For. from tw enty-four to  

fo r ty -e ig h t  hours a f te r  cu lture had been su b stitu ted  fo r  

the fre sh  water supply, the creatures were observed to  

void  many Bl organisms but a marked f a l l  in  the incidence  

of the l a t t e r  ensued u n t i l ,  from the s ix th  day onwards.
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the Bl serogroup resumed the dominant ro le  in  the  

exoremental E. o o l i  f lo r a . Those f in d in g s  may s ig n ify  

a p rocess o f adaptation hy the Bl invader s im ila r  to  th a t  

propounded toy Ozawa and F reter  (1964). The method o f  

exam ination o f fa e c a l samples employed in  t h is  in v e s t ig a tio n  

was not designed to  estim ate actual numbers of E. o o l i  

but, probably, th e preponderance of the t e s t  s tr a in  

r e la t iv e  to  o ther conform s encountered in  the i n i t i a l  

specimens represented  a process o f e lim in a tio n  while the  

secondary r is e  in d ica ted  p r o life r a t io n  o f the same 

organism adapted to  survive in  the in t e s t in a l  environment 

of the new h o s t .

The Bl s tr a in  implanted i t s e l f  rea d ily  in  day- 

old  ch icks and p e r s is te d  in  the gut fo r  one hundred and 

twenty-two days.. As in  the case o f adult experim ental 

fowls., the organism assumed dominance and was excreted  by 

the chicks with a constancy equ ivalent to  th a t recorded 

in  Chicken ', the o r ig in a l h ost o f the organism under 

t e s t .

Summary.

Im plantation o f the former res id e n t Bl s tr a in  was 

su c c e ss fu l in  two adult chickens d esp ite  re s is ta n ce  

o ffered  to  i t  by the e x is t in g  in t e s t in a l  f lo r a .  The 

organism a lso  e sta b lish ed  i t s e l f  in  a group of four day-
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old ohloks. In the oaso o f both adult and newly-hatched  

b ird s, the p a ttern  o f excretion  o f the a r t i f i c i a l l y  

introduced res id en t resembled th a t of the same serogroup 

in  i t s  o r ig in a l h o s t .
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TABLE 9.

Date o f  
Sample

p r e - in fe c t io n

17 /2 /65
22/2 /65
24/2 /65

No. o f Bl oolon ies/H o. of co lo n ies  examined 

Chicken 3 Chicken 4

25/2 /65
26/2 /65
27/2/65

11 /3 /65
1 5 /3 /65

1 9 /4 /65
26/4 /65

3 /5 /65
10 /5 /65
17 /5 /65
24/5 /65
31/5/65
7 /6 /6 5

14 /6 /65
21/6 /65
28/6 /65

5 /7 /6 5
19 /7 /65

0/10
0/10
0/10

0/3
0/50/10

Allowed to  drink 25f« broth cu ltu re of Bl 
ad l i b .  fo r  24 hours.

8 /1 0
9/100/10
2 /1 0
9/10
9/10
9A 010/10

lo A o
10/10

4/4
9 &10/1010/10
8/10
5/5
3/5
3/5
4/5
0/5
0 /50/10
0 /5
0/5

10/10
5/10
1/10
4/10
9/10
9 /1 0
2 /1 010/1010/10
2A 0
6 /1 0
9/1010/10
8/10

_ • »

9A 0

0 /2

i
0/10
0/5
0/5
0/5

* Absence o f  growth by coliform  bacteria*
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ÏABIE 10.

Date o f  
8ample

No. o f  Bl co lon ies/N o . o f co lo n ies examined
Chick 11 Chick 12 Chick 13 Chick 14

26/4/65* 0 /0 0 /0 0 /0 0 /0
27/4/65 5 /5 5/5 5 /5 5/5
29/4 /65 5/5 5/5 5/5 5/5
1 /5 /6 5 5/5 5/5 5/5 5/5
5 /5 /65 5/5 5/5 5/5 2/5
7 /5 /6 5 5/5 5/5 5/5 5/5

10 /5 /65 5/5 5/5 4/5 2/5
17 /5 /65 5/5 5/5 5/5 2/5
24/5 /65 5/5 5/5 5 /5 5/5
31/5/65 4/5 5/5 5/5 5/5
7 /6 /6 5 . 4 /5 5/5 3/5 5/5

14 /6 /65 5/5 3/5 4/5 3/5
21/6 /65 4/5 5/5 5/5 5/5
28/6 /65 5/5 5/5 4 /5 5/5

5 /7 /6 5 3/5 0/5 3/5 1 /5
12 /7 /65 4/5 0/5 3/5 0/5
19 /7 /65 2/5 5/5 4 /5 3/5

Not examined during Summer vacation,

26/8 /65 3/10 8/10 8/10 9/10

Sample procured immediately before broth  
cu lture mixture v/ae o ffered  fo r  24 hours.
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SÏÏ?ER1MSÏÏT No. 2.

In troduction .

The r e s u lt s  o f the previous e^ er im en t in d ica ted  

th a t a s tr a in , re s id e n t in  a chicken, was capable o f  

rep eatin g  th a t r o le  in  other b irds o f  the same s p e c ie s .

I f  'strength* (Gage e t  , 1961) i s  a property o f the  

m icro-organism , # s ti'a ln  unable to  p e r s is t  in  the gut o f  

one b ir d  may be expected lik ew ise  to  p er ish  in  another. 

The work about to  be reported waS3 undertalcen in  order to  

t e s t  th a t liypothesis.*

Materials.»

S tra in  Ho. G143, a tra n sien t organism iso la te d  

from a chicken and a member of E. o o l i  Group 026 ,B6, was 

admini,stered to  (a) two adult white Leghorn p u lle t s  

(Chickens Nos. 5 and 6) and (b) a group of f iv e  day-old  

M ille f le u r  bantam chicks (Chicks Nos. 19, 20, 21, 22 and 

2 3 ).

R esu lts .

(a) (v . Table 11, p . 121).

Chicken Ho. 5 vras tw ice fe d  the cu ltu re but. none 

of f i f t y  colon ies, is o la te d  from f iv e  samples during the  

s ix  days a f te r  the f i r s t  exposure, or any o f t h ir t y - f iv e
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from four samples during the s ix  days fo llo w in g  the second 

treatm ent, proved to  belong to  the &143 typ e. when the  

experiment w as.repeated, s ix ty  co lo n ie s  were is o la te d  from 

s ix  samples taicen during th e subsequent nine days but none 

o f  them was. found to  be p o s it iv e .  At t h is  p o in t, the bird  

was supplied, d a ily  w ith fre sh  cu ltu re mixture in  p lace o f  

drinking water fo r  two consecutive periods o f four and 

f iv e  days, r e s p e c t iv e ly , separated by an in te r v a l o f tv/O 

days. Wot a t any time throughout the s p e l l  o f continuous 

exposure to  cu ltu re  or during the f iv e  days a f te r  

c e s sa t io n  o f  adm in istration  were any i s o la t e s  id e n t if ia b le  

as belonging to  Group wo. G143. In the course o f the  

f in a l  stage o f  the experim ent, a t o t a l  o f  one hundred and. 

f i f t e e n  co lo n ies  was examined.

An id e n t ic a l  in v e s t ig a t io n  p erta in in g  to  Chicken 

Wo. 6 y ield ed , s im ila r  r e s u lt s .

(b) (v . fa b le  12, p . 122).

Subsequent to  i t s  adm inistration  to  f iv e  day-old  

ch ick s, Wos. 19, 20, 21, 22 and 23, the G143 serogroup 

was recovered over a period, o f  tw enty-one, fou rteen , fo r ty ,  

tw enty-three and s ix te e n  days, r e sp e c t iv e ly .

D iscu ssion .

$he fin d in g s  from the t e s t s  with adult birds.
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confirmed exp eota tioaa , namely, th a t the s tr a in  under 

exam ination would, toe unable to  p e r s is t  in  the avian gut. 

Even continuous feed in g  w ith cu lture was not. attended by 

recovery o f the organisa from fa e c a l samples e o lle e te d  

during, or immediately a f te r , treatm ent. In th a t re sp ec t, 

the r e s u lt s  are not u n lik e  those ree.or.ded. by Sears e t  a l .  

(1 95 .0 , 1S)56) tjnd. by Sears and, Brownlee (1952) subsequent 

to  attem pts to  e s ta b lish  nev/ resid en t serogroups in  human 

beings and in  dogs, in  the course o f  whioh triaH-s repeated  

doses of orgaîiisms were admin5.stered« U nfortunately, in  

most c a se s , the authors, did. not sp e e ify  the ro le  o f the  

s tr a in s  in  the previous, h o s t.

The g rea ter  ease experienced in  e s ta b lish in g  the  

gl43  s tr a in  in  day-old  ohioks was. a sso c ia ted  with periods  

o f excretion  ranging from s ix te e n  to  fo r ty  days. The 

fin d in g s  from the chicks were not u n lik e those reported  

by Ij'r5.edman. and. H albert ( i 960 ) and by Mushin and Dubos 

(1955  ) fo llo w in g  adm in istration  of stra in s, o f human o r ig in  

to  new-born or day-old  m ice, in  consequence o f v;hich the  

animals continued, to  elim inate the organism in  the fa eces  

fo r  periods o f  from n in eteen  to  tw en ty-e igh t clays, 

n e v er th e le ss , the r e s u lts  from ch ick s, when compared with  

th e outcome o f Experiment Ho. 1 , in d ica ted  th a t strains, of 

E. c o l i  d i f f e r  in  a b i l i t y  to  remain in  the in te s t in e  o f a
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particulai* sp ec ie s  o f h o st.

Summary.

A tr a n s i oat s tr a in  o f c o l i  is o la te d  from a 

chicken fa ile d , to  e s ta b lish  i t s e l f  a f te r  adm inistration  

to  two adult ch ickens. when i t  was o ffered  to  a group 

o f day-old ch ick s, the organism was found, to  be excreted  

by the l a t t e r  fo r  periods ranging from s ix te e n  to  fo r ty  

days.
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Date o f Ho» of. G143 eo lon ies/H o . o f co lo n ies  examined 
sample

Chicken 5 Chicken 6
P r e - in fe c t io n

8 /6 /6 5  0 /10  0 /10
11 /6 /6 5  0/10 0 /10
lp /6 /6 5 *  0/10 0/10

Allowed to  drink 25^ broth cu ltu re o f 0143 
ad l i b , fo r  24 hours,

16 /6 /6 5  0 /10 0/10
17 /6 /65  0/10 0/10
1 8 /6 /6 5  0/10 0/10
1 9 /6 /6 5  0 /10  0/10
21/6 /65* ■ O/LO 0/10
22/6 /65  0 /10  0/10
23/6 /65  0 /10 0/10

W *  - oT ■
29 /6 /65  O/iO 0/10
30/6 /65  0 /10  0 /10
1 /7 /6 5  0/10 0 /10
3 /7 /65  0/10 0/10
5 /7 /6 5  0 /10  0 /10
7 /7 /65*  0/10 0/10
8 /7 /65*  OAO 0/10
9 /7 /65*  0/10 0 /10

10 /7 /65*  0 /10  0/10
12 /7 /65  0 /5  0 /5
13 /7 /65*  0/10 0/10
14 /7 /65*  0/10 0 /10
15 /7 /65*  0 /10  0/10
1 6 /7 /6 5  0 /10  0/10
17 /7 /65  0 /10  OAO
1 9 /7 /6 5  OAO 0/10
21/7 /65  0 /10  0/10
22/ I /&3  0/10  0/10

* Sample procured, immediately before broth  
cu ltu re  mixture was o ffered  fo r  24 hours.
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TABm 12#

Date of  
sample

Ho. o f  GI43  o o lo n ie e /Io . of  

Ciiiok 19  Chick 20 Chick 21

co lo n ies  

Chick 22

examined 

Chick 23

26/5/65* 0 /0 0 /0 0/0 0 /0 0 /0

27/5/65 5/5 5/5 5/5 5/5 5/5

28/5/65 5/5 5/5 5/5 5/5 5/5

31/5/65 5/5 5/5 5/5 5/5 5/5

4/ 6 /6 5 5/5 5/5 5/5 5/5 5/5

7 /6 /6 5 5/5 5/5 5/5 5/5 4/5

9 /6 /65 5/5 5/5 5/5 5/5 5/5

11 / 6 /6 5 5/5 — 5/5 5/5 5/5

1 4 / 6 /6 5 5/5 0/1 5/5 5/5 0/5

16 /6 /65 7/10 OAO 10/10 5/10 0/5

18 /6 /65 0/10 0 /1 0 2/10 4/10 0/6

21/6/65 0/10 0 /1 0 2/10 0/10 OAO

28 / 6 /6 5 0/5 0 /5 0/5 0/5 0/5

5 /7 /65 0/10 0 /1 0 1/10 0/10 0/10

12/7 /65 0/10 0 /1 0 0/10 0/10 0/10

1 9 / 7 /6 5 OAO 0/10 0/10 OAO 0/10

8ample tgtJcen immediately before broth cu lture  
mixture was o ffered  fo r  tw enty-four hours#

Absence of growth by c .o lifo m  baoteria«
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EXPEEIffiEÏST Ho. 3.

Introduction .

Of the resp ectiv e  s tra in s  of. E. c o l i  employed fo r  

Experiments Hos. 1 and. 2, S tra in  El was found subsequently  

to  be poorly oo llc in o g en etic i but S tra in  0143 was n o t  

observed to  be so a c t iv e . fhe a n t ib io t ic  character o f  

the former organism may be assoc ia ted  with i t s  p ecu lia r  

a b i l i t y  to  e s ta b lish  i t s e l f ,  and to p e r s is t  in  the gut o f  

experim ental anim als. fhe s ig n if ic a n c e  of c o lic in o g e n e s is  

in  the con tro l o f the e n te r ic  E. c o l i  population  has not 

y e t  been e l i c i t e d .  S tudies by other workers on the  

incidence of a n tib io t ic , s tr a in s  in  r e la t io n  to  th e ir  

residency in  normal su b jects  have y ie ld ed  c o n f lic t in g  

r e s u lts  and attempts to  implant co lic in -p rod u cin g  s tra in s  

in  the in te s t in e  o f  animals have not been su ccess fu l  

(Rauss and K ety i, i960; Friedman and H albert, I960). 

However, Friedman and Halbert noted, th a t , when they gave 

to  new-born mice a mixture co n s is t in g  o f a co lio in o g en ic  

s tr a in  and a n o n -a n tib io tic  one, the former came to  

c o n stitu te  the dominant organism of the bowel.

A c o lic in o g e n e tic  tra n sien t s tr a in  o f c o l i  o f  

avian o r ig in  was se le c te d  fo r  dosing to  chickens fu rth er  

to  t e s t  the theory o f v a r ia tio n  in  's tr e n g th • and to
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compare the performahae of: an a c t iv e ly  a n tlM o tlo  organiam 

with th a t o f  thoae o f  the cu ltu res which were employed fo r  

K3sperimenta los*  1 and 2.

M aterials*

S tra in  No* G107 was adm inistered to  (a) tvfO 

adult l l l l e f l e u r  bantam eookerels {Chickens Hob. 9 and 10) 

and (b) a group o f  three day-*old M ille f le u r  bantam ohioks 

(Chicks Nos* 24# 25 and 26).

R esu lts .

(a) (v* 'iîable 13, p . 127).

Baring the n ineteen  days fo llo w in g  the f i r s t  

exposure o f  Qhiclcen Ho. 9 to  cu ltu re , e ig h t  fa e c a l sajnples 

were exaaiined but none o f  the ei^'^ty co lo n ies  in v estig a ted  

was assign ab le to  Croup No. @107# The t e s t  was repeated  

and, o u t o f  ten  co lo n ies  procured from a o loaoa l swab 

twen.ty*-four hours a f te r  the c lo se  o f the period  o f exposure 

to  cu ltu re , one was found to  belong to  the @107 gï*oup* 

Examination o f ten  samples during the fo llo w in g  forty-on e  

daya proved negative fo r  the presence o f co lo n ies  belonging  

to  the homologous serogroup.

The f i r s t  sample from Chicken Ho. 10, retr ieved  

tw enty-four hours a f te r  exposure to  S tra in  Ho. @107, 

f a i le d  to  y ie ld  any co lo n ies  c h a r a c te r is t ic  o f  th at  

serogroup but three aamplcs examined during the subsequent
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four daye proved so r e la te d . Four oth er esanples obtained  

during the succeeding fou rteen  days proved n eg a tiv e . The 

bird was o ffered  the cu ltu re fo r  a second time w ith the  

r e s u lt  th a t s ix  o f the seven samples secured during the  

f i r s t  th ir te e n  days y ielded , organisms re fera b le  to  Group 

NO. G107. During the tw enty-eigh t days th e r e a fte r , four  

samples f a i le d  to  y ie ld , organisms belonging to  the sero

group.

(b) (v . Table 14, p . 128).

A fter the feed in g  o f S tra in  No. G107 to  three  

day-old ch ick s , the b irds were observed to  excrete  

organisms belonging to  th a t serogroup during periods  

ranging from e ig h t to  e leven  days.

D iscu ssion .

Although the b irds were housed in  the same cage, 

the findings, from the adult chickens were not s im ila r . 

Chicken No. 9 harboured the G107 serogroup fo r  tv/enty- 

four hours, a t m ost, but Chicken No. 10 continued to  

excrete  the organism fo r  two periods o f  f iv e  and th ir te e n  

days, r e s p e c t iv e ly .

The s tr a in  under t e s t  did. not appear to  maximal 

number in  the fa eces  o f the la t t e r  b ird  u n t i l  the th ird  or
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the fourth  day and, th e r e a fte r , the in cid en ce f e l l  suddenly 

in  one case and p ro g ressiv e ly  in  the o th er. The r e s u lts  

suggested  in a b i l i t y  on the part o f the organism to  adapt 

i t s e l f ,  to  the new in t e s t in a l  environment a lth o u ^  the  

p e rs is ten ce  o f  the s tr a in  in  the b ird  contrasted  with the 

non-recovery o f  the other tra n sien t s tr a in . Ho. 0143» from 

s im ila r  b ird s . I t  remains doubtful th a t c o lic in o g e n e s is  

alone was resp on sib le  fo r  the d ifferen ce  in  performance o f  

those tr a n s ie n t  s tr a in s  in  adult experim ental ch ickens.

Day-old chicks harboured, the co licinogen io;

S tra in  Ho. Gl07 fo r ,  a t most, e leven  days compared v ith  

periods o f up to  fo r ty  days during which the n o n -a n tib io tic  

S tra in  Ho. G143 was excreted  by s im ila r  crea tu res. Those 

r e s u lt s ,  by them selves, in d ica te  th a t colio in -pI'oduotion  

i s  not a fa c to r  l ik e ly  to  a id  the estab lishm ent o f a 

s tr a in  o f  E. c o l i  in  a new in t e s t in a l  environment.

Summary.

The fin d in g s show th a t , d esp ite  i t s  co lio in o g en ic  

a b i l i t y ,  a tr a n s ie n t s tr a in  o f E. c o l i  procured from a 

chicken was unable to  implant i t s e l f  in  e ith e r  of two 

adult fow ls or in  newly-hatched ch ick s.
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ta b le 13.
Date o f
sample

P r e -in fe c tio n

ÏÏO» o f  G107 co lon ies/H o. o f co lo n ies  examined 

Chicken 9 Chicken 10

30/ 8/65 0/10 0/10
2 / 9/65 0/10 OAO

1 6 / 9/65 0/10 0/10
1 7 / 9/65* oA o 0/10

Allowed to  drink 25^ broth cu ltu re
G107 gd l ib . fo r  24 hours.

18 / 9/65 0/10 0/10
20/ 9/65 0/10 2/10
21/ 9/65 0/10 10/10
22 / 9/65 0/10 1/10
2 3 / 9/65 0/10 0/10
2 9 / 9/65 0/10 OAO

5/10/65 0/10 0/10
6/10/65* 0/10 0/10
7/10/65 1/10 1/10
8A 0/65 0/10 0/10
9/10/65 0/10 9/10

llA O /6 5 0/10 8/10
12A 0/65 0/10 2/10
15/10/65 0/10 5A0
19/10/65 OAO 1/10
26/10/65 0/10 0/10

2/11/65 0/10 0/10
9A 1/65 0/10 0/10

16A3./65 0/10 0/10

Sample procured immediately before broth  
cu ltu re mixture was o ffered  fo r  24 hours.
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TABLE 14.

Date o f  
sample

No. o f G107 co lon ies/N o . o f co lo n ie s  examined

Chick 24 Chick 25 Chick 26

13/6 /66* 0 /0 0 /0 0 /0

1 4 /6 /66 10/10 10/10 10/10

16 /6 /66 10/10 10/10 10/10

21/6 /66 3A 0 4/10 9/10

24 /6 /66 0/10 0/10 7/10

29 /6 /66 0/10 0/10 0/10

1 /7 /6 6 0 /1 0/10 0/10

5 /7 /66 0/10 0/10 0/10
9 /7 /6 6 0/10 0/10 0 /3

11 /7 /66 0/10 0/10 0/10

* Sample procured immediately before broth  

cu ltu re mixture was o ffered  fo r  24 hours.



3.29

EXPRIMENT HO. 4.

In troduction .

CrOBB-infection with E* c o l l  has been considered, 

by sev era l workers with in con clu sive  in fer en ces . Reca 

(1958) observed the presence o f s im ila r  s e r o lo g ic a l types  

in  both ca lv es  and lambs. He suggested th a t the lambs 

had obtained the in fe c t io n  from ca lv es  and so migtit 

o o n stitu te  a r e serv o ir  fo r  r e - in fe c t io n  o f the la t t e r .

Other workers (Thomson, 1956; Jaoalne and Aragon, 1958; 

Mian, 1959; Mackel ^  a l . ,  I960; Mushin and Ashbuzner, 

1 9 6 4 ) izave In v estig a ted  the lower animals as a p o te n tia l  

source o f E. c o l i  pathogenic, to  man but Ewing (1962 ) found 

th a t serotypes a ssoc ia ted  with in fa n t i le  diarrhoea are 

in frequent in  creatures o ther than prim ates.

Observations on the normal incid en ce o f some 

serogroups are stron gly  su ggestive  o f a h o s t-sp e c if ic ,  

re la tio n sh ip  (Taylor, 1961; Sojka, 1965), which a sso c ia tio n  

i s  fu rth er  supported by the report by Sohaedler and Dubos 

( i 9 6 0 ) on the unique a b i l i t y  o f a s tr a in  o f murine o r ig in  

to  e s ta b lish  i t s e l f ,  in  experim ental m ice. There are 

reports o f the su c c e ss fu l experim ental transference of 

E. c o l i  from one sp ec ie s  to  another (Rauss and K etyi,

I960; Ashburner and Mushin, 1962) but, in  those in sta n ces ,
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the organism v/as adm inistered under abnormal conditions, 

occasioned by a n t ib io t ic  treatm ent.

The fin d in g s from Experiment Ho. 1 suggested  

th a t a s tr a in  o f E. c o l i  may p ossess a p ecu lia r  property  

v/hich enables i t  to  p e r s is t  over a long period  in  the  

in te s t in e  of a p a r ticu la r  sp ec ies  o f h o s t . That experience 

stim ulated  the author, to  ccndider i f  a so -c a lle d  's tro n g ' 

s tr a in  may be a b le , la ls o ,  to  survive in  the gut. o f a 

h ost belonging to  a d iffe r e n t  sp e c ie s . The experiment 

about to  be recorded Was. designed as a t e s t  of h o s t-  

e p e o if ic i t y .

M ateria ls.

S tra in  No. E l, a former res id en t is o la te d  from 

a chicken, was. adm inistered to  fo u r ,a d u lt hamsters 

(Hamsters Nos. 7 , 9, 12 and 1 3 ).

R esu lts . (v . Tables 15 & 16, pp. 134-135).

On the f i r s t  occasion  on which Hamster Ho. 7 

received  the s tr a in , the la t t e r  continued to  be excreted  

in te r m itte n tly  fo r  up to  sev en ty -fiv e  days» Loss o f the  

organism was, a ssoc ia ted  with an abrupt f a l l  in  the number 

of E. c o l i  in  the fa e c e s . Eleven fa e c a l  examinations 

carried  out during the fo llow in g  e igh t weeks provided, 

a lto g e th er , only e leven  lactose-ferm en tin g  c o lo n ie s .
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At tile end of th a t period# B1 ouXtux*e was again offered  

(v# Table 16) with the re e u lt  that two fa e c a l earaples 

obtained f%xm the aniMa.1 during the feed in g  procédé 

y ie ld ed  B1 co lo n ies  in  the proportion of e ig h t out of 

e ig h t and ten  out of ten  exar/iined# r e e p e c t iv e ly . Faeces, 

se le c te d  at the fourth  day a fte r  cu l|u re  had been with

drawn, f a i le d  to  provide the serogroup but s im ila r  

m aterial taken four days la te r  y ie ld ed  two jB I co lon ies  

out of three iso la ted *  T hereafter, only one out of s ix  

stu d ies  of fa e c a l m ateria l, procured at in te r v a ls  up to  

the eigh teen th  day of the in v e s t ig a t io n , produced 

lactose-ferm en tin g  co lo n ies  etnd none of the la t t e r  was 

agglu tinated  by Bl antiserum*

Hamster No* 9 was exposed tw ice to  Grroup Bl 

culture* On the f i r s t  oocasion, the organism was found 

to be present only in  sm all numbers in  a fa e c a l sample 

th at was procured during the period of exposure but. was 

not encountered in  any of s ix  samples examined during the 

fo llo w in g  f iv e  weeks* A fter a second dose, fa e c a l  

samples obtained, during the feed ing period and at three  

days la te r  both y ie ld ed  organisms of Group Bl but none of 

four subsequent weekly fa e c a l examinations proved so 

p o sitiv e*
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Faecal samples procured from I W aster No* 12 

during, and at two days a f te r , the f i r s t  admird. s t r a t i  on 

of the Bl s tr a in  both furnished the serogroup which was 

not forthcom ing from any of the subsequent f iv e  weekly 

samples. When the animal was fed  the s tr a in  fo r  a second 

tim e, from both of the samples procured during, and at 

three days a f te r , the feed ing  period , B l-type co lon ies  

were recovered but none of s ix  subsequent weekly specimens 

was shown to  contain  the serogroup*

ïWnster No* 13 was a lso  given the s tr a in  twice* 

A fter the f i r s t  adm inistration , only the sample taken  

during the feed in g  period produced Group No. Bl B, c o l i  

v A ils t  both during and a fte r  the second period of 

exposure none of the samples was found to  include the 

serogroup#

3)1 ecus 8 Ion#

The fin d in gs revea l that the avi^m Bl s tr a in  

was able to  colon!ise the bowel of one out of four heimsters* 

The serogroup p ers is to d  in  the animal fo r  seventy«^five 

days although) fo r  most of that tim e, i t  remained in  a 

subordinate role# The organism survived a period of 

adaptation s im ila r  to  that observed in  the case of the 

avian gut (v. Bxpt* 1) but i t s  subsequent a sso c ia tio n  with 

the h ost was unstable compared with th at maintained in



133

Thirds »

The term ination  of the tenure of the Bl serogroup 

in  the hamster co -in c id ed  with a marked reduction  in  the  

incidence of lacto se-ferm en tin g  coliform  b a c i l l i  in  the 

faeoee^ which s ta te  was found to  p r e v a il fo r  e igh t weeks 

u n t i l  Bl ciklture was again o ffered  to  the animal# 

Consequently, Bl organisms wore recoverable from a fa e c a l  

sample procured at the eighth  day a fte r  treatm ent in  

circum stances which suggested th at the s tr a in  had adapted 

i t s e l f  to  the i n t e s t l n l l  h a b ita t but s ix  fa eo a l  

examinations undertaken during the fo llo w in g  ten  days 

proved negative fo r  i t s  presence. Five out of the s ix  

in v e s t ig a tio n s  f a i le d  to  provide la a to se -fe m e n tin g  

c o lo n ie s , which fin d in g  i s  a ttr ib u ta b le  to  the ex isten ce  

in  the animal of an en teric , envix’onment inim io.al to  

E. o o l i v

Buamary.

The r e s u lts  of the work under report in d ica te  

th a t, although a s tr a in  of E. c o l i  may show a preference  

fo r  a p a r tic u la r  sp ec ie s  of h o st, the re la tio n sh ip  i s  not 

ab so lu te . They revea l th at transference from one sp ec ie s  

to  another i s  p o ss ib le  under natural co n d itio n s.
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TABÏil 15*

Date No. of Bl 

Hamster 7

colonles/N o* of oo lon ies examined 

Hajaster 9 Hamster 12 Hamster 13

8/10/65 0/10 0/5 0/5 0/10
12/10/65 0/10** 0/10** 0/5 ** OAO**
13/10/65 -X ' * *

14/10/65 * •K* . .  V

15/10/65 5/10* 1/5 * 10/10* 8/10*
16/10/65 * * * *

19/10/65 1/10 0/10 10/10 0/10
26/10/65 0/5 0/10 0/1 0/10

2/11/65 5/10 0/10 0/6 OAO
9/11/65 4A 0 OAO 0/2 0/10

15/11/65 2/2 0/10 0/2 0/10
23/11/65 3/10 0/10** 'X ' "X' 0/10**
24/11/65 %- ;<* *

25A 1/65 •K X - *
25/11/65 0/10 6/10* 10/10* 0/10*
27/11/65 •K- *

30/11/65 1/10 1/10 1/1 0/10
7/12/65 0/10 0/10 0/1 0/10

14A 2/65 1/10 0/10 0/2 0/10
21A 2/65 0/10 0/2 0/4 0/10
28A 2/65
31/12/65

lO A o 0/10 MM. 0/10

Sample procured immediately before broth 
cu lture mixture was offered*

Adm inistration of cu lture continued*

Absence of growth by coliforrA bacteria*
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table 16.

HAMSTER No. 7 .

Date No, o f Bl c o l  
No, o f co lo n ies

lA /6 6
7 /1 /6 6

l l A / 6 6
1 4 / 1 /6 6 0/5
18 /1 /66 0 /2
25/1 /66 0/2
1 /2 /6 6
9 /2 /6 6 0 /2

16 /2 /66
22/2 /66

2 /3 /6 6
7/3 /66**
8 /3 /66* 8 /8
9/3 /66*

10/3 /66* 10/10
11/3 /66*
1 5 /3 /66 0/10
19 /3 /66 2 /3
21 /3 /66 -
22/3/66 0/10
24/3 /66
25/3 /66
26/3 /66
29/3 /66

**
* Adm inistration of Broth cu lture mixture begun. 

Adm inistration o f cu ltu re continued.
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EXPERIMENT No. 5%

Introduction .

Although the fin d in gs from Experiments Nob# 1 and 

4, in  v/Mch a s tr a in  of E. cqXI of avian o r ig in  was 

offered  to  chickens and haEHsters, revealed  th at cx^oss- 

in fe c t io n  with E. c o l i  may occur, they were a lso  in d ica tiv e  

of a h o s t - s p e o if ia  propensity on the part o f the mici'O- 

orgfUiiam# For the experiment about to  be reported, a 

cu lture is o la te d  from a hamster eeived  fu rth er  to  t e s t  the 

p o s s ib i l i t y  of p r e d ile c t io n  fo r  a p a r tic u la r  sp ec ie s  of 

host*

M ateria ls.

Btrain No. H l l ( l ) ,  a member of ’O’-group 103 

and a former res id en t in  a hamster, was adm inistered to

(a) f iv e  adult haüisters (Hamsters Nos. 7, 6, 9, 10 ehd 

1 2 ), (b) two adult M ille fle u r  cockerels (Ohickens Hos. 11 

and 12) a;nd (o) a group of four day-old M ille fle u r  bantam 

chicks (Chioke Nob. 27, 28, 29 and 30).

R esu lts .

(a.) (v. Tables 17 and 18) pp. 142-143)-

A fa e c a l sm iple t^ken  from H^^mster No. 7 during  

th e  f i r s t  p e rio d  o f fe e d in g  y ie ld ed , n ine  co lo n iee  of 

Group 0103 out of te n  i s o la te d  bu t none of e ig h t samples
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cultured during the fo3.1owing nine weeks y ie ld ed  th at  

serogroup. The e::gp0 riment was. repeated whereby s ix  

samples procured during the f i r s t  f iv e  weeks proved 

p o s it iv e  fo r  the presence of Group 0103 organisms. when 

s ix  more weekly saAiplos f a i le d  to  y ie ld  id e n t ic a l  organisms, 

the serogroup waa considered to  have been elim inated from 

the bowel*

Haiaster lo* 8 was exj^osed only once to the 

H ll ( l )  strain* N either of two p r e - in fe c t io n  samples v/as 

found to  y ie ld  any laotose-ferm en tin g  co lo n ies  as was the  

Case, to o , during the feed in g  period but a sample, obtained  

four days a fte r  the cu lture had been withdrawn, furnished  

a pure growth of the H l l ( l )  strain* The tenure of the  

la t t e r  continued uninterruptedly fo r  th ir ty -o n e  weeks 

th e r e a fte r . In v estig a tio n  of th is  animal was discontinued  

fo r  almost three months when, subsequently, four out of 

f iv e  fa e c a l samples exaJtmined during a period of forty -on e  

days again proved p o s it iv e .

Hamster No* 9# too , was exposed only once to  the 

H ll ( l )  s tr a in . The presence of the organism in  the gut 

was revea lab le  fo r  e igh ty -th ree  days, during which time 

nine out of fourteen  samples y ie ld ed  E. c o l i  assignable  

to  *0 *-group 103#
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A sample c o lle c te d  from Hwmter No* 10 during the 

f i r s t  period  of exposure to the E l l (1) cu ltu re y ie ld ed  a 

pure growth o f the homologous organism but none of the  

e ig h t samples exajnined during the next f i f t y  days proved 

to  be p o s it iv e  fo r  th a t serogroup* when the experiment 

was repeated , only the sample procured from the animaJL 

immediately a f te r  withdrawal of the cu ltu re y ie ld ed  the 

H l l ( l )  stra in*  None of ten  sm iples recovered during the 

fo llo w in g  e leven  weeks was found to  conta in  E* c o l i  of the  

s p e c if ic  serogroup*

Hamster No* 12, which had been shown px’ev iou sly  

to excrete few E* c o l i  in  the fa eces  (v* Part I ) ,  was 

exposed once only to  H l l ( l )  culture* One fa e c a l sample 

obtained, from the animal during the period  of adm inistration  

f a i le d  to  y ie ld  any E* c o l i  co lon ies  but fa eces  passed  

four days a f te r  the cu lture was withdrawn y ie ld ed  a pure 

growth of the E l l (1) type* The organism continued to  be 

excreted by the animal fo r  one hundred and tw elve days 

v/hen the in v e s t ig a t io n  was terminated*

(b) (v* Table 19, p . 144).

During the f iv e  days a fte r  exposure of Chicken 

No* 11, fo r ty  co lo n ies  from four samples were examined 

but not one of them proved to belong to  Group No* H l l ( l ) ,
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A fter a second exposure to  cu ltu re , none of s ix ty  is o la t e s  

from s ix  samples examined during the follovi/ing twenty-two 

days was agglu tin ah le by 0103 antiserum.

Id e n tic a l observations on Chicken No. 12 a lso  

gave negative r e s u lt s .

(c) (v. Table 20, p . 145).

A fter exposure o f day-old chicks to  cu ltu re ,

Nos. 23 and 24 were not shov/n to  excrete the H l l ( l )  

organism fo r  more than three and e ig h t days, resp ectively^  

Chicks Nos. 25 and 26, however, continued, to  y ie ld  the 

s tr a in  in te z m itte n tly  fo r  at le a s t  seventy-one and fo r ty -  

three days, r e sp e c t iv e ly .

D iscu ssion .

The r e s u lts  of th is  combined experiment lend  

fu rth er  support to  the b e l ie f  th at s tr a in s  of E. c o l i  have 

a h o s t-p r e d ile o t io n . The H l l ( l )  s tr a in  survived fo r  more 

than a month in  the in te s t in e  o f four out of f iv e  adult 

haAisters and probably fo r , at le a s t ,  two hundred and forty- 

nine days in  the case o f one of them. Although the  

in t e s t in a l  environment of Hamster Ho. 12 and probably, 

a lso , of Hamsters Nos. 8 and 9 was h igh ly  in im ica l to  the  

presence o f E. c o l i .  none the l e s s ,  the s tr a in  came to  be
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implanted th ere in . In the case o f Hamsters Nos. 8 and 9» 

the tenure of the H l l ( l )  s tr a in  c lo s e ly  resembled in  

s t a b i l i t y  th a t o f the parent organism in  the in te s t in e  of 

Hamster Ho. 11 (v . Part I ) .  In co n tra st, d up licate  

attem pts to  e s ta b lish  the H l l ( l )  s tr a in  in  two adult 

chickens a l l  f a i le d .

A t r i a l  with four day-old ch icks y ie ld ed  l e s s  

d e f in ite  r e s u lt s .  I t  was noted th a t , although the b irds  

were caged to g eth er , two continued to  excrete  the organism  

long a f te r  the l a t t e r  seemed to  have been lo s t  by the others  

but the fin d in g s were com plicated by the sudden death o f  

one of the chicks a f te r  the th ir ty - s ix th  day of the 

in v e s t ig a t io n .

Summary.

A s tr a in  o f E. c o l i  form erly re s id e n t in  a hamster 

was implanted in to  the gut o f other fou r . By two of the  

l a t t e r ,  the organism was excreted  with a constancy equi

v a len t to  th a t exh ib ited  by the o r ig in a l h o s t . Attempts 

f a i le d  to  e s ta b lish  the serogroup in  adult chickens but a 

prolonged a s so c ia t io n  was e ffe o ie d  between the micro

organism and tvfO out o f  four ch ick s. I t  was again  

evident tha,t, although p o ss ib ly  b e tte r  adapted to  the  

in te s t in e  of a p a r tic u la r  sp ec ie s  o f h o s t , a s tr a in  may
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come to  p e r s is t  fo r  a long period in  an animal of a 

d iffe r e n t  s p e c ie s .
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Date

TABLE 17.

HO. o f  H l l ( l )  ooloniee/H o. o f co lo n ies  exarained
Hamster 7 Hamster 8 Hamster 9 Hamster 10

1 /  3/65 0/10 0/10 0/10
2 /  3/65 0/10** -  ** 0/10**
3 /  3/65 * * *
4 /  3/65 *
5 /  3/65 9/10* 8A 0* 8/8 *
6 /  3/65 * * *

1 1 /  3/65 % V lO A o lo A o 0/5
1 7 /  3/65 0/10 10/10 10/10 —
2 2 / 3/65

2/10
0/10

2 5 / 3/65 0 /8 10/10
2 9 / 3/65 0 /4 2/10 6/10 0/10

5 /  4/65 0/10 10/10 OAO 0/10
1 2 / 4/65 0/10 10/10 8/10 0/10
1 9 /  4/65 o A ) 10/10 4/10 0/10
27 / 4/65 0 /5 2 / 5 0/5 0/5
2 9 / 4/65 * *
30 / 4/65 * *
1 /  5/65 •» *
2 /  5/65 * «
3 /  5/65 *

1/5
*

4 /  5/65 4/5 5 /5 4/5
1 1 / 5/65 3/5 2/5 0 /5 0/5
1 8 /  5/65 5/5 5/5 0/5 0/5
2 5 / 5/65 3/5 4/5 0/5 0/5
3 0 / 5/65 5/5 5/5 1 /5 0/5
1 /  6/65

1 /5
5/5

8 /  6/65 5/5 0/5 0 /5
2 2 / 6/65 0 /5 3/5 0/5 0/5
%  V/% I'h m 0/5

0 /5
1 3 / 7 /65 0 /5 5/5 0/5 0/5
2 0 / 7 /65 0/5 2/2 0 /5 0/10

8/10 /65
28A 0/65
11/11/65
14/11/65
18/11/65

Examinations stopped fo r  Summer 
0/5 1 /5  0 /5

10/10

3A 0  
lOAO

V acations. 
0/5

** Sample procured immediately before cu ltu re  was 
o ffered .

* Continued adm inistration  of cu ltu re . 
Absence o f  grov/th by c o l i f  orm ba0teria<
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18,

HiPSTEE NO. 12.

Date No. o f H l l ( l )  c o lo n ie s /
No. of co lo n ies  examined

21/12/65  0 /4
28/12/65  
31/12/65  

3 /  1/66**
4 /  1/66* -
5 /  1/66*
6/  1/ 66*
7 /  1/66*

1 1 /  1 /66  10/10
1 4 / 1 /66  10/10
1 8 / 1 /66  10/10
25 / 1 /66  10/10
1 /  2 /66 10/10
9 /  2/66 10/10

1 6 /  2/66 10/10
2 2 / 2 /66 10/10

2 /  3/66 9 /9
8 /  3/66 10/10

1 5 / 3/66 7 /10
22/  3/66
2 9 / 3/66 10/10

5 /  4 /66 10/10
1 2 / 4 /66 10AO
1 9 / 4 /66 0/10
26 /  4 /66 4 /5

3 /  5 /66  9/10

** Commencement o f adm in istration  o f cu ltu re m ixture. 

*  A dm inistration o f cu ltu re continued.

Absence o f growth by co liform  bacteria*
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TABDE 19.

Date of. 
sample

P r e -in f  eo-tion 

86/ 8/65 

30/8/65  

2 /9 /65

3 /9 /65

4 /9 /65

6 /9 /65

7 /9 /6 5

8 /9 /65

10 /9 /65

11 /9 /65

13 /9 /65

16 /9 /65

29/9 /65

No. o f H l l ( l )  eo lon iee/N o. o f co lo n ies
examined

Chicken 11

0/10

O/lO

0/10

Chicken 12

0/10
0/10
0/10

Allowed to  drink 25^ broth cu ltu re of 
S tra in  No. H l l ( l )  ad l i b .  fo r  24 hours.

0/10
OAO
0/10
0/10

0/10

0/10
0/10

0/10
Allowed to  drinl: broth cu ltu re  mixture 

again ^  l i b ,  fo r  24 hours.
0/10 0/10
0/10

0/10

0/10

0/10
0/10

0/10
0/10
0/10
0/10

0/10
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ÎABLS 20.

Date of 
sample

No. of H l l (1,) 
Chick 23

oolonies/N o  
Chick 24

. o f co lo n ies  exajui: 
Chick 25 Chick 26

12/6 /65* 0 /0 0 /0 0 /0 0/0

13 /6 /66 7/10 5/10 7/10 9/19

15 /5 /66 7/10 9/10 6/10 5/10

20/6 /66 0/10 3/10 1/10 1/10

23/6/66 0/10 0/10 0/10 lA O

28/6/66 0/10 0/10 7 /10 0/10

1 /7 /6 6 0/10 0/10 0/10 4/10

5 /7 /66 0/10 0/10 9/10 0/4

7 /7 /6 6 0/10 0/10 6/10 0/6

11 /7 /66 0/10 0/10 0/10 0 /8

18 /7 /66 0/10 0/5 0 /2 0/10

25/7/66 0/10 Died. 0 / 7 2/10

1 /8 /6 6 0/10 0/10 0/8

8 /8 /66 0/10 9A 0 0/10

15 /8 /66 0/10 7/10 0/10

22/8/66 OAO 6/10 0/5
29 /8 /66 0/10 0/10 7 / 1 0

5 /9 /6 6 0/10 OAO 5/10

12 /9 /66 0/5 0 /5 10/10

SfîjnpXe procured Immediately before broth 
cu lture mixture was offered  fo r  24 houre,
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EXPEEIMBKÏ Ko. 6.

In troduction .

Although the fin d in gs from Experiments Kos. 1»

4 and 5 were in d ic a tiv e  o f a considerab le degree of h o s t-  

s p e c i f i c i t y ,  i t  was considered advisab le fu rth er  to  t e s t  

th a t observation . Thus, a former res id en t s tr a in  of 

canine o r ig in  was se le c te d  fo r  adm in istration  to  chickens 

and hamsters in  order to  determine i f  a cu ltu re of that  

source were capable o f  im plantation in to  e ith e r  of the 

twro animal s p e c ie s .

M ateria ls.

S tra in  No. A8(1) was dispensed to  (a) two adult 

f f lille f le u r  bantam cock erels (Chickens Kos. 7 and 3},

(b) two groups o f day-old White leghorn ch icks com prising  

Chicks Hob. 1 , 2 and 3 and Nos 15 and 16, r e sp e c t iv e ly ,  

and (c ) two hamsters (Hamsters Hos. 8 and 1 0 ).

R esu lts .

(a) (v. Table 21, p . 150)

In the case of Chicken Ho. 7 , fo r ty  co lo n ies  were 

iso la te d  from four fa e c a l swabs procured during the f iv e  

days fo llo w in g  the f i r s t  exposure to  cu ltu re but none 

proved to  belong to  the a8(1) type. Immediately a f te r  

the fourth  of those samples had been taken, the bird was
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offered  the cu lture fo r  a, second, time tout none o f s ix ty  

co lo n ies  recovered from s ix  eamples procured during the 

subsequent twenty-tv/o days was shown to  appertain to  

Group Ho. a8 (1 ) .

Id e n tic a l r e s u lts  were obtained in  the case of 

Chicken Ho. 8.

(h)

S tra in  Ho. a8(1) was adm inistered to  three day- 

old  ch ick s, Hos. 1 , 2 and 3» with the r e s u lt  th at the 

micro-organism was excreted  toy the b irds fo r  fou rteen , 

s ix te e n  and fourteen  days, r e sp e c tiv e ly  (v . Table 22, p . 151)

\1/hen the sewe cu lture was fed  to  two day-old  

ch ick s, Hos. 15 and 16, both were shown subsequently to  

elim inate the organism fo r  only tw enty-four hours 

(v. Table 23, p . 152).

(o ) (v . Table 24, P. 153)*

During the f iv e  weeks that fo llow ed  the f i r s t  

exposure to  cu ltu re , none of seven fa e c a l samples obtained  

from Hamster Ho. 8 y ielded . E, c o l l  belonging to  Group 

a8 (1 ) . A fter the animal had been again fed  the t e s t  

s tr a in , the samples re tr iev ed  during the feed ing  period  

and at three days la t e r  both contained co lo n ies  o f Group
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a8 (1 ) but the succeeding four weekly samples proved 

negs,tive In th a t resp ec t,

Only one p o s it iv e  colony was found among ten  

is o la te d  from a sample taken from Hamster Bo, 10 at two 

days a f te r  the c lo se  of the f i r s t  feed in g  p eriod . Bone 

of the f iv e  subsequent weekly samples furnished  E, c o l i  

belonging to  the a8 (1 ) group. When the experiment was 

repesited, a8 (1 ) micro-organisms were recoverable from the  

samples secured during, and at three days a f te r ,  the  

period of feed in g  but were not procured from any of the 

four succeeding weekly samples*

D iscu ssion .

Complete fa i lu r e  attended attem pts to e s ta b lish  

the ca n in e-resid en t a8(1) s tr a in  o f  E. c o l i  in  adult 

chickens and a tenure of but a few days was demonstrated 

in  the ease of adult hamsters* I n a b il ity  o f the micro

organism to  p e r s is t  in  the bowel of those animals supports 

the view of a h o s t-sp e c if ic , r e la t io n sh ip .

As in  the previous experim ents, longer re s id en c ie s  

were obtained by adm inistering the s tr a in  to  day-old  

chicks but, in  the l a t t e r ,  the a8 (1 ) micro-organism fa i le d  

to  p e r s is t  fo r  longer than s ix te e n  days, a f in d in g  which 

does not in d ica te  s ta b le  im plantation . One p a ir  of
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oh iok s was observed  t o  e x c r e te  th e a8(X ) s t r a in  fo r t  a t  

most^ twenty-^four h o w s*  I t  was noted  th a t  th e  organism  

which su cceed ed  Group Ho* a8(1) in  th o se  two b ir d s  belonged  

to  Group No* Bl^ That f in d in g  not on ly  fu r th e r  confirm ed  

th e  a b i l i t y  o f  th e  B1 s t r a in  to  im plant i t s e l f  in  th e  

av ian  in t e s t in e  but a ls o  r e v e a le d  f a i l u r e  on th e  p a r t o f  

A8(1) organism s to  r e s i s t  s u b s t i t u t io n  th e r e  by a 'strong*  

s t r a in  o f  av ian  ox*igin.

Summary*

The experim ent provided  ev id en ce  to  support th e  

th eory  o f  h o s t* * sp e a if io ity  on th e  p a r t o f  B* c o l i .

F a ilu r e  a tten d ed  a ttem p ts to  im plant a s t r a in  form erly  

r e s id e n t  i n  a dog in to  a d u lt ch ick en s and haB isters. In  

th e  Case o f  d a y -o ld  ch ick s  $ r e l a t iv e ly  sh o r t ten u res  were 

ob ta in ed  and, in  one in s ta n o e , th e  a8 (1 )  s t r a in  y ie ld e d  

to  th e  B1 serogroup whioh has a lread y  been shown to  have 

a s tr o n g  a f f i n i t y  f o r  th e  av ian  i n t e s t i n e .
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Date

P re-
iî ï fe c t io n

26/8 /65

30/8/65

2 /9 /65

3/9 /65

4 /9 /6 5

6/ 9 /6 5

7 /9 /6 5

8 /9 /65

10 /9 /65

1 1 / 9 /6 5

1 3 / 9 /6 5

16 /9 /65

29/9 /65

Ho. o f a8(1 ) colonieB/H o. o f co lo n ies  examine! 

Chicken 7 Chicken 8

0/10

0/10

0/10
Allowed to  drink 
S tra in  No. a8 (1)

0/10

0/10

0/10

0/10
Allowed to  drink 
S tra in  Ho. a8(1)

0/10

0/10

0/10

0/10
0/10

o / l o

0/10
o / l o

0/10
25?5 broth cu lture of 
ad l i b , fo r  24 hours.

0 /10

0/10

0/10

0/10
25^ broth cu lture of
ad l i b ,  fo r  24 hours.

0/10 
0/10 
0/10 
0/10  

0/10 
0/10
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TABIE 22.

Date Ho* o f a8 (1 ) oolontes/Ho* of co lo n ies  examined

Chick 1 Chick 2 Chick 3

29/11/63* 0/0 0/0 0/0
30/11/63 10/10 lOAO 10/10
1/12/63 10/10 10/10 10/10
2/12/63 . lOAO 10/10 10/1(3
3/12/63 9/10 10/10 10/10
4A 2/63 10/10 lO A o lO A o
5/12/63 9/10 8A 0 10/10
6A 2/63 10/10 10/10 10/10
7/12/63 10/10 10/10 8A 0
8/12/63 9/10 2/10 4/10
9/12/63 5/10 5/10 1/10

10A 2/63 8/10 2A 0 0/10
11/12/63 lA O 1/10 0/10
12/12/63 2/10 2/10 OAO
13/12/63 1/10 0/10 1/10
14/12/63 0/10 0/10 0/10
15/12/63 lA O 0/10 0/10
16/12/63 0/10 OAO 0/10
17/12/63 OAO OAO 0/10
18/12/63 0/10 OAO OAO
19/12/63 0/10 OAO 0/10
26/12/63 0/10 0/10 0/10

Sample procured immediately before 25^ broth  
cu ltu re mixture was o ffered  fo r  24 hours.
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ïï,ôDi:a 23.

Bate Bo. o f  a8(1 ) co lo ïiiee/îJo . o f co lo n ie s

Chick 15 Chick 16

26/4/65* 0 /0 0 /0

27/4 /65 5/5 5/5

29 /4 /65 0/5 0 /5

1 /5 /6 5 0/5 0/5
5 /5 /65 0 /5 0 /5

7 /5 /6 5 0 /5 0 /5

10 /5 /65 0/5 0/5

13 /5 /65 Drowned in  
water d ish 0/5

1 7 /5 /65 0 /5

24 /5 /65 0 /5
31/5/65 0 /5

*• Sample procured immediately before broth 

cu ltu re mixture was o ffered  fo r  24 hours.
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iS 24*

Date Bo, o f a8 (1 ) co lo n ies/B o . o f co lo n ies  examined

Hamster 8 Hamster 10

8 /10 /65 OAO 0/5
12 AO/65** 0/10 0/10
13/10/65*
14/10/65*
15/10/65* 0/10 0/5
16AO/65*
19 /10 /65 0/10 1/10
26AO/65 0/10 0/10

2/11 /65 0/10 0/10
9/11 /65 0/10 0/10

16/11/65 0/10 0/10
23/11/65** 0/10 0/10
24/11/65*
25/11/65*
26/11/65* lo A o 5/10
27/11/65*
30/11/65 8/10 4A 0
7/12 /65 0/10 0/10

14 /12 /65 0/10 0/10
21/12/65 OAO 0/10
28/12/65 0/10 0/10

** Sample procured Immediately before broth  
Lltur

»
cu ltu re mixture was o ffered . 

Adm inistration o f cu lture continued.
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SSPBFiIMEBT Ho, 7-

Introduction.,

The r e s u lts  o f Experiment No. 1 revealed  th at a 

weakly colio inoessnetic , former resid en t s tr a in  o f E* o o li  

of avian, o r ig in  was able to  implant i t s e l f  r ea d ily  in  

chiclcens. S im ilar ly , a n o n -a n tih io tia  s tr a in  o f E. o o l i  

Iso la te d  from a hamster esta b lish ed  i t s e l f  in  other  

sn.imals o f th a t type (v. Experiment No. 5) and the outcome 

of Experiment No, 3, in vo lv in g  a more a c t iv e ly  a n t ib io t ic  

avian s tr a in  o f tra n sien t occurrence, in d ica ted  th at  

a n t ib io s is  I s  not an important fa c to r  in  the estab lisim en t  

of a s tr a in  in  the in te s t in e .  In order fu rth er  to  t e s t  

those f in d in g s , another stron gly  co lic in o g en etio , cu lture  

was adm inistered to  fo w ls. The micro-organism was 

recoverable from only the f i r s t  o f a s e r ie s  of fa e c a l  

samples from a dog and, accordingly, i t  was presumed to  

be of tr a n s ie n t typ e.

M aterisJ.s.

S tra in  No. a7(1) was dispensed to  (a) a p a ir  of. 

adult M ille f le u r  bantams, the male o f which was id e n t if ie d  

as Chicken No. 1 and the female as Chicken No. 2, and

(b) three dsy-o ld  chicks. (Chicks Nos. 4, 5 and 6 ) . One 

o f the la t t e r ,  No. 4, belonged to  the White Leghorn
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v a r ie ty  aBd the other two were M ille fle u r  bmitame#

E eaults *

(a) (v . Table 25, P. 158).

During the forty-tw o days fo llo w in g  the f i r s t  

exposure to  cu ltu re | ten  fa e c a l samples from Chicken Bo* 1 

f a i le d  to  y ie ld  the serogroup* Twenty-four hours a fte r  

the second exposure » a fa e c a l sample y ie ld ed  two co lo n ies  

belonging to Group Bo# a7 (1 ) out of the ton  th at were 

examined but none o f fo r ty -fo u r  is o la t e s  in v estig a te d  

during the next twelve days were of s im ila r  rela tion sh ip *  

Three days later^  the bird was foimd to  be paralyzed and, 

th us, was sa o r if io e d  by d is lo c a tio n  of the c e r v ic a l  

vertebrae# The exact nature of the a f fe c t io n  v/as not 

determined by au top sloa l examination and was assumed to  

have been neuro-lymphomatosia# Of nine co lo n ies  

subsequently is o la te d  from the sm all in t e s t in e ,  two were 

found to  belong to  Group Bo, a7(1)*

Three A7(1) co lon ies  were axaong the ten  that were 

is o la te d  from Chicken Bo# 2 tweuty-fou.r hours a f te r  f i r s t  

exposure to  cu lture but none of the nine samples examined 

during the fo llovfing  forty-on e days proved p o s itiv e*

Three co lo n ies  o f a7 (1 ) type ivere, again, id e n t if ie d  among 

ten  obtained from the fa e c a l sample secured from the bird
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tvrnnty-f.our hours a seooud orgposure. Hone o f fo r ty

co lo n ies  examined during the succeeding seven days proved 

to  belong to  the same group but, on the tw e lfth  day, one 

colony out o f ten  was so I d e n t if ia b le . Hone of t h ir t y -  

four co lo n ie s  encountered during the subsequent tw enty- 

three days agg lu tin ated  with a7 (1 ) antiserum .

(b)

Chick Ho* 5 was found to  excrete  the a7 (1 )  

organism fo r , a t l e a s t ,  tw enty-seven days and Chicle Ho. 6 

to  do so fo r  not l e s s  than twenty—eig h t days (v . Table 26, 

p. 159).

A fter S tra in  Ho. a7 (1 )  had been fed  to  Chick 

Ho. 4, the organism was recovered from the fa e c a l sample 

taken tw enty-four hours la t e r  and th e r e a fte r  continued to  

be excreted  fo r  n in e ty -f iv e  days (v. Table 30, p . 187).

D iscu ssion .

In resp ect o f the s ig n if ic a n c e  o f c o lic in o g e n e s is  

on esta b lis im en t of 3S. o o li  in  the in t e s t in e ,  the above 

experiment f a i l e d . t o  y ie ld  any d e f in ite  f in d in g s . Al

though adult chickens were shown to  harbour the c o l ic in o -  

genic a7 (1 ) type fo r  the r e la t iv e ly  long periods of tv/elve 

and seventeen  days, there was not. any evidence to in d ica te  

th a t the organism had su c c e ss fu lly  e sta b lish ed  i t s e l f  in
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tboee birds#

AB in  th e  case of most of the othei* expexlmentB, 

ohioks were more e a s ily  in fec ted  than were adult b irds  

but, a lth o u ^  two of the former continued to  excrete the 

s tr a in  fo r  approximately one month, th a t period  may not 

be aesumed to  be of unusual duration, p a r tic u la r ly  in  view  

of the previous find ings# In a th ird  ch ick , however, 

sta b le  im plantation was achieved fo r  more than three  

months but i t s  assignment to  c o lic in o g e n e s is  must z^emain 

indetezm inata,

The r e s u lts  wore o f note inasmuch as they provided  

another in stan ce o f transference of B, c o l i  from one 

speciQB 1)0 atioth0 .r and xndioateti th a t, f o r  orosB-infeC-tion  

to  oootir, a ’slrong» rolaiiionsM p vd.th the foraier h ost i s  

not e sse n tia l..

Sumraa-vy.

Attempts to  implant an a c t iv e ly  eo lic in o g en ic  

strei3.n o f E. c o l i  o f oanino o r ig in  in  fow ls were attended

by Inc.onoluslve r e s u lts  # The micro-organism survived fo r  

r e la t iv e ly  long pexlods in  the gut of two adult chickens 

and maintained a prolonged and sta b le  a sso c ia t io n  vdth one 

out o f three chicks but th a t fin d in g  was not a ttr ib u ta b le  

to  oo lic in ogen eB is per  se#
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Bat©

jpre-
ija feotion

2 9 / 9/64  
3 0 / 9 /64  
1 /1 0 /6 4  
6 /10 /64

7 /1 0 /6 4
8 /10 /64
9 /10 /64

loA O /64
12 /10 /64
14 /10 /64
19 /10 /64
26/10 /64
16 /11 /64
17 /11 /64

18 /11 /64
1 9 A 1 /6 4
2 0A 1 /64
23/11 /64
25/11 /64
30/11/64

5 /1 2 /6 4

11 /12 /64
14 /12 /64
23A 2/64

Ho. o f  47(1) oo lon ies/H o. o f co lo n ie  a exaWtned. 

Chicken 1 Chicken 2

0/10
0/100/10
0 /5

0/100/10
0/10
oA o

Allowed to  drink 2 3 ^  broth cu ltu re  of 
S tra in  Ho. A7(1) ad l i b ,  fo r  24 hours.

0 /1 00/10
0/10
0/10
0/100/100/100/100/10
0/10

3/100/10
OAO0/100/10
OAO0/10
0/100/10
0/10

Allowed to  drink 25# broth cu ltu re  o f  
S tra in  Ho. a7 (1 )  ad l i b , fo r  24 hours.

2 /1 00/10
0/100/10
0 /4
0/10

S a cr ificed

3A 0
0/10
0/10
OAO0/101/10
0/10

0/10
0 /6
0 /8
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TABLE 26.

Date Ho* o f A7(1) co lon ies/K o. o f co lo n ies  examined

Chick 5 Chick 6

7 /4 /64*  0 /0  0 /0
8 /4 /6 4  0 /5  1 /5
9 /4 /6 4  5 /5  5/5

10 /4 /5 4  4 /5  4 /5
1 2 /4 /6 4  5/5  5/5
1 3 /4 /6 4  5/5 5 /5
1 4 /4 /6 4  5 /5  5/5
1 5 /4 /6 4  5/5  5 /5
1 6 /4 /6 4  5/5  5/5
1 8 /4 /6 4  5 /5  5 /5
19/4 /64  5/5
22 /4 /64  5 /5  5 /5
26 /4 /64  5/5  4 /5
1 /5 /6 4  5 /5  5/5
3 /5 /6 4  0 /5  1 /5
4 /5 /6 4  1 /5  0/5

m i x  \ %
8 /5 /6 4  0/5  0/5
9 /5 /6 4  0 /5  0 /5

1 1 /5 /6 4  0 /5  0 /5
12 /5 /6 4  0/5  0/5
13 /5 /6 4  0/5  0 /5
14 /5 /6 4  0/5  0 /5
15 /5 /6 4  0/5  0 /5
18 /5 /6 4  0 /5  0/5

1/ 6/64 0/10 0/10

* Sample procured immediately before broth 
cu lture mixture was o ffered  fo r  24 hours

-  Absence o f growth by o o lifo im  bacteria*



160

DISCUSSION ON RESULTS CE SECTION I I .

The aims o f the in v e s t ig a t io n  p a r t ic u la r ly  

concerned the r e la t iv e  a b i l i t y  of s tr a in s  o f E. o o l i  to  

p e r s is t  in  the in te s t in e  as w ell as the contingency of a 

h o s t - s p e c if ic  re la tion sh ip *  I f  they e x i s t ,  such fa c to rs  

must be re la te d  to  the re s ista n ce  o f the micro-organism to  

a l l  o f the antagonisms normally prevalen t in  the bowel*

I t  v;as necessary , th ere fo re , to  carry out the t e s t s  under 

con d ition s as nearly  as p o ss ib le  to  natural*

P racticab le  methods of examination o f the E. c o l i  

f lo r a  o f  the gut in vo lve a study of a few is o la t e s  from a 

v a s t , heterogeneous population . Thus, fa i lu r e  to  d etect  

the presence o f a serogroup in  fa e c a l samples obtained  

th rou ^ ou t a period o f time i s  not proof o f the lo s s  o f  

the micro-organism from the alim entary tract*  Prolonged  

absence on the part of. g_* o o li  serogroups has been 

observed to  occur naturally* In one In stan ce, in  the  

course o f the work under report, a serogroup was iso la te d  

pOst-mortem from the sm all in te s t in e  o f a bird seventeen  

days a f te r  the bacterium had la s t  been recoverable from 

fa e c a l samples procured from the creature* N everth eless, 

the r e s u lts  are deemed s ig n if ic a n t  in  resp ect of. the  

r e la t iv e  a b i l i t y  o f serogroups o f  E* o o l i  to  p e r s is t  in  

the bowel*
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I t  was rendered apparent th a t re s ista n ce  to  

g_, o o l i  i s  o ffered  by the bowel of the domestic chicken  

and o f the Syrian hamster ju st  as in  the case o f creatures  

which have been in v estig a te d  by other workers s in c e , in  a 

number o f  in sta n ces , adm inistration o f E« o o li  was attended  

e ith e r  by fa ilu r e  to  recover the s tr a in  from fa e c a l samples 

or by is o la t io n  th a t was achievable fo r  only a few days.

C ertain fin d in g s have revealed  th a t some s tr a in s  

are more able than others to  p e r s is t  in  the in te s t in e  of. 

anim als. Thus, a former avian resid en t was esta b lish ed  

by the author with complete constancy in  both day-old and 

adult b irds but attem pts to  implant two tra n sien t types 

of s im ila r  source f a i le d .  Again, transference o f a 

res id en t serogroup from one hamster to  o ther hamsters was 

quite e a s i ly  achieved. The r e s u lts  showed th at the 

incidence o f a serogroup in  a h ost i s  not. a fo r tu ito u s  

occurrence but i s  due to  a property, p e cu lia r  to  the 

organism, which Sage e t  al* (1961) designated  's tr e n g th '.

The la t t e r ,  however, must be regarded a r e la t iv e  

a ttr ib u te  in  view o f  (a) the u n su ccessfu l attempts by 

Sears e^ a l .  (1950) to  r e -e s ta b lish  in  a human su b ject a 

former r e s id e n t, (b) in a b i l i t y  on the part o f the author to  

achieve complete success in  experiments in vo lv in g  S tra in  

Ho. H l l ( l )  and hamsters and (o) the fa ilu r e  o f S tra in  Bl
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to  resume i t s  tenure in  Chicken ’G* a f te r  a course of  

a n t ib io t ic  treatm ent (v , Part I ) ,  Various workers have 

tr ie d  in  va in  to  e s ta b lish  s tra in s  o f  o o li  in  the gut 

of other members o f the same sp ec ie s  of. h ost but, with  

the exception  o f Sears e t  Si.* (1950) and o f Sears and 

Brownlee (1952), they did not. provide any inform ation  

about the previous ro le  o f the organism. The use of 

form erly tr a n s ie n t s tr a in s  might w e ll account fo r  the high  

rate o f f a i lu r e .  Beyond doubt, the fin d in g s  from the 

work under report emphasize th at the inform ation av a ila b le  

about a s tr a in  must be as complete as p o ss ib le  ere a 

bacterium be put to  experim ental u se .

A process o f adaptation resem bling th a t described  

by Ozawa and F reter  (1964) was noted on sev era l occasions  

on which E. c o l i  cu ltu res were adm inistered to  adult 

crea tu res. Test s tr a in s  became habituated  to  the new 

h ost with a degree of success which was r e f le c te d  in  the  

r e la t iv e  numbers encountered in  fa e c a l samples. In the  

case o f a former avian r e s id e n t, adaptation to  the gut of  

two other chickens was achieved over a period  of s ix  days 

and a former tr a n s ie n t s tr a in  from a chicken was s im ila r ly  

e f fe c t iv e  in  another bird w ith in  three to  four days. An 

adaptive p rocess, to o , appeared to  attend establishm ent of. 

E. o o li  in  hamsters but the in te r v a ls  betv/een examinations
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of fa e c a l samples were longer than in  the case o f the  

birds 80 th a t the sequence was l e s s  m an ifest.

There was obtained evidence to  rev ea l th a t s tr a in s  

of E. c o l i  may have a p r e d ile c t io n  fo r  a p a r tic u la r  h ost  

but th a t c r o s s - in fe c t io n  between d if fe r e n t  sp ec ie s  o f  

animals i s  a lso  p o s s ib le . A h o s t - s p e c if ic  tendency was 

most apparent when organisms of known o r ig in  were 

dispensed to  adult creatures in  v/hich there was already  

a normal e n te r ic  popu lation .

The reasons fo r  h o s t - s p e c if ic ity c o n  the part of  

E. c o l i  may be found to r e la te  to  the degree of re s is ta n ce  

o ffered  by a s tr a in  to  the sum of the antagonisms 

encountered in  the alim entary tr a c t  o f a p a r tic u la r  

sp ec ie s  o f anim al. Excepting the production of a n ti

b a c te r ia l substances in  the stomach of su ck lin g  rabb its  

(Smith, 1966), d ir e c t  a ction  on the part o f the animal 

h ost has not y e t  been proven (Dixon, I9 6 0 ). However, 

other members of the e n te r ic  f lo r a  ( p o ss ib ly , in clu d in g  

B acteroides ) appear to  be in tim a te ly  concerned with  

con tro l o f the number of. E. c o l i  in  the bowel (Schaedler  

e t  a l . , 1965b) and may ex erc ise  th a t e f f e c t  by means 

s im ila r  to  those in h ib ito ry  o f Salm onella (M iller  and 

Bohnhoff, 1963; M eynell, 1963; Bohnhoff e t  a l . , 1964).
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Since the m icrob ial population  o f the gut i s  remarkably 

constant fo r  a given  kind o f animal (Smith and Orabb,

1961), not improbably the q u a lity  of antagonism o ffered  

by members o f a sp ec ie s  o f h ost to  a s tr a in  of co lo n iz in g  

E. o o li  w i l l  r e f le c t  th a t s t a b i l i t y .  In  ad d ition , 

cer ta in  s tr a in s  o f E. o o l i  may fin d  s e le c t iv e  advantages 

to  ob ta in  in  the anatom ical, p h y s io lo g ic a l or d ietary  

p e c u l ia r i t ie s  o f a p a r tic u la r  sp ec ie s  o f h o s t . P rior  

adaptation to  such an environment ought, th ere fo re , to  

favour estab lishm ent of a s tr a in  in  the gut o f  another 

animal o f the same sp e c ie s . S u ccessfu l se ttlem en t, 

however, need, not be autom atic s in ce  the invader must a lso  

overcome and d isp la ce  the resid en t E. c o l i  population . 

H o st-sp e c if io ity  on the part o f E. c o l i  may account fo r  

the high rate  o f fa ilu r e  o f attempts by some workers to  

implant s tr a in s  o f human o r ig in  in to  animals (Sears e t  a l . , 

1 9 5 6 } Friedman and H albert, I 96O; Rauss and K ety i, I960; 

Mushin and Dubos, 1965).

A n otab le fea tu re o f the in v e s t ig a t io n  v/as the  

r e la t iv e ly  long period  during which ch ick s, compared with  

adult b ird s, continued to  excrete the organisms under 

t e s t .  With few excep tion s, in  the case of chicks dosed 

w ith in  a day of hatch ing, s tr a in s  were carried  fo r  fou rteen  

days, but were u su a lly  l o s t  by the age of tw en ty-eigh t
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days. In th a t resp ec t, the r e su lts  v/ere s im ila r  to  those  

obtained by Friedman and Halbert (1960) and by Mushin 

and Dubos (1965) from l ik e  experiments on day-old m ice.

In the case of the newly-hatched ch ick , the  

i n i t i a l  m u lt ip lic a tio n  of E. c o l i  in  the gut was probably 

f a c i l i t a t e d  by the absence o f  an a n ta g o n is t ic  m icroflora  

and the fa ilu r e  o f the micro-organism to  m aintain a 

prolonged a sso c ia t io n  with the ju v en ile  h ost m©y be 

a ttr ib u ta b le  to  subsequent establishm ent in  the in te s t in e  

of other raicrobic sp e c ie s , in  the presence o f which l a t t e r  

the s tr a in  under t e s t  was unable to  su rv ive . The nature 

of the developing antagonism i s  not y e t  c le a r  but, although  

there i s  some evidence to  the contrary (K etyi, 1964), 

anaerobic b a o ter ia  belonging to  the B acteroides group 

have been incrim inated . Development o f the en te r ic  f lo r a  

has been shown to  fo llo w  a d e f in ite  sequence (R iley c t  a l . « 

1 9 5 6 ; Smith, 1961} Schaedler e t a l» , 1965a; Huiitanen 

eincl Pensack, 1965)$ Altiiough Smith enaountered 

Bao-teroldes in  the fa eces  of chicks from the age o f two 

days onwards, Huhtanen and Pensack found th a t the organism 

did not become esta b lish ed  u n t i l  between fou rteen  and 

tw en ty-eigh t days o f l i f e *  The la t t e r  range co in cid es  

with the period  during which most o f the chicks in  the 

in v e s t ig a t io n  under report ceased to  excrete  the t e s t
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cu lture f

However, the importance o f mutual antagonism on 

the part o f E. o o l i  must not he under-estim ated . Thus, 

in  one in sta n ce , lo s s  o f a t e s t  s tr a in  o f canine o r ig in  

w ith in  fo r ty -e ig h t  hours a f te r  adm in istration  to  chicks 

and replacement o f the micro-organism by the strong Bl 

type suggested  d ir e c t  com petition  between those serogroups 

fo r  tenancy of the bowel.

I t  appears probable th a t, once e sta b lish ed  in  

the gut o f the ch ick , a s tr a in  of E. o o l i  o f any source 

has an advantage over other fo re ig n  types acquired during 

the f i r s t  few days. Subsequent development o f an 

in h ib ito r y  m ioroflora  i s  follow ed e ith e r  by adaptation  

of the res id en t to  the new h o s t i le  environment or by i t s  

disappearance and replacement by more v er sa ,tile  E. c o l i .

In th a t co n tex t, s tr a in s  o f  avian o r ig in  s in g u la r ly  tended 

to  d u p lica te  in  chicks the ro le  which they occupied in  

th e ir  former h o s t . R esu lts from t h is  study revealed  th a t, 

at le a s t  in  the case o f the dom estic chicken, the fu ture  

res id en t in testin a3 . E. c o l i  population  may be determined 

w ith in  the f i r s t  few hours o f free  e x is te n c e .

SUMHjffiY,

The fin d in g s  from the work under report revealed
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th a t, in  order to  e s ta b lish  i t s e l f  in  the bowel of 

domestic chickens and ham sters, E. o o l i  must f i r s t  over

come re s is ta n ce  o ffered  to  i t .  Evidence was, obtained to  

support the th eo r ies  o f 'stren gth ' and h o a t -s p e c if ic ity  

on the part o f the organism. I t  was observed th a t, p r io r  

to  im plantation  in  the in te s t in e  o f chickens and hamsters, 

B. o o l i  undergoes a process of adaptation to  the new 

environment but a su ccess fu l outcome was not n e ce ssa r ily  

attended by prolonged residency th ere in . D espite a 

pronounced h o s t - s p e c if ic  tendency on the part o f the 

organism, transference of E. c o l i  from one. sp ec ie s  of 

animal to  another was achieved in  four in sta n c e s . In only 

one o f those o a ses, in  which a s tr a in  o f canine o r ig in  

had been adm inistered to  a ch ick , did the serogroup 

appear in  fa ,ecal samples with the constancy shown by 

the res id en t Bl s tr a in  in  chickens (v. Part I ) ,  The 

r e s u lts  o f adm inistration  to  animals o f s tr a in s  o f E, o o l i . 

whether c o lic in o g e n e t ic  or n o n -co lic in o g en ic , f a i le d  to  

rev ea l a s ig n if ic a n t  ro le  on the part o f a n t ib io s is  in  

resp ect o f establishm ent of the organism w ith in  the 

in t e s t in e .



16ü

SECï'IÛK I I I .

A BÏ'ÜDY ÛF IHE ASSOCIAÏIOÎS BEÏWEEN COilCIHOGESfESlS 

in  v itr o  AND ÏHE COKIPOSIÎIOÏÏ OF THE 

E scherich ia  c o l i  FLORA OF 

SHE GUI OF animals.

HISTORICAL.

N iss le  (1916) f i r s t  reported th a t some s tr a in s  o f  

coliform  b a cter ia  exerted an in h ib ito ry  e f f e c t  on other  

micro-organisms when grown togeth er  in  l iq u id  media.

G ratia (1925) enaountered a s tr a in  o f E. c o l i  which, on 

s o lid  medium, produced a d if fu s ib le  substance a n tib io tic , 

to  another micro-organism of the same sp e c ie s . Gratia  

and Frederic q (1946) demonstra,ted thal^ among coliform  

b a c i l l i ,  a n t ib io s is  i s  not in frequent and gave the naae 

■ co lic in ' to  the a n tib io t ic , substance which a lso  proved 

p ecu lia r  to  the s tr a in  th a t produced i t .  Some b a cter ia  

were found to  provide sev era l c o l ic in s  with ch a ra c ter istic ' 

a l ly  d if fe r e n t  sp ectra  and a n tib io tic -p rod u cin g  cu ltu res  

were observed sometimes to  be su scep tib le  to  c o l ic in s  

elaborated  by other s tr a in s  o f c o l l . G ratia and 

F redericq, to o , considered th a t such a n tib io tic , a c t iv ity  

may be a s ig n if ic a n t  fa c to r  in  the organ ization  o f the
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E, c o l i  f lo r a  o f the normal bowel.

Vtiether, or n ot, c o l ic in  i s  forthcom ing in  the  

gu t, however, i s  s t i l l  unltnown. Although H eatley and 

Florey (1946) were able to  obtain  c o l ic in  from aerated  

broth c u ltu r e s , H albert and Magnuson (1948) noted e ith e r  

complete fa i lu r e  o f a n t ib io t ic  production or the evo lu tion  

of th a t m ateria l to  very low t i t r e  a f te r  an a c tiv e  s tr a in  

of E. c o l i  had been grown in  deep broth w ith , or w ithout, 

aeration  as w e ll as under a iîaerob iosis. A s im ila r  r e s u lt  

was. obtained when the organism was c u lt iv a te d  in  a th in  

la y er  o f broth in  an aerobic environment and high t i t r e s  

were obtained only when the bacterium was. grown on s o lid  

medium. Hentges and E reter (1962) suggested  th a t c o lic in .  

l ik e  substances may not be evolved in  the gut under the  

stron g ly  reducing con d itions normally prevalen t th ere .

The d iscrepant fin d in gs reported by various  

workers, such as Sears e t  a l . (1950), Em slie-Sm ith (1961) 

and Branche e t  a l .  (1963) who endeavoured to  r e la te
tm m m m  i n—imiku ’  ^

collcin-^'production by po l i  to  residency in  the  

in t e s t in e ,  prompted the author o f th is  th e s is  to  carry 

out a s e r ie s  of examinations of cu ltu res iu  v itr o  designed  

to  in v e s t ig a te  the importanoa o f such a n t ib io t ic  a c t iv ity  

in  the com position of the E# c o l i  of the animal gut*
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METHODS*

The method preferred  to  t e s t  a s tr a in  fo r  c o l ic in  

production was a m od ification  of th a t described by 

fred er icq  (1957). The medium co n sisted  of * Oxoid ’ 

broth d o lid if ie d  with 2 per cent* * D ifoo » agar and, fo r  

u se , was poured in to  g la ss  P e tr i d ishes o f 9 cm# diam eter, 

in  approximately f i f t e e n  m i l l i l i t r e  amounts* A fter the 

medium had s e t ,  the p la te s  were dried o f f  in  the incubator  

at 37^0* By mea;ns o f  a wex p e n c il, the base of the d ish  

was marked in to  e ig h t section s*  One p rosp ective  

c o lic in o g e n ic  s tr a in  was inocu lated  v^ith a s tr a ig h t  needle  

at one p o in t on the surface of the agar wiithin each 

se c tio n . Eight s tr a in s  per p la te  v/ere thus te s te d  fo r  

c o lic in o g e n e s is . The seeded p la te s  were incubated at 

37^0. fo r  fo r ty -e ig h t  hours when the r e su lta n t co lo n ies  

were s t e r i l i s e d  by exposure to  chloroform vapour fo r  one 

hour in  a c lo sed  m etal c a n is te r . 0 .1  ml of a broth  

cu ltu re of the in d ica to r  s tr a in , grown at 37^0. fo r  

eigh teen  hours, was mixed with f iv e  m i l l i l i t r e s  o f molten  

n u tr ien t agar at approximately 45*^0., and quickly layered  

over the surface of each o f the s t e r i l i z e d  p lates*  A fter  

a fu rth er  twenty*four hours in  the incubator at 37^0*, the 

preparations were examined fo r  evidence of in h ib it io n  o f  

grov/th o f the in d ica to r  s tr a in  around the c o lo n ie s .
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The width of. any zone of in h ib it io n  was measured, 

in  m illim etre© by means o f  a transparent sc a le  held  firm ly  

aga in st the base of the dish* When the degree of 

in h ib it io n  was too s l ig h t  to  be so estim ated , i t  was 

recorded as a 'trace % Sometimes, the zone was found to  

conta in  co lo n ies  of the in d ica to r  s tr a in , in  which case  

the r e s u lt  was reg is tered  as 'partieil**

The method described above served to  t e s t  s tra in s  

of E. c o l l  fo r  c o l ic in  production towards se le c te d  

in d ica to r  cu ltures# The eaiae technique was used to  

in v e s t ig a te  the c o l ic in  s e n s i t iv i t y  o f a micro-organism  

but, in  th a t in sta n ce , the la t t e r  microbe was employed in  

place of the indicator#

Before the commencement o f the in v e s t ig a t io n ,  

ir reg u la r  dem onstration o f c o lic in o g e n e s is  vms found to  

be a sso c ia ted  with the use o f an olddstock o f dehydrated 

n u tr ien t agar base which, when r e co n stitu ted , proved to  

have a low pH# T hereafter, the medium described supra 

was su b stitu ted  with com pletely s a t is fa c to r y  r e s u lts  but 

a preparation conta in in g  a known c o lic in o g e n e tic  s tr a in ,  

Ho# A 7(1), and a s e n s it iv e  in d ica to r , E. c o l i  S tra in  

Mo# 206, was included in  every t e s t  in  order to  confirm  

the s u i t a b i l i t y  o f the medium#
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IHVESTIĈ ATIONS AMD HESÜLT3#

The work under report co n sisted  of. (a) an 

examination of both the o o llc in io  a c t iv ity  and the 

s e n s i t iv i t y  of tw enty-eigh t s e r o lo g ic a lly  d iffe r e n t  s tra in s  

of E# c o l i  o f both resid en t a;nd tra n sien t type obtained  

from ch ickens, dogs and a hamster, (b) an in v e s t ig a tio n  

in to  the c o l ic in io  antagonism p rev a ilin g  between the 

res id en t B1 s tr a in  in  Chickens 'B* and •W (v. Part I )  

and other cu ltu res of E. c o l i  iso la te d  from the in te s t in e  

o f  those b ird s , (c ) an inquiry in to  the s ig n if ic a n c e  of 

c o l ic in  production not only in  the p ers is ten ce  of the 

A7(1) s tr a in  but a lso  in  the replacemehl^ of the la t t e r  by 

other serogroups w ith in  the gut of Chick Mo. 4 (v. p. 

and, f in a l ly ,  (d) a study of c o l ic in  production by 

su ccess iv e  i s o la t e s  of the A 7(l)-typ e during the residency  

of the la t t e r  in  the bowel of Chick Mo. 4*
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EXPERIMENT No, 1 .

In troduction ,

Sears et. a l .  (1950) did not f in d  th a t there was 

any c o r r e la tio n  to  obtain  between the range o f an tagon istic  

a c t iv it y  o f E, c o l i  s tr a in s  and the duration of, th e ir  

residency  in  the bov/el o f man. Em slie-Smith (1961) 

reported th a t a l l  o f three resid en t s tr a in s  is o la te d  from 

one in d iv id u a l were c o lic in o g e n e tic  and Branche e t  a l .  

(1963) observed th a t res id en t types in  man are more 

oon stan tly  a n tib io tic , than are tr a n s ie n ts . The experiment 

under report was designed to  in v e s t ig a te  the re la tio n sh ip  

between c o lic in o g e n e s is  and the len gth  o f tenure o f s tr a in s  

is o la te d  from anim als.

M ateria ls.

A t o t a l  of tw en ty-eigh t s e r o lo g ic a lly  d if fe r e n t  

E. c o l i  cu ltu res  was te s te d  fo r  rec ip ro ca l c o lic in o g e n e s is .  

F ifte e n  s tr a in s , Nos. A7(3), A8(1), A 9(3), A7(1), 010 (2 ), 

D 8(2), J 8 (4 ) , 1111(1), 11 Jejunum (4 ) , D 7 (l) , H8(4),

N i l (1 ) , K 13(l), 08(1) and O il(3 ) , were is o la te d  from a 

group of dogs during a period  of approximately two-and-a- 

half. months. Eight s tr a in s . Bos. B l, B31, B51, B233,

G33, G62, G107 and 0143, were recovered from Chickens 'B* 

and 'W and four o th ers, Nos. 20, 29, 42 and 162, were 

obtained from Chick. No. 4. One, H l l ( l ) ,  was procured
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from HajiiBter No. 11 (v. Part I ) .

On the b a sis  of res id en c ies  la s t in g  tw enty-eigh t  

days, or l e s s ,  in  the o r ig in a l h o st, the s tr a in s  were 

divided  a r b itr a r ily  in to  'resid en ts*  and 'tr a n s ie n ts ' ,  

r e sp e c t iv e ly . The former group co n sis ted  of th ir te e n  

s tr a in s . Nos. a8 (1 ) , 11 Jejunum (4 ) , K 1 3 (l), B l, B31,

B233, 033, 062, 20, 29, 42* 162 and H l l ( l ) ,  and the la t t e r  

co n sisted  o f f i f t e e n  s tr a in s . Nos. a7 (3 ) ,  A9(3), A7(1), 

010(2 ), D 8(2), J 8 (4 ), D l l (1 ) , D 7 (l) , H 8(4), N i l (1 ) , 0 8 (1 ), 

01 1 (3 ), B51, 0107 and 0143.

R esu lts .

Nine (32.15^) o f the tw en ty-eigh t s tr a in s  were 

fousad to  ezdiib it co lic in o g en etic . a c t iv ity *  They comprised 

four (30*7^) of the res id en ts  and f iv e  (33«3j4) of the 

tr a n s ie n ts . The other n in eteen  cu ltu res embracing nine  

res id en ts  and ten  tra n sien ts  were not revealed  to  be 

a n t ib io t ic  (v. Table 27* p . 178).

Table 28 (p. 179) presents the number o f cu ltu res

antagonized by in d iv id u a l res id en t and tr a n s ie n t  s tr a in s ,
t ' ̂ c
the aggregate o f an tagonistic , reaction s fo r  both groups 

and the average number o f reaction s per s tr a in  a ttr ib u ta b le  

to  c o lic in o g e n e s is . The la t t e r  fig u re  was ca lcu la ted  at 

eleven  fo r  res id en ts  and fourteen  fo r  tr a n s ie n ts .
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Table 29 (pi 180) l i s t s  the res id en t and 

tra n sien t s tr a in s  according to  the number o f c o l ic in o -  

g en etic  cu ltu res to  which they were su scep tib le#

R esident s tr a in s  varied in  r e a c t iv ity  from one which was 

r e s is ta n t  to  a l l  nine c o l ic in s  to  one which y ie ld ed  to  

e ig h t and the aggregate of s e n s it iv e  reaction s fo r  the 

group o f  th ir te e n  cu ltu res was f i f t y - f o u r .  The average 

number o f s e n s it iv e  reaction s per res id en t s tr a in  came to  

4#1# In the case of tra n sien t s tr a in s , s u s c e p t ib i l i ty  

varied  from complete re s is ta n ce  to  t o t a l  s e n s i t iv i t y  and 

the aggregate of p o s it iv e  reaction s was s ix ty -(fo u r  fo r  

f i f t e e n  cu ltu res  with exi average of 4# 2 fo r  each*

D iscu ssion .

Approximately th irty -tw o  per cen t, of s tr a in s  of 

E. c o l l  from animals proved to  be m utually a n tagon istic  

in  v itro*  ,Among human b eings, the incid en ce of a n t ib io t ic

s tr a in s  has been estim ated by Levine and Tanimeto (1954) 

as 19fi, o f  cu ltu res reoovered from samples o f water and of 

fa eces  and by Halbert (1948) as 18^ among cu ltu res  

procured from the in t e s t in e .  Since the methods used by 

those in v e s t ig a to r s  as w ell as by the author o f the work 

under report d if fe r e d , the r e s u lts  are not s t r i c t ly  

comparable. However, i t  i s  evident th a t , in  animals as 

in  man, oo lic in ogen io . s tr a in s  freq u en tly  occur.
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A d ifferen ce  was n of revealed  between resid en t  

tr a n s ie n t forms o f E, c o l i  in  resp ect o f c o l ic in  

production* Thus, the percentage of o o lic in o g e n e tic  

s tra in s  was not d iss im ila x  in  the ease o f  both resid en t  

and tr a n s ie n t groups and the average number of cu ltu res , 

against which types belonging to  the l a t t e r  groups were 

found to  be a c t iv e , did not d i f f e r  greatly#

Cultures o f both groups exh ib ited  marked 

d ifferen ce  in  s e n s i t iv i t y  to  c o l ic in  and r e s is ta n ce  was 

not observed to  be p ecu lia r  to  resid en t ty p es . The 

degree o f s e n s i t iv i t y  of res id en t and tr a n s ie n t E* c o l i . 

measured in  terms of the average number o f c o l ic in s  to  

which members o f the groups were su sc e p tib le , was almost 

id e n t ic a l .

A sm all number of cu ltu res was subm itted to  

in v e s t ig a t io n  in. v itr o  with r e su lts  which do not provide 

a sa fe  estim ate o f the importance of c o lic in o g e n e s is  in  

the gut of animals but which c le a r ly  su ggest th a t the 

property does not s ig n if ic a n t ly  aid  the establishm ent o f  

E. c o l i . To th a t ex ten t, the fin d in gs are in  complete 

agreement with the d escr ip tio n  given by Sears e t  al* 

( I 95O) in  resp ect o f an exa)%ination o f E. c o l i  is o la te d  

from human b ein gs.
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Summery.

Au in v e s t ig a t io n  of th ir teen  res id en t sind f i f t e e n  

t ï ’an sien t s tr a in s  of E, c o l i  of animal o r ig in  revealed  

the same proportion  of c-o lic in ogen etic  organisms to  obtain  

in  both groups. The average degree o f antagonism by 

res id en t b a c ter ia  did not. d i f f e r  g rea tly  from th at  

exerted . by tra n sien ts  and res is ta n ee  to  c o l ic in  was not 

p ecu lia r  to  e ith e r  type.
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TABLE 2 7 .

Source Colicinogenetic straine 
Resident Transient

Mon-colioinogonetio strains 
Resident Transient

Chicken

Dog

033
062

29
162

0107
B51

A7(1)
J8(4)
N8(4)

Bl
B31
B233

20

42

A8(l)
11

, (4) 
K13(1)

0143

A7(3
A9(3

010(2

D8(2
D11(1

D7(1
N11(1

08(1

011(3

Hamoter H11 (1 )

Aggregate 19

% 44.4 55.5 47.3 52.6
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TABÏiE 29.

of oolioins Type of strain under test
to which strain
was sensitive Resident Transient

0 662 (0)« D0(2)
B51 (0)*

1 Bt (1) A7(1) (1)
2 A8(1)

633
29 (6)

3 K13(1) (3) .T8(4)
K8(4)
6107 (9)

4 B253 (4) D11(1) (4)

8 B31 (8)

5 11 Jejunum (4) (5) A?(3)
D7(l)
08( 1 )

011(3 ) (20)

6 H11(1) (6)

7 20 010(2)
42 W11(1)
162 ( 21) 6143 (21)

A9(3) (9)

Aggregate of sensitive reactions 54 64

Average number of sensitive
reactions per strain, S&. a  4 64 , _1̂3 “ 4.1 4.2

^  îigure in parenthesis, *» Mo* of strains multiplied by Mo# of 
colicins to which the^f were sensitive, i.e., the total of 
sensitive reactions.
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m T  No. 2.

Introduction .

Findings from Experiment No. 1 suggested that 

S tra in  No. Bl was not co lic in o g e n e tic  but was r e la t iv e ly  

r e s is ta n t  to  c o l ic in s  produced by o th ers. The work 

about to  be reported was intended to  t e s t  those r e su lts  

inasmuch as they a ffec ted  the residency o f S tra in  No. Bl 

in  the gut o f Chickens 'B' and *W*.

M ateria ls.

J)uring the period of fo r ty -fo u r  weeks from 3 /8 /54  

to  7 /6 /6 5 , in  which weekly examinations were made of the 

E. c o l l  bowel f lo r a  o f Chicken 'W*, only th ir te e n  cu ltu res  

were obtained which did not belong to  the resid en t group, 

B l. Those th ir te e n  s tr a in s , comprising f iv e  belonging to  

Group No. B31 arid e igh t not a e r o lo g ic a lly  id e n t if ia b le ,  

were arrmiged in to  two groups according to  whether they 

were is o la te d  during the f i r s t  or the second h a lf  of the 

in v estig a tio n *  Each of the groups was then te s te d  fo r  

c o lic in o g e n e s is  towards e ig h t cu ltu res o f res id en t type 

obtained at approximately fo r tn ig h tly  in te r v a ls  over the 

saiae period o f twenty-two weeks. The two s e ts  of 

'r e s id en t'-ty p e  cu ltu res were, a lso , ass&iyed fo r  antagonism  

towards the resp ec tiv e  group o f  non-Bl s tr a in s .



182
During bile in te r v a l o f fo r ty -sev en  weeks from 

3 /8 /64  to  1 9 / 4/ 6 5 , from Ghicken 'B* were recovered s ix t y -  

one E. c o l i  cu ltu res which wore not agg lu tin ated  by Bl 

antiserwm. The cu ltu res included s ix te e n  belonging to

Group No, B33» three of group No» B51, n ine of Group 

No» B233 and two o l i Gfoup No. G33* The other thiz'ty-one  

were not agg lu tin ated  by any of the a n tisera  employed in  

the exarûination» The cu ltu res were separated in to  three  

groups according to  whether they were is o la te d  during the  

ea r ly , middle or l a s t  paX'ts o f the in v e s t ig a t io n  and each 

batch was te s te d  fo r  C -olicinogenesls towards e i# i t  

cu ltu res o f Gz'oup No» Bl procured fo r tn ig h t ly  from the 

bird over the same period  o f  approximately s ix te e n  weeks.

R e su lts •

None of the Bl cu ltu res is o la te d  from Chicken 'W' 

was found to  d isp lay  any eo lic in ogen esiB  towards the other  

s tr a in s  recovered from the same b ird . At the same tim e, 

none of the l a t t e r  was observed to antagonize the res id en t  

type.

One o f the s ix ty -o n e  organisms is o la te d  from 

Chicken 'B* proved to  be weakly antagonized by a l l  e igh t  

Bl s tr a in s  aga in st which i t  was te s te d . The resid en t was 

not so a ffec ted  by any o f the non-Bl s tr a in s .
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D iscu ssion .

As a r e s u lt  of Experiment No# 1 , the type s tr a in  

of Berogroup Ho. B l, notable fo r  s ta b le  reBidency in  

Chickens *B' and *W', was adjudged non-antib iotic,#  In 

the course of the work under report, Group Ho. Bl was 

revealed  to  produce a c o l ic in  3̂  v itr o  but the a c t iv ity  

of the la t t e r  was a lig h t  inasmuch ae i t  was able to  

antagonize only one out of seventy-four cu ltu res against 

which i t  vms te s te d . In th at in sta n ce , in h ib it io n  

a ttr ib u ta b le  to  i t  was barely measurable. The performance 

of the serogroup in  y itr o  suggested th at c o l l c in ic  action  

was u n lik e ly  to  p lay a major part in  co lo n iza tio n  in  the 

avien in te s t in e .

On the other hand, although a n t ib io s is  ^  v itr o  

by S tra in  Ho. Bl proved n e g lig ib le  towards other E. c o l i  

is o la te d  from the ©ame h o st, the fin d in g s were in s u f f ic ie n t  

to  e s ta b lish  th at the residency of the Bl serogroup was 

not in fluenced  by co lic in o g e n e s is  in  v iv o . S en sitiv e  

se regroups may have been destroyed by Type Bl c o l ic in  in  

the gut to  leave only r e s is ta n t  forms, or an encounter by 

a s e n s it iv e  s tr a in  with c o l ic in  in  the in te s t in e  may have 

led  to emergence of r e s is ta n t  varian ts in  the faeces in  a 

manner s im ila r  to  th at demonstrated v itr o  by Fredericq  

(1948).
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In the one case in  which they antagonized a s tr a in , 

a l l  e ig h t Type Bl cu ltu res acte& uniform ly, Bince the 

l a t t e r  had been obtained at in te r v a ls  over a period of 

three months, the a n t ib io t ic  a c t iv ity  o f  the resid en t  

serogroup appears to  have remained constant during th at  

tim e. The r e a c t iv ity  of the Bl serogroup, to o , did not 

vary inasmuch as none of e ig h t cu ltu res procured fo r tn ig h tly  

during a period  of three months was a ffe c te d  by c o l ic in  

elaborated by three s tr a in s  o f the proven c o lic in o g e n e tic  

type, B51* In the la t t e r  in sta n ce , r e s is ta n c e  of the Bl 

serogroup was u n lik e ly  to  have been developed in  the gut 

s in ce  the cu ltu res under t e s t  included s tr a in s  c o lle c te d  

at f iv e ,  three and one weeks before the f i r s t  i s o la t io n  

from fa eces  of the B51 serogroup.

Summary.

The c o lic in o g e n e tic  a b i l i ty  of Group Ho. Bl of 

E. c o l i  was e sta b lish ed  but th at property did not appear 

to  be a s ig n if ic a n t  fa c to r  in  the residency of the 

serogroup in  e ith e r  of two b ird s.
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EXPERIMENT Ho. 3.

In troduction .

In v e stig a tio n  of the Group Ho. Bl s tr a in , res id en t  

in  Chickens 'B* and ' W % revealed  th a t i t  was o o lic in o -  

g en etic  but the inquiry f a i le d  to demonstrate any 

connection between a n t ib io s is  and residency in  the b ird s. 

The prolonged tenure of an a r t i f i c i a l l y  e sta b lish ed  

c o lic in o g e n ic  s tr a in , Ho* a7 (1 ) , in  a chicken offered  

another opportunity to  a ssess  the importance of c o l ic in -  

production.

Materia-ls and methods.

Over a period o f approximately f iv e -a n d -a -h a lf  

months embracing the residency of E# c o l i  a7 (1 ) in  Chick 

Ho. 4 and i t s  natural replacement by other s tr a in s , two 

hundred and seven E. c o l i  i s o la t e s  in agg lu tin ab le  by the 

homologous antiserum were c o lle c te d . They were mmbered 

from 1 upwards in  the order of th e ir  s e le c t io n  and a n tisera  

were prepared, by the methods already described , to  four, 

namely Hos. 20, 29, 42 and 162. A ll but tw enty-seven of  

the i s o la t e s  were id e n t if ia b le  by means of those sera .

Towards determ ination of antagonism to  the former 

re s id e n t, the type cu ltu res of the four aerogroups were 

te s te d  fo r  a n t ib io s is  to  fo r ty  A ?(l)-typ e s tr a in s  procured
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from the bird at in te r v a ls  of a few days throughout the  

l a s t  e ig h t weeks or so of the tenure of the serogroup*

The same type cjiltures were examined fo r  c o l ic in -  

produation towards each o f the two hundx^ed and seven  

non-A?(1) i s o la t e s  to  decide whether, or n ot, the four  

serogroups were a n ta g o n istic  to  each other and to  the 

group o f u n id en tif ied  stra ins*

The antagonism offered  by the a7 (1 ) serogroup 

to  s tr a in s  superceding i t  in  the in te s t in e  was measured 

by means o f  ah. A?(1 )-type s tr a in , No. 1 5 /3 (1 ) , which was 

iso la te d  from the bird tv/o days a f te r  the f i r s t  appeax*ance 

of the succeeding res id en t group, Ho. 29* A ll of the  

i s o la t e s  not agg lu tinated  by A ?(l) antiserum were te ste d  

fo r  s e n s i t iv i t y  to  homologous c o l ic in .  In order to  

revea l any oha;nge in  o o lic in o g e n e tic  a c t iv it y  on the 

part of the a7 (1 ) serogroup th a t may have occurred in  the  

ccurse o f three months residency in  the fow l, the o r ig in a l  

A7(1) cultux’e was examined sim ultaneously fo r  antagonism  

to  the same organisms.

R esu lts .

The r e su lts  of s e r o lo g ic a l examination of E. c o l i  

obtained from the in te s t in e  of Chick Ho. 4 during the 

period o f appx'Oximately tw enty-four weeks from 26/12/63
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ÏABLE 30 . 

Ohlok 4>

week Ko. o f  
beginning samples

23 /12/63  
30/12/63  

6 /  1 /64  
1 3 / 1 /64  
2 0 / 1 /64  
2 7 / 1 /64  

3 /  2 /64  
1 0 /  2/64  
1 7 / 2 /64  
2 4 / 2 /64  

2 /  3/64  
9 /  3/64  

li6 / 3/64  
2 3 / 3/64  
3 0 / 3/64  

6 /  4 /64  
1 3 / 4 /64  
2 0 / 4 /64  
2 7 / 4 /64

l ï /

%  \ %  
8 /  6 /64

Ko. of, 
1 , o o l i  
cb lontes

Ko. o f ao lon ies  belonging  
■to serogroup Ko. 

A7{1) 20 29 42 162 **

4* 30 30
6 60 60
7 70 70
7 70 70
7 70 70
7 70 70
7 70 70
7 68 68
7 70 70
7 70 67 1 2
7 70 65 5
7 66 64 1 1
7 57 36 12 8 1
T 61 10 6 37 3 5
3 27 2 2 21 2
1 7 1 6
2 18 1 17
2 17 17
2 19 16 3
1 9 4 2 3
1 10 4 6
1 9 6 2 1
1 9 8 1
1 9 4 2 3

* In c lu s iv e  of one sample from which o o l i fo m  
b a c te r ia  were not ob ta in ab le , procured on 26/12/63  
imm ediately before A7(1) broth cu ltu re  mixture 
was o ffered  for. 24 hours.

** S e r o lo g ic a lly  u n id en tif ia b le  stra in s, o f  E. c o l l
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to  14 /6 /6 4  are presented in  Table 30 (p# 187)»' Organisms 

belonging to  Group a7 (1 ) continued in  residence fo r  

n in e ty - f iv e  days and, fo r  most of that tim e, appeared to  

c o n s titu te  the only E, o o li  serogroup in  the gut. On

the seventy-seven th  day, a new res id en t serogroup, No# 29,

f i r s t  appeared in  fa e c a l samples and, th e r e a fte r , was 

excreted  without in terru p tion  fo r  the remainder of the 

period of observation# A tenure of four weeks was 

demonstrated fo r  each of two other serogroups, Nos# 20 

smd 42, and the p o ss ib le  s ta r t  of residency on the part 

of another serogroup. No# 162, was a lso  d isc lo se d .

Table 31 (v ide in fr a ) records the fin d in gs from 

examination o f fo r ty  A 7(l)-typ e  cu ltu res fo r  s e n s i t iv i t y  

to  c o l ic in  produced by the type s tra in s  belonging to

Serogroups Nos. 20, 29, 42 and 162* No. 29 alone proved

to  be weakly a n tib io tic , to  Group No. A7(1).

table 31.

No. of A7(1) Average width o f in h ib it io n
around the type s tr a in  of 

s tr a in s  serogroup Nos.
20 29' 42 162

40 n i l .  trace n i l .  n i l .
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Table 32 l i s t s  the d isooverios r e la t in g  to  

in v e s t ig a t io n  o f Serogroups Nos. 20, 29, 42 and 162 fo r  

antagonism to  each other as w ell as to  tw enty-seven sero

lo g ic a l ly  u n id en tif ied  cu ltu res obtained from Chick No. 4. 

Serogroups Nos# 20 and 42 were not found to  be a n t ib io t ic  

to  any of the cu ltu res te s te d  but proved to  be s l ig h t ly  

s e n s it iv e  to  c o l ic in  produced by the rep resen ta tive  s tra in s  

of Serogroups Nos. 29 and 162. The la t t e r  serogroups were 

each r e s is ta n t  to  c o l ic in  formed by the other. Out of a 

t o t a l  of. tw enty-seven s e r o lo g ic a lly  u n id e n tif ie d  cu ltu res  

o f  E. c o l l . S tra in  No. 29 antagonized n in eteen  and, of the 

l a t t e r ,  seven were a lso  e ffe c te d  by c o l ic in  elaborated by 

S tra in  No. 162.

TABLE 32.

Sero
group

No. o f
s tr a in s
te s te d

Average width o f in h ib it io n  
around the type s tr a in  

serogroup Nos.
20 29 42

in  mm. 
o f

162
20 21 n i l . 2 .0 n i l .  trace

29 142 n i l . n i l . n i l . n i l .

42 4 n i l . 2.5 n i l . 1 .0

162 13 n i l . n i l . n i l . n i l .

Uixidenlii-
f ie d 27 n i l . 2 .5 (19)* n i l . 0 ,8  (7)

* Figure in  p aren th esis r e fers  to  number of 
su scep tib le  cu ltu res out o f 27 te s te d .
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là b le  33 summarizes the r e s u lts  o f examination of  

s tr a in s  belonging to  Serogroups Nos. 20, 29, 42 and 162 

togeth er  with tw enty-seven s e r o lo g ic a lly  u n id en tified  

E. c o l i  cu ltu res fo r  s e n s i t iv i t y  to  c o l ic in  produced by 

both the o r ig in a l A7(1) s tr a in  and the A 7(l)-typ e  S tra in  

No. 1 5 /3 (1 ) . To c o l ic in  produced by the prim ordial A 7(l) 

s tr a in , Serogroups Nos. 20 and 42 and a l l  but four o f the  

o e r o lo g ic a lly  u n id en tif ied  cu ltu res proved to  be h igh ly  

s e n s it iv e  whereas Serogroups Nos. 29 and 162 were weakly so 

Sim ilar fin d in g s attended the examination o f S tra in  . .

No. 15/3,(1) y e t ,  in  a l l  but the ease o f  Serogroup No. 162, 
the width of the zone o f in h ib it io n  was reduced by 

approximately tw o-and-a-half to  three m illim etres . In 

most in sta n c e s , in h ib it io n  o f Serogroup No. 162 was not 

evident around S tra in  No. 1 5 /3 (1 ) .

TABLE 33.

Number o f  
serogroup

Number of 
s tr a in s

Average width o f in h ib it io n  in  mm. 
around a7 (1 ) S tra ins Nos. 
O riginal 1 5 /3 (1 )

20 21 10.7 7 .5
29 142 2 .8 0 .2
42 4 1 1 .0 8 .0

162 13 trace trace
not

id e n t i 
f ie d

27 7 .8  (25)* 5 .1  (23)*

* Number in  paren th esis in d ic a te s  s tr a in s  
su scep tib le  out o f  tw enty-seven te s te d .
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D lsaussion .

On the part of the s tr a in s  under t e s t ,  a very  

c lo se  c o r r e la tio n  was observed to  e x is t  between o o lic in o -  

gen ia  a b i l i t y  in  v i t r o , or re s is ta n ce  th e r e to , and 

residency in  the host* The fin d in gs suggested  th a t, a t  

the time o f i t s  replacem ent, the exp erim en ta lly -estab lish ed  

c o lic in o g e n e t ic  res id en t had lo s t  much o f i t s  antagonism  

but remained- weakly s e n s it iv e  to  c o l ic in  produced by i t s  

su ccessor , with which a r e s is ta n t  serogroup subsequently  

c o -e x is te d  fo r , at l e a s t ,  f iv e  weeks before the end of the 

in v e s t ig a t io n . On the other hand, two se r o lo g ic a l typ es, 

which maintained r e la t iv e ly  short ten u res, were n e ith er  

co lic in o g en e tic . nor r e s is ta n t  to  a n t ib io t ic s  produced by 

the o th ers. Most of a batch of s e r o lo g ic a lly  u n id en tified  

c u ltu r e s , which probably contained a high proportion of 

tra n sien t serogroups, were su scep tib le  to  c o l ic in  produced 

by both o f the re s id en t s tr a in s .

Young at a l * (1956) exa^iined the c o lic in o g e n ic  

a c t iv it y  of a s e r ie s  of i s o la t e s  of. E. c o l i  from sev era l 

human in d iv id u a ls  over a period of s ix  months and recorded 

th at o o lic in -p ro d u ctio n  was not constant in  organisms of 

the same serotype obtained at d iffe r e n t  tim es from the one 

su b jec t. In the course of the work under rep ort, s l ig h t ly  

d iffe r e n t  r e a c t iv ity  to  c o l ic in  was d etectab le  in  the
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course of exawLnation o f su ccessiv e  i s o la t e s  belonging to  

a s in g le  serogroup. O ccasionally , a cu ltu re o f a s l ig h t ly  

s e n s it iv e  s tr a in  proved r e s is ta n t  to  c o l ic in  while  

m oderately s e n s it iv e  members were sometimes demonstrated 

in  an otherw ise refractory  group. Such fin d in g s may have 

been a ttr ib u ta b le  to  innate m icro-organism al v a r ia b i l i ty  < . 

but were more probably the e f f e c t  o f minor d ifferen ces  in  

the con d ition s o f the t e s t .

Of g rea ter  note was the reduced c o lic in o g e n e t ic  

a c t iv ity  o f the A ? (l)-ty p e  s tr a in , No, 1 5 /3 (1 ) , which was 

recovered from the h ost a f te r  a residency by the serogroup 

Of, approxim ately, three months. In t h is  in sta n ce , the 

dim inished a c t iv it y  i s  to  be regarded as s ig n if ic a n t  on 

account of the constancy with which i t  was demonstrable.

On the other hand, the d iscovery o f one l e s s  a c tiv e  cu ltu re  

to  Group No. a7(1) need not have in d ica ted  general lo s s  o f  

antagonism on the part of the serogroup in  the gut but may 

have been the r e s u lt  of the is o la t io n  o f a rare mutant.

Summary.

Examination of a s e r ie s  o f i s o la t e s  o f E. c o l i  

during the residency of two serogroups in  the in te s t in e  o f  

a chicken revealed  a c lo se  co rre la tio n  to  e x is t  between 

a n t ib io s is  in  v itr o  and length  o f tenure o f the s tr a in .
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ïh e replacement o f one res id en t type by another may have 

been a sso c ia ted  w ith lo s s  o f antagonism by the forjaer.
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EXPmiMBNæ Ko. 4.

In troduction .

l’he fin d in g s  of the previous experiment served to  

show th a t lo s s  o f o o lic in o g e n ic ity  by S tra in  Ko. a7(1) 

occurred during i t s  three-months o f residency in  the 

in te s t in e  o f a chicken. On the other hand, s in ce  oolloino- 

g en etic  cu ltu res  may g ive r is e  to  n o n -a n tib io tic  mutants 

(Fredericq, 1957), the p o s s ib i l i t y  remained th at the  

z'esult may have been due to  acc id en ta l s e le c t io n  of a 

r e la t iv e ly  rare v a r ia n t. fhe s tu d ies  about to be reported  

were intended to  rev ea l which o f those is s u e s  was the 

more l ik e ly .

M ateria ls.

F orty-four A 7(l)-typ e  cu ltu res recovered from 

Chick No. 4 during the residency of the serogroup were 

te s te d  fo r  c o lic in o g e n e s is  towards type s tr a in s  o f Groups 

Nos. 29 and 20, both of which were I so la te d  from the same 

creatu re . i'hey comprised tw elve c o lle c te d  during the  

l a s t  seven days o f January 1964 (the f i f t h  week of 

res id en cy ), f i f t e e n  obtained at in te r v a ls  o f a few days 

throughout February and seventeen  is o la te d  s im ila r ly  

during March. The la s t  group included S tra in  Ho. 1 5 /3 (1 )  

p rev io u sly  employed in  Experiment Ko. 3*
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For puiposes of comparison, an id e n t ic a l  

exam ination was made of the antagonism on the part o f the  

o r ig in a l a7 (1 )  cu ltu re .

R e su lts .

ïh e  zone of in h ib it io n  o f  S tra in  No. 29 around 

the o r ig in a l A7(1) cu ltu re extended, fo r  4 mm, but the  

width around A 7(l)-typ e  cu ltu res is o la te d  from the chicken  

ranged from 5 .5  mm. down to  n i l .  There was not any 

p rogressive  lo s s  o f c o lic in o g e n e tic  a c t iv it y  on the part 

of su ccess iv e  cu ltu res but a c t iv e ly  a n t ib io t ic  organisms 

predominated in  the e a r lie r  part of the in v e s t ig a t io n .

The average width o f in h ib it io n  around the f i r s t  group o f  

tw elve A7 ( l) - ty p e  cu ltu res was 2 .3  mm. That around the  

second s e t  o f f i f t e e n  was 1 .2  mm. and around the th ir d  

c o l le c t io n  of seventeen  the width was 0 .5  mm.

S tra in  No. 20 was in h ib ited  fo r  a d istan ce o f  

10 mm. around the o r ig in a l a7 (1 ) cu ltu re and the A 7(l)-typ e  

t e s t  cu ltu res were a c tiv e  w ith in  a range o f 11 ram. to  6 mm. 

The a,verage width fo r  each o f the three oonsecutive groups 

was 8 .7  mm., 8 .2  mm. and 3 .1  mm,, r e s p e c t iv e ly .

There was not any obvious c o r r e la tio n  observable 

between the zones of in h ib it io n  o f S tra in s Nos. 20 and 29. 

Marked reduction  in  the case of the la t t e r  was o ften
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asso c ia ted  with l i t t l e ,  i f .  any, a ltera tion , o f the former. 

Findings are summarized in  Table Wo, 34.

table 34,

Wo, o f a7 (1 ) -  Month o f  Mean width o f in h ib it io n
type s tr a in s  is o la t io n  in  mm, around S tra in  Woe.

12 Jaîïuary

15 February

17 Mar.ch

O rig inal

D iscu ssion ,

The fin d in g s from examination o f  groups o f a7 {1 )-  

type cu ltu res is o la te d  from a chicken during three  

su ccess iv e  months pointed  to  a con tinu al lo s s  o f  

antagonism on the part o f the serogroup and revealed  th a t  

the r e s u lt s  o f Experiment Wo» 3 had not been in fluenoed  by 

the s e le c t io n  o f a rare mutant.

The d ifferen ce  observed in  lo s s  o f  antagonism on 

the part o f a7 (1 ) s tr a in s  towards two t e s t  cu ltu res may 

have been a ttr ib u ta b le  to  e i th e t  (a) shedding o f a 

o o lic in io . fr a c t io n  to  which one o f the cu ltu res was 

p a r tic u la r ly  su scep tib le  or (b) a reduction  in  output o f
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a n t ib io t ic  substances to  which both cu ltu res  were prone 

but m anifest to  grea ter  degree in  the case o f the more 

refra cto ry  organiem.

Summary.

During three months of resid en cy , an accumulation 

of l e s s  a n t ib io t ic a l ly  a c tiv e  A?{1) organisms occurred in  

the in te s t in e  o f a chicken whereby the o v e r a ll e f f e c t  was 

one o f p rogressive  lo s s  o f antagonism by the serogroup, 

which phenomenon was p a r tic u la r ly  ev ident towards the 

succeeding res id en t s tr a in .
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DISCUSSION OF lUSSULTS OF SECTION I I I ,

Fi-eclerlcq (1948) reported on the " se le c t iv e  

production" o f r e s is ta n t  mutants in  v itr o  from a s e n s it iv e  

s tr a in  of E, c o l i  in  the presence of c o l ic in ,  should  

a o lio in  be present in  the bowel, it .  i s  not improbable th a t  

r e s is ta n t  forms may be evolved as a r e s u lt  o f an encounter 

with the a n t ib io t ic  in  v iv o . In the course o f the

in v e s t ig a t io n  linder rep ort, examinations o f s e r ie s  of 

cu ltu res iso la ted , over a period  of time revea3.ed th at  

a n tib io tic , a b i l i t y  may change but f a i le d  to  in d ica te  that  

the s e n s i t iv i t y  o f a serogroup may a lt e r  during residency  

of the l a t t e r  in  the gu t. That f in d in g  suggests th a t  

a n t ib io t ic  may not. be availa,ble in  tlie in te s t in e  and 

agrees with the b e l i e f  expressed by Hentges and .Freter 

(1962), naaiely, th a t c o l ic in  i s  not formed th ere in .

SUIfflAEY.

The s e r ie s  o f experiments reported in  t h is  

se c tio n  revealed  a high incidence o f o o lio in o g e n e tie  

s tr a in s  o f E, c o l i  to  obtain  in  the in te s t in e  of dogs and 

domestic, ch ickens. The f in d in g s , however, were not 

con clu sive  in  resp ect o f the importance o f a n t ib io s is  in  

in t r a - in te s t in a l  estab lishm ent, although they in d ica ted  

th a t o o lic in -p ro d u ctio n  may sometimes enable a s tr a in  to  

p e r s is t  in  the gut.
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SECTION IV.

THE IHPI.ÜENOE OF OTHER ORGANISMS, MAINLY OF ENTERIC 

ORIGIN, ON COLICIN PRODUCED BY E scherich ia  c o l i

in  v itro*

INTRODUCTION.

On four occasions during exam ination of s tra in s  

of. E. c o l i ,  the author observed th a t contam inative micro

organisms, presumably o f atmospheric o r ig in , in ter fered  

with the dem onstration o f c o lic in o g e n e s is  on the part of 

two a n t ib io t ic  cu ltu res but any d escr ip tio n  of th at  

phenomenon has not been traceab le  in  the a v a ila b le  

l i t e r a t u r e .  Mioro-oz’ganisms o f th a t kind comprised a 

sa re in a , a Gram-positive sp oru lating  b a c il lu s  and two 

moulds, one of which la t t e r  belonged to  the genus, 

A sp erg illu s . Photographs o f those fin d in g s  were not 

obtained but the diagrammatic records kept are reproduced 

on page 210, Those i l lu s t r a t io n s  in d ica te  th a t, adjacent 

to  a co lic in o g e n e tic . colony, growth o f the above-mentioned 

organisms was accompanied by erosion  of the region  of 

c o l io in ic  a c t iv i t y .

Those r e s u lt s  suggested th a t micro-organisms o f  

in t e s t in a l  o r ig in  may exei’t  &, s im ila r  e f f e c t  a ttr ib u ta b le
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to  the seeming in s lg n if io a n e e  o f ftolicinogeiiesiB  in  

establishm ent o f E. c o l l  in  the gut, leco rd in g ly , an 

in v e s t ig a t io n  was carried  out (a) to  observe in  v itr o  

the e f f e c t  o f in t e s t in a l ,  and otheîj b a c ter ia  on © ztib io tio  

a c t iv ity  on the part o f a s tr a in  of E. c o l i  and (b) to  

examine the nature o f th at e f f e c t .

(A) TEE EFFECT in  V itro OF OTHER BACTERIA ON COLIOINO- 

GENESIS M E, o o l i  STRAIN Ho. A 7(1).

In troduction .

The aims o f the experiment under report were, 

f i r s t l y ,  to  a scer ta in  whether b a cter ia  m ainly o f in te s t in a l  

o r ig in  may in te r fe r e  with c o lic in o g e n e s is  by E, c o l i  

in  v itr o  and, secondly , to  determine the v a r ie ty  o f  

organisms so capable.

M aterials and. methods.

Since the e f f e c t  on c o lic in o g e n e s is  had been 

observed during exam inations in vo lv in g  o o lic in o g e n ic  

S tra in  No, a7 (1 ) and the s e n s it iv e  in d ic a to r  S tra in  

No, 206, the same s tr a in s  came to be used, fo r  th is  

experim ent.

For th e ir  e f f e c t  on a n t ib io s is  by S tra in  No, A ? (l), 

b a cter ia  belonging to  the fo llow in g  genera were te s te d ;
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StaPhylooocous (8 );  StreptocooQua (31)* Psetidomonas (4 ):  

Bgoherlchla (8 );  Proteus (5 )s  C lostridluja (9 );  

Salm onella (6 );  Oorynebaoterium (2) and three others o f  

laisaellaaeouB. k ind . The numerals in  p aren th esis in d ica te  

the number o f  s tr a in s  te s te d , some had been reeea tly  

iso la te d  but others were stock  cu ltu res  obtained e ith e r  

from the N ational C o llec tio n  of Type Cultures or in  the  

course o f  routine d iagnostic, in v e s t ig a t io n s .

N utrient agar p la te s  were prepared according to  

the method already described , A p ortion  o f the growth

of S tra in  No, a7(1) was removed from a blood agar p la te

by means o f a flamed wire loop and streeJced once 

d ia m etr ica lly  across each o f those p la te s ,  sev era l of 

which la t t e r  were so in ocu lated  without recharging the  

loop . One p la te  was a l lo t te d  to each t e s t .  The loop  

was r e - s t e r i l i z e d ,  charged with a p ortion  of a colony of 

the t e s t  organism and streaked at r ig îit  angles across the  

l in e  o f the co lic in o g en e tic . s tr a in  at a p o in t about two 

th ird s  from one end. to  term inate in  an arrow head 

in d ic a tiv e  o f the d ir e c tio n  of the cross streak . As a 

r e s u lt ,  each p la te  came to  bear (a) a l in e  of pure S tra in  

No, a 7 (1 ), (b) a streak  of pure t e s t  cu ltu re continuing as

(c) a stroke c o n s is t in g  of a mixture o f both in ocu la

(v. Diagram on page 211).
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The p3.ates were ineuha'bed at 37°G* fo r  fo r ty -  

e ig h t hours when the resu lta n t grovfth was. s t e r i l i z e d  by 

exposure to  ohloroform vapour fo r  one hour. F ive m i l l i 

l i t r e s  o f n u tr ien t agar a t 50®C», made to  contain  0 .1  ml» 

of an e igh teen  hour n u tr ien t broth cu ltu re  o f the s e n s it iv e  

ind icator, s tr a in , No, 206, were layered  over each o f the  

s t e r i l i z e d  p la te s ,  which la t t e r  were then returned to  the  

incubator fo r  a fu rth er  e igh teen  hours, Preparations 

v/ore then examined fo r  breach o f the zone o f In h ib it io n  

at the p o in t vtiere the stroke o f the t e s t  s tr a in  crossed  

the l in e  of the o o lio in o g e n e tie  cu ltu re and for. lack  of 

in h ib it io n  around the mixed grov/bh of S tra in  No» à 7 ( l)  

and the ba.c_terlum under t e s t .  In sp ection  o f the l in e  o f  

pure t e s t  cu lture served to  rev ea l any ant agon), sm towards 

the in d ica to r  s t i ’ain  l ik e ly  to  in te r fe r e  v/ith demonstration  

of i t s  an ti c o l i  e l  n i c. a c t iv i t y .

A con tro l p la te , in d ic a tiv e  o f the s u i t a b i l i t y  

o f the medium, was included in  each group o f t e s t e  and 

o on sisted  of one n u tr ien t agar p la te , streaked vdth 

S tra in  No, a 7 (1 ), incubated and processed in  p a r a lle l  

with the r e s t  of the batch.

R e su lts ,

Around the a7 (1 ) streak  on the con tro l p la te  was 

to  be seen  a broad uninterrupted zone o f co lio in -in d u ced
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in h ib it io n  o f the s e n s it iv e  in d ica to r  s tr a in , Ko» 206 

(v. P la te  I ,  p , 212).

That zona o f in h ib it io n  was repeated along the 

streak  of S tra in  Ko, a7 (1 ) on the t e s t  p la te s  and, when 

a t e s t  organism did not e f f e c t  c o l ic in  a c t iv i t y ,  in h ib it io n  

o f the in d ica to r  s tr a in  was continued along the stroke o f  

mixed growth (v , P la te  I I ,  p . 213)

When some organisms were found to  in te r fe r e  with  

c o l io in ic  a c t iv i t y ,  the zone was broken at the junction  of 

the crossed, l in e s .  In ad d ition , in h ib it io n  o f the 

in d ica to r  s tr a in  was not. apparent around the streak  o f  

mixed growth of. t e s t  cu ltu re and c o lic in o g e n e tic  E, c o l i  

(v , P la te  I I I ,  p , 214),

Another foim of in ter feren ce  in  which only a 

t r i f l i n g  breach occurred where the l in e s  crossed , v/ithout 

any evidence o f c o l ic in  a c t iv ity  around the mixed cu ltu re , 

i s  portrayed in  P la te  IV (p . 215),

When the t e s t  cu lture was o f  swarming kind, 

a n t ic o l ic in  a c tio n  was more d iffu se  and sometimes 

com pletely ca n ce lled  c o l ic in  e f f e c t  along the streak  of 

the c o lic in o g e n e tic  cu ltu re  (v, P la te  V, p . 216),

The r e s u lts  with the various b a c te r ia l genera
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were as fo llo w s ;

StaphyloooQOUB»

A ltogether, e ig iit  sti*ains were examined. Of 

f iv e  I d e n tif ie d  as Staphylooocous saprophyticus. two had 

been is o la te d  from the in t e s t in a l  contents o f ch ickens, 

two were obtained from the vagina o f a b itc h  and one was 

an aerial- contaminant procured from a blood agar p la te .

The remaining three were obtained from the N ational 

C o lle c tio n  o f  Type Cultures but t h e ir  d is t in c t iv e  number 

was not any lon ger  a v a ila b le  and they were designated only  

as StaPh. aureus, Staph. glbua and Staph. o itr e u s .

D e fin ite  a n t ic o l ic in  e f f e c t  (v, P la te  I I I )  v/as 

shown by both of the chicken s tr a in s  as w e ll as by 

Staph, c i t r e u s . A l e s s  p o s it iv e  rea c tio n  v/as produced 

by Staph, albus but none of the others was found to  be so 

a c t iv e .

S trep tococcus.

Of a t o t a l  o f th ir ty -o n e  cu ltu res  o f in t e s t in a l  

o r ig in  com prising n in eteen  from c a ts , e ig h t from chickens, 

three from dogs and one from a lamb, f iv e  m anifested  

a n t ic o l ic in  a c t iv it y  (v. P la te  I I I ) .  Three o f those  

cu ltu res were of f e l in e  o r ig in  and two had been procured 

from ch ickens. (One o f the f e l in e  s tr a in s  l iq u e f ie d
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Pseudomonas.

Pour cu ltu res were te s te d . Three were of 

in t e s t in a l  o r ig in  and were obtained from a s e a - l io n ,  

a Calf and a dog, re sp ec tiv e ly ., The fou rth  was procured 

from the g astr ic , contents o f  an aborted ovine fo e tu s .  

Marked a n t ic o l ic in  e f f e c t  (v . P la te  I I I )  v/as shown by the  

bovine, ovine and canine s tr a in s  before delayed l y s i s  of 

the in d ica to r  s tr a in  enbued due to  a n t ib io t ic  a c t iv ity  on 

the part of. Pseudomonas. Any a n t ic o lic in ie , ac tio n  on 

the part o f the s tr a in  from the s e a - l io n  was obscured by 

rapid a n t ib io t ic  a c t iv ity  as denoted by a zone o f  

in h ib it io n  around the streak  of pure t e s t  organism.

E sch erich ia .

In a l l ,  e ig h t s tr a in s  of. B, c o l i  were te s te d .  

Three had been is o la te d  from the in t e s t in a l  contents o f  

chickens and f iv e  were obtained from canine fa e c a l samples 

A ll o f  the avian s tr a in s  and three canine ones y ie ld ed  the  

rea c tio n  dep icted  in  P la te  IV.

P roteu s.

f iv e  cu ltu res  were examined. Two iso la te d  from 

the bowel o f dogs and tv;o procured from the gut. o f  

ch ickens, a l l  o f which were b iochem ically  id e n t if ia b le  as
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Proteus m ir a b il is 1 swarmed across the surface o f the p la te  

and. com pletely prevented the c o l ic in  e f f e c t  along the 

len gth  o f the streak  of S tra in  No. A.7(l), as shown in  

P la te  V. The f i f t h ,  a non-m otile s tr a in  o f  P . v u lg a r is  

H.C.S.G. Ho. 4-175» produced the e f f e c t  i l lu s t r a t e d  in  

P la te  I I I ,

C lostridium .

One stock  cu ltu re o f each o f nine sp ec ie s  was. 

te s te d . They or ig in a ted  from the N ational C o llec tio n  o f  

Type Cultures but th e ir  numbers were not any longer  

a v a ila b le . C lostridium  b otu lin um. C l. ohauvoei«

01. oedem atiene, 01 . septicura, 01. sporogen es, 01 . s o r d e l l i i
«■WHaMMWwmMAM W *ii«iu »■,(!« iWiiKWW. .iiii#.i.ifMi* n.i» I iiin ii 'WHU* III »  ̂  rnmmum itM SIhmw miÊimmiiM i uni   « mif mmi iw »»ieW H W i,w w w w iliw w fW ew .

and 01. w clo h ii type D proved to  exert d e f in it e  a n t ic o l ic in

e f f e c t .  Only a trace  o f reaction  was given  by

01. haemolytioum  and th a t o f C l. te ta n i was in d e f in it e .

The appearance o f the rea ctio n  varied, according to  the 

swarming a b i l i t y  o f the c lo s t r id ia l  s tr a in .

Salm onella.

S ix  stock  cu ltu res o f N.O.T.O. o r ig in  and 

com prising Salm onella Paratyphi A, S a l, paratyphi B,

S a l, e n t e r i t id is ,  S a l, ty p h i. S a l, pulloruai and

S a l, gallinarum  were not found to  exert, any e f f e c t  on the

c o l ic in  a c t iv it y  o f S tra in  No. a7 (1 ) .
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Gorynebaoteritun,

Two stz*alns o f Corynebaoterium pyogenes were 

examined. One was is o la te d  from a bovine le s io n  and the  

other was N.O.T.O. No, 5225 o f porcine o r ig in . The 

a n t ic o l ic in  e f f e c t  o f the former was very s l ig h t  but the  

l a t t e r  was a sso c ia ted  with a marked rea c tio n , o f the type 

shown in  P la te  I I I .

W iiscellaneous s tr a in s .

An aei'Obic Gram-positive sp oru la tin g  b a c illu s  

is o la te d  from the caecum of a chicken and a stock  cu ltu re  

of B a c illu s  su b tilis -  both m anifested d e f in it e  a n t ic o l ic in  

e f f e c t  (v . P la te  I I I ) .  A s tr a in  o f Aerobacter aerogenes 

procured from the in te s t in e  o f a dog was characterized  by 

a s l ig h t  rea c tio n  s im ila r  to th at o f the B. o o li  s tra in s  

(v . P la te  IV)

D iscu ssion .

The fin d in g s revealed  th a t, at anyrate v itr o .  

vai'ious micro-organisms wei-e able to  reduce the potency  

o f the c o l ic in o g e n e t ic  s tr a in , E. c o l i  No. a 7 (1 ), and the  

range o f  b a c ter ia  able so to  act was shown to  be ex ten siv e . 

Of cu ltu res o f known, or presumed, in t e s t in a l  o r ig in , 

approximately 45?̂  proved a n ta g o n is tic . Members of the  

E nterobacteriaceae, comprising s tr a in s  o f  E scherich ia .
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Proteus and Asrobactor, were a c tiv e  in  varying degree as
,ü wi T Piw, I wi w ##w w  m w  ^

were a lso  jnicro-orgaJiisias belonging to  the genera Pseudo- 

aonas. C lost r id ium, Staphylooooous and Streptoooocus.

The l i s t  o f b a c ter ia  examined does not represent a l l  of 

the b a c ter ia  o f  in t e s t in a l  h ab ita t and i t  i s  not u n lik e ly  

th a t others o f th a t source may a lso  in te r fe r e  with  

a n t ib io s is  by S tra in  No* a7 (1 ) .

N oticeab ly , both cu ltu res o f stap liy lococoi o f  

ente3.-io o r ig in  were a c t iv e , whioh a c t iv it y  contrasted  

with the in a b i l i t y  o f  four out o f s ix  stap liy locooei from 

other, or unknown, sou rces. Such s, f in d in g  suggested  

th a t the property may be more ch a ra cter istic ; of fa e c a l  

sta p h y lo co cc i, a p e c u lia r ity  which m erits fu rth er  

in v e s t ig a t io n .

B a s ic a lly , two m an ifestations o f a p o s it iv e  

rea ctio n  were observed. In one, streng  in ter feren ce  with  

a n t ib io s is  was ev id en t around tHe l in e  o f the a7 (1 ) s tr a in  

as w e ll as around the mixed, cu ltu re . That form was the  

more common and was d isp layed  by most o f the genera te s te d .  

In the Case of the other rea ctio n , antagonism was observed 

mainly around the streak  of mixed growth with l i t t l e  

e f f e c t  on the zone o f  o o l io in ic  a c t iv ity  around the pure 

A7(1) s tr a in . The la t t e r  type of rea c tio n  was a ssoc ia ted
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with s tr a in s  o f E scherich ia  o o li  and o f Aerohaoter aero- 

genes « The m anifest d ifferen ce  may be due merely to  

v a r ia tio n  in  the degree of. a c t iv ity  on the part of. the  

t e s t  s tr a in  or to  the ex isten ce  o f  more than one mechanism.

The r e s u lts  in d ica ted  th a t c o lic in o g e n e s is  on 

the part of. E, o o l i  may be of l i t t l e  advantage to  the  

micro-organism in  i t s  e f fo r ts  to  co lon ize  in  the gut in  

the presence o f o ther b a cter ia  commonly present th ere .

In th a t resp ec t, s tr a in s  o f  E. o o li  notably in ter fered  

with Q fitib iosis on the part o f a member of the same sp e c ie s .

Summary.

B acteria  belonging to  seven out o f e igh t genera 

o f  in t e s t in a l  h a b ita t were observed to  prevent a n t ib io s is  

in  v itr o  on the part o f a co lic in ogen etid ; s tr a in  o f  E. c o l i . 

The Inoidenee o f cultures, of th a t kind proved to  be 

approximately f o r ty - f iv e  per cen t. Of the genera te s te d ,  

only Saliaonella  con stan tly  f a i le d  to  in te r fe r e  with the 

a n tib io tic ;  rea c tio n . The fin d in gs o f fe r  an explanation  

of. the reported in s ig n if ic a n c e  o f  c o lic in o g e n e s is  in  

establishm ent o f E. c o l i  in  the gut.
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Contaminant ; G ram -positive  
s p o r u la t in g  
b a c i l l u s .

C o l i c in :  a7 ( 1 ) .

Contaminant : Mould
( u n i d e n t i f i e d )  

C o l ic in :  N 8 (4 ) .

Contaminant : S are in a

C o l ic in :  a7 ( 1 ) .

Contaminant : Mould
( A s p e r g i l lu s )•

C o l i c in :  a7 ( 1 ) .
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(b)

(a )  Pure S tr a in  No. a7 ( 1 ) .

(b) Pure t e s t  c u l tu r e .

( c )  M ixture o f  S tr a in  No. A7(1)  and t e s t  c u ltu r e
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PLAXS 1.

C o n tro l p l a t e .  Xhe s tr e a k  o f £ .  t to l l  No. 17(1) 

i s  su rrounded  by a b road  u n in te r ru p te d  zone o f 

o o llo ln - ln d u e e d  in h ib i t io n  o f  th e  s e n s i t iv e  

in d ic a to r  s t r a i n ,  No. 206.
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PLUE 2.

Xhc zone o f  in h ib i t io n  of S t r a in  No. 206 i s  

con tinued  along th e  s tro k e  o f mixed growth.
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PLAZE 3.

I

ws
The zone of in h ib i t io n  of S tra in  No* 206 i s  

broken a t the  junc tion  of the  crossed  l in e s  

of S tra in  No. a7(1) and of the organism 

under t e s t .  In h ib itio n  of the in d ic a to r  

s t r a in  i s  absent around the s tre a k  of 

mixed growth.
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PLATE 4.

S lig h t  in d e n ta t io n  of th e  zone o f o o l ic in io  

a c tio n  i s  v i s ib le  in  a s s o c ia tio n  w ith th e  

growth of th e  organism under t e s t .  There 

i s  no t any in h ib i t io n  of S tr a in  Ko. 206 

around th e  mixed growth of S tr a in  No. a7(1 ) 

and t e s t  c u l tu re .
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PLATE 5.

The o o l lo in  e f f e c t  i s  o b l i te r a te d  along th e  

le n g th  o f  th e  s tre a k  o f S t r a in  No. a7 (1 ) .
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(B ) #  IIÎESTIG-AI’ÏÜÎJ lïïïO ÏHE ACTION Oï’ OTHER BACÏEEIA

OH # ÏIB I0 8 I8  i | i  v itr o  m  1 , a o l i .  SÏRAII ÎIo, A? (1 )

In troduction .

Several are the reports concerning the action  

of b a c ter ia  on c o l ic in  to  v i t r o .  H eatley and Elorey  

(1946) noted th a t the supernatant f lu id , from a, o e n tr i-  

fu g a lia ed  sample o f staphyloo.oc.oal pus destroyed the  

a c t iv ity  o f  a a o l ic in  when incubated w ith i t .  O olicin io , 

ao-tion, however, was not. a ffec ted  by incubation  fo r  

sev era l hours at 37 C. in  the presence o f  heavy suspensions  

of Various E. c o l l  c u ltu r e s . The l a t t e r  observation  was 

confirmed by Halbert and Magnuson (1948). Eroderioq  

(1957) remarked th a t ex tra c ts  of. s e n s i t iv e ,  a lone, b a c ter ia  

s p e c i f ic a l ly  n eu tra lia e  o o lic in s. by a process o f f ix a t io n .  

He a lso  s ta te d , however, th a t cer ta in  s tr a in s  may bind a 

given  c o l ic in  and y e t  be in s e n s it iv e  to  i t s  a c tio n . 

Examination o f the a v a ila b le  l ite r a tu r e  has f a i le d  to  

rev ea l any report on the a ction  of o th er micro-organisms 

on c o lic in o g e n e s is  or on c o l io in ic  a c t iv i t y .

The fin d in g s  o f the previous experiment revealed  

th a t members belonging to  a number of d if fe r e n t  b a c te r ia l  

genera reduced to  v itr o  the a n t ib io t ic  a c t iv i t y  o f a 

o o lio in o g en etie . s tr a in  o f 1 . o o l i » The work about to  be
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re p o rte d  was designed to  e s ta b l is h  i f  th e  mechanism bo 

invo lv ed  was r e la te d  to  p re v e n tio n  of a o lio in -p ro d u c tio n  

o r  to  in te r f e r e n c e  w ith  th e  a n t i b l o t i a  a f t e r  i t s  form ation*

M aterials and methods.
N utrient agar p la te s  were streeîced once 

d iam etr ica lly  with the c o lic in o g en e tio  s tr a in  o f c o l i  

No. A 7 (l). A fter incubation  at 37^0. fo r  fo r ty -e ig iit  

hours to  allow  of e laboration  of a n t ib io t ic  substances, 

the p la te s  were s te r i l iz e d .b y  exposure to  chloroform  

vapour fo r  one hour. Fourteen cu ltu re s , main3,y of en ter ic  

o r ig in  and proved by the previous e^geriment capable of 

preventing a n t ib io s is  by S tra in  No* a 7 (1 ), were streaJsed, 

one to  each p la te , at r ig h t angles across the band of 

growth of the a o lio ln o g en e tia  organism* fhe cu ltu res  

te s te d  com prised .five of E* co li*  two each of Peeudomonas 

anâ P. m ir a b il is . one eaob of A. aerogenee, a non- 

Ixaemolytic streptocnocue, StaPh. saprophybions and an 

aerobic Gram-positive sporu lating  b a c il lu s  as w ell as 

0_. pyogenes. îh e  last-m entioned  s tr a in  was recovered  

from an e x tr a - in te s t in a l  source.

P la te s  were returned to the incubator fo r  another 

fo r ty -e ig h t  hours to  enable t e s t  s tr a in s  to  propagate and 

to  in flu en ce  any e o l ic in  produced during the f i r s t  s ta g e .
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Thereupon, growth was again arrested  by exposure to  

chloroform vapour fo r  one hour. The p la te s  were then  

layered  vrilth the in d ica to r  s tr a in , E, o o l i  Ho. 2 0 6 , as 

p ra ctised  in  the p ieending experiment and incubated fo r  

a fu rth er  period  o f e igh teen  hours before they were 

in sp ected  fo r  m an ifesta tion s of a n t i - c o l ic in  a c t iv i t y .

A co n tro l p la te  streaked w ith Culture No. a7 (1 )  

was included to  t e s t  both the s u i t a b i l i t y  o f the medium 

fo r  c o l ic in  production and fo r  the e f f ic a c y  of s t e r i l i s a t io n  

of the a7 (1 ) growth by chloroform vapour. Aside from 

the fa c t  th a t , a f te r  the f i r s t  exposure to  chloroform, a 

s t e r i l e  loop was drawn across the a7 (1 ) streak  a t r ig h t  

angles to  i t ,  the con tro l p la te  was trea ted  in  ex a ctly  

the same way as were the t e s t  ones.

R esu lts .

The con tro l p la te  showed a wide zone of in h ib it io n  

of the in d ica to r  cu ltu re around the streak  of the  

o o lic in o g en ic  S tra in  No. a7 (1 ) but there was not any 

growth or c o lio in ic . a c t iv ity  along the l in e  drawn at 

r ig h t angles to  i t .

A complete break of varying width occurred in  the  

zone of c o l io in ic  a c tio n , not. u n like th a t dep icted  in  

P la te  I I I  (v . previous experim ent), where i t  was crossed
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by the l in e  o f the fo llo w in g  s ix  t e s t  c u ltu r e s , namely, 

the BtsphylococcuB, the streptooocoue, the Grsja-positive 

sp oru la tin g  b a c il lu s ,  C.. pyoftenes and both s tr a in s  o f  

Pseudomonas. The rea ctio n  on the part o f one s tr a in  o f  

Pseudomonas was p a r tly  obscured, by i t s  stron g ly  a n t ib io t ic  

a c t iv ity  towards the in d ica to r  organism.

Both s tr a in s  o f P . m ira b ilis  swarmed across the 

surface o f the p la te  com pletely to  in h ib it  the o o lic in io  

e f f e c t  along the en tire  len gth  of the streak  of S tra in  

No. a7 (1 ) .

A ll f iv e  s tr a in s  o f E. c o l i  d isp layed  a very  

s l ig h t  a n t ic o l ic in  e f f e c t  as evidenced by s l ig h t  

in d en ta tion  o f the zone o f  c o l ic in  a c t iv i t y  around the 

streak  o f S tra in  Ho. A7(1) at the p o in t where the t e s t  

s tr a in  crossed  i t .  Three o f the s tr a in s  o f E. c o l l  

were r e s is ta n t  to  a7 (1 ) c o l ic in  but the other two were 

shown to  be as s e n s it iv e  to  be as s e n s it iv e  to  the  

a n tib io t ic , as was the indicator, s tr a in .

D iscu ssion .

A ll fou rteen  t e s t  cu ltu res were able in  varying  

degree to a f fe c t  the a c t iv ity  of a7 (1 ) c o l ic in  a f te r  i t s  

form ation. The most appreciable a c t iv ity  was displayed  

by the staphylococcus, the strep tococcu s, the aerobic
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eporulatiug C^reim-poBitive baollluB , G* pyogenes aud the

JPseudomonas cu ltu res , around which the zone of a n t ic o lic in  

action  extended fo r  up to  tv/o centim etres* The r e la t iv e  

a n t ic o l ic in ia  a b i l i ty  of. Proteus s tra in s  was not 

determinable because the swarming growth com pletely covered  

the p la te  with eonseqiaent reduction of. c o l ic in  a c t iv ity  

along the en tire  length  of the streak o f the c o l ic in o -  

genic organism* The e f fe c t  o f E. c o l i  on the c o l ic in  

was barely  evident*

The d isp a r ity  of e f f e c t  produced by other b a cter ia  

and th a t caused, by 1 . o o l i  suggests th a t d iffe r e n t  

mechanisms may be involved . In the in stan ce of the 

former, a rea d ily  d if fu s ib le  agency was obviously concerned 

sin ce  the a n t ia o lio in  reaction  was not lim ited  to  the 

immediate v ic in i t y  of the t e s t  s tr a in , as i t  was in  the 

Case o f  E* oo li*

The nature o f the action  o f th o se , and other, 

t e s t  organisms on the c o l ic in  produced by S tra in  No. 17(1) 

remains obscure and the author intends to  carry out a 

more d e ta iled  in v e s t ig a t io n  of the phenomenon. None the 

l e s s ,  sev era l p o s s ib i l i t i e s  m erit con sid eration .

Thus, Fredericq (1964) remarked th a t the m ajority  

of c o l ic in s  are destroyed more or le s s  rap id ly  by
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p r o te o ly tio  enzymes and, in  some of the cases under report, 

p r o te o ly tic  a c tio n  may have been involved  although not a l l  

of the b a cter ia  shown to  be a c tiv e  aga in st the a7(1 )  

c o l ic in  were o f p r o te o ly t ic  nature. On the other hand, 

Halbert and 8*1ok (1950) detected  production o f c o l ic in  

by E. c o l i  to  high t i t r e  in  p er ito n ea l exudates o f  mice 

and rab b its d esp ite  the fa c t  th a t p r o te o ly t ic  enzymes are 

present in  such m ateria l and so concluded th a t the enzymes 

did not destroy the a n t ib io t ic  at an appreciable ra te .

The author found one batch o f medium to  be 

u n su itab le fo r  demonstration o f co llo in -p rod u otion  when 

the only d etectab le  abnormality was a pH lower than 

normal. In some ca ses , change o f pH wrought in  the  

medium by a bacterium under t e s t  may have caused some 

reduction  in  c o lio in ic . a c t iv ity  although Halbert and 

Magnuson (1948) observed one e o l ic in  to  ex h ib it  a 

r e la t iv e ly  high res is ta n ce  to  an acid  environment, even, 

at 100°C.

Fredericq  (1957), in  a review of the p rop erties  

of e o l ia in s ,  n o ted .th a t those a n tib io tio a  attach  them selves 

to  sp e c if ic , receptors on the b a c te r ia l c e l l  and that  

e o l ic in  may be f ix e d  by both s e n s it iv e  and z^esistaht 

organisms* The la t t e r  fa c t  may exp la in  the s im ila r ity  of
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the in h ib ito r y  rea c tio n  to  a7 (1 ) c o l ic in  on the part of 

su sc e p tib le  as w e ll as refractory  s tr a in s  o f E. o o l i .

The l im ita t io n  o f the a n t ic o l ic in ia  e f f e c t  to  the immediate 

v ic in i t y  of the cu ltu re under t e s t  and to  the area of 

low est a n tib io tic , concentration  was c o n s is te n t  with 

adsorption o f c o l ic in  on to  the t e s t  s tr a in  or on to  i t s  

produats of. a u to ly s is .  In the ease of. organisms other  

than E, c o l i  or aerogenes, the antagonism may involve  

the e lab oration  o f d if fu s ib le  substances s u f f ic ie n t ly  

s im ila r  to  i t s  s p é c i f ia  receptors to  be able to  block the  

a ctio n  o f the a n y ib io tic .

Summary.

A v a r ie ty  of bac.teria, mainly o f e n te r ic  o r ig in , 

wore found to  in te r fe r e  In v itr o  with the a c t iv it y  of 

c o l ic in  a f te r  i t s  form ation by one s tr a in  o f E, o o l i , 

P o ss ib le  reasons fo r  th a t action  have been d iscu ssed .

DISCUSSION OP RESULTS OP SECTION IV.

The fin d in g s  from the work reported in  th is  

se c tio n  are deemed s ig n if ic a n t  on sev era l grounds. Thus, 

the a c tio n  of other m icrobial in h ab itan ts o f the bowel may 

in te r fe r e  v/ith c o l ic in  formed there and so n eu tra lize  any 

p o te n t ia l advantage o ffered  by a n t ib io t ic  production. As 

a r e s u lt  o f such a n t ic o l io in ic  a c t iv it y ,  the tenure o f a
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oolieinogenetiG ; s tr a in  o f E. o o li  in  the in te s t in e  may he 

p ai'tly  dependent on the c o n s titu tio n  o f the other m icro- 

organismal f lo r a  found thei'e*

A n ti-c o lic in io  antagonism in  v ivo  may be the  

reason fo r  the in con clu sive  r e su lts  experienced by the 

author, as w ell as other workers, in  comparative s tu d ies  

on a n t ib io s is  by E. o o l i  in  v itr o  in  r e la t io n  to  the 

duration o f residency o f  s tr a in s  in  the h ost of o r ig in .

A s im ila r  cause may have attended, fa ilu r e  a r t i f i c i a l l y  to  

e s ta b lish  a c o lic in o g e n e tic  s tr a in  of. E. o o l i  in  the gut. 

or to  d e tec t c o l ic in  in  preparations from in te s t in a l  

co n ten ts .

Perhaps, o f greater  importance i s  the in flu en ce  

by the e n te r ic  m icroflora  on bacteriophage. As in  the  

case o f c o l ic in ,  the ro le  o f bacteriophage in  the form ation  

o f the E. c o l i  population  of the gut has not y e t  been 

defined . A lth ou ^  he concluded th at the agents are 

fundam entally d iss im ila r , Fredericq (1957, 1964) described  

s im ila r it ie s  to  obtain  between c o l ic in  and bacteriophage, 

in clu d in g  the probable p o ssessio n  of common recep tors.

On the other hand, Sandoval (1965) observed a m orphological 

resemblance of a c o l ic in  to  baeteriophagic. p a r t ic le s  and 

suggested th a t " a ll b acterioo in s may represent various
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products o f  d e fe c tiv e  lysogeay" . Hence, i t  i s  not 

u n lik e ly  th a t , should other b a cter ia  in te r fe r e  with  

c o l io in ic  a c t iv i t y ,  they may do lik e w ise  in  the case of 

baeteriophagic a c tio n ,

summary,

Follow ing observation  of in ter feren ce  with  

eo lio in ogen oB is by E, c o l i  on the part o f other m icro- 

orgaîiiems, the author carried  out an in v e s t ig a t io n  which 

served to  rev ea l th a t a v a r ie ty  of b a c ter ia  of e n te r ic  

o r ig in  may n u l l i f y  the c o l ic in  produced in  v itr o  by one 

s tr a in  o f E. o o l i . The fin d in gs have been d iscussed  with 

sp e c ia l  emphasis on the r o le  o f  c o lic in o g e n e s is  in  the  

establishm ent o f E. c o l i  in  the in te s t in e .
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final DISCUSSION.

Enteric, disturbance in  in fa n ts  and young animals 

i s  freq u en tly  a sso c ia ted  with p r o life r a t io n  o f sp ec ific ;  

serogroups o f E,. o o li  in  the gut, which m u lt ip lic a tio n  i s  

p o ss ib ly  re la te d  to  d ie ta ry , or other, fa c to r s . The 

pathogenesis o f  in fe c t io n  i s  not y e t  c le a r  although, in  

the case o f oedema d isea se  and o f haemorrhagic gastro

e n t e r i t i s  o f p ig s ,  an anaphylactic rea c tio n  on the part of  

the h ost may be involved  (Thomlinson and Buxton, 1962, 

1963). S o -ca lled  enteropathogenia E. o o l i  (EEC) do not 

d i f f e r  markedly from s tr a in s  normally to  be found in  the  

in t e s t in e .

In the course o f  the work under rep ort, the  

author recovered from healthy  chickens '0* groups (01, 02, 

018 and 073) which have been a ssoc ia ted  w ith avian d isease  

by other workers (Gross, 1957? So^ka and Carnaghan, 1961; 

Guinee, 1963). In the case of human b ein gs, EEC sero

groups have been procured n o t in freq u en tly  from fa e c a l  

samples from in d iv id u a ls  in  whom the micro-organism  

probably co n stitu ted  part o f the normal in t e s t in a l  f lo r a  

Neter e t  a l . , 1951? Shanlss and S tu d zin sk i, 1952; E em et 

e t  aJL*, 19555 Curtin and Cliffo?:d, I 9565 Thomson,

Watkins and Gray, 1956; Getmble and Eowson, 1957; Cooper 

e t  a l» , 1959? Solomon e t  a l . ,  1961 and o th e r s ) .
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Bzî-amia'iation o f h e a lth y  ae w ell as d ieeaeed  anim als has 

y ie ld e d  s im i la r  serogroups (Orskov, 19515 Orskov and Fey, 

1904? B n g le r t, 1955| 25v d n g £ b  a l* , 3.955; Thomson, 1956; 

8aX<a.'saiti axtd I^amioka, 1956; JaoaJ-ue and Aragon, 1958;

Mian, 1959? Mushin e t al» # I960; Scheibner, I960;

G-lahtz e t  al* # 1959? Eauss and, Ketyip I960; Maokel 

e t  a ^ ., 1960; Eoea, i960; EaecXrexibeeck and Thomas, i960;  

BehoexiaerE and Kaeckenbeeak, I960; Guinee, 1963; Giant a 

and Eothexibachez*, 1965; Maokel e t  al* # 1965; Smith e t  al* * 

1965 and others)*

Borne of the above stu d ies  were designed to  

in v e s t ig a te  animals as a reserv o ir  of in fe o t io n  fo r  man* 

Smith a l * (1965) obseznred a re la tio n sh ip  to  e x is t  

between humsn in fe c t io n  and the eonsumptiom o f chicken and 

of pork as w ell bb a co rre la tio n  with contact with  

househo3-d pets., The author of th is  th e s is  demonstrated 

natural tenures o f up to  four weeks on the part of two 

KBG serogroups in  the gut. o f  dogs and a lso  noted tv/o 

Instanaes o f t o n s i l la r  in fe c t io n  in  the same aJoimala, 

fa c to r s  which may o f fe r  considerable opportunity fo r  

transm ission  to  human beings*

Eeoords of natural- in fe c t io n  by BIG in  in fa n ts  

(Taylor and Charter, 1952) and o f a r t i f i c i a l  in fe c t io n  in
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p ig le t s  (Bauiiders e t  a l . , 1963) revea l th a t transm ission  

ooeurs rea d ily  among young crea tu res. Greater ease has 

’been experienced by th is  author as v /ell as by other workers 

(Friedman and H albert, I960; I^îushin and Duboa, 1965) in  

e s ta b lish in g  sti*ains o f  1 .  c o l i  in  day-old animals than 

was the case in  a d u lts . In ad d ition , the observation by 

Hemedi (1965) o f an inoidenoe of EEC, tw ice as high in  

normal in fa n ts  as th a t found in  healthy  a d u lts , suggests  

th a t the in fa ï it t le  in te s t in e  may be a p a r tic u la r ly  

su lta h le  environment fo r  some serogroups.

The ro le  o f  EEC in  respecli o f the in te s t in a l  

f lo r a  has y e t  to  be e l i c i t e d .  The author b e lie v e s  th a t  

fu rth er  research in to  the mechanism c o n tr o llin g  E. c o l i  

in  the normal in te s t in e  i s  in d ica ted  s in ce  pathogenic, 

s tr a in s  are su b ject to  the safm form of government. 

In v e stig a tio n  in to  the p h y sio lo g ica l s ta te  o f the h ost i s  

a lso  deemed necessary because the r e s u lts  may exp la in  the  

pathogenesis o f various d isea ses  with which some serogroups 

are p e c u lia r ly  a sso c ia ted .
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(1) XtL i^especv o f t h é  aosipositlou o f  rea lêe iit  e n d

frmîoicm t soroêTOupEi the normal en ter ic  population  of  

the doxueatio chicken c lo e e ly  resemblee th a t bf the othez* 

apeeioB o f  &mmaXo atudied*

(2) Btralno o f B* o o li  d if f e r  in  a b i l i t y  to  ee ta b lish

them selves in  the in te s t in e .

(3) S trains o f g_. c o l i  have a p r e d ile c t io n  fo r  a

pax*"liicular sp ec ie s  of. h ost hut c r o s s - in fe c t io n  i s  f e a s ib le  

under n atu ral con d ition s.

(4) I n te s t in a l  micro-organisms may in te r fe r e  in  v itr o

vrith c o l ic in  produced- by E. o o l i . S im ilar a n t ic o l io in ic  

a c t iv ity  ^  v ivo may account fo r  the oeejiiing in s ig n if ic a n c e  

on the part o f the a n tib io tic , in  establishm ent of E. c o l i  

in  the gu t.
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S W Î I 8  #  ÎBB A0300ÎAÎ1O» OF

a m  m m m ,  

m m m t ,

Shs Urst part ôf # @  tïiesis repoîrts sa ©aaainetioa of # e  
serological coti^oeiMo» of the momal enteric g. coj$ flora of three 
âouestio ohiCkeim oaâ of tue Syrien hametere. In the oaee of the 
fonmer entelo» the resnlte were eirilar to thoae desorihoA for other 
epeoiee, inolnding man. The etndy of hsmeters revealed that, in 
thoee animale too, a residsnt atraia may be exoroted with great 
oonstanoy daring a long period.

The eecond part deeoribee an inveatigatlon into faotora 
assooiated with the regulation of g. oplj in the gat of animolo, with 
#eoial rofexenee to (a) # e  effect of the ph/Mologiool etete of the 
host, (b) the degree of ability of the organdem to become ^planted in 
the inteatiae, (o) host speoiaM,oity on the part of the organism and 
(d) oolioinogenesia.

The iateetinal &. .dplj. flora of a litter of seven yonag dogs 
was examined over a period of approximately two-and-a#half months, in 
the course of whiOh the animale were infected erperimentally with the 
virus of infectious canine hepatitis, Variations occurred in the 
incidence of biochemio^ varieties and serolo^oal types in the faeces 
but they were not referable to the period of clinical disease aeieing 
from the viral infection, icoordingdy# the author concluded that



pbyalologiqal Aletwbamoe on ttm pa# of #.0 hoat Md m% iniXuonmà 
the com tituent #,* of the feosroX* o f bloohmfWL

vailetie» by d o #  too oWerved to foXXoir a pattern oiioiXaS? to that 
aomally exhibited by aorogtoupo I m m u o h  m  a fe* 'reoldmt* typee 
pxeyalXed thxou^bout the period of otudy whereae othera m r e  preoeat 
for reXatiwly ohort iatewaXe# fhe oauee of the IXuotuatioao of 
bioohemioaX varlettee vaa aot wderatood bat may have been related to

Attompte m re made to mtabli# ia adult aad day-*oM oMekeas 
or in adult hameteray imder mtural oomdltioua# eix different aeiogroupm 
of demonatrably reeident or traneient in the hoot of origin#
Ae a remit# two previously trmeient otraine of avian origin failed to 
ooloni&e the intestine of adult birds and the aeaooiation with day-old 
ohiOke was short in ocmparleon with the marked ability of a former 
resident type ft?om a e W l e r  eouroe to inhabit the gut of experimental 
birds# !]?hua# the author oonoluded that £♦ qqI^ varies in its ability 
to persist in the intestine*

A pa^noimoed host^speoifio tendmoy was noted on the part of 
&# S811» In that respeot# a strain formerly resident in a fowl was 
more easily implanted into the gut of ohidkens than into that of 
hamsters* likewiS»# a strain isolated from a hamster established 
itself more readily in o#er animals of the same speoies than in birds* 
Nevertheless# traneferenoe of &* .epli, from one spooies of animal to 
another was aohieved in four instanoes but# in only one# did the



aerograup appear aubsaquaaily in faeoal samples with the oowtmu^ 

exhibited by aateaUy roaident in the t;ype of animal*

Positive remits were m m  oaaily obtained i t m  experiments 
involving day#oM ol40ke than from tWme m  adult mimla* B m t  
finding agreed with remits of other workers who have oarried out 
studies on dcy#old WLoe and it m o o t e d  that tranmaioeion may occmr 
readily among infantile animala#

In respeot of the signifioanoo of oolioinogeneoia in 

establishment of Xn the intestine# attempts to implant new

strains failed to yield oonolusive findings*

An inv0sti#tion  of tMrteen resident and fifteen  transient 

strains of g# 00%. of animi origin |a  revealed the same 

proportion of oolioinogenetio orĝ uiiems #  obtain in  bo tit groups* ' 

avorago degree of antagoïîism by resident baoteria did not differ 

greatly from that exerted by transients and resistanoe to oolioin was 

not peoullar to either type# fhose results indicated that antibiosis 

in  respect of colicin^production was not a lik ely  factor in  

establishment of B* ooli. in  the bowel#

On the other Imnd# examination of a seiles of isolates of 

& SSlâ one out of three chiclmns revealed a close correlation to 

exist between antibiosis ^  y ;̂f;rbn ^d length of tem%re of the strain*

In tlmt instance# the replacmcnt of one resident type by another may 

have been associated with demonstmblc loss of antagonism by the former̂



to Bermn out eight gonom of intootiaal 
habltatr %mluM.ng mm oboeryol to tototfosm # #
mtlbloolo m the paart of a oo&lo&nogoa&o otspoia of g,# SSüXĵ

The iuoitoioo of mitmme of that kind pmy# to W o^pfoxtoatoly ### 
0f tho #i)ora tooted# oWLy ooinotantly failed to affeot the

amtihiot&o aotioné A te th e r lmre$tl#tlom mvoaled that the effeot 
wae exerted on ooXioln after ite  formation* tlndlngo offer m 
explanation of the aeeming inei&wif&oa&oe of çoliolnoeenoeie in 
eotahliehment of epjl, in the gut*

in brief # the investigation nerved to reveal that the not 

inooneidorabie phyoloiogioaX diaturhanoe aeoompanying a viral 

infection of the hoot may net W attended hy alteration of tW 

hiooîiemioaX or eeroiogioal strain eompoeition of |[* 0̂ %̂, in the 

intmtine* Bmù atraino of g,* m?m partioulGmly able to inhabit 

the noBîiaX howl* fliere la  a strong h08t*apeolfio tendency on the 

part of hut oroca*^infeetion under natural conditions io

feaeihXe* Cfolioinogeneoio is  of doubtful value to E* in the 

prooeoa of implantation in the gut# poeoibly aa a rem it of 

anticoiiolnio activity on the part of other bacteria normally proaont 

there* # e  outcome emphaeieod that mudi is  yet to be diaocvered 

concerning the regulation of g,* in the normal Inteetine*
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