
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



THE IN V I TRO ATTACHMENT OF 

ESCHER ICH IA COL I T O  HUMAN U R OEP ITHEL IAL CELLS: 

INVESTIGAT I ON OF HOST AND BACTER IAL CELL FACTORS . 

A THE S I S  P RE S ENTED IN PART IAL F U LF I LMENT 

OF THE REQU I REMENT S  F OR THE DEGREE OF D OCTOR OF P H I LO SOPHY 

IN MICROB I OL OGY AT MA SSEY UN IVERSITY , 

PALMERSTON NORTH , NEW ZEALAND . 

G REGOR REID 

19 8 2  



TO 

MUM AND DAD 



1. 

ACKNOWLEDGEMENTS 

I am indebted to the Departme nt of Microb io l og y  and Geneti c s , 

Ma ssey Universi ty ,  New Zea land f or provid ing me with the opportunity 

and fac i l i tie s  f or th is study . In pa rt icu lar , I th ank Dr. Heather 

J . L .  Brook s for her encourag ement and expertise , and f or the u se 

of her c ol lec t ion of E . co l i  isolate s .  Also , many thank s to 

Professor D . F .  Bacon , Head of Department ,  for his  friend ly and 

sc ientif i c  gu idance .  

I acknowledge the grateful  receipt of a Rotary Interna tiona l 

Foundation Scholar sh ip , and the support of a Med ic a l Research Grant 

of New Z ea land . 

T hanks to D r s .  Svanborg Eden ,  Parson s ,  Beachey , �rskov and 

Sugarman f or the i r  kind dona tion of reference stra i n s . Also to 

Dr. K . A .  Bettel he im , Na tion al Health Institute , We l l ing ton , for 

serotyping a number of i solate s , and to Dr. A . A .  C orbett , Grey S treet 

Medical  Labora tor y , for u se of h i s  fac i l i t ie s .  

Spec ial thanks to the f o llowing people : 

Mr Mervyn J .  B i r t l e s  and Irene Ha l l  in the Department of Physi ology 

and Anatomy , for friend ly adv ice on histolog y  and for 

a s s i stance with a r eproducabi l ity study . 

Mr Doug H .  Hopcroft and Mr R .  Bennett of the Elec tron Microscope 

laboratory , D . S . I . R .  and Mr Nick E l lison ,  f or a s s i stance with 

sec tioning of sample s and f or provid ing photog raphs .  

Dr. Ian G .  Andrews for donation of compound s .  

Mr W . D .  Stirl i ng f or patient d irec tion of stati s t ic a l  analys i s . 

The Immunohaematology D epartment , Pa lrner ston North Hospital , for 

supplying human erythrocyte s . 

My many true fr iend s ,  e sp�c i ally Catherine , Kerry , Pat , Kay , Le s l ey , 

S arah , John , Davie , C rai g , Doug ie , Ronn ie Scruff , Dr. Roy 

T hornton , Drs . Vaugh an and Ca thy Crow , and the staff of the 

Departmen t  of Microbio logy and Genetic s .  



I am ind ebted to Kirsty Sta lker for her patience and d i l i g ence in 

t yp ing thi s manu scr ipt . 

F inal ly , to the women who so ably f i l led the bott le s :  in ord er 

of vo lume , Cather ine , Wendy , Margar et , F iona , Jayne , Sarah ,  

Le s l ey , Isabel , Joce lyn , Mr s C , G , H and Z ,  plus the s ing le 

d onor s! Thi s  study wou ld not have been pos s ible but for 

t he ir dr ink ing habi t s  the n ight bef ore! 

2. 



3. 

ABSTP�CT 

E sc he r ichia coli is the main c au sative org a n i sm in ur inary tr act  

infections (UT I )  in adu lt women . Attachment of  E . c o l i  to the 

uroepithe l ium i s  be l ieved to be an impor tant s tep in the on set 

of infec tion , a s  i t  enab l e s  the bacter ia to r e s i s t hydr ok ine tic  

c learance mechanism s . In the pre sent study , a r epr oduc ible 

in v i tr o te s t  sy stem wa s u sed to a s say E . col i a ttachment to 

uroepithe l i a l  c e l l s  harve s ted from the ur ine of premenopau sal  women .  

Type spec i f ic anti sera and an ind irec t f lu or e scent antibody 

technique were a lso u sed to d e tect E . coli a ttached to uroepi the l i a l  

cel l s .  The results  from thi s study wer e c ompara b l e  to tho se obtained 

u s ing me thy lene blue as a bac ter ial  stain . The f lu orescent 

antibody techn iqu e wa s appl ied to the study of u r oepithe l i a l ce l l s 

from women wi th symptomat ic UTI , and E . coli were seen attached in 

varying number s to the se c e l l s . Uroepithe l i a l target ce l l s  with 

l arge number s  of E . coli a tt ached , were found to exist wi th in any 

g iven ce l l  popu l at ion .  The c apac ity to attach t o  uroepithe l i a l  

cells  appeared t o  be a proper ty held by the ma j or ity o f  E . col i 

strains i s olated from ur inary tract infec tion s .  

Recept ivity of uroep i the l ia l  c e l l s  to attachm ent of c er tain 

E . coli s tr a ins var ied over the men s trua l cyc le in a repetitive , 

cyclic a l  patter n ,  s imilar to expec ted oestr ogen l evel s .  H ig he st 

a ttachment va lue s were obta ined between day s  9 and 13 , 18 and 2 8 , 

and lowe s t  values between days 14 and 17 of the men strua l cycle . 

Uroepi the l i a l  c e l ls  collected from s ix women in the f ir st few months 

of pregnancy were hig hly recept ive to E . coli  a ttachment ; where a s  

c e l l s  c o l lected i n  the later months were le s s  rec eptive . The se 

results d id not fol low expec ted oe strogen leve l s . 

The b l adder s of a p ig , a l amb and a group of m ice were examined 

for the pre s ence of mucopo l y s a cchar id es . Per iod ic acid Schi f f ' s  
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(PAS ) r eag ent and a lc i an blue wer e u sed to ident ify a wid e range 

of mucu s  substance s .  Sever a l  tec hniqu e s  wer e d evised incorporating 

the se two s ta i n s  in c ombination wi th v iabi lity or bac te r i a l  stains 

to exam ine the muc opoly sacchar id e s  coating human uroepithe lial  

c e l l s  f r om  the ur ine sed iment .  The se d ouble-stain ing techniques 

proved to be highly r eproduc ible . S ig n i f icantly mor e v iable than 

nonv iable uroepithe l i a l  cel l s  wer e coated wi th mucu s .  Attachment 

of one E . c o l i  stra in wa s grea ter to mucu s coated than to non -coated 

c e l l s ; whi le a ttac hment of a second str ain was apparently unaf fec ted 

by the pre sence of a mucu s coat . 

A propor tion of E . coli s trains pr oduce a mannose sensitive 

haemagg lu tinin (MSHA )  detec ted with gu inea pig erythroyc te s ;  whi le 

a pr opor tion of E . c o l i  stra ins produce a mannose r e s i s tant 

haemagg lu t in in (MRHA )  detected with human erythrocy te s .  The role 

of the se bac ter i a l  haemagg lu tinin s in the attachment of E . coli  

to uroep i the l i a l  ce l l s  wa s inve stigated . The expr e s s ion of a 

MSHA wa s in some c a se s affected by storage of E . col i for 1 2  month s ;  

whi le expr e s s ion o f  a MRHA wa s not a f f e c ted by s torage . The presence 

of a MSHA d id not enhance attachment to uroepithe l i a l  c e l l s .  

However , a f ter growth on trypticase soy ag ar , a number o f  strains 

expre s sed a MRHA and attached in signi f ic antly greater numbers to 

uroepi the l i a l  ce l ls . Severa l exper iments  were d e s igned to inve stig ate 

the nature of the MRHA . 

E le c tr on microsc opy wa s u sed to examine E . coli  c e l l s  for the 

pre sence of p i li .  Stra ins expre ssing a M SHA were highly p i l i ated ; 

s tr a in s posse s s ing a MRHA were highly p i l iated , poor ly p i l iated 

or non-p i l iated . Fur ther studies were c arr ied ou t u sing transm i s s ion 

e le c tr on microscopy and scann ing electr on microscopy to examine 

ba cter i a l  attachment to the uroepithe l ia l  cell  surf ac e .  In the 

f ormer , ru then ium red wa s used in one instance to s ta in the 

polysacchar ides wh ich coat the bacter i a l  and uroepi the lial  c e l l s . 
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INTRODUCTION 

SECT ION 1 . 1  

THE EP IDEMI OLOGY AND PATHOGENE S I S  OF URINARY 

TRACT INFECT IONS 

28. 

Ur inar y trac t infection s (UTI ) are a common cau se of i l lne s s  

in ear ly chi ld hood , infancy , sexua l ly ac tive women and i n  the 

e lder ly ( B l ac k  and Moore , 19 6 9 ; Savage , 1971;  Stamey , 19 7 8 ; 

S i ege l et  a l . 1 9 8 0 ) . In ma le s , ur inary infec tions rare ly occur 

be fore the age of 50 , in the absence of instrumentation . I t  ha s 

been e s t imated that some 10 to 2 0 %  of a l l  women acquire a UTI 

at some time in the ir l ives ( S tamey , 197 8 ) . The se inf ec tions c an 

be termed " spec i f ic "  or "non-spec i f ic" ( Smith , 197 8 ) . The non -

spec i f ic ur i n ar y  tract infec tion s  can be fur ther c l a s s i f ied a s  

either comp l ic ated or uncomp l ic ated . The f ormer refer s to ba cterial 

inva sion of the ur inary trac t  leaving r e s idual inf l ammatory change s ;  

and a l so refers to infec tion s re la ted to an ob struction of the 

ur inary trac t  ( Kun in , 19 7 9 ) . U nc omp l ic ated infections have no 

underlying s tructural or neuro log ical l e s ions . The se g enerally 

repre sent the f irst few epi sodes of  UTI in women ,  and tend to 

re spond we l l  to chemotherapy . I t  ha s been e s t ima ted tha t  E scher ichia 

coli  accounts for over 8 0% of the spec ies  r ec over ed from c a s e s  of 

uncomp l i cated UTI (McFadyen et a l .  19 7 3 ) , whereas , spec i e s  of 

Proteus , Klebsie lla , Enterobacter , Enterococ c i , Pseudomona s  

aerug inosa and Staphy lococcus  aureus are mor e common ly rec overed 

from patients with prev ious his tory of inf ection and/or instr umentation 

( Kunin , 19 7 9 ) .  

Several  types of UTI may be d iagnosed . S ignif icant Bac ter i uria 

i s  the term g iven to inf ect ions d i agnosed by the pre sence of a 
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s ignificant number of v i able bac ter i a  in the urine , ( >  10
5 

Bac ter ia 

per ml urine ) ( Brum f i tt and Ham i l ton-M i l ler , 19 81) . The inc idence 

of bac ter iur ia increa s e s  with age , and is often as high as 1 0 %  in e ld er ly 

women .  Routine cu l tures of pregnant women and sexua l ly active , 

non -pregnant women have revea led tha t  up to 7 %  hav e s ig n i f icant 

asymptomatic bac ter iur ia (Wa l t z er , 19 81) . Untrea ted bac teriur ia 

lead s  to c linica l ly a pparent acute pye lonephr itis  in 4 0 %  of c ases 

in later s tage s  of pregnancy . ( Ka s s , l 9 6 0 , a ) . The term Cystitis  

refer s  to infec tion of the bladder , c au s ing symptoms of frequency , 

dysur ia , urgency and suprapubic d i s c omfort ( Smith , 19 7 8 ) .  

Pye lonephr itis ha s been broad ly def ined a s  an inf l amm atory process  

of th e k id ney and i t s  ad j acent struc tures ,  and is  u sua l ly as soc i ated 

with vesicouretera l ref lux . Acute pye lonephr i t i s  i s  a c linica l 

term con s i s tent with symptoms of fever , f l ank pain , tend erne ss and 

the presence of leukocyte s and red b l ood cells  in the ur ine ( Kunin , 

19 7 9 ) . An increased inc idence of thi s  d i sease ha s been r epor ted 

in pregnant women (Wha l ley , 1 9 6 7 ) . Chronic pye lonephr i t i s  i s  a 

term which implies  tha t bac ter ia or bac ter ial antigen s are 

per s i s tant in the kid ney , g iv ing r i se to a continu ing i n f l amm atory 

re sponse ( Kunin , 1 9 7 9 ) . Asymptoma tic  bac ter iur ia i s  a term g iven 

to a UTI where signif icant number s of v iable organ i sm s  are pre sen t 

in ur ine , without the pre sence of c l inical symptoms of an infec tion 

( Stamey , 1 9 7 8 ) . The "Urethral Syndrome " is  a term g iven to an ai lment 

in patients with symptoms of lower UTI , in the absence of s ignif icant 

bac ter iur i a .  Thi s  cond i tion is  common in up to 50%  of women who 

pre sent themselve s to their general  practitioner with symptoms of U T I . 

Af ter d i scussion with a Con su l tant Urolog i st at Pa lmer ston North 

Hosp i tal , it  appear s  that in c er ta in c linic a l  c a s e s  squamou s 

metap la s ia i s  d iagnosed in pa tients with the urethra l syndrome . 

Cauter i za t ion of the squamou s cel ls coating the bladd er tr igone often 

r e su l ts in a los s  of UTI symptoms .  
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Recently , th is syndrome ha s been re-named " dy suria and frequency 

wi thout s ignificant bacteriur i a "  a s  repor ted by Brumf i tt and Harni l ton­

Mi l ler ( 1 9 8 1 ) . I t  i s  pos s ible  tha t organ i sms such a s  mycop lasma 

s pecies  are involv ed in patients with th is syndrome . Birch et  a l . , 

( 1 9 8 1 )  have i solated Ureap lasma ure a lyticum in patients wi th 

''s ter i le pye lonephr i tis" , af ter ur i ne col lec tion by suprapubic 

puncture .  Other org ani sm s may be f ound to be involved thoug h 

a lternative c ause s of this syndrome may be r e l ated to physiolog ic al  

d i s turbances or p sycholog i c a l  d i sorder s .  These pos s ib i lities are 

at present a matter of great i nter e s t  and d i scu s s ion . 

Recurrent ur inary tract inf e ctions are an impor t ant c linical 

problem . Approx ima te ly 8 0 % of the s e  are re i nfection s  of the ur inary 

tra c t  wi th d i fferent organ i sms at each occurr ence ( S tamey , 1 9 7 5 ) . 

The importance of recurren t infections ha s lead to the ir in c lus ion 

in the c l in ic al c la s s if ic a tion of UTI : the se categor i e s  are ( a )  

f irst  infec tion , ( b )  unre solved bacter iuria , (c ) bac terial  per s i s tence 

i n  r ecurrent inf ec tions and , ( d )  r e infection of the u r inary trac t 

i n  r ecurrent inf ec t ions . ( Brumf itt and Per c ival , 1 9 6 4 ;  Starney , 1 9 7 5 ;  

C icmanec and Evans ,  1 9 8 0 ) . 

1 . 2 BACTERIAL ENTRY INTO THE URINARY TRACT . 

F our main p athways of bacter i a l  entry into the ur inary tr act 

have been proposed by Smi th ( 1 9 7 8 ) ; name ly , the a scend i ng route 

o f  infect ion , hema togenou s spre ad , lymphatogenous spread and d irect 

extension from another org an . I t  i s  be lieved that the a scend ing 

r oute i s  the most c ommon in UTI , par ticu lar ly in women a s  they have 

a shorter ur ethra a s  compared to men ( Brurnf i tt and P er c iva l ,  1 9 6 4 ) . 

The infect ing org an i sms are wid e ly be lieved to be of faecal or ig in . 

These bacter ia sequ ential ly colon i z e  the c olon , vag inal vestibu le , 

periurethra l reg ion and d i sta l urethr a , befor e  ascend i ng into the 
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b l adder ( Kun in, 19 7 9 ) . Colonization of the urethr a l  a nd periurethr al 

are a s  by potentia l uropathogens ha s been reported to occur to a 

gre ater d egree i n  women su sceptible to UTI  than i n  hea lthy f emales . 

( Cox , 19 6 6 ;  Hinman , 1 9 6 6 ;  Cox et a l . , 1 9 6 8 ; Elkins and Cox , 1 9 7 4 ;  

Ka l l eniu s  and Winber g , 197 8 ; Bol lgr en e t  al . , 1 9 7 9 ;  a nd Marr ie 

et a l . ,  ( 1 9 8 0,b ) . Furthermore , pathogenic and nonpa thog enic bacter ia 

have been f ound c o lon i z ing areas deep wi thin the ure thr a (Cox , 19 6 6 ) . 

The normal ur inary tract from the bladder neck to the g lomeru lus 

i s  s ter i le ( Stamey e t  al . , 1 9 6 5 ) . I n troduction of bacteria from 

the se extern a l l y  c oloni zed areas into the b ladder may not nece s s ar i ly 

lead to inf ec tion ( Kunin , 1 9 7 8 ) . I t  i s  gener a l ly accepted that 

the main r e a son tha t  the bladder is inherently re s i s tant to inf ection 

i s  the interm i ttant c leans ing ac tion of voiding ur ine , whi ch in 

e ff ec t  remov e s  any bacter ia from the bladder . For an organi sm to 

i n i tiate infection, it mu st f ir stly r e s i s t th is ur i ne ou tf low ,  

pos s ibly b y  attaching to the bladder l in ing . The impor tance of 

thi s  bacter i a l  a ttachm ent wi l l  be d i s cus sed later . 

1 . 3 THE HOST IMMUNE RE SPONSE . 

As in most infections , the ho s t  defence mechan i sms are 

a c t ivated i n  r espon se to an attack of UTI . Serum antibody re sponses  

have been reported in pa tients with renal  and bladder infecti ons 

( Br emner et a l . , 1 9 6 9 ;  Matt sby-Baltzer  et  al . , 1 9 8 1 ) . A loc a l  

antibody re spon s e  o f  IgG and secretory IgA antibod i e s  h a s  been 

detected in urine f r om ch i ldren wit h  UTI ( Sohl Aker lund et a l . , 

1 9 7 9 ) .  Ant ibod i e s  i n  c ombination wi th the wash-ou t  ef f ect of urine 

may prevent c ol on i z a t ion of the ur i n ary tract . The ad he sion of 

E . co l i  t o  uroepi the l i a l  c e l l s  has been shown to b e  i nh i bited by IgG 

and se cretory IgA antibodies  i sol ated from children w i th acu te 

pye l onephr i t i s . ( Svanborg Eden and Svennerholm, 1 9 7 8 ) . Initial 
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IgG and/or IgA in the vag ina l f lu id ( Starney and Howe l l , 1 9 7 6 ) . 
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S ign if icantly hig her number s of Gram -negative bac ter ia have 

been r epor ted by Hofmann et a l . , ( 1 9 8 1 )  to colon i z e  the per iurethra l 

area  of young g ir l s  pr one to UTI or suf fer ing an acute a ttack 

c ompared to hea l thy c h i ldren . Thi s f ind ing wa s thought to be 

r e l ated to a loc a l  wea kne s s  in the host d efence mechan i sm of the 

c h i ldren susceptible to inf ection . R ieda sch et a l . ( l9 8 l , b )  have 

r eported that the r a t  bladder mucosa i s  c apable of mounting a 

loc a l  immune r e sponse aga inst bac ter i a l  inva s ion . By u s ing a rat 

m od e l , Ka i j ser et a l . , ( 1 9 7 8 ) have investiga ted the u se of 

vacc inat ion to prote c t  ag a inst-a sc e nd ing E . col i pye lonephr i ti s . The 

pos s ibi lity of pr ote c ting aga inst a sc e nd ing pye lonephr itis  by 

vacc ination has a l so been con sid er ed by S i lverblatt and Cohen ( 19 7 9 )  

u s i ng antip i l i  ant i body , and by Brooks et a l . , ( 1 9 7 7 ) u s ing f orma lin­

treated E . c o l i  c e l l s .  Fur ther inv e s tigations on the host immune 

r e spon se to infec t ion shou ld prove u s e fu l , and may a s s i s t  with 

a ttempts to i ndu c e  a protec tive r e sponse in pa tients with a his tory 

of r ec urrent inf ec t ion s , by vacc inat ion . 

1 . 4 THE U SE OF ANT IMICROB IAL AGENTS IN THE TREATMENT OR 

PREVENT ION OF U RINARY TRACT INFECTIONS . 

Uncomp l icated ur i nar y trac t infections are of ten e f f ec tive ly 

r e solved with the u se of antimicrob i a l  agents . The rang e  of 

a nt ibiotic s u sed in r e lat ion to the treatm ent of var iou s f orms of 

U T I  have been wel l  d oc umented and r ef erence is made to three r ev iews 

( Kunin , 1 9 7 9 ;  Stamrn , 1 9 8 0 ; Sugarman and Pe santi , 1 9 8 0 ) . I n  

c l in ic a l  prac t i s e , most pr imary infections are cleared with an 

ora l ly ab sor bed drug , g iven for a per iod of 7 to 10 d ay s .  

S ing le-dose therapy i s  also appl ied i n  some patient s ,  and 
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tr imethopr im- sulfamethoxazole or n i trofur antoin ha s been shown 
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to prevent emergence of drug res i stant E . co li, and prevent 

recurrence of infection in su sceptible women ( Stamm e t  a l . , 1 9 8 0 ) . 

Urinary tract infection s cau sed by ant ibiotic resi stan t E . co l i  

s tr a i n s  have been known to occur . Lincoln et  a l . , (197 0 )  have 

sug g e s ted that these bacteria  ini tia l ly a ttain their r e s is tance 

in the intes tine, fol lowing treatmen t  of the patient with antibiotics . 

These drug r e s i stant bacter ia then a scend to the ur inary tract 

and g ive r ise to infection . The bacter i a  pre sent in the b l adder 

may a s cend to the kidneys a nd g ive r i se t o  acute retr ograde 

pye lonephriti s .  B i l l e  and G lau ser ( 19 8 1 )  have repor ted that thi s 

infection can be prevented by aminog lycos ide treatment , which 

r e su l t s  in an accumula tion of antibiotic in the renal t i s sue s . 

A l though i t  i s  outwith the scope of the pre sent study to examine 

antim i crobia l  therapy i n  great d e ta i l , one ar ea of study i s  wor thy 

of d i s cu s s ion . 

Recent r eports have investigated the effect of subinhibitory 

concentration s of anti biotics on bacteri a l  attachment to epithe l i al  

cel l s . ( Beachey et al . ,  1 9 81 ;  Sche ld et  a l . ,  198 1 ;  Ty lewska et a l . , 

1 9 8 1 ) . E isenste in e t  a l . , (19 7 9 ; 19 8 1 )  have r eported that sublethal 

concentrations of s tr eptomycin s ignif icant ly reduce E . coli  

mannose med iated bind ing to  epithe l i a l  ce l l s .  Beachey e t  a l . ,  ( 1 9 8 1 )  

found that sub lethal concentra tions of penici llin prevented the 

surface expres s ion of the mannose - speci f ic adhesins  of E . co li, by 

d i s tor t ing cel l  wa l l  b i osynthe s i s . However, once the adhe s in s  

had b e e n  formed, the i r  activity was n o t  a f fected b y  the low 

an tibiotic concentration . I t  appear s tha t the penici l l in affected 

the pr oduction of type 1 p i l i, wh ich med ia ted th e E . coli  a ttachment 

to the human buccal ce l l s .  The aberrant f imbr ial  prote in d id not 

pr oduce the mannose sen s i t ive haemagg lu tination of gu inea p ig 



erythrocytes character i stic of the pre sence of type 1 p i l i . In 

a s tudy by Frimodt-M�l l er e t  al . ,  ( 19 8 1 )  the abi lity o f  E . co l i  

to adhere to the bladder wa l l  of rats wa s found to sign i f i cantly 
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d e crea s e  af ter intr avenou s admini stration of meci l l inam . I nhibition 

of a mannose resistant haemagg lu tinin (MRHA ) of E . coli by tetracycline 

ha s been repor ted by Ro land and Hee lan ( 1 9 7 9 ) . They sugg e s t  tha t 

a ntibiotics may prevent E . co li adherence to the inte stinal mucosa , 

or may d etach the bacter i a, once adherence ha s occurred . I n  

the se exper iments, human group 0 erythr ocyte s were tested wi th 

E . co l i  s tr a ins, in the pre sence of each of thir ty-two antibiotics . 

I nve s t ig ations which a ttempt to inhib i t  the mannose re s i s tant 

haemag g lutination reaction are of impor tance, par ticu l ar ly a s  th i s  

MRHA i s  thought t o  b e  i nvolved in med i a t i ng attachment of cer tain 

E .  col i  s trains to uroep i the l ia l  ce l l s  ( 0rskov e t  al . ,  1 9 8  0 ,  b )  . 

I n  the present study, a number of compound s were te sted f or inhibi tion 

of the MRHA ; a lthough no antibiotics wer e  used . Wi th the pre sent 

d e bate over the \vid espread u se of antibio tics and the e x i s tence 

o f  drug r e s i stant pa thogens  in the env ir onment, it is perhap s wise 

to inv estigate other compound s for inhibi tion of bacter i a l  a ttachment 

to muco sal  surface s . Such a compound wou ld be part icu lar ly u sefu l 

i f  it cou ld inh ibit production of the " ba cterial adhe s in " and a l so 

prevent a ttachment to the epithe l ia l  sur f ace .  

1 . 5 UROPATHOGENIC PROPERTIES OF E . C OL I  I SOLATED FROM CASES OF 

URINARY TRACT INFECT I ON . 

T he word pa thogenici ty refer s to the capacity of an org a n i sm 

t o  produce d i sease . Thi s capacity i s  p o s se s sed by relative ly few 

microb i a l  specie s ,  and in the se ca se s to varying degrees ( Sm i th ,  

1 9 7 7 ) . The complex i ty of the infectiou s proce s s  empha s i s e s  that 
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many factor s are invo lved in th e bac ter i a l  cell to host c e l l  

interaction . A s  s ugge s ted by Boyce and Edward s ( 1 9 6 0 ) , the 

impor tance of hos t  susceptibi l ity shou ld not be over l ooked, 

e spec i al ly as on l y  a sma l l  propor t i on of women appe ar to be 

suscept ib le to r ecurrent UTI . However, i t  may be that d i f f erences 

between bacter i a l  p opu lations are par tly responsib le for the 

var ied severity of UT I in patients .  The se d i fference s may be due 

to posse s s ion of a number of urop a thogen i c  propert i e s . S everal 

r esearc h worker s have investigated these proper tie s of E . coli  

s trains i solated f r om cases  of U T I  ( Bette lheim and Tay lor, 19 6 8 ;  

Gruneberg and Bette lhe irn, 19 6 8 ;  Brooks e t  al . ,  1 9 8 0 ;  1 9 8 1 ;  Hanson 

e t  al . ,  19 8 1 ;  Van den Bo sch et  a l . ,  1 9 8 l, b ) . From the se pub l ications, 

the fol lowing conc lu s ions can be d rawn : Of the E . c o l i  s trains 

c au s ing UTI, 8 0 %  be l ong to common 0 -antigen groups 0 1, 0 2, 0 4, 0 6, 

0 7, 0 8 ,  09,  0 1 8, 0 2 5, 0 6 8  and 0 7 5 .  Stra ins with high K-antigen ti tre 

{ >,  3 2 )  are more c ommon ly isolated from ur inary tra c t  infec tions than 

from the periurethral area or s too l s  of heal thy ind ividua l s .  Certain 

K-antigens, espe c i a l l y  K l, are more common ly found in E . c o l i  ur inary 

i solate s .  Bacter i a  c au sing acute pye lonephr itis are r e s i stant to 

the bac tericidal a c t iv ity of norma l serum ( Lidin-Janson et a l . ,  

1 9 7 7 ) . Thi s re s i s tance has been a s soc i ated with the amount of K -

antigen presen t  on t h e s e  s tr ains ( G lynn et  a l . ,  1 9 7 1 ) . The pre senc e 

o f  thi s  capsu lar mater i a l  on E . co l i  cel l s  may inc r ea se the 

i nva s ivenes s  and v iru lence of the s e  stra ins  partic u l a r ly in the 

kidney . A large number of E . co l i  ur in ar y  strains f erment du l c itol 

and salic in, though the s ign i f i cance of this has not been fu l ly 

e s tablished . The p r eva lence of haemo lytic strains in UTI may 

suggest that haerno lysin produc tion i s  r e la ted to the ab i l i ty of 

E . coli  to invade and infec t the u r inary tr ac t .  The a -haemolys in 

i s  a c e l l- free, f i l terable pr ote in, c ommon ly produc ed by the se E . coli 

u r inary i so late s  ( Dudgeon et al . ,  1 9 2 1 ; Wi lliarns Smi th, 1 9 6 3 ;  
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Zwadyk and Snyder , 1 9 7 1 ;  Cooke and Ewin s ,  1 9 7 5 ;  Minshew et a l . , 

1 9 7 8 ) . The B -haemolysin i s  c e l l  as soc iated (Wi l liam s  Smith , 1 9 6 3 ) . 

Recently , Van den Bo sch e t  a l . , ( 1 9 B l , a ) reported that haemo lyt i c , 

v iru lent E . c o l i  s tra ins  k i l led mice more rapid ly than non-haemolytic , 

v iru lent s tr a in s . From exper iments u s ing thi s mouse mode l , it 

was conc luded that haemoly s in produc tion by E . c o l i  is a d ec i s ive 

v iru lence f ac tor in nephr opathogenic ity .  

Current attention i s  be ing centred on the inc lu s ion of the 

c apac ity o f  bacter ia to attac h to uroepithe l i a l  c e l l s  as an 

addi tional  uropathogenic property . I t  appear s tha t the v irulence 

of E . coli s tra ins in  the ur i n ary tract ,  may be r e lated to the 

pos session of one or more of the se uropathogenic char acter i s tic s .  
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SECT ION 2 . 1  

THE P HENOMENON OF ATTACHMENT . 

The phenomenon of a ttachment i s  important in the p a thogeni c i ty 

of a varie ty of microorganisms , e spec i a l ly bacter ia . D i f f erent 

aspe c t s  of the sub j e c t  are at pr esent u nd er c onsiderable inves tigat ion 

and sever a l  wor thwhi l e  reviews have recently been pub l i s hed . 

(Gibbon s and van Haute , 1 9 7 5 ;  Smith , 1 9 7 7 ; E l lwood e t  a l . , 1 9 7 9 ;  

Bit ton ano Mar sha l l ,  1 9 8 0 ,  Beachey , 1 9 8 1 ;  E l liot et  a l . , 1 9 8 1 ) . 

It i s  apparent from these repor ts tha t m os t  infections beg in on the 

muc o s a l  membrane s of the a l imentary , respiratory and urog en ital 

trac t s .  As  these area s are ba thed by a mucosa l layer , mov ing 

lumen c ontents and of ten by commensal microorganisms , a tta chment 

may be a means  by whi c h  pathogens colon i z e the se ti s sue s .  Th i s  

adhe sivenes s  i s  thought t o  involve a spec i f ic interaction between 

bac ter i a l  surface l igands and recept or s in the epithe l i a l  c e l l 

surface ( E l liot et  a l . , 1 9 8 1 ) . The impor tance of bac ter i a l 

att achment ha s r e su l ted in a number of s tud ie s with a var iety of 

organi sms and ti s su e  mater ial . Rather than d i scuss eac h study at 

length , a l i s t  i s  pre sented in Table lA; th is gives r epr e sentative 

examp le s of stud i e s  c arr ied ou t on microbial attachment to muco sal 

surfac e s ,  f or organi sm s  apart from E . co l i . Reference can be made to 

the r ev iews de scr ibed a bove , with add i t i ona l referenc e s  b eing 

inc luded in the table i t se l f . It is apparent from the s i ze of the 

tab le , that the phenomenon of a ttachment i s  under wid e s pr e ad 

examination . A separ a te review of each area of investig a t ion 

wou l d  be imprac ticabl e .  However , within the conf ine s of this  

pre sent study , i t  is  wor thwh i le discu s s i ng the impor tanc e  of a number 

of E . co li s tra ins  in r e lation to attachment propertie s .  E nterotoxi -

gen i c  E . c oli ( ETEC ) a r e  an important cau se of di arrhoea i n  huma ns 

and animal s .  I t i s  b e l ieved tha t the se s trains r equ ire addi tiona l 



TABLE lA 

ORGAN ISM 

V ibr io cho lerae 

V ibr io parahaemolyticu s 

Neisseria gonorrhoeae 

Ne i s seria  meningitid i s  

Oral Streptococci sp . 

Streptococcu s s angu i s  

Proteu s mirab i l i s  

Staphylococcu s aureus 

P seudomona s  aerug inosa 

Shige l l a  species  

Salmone l la typhimur ium 

Bordete l l a  pertu s i s  

Klebs i e l la p neumoniae 

Enter obacter aerogene s 

EXAMP LES OF STUDIES ON MICROBIAL ATTAC HMENT TO MUCOSAL SURFACES . 

S ITE OF ATTACHMENT 

epithe l ium of sma l l  inte s tine 

human f eta l inte stinal ( HF I )  ce l l s  

ure thra l ,  cerv ica l epithe l ium , tissue cu l tures ,  
bucca l ce l l s  

buccal epi the l ia l  and posterior pharyngeal 
ce l l s , erythrocyte s 

ora l , pha ryngea l ce l l s , teeth , tongue , 
hydroxyapa tite bead s , t i s sue cu ltur e s  

canine he art valve s , human f ibr in and 
plate lets 

uroep ithe l ial , bucca l ce l l s , ti s sue 
cu ltur e s  

nasal mucosa l ce l l s , pha ryngeal ce l l s  

human bucca l ,  trachea l ce l l s  

intes tina l epithe lium 

i leal  mucosa of mice , human bucca l ce l l s , 
human and anima l erythrocytes and 
uroepithe l i a l  ce l l s .  

t i s sue cu ltur e s  

human bucca l ce l l s , erythrocyte s ,  r a t  
bl adder ce l l s  

human bucca l ce l ls 

ADD IT IONAL 
REFERENCES 

Tru st et a l . , 1 9 8 0  

Sal i t ,  19 8 1  
Salit and Mor ton , 1 9 8 1 

K i l ian e t  a l . , 19 8 1  

Ramir e z -Ronda , 1 9 8 0  
Sche ld e t  a l . ,  1 9 8 1  

Sugarman , 1 9 8 0  
Peter son et al . , 19 8 1  

Fainste in & Mu sher , 1 9 7 9  
Aly e t  a l . , 1 9 8 0  

Johan son e t  al . , l 9 7 9  
Ramphal e t  a l . , 1 9 8 0  

Dugu id et al . ,  1 9 6 6  
Tannock et a l . , l 9 7 5  

Fader e t  a l . , 19 7 9  
Sugarman & Donta , 1 9 7 9 , b  

Sugarman & Don t a ,  1 9 7 9 , b  w 
CO 



TABLE lA Con t ' d  

ORGAN I SM S I TE OF ATTACHMENT 

Haemophilus sp . pha ryngeal c e l l s , erythrocytes 

Serratia  marc e scens erythr ocyte s , pha ryng e a l  ce l l s  

Yer si nia en teroc o l itica mamma l ian epithe l ia l  c e l l s  

C lo s tr idium perfr ingens pig inte s tine 

Bac ter oides sp . rat per itonea l mesothe l ium , erythroc yte s ,  
human buccal cel l s  

Corynebac ter ium rena le bovine b ladder ep i the l i a l  c e l l s  

Eikene l l a  c orrodens human bucca l  epithe l i a l  c e l l s  

Ac tinomyc e s  n ae s lund i i  human buccal epi the l i a l  cel l s  

Ve i l lone l la sp . Lac tobac i l l i  sp. te eth , tongue ,  buccal c e l l s  

C andida a lbicans human uroep ithe l i a l , vag inal , buc c a l  c e l l s  

Mycop l a sma pneumoni ae c i l i ated re spira tory epi the l ium , erythrocyte s 

Ch lamyd ia trachomat i s  con j unct i va l , urethra l ep ithe l ium , c e l l cu lture s 

E ntamoeba h i s tolytica 

Lei shman i a  donovan i  

Adenov irus 

I n f l uen z a  viru s  

erythrocyte s ,  bac ter ia , inte stinal epi the l i a l  
c e l l s  

hams ter macrophag e s  

various muc o s a l  epi the lia 

bronc hia and trachea l  epithel ium 

ADD I T IONAL 
REF ERENCES 

Scott & O ld , 1 9 8 1  

Duguid e t  al . , 1 9 6 6  
F a i n s te 1 n  & Mu sher , 1 9 7 9  

Okamoto et a l. , 1 9 8 0  
Old & Rober tson , 1 9 8 1  

Onderdonk et a l. , 1 9 7 8  
Okud a e t  a l . , 1 9 8 1 

Taka i et a l. , 1 9 8 0 

Yama zak i et a l . , 1 9 8 1 

Saunder s & Mi l ler , 1 9 8 0  

Marrie & Cos ter ton , 1 9 8 1 
Sobe l et al. , 1 9 8 l , a 

Sobe s l av s ky et a l . , 1 9 6 8  

G i ann ini e t  a l. , 1 9 8 1  

w 
\.0 
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v ir u l ence proper ties , a l ong with enterotox in ,  for the man i f e s tation 

of d i sease ( Levine , 1 9 8 1 ) . Var iou s  ETEC i solate s have been f ound 

to possess  p i l iated antigens . The K 8 8  and K9 9 antigens are 

p la smid-med iated and enable E . c o l i  to attach to the intes tine of 

p ig J e t s  ( K8 8 )  and to th e in te stine of c a lves and lambs ( K 9 9 )  

respec tively , g iving r i se to d iarr hoea ( 0r skov and 0r skov , 1 9 6 6 ;  

�r skov e t  a l . , 197 5 ;  Levine , 19 8 1 ) . Colon i zation fac tor antigens 

( CFA ) I and II were later iden tif i ed from ca ses of human d i arrhoea . 

The se p i l iated antig en s  are a l so p l a smid-med iated and promote 

i n  v i t r o  adhe s ion of ETEC strains to ep i the lial c e l l s  ( Evans et a l . , 

1 9 7 5 :  Evan s and Evans ,  1 9 7 8 ;  Lev ine , 19 8 1 ) . Strains pos s e s s ing 

the K 8 8 , K 9 9  antigens , or the CFA/I or CFA/ I I  al l exhibit a mannose 

r e s i s tant haemagg lu tin ation pattern with var iou s groups of 

erythrocyte s .  ( Jone s  and Ru tter , 1 9 7 4 ;  Burrows et  a l . , 1 9 7 6 ;  

Evan s et a l . , 1 9 8 0 , b ; Lev ine , 1 9 8 1 ) . The impor tanc e of bac ter i a l  

haemagg lu tinins wi l l  b e  d i scus sed l ater . F inal ly , a n e w  p i l u s  

antigen , named 9 8 7p , has  been f ound on ETEC strains which lack a 

K8 8 or K9 9 antigen . This pilus mediates co loniz ation of the pig let 

i le um ( I saacson et a l . , 1 9 7 8 ) . 

The phenomenon o f  bacter ial  attachment to mucosal surfaces  

ha s been one of  the most fru itfu l area s of inve stigation in 

inf e ctious d i seases . Th i s  mecha n i sm of attachment appear s to be 

impor tant in UTI , becau se E . c o l i  attac hed to the uroepi the l ium 

might be abl e  to resi st hydrok ine t ic c learance by void ed ur ine . 

Onc e  a ttached , the bac ter ia may then mu ltiply a nd g ive r i se to 

infec tion (Mackintosh et  a l . , 1 9 7 5 ) . Stud ie s of E . c o l i  a ttachment 

to uroepithe lial  c e l l s  are therefore a great impor tance ,  part icu lar ly 

when host ce l l  and bac ter ia l ce l l  fac tor s  are c onsid ered . In the 

pre s ent repor t ,  inve stigations wer e  c arried ou t on severa l  impor tant 

area s concerning the attachment of E . c o l i  to uroepithe l i a l  cell s , 

using amod if i ed i n  v i t r o  a ssay sy s tem ,  f irst repor ted by Svanborg 

Ed�n et a l . , ( 197 6 ) . 
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At presen t ,  no suitable exper imenta l mode l ha s been de scribed 

for s tudying the r o le of ba cter i a l  attachment in an imals  natur a l ly 

prone to UTI . T i s sue cu lture mod e l s  sui table f or attachment stud i e s  

are a l so rare , a l though Sal i t  and Gotschlich ( 1 9 7 7 )  repor ted that 

E . coli  attached to mon key kidney (vero )  ce lls  on a monolayer 

cu l ture .  Severa l  i n  v i t r o  mode l s  have been descr i bed fol lowing 

the initial work of G ibbon s and van Haute ( 1 9 7 1 )  who stud ied 

bacter ia l attachme n t  to ora l ep i the l i a l  surfaces . 

In 19 7 6 ,  Svanborg Eden et a l . reported tha t E . coli attached 

i n  v i t r o  to uroep i the l i al ce l l s  from human ur inary sediment . Thi s 

abi l i ty to attach wa s be l i eved to be re lated to the sever i ty of 

the UTI produced i n  v i v o . This  i n  v i t r o  model emp loys uroepi the l i al  

ce l l s  harve s ted f r om the ur ine s of hea l thy ind iv idua l s ,  and a s sayed 

with E . coli i so l ated from v ar iou s type s of ur inary tract inf ection s .  

The technique i nvolve s v i sual  counting of bacter i a  attached to the 

uroep ithe l i a l  ce l l s :  Reproducabi l ity studies wer e  l ater repor ted 

i l lu s trating the technique• s ef f ectivene s s  ( Svanborg Eden et a l . , 
, 

19 7 7 ; Svanborg Eden , 1 9 7 8 ) . However , variations were d i scovered in 

the r ecept iv ity of uroepithe lial  ce l l s  from diff erent samp le s ,  to 

E . co l i  attachment . These variations were not adequately investigated 

by Svanborg Ed�n .  U s ing r ad iolabe l led bacteria , Schaeffer et a l . , 

( 1 9 7 9 )  reported that uroepi the l ia l  cel l  variation corre la ted wi th 

hormonal chang e s , known to ar i se over the menstrua l cycle . The 

importance of thi s cycl ica l uroepithe li a l  cel l  variation ha s not 

been adequa te l y  inve stigated s ince thi s repor t .  A s  thi s  i s  in need 

of fur ther c l ar i f ication , an inv e s tigation wa s carr i ed ou t in the 

pre sent study to determ ine E . coli  attachment to u r oepithe l ia l  

ce l ls co llected f r om  ur ine samp les a t  interva l s  over con secutive 
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menstrual cycl e s . A s imi lar s tudy wa s a l s o carr ied ou t u s ing 

uroepi the l i a l  ce l l s  co llected from ur ine samp le s of pregnan t 

women , to i nvestigate whe ther receptiv i ty to E . coli a ttachment 

var ied dur ing pregnancy . Other reports have inve stiga ted bacter ial 

attachment to vag inal epi the lial ce lls  (Mardh and We s trom ,  1 9 7 6 ;  

Fowler and S tarney , 1 9 7 7 ;  1 9 7 8 ;  Botta , 1 9 7 9 ; 1 9 8 1 ;  Par sons e t  a l . , 

19 7 9 , a ; Par sons and Schrnid t ,  19 8 0 ) . The se s tud ies are of 

importance in relation to the pathogene s i s  of urinary infections 

for two r e a son s .  F ir st ly , the g enital and ur inary sys tem s  are 

ernbryol og ica l ly re la ted ( Ta nagho , 197 8 ) . Second ly , when the route 

of infection is a scend ing , uropa thogens are be l ieved to a ttach 

to the vag inal  introitus pr ior to on set of infection in the urinary 

tract . ( S t amey , 1 9 7 8 ) . In  the same sense , s tudies  on a ttachment 

to peri urethra l ce l l s  can a l so be regarded as impor tant ( Ka l lenius 

and Winber g , 19 7 8 ; Ka llenius et a l . , 19 8 0 , b ) . 

U r oepi the l i al cel l  s amp le s used in the i n  V i t r o  sys tem contain 

tran s i t ional ce l ls repre sentative of the b ladder and ur e ter 

epithe l ium , and squamou s ce l l s  from the b l adder tr igone and 

ure thr a . Morpholog ica l ly the bladder ep i thelium can be regard ed 

a s  an extens ion of the k idney tubu les , and in some r espects i s  

comparable  t o  the epithe l ia o f  the human mouth , oe sophagu s and 

vag ina ( Hick s , 1 9 7 5 ) . A lthough transitional  ce l l  turnover i s  s l ow ,  

there are suff icient number s of cel l s  pre sent in the sed iment of 

mid -s tr e am urine samp l e s  to carry out the i n  v i t r o  a ttachment 
� 

assay .  Svanborg Eden e t  a l . , ( 19 7 6 )  incorpora ted a trypan blue 

stain in the ir a ss ay .  Thi s dye i s  taken up by nonv iable epithe l ia l 

ce l ls a t  S tage 3 of cel l  dea th ( King et  a l . , 19 5 9 ) . Erythr osine B 

can a l s o  be u sed in thi s way , t o  d i stingu i sh viable ce l l s  from 

the nonv i ab le ce l l s  whi ch do not resp ire or carry ou t glycolysis 

(Phi l l i p s  a nd Andrews , 1 9 5 9 ) . The incor poration of a viab i l i ty 

sta in and a bacter ial s ta in wou ld certa inly a s s i s t  with identif ica t i on 
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u sed in the present study . T he Gram s tain and ind irec t f luor e scent 

ant ibody s taining techn ique have been u sed by Tannock et al . ,  

( 1 9 7 5 )  t o  i l lu strate Sa lmone l la typhimur ium attached to the i leal 

muc osa of mice . Sta ins have been u sed in a number of stud i e s  to 

i l lu stra te bac ter ia attached to c e l l  surface s .  The u se of 

f luorescent  antibody i s  ex treme ly wor thwh i le a s  i t  enables prec i se 

ident i f i c a t ion of bac teria . a ttac hed to epi the lial  c e l l s . This 

t echn ique was incorporated in the present s tudy : Th i s  i s  the f irst  

known report which detec ts E . c o l i  attached to uroepi the lial c e l ls , 

with the u s e  of a f luore scen t an tibody techn ique . 

A h i stological  study of the human bladder ha s shown tha t 

mucopolysacchar ide s coat the l umina l surface ( Moni s  and Dorfman , 

1 9 6 7 ) . A lthough stud ie s on mucopo lysacc har ides have been c ar r ied 

ou t u s ing r abbi t  bladders ( P ar son s e t  al . , 1 9 7 5 ;  Shr om et  al . ,  

1 9 7 7 , Par son s e t  a l . , 1 9 7 9 , b ) n o  such s tudy has been a ttempt ed on 

uroepith e l i a l  ce l l s  from the ur inary sed imen t . Such an investigation 

wou ld be o f  intere s t  partic u lar ly if  the mucu s coat ing o n c e l l s  

could b e  r e l ated to c e l l  v i ab i l i ty and to the numbe r s  of bac ter ia 

attached a f ter c ompletion o f  an i n  v i t r o  a s say . I f  mu cus can be 

id enti f i ed on uroepi the l i a l  sed iment ce l ls ,  it could be argued tha t 

these are adequate ly repre sen tative of c e l l s  lining the bladd er 

cavity i n  v i v o .  Several doubl e  s taining technique s were dev i sed 

in the p r e sent s tudy , to i nv e s t ig a te the presence of mucopo lys acc ­

haride s on the uroepithe l i a l  c e l l  surface . Stains such as per iodic  

acid Schif f • s ( PAS ) reagent and Alcian blue were u sed to  detect the 

pr esenc e o f  mucopolysacchar ide s  on the uroep i the l i a l  ce ll sur face . 

The PAS r eac tion i s  a sen s i t ive one , detec t ing proteog lycan s , 

neutra l  mucosub s tance s ,  g l yc o l ipid s and certa in other polys ac char id e s . 

Alc ian blue  is a basic dye wh ich f orm s l inks with anionic groups in 
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g lycosaminog lyca n s  (GAG ) . The nature of the se dye s and the ir 

app l ication ha s been repor ted e l sewhere ( Drury and Wal l ing ton , 1 9 6 7 ; 

Lamanna et a l . , 1 9 7 1 ;  Cull ing , 1 9 7 4 ) . The pos s ibi l ity th at 

mucopolys acchar ide s  on the uroep i the lial  ce l l  surface have a role 

in attachment of E . coli , is wor t hy of investigat ion . 

2 . 3  THE IMPORTANCE OF BACTERIAL AND HOST CELL PROPERTIES IN 

THE ATTACHMENT PROCESS . 

The report s  of Svanborg Eden and Hans son ( 1 9 7 8 ) and Schaef f er 

et  a l . , ( 19 7 9 )  sugge s ted tha t  a t tachment of E . co l i  to uroepithe l i a l  

ce l l s  is  medi ated by type 1 pi l i  pre s ent on the bacter i a l  sur face . 

However , more recently , �r skov e t  a l . , ( 19 8 0 , a ; l 9 8 0 , b ) suggested 

tha t type 1 p i l i  med iate adherence to urinary s l ime , Tamm -Horsfall  

g lycoprote in , and not  to  uroep i the l i al ce l l s .  The pr e sence of 

Type 1 pili  i s  i nd i cated by the possess ion of a mannose sensi tive 

haemagg lu tinin ( MSHA )  . This haemagg lu t inin i s  de tected with 

guinea pig erythrocytes , and i s  inhibited in the pre sence of a D 

mannose . A l arge proport ion of E . co l i  urinary i so late s possess 

a MSHA sugg e s t ing that th i s  i s  a n  addi t iona l urop athogenic property 

( Brooks et a l . , 1 9 8 1 ) . The role of type 1 pil i ated s trains  

inducing a MSHA ,  in the a ttachment of  E . coli  to  u r oepi the l i al  

ce l ls i s  in  need of further c lar i f ication . Sever a l  experiments  

ar e de scr ibed i n  the  pre sent repor t , which inve s t iga ted the  role 

of a MSHA in E . co l i  a ttachment t o  uroepi the lia l cel l s .  Of 

greater importance in the a ttachment proce s s  may be the pos se s s ion 

of a mannose r e s i s tant haemagg lu t inin (MRHA ) by E . co l i  i solates . 

This factor i s  detected with human erythrocyte s and i s  not inhibited 

by the presence of a D mannose . The MRHA i s  common ly f ound on E . co l i  

s trains i solated from patients w i t h  UTI ( Brooks et a l . , 1 9 8 1 ) . 

Expression of a MRHA i s  in some cases  a s soci ated w i th the presence 
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of pili  other than type 1 ( D uguid et a l . , 1 9 7 9 ) . Of the 19 

MRHA+ I MSHA - s trains examined by Duguid et al . , 12 stra ins wer e 

p i l iated , whi le the other 7 s trains  were non -p i l iated . Attachment 

to uroepithe l ial  c e l l s  of str a i n s  po s se s sing a MRHA ha s been 

r ec ently repor ted by Korhonen e t  a l . , ( 1 98 0 , a ) . The se author s 

have emphas i z ed the importanc e  of a p i l i -med ia ted attachment 

mechanism . However , there i s  a high incidence of non -pi liated 

s trains of E . c o l i  wh ich po s s e s s  a MRHA ( Ip et a l . , 1 9 8 1 ) . Wher eas 

the MSHA i s  b e s t  expres sed on bacter ia grown aerobically in  s tatic 

broth culture s ,  the MRHA is be s t  expressed after growth on a 

solid agar surface (Dugu id e t  a l . , 1 9 7 9 ;  �r skov e t  a l . , 19 8 0 , b ; 

Fein , 1 9 8 1 ) . I t  i s  importan t  that these growth cond i tions are 

taken into account when s tudy ing ba cterial haernag g lu t inins . Fur ther 

investigations are needed to d etermine the r o le of the MRHA on 

p i l iated and non -pi lated E . c o l i  strains in the a ttachment to 

uroepithe l i a l  c e l l s . In the pre sent study , a group of E . coli  

s trains were examined f or the  presence of  pi l i , u s ing e lectron 

microscopy . The pre sence or absence of pili  on the se stains wa s 

corre lated wi th the ir haemagg lutination proper t ie s , and the ir 

c apac ity to attach to uroepi t he lial  cel l s .  Other e lectron 

microscopy techniques were a l so u sed in th is study to investigate 

bac ter ial a t tachment to uroep ithe li a l  ce lls . The se method s 

incorporated the u se of the transmi ssion and the scann ing e lectr on 

microscopes .  

Severa l  s tudies have recently repor ted the haemagg lutination 

pr operties of pathogenic bac te r ia other than E . c ol i ;  namely 

Vibr io choler a e  e l tor ( Bhattac har j ee and Sr iva s tava , 1 9 7 8 ) , Yer s in i a  

enterocol itica  (Mac lagan and Old , 19 8 0 ) , Aeromon a s  hydrophi la 

(Atkin son and Tru st ,  1 9 8 0 ) , N e i s seria mening i t id i s  { Sa l i t , 1 9 8 1 ) 

and Haemophi lus  spec ies ( Scott and Old , 1 9 8 1 ) . The se repor ts 

empha s i ze the importance of bacterial haemagg lu t in ins in re la ti on 
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to  a wide vari e ty of pa thogenic i nterac t ions . C l ear ly the 

haemagg lu tination proper tie s of E . c o l i  and other pathog ens 

d e serve furth er inv e s tig ation . I n  the pr esent repor t ,  several 

experiments wer e  d e s igned to inv e s t igate the role of bac ter i al 

haemagg lu tinins in the atta chment of E . coli to uroepi the lia l cel l s . 

As  wel l  a s  pos s e s s ion of uropathogenic propert i e s  by E . coli 

s trains , the susceptibi l ity of hos t  c e l l s  to bacter i a l  attachmen t 

s hould be c on s idered of great importance in the pathog ene s i s  of 

U T I . I t  appears tha t target c e l l s  exi st within a host ce l l  

p opu l ation , to whi c h  large num ber s o f  bac ter ia attach ( Gibbons 
� 

and van Haute , 1 9 7 1 ;  Svanborg Eden , 1 9 7 8 ; Par sons e t  a l . , 1 9 7 9 , a )  

T he na ture of the se target c e l l s  ha s y e t  t o  be determined . Recently , 

g loboser ies  g lyc olip ids were proposed a s  one type of rec eptor 

molecule on the ur oep ithelial  c e l l  for E . coli attachment ( Le f f ler 

and Svanborg Eden ,  1 9 8 0 ; 19 8 1 ) . Hick s ( 1 9 7 5 )  has r epor ted that 

the luminal bladder membrane is c ompr i sed of one th ird pr otein 

and two thirds l i p id , of whic h  a l arge proportion is cer ebros ide . 

Thi s cerebroside may be re lated to the glycosphingo l ipid r eceptor 

s ite for E . coli  attachment . I t  i s  possible that the dens ity or 

n ature of g lycol i p id s or other recep tor s i tes on the uroepithe l i a l  

c e l l , i s  important i n  confer ing su sceptibil ity o f  certain women 

to UTI . 

Susceptib i lity to bacter ial  a ttachment appear s  to involve 

a mu ltitude of host and bac ter ial fac tor s ,  but it may ref lec t the 

host susceptibi l i ty to UTI . By s tudying bac ter ia l a ttachment to 

u roep ithe lial c e l l s  from women with symptomatic U T I , i t  shou ld be 

pos s ible to rel ate i n  v i t r o  f ind ing s wi th the i n  v i v o  s i tua tion . 

Such s tud ie s may ini ti ate add ition a l  inve stigation s which rnay , i n  

t ime , d e termine why certain women suf fer recurrent ur inary tract 

infec t ion s whi le others do not even acqu ire a first  infection . An 

examinat ion of bac ter ia attac hed t o  uroepithel ial c e l l s  collec ted 

from women wi th symptoma tic U T I , i s  reported in the present study . 



MATER IALS 

A .  BACTERIA 
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A total of 1 4 5  E . c o l i  ur inary i solate s and 3 8  E . co l i  f a ec a l  

i solate s wer e  s tored in 2 cm 3 br ain heart infu s ion ( BHI ) broth 

with 0 . 4  cm3 g lycero l at - l 0 °C .  The E . coli  ur inary strain s  were 

a s  fol l ows : 

STRAIN NUMBER DETAILS 

104 , 17 8 ,  2 2 6  I solated from c h i ldren with acute pye l onephr i tis . 

27  TO 3 1 3  I s ol ated , 1 9 7 8  to 1 9 7 9 from f emal e , dom ic i l iary 

pati ent s  aged 1 6  or more year s  with symptomatic 

urinary infec t ion . 

3 1 4  TO 3 1 9  Isol ated 1 9 7 5  from fema le , dom ic i liary patients 

aged 16 or mor e year s with symptoma tic ur inary 

infec tion . 0 S tored at 4 C on agar s l ope s .  

3 2 0  I solated f r om  a woman with acute pye lonephr itis , 
"' 

Donated by Dr . C .  Svanborg Eden , Sweden . 

3 2 1  Supp l ied by D r . c .  Lowe l l  Par son s , U . S . A .  

3 2 2  Strain C l 2 1 2 - 7 7  r epor ted by 0r skov e t  a l . ( l 9 8 0 , b ) . 

3 2 3  Strain C l 2 1 4 - 7 7  repor ted by 0r skov e t  a l .  ( 1 9 8 0 , b ) . 

3 2 4  TO 3 2 6  Donated by Dr . Barrett Sugarman , U . S . A .  

3 2 7  Donated by Dr . E . H . Beac hey , U . S . A .  

Strains  3 2 0  to 3 27 wer e  obta ined as reference strai n s  known to 

attach to ep i the l ial c e l l s . The E . coli  faec a l  s trains were i sola ted 

from the stoo l s  of hea l thy women and stored in 2 cm3 
BHI bro th with 

0 . 4  cm3 g lycerol at -l 0 °
C .  A l l  s trains wer e serotyped f or 0 ,  H 

and Kl antigens by Dr . H . J . L .  Brook s ,  Ma ss ey Un iver s ity and 

Dr . K . A .  Bettelhe im , Nation a l  Hea l th Institute , We l l ington . 



B .  BACTER IAL GROWTH MED IA 
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The med ia u sed to cu lture E . coli inc lud ed bra in hear t in fus ion 

( BH I ) broth , BHI agar , beef extract broth ( Bacto , D i fco , U . S . A . ) ,  

tryp t i c ase soy broth , trypticase soy agar ( TSA) , ( BBL , U . S . A . ) 

nutr ient broth , nu tr ient agar (Gibc o ,  U . S . A . ) and cyste ine lac tose 

e le c tro lyte deficient ( C LED ) agar ( Ox oid , U . K . ) . 

C .  UROEPITHEL IAL C E LLS 

Uroep i the l ia l  c e l l s  wer e  harvested from mid - s tr eam ur ine 

(m . s . u . ) samp le s  supp l ied by hea lthy , premenopau sal women whose  

age s ranged from 1 9  to  40  year s .  No  s amp le s were col lec ted from 

women u s ing ora l contraceptive s ,  anti biotic s or other med i c ine s . 

The samp l e s  were tran sported to the laboratory and u sed without 

de l a y .  A few were d i scarded when fou nd t o  conta in an excess  of 

ur inary mucu s , cry s ta l l ine ma ter ia l , amorphou s debr i s , erythrocyte s 

or ind igenous bac ter i a . 

D .  BUFFER SOLUT I ON S  

Var ious bu f f er solutions were u sed in the study . Bu f fered 

s a l ine wa s made up per 1 0 0 0  crn3 d i s t i l led wa ter , at a c oncentration 

of 0 . 0 1 M .  The pH wa s recorded at room temperature . S od ium 

c hl or ide wa s added t o  the bu ffers to a t ta in i sotonicity with the 

uroepithe lial  ce l l s . The standard bu f fer u sed wa s phos phate bu f f ered 

sal ine ( PBS ) at pH 7 . 1 , and osmolality of 3 0 0  m osmol e s  per l i tre . 

1 .  Buf fer ed s a l ine pH 3 . 0  

NaC l 

C itr ic Ac id Anhydrou s  

Na
2

HP0
4

. 2H
2

0 

8 g 

1 . 6 7 g  

0 . 2 9g 
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2 .  Bu f fered sal i ne EH 3 . 8  

NaC l 8 g 

C i tr i c  Acid Anhydrou s  l .  0 2  g 

N a 2 HP04 . 2H2o 0 . 7 3 g 

3 .  Bu f f ered s a line pH 4 . 7  

NaC l 8 g 

C i tr i c  Ac id Anhydrou s 0 . 8 5 4g 

Tr i sod ium c i trate d i hydrate l .  6 3 2g 

4 .  Bu f fe red s a l ine pH 5 . 8  

N a C l  8 g 

N a H 2P O  4 . H 20 1 . 4 g 

N a 2 HP 0 4 . 2 H 2 0 0 . 1 2 g 

5 .  Buf fe red sal ine pH 6 . 4 

NaC l 8 g 

N a H 2P o4 . H20 1 . 15 g 

N a 2HP04 . 2H2o 0 . 3 8 g 

6 .  Buf fered saline J2H 7 . 1  = Stand ard P BS 

NaCl  8 g 

N aH 2P o4 . H 20 0 . 3 4 g 

Na 2 HP04 . 2H2o l .  2 1  g 

7 .  Bu f fered saline pH 8 . 0  

NaCl  8 g 

N a H2P O  4
. H20 0 . 0 8 g 

N a 2 HP04 . 2 H20 l .  3 5  g 

8 .  Bu f fered sal ine pH 9 . 6  

NaCl 8 g 

N a 2co3 l .  0 6  g 

N aHC03 0 .  7 5 6g 



9 .  Buf fered sa line pH 1 0 . 1 

NaC l 

Na
2co3 

NaHC0
3 

1 0 . PHILLIPS PBS pH 7 . 0 

NaC l 

KC l 

CaC1 2 

Mg SO 4 . 7 H20 

NaH
2

P o4 . H
2

o 

Na 2HP 04 . 2H20 

1 1 . JARVINEN PBS pH 6 . 9 

N aC l  

KCl 

CaC 1
2 

MgC 1 2 . 6 H20 

KH
2

P o4 

Na 2HP 04 . 2H 20 

8 g 

0 . 6 3 6g 

0 .  3 3 6g 

8 . 4 2 g 

0 . 3 g 

0 . 1 2 g 

0 . 2 5 g 

0 . 0 4 g 

0 . 3 1 g 

8 g 

0 . 2  g 

0 . 1  g 

0 . 1  g 

0 . 2  g 

1 . 1 5 g 

50 . 

All buf f er s were au toc laved at 1 2 1°C f or 2 0  min s . and stor ed at 

room temperatu re or 4 °C .  De tai l s  r egarding the u se of bu f f er s  

have been reported by Dawson e t  a l . ( 1 9 7 9 )  and C ru i ck shanks e t  al .  

( 1 9 7 5 ) . 

Cac odylate bu f fer (pH 7 . 2 ) was prepared by d i s solv ing cacodylic 

ac id . ( S IGMA , U . S . A . )  to the appropriate conc entr ati on in d e i oni zed 

water . 



E .  ERYTHROCYTES 

Human A and 0 Rhe sus posi t ive erythrocyte s wer e supplied by 

5 1 .  

the Depar tment o f  Immunohaemato l og y ,  Palmer ston Nor th General 

Ho spital . Gu inea pig red b lood c e l l s  were col lec ted by card iac 

puncture of heal thy animals  and 1 0 % vjv sodium c i tr ate ( 3 . 8 % 

solution in  d i s t i lled water ) was add ed to prevent c lotting . S te r i l e  

def ibrinated hor se erythrocyte s were supplied b y  G i bco , New Zealand . 

Erythrocytes were stored at  4 °C and u sed for haemagg lu tina tion 

te sts wi thin f ive d ay s .  

F .  STAINS 

A number of stains were u sed in the study to d i stingu ish 

bacterial and uroepithe l i a l  c e l l s . The se stains  ar e classif ied 

as fol lows with the concentr a tion u sed for each being repor ted in  

the methods section s .  

STAIN DETAI LS BRAND NUMBER 

Cl 5 2 0 1 5 

MANUFACTURER 

Bri t i sh Drug 

Hou s e s  ( BDH ) 

BDH 

Methyl ene Blue I n  PBS to pH 6 . 8  

Safranin 

Ery throsine B 

T�ypan Blue 

G/iems a  

M�thyl Green 

M� lachi te  Green 

Cjr-y s tal  Violet 

Ru thenium Red 

I n  D i sti l led Water 

In  PBS to pH 7 . 1  

In  P B S  to pH 7 . 5  

In  G lycerol l :  l Me thanol 

In D i s t i l led Water 

In  D i s t i l led Water 

In D i sti l l ed Wa ter 

Practical Grade i n  

Cacod yl ate Buf fer 

e r  5 0 2 4 0  

Batch 2 8 4 4 , C I 4 5 4 3 0  

Cl 2 3 8 50 

N0 . 3 4 0 3 4  

C l  4 2 5 9 0  

C l  4 2 0 0 0  

C l  4 2 53 5 

R-27 51 

Gurr , London . 

BDH 

BDH 

S igma , U SA 

BDH 

Hopki n s  and 

Wi l l i am s , U . K . 

S igma , U SA 



G .  CHEM I CALS U SED 

The pr oduc t ,  batc h or ser ial numbe r s  are g iven with the 

manufactur er ' s  name . 

1 .  17 8 oe s tradio l -3 -me thyl benzoa te ,  E - 9 0 0 0 ,  Sigma U . S . A . 

5 2 . 

2 .  Forma ldehyde : 1 0  cm3 f ormal in , 1 . 5 cm3 d i stil led methano l to 

prevent polymer i za tion , used as 0 . 5% solu ti on in PBS ( p H  7 . 1 ) . 

3 .  a -methy l -D -manno s ide , M3 7 5 2 , S igma . 

4 .  a D m annose , M4 6 2 5 ,  S igma . 

5 .  Mann ito l , Ba tc h  9 4 197 , AJAX Chemical s , Au stra l ia . 

6 .  Concanava lon A ,  Grade I l l , C - 2 6 3 1 , Sigm a .  

7 .  D ( + )  g a l actose , G - 0 6 2 5 , Sigma . 

8 .  a L ( + )  arabinose , 68 3 2 0 0 , BDH . 

9 .  a D ( + )  fucose , F - 2 1 27 , Sigma . 

1 0 . a D ( + )  xylos e , 3 0 5 9 0 , BDH . 

1 1 .  a D  ribose , 3 8 0 5 8 , BDH . 

1 2 . rhamnose , 5 9 0 0 4 1 , D i fco , U . S . A . 

1 3 . a D  r a f f inose , 3 8 0 5 6 , BDH . 

14 . du l c i to l , D - 0 2 5 6 ,  Sigma . 

1 5 . salic i n , S - 0 6 2 5 , Sigm a . 

1 6 . Sorbi tol , 3 0 2 4 2 , BDH . 

17 . ga lac turonic acid , 3 8 0 2 9 , BD H .  

1 8 . D -g lucuronic acid , grad e  1 ,  Sigma . 

1 9 . a D -g luc osam ine HCl , Koch Light laborator ie s ,  Eng l and . 

2 0 .  D -g alactosamine HC l ,  Batch 4 0 0 2 3 , Koch Light . 

2 1 .  N-ac e tyl-D -g luco sam ine , Batch 5 9 7 8 5 ,  Koch Lig ht . 

2 2 .  4 -me thylum be l l i feryl - 2 -acetamido- 2 -deoxy- 8 -D -galac topyranoside 

(a  g lycoside of  N -acety l -galac to samine ) ,  Batch 6 7 0 5 4 , Koch Light . 

23 . N-acetyl neuraminic acid
. 

( s i a l ic acid ) , A-2 5 0 1 , Sigma . 

24 . D fru c tose , 2 8 4 3 3 ,  BDH . 

25 . D ( + )  g lucose . 



2 6 . sucro se . 

27 . a -D -koj ibiose , Batch 5 2 5 1 3 , Koch Light . 

28 . a -D -m e l ibiose , M-550 0 ,  S igma . 

29 . lactose , Ba tch 8 0 7 5 9 , Koch Light . 

3 0 .  D ( + )  me l e z i tose H2o ,  M - 5 3 7 5 ,  S igma . 

5 3 . 

3 1 .  D ( + )  ma ltose , 1 5 7 1 8 , R i ed e l -De Haenag Seel ze , Hannover , Germany . 

3 2 .  L -a lan ine , 3 7 0 0 6 , BDH . 

3 3 . L- leuc ine , L-8 0 0 0 , Sigma . 

3 4 . DL- ser ine , S-4 37 5 ,  Sigm a . 

H .  MATER IALS F OR TISSUE CELL CULTURE 

1 .  BHK Eag les Medium ( We l lcome , Eng land ) . 

F i l ter ster i l i sed ( 0 . 2 2 �m f i l ter ) . 

3 3 8 cm
3 

standard med ium with add i tions of 

( i )  penic i l l in ,  streptomyc in , 1 0 6 units in 2 cm3 sal ine . 

( i i )  2 0  cm3 bi carbonate buf fer ; a stock s olution wa s mad e up 

( i i i )  

with 2 2g NaHco3 and 1 2 . 5g 0 . 4 % pheno l  r ed solution d i s solved 

in 5 0 0  cm3 of d i s t i l l ed wa ter , saturated with co
2

, d i spensed , 

autoc laved at  1 2 1°C f or 1 5  m inu te s and s tored at  4°C .  

4 0  cm3 feta l  c a lf serum ,  i . e .  1 0 %  o f  total volume . A 

5 %  solution wa s u s ed f or ma intenanc e culture s .  

The med ium wa s satur a ted wi th co2 and the f inal pH wa s 7 . 6 . 

2 .  Tryps in/ver sene : B g  NaC l ,  0 . 4g KC l ,  lg g lucose , 0 . 5 8 g  

NaHco
3 , 0 . 2 cm3 1 %  phenol r ed solution , 0 . 5g trypsin , 0 . 2g ver s ene 

in 1 0 0 0  cm3 d istil led water . A stock solution was s tored in 2 cm3 

a l iquots a t  - 2 0°C and 1 8  cm3 
d i s ti l l ed wa ter wa s added for u s e . 

3 .  F ormal Sal ine : a 1 0 %  solution wa s u sed c on s i sting of 9 0  cm3 

of 0 . 8 5 % s a line , 1 0  cm
3 

forma ldehyde stock . 

4 .  T 1 9 9  med ium (We l lc ome , Eng land ) . 

5 .  Pho sphate buffered s a l ine ( pH 5 . 8 )  a s  in Part D of ma ter ia l s . 
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METHODS 

SEC T ION 1 .  

ATTACHMENT OF E . COLI CELLS TO HUMAN URINARY TRACT 

EP ITHELIAL CELLS I N  V I TR O  

1 . 1 .  AS SAY METHOD FOR I N  V I TR O  ATTACHMENT OF E . COLI TO UROEP ITHEL IAL 

CELLS . 

The me thod u sed to assay attachment of E . coli to uroepithe l ial  

c e l l s  wa s a mod i f i c at ion of tha t d e sc r ibed by Svanborg Ed en et al . 

( 1 9 7 6 ) . 

BACTERIA : ( l )  GROWTH IN BROTH : - a loopful of ba cteria taken 

f r om a stock culture wa s inocu lated into 1 0  crn3 BHI broth and 

i nc uba ted at 3 7°C f or 1 6  hour s .  The bacterial su spension wa s then 

c e ntri fuged at 1 5 0 0  x g for 1 2  m in s . , r e su spended in pho sphate 

buf f ered saline ( P BS ) at pH 7 . 1  to a conc entration of 1 0 1 0  orga nisms 

per cm3 PBS and fur t her incubated at 3 7 °C for 3 0  min s . to regener ate 

p i l i  (Novotny e t  a l . 1 9 6 9 ) . 

( 2 )  GROWTH ON AGAR : - a loopf ul of bac teria taken 

f r om a stock culture wa s inocu lated onto a plate contai ning 

tryptic ase soy ag ar ( TSA ) and incuba ted at 3 7 °C for 1 6  hour s .  

Bac teria from the p late culture were su spended in PBS (pH 7 . 1 ) 

to a concentration of  1 0 1 0  organi sm s  per crn3 PBS and i ncubated at 

3 7 °C for 30 m ins . 

A Neubauer haem ocytometer ( Weber , Eng land ) wa s u sed to count 

the number of bacteria in each su spension . 

UROEPITHELIAL CELLS : The uroepi the lial  c e l l s  were harve sted 

f r om ear ly mor ning , mid-stream ur i ne specimens by centr ifugation at 

2 5 0  x g for 1 2  mins . , wa shed three times in PBS (pH 7 . 1 ) and 



r e su spended in 4 crn
3 

PBS . To f our drops of c e l l suspens ion wa s 

added one drop o f  erythrosine B ( 0 . 4 %  in PBS , pH 7 . 1 ) ; a red 
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v i ab i l ity stain which i s  taken up by nonviab l e  c e l l s . One drop of 

thi s  su spens ion wa s p laced in a haemocytometer to assess  total 

ur oepithe l i a l  c e l l  numbers and the number of v i able c e l l s  pr esent . 

Samples whi ch had le s s  than 2 0 %  c e l l  vi abi l i ty or a tota l count 

of less  than 1 x 1 0 5 c e l l s  were not u sed in the a s say . 

ATTACHMENT ASSAY : A te st tu be c onta ining l x 1 0
8 

bac ter ia 

and 1 x 1 0
5 

uroepithe l i a l  cel l s  1n approx imate ly 1 cm3 PBS , pH 7 . 1  

wa s incuba ted a t  3 7 °C for 6 0  m inu te s at 2 0  rev s  per minu te in a 

wa ter ba th with a shaker . The suspens ion was wa shed by centr ifugation 

f ive t imes in PBS at 2 50 x g for 1 2  minu te s to remove unattached 

bacter ia . After the second wa sh , 2 drops of 0 . 4 % erythros ine B 

were added to the su spens ion . Subsequent wa shing r emoved exc e s s  

s tain and left  t h e  nonviable uroepithe l ial c e l ls sta ined red and the 

v i able c e l l s  unstained . The f inal su spens ion of ce l l s  in 0 . 5 cm
3 

PBS wa s a ir dr ied onto a g l as s s l id e . To c lear ly d i s t ingu i sh attached 

bac ter ia , preparations were c ounter sta ined wi th methy lene blue 

( 0 . 4 % in PBS , p H  7 . 1 ) rinsed in d i st i ll ed water , a ir dr ied and 

examined at 1 0 0 0  x magnif ication by light microscopy . Viable 

uroepithe lial  c e l l s  had a blue nuc leu s  and l ight blue cy top lasm and 

nonviabl e c e l l s  had a dark purple nuc leus and purp le cytop l a sm .  

Attached bac ter i a  were dark blu e  and c l ear ly d i stingui shed on a l l  

par ts  o f  the c e l l s . ( P late s 1 and 2 ) . 

Forty viable  uroepithe l i a l  c e l l s  ( 2 0 squamou s and 2 0  tran sitiona l 

c e l l s )  were ex amined and the number s of E . co l i  a ttached were recorded . 

C e l l s  which appeared folded , c lumped together or damaged were 

d i sregarded . E ach s l id e wa s vi ewed f r om the top left corner in a 

sys tema tic way to avoid examination of uroepithe l i al ce l l s  more 

than once . 



PLATE 1 .  

Nonviable transitional uroepithe l i a l  c e l l  with no E . c o l i  

attached : s ta ined with erythros ine B and methylene b lue . 

(Magn if ication C a  x 3 6 0 ) . 

Ph�TE 2 .  

/ ' 

Viable squamou s uroep ithe l ia l  ce l l  wi th E . c o l i  s tr a in 7 3  

attac hed , fol lowing bacLer i al growth on TSA :  s ta ined wi th 

erythros ine B and methylene blue . ( Magni f ication Ca x 3 6 0 ) . 
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C o n tr o l s  c on s i s t e d  o f  u r o ep i th e l i a l  c e l l s  i n  P B S  w i thou t 

E . c o l i  a d d e d , t o  a s s e s s  a n y  i nd ig enou s f l or a  pr e s e n t o n  t h e  c e l l s . 

T h e  m e a n  num ber o f  E . c o l i - l i ke o r g  sm s a t t a ched t o  4 0  v i a b l e  

u r o ep i the l i a l  c e l l s  ( 20 s q u amou s ce l l s a nd 2 0  tr a n s i t io n a l c e l l s )  

i n  t h e  c on tr o l s  wa s d ed u c ted f r om the e x p e r i m e n ta l v a lu e s  t o  g iv e  

a n e � a t ta c hm e n t  f i g u r e f or e a c h te s t . 

T he p H  o f  e a c h  u r i n e  s am p l e  wa s m e a s u r e d  and s amp l e s we r e  

r e g u l ar l y  m o n i t or e d  f or a s yrnp t om a  u r i n ar y  t r a c t  i n f e c t i o n s  by 

c u l t ur i n g  on c y s te i n e  l ac t o s e  e l e c tr o l y te d e f i c i e n t  ( CL E D ) a g a r . 

Som e u r i n e s amp l e s  c o n t a i ne d  sm a l l  amou n t s  o f  ur i n a r y  m u c u s .  T h i s  

wa s r em ov e d  th e wa s h i ng p r oc e s s  a s  the mucu s s e d ime n t e d  o n  

c en t r i f u g a t i on a t  a h i g h e r  l ev e l  t h an t h e  u r o e p i the l i a l  c e l l s .  

B e t we e n  wa s he s t h e  c e l l  s amp l e s  wer e  m i x ed o n  a v or tex m i x er t o  

f r e e  c e l l s  om a n y  m u c u s tha t wa s p r e s e n t  i n  th e c e l l  s ed ime n t .  

1 . 1 . 1 S TAT I S T I CAL ANAL Y S I S  

T hr ou g h ou t  the s tud y s e v e r a l  s ta t i s t i c a l m e t ho d s we r e  u s e d  t o  

a n a l y s e t h e  r e su l t s .  T h e se m e thod s c a n  b e  r e f er r ed t o  i n  

" Fu nd ame n t a l  Re s e ar c h  S t a t i s t s "  ed i t e d  b y  J . T .  Ro s c o e  ( 1 9 6 9  • 

1 .  2 D E T EC T I ON OF E .  C OL I  ATTAC HED T O  U ROE P I T HE L I AL C E L L S  BY AN 

I ND I RE C T  F LU O RE S C ENT ANT I BOD Y 

A f u r  

a b  i t y  o f  

wa s c ar r  

a t ta c hm e n t  a s  

o u t t o  d e  n e  t h e  

An i r e c t  a n  

w a s u se d  t o  d e te c t  E . c o l i  a to u 1 1 c e l l s . 

T he m e a n  v a l u e s  wer e  c om p ar ed wi th tho s e  

s t a p r  t i on s t o  v e r i f y  l a t t er 

f r om d ou b l e ­

i qu e , u 

t h e  a s s a y , wa s f e e t  in d e t e c t  E . c o l i  a t o  u r o e p i t h e l i a l  

l s .  I n  a d d i t io n , t h i s  e x p e r  t w o u  i rm th a t  a n y  s 
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bac ter i a  p r e s e n t  on the ur o e p i t he l i a l  c e l l s  d o  not i n te r f er e  with 

E . c o l i  a t ta c hment .  

The p r e paration of typ e  spec i f i c  a n t i s e r a  f or f ive s tr ai n s  o f  

E . c o l i  w i t h  serotype s 0 1 ,  0 4 , 0 6 : K l ,  0 7  a nd 0 7 5 wa s s im i l ar to 

t ha t  d e s c r i be d  b y  Edward s a nd Ewing ( 1 9 7 2 ) . The E . co l i  wer e 

i n oc u l a te d  f r om s tock cu l tu r e s onto ag ar s lo pe s  the n  to 1 0  cm
3 

BHI  

br oth and i ncubated over n i g h t  at  3 7
°

C .  E a c h  c u l tu r e  wa s forma l i zed 

by the add i t io n  of  0 . 0 5 cm 3 f or ma l i n  a nd i n j e c ted i n to m a r g i na l  

e ar v e i n  o f  a r abb i t . 
3 

The f ir st d o s e  wa s  0 . 3  cm , the second 

3 3 3 0 . 5  cm , t h e  thi rd 1 cm a nd t h e  4 th ,  5 t h  and 6 th wer e  2 cm wi th 

a f our to f iv e  d ay interv a l  be twee n  i n j ec t io n s .  S ix t o  e ig h t  

d ay s  a f t e r  t h e  f i n a l  inj ec t i o n  the r abbi t s  wer e b l ed f rom t h e  e a r  

onc e wee k ly for t hr e e  wee k s .  
3 

U p  to 1 5  cm o f  b l ood wa s c o l l e c ted 

on e a c h  o c c a sion i n  a univer s a l  bot t l e , i n c u b a ted at 3 7
°

C f or l hour 

a nd p l a c e d  a t  4 °C overnigh t .  The s er um wa s c ol l e c ted , c e n tr i fu g ed 

a t  2 5 0  x g f or 1 5  m in s .  t o  r em ov e  e r y t hr oc yt e s ,  d i sp e n s ed i n  2 cm 3 

amount s i nt o  b i j ou bottle s  a n d  s tor ed a t  - 2 0°C .  

T h e  t i tr e s  o f  t he E .  c o l i  a n ti s e r a  u sed i n  the t e s t  were d e t e rmi ned 

a s  f o l l ow s : One d rop fr om an E . c o l i  su sp e n s ion of  1 0
1 0 

org a n i sm s  

1 
3 . p "d  d t h f 1 0  per  cm 1 n  BS wa s aa e o e ac o �  a r e a s  a g la s s  s l i d e . 

The bac t e r i a  wer e a i r  dr and f ed f or 1 0  m i n s . wi t h  a c e to n e . 

An a n t i s e r um to a n  E . col i s tr a  wa s d i luted o ld P B S  ( 7 .  1 )  

a nd o n e  d r op from each d i lu wa s p l a c ed o n  a s epar a te are a  

s l id e  and ted a m oi s t  a tmo spher e at 3 7  f o r  3 0  m i n s . 

s l wa s r s ed P B S  f lo oded 1 cm
3 

f lu or e s ce n t - l abe l 

abbi t  l i n  ( 1 : 8  d i l u t io n  P B S ) l lc ome , l a nd ) 

a nd ted for a 3 0  m s t  a tmo a t  3 7  

The s l  wa s r sed in P B S , m oun ed g lyce r o l  

9 .  2 )  ex ned 

merc u r y  l amp sour c e  

a n  s er um tre wa s 

e r  

a P o  

a s  the  

u l tr a  vio t 1 

c r o  ( Re i che r t  J u  ) . T h e  

s t  d i l u e f or e sc ent 
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bac te r i a  c o u l d  b e  s e e n . T h e  p r o c ed u r e  wa s r e pea ted f or e a ch o f  

t he f iv e  a n t i s e r a . 

A g r ou p  o f  2 0  E . c o l i  s tr a i n s wer e s e l e c ted w i t h  c ommon 0 

s er o t yp e s  0 1 ,  0 4 , 0 6 ,  0 7  a n d  0 7 5  a nd a s sayed f or a t t a c hm e n t  t o  

u ro e p i t he l i a l  c e l l s  f r om p o o l e d  u r i n e  s amp l e s  u s in g  t h e  m e th od 

d e s c r i bed i n  s e c t i o n  ] . 1 .  On c omp l e t io n  o f  the a s s a y  i n c u ba t i o n  

s tep , t h e  c e l l  s u s p e n s i o n s  wer e e a c h d i v id ed i n t o  two p o r t i on s . C e l l s  

o n e  por t i o n  w e r e  w a s hed a nd d ou b l e - s t a  a s  s ec t i on 1 . 1 ,  

w h i l e  c e l l s  i n  t h e  r em a i n i n g  p o r t i o n  wer e wa shed f iv e  t im e s  i n  P B S , 

a i r  d r i ed o n  a g l a s s  s l id e  a n d  s t a i n ed wi t h  f lu or e s c e n t - l a be l l ed 

a n t i body i n  t h e  f o l l ow i n g  m a n n er . 

Each s l id e  w a s f ix ed f or 1 0  m i n u t e s  l n  a c e t on e 1 r i n s e d  i n  P B S  

a n d  i n c uba t ed wi t h  t h e  appr opr i a t e  0 s e r o type a n t i s e r um d i l u t e d  i n  

P B S  f or 3 0  m i n u te s  a t  3 7 °C i n  a m o i s t  a tm o s pher e . The s l id e  w a s  t h e n  

r i n s ed i n  P B S  w i t h  3 b u f f er c h a n g e s  ov e r  3 0  m i n u te s .  E a c h  s l id e  

wa s i nc u b a t e d  w i t h  f l u ore s c en t - l a be l l ed a n t i r a bb i t i mm u n o g l o b u l i n  

( l  i n  8 d i l u t i o n  i n  P B S ) f o r  3 0  m i n u te s  a t  3 7 °C i n  a m o i s t  a tm o s p h er e r 

r in s ed i n  3 c h a n g e s  o f  PBS , m o u n t ed i n  p h os pha t e  b u f f er ed g ly c er o l  

a nd e x am i n ed u nd e r  the ep i l um i n e s c e n t  u l tr a  o l e t  l i g h t  s ou r c e . 

T h e  ou t l i ne o f  t he u r oe p i t he l  1 c e l l s  wa s ev e n t  w i t h ou t  t h e  n e ed 

a c ou n t e r s ta i n  a n d  4 0  i th e l i a l c e l l s  ( 2 0  s q u am o u s a n d  2 0  

t r a n s i t  a l  c e l l s )  w e r e  e v a l u a  
I 
I 

f or E . c o l i a t tac hme n t .  P la t e s  3 t o  6 )  . !  

A c on t r o l  u r oep i th e l i a l  c e l l s  n o  E . c o l i  a d d ed w a s 

th e t e s t . A f t e r  t he 

a s sa y ,  one p or t h e  s u sp e n s  wa s 

a s  s e c t  1 . 1 .  p o r t i on wa s a 

f i x ed 1 0  m in u te s  a c e t on e  a n d  f l  

per i o d  o f  t h e  a t  

a nd d ou b l e - s ta 

d r  

t h  1 

on t o  a s l  e ,  

3 cm a n  s er u m  

f r om a poo l eh c on s i s t e d  o f  4 d r op s  o f  e a c h  a n t i s e r um d i l u t i o n . 

Th e s l  wa s w a s he d  i n  3 c h a n g e s  P B S  en s t a i n  

f s c e n t  a n t y a s  d e sc r i bed a bove . The o f  E . c o l i  



a t t a c hed to 4 0  u r o e p i the l i a l  c e l l s  wa s eva l u a ted . 

The mean v a l u e s wer e  c alcu l ated and c ompared for both s t a i n  

t e c h n i q ue s ,  u s i ng the two way a n a  s i s o f  v ar i anc e . 

6 0 .  



P LATE 3 .  

S qu am ou s uroepi the l i a l  ce l l  with E . c o l i  s tr a in 2 8 9 ( O l : H7 )  

a ttached , f ol l owing bac ter i a l  g rowth on TSA:  s t a ined with 

f luorescent a n t ib od y  (Magni f i c a ti o n  ea x 3 6 0 ) . 

P LATE 4 .  

Squam ou s uroep i 

I 
I 

l ia l  ce l l  with E . c o l i  s tr a in 3 2 2 ( 0 6 : K 2 : H ] 

a ttached , f o l l ow i n g  bac ter i a l  g r owth on TSA : s t h  

f luor e s cent a n t i bod y (Magn i c a t i o n  ea x 3 6 0 ) . 
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PLATE 5 .  

Squamou s and tr an s it iona l uroepithe l i a l  c e l l s  wi th and 

wi t hou t E . c o l i  stra in 87 ( 0 7 5 : HR )  attached , f o l l owing 

bac ter i a l  growth in B H I  broth : sta ined with f luore scent 

ant ibody (Magnification ea x 1 4 5 ) . 

PLATE 6 .  

Squamou s uroepithe l i a l ce l l  with E . c o l i  strain 2 0 7 ( 0 7 5 : H - )  

attached , following bacter ial growth on TSA : s ta ined with 

f luor e scent ant ibody (Magn if icati on ea x 2 9 0 ) . 
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METHODS 

S EC T I ON 2 .  

HI STOLOG ICAL S TAIN ING T E C HN I S U SED TO 

I NVESTIGATE MU C OP OLYS ACCHAR I D E - C OATED EP ITHEL IAL CELLS 

2 .  l DETEC T I ON OF MUCOP OLYSACC HARI D E S  ON SEC T I ON S  F ROJv:l LA.MB AND 

P I G  BLADDERS . 

6 3 .  

Two hi s to l og ic a l  s ta i n s  wer e  s e l e c ted which en t i f i e d  a wid e  

r an g e  o f  mucopol y s a c c h a r i d e  sub s t a nc e s . P e r iod i c  a c i d  S c h i f f ' s  

s ta i n  (PAS ) wa s u sed t o  d i s ti ngu i s h  p r o teog lycan s , n e u tr a l  

muc o s u b s tanc e s ,  g l y c ol i p id s a nd c e r t a i n  poly s a c c h ar id e s  ( Dr u r y  

a nd Wa l l ing ton , 1 9 6 7 ) . The se sub s ta nc e s  we re s tai ned a d i s t inc t iv e  

mag e n ta c o l our . Al c i an b l u e  ( AB )  w a s u s ed t o  d e te c t  t he pre sence 

of  g lyc o saminog lyca n s  whi c h  stained a b l u e  c o lour . ( Dr u r y  a nd 

Wa l l ing ton , l 9 67 ) . Two u r inary b l ad d e r s ,  one from a l am b  and one 

f r om a p ig wer e  r em ov ed at time of s laughter and pr oc e s sed a s  

f o l lows . 

On r emov a l  e a c h  b 

r e t a i n  i t s s hape a n d  

tion a t  r oom 

wa s i n j ec th Bou ' s  f l u  to 

a bo t t l e  c on t a in Bou i n ' s  f lu 

ature f or 2 4  f or f 

d 7 % a lc o h o l  1 8  h ou r s a nd 

s .  The bl add er s wer e 

e s sed i n  a n  

a ut om a t i c  s su e  p r oc e s sor ove r n  The b l  s r em a  f or 

a e se t  s sor 

a lc oho l , c I x y  

a f f  wax to l 4 0
°

C . 

6 0  mo lten wax and c u t  

Re t s l  m wa s 

5 }J ffi  thi ckne s s  the sec tio n s  

a n  e l ec tr l wa ter bath . 

bea k e r s of  7 0 % ,  l O O % , l O O % , l O O %  

a nd f l ly two b e ak e r s 

s wer e  r emove d , 

b loc k s  u s  a 

u sed to s e c t  

wer e f loa 

S e l ec ted sec 

ted 

the 

s wer e  

k n i  

sur f a c e  

A 

to 

of 



o n  g l a s s  s l id e s  which wer e  coated with a thi n l ayer o f  egg 
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a l bum i n  t o  a id ad her e n c e  to the s l id e .  The s l id e s  wer e p l a c ed a t  

0 
3 7  C for 1 hour t o  d r y  the sec tio n s  a nd then p a s sed through x yl e n e  

t o  r emove e xc e s s  wax . E ac h  sec tion wa s s ta i ned i n  o n e  o f  two wa ys . 

The f ir s t  s ta i ni ng wa s wi th a lc i an b lu e , haema toxyl in a nd e os in 

( H  & E ) . The haem atoxy l i n  s ta i ned the c e l l  nuc le u s and c y top l a sm i c  

b a s op h i l  b l ack a nd e os in s ta the c ytop l a smic a c id oph i l i a  pink 

to r ed ( C u l l i ng , 1 9 7 4 ) . The u s e  of  the l a t ter two s ta in s  g av e  

b e tter c o n t r a s t  t o  t h e  s ec t io n s  bu t s t i l l  lowed the a l c i an blue  

c o a ted c e l l s  to b e  d i s t ingu i  

STAGE S 

1 .  S ec ti o n s  brought to wa ter v i a  1 0 0 % , 1 0 0 % , 7 0 % a l cohol r in s e s . 

2 .  S t a i n ed f or 1 0 - 1 5  mins . i n  A l c i an blue ( 0 . 3 %  i n  3 %  aqueous 

a c e t ic a c i d ) . 

3 .  R i n s ed i n  tap wa te r .  

4 .  S ta i ned i n  a qu e ou s Mayer ' s  H aemu l um ( Haem a tox y l in ) f or 

1 0  m i n s . 

5 .  Was hed i n  tap wa ter . 

6 .  Rin sed l n  S c o tt ' s tap wa ter to 

7 .  Wa s hed t ap wa ter . 

8 . Sta i n  1 %  s e os y 

9 .  Rap i d l y  wa i n  wa ter . 

1 0 . ted 7 0 % ,  1 0  % ,  l O O % 

D P X . 

The second m e  u sed PAS a nd 

a s  the p i nk to r ed c o l our wou ld have 

of PAS po a r e a s o f  sec t i on . 

b l u e  

f or 2 

2 m s .  

s .  

a l  , c l e ar ed 

N o  eo s 

f th 

haem a s 

c on tr a s t  to the s e c t i o n . ( Cu l l i n g , 1 9 7  4 )  . 

ene , 

wa s u sed 

m ag enta 

n g ave 
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S TAGE S 

1 .  S e c t i o n s  brough t  t o  wa ter v i a  1 0 0 % , 1 0 0 % , 7 0 % a l coho l r i n se s .  

2 .  

3 • 

4 .  

5 .  

6 .  

7 . 

8 . 

9 .  

1 0 .  

Ox i d i sed f or 1 0  m i ns . in  1 %  a qu e ou s per i od ic a c id . 

Wa s he d  i n  r u n n i n g  tap wa ter f or 5 m in s . 

R i n sed thr e e  t im e s  i n  d i s t  wa t e r . 

Specime n s  c ov e r e d  with S c h i f f ' s  r e ag e n t  f or 1 5  m in s .  

R i n s ed i n  r u n ni ng tap wa ter f or 1 5  m i n s . 

S ta i n ed M a y e r ' s  Haem u lum haem a t ox ) f or 7 m i n s . 

Was hed in tap wa t e r . 

R i n s ed in S c o t t ' s  tap wa ter to b lu e  f or 2 m in s . 

D e hydr a ted i n  7 0 % ,  1 0 0 % , 1 0 0 % a l c oh o l , c l ea red i n  x y lene , 

moun ted i n  D P X . 

S e c t io n s  were v i ewed u nder l i g h t  m i c r o s c opy a t  4 0 0  x a nd 1 0 0 0  x 

mag n i f i ca t i on . Photog r ap h s  wer e  taken t o  i l lu s tr a te the s ta i n ed 

s e c t io n s . ( P l a te s  7 ,  8 )  • 

2 . 2  DOU BLE STA IN ING TEC HN I  S TO DETERHINE THE RELAT I ON S H I P  

BETWE EN V IAB I L I T Y  OF UROEP ITHELIAL C E LLS AND T HE P RE S ENCE OF 

A MUC OP OLYSAC CHAR I D E  C OAT . 

I n  

P AS and a l e  

s ed t o  

s 

b l u e , 

t o  

t io n s  

s ev er a l  

V 

s .  Two d ouble - s ta 

t h e l 1 c e l l s  wer e  s 

l e  and treb l e  s t a i n  

l i  , bac ter i a l a nd 

t e c hn s wer e  

pre sence o f  a muc l y s a c c har i d e  

c oa t  wa s r e l ated t o  v i ab i l i  o f  1 1 l c e l l s .  The 

s have been ted e l sewher e  

T o  a s se s s  v i ab i l i t y  o f  the u 

{ C . I .  4 54 3 0 ,  Ba tch 2 8 4 4 1 Gurr 1 Lond on 

& , 1 9 8 2 ) . 

t he l i a l  c e l l s  s i n e  B 

and t r ypan b l u e  ( C . I . 2 3 8 5 0 , 

Br i t i sh D r u g  Hou s e s ) wer e  u a s  v i t a l  s ta in s  ( PH I LL IP S , 1 9 7 3 ) . 



PLATE 7 .  

Tran sve r s e  sec tion of pig bl add er wi th rnucopoly sacchar id e s  

partic u lar ly ev ident at per ipher a l  surface : stained with 

a lc ian blu e , haematoxylin and eosin (Mag n i f i c a tion ea x 3 6 0 )  

P LATE 8 .  

Transver se sec tion of lamb b ladd er with rnuc opoly sacchar ide s 

par ticu l ar ly ev ident at per iphera l  surfac e : stained with 

PAS reag ent and haematoxylin (Magnif ic ation ea x 3 6 0 ) . 
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U r oe p i t he l i a l  c e l l s  were s ted b y  c entr i f u g ation a t  2 5 0  x g 

f or 1 2  m i n s . f rom e ar ly morn i ng , m i d - s tr e am u r ine s amp l e s  f r om h ea l thy 

wome n .  The c e l l s  wer e  wa t hr e e  t im e s  i n  phosphate buf f er ed 

3 s a l in e  ( P BS ) p H  7 . 1  a nd r e su s p e nd e d  i n  PBS to a volume of  1 . 0  cm . 

3 The n , 0 . 0 5 c m  e rythro ne B ( 0 . 8 % i n  P BS )  wa s add ed t o  ha l f  the 

3 
s u sp e n s ion a nd 0 . 0 5 cm trypan b l u e  ( 0 . 8 % in P B S ) to the r i ng 

hal f . Both s u spe n s ions  wer e l e f t  f or 3 0  s e c o nd s a t  r oom t emp e r a tu r e , 

3 
t hen wa s he d  t w i c e  i n  1 0  cm P B S  t o  r emove exc e s s  s ta i n  and a i r  

d r i ed onto s epar a te g la s s  m i c r o s c ope s l id e s .  

( a )  ERYT HROS INE I AN BLUE S TA I N ING 

Erythr o s i ne B pr epar a tions  wer e  s ta i ned with a lc i a n  b l u e  8GX ( 0 . 3 % 

in 3 %  aque ou s a c e  c ac p H  3 . 5 ) for 10 m i n s . , then r in sed i n  

runn i ng tap water a nd a d r i ed . ( P l a t e  9 ) . 

( b )  TRYP AN I C  AC I D  S C HI FF ' S  STA I N ING 

For S c h i f f ' s  r ea g e n t , 4 0 0  cm
3 

d i s t i l l ed wa ter wa s hea ted to 3 7 °C 1  

2g  parafuc h s i n  added and the m ix tu r e  shaken u n t i  1 d i s s o l ved . To 

thi s wa s a d d e d  7 .  s od i lli'TI me 
3 

su l f i te w i t h  2 cm c on c en tr a te d  

HC l a nd the s o l u  on s haken a nd l e f t  over ht . The f o l  d ay ,  

2g  of a c  c h a r c o a l  wa s add ed a nd t h e  s o lu wa s n a nd 

f i l ter ore u se .  

Tr b l u e  wer e f lo od ed 

6 • t he n  ed a s ta r a c k , r 

water for 5 m i n s .  and f l ly t hr e e  t 

water . S ch i f f ' s  r eagent was 1 0  

f or a f u r  1 0  s .  ru ng wa ter 

a t  r oom a tur e . P late 1 0 ) . 

th 1 %  

s 

n s .  , 

a c  

tap 

th d i s l l ed 

s l  s r 

f i na l r i ed 



P LATE 9 .  

N onv i ab l e  tra n s i t i on a l  uroepithe l ia l  c e l l  c oa ted with 

muc op o ly s ac c h ar s :  s t a i ne d  wi t h  e ry t hr o s  B a n d  

a lc ia n  b lu e  ( Ma g n i f  io n  ea X 3 6 0 ) . 

P LATE 1 0 . 

Thr e e  

c e l l  

s u r oep l i a l  c e l l s . In  c e n tre i s  a v i a b l e  

r a r e  nonv 

:mu c op o  s a c c h ar 

l e  a nd not c 

s ta t h  t r yp a n  PAS r 

X 2 9 0 ) . 

s ;  c e  a t  t a nd 

w i t h  :muc opo l y s a c ch a r id e s : 

{Mag n i f  a tion e a  
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6 9 . 

( c )  REPRODUC ABI L IT Y  TE S T I N G  OF V I AB I L I TY J;,N D  rvm c OP O LY S l\C C Hl\R I D E  

STA IN ING TECHN I QU E S . 

T o  a s s e s s  the  r ep r od u c ab i l i t y  o f  the v i ab i l i t y  and m u c op o l y s a c c h ar id e  

s ta i n i ng tec hn i qu e s , thre e  ind i v id u a l s eva lua ted a g r ou p  of  1 0  

s l i d e s  pr epared f r om one u r o e p i t h e l i a l  c e l l su spen s i on . F e o f  

t he s l i d e s  w e r e  s ta i ned w i t h  e r y t hr o s i ne B and a l c i an b l u e , a nd 

f ive wi t h  tr ypa n  b l u e  P A S . The eva lu a tor s i n c l u d ed an expe r i e n c ed 

h i s to log i st and a j unior tec hn i c i an .  F or v ia b i l i t y  a s s a y s  e a ch 

eval u a to r  r a nd om l y  v ie wed 2 S  squamou s and 2 5  tra n s i t io na l uroepi the l i a l  

c e l l s  and s cored t h em v i a b l e  or nonv iab l e  for e a c h  o f  the  1 0  s l id e s . 

T o  mon i t or t he p r e s e n c e  or a b s e n c e  o f  a mucopoly s a c c h ar id e  c oa t , 

e a c h  eva lua tor r a nd om l y  vi ewed S O  v i abl e and S O  n o nv i ab l e  uroepi the a l 1 
I 

c e l l s .  Of  the 5 0  c e l l s , 2 5  wer e  squamou s and 2 5  t r a n s i t i ona l . T h e  

s l id e s  were e x am i n e d  b y  e ac h  i nd iv id u a l  a t  separ a te t im e s  and the 

r e su l t s  wer e i n de p e nd e n t l y  tabu l a ted on c omp le t io n  of  a l l  the 

eva l u a t i o n s  to avo id b i a s  d u e  to k nowle d g e  of  prev i ou s r e su l t s . E a c h  

g r oup o f  r e su l ts wa s s ta t i s t i c a l l y  a na l y s ed u sing t h e  o n e -way ana l y s i s  

o f  var i anc e me thod . 

2 . 3 D OUBLE S TA I N ING TECHN S TO DETERM INE THE RELAT I ON S H I P  

BETWEEN C E LL MUCOP OLYSACCHAR IDE COAT AND BACTERI AL ATTACFMEN T . 

Two 

E . c o l i  to 

- s ta t e c hn 

c e l l s  a s  r epor e l s ewher e  ( Re & 

s tra i n s  were u se d , s tr a in 8 7  g ro wn 

t r yp t i c a s e  a g a r  ( 

1 5 0 0  x g f or 1 0  n s . r e  s u spe nd ed 

e s  wer e d ev i sed to d e  

e c oated and noncoa 

s ,  1 9 8 2 ) . Two E . c o l i  

and s tr a i n  2 0 7  grown on 

cu l t ure s wer e  c entri  at  

P B S  to  a c o n c e n t r a t i o n  o f  

1 0  3 
1 0  s p er cm . T S A  c u l tu r e s  were su ed PBS to 

a s im i l a r  con c e n tr a  a s  d e  t e r  c ou n t s .  

I 



7 0 .  

E a c h  s tr a in w a s i ncu bated a t  3 7 °C f or 3 0  m i n s . t o  a l l ow r eg en e r a t i o n  

o f  p i l i  then a s s ayed f or a ttachm e n t  t o  1 0  u r oe p i the l i a l  c e l l  s amp l e s  

p r e pared a s  ou t l i ned i n  s ec tion 1 . 1 ,  wi th the e x c ep t i o n  that the 

e rythr o s ine B a n d  me thylene b l ue s ta i n in g  s te p s  wer e  not i nc lud ed . 

( a )  ALC i k."\1 I N  S TAI N I NG 

A i r  d r i ed s l  e s  of  c e l l s  wit h  a tt a c hed E . c o l i  wer e s ta ined by 

i�mer s i o n  i n  a lc i an 8 GX ( 0 . 3 % i n  3 %  aqueou s a c e t i c  a c  , pH 3 . 5 } 

f or 1 0  m in s . t h e n  r i n se d  t a p  water a nd f lood ed wi t h  1 %  a qu eous 

s af r an i n  ( C . I .  5 0 2 4 0 , BDH f o r  1 m in . t o  s t a i n  the ba c te r i a . The 

s l id e s  were r in sed i n  tap wa t e r  and immer sed f o r  2 s e co nd s 7 0 %  

a lc ohol a nd t w i c e  i n  1 0 0 %  a lc o ho l to d e hydr a te the c e l l s  and 

r em ov e  exc e s s  s ta i n  a nd f i na l l y  c l e a r e d  throu g h  x y l e n e  to prevent 

f u r ther l o s s o f  s ta i n . ( P la te 1 1 ) . 

( b ) P E R I OD IC AC I D  SCHIFF ' BLUE S TA IN ING 

Uroep i th e l i a l  c e l l s  wi th attach e d  E . c o l i  wer e  s ta i ne d  w i th PAS a s  

d e s c r ibed e a r l i er then f loode d  f or 3 0  s e cond s w i t h  ene b l u e  

( C . I . 5 2 0 1 5 ,  B DH 1  0 . 0 4 %  P BS ) , r s ed wa ter , d e hy dr a ted 

w i th a lc o h o l  c l e ar ed h x e n e . ( P la t e  1 2 ) . 

The o f  bac ter i a  a tt a c he d  t o  muc y sa c char c oa te d  

ing 4 0  a n d  nonco a t e d  the l 

c 4 0  

c e l l s  wer e  a s s e s se d  b y  

s a t  r andom . I n  e a ch c a se 4 0  l s  

c ompr i s ed 2 0  s q u amou s 2 0  t r a n s  ona l u r o e p i  l i a l  c e l l s . F or 

t e s t , te s l  

s l  e s  c on s 

e s  wer e prepared a nd a s se s  

the l i a l  l s  thou t 

ob serve a n y  f lo r a  p r e s e n t  o n  the c e l l s .  

were b y  1 ht m i c r  a t  1 0 0 0  x f ic a  

C on t r o l 

E . co l i  t o  

1 s l  e s  

s wer e  t en the on s .  

ana lys i s  

r e su l t s  wer e  

s ta s t i c a l  ana u ng two- var 



P LATE 1 1 .  

M u c op o l ys a c c ha r i d e  c oa ted squ amou s u r oep i the ] 1 c e l l  w i t h  

E . c o l i  s tr a i n  3 2 2  a ttac hed , bac te r i a l  g r owth o n  

T S A : s ta in ed w i t h  a l c ia n  blue and saf r an 

e a  x 3 6 0 ) . 

P Ll\TE 1 2 . 

(Mag n i f i c a tion 

s the l i a l  c e l l s  th E .  c o l i  stra  2 0 7  a t  

f ol ter 1 

n o t  mucu s  coated , o t h e r  

on TSA . C e l l  a t  c en t r e  i s  

c e l l s  a r e  mucu s coated : 

s t a i n e d  w i th PAS r e ag e n t  a nd methy l e n e  b l u e  {Mag n i f  i on 

e a  x 3 6 0 ) .  
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2 . 4  E F F ECT OF OESTROGEN ON B LAD D E R  MUCU S  C OAT 

ou s e x p e r  s s ug g e s  t h a t  a tt a c hme n t  

s n s  g r own i n  B H I  b r o t h 1 t o  1 c e l l s  wa s 

7 2 .  

E . c o l i  

l u e n c  

t or s r e  t o  me n s t r ua l e ye c h a ng e s . ( s e e  s e c  1 .  4 )  • 

s v a r  r o ug h l y  c o r r e  t o  t h e  e x p e c ted norm a l  u r i n e  

a n d  b lo od l ev e l s  o f  o e s , e sp e c i a l ly t o  t h e  p l a sma l e v e l s  

1 7  oe s tr ad i o l . F ur t s  e s ta b l i  tha t a n  

b l ad d e r  c e l l s  and hum a n  u r i na r y s ed c e l l s  were c o a ted w i t h  

muc o p o  s a c c har s .  T h i s  e o  a m a y  f l u e n c e  t h e  a t 

c er ta i n  E . c o l i  s tr a  s 
---

t o  u r oep i t h e l i a l  c e l l  sur e .  

A m o u s e  mode l wa s u s e d  t o  i nv e s t ig a t e  whe r a i s e d  b l o o d  

l s  o f  oe s tr ad i o l  n o t  e a b l y  a l ter e d  t h e  muc op o l y s ac c har i d e  

l i n g  o f  t h e  b l a d d e r . S ix t e e n  we a n ed f em a l e  m i c e  we r e  p l a c e d  i n  4 

g r ou p s . T h e  f ir s t  g r oup o f  f i v e  m i c e  wer e  i n j e c ted sub - c u t a n e ou s l y 

( s / c ) w i t h  0 .  g 1 7 6 oe s t r ad i o l - 3 -me t h y l  b e n z o a te i n  0 . 0 5 cm
3 

p e a n u t  

o i l .  T h e  s e c ond g r o u p  o f  f iv e  m i c e  we r e  i n j e c ted s/c w i th 0 . 0 5 � g  

1 7 6 o e s tr ad 
3 

l - 3 -m e t hy l  b e n z o a t e  i n  0 . 0 5 c m  p e a n u t  l .  O f  t h e  r ema i n i ng ' 

s i x m i c e , t hr e e were i n j e c t e d  s / c  w i th 0 . 0 5 c m
3 

p e a n u t  o i l  a n d  t h r e e  

we r e  t u n touched . T h e  m i c e  wer e  e ar -ma r k ed , l e f t  l n  c ag e s  w i t h  

a nd w a t e r  a d  l i b i t um f or f o u r  d a y s  t h e n s ac r i f  T h e  

b l adder s w e r e  r emoved , emp t i ed , r e f i l l ed w i t h  B o u  ' s  f ix a t i o n  f lu 

p r o c e s  , embedd ed , s e c t i o ned s ta 

a s  d e s cr i b e d  in s e c  2 . 1 l am b  

u s  

p ig 

s am e  m e t hod 

s .  E a c h  s e c t io n  

vJa s  c a r e f u l l y  t o  d e te rm i n e  whe t h e r  b ladd er s o f  t h e  o e s tr og e n 

t r e a  m i c e  a n o t  e a b l y  muc u s  e p i the l 

compared t o  t h e  e p i t h e l ium o f  u n tr e a ted p e a nu t  o i l  t r e a t e d  m ic e . 

A s  t h i s  wa s a v i su a l c om p a r i s o n , t h e  s e r v  e s  a n  e xp e r i e n c ed 

s to l og i s t  were c a l l ed u p o n  t o  c o n f irm t h e  e xam i n a t i o n s . 

( P l a te s  1 3 , 1 4 ) . 



P LATE 1 3 . 

P LATE 

Tr a n sve r s e  s e c t ion of m ou s e  b ladder w i t h  muc opo l y s a cc har ide s  

p a r t ic u l a r l y  evid e n t  a t  per ipher a l  s u r f ac e , a f ter tre a tment 

V<li th 17 8 oe s trad l :  s t a i n ed w i t h  a lc i a n  b l u e , 

a n d  e o s  (Magn i c a t i o n  C a  x 3 6 0 ) . 

1 4 . 

T ra n sver s e  s e c t  o f  mou s e  b l ad d er 

u l ar e n t  a t  p e r  l s u r  

t re a tme n t : s ta PAS reage n t  and 

f ie e a  X 1 4 5 )  . 

haem a t oxy l 

s 

t o e s tr og e  
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METHODS 

S EC T I ON 3 .  

THE R OLE OF BACTER IAL HAEMAGGLUT IN I N S  IN T HE 

I N  V I TR O ATTACHMENT OF E . C OL I  T O  UROE P I THEL IAL CELLS . 

3 . 1  HAEMAGGLUT INAT I ON TEST . 

The h a em a g g l u t in a t i on t e s t  u wa s s im i lar t o  th a t  d e s c r ibed 

by Ka l l en s e t  a l .  ( 19 8 0 , b ) . B a c t e r i a l su spen s ions o f  1 0
1 0  

organ i sm s  

p e r  cm
3 

i n  P B S  were u sed i 5 0  � 1  wer e  added to f our we l l s  in a wh i te 

porc e la in t i  F r e s h , human ,  g r ou p  A e rythrocyte s  and g u  p i g  

e r y thr oc yt e s  w e r e wa s hed t im e s  in PBS and r e su spend ed to 3 %  

( v/v ) in  P B S ; 5 0  JJ l  o f  human A e ry t hr ocyt e s  were ad d ed t o  we l l s  

l a nd 2 ,  and 5 0  � 1  of gu inea p i g  e r y throcyte s wer e  a d d ed t o  we l l s  3 

a nd 4 .  T o  w e l l s 1 and 3 wa s a d d e d  5 0  � 1  PBS , and t o  we l l s  2 a nd 4 

wa s added 5 0  � 1  of  P B S  c onta i n i n g  1 %  a D  m annose . Each E . c o l i  s t r a i n  

wa s thu s t e s te d  f or bot h  a manno s e  s e n s i t iv e  haemagg l u t i n in , d e tec ted 

u s i ng gu i n e a  p ig erythrocyte s and a manno se r e s i s tant lu 

t e c te d  u s  human A y te s .  

c on tro l s  wer e  i nc ed . E .  c o l i  s tr 

I n  e a c h  b a t c h  t e s t s 1 two 

3 2 2  i s  to p o s s e s s  a 

MRHA and a M S HA a br o t h , and i t  wa s u sed to c on f  

tha t  t e s t  wa s work 

t hou t b ac te r i a  was 

were not a u to a g g lu 

t e s t . 

6 0  

p o r c e l a i n  

te s ,  a f te r  

and s e n s i t  A s e c ond c on tr ol of P B S  

t o  irm t the 

F r e  lA p r e s e n t s  a 

le s wer e 

e ha 

rocked the n  p la c ed a t  4 

lu n a t  p a t t e r n s  wer e 

in , 

s 

f or 

a s  l a r g e  granu lar c s o f  b c e l l s wh s e t t l ed 

to c en tr e of the we l l s  and b e cam e  d i  

t i le s . A w e a k  lutinat r ea c  

o n  the 

wa s s ee n  when f a nu l a r  



FIGURE lA .  

HAEMAGG LU T I NA T I ON TEST 

2 3 4 

7 5 .  

1 
HUMAN R BC HLJMAN RBS 

+ Ml\NNOSE 
GU INEA P IG GU I NEA P IG R BC 

RBC + MANNOSE 

E .  c o l i  
T e s t  
S tr a in 

3 2 2  

C on tr o l ­
N o .  
Bac ter ia 

Each we l l  i s  2 6  mm i n  D iame ter . 

1 %  a D Mannose i n  P B S  

0 

3 %  Hlli�an A Rhe s u s P o s  ive E r y t hr o c y t e s  

3 %  Gu p s P BS 

PBS  

1 0 1 0  
Bac ter i a  f r om B H I  br oth or TSA c u l t u r e s  

Tota l Volume P e r  We l l  = 1 5 0  

MRHA = 

t e s . 

We l l s  1 2 

MSHA = Agg l u t i n a  on We l l  3 and n o  agg lu 

C o n tr o l - No B a c t e r  = No .. lu  na t 

N . B . A MRHA c an a l so be tec ted in s ome stance s  

P or c e l a i n  
T i l e  

We l l  4 .  

a t  

Gu a P s t h e  pre senc e rnanno s e . 

A MSHA c a n  a l so be d e te c ted i n  s ome insta nc e s  by lu t i n a tion 

of  Hum a n  ocyte s , ted the p r e s e n c e  mannose . 
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c l ump s a pp e a r e d  a f ter severa l m inu t e s o f  r o c k ing the t i le s . A 

n e g a t ive h a emagg l u t i n a t ion r e a c t io n  wa s s e e n  whe n  n o  g ranu l a r i ty 

appe a r ed a n d  a smooth r ed bl ood c e l l  s u sp e n s ion wa s e v ident a s  a 

d e n s e  p a t t e r n  t hroughout the d epth of the we l l .  Thi s n eg a t iv e  

r ea c ti on wa s s een in t h e  pre s e nc e of  a D m a nnose f or E . c o l i  s tr a i n s  

p o s s e s s in g  a M S HA . T h e  haemagg lu t in a t ing r e ac ti o n  wa s not 

i n h i b i ted by D m annos e  f or E . c ol i  s tra i n s  p o s s e s s i ng a MRHA . 

( P l a t e s  1 5 - 1 9 ) . 

T h e  5 0  � 1  amou n t s u sed i n  the te st g av e  an a ppr ox ima t e  r a  o 

of  b e tween 2 0  a n d  7 0  ba c te r i a  t o  1 e r y t hr oc y t e , wh wa s c on s id er ed 

s uf f i c i e n t  b y  Duguid e t  a l .  ( 1 9 7 9 )  to g iv e  v i s ib l e  c lumping . 



PLATE 1 5 .  

Nega tive haemagglut ination reac t ion for human gr oup A 

erythrocyte s :  le f t  s ide we l l  w i th PBS and r ight s ide 

we l l  with PBS and a D mannose . 

PLATE 1 6 . 

Haemagg lutina t i on of gu inea pig erythrocyte s by B H I  broth 

grown E . coli  s tr a in 67 : r ight s id e  we l l  with PBS a nd l ef t · 

s ide we l l  with PBS and a D mannose ( ie .  expre s s i on of a 

MSHA )  • 
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PLATE 1 7 . 

Haemag g l u ti n a tion o f  human g roup A e r y thr o c y t e s by T SA 

g rown E . c o l i  s tr a i n  1 58 ;  l e f t  s id e  we l l  w i t h  P B S  and 

r h t  s 

o f  a MRHA ) . 

PLATE 1 8 . 

w e l l  with P B S  a nd a D m annose 

l u t i n a ti on human g r oup A 

g rown E . c o l i  s tr a i n  1 5 8  

m a n n o s e . ( ie .  expre s s  

pre sence o f  P B S  

a MRHA ) . 

( ie .  expr e s s io n  

s b y  TSA 

a D 



7 8 . 



P LATE 1 9 . 

Haemagg l u t in a t io n  of human g r oup A e r y t hr ocyte s by T SA 

g r own E . c o l i  s tr a i n  3 2 2 , i n  pr e s e n c e  o f  P B S  w i th a D 

m an n os e . ( i e .  e x pr es s io n  o f  a 
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8 0 . 

METH O D S  

S E C T ION 4 . 

THE U SE OF E LECTRON M I C ROSC O P Y  T O  

I NVE S T IGATE ATTACHM E N T  O F  E . C OL I  TO UROEP ITHELIAL C E L L S . 

4 . 1  I N T RODU C T ION 

S ev e r a l  t e c hn s w e r e  u s e d  t o  i nv e s t i g a t e  t h e  a t ta c hm e n t  

o f  E . c o l i  t o  u r oe p i the l 1 c e l l s b y  e l e c tr on m i c r o s c opy . T h e  

phospha t e  b u f f er u s ed thr ou g h ou t  t h e  s t udy wa s O . lM ,  p H  7 . 2 ,  ( 2 . 5 l g 

Na
2

H P 0
4 . 1 2 H

2
o ,  0 . 4 lg KH

2
P o

4 
i n  1 0 0 0  cm

3 
d i s t i l l e d  wa t er ) . T h e  

ur a n y l  a c e ta te s t a i n  u s e d  o n  s e c t io n ed m a t e r i a l  wa s d i s s o l v ed i n  

5 0 %  e th a n o l  and s t ored i n  a d a r k  b ot t l e .  T h e  l e ad c i tr a t e  s ta i n 

wa s mad e u p  w i t h  0 . 0 2 5g l e a d  c i t r a te , 1 0  cm
3 

d i s  l l ed wa t e r , 0 . 1  
3 

cm l ON N aO H , a n d  s haken u n t i l  d i s s o l v e d . A l l o th er m a t e r i a l s  

a nd i n s t r um e n t s  u s ed are i nc l ud e d  i n  t h e  m e t hodo l og y .  

4 . 2  T H E U SE OF A NEGAT IVE S T A I N ING T EC HN F OR D ETEC T ION OF 

P I L I  ON E . C O L I  C E LL S . 

( 1 )  I n  t h e  f s t  exp e r im en t , 2 4  E . c o l i  s tr a i n s  w e r e  c u l 

o n  T S A  a t  3 7
°

C o v e r n  a n d  s u  d i s t i l l ed wa t er t o  a 

c on c e n t r a  sm s 
3 

cm , a n d  t e d  3 0  s a t  

2 5  Il l  t h e  E . c o l i  s u sp e n s o n  

a f ormv a r  c opper g r  o f  3 mm d 

B l o t t  p a p e r  wa s u sed t o  r em ov e  e x c e s s  s u s p e n s  

d r op o f  s ta i n i n g  a g e n t  wa s p l ac ed o n t o  t h e  g r  

t u r e  f or m t e s .  T h e  s t a i n  s o l u  

and 

P a s te u r  p ip e t te drops of 2 %  p h o s p h o t u n g  a c  , 4 

ammo n i um m o l y bd a t e  l d r op 0 . 5 % b ov i n e  s e r um a 

t l m inu te .  

b e f or e  o n e  

t a t  r o om 

c ompr i s ed 4 

s o f  2 %  

w h i c h  
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a c ted a s  a we t t i n g  a g e n t . B l o t t i n g  paper wa s u sed t o  r emove e xc e s s  

s ta i n  and g en t l y  d r y  the g r i d  wh i c h  w a s  then tran s f er re d  t o  a 

P H I L I P S EM 2 0 0  e l e c tron m i c r o s c o p e  ( E . M . ) f or e x am i n a t i o n . T h e  

E . c o l i  were exa m i ned a t  1 2 , 0 0 0  t o  1 4 , 0 0 0  X magn i f i c a t io n  a n d  5 0  

c l e a r l y  d i s t i n g u i s hab org a n i sms w e r e  a s s e s s  f o r  t h e  pr e s e n c e  

o f  p i l i . E a c h  s t r a i n  wa s e x am i n ed i n  d up l i cate . 

( 2 ) T h e  s ec ond expe r iment c on s i s t e d  of thr e e  g r o u p s  s tr a i n s  

c u l t ur ed o n  T S A  o r  B H I  broth ove r n i ght a t  3 7 °C .  T h e  T S A  c u l tur e s  

w e r e  s u s pended i n  d i s ti l l ed wa t e r  t o  a c oncentr a t i on o f  1 0
1 0  

org an i sms per cm
3 

w h i l e  the br o t h  c u l tu r e s were c e n tr i f ug ed a t  

1 5 0 0  x g for 1 0  m i n s . then r e s u s pe n d e d  t o  a concen t r a t i o n  o f  1 0
1 0  

3 
org a n i sms per cm d i s t i l l ed wa t e r . Both s e t s  o f  s us pe n s i on s  wer e  

i n c ubated a t  3 7
°

C f o r  3 0  m in s . t h e n  s t a ined a n d  a s s e s s ed a s  i n  P a r t  ( 1 ) . 

( 3 } I n  t h e  t hi rd exper ime n t , 2 0  E . co l i  s tr a i n s  w e r e  gr own 

on T SA at 1 8
°

C f or 4 8  hr s �  r e s u s pe n d ed to a c onc e n t r a t i on o f  1 0
1 0  

3 
organ i sms per cm i n  d i s ti l le d  wa t e r  and t e s ted f o r  t h e  p r e s enc e o f  

p i l i  a s  de sc r i b e d  i n  P art ( 1 ) . 

S e  E . M .  f i e ld s  wer e  r ec phot ogr a ph l ly .  Th e 

r e s u l t s  i s  s and a l l  r e l a ted t o  t h e  u s e  o f  e le c tr on 

m a r e  e r e  t s  s e c  5 . ( P la te s  2 0  to 2 5  . 

4 . 3 THE U S E  OF TRAN SMI S S ION E LE C T RON M ICROSCOPY TO S TUDY 

ATTAC HMENT OF E . C OL I  TO UROEP I THELIAL CELL S . 

a r e t o  pr o c e s s  f or ex am i on 

t r a n  e m ( T . E . M . ) .  For s r ea s o n , e ac h  

s u f or s s w i l l  e a  1 d e  



PLATE 2 0 . 

Nega tive s ta i n ed prepara on non -p i l ia ted E . c ol i  

s tr a in 2 0 7 , p o s s e s s i ng a MRHA a f te r  g r owth o n  T SA . 

( M ag n i f  t i o n  x 3 4 , 0 0 0  : BAR = l � m ) . 

PLATE 2 1 .  

a s ta preparation f e l l a ted , non -p i l ia t ed 

E . co l i  n 6 6 ,  n ot p o s s e s  

g r owth o n  TSA . i f  

a 

X 2 2 , 5 0 0  

lu tin 

BAR = 

a f ter 

m )  • 
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P LATE 2 2 . 

Nega t ive s t d ined pr e pa ra t i on o f  type 1 p i l i a t ed E . c o l i 

s tr a i n  3 2 3 ,  p o s se s s ing a M S HA a f ter g r owth i n  B H I  broth . 

(Magn i c a t i o n  x 4 6 , 0 0 0  : BAR O . Sw m ) . 

P LATE 2 3 . 

Neg a t  s ta pr epa r a t io n  p i l ia ted E . co l i  s tr a i n  

1 5 8 , p o s se s s  a MRHA a f ter g on T SA . 

( Magn i f i c a ti o n  x 2 5 , 0 0 0  : BAR = lw m ) . 
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P LATE 2 4 . 

Neg a t ively s ta ined prepa r a t i o n  o f  p i l ia ted E . c o l i  s tr a in 

1 0 4 , posse s s in g  a MRHA a f t e r  g r owth on TSA . 

(Magn i f  t i on x 4 6 , 0 0 0  : BAR = 0 . 5�m ) . 

P LATE 2 5 .  

t s ta ined prepar a t i o n  of  p i l ia 

1 5 8 , p o s se s s ing a MRHA a f t e r  g r owth on TSA . 

(Magn i f  i o n  x 8 2 , 5 0 0 : BAR = 0 . 2 5w m ) . 

E . c o l i  s tr a i n  
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4 .  3 .  1 C OLLE C T I ON OF SPEC I ME N S . 

I n  order t o  h av e  a s uf f ic ie n t ly large pe l le t  s u i tab l e  f or 

s ec t i on i n g , the a tt a c hment a s s ay wa s c ar r i ed out a s  d e s c r ibed i n  

s ec t ion 1 . 1  but u s i ng 4 t im e s  the quan t i t i e s  o f  b a c t er i a  and 

u roepi the l i a l  c e l l s . F o l l owing ad s orpt i on and r emova l  of una ttached 

b a c t e r i a  by wa s h i n g , the uroepi the l ia l  c e l l s  were l e f t  a s  a pe l le t  

i n  the t e s t  tube . 

4 . 3 . 2  P R IMARY F I XAT I ON . 

The p e l l e t  w a s  c overed c ar e f u l ly with a f i x i  t i  ve d e sc r i bed by 

K a r n o vsky i n ( l 9 6 7 ) ,  ( 2 %  F orma l dehyde ,  3% g lu t ara l dehyde i n  O . lM 

0 
pho sphate buff e r ) a n d  wa s l e f t  a t  4 C f or 2 h our s . T h e  c e l l s  were 

w a s h ed 3 t im e s in 1 0  cm
3 

phosphate buf fe r  ( P . B . ) and the supena t a n t  

r emoved . To f orm a more s o l id p e l le t ,  1 d r op of 2 %  m o l te n  agar 

wa s c ar e fu l ly m ix e d  in w i th the c e l l s  and a l l owed to s e t . The a g ar 

c oa ted pe l l e t  w a s  r emoved f r om t h e  tube , e xc e s s  a g a r  c u t  of f and 

t h e  p e l le t  d i s sec ted i n to s pe c imen s of about 1 mm
3 

u s i n g  a s c a lpel  

b lade . 

s e c t i on s were p a g l a s s  j ou t l e ,  c 

K a r n ov ' s  f i for 2 hour s a t  4 , t hen f tive  wa s 

r e pl aced with pho s ph at e  bu f f er . 

i n  which the s e c t i o n s  wer e  h e l d  

a n d  2 0  m i n s .  a t  r oom t em pe r a t ur e . 

4 . 3 . 3 S EC ONDARY F I XAT I ON . 

bu f f er r e s  were app l i  

wi th 

The spe c im e n s  were p o s t - f  ed o smium tetroxide  ( O s 0
4 ) , a 

s ec ondary f i t i ve whic h  h a s  g r e a t  v a l ue a s  an " e l e c t r on s t a in " due 

to its  high met a l l i c  d en s i ty . O sm i um t e tr ox i de i n  s o l i d  and 



pha s e  i s  v o l a t i l e  a nd wa s th er e f or e  h a nd l ed i n  a v e n t i l a te d  f ume 

c up b oa r d . A 1 %  s o l u t i on wa s mad e  u p  in p h o s p h a t e  bu f f er a nd 

a d d e d  to t h e  s p e c ime n  b o t t l e . Wi th t h e  l id i n t a c t  the b o t t l e 

0 
w a s p la c ed a t  4 C f or 1 hou r . T h e  O s o

4 
wa s r emov e d  i n  t h e  f um e  

c up b o a r d , d i s c a r d e d  i n to a s ep a r a te wa s te c o n ta in e r , a nd t he 

s p e c im e n s  wer e  s u s p e nd ed i n  P B  a n d  h e ld f or 1 0  m i n s .  a t  r oom 

t emper a tu r e  t o  r em o v e  t he r ema i n i n g  O s 0
4

. A f ur t her 2 r in s e s  o f  

P B  f or 1 0  a n d  2 0  m in s . c ted t he wa s h i n g  p r oc e s s .  

4 . 3 . 4 D EHYD RAT ION . 

A f t e r  f ix a t i o n , spec im e n s w e r e d ehyd r a te d  t o  r end er t h em 

8 6 . 

s t a b l e  i n  t h e  e l e c tr on b e am a n d  t o  f ac i l i ta te t h e  i n f i l tr a t ion o f  

t h e  n on - aq u eo u s embe d d i n g  m ed i a . Th i s  wa s a c h i ev ed by t a k ing t h e  

s p e c im e n s  t hr o u g h a g ra d e d  e tha n o l s e r i e s  t h e n  t h r ough p r o p y l e n e  

ox i d e  whi c h  wa s u sed a s  t h e  r e s in d i lu en t  f or i n f i l tr a t io n . 

The e th an o l  wa s a d d ed t o  t h e  s pe c im e n  b o t t le i n  s ev er a l  s tep s :  

a 2 5 %  s o l u t i o n  f or 1 5  m in s . , a 5 0 %  s o l u t io n  f or 1 5  m i n s . , a 

7 5 % s o l u t i on o v e r n ig h t , a 9 5 %  s o l u t i o n  f or 1 5 m i n s . ,  a l O O %  

s ol u t i on f or 1 5  m in s . a 1 0 0 %  s ol u t ion f or l h ou r . On r em ov a l  

o f  t h e  e th a no l , 1 0 0 %  propy l e n e  ox i d e wa s add e d  i n  f um e  c upboard 

and l e f t  c ov e r  t h e  s e c  s f or 1 5  m s . , a f t e r  w h i c h  a f r e sh 

l O O %  s o lu t i o n  w a s a d d ed a n d  h e ld f or a f u r  1 5  m s .  a t  r oom 

t emp e r a tu r e . T h e  p r op y l e n e  ox wa s r em oved a nd s ec ti o n s 

f u r t her p r oc e s s e d . 

4 .  3 . 5 INF I LTRAT I ON AND EHBEDD ING . 

Spec ime n s  mu s t  u l t  te l y  b e  ed i n  a s u ppor t wh i c h  i s  

f i rm e no u g h  t o  p e rm i t  cu t t h i n  s e c t i o n s  

6 0 - 1 2 0  nm . E p ox y  r e s in s  are m o s t  c ommon l y  u s ed a s  they g iv e  

i ma t e ly 
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sati s f a c tory t i s su e  pre s e rv a t i on and s e c t i o n  c u t t i ng qua l i t y . 

For t h e  i n f i l tr a t i on s te p , FLU KA r e s i n wa s used whi c h  c on t a i n ed 

3 3 
l 0 . 9 4 g epoxy r e s i n , 9 . 5 8 g  hardener , 0 . 4  cm a c c e ler ator a n d  0 . 2  cm 

p l as t i z er . A s to c k  s o l u t i on wa s made up c on ta i n i ng 2 0  cm
3 

r e s in 

3 
a nd 6 0  cm propy l e n e  ox id e . The s pe c im e n s were c over ed w i t h  the 

s o l u t ion and the bo t t l e s were l e f t  in the f um e  cupboard ove r n i gh t  

w ith the i r  l i d  r em ov e d ; thi s a l l owed the p r opy lene ox i d e  t o  

evapor a t e  l eav i ng a 2 5 %  r e s in s o l ution . The f o l l owing d a y  t h i s r e s in 

was r ep l a c e d  wi th a 1 0 0 %  s ol ut i on of  r e s in and the bott p l ac ed 

on an a g i ta tor a n d  g e n t l y  r ocked f or 8 hour s a t  3 7 °C ,  t o  max imi s e  

i n f i l tr a t i o n . Th e  r e s i n  wa s f in a l ly r emove d  and c ar e f u l l y  d i s po o f  

and t h e  s pe c im en s  p l ac e d  i n  we l l s  o n  a sma l l  rubber tray ( 1 0  cm x 

6 cm)  . 

D u r c apan ACM r e s in m ixture wa s u s ed to c over the s pe c imens  

0 
and the embedd i ng proce s s  wa s c on t i nued f or 3 6  hour s  a t  6 0  C .  Onc e  

embedded the spec imen s  were s tored i n  g l a s s b i j ou bott l e s  a t  r oom 

tempe ra tu r e  to awa i t  s ec t i on in g . 

4 . 3 . 6  SECTI ON ING OF SPEC I MENS . 

G l a s s  k n i v e s we re c u t  u s in g  an LKB - 7 8 0 0  ema k er . The s e  

kn s were u sed to make the me s a , i n i t i a l  c u t s  o f  4 � m  then 

2 �m . An LKB- 1 1 8 0  u l tr wa s u s e d  t o  prepare s ec t i o n s  

could b e  a n a l  e d  under the T . E . M  . .  th t h e  tr immed imen in 

p l ac e , s ec t ion s were c ut and f onto a wa ter-boat whi ch 

been f ix e d  i n  p la c e  u s i n g  ma ing  S ec t io n s  wh i c h  appeared 

ted w i t h  s i lver wer e  6 0  to 9 0  nm thick wh i le g o  c o l oured 

s e c t i o n s wer e  9 0  t o  1 5 0  nm th i c k . Both t h i c kne s s e s  were d eemed 

s at i s f a c tory f or T . E . M .  an a ly s i s  and s amp l e s  wer e  each p l ac e d  on 

un s uppo r t e d  c opper g r i d s  of 3 mm d i ameter . 

t 



PLATE 2 6 .  

Tra n sm i s s ion e le c tr on m i c r og r aph of  ur oep i t he l i a l  c e l l  

f r om c on t r o l  s amp l e : ind i g e n ou s  bacter ium c l o s e  to 

sur f ac e  of uroep i the l l c e l l  (Magn i c a t i o n  x 2 2 , 5 0 0  

BAR = 0 • 5 W m ) • 

PLATE 2 7 . 

Tran sm i s s i o n  e le c tr on 

om c on t r ol s amp l e : 

sur f a c e  ur oep i thel 

BAR = 0 .  2 5]J m ) . 

ogr of ur oep i t he l i a l  ce l l  

ig e n ou s  bac ter i um c l o s e  t o  

1 c e l l  ( Mag n i f  i on :x 8 2 , 5 0 0  
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P LATE 2 8 . 

Tr a n sm i s s ion e l e c tr on m i c r og r aph o f  uroep i t he l ia l  c e l l  

f r om c on tr o l  samp l e : i nd igenou s bac t er ia c l ose  to s ur f ac e  

o f  ur oep i the l i a l c e l l  (Magn i f i c a t io n  x 3 4 , 0 0 0  : BAR = 0 . 5 w m  

PLATE 2 9 .  

s s  

f r om  c on tr 

c on tac t wi th 

( Magn ic at 

e l e c tr on micr u r oe pi the l l c e l l 

: i nd e n ou s bac ter i a  c lo s e  to a nd i n  

s ur f ac e  u r oep i the l i a l  

x 3 4 , 0 0 0  : BAR = 0 .  m ) . 

1 .  
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PLATE 3 0 .  

Tra n sm i s s ion e le c tr on m i cr og r aph o f  u r oe p i t he l i a l  c e l l  

f r om a c e l l  s amp l e  i ncubated with B H I  br oth gr own E . c o l i  

s tr a i n  6 7 : ba c te r i um c lo s e  t o  sur f a c e  o f  ur oep i the l ia l  

c e J l .  

( M ag n i f i c a t ion x 8 2 , 5 0 0  BAR = 0 . 2 5� m ) . 
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4 .  3 .  7 STAIN ING AND E . M .  ANALYS I S .  

The s e c t i on s on the c opper g r id s  wer e  s t a ined a t  r oom 

t empera ture by imme r s ing the g r i d  i n  a d r op of ur any l a c e t a te 

f or 6 m i n u t e s  f o l l owed by l e ad c i t ra te f or 6 minute s . T h e  g r i d s  

wer e  p l aced i n  the P h i l i p s  EM 2 0 0  or E M  2 0 1C f o r  ob s e rva t i on 1 

s e l e c ted E . M .  f i e ld s  wer e  r ecorded photograph i c a l ly . ( P l a te s  2 6  to 3 0 ) . 

4 . 4  RUTH EN I UM RED STAINED PREPARATI ON S  F OR TRANSMI S S I ON 

ELECTRON M IC ROSCOP Y . 

Rutheni um r ed i s  a n  e le c t r o n -d e n s e  s ta i n  s pec i f i c  f or poly -

a n io n s  s uc h  a s  a c i d i c  pol ys a c c h ar i d e s , and f or mo s t  e x t r a c e l l u l ar 

c ar bohyd r a t e  f ibre s  ( LUFT , 1 9 7 1 ) . When s t a i n ing for t h e s e  

p ol y s acchar ide s , spec i f ic antibod i e s  c a n  b e  u se d  t o  s ta b i l i z e 

a g a i n s t  c o l l apse a n d  c onde n s a t ion whi ch may occur i n  t h e  d ehyd r a t i o n  

p roc e s s  (MAC K I E  e t  a l . , l 9 7 9 ) . A l d ehyde f i x i t iv e s  ar e u sed i n  the  

p ro c e d ur e ,  and beca u s e  o f  i t s  s o l ub i l i ty Ruthen i um  red i s  main t a i ne d  

i n  a l l  aqueou s wa s h e s  a s  s ugg e s t e d  by C o s te r ton , ( 1 9 8 0 ) . 

Th e 

L 

2 .  

e w a s  a s  f ol l ow s : 

The a t ta c hm en t  a s s ay wa s c a r r i  o u t  a s  d e s cr i bed i n  

s e c t i on 1 . 1 , u s  E . co l i  and uroepi 1 1 c e l l s . 

Af ter  i n cu b at i on a t  3 7 °C f or 1 hou r a t  2 0  r pm a 

shake r , t h e  ur t he l i a l  c e l l s  were wa s hed f ive t ime s 

in PBS , pH 7 . 1 ,  t o  r emove una t t a ched t er i a . The 

ce l l s wer e  then r e s u  
3 

in  0 . 5  cm PBS . T o  thi s 

3 
wa s added 0 . 5  cm o f  type spec i f i c  ant i s e r um d i l uted 

in PBS . T h e  a n t i s er a  wer e pr epared 

0 serotype s 0 1 ,  0 4 , 0 6 , 0 7  and 0 7 5  a s  

E . c o l i  w i t h  

s c r ibed i n  

s s e c t ion 1 . 2 .  T h e  uroepi l i a l  c e l l s  were 

t e d  wi t h  t h e  an t i s e rum at 3 7°C 1 hour . 



3 • 

4 . 

5 .  
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T h e  c e l l s  wer e  wa s he d  twic e  f r e sh c a c od y l a te bu f f er 

( pH 7 • 2 )  , and re s u spended 0 . 5 
3 

buf f e r . l D  cm 

0 . 5  3 c ac od y la t e  buf f er c onta i n ing 0 . 0 5 % r u th e n ium cm 

r e d  wa s added to the c e l l  su spen s io n  and l e f t f or 1 5  

s e c ond s a t  r oom tempe r atu re . 

3 
1 cm o f  0 . 5 % g lu tara lde hyde f ix i t iv e  i n  c a c od y l a te 

buf f e r  c on t a i n i ng 0 . 1 5 %  ruthe n i um r ed wa s then added to 

th e c e l l  s u sp e n s io n . 

6 .  A f ter 1 hour a t  r o om temperature ,  t h e  u r oe p i t he l i a l  c e l l s  

were c e n tr i f ug ed i n  1 0  cm3 buf fe r . The buf f er wa s 

r emov e d  a nd 2 d ro p s  o f  2 %  mol t e n  a g ar wer e added t o  

e n robe the  c e l l s . The s e  c e l l s  w e r e  then l e f t  ove r n ig ht 

a t  4
°

C ,  c over e d  w i t h  1 cm
3 

cac od y l a t e  buf fer c on ta i n ing 

0 . 0 1 3 % ruthen i um red , t o  prev e n t  ev apor a tion . 

7 .  T he f o l l owing d a y , the bu f f e r  wa s r emov ed and the b l oc k s  

o f  c e l l s  tr imme d  to approx ima te l y  2 mm3 s i ze s .  T he s e  

b l o c k s  were p l aced i n  g l a s s  v ia l s  a nd c overed w i th 5 %  

g l u ta r a l d ehyd e i n  buf f er c onta i ni n g  0 . 0 5 %  r u th e n i um red . 

8 .  A f ter 2 hour s a t  r oom tempera ture , the blocks  wer e 

washed i n  5 x 1 0  m i n . c hang e s  o f  buf f er c on t a i n ing 0 . 0 5 

r u the n i um r ed . 

9 .  P os t - f ix a t i on w a s carr ou t f or 4 h ou r s a t  4
°C i n  2 

O s o
4 

in  buf f er c on t a i n ing 0 . 0 5 %  r u then ium r ed . 

1 0 . T h e  b l o c k s  we r e  wa s he d  f or 1 0  m i n s . in  each  o f  5 chang e s  

o f  bu f c on t a  ing 0 . 0 5 ruthen i um 

l l .  T h e  b lock s  wer e d ehydr at  r oom t emp er a tu r e  a s  

f o l l ow s : 

3 0 %  a c e tone 1 n  bu f c onta i n i ng 0 . 0 5 %  ruthen i um r ed -

3 0  min . 

5 0  a c e tone i n  bu f f er con ta in 0 . 0 5 ru ium r ed -

3 0  m i n . 
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7 0 %  a c e tone i n  d i s t i l le d  water - 2 min . 

9 0 %  a c e to n e  i n  d i st i l le d  water - 2 min . 

l O O %  a c e tone - 2 m i n . 

l O O %  a ce t o n e  - 2 min . 

Pr opy l e n e  ox i d e  - 3 0  s ec s . 

Pr opy l e n e  ox ide - 3 0  s ec s . 

The e x po su r e  time to a ce tone c oncentr a ti o n s  3 7 0 %  and to 

prop yl e n e  ox id e wa s s ho r t er than that n ormal ly u sed . T h i s  

wa s t o  prevent l o s s  o f  t h e  r u t hen i um r ed s ta in which may 

have o c cu r r ed with l on g er exposur e . Due t o  the s o f tn e s s  

o f  t h e  t i s s u e , i n f i l tr a t ion o f  these s o l u t ion s s t i l l  

occurre d . 

1 2 . The b l oc k s  wer e  s oaked i n  pr opy l en e  ox i d e  - F luka epox y  

r e s i n  m i x tu r e  ( 3 : 1 ) and l e f t  overnight a t  r oom t empera tu r e . 

By the n e x t  d ay ,  l O O %  r e s in wa s pre sent d u e  t o  propy lene 

oxide e v a por a t ion . 

1 3 . Fresh r e s i n  wa s added t o  i n f i l tr at e  the b l o ck s  over an 

8 hour per i od at r o om t emper a tu re .  

1 4 . Fre s h  D u r c a pan r e s i n  wa s used to cure a n d  embed the b l o c k s  

a t  6 0
°

C f or 6 8  hour s . 

1 5 . 

1 6 . 

b l o c k s wer e  tr imme d  to approx 6 0  to 1 2 0  nm 

o n s and p l  on f ormvar c c s .  

The s e c t i on s  wer e s ta f or 6 s wi  ur any l 

a c e t a t e  ( 5 0 %  ethan o l ) , wa shed i n  5 0 %  e th a n o l  and 

d i s t i l led wa ter , s t a i n e d  wi th 

d i s t i l l ed wa ter 1 b l otted dry and v i  

E M  2 0 0 . ( P l a t e s  3 1  t o  3 6 )  . 

c t e , wa shed in 

a P h i l i ps 



P LATE 3 1 .  

Tran sn1 i s s ion e lec tron m i c r og r a ph o f  r u th e n ium r ed 

s t a i n e d  prepar a t i on : e le c tr on -d e n s e  g ly c oc a l yx 

sur r ou nd i ng the ur oep i t he l i a l  c e l l sur f ac e . 

(Mag n i f ic a ti on x 7 7 , 0 0 0  : BAR = 0 . 2 m ) . 

P LATE 3 2 . 

Tra n sm i s s ion e l e c tr on m og ru r 

s ta in e d  E . c o l i  s tr a  2 0 7  c te r i urn  f r om a TSA g rown 

c u l tu re . ( Magn X 4 8 , 0 0 0 : BAR = 0 .  m ) . 



9 4 .  

' 



PLATE 3 3 .  

Tra nsm i s s ion e lectron microgr aph of ru then ium red 

sta ined prepara tion following assay of uroep ithe l ial 

cel l s  w i th E . coli  stra in 2 0 7 , grown on TSA : bacter ia 

c lose to uroep i the lia l  c e l l  sur face 

x 3 3 , 4 0 0  : BAR = O . Sw m ) . 

PLATE 3 4 . 

(Magnif ication 

Tr ansm i s s ion e lectron micrograph of ru thenium r ed 

stained preparation , f o l l owing a s say of uroepithe l ia l  

c e l l s  w i th E . coli  strain 2 0 7 ,  gr own on TSA : bac ter ia 

attached to and c lose to uroepithe l ia l  c e l l  surface 

(Magn i f ic ation x 3 3 , 4 0 0  : BAR = O . Sw m ) . 



9 5 .  



P LATE 3 5 .  

Tran sm i s s i o n  e le c tr on m i c r og r aph o f  ruthe n i um r ed 

s ta ined p r e p ar a t ion f o l l owing a s sa y  of  ur o ep i the l ia l  

c e l l s  wi t h  E . co l i  s tr a in 2 0 7 , g r own on T SA : ba c te r i a l  

a t tachm e n t  to c e l l s u r f ac e . 

BAR = 0 .  5JJ m ) . 

P LATE 3 6 . 

(Magn i c a tion x 3 0 , 0 0 0  : 

'Tran 

s ta i  

s s  e tr on m 

on f o l  

ogr r u thenium red 

c e l l s  wi t h  E . c o l i  s tr a  

a s say u r o e p i the l i a l  

2 0 7 , g rown on TSA : bac te r  l 

a t  en t to c e l l s u r f a c e  (Magn i f i c a t io n  x 4 5 , 0 0 0 

BAR = 0 • 5 JJ m )  • 



9 6 . 



4 . 5  THE U SE OF SCANN ING E LECTRON M I C ROSCOPY TO 

OF E . C OL I  TO U ROE P I THELIAL CELL S . 

9 7 .  

A scann ing e le c tron m ic r os c op e  ( S . E . M . ) wa s u se d  to i n v es t i g a te 

the  a ttachme n t  of E . c o l i  t o  the s u rf a c e of  u r oep i the l i a l  c e l l s . 

U s ing E . c o l i s t r a i n s  g r own on T SA or i n  B H I  br o th ove r n i g h t  a t  

3 7
°C ,  the a tt a c hment a s s ay wa s c a r r i ed ou t with u r oep i t h e l ia l  c e l l s  

a s  d e s c r i bed i n  s e c t i on 1 . 1 .  Af ter incubat ion and r em ov a l of 

u n a t tached bac ter i a  t h e  c e l l s  wer e r e su spend ed in 0 . 2 5 cm 3 d i s t i l led 

wa t e r  w i thout b e i ng s t a ined with e r y t hr o s i n e  B or me thy l e ne b l u e . 

Two P a s te u r  p ipette d r op s  of  the s amp l e  wer e  p l ac ed on a p olycarbon a te 

membr ane f i l ter ( 0 . 6 � m )  a nd f ixed w i t h  Kar n ov s ky ' s  f ix i t iv e  a t  

4 °C f or 2 hour s ,  f o l l owed b y  3 wa she s i n  O . lM pho spha t e  buf f er 

( p H  7 . 2 ) and 2 wa s h e s i n  d i s t i l le d  wa t e r . S e c onda r y  f ix a ti on wa s 

c ar r i ed ou t u s ing a 1 %  s o lu t i o n  of  o sm i um t e t r ox i d e  m a d e  up ln  

p h o sp h ate buf f er ; th i s  wa s added t o  t h e  f i lter and h e ld f or 1 hour a t  

4 °C ,  and fo l l owed b y  3 wa s h e s  i n  phospha te buf fe r . The  spec imen s 

wer e  d ehydra te d  thr oug h  2 5 % ,  5 0 % , 7 0 % a nd 1 0 0 %  a lc ohol a n d  d r ied 

i n  a P OLARON E 3 0 0 0  c r i t i c a l p o i nt-dr i e r . The spec imen m embr ane 

wa s p laced on an a lumi n ium s tub and spu tter c oated with g o ld to 

a pp r ox ima t e l y  1 0  nm t h i c kn e s s  in a P OLARON E 5 1 0 0 . 

T he imen s  were v i ewed a t  1 6  Kv photographed t o  r ec ord 

r e s u l t s  ( P l at e s  37 t o  4 3 ) . 



P LATE 3 7 . 

S c an n i n g  e le c tr on m ic r og raph of squam ou s  ur oep i the l i a l  

c e l l  ( M ag n i f i c a t ion x 6 5 0  : BAR = 2 0w m ) . 

PLATE 3 8 . 

Scann e le c tr on m ogr of ovi l li p r otrud ing 

f r om the a c e  of a u r oe p i  1 1 c e l l  

(Magn i f  a t ion x 8 0 0 0  : B AR  = m )  . 



9 8 . 



P LATE 3 9 .  

Scan n i n g  e l e c tr o n  m ogr aph o f  uroepith e l i a l  c e l l s  

wh ic h wer e a s s ay ed in the a b s ence o f  E . c ol i :  i nd ig enou s 

bac ter p r e s e n t  on the u r oe p i t he l i a l c e l l sur f ac e . 

( Magn i f  a t i o n  x 6 0 0 0  : BAR = 2� m ) . 

PLATE 4 0 .  

Scann 

a 

e c tr on m i c r og r ap h  of  ur 

wh wa s a s  i n  

surface whi c h  i s  c ov er ed w i t h  m i c r or 

( M ag n i f t i o n  X 2 0 0 0  : BAR = m )  • 

the l ia l  c e l l s  f r om 

nee of E . co l i  

s a nd m i c r ov i l l i .  
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PLATE 4 1 . 

Sca n n i ng e lec tron micr og r aph of ur oe p i t he l i a l  c e l l from 

a s amp l e  wh i c h  wa s a s s ayed i n  the pr e se n c e  of BH I broth 

g r own E . c ol i s tr a in 8 7 : E . c o l i - l i k e  org a n i sm s  pre sent 

on the u r oep i the l i a l  c e l l sur f a c e  

3 , 4 0 0  : BAR = S� m ) . 

PLATE 4 2 .  

(Mag n i f ic a t i on x 

Scan n i ng e le c tr on m i c r og raph of uroep i the l i a l  c e l l  from 

a s amp le wh ich wa s a s s a y ed i n  the pr e s e n c e  of BHI br oth 

gr own E . col i s train 8 7 : E . c o l i - l ike bac t er ium present 

on t h e  ur oep i the l i a l  c e l l  sur face 

8 , 5 0 0  : BAR = 2�m) . 

(Mag n i f ication x 



1 0 0 . 



P LATE 4 3 . 

Scanning e le c tr on micrograph of uroep i th e l i a l  c e l l  f r om 

a samp le wh i c h  wa s a s sa yed in the pre sence of TSA grown 

E . c o l i  s tr a i n  2 0 7 : ur oep ithe l i a l  c e l l sur face c overed 

wi th E . c ol i - l i ke or g an i sm s . 

(Mag n i f ica t io n  x 3 0 0 0  : BAR = 4 � m ) . 



1 0 1 . 



1 0 2 .  

?>'.L T HOD S 

SEC T I ON 5 .  

T HE U SE OF CELL CULTU RE TEC HN I ES TO STUDY 

E . CO L I  ATTAC HMENT . 

I n  ord er to i nv e s t i g a te a ttacrunen t of E . c o l i  u r i n a r y  s t r a i n s  

to c e l l s  c u l tu r ed in a m on o l ayer , A f r ic a n  G r e e n  M onk ey k id ne y  c e l l s  

(VERO ) w e r e  u sed . T h i s s t a ndard k idney c e l l  l in e  was c ho se n bec au s e  

o f  the k nown pr open s it y  o f  E . c o l i  t o  i n f e c t  k id n e y  t i s su e  i n  v i v o . 

5 . 1  ATTACHMENT OF E . C OL I  TO T I S SUE CU LTU RE VERO CELLS . 

0 
V e r o  c e l l s , f r om a s tock h e ld a t  - 7 0 C ,  wer e g r own a s  a 

monola yer i n  2 0 cm
3 

EHK Eag l e s m ed ium wi th 1 0 %  f e ta l  c a l f  s er um , 

pen ic i l l in ,  s treptomyc i n  and b i c ar bona te bu f f er . T h e  g la s s  t i s su e  

c u l tu r e  f la s k s  w e r e  h e l d  a t  3 7 °C f or 5 d a y s  i n  a 5 %  c o 2 e n r i c hed 

a L�ospher e .  When the g r owth wa s c on f lu en t  t h e  t i s su e  c u l tu r e s  wer e 

tr s in i z ed twic e wi t h  2 c hang e s  of 5 cm
3 

tryp s i n  a t  3 7 °
C ,  su  ed 

BHK E ag l e s  m ed i um and the c e l l s  cou n ted in a haem ocytom e t er . F or 

s sa g e  

3 
2 0  cm EHK 

f l ask . 

c e l l s ,  a su spens i on l s  were s u  i n  

l e s  and i n cuba as a m on o  i n  a t i s su e  c u l tur e 

F or t h e  a t ta c hm en t  a s  s i n i z ed c e l ls were 

d t o  a c ir cu l ar , c e l l cu l tu r e  d i sh ( 3 5  mm d ) c on ta in i ng a 2 2  

2 mm c ov er s l  The c e l l s  wer e ted i n  2 a n t i bi o t i c  r ee EHl  

Eag s i um at 3 7 °C f or 1 8  hour s i n  a , enr i ch ed wi th co2 to 5 % .  

The m on o layer wa s wa s h e d  wi th t hr ee volum e s PES ( pH 5 .  8 )  and a s amp l e  

o f  c e l l s  t e s  f or v i a b i l i  b y  d e term i n ing exc lu s ion of  s in e  

E ( 0 . 4  w/v i n  PES ) . T h e  c ov e r s l ip �a s p l  c el l - s  u pwar d s 



1 0 3 . 

in a f r e sh c e l l  c u lture d i sh a nd 1 x 1 0
9 

E . c o l i  added in 2 cm
3 

P B S . 

T h e  bac te r i a  had been 0 
gr own on TSA ove r n i g h t  a t  3 7 C and su spend ed 

t o  a c on c e n t r at ion o f  1 0
1 0  . 3 

h l l  or g an l sm s  per cm P B S . T e c e  mono-

l ay e r  wa s i n cubated wi th E . c o l i  a t  3 7
°

C f or 9 0  m i nu te s , and t h e  

monol ayer wa s hed w i th 7 c ha ng e s  of  P B S  t o  r emov e unattached 

bac ter i a . 

T h e  c ov e r s l ip wa s moun t ed with DPX on a g la s s  m i c r o scope s l id e  

c e l l  s i d e  u pward s and the c e l l  mono layer f ix ed i n  1 0 %  f orma l s a l i n e  

f or 5 m in u t e s ,  wa shed P B S , a ir d ri ed , s ta i n ed with me thyl e n e  b l u e  

( 0 . 0 4 %  w/v i n  P B S ) f or 3 0  s e c on d s ,  r i n s ed i n  d i s ti l led water , a i r  

dr ied a nd v iewed a t  1 0 0 0  x m ag n i f ic ation . T h e  number E . c o l i  

a t t ac he d  t o  4 0  t i s su e  c u l tu r e c e l l s  wa s then c ou nted r A tota l of  

4 2  E . co l i  u r inary s tr a i n s  g r own on TSA wer e t e s t ed i n  d u p l i c a t e  f or 

a t ta c hm e n t  t o  s su e  cu ltur e c e l l s . C ou n t s  wer e expr e s s ed a s  mean 

number s of a ttached E . c o l i  per c e l l .  The c on tr o l  f or each t e s t  

c on s i s ted o f  a c ove r s l ip wi t h  a t i s su e  c u l tu r e c e l l  m onolayer 

i n cu ba ted a t  3 7
°

c f or 9 0  m i n u te s  i n  PBS w i t h o u t  E . c o l i  add ed . The s e  

c e l l s  were a l s o  mon i tored f or t h e  pr e se n c e  o f  bac ter ia b y  a s s e s s ing 

4 0  c e l l s  a t  r andom . ( P la te 4 4 ) . 

5 .  2 ATTl1.C HMENT OF E . COLI T O  T I S SUE CULTU RE CELLS D ER IVED FROM 

NEW BORN M OU SE K IDNEY . 

I n  a d d i t io n  to vero c e l l  c u l tu re s ,  c e l l s  f r om the k id n e y s  o f  

1 2  new bor n  m ic e  wer e  gr own a s  a mono layer . T h e  surg i c a l ly 

k i d n e y s  wer e  d i s s ec ted u s ing s t er i le s c a l p e l  and f or c e p s  and the 

t i s su e  t ryp s in i  in 
3 

5 t o  1 0  cm tryp s ( 0 .  5 %  so l u t i on ) . 

s u spen o n  wa s c e n tr i  a t  2 0 0  x g 1 0  m inu te s i n  PBS 

( pH 7 . 1 ) to r emove t i s su e  d ebr i s , and the c e l l u l ar mater i a l  in 

1 cm
3 

P B S  wa s r e s u  i n  9 9  cm
3 

T l 9 9  med i um supplem e n t ed w i t h  

1 0 %  t a l  c a l f  s er um . c e l l s  wer e g r own a s  a mono i n  



P LATE 4 4 .  

Monkey k id ney ( V e r a )  c e l l  mon o layer wi th TSA g rown 

E . c o l i  s tr a i n  1 1 6 a t t ac hed t o  t h e  c el l s : s ta ined 

w i t h  methylene b l u e  ( Ma gn i f i c a t i on Ca x 2 9 0 ) . 



1 0 4 . 



1 0 5 . 

plas tic culture f lasks  and passaged every 2 to 3 days . 

To assay attachment , seven E . c o l i  strains wer e  selected wh ich 

a ttached to uroepi th e lial c e l l s  i n  v i t r o  and to some ex tent to 

Vero c e l l c u lture mono layer s .  The se s trains were grown on TSA or 

I b th d d . p s t ' f 1 0 1 0  . 
BH ro , s uspen e 1n B to a c onc entra 1on o organ 1 sms 

3 
per cm and assayed f or attachment to c e l l  monolayer s from new 

born mou se k idneys , using the techn ique described in 6 . 1  for Vero 

c e l ls . The number of E . co l i  attached to 4 0  ce l l s  was a s s e s sed 

and a mean value c a lcu lated f or each s train . 



RESULTS 

SECT ION 1 .  

ATTACHMENT OF E . COL I  CELLS TO HUMAN URINARY TRACT 

EPITHELIAL CELLS IN V I TR O .  

1 . 1  A S SAY METHOD FOR IN V I TR O  ATTACHMENT OF E . C OLI TO 

UROEP ITHELIAL CELLS . 

1 0 6 . 

The a s say me thod pr oved e f f ec tive in detecting the attachment 

of E . c o l i to uroepi the lial c el l s .  The double stain ing technique 

fac i l i ta ted the d i ff erentia t ion of v iable and nonviable uroep i the lial  

ce l l s  w i th bac ter ia attached . Throughou t the study , uroepithe lial  

c e l l  v iabi l ity in  sample s r anged f r om  2 5  to 8 9 %  v iable c e l l s . The 

mean va lue f or the ur ine pH of l O O  samp les from 10 non -pregnant women 

was pH 5 . 7 5  and for the ur ine of 7 9  samp le s from 6 pregnant women 

was pH 6 . 1 1 .  In a l l  tests the c ontrol c e l l  sample s incubated 

without E . c o l i  added , gave a mean of 0 to 5 E . col i - l ike organ i sms 

per uroep i th e l i a l  c e l l .  

U n le s s  i t  i s  stated otherwi se the E . c o l i  str a in s  u s ed in the 

next ser i e s  of exper iments were stra ins 6 7  and 8 7  grown in BHI 

broth a nd s trains 125 and 2 07 gr own on TSA . 

VAR IAB ILITY OF ASSAY METHOD : 

1 . 1 . 1 U ROEP ITHELIAL CELL V IAB I LITY DURING THE AS SAY . 

An experiment wa s per formed to determine whether the c ond i tions 

of the attachment a s say affec ted uroepi the lial  cell  v i abi l ity .  

Twenty uroe p ithe lial  cell samp l e s  were te sted for v iabi l i ty u s ing 

erythros ine B { 0 . 4 %  w/v PBS ) . For each samp le 1 0 0  uroepi the l ia l  



\ ' "', 

1 0 7 . 

TABLE 1 

U ROE P I T HELIAL C E LL V IABILITY DUR ING A S S AY 

P E RC ENTAGE VALUES 

SAMPL E  V IABILITY AT S TART VIABI L ITY AT END 

1 4 1  4 0  

2 5 5  5 3  

3 2 5  2 3  

4 3 5  3 3  

5 2 1  2 0  

6 2 5  2 5  

7 2 5  2 7  

8 6 3  6 0  

9 4 0  3 8  

10  3 0  2 7  

1 1  3 2  3 6  

12 2 7  2 9  

1 3  2 9  3 3  

14  33  2 9  

15  4 3  4 0  

16  4 0  4 0  

17  59  5 9  

1 8  6 3  6 0  

1 9  4 4  4 0  

20  7 0  6 9  

MEAN = 4 0  MEAN = 3 9 . 0 5 



1 0 8 . 

c e l l s  ( 5 0  s quamous c e l l s  and 5 0  transitional cel l s ) were a s s e s sed . 

The results  were s tat i s ti cal ly in terpreted u s ing two-way ana l y s i s  

o f  var i ance . The r e sults  are pre sented in Tab le 1 .  There wa s no 

s ignif i cant d i ff erence between uroepi the l i a l  ce l l  viab i l i ty a t  

the start a n d  the end o f  the a ttachment a s s ay ( P  > 0 . 0 5 ) . 

1 . 1 .  2 VARIAT I ON IN ATTACHMENT OF E . COLI TO UROEP I THEL IAL C ELLS 

WITHIN ANY ONE SAMPLE . 

Th i s  exper iment wa s c arr ied ou t to obtain a value for the 

var iation i n  a ttachme nt of E . coli  whi ch occurred within a g iven 

uroepithe l i a l  c e l l  samp l e . 

N i n e  s eparate ur oepi the l ial  c e l l  samples  were a s s ayed f or 

a ttachmen t  w i th E . co l i  s trains  4 3 ,  6 7 , 7 3 , 8 7 ,  1 2 5 , 1 5 3  and 2 0 7  

a s  descr ibed i n  section 1 . 1 .  The attachment va lu es f or 4 0  v i able 

uroepi thel i a l  c e l l s  were obta ined and a s tandard error o f  the mean 

wa s calculated . A perc entage value was then ca lcu lated to r epre sen t 

the var i a ti on of th e mean wi thin the 4 0  uroepithe l i a l  c e l l s  f or 

any g iven s ample . 

The r e su l t s  a re pre sented i n  Tab le 2 .  The vari at ion w i thin 

cell  samp le s  f or attachment of E . co l i  ranged from 6 . 9 5 %  to 1 4 . 8 2 % . 

Thi s  level of var i ation wa s present even a l l owing f or up to 4 2 0  

E . col i  a ttaching to one uroepi the l i a l  ce l l  i n  sample number 7 .  

The mean value for thi s  s amp le was 6 5  E . co l i  per c e l l and the l arge 

r ange of c ounts s tr e s sed the fact that uroepi the l ial  " targ e t  c el l s "  

which a r e  h ighly receptive to E . col i attachment , are pre se n t  i n  cel l 

samp le s .  The s e  " target c e l l s "  wi l l  be d i scus sed later . 

From the r e su l t s  o f  this exper iment , a 1 5 %  l eve l o f  vari a tion 

was take n  to represen t  the expec ted var iabi l i ty in attachment of 

E . coli to a g iven uroep i the l ial  c e l l  samp l e . 



TABLE 2 

;{OEP I THEL IAL 
CELL 

SAMPLE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

VARIAT ION IN ATTACHMENT OF E . COLI  TO 

UROEPITHELIAL CELLS WITHIN ANY ONE SAMPLE . 

E . COLI ATTACHED TO 4 0  

UROEP ITHELIAL CELLS 
GROWTH 

S TRAIN COND ITIONS MEAN S . E . M .  RANGE OF C OUNTS 
--

4 3  Broth 6 0 . 7 5 3 0 to 2 5  

6 7  Broth 1 2  0 . 8 3 3 to 2 9  
• 

8 7  Broth 1 5  1 . 8 4 4 to 4 8  

1 5 3  TSA 3 7  4 . 5  4 to 1 0 8  

1 2 5  TSA 5 9  8 . 0 6  11 to 3 2 1  

2 0 7  TSA 6 2  4 . 8 7 1 0  to 1 4 0  

1 2 5  TSA 6 5  1 0 . 1 4  1 2  to 4 2 0  

2 0 7  TSA 6 9  1 0 . 1 4 1 6  to 4 0 0  

7 3  TSA 7 8  1 1 . 0 5 1 2  to 3 7 0  

1 0 9 . 

PERCENTAGE 
VARIATION 

OF MEAN 

1 2 . 5 5  

6 . 9 5 

1 2 . 2 6 

1 2 . 19  

1 3 . 6 6 

7 . 8 5 

1 4 . 8 2  

1 4 . 7  

1 4 . 2  



1 . 1 . 3  VARIAT I ON BETWEEN DUPL ICATE EXPER IMENTS U S ING THE SAME 

SU SPENS I ONS EACH OF E . C OL I  AND UROEP ITHELIAL CELLS . 

1 1 0 . 

An exper iment wa s des igned to d eterm ine whether a s ignif icant 

var iat ion occurred when a ttachment wa s a s s ayed us ing dup l icate 

s ample s of E . co l i  and uroepithe l ia l  c el l s .  

Twenty E . co l i  str a ins wer e a s sayed for attac hment t o  2 0  

separa te uroepi the lial  c e l l  samp l e s , using the method d e scr ibed in 

sect ion 1 . 1 .  T he resu l t s , pr esented in Table 3 show tha t  no 

s tati stical d i f f erence wa s pre sent between mean a ttachment va lue s 

of dupl icate s amp le s ,  af ter ana ly s i s  by two- way var i ance ( p  > 0 . 1 ) . 

Al thoug h some subsequent exper iments incorpor ated dup l icate sample s ,  

the se r e sults suggest that there may not be a need f or the s e  

dupl ication s .  

1 . 1 . 4 VAR IAT I ON BETWEEN UROEP I THELIAL CELL SAMPLE S  F ROM D IFFERENT 

WOMEN ON THE SAME DAY . 

Thi s exper iment i nves tig ated whether uroep i the l ial  c e l l samp les  

from f ive women v ar ied i n  r eceptivi ty to  E . col i attachment . The 

uroepithe l ial c e l l s  wer e  as sayed f or attachment with E . c o l i  strains 

6 7 , 8 7 , 1 2 5  and 2 0 7  a s  in section 1 . 1 .  

The resu l t s  are presented i n  Table 4 .  One - way ana lysis  of 

var iance was u sed to c ompare attachment to the 4 0  uroepithe l i a l  c e l l s  

evaluated in each tes t  sample . T here wa s no signi f i cant d i f f er ence 

between the a ttachment v a lues f or s trains 1 2 5  and 2 0 7  grown on TSA . 

( p  > 0 . 1 ) . However , there was a highly s ignificant d i f f er enc e 

between the attachmen t  values f or both s tr ains 67  and 8 7  grown in 

BHI br oth , whe n  r e sults  for the f ive women were c ompared ( p  < 0 . 0 0 1 ) . 
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TABLE 3 

VARI AT I ON BETWEEN DUPLICATE EXPERIMENTS U S ING 

THE SAME SU S PENS I ONS EAC H OF E . COLI AND UROEP ITHELIAL CELLS . 

SAMPLE NUMBER MEAN NUMBER OF E . C OLI  PER UROEP ITHEL IAL CELL 

TEST 1 TEST 2 

1 7 1  6 8  

2 6 5  6 4  

3 61  6 2  

4 6 1  6 0  

5 59  6 0  

6 4 2  4 1  

7 3 6  3 6  

8 3 4  3 2  

9 17 16 

1 0  16  1 7  

1 1  17 17 

1 2  15 1 6  

1 3  1 3  1 2  

1 4  1 3  1 4  

1 5  13  13  

1 6  14 13 

1 7  10  9 

1 8  1 0  1 1  

1 9  8 8 

2 0  7 8 

M =  2 9 . 1  M =  2 8 . 8 5  



TABLE 4 

SAMPLE 

1 

2 

3 

4 

5 

TABLE 5 

SAMPLE 

1 

2 

3 

4 

5 

1 1 2 .  

VARIATION BETWEEN UROEPITHEL IAL CELL SAMPLES 

FROM D IFFERENT WOMEN ON THE SAME DAY . 

MEAN NUMBER OF E . C OLI PER UROEP ITHEL IAL CELL 

BHI BROTH GROWN CULTURES TSA GROWN CULTURES 

STRAIN 6 7  STRAIN 8 7  STRA IN 1 2 5  STRAIN 2 0 7  

1 0  1 1  5 6  6 0  

1 6  1 6  6 5  6 9  

5 6 5 3  54  

12  1 3  5 9  6 6  

8 7 5 6  5 6  

p < 0 . 0 0 1  p < 0 . 0 0 1  p > 0 . 1  p > 0 . 1  

VARIAT ION BETWEEN UROEP ITHELIAL C ELL SAMPLES 

FRCM ONE WOMAN ON D I FFERENT DAYS . 

MEAN NUMBER OF E . C OLI  PER UROEP ITHEL IAL CELL 

BHI BROTH GROWN CULTURES TSA GROWN CULTURES 

STRAIN 6 7  STRAIN 8 7  STRAIN 1 2 5  STRA IN 2 0 7  

1 6  1 4  6 1  6 9  

1 2  1 1  5 9  6 4  

1 0  1 0  5 8  6 2  

1 0  1 0  5 5  5 7  

4 6 5 2  5 5  

p < 0 . 0 0 1  p < 0 . 0 0 1  p > 0 . 1  p > 0 . 1 



No such d i f f er ence wa s observed f or TSA grown cu l ture s .  

1 . 1 . 5 VARIATION BETWEEN U ROEP ITHELIAL CELL SAMPLES FROM ONE 

WOMAN ON D IFFERENT DAY S . 

This  experiment inve stig ated whether there wa s var i ation 

in E . coli  attachment to uroep ithe l ia l  cel l s  collec ted from one 

woman on f ive d if f erent days . The attachment a s s ay d e s cr ibed 

in sec t ion 1 . 1 wa s u sed f or E . co l i  strains 6 7 , 8 7 , 1 2 5  a nd 2 0 7  

and uroepithe l i al c e l l s  c ol lec ted f r om  one woman a t  weekly 

interval s .  

The resu l ts of this study are presented in Table 5 .  One 

way ana lyi s of var i ance wa s u sed to compare attachment to the 

1 1 3 . 

4 0  uroep ithe l i a l  c e l l s  eva lu ated in each test samp l e . There wa s 

no signif icant d if f erence between the attachment v a lu e s  f or 

strains 1 2 5  and 2 0 7  grown on TSA (p > 0 . 1 ) . However , there wa s 

a highly s ign i f i c ant d iffer ence between the attachment values f or 

both s trains 6 7  and 8 7  grown in BH I broth , when r e su l t s  for the 

5 samp les wer e  c ompared (p < 0 . 0 0 1 ) . No such d i f f er ence wa s 

observed for T SA grown cu lture s .  

1 . 1 . 6 COMPARI S ON OF E . C OLI ATTACHMENT TO V IABLE AND NONV IABLE 

Uroepi the l i a l  C e l l s . 

Uroepithe l ial  c e l l s  from 1 0  ur ine samp les were a s sayed f or 

atta chment with E . coli stra ins 6 7 , 8 7 , 1 2 5  and 2 0 7  a s  described 

in sec tion 1 . 1 .  The number of E . co l i  attached to 4 0  v iable and 4 0  



1 1 4 . 

nonviab l e  uroep ith e l i a l c e l ls wa s determ ined for each te s t . The mean 

attachmen t  values were c ompared us ing two -wa y analys i s  of var iance . 

The frequ ency d i s tr ibutions of E . coli attached to 1 0 0  v ia b l e  and 

l O O  nonv iable uroep ithe l ia l  cel ls were noted for BHI broth gr own 

and TSA grown c u l tur e s . 

F r om the r e su lt s  in Tab le 6 it appeared that E . col i a ttached 

in grea ter number s  to viable than to nonv iab le ur oepithe l ia l  c e l ls . 

Thi s d i f f er ence wa s highly s ignif icant both f or BHI broth grown 

culture s and for TSA grown culture s { p  < 0 . 0 0 1 ) . These r e su l t s  

empha s i z ed the importance o f  u s ing the d ouble staining techn ique 

devi sed f or the a s say . Thi s technique permi tted eva lua tion of 

E . coli  a ttached to v iable a s  we ll as nonv i able uroepi th e l i a l  c e l l s .  

Therefor e , highe s t  attachment value s were f ound for viab l e  ur oepithe l i a �  

cel l s , a nd i n  subsequent a s says on ly the s e  c e lls  were eva lua ted 

unle s s  s tated otherwi se . 

T he frequency d i s tr ibutions are i l lu s trated in F igure 1 ,  Parts A 

and B .  The attachment o f  E . coli to uroep i the l ia l  cel l s  d id_ not 

appear to follow a norm a l  d i str ibu tion . F or BHI br oth gr own 

cul ture s ,  5 0 %  of the v i ab le c e l l s  appeared to be highly r ec eptive 

to E . c o l i  attachment ( >  10 E . coli per ur oepithe lial  c e l l )  compared 

to on l y  2 1% of the nonv iable cel ls . The mean attachment v a lues 

for the 2 0 0  uroepi the l i a l  cel l s  were 1 2 . 1  E . coli per viable  c e l l  

and 8 . 2  E . co li  per nonv i able cel l .  

F or TSA grown c u l tu re s , 5 6 %  of the v iable c e l ls were highly 

rec eptive to E . c o l i  attachment ( >  5 0  E . col i per uroepithe l i a l  c e l l ) 

compared to on ly 2 0 %  o f  the nonv iable c e l l s . The mean a ttachment 

valu e s  f or the 2 0 0  uroep i the lial ce l l s  were 5 8 . 9  E . col i per viable 

c e l l  and 3 3 . 1  E . c o l i  nonvi ab le c e l l .  

I t  i s  apparent that the concept o f  uroepithe lial  " target  

ce l l s "  is  different and d epend s on the nature of the E . co l i  s tra in 

concerned . In  the c ase of strain s 6 7  a nd 8 7  gr own in BH I br oth , 



11 5 .  

TABLE 6 

C OMPARI S ON OF E . COLI ATTACHMENT TO V IABLE 

AND NONV IABLE UROEP ITHELIAL CELLS . 

MEAN NUMBER OF E . COLI  PER UROEPITHEL IAL CELL 

SAMPLE BHI BROTH GROWN CULTURES T SA GROWN CULTURES 

V IABLE NONVIABLE V IABLE NONVIABLE 
CELLS C ELLS CELLS CELLS 

l 14  1 2  5 9  3 8  

2 2 1  1 4  6 5  5 2  

3 1 3  9 6 2  5 1  

4 1 4  7 6 0  3 8  

5 1 3  8 6 1  4 0  

6 1 0  7 5 8  3 9  

7 1 0  5 5 7  4 8  

8 9 5 5 7  3 2  

9 7 5 5 4  3 5  

1 0  2 0  1 5  6 6  4 9  

MEAN = 1 3 . 1  MEAN = 8 . 7  MEAN = 5 9 . 9  MEAN = 4 2 . 2  

p < 0 . 0 0 1  p < 0 . 0 0 1  



F IGURE l 

FREQUENC Y D I STRIBUT IONS FOR C OMPAR I SON OF E . COL I  

ATTAC HMENT TO l O O  V IABLE AND lOO  NONV IABLE UROEP ITHEL IAL CELLS . 

A .  ATTACHMENT OF S TRA INS 6 7  and 8 7  GROWN IN BHI BROTH 

NUMBER 

OF 

CELLS 

6 0  

4 0 •  

2 0  

0 - 5 

� V IABLE C ELLS 

D NONV IABLE C ELLS 

6 - 1 0  l l - 1 5  1 6 - 2 0  > 2 0  

E . C OLI PER UROEPITHELIAL CELL 

B . ATTACHMENT OF S TRAINS 1 2 5  AND 2 0 7  GROWN ON TSA 

NUMBER 

OF 

CELLS 

6 0  

4 0  

2 0  

0 - 2 0  2 1 - 5 0  > 5 0  

E . COLI PER UROEP ITHELIAL CELL 

11 6 .  
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the " target ce l l s "  were tho se to which mor e than 1 0  E . c o l i  

a t tached whereas f or strains 1 2 5  and 2 0 7  grown on TSA , the " targ et 

ce l l s "  were those to which more than 50 E . coli a ttached . The 

r e sul ts suggest that E . coli strains may have d i f f er ent mechanisms 

f or a ttac hment to the ur oep ithelia l c e l l surface . 

1 . 1 . 7  COMPAR I S ON OF E . COLI ATTAC HMENT TO SQUAMOUS AND 

TRANS ITIONAL UROEP ITHELIAL CELLS . 

Two types of u roepithe lial  c e l l s  wer e  d is t ingu i shed in a 

g iv en c e l l  su spen s ion ; namely squamou s c e l l s  kn own to or ig inate 

f r om  the bladder tr igone , urethra l and per iurethr a l  area s , and 

tr ansitiona l cel l s  from the ep ithe l ium of the ur e ter s and bladder . 

To c ompare E . coli  a t tachment to the two c e l l  type s ,  1 0  uroepi the l ia l  

c e l l  s amp les wer e a s sayed with strains 6 7 , 8 7 , 1 2 5  and 2 07 a s  

d e scr ibed i n  sect i on 1 . 1 .  The mean attachment v a lu e s  were 

c a lcu lated and compar ed by two -way analy s i s  of variance . Each 

mea n  va lu e  r epres e nted 40 viable squamou s or 4 0  v i able  transit iona l 

c e l l s . The fr equ ency d istr ibu tions o f  E . c oli  attached to l O O  

squamou s a nd l O O  tran s i tional ce l l s  were noted f or BHI broth grown 

and TSA grown cul ture s .  

The r e sults  a re pr esented in Tab l e  7 .  Over a l l , BH I br oth grown 

s tr a in s  attached i n  g r eater number s to squamou s than to tran s i t ional  

c e l l s  and the d i f ference wa s highly s ignif icant (p  < 0 . 0 0 1 ) . Th i s  

over a l l  d i ff erence wa s a l so s ign i f i cant for TSA grown cultures  wh ich 

a lso attached in larger number s to squamou s cel l s  (p < 0 . 0 1 ) . 

However , atta c hment of E . coli to tran s i t ional ce l l s  wa s in three 

c a se s  h igher than a ttachment to squamou s  ce l l s . 

The frequ ency d i str ibutions are presented in F igur e 2 ,  P ar t s  A 

and B .  The a ttachment of E . coli to both ur oepithel ia l  cel l  type s 
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TABLE 7 

COMPARISON OF E . COLI  ATTAC HMENT TO SQUAMOUS 

AND TRANS I T I ONAL UROEP ITHELIAL CELLS . 

MEAN NUMBER OF E . COLI PER UROEP ITHELIAL C ELL 

SAMPLE BH I BROTH G ROWN CULTURES TSA GROWN CULTURES 

SQUAMOU S TRANSITIONAL SQUAMOUS TRAN S I T I ONAL 
CELLS CELLS C ELLS CELLS 

1 12  9 6 5  4 7  

2 2 1  1 3  7 2  5 9  

3 6 5 5 3  4 8  

4 18 9 6 5  5 4  

5 1 3  1 6  6 7  6 4  

6 14  9 6 7  4 9  

7 1 6  1 0  5 9  6 0  

8 14 11 5 9  6 2  

9 1 2  8 5 8  4 9  

1 0  11 5 5 9  4 6  

MEAN = 13 . 7  MEAN = 9 . 5  MEAN = 6 2 . 4  MEAN = 5 3 . 8  

p < 0 . 0 0 1  p < 0 . 0 1 



1 1 9 . 

F IGURE 2 

F RE QUENCY D I STRIBUT ION F OR COMPARI S ON OF E . COLI 

ATTAC HMENT TO l O O  SQUAMOU S AND l O O  TRANSITIONAL UROEPI THEL IAL CELLS . 

A .  ATTAC HMENT OF STRAINS 6 7  AND 8 7  GROWN IN BH I BROTH 

6 0  

NUMBER 

OF 
4 0  

CELLS 

2 0  

� SQUAMOUS CELLS 

c=J TRANSITIONAL C ELLS 

6 - 1 0  1 1 - 1 5  1 6 - 2 0  > 2 0  

E . C OLI  PER UROEPITHELIAL CELL 

B .  ATTACHMENT OF STRAINS 1 2 5  AND 2 0 7  GROWN ON TSA 

NUMBER 

OF 

CELLS 

6 0  

4 0  

2 0  

0 - 2 0 2 1 - 5 0  > 5 0  
E . COLI PER UROEPITHELIAL CELL 



1 2 0 .  

d id not fol low a norma l d i str ibution . For BHI broth grown cultures , 

6 1 %  o f  the squamous c e l l s  and on ly 2 2 %  of the transitional c e l l s  

w e r e  highly receptive t o  E . coli attachment ( >  1 0  E . co l i  per 

uroepithelial  cel l ) . The me an attachment values for the 2 0 0  c e l l s  

were 1 3 . 2  E . coli  per squamous c e l l  and 8 . 2  E . coli  per transi tiona l 

c e l l .  

For T SA grown c u l tur es , 5 6 %  of the squamous c e l l s  and 4 8 %  

o f  the trans i tiona l c e l l s  were highly receptive to E . co li a ttachment 

( > 5 0  E . coli  per uroepi the l i a l  c e l l ) . The mean attac hment va lue s 

f or the 20 0 cells  were 6 4 . 2 E . coli  per squamous cell  and 5 3 . 7  

E . c o l i  per transitiona l c e l l . 

C learly the tran s it�onal c e l l s  were more receptive to attachment 

of s t rains 125 & 2 0 7  grown on TSA , than to attachment of s trains 

67  and 8 7  grown in BHI  br oth . The d i f f erenc es between the se four 

s t r a ins wi l l  be discus sed in section 3 .  

REPRODUCABILITY OF ASSAY METHOD : 

The r esults pr e sented in these  sec tions provide evidence 

that the a s say method is both reliab l e  and reproduc ible . 

1 . 1 . 8  DETERMINAT I ON OF E . COLI ATTACHED TO UROEPITHELIAL C ELLS 

WITH HIGH OR LOW NUMBERS OF INDIGENOUS BACTERI A  ON THE CELL . 

I n  all  uroepi the l i a l  cell popu lation s , a proport i on of the 

c e l l s  was observed to have ind igenou s bac teria adsorbed to the 

s ur f ac e . The use o f  a double s tain ing technique made i t  pos s ible 

to d i stinguish E . co l i -l ike organi sms from non E . coli -l ike indigenous 

b a c teria attached to v i able uroepith e l i a l  cel l s . An experiment 

wa s des igned to c on f i rm that E . coli a ttachment to uroepi the l i a l  



ce l l s  wa s be ing mea sured ra ther than attac hment of ind ig enou s 

bacter ia , u s ing the attachment a s say desc r i bed in section 1 . 1 .  

1 2 1 . 

In add i t i on ,  i t  wa s hoped to determine whe ther E . coli  a ttac hed to 

the same d egr ee to uroep ithe l ial c e ll s  with high number s of 

ind igenou s bac teria pre sent on the surface as compa red to c el l s  

with l ow number s .  

E . c o l i  s trains 8 7  grown i n  BHI broth and 2 0 7  gr own on T SA 

were a s s ayed f or a ttachment to f ive uroepi the l i a l  c e l l samp le s ,  

as de scr ibed i n  1 . 1 .  The mean number of E . c o l i - l ike organi sm s  

attached to 4 0  v i able ur oepithe l ia l  cel l s  wi th low number s  of 

ind ig en ou s  bac ter ia ( �  1 0  bac ter ia per c e l l )  wa s determined . The 

resu l t s  wer e  compared with the mean for E . c o l i  attac hed to 4 0  cel l s  

with high number s of ind ig enous bac ter ia ( >  3 0  bac ter ia per cel l ) . 

Stati s t ic a l  analysis  wa s c arried ou t us ing two - way ana ly s i s  of 

varianc e . A contro l wi th uroep i the lial ce l l s  and no E . col i add ed 

wa s a l s o inc orporated to g ive a ne t resu lt for E . coli  attachment . 

The r e su l ts of thi s exper iment are pre sented on Table 8 .  

There was no s ignif icant d if f erence between the number of E . c o l i - l i ke 

organ i sms a ttached to v iable uroepithe l ia l  c e l l s  wh ich had l ow or 

hi gh number s of non E . col i - l ike ind igenou s bac ter ia pr esent on the 

c e l l s  ( p  > 0 . 1 ) . E . col i - l ike org anisms wer e  a l s o seen attached 

to ind igenou s non E . c ol i - l ike bac teria on s ome c e l l s .  The c ontr o l s  

with P B S  and uroepi the l ia l  c e l l s  gave a mean o f  0 t o  2 E . c o l i -l i ke 

organ i sm s  per c e l l  whether low or high number s of ind igenou s 

bacter i a  were presen t .  The Table also shows the mean number o f  

non E . c o l i - l ike organi sm s  pre sent in the ur oepithe l i a l  cel l s  which 

were exam ined . 
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TABLE 8 

D ETERMINAT ION OF E . C OLI  ATTACHED TO UROEPITHELIAL 

CELL S WITH  HIGH OR LOW NUMBER S  OF IND IGENOU S BACTERIA ON THE CELL .  

SAMPLE 

1 

2 

3 

4 

5 

SAMPLE 

1 

2 

3 

4 

5 

STRA IN 8 7  

MEAN NUMBER OF E . C OLI -LI KE MEAN NUMBER OF NON E . COL I -
ORGAN ISMS PER L I KE ORGAN I SMS PER 

UROEP ITHEL IAL CELL UROEP ITHE L IAL CELL 

LOW F LORA HIGH FLORA LOW FLORA H IGH FLORA 

9 8 6 3 9  

5 5 3 4 9  

8 8 6 7 3  

12  1 1  3 5 2  

10  1 2  4 6 1  

M = 8 . 8  M = 8 . 8  M = 4 . 4  M = 5 4 . 8  

p > 0 . 1  

STRA IN 2 0 7  

MEAN NUMBER OF E . C OL I -LIKE MEAN NUMBER OF NON E . C OL I -
ORGAN ISMS PER LIKE ORGANI SMS PER 

UROEP ITHELIAL C ELL UROEP ITHELIAL CELL 

LOW FLORA HIGH FLORA LOW F LORA H IGH F LORA 

57 5 5  0 5 0  

6 0  5 9  8 3 4  

54 5 6  4 4 1  

6 3  6 5  6 6 2  

6 1  6 2  7 4 2  

� 
-

= 5 9  M = 5 9 . 4 M = 5 M = 4 5 . 8  

p > 0 . 1  



1 . 1 . 9  NUMBER OF UROEP I THELIAL C ELLS ASSES SED F OR E . C OLI 

ATTACHMENT . 

Thi s experiment was c arr ied out to determine whether the 

number of uroepithe lial c e l l s  eva luated for E . c o l i  attachment 

a f fected the mean a ttachment va lue s .  

1 2 3 . 

U s ing the method o f  sec tion 1 . 1 , E . c o li strains  6 7 , 8 7 ,  1 2 5  

and 2 0 7  were a s s ayed f or a ttachment to uroepithe l i a l  cel l s  from 

three ur ine s amples . The mean number of E . c ol i  a ttached to 2 0 , 3 0 , 

4 0  and 5 0  uroepi the l i a l  c e l l s  wa s determined for each stra in , and 

the results  are pre sented in Table 9 .  

The mean va lues for a s s e s sment of 2 0 , 3 0 ,  4 0  or 5 0  uroepi the l i a l  

c e l l s  d id not d i f fer ou tside  the 1 5 %  variation pre sent within a 

cell s ampl e  a s  repor ted i n  sec tion 1 . 1 . 2 .  The d i f ferences between 

mean value s for broth grown culture s was ± 1 E . co l i  per ce l l  a nd 

± 6 E . c o l i  per c e l l  for T SA grown cultures .  Sub sequent exper iments 

continued the a s s e s smen t  of 4 0  v iab le uroepithel i a l  c e l l s  f or 

E . coli a t ta chment . 

1 . 1 . 10 NUM BER OF WASHES REQU I RED TO RR�OVE UNATTACHED E . C OL I  

FROM UROEP ITHEL IAL CELLS . 

Thi s  exper iment wa s c arried out as in sec tion 1 . 1 ,  for a s say ing 

E . coli strain s  6 7  and 8 7  grown in BHI broth , and uroepi thel i a l  

cell s  f r om pooled urine s ample s . Following the a s say incuba t ion of 

6 0  min� at 3 7°C and 2 0  r . p . m .  in a shaker , the suspens ions were 

washed in PBS , pH 7 . 1  fr om 1 to 10 times . 

The mean number of E . col i attached to 4 0  viable ur oepi the lial 

cells i s  r eported for each s ample in Table 1 0 . 

Th e r emova l of unattached E . coli from the prepara tion s was 



1 2 4 . 

TABLE 9 

NUMBER OF UROEP ITHELIAL CELLS ASSESSED 

F OR E . COLI ATTAC HMENT . 

MEAN NUMBER OF E . C OLI  PER UROEP ITHEL IAL C ELL 
NUMBER OF 

U ROEP ITHELIAL 
SAMPLE C E LLS EVALUATED BH I BROTH GROWN CU LTURES 

STRA IN 6 7  STRA IN 8 7  

1 20  9 1 0  

3 0  9 10  

4 0  9 1 0  

5 0  9 1 1  

2 2 0  8 8 

3 0  7 7 

4 0  8 8 

5 0  8 7 

3 2 0  1 1  1 4  

3 0  1 1  1 3  

4 0  1 0  1 4  

5 0  1 0  1 4  

TSA GROWN CULTURES 

STRAIN 1 2 5  STRAIN 2 0 7  

6 0  5 8  

5 9  5 5  

6 2  5 7  

5 9  5 6  

5 8  5 6  

5 8  5 8  

5 9  6 2  

5 9  5 9  

5 9  5 7  

6 2  5 7  

5 9  6 0  

5 8  5 9  



TABLE 1 0  

NUMBER OF WASHES REQU IRED TO REMOVE UNATTACHED 

NUMBER OF WASHE S 
IN BUFFER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

E . C OLI  FROM UROEP I THELIAL CELLS . 

MEAN NUMBER OF E . COLI PER UROEPITHELIAL CELL 

STRA IN 6 7  STRAIN 8 7  

2 2  2 4  

1 9  2 0  

1 5  1 5  

1 4  1 4  

1 3  1 4  

1 3  1 4  

1 4  1 3  

1 2  1 4  

1 3  1 3  

1 3  1 4  

1 2 5 .  
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on ly e f f ec tive a f ter 4 wa she s in buf f er . Af ter 1 ,  2 or 3 wa she s 

there were unattached bacteria s t i l l  evident in the suspensions . 

These u nattached bac teria gave r i se  to e l eva ted mean attachment c ounts 

of 15 to 24  E . c o l i  per uroepi the l ia l  cel l .  The d i f f er ence between 

the mean va l u e s  obtained af ter 4 to  10  buffer wa s he s , wa s not out s ide 

the 15%  var iat ion present in  a c e l l  s amp le , as reported in section 

1 . 1 . 2 .  I n  sub s e quent tests , f ive buf fer wa she s were incorporated to 

r emove unattac hed bacter ia . 

1 . 1 . 1 1 ATTACHMENT OF E . COLI TO U ROEP ITHELIAL CELLS SUBJECTED TO A 

VARY ING NUMBER OF WASHE S , PRIOR TO AS SAY . 

Uroepi the l i al c e l l s  were harve s ted from ur i n e  s amp les  and 

s uspen ded in P B S , pH 7 . 1 .  A l iquots of 1 x 1 0 5 c e l l s  were d i spe nsed 

into separate tube s , washed 0 , 1 , 2 , 3 , 4 , 5  and 10 tim e s  in PBS at 

2 5 0  x g f or 1 2  m i nutes and as sayed f or attachment of E . coli  strain s 

6 7 , 8 7 , 1 2 5  and 2 0 7  as de scr ibed in sec tion 1 . 1 . 

The r e s u l t s  are presented in Tabl e 11 . There wa s no d i f f er enc e 

be tween the mean attachme nt val u e s  other than the 1 5 %  var iation known 

to be pre sent w ithin a c e l l  samp le , as reported in sec tion 1 . 1 . 2 .  

In subsequent exper iment s ,  uroepithelial c e l l s  were prewashed 

three times in PBS , pH 7 . 1 , to r emove sma l l  amounts of ur inary mucus  

or  amorphous debr i s  that might be pr e sent in  the u r ine sample . 

1 . 1 . 1 2 ATTACHMENT OF E . COLI T O  UROEP ITHELIAL CELLS DERIVED FROM 

AL IQU OT S  OF SINGLE URINE SPEC IMENS . 

A samp le of ur ine was d iv ided into three and the ce l l s  harve s ted 

and wa shed . U roepithe l ia l  ce l l s  from each of the three suspens ions 

were as sayed for  attachment with E . c o l i  s trains 6 7 , 8 7 , 1 2 5  and 2 0 7 , 



TABLE 1 1  

ATTAC HMENT OF E . C OLI  T O  UROEPITHEL IAL CELLS SUBJECTED 

TO A VARY ING NUMBER OF WASHE S PR IOR TO ASSAY . 

NUMBER OF WASHES 
IN PBS FOR 

UROEPITHELIAL 
CELLS PRIOR 

TO ASSAY 

0 

1 

2 

3 

4 

5 

1 0  

MEAN NUMBER OF E . COLI PER UROEP ITHELIAL C ELL 

BH I BROTH GROWN CULTURE S 

STRA IN 6 7  STRA IN 8 7  

1 1  13  

1 2  1 5  

1 3  1 5  

1 3  1 5  

1 3  1 4  

1 3  14  

1 2  1 5  

TSA GROWN CULTURE S 

S TRA IN 1 2 5  STRAIN 2 07 

58  6 0  

57  6 2  

5 9  6 1  

6 1  6 5  

6 0  6 4  

6 2  6 6  

6 4  6 7  

1 2 7 . 



a s  in section 1 . 1 .  The experimen t  wa s c arr ied out in tripl icate . 

Anal y s i s  of the resu l ts on Table 1 2  fai l ed to detect any 

s igni f ic an t  d i f ference betwee n  the mean attachment va lue s  for 

1 2 8 . 

a l iquots A ,  B and C .  The sma l l  var iations wer e  less than the 1 5 %  

var iation pre sent within a g iven c e l l  samp l e , a s  repor ted in s e c t ion 

1 . 1 . 2 .  The results for the three samples conf irmed the reproduc abi l i ty 

of the exper iment . The resu l ts suggested that ur ine samples could 

be d iv ided and uroepithe l i a l  c e l l s  u sed for the as say wi thout a 

s ign i f ic ant var iation in the mean attachment va lues occurr ing . 

1 . 1 . 13 ASSESSMENT OF E . COLI ATTACHMENT TO UROEP ITHELIAL CELLS ON 

FOUR SEGMENTS OF A PREPARED SLIDE . 

Thi s exper iment wa s carr ied ou t to determine whether random 

assessment o f  uroep ithe l i a l  c e l ls on four s egments of a prepare d  

s l ide , woul d  g ive rise to s im i lar mean attachmen t  value s .  Uroep i the l i a l  

c e l l s  were a s s ayed for attachment with E . co l i  s trains 6 7 , 8 7 , 1 2 5  

and 2 0 7 ,  a s  i n  sec tion 1 . 1 .  Each r e sultant s l ide wa s divided into 

four segments using a marker pen . The number o f  E . coli  attached to 

40 v iable uroepithelial  cell s i n  s egments A, B ,  C and D wa s a s s e ss ed . 

The te s t s  were carr ied out i n  tripl ic ate . 

The r e su lts are presented in Table  1 3 . Ther e  was little d i f f er enc e 

ob served between counts of E . c o l i  attac hed to uroepithe lial c e l l s  

from any of four region s on the s l ides . The small  d i fferenc e s  

between mean attachment va lues  could be exp l a ined by the 1 5 %  var ia tio n  

repor ted i n  sec tion 1 . 1 . 2 .  

1 . 1 . 1 4 ASSESSMENT OF E . COLI ATTACHED ro UROEP ITHELIAL CELLS F OR 

PREPARATIONS EXAM INED ON THREE OCCAS IONS . 

Thi s exper iment wa s d e s igned to determine whether a s l id e  



TABLE 12 

ATTACHMENT OF E . COLI TO UROEP ITHEL IAL CELLS DER IVED 

FROM ALI QUOTS OF S ING LE URINE SPEC IMENS . 

MEAN NUMBER OF E . COLI PER UROEP I THELIAL CELL 

SAMPLE ALIQUOT BH I BROTH GROWN CULTURES TSA GROWN CULTURES 

1 

2 

3 

A 

B 

c 

A 

B 

c 

A 

B 

c 

STRAIN 6 7  

5 

5 

5 

7 

8 

8 

1 2  

1 1  

1 2  

STRA IN 8 7  

6 

7 

6 

1 0  

9 

10  

1 1  

1 0  

1 0  

STRAIN 1 2 5  STRAIN 2 0 7  

5 6  

5 6  

6 0  

5 7  

5 8  

5 9  

5 4  

5 6  

5 6  

5 5  

5 7  

5 6  

6 4  

6 9  

6 5  

6 2  

5 9  

6 4  

1 2 9 . 



TABLE 1 3  

SLIDE 

1 

2 

3 

ASSESSMENT OF E . COLI ATTACHMENT TO UROEPITHELIAL 

CELLS ON F OUR SEGMENTS OF A PREPARED SLIDE . 

MEAN NUMBER OF E . COLI PER UROEP ITHEL IAL C ELL 

SEGMENT BHI BROTH GROWN CULTURES 

A 

B 

c 

D 

A 

B 

c 

D 

A 

B 

c 

D 

STRAIN 6 7  

7 

7 

7 

6 

8 

9 

8 

8 

7 

7 

7 

7 

STRAIN 8 7  

10  

1 0  

9 

1 0  

12  

12  

1 2  

1 1  

9 

9 

10  

1 0  

TSA GROWN CULTURES 

STRAIN 1 2 5 STRAIN 2 0 7  

5 3  

5 8  

5 3  

5 5  

5 7  

5 7  

5 4  

5 8  

5 5  

5 6  

5 6  

5 8  

5 7  

57  

61  

5 8  

6 2  

6 1  

6 3  

6 4  

5 5  

5 6  

5 5  

5 8  

1 3 0 . 
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preparat ion examined on thr ee separate occas ion s gave r i se to similar 

mea n  va lues for E . coli  a ttachment to uroepithe lial c e l l s . E . coli  

s tr a in s  6 7 ,  8 7 ,  125  and 2 0 7  were a s sayed for attachment to three 

uroepi the lial cell s amp le s , using the method de scr ibed in section 

1 . 1 .  Each resultant s l ide wa s eva lua ted for E . coli attachment to 4 0  

viable  uroepithe lial c e l l s  on three d i f ferent occasion s .  

The results are pre sented in Table 14 . The mean v a lues f or 

attachment of each E . col i s train were s im i l ar for preparations counted 

on e a c h  of three occ a s i on s .  Ther e d id not appear to be a c ounting 

b i a s  on any one occ a s i on . The sma l l  d i f ferences between the mean 

valu e s  c ould be exp l a ined by the 1 5 %  var ia tion occur r ing wi thin a 

c e l l  s ample , a s  in 1 . 1 . 2 . 

EFFECT OF VARYING THE COND I T IONS OF THE ATTACHMENT ASSAY . 

Severa l  parameters wer e tes ted to ver ify that the a s say cond i tions 

d e s c r ibed in section 1 . 1 were opt ima l for E . coli attachment to 

uroepithe lial cel l s .  Each te st wa s c arried out in dupl icate u s ing 

a u r oepi thelial  c e l l  s u spension pr epared from pooled ur ine s ample s . 

1 . 1 . 1 5 VARIATION OF BACTERIAL GROWTH T IME . 

( i )  The growth pha se of E . co l i  strains 6 7  and 8 7  wa s monitored 

by i noculating BHI broth cu l tur e s  from stocks and a s s e s s ing the optica� 

dens ity and the total  and viable counts of the bacteri a l  suspension s  

at r e gu lar interval s f or 7 2  hours .  S amples for viab le counts were 

pla ted in trip licate onto BHI agar whi le tota l c e l l  counts were 

mon i tored on a haemocytometer . 

The growth curve s obtained for E . coli stra ins 6 7  and 8 7  

c on f irmed that 4 hour c u ltures were in the log phase , 8 hour c u ltur e s  

were late log to early s ta tionary phase and that 1 2  and 1 6  hour 



13 2 .  

TAB LE 14 

ASSESSMENT OF E . C OLI ATTACHED TO UROEP ITHELIAL 

C ELLS FOR PREPARAT IONS EXAM INED ON THREE OCCAS I ONS . 

OCCA S I ON OF 
SLIDE EVALUATION 

1 1 ST 

2ND 

3 RD 

2 1 ST 

2ND 

3 RD 

3 1 ST 

2ND 

3 RD  

MEAN NUMBER OF E . COLI P E R  UROEP ITHELIAL C ELL 

BHI BROTH GROWN CULTURE S 

STRAIN 6 7  STRAIN 8 7  

6 8 

6 8 

6 7 

6 9 

7 9 

7 9 

8 7 

7 7 

8 8 

TSA GROWN CULTURE S 

STRAIN 1 2 5  STRA I N  2 0 7  

5 2  5 8  

5 5  5 8  

5 2  5 8  

5 5  5 9  

5 6  6 2  

5 7  6 4  

5 9  5 6  

57  58  

57  57  
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cultur e s  were in the stat ionary growth pha se . 

( i i )  I n  the sec ond exper iment E . co l i  c e l ls were cu ltured in 

0 
BHI broth for 7 2  hours a t  3 7  C .  After 4 ,  8 ,  1 2 , 1 6 , 2 0 , 2 4 , 4 8  and 

65  hour s , l x 1 0 8 bacte r i a  were removed and as sayed for a ttachment 

to l x 1 0 5 uroepithe l i a l  c e l l s  as de scribed in section 1 . 1 . 

S train 2 0 7  wa s grown overnight at 3 7 °C in BHI broth then 

inocul ated from th i s  to TSA and incubated at 3 7 °C .  Af ter 5 ,  7 ,  1 2 , 

16 , 1 8 , 2 4 , 4 0  and 4 8  hour s  incubation a sweep of growth was s u spended in  

PBS , pH  7 . 1 and ad j usted to 1 0 1 0  organi sms per 1 cm3 PBS . These 

bacter ia were then a s s ayed with uroepithe l i a l  ce l l s  us ing the method 

of sec tion 1 . 1 .  

The r e su l t s  from th i s  second exper iment are pr esented i n  

Tab le 1 5 .  A n  incubation t ime o f  1 6  hours wa s opt ima l f or B H I  broth 

grown culture s  g iv ing highest mean attachment to uroepi the l i a l  c e l l s . 

Th i s  incubat ion t ime wa s u sed in subsequen t experiments . 

Af ter growth in  BHI broth , strain 2 0 7  gave a mean attachment 

va lue of 1 1  E . c o l i  per uroep i the lial  c el l .  However , af ter 1 2  hours 

on TSA th i s  l ev e l  of attachment increased to 5 5  E . coli  per c e l l .  In  

subsequent exper iments a 1 6  hour incubation t ime was  used f or TSA 

grown c u l ture s . An inwe s tigation of the d i f f erence in attac hment 

leve l s  f or strain  2 0 7  grown in BHI broth and on TSA wi l l  be dealt  

with in section 3 .  

1 . 1 . 1 6 GROWTH OF E . COLI U S ING D IFFERENT MED IA . 

Thi s  exper iment was des igned to select an appropr iate growth 

medium which would r e s u l t  in high l eve ls  o f  E . col i attachment to 

uroepi the l ia l  c e l l s . E . co l i  stra ins 6 7 , 8 7 ,  2 0 7  and 3 2 0  were 

cu ltured ove rnight at 3 7°C in each of 1 2  media , then . assayed for 

attachment to uroepi the l i a l  cel l s , as described in  section 1 . 1 .  
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TABLE 1 5  

VARIATION OF BACTER IAL GROWTH T IME . 

BHI BROTH GROWN CULTURES TSA GROWN CULTURES 

T IME OF MEAN NUMBER OF E . C OL I  TIME OF MEAN NUMBER OF E . C OL I  
INCUBAT ION PER U ROEP ITHEL IAL C ELL INCU BATION PER UROEP ITHELIAL CELL 

AT 3 7 °C AT 3 7 °C 

STRA IN 6 7  STRAIN 8 7  STRAIN 2 0 7  

4 6 7 
( 1 6  HRS -

1 1  BHI BROTH)  

8 8 6 5 1 1  

1 2  7 9 7 3 5  

1 6  1 2  1 2  12  s s  

2 0  7 8 1 6  s s  

24 9 7 18 53 

48 3 3 2 4  4 8  

6 5  3 3 4 0  4 5  

48  38  
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Each stra in was grown aerobically  at 3 7 °C in BH I broth , 

trypticase soy broth , nutr ient broth , beef extract broth , trypt icase 

soy agar with and wi thout 5 %  hor se erythrocytes ,  BHI  agar , nutr ient 

ag ar and CLED agar . In  add i tion , BHI broths and TSA p lates were 

i ncubated anaerob i c a l ly in j ars conta ining co2;H2 gas pak s ( BBL , USA) . 

In  order to encourage pili  pr oduc tion , each strain was incubated 

f or 24 hours at 3 7°C in 25 cm3 BHI broth at low oxygen ten s ion in 

28 3 
. 1 a cm un1ver s a  , and subcultured s ix t imes before be ing a s sayed 

with uroep ithe l i a l  c e l l s . 

The resu l t s  a r e  pre sen ted in Table 1 6 .  Aerobic growth in BHI 

broth wa s appropr i a te for E . c ol i  s trains 67 and 87 g iving high mean 

a ttachment value s  to uroepithe lial  c el l s . Strains 2 0 7  and 3 2 0  

a ttached to give hig h mean va lues after growth on agar med ia . I n  

s ubsequent expe r iments aerobic  growth o n  TSA was u sed to 

c u l ture bacteria on a solid surface pr ior to the attachment a s say . 

1 . 1 . 17 VARIAT ION I N  THE DENS ITY OF E . COL I  CELLS EMPLOYED IN THE 

ASSAY F OR ATTACHMENT TO 1 x 10 5 UROEP ITHELTAL CELLS . 

Thi s exper iment was d e s igned to determine an appropriate 

bacterial ce l l  dens i ty in the attachment assay .  E . coli s tra in s 8 7  

g rown in BHI broth and 2 0 7  grown on TSA were suspended to a 

. 4 5 6 7 8 9 1 0  1 1  c oncentrat1on of 1 0  , 1 0  , 1 0  , 1 0  , 1 0  , 1 0  , 1 0  and 1 0  

organisms per 0 . 5  crn
3 

i n  PBS , pH 7 . 1 .  For each concentration 0 . 5  crn
3 

wa s added to 1 x 1 0
5 

uroepithe l i a l  c e l ls in  0 . 5  crn 3 PBS and a s s ayed 

for attachment as in sec tion 1 . 1 . 

Al though the a t tachment lev e l s  of s tr a in 8 7  and s train 2 0 7  

w ere signi ficantly d i f f erent , the graphs pre sented i n  F igure 3 

g ive comparab le patter n s . Reduced leve ls of attachment were ob served 

when less th an 1 0 8 
E . coli  cel l s  were present in the a ssay : mean 

v a lues of 0 to 7 E . co l i  per c e l l  for s tr a in 87 and 0 to 16  E . c o l i  



TABLE 1 6  . 

GROWTH OF E . COLI U S ING D IFFERENT MED IA .  

GROWTH M ED IUM STRAIN 67 STRA IN 8 7  STRAIN 2 07 

BHI BROTH 1 2  1 4  1 1  

TRYPT ICASE SOY BROTH 8 9 1 6  

NUTRI ENT BROTH 8 1 1  NT 

BEEF EXTRACT BROTH 5 6 NT 

BH I BROTH - ANAEROBIC 5 8 1 4  

BH I BROTH - 6 SUB-CULTURES 3 7 7 

TRYPT ICASE SOY AGAR 5 1 3  6 2  

TSA WIT H 5 %  HORSE BLOOD 9 1 3  6 6  

TSA - ANAEROBIC 1 0  1 0  6 6  

BHI AGAR 6 1 1  6 3  

NUTR IENT AGAR 9 1 1  4 7  

C . L . E . D .  AGAR 7 1 5  4 6  

NT = Not Te sted . 

1 3 6 . 

STRAIN 3 2 0  

1 2  

1 0  

NT 

NT 

1 5  

9 

2 5  

2 2  

2 6  

2 8  

2 4  

2 8  
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F IGURE 3 

VAR IATI ON IN THE DENS ITY OF E . COLI CELLS EMPLOYED IN 

THE ASSAY F OR ATTACHMENT TO 1 x 1 0
5 

UROE P ITHELIAL CELLS . 

STRA IN 2 0 7  

X 

/ 
X 

�X 

STRAIN 8 7  

NUMBER OF E . COLI ADDED TO 1 0 5 UROEP ITHEL IAL CELLS . 

IN A F INAL TOTAL VOLUME OF 1 cm
3 
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per c e l l  for strain 2 0 7 . However , a t  a leve l � 1 0 0 0  E . coli  to 

3 
1 u r oep ithe l ia l  ce l l  in  1 cm PBS , the mean attachmen t v a lues rose 

to 1 7  to 2 1  E . coli per c e l l  f or s train 8 7  and 6 4  to 7 6  E . col i  per 

c e l l  f or stra in 2 0 7 . I n  sub sequent a s says , c e l l  den s i t i e s  of 

1 x 1 0
8 E . co l i  cel l s  and 1 x 1 0 5 uroepi the l ia l  c e l l s  in a total 

3 volum e  of 1 cm were adopted a s  standard a s say procedure . 

1 . 1 . 1 8 VARIATION OF THE C OND IT ION S  OF INCUBATION FOR THE ATTACHMENT 

ASSAY . 

Three parameter s  of the a ttachment a s say incuba tion per iod 

were varied in the fol l owing set of exper iments . E . col i s trains 6 7  

and 8 7  grown i n  BHI broth and s tra in 2 0 7  grown on TSA wer e  a s sayed 

with uroepithe l ial c e l l s  as in section 1 . 1 . 

I .  T IME OF INCUBAT ION : Uroepi the l ia l  c el l s  were incuba ted 

wi th E . coli at 3 7 °C ,  2 0  r . p . m .  in a shaker for 0 ,  3 0 , 6 0 , 9 0 , 1 2 0 , 

1 8 0  and 2 4 0  minutes . 

The r e su l ts pre sented in  Tabl e  1 7  sugge s ted that an incubation 

t im e  of at least 60 minutes wa s appropriate to obtain maxima l 

attac hment of E . coli  to uroepithe l ia l  c el l s .  The d i f f er e nc e s  i n  mean 

valu e s  for 6 0  m inutes to 2 4 0  minu te s i nc ubation wa s l e s s  than the 

1 5 % variation l eve l known to be pr e s ent in a c e l l  sample , as reported 

in s e c tion 1 . 1 . 2 . In s ubsequent exper iments a 6 0  minute incubation 

time was u sed . 

I I .  TEMPERATURE OF INCUBAT ION : Uroepi thelial  c e l l s  were 

incubated with E . coli  f or 6 0  m inutes a t  2 0  r . p . m .  in a shaker at 4°C ,  

2 2°C ,  3 7°C and 4 4 °C .  

The results on Tab le 1 7  showed that attachment of E . co l i  to 

uroepi the l ia l  c e l l s  d oes occur at 4 °C ,  2 2°C ,  and 4 4°C .  However , for 

a l l  three strains , attachment appeared to be h ighe st at 3 7°C ;  this 

temperature was used in s ubsequent a s says . 



I 
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TABLE 17 

VAR IAT ION OF THE C OND I T I ONS OF INCUBATION F OR THE 

ATTACHMENT ASSAY 

MEAN NUMBER OF E . COLI PER UROEPITHELIAL C ELL 

BHI BROTH GROWN CULTURES TSA GROWN CULTURES 

T IME OF INCU BAT ION STRA IN 6 7  STRAIN 8 7  STRAIN 2 0 7  

(minute s ) 

0 3 4 1 3  

3 0  6 7 3 2  

6 0  . 8 9 6 4  

9 0  9 9 6 5  

1 2 0  8 9 6 0  

1 8 0 9 1 0  6 3  

2 4 0  9 1 0  6 9  

TEMPERATURE OF INCUBAT ION 

(
O

C )  

4 3 4 3 9  

2 2  6 5 3 9  

3 7  8 9 6 4  

4 4  6 5 3 5  

I I I  SPEED OF S HAKING WATER BATH 

( r . p . rn . ) 

0 5 5 4 9  

2 0  1 0  9 6 5  

5 0  5 6 5 5  



1 4 0 . 

I I I . SPEED OF SHAKER : Uroepithe lial cel l s  were incubated w i th 

E . c o l i  at 3 7 °C for 6 0  m inutes i n  a shaker a t  0 ,  2 0  and 5 0  r . p . m  . .  

It appeared fr om the r e su l ts on Tab le 17 that maximal attachm ent 

of E . coli to uroepithe l ia l  c e l ls occurred with a 2 0  r . p . m .  gentle  

m ix ing of the  cell  suspens ion . This speed wa s u sed in subsequent 

a s s ays . 

1 .  1 . 19 VARI AT ION OF THE BUFFE R  pH . 

For thi s exper iment , E . c o li stra ins 6 7  and 8 7  were gr own in 

BH I broth and s tra ins  1 2 5  and 2 07 were grown on TSA .  The bac ter i a  

1 0  3 
wer e  su spended at 1 0  org ani sms per cm bu f f er with pH values 

rang ing fr om 3 . 0  to 1 0 . 1 . Uroepithelial  ce l l s  were harvested f r om 

pooled ur ine s amples  and su spended in tube s of buffer with pH 

values between 3 . 0  a nd 1 0 . 1 . Each of the cel l su spens ion s wa s 

washed three t ime s in buf f er of the appropr ia te pH va lue and f ina lly 

su spended to a concentra tion of 5 x 10 5 uroepi the lial c e l l s  per 

cm
3 

buffer . The attachment a s s ay wa s c arr ied ou t a s  in s ec tion 1 . 1 

but wi th buf fer of the appropr iate pH value being u sed in p lace of 

s tandard PBS (pH 7 . 1 ) . 

The r e su lt s  are presen ted in Table 1 8 . The attachment of a l l  

four E . coli  s trains  t o  uroepi the lial  c e l l s  was h ighest f or buf f er 

pH 6 . 4  and 7 . 1 . There were no v iable uroepithe l ial c e l l s  pre sent 

on completion of the tests u s ing buf f er pH 3 . 0 and 3 . 8 .  Ce l l  

viabi l ity wa s reduced in buf f er pH 4 . 7 ,  5 . 8 ,  9 . 6  and 1 0 . 1 . In  

subsequent exper im ents s tandard PBS (pH 7 . 1 ) wa s u sed for the a s s ay .  

1 . 1 . 2 0 COMPAR I SON OF THREE D IFFERENT CATION C ONTAINING BUFFER 

SOLUTIONS FOR AN EFFECT ON ATTACHMENT OF E . COLI TO 

UROEP ITHELIAL CELLS . 

Attachment of E . coli to uroepith e l i al cel l s  was compared 



TABLE 1 8  

VAR IAT ION O F  THE BUFFER pH .  

MEAN NUMBER OF E . C OLI PER UROEP ITHEL IAL CELL 

BUFFER pH VALU E BH I BROTH GROWN CULTURES 

STRA IN 6 7  STRAIN 8 7  

3 . 0  NT 4 

3 . 8  4 5 

4 . 7  5 7 

5 . 8 7 1 3  

6 . 4  1 3  1 5  

7 . 1  13  16 

8 . 0  7 14 

9 . 6  7 1 2  

10 . 1  3 7 

NT = Not Te sted 

TSA GROWN CULTURE S 

STRAIN 1 2 5  STRAIN 2 0 7  

5 4 

6 4 

9 5 

2 4  2 7  

5 6  6 0  

5 8  6 1  

3 4  3 1  

2 8  2 2  

1 2  1 0  

1 4 1 . 
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us ing thre e  di f ferent buf fers . The f i rs t  was s tandard PBS , pH 7 . 1 .  

The s e cond was Phi l lip ' s  b u f fer ( Phi l lips and Andrews , 19 5 9 ) and 

the thi rd was Jarvinen ' s  buffer ( Jarvinen and Sandho lm , 19 8 0 ) . As 

indic ate d  from the formu l ae in the materi a l s  section , these latte r  

two b uffers contain the phys iologi cal leve l s  o f  calcium and magne s i um 

ions known to be present i n  urine ( Ke e le and Ne i l , 1 9 6 5 ) . 

Ten E . co l i  s trains were grown e i ther  i n  BHI b roth or on TSA 

and assayed wi th uroepi the l i a l  ce l ls as i n  section 1 . 1 .  The res ults 

are presented in Table 1 9 . After s tati s ti c a l  analy s i s  by two- way 

vari ance , there was fou nd to be no s i gni fi c ant dif ference be tween 

the ten mean a ttachment values for th e th ree buffer solutions 

( p  > 0 . 1 ) . The attachment leve l s  of th e 10 E . coli s trains varied , 

but the overa l l  mean values were s imi la r ;  name ly 3 2 . 0 ,  3 0 . 4  and 

2 9 . 8  E . co l i  per ce l l . I t  appeared that buffers containing c a l c ium 

or magne s i um ions did not s i gn i fi cantly a f fect the attachment o f  

E . coli to u roepithe lial ce l ls . I n  s ub s eque n t  as s ays , PBS ( pH 7 . 1 )  

was used . 

1 . 1 . 2 1 COMPARISON OF ATTACHMENT OF E . COLI TO UROEPI THELLAL C ELLS 

SUSPENDED IN URINE AND IN PBS . 

Thi s  e xperiment was de s i gned to compare the leve l of attachment 

o f  E . co l i  to uroepi the lial  ce l ls suspended 1n urine with th at for 

ce l l s  harve s ted from the s ame urine samp le and washed three time s  

in  PBS . B y  inoculating bacteria  into the u rine s amples con taining 

uroepi the l i al ce l ls it was f e l t  that thi s  may partly resemb l e  the 

i n  v i vo s i tuation o f  bacte r i a  entering the b ladder . I t  was of intere s t  

to enqui re i f  under such conditions , E . coli  attached to the 

uroepi the l i al ce l ls and i f  i n  fact att achment was as h i gh a s  when the 

bacte ria  and ce l ls we re inc ubated in 1 cm3 
PBS . 
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TABLE 1 9  

>TRAINS 

4 3  

6 1  

6 7  

7 3  

8 7  

1 2 2  

2 0 7  

2 8 9  

3 2 0  

3 2 1  

C OMPAR ISON OF THREE D IFF ERENT CAT ION CONTA IN ING 

BUFFER SOLU T I ONS F OR AN EFF ECT ON ATTACHMENT OF 

E . C OLI  TO UROEP ITHEL IAL CELLS . 

MEAN NUMBER OF E . COLI PER U ROEP ITHELIAL CELL 

GROWTH COND I T I ON S  STANDARD PBS PHILLIPS BUFFER JARV INEN ' S  BUFFER 

TSA 4 6 5 

BHI BROTH 6 6 4 

TSA 5 6 6 

TSA 8 2  7 7  7 5  

BHI BROTH 8 8 7 

TSA 7 0  6 6  6 7  

TSA 57  53  5 6  

TSA 6 9  6 4  6 0  

BHI BROTH 9 9 8 

BHI BROTH 10  9 1 0  

MEAN = 3 2 . 0 MEAN = 3 0 . 4 MEAN = 2 9 . 8  

p > 0 . 1 
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Six e ar ly morn ing u r i ne samples were c ol lected from heal thy , 

premenopau s a l  women and pool ed in a 2 0 0 0  cm
3 

f l ask . The ur ine wa s 

mi xed , the pH wa s determ ined and the pooled s ample d iv id ed into 

two equal amounts . One por tion of appr oximately 6 0 0  cm3 
wa s 

c entr ifuged and the uroepi the lial c e l l s  wa shed three times and 

resu spended in 7 cm3 of PBS ( pH 7 . 1 ) . To each of seven test tube s 

was add ed 1 x 1 0 5 uroepi the l ial c e l l s  in 1 cm
3 PBS . Six of the 

tube s were inocu lated with 1 x 1 0 8  E . coli su spended in 0 . 0 1 cm 3 PBS . 

The E . c o l i  compr i sed of six  stra ins grown e i ther in BHI br oth or 

on TSA . The seventh tube s erved as a contr o l  with 1 x 1 0 5 uroepithe l i a l  

3 
c e l l s  and 0 . 0 1 cm PBS . T he a ttachment a s s ay wa s carr i ed ou t a s  in 

sec tion 1 . 1 . 

The rema ining por tion of the poo led ur ine wa s fur ther d iv ided 

into 7 equa l a l iqu ots of approx ima te ly 8 5 cm3 and placed in 2 5 0  cm
3 

f la sks . Each f la sk wa s i nocu lated with 1 x 1 0 8 E . coli ( in 0 . 0 1 cm3 

of PBS ) prepared from the s ame 6 E . coli str a ins a s  f or the f ir s t 

3 
par t of the test . The seventh f l ask had 0 . 0 1 cm PBS added to serve 

as a con tro l .  The suspens ions were incuba ted for 6 0  m inutes at 

3 7 °C at 2 0  r . p . m .  in a shaker . The ur ine wa s then centr ifuged at 

2 0 0  x g for 1 2  minute s  and the uroepithe l i a l  cel l s  were treated a s  

de scr ibed i n  sec tion 1 . 1 .  The mean attachment va lu e s  wer e calcu la ted 

f or both sets  of the exper iment af ter eva luation of E . coli  attached 

to 4 0  uroep i th el ia l  c e l l s  ( 2 0 squamou s ce l l s  and 2 0  trans i tiona l 

c e l l s ) . 

A total of 24 E . co l i  stra in s were te sted by th i s  me thod and 

the mean attachment value s were stati stic a l ly compared f or c e l l s  in 

urine and f or c e l l s  in PBS by the two- way ana ly s i s  of v ar i ance .  

Strain 8 7  grown in BHI br oth and str ain 2 0 7  grown on TSA were 

tested with each ur ine sample , to serve as a r e f erence f or a ttachment 

to uroepithe l i a l  cel l s .  Consequently the te s t  wa s c arr ied ou t on 

6 consecutiv e  days u s ing ur ine samp le s from th e s ame group of women , 
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TABLE 2 0  

C OMPAR I SON OF ATTAC HMENT OF E . COLI TO UROEP ITHELIAL 

CELLS SU SPENDED IN UR INE AND IN PBS . 

MEAN NUMBER OF E . COLI PER UROE P ITHELIAL CELL 

STRAIN GROWTH C OND I T ION S 

4 3  BHI BROTH 

4 9  BHI BROTH 

61  BH I BROTH 

6 6  BHI BROTH 

7 3  TSA 

7 4  BHI BROTH 

8 7  BHI BROTH 

8 9  TSA 

1 0 4  TSA 

122  TSA 

1 2 5  TSA 

1 2 9  TSA 

1 3 0  BHI BROT H  

1 3 2  BHI BROTH 

159  TSA 

17 3 TSA 

17 8 T SA 

1 9 0  BHI BROTH 

207  TSA 

2 3 1  BHI BROTH 

2 4 2  BHI BROTH 

2 8 4  TSA 

2 8 8  BH I BROTH 

2 8 9  TSA 

C ELLS IN U RINE CELLS IN PBS 

5 7 

5 1 0  

5 8 

8 9 

34  7 3  

6 6 

1 1  1 6  

3 2  5 3  

3 2  4 7  

4 2  7 2  

3 3  5 6  

2 3  4 7  

6 6 

7 7 

5 0  5 2  

4 0  3 9  

4 1  6 0  

6 8 

5 1  5 5  

6 7 

7 8 

5 8  5 3  

5 6 

5 0  6 3  

p < 0 . 0 1 
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a s sayed with 4 s trains of E . coli and with the two reference strains . 

The r e su l t s  for thi s  exper imen t are listed in Table 2 0 .  The 

mean attachment v a lues were comparable for ce l l s  su spended in ur ine 

and in P BS . The s tati stical d i f f erence ( p < 0 . 0 1 )  wa s due to 

lower attachment value s for cel l s  su spended in ur ine . Thi s wa s 

probably due to the large vo lume of ur ine in wh ich the ur oep ithe l i a l  

c e l l s  and bac te r i a  were incubated . The urine pH r ang ed fr om 5 . 5 

to 5 . 8 .  Over the set of exper imen t s , the reference strain 8 7  gave 

a mean attachmen t  value of ± 1 E . c o l i  per uroepi the l ia l  c e l l  to 

those r eported in Table 2 0 . Str a i n  2 0 7  gave a me an attachment value 

of ± 4 E . coli  per uroepi the l ial c e l l to tho se va l u e s  in Tab le 2 0 . 

As the var iation between the se s amp les  wa s sma l l , the resu lts 

obtained on eac h day for the other strains were not a l tered . 

These r e su l ts suggested that ur ine cou ld be u sed a s  a su spending 

f lu id in p l ac e  o f  phosphate buf f er ed sa line , for E . c o l i  attachment 

to uroep i the l ia l c e l l s . The attachment of four s tra ins to 

uroepithe l ial  c e l l s  su spended in ur ine wa s to a non - spec ific , ba s a l  

l evel  as reported i n  the next section 1 . 1 . 2 2 .  Nev er the le s s , 2 0  

E . c o l i  s trains were shown t o  attach t o  uroepithe l i a l  c e l l s  su spended 

in 8 5  cm3 of ur i ne . The high attachment levels  f or 12 stra in s gr own 

on TSA wi l l  be i nve stigated in sec tion 3 . 

1 . 1 . 2 2 ATTACHMENT OF NON -URINARY BACTERIA TO UROE P ITHELIAL CELLS : 

COMPAR I SON WITH ATTACHMENT OF URINARY E . C OL I  STRAINS TO 

DEF INE A NON-SPEC IF IC BASAL LEVEL FOR T HE ATTACHMENT ASSAY . 

In  1 9 7 8 , Svanborg Eden repor ted tha t an arbi trary va lue f or 

non -adher ing s tr a ins o f  E . c oli  wa s < 1 0  bac ter ia per ur oepithelial  

c el l .  Thi s va l u e  wa s not based on exper imental f inding s . 

In  order to investigate whether a non-spec i f ic , ba sa l l evel  

of  attachment to uroepithe lia l  c e l ls ex isted , two s trains of  bacter ia 



wer e selected . Laboratory strains of Bac i l lus subt i l i s  and 

Sa lmone l l a typhimur ium were taken a s  r epr e sentative of bac ter ia 

not norma l ly i s olated f r om  the urogeni ta l tract . Both strains  

1 4 7 . 

were c u l tured a t  3 7 °C f or 1 6  hour s in BHI broth and on TSA . E . coli  

s train 87  wa s gr own in  BH I br oth and strain 2 0 7 wa s gr own on  TSA . 

A l l  four bac ter ial  spec ie s wer e then a s sayed for attachment to 

uroep ithe l i a l  c e l l s  as in sec tion 1 . 1 .  

The re sults  are g iven in Tab le 21 . The non -ur inary bac ter ia 

attached to uroepithe l i a l  c e l l s  g iv ing a net mean v a lue of l e s s  

than 5 bac ter ia per c e l l . The ur inary s tra ins 8 7  and 2 0 7  g ave 

appropr iate attachment to uroep ithe l i a l  c e l l s  suggesting tha t the 

ce l l  su spens ion was receptive to bac ter ia l attachment . 

The frequency d i s tr i bu tions of each preparation we re ana lysed . 

On ly 2 0 %  of the ur oep ithe l ia l  c e l l s  had be tween 6 and 10  non -ur inary 

bacter i a  attached , with one c e l l  hav i ng 1 0  bacter ia attached to 

the sur f ac e . However , ur inary E . co l i  s tr a in 87 a ttached to 9 0 %  of 

the ur oep ithe l ia l  cells  in number s grea ter than 5 bac ter i a  per c e l l , 

and E . c o l i  s train 2 0 7  a ttached to 1 0 0 %  o f  the ur oep ithe l i a l  c e l l s  

i n  num be r s  greater than 5 bac ter ia per c e l l .  The s e  resu l t s  lead 

to the d e f inition of a non - spec i f ic , ba s a l  leve l f or the a ttachment 

a s say . T he va lue adopted wa s that of a mean of 5 bacter ia per 

uroep i the l ial c e l l . Subsequently , E . co l i  strains a ttaching to 

uroep i the l ia l  ce l l s  af ter growth in BHI br oth and a f ter gr owth on 

TSA , to a l eve l of � 5 bac ter ia per c e l l  are d e scr i bed a s  " non ­

attacher s " . Such attachment repre sents the non-spec ific , ba sa l 

l ev e l  f or the attachment a s say . 

1 . 2 D E TECTION OF E . COLI ATTACHED TO UROEP ITHELIAL CELLS BY AN 

I ND IRECT FLUORESCENT ANT IBODY TECHN IQUE . 

The titre s  of E . co l i  anti sera u sed in thi s exper iment were 1 : 1 0 



TABLE 2 1  

ATTACHMENT OF NON-URINARY BACTER IA TO 

UROEP ITHE LIAL CELLS : COMPAR I SON WITH ATTACHMENT 

OF URINARY E . C OLI STRA INS TO DEF INE A NON-SPEC IF IC 

BASAL LEVEL F OR THE ATTACHMENT ASSAY . 

l 4 tl . 

MEAN NUMBER OF BACTERIA PER UROEP ITHEL IAL CELL 

STRAINS 

SALMONELLA TYPHIMURIUM 

BAC ILLUS SUBT ILIS 

E . C OLI STRA IN 8 7  

E . COL I  STRA IN 2 0 7  

N T  = Not Te sted 

BH I BROTH GROWN CULTURE S TSA GROWN CULTURES 

3 . 7  2 . 3 

4 .  3 3 . 7  

1 3 . 3  NT 

NT 5 8 . 5  
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for s er otype 0 1 , 1 : 3 2 0  for serotype s 0 4  and 0 6 : Kl and 1 : 1 6 0  for 

serotyp e s  0 7  and 0 7 5 . The u se of an ind irect f luorescent antibody 

technique proved to be succ e s s fu l in detec ting attachment of 

E . co l i  to uroepithe l ia l c e l l s  ( P lates 3 to 6 ) . 

The results are pre sented in Tabl e 2 2 , which compared the mean 

attac hment va lues obtained u s ing the double s tai ning techn ique with 

those  from the f luorescent ant ibody techn iqu e . There wa s no 

sign i f i c ant d i f ference between the two c olumns of mean valu e s  when 

ana lysed by two-way var i ance ( p  > 0 . 1 ) . The control samp l e s  gave 

mean a ttachment va lues of 3 E . c ol i per c e l l  detec ted by both method s . 

The use  of f luore scent an tibody fac i l i ta ted spec ific  identif ica ­

tion of attached E . c o l i  on the surface of uroepithe lial c e l l s . 

However , the pr oc edure was time c onsum ing and mor e expens ive than 

the d ouble sta ining tec hn iqu e due to u sage of antis era and c ommerc ial 

f luor e scent antibody . In  subsequent experiments , the doubl e  s tain ing 

techn ique wa s used to d etec t E . coli  attached to v iable uroep i the lial  

c e l l s , un less  otherwi se stated . 

1 . 3  THE PRESENC E OF ATTACHED E . COLI ON U ROEPITHELIAL CELLS C OLLECTED 

FROM WOMEN WITH S YMP TOMATIC URINARY TRACT INFECTION S :  D ETECT ION 

BY U SE OF FLUORESCENT -LABELLED IMMUNOGLOBULIN AND BY U S E  OF 

METHYLENE BLUE . 

( a )  Dur ing the c our se of study a morning ur ine sampl e  

wa s c o ll ec ted from a hea l thy premenopau s a l  woman and the uroepithe l i a l  

c e l l s  wa shed three tim e s  in PBS . On examining the samp l e  pr ior 

to u s e  in the assay , i t  wa s d i scovered that unattached E . c o l i -l ike 

organi sms were present in the su spen s ion , and the uroepithe l ia l  

ce l l s  had s imi lar organ i sms attached to the surfac e . The c e l l  

su spen si on wa s double-sta ined with erythrosine B and methy lene b lue . 

The mean number of E . col i -l ike organ i sms attached to 3 0  viable 

uroepi thelial  cells  wa s 8 bacter ia per c el l .  The ur ine wa s cultured 
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TABLE 2 2  

DETECT ION O F  E . COLI ATTACHED T O  UROE P I THEL IAL C ELLS 

BY AN IND I RECT F LU ORESCENT ANT I BODY TEC HN I QU E  

C OMPAR I SON WITH D OUBLE STA I N ING TEC HN I QU E . 

MEAN NUMBER OF E . COLI PER UROEP ITHEL IAL CEL L 

GROWTH DOU BLE STA I N ING F LU ORE S C ENT ANT I BODY 
3TRA I N  SEROTYPE C OND I T IONS TEC HN I QUE TEC HN I QUE 

3 3  0 4 : K1 : HR TSA 1 3  9 

4 4  0 6 : K1 : H - TSA 6 5 

6 3  0 6 : H 1 TSA 2 6  2 7  

6 8  0 1 : H 7 TSA 1 9  2 0  

8 7  0 7 5 : HR B H I  BROTH 1 7  1 7  

1 0 5  0 7 : H- T SA 1 8  2 0  

1 0 7  0 4 : H 5 T S A  1 9  1 7  

1 1 4  0 4 : H - T S A  1 1  1 5  

1 4 3  0 1 : H7 BH I BROTH 1 5  1 5  

1 5 8  0 4 : H 5  T S A  5 5  5 6  

1 6 6  0 7 5 : H - TSA 3 9  5 0  

1 9 9 0 6 : K1 : H - TSA 5 6 

2 0 7  0 7 5 : H - T SA 5 7  5 9  

2 1 8  0 1 : H - TSA 3 3 

2 4 2  0 7 5 : H 5 TSA 1 8  1 5  

2 4 9  0 7 : K 1 : H - B H I  B ROTH 1 1  9 

2 8 3  0 7 : H - T SA 3 9  4 3  

2 8 9 0 1 : H 7 TSA 8 3  7 8  

3 0 5  0 7 : H 6 TSA 5 6 

3 2 2  0 6 : K2 : H 1 T SA 3 4  3 6  

MEAN = 2 4 . 6 5 MEAN = 2 5 . 3  

p > 0 . 1  
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on C LED agar and an E . c o l i  ur inary tr a c t  i n f e c tion wa s d i s c ov e r ed 

( >  1 0
5 

org an i sm s  per cm
3 

u r ine ) . The or g a n i sm wa s ide nti f ied u s ing 

the AP I sys tem , and the s train wa s labe l l ed No . 2 9 0  in our c o l lec tion . 

Symp toms of c y s t i t i s  ar o s e  7 days l ater . The woman v i s i ted her 

genera l pr actitioner and a f ter a 5 day c our se of Septr in a n t i b i otic s 

the in f e c tion wa s c l eared . Examination o f  uroep ithe lia l c e l l s  f r om 

a ur i n e  sample taken on c omp le tion of tr eatment d emon str a ted tha t 

no E . c o l i  were pr e s ent i n  the ur ine or a t tached to th e u r o e p i the l i a l  

c e l l s .  

( b )  I t  wa s dec id ed to further i nv e s tigate the leve l s  of 

E . c o l i  a ttachment to uroep ithe l ia l  c e l l s  f r om women with s ymptomatic 

ur inar y trac t i n f e c t ion s .  The s tudy wa s c arr ied ou t at Gr e y  S tr e et 

Med i c a l  Laboratory in P a lmer ston Nor t h .  F r e s h  mid - stream u r i n e  

samp le s were c ol l e c ted her e f r om  women w i th symp tom s  o f  u r inary 

in f e c t ion . The l abora tory technic ian c hec ked each samp le f or the 

pre s e n c e  of whi t e  c e l l s , r ed b l ood ce l l s , bac ter ia and u r o e p i t he l i a l  

ce l l s b y  microscopic exam ination . E a c h  s amp l e  wa s inoc u l a ted on 

CLED a g ar to t e s t  for s ig n i f icant g r owth . 
3 

At the same t im e , 1 0  cm 

of s e l ec ted samp l e s  wer e  r emoved , c e n tr i f u g ed at 2 5 0  x g f or 1 0  

minu te s , wa shed t hr ice i n  PBS and the uroepithe l i a l  c e l l s  r e su spended 

. l 
3 

1n cm PBS . I f  suf f i c ient number s o f  u r oepithe l i a l  c e l l s  wer e 

pr e s en t the exper iment wa s c ontinued ; s amp l e s  were d i scarded i f  

few c e l l s or exc e s s  amorphou s debr i s  wer e pre sen t .  I n  g e n e r a l  i t  

appeared that a greater number of uroep i the l i a l  c e l l s  were pr e s ent 

in the urine s amp l e s  from women l a ter found to have ur i n ar y  i n fec tion 

than f r om urine s amp le s  l a ter found to be u n infec ted . 

3 
The wa shed c e l l  s u spen s ion wa s d iv id ed equa l ly ,  and 0 . 5  cm wa s 

p l ac ed on each of two g la s s  s l ides and a ir dr ied . On iden t i f i c a t ion 

of an E . c ol i  ur inary in f e c tion by sign i f i c ant growth on C LED agar 

and b i oc hem ic a l  ana l y s i s  u s ing the M i c r obact sy stem , the appropr iate 
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s l ides were e i ther d i s c arded or further pr oc e s sed . 

The f i r s t  of the 2 s l i d e s  wa s stai ned with me thy lene b l u e  

( 0 . 4 %  w/v in PBS ) f or 3 0  secs and wa shed i n  d i s t i l l ed wa ter . The 

m ean numbe r of E . c o l i - l ike org a n i sm s  attac hed to 4 0  uroe p i the l i a l  

c e l l s ( 2 0  squamou s c e l l s  and 2 0  tran s i t io n a l c e l l s )  wa s c a l c u lated . 

The sec ond s l id e  f or each l abora tory samp l e  wa s f ix ed f or 1 0  minu te s 

in acetone a nd r i n s e d  i n  PBS . The s l ide wa s then f lood ed with 1 cm
3 

poo l ed type spec i f ic a n t i sera r a i sed agai n s t  f ive E . c o l i  s e r otyp e s  

0 1 ,  0 4 , 0 6 , 0 7  and 0 7 5 .  Each s l ide wa s then r in sed in P B S  and 

f looded wi th f luor e s c e n t -l abe l led an t i -r a bb i t  immunog lobu l i n ;  th i s  

proced u r e  i s  f u l l y  d e sc r ibed i n  me thod s s e c tion 1 . 2 .  The mean number 

o f  E . c o l i  attached to 4 0  u roep ithe l i al c e l l s  ( 2 0 squamou s c e l l s  and 

2 0  tran s i t iona l c e l l s )  wa s c a lc u l ated and c ompared with t he - v a lu e s  

obta ined with me thy lene blue s ta ining . 

The r e s u l t s  a r e  pr e sen ted in Tabl e 2 3 .  I n  1 8  of the 3 7  

s amp le s t he mean v a lue s obta i ned wi th the me thy l ene b lue s ta i n ing 

wer e s im i l ar to tho s e  obta i ned u s ing f lu or e scent ant ibod y a s  

a n a l y s e d  by two-way v a r i ance ( p  > 0 . 1 ) . I t  wa s found tha t  E . co l i  

wer e  a t tached to both s quamou s and tr an s i t iona l c e l l type s .  In 

the other 1 9  samp l e s ,  the me an va lu e s  obt a i ned with the f lu or e scent 

antibody techn ique r a ng ed f r om 0 to 5 E . c o l i  per ce.l l  and wer e 

subs tan t i a l ly sma l le r  that the va lu e s  obt a i n ed with meth y l en e  blue . 

A s  on l y  f ive type spec i f ic an t i s era prepar a t ions wer e inc orpora ted 

i n  the s ta i n ing pr oc e s s ,  i t  wa s f e l t  that the se 1 9  samp l e s were 

l i k e l y  t o  have E . c o l i  of other 0 s erotype s attached to the sur f ac e . 

E l even urine s amp l e s  f r om hea lthy women were exam i n ed u s i ng 

both s ta in ing proced u r e s :  mean v a lu e s  of between 0 and 4 E . c o l i  

per ce l l  wer e  obt a i ned u s ing the f luor e sc e nt an tibody techn ique 

and mean v a l u e s  o f  be twe en 0 and 4 E . c o l i - l ike organisms per c e l l  

u s ing m e thy lene b l u e . 



TABLE 2 3  

THE PRESENCE OF ATTAC HED E . COL I  ON UROEPITHELIAL CELLS COLLECTED FROM WOMEN WITH SYMPTOMATIC URINARY 

TRACT INFECT IONS : DETECT ION BY USE OF F LUORESCENT-LABELLED IMMUNOGLOBULIN AND BY U SE OF METHYLENE BLUE . 

Laboratory 
Sample 
Number 

5 5 0  

6 3 7  

6 4 3  

7 1 1  

7 9 9  

9 3 0  

9 6 1  

1 5 4 9  

1 57 1  

1 6 0 9  

1 6 9 1  

1 6 9 8  

1 7 0 6  

1 7 2 5  

1 7 9 3  

1 9 0 7  

1 9 2 4  

1 9 7 4  

Me an number 
of E . c o l i  - l ike 
organ1 sms per 

uroepithe l ial c e l l  

Me thy lene 
Blue Stain 

1 2  

1 0  

1 5  

5 

6 

2 1  

1 5  

1 6  

1 9  

7 

9 

18  

1 4  

2 2  

5 

1 7  

7 5  

2 1  

- --·-

Mean number 
of E . co l i  per 

uroep i the l1al c e l l  

F luore scent 
Antibody_ 

1 

5 

0 

4 

6 

2 0  

1 

0 

19  

0 

0 

1 6  

1 1  

1 9  

0 

1 

1 

18  

---

Mean number 
of E . c ol i - l ike Mean number 
organ 1 sms per of E . co l i  per 

Laboratory uroepi the lial cel l uroep ithe l i a l  c e l l  
Samp le 

Methylene F luore scent 
Number Blue Stain An tibody 

2 0 0 1  8 1  8 6  

2 0 4 8  1 6  1 

2 1 0 5  2 3  2 1  

2 1 2 7  2 0  1 9  

2 1 5 7  7 7 

2 1 8 6  2 6  0 

2 2 7 7  3 3  3 1  

2 3 5 2  1 7  17 

2 9 5 1 1 0  0 

2 9 9 2  2 4  2 1  

3 1 0 5  1 1  1 1  
' 

3 2 7 2  7 8 

3 3 1 6  7 0 

3 3 3 6  2 0  0 

3 3 7 6  4 0  0 

3 3 9 0  2 8  1 

3 4 7 8  2 2  1 

3 5 8 4  8 1 0  

3 5 9 4  8 5  0 
...... 
V1 
w 



1 . 4 VAR IAT I ON IN UROE P ITKELIAL C E LL REC E P T IV I T Y  OVER T HE 

MENSTRUAL C YCLE . 

1 5 4 . 

F r om r e su l t s obta i ned in sec tion 1 . 1 . 4 and 1 . 1 . 5 i t  appeared 

that u r oepi t he l i a l  ce l l s var ied s ig n i f icantly in the ir r ec ep t iv i ty 

to the a ttac hm e n t  of E . c o l i  s tr a i n s  gr own in BHI br oth bu t not 

tho se gr own on T SA . Thi s var i a t i o n  occurr ed be tween c e l l  samp le s  

f r om d i f f er e n t  women and from the s ame woman on d i f f er ent d ay s . 

I t  wa s d ec ided to inve s t ig a te the var i a tion in ur oep ithe l i a l  

c e l l  r eceptiv i t y  f or E . c o l i  a ttachment , u s ing ur ine samp l e s  c o l l ec ted 

fr om f iv e  wom e n  every 2 to 3 d a y s  ov er the m e n s tr u a l c yc le .  

U r oe p i the l i a l  c e l l s  f r om each s am p l e  were a s s ayed f or attachment 

wi t h  E . c o l i  s tr a ins 67 and 87 g r own in BHI br oth , u s ing the meth od 

o f  sec t ion 1 . 1 .  The exac t day s o f  the men s trua l cyc l e s  wer e not 

d i sc l osed by t h e  women unti l two c omp le te c y c l e s  had e lap sed , in 

ord er to av oid subj ectiv e  bias . T h e  mean number o f  E . c ol i  c e l l s  

a ttached t o  4 0  v i able u r oepithe l i a l  c e l ls wa s d e t e rm i n ed and 

sub s e quent ly p l o t ted agains t the d a y  of the m e n s tru a l c y c l e  with 

wh ic h i t  had c oi n c ided . Day 1 wa s taken a s  the f ir s t d ay of 

men s trua l b l e e d i n g . 

F r om the r e su l ts i t  appeared that a cyc l i ca l , r epeti tive 

pattern emerged . There appeared t o  be two peak t im e s  in each cyc l e  

whe n  u r oep ithe l i a l  ce l l s were m o s t  r eceptive to E . c o l i  a t tachment 

and one tr oug h  p e r iod when ce l l s  wer e  lea st r ecep tive . D epend ing 

on the length of the men s trua l cyc l e  for any indiv id u a l , the peak 

va lu e s  wer e  r ec orded be tween d ay s  9 to 13 a nd 1 8  to 2 8  whi l e  the 

l owe s t  v a lues wer e recor d ed be twe e n  d ay s  14 to 1 7 . The r e su l t s  

f or the mean a t t achm ent o f  E . c o l i  t o  uroepi the lia l c e l l s  a r e  pre se n ted 

in Table 2 4 . B y  u se of one -wa y an a lysi s of varianc e , the m ean v a lu e s  

and the va lu e s  f or the 4 0  ce l l s  eva luated f or each te st wer e  

c ompared f or p e a k  and tr ough r e su l t s . The d i f ference wa s h ig h ly 



1 5 5 .  

TABLE 2 4  

VARIAT ION IN UROEP ITHEL IAL CELL RECEPT IV ITY 

OVER THE MENSTRUAL CYCLE 

DAYS OF CYCLE SUBJECT MEAN NUMBER OF E . COLI PER UROEP ITHELIAL C E  

STRAIN 6 7  STRAIN 8 7  

1ST PEAK 9 to 1 3  1 1 1  1 3  

2 9 8 

3 8 9 

4 8 9 

5 8 9 

M = 8 . 8  M = 9 . 6  

TROUGH 1 4  to 1 7  1 4 3 

2 4 3 

3 2 4 

4 4 5 

5 2 3 

-

M = 3 . 2  M = 3 . 6 

2ND PEAK 1 8  to 2 8  1 1 0  8 

2 1 0  9 

3 8 9 

4 1 0  10 

5 1 0  1 3  

M = 9 . 6  M = 9 . 8  

LL 

I 

I I 
I 

I 

I 
I .  

I 
I 

i 
I 
I 
I I 
! 
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TABLE 2 5  

FREQUENCY D I STRI BUTIONS OF E . COLI ATTACHED TO 1 0 0  

UROEP ITHEL IAL CELLS ON TROUGH AND PEAK 

DAYS OF THE MENSTRUAL CYCLE . 

NUMBER OF UROEP ITHEL IAL CELLS 

RANGE OF E .  COLI 

ATTAC HED PER UROEPITHELIAL C ELL TROUGH DAYS PEAK DAYS 

0 - 5 

6 - 1 0  

1 1  - 2 0  

> 2 0  

STRAIN 6 7  STRAIN 8 7  

7 3  8 8  

2 3  12 

4 0 

0 0 

2 2  2 6  

4 4  3 4  

3 0  3 0  

4 1 0  



s i g n i f i c a n t  { p  < 0 . 0 0 1 ) . The mean a t tachment v a lu e s  ob tained on 

trough d a y s  wer e  s im i l ar to the non - spec i f i c , ba s a l  a t tac hment 

leve l s  d e f ined in section 1 . 1 . 2 2 .  

1 5 7 . 

The f r e quency d i s tr i bu t ion s are pr e s ented in Tab le 2 5 .  The 

d i f f erenc e between peak and trough day a ttachment va lu e s  cor r e spond ed 

with an i n c r ea se in the number of targ e t  c e l l s  { >  1 0  E . co l i  p er c e l l 

a s  d e f i n e d  i n  sect ion 1 . 1 . 6 ) on peak d a y s  and a d ec r ea se in the 

number o f  t arge t  c e l l s  on troug h d ay s .  On peak d a y s , appr ox ima t e ly 

3 0  to 4 0 %  of the ur oep ithe l i a l  c e l l s  wer e target c e l l s  hig h l y  

r eceptiv e  to E . c o l i  at ta chme n t , whe r e a s  on l y  0 t o  4 %  were t arg e t  

c e l l s  on t he tr ough days . 

The r e s u l t s  of the s tudy were c ompared wi th p l a sma and u r i ne 

oe strog e n  l eve l s  kn own to be m a i n ta i ned ov er the m e n s trua l  cyc l e  

in norm a l hea lthy women . The s e  oe s tr ogen l ev e l s  peak ar ound d a y  12 

p r i or to a d ramatic decrea s e  a r ound d a y  15 f o l l owing ovu lation , 

a nd then t h e y  r i se to a sec ond p e a k  around d a y  2 0  o f  the c yc l e  

{ Shearman , 1 9 7 2 ) . The oe s tr og en l eve l s o f  the women in thi s s tud y 

were not m e a sured . Never the l e s s , the a ttachment a s say r e su l t s 

c orr e l a t e d  with the cyc l i c a l , r ep e t i t ive p a t tern of the oe s tr og e n  

hormone s ,  e spec i a l l y  p l a sma leve l s  of 1 7 8 oe s tr ad i o l ,  norm a l ly f ou nd 

in pr eme nopau sal women . 

The s e  r e su l ts high l ig h ted the var iation in uroep ithe l i a l  c e l l  

r eceptiv i ty t o  a ttachme nt w i th B H I  br oth grown E . c o l i  s train s .  This 

s tre s s e s  the impor tance of u s ing pool ed ur ine s amp l e s  and c arr ying 

ou t each set of exper imen t s  on one d ay to m inimise var iabi l i ty 

betwee n  c e l l  samp le s .  

1 . 5 VAR I AT ION IN UROEP I THEL IAL CELL RECEPT IV ITY DURING PREGNANCY .  

T o  d a t e , uroep ithe l i a l  c e l l s  from pregnant women had not been 

s tud ied f or at tachment of E . c o l i . I n  order to d e term ine whe ther 



var i a ti on in uroepi the l i a l  c e l l  r ec ep t iv i ty f or E . c o l i  a ttachment 

oc c u r r ed dur ing preg n an c y , the f o l l owing exper imen ts wer e  c arr ied 

out . 

1 5 8 . 

U r oepi the l ia l  c e l l s  were c o l lec ted f r om six preg n an t  sub j ec t s  

a t  2 t o  3 wee k ly interva l s , with f ir s t  s amp l e s  c o ll ec ted a s  ear ly 

i n  p r eg nanc y a s  wa s p o s s ib le and the l a s t  samp le s a t  1 a n d  2 mon ths 

p o s t partum . As it wa s known tha t two women were a ttemp t i ng to 

c on c e ive , uroepithe l i a l  ce l l s we r e  c o l lec ted and a s sayed f or 

E . c o l i  attac hment a t  wee k ly interva l s , pr ior to c oncep t i o n  a nd 

d u r i n g  pregnancy un ti l 2 m onth s p o s t  par tum . E . c o l i  s tr a in s  6 7  and 

8 7  w e re gr own in BHI bro th and a s sayed with each uroep i the l i a l  

c e l l sample a s  descr ibed i n  sec tion 1 . 1 .  The mean numb er o f  E . co l i  

a t t a c hed to 4 0  v i able u r oep ithe l i a l  c e l l s wa s c a lc u l a ted f or e ac h  

te s t , and the r e su l t s  w e r e  anal y s ed o n  c omp let ion o f  a l l  the 

exper imen t s . 

The d a ta pre sen ted i n  Tab l e  2 6  g ive s the weeks o f  p r egnancy 

f or e a c h  su b j ect when m ean atta chment of E . c ol i to uroep i the l i a l  

c e l l s  was a t  h ig h  and l ow leve l s .  The ur oep ithe l i a l  c e l l  r eceptiv i ty 

f or E . c ol i  a t tachment app e ar ed to d i f f e r  f or eac h sub j ec t .  I n  

g e n er a l , the h ighe s t  mean a ttachment va l u e s  wer e  obtained with 

u r o e p i the l i a l  c e l l s , c o l l e c ted in the e ar l y  par t o f  pr e gn ancy . By 

c omp a r i son , on ly l ow a t tachm ent v a lu e s  were obtai ned w i th c e l l s  

c o l l e c ted in t he l atter par t o f  pr egnancy and up to two m onth s pos t  

par tum . 

The tr end becam e  m or e  ev id e n t  when a l l  the r e su l t s  wer e poo l ed . 

The s e  are pr e sented g r ap h i c a l ly i n  F ig ur e  4 .  The highe s t  mean 

a t t a c hm ent v a lues of be twee n l O  and 16 E . c o l i  per c e l l  wer e  obta ined 

i n  w e e k s  1 to 16 . Th e l ev e l s  f e l l  be tween wee k s  17  to 2 0  to a n  

appar ent ly non -spec i f ic , ba s a l  l ev e l  o f  4 t o  6 E . c o l i  p e r  ce l l  

u n t i l  8 wee k s  post par tum . The d i f f er en c e s  be tween h ig h  and l ow 

a t t a c hm ent va l u e s  wer e  s t a t i s t i c a l ly s ig n i f icant when the c oun t s  



1 5 9 . 

TABLE 2 6  

VARIAT ION I N  UROEP ITHELIAL CELL RECEPTIV ITY 

DUR ING PREGNANCY .  

STRA IN 6 7  

RANGE F OR MEAN 
?REGNANT DEGREE OF NUMBER OF 
SUBJECT ATTACHMENT E .  COL I  PER 

UROEP ITHEL IAL CELL 

1 HIGH 2 3 - 2 4  

LOW 3 - 8  

2 HIGH 1 0 - 1 6  

LOW 3 - 6 

3 HIGH 1 0 - 1 2  

LOW 4 - 5 

4 HIGH 9 - 1 4  

LOW 2 - 6  

5 HIGH 8 - 9  

LOW 2 - 6  

6 HIGH 8 - 1 2  

LOW 1 - 5  

STRAIN 8 7  

RANGE FOR MEAN 
WEEKS OF NUMBER OF WEEKS OF 

PREGNANCY E .  COLI PER PREGNANC Y 
UROEPITHEL IAL CELL 

6 - 1 6  2 5 - 3 4  6 - 1 5  

1 7 - 3 5  4 - 1 0  1 7 - 3 5  

1 2 - 1 6  1 2 - 1 6  1 2 - 1 6  

1 8 - 3 9  4 - 7  1 8 - 3 9  

7 - 13 15 7 - 1 2  

15 - 3 9  4 - 7 1 5 - 3 9  

8 - 1 4  9 - 1 1  8 - 1 4  

1 7 - 3 8  4 -6 1 7 - 3 8  

1 1 - 2 0  1 0 - 1 7  1 1 - 2 0  

2 1 - 3 9  3 - 6  2 1 - 3 9  

1-15  9 - 2 5  1 - 1 5  

1 7 -4 0 4 - 6  1 7 - 4 0  
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F IGURE 4 

SUMMARY OF MEAN E . COLI ATTAC HMENT VALU E S  

F OR 6 STUD I E S  WH I C H  U SED UROEP ITHEL IAL CELLS C OL LEC TED F R OM  6 

PREGNANT WOMEN AT 2 TO 3 WEEKLY INTERVALS . 
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o f  4 0  uroe p i the l i a l  c e l l s  were ana l y sed u s ing one -way var i ance 

(p  < 0 . 0 0 1 ) . 

1 6 1 . 

The f r equ e n c y  d i s tr ibu tion s a r e  pre sen ted i n  F igure 5 .  The 

a ttachment of E . c o l i to l O O  uroep i the l i a l  c e l l s  re s u l t ing in a l ow 

mean v a lu e  o f  4 . 8  E . c o l i  per c e l l ,  r e semb led a norma l d i s tr i bution 

curve ( Ro s c oe , 1 9 6 9 ) . However , the d i s tr ibu t ion f or l O O  c e l l s  wi th 

a mean of 1 2 . 3  E . c o l i  per c e l l wa s s kewed and d id n o t  f o l l ow an 

obv ious patter n . F r om the graphs , i t wa s ca l cu lated tha t 4 0 %  of the 

u r o e p i the l i a l  c e l l s  w i th the high mean a tta chmen t ,  wer e targ e t  c e l l s  

( >  1 0  E . c o l i  p e r  c e l l  a s  def ined i n  s ec t i on 1 . 1 . 6 ) , wher e a s on ly 

5% o f  the c e l l s  with the low mean v a lu e  wer e targ e t  c e l l s . Ther e f or e , 

i n  the ear l y  par t of pr egnancy the r e  appeared to be m or e  target 

c e l l s in the ur oep i the l i a l  c e l l  p op u la tion to whi c h  l arge number s 

o f  E . c o l i  at tached . And in the l a ter part of pr egnancy the r e  wer e 

r e l ative l y  f e w  target c e l l s . 

Var i a t i o n  i n  the r eceptiv i t y  o f  uroep i the l i a l  c e l l s  f r om non ­

pregnant s u b j e c t s  wa s shown to r ou g h ly c o inc ide w i t h  the two 

oe s trogen p e a k s  and the f a l l  off in oe s tr ogen in the m e n s tr u a l  cyc le 

( a s in sec t ion 1 . 4 ) . However , no r e la t i on ship be twe e n  oe s tr ogen 

lev e l s  and r ec e p tiv ity to E . c o l i  a t tachment wa s f ound i n  the 

pregnant subj ec t s .  The total p l a sma oe s trogen l ev e l  i s  known to 

inc r ea se at week 16 up to a max imum lev e l a t  week 4 0  ( S hearman , 1 9 7 2 )  

A l though no hormone leve l s  were me a s ur ed f or the women i n  th i s  

s tudy , f r om p u b l i shed hormone lev e l s  observed i n  pr egnancy ( Shearrnan , 

1 9 7 2 )  on ly p l a sm a  human c hor ion i c  g onad o tr op i n  ( HCG ) c orr e s ponded 

w i t h  the E . c o l i  attachment r e su l t s . The HCG l eve l s  ar e highe s t  

fr om weeks 3 t o  1 2 , f a l l i ng d r am a t ic a l ly around week 1 6  to a l ow 

l ev e l whi c h  i s  m a in ta in ed up to wee k  4 0 . 



1 6 2 .  

F IGURE 5 

FREQU ENCY D I STR I BUTION S  OF E . C OL I  ATTACHED TO l O O  UROE P ITHE L I AL 

C E LL S  ON DAYS WHEN REC E P T IV ITY WAS H IGH OR 

WAS LOW DURING PREGNANC Y .  
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RE SULT S 

SECT I ON 2 .  

H I S TOLOGICAL STAINING T ECHNI QUE S U S ED T O  

I NVEST I GATE MUCOP OLYSACCHARIDE-COATED EPI THELIAL CE LLS . 

2 . 1 D ETECTION OF MUCOPOLY SACCHAR I DE S  ON S ECT ION S FROM LAMB AN D  

P I G  BLADDE RS . 

16 3 .  

The PAS and a l c i an b l ue s t a i n s  i de n t i f i e d  a thin mucopo ly­

s acch a r i de coat l i n i n g  the periphe ry of the l amb and p i g  b l adde r 

c avi t i e s . The mucus coa t i ng was mo s t  e vi dent at the apex o f  ce l l s  

o n  the o ute rmost e p i the l i a l  laye r and w a s  seen to vary i n  th i ckne s s  

on d i f f e rent ce l l s . A sma l ler p ropo r t i o n  o f  cel l s  in a d e e pe r  

e p i th e l i a l regi on , be fore the conne ctive t i s sue , we re s p a r s e l y  

coate d w i th mucus . T h e  c e l l s  in the s e c t ions we re c l e a r l y  d i s tingu i s h ­

ab le a n d  were s taine d w i th the cy top l a smi c and n u c l e a r  s ta i n s . 

Phot o g r aphs we re t ak e n  t o  re cord th e re s u l ts ( P l ate s 7 ,  8 ) . 

2 . 2 . DOUBLE STAI N I N G  T E CHN I QUES TO DETE RMINE THE RELATI ON SH I P  

BETWEEN VIAB I L I TY OF U ROE P I THELI AL CELLS AND THE P RE S ENCE OF 

A MUCOPOLYSACCHA RI DE COAT . 

A ttempts to comb ine viabi l i ty , b a c te r i a l  and muc op o l y s acchari de 

s ta i n s  p roved uns ucce s s fu l ,  ma in ly due to th e mask in g  e ff e c t  o f  

b a c te ri a l  s tains . The doubl e  s tainin g t e chn iques devi s e d  were 

s ucce s s fu l  i n  di s t in gu i s h i n g  viab le and n onvi able u roep i th e l i a l ce l l s  

w i th a n d  without a mucopo lys accha ride c oa t . Descript i o n s  o f  th e s e  

c e l l s  a re given in T ab l e  2 7 . Th e me an r e s u l t s  o f  t h e  reprodu cabi li ty 

s tudy are presente d  i n  T ab l e  2 8 . A l l  r e s u l t s are e xpre s s e d  a s  



TABLE 2 7  

D E S CR IPTION S O F  V IABLE AND NONV IABLE UROEP ITHELIAL 

C ELLS WITH A ND WITHOUT MUCOPOLY S ACC HAR IDE C OAT ING 

STA I N  

A l c i a n  b l u e  

P o s i t iv e  

A l c ian b lu e  

Neg a t ive 

PAS 

Pos it ive 

PAS 

Neg a t iv e  

C OL OUR OF 
V I ABLE CELLS 

Light b l u e  nu c le u s  

L ight b l u e  cytop l a sm 

U n s t a i n e d  

U n s ta ined nuc leu s 

Mag en ta c ytop l a sm 

U n sta i n ed 

COLOUR OF 
NONV I ABLE C E L L S  

D e ep purp le nuc leu s 

B lu e /purple cytop l a sm 

Red nu c l eu s  

C le a r /p i nk c ytop la sm 

D a r k  purple nuc leu s 

Mag e n ta cy top l a sm 

D u l l  blue nuc leu s 

C le ar / l ight blue c y t op l a sm 

1 6 4 .  
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TABLE 2 8  

REPRODUCABI L ITY T E ST RESULT S 

M EAN VALU E S  AS P ERCEN TAGE 

D OU BLE STA IN 
OF TOTAL C OUNT 

Eva lu a tor 1 Eva luator 2 Eva lua tor 3 

Erythros ine B/Alc ian B l u e  

( a )  Number of v iable c e l l s  2 4 . 4  2 5 . 2  2 6 . 8  

( b )  V i able mucu s c oa ted 

c e l l s  8 6 . 4  8 3 . 6  8 7 . 2  

( c ) Non -v i a b l e  mu cu s c oated 

c e l l s  4 4 . 4 4 4 . 8  4 1 . 8 

Trypan b lu e /PAS 

( d )  Number o f  v iable c e l l s  2 6 . 4 2 6 . 0  2 4 . 0  

( e )  V i able mucus coa ted 

c e l l s  8 2 . 4 8 5 .  6 8 1 . 6 

( f )  Non -v i ab l e  mucu s c oated 

c e l l s  2 2 . 4  2 0 . 0  2 1 . 2 

N o  s t a t i s t i c a l  d i f f e r e nce be tween the eva luator s in e a c h  g r oup 

te s ted : p > 0 . 1 0 .  
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pe rc entag e v a l u e s  a nd r epr e sent the mean of f ive s l id e  eva lua t i ons . 

S ta t i s t i c a l  analys i s  wa s c arr ied ou t f or each group sepa r a t e l y  

( a , b ,  c ,  d ,  e and f )  u s ing one -way an a l y s i s  o f  var i anc e . There 

wa s no s ig n i f i cant d i f f erence be twe en t he r e su l ts obta ined by the 

thr e e  eva luator s  in the ir ana ly s i s  of the v i abi l i ty and muc opo l y ­

sacc har ide c oating o f  t h e  uroepi the l i a l  c e l l  prepar a t i o n s  ( p  > 0 . 1 ) . 

I n  add i t ion , there wa s no s i g n i f icant d if f er ence be tween the 

propor t i on of v i ab l e  a nd nonv iable c e l l s  d e tec ted by the u s e  of 

e i ther e r y thr o s in e  B or trypan blue ( Ta b l e  2 8 , gr ou p s  a and d )  

( p  > 0 . 1 ) . Of 4 , 5 0 0  c e l l s exam ined i n  tota l ,  on ly 8 c e l l s  wer e 

sc ored a s  be i ng equ iv oc a l .  

2 . 3  D OU BLE STAIN ING TECHN IQU E S  TO D ETERM INE THE RELAT I ON S H I P  

BETWEEN CEL L  MUCOPOLYSACC HARIDE C OAT AND BACTER IAL A TTAC HMENT . 

The d ouble s ta in ing techn j que s ( a lc i an blue/s a f r a n i n  and 

PAS/me thy l ene blu e )  c l e ar ly d i s t ingu i s he d  bac ter i a  at tached to a l l  

pa r t s  o f  mu copoly sac c har id e c oated and nonc oa ted u r oepi the l i a l  

c e l l s .  D e scr ipt ion s of the r e su l tant s ta in ing ar e pr e se n ted i n  

Ta b l e  2 9 . C oated and noncoa ted c e l l s  wer e c lear l y  d i s t i n gu i s hable 

and the ir d e te c t i on wa s unaf fec ted by the bac ter ia l s ta i n s  u sed . 

A f ew c e l l s  wh ich showed f aint non-spec i f ic PAS c o lour ing wer e 

s cored a s  n oncoa ted . 

The r e su lts o f  the expe r iments u s i ng E . c o l i  s tr a i n s  8 7  and 

2 0 7  are p r e sented in Ta b le 3 0 .  It app e a r ed that s tr a i n  8 7  a t tac hed 

in gr e ater number s to mucu s c oa ted uroepithe l ia l  c e l l s  t han to 

n onc oa ted c e l l s .  S t a t i stical analys i s  by the two -way var i ance 

te s t  proved this d i f f erenc e  to be hig h l y  s ig n i f i c ant f or PAS 

s ta i ned c e l l s  ove r  u n s t a ined c e l l s  ( p  < 0 . 0 0 1 )  a nd s ig n i f i c an t  f or 

a lc i an b l u e  s ta in ed c e l l s  over un sta ined c e l l s  ( p  < 0 . 0 1 ) . After 

ana ly s i s  of the r e su l t s f or s tr a in 2 0 7 , there wa s no s ta t i stica l ly 



TABLE 2 9  

DE SC R I P T I ON OF MUC OPOLYSAC C HAR IDE C OATED AND NON-

C OATED UROEP I THEL IAL C ELLS WITH ATTAC HED BAC TE R IA : STA INED 

WI TH ALC IAN BLU E/SAF RAN IN OR PA S/METHYLENE BLU E 

STA IN 

A l c i an blue 

Po s i t ive 

A l c i an blue 

Negative 

PAS 

P o s i t ive 

PAS 

Neg a t ive 

COLOUR OF 
EP ITHEL IAL C ELL 

Pur p l e  nuc leu s 

B lue/purple cytop l a sm 

Red nuc leu s 

C l ear/p in k  c ytop l a sm 

Blue/purple nuc l eu s 

Mag e n ta cytop l a sm 

Blue nuc l e u s  

U n s ta i ned c y top l a sm 

C OLOUR OF 
BAC TER IA 

Red 

Red 

Dark blue 

Dark blue 

1 6 7 . 
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TABLE 3 0  

D OU BLE STA IN ING TEC HN I QU E S  TO DETERM INE THE 

RELAT I ON S H IP BETWEEN CELL MUC OPOLYSACC HAR IDE C OAT AND 

BACTERIAL ATTAC HMENT . 

MEAN NUMBER OF E . COL I STRA IN 8 7  PER UROEP ITHEL IAL C E L L  

ALC I AN BLUE ALC I AN BLUE 
PAS P OS ITIVE PAS NEGAT IVE POS I TIVE NEGAT IVE 

SAMPLE STA INED CELLS STAINED C ELLS STA INED CELLS STA INED C E LLS 

1 8 7 9 7 

2 1 1  8 8 5 

3 9 7 1 0  9 

4 1 2  3 9 7 

5 1 1  8 9 8 

6 1 2  6 1 2  1 1  

7 1 5  1 0  1 4  1 4  

8 1 0  7 1 0  9 

9 1 2  8 1 2  1 1  

1 0  1 1  7 1 1  1 1  

ME AN = 1 1 . 1  MEAN = 7 . 1  MEAN = 1 0 . 4 MEAN = 9 .  2 

p < 0 .  0 0 1  p < 0 . 0 1  



TABLE 3 0  Cont ' d  

1 6 9 . 

MEAN NUMBER OF E . COLI STRA I N  2 0 7  P ER UROEP ITHEL IAL C EL L  

ALC I AN BLU E ALC I AN BLUE 
PAS POS IT IV E  PAS NEGAT IVE POSIT IVE NEGATIVE 

SAMP L E  STA INED C ELLS STA INED CELLS S TA INED CELLS STA I N ED C ELLS 

1 3 9  3 9  3 8  3 8  

2 4 5  4 5  4 6  4 3  

3 5 0  4 6  5 2  5 5  

4 4 2  3 5  3 4  3 4  

5 4 6  5 5  4 7  4 5  

6 5 1  5 4  5 1  5 1  

7 5 8  5 9  5 8  5 2  

8 4 8  4 9  4 9  5 0  

9 4 1  4 0  4 0  3 7  

1 0  4 4  3 9  4 0  4 3  

MEAN = 4 6 . 4 MEAN = 4 6 . 1 MEAN = 4 5 . 5 MEAN = 4 4 . 8  

p > 0 . 1  p > 0 . 1  



s i gni ficant d i f fere nce b e tween attachmen t to PAS s ta i ne d  and PAS 

unstained c e l l s  ( p  > 0 . 1 ) or again to a l c i an b l ue s ta i n e d  and 

a l c i an b l u e  u n s ta i ne d  ce l l s  ( p  > 0 . 1 ) . 

1 7  0 .  

I t  the r e fore appe are d that attachmen t o f  th e E . co l i  s tr a i n  

8 7  grown i n  B H I  b roth , was i n f luenced b y  th e presence o f  a 

mucopo ly s a c ch a r i de coat on the uroep i the l i a l  ce l l  s u r f a ce , but 

that attachme n t  o f  the E . c o l i  s tr a i n  2 0 7  grown on TSA was not 

apparently a f f e cted b y  the p r e s e n c e  or ab se nce o f  a mucus c oa t i n g . 

2 . 4 EFFECT O F  OESTROGEN ON BLADDER MUCUS C OAT . 

Th e i n j e c tion s o f  l ? B o e s tradio l - 3 -me thy l benzoate were s u f f i c i e n t  

to s timu l a te vagi n a l  ope n i n g  and s i gn i f i c a n t  ute rus e n l argemen t i n  

a l l  the t r e a t e d  m i ce . The s i x control mi ce e ach h ad a c l o s e d  vagina 

and sma l l  u t e r us . E xamin a t i on o f  th e sections a f te r  s tai n i n g  for 

rnucopoly s ac ch a r i d e s  showe d n o  vi s ib l e  di f fe re n ce in the s t ructure 

o f  the b l a d de r  e p i the l i um .  There was no app a re n t  d i f fe rence i n  the 

th i ckne s s  o f  the mucus coa t i n g  on th e ep i th e l i a l  ce l l s  l i n i n g  the 

b l adde r w a l l  o f  t re ate d  and u n tre ate d mi ce . Th e h i s to logi s t  

con f i rme d t h e re s ul t s  a n d  n o  furth e r  i nve s t i g a t i o n s  we re c arr i e d  out . 
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R E SULTS 

SECT ION 3 .  

THE ROLE OF BACTERIAL HA EMAGGLU T I N I N S  IN THE 

IN V I TR O  ATTACHMENT OF E . C OL I  TO U ROE P I THELIAL CELLS . 

A large pr opor t ion of E . co l i  ur inary i s olate s hav e been 

r epor ted to pos s e s s  a mann ose s e n s i t iv e  haemagg luti n in (MSHA )  d e te c t ed 

u s ing hor s e  or g u in ea p ig erythr oc y te s . Ag g lu t i n a t ion i s  

c haracter i s t i c a l l y  i n h i b i ted in the pr e sence of a D mannose 

( Duguid a nd G i l l i e s , 1 9 5 7 ; Eva n s  et a l .  1 9 8 0, b and Br ook s et al . , 

1 9 8 1 ) . E . c o l i  u r i nary i s o l ate s hav e a l so been r epor ted t o  pos s e s s  

a mannose r e s i s ta n t  h a emagg lu t i n i n  (MRHA ) d e tec ted u s ing human A 

or 0 Rhe sus pos i t iv e  erythrocyte s .  I n  thi s c a s e , agg l u t i n a t io n  i s  

n ot a f f ec ted by t he pre s e nce of a D mannose ( Duguid and G i l l i e s ,  

1 9 5 7 ; Ka l l e n i u s  e t  a l . ,  1 9 8 0, b and Brooks et a l . , ( 1 9 8 1 ) . The MRHA 

wa s be s t  observed a f ter gr owth of E . c o l i  on agar , wh i l e the MSHA 

wa s be s t  ob s e rv e d  when the organ i sm s  wer e gr own in broth . Thi s 

was a l s o reported by Dug u id and G i l l i e s , ( 1 9 5 7 ) , F e in , ( 1 9 8 1 )  and 

�r s kov et a l . , ( l 9 8 0 , b )  . I t wa s dec id ed to inv e s t i g a te the r o le of 

bacter ia l haemagg lu t i n i n s  in the i n  v i t r o  a ttac hment of E . col i 

to uroepi the l i a l  c e l l s . 

3 . 1  HAEMAGGLU T I NAT I ON TEST . 

The re su l t s  obta ined f r om  t h i s  t e s t  were ea s i l y  r ead and 

con s i s t ent for a l l  s tra i n s  te sted on at l e a s t  two occ a s ion s . The 

key d e sc r i b ing the ha emagg lu t ina t i on r e su l t s  s hou ld be r e f er r ed 

to f or a l l  tab l e s whe r e  haemagg l u t i n a tion pa tte r n s  a r e  reported . 

( se e  a l so P l ate s 1 5  to 1 9 ) . 



KEY F OR HAEMAGGLUT I NAT I ON TEST RE SU LT S  

Human = Human G roup A Rhe s u s  P o s i tive E r y thr oc yte s 

Guinea P ig = G u i n e a  P ig Erythrocyte s .  

MRHA P r e senc e of a Mannose Re s i s ta n t  Haemagg l u t i n i n  

The r e a c t io n  i s  n o t  i n h i b i ted by a D Mannos e .  

MSHA = P r e sence of a Ma nnose s e n s i t i v e  H a emagg luti n i n  

The r e a c t io n  i s  i n h i b i ted by a D Man n o s e . 

N o  Haemagg l u t i n a tion r eac tion . 

MRHA± OR MSHA ±  = We ak Haemagglut i n a t i o n  r eac t i on . 

1 7 2 .  
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3 . 2  EFF ECT OF U ROEP ITHE LIAL CELL STORAGE AT 4
°

C AND RECEPT IV ITY 

TO E . COLI ATTACHMENT . 

In 1 9 8 0 ,  Ka l le n ius e t  a l .  ( b ) , r epor t ed tha t per i ur e thr a l c el l s  

c ou ld be s t or ed a t  4
°

C f or up to 1 0  d a y s  wi thout a f f ect ing a t tac hment 

of E .  co l i . I t  wa s d e c id ed to inve s t i g a t e  the ef f ec t  of uroep i the l i a l  

c e l l  stor a g e  a t  4
°

C o n  r ec eptiv i ty to E . c o l i attachment . I t  wa s 

c on s id ered tha t ce l l s col l ec ted ov er a f ew days f r om the s am e  g roup 

0 
o f  wome n ,  and the n s tored a t  4 C ,  could be u sed to p e r f orm 

expe r ime n t s  r e qu ir ing l arge num be r s  of u r oep ithe l ia l  c e l l s . 

I n  t h i s  exp e r im ent , u r oe p i t he l i a l  c e l l s  f r om f ou r  ur ine s ample s 

wer e harv e s ted , wa shed a nd r e s u sp end ed i n  PBS . F our a l iqu o t s  of 

1 x 1 0
5 

c e l l s wer e  a s say ed immed i a te ly f or the a ttac hment of E . c o l i  

s tra i n s  7 3  and 2 0 7  grown o n  T SA a nd s tr a i n s  4 3  and 8 7  g r own i n  

BH I br oth . The attachment a s s ay wa s c ar r i ed ou t a s  i n  s e c t i o n  1 . 1 

and the me a n  attachment v a lu e s  c a lcu lated f or each s t r a i n . The 

r emai n in g  u r oep i the l i a l  ce l l s  wer e su sp e nd ed in PBS and s tor ed a t  

0 
4 C f or 7 d a y s  and then a s s ayed f or a t tachment of the s ame f ou r  

E . c ol i s tr a i n s  a s  d e scr ibed abov e . The mean a ttachme n t  v a lu e s  wer e 

again c a l c u l a ted and compar ed wi t h  those on day l ,  u s ing two -way 

analy s i s  o f  vari anc e . The h aemagg lu t i n a t i on pattern of e a c h  s tr a i n  

wa s te s t e d  a s  d e s c r ibed in sec t io n  3 . 1 .  

T h e  r e su l ts a r e  pre s e n te d  i n  Tab l e  3 1 .  Ther e wa s n o  

s ignf icant d i f fer ence be tween the a t tachment v a lue s obta i n ed wi th 

c e l l s  t e s ted on d a y  1 and tho s e  with c e l l s  te s ted a f ter 7 d a y s  

s torage a t  4
°

C ( p  > 0 . 1 ) . I t  i s  ther e f or e  f e as ib l e  to c o l l e c t  

uroep i th e l i a l  c e l l s  and s tor e them at 4
°

C f or s ev er a l  d ay s . T h i s  

perm i t s  t h e  e s ta b l i shment o f  a l arg e pool of c e l l s  wh ich can be 

u sed in a t ta chme nt a s says . T he d i f f er e nc e s  n oted b e tween the 

a t tachmen t leve l s  of the f our E . c o l i  s tr a i n s  tested , w i l l  be d i sc u s s ed 

l ater . 
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TABLE 3 1  

EFFECT OF S TORAGE ON REC EPT I V I TY OF UROEPITH E L IAL 

C E LLS TO E . C OL I  A TTAC HMENT . 

MEAN NUMBER OF E . COLI PER U ROEP I T HE L IAL C ELL 
E .  COLI HAEMAGG LU T INAT I ON 

G ROWTH ERYTHROCYTES 
STRA I N  MED IUM HUMAN G . P IG DAY 1 DAY 7 

4 3  BROTH - - 2 4 

8 7  BROTH - M S HA 1 3  1 1  

7 3  T SA MRHA MSHA 7 4  7 2  

2 0 7 T SA MRHA - 5 7  5 3  

MEAN = 3 6 . 5 MEAN = 3 5 . 0 

p > 0 . 1 
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3 . 3  ATTAC HMENT TO UROE P IT HE L IAL CELLS OF E . COLI STRA I N S  P OS S E S S ING 

A MS HA , A MRHA , OR NE I T HER HAEMAGGLUTININ . 

Four t e e n  E . co l i  s tra i n s  wer e  s e l ected f or thi s exper iment on 

the ba s i s  of the i r  d i f f eren t h a emagg lut inating proper t i e s . S tr a i n s  

4 3 ,  5 2 , 9 4 , 1 3 2 , 1 5 9  and 2 4 2  were p l ac ed i n  Group A :  they d id not 

produce a h a emagg lu t i n in a f ter a s i ngle subcu l tu r e  in 10 cm
3 

B H I  

broth , sta t i c a l ly a t  3 7
°

C f or 1 6  hour s , but d id produce a MSHA 

a f ter six subc u l tur e s  i n  1 0  cm
3 

BHI br oth , s ta t i c a l ly a t  3 7
°

C 

f or 2 4  hou r s .  

Str a i n s  4 0 ,  9 4 ,  1 1 6 , 1 2 5 ,  1 6 6  and 2 0 7  wer e  p l aced i n  Gr oup B :  

t hey d id n ot p r oduc e a haemag g lu t i n i n  af ter a s i n g l e  subcu l tu r e  i n  

3 
1 0  cm BHI br oth , s ta t i c a l ly 

0 
a t  3 7  C f or 1 6  hour s , bu t d id 

produce a MRHA a f ter subcu l tu r e  on trypti c a s e  s o y  agar . Thr e e  

s tr a i n s  s erved a s  c ontr o l s  i n  Gr oup C ,  namely s tr a i n s  4 3 ,  7 4  and 

3 2 2 . Of t h e s e ,  s t r a i n  43 d id n ot produce a haemagg lu t i n i n  a f ter a 

s ingle subc u l tu r e  i n  BH I br oth or on TSA , bu t d i d  produce a M S HA 

a f ter s ix s u bcu l tu r e s  i n  BH I b r o th ; s tr a i n  7 4  d i d  not produc e a 

haemagg lu t i n in u nd er any of the thr e e  growth cond i t i on s ;  and s tr a in 

3 2 2  produced a MRHA and a MSHA a f te r  s ubculture i n  both BH I br o th 

c ond i t ion s , but on l y  pr oduced a MRHA a f ter subcu l tu r e  on TSA . 

Growth o.f E .  c o l i  in s ta t i c  br oth cultur e s  and i n  cu ltur e s  

grown s er i a l ly i n  s tatic broth ha s been reported t o  encoura g e  

pr oduc tion o f  a MSHA ( D ug u i d  e t  a l . , 1 9 5 5 ;  Br i n ton , 1 9 7 8 ) . The 

pos ses s ion o f  a MSHA has been a s soc i ated with t h e  pre s e n c e  of 

f i lamentou s appendag e s  " f imbr i a e "  or " p i l i "  a s  r epor ted by Dug u i d  

and Ander son ( 1 9 6 7 ) . Gr owth of E . c o l i  o n  an a g a r  med ium ha s b e e n  

shown t o  e n c ourage produ c t i o n  o f  a MRHA ( D uguid e t  a l . , 1 9 7 9 ;  

�r skov e t  a l . ,  1 9 8 0 , b ) . 

I n  t h i s exper iment , the E . c o l i  s tr a i n s  wer e g r own und er the 

appr opr i a t e  c ond i t ion s ,  then a s s ayed for attachm en t  to uroe p i the l i a l  



TABLE 3 2  

Group A 
Stra ins 

4 3  

5 2  

9 4  

1 3 2  

1 5 9  

2 4 2  

ATTAC HMENT TO UROEP ITHELIAL CELLS OF E . COLI STRA INS POSSESS ING 

A MSHA ,  A MRHA OR NE ITHER HAEMAGGLUTIN IN . 

SINGLE SUBCULTURE IN 

10 cm
3 

BHI BROTH 

SIX SUBCULTURE S IN 

10 cm
3 

BHI BROTH 

Number of E . co1i per Haema�g 1u tination Number of E . coli per Haemag�lutination 
Uroep ithe lia l  C e l l  Erythrocytes Uroepi the lia l  C e l l  Erythrocytes 

PBS + 2 . 5 % PBS + 2 . 5 %  
PBS a D Mannose Human Gu inea P ig PBS a D Mannose Human Gu inea P ig 

3 3 - - 3 3 - MSHA 

4 4 - - 4 3 - MSHA 

5 5 - - 5 4 - MSHA 

8 8 - - 6 5 - MSHA 

9 9 - - 9 6 - MSHA 

. 

8 7 - - 8 4 - MSHA 

MEAN = 6 . 17 MEAN = 6 .  0 MEAN = 5 .  8 3  MEAN = 4 . 1 7 

---- ·-

f-' '-l 
0'1 



TABLE 3 2  Cont ' d  

S INGLE SU BCU LTURE IN 

1 0  cm
3 

BHI BROTH 

Number of E . c o l i  per Haemagg l u tina tion 

Group B 
Ur oep i the l 1 a l  C e l l Ery throc y t e s  

Stra i n s  

P B S  + 2 . 5 % 
P BS a D Mannos e Human Gu inea P ig 

4 0  5 4 - -

9 4  5 5 - -

1 1 6  1 0  1 0  - -

1 2 5  9 9 - -

1 6 6  7 7 - -

2 0 7  8 7 - -

S INGLE SU BCU LTU RE ON TSA 

Number o f  E . c o l i  per Haemag2lutinati on 
Uroepi the l 1 a l  C e l l  Er ythr ocytes 

PBS + 2 . 5 % 
PBS a D Mannose Human Gu i nea P ig 

3 5  3 6  MRHA -

3 3  3 4  MRHA -

3 6  4 0  MRHA -

5 7  5 8  MRHA -

2 6  2 8  MRHA -

5 8  5 9  MRHA -

MEAN = 7 .  3 3  MEAN 7 . 0  MEAN = 4 0 . 8 MEAN = 4 2 . 5  

1-' 
-...] 
-...] 



TABLE 3 2  Cont ' d  

S INGLE SUBCULTURE IN 

10 cm3 BH I BROTH 

SIX  SUBCU LTURES IN 

10 cm
3 

BHI BROTH 

SINGLE SUBCULTURE ON TSA 

Contr o l  
Group C 
Strains  

Number of 
E . coli  per 

Uroeplthe l i a l  
Cel l 

PBS + 
2 .  5 %  a D 

Haemagg lu tination 
Erythrocytes 

Number of 
E . c oli  per 

Uroepithe lial  
Cell  

PBS  + 
2 .  5 %  a D  

Haemagg lutination 
Erythr ocytes 

Number of 
E . c o l i  per 

Uroepithe l i a l  
Cel l  

PBS + 
2 . 5 % Cl D  

Haemagg lutination 
Erythr ocy tes 

PBS Mannose I Human Gu inea P ig I PBS Ma nnose I Human Gu inea P ig I PBS Mannose I Human Gu inea P i g  

4 3  3 3 

7 4  6 6 

3 2 2  1 6  1 5  

MEAN = 8 . 3 I MEAN = 8 . 0 

MRHA 

3 3 

4 4 

MSHA 1 1  9 

MEAN = 6 . 0 I MEAN = 5 . 3 

MRHA 

MSHA 4 3 

4 3 

MSHA 2 6  2 6  MRHA 

MEAN = 1 1 .  3 I MEAN = 1 0 . 6 7 

f--' 
-...J 
CO 
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c e l l s  harve s ted f r om pooled ur ine s ample s ,  a s  d e s c r i bed in the 

m ethods sec tion 1 . 1 .  Each s tr a i n  wa s a l so te s ted f or i t s  

h a emag g l utination a c tiv i ty a s  d e s c r i bed i n  the m e thod s s e c t io n  3 . 1 . 

F or each a s say , dup l ic a te samp l e s  were u s ed and a D  mannose ( 2 . 5 % 

w/v in PBS } wa s added to d eterm ine wheth er a t tachm e n t  to ur oep i the l i a l  

c e l l s ,  par ticular ly with s tr a i n s  po s s e s s ing a MSHA , wa s inhibi ted . 

Mean a ttac hment r e su l ts wer e  c a l c u l a ted and compar e d  u s ing two -way 

a n a lys i s  of var i anc e .  

The r e su l t s  a r e  pr e s en te d  i n  Table 3 2 .  The ana ly s i s  o f  

v ar i ance e s tab l i shed tha t t h e  pre s ence of 2 . 5 % a D  mannose h a d  n o  

s ig n i f icant e f f e c t  o n  t h e  l eve l s  o f  attachment ( p  > 0 . 1 } . Cu l tu r a l  

c ond i t ions which enc ou r ag ed p r odu c tion of a MSHA i n  Group A s t r a in s , 

d id not g ive r i s e  to s ig n i f ican t ly d i f f er e n t  atta c hm en t  valu e s  

( p  > 0 . 1 } .  However , a f ter g r owth on TSA the s ix s tr a i n s  in Group B 

p r oduced a MRHA and attached to uroepithe l i a l  c e l l s  in s ig ni f i c an t ly 

g r e a ter number s than when n o  MRHA wa s pr oduc ed a f ter a s i ng l e  

s ubcu l ture in B H I  broth ( p  < 0 . 0 0 1 } . 

The r e s u l t s  for Gr oup C con tro l str a i n s  sug g e s ted that the 

g r owth c ond i tions wer e not them s e lv e s  a contr ibuting f ac tor in the 

a t tachment pr oc e s s . Had t h i s  bee n  so , s tr a ins 4 3  and 7 4  grown on 

TSA , wou ld have been expec ted to a t tach in l arge number s to 

u r oepithe l i a l  c e l l s , r ather than i n  the non -spec i f i c  manner ob s e rved . 

S tr a i n  3 2 2  pos s e s s ed both a MRHA and a MSHA a f ter one and s ix 

subc u l tures in B H I  br oth . H oweve r , attachment of th i s  s tra i n  to 

uroepi the l i a l  c e l l s  wa s h i g he s t  whe n  only a MRHA wa s expr e s s ed a f ter 

g r owth on TSA . 

3 . 4  THE LEVELS OF ATTAC HMENT TO UROEP ITHELIAL CELL S OF A LARGER 

GROUP OF E . C OLI STRAINS WITH D IFFERENT HAEMAGGLUTINAT ION 

PROPERTIES . 

The ro le o f  bacte r i a l  haema gglutinins i n  atta chment of E . co l i  
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t o  ur oep i the l i a l  c e l l s  wa s furth er inve s t ig a ted u s ing s ix ty 

E . c o l i  s tra i n s . Of th e s e , 2 0  s tra i n s  p r oduc ed a MRHA a lone a f ter 

growth on T SA ; 2 0  s tr a i n s  produced a M S HA a l one a f ter g r owth in 

10 cm
3 

BH I broth and 2 0  s tr a i n s  d id not produc e a haemagg lu t i n i n . 

One excepti on , s tr a i n  5 2 , produced a M S HA only af ter s ix su bcu l tur e s  

i n  1 0  cm
3 

B H I  br oth . E ach s tr a in wa s a s s ay ed i n  d up l i c a te f or 

a t tachment to uroep i th e l ia l  c e l l s  harve s ted f r om  p oo l ed u r i n e  

s amp le s ,  u s i ng the me thod d e scr ibed in s ec t ion 1 . 1 .  On the d a y  of 

the t e s t , the haemagg lu t i n a t io n  pa tter n of each E . c o l i  s tr a i n  wa s 

c on f irmed u s ing the m e thod i n  sec tion 3 . 1 .  Re su l ts wer e ana ly s ed 

u s in g  one -way a n a ly s i s  of var i ance . 

The r e su l ts o f  t h i s exp e r iment are pr e sented i n  Tab le 3 3 . The 

2 0  E . c o l i  s tr a i n s  gr own on TSA and whi c h  wer e  shown to have expr e s s ed 

a MRHA , attached in s ig n i f icantly greater number s to ur oep i the l i a l  

c e l l s  than the 2 0  s tr a i n s  gr own i n  BHI br oth and s hown t o  c ar r y  a 

M S HA ( p  < 0 . 0 0 1 ) . The 2 0  s tra in s gr own on T SA or i n  B H I  br oth and 

not p o s s e s s i ng a haema gg l u t i n i n , g ave s im i l ar l ev e l s  o f  a tta chment 

to ur oep i the l i al c e l l s  as tho se str a in s p o s s e s s ing a MSHA (p > 0 . 1 ) . 

T h i s d emon s tr a ted tha t  the bac ter ia l g r owth c ond i t i on s  a lone wer e 

not r e spon s ib l e  f or the d i f f erences in a ttachment l ev e l s  f or the 

thre e  groups of s tr a in s . 

The r e su l t s  suppor t  the f inding s  o f  the pr ev ious exper ime n t . 

The pre sence of a MRHA a f ter growth on TSA wa s s hown to e nhance 

a t t a c hment o f  E . c o l i  s tr a i n s  to uroep i the l i a l  ce l l s .  T h e s e  f ind ing s 

a l s o  h e lp to exp l a i n  why d if fer enc e s  had occurred betwe e n  the 

a t t a c hment v a lu e s  of E . c o l i  stra in s grown in BH I br oth and on TSA , 

a s  r epor ted i n  sec tion 1 .  



TABLE 3 3  

T HE LEVELS OF ATTAC HMENT T O  UROEP I THE L I AL C E LL S , 

OF A LARGER GROUP OF E . COL I STRAINS W I T H  

D IF FERENT HAEMAGG LU T INAT I ON PROPERT I E S . 

:TF,A I N S  GROWN ON T SA 

P OS SE S S ING A M S HA 

Mean n o . 
tra i n  E . co l i  p e r  

No . U r oep i the l i a l  
C e l l  

2 8 9  6 9  

1 7 8  5 9  

2 0 7  5 8  

1 2 5  5 7  

2 8 4  5 7  

1 0 4  5 1  

1 5 9  4 9  

6 3  4 4  

1 5 3  3 9  

1 1 6  3 6  

4 0  3 5  

9 4  3 3  

1 4 6  3 3  

1 5 8  3 0  

2 3 9  2 8  

2 3 2  2 8  

2 0 6  2 7  

1 6 6  2 6  

1 7 7  2 4  

2 6 2  2 1  

MEAN = 4 0 . 2  

STRAINS GROWN IN 
BHI BROTH 

POSSESS ING A M S HA 

Mean n o .  
Str a i n  E . c o l i  per 

No . Uroep i the l i a l  
C e l l  

8 7  1 4  

6 7  1 2  

4 9  l l  

3 5  l l  

7 3  l l  

3 3  1 0  

4 4  9 

4 7  9 

2 6 9  9 

1 5 9  9 

4 2  8 

2 4 2  8 

1 3 0  7 

2 8 8 7 

1 3 2  6 

2 7 4  6 

8 1  6 

6 9  5 

2 8 5 5 

5 2  4 

MEAN = 8 . 3 5 

C ONTROL STRA I N S  
POS S E S S ING NE I T HER 

A MRHA OR MSHA 

Mean n o . 
Str a in E . c o l i  per 

N o . U r oe p i the l i a l  
C e l l  

2 0 7  8 

1 2 5  9 

2 8 4  1 6  

1 5 9  9 

1 1 6  1 0  

4 0  5 

9 4  5 

1 4 6  8 

2 3 9  l l  

1 6 6  7 

2 4 2  1 0  

1 3 2 8 

6 1  6 

3 1 6 6 

3 1 5  5 

7 4  4 

4 3  4 

3 1 8 4 

3 1 7 3 

3 1 4  2 

MEAN = 7 . 0  

p > 0 . 1  

1 8 1 .  

M ed ia 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

TSA 

T SA 

T SA 

T SA 

T SA 

TSA 

T SA 

T SA 

T SA 

T SA 



3 . 5 ATTAC HMENT TO U ROEP I T HEL IAL CELLS OF E . COLI STRA I N S  WH I CH 

P O S S E S S  T HE K l  ANT IGEN . 

T h e  amount of neg a t i v e l y  charged cap s u l ar polysacchar i d e  

1 8 2 .  

( K  an t ig e n )  present on the E . c o l i  sur face ha s been f ound to b e  

s ignif i c a n t ly grea ter i n  u r i n ary i so late s than i n  faeca l i s o l a te s  

( Br ooks e t  a l . , 1 9 8 0 ;  1 9 8 1 ) . S tud i e s  have s hown that about 8 4 %  

o f  E . co l i  s tr a i n s  c a u s ing n e onatal mening i t i s  a nd 3 6 %  of tho s e  

c au s ing n eonata l sep si s c o n t a in K l  c ap sul ar a n t ig e n  ( Robb i n s  e t  a l . , 

1 9 7 4 ,  a nd S ar f f  e t  a l . , 1 9 7 5 ) . Add i tion a l ly , a r ecent s tudy o f  

adu l t  bac te r em i a s  ha s shown the E . c ol i Kl s e r otype t o  b e  a s s oc i a ted 

w i th a h i gher mor b id i ty than non Kl E . co l i  s tr a i n s .  

and Young , 1 9 7 8 ) . 

( We i n s t e i n  

The f o l lowing exp e r im e n t  wa s d e s igned to d eterm in e  whe ther 

the Kl a n t i g e n  o f  E . c o l i  u r i n a r y  s tra i n s  p l ayed a d ir e c t  r o l e  i n  

a t tachm e n t t o  uroep i the l i a l  c e l l s .  

F r om E . co l i  s tock c u l ture s ,  2 1  urinar y  i so late s , whi c h  

p o s s e s s ed t h e  K l  a n t i ge n ,  wer e gr own i n  BHI broth a nd on T SA and 

a s sayed in d up l i c ate f or a tta chment to ur oep i the l i a l  c e l l s  f r om 

pooled ur i n e  samp l e s  a s  in s e c t ion 1 . 1 .  The haem agg l u t i n a t i o n  

patt ern f or each s tr a in wa s conf irmed u s ing t h e  method d e sc r i b e d  

i n  s ec t i o n  3 . 1 . 

S tr a i n  2 0 7  grown on T SA and s tr a in 8 7  gr own i n  BHI br o th wer e  

u sed a s  r e f er e nc e  s tr a i n s  t o  t e s t  the recept i v i ty of the ur o e p i the l i a l  

c e l l  su spen s i on to E . co l i  a ttachm en t .  

A l l  r e s u l t s  pr e s ented i n  Table 3 4  wer e  a n a ly s ed b y  one -way 

or two-way ana lys i s  o f  var i an c e . I t  appe a r ed that the K l  a n t i g e n  

of E . col i u r i n ary s tr a in s d id n o t  play a d ir ec t  r o l e  i n  a t ta c hment 

to uroep i t he l i a l  c e l l s . As i n  section 3 . 3  a nd 3 . 4 ,  the r e su l t s 

showed tha t  s tr a i n s  g r own o n  TSA , expr e s s ing a MRHA a t tached to 

uroep i the l i a l  c e l l s  t o  s ig n i f i c ant l y  h igher level s t han wh e n  these 



TABLE 3 4  

STRA I N  SEROTYPE 

7 3  0 8 : Kl : H 1 4  

1 7 3  0 1 8 ab : K1 : H-

1 5 3  0 7 : K 1 : H -

2 3 2  0 6 : K1 : H 1 

2 8 2  ONT : K 1 : H 1 

2 4 9  0 7 : K1 : H 1 

8 3  0 2 : K 1 : H 6 

1 8 1 0 7 : K 1 : H -

2 4 3  0 2 : K1 : H 7 

ATTAC HMENT TO UROE P ITHEL IAL C EL LS OF E . C O L I  STRA I N S , 

WHI C H  POS S E S S  T HE K l  ANT I GEN . 

BHI BROTH GROWN CULTURE S T SA GROWN CULTURES 

MEAN NO . E . C O L I  HAEMAGGLU T INAT I ON 
PER ERYTHROC YTES 

UROE P ITHELIAL CELL HUMAN GU I NEA P IG 

1 1  - M S HA 

8 - MSHA 

1 0  - MSHA ± 

6 - MSHA ±  

1 2  - MSHA 

1 0  - MSHA ±  

7 - M S HA 

7 - MSHA 

6 - MSHA ± 

MEAN = 8 . 5 6 

MEAN NO . E .  C OL I  
PER 

UROE P I T HEL I AL CELL 

8 2  

4 1  

3 9  

2 8  

2 6  

2 2  

2 1  

2 0  

1 8  

MEAN = 3 3 . 0  

HAEMAGGLUTINA T I ON 
ERYTHROC YTES 

HUMAN 

MRHA 

MRHA 

MRHA 

MRHA 

MRHA 

MRHA 

MRHA 

MRHA 

MRHA ± 

G U I NEA P IG 

MSHA 

MSHA 

-

-

-

M S HA 

MRHA 

MSHA 

-

--- --------------------------

C on t ' d  . • • f-' 00 
w 



TABLE 3 4  Cont ' d  

STRAIN SEROTYPE 

1 7 2  0 2 : K1 : H 6 

2 4 0  0 2 : K1 : H6 

9 5  0 5 1/ 1 1 1 : K1 : H4 

9 7  0 6 : K1 : H3 1  

3 3  0 4 : K1 : HR 

1 3 0  0 2 : K1 : H1 

4 2  0 2 : Kl : H 6 

2 3 3  0 2 : K1 : H1 

4 4  0 6 : K1 : H -

4 3  OR : K1 : H -

7 4  ONT : K1 : H1 

2 8 5  0 1 7 : K1 : HNT 

--�---- ----------- ------··---- -----� 

BHI BROTH GROWN CULTURES 

MEAN NO . E .  C OL I  
PER 

UROEP ITHEL IAL CELL 

1 0  

6 

7 

8 

1 0  

7 

8 

7 

9 

3 

6 

5 

MEAN = 7 . 1 7 

-- -----------

HAEMAGGLUTINAT ION 
ERYTHROCYTES 

HUMAN GU INEA P IG 

- MSHA 

- MSHA 

- MSHA 

- MSHA 

- MSHA 

- MSHA 

- MSHA 

- MSHA 

- MSHA 

- -

- -

- MSHA 

------- -- --· - - ----- ---- ------

9 
1 1  

p > 0 . 1  

TSA GROWN CULTURES 

MEAN NO . E . COLI HAEMAGGLUT INAT ION 
PER ERYTHROCYTES 

UROEP ITHEL IAL CELL HUMAN GU INEA P IG 

1 2  MSHA ±  MSHA 

6 - MSHA 

1 0  - MSHA 

1 0  MSHA · MSHA 

9 - -

7 - MSHA 

7 - MSHA 

7 - MSHA 

6 - MSHA 

4 - -

4 - -

4 - MSHA 

MEAN = 7 . 1 7 

I-' 
00 
� 
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same s trains were gr own in BHI broth ( p  < 0 . 0 0 1 ) , and when other 

s tr a ins  not expr e s s ing a MRHA were grown in BHI  br oth or on TSA 

( p  < 0 . 0 0 1 ) . There wa s no s ignif icant d i f f erence between the 

a ttachment va lues of the f irst 9 strains  grown in BHI  broth (mean 

8 . 5 6 E . coli per c e l l )  and the second gr oup of 11 s trains gr own in 

B H I  broth (mean 7 . 1 7 E . co l i  per cel l ) , (p > 0 . 1 ) . 

Strain 2 0 7  served a s  a reference f or the level  of a ttachment , 

and g ave a mean of 5 7  E . coli per uroepi the l ial  c e l l  af ter growth 

on TSA . Stra in 8 7  grown in BHI broth g ave a mean attachmen t of 1 4  

E . c ol i  per uroepithe l i a l  c el l .  Thi s suggested tha t the uroepithe l ia l  

c e l l s ample , u sed in th i s  exper iment , wa s highly r ec eptive to 

E . c o l i  attachment under the cond i tions of the te s t .  

3 . 6  ATTACHMENT OF E . COLI FAECAL ISOLATES TO UROEP ITHELIAL C ELLS 

Strain s of E . co l i  i s olated from s too l s  of hea l thy adu lt 

f em al e s  have been f ou nd to pos se s s  a MSHA and/or a MRHA s igni f icantly 

les s frequently than s tr a in s  i solated from women with symptomatic 

ur inar y  tract infections ( Brooks et a l . , 1 9 8 1 ) . The f o l l owing 

exper iment wa s c arr i ed ou t to inve stigate the role of a MSHA and 

a MRHA in the attachment of E . c o l i  faecal strains to uroepith e l ia l  

c e l l s .  

A col lec tion o f  E . c o l i  faec al i so lates had been i solated by 

Dr . H . J . L . Brook s  from the s too ls of hea l thy women i n  Pabmer ston 

Nor t h . From the se ,  twenty s train s  wer e selec ted which expr e s sed a 

MSHA , a MRHA , both haemagg lutinins or neith er haemagg lutinin . Each 

s tr a i n  wa s grown both in BHI  broth and on TSA , and a s s ayed in dup l ic ate 

f or a ttachment to uroepithe l ia l  cel ls  harve sted from pooled ur ine 

samp l e s , as de scribed in sec tion 1 . 1 . On the day of the exper iment , 

each s tra in wa s rete s ted for haemagg lu tina tion of guinea pig and 

human erythrocyte s as in sec tion 3 . 1 . 
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TRA I N S  

e o  3 2  

eo 1 

eo 3 7  

e o  2 0  

eo 9 

eo 2 4  

eo 4 

e o  2 7  

e o  3 1  

eo 2 

C o  2 3  

C o  2 5  

C o  2 9  

C o  3 

C o  6 

C o  l OA 
C o  2 1  

C o  7C 
C o  1 7 A  

e o  1 8 B  

1 8  6 .  

ATTACHMENT OF E . C OL I  FAECAL I SOLATES TO 

UROEP I THEL IAL C ELLS . 

BROTH GROV'v1'N' CULTUR;ES· TSA GROWN' CULTURES 

MEAN NO . HAEMAGGLUT I NAT I ON MEAN NO . HAEMAGG LUT INAT ION 
E . C OL I  PER ERYTHROCYTES E . COL I PER ERYTHROC YTES 

UROEP ITHEL IAL UROEP ITHEL I AL 
CELL HUMAN GU INEA P IG CELL 

1 1  - - 3 6  

6 - - 2 5  

9 - M S HA ±  2 3  

1 7  - - 2 2  

8 - - 1 8  

1 3  MRHA MSHA 1 8  

1 0  - MSHA ±  1 7  

1 1  M SHA MSHA 1 7  

8 - MSHA ± 1 7  

8 MRHA ± MSHA 1 6  

MEAN = 1 0 . 1  p < 0 . 0 0 1  MEAN = 2 0 . 9  

1 1  - MSHA 1 1  

8 - - 1 0  

7 - MSHA 8 

9 - MSHA 7 

5 - MSHA 7 

6 - - 7 

7 - - 6 

3 - MSHA 5 

5 - MSHA 4 

5 - M S HA 4 

MEAN 6 . 6 MEAN = 6 . 9 

p > 0 . 2 5 

HUMAN GU INEA P I G  

MRHA MSHA 
MRHA -

MRHA± MSHA ±  
MRHA MRHA 
MRHA± -

MRHA MSHA 
MRHA MSHA ±  
MRHA MSHA 
MRHA MS HA ± 
MRHA± -

- MSHA 
- -

- M S HA 
- MSHA 
- M S HA 
- -

- -

M S HA MSHA 
- MSHA 
- M S HA 



Urinary S train 2 0 7  grown on TSA and strain 8 7  grown in BHI 

broth were u sed as reference s trains to test the receptivity of 

the uroepithe l ia l  c e l l  suspen s ion to E . coli attachment . 

All  r e su lt s  pre sented in Table 3 5  were analys ed by one -way 

and two -way analy s i s  of var i ance . The 1 0  stra ins grown on T SA , 

1 8 7 . 

and expres s ing a MRHA attached s ignificantly higher to uroepi the l ia l  

c e l l s  than s trains  grown in B H I  broth ( p  < 0 . 0 0 1 ) . Low e r  

attachment va lu es were found f or the second gr oup of 1 0  s tra ins 

not expres s i n g  a MRHA af ter growth on TSA or in B H I  broth ( p  < 0 . 0 0 1 ) . 

Growth of thi s second group of s trains on TSA or i n  BHI br oth 

resulted in s imi l ar attachment l eve l s  ( p  > 0 . 2 5 ) . Urinary s tr a ins 

8 7  and 2 0 7  s e rved as a reference for the level of a ttachment .  

S train 2 0 7  g rown on TSA , gave a mean of 5 8  E . co l i  per uroepi the l ial  

c e l l , and s tr ain 8 7  grown in B H I  broth , gave a mean of  1 4  E . c o l i  per 

cel l .  Thi s  s ugges ted that the uroepithe lial c e l l  s ample wa s highly 

receptive to E . col i attachmen t ,  under the cond i tions of the te st . 

The a t tachment of faec a l  s tra ins grown on TSA and expr e s s ing 

a MRHA wa s not a s  h igh as the l eve l s  r eported in sec tion 3 . 4  for 

E . coli urinary s tr a in s .  Neverthe le s s ,  the resu l t s  suppor t the 

hypothe s i s  that the presence o f  a MRHA after growth on T SA , enhance s 

attachmen t of E . c o l i ur inary and faec a l  s tra ins to uroepithe l ia l  

c e l ls .  Faec a l  s trains not expr e s s ing a haemagg lu tinin or wi th on ly 

a MSHA did not a ttach as we l l  to the uroepithel i a l  cel l s . 

3 . 7  PRODUCT ION OF A MRHA B Y  E . COLI STRAIN 2 0 7  GROWN ON T SA . 

Thi s expe r iment was r e l ated to the f ind ing s pre s ented in 

section 1 . 1 . 1 5 which ind icated that attachmen t of s train 2 0 7  to 

uroepithe l i a l  c e l l s  varied depe nd ing on the growth cond it ions u sed 

f or this s tr a in . In the cour s e  of that exper iment , the haemagg lutina-



tion pattern wa s determ ined for s tr a in 2 0 7  after eac h incubation 

interva l by the method outl ined i n  section 3 . 1 . I n  thi s  way , 

i t  wa s pos s ib l e  to de termine the growth phase on TSA at which 

thi s  E . col i s t r a in produced a MRHA . This f inding cou ld then be 

re lated to the attachment leve l s  to uroepithe l i a l  c el l s . 

Af ter a 1 6  hours incubation in terval in BHI broth , strain 

1 8 8 . 

2 07 d id no t produce a MRHA nor a MSHA ; and the re sultant mean 

a ttachment wa s 1 1  E . co l i  per uroepi the lial  cell . A f ter inoculation 

on to TSA , and 5 hour s i ncubation , no haemagg lu tin i n  wa s detected 

and th e mean a t tachment wa s l l  E . co l i  per ce l l .  A weak MRHA 

r eac tion was n oted a f ter 7 hours  incubat ion on TSA and th i s  coinc id ed 

with a mean attachment value of 3 5  E . c o l i  per c e l l .  A s trong MRHA 

reac tion wa s observed a f ter 12 a nd up to 4 8  hour s of incubat ion on 

TSA , and the r e su ltan t a ttachment va lu es rose to 5 5  E . co l i  per cel l 

a f ter 12 to 1 6  hours of incubat ion then decreased to 3 8  E . c o l i  per 

ce l l  after 4 8  hours of incubation - ( see Table 1 5 ) . 

It theref ore appears that a MRHA wa s produced , at the leve l 

of detec tion b y  the haemagg lut ination te s t ,  dur i ng the f ir s t  7 

hour s growth on TSA .  Production o f  the MRHA coincided wi th a 

d ramatic increase  in the level of a ttachment of E . c o l i  to the 

uroepi thelial c e l l s .  



18 9 .  

RE SULTS 

SECT I ON 4 .  

FURTHER ANALY SIS  OF E . COLI URINARY AND FAECAL STRAINS WITH 

PART ICULAR REFERENCE TO THE ROLE OF BACTER IAL 

HAEMAGGLUTIN INS IN THE ATTAC HMENT OF E . C OLI TO UROEP ITHELIAL CELLS . 

4 .  1 ANALYS I S  OF 14  5 E .  COLI UR.INARY I SOLATES AND 3 8  FAECAL ISOLATES 

FOR ATTAC HMENT TO UROEP ITHEL IAL C ELLS AND HAEMAGGLUT INATION 

OF HUMAN AND GU INEA PIG ERYTHROC YTES . 

The haemagg lutin a tion pattern of 1 4 5  E . coli ur inary and 3 8  

faec a l  stra ins wa s determ ined u s ing human A Rhe sus pos i t ive and 

g u inea pig erythr ocyte s by the method in section 3 . 1 .  Each strain 

wa s t e s ted on two or mor e occasions f o l lowing . growth in BHI broth 

and on TSA .  Of these s trains 1 11 ur inary i solate s and 2 3  f aeca l 

i so la te s  were te sted in dupl icate for a ttachment to ur oep i the l i a l  

c e l l s  us ing the method s descr ibed in s e c tion 1 . 1 af ter growth in 

BHI broth and growth on T SA . Th e s tr a in s  were te sted in groups 

of up to 2 0  s tr a ins per d ay , u s ing uroepi the lial c e l l s  harvested 

from pooled ur ine samp le s . In every batch of strains tes ted , 

s tr a i n s  8 7  grown in BHI broth and 2 0 7 grown on TSA were inc luded 

and served a s  reference s  for attachment . The mean number of E . coli  

attac hed to 4 0  viable uroepithe lial  c e l l s  wa s ca lcu lated for each 

s tr a i n . The re sults were ad j u sted to a l low for var iation between 

uroep ithe l ial c e l l  samp le s .  Thi s  wa s achieved by calculating the 

over a l l  mean for the r e f erence stra in s ,  8 7  and 2 0 7 , and mu l tip lying 

by the mean va lue of t he test str a in d iv ided by the mean v a lue of 

the r eference s train obta ined on the d ay of te st . Ad j us ted mean 

va lu e s  for broth grown culture s were c a l c u l ated using the r e sults 



for r e f er ence strain 8 7  gr own in BHl br oth ; ad j usted mean values 

for TSA gr own c u l tur e s  wer e ca lculated u s ing the r e su lts  f or 

reference s train 2 0 7  gr own on TSA . 

19 0 .  

The r e sults  of thi s study , for ad j u sted mean atta chm ent va lue s 

are pre sented in Append ix l and are summa r i sed in Table s 3 6  and 

37 . The haemagg lutination resu lts are a l so pre sented . 

4 . l . l . ATTAC HMENT OF E . C OLI TO UROEP ITHEL IAL CELLS 

The over a l l  mean v alue f or stra in 8 7  grown in BHI bro th was 

14 E . c o l i  per ce l l  and f or strain 207  grown on TSA 58  E . co l i  per 

cell . The highe s t  ind iv id ua l mean resu l t  for stra ins gr own in BH I 

br oth , wa s 1 7  E . c o l i  per c el l .  The overa l l  ad j u s ted mean va lue s 

for str a i n s  gr own in BHI broth and pos se s s ing a MRHA , wa s marg inal ly 

higher than for s trains grown in BHI broth and not pos s e s s ing a 

MRHA . H owever , only a sma l l  proportion of s trains produc ed a MRHA 

when g rown in br oth and the number te sted wa s insu f f ic ient for 

stat i s t i c a l  ana ly s i s . F or cultures grown on TSA ,  the over a l l  

ad ju sted mean values ind ic ated tha t strains pos s e s s ing a MRHA 

attac hed more highly to uroep i the lial cel l s  than other s tr a ins . 

The range o f  ind ividua l mean c ounts for E . coli  ur inary i solate s 

pos se s s ing a MRHA wa s 1 3  to 8 2  E . coli per cel l ;  bu t on ly 2 to 1 6  

E . co li per c e l l  f or str a ins without a MRHA . The E . col i f aeca l  

i solate s gave a s im i lar pa ttern though attachment t o  ur oep ithel ial 

ce l l s  for  the s tra in s te sted , wa s not as hig h .  

The r e sults  summar i sed i n  Table 3 6  ind ic ate that a MRHA was 

expr e s sed par ticu l ar ly dur ing growth on T SA . Of the l l l  ur inary 

strain s te sted , only 12 pr oduced a MRHA a f ter growth in BHI broth , 

and the s e  g ave a net mean attachment of 1 3 . 0 8 E . co l i  per uroepithe l i a l  

cel l . On ly 7 of the 111  s tra ins ( 6 %  of the tota l )  a ttached to 

uroep i the l i a l  c e l l s  in number s  � 5 E . coli  per c e l l , af ter growth 



TABLE 3 6  

SUMMARY OF MEAN NUMBER OF URINARY AND FAECAL 

E . COLI ATTACHED TO UROEPITHEL IAL CELLS AFTER TEST ING 

HAEMAGGLUT INAT I ON 
ERYTHROCYTE S 

HUMAN GU INEA P I G  

MR HA MSHA 

MRHA -

- MSHA 

- -

MRHA MSHA 

MRHA -

- M S HA 

- -

* 

1 1 1  URINARY STRAINS AND 2 3  FAECAL STRAINS . 

* 
BHI BROTH GROWN CULTURES 

URINARY FAECAL 

NOS. MEAN NUMBER RANGE OF NOS. MEAN NUMBER 
TESTED E . COLI PER ALL TE STED E .COLI PER 

UROEP ITHELIAL IND IVIDUAL UROEP ITHEL IAL 
CELL MEAN CELL 

C OUNTS 

6 1 3 . 8 3 1 1  to 17 2 1 0 . 5  

6 1 2 . 5 1 0  to 17 - -

5 8  8 . 4 3 4 to 1 5  14 7 . 7 9 

3 9  7 . 7 9 2 to 16 7 8 . 4 3 

* 
TRYPT ICASE SOY AGAR GROWN CULTURES 

1 2  2 8 . 6 7 1 3  to 8 2  7 19 . 8 6 

4 7  3 4 . 0 6 1 7  t o  7 0  6 19 . 3 3 

3 5  6 . 8 9 3 to 1 2  7 6 . 57 

1 7  6 . 5 3 2 to 16 3 7 . 6 7 

1 9 1 .  

RANGE OF 
ALL 

IND IV IDUAL 
MEAN 

COUNTS 

8 to 1 3  

-

3 to 1 1  

6 to 1 7  

1 7  to 3 6  

1 5  to 2 5  

4 to 1 1  

6 to 1 0  

The mean va lue s r epre sent the f igur e s  reported in Append ix 1 which wer e 

ad j u s ted in rela tion to referenc e strains 8 7  and 2 0 7  u s ed thr oughout the 

study . 

I 
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in BHI broth or on TSA . Thi s level of attachment wa s termed 

" non- spec i f i c " , fol low ing the r e sul ts obtained from the exper iment 

de scr ibed in sec tion 1 . 1 . 2 2 .  Of the 7 stra ins here with non ­

s pecific attachment , none had an 0 serotype common ly found in 

ur inary tra c t  infections in P a lmer ston Nor th , name ly 0 1 , 0 2 , 0 4  

0 6 , 07 , 0 6 8 and 0 7 5  ( Brooks e t  a l . , 1 9 8 1 ) . It appeared tha t 

9 3 . 7 % of the ur inary str a ins and 8 7 %  of the faec a l  stra ins tested 

in this s tud y ,  attached spec i f ically to uroep ithe l ial ce l l s  i n  v i t r o . 

4 . 1 . 2  HAEMAGGLUT INATI ON RESULTS . 

Analy s i s  of the haemag g lu tination proper tie s of 1 4 5  E . c o l i  

ur inary str a in s  and 3 8  E . col i faecal s train s i s  pr e sented in 

Appendix 1 and is summar i sed in Table 3 7 . The haemagglutination 

fol lowed one of th e f our pa tterns on Tab le 3 7 . A f ew stra ins  

expres sed a MRHA detec ted with gu inea p ig erythrocytes ,  bu t the se 

wer e inc luded under the head i ng of Human MRHA+ , Gu inea Pig - ve 

A f ew stra i n s  expre s sed a MSHA d etec ted with human erythrocyte s , 

but the se were inc lud ed under the head ing of Human -ve , Gu inea 

P ig MSHA+ . I t  shou ld be noted that the eo-expre s s ion of a MSHA and 

a MRHA wou ld not be d e tected wi th the same group of erythrocyte s :  

the MRHA wou ld ma sk the manno se sens itive r eac t ion . 

The r e su lts of the pre sent study were c on firmed two or more 

t imes for e a ch s tra in . The over a l l  results ind icated that gr owth 

in BHI broth wa s su itabl e f or expre s s ion of a MSHA , and growth on 

TSA wa s su i table in par t icu l ar f or expr e s s ion of a MRHA . W i th r eg ard 

to haemagg lu tinat ing a ctivity , the major ity of E . c o l i  strains f e l l  

into the f o ll owing c a tegori e s : 

{ i )  pos se s sed a MSHA f ol lowing cu lture in BHI br oth . 

{ i i )  pos s e s s ed a MRHA follow ing culture on TSA 

( i i i )  did not posse s s  a MSHA or a MRHA f ol lowing BHI broth cu l ture 

but d id posse s s  a MRHA af ter gr owth on TSA . 



TABLE 3 7  

HAEMAGGLUTINAT ION 
PATTERNS 

ERYTHROCYTES 

HUMAN GU INEA PIG 

MRHA MSHA 

MRHA -

- MSHA 

- -

SUMMAR Y OF HAEMJ\GGLU T I NAT I ON T E S T S  F O R  1 4 5  E . COL I 

UR INARY STRA INS AND 3 8  E . COLI FAECAL STRAINS . 

BH I BROTH GROWN CULTURES TRYPT I CASE SOY AGAR GROWN CULTURES 

URINARY FAECAL URINARY FAECAL 

NO . TESTED PERCENTAGE NO . TESTED PERCENTAGE NO . TESTED PERC ENTAGE NO . TESTED PERC ENTAGE 

• 

8 5 . 5  2 5 . 3  1 7  1 1 . 7  7 1 8 . 4  

8 5 . 5  0 0 4 9  3 3 . 8  6 1 5 . 8 

8 3  5 7 . 3  2 2  5 7 . 9  5 5  3 7 . 9  1 6  4 2 . 1  

4 6  3 1 . 7  1 4  3 6 . 8  2 4  1 6 . 6  9 2 3 . 7 

f.-' 
\0 
w 
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( iv )  pos s e s s ed ne ither a MSHA nor a MRHA . 

On ly 1 6  ur inary and 2 faec a l  s tr a in s  pos se s sed a MRHA f o l l owing 

growth in BHI broth . Of a l l  faecal s train s ,  3 4 . 2 %  pos se ssed a 

MRHA after growth on TSA whi l e  5 7 . 9 % pos ses sed a MSHA f o l l owing 

growth in B H I  br oth . By compar i son , 4 5 . 5 % of the ur inary i so la te s  

pos se s sed a MRHA following growth on TSA , wh i le 5 7 . 3 % posse s sed 

a MSHA a f ter growth in BHI broth . The possess ion of the se two 

haemagg lutinins  appears to be r e la tively common among E . coli  

ur inary and f a ec a l  i so lates . 

4 . 2  PROPERT IES OF E . COLI URINARY STRAINS RELATED TO POSSESSION 

OF A MRHA OR A MSHA . 

4 . 2 . 1  ANALYS I S  OF S IX PROPERT IES .  

A l arge number of the E . c ol i  s trains u sed in thi s  study had 

previou s ly been analysed for c e r tain properties by Dr . H . J . L . Brooks 

and a s soc i a te s , the details  of which have been publi shed e l sewhere 

(Br"ooks e t  a l . , 1 9 8 1 ) . The se i nc luded 0 and H serotyp ing , 

determ ination o f  K antigen titr e , f ermentation of dulc ito l ,  salicin  

and sucro se , d etec tion of  haemo l y s in wi th hor se ,  s heep and human gr oup 

0 erythrocyte s , phospholipa se a ctiv ity and d etec tion of a MRHA and 

a MSHA . An ana lysis  wa s under taken to determine the pos s ible role 

of these proper ties  in attachment of E . coli s trains  to uroepi the l ia l  

c e l ls . I n  tota l , the propertie s were ana lysed f or 3 9  ur ina ry 

s trains pos s e s s ing a MRHA a l one a f ter growth on TSA , and 4 7  ur inary 

stra in s whic h  posse s sed a MSHA a l one after gr owth in BHI broth . 

The re su l t  f or each property was compared for s tr a ins with a MRHA 

and tho se w i th a MSHA using t he x 2 te st a s  de scr ibed by Roscoe ( 19 6 9 ) . 

The propert i e s  of 3 8  faeca l i so late s were not analysed due to the sma l l  



number of strains which wou ld have been pre sent in eac h group . 

T he haemagglutinat ion pattern of the stra ins wa s d e te rm ined from 

r e sults of the s tudy in sec tion 4 . 1 .  

The r e su l ts from part ( a )  of th is s tudy are pre sented 1n 

Append ices  2 and 3 ,  with a summar y on Tab le 38 . 

Of the 3 9  s tr a in s  wi th a MRHA a f ter growth on TSA , 1 1  

1 9 5 .  

p o s ses sed a MSHA a f ter growth in BHI  broth . Therefore the separa tion 

of the two gr oup s of s trains be ing ana lysed wa s not as c a tegor ic a l  

a s  wou ld have been preferred . Neverthe le s s ,  the f ir st group of 

s tra ins a l l  pos s e s s ed a MRHA a f ter growth on TSA , and the second 

group all pos se s sed a MSHA after g rowth in BHI broth . Stati stic a l  

analysis u s ing the x 2 ( C H I  squared ) test fai led t o  detect any 

s ignif ic ant d i f f erence between the properties of the two groups of 

strains . The s ig n i f icance va lues  were as follows : p > 0 . 1  for 

d u lc ito l  fermentation ; p > 0 . 1 f or salicin  fermentation ; p > 0 . 0 5 

f or sucrose f ermentation ; p > 0 . 5 f or haemolysin ac tiv ity and 

p > 0 . 5 for phospho l ipa se ac tiv ity . Of the strains tested f or K 

antigen titre , 7 7 %  o f  those with a MRHA a lone were K r ic h  ( r ec iproc a l  

t itre � 3 2 ) , and 5 7 . 4 % o f  those with a MSHA alone were K r ich . 

However thi s  d i f f erence between the s e  two values was not s t ati stica l ly 

s ignif ic ant ( p  > 0 . 0 5 ) . 

From thi s  anal y s i s  it i s  not possible to a s soc iate any of 

these proper tie s d irectly with a t ta c hment of E . co l i  to uroepithe lia l 

c e l l s  nor wi th the pos s e s s ion by the se stra ins of e i ther a MRHA or 

a MSHA .  However , i t  wa s apparent tha t a large percentage o f  the 

s tr a ins tested , f ermented dulc ito l , salic in and sucrose , showed 

haem olys in ac t iv i ty and posse s sed a high K Antigen titr e . 
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TABLE 38  

SUMMARY OF T HE PROPERT.IE S OF E .  COLI U RINARY STRAINS 

RELATED TO POS SESSION OF A MRHA OR A M S HA .  

RESULTS EXPRESSED AS PERCENTAGE OF TOTAL IN 

PROPERTI E S  

Dulc itol Fermen tat ion 

Sal icin Fermentati on 

Sucrose Fermenta tion 

Haemolysin Ac tiv i ty : -

Horse Erythrocytes 

Sheep Erythrocytes 

Human • o • Erythr ocyte s 

Phosphol ipase Activity 

K Antigen Rec iprocal T itre : -

� 1 0 2 4  

5 1 2  

2 5 6  

1 2 8  

6 4  

3 2  

1 6  

8 

4 

2 

Nil  

39  STRAINS WITH 
MRHA ALONE 

AFTER GROWTH 
ON T SA .  

9 4 . 8 8 

7 9 . 5  

4 1 . 0 3  ' 

4 1 . 0 3  

1 0 . 2 6 

3 5 . 9  

7 . 6 9 

2 3 . 1  

5 . 1  

1 5 . 4  

1 2 . 8  

10 . 3  

1 0 . 3  

5 . 1 

2 . 6 

5 . 1  

2 . 6  

7 . 6  

EAC H GROUP 

47 STRAINS WITH 
MSHA ALONE 

AF TER GROWTH 
IN BHI BROTH 

OR ON TSA . 

8 7 . 2 3 

7 0 . 2 1 

5 7 . 4 5 

3 8 . 3  

8 . 5  

3 1 . 9  

1 2 . 7 7 

17 . 0  

8 . 5  

6 . 4 

1 0 . 6  

6 . 4 

8 . 5  

4 . 3 

2 . 1 

4 . 3 

0 

3 1 . 9 

STATISTICAL 
ANALYSIS 

p > 0 . 1  

p > 0 . 1  

p > 0 . 0 5 

p > 0 . 5  

p > 0 . 5  

p > 0 . 5  

p > 0 . 5  
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4 . 2 . 2 C OMMON 0 SEROTYPES 

Seven E . col i  0 serotype s have be en c ommon ly found in c a ses 

of ur inary trac t infec tion in New Z e a l and name ly 0 1 , 0 2 , 0 4 , 0 6 ,  

0 7 , 0 6 8  and 0 7 5  as r epor ted by Brooks et a l . , 1 9 8 1 .  The r e su lts 

from the prev ious study of sec tion 4 . 1 ,  wer e u sed in the ana lys i s  

of haemagg lu tination properties and a ttachment va lues o f  ur inary 

str a in s  grown on TSA wh ich had c ommon or uncommon 0 s er otype s . 

This s tudy wa s carr i ed ou t to determ ine the percentag e of strains 

with a MRHA in both groups and to a s c er ta in whether E . c o l i  stra ins 

with a common 0 ser otype wh ich pos se s sed a MRHA , attached in 

higher number s to uroep i the l i a l  c e l l s  than strains which a l so 

po s s e s sed a MRHA , but had an 0 ser otype not commonly f ound in c a ses 

of ur inary tract infec tion . The r e s u l t s  were ana lysed u s ing a x 2 

te st , and are pre sented in Table 3 9 .  I t  was apparent that 

sign i f i c antly more s train s of c ommon 0 serotype s pos se s s ed a MRHA 

af ter growth on TSA , than d id strains  with uncommon 0 serotypes 

(p  < 0 . 0 0 1 ) . However , a ttachment to ur oepithe l ia l  cel l s  wa s 

equa l ly high for E . c o l i  wi th a MRHA r egardless  of the 0 s er otype , 

(p  > 0 . 1 ) . Strain s which d id not pos s e s s  a MRHA gave r i se to 

s ign i f icantly lower a ttachment va lue s to uroepi thelial c e l l s  

( p  < 0 . 0 0 1 ) . Many of the stra in s exhibi ting the highe s t  attachment 

va lu e s  were serotype 0 7 5 .  However , there were insuf f i c ient 

number s to c ompare the se s tra i n s  with s trains of other serotype s .  

4 . 2 . 3 MOTILITY . 

In order to determ ine the effect  of motil ity on attachment 

of E . c oli  to uroep i the l ia l  c el l s , 3 8  u r inary i solates wer e  selected . 

Each stra in was cu ltur ed in BHI br oth , c entrifuged at 1 5 0 0  x g f or 

1 0  m inu te s ,  then r e su spended in 1 cm
3 

PBS . The suspen s ion s were 
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E . C OLI STRAINS WITH 0 SEROTYPES COMMONLY F OUND IN UTI , 

AND STRAINS WITH OTHER 0 SEROTYPES NOT C OMMONLY 

F OUND IN UTI : COMPAR I SON OF HAEMAGGLUTINAT ION PROPERT IES 

AND ATTACHMENT TO UROEP ITHELIAL CELLS . 

C LAS S IF ICAT ION 
HAEMAGGLUT INAT ION OF MEAN NUMBER OF E . COL I PER 

HUMAN ERYTHROC YTES UROEP ITHELIAL CELL 

NOS . TE STED % WITH A MRHA STRAINS WITH STRAINS WITHOUT 
MRHA MRHA 

' 

1 

C OMMON 0 SEROTYPES 7 5  6 0  3 3 . 1  7 . 8  

( 0 1 , 2 , 4 , 6 , 7 , 68 , 7 5 } 

I 

OTHER 0 SEROTYPES 7 0  3 1 . 4 3 3 . 6  5 . 6 9  I 

p < 0 . 0 0 1  



TABLE 4 0  

EFFECT OF MOT IL ITY ON ATTACHMENT OF E . C OL I  TO 

UROEP I THEL IAL CELLS . 

MOT I L E  STRAINS GROWN IN B H I  BROTH NON -MOT I LE STRA INS GROWN 

MEAN NUMBER 
E . C OL I  PER 

UROEP ITHEL IAL 
STRA IN S E ROTYPE MOT I L ITY C ELL STRAIN 

5 2  0 6 : Hl +/- 6 4 0  

6 3  0 6 : H l + 1 7  4 7  

6 5  0 2 : H 4 + 1 0  8 6  

7 3  0 8 : K l : H l 4  + 1 1  9 4  

8 3  0 2 : K l : H 6 + 7 1 2 2  

8 9  0 7 5 : H 5 +/- 8 1 2 9  

9 0  ONT : H1 + 1 3  1 5 3  

1 0 4  0 2 : H 4 +/- 1 0  1 6 6  

1 1 6  ONT : HR + 1 0  1 7 3  

1 2 5  ONT : Hl + 9 1 7 8  

1 4 6  0 6 : H 5 + 8 1 8 1  

1 5 8  0 4 : H 5 + 1 0  2 0 7  

1 5 9  0 7 : HNT +/- 9 2 1 5 

1 7 7  0 6 : H l + 1 5  2 3 9  

2 0 6  0 6 : H l + 1 0  2 4 9  

2 3 2  0 6 : K l : H l + 6 2 8 4  

2 6 2  0 6 : H l +/- 1 5  3 0 1  

2 8 2  ONT : Kl : H l + 1 2  3 1 3  

3 1 2  0 2 : H l + 1 2  3 2 1  

MEAN = 1 0 . 4 2 

+ D enote s over 7 5 %  of c u l ture wa s moti le . 

+/- Approx ima te l y  5 0 %  o f  c u l ture wa s moti l e . 

D enotes no mot i l e  org an i sms . p > 0 . 1 .  

SEROTYPE MOT ILITY 

0 7 5 : H - -

OR : H- -

0 7 5 : H O -

0 7 5 : H- -

0 7 5 : H - -

0 7 5 : H - -

0 7 : Kl : H - -

0 7 5 : H - -

0 1 8 ab : Kl : H - -

o 7 5 : H - -

0 7 : K l : H- -

0 7 5 : H - -

0 7 5 : H - -

0 6 : H - -

0 7 : Kl : H - -

OR : H - -

0 7 5 : H - -

ONT : H - -

0 4 : H- -

1 9 9 .  

IN BHI BROTH 

MEAN NUMBER I 
E . C OL I  PER 

UROEP ITHEL IAL 
CELL 

I 

I 
5 

9 I 

9 ' 
I 

5 I 

I 1 1  

1 3  

1 0  

1 0  

8 

7 

7 

8 

1 0  

1 1  

1 0  

1 6  

8 

6 I 

1 1  
I 

MEAN = 9 . 16 
I 
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d i lu ted l in 1 0
4 

using PBS and one drop wa s placed in a haemo­

cytometer . Approxima tely l O O  organisms were asses sed f or moti l i ty . 

A ( + ) d enoted over 7 5 % mot i lity;  a ( +/ - )  denoted approx ima te ly 

5 0 %  moti lity and a ( - )  denoted a non -moti le culture . E ach s train 

wa s a s sayed f or attachment to uroepi the l i a l  cel ls  from a poo led 

s amp l e , as d e scr ibed in sec tion 1 . 1 .  The re sul ts are pr e s ented 

i n  Table  4 0 , and were ana lysed by one-way analys i s  of var i anc e .  

The mot i le s trains of E . co l i  a ttached to uroepithe l ial  c el l s  to 

the s ame degree as non -mot i le strains ( p  > 0 . 1 ) . The pre sence of 

f l age l l a  d id not appear to enhanc e or inhibit the capac i ty of 

E . co l i  stra ins to attach t o  uroepithe l i a l  c e l l s . 

4 . 3  EFFECT OF STORAGE OF E . COLI ISOLATES ON HAEMAGGLUTINATION 

ACT IV ITY AND ATTAC HMENT TO UROEPITHELIAL CELLS . 

4 . 3 . 1  ATTACHMENT OF FRESHLY I S OLATED E . C OLI STRAINS . 

This experiment wa s c arr ied ou t to compare a ttachment to 

uroe p i the lial cells  u s ing fre shly i so lated E . coli ur inary strains 

and E . coli  i solates s tored at - l 0°C for seve ral yea rs . S i xte en 

E . co l i  stra ins were i s olated a t  a loc a l  c linic , and numbered 2 9 0  

t o  3 1 3  for this study . Within 5 days of i so lation the s e  s trains 

were grown in BH I broth and assayed for a ttachment to ur oepithe l i a l  

c e l l s , u sing the me thod d escr ibed in section 1 . 1 .  Each s train wa s 

a l so tested a f ter growth on TSA . Haemagg lutination tests were 

c arr i ed out in duplicate f or a l l  strain s , us ing _ the method descr ibed 

in s e c t ion 3 . 1 .  

S train 3 0 3 wa s a l so te sted f or attachment to ur oepi the l i a l  

c e l l s  harvested on days o f  the mens tru a l  cyc le when r eceptivity 

o f  c e l l s  to E . coli attachment wa s at peak or trough level s , a s  



2 0 1 .  

de scr ibed in section 1 . 4 .  Strain 8 7  wa s s imultaneously te sted to 

serve as a re ference for attachment . 

S train 2 9 0  wa s or ig ina l ly i solated from a woman work ing 

in the Department of Microbio logy and Genetic s .  Two weeks a f ter 

treatment of her ur inary infec t ion , her ur ine c u l ture wa s negative 

and her uroepi the l i a l  c e l l s  d id not have E . col i - l i ke organ i sms 

a ttached . The se c e l l s  were then tes ted for i n  v i t r o  attachment 

of stra in 2 9 0 , and aga in on days when c e l l receptivity wa s at peak 

and trough leve l s . Thi s woman became pregnant 1 y ear la ter and 

her uroepithe l i a l  c e l l s  were t e s ted for attachment of E . co l i  strains  

67  and 8 7 ; s train 2 9 0  wa s a l so assayed for attachment dur ing 

week s 7 ,  9 ,  17 and 3 9  of the pregnanc y .  This s tr a in wa s a l so 

assayed for a ttachment to c e l l s  from f our other women to compare 

the results wi th c e l l s  from the subj ect from whom the strain wa s 

isolated . 

The r esul ts of th e study on fre shly i solated E . coli  strains 

are pre sented in Append ix 1 .  The mean attachment values were 

s im i l ar to the r ange of  valu e s  obtained from str a ins stored at 

- 1 0°C .  Strain 3 0 3 g ave s imi l ar results to those r epor ted in  sec tion 

1 . 4 f or strains  67 and 8 7  over the menstrua l cyc l e . The highe s t  

mean va lues f o r  s train 3 0 3  wer e 8 ,  9 ,  1 0 ,  1 1 ,  and 1 5  E . coli per 

ce l l , for cel l s  collected between days 9 to 13 and 18 to 2 8  of the 

c yc le . The lowe st va lue s of 2 ,  3 ,  4 and 5 E . co l i  per cel l were 

recorded between day s 1 4  to 1 7  of the c yc l e . 

Strain 2 9 0  grown in BHI broth , attac hed to uroepithe l i a l  

c e l l s  from var ious women with mean va lu e s  between 6 and 1 0  E . c o l i  

per ce l l ,  o n  d ays of the menstrual cyc l e  when receptivity o f  the 

c e l l s  wa s h igh . This strain� c apac ity to attach to uroepi the l i a l  

c e l l s  wa s not high . When as sayed with c e l l s  harve sted during 

pr egnanc y ,  mean attachment valu e s  of be tween 9 and 1 1  E . co l i  per 

ce l l  were recorded at weeks 7 and 9 ,  whi l e  mean va lues of 2 ,  3 and 



4 E . coli  per c e l l  were recorded at we eks 17  and 3 9 . The r e su l ts 

for strain 2 9 0  ind ic ate that its capac ity for attachment wa s not 

increa sed or decre a sed by storage at - 1 0
°

C for we l l  ov er a year . 

4 . 3 . 2  STORAGE OF FOUR E . COLI STRAINS OVER 1 2  MONTH S .  

The following exper iment wa s d e s igned to determine whe ther 

storage cond i tions affected haemagg lut ina tion properties  and 

20 2 .  

a ttachment to uroepithe l ial cells  of f our E . col i ur inary strain s .  

S trains  6 7 , 8 7 , 3 2 0  and 3 2 2  were s tor ed for 1 2  months ( a )  on an 

agar s lant ( 2 %  peptone , 0 . 5 % NaC l , 2 %  ag ar ) at room tempera ture 

a nd ( b )  3 3 0 in 2 cm BHI broth with 0 . 4  cm glycero l  a t  - 1 0  C .  

At regu l ar interva l s  of approx ima tel y  4 to 6 weeks over 1 2  months , 

the se cu ltures wer e inoculated into BHI broth , and onto TSA , gr own 

at 3 7
°C for 1 6  hours and te sted for a ttachment to uroepithe l i a l  

c e l l s  pooled from the same group of women each time . The method 

in section 1 � 1 was u sed and the haem agglut ination properties  were 

a s s e s sed us ing the method in section 3 . 1 .  Stra in 8 7 , stored at 

- 1 0 °C in 2 cm3 broth wa s a l so inoc u l a ted into f ive BHI broths on 

1 1  occas ion s over 1 2  months , then a s s ayed f or attachment to 

uroepi the lial c e l l s .  Thi s  exper imen t wa s de signed to determine 

whe ther the s tock cultures contained a stable popu la tion of ba c ter ia 

who s e  c apac ity to attach to uroepithe l ia l  cells did n ot vary on 

any one day of te s ting . 

Tables 4 1  A , B , C , D  pre sent the r e sults obta ined for E . coli 

s tra ins 6 7 , 8 7 ,  3 2 0  and 3 2 2  stored in 2 d i fferent way s  and assayed 

af ter growth in BHI broth . The probability va lues g iven under each 

tab l e  represent r e sults  from a two -way ana lys is of variance wh ich 

c ompared the 1 1  a ttachment results  in each co lumn . S train 6 7  

s howed some var iat ion in attachmen t  with lower valu e s  obtained from 

subc u l tures of E . c o l i  s tored on agar a t  room temperature ( p  > 0 . 0 0 1 ) . 



TABLE 4 1  

DAYS F R OM 
START OF 

TEST 

3 

6 9  

1 0 8  

1 4 6  

1 7 2  

2 0 5  

2 3 5 

2 7 5  

3 0 4 

3 3 1  

3 5 9  

EFF EC T  OF STORAGE OF E . C O L I  STRA I N S  OVER 1 2  MONTHS : 

STRAINS 6 7  AND 8 7  GROWN IN BH I BROTH PR IOR TO ASSAY . 

A STRA I N  6 7  

( a )  AGAR SLANT ; ROOM TEMPERATURE ( b )  2cm
3 

BHI BROTH - 10
°

C 

MEAN NUM BER OF HAEMAGGLUT I NAT I ON MEAN NUMBER OF HAEMAG G LUT I NAT I O N  
E . C OLI  PER E RY THROC YTES E . CO L I  PER ERYTHROC Y T E S  

UROEP ITHEL IAL CELL HUMAN GUINEA P IG UROEPITHELIAL CELL 
HUMAN GU INEA P IG 

7 - MSHA 8 - MSHA 

8 - MSHA 1 0  - MSHA 

9 - MSHA 9 - M S HA 

10  - M S HA 9 - MS HA 

9 - MSHA 1 0  - MSHA 

8 - MSHA 1 0  - M S HA 

9 - MSHA 1 0  - M S HA 

1 1  - M S HA 1 1  - M S HA 

9 - MSHA 10  - MSHA 

8 - MSHA 1 0  - MSHA 

8 - M S HA 9 - M S HA 

p > 0 . 0 0 1  

N 
0 
w 



TABLE 4 1  Cont ' d  

B STRAIN 8 7  

( a )  AGAR SLANT ; ROOM TEMPERATURE 

DAYS FROM MEAN NUMBER OF HAEMAGGLUT INAT ION 
START OF E . COLI PER ERYTHROCYTES 

TEST UROEPITHELIAL CELL HUMAN GU INEA P IG 

3 1 1  - MSHA 

6 9  10  - -

1 0 8 1 7  - MSHA 

1 4 6  14  - -

1 7 2  1 5  - -

2 0 5  1 4  - -

2 3 5  1 1  - -

2 7 5  1 5  - -

3 0 4  1 3  - -

3 3 1  1 3  - -

3 5 9  1 3  - -

( b )  2 crn
3 

BHI BROTH - 1 0
°C 

MEAN NUMBER OF 
E . COL I  PER 

UROEPITHEL IAL CELL 

1 1  

1 0  

1 6  

1 3  

1 5  

15  

1 3  

1 4  

1 3  

1 3  

1 3  

--- -

p > 0 . 1  

--

HAEMAGGLUTINATION 
ERYTHROCYTES 

HUMAN GU INEA P IG 

- MSHA 

- MSHA 
- MSHA 
- MSHA 

- MSHA 
- MSHA 
- MSHA 

- MSHA 

- MSHA 
- MSHA 
- MSHA 

------

"-' 
0 
""' 



TABLE 4 1  

DAYS FROM 
START OF 

TEST 

3 

6 9  

1 0 8  

1 4 6 

1 7 2  

2 0 5  

2 3 5  

2 7 5  

3 0 4  

33 1 

3 5 9  

EFFECT OF STORAGE OF E . COLI STRA INS OVER 1 2  MONTHS : 

STRA INS 3 2 0 AND 3 2 2  GROWN IN BHI BROTH PR IOR TO AS SAY . 

C STRAIN 3 2 0  

( a ) AGAR SLANT ; ROOM TEMPERATURE 

MEAN NUMBER OF HAEMAGGLUT INAT ION 
E . C OL I  PER ERYTHROC YTES 

UROEP ITHEL IAL CELL HUMAN GU I NEA PIG 

9 MRHA MSHA 

1 0  MRHA MSHA 

1 6  MRHA MSHA± 

1 1  MRHA -

1 3  MRHA -

1 4  MRHA -

1 1  MRHA -

1 5  MRHA -

1 2  MRHA -

1 3  MRHA -

1 2  MRHA -

( b )  2cm 3 BHI BROTH - 1 0°C 

MEAN NUMBER OF HAEMAGGLUTINAT ION 
E . C OLI PER ERYTHROCYTES 

U R OE P I THEL IAL C E L L  
HUMAN GU INEA P IG 

9 MRHA MSHA 

1 1  MRHA MSHA 

1 5  MRHA MSHA 

1 2  MRHA MSHA 

1 4  MRHA MSHA 

1 5  MRHA MS HA 

1 3  MRHA MSHA 

1 3  MRHA MSHA 

1 1  MRHA MSHA 

1 4  MRHA MSHA 

1 2  MRHA MSHA 

----- --- -------------------� 

p > 0 . 0 1 

N 
0 
lJl 
. 



TABLE 4 1  C o n t ' d  

D STRA IN 3 2 2  
-

( a )  AGAR S LANTS ; ROOM TEMPERATURE ( b )  2 cm 3 B H I  BROTH - 1 0 °C 

DAYS FROM MEAN NUMBER OF HAEMAGGLUT I NAT ION MEAN NUMBER OF HAEMAGGLUTINAT I ON 
START OF E . C OL I  PER ERYTHROCYTES E . C OL I  PER ERYTHROCYTES 

TEST UROE P ITHELIAL C ELL HUMAN GU INEA P I G  UROEP ITHELIAL C EL L  HUMAN GU I NEA P IG 

3 1 5  MRHA M S HA 1 5  MRHA MSHA 
6 9  1 3  MRHA M S HA 1 4  MRHA MSHA 

1 0 8  1 8  MRHA M S HA 1 7  MRHA MSHA 
1 4 6  1 6  MRHA MSHA ±  1 6  MRHA MSHA 
1 7 2  1 7  MRHA - 1 6  MRHA MSHA 
2 0 5  1 7  MRHA M S HA ±  1 7  MRHA MSHA ±  
2 3 5  1 8  MRHA - 1 8  MRHA MSHA 
2 7 5  . 1 5  MRHA - 1 8  MRHA MSHA 
3 0 4  1 4  MRHA - 1 6  MRHA MSHA 
3 3 1  1 4  MRHA - 1 5  MRHA M S HA 
3 5 9  1 3  MRHA - 1 4  I MRHA M S HA 

p > 0 . 1  

N 
0 
0\ 



There wa s no evidence tha t the leve l s  of attachment of the other 

three stra in s varied in r e sponse to the different maintenance 

cond i t ian s .  

The difference be tween eac h o f  the 1 1  rows of tab le s A , B ,  

C and D wa s s ignif icant when ana lys ed u s ing two -way variance 

2 0 7 . 

( p  < 0 . 0 0 1 ) . Thi s  sugge s ted that over the 1 2  months , a ttachment 

to uroepithelial c e l l s  var ied for the 1 1  tests carr i ed out .  When 

a l l  4 strain s were s imi lar ly analysed for var iation between test 

da y s  within storage cond ition ( a ) , then ( b )  there wa s s trong 

ev id ence onc e again sugge s ting var i ab i l ity ( p  < 0 . 0 0 1  f or each 

te s t )  be tween test days . 

I n  shor t ,  there wa s l i ttle var iation for attachment to 

uroepithe lia l  cel l s  f or s trains s tored under the two cond itions , 

but attachment to uroepithe lial  c e l l s  var ied over the 1 1  tests . 

Thi s var iation may have ref lected ur oepithe lial  c e l l  v ar iatio n  

known t o  occur between sample d a y s  and known to affec t attachment 

of c er ta in E . coli s train s  grown in BHI br oth ( see sections 1 . 1 . 4 ,  

1 . 1 . 5 ) . 

It  wa s not possible to conc lude that the bac ter i a l  s trains 

had not var ied in the ir abi l i ty to attach to uroepi the l ia l  c e l l s , 

over the 1 2  months . However , when compar ing attachmen t  values 

at the start and the complet ion of the study , there wa s no downward 

or upward trend apparent .  In add ition , in  sever a l  c a s e s , attachment 

to ur oepi thelial  c e l l s  wa s high f or each s train r eg ar d l e s s  of the 

storage conditions , such as on days 1 0 8 ,  1 7 2 ,  2 3 5  a nd 2 7 5 .  I t  

wou ld be mo st unl ikely that var i at ion due so lely to the bac ter ial 

c u l tures would have s imu l taneou s l y  occurred in  each c u l ture on 

the s e  4 days . Such resu l ts sugge s t  that var iati on be tween the 1 1  

sample d a y  results wa s d u e  t o  the uroepithe l ial cel l su spens ion s  

rather than the bacter i a l  culture s .  

The haemagg lutination proper t i e s  of the f our s trains  te sted 



2 0 8 . 

did not vary for the bac ter ia stored in BH I broth a t  - 1 0 °C .  However , 

the pr oduc t ion of a MSHA by s trains 8 7 ,  3 2 0 and 3 2 2  wa s a f f ec ted 

after prol onged s torage on agar s lants at room temperature . The 

MSHA wa s not  detec ted af ter approx imate ly 1 4 6  to 2 0 5  days s torage . 

The los s of a MSHA d id not affect the attachment of the se s tra ins 

to uroep i the lial  c e l l s . 

Table 4 1  E pre sents the results for s train 8 7  grown over ­

night a t  3 7 °C i n  BH I broth f ive t imes from the stock culture he ld 

0 
at - 1 0  C ,  a nd a s s ayed for attachment to uroepithe l i a l  c el l s .  Over 

1 2  month s ,  there was no d etec table effec t  on expr e s s ion of a MSHA , 

as  thi s was pr esent in each te s t .  Haemagg lutination of human 

erythrocyte s wa s tested each t ime , but wa s a lway s  negative . The 

mean attachment f igures f or the f ive tests on one day d id not 

vary more than 1 2 . 9 % of the over a l l  mean attachment f igur e for 

that d a y . Thi s var iation cou ld be explained by the 1 5 %  var iation 

known to occur wi thin a uroep i thelial  c e l l samp le at any one time , 

as repor ted in sec tion 1 . 1 . 2 . I t  was con c luded that a n  inocu lum 

from the s tock c u l ture c ou ld be taken at random and u sed to 

inocu late B H I  broth culture s ,  wi thou t any l arge vari ation being 

found in the subsequent i n  vi t r o  a s say resu l ts for attachment 

to ur oep i the lial  c e l ls . There wa s no upward or downward trend in 

the attachment leve l s , though highest mean f igures were recorded 

on Day 1 7 2  and l owe st on day 3 5 9 .  Thi s  v ariation wa s thought to 

be due t o  v ar iation in uroepi the l ia l  c e l l  receptivi ty to the E . coli  

attachment . 

Tabl e  4 2  A , B , C , D  presents the resu lts  of the f i n a l  s tudy 

invo lving E . c ol i strain s stored over 1 2  months . Thi s experiment 

was f i r s t  c ommenced af ter 8 4  days storage when it was dec ided to 

investiga te the e f fect of subcultur ing the s trains onto TSA prior 

to th e a ttachmen t a s say . Stati stical  ana ly s i s  wa s carr i ed ou t 

using two -way ana lysis  o f  var i ance to analyse the d i f f erenc e s  



TABLE 4 1  Cont ' d  

EFFECT OF STORAGE OF E . C OL I  STRA IN S OVER 1 2  MONTHS 

E .  STRA IN 8 7  TESTED F IVE T IMES ON EACH OCCA S I ON . 

TEST l TEST 2 TEST 3 TEST 4 TEST 5 
DAYS F R OM 
START OF 

TEST A B A B A B A B A B 

5 1 2  MSHA 1 4  MSHA 1 2  MSHA 1 3  MSHA l l  M S HA 

7 0  1 3  MSHA 1 5  M S HA 1 5  MSHA 1 5  M S HA 1 4  M S HA 

1 0 9  1 3  M S HA 1 2  MS HA 1 4  M S HA 1 4  MSHA 1 4  M SHA 

1 4 6  1 3  MSHA 1 4  M S HA 1 4  MSHA 1 5  M S HA 1 3  M S HA 

1 7 2  1 5  MSHA 1 5  MSHA 1 5  MSHA 1 5  MSHA 1 6  M S HA 

2 0 5  1 5  MSHA 1 4  M S HA 1 5  M S HA 1 6  MSHA 1 4  M S HA 

2 3 5  1 3  MSHA 1 3  MSHA 1 2  MSHA l l  M S HA 1 2  M S HA 

2 7 5  1 4  MSHA 1 3  MSHA 1 3  MSHA 1 2  MSHA 1 3  M S HA 

3 0 4  1 2  MSHA 1 3  MSHA 1 3  M S HA 1 2  MSHA 1 2  M S HA 

3 3 1  1 3  MSHA 1 3  M SHA 1 2  MSHA 1 2  MSHA 1 2  M S HA 

3 5 9  1 3  MSHA 1 2  MSHA 1 2  M S HA l l  MSHA l l  M SHA 

A = Mean No . of E . co l i  per Uroepithe l ial C e l l . 

B = Haemagg lut ination of gu inea p ig erythr ocyte s .  

2 0 9 . 

. 



between the storage on agar a t  room temperature and in B H I  broth 

0 
a t  - 1 0  C ;  and betwee n  the days of s tor age to determine whe ther 

L .J. V . 

a ttachment to uroepithe l ial  c e l l s  var ied over the 1 2  months . The 

pr obab ility values beneath each tabl e show the evidence for 

d i f f er ence s  between the columns of re s u l t s . Ther e did not appear 

to be a d i f f erence f or strains 67 and 8 7  stored on agar or in  

B H I  br oth ( p  > 0 . 1 ) but there was ev idence of  a dif ferenc e for 

s tr a ins 3 2 0  and 3 2 2  wi th resultant highe s t  a ttachment to uroepithe l i a l  

c e l l s  i n  cultures s tored a t  - l o 0c . 

The d i f f erence between attachment l evel s  on each day of test 

was insigni f i c ant with pr obabi li ty l evel s  of p > 0 . 1  f or s train 6 7 ; 

p > 0 . 0 1 for strain 8 7 ;  p > 0 . 0 1 for s train 3 2 0 and p > 0 . 0 5 for 

stra in 3 2 2 . There were several days , name ly 8 4 , 1 3 5 , 2 3 5 ,  2 7 5 and 

3 0 4  when attachment va lue s  were marg ina l ly higher , but thi s  was 

thought to be due to increased receptiv i ty of  the uroepithe l i a l  

ce l l  suspens ion to E . c o l i  attachment r a ther than t o  variation within 

the E . coli c u l tures . 

The r e sults from the haemagg lutination te sts showed that a 

MRHA was pre sent in s trains 3 2 0 and 3 2 2  regardless  of s torage 

c ondi tions , over the 1 2  months .  For the se s tra ins , no MSHA wa s 

detec ted af ter growth on TSA . Str a in 8 7  d id not agg lutinate 

human or gu inea pig erythrocyte s  af ter growth on T SA ,  r egard l e s s  

o f  t h e  storage cond i t ion s . S train 6 7  d i d  not agg lutinate human 

erythrocyte s but d i d  produce a MSHA after growth on TSA , regardl e s s  

o f  the s torage c ond ition s , with the exception o f  one r e su l t  on 

day 2 3 5  when the agar s tored culture s ubbed onto TSA d id not expre s s  

a MSHA .  The reason for thi s exception i s  uncer tain however , it 

is poss ible tha t experiment a l  error may have been r espon s ible . 



TABLE 4 2  

DAYS FROM 
START OF 

TEST 

8 4  
1 3 5  
1 7 4  
2 0 5  
2 3 5  
2 7 5  
3 0 4  
3 3 1  
3 5 9  

EFF EC T  OF 

STORAGE OF E . COLI STRA INS OVER 1 2  MONTHS : 

STRA INS 6 7  AND 8 7  GROWN ON TSA PRIOR TO AS SAY 

A STRA I N  6 7  

( a )  AGAR SLANT ; ROOM TEMP ERATURE ( b )  2 cm 3 BH I BROT H - 1 0 °C 

MEAN NUMBER OF HAEMAGGLUT I NAT ION MEAN NUMBER OF HAEMAGGLU T I NA T ION 
E . COLI PER ERYTHROC YTES E . COLI PER ERYTHROC YTES 

UROE P I THEL IAL CELL HUMAN G U I NEA P IG UROEP I T HEL IAL CELL HUMAN GU I NEA P IG 

5 - MSHA 4 - MS HA 
5 - M S HA 5 - MSHA 

3 - M S HA 5 - MSHA 
.. 

4 - MSHA 5 - MSHA 
4 - - 4 - MSHA 
6 - MSHA 5 - MSHA 
6 - MSHA 5 - MSHA 
5 - MSHA 5 - MSHA 
4 - MSHA 5 - MSHA 

p > 0 . 1 

N 
1-' 
1-' 
. 



TABLE 4 2  C on t ' d  

B STRA I N  8 7  

( a )  AGAR SLANT ; ROOM TEMPERATURE ( b )  2 cm 3 
BHI BROTH - 1 0 °C 

DAYS FROM 
START OF 

TE ST 

8 4  
1 3 5  
1 7 4  
2 0 5  
2 3 5  
2 7 5  
3 0 4  
3 3 1  
3 5 9 

-------------

MEAN NUM BER OF 
E . C OLI PER 

UROEP ITHEL IAL CELL 

--------- --- � 

1 4  
1 4  

1 8  
1 9  
1 8  
1 7  
1 7  
1 3  
1 4  

HAEMAGGLU T I NAT I ON 
ERYT HROCYTES 

HUMAN GUINEA P IG 

- -

- -

- -

- -

- -

- -

- -

- -

- -

p > 0 . 1  

MEAN NUMBER OF HAEMAGGLU T I NATION 
E . C OL I  PER ERYT HROC YTES 

UROEP I THEL IAL C ELL HUMAN GU INEA P I G  

1 6  - -

1 8  - -

1 7  - -

1 8  - -

1 9  - -

1 7  - -

1 7 - -

1 4  - -

1 5  - -

N 
f-' 
N 



TABLE 4 2  Cont ' d  

C STRA I N  3 2 0  

( a )  AGAR SLANT ; ROOM TEMPERATURE ( b )  2cm 3 BH I BROTH - 1 0 °C 

DAYS FROM MEAN NUMBER OF HAEMAGGLUT I NAT ION MEAN NUMBER OF HAEMAGGLUT INAT ION 
START OF E . C OLI PER ERYTHROCYTES E . COL I PE R ERYTHROC YTE S 

TEST UROEP ITHE L IAL CELL 
HUMAN GU I NEA P IG 

UROE P I T HEL IAL CELL 
HUMAN GU I NEA P IG 

8 4  2 3  MRHA - 2 6  MRHA -

1 3 5  2 3  MRHA - 2 5  MRHA -

1 7 4  2 0  MRHA - 2 4  MRHA -

2 0 5  2 1  M R HA - 2 3  M R HA -

2 3 5  2 0  MRHA - 2 2  MRHA -

2 7 5  2 1  MRHA - 2 4  MRHA -

3 0 4  2 3  MRHA - 2 3  MRHA -

3 3 1  2 0  MRHA - 2 1  MRHA -

3 5 9  2 0  MRHA - 2 1  MRHA -

-- -- -------

p > 0 . 0 0 1  

N 
I-' 
w 



TABLE 4 2  C ont ' d  

D STRA IN 3 2 2  

( a )  AGAR SLANT ; ROOM TEMPERATURE ( b )  2 crn 3 
BHI BROTH - 1 0 °C 

DAYS FROM MEAN NUMBER OF HAEMAGGLUT INATION MEAN NUM BER OF HAEMAGGLU T I NAT ION 
START OF E . C OLI PER ERYTHROC YTE S E . C OL I  PER ERYTHROC YTES 

TEST UROEP ITHELIAL CELL 1-nJMAN GU INEA P IG UROEP I T HEL IAL C EL L  HUMAN G U I NEA P IG 

8 4  3 5  MRHA - 3 4  MR HA -

1 3 5 3 2  MRHA - 3 1  MRHA -

1 7 4  2 8  MRHA - 3 0  MRHA -

2 0 5  2 9  MRHA - 3 0  MRHA -

2 3 5  3 1  MRHA - 3 3  MRHA -

2 7 5  2 9  MR HA - 3 0  MRHA -

3 0 4  2 5  MRHA - 3 2  MRHA -

3 3 1  2 6  MRHA - 3 0  MRHA -

3 5 9  2 7 MRHA - 3 0  MRHA -

p > 0 . 0 2 5  

N 
1-' 
.l>o 



4 . 4  TWO CULTURE C OND IT I ONS REPORTED TO AFF ECT THE EXPRE S S I ON 

OF A MRHA F OR E . COL I STRA INS . 

2 1 5 .  

I n  1 9 8 1 ,  H ag b e rg e t  a l .  repor ted tha t  growth o f  E . c o l i  by 

s ubc u l tur ing twi c e  in 5 cm3 br oth i n  a l O O  cm 3 f l a s k  and incuba t ing 

f or 48  hour s a t  3 7 °C on each oc c a s i o n  encouraged expr e s s io n  of a 

MRHA , a nd r e su l ted i n  h i g h  a t tachm e n t leve l s  to ur oep i the l ia l  

ce l l s .  Twenty E . c o l i  s tr a in s  wer e s u b sequen t ly c u l tu r e d  u s ing 

t h i s  techn ique a nd a s sayed f or a t ta c hment t o  uroep i the l i a l  c e l l s  

a s  d e s c r i bed in s ec t ion l . l . The h aemag g l u t i na t ion p a t t e r n  o f  the s e  

s t r a i n s  wa s a l so t e s ted u s ing t h e  me t hod of s e c t i o n  3 . 1 . 

A second exper iment wa s c ar r i ed ou t f o l l owing r ep or t s  by 

D ug u i d  et a l .  ( 1 9 5 5 )  , and more r ec e n t l y  by Evans et a l . ( 1 9 7 8 )  wh o 

d i s c u s sed a MRHA o f  e n ter otox igen i c E . co l i . These au thor s proposed 

tha t pr oduct ion o f  a MRHA wa s i n h i b i ted f ol l owing g r owth o f  

E . c o l i  on agar a t  a l owered tempe r a tu r e . The same 2 0  E . co l i  s t r a i n s 

a s  above , 0 wer e  c u l tured on T SA a t  1 8  C and a s sayed f or a tt achment 

to uroep i the l ia l  c e l l s  fr om the s am e  p oo l  of ce l l s as above . 

As a compar i so n , these E . c o l i  s tra i n s  were a l s o  a s s ayed 

a f ter growth on TSA and i n  BHI br o t h  at 3 7 °C .  The mean a ttachment 

va l u e s  and haemagg l u t i nat ion p a t te r n s  we re c ompared t o  those 

obtained from the f ir s t  two par t s  of t hi s  s tud y .  The uroepi the lia l 

c e l l s  u sed were t a k e n  f r om a s ing l e  pooled s amp le . T h e  mean 

a ttac hment va lues wer e c a lcu l a ted a nd c ompared u s ing ana l y s i s  of 

var iance me thod s d e s c r ibed by Ro s c o e  ( 1 9 6 9 ) . The r e s u l t s  ar e 

p r e s e n ted in Tabl e  4 3 . 

There d id not appear to be a s i g n i f icant d i f f er en c e  b e tween 

a t tachme nt of the f ir s t s amp le o f  1 0  s tr a i n s  to uroep i the l i a l  

c e l l s  ( p  > 0 . 2 5 ) , f or t h e  f our c u l tu r e  cond i t i on s . H owev e r , there 

wa s a highly s i g n i f icant d i f f er e nc e when the r e su l t s  o f  the s econd 

gr oup of ten stra i n s wer e  analysed ( p  < 0 . 0 0 1 ) . Thi s d i f f er ence 
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TABLE 4 3  

TWO CULTURE C OND I T I ON S  RE P ORTED T O  AFFEC T  T HE EXPRES S I ON OF 

A MRHA F OR E . C OLI STRAIN S : 

HAEMAGGLU T I NAT I ON PROPERT I E S  AND ATTAC HMENT TO U ROEP IT HEL I AL C ELLS 

F OR E . COL I  STRA I NS GROWN UND E R  THE SE TWO COND I T I ON S  COMPARED W I T H  

RESULTS OBTA I NED AFTER STANDARD GROWTH I N  B H I  BROTH AND ON T SA . 

STANDARD BH I STANDARD T SA 
BROT H GROWN GROWN C U LTURES 

CU LTURE S 
STRA I N  

A B A B 
( i )  ( i i )  ( i )  ( i i )  

4 3  - - 5 - - 4 

6 1  - - 6 - - 6 
6 6  - - 9 - - 1 2  

7 4  - - 5 - - 4 

8 7  - M S HA 1 4  - - 1 6  

1 3 2  - - 8 - - 8 

1 9 0  - M S HA 1 0  - MSHA 7 

2 3 1  - M S HA 1 3  - M S HA 8 

2 4 2  - - 8 - - 1 0  

2 8 8  - M S HA 7 - - 4 

M =  8 .  5 M = 7 .  9 

8 9  - - 8 MRHA - 5 4  

1 0 4  MRHA - 1 0  MRHA - 5 1  

1 2 2  - - 1 1  MRHA - 5 0  
12 5 - - 9 MRHA - 5 7  
1 2 9  - - 1 3  MRHA - 3 9  
1 5 9  - - 9 MRHA - 4 9  

17 8 - - 7 MRHA - 5 9  
2 0 7  - - 8 MRHA - 5 8  

2 8 4  - - 1 6  MRHA ± - 5 7  

2 8  9 MRHA± - 1 7  MRHA - 6 9  

M =  1 0 . 8  M =  5 6 . 3  

5 cm BH I 3 

BROTH IN l O O  cm 
SU BCU LTURED 

3 7 °c ,  4 8  HRS 

A B 
( i )  ( i i )  

- MSHA 5 

- - 1 0  
MS HA± M S HA 1 1  

- - 3 
- MSHA 1 1  
- MSHA 6 
- MSHA 7 

M SHA ± M S HA 7 
- MSHA 5 
- M SHA 6 

M = 7 . 1  

MRHA± MSHA 1 3  

MRHA MSHA 3 0  

MRHA± MSHA 2 0  
MRHA ±  MSHA ±  1 1  
MRHA± M S HA 1 5  
MRHA ± MSHA 1 4  

MRHA± MSHA 1 4  
MRHA MSHA 1 4  

MRHA ± - 1 0  

MRHA MSHA 1 3  

M =  1 5 .  3 

3 
T SA CU LTU RE S 

1 8 °C 

A 
( i )  

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

' 8 HRS 

B 
( i i )  

- 4 

- 7 
- 1 2  
- 5 
- 1 3  
- 8 

M S HA 8 

M S HA 8 
- 9 
- 4 

M =  7 .  8 

- 9 
- 8 
- 1 0  
- 1 1  
- 1 3  
- 9 
- 9 
- 8 
- 1 3  
- 1 0  

M =  1 0 . 0  

A = Haemag g l u t i na tion of ( i )  Human erythroc y t e s  ( i i )  Gu inea P ig 
B = Mean E . c o l i  p e r  Ur oep i the l i a l  C e l l . erythroc y t e s  
-
M = Mean 
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wa s appar e n t l y  due t o  h i g h  attachment to the ur oepi the l i a l  c e l l s  

o f  s tr a i n s  g r own o n  T SA e xpr e s s i ng a MRHA . I ndeed , th ere wa s a l so 

a s ignf i c a n t  d i f f er e n c e  when the r e su l t s  from t he f ir s t ,  t h i r d  

and four t h  c o lumn s w e r e  ana l ys ed ( p  < 0 . 0 2 5 ) . T h i s  wa s d ue to 

the highe r a t tachmen t v a lu e s  ob ta ined a f ter subc u l tur i ng the 

organ i sms twi c e  in 5 cm 3 B H I  bro th in 1 0 0  cm 3 f or 48 hour s at 

3 7 °C .  However , thi s c u l tur a l  c ond i t io n  d id not g ive r i s e  t o  a s  

h i g h  a t t a c hm e n t  l eve l s  a s  tho s e  obtained a f ter gr owth o n  T SA 

( p  < 0 . 0 0 1 ) . When t h e  r e su l ts from growth in s tandard BH I broth 
0 were c ompared to tho s e  f r om  T SA c u l ture s a t  1 8  C ,  there wa s no 

evid ence of a d i f f e r e n c e  ( p  > 0 . 2 5 ) . 

The r e su l ts f r om the haemagg lu t i n a t ion te s t s  proved t o  be of 

i n ter e s t . F or the f ir s t  gr oup of ten s tra ins the pr e s en c e  or 

absence of a M S HA d id n o t  a f f e c t  attachm en t , though growth i n  

5 cm3 B H I  b r o t h  i n  1 0 0  cm3 f la s k  appe ared to be appr op r i a t e  for 

expre s s ion of a MSHA . I n  th e s ec ond gr oup of s tr a i n s  both a MSHA 

and a MRHA wer e expr e s s ed a f ter gr owth u nd er the s e  c ond i t i on s , in 

9 of• the 10 s tr a i n s . By c ompar i ng the s e c ond gr oup o f  r e su l t s , i t  

appeared t h a t  growth 1 n  s tandard B H I  b r o t h  d id not encou r a g e  
0 haemagg l u t i n in produc t i o n ; growth i n  T SA a t  3 7  C e ncouraged MRHA 

expr e s s ion a n d  thi s appeared to have been repr e s s e d  or i nh ib i t e d  
0 a fter g r owth on T SA a t  1 8  C .  Th e s e  r e su l t s suppor t the hypoth e s i s  

gr owth o n  T SA a t  3 7 °C i s  appr opr iate f or the so le expr e s s i o n  of 

a MRHA , and that thi s r e su l t s  in enhan c e d  a ttachme n t  to uroepi the l i a l  

ce l l s . 

4 . 5  ATTAC HMENT OF E . COLI URINARY STRA I N S  TO BUCCAL EP I TH E L IAL CELL S . 

Two exper imen t s  wer e  und er taken t o  inv e s t ig a te the a t tachment 

of E . c o l i  ur inary s tr a i n s  to buc ca l ep i th e l ia l  c e l l s .  

The buc c a l  c e l l s  were c ol lec ted by rubb ing a s ter i l e c otton 

woo l  swab a ga i n s t  the c�eeks of the buc c a l  cav i ty . The swab wa s 
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3 immer s ed i n  a tube c on t a in ing 5 cm P B S , pH 7 . 1 ,  and t h e  buc c a l  

c e l l s  r e s u spended by shaking the swa b . The c e l l s  we r e  then 

wa s hed three times i n  PBS and r e s u s pe n d ed to a concen tr a t i on o f  
5 3 1 x 1 0  c e l l s  per 0 . 5  cm P B S . I n  the f ir s t  exper im en t , c e l l s  

wer e harve s ted f r om three i nd iv idua l s  and s epar ate l y  a s s ayed f or 

a t tachment wi th 1 0  E . c o l i  urinary s tr a i n s , grown in B H I  broth or 

on T SA , a s  in sec t io n  1 . 1 .  

The r e s u l t s  a r e  p r e s e n ted i n  T a b l e  4 4 . Stat i s t i c a l  ana lys i s  

u s i n g  two -way var ia n c e  showed that overa l l ,  ther e wa s n o  s ign i f icant 

d i f f erence b e tween t h e  mean at tachm e n t  values obta i n ed w i th c e l l s  

f r om 3 i n d ividua l s : p > 0 . 0 5 f or s t r a i n s  4 9  to 6 7  and p > 0 . 1  f or 

s tr a in s  1 2 2  to 1 7 8 . However , ther e we r e  sma l l  d i f fe r e nc e s  b e twe en 

i n d ividua l s  w ith s tr a in s  6 7 , 1 2 2  and 2 0 7 . The haemag g l u t i na t i o n  

proper t ie s o f  each s tra in are a l so pr e s e nted a nd i l l u s tr a te that 

s tr a i n s  g r own on T SA and p o s s e s s ing a MRHA attached s i g n i f i c an t ly 

b e t ter to buccal e p i th e l i a l  c e l l s  than s tr a ins pos s e s s i ng a MSHA . 

I n  the second expe r ime n t , buc c a l  c e l l s  wer e  poo l ed toge ther 

f r om thr ee individ u a l s . Twenty E . co l i  ur in ary s tra i n s  were 

a s s ayed f or a ttachment to the se buc c a l  c e l l s  and s imu l taneou s l y 

a s sayed w i th uroep i the l i a l  ce l l s  harv e s ted f r om poo l ed u r i n e  

s amp l e s , u s i n g  th e m e t hod in sec t ion 1 . 1 .  The haemagg lu t in a t i on 

t e s t  d e scr i bed in s e c t ion 3 . 1  was u s ed to con f i rm the p r e s ence of 

b a c ter i a l  haemagg l u t in in s .  

Tab le 4 5  pr e s e n t s  the r e su l ts o f  thi s exper imen t . The f ir s t  

s et o f  1 0  s tra ins d i d  not expr e s s  a MRHA and attachmen t  t o  buc c a l  

c e l l s  d id not d i f f e r  s ig n i f ican t l y  f r om tha t t o  uroep i the l ia l  c e l l s , 

a f te r  analys i s  by two -way var i ance ( p  < 0 . 1 ) . However , a t tachment 

t o  buccal c e l l s  wa s marg ina l l y  l ower than a ttachmen t to u r oep i the l i a l 

c e l l s . 

For strains g r own on TSA and e x pr e s s ing a MRHA , a t tachment 

wa s s i g n i f i c ant ly h i g he r  to uroep i the l i a l  ce l l s  than t o  bucca l 
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TABLE 4 4  

ATTACHMENT OF E . COLI URINARY STRA IN S  T O  BUCCAL 

E P ITHELIAL CELLS FROM THREE IND IV IDUAL S . 

MEAN NUMBER OF E . C OL I  

P E R  BUCCAL EP ITHE LIAL C ELL 
HAEMAGGLUT INAT I ON 

GROWTH ERYTHROC YTE S  C ELLS F ROM C ELLS FROM C ELLS F ROM 
STRAIN C OND I T I ON HUMAN GU INEA P IG IND IV IDUAL 1 IND IV IDUAL 2 IND IV IDUAL 3 

4 9  BROT H - M S HA 4 5 4 

8 7  BROT H - MSHA 4 5 4 

1 3 0  T SA - MSHA 7 3 4 

1 3 0  BROT H - MSHA 9 4 5 

6 7  T SA - MS HA 9 3 4 

M = 6 . 6  M = 4 . 0  M = 4 . 2 

1 2 2  T SA MRHA - 1 3  2 4  1 7  

1 0 4  T SA MRHA - 14 19 17 

2 8 9  T SA MRHA - 1 4  1 5  1 1  

2 0 7  T S A  MRHA - 2 3  3 4  3 6  

1 7 8  T SA MRHA - 2 4  2 1  1 8  

M = 1 7 . 6  M = 2 2 . 6  M = 1 9 . 8  
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TAB L E  4 5  

STRA IN 

4 3  
4 9  
6 1  
6 6  
6 7  
7 4  
8 7  

1 3 0  
1 3 0  
1 3 2  

8 9  
1 0 4  
i 2 2  

i 2 5  

: p g  
1 5 9  
1 7 8  
2 0 7  
2 8 4  
2 8 9 

C OMPAR I SON OF ATTAC HMENT OF E . C OL I  U R INARY 

STRA I N S  TO BU CCAL AND U R OE P I T H ELIAL C ELLS . 

G R OWT H  
C OND I T ION 

BROTH 

B R OTH 

BROTH 

BROTH 

T SA 

B R OT H  

B R OTH 

T SA 

BROTH 

B R OTH 

T SA 

T SA 

T S A  

T SA 

T SA 

T SA 

T SA 

T SA 

T S A  

T SA 

HAEMAGG LU T I NAT I ON 
ERYTHROC Y T E S  

HUMAN GU I N EA P IG 

- -

- M S HA 

- -

- -

- M S HA 

- -

- M S HA 

- M S HA 

- M S HA 

- -

MRHA -

MRHA -

MRHA -

MRHA -

MRHA -

MRHA -

MRHA -

MRHA -

MRHA:: -

MRHA -

M EAN NUM BER E . C OL I  PER 

E P I THE L IAL C ELL 

BUC C A L  C ELLS U R OE P I T HE L I A L  C ELLS 

5 5 
4 l l  
4 6 

1 2  9 
5 5 
5 5 
4 1 4  
5 7 
6 7 
3 8 

-

M = 5 . 3 M = 7 . 7  

p < 0 . 1  

2 0  5 4  
1 7  5 1  
1 8  7 0  
4 5  5 7  
1 9  3 9  
3 3  4 9  
2 1  5 9  
3 1  5 8  
1 5  5 7  
1 3  6 9  

-

M = 2 3 . 2  M = 5 6 . 3  

p < 0 . 0 0 1  
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F RE QU E N C Y  D I STRIBU T I ON OF E . C OL I STRAIN 2 0 7  

G ROWN ON TSA , ATTACHED T O  l O O  V IABLE BUC C A L  

EP I T HE L IA L  C ELLS AND l O O  V IA BLE U ROEP ITHELIAL C ELL S . 

RANGE OF E . COL I 
ATTAC HED P ER 

E P ITHE L IA L  C EL L  

0 

1 to 2 0  

2 1  to 5 0  

> 5 0  

NUMBE R OF 
BUCCAL E P I TH E L I AL 

C E L L S  

0 

6 2  

2 4  

1 4  

p < 0 . 0 0 1  

NUM BER OF 
U R OE P I THEL I AL 

CELLS 

0 

7 

3 9  

5 4  

2 2 1 . 
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epithe l i a l  c e l l s  ( p  < 0 . 0 0 1 ) . N ev er the l e s s , a t tac hme n t  to buc c a l  

ce l l s  wa s h ig h e s t  f or the g r ou p  of s tra ins p o s s e s s i ng a MRHA , ra ther 

than the s tr a in s  poss e s s i ng a MSHA or no haemagg lu t i n i n . 

T a b l e  4 6  pre sents the f r e qu e n c y  d i s tr ibutio n s  of E . c o l i  

s tr a in 2 0 7  g r own on TSA and expr e s s ing a MRHA , at tac hed t o  l O O  

v i ab l e  bu c c a l c e l l s  and l O O  v i ab l e  uroep i t he l i a l  c e l l s .  Ther e wa s 

a highly s ig n i f ic ant d i f f er e n c e  be tween the d i s tr i bu tion s  af ter 

anal y s i s  u s i n g  a c h i - s quar ed me thod , r epor ted by Ros coe ( 1 9 6 9 ) . 

There wer e s u b s tan tial ly mor e ur oep ithe l i a l  tar g e t  c e l l s ( 5 4 % )  than 

bu c c a l  targ e t  c e l l s ( 1 4 % )  t o  wh ich large number s of E . c o l i  attached 

( >  5 0  E . c o l i  per ce l l ) . T h e s e  exper imen t s  i nd i c a ted tha t E . c o l i  

have the c ap a c i ty to attac h t o  e p i thel i a l  c e l l s  o f  d i f f er e nt or i g i n . 

However , the a t tachment of ur i n a r y  s tr a i n s  appear ed to be mor e  spec i f ic 

f or uroep i t h e l ia l  c e l l s  than f or buc c a l  epithe l i a l  c e l l s . 

F i n a l ly , bu ccal cel l s  f r om sever a l  samp l e s were d oubl e ­

s ta i n ed w i th trypan blue and PAS reage nt , and wi th erythro s i n e  B 

a nd a l c i a n  b lu e  to d e term i ne t he pr e s enc e of mucopo lysacchar id e s  

o n  v ia b l e  a n d  nonviable c e l l s , u s ing the method d e scr ibed i n  s e c tion 

2 . 2 .  I n  t o t a l , 1 0 0  v iable and l O O  nonv i ab l e  c e l l s  wer e a s s e s s ed 

f or the pr e s ence of a muc u s  c o a t . Of the buc c a l  c e l l popu l a t i o n , 

3 0 %  of t he c e l l s wer e  v i able , and of the s e , on l y  1 5 %  s ta i n ed wi th 

PAS r ea g e n t  and 10% stained w i t h alc ian blue . O f  the nonv i ab l e  

c e l l s , on l y  5 %  sta ined with PAS r eagent and 5 %  w i th a l c ian b l u e . 

I t  wa s ev i d e n t  tha t mo s t  of t he bu cc al ep ithe l i a l  c e l l s  harv e s ted 

f r om the m ou th and u sed in the s e  inv e s t igat i on s ,  wer e not c oa ted with 

mucop o l y s a c c harid e s . 

4 . 6  ALTERNAT IVE HAEMAGGLU T INAT I ON TESTS U SED TO D ETEC T THE 

MRHA OF E . COLI I SOLATE S .  

A f u r ther f ive haemagg l u t i n a tion te s t  s y s t ems were u s ed to 
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ver ify the r e sul ts f r om ear l i er s tud i e s . Each sys tem wa s u s ed to 

d e te c t  the haemagg l u t ination pattern o f  4 3  E . c o l i  i s o l a te s , 

f o l l owing g r owth on T SA p l a te s . 

METHOD A T h i s wa s s imi l ar to that d e s c r ibed by Duguid e t  a l . 

( 1 9 5 5 )  and Scott and O ld ( 1 9 8 1 ) . One P a s teur pipette d r op of 

bac ter i a l  su spen s ion ( 1 0 1 1  or ganisms per cm 3 in PB S )  wa s added to 

the we l l s  of a wh i t e  por c e l a i n  ti le , w i t h  one d r op of human 0 Rhe s u s  

po s i t i v e  e r ythr ocyte s ( 0 . 3 %  v/v i n  PBS ) and o n e  d r op o f  P B S  with 

or w i thout a D mann ose ( 0 . 5 % w/v i n  P BS ) . 

H aemagg l u t i n a t i on wa s no ted a f t e r  1 5  minu t e s  at 4 °C on i c e , 

then 3 0  m i nute s a t  2 0 °C and a f ter 6 0  m inu tes at 5 0 °C .  

MET HOD B Th i s  method wa s s imi lar to that d e s c r ibed by J one s 

and R u t t e r  ( 1 9 7 4 ) and Smyth e t  al . ( 1 9 7 8 ) . From an E . c o l i  s u s p e n s ion 

o f  5 x 1 0 1 0  org a n i sms per cm 3 in PBS , 2 5  � £  wa s r emoved and added 

to the we l l  of a p l a s t i c  m i c r otiter t r ay with 2 5  � £  PBS human 0 

Rhe s u s  p o s i t ive erythrocyte s ( 3 % v/v in PBS ) and 2 5  � £  PBS w i th or 

w i t hou t a D mannose ( 0 . 5 % w/v in PB S ) . H a emag g l ut i n a t ion was r ead 

a f te r  l hour at 4 °C ,  then l hour at 2 0 °C .  

METHOD C Th i s  t e s t  s y s tem u t i l i sed g l a s s  m i c r o s c ope s l id e s  

( P ow e l l  and F inke l s t e i n , 1 9 6 6 ; Lj ungh e t  a l .  1 9 7 9 ) . F r om an E . c o l i  

. f 1 0 1 0  . 3 . s . s u s p en s l on o organl sms per cm l n  PB , one P a s teur plpette 

drop wa s added t o  a s l ide with one d r op o f  h uman A Rhe s u s  pos i t ive 

e r y t h r ocytes ( 3 % vjv in P B S )  with or w i t hout a D mannose ( 1 %  i n  PBS ) . 

T h e  r e su l ts were noted a f t er gently rock i ng the s l ide a t  room 

t emperature for s ev e r a l  m i nutes then p l a c ing the s l id e  on i c e  a t  
0 4 C f or 1 hour . 

METHOD D Wh i te porce l a in ti le s  were again u s e d  in a me thod 

d e s c r i bed by D ug u i d  et a l . ( 1 9 7 9 ) . F r om an E . c o l i s u spens ion of 

1 0 1 2  . 3 . 
0 d d dd d 1 1  organ l sms per cm l n  PBS , 5 0  � �  wa s r emove a n  a e t o  a we 
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w i t h  5 0  w £  o f  human 0 Rhesus po s i t ive erythrocyte s ( 3 % i n  PB S ) , 

w i t h  or wi thout u D mannose ( 2 % i n  P B S ) . Haemag g l u t i n a t io n  wa s 

r ead a t  2 0 °C room tempera ture then a f ter 1 5  minutes a t  4 °C on ice . 

METHOD E The me thod d e s c r i bed by Van Den Bosch ( 1 9 8 0 ) 

wa s u s ed ; l O O  � £  o f  bac ter i a l  s u spe n s ion ( 1 0 9 org an i sms p er cm 3 

in PBS ) and l O O � £  of h uman A Rhe s u s  po s i t ive erythroc yte s ( 0 . 5 % v/v 

in PBS ) wer e added to a we l l  on a D i s po s o � tray with or w i th out 

a D manno s e  ( 1 % w/v in PB S ) . T h e  tray wa s gen t ly ag i ta ted on an 

Adam ' s  Nuta tor for 3 0  minutes at 3 7 °C .  Haemagg l u t i n a t i o n  wa s read 
0 a t  th i s  p o i n t  and aga i n  a f ter the tray wa s l e f t  over n i g h t  a t  4 C .  

A l l  the t e s t s  were c arr i e d  ou t on one day , w ith 

haemag g lu t inat ion be ing r e c or d ed as d e scr ibed in s e ction 3 . 1 . Contr o l  

s tr a i n s  were grown o n  TSA and c on s i s ted o f  s train 3 2 2  k n own to 

pos s e s s  a MRHA , s t ra i n  1 7 2 wh i ch pos s e s sed a MSHA and s tr a i n 4 3  

wh ic h d id n o t  po s s e s s  a MRHA or a M S HA . In add i t i on , e ac h  te s t  

con ta ined a c ontrol w i th PBS , erythro c y t e s  and n o  E . c o l i  added to 

en s u r e  tha t  any haemagg l u t ina tion ob s erved wa s not due to t he 

buf f e r  s o lution or to the e r y thr ocyte s exhibit ing autoa g g lutina ti on . 

A .  STRA IN S  WH I C H  EXPRE S SED A MRHA UNDER THE STANDARD TEST 

C OND I T IONS . 

The r e s ul ts g iven i n  Tab l e  4 7  i n d i c ate tha t  a MRHA in the 

2 2  E . co l i  s tr a i n s  under te s t  could be d e tec ted by any of the f ive 

a l te r n a t ive haemagg lut i na tion me thod s . A MRHA was detec ted f or 

eve r y  s tr a in a f ter a per i od of t im e  at 4 °C or 3 7 °C ,  and in mos t 
0 c a s e s  a t  2 2  C ,  wi th exc e p t i o n s  f or me thod s C and D wher e  some 

s tr a i n s  g ave a nega tive or a weak mannose r e s i s tant haema g g lutina t io n . 
0 The e lu t ion o f  a MRHA a t  5 0  C wa s ev ident in a l l  but thr e e  s t r a i n s , 

a s  n oted under me thod A r e s u l t s . The MRHA o f  s tra i n s  1 0 4 , 1 5 3  and 



SJRA IN S  

4 0  
6 3  

7 3  

8 6  

8 9  

r 1 6  

2 2  
! 
1 2 5  

I 

1 2 9  
l 4 6  

1 5 3  

1 58 

1 5 9 
1 7 3 

1 7 8  

2 0 7  

2 1 5  

2 3 2  

2 8 4  

2 8 9 
3 2 2  

TABLE 4 7  

ALTERNAT IVE HAEMAGGLUT I NAT ION TESTS FOR DETEC T I ON 

OF T HE M RHA . 

A .  S TRA INS WH I C H  E X PRES SED A MRHA UNDER THE S TANDARD TE ST 

C OND IT ION S . 

HAEMAGGLUT INAT ION WITH HUMAN A OR 0 ERYTHROC YTES 

2 2 5 .  

METHOD A MET HOD B MET HOD C METHOD D METHOD E 

4 °C 2 0 °C 5 0 °C 4 °C 2 0 °C 2 0 °C 4 °C 2 0°C 4 °C 3 7 °C 4 °C 

MRHA MRHA - MRHA MRHA MRHA ± MRHA - MRHA± MRHA± MRHA 
MRHA MRHA - MRHA MRHA MRHA MRHA MRHA MRHA MRHA MRHA 
MRHA± MRHA± - MRHA MRHA MRHA± MRHA - MRHA± MRHA MRHA 
MRHA MRHA - MRHA MRHA MRHA MRHA MRHA ±  MRHA MRHA MRHA 
MRHA M RHA - MRHA MRHA - MRHA MRHA MRHA MRHA ±  MRHA 
MRHA MRHA MRHA ± MRHA MRHA MRHA MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA - MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA - MRHA MRHA± MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA - MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA - MRHA MRHA± MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA MRHA MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA MRHA± MRHA MRHA MRHA MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA MRHA MRHA MRHA MRHA MRHA MRHA 
MRHA± MRHA - MRHA MRHA - MRHA MRHA ±  MRHA ± MRHA MRHA 
MRHA MRHA MRHA ±  MRHA MRHA MRHA MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA MRHA± MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA MRHA MRHA MRHA± MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA - MRHA MRHA± MRHA MRHA ± MRHA 
MRHA MRHA - MRHA MRHA MRHA MRHA MRHA MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA MRHA ±  MRHA MRHA± MRHA MRHA MRHA 
MRHA MRHA - MRHA MRHA MRHA± MRHA MRHA MRHA M RHA MRHA 
MRHA MRHA - MRHA MRHA MRHA MRHA MRHA ±  MRHA MRHA± MRHA 



17 3 wa s weaker a f te r  6 0  minutes at 5 0 °C .  

The c ontr o l  s tr a i n 3 2 2 expr e s s ed a MRHA a t  4°C ,  2 2 °C and 
0 . 0 0 0 

3 7  C ;  s tra �n 1 7 2  expr e s s ed a MSHA a t  4 C ,  2 2  C and 5 0  C a s  

2 2 6 .  

i nd ic ated in Tab l e  4 8 , s train 4 3  d id not expr e s s  a MRHA or a M S HA 

a s  i nd icated in T a b l e  4 8 , and the c on tr o l  wi th PBS and no E . c o l i  

add ed g ave a neg a t iv e  haemagg lu t i na t ion r e su l t .  

B .  STRA I N S  WH I C H  D ID NOT EXPRE S S  A MRHA UNDER T HE STANDARD 

TEST C OND I T ION S .  

The r e su l t s  o f  th i s  s tud y ar e pre sented in T ab l e  4 8 . F r om 

the s e  it i s  appar e n t  tha t no MRHA wa s d e tec ted u s ing the f iv e  

a l ternative ha emag g l u t ina tion method s , f or each o f  t he 2 1  E . c o l i  

s tr a i n s  whi c h  had b e e n  grown o n  T SA .  T h i s  conf irm ed the r e su l t s  

f r om the s tand ard h a emag g lu t ination t e s t , repor ted i n  Append ix 1 ,  

wh ich showed tha t n one of the se s tr a i n s  p o s s es sed a MRHA . Howev er , 

o f  the 2 1  s tr a in s  t e s ted in thi s exper ime n t , on ly s tr ain 4 4 ,  4 9 ,  

8 1  and 1 7 2 expr e s s e d  a MSHA a c t iv e  w i t h  human er ythr oc y t e s  at 

4 °C ,  2 0°C ,  3 7 °C or 5 0 °C .  The r ea c t ion was weak in most c a se s . 

U s i ng the s ta ndard haemagg l u t i n a t ion te s t  d e scr i bed ear l i er 

1 3  o f  the 2 1  s tr a i n s  wer e shown to expr e s s  a MSHA ac t ive wi th 

human erythr ocyt e s . However , u s ing the 5 te s t s  d e sc r i bed here , 

a MSHA a c t ive with human erythr ocyte s wa s only d e te c t ed w i th 4 of 

the 21 s tr a i n s . The rea son f or thi s  c on f l ic t i ng r e su l t  wa s not 

appar ent . Nev er th e l e s s  prev iou s r e su l ts have shown tha t the pr esence 

o f  a. MSHA is detec t ed most e f f ic ien t ly u s ing guinea p ig erythr ocy te s ,  

r a ther than human e rythr ocy te s .  

I n  c onc l u s i on , haemag g lu t inat ion wa s e a s i e s t  to d e tec t when 

wh i te porce l ain t i l e s  wer e  u sed , and the system d e scr i bed in s ec tion 

3 . 1  wa s f ound to be appropr i a te f or d e tection o f  a MRHA and a MSHA 

on E . co l i  s tr a in s . 



2 2 7 . 

TABLE 4 8  

S TRA IN S 

3 3  
4 2  
4 3  
4 4  
4 9  
6 6  

6 7  

6 9  

7 4  

8 1 
8 7  

9 5  

1 3 0  
1 3 2  
1 7 2 
2 2 6  
2 4 2  

2 6 9  

2 7 4  

2 8 5  

2 8 8  

ALTERNAT IVE HAEMAGG LU T I NATION TESTS F OR D ETEC T ION OF 

THE MRHA . 

B .  STRA I N S  WH IC H D ID NOT EX P RE S S  A MRHA U NDER THE STANDARD T E ST 

C OND I T IONS . 

HAEMAGGLU T I NAT I ON WITH HUMAN A OR 0 ERYTHROCYTE S 

METHOD A METHOD B METHOD c METHOD D METHOD E 

4 °C 2 0 °C 5 0°C 4 °C 2 0 °C 2 0 °C 4 °C 2 0 °C 4°C 3 7 °C 4 °C 

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - MSHA± - - - - - - -

- - - - - - - - - M S HA ± -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

MSHA ±  HSHA± MSHA± MSHA M SHA - MSHA± - M S HA± - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- MSHA± MSHA ±  MSHA ±  MSHA - MSHA± - MSHA ± - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -

- - - - - - - - - - -



2 2 8 . 

4 . 7  EFFECT OF TEMPERATURE , pH AND FORMALD E HYDE TREATMENT ON THE 

MRHA OF E . COLI I S OLATES . 

The f o l l owing s e t  o f  exper imen ts wer e c arr ied out to i nv e s t igate 

t he proper t i e s o f  a MRHA p r oduced by E . c o l i  u r inary i solate s . The 

r e s u l t s  a r e  p r e sented 1n Tab le 4 9 .  All the e xper iments wer e  c ar r i ed 

out on the s ame day . 

I .  S TANDARD HAEMAGGLU T I NAT ION TES T  

Twe n ty three E . c o l i s tr a i n s , gr own on T S A  were tes ted f or 

haemag g l u t i n a t ion of human group A erythro c y t e s  a s  descr i be d  in 

section 3 . 1 . The r e su l ts a r e  pre sented i n  T a b l e  4 9 . A l l  s t r a i n s  

expr e s s e d  a MRHA , except s tr a i n  1 7 2 which p o s s e s s ed a MSHA and 

s tr a i n  4 3  wh ich d id not a g g l u t i na te the r e d  b lood c e l l s .  

I I . EFF ECT OF TEMPERATURE ON THE MRHA 

F r om the same TSA c u l tures a s  in par t  I the E . coli str a i n s  

d d . s . f l o 1 0  
. 

3 were suspen e 1n PB to a con centrat 1on o organ1 sms p e r  cm 

1 cm 3 of each suspens i on , wa s placed in a test tube and incuba ted 

at 6 5°C f or 1 hour , before the organi sms were tes ted for haemagg lut-

ination of human group A erythrocytes as  i n  sec tion 3 . 1 . 

The r e sults on Tab le 4 9  indicate tha t  MRHA activity was lost 

on incubati ng the 2 3  E . co l i  suspen sions at 6 5°C for 60  minute s . 

The MSHA a c t iv ity of s tra in 1 7 2  was on ly s lightly inhibi ted by the 

heat treatment .  

The heat treatment r e sul ted in loss o f  v iabi lity o f  the E . col i 

a s  detec te d  by lack of growth of 3 strains cul tured on TSA plates 

on complet ion of th e exper iment . 

I I I . EFFECT OF BUFFER pH ON THE MRHA 

The 2 5  E . c o l i  strain s a s  above , were grown on TSA and s uspended 



STRA I N S  

4 0  

6 3  

7 3  

8 6  

8 9  

1 0 4  

1 1 6  

1 2 2  

1 2 5 

1 2 9  

1 4 6 

1 5 3  

1 5 8  

1 5 9  

1 6 6  

1 7 3  

1 7 8  

2 0 7  

2 1 5  

2 3 2  

2 8 4  

2 8 9  

3 2 2  

1 7 2  

4 3  

2 2 9  . . 

TABLE 4 9  

EFF ECT OF TEMPERATURE , pH AND F ORMALDEHYDE TREATMENT 

ON THE MRHA OF E . COLI I SOLATES . 

STANDARD 
HAEMAGGLUT INAT ION BUFFER BUFFER PBS CONTA IN ING 

TEST 6 5
°

C , 6 0 M IN S .  PH 3 . 0  PH 1 0 . 1  0 . 5 % F ORMALDEHYD E 

MRHA - - - -

MRHA - - MRHA MRHA 

MRHA - MRHA ± - -

MRHA± - - MRHA ± -

MRHA - - MRHA ± -

MRHA - - MRHA MRHA 

MRHA - - MRHA MRHA ± 

MRHA - - - -

MRHA - - MRHA ± -

MRHA - - MRHA± -

MRHA - - MRHA MRHA± 

MRHA - - MRHA MRHA ± 

MRHA - - MRHA MRHA 

MRHA - - MRHA ± -

MRHA - - MRHA± -

MRHA - - MRHA MRHA± 

MRHA - - MRHA± -

MRHA - - MRHA ± -

MRHA± - - - -

MRHA - - MRHA -

MRHA± - - MRHA ± -

MRHA - - MRHA ± -

MRHA - MRHA± MRHA MRHA 

MSHA± MS HA± - MSHA MSHA ±  

- - - - -

I 
I 

I 

I 

I 
i 

I 
I 
' I I 

I 

' 



in bu f f er s o f  pH 3 . 0 and of p H  1 0 . 1  to a conc e n tr a t ion of 1 0 1 0  

3 organ i sms p e r  cm . The bu f f e r s  wer e made up a s  d e s cr ibed in 

th e ma ter i a l s  s e c t ion . Each s t r a i n  wa s incu b a t ed in buf f er f or 

3 0  m i nu te s  a t  3 7 °C and then f or 6 0  m inutes a t  3 7 °C in a shaker 

2 3 0 .  

a t  2 0  r . p . m .  t o  s imu l a te the c ond i t ions of the i n  v i t r o  a t tachm e n t  

as say d e s c r i bed in sec tion 1 . 1 .  T h e  E . c ol i  s t r a in s wer e the n t e s ted 

f or haemagg lu t ina tion o f  hum an g r oup A erythr o cyte s as in sec t i o n  

3 .  l .  

The e x t r eme ac id pH 3 . 0  inhibi ted expr e s s ion of a MRHA on 

a l l  bu t 2 of the s tra i n s  t e s ted , and for the s e  s tr a i n s  a wea ke r 

haemagg lu t i n a t ion r eac tion wa s r e c orded . The expr e s s ion of a M S HA 

wa s a l so i nh i b i ted f or c on tr o l  s tra in 17 2 .  

The a l ka l ine pH ( 1 0 . 1 ) appeared to par t i a l ly inhibit expr e s s io n  

o f  a MRHA w i th l o s s  o f  expre s s ion in 4 s tra i n s  a nd a weaker 

haemagg lu t i n a t ion r eac t ion in 8 stra in s .  T he expr e s s ion of a 

MSHA in c on tr ol s tr ain 17 2 wa s apparently una ffected by bu f f e r  

pH 1 0 . 1 . 

Viab i l i ty of three E . c o l i  strains gr own on T SA wa s not 

apparently a f fec ted by treatm ent in bu ffer at pH 3 . 0  or 1 0 . 1 .  

IV .  EFFECT OF F ORMALDE HYDE TREATMENT ON THE MRHA . 

From the same 2 5  TSA cu l tures a s  prev iou s ly used , E . co l i  

were su spended to a c oncentr a tion of 1 0 1 0  organi sm s  per cm3 in P BS 

c ontain ing 0 . 5 % f orma ld ehyde , and incubated at 3 7
°

C for 4 hour s .  

The haemag g lu tina tion test d e scribed in sec tion 3 . 1  was car r i ed 

ou t to determine the ef fec t of f orma ldehyde trea tment on the M RHA . 

The r e su l ts i n  Table 4 9  ind icate that f ormaldehyde inhib i ted 

expr e s sion of a MRHA in 15 E . c o l i  stra ins and par tia l ly inhibi ted 

expre s sion of a MRHA in 4 s tr ains . The expr e s s ion of a MRHA i n  

s trains 6 3 , 1 0 4 , 1 5 8  and 3 2 2  wa s not inhibi ted b y  f orma ldehyde 



treatme n t . The s e  s t r a i n s  were then i n c ubate d a t  37 ° C  f o r  4 hours 

in PBS c on t a i n i n g  1% fo rma ldehyde . H oweve r ,  expre ss ion of a 

MRHA w a s  s ti l l  not i nh i b i te d .  The form a l dehyde treatme n t  d i d  

not i nh ib i t  expre s s i on o f  a MSHA b y  s t rain 1 7 2 . The tre a tment 

re s u l te d  in a loss o f  v i ab i l i ty of �he b acte r i a  as dete c t e d  by 

lack o f  growth of three �c o l i  s t ra ins o n  TSA . 

F o r  a l l  experimen t s , the con t r o l  o f  PBS and e ryth rocyte s 

wi th o u t  E . co l i  adde d ,  res u lt e d  in a negative h aemaggl u t i n a t ion 

react i o n . 

2 3 1 .  

4 . 8  EFFECT OF FORMALDEHYDE TREATMENT ON THE ATTACHMENT OF E . COLI 

TO U ROEP I THELIAL C ELLS . 

F rom the previ ous e xp e r iment , part IV s e ction 4 . 7 , i t  was 

ob s e rved that in some E . co l i  s t rai n s , th e expre s s i on o f  a MRHA 

was a f f ec te d  by the p r e s ence of 0 . 5 % f o rma l dehyde . I n  order to 

inve s ti ga te whe ther f o rm a l dehyde tre atment of E . co l i  a f fe cted 

attachme n t  to uroepithe l i a l  ce l l s , the f o l l owing e xperiment was 

carr i e d  ou t . 

Ten E . co l i  urin ary s tra ins we re g rown on TSA at 3 7°C over n i gh t ,  

s uspen de d  i n  PBS , ( pH 7 . 1 )  and divided i n to three a l i quots . Th e 

f i r s t  and th i r d  port i on s  were l e f t  untreated at 3 7°C for 4 hours , 

wh i le th e s ec ond was i nc ub ated at 3 7°c f o r  4 hours i n  th e p r e se n ce 

o f  P B S  c on tain ing 0 . 5 % f o rma l dehyde . U roep i the l i a l ce l ls were 

h a rve s te d  f rom pool e d  u r i n e  s amp l e s  and a l s o  divided i nt o  three 

a l iquot s , w i th the f i r s t  and se cond being l e ft unt reate d at 3 7°C 

f o r  4 h ours wh i le th e th i rd portion was i ncubated a t  3 7°C for 4 

hou r s  i n  the pre sence o f  P B S  con ta i n i n g  0 . 5 % fo rma l dehyde . After 

i nc ub a t i on , 1 x 1 0
5 u roe p i the l i a l ce l l s  f rom s amp l e s  1 ,  2 a nd 3 

were a s s ayed for attachme n t  with 1 x 1 0
8 E . co l i  from the corresponding 

bacte r i a l  s amp les ( 1 , 2  and 3)  using the me thod de s c ribe d i n  

s e c t i on 1 . 1 .  F orma l d enyde tr eated samp l e s  were wa shed onc e i n  EBS . 



ST RA INS 

7 3  

1 2 5  

1 7 8  

2 0 7  

2 8 4  

1 0 4  

1 5 3  

1 5 8  

17 3 

3 2 2  

2 3 2 .  

TABLE 5 0  

T HE  EFFEC T  OF F ORMALDEHYDE ON E.COLI ATTACHMENT 

TO UROEP ITHEL IAL CELLS . 

EFFECT OF P B S  
C ONTA I N ING 

0 . 5 % F ORMALD E HYDE 
ON 

MEAN NUMBER OF E . COL I  PER UROEP ITHEL IAL CELL 

�GGLUTINAT I ON CELLS IN PBS 
OF HUMAN CONTA IN ING 

ERYT HROC YTE S CELLS U NTREATED CELLS UNTREATED 0 . 5 % F ORMALDEHYDE 

E . C OLI IN PBS 
C ONTA IN ING 

�GGLU T I NAT I ON E . COLI U NTREATED 0 . 5 % F ORMALDEHYDE E . COL I UNTREATED 

- 7 0  2 7  2 6  

- 5 8  3 9  3 3  

- 4 9  2 8  2 1  

- 5 7  3 8  3 8  

- 5 6  1 8  2 4  

MEAN = 5 8  MEAN = 3 0  MEAN = 28 . 4  

MRHA 4 7  1 5  1 5  

MRHA ± 3 3  1 6  1 1  

MRHA 3 9  1 9  1 6  

MRHA ± 3 6  2 4  2 1  

MRHA 3 1  2 3  2 3  

MEAN = 3 7 . 2  MEAN = 1 9 . 4  MEAN = 17 . 2  

Between C o lumns p < 0 . 0 0 1 . 

I I 
I 
I 
' 
I ' I 

' 

I 

' 
' 
I ' 

I 



L 3 3 . 

T h e  me an number of E . c o l i  at tached to 4 0  v i ab l e  uroep i the l ia l  

c e l l s  wa s d e term i ned . The r e su l t s from s amp l e s  1 ,  2 and 3 wer e 

c omp ar e d  u s ing a na l y s i s  o f  v ar i ance , d e sc r ibed by Ro scoe ( 1 9 6 9 ) . 

The r e s u l t s  ar e pre sented i n  Table 5 0 . T h er e  wa s a decrea s e  i n  

the number o f  E . c o l i  attac hed to uroepi the l i a l  ce l l s  a f ter 

tr eatme n t  o f  e i ther the bac te r i a or the c e l l s  w i th PBS c on t a in ing 

0 . 5 % f orma ld ehyd e . Thi s d ec rea sed a t tachment wa s ev ident f or 

s tra i n s  whose MRHA wa s e i th e r  s e n s i t ive or r e lativ e l y  i n s e n s i tive 

to f orm a ld e hyde treatmen t . F or the f ir st g r oup o f  f ive s tr a in s , 

the n e t d ecrease i n  a t ta c hm e n t  was 5 1 %  wh i le that o f  the s e c ond 

gr oup o f  s tr a i n s  wa s 5 4 %  when c ompared w i t h  untrea ted prepa r a t i o n s . 

T wo -way an a l y s i s  o f  v a r ianc e conf irm ed tha t there wa s a h i gh ly 

s ign i f i c a n t  d i f f erenc e be twe en the three c olumns i n  Table 5 0 . 

( p  < 0 . 0 0 1 ) . Further a n a l y s i s  comparing t h e  r e su l t s  f r om trea ted 

prepa r a t i on s  sugge sted t ha t  a ttachment of E . c o l i  to uroe p i t he l i a l  

c e l l s  wa s e qua l ly inh i b i t e d  whe ther bac t e r ia o r  ur oepi the l i a l  c e l l s  

wer e t r e a ted i n  f orma ld ehyde ( p  > 0 . 1 ) . 

I t  i s  pos s ib l e  that t h i s  inhib i t ion of a ttachment i s  n o t  

d ir ec t l y  r e l a ted to p o s s e s s ion o f  a MRHA . After f orma ldehyd e 

trea tm en t , the a ttachment o f  s tra i n s  1 2 5 , 1 7 8 , 2 0 7  and 2 8 4  wa s 

appr ox im a t e l y  three tim e s  a s  high as when the s ame s tra i n s  wer e  
0 gr own on TSA a t  1 8  C ( s e e  Tab l e  4 3 ) , a l t houg h  i n  both i n s t a nc e s  

haema g g lu t i n a t ion wa s tota l ly i n h ibited . Had the f orma lde hyde 

treatment spec i f i c a l l y  i nh i b i ted expr e s s ion of a MRHA ,  it may have 

bee n  expe cted that a t t a c hment l eve l s  wou ld have been as l ow a s  
0 t ho se f or cu ltur e s  grown a t  1 8  C .  

4 . 9 T ITRAT ION AND INH I B I T I ON OF THE MRHA . 

4 . 9 . 1 T ITRAT ION OF T HE MRHA . 

T h e  MRHA t i tre wa s d e term ined f or 1 2  E . c o l i ur inary s tra i n s  



2 3 4 . 

wh ich had prev i ou s l y  g iven s t r ong to we ak haemag g l u t i na t io n  

reac t i o n s  a n d  wh ich had a t tached t o  uroe p i the l i a l  c e l l s  to vary ing 

deg r e e s .  Each s tra in wa s gr own on TSA a t  3 7
°

C f or 1 6  hour s and 

d d t . f 1 0 10 . 3 . su spen e o a c onc entr a t 1o n  o org a n 1 sms per cm 1n PBS 

with or wi thout 1 %  a D m annos e .  The se su spen s io n s  were subj ec ted 

to a s er i e s  of twofold d i l u t i ons in PBS with or withou t 1 %  a D 

mann o s e . The haemag g lu t i n a t ion t e s t  wa s then c arr ied ou t u s ing 

human g r oup A R he s u s  po s i t iv e  er ythroc y t e s  a s  i n  sec tion 3 . 1 . 

The h i g he s t d i lu tion whi c h  g ave a p o s i tive haemagg lu tina t ion r e su l t  

wa s t a k e n  a s  th e end p o i n t . 

T h e  end points f or t i tra tion of MRHA in 1 2  E . c o l i  s tr a i n s  

are r ep or ted i n  Table 5 1 .  There d id not app ear to be a c orr e l a t i o n  

betwe e n  MRHA t i tre a n d  a t tachmen t o f  the E . c o l i  s tr a in s  to 

uroep i the l i a l  c e l l s . F ive s tr a in s  with a r ec ipr oc a l  t i tr e  of 

� 16 g av e  a mean attachment value of 51 . 2  E . c o l i  per uroep i the l ia l  

c e l l  whe r e a s  the seven s tr a i n s  wi th a l ower t i tr e  gave a n e t  mean 

of 3 4 . 6  E . c o l i  per c e l l . Howev e r , thi s d i f f erence wa s not f ou nd 

to be s ta t i s t ic a l l y  s i g n i f icant after the r e sults of the 1 2  s trains 

were c omp ared u s ing one -way analys i s  of var iance ( p  > 0 . 1 ) . The 

two stra ins  2 8 4  and 2 1 5  which g av e  wea k haemagg lutination r eactions 

a ls o  h ad a l ow rec iproc a l  titre of 4 and 8 .  However , the ir mean 

a ttachment values were 57 and 54 E . coli per uroepi the lial c e l l . 

A rec iprocal titre of 3 2  r epre sented approx ima te ly 1 . 6 x 1 0 7 

E . c o l i  and a rec ipr oca l  t itre of 4 repre sented approxima tely 1 . 2 5 x 

1 0
8 

E . co l i . Of a l l  the E . co l i  ur inary strains tested throughout 

thi s s tudy on ly 9 s tr a i n s  gave weak MRHA reactions and of the se , 

7 were te s ted for a ttachment to ur oepi the l i a l  c e l ls . The mean 

re su l t s  as reported in Append ix 1 ,  rang ed from 13 to 57  E . c o l i  per 

c e l l  wh i l e  the mean a t ta c hment resu l ts f or stra ins expr e s s ing a 

s trong MRHA reaction wa s 1 5  to 8 2  E . col i per c e l l . Ther e f or e , the 

s trength of the haemagg lutina tion reac tion for any one s tra in 



TABLE 5 1  

T ITRAT I ON O F  THE MRHA 

MEAN NUMBER OF REC IPROCAL 

2 3 5 .  

E . C OLI PER HAEMAGGLUT INA T I ON HAEMAGGLUTINAT I ON 
STRAINS UROE P ITHEL IAL CELL HUMAN A ERYTHROC Y T E S  T ITRE 

3 0 1  7 0  MRHA 3 2  

2 8 9  6 9  MRHA 1 6  

2 0 7  5 8  MRHA 8 

2 8 4  5 7  MRHA ± 4 

2 1 5  5 4  MRHA± 8 

6 3  4 4  MRHA 1 6  

1 2 9  3 9  MRHA 1 6  

3 2 2  3 4  MRHA 3 2  

8 3  2 1  MRHA 4 

2 7  1 9  MRHA 8 

2 7 8  1 8  MRHA 4 

3 0 0  1 5  MRHA 8 



c ou ld not be d ir e c t l y r e l ated t o  the abi l ity o f  E . c o l i  to attach 

to uroep i the l ia l  c e l l s . 

4 . 9 . 2  I N H I B I T I ON OF THE MRHA . 

2 3 6 . 

Th i s  exp e r iment wa s d e s ig ned to inve s t iga te i n h i b i t ion of the 

MRHA expre s sed by 7 E . c o l i  ur i n a r y  s tra ins . 

T h i r ty one c ompound s wer e t e s ted f or inhib i t ion of the 

haemagg l u t ina t i on r eac t ion and the s e  inc luded the f o l l owing : ( a )  

the car bohydr a te s arabino s e , x y l o s e , rhamno s e , manno s e , g lu c o s e , 

fructos e , g a l a c t o s e , sucro s e , ma l tose , l ac to s e , r a f f inose , 

mann i t o l , du l c i to l ,  sorb i t o l  and sa l i c in which ar e k n own t o  be 

variou s ly ferme n t ed by E . c o l i  ( b ) Ribose , g a l a c tosam i ne , 

g lu c o s amine and fucose , wh i c h  a r e  f ound in the outer membr ane 

l ipopo ly sacchar i d e  l ayer of enter obac ter iaceae ; ( c )  the lec t i n  

concanava l on A ,  wh ic h f orms a pr e c ip i tate w i t h  a D mannose and i t s  

der iva t iv e s  ; ( d )  Neuram i n i c  a c i d ,  which i s  th e ba s ic c omponent 

o f  the Kl cap su l a r  antigen pos s e s s ed by certain E . c ol i s tra in s ;  

( e )  g l ucuron i c  a c i d , which i s  a c omponent of the K S  c ap su lar 

anti g en po s se s sed by c er ta i n  E . co l i  s tr a in s . Hex u r on i c  a c id s in 

gener a l are a ma j or con s t i tuent o f  human u r i na r y  g lyco sam inog lycan s , 

which a l so c on t a in s e r i ne , leuc i n e  and a la n ine ( End o ,  e t  a l . 1 9 8 0 , a , b , )  

A l l  t he se compou n d s  were t hu s  c ho s en becau se of the ir r e l a t i o n s h ip 

with the c e l l  s tr u c ture of E . c o l i  or because of the i r  r e l a tion s h ip 

with c ompounds f ou nd in the ur i n ar y  tra c t . F ive other compound s 

wer e  added t o  the l i st :  n ame l y  Koj i b i o s e , Me l ibi ose , Me le z i tose , 

N -acetyl -D -g luc o samine and the g lyco s id e  of N -a c e ty l -D -ga l ac to s amine . 

Each c ompound wa s s u spend ed to a concentr a t ion o f  1 %  or 2 %  

w/v i n  PBS ( pH 7 . 1 ) . The two exception s we re g a l a c turon ic a c i d  

a n d  D -g lucuron ic a c id which g av e  a net p H  o f  3 . 0  i n  s tand ard PBS , 

a nd were ther e f or e  su spended i n  T r i s -HC l bu f f er to g iv e  a net pH 7 . 2 .  



Seven E . c o l i  ur inary stra i n s  wer e s e l ec ted t o  r epre sent 0 

ser otyp e s  c ommon ly f ound in ur in ary tract inf e c t i on s . These 

inc luded s tr a i n s  with 0 serotyp e s l ,  2 ,  4 ,  6 ,  7 and 7 5 ,  w i th an 

add ition a l  0 7 : K l s tr a i n  wh ich wa s inc luded a s  the Kl a n t igen i s  

2 3 7 . 

known to be c ompo s ed of neuram i n ic a c id r e s id u e s  ( S tev e n s  et a l. 1 9 8 0 ) , 

and thi s c ompound wa s one of the 3 1  t e s ted . 

Eac h  E . c o l i  s train wa s s u s pended to a c oncentr a t ion of 10 1 0  

organ i sms per cm 3 1n PBS ( pH 7 . 1 ) and d i spen s ed in to 3 2 we l l s  of 

porce l a in t i l e s . To one we l l  wa s added 50 � £  PBS , to a sec ond 

we l l  wa s added 5 0  � £  PBS con ta i n i ng l %  a D mannose and to the other 

we l l s  wa s add ed 5 0  � £  of eac h  c ompound being te s ted . The 

haemagg lu t ina t i on t e s t  wa s c a r r i e d  ou t u s ing human A Rhe s u s  

pos i t ive e r y t hr ocyte s a s  d e s c r ibed in section 3 . 1 . A po s i t ive 

haemagg l u t i n a t ion r e ac tion wa s t e rmed HA; a weak l y  pos i t ive reac t io n  

wa s t e rmed HA ± ; a n d  a neg ative r e a c t i on termed - ve . 

The r e su l t s  are pre sen t ed i n  Table 5 2 . W i th on l y  two 

excep t ion s ,  none of t he c omp ound s appeared to i n h i b i t  the expr e s s i on 

of the MRHA f or the sev e n  E . c o l i  s tr a i n s  t e s ted . T h e  exc ep t i on s  

wer e  g a l ac turon ic a c id and D -g lu curonic ac id which par t ia l ly 

inhibi ted the haemag g l u t in a t ion o f  s tr a i n s  159  and 2 0 7 . A f ur ther 

2 0  E . co l i  s tr a in s  which expr e s s e d  a MRHA a f ter g r owth on TSA , wer e  

t e s t ed f or i n h i b i t ion o f  the ha emagg lu tinat ion r eac t ion in the 

p r e sence of t he s e  two g lycuron i c  a c id s . On ly the expr e s s ion of a 

MRHA o f  s tra i n s  4 0  and 1 2 5  wa s p a r t i a l ly inhibi t ed . The s i g n i f icance 

o f  th i s  f ind i n g  ha s n o t  been e s ta b l i shed . 

I n  one add i t ion a l  t e s t , 0 . 5 cm 3 of the mannose , r hamnose , 

g a lac tose a nd g lucosamine sol u t ion s were add ed t o  a te s t  tube a nd 

m ix ed tog e the r . Then 5 0  � 1  of t h i s  solution wa s add ed t o  50  � !  o f  

t he s u spen s i on conta i n ing stra in 207  ( serotype 0 7 5 : H - )  and 5 0  � £  

of human er y t hr ocyte s on a por c e l a i n  t i l e . The haemag g lutina t i on 

t e s t  was car r i ed ou t a s  in sec t io n  3 . 1 ,  to d et e rmine whe ther the s e  



f our sug a r s ,  known t o  be pre sen t in the neu tr a l  0 serotype 

p o l y saccharide l ayer of s tra i n s  wi th an 0 7 5  ser otype , i n h i b i ted 

2 3 8 . 

t he MRHA e x pr e s s i on . However , the ha emagg l u t i na tion wa s unaf fec ted 

by the pr e sence of the s e  f ou r  c ar bohyd r a te c ompou nd s .  



TABLE 5 2  

INH I B IT ION OF T H E  M R HA 

HAEM AG G LU T I NAT I ON R E S U LT S  W I T H  HUMAN A ERYTHROC Y T E S :  
E . C OL I  STRA I N S  AND S E R OT YP E  

C OMPOUND S TESTED I C ONCENTRAT I ON 
2 0 7  3 2 2  3 2 0  1 5 8  2 8 9 1 5 9  1 5 3  

0 7 5 : H - 0 6 : K 2 : H l 0 2 : KNT : H 4 0 4 : H 5 O l : H 7 0 7 : HNT 0 7 : K l : H -

I 

a D M a n n o s e  1 %  HA HA HA HA HA HA HA 

M a n n i t o l  2 %  HA HA HA HA HA HA HA 

Concanava lon A -Lec t i n  2 %  HA HA HA HA HA HA HA 

D G a l a c t o s e  2 %  HA HA HA HA HA HA HA 

L Arab i n o s e  2 %  HA HA HA HA HA HA HA 

a D F u c o s e  2 %  HA HA HA HA HA HA HA 

D X y l o s e  2 %  HA HA HA HA HA HA HA 

D R i bo s e  2 %  HA HA HA HA HA HA HA 

Rhamno s e  2 %  HA HA HA HA HA HA HA 

(J. D Ra f f i n o s e  2 %  HA I IA HA HA HA HA HA 

D u l c i t o l  2 %  HA HA HA HA HA HA HA 

S a l i c i n  2 %  HA HA HA HA HA HA HA 

Sor b i t o l  2 %  HA HA HA HA HA HA HA 

G a l ac tu r on ic a c id 2 %  HA± HA HA HA HA HA± HA 

D -G lu c u r on i c  a c id 2 %  HA ± HA HA HA HA HA± HA 

a D G l u c o sam i n e  2 %  HA HA HA HA HA HA HA 

D G a l a c to s am i n e  1 %  HA HA HA HA HA HA HA 

N -Ac e ty l - D -G l u c o s a m i n e  2 %  HA HA HA HA HA HA HA 

N-Ac e ty l -D -Ga l ac t o s am i n e  G l yc o s id e  l %  HA HA HA HA HA HA HA 

N -Ac e t y l -Neuram i n i c  a c id 1 %  . . HA HA HA HA HA HA I HA 

N 
w 
I.D 



TABLE 5 2  C o n t ' d  

C OMPOUNDS TESTED 

D F r u c to s e  

G l u c o s e  

Su c r o s e  

a -D - Ko j i b i o s e  

a -D -Me l ib io s e  

Lac t o s e  

D -Me l e z i to s e  

D Ma l to s e  

L -A l an i n e  

L - Leuc i n e  

D L- S er i n e  

HA = Ha emagg lu t i n a t i on 

HA ±  = Wea k  Reac t i o n  

C ONCENTRAT I O N  

-- - ----

2 %  

2 %  

2 %  

2 %  

2 %  

2 %  

2 %  

2 %  

2 %  

2 %  

2 %  

HAEMAGG LU T I NAT ION R E SU L'I' S W I T H  HUMAN A ERYTHROC YTE S :  

2 0 7  3 2 2 -- --

0 7 5 : H - 0 6 : K 2 : H l 

HA HA 

HA HA 

HA HA 

HA HA 

HA HA 

HA HA 

HA HA 

HA HA 

HA HA 

HA HA 

HA HA 

E . C OL I  STRA IN S  AND S EROT Y P E  

3 2 0  1 5 8 2 8 9  -- -- -- 1 5 9  --

0 2 : KNT : H 4 0 4 : H S O l : H 7 0 7 : HN T  

HA HA HA HA 

HA HA HA HA 

HA HA Hl\ HA 

HA HA HA HA 

HA HA HA HA 

HA HA HA HA 

HA HA HA HA 

HA HA HA HA 

HA HA HA HA 

HA HA HA HA 

HA HA HA HA 

1 5 3  --

0 7 : K l : H -

HA 

HA 

Hl\ 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

N 
..,. 
0 



RESULTS 

SEC T I ON 5 .  

T HE U SE OF ELECTRON M ICROSCOPY TO I NV E ST IGATE 

ATTAC HMENT OF E . C OL I  TO UROEP I T H E L IAL CELL S 

2 4 1 .  

Ref er to me thod s  s e c t ion 4 f or the d e ta i l s  c oncern ing the se 

exp e r im e n t s .  

5 . 1 T HE U SE OF A NEGAT IVE STA IN ING TECHN I QU E F OR D ETECTION 

OF P IL I  ON E . COLI C ELLS . 

A l l  r e su l ts pre se n ted in this stud y wer e averag e s  of d u p l ica te 

te s t s  carr i ed ou t f or e a c h  E . c o l i  s train . T h e  r e su l t s  pre s e n t ed 

in Table s 5 �  to 5 5  re late the pr e sence of p i l i  to the r e su l t s  

r eported in Append ix 1 f or a ttachment o f  E . c o l i  t o  ur oepi the l i a l  

ce l l s  and the haemagg lu t i n a t ion pr oper tie s o f  the se s tr a in s a f ter 

g rowth on T SA .  

T h e  numbers o f  p i l i  p er c e l l  were c ou n ted t o  an appr ox ima te 

va lu e  and wer e seen to d if f er f or bac ter ia l c e l l s  with in any g iven 

pr epara t i on . Some bac te r i a  wer e highly p i l i a ted whi le other s in 

the prepar a t i on had on l y  sma l l  number s o f  p i l i  per ce l l .  The ov er a l l  

m ean v a l u e s  are pre sented in Tab l e s  5 3  t o  5 5 .  ( See a l so P l a t e s  2 0  to 2 5 ) . 

( 1 )  The r e su lt s  of the f ir s t exper ime n t  ar e prese nted i n  Tab le 5 3 . 

A l l  the str a ins expre s sed a MRHA a f ter growth on TSA , and of t h e s e  3 8 % 

wer e we l l -pi l ia ted ( >  7 0 % p i l ia t ion ) , 3 3 %  wer e poor ly p i l ia t ed ( 1  to 5 0 %  

p i l i a t i on ) and 2 9 %  were non-p i l i ated . There wa s no apparent c or r e la t io n  

between p o s s e s s ion o f  a MRHA a nd pre sence of pi l i .  In add i t i on there wa s 

no apparent c orr e l a tion be tween the pos s e s s ion of p i l i  and the d eg r ee 



.L 4 .L . 

TABLE 5 3  

T HE  U S E  OF A NEGAT IVE STA I N ING TEC HN I QUE F OR 

D E T E C T I ON OF P I L I  ON E . CO L I  CELLS ; 

E X P E R IM ENT 1 .  

MEAN NUMBER OF 
HAEMAGGLU T INAT I ON 

AV ERAG E 
E . COLI P E R  

E RYTHROC Y T E S  
NUMBER OF 

STRA I N  UROE P I THEL IAL C E L L  HUMAN GU I N EA P IG % P I L IATED P I L I  PER C ELL 

6 3  4 4  MRHA - l O O  6 4  
1 0 4  5 1  MRHA - l O O  3 8  
2 3 2  28 MRHA - l O O  2 5  
3 2 2 3 4  MRHA - l O O  9 6  
1 1 6  3 6  MRHA - 9 6  1 6  
1 5 8  3 0  MRHA - 9 2  4 2  
3 2 1 2 3  MRHA - 8 4  6 4  
1 5 9  4 9  MRHA - 8 4  1 6  
3 2 0  2 5  MRHA - 7 2  4 3  
1 2 5  5 7  MRHA - 3 6  4 7  
1 4 6  3 3  MRHA - 1 4  1 5  

4 0  3 5 MRHA - 1 2  2 3  
1 2 2  7 0  MRHA - 8 1 4  
1 2 9  3 9  MRHA - 8 1 3  

8 6  2 9  MRHA± - 4 1 0  
1 5 3  3 9  MRHA - 4 2 0  
3 1 3  6 2  MRHA - 4 3 0  

8 9  5 4  MRHA - 0 0 
1 6 6  2 6  MRHA - 0 0 
1 7 8  5 9  MRHA - 0 0 
2 0 7  5 8  MRHA - 0 0 
2 8 4  5 7  MRHA± - 0 0 
2 8 9  6 9  MRHA - 0 0 
3 0 1  7 0  MRHA - 0 0 



to whi ch any s tra in a t tac hed to uroe p i the l i a l  c e l l s . The ne t 

mean a t tachm en t  v a lu e  f or we l l -pi l ia ted s t r a i n s  wa s 3 5  E . c o l i  

2 4 3 . 

per uroep i the l ia l  c e l l ;  4 5 . 5 E . c o l i per c e l l  f or poor ly p i l ia ted 

s tr a i n s , a nd 5 6 . 1  E . c o l i  per c e l l  for non-p i l i a ted s tr a i n s . One ­

wa y an a ly s i s  o f  variance d id not show up any s i gnif i c a nc e be twe en 

these mean v a l u e s  f or the 2 4  s tr a ins te s ted (p > 0 . 1 ) . 

T h e  n a ture of the p i l i  pr e s ent on the E . c o l i c e l l s wa s not 

f u l l y  e s tab l i shed , t hough h a emagg lutina t i on te s t s  d i d not d e tec t 

a MSHA w h i c h  i s  ind i c a t ive of t h e  pre sence of type 1 p i l i  repor ted 

to be 7 nm in d i ame ter by Br inton ( 1 9 6 5 )  and 0r skov et a l . ( 1 9 8 0 , b ) . 

E lec tr o n -m i c roscope ob s erva t ion s of 1 0  s tr a i n s , sugg e s ted that the 

p i l i  wer e  a pprox ima te l y  6 nm in d i ame ter 7 a nd up to 2 and 3 �m in leng t h . 

( 2 )  The r e s u l t s of the s e c ond exper iment are pr e se nted in 

Tab l e  5 4 . The non -haemagg l u t i n a t ing s tr a i n s  te st ed were a l l  n on ­

p i l i a te d , with t he ex c ept i on o f  s train 7 4  wh ich had on ly 4 %  

pi l i a t i on . The s ix s tr a in s  expre s s ing a M S HA ,  af ter a s ing le 

subc u l tu r e  in 10 cm
3 

BH I broth , were h i g h ly p i l ia ted , thoug h mean 

atta c hme n t  to ur oep ithe l i a l  c e l l s  wa s on l y  between 3 and 14 E . c o l i  

per c e l l .  

Whe n  the r e s u l t s  pr e s e n t ed in Tab l e s  5 3  and 5 4  wer e  c ompar ed 

for s t r a i n s  6 3 ,  1 0 4 , 1 1 6  and 1 5 8 ,  the f o l l owing points were noted : 

( i )  s tr a i n  1 5 8 grown i n  1 0  cm
3 

B H I  br oth wa s 6 2 %  pi l i a t ed , yet 

after gr owth on TSA , t h i s  s tr a i n  wa s 9 2 %  p i li a ted . I n  both c a se s 

only a MRHA wa s detected and 4 4  and 4 2  p i l i  per c e l l ,  r e spec tiv e ly 

were ev i d ent . ( i i )  s tra in 1 0 4  gro�� i n  1 0  cm
3 

B H I  broth wa s 7 8 %  

pi l i a ted bu t wa s 1 0 0 %  pi l i a ted a f ter g r owth on TSA . I n  both c a s e s  

on ly a MRHA wa s detec ted and 3 5  a nd 3 8  p i l i  per c e l l  r e spec t ive l y , 

were e v i d en t .  ( i i i )  when s tr a i n  6 3  wa s gr own on TSA , o n l y  a MRHA 

wa s pr oduc ed and the c u l ture s were 1 0 0 %  p i l i at ed . However , wh en 

grown i n  1 0  cm
3 

BH I broth , s tr a i n  6 3  produced a MRHA and a M S HA , 



STRA I N S  
.i 

4 3  

6 6  

1 3 2 

2 4 2  

7 4  

8 7  

3 2 3  

4 9  

1 3 0  

6 7  

2 3 2 

1 5 8  

1 0 4  

6 3  

1 1 6  

I I 

TABL E  54 

T H E  U SE OF A N EGAT IVE STA I N ING TEC HN I QUE F O R  

DETEC T I ON OF P I L I  O N  E . COLI C ELLS : 

EXP ER IMENT 2 .  

MED IA 

TSA 

TSA 

TSA 

TSA 

TSA 

BROTH 

BROTH 

BR OTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROTH 

BROT H 

MEAN NUM BER OF HAEMAGG LU T INAT I ON 
E . C O L I  P E R  

U ROE P I T H E L I A L  
C ELL 

4 

1 2  

8 

1 0  

4 

1 4  

3 

l l  

7 

1 2  

6 

1 0  

1 0  

1 7  

1 0  

ERYTHR OC YTES 

HUMAN GU I N EA P IG 

- -

- -

- -

- -

- -

- M S HA 

- M S HA 

- M S HA 

- M S HA 

- M S HA 

- M S HA ±  

MRHA -

MRHA -

MRHA M S HA 

- -

0 "6 P I L IATED 

0 

0 

0 

0 

4 

9 6  

9 2  

8 0  

8 0  

7 9  

8 4  

6 2  

7 8  

7 5  

1 8  

2 4 4 . 

AV ERAG E 
NUM BER OF 

P I L I  PER C EL L  

0 

0 

0 

0 

2 8  

8 3  

4 3  

6 8  

5 9  

4 6  

3 5  

4 4  

3 5  

5 1  

9 



y e t  wa s on ly 7 5 � p i l i a ted . The r e a son f or th i s  r educ t io n  in 

p i l i a t i on cou ld no t be expla i ned f r om the r e su l t s pr e s e n t ed , ( iv )  

whe n  s tr a in 1 1 6  wa s g r own on TSA , o n l y  a MRHA was expr e s s ed and 

9 6 %  p i l i a t ion wa s ev i d en t . However , a f ter growth in 1 0  cm
3 

BH I 

2 4 5 .  

bro th , no ha emagg l u t i n in wa s detec ted for s tra in 1 1 6 ,  and p i l i a t ion 

d r opped to on ly 1 8 % .  Th i s  sugges ted that the p i l i pr e s e nt af ter 

0 
g r owth on T SA at 3 7  C ,  may be a s s oc i a ted w i th the expr e s s ion of 

a MRHA . 

( 3 ) The r e su l t s f or detec t ion o f  p i l i  on cu l tu r e s g r own a t  

1 8
°

C o n  TSA a r e  presented i n  Tab l e  5 5 ,  a n d  a r e  c ompared t o  prev ious 

r e s u l ts for each s tr a in c u l tu red at 3 7 °C on TSA . The mean number 

o f  E . c o l i  a tt ached to 4 0  v i able uroep ithe l ia l  c e l l s  i s  a l so 

p r e sen ted a l ong w i th t he haemagg l u t i n a t ion p r operti e s  of each s t r a i n  

r e p or ted i n  Append i x  1 .  

F or the f i r s t  f iv e  s trains i t  wa s ev ident that g r owth a t  

1 8
°

C on TSA re sulted i n  d ecrea sed p i l iat ion , fewer p i l i  per c e l l , 

a s  wel l  a s  l os s  of expr e s s ion of a MRHA and decreased attachment to 

0 
u r oep ithe l i a l  cel l s , c ompared to cul ture s grown at 3 7  C .  The 

s ec ond group of str a i n s  d id not produce p i l i  at 1 8
°

C or 3 7
°

C .  

0 However , no MRHA wa s expres sed after 1 8  C growth and d ecreased 

a t tachment to uroepithe l ial cells  wa s noted compared to that obta ined 

a f ter growth on TSA at 3 7
°

C .  Of the f ive s tra ins wh ich expr e s sed 

0 a M S HA  on T SA at 3 7  C ,  only stra in 6 7  produced a weak reac tion for 

a MSHA after growth a t  1 8
°

C ,  with a 2 1 % decrease in p i l ia tion of 

the cel l s . 
0 The other f our s trains did not produce a MSHA a t  1 8  C ,  

and gave p i l iat ion o f  between 0 and 3 6 % , compared to 5 2  and 8 0 %  at 

In add it ion there were fewer p i l i  per c e l l  recorded at the 

l ower temperature o f  growth for the s e  four strain s .  Attachment 

to uroepithelial c e l l s  wa s l ow whether the strains were gr own at 

0 0 
1 8  or 3 7  C .  



STRA IN 

6 3  

1 0 4  

3 2 2  

1 1 6  

2 3 2  

2 0 7  

1 7 8  

8 9  

1 6 6  

2 8 4  

4 2  

4 4  

6 7  

6 9  

1 3 0  

4 3  

6 6  

7 4  

1 3 2  

2 4 2 

2 4  6 .  ' 

TABLE 5 5  

THE U SE OF A NEGAT IVE STAIN ING TECHN I QUE F OR 

EXPERIM EN T  3 .  

MEAN NUMBER OF 
E . C OL I  PER 

DETEC T I ON OF P IL I  ON E . C OL I  CELLS ; 

CULTU RES G ROWN AT 3 7
°

C ON T SA .  

HAEMAGGLUT INATION 
ERYTHROCYTE S 

UROEP I T H E L IAL C ELL HUMAN G U I NEA P IG % P I L IATED 

4 4  MRHA - I l O O  

5 1  MRHA 
I 

l O O  -

I 3 4  MRHA - l O O  ! 
3 6  MRHA - i 9 6  

I 

2 8  MRHA - I l O O  

- I -

M = 3 8 . 6  M = 9 9 . 2  
i I 
I 
! 
I 

5 8  MRHA - 0 ! 
5 9  MRHA - 0 I 
5 4  MRHA 

i 
0 - I I I 

2 6  MRHA - I 0 
I 

5 7  MRHA ± 
I 

0 - I I I 
I 

M = 5 0 . 8  M = 0 

7 
' 

8 0  - MSHA ' I I 

6 - MSHA i 
I 7 0  

5 - MSHA I 7 6  ! 
4 - MSHA I 5 2  

7 MSHA 
I 

7 4  -

l 
- I -

M = 5 . 8  I M = 7 0 . 4 
I 
I 
I 
I 

4 - - I 0 ! 
1 2  - - 0 

4 - - 4 

8 - - 0 

1 0  - - I 0 I 

g = 7 . 6  I M = 0 . 8 

: 

AVERAGE 
NUMBER OF 

P I LI PER CELL 

6 4  

3 8  

9 6  

1 6  

2 5  

I -

M = 4 7 . 8  

I 
I 0 

0 

0 

0 

0 

-

M = 0 

3 4  

3 6  

I 4 9  

3 6  

4 5  

M = 4 0  

0 

0 

2 8  

0 

0 

M = 5 . 6  



TABLE 5 5  C on t ' d  

CULTU RE S GROWN AT 1 8
°

C ON T SA 

MEAN NUM BER OF 
HAEMAGGLU T INATION 

E . C OL I  PER 
ERYTHROC YTES 

STRA I N  U ROEP I T HEL IAL CELL I HUMAN GU I NEA P IG % P I L IATED 

I I I 
6 3  7 I - - 1 2  I 

t 
1 0 4  8 - - 2 2  

3 2 2  5 I - - 4 8  I 
I 

1 1 6  6 
I 

6 8  ! - -

2 3 2  5 - - 1 6  

- -
M = 6 . 2 M = 3 3 . 2  

I 
I 

2 0 7  8 I - - 0 
: 

1 7 8  9 I - - 0 

8 9  9 i - - 0 
' 

1 6 6  6 I - - 0 i 
2 8 4  1 3  

I 
0 I - -

- I -
M = 9 I M = 0 

I I 
I 

I 
4 2  7 I - - 0 I 
4 4  l ! - - 2 6  ! 

I 
6 7  I 6 I - MSHA± 6 0  I 

I i 
6 9  4 I - - 0 ' 

\ I 

1 3 0  6 - - 3 6  
I I 

I 
I 
i 

M = 4 . 8  I M = 2 4 . 4  

I 
I 
I 
I 

4 3  4 I - - 4 

I 6 6  1 2  - - 0 

7 4  5 - - 4 

1 3 2  8 
. 

0 - -

2 4 2  9 - - 0 I I -
M == 7 . 6  I M = 1 . 6 

I 
I 

-
M = Mean Va lue 

2 4 7 . 

AVERAGE 
NUM BER OF 

P I LI P E R  C ELL 

1 2  

1 2  

2 7  

2 7  

1 0  

-
M = 1 6 . 8  

0 

0 

0 

0 

0 

M = 0 

0 

2 2  

3 1  

0 

3 3  

M = 1 7 . 2  

2 0  

0 

2 0  

0 

0 

M = 8 



The l a s t  grou p  o f  f ive s tr a in s  d id not expr e s s  a MRHA 

or a MSHA e i ther at 3 7
°

C or a t  1 8
°

C and g av e  a lmost i d e n t ica l 

mea n  a ttachm ent va lu e s  t o  ur oepi the l i a l  c e l l s .  The f r equ ency 

of p i l ia t ion ranged f r om  0 to 4 % ,  wi th the t emperatu r e  of g r owth 

a pp ar e n t l y  making l i t t l e d i f f er ence t o  the r e s u l t s  f or each of 

2 4 t: . 

t h e se s tra i n s .  The 4 %  p i l ia t ion of s tra i n s  4 3  and 7 4  af ter g r owth 

0 at 1 8  C wa s not thou g ht to be s ig n i f ic a nt . 

5 . 2 THE U SE OF T RAN SM I SS ION ELEC TRON MICROSCOPY TO STUDY 

ATTAC HMENT OF E . COLI TO UROEP ITHEL IAL CELLS . 

T he sec tioned ma ter i a l  wa s exam i ned succ e s sfu l ly u nd er the 

t r a n sm i s s i on e l ec tron m i crosc ope . In the f ir s t  exper im en t , 

r u t hen ium r ed stain wa s not app l ied t o  the pr epa r a t i on s . U r oe p i t he l i a l  J 
I 

c e l l s  wh ich had been i n cuba ted in the absence of ba c t er ia or in the 

pr e sence of E . coli s tra in 6 7 , were exam ined . Ex am i n a t i on of the se 

spec imens showed r od - shaped and cocc a l - shaped bact er ia c lose to 

the uroep ithelial c e l l  sur face ( P late s 2 6  to 3 0 )  . There wa s a gap 

of approxima te ly 0 . 0 3  t o  0 . 2  �m between th e bac ter ia l c e l l  and the 

u roepithe l ial cel l .  This gap may be an ar tefact cau sed by the 

prepara tion of the s amp le s , or it may be due to rea son s not yet 

e s tabli shed . The c oc c a l- shaped bac ter ia r epre s ent the ind igenous 

bacter ia pr esent on the uroepi the lial cel l s ,  and a lso noted on 

c e l l s  exam ined by s cann ing e lec tron microscopy ( see later ) . It 

c annot be fu lly a scer ta ined that the rod- shaped ba cter ia seen wer e 

E . coli  cel ls . Unle s s  uroep ithe l ial c e l l s  free from ind igenou s  

bacter ia c an be a s sayed with E . coli , then examined under the 

transmi s s ion elec tr on microscope , the r esultant spec imen s mu st be 

in terpreted with caut ion . 

In the ru thenium red stai ned preparat ion s ,  the uroepithe lial 

c e l l s were seen to have a th in , uneven layer of electr on d ense 



m a te r i a l arou nd the ou ter su r f a c e . ( P l a t e s  3 1 , 3 3  to 3 6 ) . T h i s  

m a t e r i a l  i s  c ompr i s ed of a c id ic muc opo ly s acchar id e s  wh ich f orm a 

g lyc o c a lyx ar ou nd the c e l l (Mar r i e e t  a l .  1 9 8 0 , a ) . Th e se 

muc opo lysacc har id e s  wer e on ly ev id ent on pr epara t i on s  wh ich 

emp l oyed ru then ium r ed s t a i n ing . Bac ter ia of E . c o l i  strain 2 0 7  

wer e  a l so seen t o  be c oated with a ru then ium r ed s t a i n ed mucu s 

c oa t  ( P la te 3 2 ) . I t  i s  p o s s i b l e  tha t the a n t i ser um add ed to 

2 4 9 . 

the pr epar a t ion , stab i l i sed th i s  f ibrou s m a tr ix ar ound the ba c ter i a l  

c e l l . Pr eparat ions o f  u r oepi the l i a l c e l l s  incuba t ed wi th E . c o l i  

s tr a i n 2 0 7  wer e  a l s o e x am ined . Rod - s haped bacter i a  wer e  s e en 

a t t ached in some c a s e s  t o  the mucu s c oa t  of the u r oe p i the l i a l  c e l l s 

( P l a te 3 5 ) ; in other c a se s ,  a g ap of a pprox ima te ly 0 . 0 3 w m  wa s 

pr e sent be tween the bac ter ia and the u r oep i the l i a l  c e l ls mu c u s  

l ayer . S im i lar r e su l t s  wer e  obta ined by Marr i e e t  a l . , ( 1 9 8 0 , a ) wh o 

i n c orpor a ted ru then ium r ed st'a in ing in the exam i n a tion o f  bac ter i a  

a t tac hed to uroep i t he l i a l  c e l l s . C o s t er ton et a l . , ( 1 9 8 1  a ,  b )  a l so 

f ound s im i l ar r e su l t s  f or bacter i a  a t tached to t i s su e  f r om the 

bov ine rumen , emp ha s i z i ng t he imp or tance of the h o s t  and ba c te r i a l  

c e l l  g l yc oca lyx in t he a t tachme n t  proce s s . 

5 . 3  THE U SE OF SCANN ING ELECTRON M ICR OSCOPY TO STUDY ATTAC HMENT 

OF E . COLI TO U ROEP ITHEL IAL CELLS . 

Ur oep ithe l i a l  c e l l s  wer e ex am in ed by sc ann ing e l ec tron 

rn icrosc op y .  Most of the c e l l s  had mi crov i l l i  and /or m icror idge 

s truc tu r e s  on the c e l l surface ( P l at e s  37 to 4 2 ) . In c on tr o l  samp l e s  

wi thou t E . c o l i  add ed , on l y  a f ew ur oep i the lial c e l l s  had sm a l l  

number s o f  rod - s haped and/or cocc a l - s haped bac t er i a  a ttach ed to 

th e su r f ace ( P l a t e s 3 9 ,  4 0 ) . U r oep i t he l i a l c e l l s  incuba ted wi th 

E . co l i  s trains 8 7  and 2 0 7  we re s e e n  t o  have r od - s haped bac ter i a  



2 5 0 . 

a t ta ched to the sur f ac e  ( P l a te s  4 1  to 4 3 )  . A pr opor t i on of the cel l s  

i n  e a ch o f  the s e  prepar a t i o n s  wa s cover ed wi th l a r g e  num be r s  of 

ba c te r i a : thi s wa s par ticu l a r l y  evid e n t  f or ce l l s  w i th E . c o l i  

s t r a i n  2 0 7 a t t a ched ( P late 4 3 ) . In some i n s t ance s ,  ba c te r i a  

appe ared t o  be a t tached tog e ther on the c e l l  su r f a c e . The se 

r e su l t s con f i rm ed the f i nd i ng s  obt a i ned f r om l ig ht m icr oscopy 

e x am i n a tion o f  ur oepi the l i a l  c e l l pr epar a t i on s .  

K j aer e t  a l . � l 9 7 6 )  and D av i e s  and Hu n t  ( 1 9 8 1 )  have a l so 

n oted t he " cobb l e s tone " appearance o f  c e l l s  f r om the human 

u roepi the l ium f o l l ow ing exam in a t i on by sc ann ing e l e c tr on m i c r o scopy . 

C o l leen e t  a l . ,  ( 1 9 8 0 )  have r epor ted tha t a propor tion of t arg e t  

c e l l s with > 1 0  ba c ter i a  a t tac hed to t h e  su r f ace , wer e  pre s e n t  on 

t he ur e thra l mu c o s a  of p a t i e n t s  with ur inar y tr a c t  i n f ec t ion s . 

The r e f or e , the r e su l ts of the pr e se n t  s tud y are s i m i l ar to those 

repor ted e l s ewher e . 



RE SULTS 

SEC T I ON 6 .  

THE U SE OF C ELL CU LTU RE TEC HN I QU E S  TO STUDY 

E . C OL I  ATTAC HMENT . 

6 . 1  ATTAC HMENT OF E . CO L I  TO T I S SU E  CU LTU RE VERO CELLS . 

The exper imenta l pr oc edure ha s been ou tl ined 1n method s  

section 5 .  

2 5 1 . 

C ounts from 2 0  mono layer cu l tur e s  showed tha t approx ima te ly 

8 8 %  of the vero cells  were v i able . There were no bac ter ia ev ident 

on v e ro cel ls  which had been incubated wi thou t add ed E . c o l i . 

The r e su l ts of the attachment a s say are pre sented in Tab l e  5 6 , and 

are c ompared to the i n  v i t r o  attachment of these E . col i  stra ins 

to ur oep ithe l i a l  cells as  recorded in Append ix 1 .  The haemagg lu ­

tina t i on properties of the se strains i s  a l s o presented . The 

hig he s t  l eve l s  of attachmen t were obta ined with E . coli stra i n s  

expr e s s ing a MRHA af ter gr owth o n  TSA . However , the rang e  of 

va lues  f or the se stra i n s  wa s between 2 and 2 3  E . c ol i  per c e l l , 

c ompared to a range of be tween 0 and 6 E . coli  per cell  f or stra ins 

expr e s s ing a MSHA ,  or no haemagg lutinin . These r e sults d id not 

corre spond to the i n  v i t r o  attachment leve l s .  For example , strain 

2 8 9  gave a mea n attachm ent of 6 9  E . coli per uroepithelial  cel l 

bu t on ly 2 E . coli per vero cel l . Strain 2 4 9  attached to a grea ter 

degree to vero cel l s  wi th a mean of 16 E . coli  per cel l .  However , 

this s train on ly gave a mean of 2 2  E . col i per uroepithe lial  cel l 

f or the i n  v i t r o  test . Simi lar ly , in both groups ,  strains  wh ich 

gave high attachment va lues to ur oepithe l i al  cel ls  d id not 

nec e s sarily  attach in l arge numbers to ver o cel l s  ( P late 4 4 ) . 



TABLE 5 6  

ATTAC HMENT OF E . CO L I  T O  T I S SU E  C U LTURE VERO C E L LS . 

C OM PA R I SON WITH ATTAC HMENT TO U ROEP I T HE L I A L  CELLS I N  V I TR O .  

MEAN NUM BE R  HAEMAGGLU T I NAT ION MEAN NUM BE R  HAEMAGGLU T I NAT I ON 
E . C OL I  P E R  E RYTHROC Y T E S  M EAN NUM BER E . C OL I  P E R  ERYTHROC YTES MEAN NU M B E R  

UROEP I T H E L I A L  E . CO L I  P E R  U R O E P ITHEL IAL E . C O L I  P E R  
STRA I N  C E LL HUMAN GU I N EA P IG V E R O  C E L L  S T RJ\ I N  C ELL HUMAN GU INEA P IG V E R O  C E L L  

3 2 2  3 4  MRHA - 2 3  6 9  4 - M S HA 6 

24  9 2 2  MRHJ\ MS HJ\ 1 6 1 7 2  1 2  �1 S HA ' 1\\ S l-17\ 6 
1 5 8  3 0  M R HA - 1 5  4 3  4 - - 4 

1 5 3  3 9  MRHA - 1 2  4 9  7 - M S HA 3 

6 3  4 4  M RHA - 1 1  3 3  9 - - 2 

2 0 7  5 8  M R HA - 1 1  6 1 6 - - 2 

1 0 4  5 1  M RHA - 1 0  6 7  6 - M S HA 2 
2 3 2  2 8  MRHA - 1 0  8 7  1 6  - - 2 

1 4 6  3 3  MRHA - 9 2 2 6  8 - MSHA 2 

1 1 6  3 6  M RHA - 8 2 8  5 4 - M S HA 2 

8 3  2 1  M RHA MRHA 7 2 9 0  5 - M S HA 2 

8 9  54 M RHA - 7 4 2  7 - M S HA l 
2 7  1 9  MRHA - 5 4 4  6 - MSHA 1 

2 1 5 5 4  MRHA ± - 5 7 4  4 - - 1 

4 0  3 5  M RHA - 4 1 3 0  7 - M S HA l 
1 2 5  5 7  MRHA - 4 1 3 2  8 - - 1 

1 2 9  3 9  M R HA - 4 2 3 3  7 - M S HA l 
1 7 8  5 9  M RHA - 3 2 6 9  7 - M S HA 1 

7 3  8 2  M R HA M S HA 2 9 5  1 0  - M S HA 0 

1 5 9  4 9  M R HA - 2 2 4 2  1 0  - - 0 
2 8 9  6 9  MRHA - 2 2 8 8 4 - - 0 

t0 
(.n 

M =  8 . 1  M = 1 .  9 t0 
-

- ---
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h c e l l  cu l ture m od e l  wou ld have beeu u s e f u l i f  h i g h  a t t a c hment 

va lue s wer e obta i n ed and i f  the se c orr e s pond ed t o  r e s u l t s  f r om 

i n  v i t r o  stud i e s  u s ing ur oep i the l i a l  c e l l s . A s  n e i ther o f  the s e  

character i s t i c s  were ev id ent u s ing v e r o  ce l l s  a s  a monola yer , i t  

wa s d e c i d ed n o t  t o  carry ou t fur ther s tud i e s w i th th i s  mod e l . 

6 . 2 ATTAC HMENT OF E . COLI TO T I SSUE C ULTU RE C ELLS DER IVED F ROM 

NEW B ORN MOU SE KIDNEY . 

The c e l l  l in e s  obt a i n e d  f r om new born mou s e  k i d n e y s  r em a i ned 

v iable with a c on f lu e n t  mon o l ayer of c e l l s  f or 4 pa s s ag e s . When 

t he se c e l l s  wer e  a s sayed f or a t tachment wi t h  7 E . c ol i  s tra i n s , 

the r e su l tant mean at tachment va l u e s  var i ed f r om 0 to 2 E . c o l i  

per c e l l .  N o  f u r ther a s says wer e  c a r r i ed ou t d u e  to t h e s e  l ow 

a ttachmen t l ev e l s .  



D I SCUSS ION 

D i scussion of the resul ts i s  d iv id ed into two sec tion s .  

The f irst  dea ls wi t h  the attachment a s s ay and sign i f icance of 

E . c oli  attachment to uroepithe lia l c e l l s .  The sec ond sec tion 

d i scusses the po s s ible  impor tanc e of bacter ial  haemagg lu tinins 

in the a ttachment proces s .  

SECT ION 1 .  

1 . 1  AS SAY METHOD F OR I N  V I TR O  ATTACHM ENT OF E . COL I  

TO UROEP ITHEL IAL CELLS . 

2 5 4 .  

The assay me thod u sed in th i s  s tudy wa s a mod i f ication of 

tha t descr ibed by Svanborg Eden et a l . , ( 1 9 7 6 ) . The mod if ications 

were inc orporated f ol lowing prelim inary studies in which three 

ma j or d iff icu ltie s wer e encountered with the or ig ina l a s say method : 

( 1 ) bac ter i a l  a ttachment wa s not c lear ly d if ferentia ted 

using on ly a trypan blue v i abil ity sta in and phase 

con tr a s t  microscopy ; 

( 2 )  ind igenou s ,  non E . coli- l i ke f lora cou ld not be 

d i sting u i shed from E . col i attached to the 

uroep ithe l i a l  c e l l s ;  

( 3 ) no account wa s taken of E . c ol i -l ike organ i sm s  which 

formed p ar t  of the norma l f l ora and cou ld be f ound 

attached to uroepithe l i a l  c e l l s  der ived f r om  the 

urethra and per iurethra l area . 

The u se of methy lene blue wa s intr oduced to stain the bac ter ia 

atta ched to v iabl e  and nonviable c e l l s , which wer e d if f er entiated 

wi th erythrosine B . In this way , the number of E . col i - l ike 



2 5 5 .  

organisms a ttached to viable and nonviable uroepi the l i a l  cel l s  wa s 

read ily determined . The inc lu s i on of a control of uroep ithe l ia l  

c e l l s  in P B S  wi thout added E . c o l i , enabled the number of E . c o l i - l i ke 

ind igenou s organ i sms per ce l l  t o  be de termined and a ne t E . co l i  

attachment v a lue t o  be obta ined . Several doub le - s ta ining combinations 

wer e init ia l ly te sted . The u s e  of trypan blu e and neu tr a l  red ha s 

recently been reported by Albr ight et al . , ( 1 9 7 9 ) . However , the 

u se of erythros ine B and meth y lene blue pr ov ided the most satisfactory 

combination for the present s tudy . ( P late s 1 ,  2 ) . 

Other te st sy stems have been r epor ted e lsewhere for assaying 

the atta chment of E . coli to u roepithe l ial cel l s , per iurethr a l  c e l ls  

and vag inal epithe l ial cel l s . Rad ioac tively-labe l led E . coli wer e  

used i n  a number o f  studie s ( Sc haeff er e t  a l . , 1 9 7 9 ;  Sugarman and 

Donta , 1 9 7 9 , a ;  19 7 9  b; and Par son s et a l . , 19 7 9 , a ) . The number of 

attached E . c o l i  were asses sed by pa s s ing the ur oep i the l ia l  c e l l  

su spens ion s  through a scinti l lation counter . Par sons et  a l . , ( 1 9 7 9 , a ) 

pr eferred thi s me thod and sugg e s ted that other techniques conta ined 

s ignif icant sourc e s  of error . One cr itic i sm wa s that the v i sual  

a s ses sment of bac ter ia attached to epithe l ia l  c e l l s  gave r i se to 

large d ev i a t ions in the count s obta ined : some c e l l s  had a sma l l  

amount o f  bac ter ia attached , whi l e  other c e l l s  had extreme ly l ar g e  

number s attached . However , ob serva tion s i n  the pre sent study suppor t 

the hypothe s i s  that the se var ia tion s are due to the pre sence of 

target c e l l s  within the uroep i the l i a l  c e l l  popu l at ion to which 

large number s of E . coli atta c h .  Only by visu a l  a s se s sment , c an 

the se c e l l s  be d etec ted . Although the use of rad iolabe l led-bac ter i a , 

which a l lows a s s e s sment of u p  to 5 0 , 0 0 0  epithel i a l  c e l l s  can be 

advan tageou s ,  the techn ique d oe s  not d i s tingu i sh nonv iable c e l l s , 

broken c el l s , f olded or c lumped ce l l s . The impor tance of a s s e s s ing 

viable uroep i the l ia l  ce l l s has been establ ished in the pre sent s tudy . 

Signif icantly more E . coli attach to viable ce l l s  than to nonv iable 
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ce l l s , and a greater proport ion of viable ce l l s  are coa ted with 

mucopolysac c har id e s .  In add ition , uroepithe l i a l  c e l l  v iabi l ity 

for a g iven c e l l su spension wa s not f ound to be a l tered by the 

assay techn ique . The monitor ing of E . coli attached to squamou s 

and tran si tion a l  c e l l s  wa s a l s o  shown to be of impor tance , and on ly 

by visual examination can the s e  c e l l  type s be d i s tingu i shed . 

A number of au thor s have emp loyed membrane f i l ter s  in the ir 

attachment a s sa y s  (Mardh and Westrom ,  1 9 7 6 ;  Fowler and Starney , 1 9 7 7 ; 

and Ka l leniu s and Winberg , 1 9 7 8 ) . Generally , membrane f i lter s ar e 

used to remove u n attached bac ter ia from the c e l l  suspension . The 

epithe l ial  ce l l s  are reta ined on the f i lter surface , the n resu spended 

in buffer and a ir dried onto a g l as s  s l ide . Bac ter i a l  sta ins such 

as methy lene blu e ,  Grarn � s sta i n , May-Grunwa ld/G iernsa stain or 

safranin have been app l ied to the se preparations ,  though not in 

conj unc tion w i t h  c e l l  viab i l ity stains . One argument in favour 

of the se techn i qu e s  has been tha t by not u s ing centr ifugation , the 

uroep i the l ia l  c e l l  struc ture r emains intact . However , in most 

cases epithe l i a l  c e l l s  were harve sted by centr i fugation pr ior to 

the a s say . A sec ond argum en t  has been tha t centr ifugation on 

completion of the as say incubati on period may e i th er r emove attached 

bacter ia , or incre ase the number of bac ter ia attached by forming 

an epithe lial c e l l  sed iment which has previously unattached bac ter ia 

lodged between the c e l l s . F rom the studies descr ibed in sec tion 

1 . 1 . 1 1 ,  extens ive wa shing o f  uroepithe lial cel l s  does not greatly 

alter the number of E . coli  attached to uroepithe l i a l  c e l l s . I t  i s  

pos s ib le that , the suc tion u sed in membrane fi ltr ation deposits 

unattached bac teria on the uroepithe lial cells ra ther than remov ing 

them thr ough the membrane pore s .  Re cently , Chi ck e t  a l . , ( 1 9 8 1 ) , 

have reported a mod i f ied tec hn iqu e to a s say bac ter i a l  attachment 

to uroepithe l i a l  c e l l s . They employed a tolu id ine blue and borax 

stain ing techn iqu e to d i f f erent iate ur inary mucu s  from uroepi the l ia l  



c e l ls ,  and c l a im that E .  coli posse s s ing a MSHA adher e to mucu s ,  

whi le strains pos se s s ing a MRHA adhere to uroepithe l i a l  c e l l s .  

I n  the pre sen t s tudy , free ur inary mucu s wa s carefu l ly removed 
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i n  the wa shing of uroepithe lial cel l s  pr ior to a s say and the u s e  

of toluid ine b l u e  a nd borax is thought t o  be unnec e s sary . However , 

a ttachment l evel s  f or strains posse s s ing a MRHA were h igher than 

f or strain s possess ing a MSHA , and th is f i nd ing is d i scus sed in 

sec tion 2 .  

E . co l i  attachment to uroepithe l i a l  c e l l s  wa s una f f ec ted by 

the presence of indigenou s  bac teria on the c e ll sur fa c e . Indig enou s 

organ i sms c ou ld not be removed from the c e l l  surface by vor tex 

mixing , c ontrary to the f ind ing s of Fowler and Stamey ( 1 9 7 7 ) . 

By u s ing a double stain ing technique , non E . co l i - l ike ind igenou s 

bacteria c ou ld be d if ferenti ated from E . co l i - like organ i sms attached 

to the uroepithe l i a l  c e l l  surfac e .  I n  some ins tanc e s , the E . c o l i - l ike 

organ i sms were attached c losely toge ther on the c e l l  and often 1n 

a s soc iation with the non E . c o l i - l ike organi sms colon i z ing the 

c e l l  surf ac e . Re sul ts from scanning e le c tron m icro s c opy later 

c onf irmed thi s c lose a s soc iation . ( P late 4 3 ) . Mar r i e  et  a l . , ( l9 8 0 , a ) 

have investigated uroepithe lial c e l l s  from the ur ine of patients 

with ur inary trac t in fections and repor ted the pr e sence of bacter ial  

micr ocolon i e s  attached to the cell  sur fac e .  They sugge s ted that 

the infecting bac ter i a  and the normal urethral f lora were attached 

to contiguou s  areas  of the ur oepithelia l c e l l s . The se r e su l ts 

appear to be in agreement with those obtained in the pre s ent study . 

The impor tance of an as soc iation between infecting bac ter i a  and 

indigenou s organism s  on the c e l l  surface i s  in need of fur ther 

s tudy . I t  i s  pos s ible that potential uropathogens adhere to 

ind igenou s organ ism s  pre sent on urethr a l  and per iurethr a l  c e l l s , 

pr ior to infect ing the bladder . The inc lu sion of a c ontr ol in 

every exper iment , c on s i sting of uroep ithe lial c e l l s  wi thout add ed 

E . co l i , ensured tha t  the f inal  attachment valu e s  r epor ted in the 



present study were not s ignif icantly a ltered by the pre sence of 

ind igenous E . c o l i- like org anism s . 

1 .  2 VARIAB ILITY OF THE ATTAC HMENT ASSAY 
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The re su l ts obta ined in the present s tudy are c ompared wi th 

tho se reported by Svanborg Eden ( 19 7 8 ) on adherence of E . coli to 

ur oepithe l i a l  c e l l s  and by Corne l ius et a l . , ( 1 9 7 9 )  on adherence 

of E . coli  to vaginal epithe l i a l  c e l ls . 

In the present study , E . co l i  were not wa she d  i n  buf fer pr ior 

to a s say with ur oepithe lial c e l l s  partly as th i s  s tep was regarded 

as unnec e s s ar y , and a l so becaus e  the two repor ts mentioned above 

h ad found that wa shing bacter i a  d ecrease s the ir attachment c apac i ty .  

After analysis  of severa l  s tandard error of  the mean ( S . E . M . ) 

va lues , i t  was cons idered tha t variation of l e s s  than 1 5 %  oc curr ed 

for E . co l i  attachment to 4 0  uroepithe lial  c e l l s  f rom any g iven 

sampl e .  Thi s var iation was higher than the 8 . 7 %  v ar iation repor ted 

by Svanborg Eden .  Her perc entage value wa s on ly obtained from one set 

o f  results  ( where the mean a ttachment value wa s 9 0  E . coli  per 

uroepithe l i a l  cel l ) , wherea s  the 1 5 %  var iation obtained in the pre sent 

s tudy inc luded E . coli  stra ins attaching to uroep i the lial c e l l s  with 

varying degree of  eff ic iency . T he var iation betwee n  dup l icate s amp l e s  

was not s ign i f icant , in agreement with the r e su l t s  of  Svanborg Eden 

and Corne liu s e t  a l  . .  However , there  wa s s igni f icant  var iation for 

E . coli  attached to  uroep ithe l i a l  c e l ls  collected from different women 

on the same day , and from the same woman on a number of days . This  

var iation was c a lculated by Svanborg Eden to  be  2 0 %  and by Cor ne l iu s  

et a l .  to be 1 9 % .  Rather than mer e ly express  such variation a s  a perc ent­

age value , the present report i nvestig ated the var i abil ity of 

uroep ithe l ia l  c e l l  receptiv ity to E . c o l i  attachment . Exper imenta l r e su l ts 

demon s trated a highly s igni f i c an t  d if f erence i n  a ttachment of BHI 



broth grown E . c o l i  strains to uroepithe l ia l  c e l l s  from d i f ferent 

urine samp le s . The highe st mean v a lue was 1 6  E . c o l i  per c e l l  

and the lowe s t , 4 E . coli per c el l .  There was no s ignificant 

d i fference in attachment of TSA grown E . coli  s trains  to 

uroepithe lia l c e l l s  from d i f feren t ur ine samp le s .  The highest 

mean va lu e wa s 6 9  E . coli per c el l , and the lowes t  was 52 E . col i  
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per cel l .  I t  i s  possible that the se results r e f l e c t  two d i fferent 

mechan ism s  whereby E . coli may attach to uroepithe l ia l  c e l ls : 

( 1 ) Attachment large ly depend s on the receptiv i ty of the uroepithe l i al 

c e l l  popu l ation which var i e s  from samp l e  to s amp l e . 

Receptivity may be inf luenced by the number o f  receptor sites  

pre sent on the cell surfac e and the propor t i on of " target"  

c e l l s , i . e . the proportion of h ighly receptive c e ll s .  

Bacter i a l  factors in thi s  ins tance may be o f  secondary 

importance . 

( 2 )  Attachment i s  largely dependant on bacter ia l fac tor s .  " Targ e t "  

c e l l s  exhibi ting high susceptibi l ity t o  a ttachment ex ist but 

are in r e latively cons tant proportions in d if f erent samples , 

so tha t  var iations between uroepithe l ia l  c e l l  samp les do not 

occur . 

H igher a ttachment leve l s  were f ound f or v i ab l e  than for 

nonviable uroep i the lial c el l s .  On d e ath of the c e l l ,  the metabol ic 

proc e s s e s  c ontr o l l ing the membrane are known to break down and 

a l low entry of v i tal  stains (Phi l l ip s , 197 3 ) . U roepithelial  

c e l l s  have bee n  reported to  r ema in v iab le f or long per iods of 

time ( Lewi s and McCoy , 1 9 2 2 } ; thi s  wa s a l so conf irmed in the 

present s tudy . Furthermore ,  uroep i the lial c e l l s  were equa lly 

receptive to E . co l i  attachmen t  afte r  
0 7 days s torage a t  4 C .  

The fac t that f ewer bac ter i a  a ttach to nonviable c e l ls may sugg e s t  

that E . coli  r ec ep tor site s  a r e  membrane a s soc i ated . A sma l l  

proportion o f  c e l l s at the ear ly s tages o f  death may take u p  a vita l  

• i  
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stain and be termed nonviable , yet may have an intac t membr ane to 

which l arge  number s of E . c o l i  attach . Thi s wou ld explain why a 

proportion of nonviabl e  c e l l s  have equa lly l arge number s of E . c o l i  

attached , c ompared to viable uroepi the l ial c e l l s .  

With regard to the exi s tence of uroepi the l ia l  " targ et" 

cel l s , the se have been arbitrar i ly def ined a s  c e l l s  wi th > 1 0  

E . coli a t tac hed or > 5 0  E . co l i  a ttached depend ing on the proper ties  

of the E . co l i  s trains attaching to the cel l s .  S imi lar variations 

in attachmen t  of bacter i a  to uroepithe l ial c e l l s  have a l so been 

noted in v i v o . Col leen et a l . ,  ( 19 8 0 )  and Marr i e  et a l . , ( 19 8 0 , a )  

have reported that a propor t ion of epithe l i a l  c e l l s  on the human 

urethra l sur face  were more heav i ly coloni zed by bac teria . This  

suggests  that the exi stence of " target" c e l l s  is  not an ar tefa c t  

of the i n  v i t r o  attachment a s say , but rather a ref lec tion of the 

�n v i v o  s ituation . Further exper iments in the pre s ent study have 

shown that transitiona l as we l l  as squamou s uroepi the lial  c e l l s  are 

highly recep t ive to E . c o l i  a ttachment . Thi s may further ind i c a te 

that bladder and urethral c e l l s  are not homogeneou s  in the ir 

recep tiv ity to E . c oli . Thu s ,  i t  i s  pos sible tha t c er tain ar ea s 

of the ur inary trac t may be more susceptible to E . c oli attachment . 

Women su sceptible to recurrent ur inary trac t  i n f ection may have a 

higher propor t ion of " targ e t "  c e l l s  wi thin thes e  areas , and thi s  may 

par tly exp la i n  why some women are re infec ted by uropathogens . F ur ther ­

more , the s i z e ,  nature and d i stribution of thes e  receptive are a s  in 

the urinary tract may be inf lu enced by host fac tor s  such a s  hormones , 

urine c onten t s  or other f a c tor s possibly as soc iated with a lower ing 

of the hos t immune r e spons e . Not a l l  women are prone to urinary trac t 

infection and this may be due to lack of adequate bacter ial r e c eptor 

s ite s in the i r  bladd er . Some women may on ly be prone to infection 



for a per i od of t im e  r e la tive to the pre sence of " target"  c e l l s  

in certain area s o f  the ur inary trac t .  These pos s ibi l i t i e s  are 

in  need o f  inve stigation and it is expec ted that the r e su l t s  

obtained from such s tud ie s would b e  o f  g r e a t  impor tanc e i n  

under s tanding the pa thogene s i s of urina r y  tract infection s .  

1 . 3  REPRODUCAB ILITY OF THE ATTACHMENT A SSAY 

The resu l ts pre s ented in Table 1 0  i nd icate that there wa s 

little d if ference be twee n  mean attachment values ob ta ined when 

2 6 1 . 

2 0 ,  3 0 , 4 0  or 5 0  uroepithe l ia l  cel l s wer e evalua ted . Thi s  wa s 

perhaps surpr i s ing in v i ew of the uneven d i stribu tion of attached 

bacter ia in any c e l l  s amp le . I t  wa s expected that count ing bac ter ia 

attached to only 2 0  uroepi the l ial  cel l s  wou ld yie ld a more inaccura te 

resu l t  c ompared to eva luating 40 or 50 c e l l s  per samp le . However , 

th is d id not occur and the results  are in  agreement with those 

repor ted by Svanborg Ed en ( l 9 7 8 ) who fou nd that E . co li attachment 

var ied by on ly 1% when 40 to 1 2 0  uroep it he l ial  c e l l s  were eva lua ted . 

For exper iments in the present study , i t  wa s con s idered exped ient 

to c ount bacteria a ttached to at least 4 0  uroepi the lial  c e l l s  in 

any sample . 

A l though f our buf f er wa she s were f ound to be su f f ic i ent to 

remove unattached bac ter ia , it was d ec ided to use  f iv e  wa shes to 

be cer tain tha t no unattached bacteria remained in the c e l l  

suspen s ions . The wa shing of uroepithe l ia l  c e l l s  in buffer  pr ior to 

the a s say , removed ur inary mucus and amorphous debr i s  wi thou t 

affecting receptiv i ty to E . co l i  attachment . Results shown in 

sec tion s 1 . 1 . 1 2 to 1 . 1 . 1 4 ind ic ate tha t the tec hn ique wa s high ly 

reproduc ible u s ing a l i quots of the sam e  bacter ial and uroepithe l i a l  

cel l  preparation s ;  and s ignif icant bia s wa s not introduc ed dur ing 

eva lua t ion s of the ce l l  pr eparations . 



1 . 4  EFFECT OF VARY ING COND ITIONS OF THE ATTACHMENT AS SAY . 

Hi ghes t attachment of E . co l i to uroepi thelial  ce l l s  was 

obtained u s i ng po st log-phase b acterial cultures . Th i s  finding 

is di s cu s s e d  late r . When four s trains were grown in broth 

and on agar media , attachmen t  to uroepi the l i a l  ce l ls was found 

to be s i gn i fi cantly di f fe rent . I ncreased attachment occurre d 

on ly with 2 of the 4 strains ( 2 0 7  and 3 2 0 ) when they were 

cultured on an agar surface . The se obs e rvations led to the 

conc lus i on that the attachmen t of E . coli to uroepithe lial  ce l ls 

by at le a s t  one mechanism i s  influenced dramatically by the 

bacteri a l  growth conditi ons . 
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Th e results presented i n  Figure 3 concerning the inf l uence 

of  bacte r i a l  dens i ty on attachmen t ,  were s imi lar to those reported 

by Svanborg Eden ( 19 7 8 ) . The optimal bacte rial densi ty was 

> 10 8 b a c teria wi th 1 x 1 0 5 uroepithe lial c e l ls in 1 cm
3 

final  

vo lume . This dens ity re s u l te d  in h i gh attachment values for 

E . coli to uroepi thelial c e l l s . Attachment of  E . coli was a f fe c te d  

b y  temperature : a temperature o f  3 7°C appea red t o  be optima l 

and thi s  may be re levant t o  attachmen t i n  v i v o  as the temperature 

of  th e human body is also approximate ly 3 7°c .  

A phosphate buffe red s a l ine solution , pH 7 . 1 ,  appeared to 

be the mos t  appropri ate for the attachment as say . Thi s buffer has 

an osmo l al i ty of 3 0 0  mosmo l e s  per litre , which is s imi lar to the 

osmo l a l i ty of e arly morni n g  urine specimens from females , as 

reporte d by As s cher et a l . , ( l9 6 6 ) . Buffer pH may a f fect attachment 

of some s trains of  E . coli : for example , s trains 6 7 ,  1 2 5  and 2 0 7  

attached to uroepi the lial  ce l l s  le s s  we l l  when s uspended i n  buffe r  

at pH 5 . 8 , than i n  buffer a t  pH 6 . 4  {_Tab le 1 8 ) . Both these p H  

val ue s f a l l  wi thin the phy s i o logi cal range of  urine . 

Kaye (19 6 7 )  reporte d that urine some t imes inhib its bacterial  
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growth and c a n  be bac teric ida l to sma l l  inoc u la of E . c o l i .  However , 

th i s  antibac ter ial property of ur i ne has not been f u l ly subs tantiated 

( S tarney and M i hara , 1 9 8 0 ) . I n  the pr esent s tudy attachment of 

E . coli to uroepithe l ial cel l s  su spended in ur ine wa s g enera lly 

comparable to those r e su l ts obta ined when the c e l l s  wer e suspended 

in PBS . The s l ight ly lower attac hment va lues for c e l ls in ur ine may 

be explained by the lower dens ity ra tio of E . c o l i  to uroepithe l i a l  

cel ls . The exper iment sugg e s t s  that E . coli introduced into a 

bladder containing approx imate ly 8 0  cm3 ur ine , have the capac i ty 

to attach t o  uroepi the l ial c e l l s  wi thin one hour . D epend ing on 

f lu id intake , the time between mictur itions is norma l ly greater 

than one hour . At n ight , when f lu id intake is low ,  ur ine is 

produced at a s low rate and a sma ll bac ter i� inoculurn in the b ladder 

may mu ltip l y  and r each a su f f icient concentration to a l low a ttachment 

to the uroepithe l i urn ,  before void ing occur s .  Perhap s  the eff icacy 

of the · " wa s hout theory"  ( hydrokinetic c learance of bac teria wh ich 

retains b l adder ster i l ity)  may be related to the d i lution of bac ter ia 

to a poin t  where a ttachment i s  sub -optimal . · Ther efore , d epend ing on 

the frequency of micturition , and the s i ze and na tur e of the bac ter i a l  ' 

inocu lum f r om the urethra into the b ladder , an inf ec tion may or may 

not ari s e . 

1 . 5 THE U SE OF FLUORESCENT ANTIBODY TO DETECT E . C OL I  ATTACHED 

TO UROEP ITHELIAL CELL S . 

Type spec i f ic antisera and an ind irec t f luor e scent an tibody 

stain ing method were used to d etect E . coli attached to uroepi the l i a l  

ce l l s . The r e su l ts were c omparab le to those obta ined u s ing methylene 

blue as  a bacter ial stain . This i s  the first r eport to conf irm 

E . coli  attachm en t  to  uroep i the lial cel ls u s ing such spec i f ic 

technique s .  The f luore scent antibody bind s to the rabbit  antibody 
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wh ich in turn binds to the E . coli a ttached to the uroepi th e l i a l  

c e l l  s urface . When t h e  u l tra-vi olet l ight source i s  app l ied , the 

f luorescing E . coli  are c learly v i sible ( P late s  3 to 6 ) . The se 

results  refute any argument that the c ounting procedure is  not 

accurate us ing only me thylene b lue as a bac ter ial stain . 

When the f luore scent antibod y  techn ique wa s applied to the 

s tudy of c e l l s  col lec ted from infec ted ur ine sample s , inter e sting 

results  were obtained . E . coli  were fou nd to be a ttached to the 

ur oepi the l ial  c e l l s  harvested from 3 7  women with symptoma tic  ur inary 

tract infec tions . The wide range of a ttachment values ( 5  to 8 6  

E . c o l i  per c e l l )  were s imi lar t o  those obtained i n  the i n  v i t r o  

studies  reported i n  Append ix 1 .  Thi s bi nding sugg ests  that the 

i n  v i t r o  a s say ref lects  the a ttachment levels  found i n  v i v o . I t  

could per haps be argued that the E . coli  attached t o  uroepi the l i a l  

c e l l s  were par t o f  an ind igenou s f lora on the c e l l s , and were not 

r e spon s ib l e  f or the urinary infec tion . Thi s argument i s  d i f f ic u lt 

to refute , though the fact  that tran s i tional c e l l s  from the bladder 

were c olon i zed wi th E . c o l i  doe s  sugg est that these bac ter i a  were 

not part of the norma l f lora , bec ause the bladder i s  norma l ly 

s ter i le . In  addition , the f ive serotyp e s  used to prepare ant i sera 

were those most common ly i solated from ur inary infections . To ver i f y  

that t h e  E . c oli attached wer e  respon s ib le for the inf ec tion , a 

s imple exper iment c ou ld have been c arr ied ou t .  The E . c o l i  strain 

from each infection c ou ld have been isolated then r eac ted with the 

pooled type speci f ic anti sera to a sc er tain  the 0 serotype . A pos itive ' 

agg luti n ation reaction wou ld c onf irm that the inf ec ting s tr a in wa s 

a s im i l ar serotype to the E . co l i  strain attached to the uroepithe lia l 

c e l l s .  A sma l l  number of attached E . col i and E . c o l i - l ike organisms 

seen in some prepara tions from hea lthy women with uninfec ted ur ine s , 

were probably part of the norma l urethr a l  and per iurethra l f lora . 

C ox ( 1 9 6 6 )  i sol ated E . co li and other Enterobac ter iaceae from the 

urethra of hea lthy women . In c onc lu sion , the r e su l ts of the presen t 
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s tudy support the hypothe s i s  that E . c o l i  attachment to uroepi the l ia l  

c e l l s  occurs in the infection pr oce s s . 

1 . 6 POSS IBLE INFLUENCE OF CATI ONS IN ATTACHMENT OF E . COLI TO 

UROEP ITHELIAL C ELLS . 

There wa s no s ignE icant d i fference between attachment 

of E . coli  to uroep i thelial ce l l s  suspended in standard bu f f er 

and buf fe r s  conta ining physio log ical  l eve ls of calc ium and 

magnesium . In  1 9 6 7 , Wi ll i ams and Wacker pointed ou t tha t the 

+ + + ++ ++ 
f ive ions H , Na , K , Mg a nd Ca are the ma j or , mob i l e  

inorgan ic c ations of b iolog ica l  system s . In the pre sent study , 

++ ++ 
physio log ica l leve l s  of Ca and Mg pre sent in buf f er solu tions , 

d id not appear to a f f ect attachment of E . coli to ur oep i the l ia l 

c e l l s . Sugarman ( 1 9 8 0 )  carr ied ou t an adherence a s say with E . coli  

and bucc a l  epithe l ia l  cel l s  su spended in buffered , commerc ia lly 

obta ined , heavy metal salt s . He repor ted that z inc and iron salts , 

but not sod ium ,  c a lcium ,  l i thium , magnes ium or pota s s ium sa lts , 

mcrea sed adherence o f  E . c oli  to bucca l  c el l s . The ur oepithe l i a l  ce l l s 

u sed in the present a ssay wou ld not be expec ted to be highly 

metabol ica l ly active . Therefore , shou ld c e l l  metabolic  activity 

be nec e s sary f or c a t ions to med iate E . coli  attachment , then the r e su l t s  

o f  the experiment are not surpr ising . On the other hand , the buffered 

saline u sed throughout the a s say wou ld have c ontained trac e s  of a 

+ 
number of d i f ferent c ation s  as  we l l  a s  large amounts of Na , and i t  

i s  pos s ible that the exper iment wa s not sensitive enough t o  d etec t 

cation i c  involvemen t . Such c ations may have a lready been pr e sent 

on the uroepithe l i a l  ce l l  surf ace where they may have a c ted a s  

cofactors in the attachmen t proce s s . The presence o f  fu ther 

c ation s in a buf fer solu tion may not have affected the overa l l  

cation i c  c harge of these uroepithe l i a l  c e l l s . Alternatively , the 
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pre s ence of c ations may have no ef fec t on the atta chment of E . coli  

to  uroepithel ial c e l l s . 

C osterton et  a l . , ( 1 9 7 8 ; 1 9 8 1 ,  a ;  19 8 1 ,  b . } have pr oposed 

tha t a d iva lent c ation may act a s  a br idg e  between the negatively 

charged g lycoca lyx of bac ter ia and of animal ce l l s . The br idg ing 

wou ld overcome e lec tro s ta tic repu l s ive forces and may be involved 

in the initial step in the adher enc e of bac ter ia to mucosal  c e l l 

surfac e s .  As the g lyc oc a lyx is compr i sed of a larg e ly a n ionic 

polysacchar ide matr ix ,  the l inkage between bacter ium and epithe l ia l  

ce l l  may be mediated by a l ec tin-l ike pr ote in on the bac ter ial  cel l 

and terminal carbohydrates on the hos t  cel l .  The pre senc e of 

d iv a l ent cations ha s been shown by Hoover et a l . ,  ( 1 9 8 0 )  to be 

impor tant in attachment of polymorphonuc lear leukocytes to the 

e nd othe l ial lining of b lood ve s se l s . Johanson e t  a l . , ( 1 9 7  9 )  have 

r epor ted that diva lent cations are r equ ired for f irm attachment of 

P seudomonas a erug ino s a  and Klebs ie l l a  pneumoniae to r e sp iratory 

tra c t  epithe l ial  ce l l s .  Hecke l s  e t  a l . , ( 1 97 6 )  have repor ted tha t 

a lteration o f  the neg ativ e  sur fac e c harge of Ne i s ser ia g onorrhoeae 

by d iva lent cations , f ac i l ita ted a ttachment to negatively  charg ed 

amnion cel l s . It i s  a l so pos s ible tha t s imilar cation s  may be 

imp or tant in certa in bac ter ia l cel l/epi the lial c e ll inter actions . 

Suc h  cations may be inf luentia l  in en zyrnic rea ctions a t  the host cel l 

su r face or in creating c onformati on c hange s ,  tha t in tur n create 

f ewer or greater number s of bac ter ial receptor s ite s .  Fur ther 

i nv e stigations need t o  be c arr ied ou t on metabo l ic a l ly a c tive 

uroepithe l i a l  ti s su e s  to fu l ly substantiate the inf lu ence of cations 

i n  bac ter ial colon i za t ion . Such stud i e s  may involve the u se of 

c h e lator s which wou ld r emove Mg
++ or C a++ ion s that may be pr e sent 

in trace amounts on the c e l l  surface and wh ich may be inv olved 

i n  the a ttachment pr oce s s .  



1 . 7  THE POS S I BLE INFLUENCE OF HORMONE S ON THE ATTAC HMENT 

OF E . COLI T O  UROEP ITHELIAL CELLS . 

2 67 . 

Var iation i n  the su sceptibi l i ty of uroepithe l i a l  ce l l s  to E . c o l i  

a ttachment cor r e sponded with the expec ted r ise and f a l l  in blood 

and ur ine oe s tr ogen levels  over the men strua l cyc le .  H ighest 

attachment leve l s  were obtained f or uroepithelial  c e l l s  a s sayed 

be tween days 9 and 13 , and 18 a nd 2 8 , in the men s trua l cyc le ; 

lowes t  level s  were obta ined for ur oepi the l ial  c e l l s  a s s ayed between 

days 14 and 17 o f  the cyc l e .  The poss ibi lity that var iations in 

hormone level s  over the menstrual  c yc le may inf luence bac ter ial  

attachment to  ep i the l i a l  cel ls  ha s been d i scus sed by  Sc haeffer et a l . , 

( 1 9 7 9 ) .  They f ound that E . coli adher ed to uroep i the lial  c e l ls 

in a cyc l ic al , r epetitive pa ttern wi th counts of up to 1 6  E . coli  

per c e l l  in  the e ar ly phase of  the  men strual cyc l e  and c ounts a s  

l ow a s  0 E . co l i  per c e l l  in the l ate pha se . The E . c o l i  s tr a in u sed 

posse s sed a M S HA and the degree of a ttachment observed wa s s im i lar 

to the resu l ts o f  the pre sent s tudy u s ing E . c oli  s tr a in s  6 7  and 8 7  

whic h expres sed a MSHA af ter growth i n  BHI broth . Had Schaef fer et a l .  

more carefu l ly ana lysed the ir r e su l ts ,  they wou ld have noted a 

sec ondary peak o f  attachment , ar ound d ay 2 0  of the c yc l e . With more 

fr equent samp l i ng ,  it i s  possible tha t  Schaeff er et a l .  wou ld have 

obta ined sim i l ar results  to tho s e  pre sented here . 

In an ear l y  repor t ,  Svanborg Eden ( 1 978 ) d id not investigate 

the reason s f or the 2 0 %  var iabi l i ty between uroepithe l i a l  c e l l  

s amp les in the i r  receptivity to E . co l i  attachment . However , 

f o l l owing the r e port of Schae f f er et  al . , ( 19 7 9 ) , Svanborg Eden et a l . , 

( 19 8 0 )  repor ted that E . c oli atta chment to squamou s and tran s itiona l 

c e l l s  d id not vary s ignif icantly with the menstrua l cyc l e  of the cel l 

d onor . Thi s  l atter report i s  sub j ec t  to critic i sm on sever a l  points . 

The a ssay wa s on ly carr i ed ou t on days 8 ,  1 5 ,  1 6 , 17 , 2 7 , and 28  
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of the men strua l cyc le of one woman . I n  the present stud y , samp le s 

were a s sayed a t  2 to 3 day interva ls  over con secutive mens trua l 

cyc l e s of f ive women . Sec ond ly , it i s  pos s ible that the peak 

valu e s  of 10 and 1 6  E . c o l i  per c e l l , repor ted by Svanborg Eden et  a l . , 

r epre sent a cyc l ical peak which the pr e sent study found to occur 

at two times over each menstrua l cyc le . The ac tu a l  day i n  which 

the se peak va lu e s  occur may vary with each ind iv idua l and may d epend 

on the length of the menstrua l cycle . Had the se author s s amp led 

more r egular l y , they may a l so have obta ined two peaks of a ttachment 

over c onsecutive menstrua l cyc le s . Third l y ,  Svanborg Ed en e t  a l .  

did not cons ider that attachment va lue s  of l E . coli  per c e l l  on one 

occa s ion and 1 6  E . coli p er cel l on a nother occas ion wer e s ignif icantly 

d i f f er en t .  Statistical ana lysis of the se peak and tr oug h  va lue s  

wou ld a lmost certa inly have estab l i shed a highly signif i c ant d ifference
1 

be twee n  attachment of E . col i  to c e l l s  from these two samp le s .  In 

Svanborg Eden ' s s tud ie s ,  uroepithe l ia l  c e l l s  are harvested fr om one 

f ema l e  donor . Unless the se c e l l s  are pooled from severa l ur ine 

samp le s  pr ior to assay , it is pos s ib l e  that certain d i f f erences 

between attachment va lu e s  reported by Svanborg Eden are du e to 

c hang e s  in r ec eptivity of the uroepithe l i a l  cells  col lec ted at 

var i ou s  time s over the menstrual cyc le , rather than due to d if ferenc e s  

in the attachment c apac i ty o f  bac ter ia l s tra ins . The l ev e l s  of 

attachment in Svanborg Eden ' s repor t of 1 9 8 0 ,  d if f er marked l y  from 

those prev ious ly reported by her . A lthough the same E . c o l i  stra ins 

were u sed and the same uroepithe l ia l  c e l l  donor wa s apparently u sed , 

ear l ier stud ies obta ined mean attachment v a lu e s  of up to 1 2 5  E . coli 

per c e l l  ( Svanborg Eden e t  a l . ,  1 9 7 6 ) . Mean valu e s  of 5 1 . 2 E . c oli  

per squamou s c e l l  and 3 3 . 4  E . coli  per trans itiona l  ce l l  were a l so 

reported ( Svanborg Eden e t  a l . , 1 9 7 7 ) . Whi le her recent r epor t  

presents mean va lue s o f  between 2 and 17 E . col i per squamou s and 

tran s itiona l c el l .  The se l arge d i screpanc ies  have not been exp lained 

by the author . 
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I n  order to suppor t her the ory tha t the mens tru a l  cyc le d oe s  

not a f f e c t  E . c o l i  attachmen t ,  Svanborg Eden ref erred to the wor k of 

Ka l l e n i u s  e t  a l . , ( 1 9 8 0 , b ) . Thi s latter s tudy pr op o s ed tha t 

var i at ions i n  e p i the l i al ce l l  receptiv i ty to bac t er i a l  attac hment 

are n o t  re la ted to men s trua l cyc l e  hormone leve l s . Thi s c onc lu s ion 

i s  ba sed on the r e su l t s  of 1 7  per iurethr a l  samp le s c o l lec ted a nd 

a s sayed wi th E . c o l i  dur ing 1 2  months of s tudy . T h i s  i s  an aver ag e 

of o n l y  1 te s t  ever y 2 1  days . F r om such a poor ly d e s igned s tudy , 

i t  i s  impos s ib le to r e l a te r e s u l t s  to a men s trua l c yc le patter n . 

Ka l le n i u s  e t  a l . conc luded tha t var iab i l i ty i n  a t ta chment wa s due 

to var i at io n s  i n  bac ter i a l  proper t i e s  cau sed by s torage over 

1 2  mon th s . I n  fac t ,  ana ly s i s  o f  the ir r e su l ts sugge s t s  tha t the 

var i ab i l i ty wa s due to d i f f er enc e s  in per iurethr a l c e l l  recep t iv i t y  

ra ther than bac ter i a l  c e l l  d i f f e r ence s .  T hey fur t her repor ted tha t 

attac hmen t lev e l s  of up to 9 0 0  E . c o l i  per c e l l  wer e  obta ined . C lo s e  

exam in a t ion of the photograph i n  F igure l o f  the i r  paper , sugg e s t s  

that large num be r s  o f  unattached bacter i a  may not have been r emoved 

by the membra n e  f i ltra tion pr oc e s s  and may have g iven r i se to f a l s e ly 

enhanced a ttachment f igure s .  

A r ecent repor t by R ieda s c h  e t  a l . , ( 1 9 8 1 ,  a )  f ound no cor r e lation 

between a t ta c hment of E . c o l i  to uroep ithe l ia l  ce l l s c o l lec ted a t  

d i f f erent t ime s in the men s trua l cyc le .  The s e  r e su l ts once a g a i n  

wer e  ba sed o n  a l im i ted number o f  a s say s  w i th ur o e p i the l i a l  c e l l s  

c ol lec ted o n  d a y s  4 ,  1 0 ,  1 5  and 2 2  of the c yc le . Other s tud i e s  on 

human vag ina l e p i the l i a l  c e l l s  have f a i led to agr e e  whe ther or n o t  

a ttachmen t of E . c o l i  a nd Group B S treptococ c i  i s  i n f luenc ed b y  t h e  

me n s trual c yc le .  ( Botta , 1 9 7 9 ;  F or s l in and Dan i e l s son , 1 9 8 0 ;  

Sobe l e t  a l . , 1 9 8 1 ,  b ;  Z awaneh e t  al . ,  1 9 8 1 ) . 

Botta ( 1 9 8 1 )  has r epor ted f luctu a t i o n s  in E . c o l i  a ttachmen t  to 

vag inal and uroep ithe l i a l  ce l l s  in accordance w i t h  me n s trua l cyc l e  

chang e s . Attac hment leve l s  wer e h ighe s t  i n  the t h ird week o f  the 
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cyc le and Botta proposed tha t E . c o l i  utilize  a rec eptor ( s )  who se 

synthe sis or a c c e s sibi l i ty f luc tu ate s dur ing the menstrua l cycle . 

Such chang e s  i n  r eceptor s ite s may be a ref lec tion of hormona l 

inf lu ences med i a ted v ia the ur ine and/or blood supply . Botta 

et al� ( 19 8 1 )  have further s tud ied vag inal and ure thral swabs from 

a group of he a l thy women and a group of women wi th r ecurrent 

bac ter iur ia , a t  weekly interva l s . They repor t tha t c o lony counts 

and the number of women wi th posi tive cu ltures of Enterobac ter iac eae 

were higher a t  ovu lation in the infec ted pa tients  tha t  in the 

control group of hea l thy women .  They found a cor r e lation between 

coloni zation of the v ag inal and urethral area s and the peak of 

oe s trogen serum leve l s . In  women wi th recurrent ba cter iur ia , the 

per iod of high  oe strogen lev e l s  lasted longer than in women from 

the control g r oup . In add i tion , the colony count s  from swabs taken 

from two pa t i e n t s  with a hi stor y  of cystiti s ,  i n cr ea sed stead i l y  

dur ing the m e n s trual cyc le and cystitis recurred immed iate ly af ter 

mense s .  Thi s  r eport has great v alue as th e serum hormone l ev e l s  

of the women were te s ted a t  week ly interval s  over two consecutiv e  

cyc les . I t  ther efore remain s a poss ibi lity that ba cter i a l  atta chment 

to vag ina l , u r e thra l  and uroepi the lial  cel ls i s  inf luenced by hormone s 

such a s  oe s trogen . I t  may be tha t on ly certain s trains of E . col i , 

which do not express  a MRHA, are a f f ec ted by the c hang ing rec eptivity 

of these c e l l s  over the mens tru a l  c yc le . Further investigatio n s  

are needed to verify th i s .  

In 1 9 8 0 ,  Rud proposed that oe strog en affe c t s  the phys io l og y  

o f  the ur inary tract and incr eases  the urethr a l  pre s sure . In the 

pr esent stud y , 17 8 oe s tr ad io l  wa s found to af fec t the ur ogenita l 

tract of m i c e , but i t  had no apparent affect on the muc opolysacchar ide 

layer of the b l adder . Oe strad iol 17 8 i s  the most potent of the 

natural oe str og ens , and its e f f e c t  on the uroepithe lium , if any , 

may be to increase phosphol ipid and g lycogen c ontent , a s  ha s been 
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f ound in stud ie s o f  the u terus ( Jensen a nd D e  Sombre ,  1 9 7 2 ) . 

F o l lowing studies  on E . c o l i  gr owth in oe s trogen tr ea ted mou se 

k idneys , Harle e t  a l . , ( 1 9 7 5 )  sugg e s ted that oe str og en may pred i spose 

to the d evel opment of k id ney inf ec tion . Lar son et  a l . ,  ( 1 9 7 7 )  found 

that the vag ina l rnicr of lora of rats f luc tuated when 17 S oe str ad io l  

wa s administered t o  ovar iec tomi zed r a t s . Therefor e , a l though ther e 

wa s no apparent quantita tive d i ffer ence in the mucopoly sacchar id e 

layer of oe strad i o l  treated mice in the pr esent s tudy , hormone 

treatment may have a f fec ted the anim a l s  in other ways , poss ibly 

making them more su sceptible to inf ec t io n . Fur ther exper iments 

with hormone tre ated animal s may prove to be of intere s t ,  p articular ly 

i f  bac ter ia l a ttachm ent to the bladder i s  s imu ltaneou s l y  te sted . 

Such experiments c ou ld test compound s o ther than oe s trogen . Stitch 

e t  a l . , ( 1 9 8 0 )  d e scr ibed a non-steroid hormone which showed bi -pha s ic 

excretion in the ur ine over the menstr u a l  cycle , r eaching a max imum 

in the lu tea l pha se , and max imum excr e t i on dur ing the f ir s t  tr imester 

of pregnancy . Such a compound may increase su sceptibi l i ty to 

a ttac hment by chang ing the number of sur face receptor s i tes , surface 

charge or mucopolysacchar ide coat of the uroepithe l i a l  c e l l s . This 

pos s ib i l ity wou ld be wor thy of investigation u s ing a t i s sue culture 

mod e l  and an anima l mod e l . 

1 . 8 VARIAT IONS IN THE ATTACHMENT OF E . COLI TO UROEP ITHELIAL 

CELLS COLLECTED FROM PREGNANT WOMEN . 

Uroepi the l i a l  c e l l s  c ol lected i n  the fir st f ew m on ths of 

pr egnancy were highly receptive to E . c ol i  attachment . Wherea s ,  

uroepithe l i a l  c e l l s  c o l lec ted in the l ater part of pr e gnancy 

we re less  receptive to E . c oli  attachm en t .  The r e su l t s  d id not 

f o l l ow the expec ted oe strogen hormone levels which r i se ar ound 

week 1 2  and reach a max imum at week 4 0 ;  but roughly c orrelated 
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with the expec ted r i se a nd f a l l  of human chor ionic gonadotrop in 

( HC G )  leve l s  ( Shearman , 1 9 7 2 ) . Bahl ( 1 9 6 9 )  showed that HCG compr i s e s  

two c hr omatographica l ly homogeneous g lycopeptides with a c arbohydra te 

c ompos ition as follows : N -ace ty lneuraminic ac id ( a  fucose ) -

8 g a l actose - 8-N-acety lg luco sam ine - a mannose ;  with s ia l ic ac id 

or fuc ose  at the non-reduc ing end s of the c ha ins . It i s  pos s ib le 

tha t  these g lycopept ide s  e f f ec t  r ec eptor s ites  on the uroepithe l i a l  

c e l l s  and increase suscep tibi lity to E . c o l i  a ttachment . 

In  pregnant women , bac ter iur i a  i s  pr e sent in approx imately 

7 to 1 4 %  of women as d e tec ted on the ir f ir st visit to an antenata l  

c l inic ( S avage e t  a l . , 1 9 67 ; Van Rooyen , 1 9 6 9 ;  and McFadyen e t  a l . , 

1 9 7 3 ) . The most c ommon organism c au s ing bac ter iur ia i s  E . c ol i ,  

and 3 0  to 4 0 %  of pregn an t  women with untreated inf ection s in ear ly 

pregna ncy d evelop pye l onephr i tis  later i n  pregnancy ( Kas s , 19 6 0 , a ;  

a nd K inc aid -Smith , 19 6 8 ) . Ka s s  ( 1 9 6 0 , b ) pr oposed that hormona l 

chang e s  dur ing pregnancy may act a s  pred i spo sing factor s  which 

i ncrease the inc idence o f  bac ter iur ia in pregnanc y . It i s  poss ible 

that the se changes inc lud e  an inc rease i n  r eceptivity of the 

uroepi the l iurn to E . c o l i  a ttachmen t .  Onc e  a ttached , E . col i m a y  r ead i ly 

bec ome e stabli shed i n  the ur inary trac t ,  a s  pregnancy urine has 

a n  increa s ed nutr ient c ontent ( Rober ts and Beard , 1 9 6 5 ) , and exhibits  

an increa sed pH  which i s  invar iably f avourable to  growth of  E . coli 

(Asscher e t  a l . ,  1 9 6 6 ) . In  the pre sent s tudy , ur ine s from pr eg nant 

subj e c t s  had higher pH va lue s  than those  from non -pregnant sub j e c t s . 

The pos s ib i l ity that hormone s  may affec t bacterial attachment to 

uroepithe l ia l  cel l s  dur ing pregnancy i s  interesting and in need of 

f ur ther investigation . 
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1 . 9  THE POS S I BLE ROLE OF UROEP I THEL IAL CELL MUCOPOLYSACCHAR IDES 

IN THE ATTAC HMENT OF E . COLI  TO UROEP ITHELIAL C ELLS . 

The muc opolysacchar ide s present on the bladder l ining of 

pig s , lambs and mice were s ta ined with PAS reagent a nd a lc ian 

blue . The muc u s  wa s mos t  concentr ated a t  the apex of the per ipher al 

ep i the lial c e l l s  and appeared to f orm a surface coat lining the 

b l adder wa l l  ( P la te s  7 ,  8 ,  13 , 1 4 ) . Epithel ial  cel l s  sever al 

l ayer s be low the surface showed trac e s  of mucopolysacchar ide 

ma ter ial . From this pr e sent stud y , i t  appeared tha t the epi the lial  

c e l l s  were produc ing the mucopoly s acc har ide s , though fur ther 

i nv e s t igation s  wou ld be needed to c onfirm thi s .  Mon i s  and Dorfman 

( 1 9 6 7 )  have shown tha t the trans i t iona l epithe l ium of man c an be 

s ta ined with PAS r eagent and a lc ian blue . In other s tud ie s ,  

Thompson e t  a l . ,  ( 19 7 9 )  have reported that oe strad iol  treatment lowered 

the he ight of rat ventra l  prostate epi the lial cel l s  and reduced the 

number of c e l l  org ane l le s  and secretor y bod ie s .  The v ag ina l epithel ium 

i s  a l so inf luenced by cyc lical c hanges  in oe s trog en levels , and at 

ovu l ation the s i ze of vag inal squamou s c e l l s  has been shown to increase  

( Boon and Rietve ld , 1 9 8 0 ) . However , in the present s tudy , the thick-

n e s s  of the bladder muc opolysacchar ide coat wa s not s een to d if f er 

be tween mice treated or untreated with 17 8 oestrad iol . It  i s  

pos s ible that a qual itative change i n  the uroepi the l ium occur s which 

a l ter s the nature of potential bacter i a l  receptor s i te s . Such a 

c hange may not be d e tected us ing conventional muc opolysacchar ide 

stain s .  

Double s ta in ing techniques were d evi sed to d etec t the pre senc e 

o f  mucopoly sacchar ide s  coating v iable and nonviable uroepi the l i a l  

c el l s , and to detect bac teria attached to mucus coated and non­

c oated c el l s . The s e  staining method s ar e be lieved to be the f irst  

r epor ted to  investiga te the presence of  mucopo lysacchar ides on  the 

surface of human uroepi the l ia l  c e l l s  from the ur inary sed iment 
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( Re id and Brook s , 198 2 ) . The r e s u l t s  of this repor t are d e sc r i bed 

in the pre sent s tudy . Over 8 0 %  of v iable uroep ithe lia l c e l l s  were 

coated wi th muc opolysacchar ide s , wher ea s on ly between 2 0  and 4 5 %  

of nonviabl e c e l l s  were mucu s coa ted ( P late s  9 ,  1 0 ) . The v i ab le 

ce l l  popu latio n  may be more repre sentative of cel ls  on the per ipher a l  

layer of the ur inary trac t ,  a s  th i s  reg ion i s  known to be c oated with 

muc opolysac c har ides . Thi s  mucu s c oat may be lost in l ater s tag e s  

o f  c e l l  death when the cel l membrane struc tur e i s  altered . The 

pre sence of a mucus coat conta ining g lycosaminog lycan s , proteog lycans , 

neutra l mucosubstanc e s ,  g lyco l ip id s  and certa in polysacchar ides  may 

partly exp la i n  why more E . co l i  have been f ound to attach to v iable 

than to nonv iable uroepi the l ia l  c e l ls . 

In a s e c ond set of exper iments u s ing double stain ing techniques , 

E . coli str a i n  8 7 , grown in BH I br oth , attached in s ignif icantly greater 

num ber s to muc u s  coated than to noncoated uroep ithe l ia l  c e l l s . 

However , s tr a in 2 0 7 , grown on TSA , attached in e qua l ly high number s 

to coated and to non-coated uroepi the l ia l  c e l l s  ( P lates 1 1 ,  1 2 ) . 

The mechan i sm of a ttachment of the se two stra ins appear s to be 

d i f ferent . The attachment of one strain wa s a f f ec ted by the pre senc e 

of a mucu s  coat and the attachment of the other strain wa s not . 

Alc i an blue i s  a cationic dye binding to nega tively c harged 

ac id ic muc opo lysaccharide s .  U r inary g lycosaminog lycans are negativ e l y  

charged and c onta in galac tosamine , hexuronic a c id , xyl ose , ga la c tose , 

and L-fucose ( Endo et  a l . , 1 9 8 0 , a ;  1 9 8 0 ,  b ) . These g lycosaminog lycan s 

bind strong l y  to c ations ( Chakrabar ti and Par k , 1 9 8 0 ) , and i t  i s  

possible t h a t  the se mucopo lysac char ide s have a r o le in E . co l i  

attachment to the uroepithe l i a l  cel l surface . The mucosubstanc e s  

stained b y  PAS reagent may a l s o  be important i n  the attachment 

process , and may c onta in receptor sites for the E . c ol i  cel ls . 

Despite the fac t  that oestr ogen d id not appear to chang e the 

mucopolysacchar ide layer of the mou se bladder , ( P lates 1 3 , 1 4 ) 

the pos s i b i l ity exists tha t the se substance s are inf luenced by 



hormone s in humans ( Mu lhol land , 197 9 ) . I t  ha s been r epor ted by 

Z achariae ( 1 9 5 8 )  tha t a secretion , wh ich may be sta ined with PAS 

reagent , i s  produc ed i n  the human oviduct epithe l i a l  c e l l  surface 

a t  the tim e  of ovu lation ;  and secretion i s  maxima l between days 
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2 2  and 2 4  of the mens trua l cyc le .  Thi s area i s  in need of fur ther 

inve stig a t ion . 

The possible r o le of mucopolysac char ides in the pathogene s i s  

o f  ur inary infect ions ha s been d iscu s sed for a number o f  year s . 

Cox and Hinman ( 1 9 6 1 )  r eported that the norma l bladder r e s i sts  

infec t ion by mecha n ic al vo id ing and by an antibac teri a l  fac tor ( s ) 

inherent in the b l adder and not contained in the ur ine . Mu lhol land 

et a l . , ( 1 9 6 6 )  d id not f ind tha t the b l adder muc osa had any 

antibac ter i al ac tion . However ,  subsequent stud i e s  by Norden e t  a l . , 

( 1 9 6 8 ) on gu inea p ig s  and by Par son s et a l . , ( 1 9 7 5 )  on r abbits , 

sugge sted that the bladder mucosa may be a pr imary , antibac ter ial  

defence barrier that prevents microbial a ttachmen t  to the epi the l i a l  

surfa c e . Mucopo lysacchar ide s  stained wi th PAS r eagent , a lc ian blue 

and c o l l oidal  iron ( s tains hyaluronic ac id )  have been shown to inhibi t 

E . c o l i  attachment to the b l adder wa l l .  ( Shrom e t  al . , 1 9 7 7 ;  

Par son s e t  a l . , 1 9 7 7 ; Par sons and Mul ho l l and , 19 7 8 ) . A l though 

these  three s tudi e s  a l s o  d emonstrated tha t c learance of bac ter i a  

f r om  t h e  rabbit b ladder i s  9 9 %  efficien t ,  i t  c ould b e  argued that 

the numbers of bac teria not r emoved were suf f ic i ent to g ive r i se 

to a n  infection . 

The work of Par sons and associates inc lud ed r emova l of bladder 

muc opolysacchar ide s by 0 . 4  N HC l .  Fol l owing thi s  treatment , E . co l i , 

Kleb s ie l la pneumoni ae and Staphylococcus aureu s were able to a ttac h  

to t h e  bladder epithe lia l c e l l s  in equa lly l arge number s ( Parson s 

and Mu lhol land , 1 9 7 8 ) . Th i s  suggests that these organ i sms have 

s im i l ar receptor s i te s  on the b ladder wa l l . Alternativel y ,  the 

ac id treatment may have a l t ered the r eceptiv i ty of the bladder 
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e p i the l i a l  ce l l s  a nd cau sed a large , non -spec i f ic attachment to take 

p lac e . The glyco s am inog lycan compound Hepar i n  ha s s ince been s hown 

to i nh i b i t  E . c o l i adherence to ac id trea ted b ladder sur face s ( Hanno 

et a l . , 1 9 7 8 ; P a r sons et a l . , 1 9 7 9 , b ; Par s o n s  e t  a l . , 1 9 8 0 , a ; 1 9 8 0 , b } . 

I t  wa s proposed t h a t  g lyco saminog lycans place a water barr ier be tween 

the tran s i t iona l c e l l s and the env i ronm ent , masking the highly char g ed 

moi e t i e s  of the c e l l  sur face ( Par s o n s e t  a l . , 1 9 8 0 , b } . The e le c tr o ­

c hem i c a l  charg e o f  the mucus layer m a y  b e  important i n  b lock ing 

bac ter ial adher e n c e  to the trans i ti ona l c e l l s  ( Par s on s  e t  a l . , 1 9 7 8 } . 

These repor t s  c on c l ude that the ab i li t y  of E . co l i  to adhere to the 

b ladd e r  is inhi b i ted by the muc opo l y sacchar ides c oa ti ng the v e s i c a l  

sur face and that t h e s e  mucus subs ta nc e s have a pro tec t ive r o le . F r om 

the r e su l t s  of t h e  pre sent s tudy , t her e i s  no ev idence tha t muc opo ly­

s acc har ide s h ave a prote c t ive role i n  the b l adder . Rather , the pr e s e n c e  

o f  a mucopo lysacchar ide coat enhanc ed attachment to uroep i the l ia l  

c e l l s  i n  one s t r a i n  of E . c o l i  grown i n  B H I  broth , and had no d i scerna b le 

e f f e c t  on the a t tachment of a second s tra i n ,  grown on TSA . I t  wou ld 

be o f  inter e s t  t o  u s e  t h i s  second s tr a i n to inv e s t ig ate attachment 

to ac id treated a nd non -treated b l adder c e l l s .  I t  may be d i s cover ed 

i n  the futu r e  t h a t  the mucopoly s ac c har ide layer i n  the bladder of 

women su scep t i b l e  to ur inar y  trac t i n fec t i ons , d i f f er s  from tha t o f  

non- suscep t i b l e  women . 

1 . 1 0 THE RELAT I ON S H I P  BETWEEN IN V I TR O  ATTAC HMENT RESULTS AND 

THE PATHOGENE S I S  OF URINARY TRACT INFECTION S . 

In 1 9 6 5 , S tamey e t  al . pr op o s ed four reason s why ur inary 

t r ac t infec t ion s are four teen t ime s mor e c ommon in women than in 

men . These wer e ;  d if ferenc e s  in u r e thra l  leng th , c ont amination 

of the fema l e  u r e thr a by pathog e n ic bac ter ia f r om the vag ina and 

r ec tum , incomp l e te emp tying of the b l add er and d i s p lacemen t of the 
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short f ema l e  urethra dur ing sexua l inter c our se al lowing pa s s ag e  of 

bac teria into the b l adder . The importanc e of sexual interc ourse 

in ur inary infections has been p l aced in per spec tive by Kun i n  

( 1 9 7 8 ) . A lthough bac ter ia may enter the b ladder dur ing inter c ourse 

it has not been shown tha t thi s  alone i s  s u f f icient to g iv e  r i se  

to infec tion . Wh i le the r i sk of inf ection is  increased i f  a 

pathogenic organi sm c ol on i z ing the periure thra l  area i s  introduc ed 

into the b ladder , infectio n  i s  not inevitabl e . 

I t  has been we l l  demon strated that bac teri a  i so lated from 

urinary infec tions are of faec a l  or ig in .  Gruneberg ( 19 6 9 )  r eported 

that E . c ol i  serotypes c ommon ly f ound in ur i nary infec tion s  are  a l so 

isolated from the r e c ta l , vag inal and per i urethra l  f lora of women . 

I f  attachmen t  of E . c o l i  to ur oepitheli a l  c e l l s  i s  to be con s idered 

an impor tant step in the onset of a ur inary tract infection , then 

faecal E . c o l i  i so late s wou ld be expec ted to attach to uroepi the l ia l  

ce l ls . Thi s wa s f ound to be so in the pre sent study and the r e sults 

in Appendix 1 e stab l i sh that f aecal E . co l i  strains attach to 

uroepithel i a l  cel l s  with varying degrees of e f f ic iency . Introital 

colon i zation with E . c ol i  has been found to be s ignif icantly higher 

in patients su sceptible t o  ur inary infec t ion s , than in hea l thy 

premenopausal  women ( Mar s h  et a l . , 1 9 7 2 ;  Starney and Sexton , 19 7 5 ; 

Pfau and S acks , 1 9 7 7 ; Schaeffer and Starney , 1 9 7 7 ) . Thi s introita l  

c oloni zation var i e s  from hour t o  hour a n d  from day to day , and i s  

only regarded a s  s ignif icant i f  potentia l ur inary pathogens are 

i solated f our or more consecutive times over 4 8  hour s ( Seddon et  a l . , 

1 9 7 6 } . T he adherence of E . co li  to vaginal  epi the l ia l c e l l s  has a l so 

been d emon s trated in a number of i n  v i t r o  studie s (Mardh and 

Westrom , 1 9 7 6 ;  Fow l er and S tarney , 19 7 7 ;  1 9 7 8 ; Par sons and Schrnid t ,  

198 0 ) . I t  appear s that p otential uropathogens from f aeca l  or igin 

pos se s s  the ab i l ity to colon i z e  the vag ina l introitus , pr ior to 

infecting the ur inary trac t .  No s tudies  of E . coli  attachment to 
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vaginal epithe l i a l  c e l l s  we re carri e d  out i n  thi s repor t .  However ,  

it is o f  inte re s t  to note that vagin a l  target cel ls , to wh i ch 

many E . cbli attached , were found by Fowler and Stamey ( 19 7 8 )  and 

P ar sons and S chmi dt ( 1 9 80 } . Therefore , comparisons may be made 

between the s tudy o f  vagin a l  ce l l  attachment and uroepi the lial  

ce l l  attachmen t  where target ce lls  a l so appear to  exi s t . 

Under no rma l c i rcums tance s ,  b acte ri a must ove rcome a 

mid- urethra l pre s s ure zone to ente r  th e b l adder (Mayo and Hinman , 

1 9 7 3 ) . I t  h a s  no t yet  been ascert aine d  whether sequential  attach­

men t  a long the urethral meatus and ure thra takes p lace . Coope r 

e t  a l . ,  ( 1 9 8 0 ) have s u ggeste d  that the abi l ity of  the organi sm 

to as cend th e ureth r a  i s  a more deci s i ve s tep than co l oni zation 

of the periure thra l  area . I t  i s  pos s ib le that pos s e s s ion of 

f la ge l la enables bacteria to enter the b ladder along the mucosal  

s urface . I n  th is s tudy , flage l lated bacteria did not attach 

to uroepithe l i a l  ce l ls to a gre ater deg ree than non f l age l lated 

b ac teri a . Neverth e le s s , the role of f l age l la in the i n fectious 

p roce s s  cannot be overlooked . 

Once ins ide th e b ladde r , b acteria may multiply in urine . 

Anderson e t  a l . , ( 1 9 79 )  reported that E . coli strains i solated from 

c ases  o f  urinary tract infections , h ave a smaller gene ration time 

i n  urine than less  common urinary pathogens . Thes e  b acte ria may 

then attach to the u rinary tract ce l l s . In the pre sent s tudy , 

b acte ria i n  both log and s tationary phases of growth a ttache d  to 

u roepi th e l i a l  cel ls , though pos t log-phase cul tures tended to 

a ttach i n  h i ghes t numbers . Mackintosh et al . , ( 19 7 5 )  investigated 

hydrok inetic clearance of  b acteria f rom the bl adder and reported 

that a cons tant number of organisms were present in i n fe cted urines 

duri ng frequent voi ding . These voided bacteria were thought to have 

ori ginated as progeny shed by bacte ria  a lready attached to the 

uroepi the l i um .  There fore , i t  is h i gh ly likely that b acterial 



attachme nt to the uroepithe liurn is an important s tep i n  the onset 

of u r inary tract infections . 
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Al though_ the abi li ty o f  each E . coli  to attach to uroepithelial  

ce l l s  has  been found to d i f fe r , the p resence o f  targe t ce l ls on 

the u roepi the l ium may enab le a suffi c ient number of bacteria  to 

attach and give rise to infe ction . Strains cultured i n  BH I broth 

may re semble bacter ia mu ltiplying in urine ( Cox and Hinman , 1 9 6 1 )  • 

S trains  cultured on agar may more c lose ly resemble bacteria  growing 

in mi c roco lon ie s on the mucos a of the b l adder , urethra and 

pe r i u rethral are a .  There fore , it is important when carrying out 

i n  v i t r o  studie s ,  to cultu re bacte ria i n  broth as wel l  a s  on agar , 

prior to assay ing with u roepithe l i a l  ce l l s . Although i n  v i t r o  

s tudi e s  cannot tota l ly s imulate condi tions i n  the human urinary 

trac t , certai n bas i c  condi tions have been include d in the a s s ay 

to t ake accoun t of the i n  v i vo s i tuation . The 3 7°
C incubation 

temp e rature i s  the same as the physio logi cal body temper ature ; 

and a shaker speed o f  2 0  rpm for the a s say partly tak e s  account 

of u rine movement whi ch would occur ins ide the human b ladder , 

a l l owing th e bacteria to come into contact with the uroepithe l i a l  

ce l l s . 

The study of E . co l i  attachment to uroepithe l i a l  c e l l s  col lected 

from women with symptomatic uri nary t ract infect ions was a l so 

o f  importance , and i t  enabled compari s on of  i n  v i t ro and i n  vi v o  

res u lt s .  Furthermore , the finding that E . coli attach e d  to 

uroepithel i a l  ce lls  f rom one woman 7 days prior to her deve l oping 

symp toms o f  cys titi s ,  s upports the hypothe sis  that bacte ri a l  

attachment i s  important i n  the pathogenes i s  o f  urinary tract 

i n fe ction s . Th is attachment wou ld be expected to occur fo l lowing 

e nt ry of bacteria into the b ladder from a urethral or periurethra l 

s ou r ce . Once ins i de the bladder ,  bacte ri al attachment wou ld depend 

o n  a number of factors including the b a cterial s train• s c apacity to 



a ttach , and the su sceptibil ity of the host uroepithe l ium . In  

t im e ,  an infection m ay ensue and in  some cases g ive r i se  to the 

symptoms of cystiti s .  

2 8 0 . 
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In thi s section , the pos s ible impor tance of bac terial 

haernagg lut in i n s  in E . coli attachment to uroep ithe l ia l  cel ls , is  

d i scussed . 

2 . 1 THE R OLE OF A MANNOSE S EN S I T IVE HAEMAGGLUTIN IN I N  THE 

ATTAC HMENT OF E . COLI TO UROEP ITHELIAL C ELLS . 

2 8 1 .  

A MSHA i s  ind ic ated by the presence of Type 1 p i li or f imbr iae 

on the E . c o l i  surface (Duguid et a l . , 19 6 6 ;  Ottow 19 7 5 ) . The 

haemagg lutination r eac tion of E . c o l i  with hor se or guinea pig 

erythrocyte s i s  inhibited by the presence of 0 . 5 % to 2 . 0 % wjv a -D -

mannose o r  me thyl-a -D -mannosid e . ( P late 1 6 ) . The a -conf iguration 

a t  the C- l po s ition in D-mannose was found to be impor tant in thi s  

i nhibition ( Old , 1 9 7 2 ) . The high incidence o f  Type 1 pi liated 

s tra ins among E . coli urinary i s ol ates suggests  that th is fac tor may 

be one of s ev era l proper tie s important in the e stab l i shment of 

ur inary tr a c t  infec tions ( Brooks et a l . , 1 9 8 0 ;  1 9 8 1 ) . 

Ana ly s i s  of 1 4 5  E . c o l i  urinary i so lates indicated a high 

i nc idenc e of the MSHA . However , fr om the r e su l ts of the pre s ent 

s tudy , i t  appear s that pre sence of a MSHA does not enhance E . c o l i  

attachm en t  to uroepithelial  c e l l s . Of the 1 1 1  strains  tested 

for attachmen t  capac ity , 5 8  p o s s e s sed a MSHA a l one af ter growth 

in BHI broth , but the highe s t  ad j u s ted mean a ttachment value wa s 

1 5  E . co l i  per uroepithe lial  c e l l , a s  presented in Table 3 6 .  Six 

of these s tr ain s were examined by e lectron microscopy and found 

to be wel l- p i l iated . Neverthe l e s s , attachment to uroepithe l ia l  

c e l l s  wa s not  grea t ,  and wa s n o t  s igni ficant ly higher than tho se 

r e su l ts obta ined using E . c o l i  s train s  which d id not express a MSHA 

or a MRHA . Therefore , it appear s that poss e s s ion of Type 1 p i l i  



2 8 2 .  

doe s  not enhance attachment to uroepithe l ia l  c e l l s . 

Severa l  s tud ies  have proposed tha t a MSHA med iate s attac hment 

of E . coli to uroepi the l ia l  c e l ls ,  ur inary mucus , buccal  epi the l i a l  

c e l l s , cand ida yea s t  c el l s ,  por c ine intestina l epithe lial  cel l s , 

rat bladder c e l l s  and monkey k id ney cel l s  in ti s sue culture . 

( Salit and G otschl ic h ,  19 7 7 ; I saac son , et  a l . , 1 9 7 8 ; Ofek and 

Beachey , 1 9 7 8 ;  Svanborg Eden e t  a l . , 1 9 7 8 ;  Schaef f er et a l . , 1 9 7 9 ;  

1 9 8 0 ;  �rskov e t  a l . , 1 9 8 0 ,  b ;  V an Den Bosch et  a l . , 1 9 8 0 ; Avots­

Avotins et a l . , 1 9 8 1 ;  Ofek e t  a l , , 19 8 1 ) . The  attachment lev e l s  

r eported b y  Scha ef f er e t  a l . , ( 1 9 7 9 ; 1 9 8 0 ) , were s im i lar t o  tho s e  

obtained 1n t h e  pr e sent s tudy . However , Schaef f er et a l . , f ou nd tha t 

D -mannose inhibited the attachment proc es s ,  contrary to the r e su lts 

in Table 3 2  of the pre sent r epor t .  Several pub l ic ations by 

Svanborg Eden and a s soc iates have further confu sed the i s sue . 

In 19 7 8 , Svanborg Eden and Hans s on reported tha t a MSHA med iated 

attachment of E . c o l i  to uroep i the l ia l  c e l ls . Mean adhes ion f igures 

of between 6 9  and 1 3 0  E . c o l i  per c e l l  were obta ined . Betwee n  

3 6  and 7 0 %  o f  bacter ia i n  each of the se suspen sions  pos se s sed 

Type 1 pil i . However , attachment to ur oepithe l i a l  cel l s  for the s e  

stra ins wa s n o t  i nh ibited by the pre sence of D -mannose or its 

derivatives .  N ever theles s , Svanborg Eden and Han s s on proposed that 

the Type 1 p i l i  m ed iated a ttachment and reported that poor l y  

piliated and non-p i l iated s tr a ins attached t o  uroepithe lial  c e l l s  

with l ower mean va lues of between 0 and 1 4  E . co l i  per c el l .  Mor e 

recently , in c on j unc tion with Hagberg e t  a l . , ( 19 8 1 ) , Svanborg Eden 

reported tha t  s trains expre s s ing a MSHA gave ove ra l l  mean attachment 

va lues of 9 E . c ol i  per uroep i thel i a l  c e l l  which was d ecreased to 

3 E . coli per c e l l  in the presenc e  of D mannose . C lear ly , thi s  r e su lt 

i s  c on trary to those r eported in 1 9 7 8 , and sugg e s t s  that Type 1 

pili  med iate s l ow l eve l s  of attachment to uroepi the l ia l  c el l s , 

and that thi s attachment i s  inhibited by D mannose . In  add it ion , 
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the attachment va lu e s  in the 1 9 8 1  repor t are signif ic antly lower than 

those presented in the ear l ier r epor t .  From the r e su lts of the 

pre sent stud y , it appear s that s tr a in s  pos sess ing a M S HA  a ttach 

to uroepi the l ia l  c e l l s  in f air ly low number s ,  and that this 
, 

attachmen t  i s  not inhibited by D mannose . Fur thermore , when growth 

c ond itions were u sed to encourage produc tion of a M S HA , the attachment 

v a lues obta ined were not s ignif ic antly d i f f erent from tho se for the 

same E . c ol i str a ins gr own under c ond i tion s which d id not re sult in 

pr oduc t ion o f  a MSHA ( see Table 3 2 ) . Ana lys i s  of a larger number of 

strains ind icate d  that attachment lev e l s  were not s ignif icantly 

d i f ferent betwee n  strains wh ich on ly produc ed a M SHA and those which 

d id not produce a detec tab le haemagg lutinin . The se exper iments 

indi cate that Type l p i l i  are not apparently involved in the 

attachment proc e s s . 

I t  i s  pos s ible that Type l p i li ar e an impor tant f ac tor in the 

inv a s ion of the ur inary tract  by med iat ing bacter i a l  a ttachment to 

ur i nary s l ime . �r skov et a l . , ( 1 9 8 0 ,  a ;  l 9 8 0 , b ) have repor ted that an 

E . co l i  s train ( C l 2 1 4 -7 7 )  express ing a MSHA was tr apped by ur inary 

mucu s which compr i sed the Tamm Hor s f a l l  protein secreted by the 

k id ney tubu l e s . This ur inary g lycoprotein i s  c omposed of mannose , 

g a la c tose , g lucose , fucose , sia lic  ac id , N-acetylg lucosarnine and 

N-a cetylgalactosarnine ( Hunt et a l . , 1 9 8 0 ) . I t  seems like ly that 

the mannose r e s idue wa s the receptor for the Type l p i l i  of s train 

C l 2 1 4 -7 7 . This  strain wa s used i n  the pre sent study ( labe ll ed 3 2 3 )  

a nd attached in l ow number s  to uroepithe l i a l  c e l l s , conf irm ing 

the observations of �r skov and a s soc iate s . Howev er , ur inary mucu s 

was carefu l ly r emoved in the preparation of uroep i the l ial cel l  

su spension s u sed in the pre sent s tudy , therefore , i t  cannot be 

c on f irmed that s train C l 2 1 4 -7 7  wa s prevented from attaching to 

uroepithe l i a l  c e l l s  bec au se of ur inary slime . Perhaps an even 

lower attachment va lue wou ld have been obtai ned i f  the a s say had been 



c arried out i n  the pre sence o f  urinary mucus and uroepi thelial  

ce l ls . The pos s ib i l i ty remains that strains s uch as  Cl 2 1 4 - 7 7  
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are able to give ri s e  to a uri nary tract infection by coloni zation 

of urinary mucu s , whi ch may not b e  fully removed by the hydrokine t i c  

c le arance o f  voided urine . There fore , low i n  v i t r o attachme nt 

va lues to uroepi the l i a l  ce l ls may re f lect an alternative i n  vi vo 

mechanism by which E . coli s trains i nvade the uri n a ry tract . Th i s  

may explain why a number o f  urinary and faecal i s o lates d i d  not 

attach to uroepi th e li a l  ce l l s  in large numbers i n  v i t ro .  Pos s ib ly 

i n  vi vo ,  the s e  s trains invade the urinary tract by Type 1 pi l i­

mediated attachment to urin a ry mucus . Although thi s  i s  in need o f  

further i nve s t i gation , the hypothes i s  is supported b y  the findi ng 

that a large p roportion o f  uri nary and faecal i s o l ates produce 

Type 1 pi li . Ana lys i s  of uroepithelial  cells , urinary mucus and 

bacterial s trains i solate d f rom women wi th symptomatic urinary 

tract infections may provi de s ome answers to th i s  ques tion . 

2 . 2 THE ROLE OF A MANNOSE RES I STANT HAEMAGGLUT I N IN IN THE 

ATTACHMENT OF E . COLI TO UROEPI THELIAL CELLS . 

The present  s tudy has e s tab li shed that attachment to 

uroepithe l i a l  c e l l s  is enhanc e d  whe n  E . co li stra i n s  are grown 

on TSA and pos s e s s  a MRHA . Ana lys i s  of  1 4 5  urina ry isolates 

indicated tha t  4 5 . 5 % produced a MRHA after growth on TSA , wh i le 

only 1 1 %  produced a MRHA after growth in BHI broth . Of  the 3 8  

faecal i solate s examined ,  3 4 . 2 % produced a MRHA a fter growth on 

TSA , whi le only 5 . 3 % produced  a MRHA after growth in BHI broth 

{ see Tab le 3 7 )  . C learly there i s  a high inciden ce o f  the MRHA 

on urinary and faecal i so l ate s , but in mos t cases , growth on an 

agar surface i s  es sential for i ts production . The results a l s o  

e s tab l i sh that a MRHA i s  i n  s ome ins tance s eo-produced with a MSHA . 
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When a number o f  ur inary and faecal  s trains were tested for i n  v i t r o  

attachment t o  uroepithe lia l c e l l s , it wa s apparent that pos s e s s ion 

of a MRHA a f ter growth on T SA ,  enhanced the a ttachment capac i ty .  

( See Tabl e  3 6 ) . These exper iment s empha s i ze the need to c u l ture 

bac teri a  u s ing d i f ferent med i a , when examin ing proper tie s suc h 

as presenc e of haemagg lutinin s .  Of the s tr a in s  te sted , a pr opor tion 

d id not appear to produce a MRHA or a MSHA .  Attachment to 

uroepi the l i al  c e l l s  f or the se str a ins ranged between 2 and 1 7  E . c o l i  

per c e l l  a f ter growth on T SA or in BHI broth . I t  i s  possible tha t 

an add it iona l  haemagg lutinin wa s pr oduced by some or a l l  of the se 

strain s , a nd not detected by the haemagg lu tination te sts u sed i n  

thi s s tudy . 

I t  was pu z z l ing to f ind tha t  strains posse s s ing a MRHA a f ter 

growth in BHI broth , d id not a ttac h to uroepithe l i a l  c e l l s  in as 

large numbers a s  when the s ame s trains were grown on TSA , and found 

to pr oduce a MRHA. The pos s ibi l i ty that an add itional " attachment 

factor " i s  coexpres sed wi th the MRHA only after growth on an ag ar 

surface c annot be d i smis sed . Thi s pos s ib i l i ty w i l l  be d i scussed later . 

The presence of the MRHA i n  a number of E . col i strains isolated 

from patients wi th urinar y  tract infec tion s , has  been r eported by 

other research worker s (Min shew et a l . , 1 9 7 8 ; L jungh et  a l . , 1 9 7 9 ;  

Br ooks et  a l . , 1 9 8 1 ) . The importance of the MRHA as a v iru lence 

f ac tor in E . c o l i  strains c au s ing pr imary pyel onephr itis  has been 

suggested by Vaisanen et  a l . , ( 19 8 1 ) . Svanborg Eden ha s r ec ent ly 

reported that E . coli s trai n s  possess ing a MRHA attached in large 

number s to human uroepithe l ia l  and bucca l c e l ls ( Hagberg et a l . , l9 8 1 ;  

Korhonen e t  a l . , 19 8 1 ) . T he r esults are a l i ttle  surpr i s ing in v iew 

of her ear l i er declaration . tha t  the MSHA med iates attachment to 

ur oep i the l ia l  cells . However , the r e sults  of the most recent repor ts 

ar e in agr e ement with the r e su lts of the pre sent study , and with 

those repor ted by Kal lenius e t  al . ,  ( 19 8 0 , b ) f or E . c oli  attachm ent 
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to periurethr a l  c e ll s . P arsons and Schmidt ( 1 9 8 0 )  have a l s o shown 

that E . coli  attac h  to vag ina l epi the l ia l  c e l l s .  A s train u sed i n  that 

s tudy wa s a l so tested in the pre sent repor t ;  labe l led 3 2 1 , this s tr a in 

pr oduced a MRHA af ter growth on TSA and attached to uroepithe lial  c e l l s  

with a mean o f  2 3  E . c o l i  per c el l .  It  i s  possible tha t pr oduction of 

a MRHA enhance s  the c apac ity of c er tain E . coli s trains to attach to 

vag inal , per iurethra l and uroepithelial  c e l l s  i n  · vi v o . As the rou te 

of infec tion i s  be l ieved to be ascend ing , i n  most cases  of U T I , 

attachment of E . co l i  to the lining of the urethra , per iure thra l ar ea 

and vag ina l introitu s is probably hig hly impor tan t in co lon i zation of 

the se area s . I t  i s  not yet known whe ther E . col i expresses  haemagglu-

t inins i n  v i v o , though it i s  pos s i ble that a MRHA i s  expr e s s ed 1n  

certain E . c o l i  s trains which colon i z e  the se mucosal surface s .  Onc e 

i n s ide the bladder , some E . co l i  s trains may then expr e s s  a MSHA 

dur ing growth in urine . The se impor tant que stion s r emain a matter of 

speculation f or the tim e  being . However , the fact  that not a l l  

s tr a in s  pr oduce a MRHA , ind ic ate s that other attachment mechani sms 

may be involved in E . c o l i  attachment to epithe l i a l  surface s .  Fur ther 

investigation s  on the r o le of the MRHA in the attachment pr oc e s s may 

be necessary .  The s e  may incorporate the u s e  of e nzyme tr ea tment s ,  

such as tryp s in , on the bacter ia l or uroep i the l i a l  c e l l s  to a s s e s s  

the net e f f e c t  on attachment , and on expre s s ion o f  a MRHA . 

Not a l l  E . co l i  s trains appear to be c apabl e  of producing a 

MRHA , and som e  of those that d id not , were found to attach to 

ur oepithe l i a l  c e l l s  in low number s .  Thi s  suggests  that ei ther attach­

ment i s  not a prerequ i s ite for inf ec tion in all cases  of UTI , or 

low- level  attachm ent i s  sti l l  suf f ic ient for inf ection to occur . 

Prev iou s work on the importance of hydrokinetic c learance mechan i sms 

supports the f irst  hypothe s i s .  For examp le , attachment may not be 

a neces sary prerequ i site for infection in patients wi th s ignif icant 

bladder r e s idues ,  prov ided ther e are suf f i c ient bac teria in re sidua l 

urine to c ounterac t the wa sh-out effect of voided ur ine ( Hinrnan , 19 6 6 ;  



Hinman and C ox ,  1 9 6 6 ) . The r e su l ts of the s tudy on women with 
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symptom a t ic bac ter iur ia ind ic ate that low- l evel  attachment occurs in 

some c ase s , so that the sec ond hypothe s i s  may a l so be true . I f  thi s  

i s  the c a se , then the hormonal status o f  the donor and the pr esence or 

absence of a mucopolysacc haride coat on uroep i the l i a l  c e l l s  may be of 

u tmost s ig n i f ic ance in inf luenc ing the susceptibil ity of the hos t .  

2 . 3  FURTHER ANALYS I S  OF E . COLI STRAINS POSSESSING A MRHA . 

Re sults  of the pre sent  s tudy c lear ly i nd ic a te that a lmost al l 

E . coli i so late s a ttach i n  v i t r o  to uroep ithe l ia l  c e l l s  to some degree . 

Inve s ti g a tion s  u s ing bac ter ia which are not norma l ly urinary trac t 

pathog en s ,  led to the d e f i n i t ion of a non-specif ic , ba sal  lev e l  of 

attachm e n t  for the i n  v i t r o  a s say : i . e .  { 5 bac teria per c e l l .  Of a l l  

the ur inar y  i so lates te s ted , 9 3 . 7 % attached to uroepi the lial  c e l ls to a 
I 

greater l evel than 5 bac t er i a  per cell , and l O O %  of the strains posse s s - ' 

ing a MRHA af ter growth on TSA attached with a mean of > 5 E . c o l i  per 

cel l .  O f  a l l  the faec a l  i s o l ates tested , 8 7 %  a ttached to uroepithe l i a l  

cel l s  a t  a lev e l  o f  greater than 5 bacter i a  per c el l ,  and l O O %  o f  the 

stra in s posse s s ing a MRHA a f ter growth on T SA ,  a ttached with a mean of 

> 5 E . c o l i  per c e l l .  The s e  r e sults e stab l i sh that E . coli attachment to 

uroep i the l i a l  c e l l s ,  particu l arly for stra ins pos s e s s ing a MRHA after 

growth on TSA , i s  a spec i f i c  process  and not a bas a l  l ev e l  of 

attachm en t  which may be a function of the a ssay technique . 

The E . c o l i  ur inary s trains u sed in the present r eport had 

previous ly been inve stiga ted for severa l  properties  thought to be 

important in pathogenic i ty f or the urin ar y  trac t ( Brooks , e t  a l . ,  

19 8 1 } . An attempt wa s made to c orrela te the se proper ties with 

haemagg lutinat ion patterns . There was a high inc idenc e of the MRHA 

in s tr a in s  with 0 ser otype s common ly found in ur inary trac t  inf ections . 

Thes e  strains may have greater infectiv ity due to the pre sence of 
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a MRHA which may a s s i st attachment to the uroepith e liurn .  This may 

explain why the s e  s trains are more c ommon ly i solated from patients 

with UTI . The r e su l ts a lso ind i c a ted a high incid enc e of du lc itol 

and sa licin f erme ntor s, though the s ignificance of thi s has not 

been estab lis hed . There wa s a f a i r ly high inc idenc e of haemolytic 

s trains and it is pos s ible that pr e sence of a haemolys in or the 

abi lity to f erme nt dulcito l  and s a l ic in is important in the 

infec tion pr oc es s , af ter attachment to the uroep i the lium has taken 

p l ace . 

2 . 3 . 1  IMPORTANCE OF THE Kl ANT IGEN IN ATTAC HMENT TO UROEPITHELIAL 

CELLS . 

A large number of K r ich s tr ains were found among the E . coli 

i solate s .  These  had a rec iproca l  K antig en titr e  o f  > 3 2 ,  a s  

d escr ibed b y  Brooks e t  a l . , ( 1 9 8 1 ) . However , the r e su l ts presented 

in Table 3 4  of the pre sent study ind icate that pos s e s sion of a Kl 

a ntigen wa s not d irec tly related to attachment c apa c i ty to 

uroepithel ial  cel l s .  Only K l  s tr a in s  pr oducing a MRHA after growth 

on TSA , a ttached i n  l arge number to uroep i thelial  c e l ls . I t  ha s 

been repor ted tha t  K antigen i s  f ound in a greater propor t ion and 

in s ignif icantly grea ter amounts among E . coli ur i nary i solates than 

per iure thral  or f aeca l i solates of heal thy ind iv idua ls . ( G lynn et a l . , 

1 9 7 1 ;  Kai j ser , 1 9 7 3 ; McCabe e t  a l . , 1 9 7 5 ;  Brooks e t  al . ,  1 9 8 0 ;  1 9 8 1 ; 

N immich et a l . , 1 9 8 0 ;  Van Den Bo sch e t  a l . , 19 8 1 ,  b ) . The Kl antigen 

i s  a s ialic ac id homopolymer ( Stevens e t  a l . , 19 8 0 ) . Recently , 

Evans et  a l . , ( 1 9 8 1 )  have reported a c lose corr e l a t ion between E . c o l i  

strain s pos sessing a Kl capsu l ar antigen and a MRHA . The Kl  antig en 

may a s s i st invas ion of the rena l ti s sues and enhance r e s i stanc e to 

phagocyto s i s  and serum ki l l ing . ( �r skov et a l . ,  1 9 7 1 ;  Smith and 

Kai j ser , 1 9 7 6 ;  �r skov ,  1 9 7 8 ; We instein and Young , 1 9 7 8 ; Gemski et a l . , 



1 9 8 0 ) . Ther e f ore , K ant igen and par t icular ly the Kl  may be an 

important viru l ence factor in upper UTI ; though the pr e senc e of 

the Kl antigen on bacter ial c e l l s  doe s not enhance attachment to 

uroepithe l i a l  c e l l s .  

2 .  3 .  2 IMP ORTANCE OF BACTERIAL �OT ILITY IN ATTAC HMENT TO 

UROE P I T HEL IAL CELLS . 

The r e s u l t s  presented in Tabl e  4 0  suggest that bacter ia l 

L ts � . 

moti l i ty doe s not enhance E . c ol i  attachmen t to uroepithe lial  c el ls .  

However ,  i t  cou ld be argued that the f lage l lated organi sm s  are abl e  

to mainta in m o t i l ity across the m o i s t  muc osa l sur face o f  the 

ur inary trac t ,  and a lso enable ,d i s tr ibution in the b ladder ur ine . 

Thu s ,  f lagel la ted bac ter ia may have a grea ter chance of encounter ing 

uroep ithe l i a l  targe t c e lls  i n  v i v o ,  to which the bac ter ia may then 

attach and g iv e  r i se to infec t ion . 

2 . 3 . 3  CULTURE COND ITIONS WH ICH AFFECT THE PRODUCTION OF A MRHA . 

The r e s u l ts from Table 4 3  e s tabl i s h  that a MRHA i s  not produced 

0 
when E . co l i  s trains are gr own on T SA at  1 8  C . A t tachment to 

ur oepi thel i a l c e l l s  was also f ound to be s ignif ican t ly reduced f or 

the se stra i n s . Duguid et a l . , ( 19 7 9 )  have also r eported loss  of 

MRHA produc tion at lower growth tempera tures of 20 to 2 5°C .  Evans  

et  a l .  ( 1 9 7 8 ) r eported that enterotox igenic E . co l i  ( ETEC ) s train s ,  

i solated from adu lts with diar rhoea ,  produced a MRHA a f ter growth on 

agar at 3 7°C ,  but not at 1 8°C .  

In the present study , a second experiment e s tabl i shed that 

E . col i  attachment t o  uroepithe l i a l  ce lls  wa s not grea t ly enhanced 

when the bacteria wer e  grown at 3 7 °C in a sma l l  volume of BHI bro th , 

spread over the bottom of a large flask . Th i s  method of cu ltur ing 
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E . coli  had been r eported by  Hagberg et a l . in ( 1 9 8 1 ) . The ir r e su l t s  

indic ated that a large propor tion o f  their s trains pos s e s s ed a MRHA 

and a MSHA . Had they chosen to use an aga r  med ium , they may have 

f ound that a MRHA a l one wa s pr oduced . I t  i s  important to g r ow 

E . coli  strains under c ond i tion s  wh ich a l l ow expre s s ion of the 

bacter i a l  haemagg l u t in i n s . This i s  par t i c u lar ly important when 

c arrying ou t attachm ent s tudies , or when d e termining the inc idence 

of haemag g lutinin s among E . c o l i  i solate s .  

2 . 4  EFFECT OF STORAGE OF E . COLI STRAINS OVER 1 2  MONTHS .  

The s torage o f  f our E . c oli  urinary i s olate s over 1 2  m onths 

d id no t s ignificantly a l ter the c apacity to a ttach to uroepi the lia l  

cel ls . Express ion of a MRHA was not apparently affected by the 

s torage c ond ition s .  Lo s s  of MSHA pr oduction wa s noted , pa r t icularly  

for s tr ains  stored a t  room temperature on  agar slope s .  However , 

attachm ent to uroep ithe l i a l  c e l l s  was not c orresponding ly a f fected . 

Corne l i u s  e t  a l .  ( 19 7 9 )  r eported that E . c o l i  iso lated from patients 

with bac ter iur ia banked on agar s lope s  at room tempera ture f or 

2 to 3 d ay s , had substan t ia l ly greater adher ence c apac ity t o  vagina l 

epithe l ia l  cel l s , than strains banked f or 1 5  months or mor e .  

Combin ing these  r e su lts wi th f ind ings of the pre s ent s tudy , it  i s  

evident that E . co l i  str a in s  shou ld be s tored in BHI broth and 

0 
glyc er o l  a t  - 1 0  C rather than on agar s lants at room temper atur e , 

i f  attachment studie s are to be carr ied out .  

The loss o f  MSHA produc tion may have been due to phas e  

variation . The expr e s s ion of a MSHA i s  chromosoma lly c ontr o l l ed , 

and Swaney et a l .  ( 1 9 7 7 ) have reported tha t  E . coli pha se , var i ants 

contain the genetic information to produce Type 1 p i l i . The 

presence of Type 1 p i l i  endow E . coli s tra ins with mannose - s en s i tive , 

haemagg lutinating activ i t y .  F i l iat ion c an be lost by one of f our 



rever s ible mec ha n i sms : pha se var i ation , plasmid los s or gain , 

pi l gene muta t ion or rever s ion , and quantitative regulation . 

Swaney et a l .  ( 1 9 7 7 ) descr ibed phase variation of an E . co l i  K l 2  

strain and f ound that the pre sence or absence of Type 1 p i l i  
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var i ed , and the rate of change f r om  one pha se to another wa s 

inf luenced by e nv ironmental c ond i t ions . I t  i s  pos s ible tha t s imi lar 

phase variation of Type 1 p i l i  occurred in the pre sent study , 

resulting in the l o s s  of a MSHA i n  s train s  8 7 , 3 2 0  and 3 2 2  wh ich 

were stored on agar at room temperature . 

Express ion of a MRHA wa s apparently s tabl e  when strains 3 2 0 

and 3 2 2  were s tored f or 1 2  month s in BHI g lycerol broth and on ag ar 

s l ope s . I t  r emains to be e stab l i shed whe ther or not E . coli ur inary 

i solate s  carry a plasmid which med iates expression of a MRHA . 

A s tudy of th i s  nature wou ld pr ove to be wor thwh i l e , and may lead 

to the determ ina tion o f  the g ene s wh ich code for the MRHA on the 

bac ter ial c el l .  

It cou ld be argued that s trains s tored for l ong per iods of time 

are no longer repr esenta t ive of v iru lent strain s c apable of produc i ng 

infection i n  v i v o . Howev er , when fre shly i solated E . coli strains  

were assayed f or a ttachment to uroepithe l ia l  c e l l s , the  r ange of  

mean va lues wer e  s im i lar to  those obtained u s ing E . coli  strains 

s tored for longer per iod s of t ime . An a lternative experiment c ou ld 

have been dev i sed to tes t  the v iru lence of E . col i i so late s . By 

u s ing an appropr i a te anima l mod e l , it may have been pos s ible to 

e s tabli sh whether E . col i stra in s c aused damage to are a s  of the u r in ary 

tract . These strains c ou ld have been te sted immedi ately a f ter 

i so lation from patien t s  with UTI , then again after 1 2  mon ths 

s torage in g lyc erol broth at - 1 0°c .  A sy stem such as thi s  has 

been repor ted by Van Den Bosch et al . ( 19 7 9 )  u s ing a mouse mode l  

to test d iffer ence s  in nephropathogenicity between human E .  coli  i so late s . 

Depending on the e f f ec t e ac h  strain had on the mou se , the E . coli  
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i so l ate s were c la s s i f i ed into one of three v iru lence groups . 

However ,  i t  c ould be a rgued tha t the u s e  of human bac terial i solates 

on the tissues of mice  does no t constitute a n  appropr i ate model 

f or testing bacteri a l  v iru lenc e .  

The exper iment s  reported in the present study were pr imar i ly 

d e s igned t o  inves tigate the e f f ec t  of storage on the c apac ity of 

E . coli  to  attach to  uroepithel ia l  cel ls . The r e sults have 

indic ated that thi s c apac ity ,  a s  we l l  a s  the abi l i ty to produce 

haemagg lutinin s ,  i s  preserved when E . coli  i s olate s are stored in 

0 
BHI glycerol broth at  -10  c .  

2 . 5  SPEC IF IC ITY OF E . COLI ATTACHMENT TO EP ITHELIAL CELLS . 

The spe c i f ic i ty of E . co l i  attachment wa s investigated by 

compar ing attachmen t to uroepi the l i a l  c e l l s , buccal  epithe lial 

c e l l s  and t i s sue c u l ture ce l l s . Attachment to uroepi the l ia l  

ce l l s  wa s s ignif icant ly higher than t o  bucca l c e l l s , parti cularly 

f or E . c o l i  strains possessing a MRHA af ter growth on TSA .  The 

frequency d i s tr ibut ions ind icated that f ewer buccal target cel l s  

existed to which l arge number s o f  E . co l i  attached . The propor tion 

of uroepithe l i a l  target cel l s  within a g iven popul ation had been 

previou s ly shown to be higher . S imi lar a ttachment results  have 

been r eported by �r skov et a l . ( 1 9 8 0 ,  b ) . The se authors f ound that 

strain C l 2 1 2 - 7 7 grown on agar and pos se s s ing a MRHA , attached 

in 1arger number s to uroepithel ia l  c e l l s  than to buc c a l  c e l l s . 

Thi s  s train , labe l l ed 3 2 2 , wa s a l so u s ed in the pre sent s tudy , 

and was f ound to attach to uroepi the l i a l  c e l l s  wi th a mean of 3 4  

E . co l i  per c e l l ,  f o l lowing culture on T SA . S tud i e s  by Schaeffer 

et a l .  ( 19 8 1 )  have investigated a ttachment o f  E . coli  urinary s trains 

to buc cal  and vag inal epithe l i a l  c e l l s . They propose that changes 

in  adhe s ive c haracter i stics of  epi the l i a l  cel l s  are a s soc iated wi th 



su sceptibi l i ty to ur inary tra c t  infections . Sugarman and Don ta 

( 1 9 7 9 , b )  f ound that buccal c e l l  receptor s i t e s  were saturated 

2 9 3 . 

when le s s  t han 1 0 %  of the ava i lable sur f ac e  was occupied . Their 

results a l s o  ind icated tha t the number of bacterial receptor s i t e s  

pre sent o n  t h e  buccal  cell  sur f ac e  var ied from c e l l  t o  c e l l . Wi th 

r eg ards to the levels of E . co l i  attachm ent to buccal ce l l s , the 

observat io n s  of Sugarman and D onta ( 19 7 9 , b )  and Schaeffer et a l . 

( 19 8 1 )  are c omparable  to those  reported her e .  I t  i s  po s s ib le 

that lower a ttachmen t values are re lated t o  the apparent absenc e 

o f  muc opolysaccharides on the buc c a l  cel l surface . Only 1 0  - 1 5 %  

o f  the v iable  c e l l s  tested in the present study wer e  coa ted with 

muc opo lysacchar ide s which stained u s ing PAS reagent or a l c ian blue . 

Attachment of E . coli to monkey k idney ( vero)  ce l l s  in tis sue 

culture d id not corr e late wi th the r e su lt s  obta ined from i n  v i t r o  

s tudie s .  H ighest a ttachmen t f igures were obtained u s ing E . c o l i  

s trains grown on TSA and po s se s s ing a MRHA ( P late 4 4 ) . However , 

s trains wh ich attached in l arge numbe r s  to uroepi the l i a l  c e l l s  

i n  v i t r o  d id not corre spond ing l y  attach in l arge number s t o  vero 

cel l s . Over al l , attachment to vero cel l s wa s not great f or the 

strain s  tested ( see Table 5 6 ) . Salit and Gotschl ich ( 1 9 7 7 )  reported 

that Type 1 p i li ated E . coli  K l 2  attached to vero c e l l s  with a mean 

of 1 4 . 2  bac teria  per c e l l , whi le non -p i l ia ted bacteria attached wi th 

a mean o f  0 . 17 bacteria per c el l .  I n  t he present s tudy , strains 

pos se s s ing a MSHA , ind icative of the presence of Type 1 p i l i , 

attached to vero c e l l s  with m ean v a lu e s  of 0 to 6 E . coli  per 

cell . S tra i n s  which did not expr e s s  a haemagg lutinin a ttached 

with mean values  of 0 to 4 E . c o l i  per cel l .  These r e su l t s  d o  not 

conf irm the f ind ings of Sali t  and Gotschl ich . In  add i tion , the s e  

author s d id n o t  investigate a ttachmen t  o f  strains  pos se s s ing . a 

MRHA after g rowth on TSA . I n  the pre sent study , the attachment 

leve l s  of t he s e  strains ranged from 2 to 23  E . coli  per vero cel l .  
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D r a s ar e t  a l .  ( 1 9 8 0 )  have s t a ted that i n  v i t r o  a ttachment 

r e s u l t s  s hou ld be c ompared to tho s e  obta i ned from a c e l l  cu l ture 

mod e l  and from the n a tur a l  d i se a s ed an ima l .  Uroepi thel i a l  c e l l s  

ob tained f r om  women w i t h  UTI have been exam ined for E . co l i  a ttach­

ment in the pre sent s tudy , a s  d i s c u s sed ear l ier . However , t he 

compar i so n  o f  i n  v i t r o  r e su l t s  wi th tho s e  obtai ned u s ing a vera 

c e l l  c u l tur e mod e l  ha s no t proved to be s uc c e s sfu l . Fur ther 

inve s t ig a tions were a t t empted u si ng a mous e  k idney c e l l  c u l tur e 

mode l .  However , the a ttac hment r e su l t s  obtained wer e not s u f f i c iently 

l arge to warrant the u se of thi s  s y s t em .  An appropr i a te c e l l  

c ul ture mod e l  wou ld be bene f i c i a l ,  part icu l ar ly i f  fre sh human 

k idney or b ladder c e l l s  cou ld be u sed . The a ttachment of E . co l i  

to the s e  c e l l s  may he lp de termine whe ther fac tors s uch a s  a MRHA , 

are p a r t ic u lar ly e f f ec tive in med i a t ing a t tachmen t .  Add i t iona l 

exp e r iment s  c ould be under taken t o  determine the inf luenc e of 

hormone s ,  muc opo lys acchar ide s , targe t c e l l s , bacter i a l  p i l i  a nd 

other f ac t or s on the a t t ac hm ent o f  E . c o l i  to me tabol ic a l ly a c t ive 

t i s sue cu l ture c e l l s .  

Rec e n t l y , ther e have been s eve r a l  encourag ing r epor t s  o n  the 

use of p r imary human ur inary c e l l s  in t i s s ue culture ( F e l ix 

e t  a l . , 1 9 8 0 ;  Sack e t  a l . , 1 9 8 0  ; C o l leen and Mardh , 19 8 1 ) . The 

a ttachm e n t  of group A S treptococ c i  to t h e  HEp - 2  c e l l l ine ha s been 

r epor ted by Grabov skaya et a l .  ( 19 8 0 ) . I n  1 9 7 3 , Buona s s i s i  r epor ted 

the u s e  o f  a c e l l  l ine f r om the lumen of the rabb i t  aor t a , which 

synthe s i z ed and secreted various spec i e s  o f  s u l fated mucopo lys acchar i d e s .  

There a r e  s i g n s  t h a t  a su i table ti s su e  c u l ture sys tem may be 

dev i sed t o  inve s t igate bac ter i a l  attachm e n t  re lated to UT I .  
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2 . 6  ALTERNATIVE HAEMAGGLUT INAT ION TESTS F OR D ETECT ION OF THE MRHA . 

A number of haemag g lu t ination te st systems were u sed to d e tec t 

the pre sence of a MRHA i n  E . c o l i  strain s .  A MRHA wa s d e tec ted a t  

4°C ,  2 2°C and 3 7 °C ,  with the 4 °C tempera ture being op tima l ( se e  

Table 4 7 ) . There wa s no apparent d ifferenc e between agg lu tina tion 

of human g r oup A or gr oup 0 erythrocytes , and the haemagg lutination 

r eact ion wa s mo st ea s i ly seen u s ing whi te por ce lain tiles . T he 

r e su lts u s ing method A suppor ted the f ind ing of Dugu id ( 1 9 6 4 )  that 

the mannos e  r e s is tant haemagg lutina tion reac tion is e lu ted at 

5 0°C . 

The f a c t  that the MRHA was detected i n  m ethod E at 3 7 °C wa s 

not surpr i s i ng as it i s  produ c ed a f ter growth on TSA a t  3 7 °C .  The 

r e su l ts in Table 48 show tha t the second group of stra ins d id not 

express  a MRHA . Thes e  f ind ing s c onf irmed the ear l ier r e su l t s  

obta ined u s ing the s ta nd ard haemagg lu tination tes t  o f  sec tion 3 . 1 . 

I t  appear s that this s tandard test is indeed e f f ec tive in d etec ting 

the presenc e of a MRHA i n  E . c o l i  s tra ins . 

Evans e t  a l .  ( l 9 8 0 , b) have proposed tha t bacter ial  haemag g lu tinins 

shou ld be c la s s if i ed as par t  of the routine typing of i solate s . 

The ir studi e s  emp loyed bov ine , chicken , monkey , human and guinea p ig 

erythrocytes .  Only the l atter two types wer e  u s ed i n  the pr e s e nt 

s tudy; human group A blood was u sed in pre f erence to group s B or 0 ,  

a s  recommended by Vos t i  ( 19 7 9 ) . However , the r e su lts i n  Tabl e  4 7  

of the pre sent stud y , have ind icated t ha t  the u se o f  group A or 

group 0 erythroc ytes is sati s factory f or these tes t s . Analys i s  of 

the resu l t s  in Append ix 1 shows tha t E . c o l i  stra ins 8 3 , 3 0 0 and Co2 0 

gr own on T SA , expre s sed a MRHA which agg lutinated gu inea pig erythro­

cyte s .  For the se s tr a in s , eo-produc tion of a MSHA wou ld be u ndetec ted 

u s ing gu inea pig erythr ocyte s ,  as the MRHA wou ld mask the e f f ec t .  

S tr ain s 9 7 , 1 6 0 , 1 8 3  and 1 9 9  grown on TSA and strain 2 2 0  gr own in 
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BHI broth , expre s sed a MSHA which agg lut inated human group A 

erythrocyte s .  The se unu sua l  haemagg lu t ination reactions were not 

investigated further . I t  wou ld be interesting to e s tabl i s h  the 

reasons for the d if f erent haemagg lutination · reac tions of these 

stra ins . In particu lar whe ther the haemagg lu tination te st r e su l ts 

descr ibed above , ref lec t a d if ference in the nature of the MRHA 

or the MSHA of c e r ta in E . col i s tr a ins . 

The haemagg lu t ination r eac tion s of bacterial  i solate s  have been 

wide ly u sed as an i ndex of the ad he s ive capac ity of pathogenic 

microorgani sm s . However , E l lwood e t  a l .  ( 1 9 7 9 ) hav e  qu e s t ioned the 

relevance of this  and sugge s t  it  unl ike ly tha t the s imp le cel l 

surface of erythrocyte s ref lec t s  the surface of mucosal ep ithe l i a l  

ce l l s , which are phys iologically  more complex . This i s  certainly 

a point worth remember ing . In  add ition , the c ond i t i ons u sed to te st 

for haemagg lut i n i n s  may not be appropr iate for d e te c t ion of  c er tain 

type s of haem ag g lu tinin s . A l ter native ly a .. co-f a c tor " r e spon s ible 

for adhe sivenes s  may be expr e s sed with a MRHA or a MSHA ,  bu t may not 

as y et be dete c ted by the s imp le haemagglutinati on tests . This m ay 

explain the d i f f er ences between E . c ol i  attachment to uroepithe l i a l  

c e l l s  for s tr a i n s  pos se s s ing . a MRHA after growth o n  TSA and i n  BHI 

broth : the adhe s ive " co-factor " may on ly be expr e s sed af ter growth 

on TSA while the MRHA i s  expre s sed a f ter growth u nder both c ond ition s . 

Further inve s t igations on th is matter are needed . 

2 .  7 EFFECT OF TEMPERATURE , pH AND FORMALDEHYDE TREATMENT ON THE 

MRHA OF E . COLI I SOLATE S . 

When a g r oup o f  E . coli  s tr a ins were incubated at 6 5°C f or 6 0  

mins . , the MRHA activ ity was a bo l i shed , though the MSHA activ i ty of 

the reference s tra in 17 2 wa s on l y  s lightly decr e a s ed ( see Table 4 9 ) . 

Thi s conf irmed the f inding s  o f  Duguid e t  a l .  ( 19 7 9 ) ; and those of 
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Evans et a l . ( 1 9 7 8 ) who repor ted tha t a MRHA of ETEC s tr ains wa s 

destr oyed on heat  treatment . A d r op in buf f er pH to pH 3 . 0  was 

suf f icient t o  d e s troy a MRHA o f  2 1  o f  the 2 3  E . c o l i  s trains and the 

MSHA of reference  strain 17 2 .  The haemagg lu tina tion ac t iv i ty of 

the se stra ins wa s in most case s , r educed in bu f f er of pH 10 . 1 . 

Ind iv idua l E . c o l i  strains may have d if fered in the ir susceptib i l i ty 

to c hange s i n  bu f fer pH . Never the le s s ,  the se two extreme buff er pH 

values d id appear to affect the a c tiv ity of the MRHA on the strains 

te s ted . Tre atmen t in 0 . 5 % formaldehyde d e s troyed or d ecreased the 

MRHA activ i ty of 19 of the 23 E . c o l i  stra ins tes ted , c onf irming the 

f ind ing of Dug u id et a l . ( 19 7 9 ) . The express ion of a MSHA wa s not 

affected by f orma ldehyde , and r e ference s tr a in 4 3  d id not produce a 

MRHA or a M S HA under any of the te s t  c ondi tion s .  Formaldehyde bind s 

to protein m o l ec u les , but doe s not affect c arbohydrate s or l ip id s  

(Mi llonig and Mar ino z z i , 1 9 6 8 ) . Further exper imen ts in the pr esent 

study indicated tha t f orma ldehyde treatment of uroepithe l ia l  c e l l s  

and bac ter i a  s ignif icantly d ec r e ased E . co l i  attachmen t  t o  uroep ithe l i a l  1 

ce l l s .  I t  i s  possib le that the MRHA-mediated attachment to 

uroepithe l i a l  c e l l s  involves a prote in mo lecu le ( s )  which is affec ted 

by formaldehyd e . I f  the MRHA i s  protein in natur e ,  i t  wou ld explain 

the effect of temperature ,  pH and f ormaldehyde on the activ ity of 

thi s  haemag g lu tinin . Banai e t  a l .  ( 1 9 8 1 )  have r e cently stud ied 

attachment o f  Mycoplasma ga l l i sept icum to human erythrocytes . This 

0 
r eport state s that treatment of the mycop la smas by heat ( 5 5 C ) , 

g lutarald ehyd e ( 0 . 0 5 %  in PBS ) o r  prolonged exposure to low pH 5 . 0 ,  

dra stica l ly r educed or abolishe d  a ttachment . The s e  resu lts suppor ted 

the theory that the mycoplasma membr ane componen t s  r espon s ible f or 

s pecific bi nd i ng to the s ialog lycoprotein receptor s on the erythrocyte s , 

were prote i n  i n  nature . The p o s s ibi l ity exi sts  that a prote in molecu le 

mediates a ttachment of  E . co l i  s tr a in s  pos sessing a MRHA . to uroepi the l i a l  

c e l l s  and/or to human erythrocyte s .  
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When the t i tr e  of the MRHA of 1 2  E . c o l i  strains wa s determ ined , 

there wa s no c or r e lation with the degree to which the se s trains 

attached to uroep i the lia l cel l s .  H ig h  attachment l eve l s  were not 

obta ined in eve r y  c a se f or s tra in s with a high MRHA t i tr e . However , 

in g eneral , s tr a i n s  with a MRHA rec iprocal titre above 1 6  attached 

in greater numbe r s  to ur oepithe l i a l  c e l l s , than str a in s  with a lower 

MRHA titre . These r e su l ts are in agr eement with the f ind ing s of 

K a l lenius et a l . ( 1 9 8 0 , b) and Van D e n  Bosch et  a l .  ( 1 9 8 0 ) . Fur ther 

investigation s to e s tabl i s h  an exp lanation f or these  r e su l ts wou ld 

pr ove to be wor thwhile . Although the pre sence of a MRHA on TSA 

g rown E . coli  s tr a ins enhances attachment to uroep i the l i a l  c e l l s , 

other factor s may a l so determine the degree to which th i s  attachment 

take s place . 

No inhibition of the MRHA ac t iv ity wa s found when a l arge group 

o f  c ompounds wa s te s ted with 7 E . co l i  strain s . There was a marg inal 

decrease in the haemag g lut ination a c tiv i ty of 4 out of 27 s trains 

in the presenc e of g al acturonic a c id or g lucuronic ac id . However , 

the s ignif i c ance of thi s  f ind ing wa s not e s tabl i shed . I t  wou ld 

have been of great interest to have f ound an inhibitor of the 

haemagg lut in ation reaction . Such a c ompound may then have been used 

to test for inhibi t ion of attachment to uroepithe l i a l  c e ll s . I n  

add ition , i t  c ou ld have been tes te d  with a wide range of E . coli 

extrainte s tina l i so l ates possess i ng a MRHA , and thi s  may have 

e s tabl i shed whe ther the MRHA of these stra ins had the same 

haemagg lutination mechan i sm .  

The p o s s ib i l ity that c arbohydrate s inhibit bac ter i a l  adherence 

to mucosal sur f ac e s  has been prev ious ly investigated ( Rivier and 

D arekar , 1 9 7 5 ;  S a l i t  and Gotschl ich , 1 9 7 7 ;  Ofek and Beachey , 1 9 7 8 ;  

Ofek et a l . , 1 9 7 8 ; Vosti , 197 9 ;  and Schaeffer et  a l . , 1 9 8 0 ) . 
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However , the se s tud ies have on ly been related to inhibi tion of a 

MSHA . D e  Graaf et a l .  ( 1 9 8 0 )  have recently r epor ted that produc tion 

of K 9 9  sur face antigen was d e crea sed by 9 5 %  when L-a lanine was 

pre sent in the m inima l growth med ium . This K 9 9  antigen i s  c ommon 

among ETEC stra ins i solated from c alves and l ambs suffering fr om 

d i arrhoea , and it expre s s e s a MRHA active w i th bov ine erythrocyte s . 

Alanine d id not inhibit the MRHA o f  the urinar y  i so lates in the 

present s tudy , although inc orporati on of thi s  am ino acid or any other 

c ompound , in the growth med ium , wa s not attempted . 

From the re su l ts pre se n ted , there wa s n o  s ing le compound which 

inhibi ted the MRHA of th e E . c o l i  s train s  te s ted . I t  i s  pos s i b l e  

that a number of compound s added together m ight inh ibit the MRHA 

reaction . When this was attempted u sing E . c o l i  str ain 2 0 7  and 

mannose , rhamnose , galactose and g lucosamine toge ther , no inhibi tion 

wa s noted . 

2 . 9 THE PRESENCE OF P IL I  ON E . C OL I  STRAIN S EXPRESSING A MRHA . 

The r e sults of thi s  s tudy were obtained u sing negative ly 

s tained pr eparations examined by transm i s s ion e lec tron microscopy . 

A l l  2 4  E . c o l i  stra ins in i t i a l ly te sted produced a MRHA after growth 

on T SA . Of  these , 9 str a i n s  wer e we l l -p i l ia ted , 8 were poor l y  

p i l iated and 7 were non-p i l iated . The se r e su l t s  conf irm the 

f indings of Dugu id e t  a l . ( 1 9 7 9 )  and Ip e t  a l .  ( 1 9 8 1 )  that not a l l  

s tr a ins exhibiting a MRHA are pi liated ( P lates 2 0  to 2 5 ) . The growth 

of E . co l i  on TSA tend s to d i sc ourage produc tion of type l p i l i  

( �r skov e t  a l .  l 9 8 0 , b} and none o f  the 2 4  s tra ins tested her e 

exhibited a MSHA with human group A or guinea p ig erythrocyte s . The 

nature of the pili  wa s not e stabl i shed from the se experiment s , 

though i t  i s  unlike ly that they were type 1 p i l i  a s  no MSHA wa s 

d etected in the haemagg lu ti nation reactions . The pos s ibi lity e x i sts 
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tha t  pili  s im i lar to the F7  p i lu s  repor ted by 0r skov e t  a l .  ( 1 9 8 0 , b ) 

wer e present on these s train s .  Fur ther inve stigation s are needed 

to determine the nature of these p i lus  s truc ture s .  Korhonen e t  a l .  

( 19 8 0 , a ; 19 8 0 , b ) have pur if ied p i l i  fr om E . coli s tr a in s  i so lated 

from the ur ine o f  patients wi th symptomatic UTI . They c l a im that 

mannose-resi s t an t  p i l i  from E . c o l i  s train 3 0 4 8 are med iator s of 

attachment to human uroepithe l i a l  c e l l s . However thi s s train 

( 3 0 4 8 ) expres sed a MRHA and a MSHA , and therefore type 1 p i li were 

present on the c el l s .  Perhap s i t  wou ld have been more fru i tful  to 

have studied a p i l iated E . c oli s tr a in which produc ed only a MRHA . 

Ka l lenius et a l .  ( 1 9 8 0 , b ; l 9 8 0 , c ; l 9 8 l , a ) support the v i ew tha t  p i l i  

med iate attachm en t  o f  E . coli to erythrocytes and uroepithe lial  cel l s . 

The se recent r epor t s  have inves tigated the occurrence of P -f imbr iated 

E . coli strains  i n  pat ients with acu te pye lonephr i t i s . Of these  

i solates ,  91%  posse s sed a newly d e f ined P-f imbr i ae ;  though the 

ev idence for these s truc ture s wa s based on haemagg lutination 

reactions . Fur ther s tud ies may be requ ired to c ategor i se thi s 

f imbr ial ant ig e n  i n  the light of prev ious reports by Duguid et al . 

( 19 6 6 )  and 0r skov e t  a l .  ( 19 8 0 , b )  wh ich def ined s even typ e s  of 

f imbr ial antigens . From the r e su l ts of the present s tudy , there was 

some evidence ind ic a ting that p i l i  pr e sent on str a in s pos s e s sing on ly 

a MRHA , were 6 nm . . in d iameter , s im i l ar to the F 7  p i lu s  r epor ted 

by 0r skov e t  a l .  ( 1 9 8 0 , b) and d i s tinc t  from the type 1 p i lu s  which 

has a d iameter of 7 nm . . (Br inton , 1 9 6 5 ;  Duguid and Ander son , 1 9 6 7 ) . 

However , these observations are not suf f i c ient proof of the type of 

p i l i  present on the strains exam ined . I t  i s  pos s i b le tha t  more than 

one type of p i lu s  i s  pre sent on the bacter ial c e l l s  of s trains 

exhibiting a MRHA ( Jann e t  a l . , 1 9 8 1 ) . 

The numbers o f  p i l i  counted f or each bacter i a l  c e l l ,  can onl y  

be taken as an appr ox imation . Even at high magnif ic ation and by 

analys ing enlarged photographs of the cel l s , the exact number s of p i l i  
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pre sent wer e  i n  some c a ses d i f f icu lt to e s t imate . Some p i l i  may have 

been sheared o ff in the prepara t ion of the sample s ,  wh i le other s 

may not have been v i s ible at the magnifications u s ed . No p i l i  

were detec ted o n  non-haemagg lu tinating E . coli s tr a ins . 

The s tr a i n s  6 3 , 1 0 4  and 1 5 8  expres sed a MRHA a lone af ter 

growth in BHI  broth but pili  production wa s 3 0 %  lower than af ter 

growth on T SA . In  add ition , attachment to uroep i the lial c e l l s  af ter 

growth in bro t h  wa s s ignif icant ly lower than a f ter growth on TSA . 

I t  i s  pos s ible  that the pili f ou nd on stra ins expr e s s ing a MRHA , 

are be st produced on an agar sur f ace , r ather than in broth . Further 

investigat ions are needed on this and a lso to d etermine whe ther 

the pili  f ound on s trains expr e s s ing a MRHA , are involved in 

a ttachmen t  of E . c o l i  to uroep i thel ial c e l l s . One such inve stig ation 

would be to c arry ou t an in v i t r o  a s say with a p i l iated E . coli 

s train and uroepi thelial cell s ,  then to examine sectioned mater i a l  

by transm i s s i on e lectron microscopy . Thi s  may show whether the 

bacter ial p i l i  mediate the attachment to the uroep i the l i a l  c e l l  

sur face . 

Growth of E . co l i  at l8 °C wa s f ound to inhibit p i l i  produc t i on . 

Thi s corre la ted with loss of produc tion of a MRHA and a s igni f i c an t  

decrea se i n  a ttachment to uroepi the lia l c e l l s  ( se e  Table  5 5 ) . 

S trains whi c h  d id not produce p i l i  at  3 7 °C or l 8 °C a l so lost the ir 

MRHA and a ttached in lower numbers to uroepithe l i a l  c e l l s  after 

growth at the l ower temperature . Suppre s sion of p i l i  produc tion at  

lower temper ature s ,  has  a lso b e en r eported by Duguid e t  a l .  ( 19 7 9 )  

f or strains posse s s ing a MRHA , and by Freer et a l .  ( 19 7 8 )  for ETEC 

strains posse s s ing a MRHA . Product ion of a MRHA at 3 7 °C on an agar 

surface sugg e s t s  that the se organ i sms may be ab l e  to produce a MRHA 

when colon i z in g  areas of the human urogenita l trac t ,  which are a l so 

at thi s  temperature . Expre s s ion of thi s haemag g lu tinin may be one 

of severa l  uropathogenic proper tie s which enab l e  the se organisms 
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t o  infect the urinary tract . This sugg e s t ion i s  in agr e ement with 

Evans et a l .  ( 19 8 0 , a )  who have pr oposed that a MRHA may be an 

impor tant v irulence f a c tor in extrainte s t inal infection s c au s ed 

by E . c ol i . It appear s tha t growth of E . coli  on TSA at  3 7 °C encour ages 

produc tion of a MRHA and in some case s an unidentif ied type ( s )  of 

p i l i  i s ( are ) also produced . 

2 . 1 0 POSSIBLE NATURE OF THE MANNOSE RES I STANT HAEMAGGLUTININ . 

In  the present s tudy , experiments h ave shown that the MRHA i s  

produced by a propor tion of E . coli s tr a i n s  af ter growth o n  TSA at 

0 
Expression of a MRHA wa s inhib i ted by growth at 1 8  C but 

not a t  3 7°C in a co2;H2 a tmo sphere . Thi s haemagg lutinin was  d e s troyed 

by heat ing to 6 5°C , by treatment in f orma ldehyde , and wa s affec ted 

by a c id and alkal ine buf f er pH extr eme s .  The mannose r e s i s tant 

h aemagg lutination r ea c t ion wa s not inhibited by s imple c ar bohydrates 

or amino ac id compounds .  The expre s s io n  of a MRHA was stable af ter 

1 2  months storage , and d id not appear to be rela ted to the 0 ,  H or K 

serotype s of E . coli s trains . I n  som e  i n s tances , a MRHA wa s f ound 

in con j unction wi th a MSHA . The pr esence  of pili  has been noted 

in a propor tion of s tr a ins which on ly e xpr e s s  a MRHA .  The pre sence 

of a MRHA enhanced E . c ol i  attachmen t  to mucopolys acchar id e coated 

and non-coated uroep ithelial  cel l s . Re sults  have sugge s ted that 

uro:e p i thel ial  " target c e l l s "  exi s t  to which many E . coli  attach . I t  

i s  p o s sible that the se " .target c e l l s "  c ontain receptor s f or the MRHA . 

The process  o f  a ttachment appeared to be specif ic , and buc c a l  c e l l  

o r  t i s sue cu l ture c e l l  attachment v a lu e s  were found t o  be l ower 

than v a lues f or attachment to uroepithe l i a l  ce l l s . The t i tr e  of 

the MRHA d id not appear to be d irectly r e lated to the d egree  of 

atta c hment to uroepi the lia l cel l s . 

I t  seems l ikely that the MRHA i s  a c omplex s truc tur e . The 
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data pre sen ted sugg e s t s  that the MRHA may b e  a biolog ica lly a c tive 

lec tin - l i ke prote in or g lycoprote in , whic h  has comp lex c arbohydrates 

a s  terminal r e s idues � Lec t i n s  have been found to agg lutinate 

erythrocytes and other c e l l  type s ,  by b ind i ng to sugar mo lec u l e s  

o n  the c e l l  sur face ( Shar on and L i s , 1 9 7 2 ;  Ochoa , 1 9 7 9 ) . I f  the 

MRHA is a lectin - l i ke prote in , i t may be expec ted to in teract with 

the c arbohydrate moie t i e s  on g lyco lipid s , g lyc oprote ins or other 

s uch muc o s al surface c ompound s act ing a s  r ec ep tor s i tes . Such a 

protein m ight be a f f e c ted by growth tempera tur e , hea t  treatment , 

f ormaldehyde treatmen t  and acid or a lkaline tr eatment . The 

haemagg lu tina tion of human erythrocytes wou ld on ly be inhibi ted by 

the pre sence of comp lex c ar bohydrate molecu l e s  simi lar to the 

termina l r e s idue s on the protein . In s ome E . c o l i  s trains th i s  

MRHA may be present a s  prote inaceous p i l i , wh i le i n  other s tr ains 

the protei n  may be pre sent on the cell sur fac e . 

The pos s ib i lity a l so exi s ts that a second factor i s  eo­

expre ssed with the MRHA , and i s  impor ta nt in attachment to 

uroep i the l i a l  c e l l s .  Thi s f actor may only be expre s sed a f ter growth 

on an agar surf ac e  a nd may be simi lar in chem i c a l  n a tur e to the MRHA . 

At present these propo s als are simp ly hypothetic a l .  However , 

the nature of the E . c ol i  r ec ep tor s i te on erythrocyte s and ep i the l i a l  

c e l l s  has been r ecently inv e s t igated . Ka llen ius e t  a l .  ( 1 9 8 0 , a ) 

have proposed tha t an a -D -G a l  p - ( 1 - 4 ) - 8-D-Ga l p - ( 1 - 4 ) -D -G l c , 

carbohydra te moiety of the pk g lyc osphingo l i p id ( tr ihexosyl ceramid e ) 

i s  the r ec eptor on human erythr ocy tes ,  f or a ttachment of a 

uropathogenic E . c o l i  str a i n  p o s se s s ing a MRHA . Thi s Pk 
b lood group 

antigen has an a -D -g al acto se termina l , non-reduc ing sugar . The 

agg lutination of P
1 

type A Rhe sus pos i t ive erythr ocytes by an E . c o l i  

strain po s ses s ing a MRHA , w a s  not inhibited b y  D -galacto s e . This 

ind icated tha t the s ize of the erythrocyte r ec eptor wa s l arger than 

a monosaccharide . This f i nd ing may exp lain why monosacc har id e s  d i d  



not inh i b i t  the MRHA in the pre sent s tudy . Lef f ler and Svanborg 

Eden ( 1 9 8 0 r  1 9 8 1 )  have a l s o  p r oposed that g lyco sphingo lipids of 

3 0 4 .  

the g lobo s e r i e s  are receptor s on human erythrocyte s and uroepi the l ia l  

c e l l s  f or E . co l i  s trains p o s se s s ing a MRHA . S imi l ar f i nd ing s have 

been repor ted by Ka llenius et a l .  ( 1 9 8 1 b , c ) . Ev idence f or a 

g lyc o lip id r eceptor for E . co l i  on the bladder epithe l ium ha s a l s o 

been repor ted by Davis et a l . , ( 1 9 8 1 ) . I n  1 9 8 1 ,  Lomberg et a l . , 

fur ther sug g e s ted that ind iv id u a l s  without a P
1 

blood group antigen 

are a t  l e s s  r i sk of acquir ing r ecurrent ur inar y  infec tions than P
1 

pos i t ive i nd iv idua ls . 

A g ly c o l ip id receptor on pig intestinal brush borders f or 

the K 8 8  ant ig en of E . col i  has been r epor ted by Kearns and Gibbon s ,  

( 19 7 9 ) . F ar i s  e t  al . ( 19 8 0 )  have fur ther sug g e s ted tha t both 

g lyc o l ip i d s  and g lycoprote i n s  may be involved in the er ythrocyte 

receptor f or CFA/I a nd K9 9 a n t ig en s  of ETEC s train s . The impor tance 

of the bacter ial and epi the l i a l  c e l l  g lycoca lyx shou ld not be 

over looked . C os terton ( 19 8 l , b ) , has ind icate d  that the bacter i a l  

g lycoca lyx c ontains uron ic ac i d s  and other sugar c ompounds which 

may be inv o lv ed in the attachment of bac ter i a  to mucosal sur face s .  

T h i s  r e search on receptor s s hou ld perhap s be seen in per spective . 

The r es u l t s  suggest that g lyco l ipids are receptor s i te s  for p i l i ated 

E . co l i  s tr a i n s  expr e s s ing a MRHA , but d o  not take account of the 

rec eptor s ite s f or non-p i l ia ted s tra ins expr e s s ing a MRHA . As Roland 

( 1 9 8 1 )  poi nted ou t ,  the pa thogen e s i s  of urinary tract i nfection s  i s  

an extremely c omp lex sub j ec t .  The existence o f  g lyco lip id receptor 

s i t e s  f or bac ter ial attachmen t may therefore on ly be impor tant in 

a smal l  propor t ion of bacter i al to epi the l i a l  cell interac tions wh ich 

g ive r i se to UT I .  

Never the le s s , the d e terminat ion of the chem ic a l  and struc tural 

nature of  the MRHA wil l be a n  impor tant step in under s tand ing 

bac ter i a l  a t tachment to erythr ocytes and ep i the l i a l  ce l l  surf ac e s . 



I t  i s  pos s ib l e  that the nature of thi s MRHA wi ll be d i sc overed in 

the ver y near f u ture . 

2 . 1 1 THE U SE OF ELECTRON MICROSCOPY TO I NVESTIGATE ATTAC HMENT 

OF E . C OL I  TO UROEP ITHELI AL CELLS . 

2 . 1 1 . 1  TRAN SM I S S ION E LECTRON M I CROSC OPY 
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The u se o f  tra n sm i s s ion e lec tr on microscopy perm i t ted c lose 

ana ly s i s  of bacter i a l  attachmen t to the ur oepithe l ia l  c e l l  sur f ace . 

The photographs taken dur ing the se stud i e s  show that there wa s some 

d irec t inter a c t ion be tween bac ter i a  and the uroepithe l i a l  ce l l .  

( P lates 2 6  t o  3 0 ) . I n  some ins tances a gap of appr oxima te ly 0 . 0 3 to 

0 . 2� m wa s ev ident whi c h  may have been due to an e lectr o s tatic repu ls ion 

between the two c e l l  type s .  A l ternative ly i t  may have been c au sed by 

a c onden sati on of muc o s a l  materi al at the c e l l  surface leav ing the 

impr e s s ion that a gap wa s presen t .  

Th e u s e  o f  ruthen ium red s tain enab led the ac idic muc opoly­

s acc har ides c oating the uroep i the l ia l  c e l l s  to be sta ined . 

( P l a te 3 1 ) . This l ayer on the ou ts ide o f  the cel l sur f ace was 

not evident u s ing s ta ndard me thod s .  The ruthenium red s tained 

mucu s c oa t  wa s pre se n t  a ll a l ong the surface of the c e l l s  exam ined , 

though in s ome area s  c onden sation of the m ater i a l  may have occurred . 

Bacter ia were a l so seen to be c oated with a ruthenium r ed sta ined 

mucus c oat  ( P late 3 2 )  • This f ibrou s matr ix ar ound the bac ter i a l  

c e l l  may have been s tabi li s ed by the antibody added in the 

pr epara tion of the s e  s amp le s .  I n  some c a ses bac ter i a  were seen 

to interact with the uroep ithe l i a l  cel l sur f ace , whi le in other 

c a s e s  t here wa s a sma ll gap between the two cell types .  ( P lates 

3 3  to 3 6 ) . Ruthenium r ed s t a in ha s been u s ed to inve s t ig ate 

colon i z a tion of anima l t i s sues by autochthonous and pa thog en ic 
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bac teria ( Co s ter ton et a l . , l 9 7 8 ; 19 8 l , a ;  1 9 8 0 , b ; Cheng et a l . , 1 9 8 1 ) . 

Marr ie e t  a l .  ( 19 8 0 , a ) have s tu d ied adher enc e o f  E . c o l i  to 

uroep i the l i a l  c e l l s  u s ing a ru the nium red staining technique . They 

reported bac ter i a  wi th a f ibrou s matr ix adher ing to uroep i the l i a l  

cel ls which had a polysaccharide g lycoca lyx s tained with ruthenium 

red . As we l l  a s  Cos ter ton and a s soc iate s , Jarvinen and Sandho lrn  

( 1 9 8 0 )  have a l s o  pr oposed tha t  the uroep ithe l ial c e l l  g lycoc a lyx 

i s  impor tan t in the attachm en t  of E . co l i to the ur oepithe l ium . The 

r e su lts of the pre sent repor t ind ic ate that the use of stains 

such as ru thenium red to identify mucu s sub s tances under e le c tr on 

microscopy , i s  importan t i n  s tud ie s of ba cter i a l  and epithe l i a l  

ce l l  inter action s . The pos s ib i l i ty ex i s ts that molecu les on the 

g lycoca lyx of bacter ia and uroepi the l i a l  c e l l s  are some times inv o lved 

in the attachment pr oce s s . Fur ther inves tig ation s  may determine 

whe ther the r eceptor s i te s  f or bac ter i a l  attachment to ur oep ithe l ia l  

ce l l s  are contained within the g lycoca lyx layer o f  the two c e l l  type s . 

S im i l ar s taining tec hn iqu e s  have been u sed to study ba c ter ia 

associated with r abbit kid ney c e l l s  ( John ston and Latta , 1 9 7 8 )  and 

ra t b ladder c e l l s  ( Fukushi et a l . , 1 9 7 9 ) . A lc ian blue wa s u sed in 

sec tion 2 of the pr esent study to s ta i n  g lyco s arninog lycans on 

uroep i the l i al c e l l s .  Thi s  s ta in ha s a l so been u sed to s tain the 

" ce l l  c oa t "  of var ious rat t i s sues ( Behnke and Z e lander , 1 9 7 0 ) . 

Us i ng a lc i an b lu e  in c on j unc t i on wi th tr an sm i s s i on e lectron m icroscopy , 

the s e  authors obtained r e su l ts c omp arable to tho se obta ined u s i ng 

ruthenium red a s  an e l ec tron dense s ta in . Par lanti and Mon i s  ( 1 9 8 0 )  

have a lso u sed a lc ian b lue to s tud y h i s tolog i c a l  section s of the 

vag inal muc o s a  of rats . The lumina l g l ycoca lyx con tained a 

g lycoprote i n r ich in su lfate and wa s stained with the a lc i an blue . 

The se inv e s t igations also u sed ruthen ium red s tain in c on j unc tion 

with e lectron m icroscopy . The we l l  d eveloped g lycocalyx was seen on 

sect ions f r om the upper ha l f  of the rat vag ina . Hormone tr eatment 
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of  these mice was f ou nd to increase the g lyc oc alyx layer . Thi s  

l a t ter f ind ing i s  of  inter e st . I t  i s  pos s ib le that the s ections 

f r om an oe str ogen t r e a ted mouse b ladder , exam ined in the present 

s tudy u s ing h i stolog ic a l  techn iqu e s , may have sta ined w i th ruthenium 

red . Subsequent ana lys i s  by e lectr on microscopy may have mor e 

c on c lu s ively ind ic a ted whether the b l adder mucu s coat wa s affected 

by oestr ogen treatmen t .  The app l ic a t i on of elec tron d ense s tains 

a nd the u se of tran sm i s s ion e lectr on m icr oscopy are c l early of 

impor tance i n stud y i n g  bac ter i a l  a ttachment to epithe l i a l  c e l l s . 

2 . 1 1 . 2 SCANN ING ELECTRON MICROSCOPY . 

The sc anning e lec tr on m icr o scope wa s u sed to exam ine 

ur oepi the l i a l  ce l l  s amp l es wi th a nd withou t bac ter i a  a ttached . 

( P late s 3 7  to 4 3 ) . Rod shaped bacter i a  were seen on the sur f ace of 

uroepithe l i a l  c e l l s  which had been a s sayed with E . co l i . A 

pr opor tion of " targe t  c.el l s "  wer e noted to which lar g e  number s of 

bac ter i a  were attached . Bacter ia wer e  in some c a s e s  pack ed 

together on the sur f ace of ur oep ith e l i a l  c e l l s  ( P late 4 3 ) . Of ten , 

d i ff er en t ly shaped organi sms wer e  c lo s e ly a s s oc i ated on the c e l l  

surface . Thi s wa s thought to be an association between E . co l i  and 

ind igenou s  bac ter i a .  These bacter i a  may have been pre sent in 

m icroco lonie s on the uroep i the l ia l  c e l l  sur face � as a l so suggested 

by Marr i e  et  a l .  ( 19 8 0 , a ) . Many of the uroepith e l i a l  c e l l s  were 

covered with m icror idge s , and microv i l l i  structure s  g iv ing them a 

" c obblestone "  appear ance as  d e scr ibed by Dav i e s  and Hunt ( 1 9 8 1 ) . 

In tha t  s tudy and in the present stud y , bacter i a  were seen attac hed 

to micror idg e s  and microv i l li , of some cel l s . I n  the c ontrol 

samp l e s , wi th no E . c o l i  added , many of the uroepi the l i a l  c e l l s  

wer e f ound t o  b e  d evoid o f  bacter ia , though a f ew c e l l s  had sever a l  

r od -shaped or cocc a l  shaped bacter ia o n  the surf ace ( P late 3 9 ) . 



Bacter ia have a l so been f ound to attach to ure thr a l  c e l l s  

examined b y  scann ing e lec tron microscopy a f ter remova l f r om 

pat ient s  w i th ur inary trac t infec tion { C o l l een et a l . , 1 9 8 0 ) . 
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These author s also report the pre sence o f  m icrov i l li struc ture s  on 

the c e l l  surface and the ex i s tence of targ e t  c e l l s  to wh ich > 1 0  

E . coli were f ound to be a t tached . Ferenc zy { 1 9 7 7 )  has inv e s tigated 

the human u ter ine ep i the l ium at var iou s s tage s in the mens trua l 

cyc le , and found that 17 8 oe s trad iol stimu lated the f ormation and 

development of a large number of c i l i a  a nd microvi l l i  on the 

epithe l i a l  c e l l  sur f ace . I t  r emains a pos s ib i lity that hormone s 

such as 17 8 oes trad i o l  a l ter the sur f ace of ur oep ithe l i a l  c e l l s  

over the menstru a l  cyc le , and thereby , a f f e c t  the rec eptiv i ty of 

these c e l l s  to E . c o l i  attachm ent . A scann ing e lec tr on m i c r o sc ope 

study of uroep i the l i a l  c e l l s  collected a t  r egu lar interva l s  over 

the men stru a l  cyc l e , par t i cu lar ly from women susceptible to U T I , 

may uncover inter e s ting r e su l t s . 
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APPEND IX 1 

ANALY S I S  OF 1 4 5  E . C OLI U RINARY I SOLATES AND 3 8  FAECAL I S OLATES 

FOR ATTACHMENT T O  UROE P I T HEL IAL CELLS AND HAEMAGGLU T I NAT ION 

OF HUMAN AND GU I NEA P IG ERYTHROCYTE S .  

( RESU LT S  ADJU S TE D  TO REFERENCE STRA I N  8 7  FOR BH I BROTH G ROWN 

CULTURES AND S TRAIN 2 0 7  F OR T SA GROWN CULTU RES ) .  

U RINARY I SOLATES 

3TRA IN SEROTYPE BH I BROTH GROWN CU LTURES TSA GROWN CU LTURES 

2 7  

3 2  

3 3  

3 5  

3 7  

4 0  

4 2  

4 3  

4 4  

4 7  

4 9  

5 0  

5 2  

5 3  

5 4  

5 9  

6 1  

6 3  

6 5  

6 6  

6 7  

6 8  

6 9  

7 3  

HAEMAGGLU T I NATI ON 
ERYTHROCYTE S 

HUMAN GU INEA P IG 

0 6 : H 1 

0 6 : H1 

0 4 : K1 : HR 

0 1 6 : HNT 

0 1 5 3 : H5 MRHA 

0 7 5 : H -

0 2 : K1 : H 6 

O R : K1 : H -

0 6 : Kl : H -

OR : H -

0 2 3 : H 4 5  

0 3 8 : K1 : H- MSHA± 

0 6 : H 1 

ONT : K 1 : H - MSHA± 

0 6 : H 1 

0 1 5 : H-

0 2 5 : H 1 

0 6 : H 1 

0 2 : H 4 

0 2 : H 4 

0 2 : H 6 

0 1 : H7 

ONT : H -

08 : K1 : H 1 4  

MRHA 

MRHA ± 

MRHA 

MSHA 

MSHA 

MSHA± 

MSHA 

MSHA 

MSHA ±  

MSHA 

MSHA 

MSHA 

MSHA 

MSHA 

MSHA 

MSHA 

M S HA 

M S HA 

MEAN NUMBER 
E . COL I PER 

U ROEP I THEL IAL 
CELL 

4 

6 

1 0  

1 2  

N T  

5 

8 

5 

9 

9 

1 1  

NT 

6 

NT 

1 2  

NT 

6 

1 7  

1 0  

9 

1 2  

9 

5 

1 1  

. HAEMAGG W T I NAT I ON 
ERYTHROCYTE S 

HUMAN GU I NEA P IG 

MRHA 

MRHA 

MRHA± 

MRHA 

MRHA 

MRHA 

MSHA 

MRHA 

MRHA± 

MRHA 

MRHA 

MRHA 

MRHA± 

MRHA 

MRHA 

MSHA 

M S HA 

M S HA 

M S HA 

M S HA 

MSHA 

MSHA 

MSHA± 

MSHA 

MSHA 

MSHA 

MEAN NUMBER 
E . COL I PER 

UROEP ITHELIAV 
CELL 

1 9  

1 8  

9 

1 8  

NT 

3 5  

7 

4 

6 

18 

7 

NT 

2 0  

NT 

2 2  

NT 

6 

4 4  

2 0  

1 2  

5 

1 9  

4 

8 2  
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>TRA IN SERorYPE BH I BROTH GROWN CU LTURES TSA GROWN CU LTURES 

HAEMAGGLUTINATI ON MEAN NUMBER HAEMAGGLUTINATI ON MEAN NUMBER 
ERYTHROCYTE S E . COLI PER ERYTHROCYTE S  E . C OL I  PER 

HUMAN GU INEA P IG UROEP ITHELIAL HUMAN GU INEA P IG UROEPITHELIAL 
CELL C ELL 

7 4  ONI' : K l : Hl 5 4 

7 5  ONT : Hl4 MSHA± NT MRHA MSHA NT 

8 1  0 6 : Kl : H - MSHA 6 MSHA MSHA 9 

8 3  0 2 : Kl :  H6 MSHA 7 MRHA MRHA 2 1  

8 4  0 2 : K l : H6 MSHA 1 0  MSHA 1 0  

8 6  0 7 5 : H- 9 MRHA± 2 9  

8 7  0 7 5 : HR MSHA 1 4  1 6  

8 8  0107 : H27 l"iSHA NT MSHA NT 

8 9  0 7 5 : H 5 8 MRHA 5 4  

9 0  ONT : Hl 1 3  MRHA 1 9  

9 4  0 7 5 : H- 5 MRHA 2 3  

9 5  051/111 : Kl:H4 - M SHA 7 - MSHA 1 0  

9 7  0 6 : Kl : H3 1  MSHA 8 MSHA MSHA 1 0  

1 0 4  0 2 : H4 MRHA 1 0  MRHA 5 1  

1 0 5 0 7 : H- MRHA MSHA± 1 5  MRHA MSHA ±  18 

1 0 7  0 4 : H 5 MSHA 9 MRHA MSHA 1 9  

1 1 4  0 4 : H- MSHA 1 1  MSHA 1 1  

1 1 6  ONT : HR 1 0  MRHA 3 6  

1 2 0  ONT : H l 6  MSHA NT NT 

1 2 2  0 7 5 : H- 1 1  MRHA 7 0  I )  
1 2 5  ONT : Hl 9 MRHA 5 7  l i 
1 2 7  ONT : Hl4 MSHA NT MSHA NT : I  
1 2 9  0 7 5 : H- 1 3  MRHA 3 9  I I '  I 
1 3 0  0 2 : Kl : H l MSHA 7 MSHA 7 1 1  
1 3 2  0 4 8 : H- 8 8 \i 1 3 5  0 133 : Hl MSHA± MSHA NT MSHA NT 11 
1 3 6  ONT : H8 MSHA± MSHA NT MSHA± MSHA NT " 

1 4 0  0 2 l : H3 3  MSHA NT MSHA NT 

1 4 2  0 9 : Kl : ill9 MSHA NT MSHA NT 

1 4 3  O l : H7 MSHA± 1 5  MRHA 3 9  

14 6 0 6 : H 5 8 MRHA 3 3  

148 088 : Kl : H5 MSHA± MSHA NT MSHA MSHA NT I 
I 

1 5 1  0 9 : HNT NT NT I I 
1 5 3  0 7 : Kl : H - MSHA± 1 0  MRHA 3 9  

158 0 4 : H5 MRHA 1 0  MRHA 3 0  i 

1 5 9  07 : HNT 9 MRHA 4 9  I ·  
I I 
i 
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S'lRAIN S EROI'YPE BHI BROTH GROWN CULTURES TSA GROWN CULTURES 

HAEMAGGLUT INAT I ON MEAN NUMBER HAEMAGGLUTINATION MEAN NUMBER 
ERYTHROCYTES E . C OL I PER ERYTHROCYTES E . COLI PER 

HUMAN GU INEA PIG UROEP ITHELIAL HUMAN GU INEA P IG UROEP !THELIA! 
CELL C ELL 

1 6 0  01 03 : K1 : HNT - MSHA NT MSHA± MSHA NT 

1 6 3  0 6 8 : HNT MSHA± NT MSHA± NT 

1 6 6  0 7 5 : H- 1 0  MRHA 2 6  

1 6 8  0 3 6 : H4 NT MRHA 18 

1 6 9  OR : H- MSHA± NT NT 

17 2 0 2 : K1 : H6 MSHA 1 0  MSHA± MSHA 1 2  

17 3 018 ab :  K1 : H- - MSHA 8 MRHA MSHA 4 1  

1 7 7  0 6 : H 1 MSHA 1 5  MRHA 2 4  

1 7 8  0 7 5 : H- 7 MRHA 5 9  

1 8 1 0 7 : K 1 : H- · MSHA 7 MRHA MSHA 2 0  

18 3 0 6 : H1 4 MSHA MSHA 7 

18 4 0 3 6 : H3 9  MSHA NT MSHA ±  · NT 

18 6 0 4 5 : HR NT NT 

1 9 0 0 2 : K1 : H6 MSHA 1 0  MSHA 7 

1 9 9  0 6 : K1 : H- MSHA 9 MSHA MSHA 5 

2 0 0  0 68 : HNT MSHA NT MSHA NT 

2 0 2  010 2 : K1 : H 1 4  - MSHA NT MRHA MSHA 1 8  

2 0 6  0 6 : H1 MRHA± 1 0  MRHA 2 7  

2 0 7  0 7 5 : H- 8 MRHA 5 8  

2 0 8  ONT : H- MRHA± NT MRHA MSHA NT 

2 1 0  0 1 4 : H- MSHA NT MSHA NT 

2 1 5  0 7 5 : H- 1 0  MRHA± 5 4  

2 1 8 0 1 : H- 1 2  3 

2 1 9  ONT : H4 MSHA± NT MSHA NT 

2 2 0  022 : K1 : H 1  MSHA± MSHA NT MSHA NT 

2 2 6  ONT : H17 MSHA 7 MSHA 8 

2 2 7  ONT : H3 9  NT MRHA NT 

2 3 1  0 2 : H6 MSHA 1 3  MSHA 8 

2 3 2  0 6 : K1 : H 1 MSHA± 6 MRHA 2 8  

2 3 3  0 6 : K 1 : H1 MSHA 7 MSHA 7 

2 3 4  ONT : H2 1  MRHA± MSHA NT MRHA NT 

2 3 5  0 5 : H2 1  MSHA ±  MSHA NT MSHA NT 

2 3 9  0 6 : H- 1 1  MRHA 2 8  

2 4 0  0 2 : K1 : H6 MSHA 6 MSHA 6 

2 4 2  0 7 5 : H 5 8 1 0  

2 4 3  0 2 : K1 : H7 MSHA± 9 MRHA± 18 
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STRAIN SEROTYPE BHI BROTH GROWN CULTURE S  TSA GROWN CU LTURES 

HAEMAGGLUTINAT ION MEAN NUMBER HAEMAGGLUTINATI ON MEAN NUMBER 
ERYTHROCYTES E . C OLI PER ERYTHROCYTE S  E . C OL I  PER 

HUMAN GU INEA P IG UROEP ITHELIAL HUMAN GU INEA P IG U ROEP ITHELIAL 
C ELL C ELL 

2 4 8  04/1 1 1  :K1: H7 - NT NT 

2 4 9  0 7 : K1 : H - MSHA± 1 0  MRHA MSHA 2 2  

2 5 0  OR : HNT MSHA± NT MSHA± NT 

2 5 5  020 : K 1 : H3 MSHA MSHA NT MSHA MSHA NT 

2 6 1  0 9 1 : Kl: H l C  MSHA NT MSHA NT 

2 6 2  0 6 : H1 MRHA 1 5  MRHA 2 1  

2 6 3  ONT:K 1 :  H ?  MSHA NT MSHA NT 

2 6 9  O lB a b : H- MSHA 9 MSHA 7 

2 7 4  0 6 : H 3 1  MSHA 6 6 

2 7 5  0 6 8 : H- NT MRHA± NT 

2 7 8  0 6 : H1 MSHA 6 MRHA 1 8  

2 7 9  O NT : H7 NT NT 

2 8 2  O NT : Kl: H1 MSHA 1 2  MRHA 2 6  

2 8 3  0 7 : H1 MSHA± 1 2  MRHA MSHA± 3 9  

2 8 4  OR : H- 1 6  MRHA± 5 7  

2 8 5  017 : K1 : HNT MSHA 5 MSHA 4 

2 8 6  0 6 : Kl. : H 1  MSHA M S HA 6 MSHA MSHA 7 

2 8 8  0 1 5 : H - MSHA 7 4 

2 8 9  0 1 : H7 MRHA± 1 7  MRHA 6 9  

2 9 0  0 1 2 : H 4 MSHA 6 MSHA 5 

2 9 9  0 9 : H 19 MSHA 6 MSHA 9 

3 0 0  0 5 4 : H 2 1  MSHA 8 MRHA MRHA 1 5  

3 0 1  0 7  5 :  H- 8 MRHA 7 0  

3 0 2  0 2 : H 1 MSHA 6 MSHA MSHA 4 

3 0 3  018ac : H- MSHA 8 MSHA MS HA 8 

3 0 4  0 1 5 : H2 MSHA 1 2  MSHA 7 

3 0 5  0 7 : H6 MSHA± MSHA 7 MSHA± MSHA 7 

3 0 6  0 6 : H1 7 MRHA 1 7  

3 0 7  0 6 : H1 2  MSHA± MSHA 6 MSHA MSHA 8 

3 0 8  ONT : H 1 9  MSHA 6 MSHA 5 

3 0 9  O NT : H- MSHA± 9 9 

3 1 0 0 51/ 1 4 7 : H4 MSHA MSHA 4 MSHA 3 

3 1 1  ONT : H 9 MSHA± MSHA 6 MSHA MSHA 6 

3 1 2  0 2 : H 1 MRHA MSHA 1 2  MRHA MSHA 3 3  

3 1 3 ONT : H- 6 MRHA 6 2  

3 1 4  OR : H 1 0  2 2 
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STRAIN SEROTYPE BH I BROTH GROWN CULTURES 

' ' 
r • 

3 1 5 

3 1 6 

3 1 7 

3 1 8 

3 1 9 

3 2 0 

3 2 1  

3 2 2  

3 2 3  

3 2 4  

3 2 5  

3 2 6  

3 2 7 

0 1 2 : HNT 

0 7 5 : HNT 

0 8 : H9 

0 1 1 1 : H1 2  

0 8 8 : HNT 

0 2 : KNT : H4 

0 4 : H-

0 6 : K2 : H1 

0 6 : K2 : H1 

0 6 : H1 

0 5 1 : H1 5  

0 6 : H-

0 1 6 : H4 8  

HAEMAGGLUTINATI ON MEAN NUMBER 
ERYTHROCYTES E . C OL I  PER 

HUMAN GU INEA P IG UROEP ITHE LIAL 
CELL 

- - 3 

- - 7 

- - 6 

- - 7 

- - 3 

MRHA MSHA 1 2  

MRHA MSHA 1 1  

MRHA MSHA 1 6  

- MSHA 6 

- - 1 0  

- MSHA 7 

- MSHA 6 

MSHA MSHA 6 

3 1 3 . 

TSA GROWN CULTURES 

HAEMAGGLUTINATI ON MEAN NUMBER 
ERYTHROCYTES E . COLI PER 

HUMAN GU INEA P IG UROEP ITHELIAL 
C ELL 

- - 5 

- - 6 

- - 3 

- - 4 

MRHA± MSHA± 1 3  

MRHA - 2 5  

MRHA - 2 3  

MRHA - 3 4  

- MSHA 3 I 
MRHA - 2 0  

- MSHA 3 I 

MSHA± MSHA 9 I 

MRHA MSHA 2 1  
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APPEND I X  1 Cont ' d  FAECAL ISOLATES 

S'mAIN SEROIYPE BHI BROTH GROWN CULTURES TSA GROWN CULTURES 

HAEMAGGLUTINATION MEAN NUMBER HAEMAGGLUT INATION MEAN NUMBER 
ERYTHROCYTES E . COLI PER . ERYTHROCYTE S E . C OL I  PER 

HUMAN GUINEA P IG UROEPITHEL IAL HUMAN GU INEA P IG UROEP ITHELIAL 
CELL C ELL 

: o  1 OR : H - 6 MRHA 2 5  

: o  2 0 1 : H 3 3  MRHA± MSHA B MRHA± 16 

:o 3 0 6 : H1 MSHA 9 MSHA 7 

:o 4 0 6 2: K1 :  H6 MSHA± 1 0  MRHA MSHA± 1 7  

: o  6 0 5 0 : H5 MSHA 5 MSHA 7 

:o 7C OR : HNT MSHA 3 MSHA MSHA 5 

:o BA O l 5 : K 1 : H 6 MSHA NT MSHA NT 

:o B B  0 2 : H 4 MSHA± B MRHA± 1 5  

:o 9 0142 : K1 : H 2 1  - MSHA± B MRHA± MSHA± 1 B  

:o1 0A OR : H- 6 7 

:o10C 0 2 5 : HNT MSHA± MSHA NT MSHA± MSHA NT 

:o1 lA OR : K1 : H- NT NT 

:o11B 0 4 : K1 : H 5 MSHA B MRHA MSHA 1 6  
I 

:::o 1 2A 0 1 5 : K1 : H 6 MSHA NT MSHA NT � I  
! 

:ol2B 0112ab : H- NT NT 

: o 1 3  0 2 0 : H- NT NT 

:::o1 4 O R : H4 MSHA NT MSHA NT i I I 
:::o l 5A 0 7 1.: H4B  NT NT 

I 
I 

:::o 1 7A OR : H- MSHA 5 MSHA 4 I 
:::o 1 BA 0 9 2 : H3 3  NT NT I 
:::o 1 B B  0 1 1 :Kl : Hl 5  MSHA 5 MSHA 4 I I 
::: o 1 9  O R : H7 6 MRHA± 1 9  I .  
:::o 2 0  012B : K 1 : HR 17 MRHA MRHA 2 2  I 

:::o 2 1  OR : H 1 0  7 6 I . 
I 

:::o 2 2  015 : K1 : H 1 7  MSHA± MSHA NT MSHA± MSHA NT I 
:::o 2 3  0 6 : H1 MSHA 1 1  MSHA 1 1  

: o 2 4  0 1 : K1 : H3 3  MRHA MSHA 1 3  MRHA MSHA 1 B  

:o 2 5  O R : K 1 : H- B 1 0  I I 
! 

: o 2 6  012B : K 1 : H1 2 - MSHA NT MSHA NT 

: o 2 7  014 1 : K1 : H7 MSHA MSHA 1 1  MRHA MSHA 1 7  

: o 2 BA 0 3 B : HNT MSHA± MSHA NT MSHA NT 

: o 2 B B  0 3 B : HNT NT NT 

: o 2 9  OR : HB MSHA 7 MSHA B 

:o 3 0  0 7 0 : H4 �SHA ±  MSHA NT MSHA± MSHA NT 
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STRAIN SEROTTIE BH I BROTH GROWN CULTURES 

HAEMAGGLUT INAT I ON MEAN NUMBER 
ERYTHROCYTES E . C OLI PER 

HUMAN GU INEA P IG U ROEP ITHELIAL 
CELL 

Co 3 1  07 : H - - MSHA± 8 

C o 3 2 0 6 9/79: H- - MSHA 1 1  

C o 3 3  0111/ 14 0 :  HNT - MSHA NT 

C o 3 7  0 2 l : K l : H - - - 9 

LEGEND FOR APP END IX l 

0 6  = 0 Serotype 6 

Hl = F lagel lar Antigen l 

Kl = C apsu l ar Antigen l 

ONT and HNT = Not Typable 

OR and HR = Re s i s tant Type 

H- = Non F lage l l ate 

0 5 1/111 = Antigenical ly s im i l ar 

NT = Not Te s ted . 

3 1 5 .  

TSA GROWN CULTURES 

HAEMAGGLUTINAT ION MEAN NUMBER 
ERYTHROCYTES E . COLI PER 

HUMAN GU INEA P IG UROEP ITHELIAI 
CELL 

MRHA MSHA± 17 

MRHA MSHA 3 6  

- MSHA NT 

MRHA± - 2 3  
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APPEND IX 2 

PROPERT IES OF E . COLI UR INARY STRA IN S RELATED TO THE 

POSSESS ION OF A MRHA . 

j:il 
{/) 
� 
� Z H  
H IJCl .::r; H l'J U  
0 H O  
::r:: 8 0:: 

FERMENTAT ION HAEMOLYS IN � � � �  {/) H O:: 
0 U f-i  

STRAIN DULC ITOL SAL ICIN SUCROSE HORSE S HEEP HUMAN 0 
::r:: • � H 
� � 0:: 8 

27 + + + + 5 1 2  

3 2  + + + + 6 4  

4 0  + + + + 1 6  

4 7  + + � 0 2 4  

5 2  + + + + 3 2  

54  + + + + + 1 2 8  

6 3  + + + + 1 6  

6 5  + + 5 1 2  

6 8  + + + 6 4  

8 6  + + + �10 2 4  

8 9  + + + 6 4  

9 0  + + + + �10 2 4  

9 4  + + + + 3 2  

1 1 6  + + + 6 4  

1 2 2  + + + 2 5 6  

1 2 5  + + + + 2 5 6  

1 2 9  + + + �1 0 2 4  

1 4 3  + + + + 2 5 6  

1 4 6  + + + + 2 5 6  

1 5 3  + + 4 

C ont ' d  
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APPEND IX 2 C ont ' d  
� 
U) 
..:t: 
p, Z H  
H � ..:t: 
H t!J U  
0 H O 
::r: E-i p::; 
p, Z P< �  

F ERMENTAT ION HAEMOLYSIN U) tCJ:: H p::; 
0 U E-i  
::r: • � H 

STRA IN DULCITOL SALIC IN SUCROSE H ORSE SHEEP HUMAN 0 p, � p::; E-i 

1 5 8  + + + 2 5 6  

1 5 9  + 2 

1 6 6  + + + �10 2 4  

1 6 8  + N I L  

1 7 7  + + + + 1 2 8  

2 0 6  + + + + 8 

2 0 7  + + + + :;:.10 2 4  

2 1 5  + + + � 0 2 4  

2 2 7 + + + 2 5 6  

2 3 2  + + + + + 4 

2 3 4 + + �10 2 4  

2 3 9  + + + + 1 2 8  

2 4 3  + + 3 2  

2 6 2  + + + + 3 2  

2 7 5  + N I L  

2 7 8  + + + 1 2 8  

2 8 2  + N I L  

2 8 4  + + + 1 2 8  

2 8 9 + �1 0 24 
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APPEND IX 3 

PROPERT IE S OF E . C OL I  U RINARY STRAIN S RELATED TO THE 

P O S S E S S ION OF A MSHA 

r£1 
(/} 
� 
P< Z H  
H ri! .::l; 
H t.9 U  
0 H O  
::r:: E-t O::: 
P< Z P< �  

F ERMENTAT ION HAEMOLY S IN (/} ,::t; H p::; 
0 U E-t  
::r:: • � H 

STRAIN DULC I TOL SAL IC IN SUCROSE HORSE SHEEP HUMAN 0 P< � O::: E-t 

3 3  + + + + � 0 2 4  

4 2  + + + 1 2 8  

4 4  + + + + + + 5 1 2  

4 9  + + N I L  

5 0  + N I L  

6 7  + + + N I L  

6 9  + N I L  

8 1  + + + + + + 2 5 6  

8 4  + + + + + 3 2  

8 7  + + + 3 2  

8 8  + � 0 2 4  

9 5  + + + + 1 2 8  

9 7  + + + + + :;:10 2 4  

1 1 4  + + + 4 

1 2 0  + + + 5 1 2  

1 2 7  + + 6 4  

1 3 0  + + + + + 2 5 6 

1 3 5 + 2 5 6  

1 3 6  + + + + N IL 

1 4 0  + N IL 

1 4 2  + + + N I L  

1 4 8  + + 5 1 2 

1 6 0  + + + + N IL 

1 6 3  + �1 0 2 4  

C on t ' d  
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F ERMENTAT ION 

STRA IN DULC ITOL SAL IC IN 

1 6 9  + -

1 7 2  + + 

1 8 3  + + 

1 8 4  + + 

1 9 0  + + 

1 9 9  + + 

2 0 0  + -

2 1 0  + + 

2 1 9  + + 

2 2 0  + + 

2 3 1  + + 

2 3 3  + -

2 3 5 - -

2 4 0  + + 

2 5 0  + -

2 5 5  + - + 

2 6 1  + + 

2 6 3  - + 

2 6 9  - -

2 7 4  + + 

2 8 5  + -

2 8 6  + + 

2 8 8  + + 

SUCROSE H ORSE 

+ -

+ + 
- -

- + 

+ -

+ + 
- -

- -

- -

- + 

+ -

+ -

- + 

+ + 
- + 

+ + 

+ -

+ -

- -

+ + 

+ -

- + 
- -

3 1 9 .  

HAEMOLY S IN 

SHEEP HUMAN 0 P-1 � Cl:: E-t 

+ - - 3 2  

- + - 1 6  

- - - 1 6  

+ - - 8 

- - - 5 1 2  

- + - 1 2 8  

- - - 1 2 8  

- - - �10 2 4  

- - - N I L  

- + - N I L  

- - - 4 

- - + �1 0 2 4  

- - - � 0 2 4  

- + - 6 4  

+ + - N I L  

- + - 6 4  

- - + N I L  

- - - N I L  

- - - N I L  

- + - 1 2 8  

- - - N I L  

- + - �10 2 4  

- - - 3 2  
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A Wee Poem 

You don ' t  catch it off your g�anny, 
Or because you� cousin ' s  mummy 
Has had i t  twice 
And she ' s  on ly 33 . 

But you get it, why t·Je don 't know, 
In the sun, t he �ain and the snow 
And it might come back 
As a painfu l l i ttle .wee. 

Having showers and bee� un�e lented, 
May ve�y we l l  help p�event i t, 
As long as kidney stones 
Don 't get to b lock the liJay. 

But as fo� sex; that ' s  anot he� s tory, 
Though I dare say, not qui te so go�y, 
As some o.f the things that 
You hear some peop le say . 

So if you 're fema le, then bewa�e dear 
Coz you '�e more like ly to get snai�ed �ea� 
Though the drugs may cu�e 
Your i l l s  and pains quite fast. 

Sti l l, if you '�e lucky, in the long �un, 
And us Scien tists find the �ight gun, 
Then we may prevent it, 
Or dest�oy it - to t he las t .  

rr�ego� Reid 
1 98 0  
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