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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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CLOSE TO SURFACE OF UROEP ITHELIAL CELL 

2 8 . TRAN SM I S S ION ELECTRON M ICROGRAPH OF UROEP ITHELIAL 

C ELL F ROM CONTROL SAMPLE : I ND IGENOU S  BACTER IA 

CLOSE TO SURFACE OF UROEP ITHEL IAL C ELL 

8 8  

8 9  

2 4 . 



L I ST OF P LATES Cont ' d  

2 9 . TRAN SM I S S I ON ELECTRON M IC ROGRAPH OF UROEP ITHELIAL 

CELL FROM CONTROL SAMPLE : IND IGENOU S BACTERIA 

CLOSE TO AND IN C ONTACT WITH THE SURFACE OF 

UROEP ITHELIAL CELL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 0 .  TRANSM I SS ION ELECTRON MICROGRAPH OF UROEP ITHEL IAL 

CELL FROM A C ELL SAMPLE INCUBATED WITH BHI BROTH 

GROWN E . COLI STRAIN 6 7 : BACTERIUM CLOSE TO SURFACE 

OF UROEP ITHEL IAL C ELL . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3 1 .  TRANSM I S S I ON ELECTRON MICROGRAPH OF RUTHEN IUM RED 

STAINED PREPARATION : ELECTRON -DENSE GLYCOCALYX 

SURROUND ING THE UROEP ITHELIAL CELL SURFACE 

32 . TRAN SMI S S I ON ELECTRON M ICROGRAPH OF RUTHEN IUM RED 

STAINED E . COLI STRAIN 2 0 7  BACTERIUM FROM A TSA 

GROWN CULTURE 

3 3 . TRANSMI SS I ON E LECTRON M ICROGRAPH OF RUTHENIUM RED 

STAINED PREPARATION F OLLOWING ASSAY OF UROEP ITHELIAL 

CELLS WITH E . COL I  STRAIN 2 0 7 , GROWN ON T SA : 

BACTER IA C LOSE TO UROEP ITHELIAL CELL SURFACE 

3 4 . TRANSMI S S ION ELECTRON M ICROGRAPH OF RUTHEN IUM RED 

STAINED PREPARATION F OLLOWING A S SAY OF UROEP ITHELIAL 

CELLS W ITH E . COL I  STRAIN 2 0 7 , GROWN ON T SA : 

BACTERIA ATTACHED TO AND CLOSE TO UROEP ITHEL IAL CELL 

PAGE 

8 9  

9 0  

9 4  

9 4  

9 5  

SURFACE . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 9 5 

3 5 .  TRANSMI S S I ON ELECTRON M ICROGRAPH OF RUTHEN IUM RED 

STAINED PREPARATION F OLLOWING AS SAY OF UROEP I T HEL IAL 

CELLS WITH E . C OL I  STRA IN 2 0 7 , GROWN ON T SA : 

BACTERIAL ATTAC HMENT TO CELL SURFACE 9 6  

25 . 



LIST OF PLATES Cont'd 

3 6 . TRANSMISSION ELECTRON MICROGRAPH OF RUTHENIUM RED 

STAINED PREPARATION FOLLOWING ASSAY OF 

UROEPITHELIAL CELLS WITH E . COLI STRAIN 2 0 7 , GROWN 

ON TSA: BACTERIAL ATTACHMENT TO CELL SURFACE 

3 7 . SCANNING ELECTRON MICROGRAPH OF SQUAMOUS 

UROEPITHELIAL CELL 

3 8 . SCANNING ELECTRON MICROGRAPH OF MICROVILLI 

PAGE 

9 6  

9 8  

PROTRUDING FROM THE SURFACE OF A UROEPITHELIAL CELL 9 8  

3 9 . SCANNING ELECTRON MICROGRAPH OF UROEPITHELIAL CELLS 

WHICH WERE ASSAYED IN THE ABSENCE OF E.COLI: 

INDIGENOUS BACTERIA PRESENT ON THE UROEPITHELIAL 

CELL SURFACE 

4 0 .  SCANNING ELECTRON MICROGRAPH OF UROEPITHELIAL CELLS 

FROM A SAMPLE WHICH WAS ASSAYED IN THE ABSENCE OF 

E.COLI: INDIGENOUS BACTERIUM PRESENT ON THE 

UROEPITHELIAL CELL SURFACE WHICH IS COVERED WITH 

MICRORIDGES AND MICROVILLI 

4 1 . SCANNING ELECTRON MICROGRAPH OF UROEPITHELIAL CELL 

FROM A SAMPLE WHICH WAS ASSAYED IN THE PRESENCE OF 

BHI BROTH GROWN E.COLI STRAIN 8 7 : E.COLI-LIKE 

9 9  

9 9  

ORGANISMS PRESENT ON THE UROEPITHELIAL CELL SURFACE l O O  

4 2 .  SCANNING ELECTRON MICROGRAPH O F  UROEPITHELIAL CELL 

FROM A SAMPLE WHICH WAS ASSAYED IN THE PRESENCE OF 

BHI BROTH GROWN E.COLI STRAIN 8 7 : E.COLI-LIKE 

BACTERIUM PRESENT ON THE UROEPITHELIAL CELL SURFACE l O O  

4 3 .  SCANNING ELECTRON MICROGRAPH OF UROEPITHELIAL CELL 

FROM A SAMPLE WHICH WAS ASSAYED IN THE PRESENCE OF 

TSA GROWN E.COLI STRAIN 2 0 7 : UROEPITHELIAL CELL 

SURFACE COVERED WITH E.COLI-LIKE ORGANISMS 1 0 1  

2 6 .  



L I ST OF PLATES Cont ' d  

4 4 .  MONKEY KIDNEY (VERO) CELL MONOLAYER WITH TSA GROWN 

E . C OLI STRAIN 1 1 6  ATTACHED TO TH E C ELLS : STAINED 

WITH METHYLENE BLUE 

27 . 
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10 4 




