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Diarrheal disease remains the single most serious threat to

Abstract Summary :

the life of children in the developing world, including

Bangladesh. Escherichia coli are known to be one of the major

pathogens causing diarrbea in thié setting; there are four
major groups of E. ggil~which cause diarrhea. These are the
enterotoxigenic (ETEC), the enteropathogenic (EPEC), the
enterchemorrhagic (EHEC) and the enteroinvasive (EIEC). The
ability of E. ¢oli to adhere to the small bowel promotes the

diarrheagenic capability of at least three of these groups.



ETEC adhere by means of fimbriae and then deliver toxin. The
enteropathogenic E. QQLL_.adhEFE by & poorly understood
attaching and effacing mechanism. The enteroinvasive E. coli
adhere before they invade muconsal cells. Various bioassays
of these mechanisms of adherence aré #vailable, including
patterns of species specific mannose resistent
hemagglutination of red cells for ETEC stéains and HEp-2 cell
adhe?ence for EFPEC . strains. Inﬁ addition, bacterial
surface characteristics such as hydrophobicity and net
surface charge may correlate with the ability of various _g;
coli . to adhere. We propose tq examine 400 E., coli straiﬁs'
isolatea from children less.than 1 year of age with diarrhéa
seen at the 4% surveillance system of the ICDDR,B (Appendix
A) and 120 E. ggl;_strains isolated from children with
praolonged diarrhoea in a community population (Appendix B)
for these adherence characteristics. We wish to determine
which adherénce factors are important in these populations,

and wish to identify adherence traits which may be blocked as

a means of preventing diarrhea. E. cgli bicassays required
for this proteoceols can be readily performed in the
laboratories of ICDDR,B. Currently no evaluation of E. coli

adherence characteristics i1s being done at the Center.

Reviews :

a. Ethical Review Committee :
b. Research Review Committee:.
c. Director’'s signature and remark, if any :

Y
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SECTION I1 - RESEARCH PLAN
INTRODUCTION:
1. Objective : This protocol has three major objectives:
a. to ididentify the colonizing traits important in ETEC
diarrheal disease seen at [CDDR,B and to characterize new

colonizing factors that may be identified.

b. to define the role of the EPEC in diarrheal disease seen

at ICDDR,B as determined by HEp-2 cell adherence pattern.

c. to compare the surface characterisitics af apparently
non—pathogenic E. coli recovéred from children with
diarrhea at. ICDDR with known pathogenic strains in an
attempt to correlate surface charactersitics with the

potential to cause diarrheal disease.

Background :
Escherichia cgli: E. coli are one of the most common causes
of diarrheal illpess 1in pediatric populations in the

developing world. {1, 2) Although E._ ggll_aré a part of
normal flora in a majority of individuals, there are E. coli
which are clearly capable of causing diarrheal disease in
humans and animals by at least four well described mechanisms
(3,4,5). The ETEC produce secretory toxin {heat labile and

heat stable) which cause net isotonic fluid secretion into

the gut (3). The EPEC attach to and efface the small bowel
mucosa by a mechanism as vyet unknown. EHEC produce a
cytotoxin which causes bloody diarrhea, and ELEC invade the

colonic mucosa to produce a dysenteric illness.



ADHERENCE : The ability of a microporganism to adhere to the tkssue
on which it causes disease is a well recogrized first step in the
pathogenesis of infectious diseasgs. The adherence of organisms
is associated with disease in mﬁltiple systems throughout : the
human body (&6,7). The ability of oral microflora to attach to
teeth and dental plaque is recognized as a major step in ?the
dgvelcpment of dental caries. The ability of E. coli to adhere
to renal epithelium by méans of P or S fimbriae can distingqish
those §; coli capable of causing upper urinpary tract infections

or pyelonephritis from those limited to lower tract disease.

Microorganisms capable of causing bacteremia or meningitis {such’

as k£, ¢oli, Pseudgmonas, Staphylogocci, and Candida) are known' to
have surface adherence characteristics. that mediate their
ability to invade the blood stream or cross the blood-brain

barrier. Recently recognized adhesins of Hempphilus influenza

may be  pertiment to the abilitiy of these organisms to cause
resplratory tract disease. In orgamnisms capable of causing
diarrimzal 1liness, the ability to adhere to intestinal mucosa has

often been recognized as an important early step in pathogenesis.

Adherence  1s recognized in parasites such as Giardia, Entaemeba

histolytica, and probably cryptosporidiosis. Adherence traits

arg aimportant in  the initiation of diarrheal disease by such

diverse bacterial pathogens as Campylobacter, Vibrio cholerae, E.

coli and Shigella (9,10).



£, CULl ADHERENCE:

ETEC: Both human and animal ETEC strains often posseés, in
addition to one or more enterotoxins, fimbriae capable of
attaching to enterocytes of the,sﬁéll bowel. In ETEC infections
in animals, these fimbriae are rglatively cspecies —-specific and

include porcine KB8, 987 and bovirmne K99 and F41 (11).

The Colonizing Factor Antigens (CFA) of human ETEC were
described in the 1970°'s by Evans and‘Evans (12). CFA‘s have been
characterized by their ability to hemagglutinate specific species
of red blood cells; by their apperarance on negative s?ain under
electron microscopy; and by their antigenic composition. CFA I
agglutinates buv;na red blood ﬁellg and is a 7 nanometer fimbria
which is antigenically bhomogeneous. CFA Il agglutinates bovine,
chicken and human A red blood cells, has both 7 nm and 2 nm
fimbriae and fibrils and appears to be antigenicafly

i
heterogeneous. It is composed of subunits called coli -surface
{ms) antigens (1L,2,3). A third colonizing fimbriae was
described by Rowe and is known as E8775. This fimbriae also
agglutinates bovine, chicken and human A red blood cells and has
poth 7 and 2 nm fimbriae which are antigenically heterogeneaus
(composed of cs 4,5,6). It is antigenically distinct from CFA 11
{(13)., In 1984, Honda and Miwatani described a fimbrial appendqge
seen by electron microscopy on E._ gg;; strains isolated from a
diarrheal outbreak in Japan. ._These strains did npt
hemagglutinate and appeared antigenically distinct from CFA %,

|

11 and EBY7O (14)31 In L9887 Kﬁuttdn described a 3 nm fibril on

1



E1EC strailins seen to adhere to small bowel epithelium (15). Both

of these may be additional colonizing factors.

whether these colonizing factors are essential for the
production of ETEC digease remains controversial. Studies which
have examined ETEC for colonizin; factor antigens from diarrheal
outbreaks or in eﬁdemic areas have reported from 04 of strgins
to H&6Y% of strains to be positive for CFA I anq Il (16,17). In
1785, Gothefors surveyed ETEC strains from the 1CDDR,B
survelllance program and from chiidren hospitalized at ICDDR,B by
immunodi ffusion for CFA I and I1 and found 754 to be positive

(18) . PDiarrhea appeared to be clinically more severe in those

childiren whose E. coli had both enterotoxins and CFA's.
i t

Various theories are used to explain strains which do not
have CFA's. These include the possible loss of plasmid DNA coding
for the CFA, the existence of unrecognized‘calonizing factors, as
well as the possibility that CFA's are not' essential for - the
production of ETEC diarrhea. It is known that plasmids ca; be
tost from ETEC strains after serial subculturing (19). . The
description of :colonizing fimbriae other than CFA I,I1,1I1 by
Honda and Knutton suggests that there may be additiénal
unrecognized colonizing factors. Various studies have beenfﬁone
to evaluate the necessity of CrA in‘production of disease. S;;th
and Linggood (i1) in 1971 prepared a series of porcine ‘ETEC
strains which were enterotéxin ﬁositive—CF (KB88B) .positive;

enterotoxin negative-CF positive;s enterotoxin positive-CF

negative and enterotoxin negative-CF negative. They found that



20/25 paglets given enterotoxin positive-CF positive strains
developed diarrbea, O0/8 piglets given enterotoxin positive-CF
negative strains and 0/11 piglets given enterotoxin negative-CF
negative strains developed dia}rhea. Satterwhite ﬁsed CF
positive—toxin positive strains in human voluﬁteers and fédnd
that &/7 wvolunteers receiving Bllogs of the tcxip positive-CF
positive strains developed diarrbea as opposed to 0/6 volunteers
receiving the same dose of toxin positive-CF negative strains
(201 . in 1980, Levine found that 2/2 volunteers given CF

positive-toxin positive strains and 4/5 volunteers given CF

negative—toxin . positive strains also ‘developed diarrhea,
5uggestipg “that CF may not be essential " in ETEC disease
production (21). Levine's study did not examine the possibility

B

that wunrecognized CF’'s were present on the nom CFA I or I1I

strains which caused diarrhea.

-

EPEC: The enteropathogenic E. coli/enterocadherent E. égll
have been associated with diarrheal illness since the 1950°'s.
However, only in the 1970's did intestinal biopsy specimenslof
children with persistent diarrbea reveal the closely adherent-—
mucosal effacing nature of the association of EPEC and the ‘gut
(22). Attempts to associate other virulence factors suchf as
hemolysins or to consigtently associate EPFPEC seotypesl with
diarrheal ' disease have been largély unsuccessful .Work done by
Scaletsky (23) with -EPEC adherence to HelLa cells and more
recently by Cravioto and Nataro (24,25) with HEp-2 cells has

revealrd an association between the ability of E. coli in EPEC



serogroups to adhere focally to tissue culture and the production
of diarrheal disease. More recently, an additional pattern of
adherence, agglutinating (or adherence in the pattern of "stacked
bricks") has been associated wilkh EPEC and ETEC serbgroups able
to produce diarrheal disease. | EEPEC strains. which adhére
diffusely to HEp*Z cells do notr;pﬁear to be‘ associated w;th
diarrheal disease in these studiestt25,26).‘ How the EPEC cause
diarrhea remains unknown. Some strains of EPEC have been shgwn
to produce low levels Df-vérohcytotoxin and theoretically, %he
EPEC organisms. could deliver this toxin.directly to £he mucésa

when closely adherent. No enterotoxins or secretory toxins have

been isolated from EPEC strains (27).

ADHERENCE OTHER THAN EAF AND }HE PRODUCTIUON OF DIARRHEA

Qs  there is controversy about the necessity of CF  for the
production of ETEC diarrhea, there is also controversy about the
ability of E. ggLi_strains thch have colonizing ability or pili
to produce disease when énterotoxins are not present. This

potential was first identified by Smith and Linggood in 1971 (11)

in their engineered porcine strains. + 30% of strains which had

o [l

the K88 fimbrial CF and did not have enterotoxin prqduﬁed
diarrhea 1in piglets. Levine in 1983 reported 104 of than
volunteers given a CFA IL-positive~toxin negative.ETEC deve loped
mild diarrhea. Wanke and Guerrant used this same isogenic strain
pair (13Y2 with CFA 11 and without toxin and 1392 without CFA 11
and without toxin) in the reversible ileal tie model in weanling
rabbits. This study demonstrated the consistent association of a

high level of small bowel colonization with the development of

1



diarrhea. Diarrhea did not develop in any animal given thel CFAa -
negative ;train (29). Sack noted the development of diarrheal
illness 1in 50% of rabbits given 1392 with CFA and no diarrhea in
the animals given 1392 without ?FA (30). 384 of the rabbits
given the CFA positive strai; déveloped lethal diarrhea, but
there was no significant differenc; in the degree of small bowel

colonization between the animals given the 1392 with CFA and 1392

without CFA strains in this study.

The mechanism by which this diarrhea occurs is not  known.
There are no apbarent changes in villus structure by light
microscopy (29), no differences in levels of cyclic AMP, cyclic
GMP  or brﬁsh border enzymes. . between diarrheal animgls éndv
control animals (wanke and Gue?rant, unpublished data.) E. ggll
do not deconjugate bile acids and lead to the production of
osmotic diarrhea by malabsorpsion of fat. The fluid recovered
from the small bowels of these animals is isotonic, an
addditional fact not cansistent with osmotic diarrhea.

Whiple the mechanisms of this presumably secretory process
related to colgﬁization are not understood, there are well known
clinical associations between diarrhea, malnutrition and sméll
bowel overgrowth (31,32,33,34). Organisms recovered from childfen

in Australia included fecal gram negative rods; in Mexico,

Klebsiella and E. coli; in the Gambia, Klebsiella, E. goli,
Enterococcus, Psewudomonas and HBacteroides species. While on

pccasion, some of the small bowel organisms have belonged to EPEC

serotypes, rarely are recognized pathogens isloated from small



bowel fluid. None of these organisms have been studied for their
adherence Characteristics, which may play a role in the
production of diarrhea.

- 4

UTHER BACTERIAL SURFACE CHARACTERISTICS THAT QRE'QSSDCIATED WITH
ENTERIL ADHMERENCE :

ihe previously discussed fimbrial CFA and the adhering and
effacing nature of the EPEC E. c¢oli are well described. ThE}E
remains a variety of surface characteristics of bacteria that are
associated with adherence in other systems that have not been

systematically evaluated in E.coli recovered from diarrheal

stools. Campylobacter Jejuni and Vibrio cholerae (10) have

demonstrated outer membrane proteins, surface hydophobicity and
surface charge that are associated with the ability to adhere
{35,36). The .lipopolysaccharide capsule of H. influenza has

recently been examined as a potential adherence trait.

3. Rationale :

As  there is little to no data available about the adherence
Characteristics of diarrheagenic E. coli in Bangiadesh, this
study can provide valuable informatiom in thi; regard. fhe
distribution of gdherence traits in hospital and community based
populations can help define the role thét E.. coli with these
traits play in clinical disease. Correlation of these traits
with the clinical description of illness can provide useful data
about the full spectrum of £. €oli disease. Systematic screening

of E. coli for colonizing fimbriae can provide useful information

abut new colonizing factors associated with ETEC disease.

19



Screening E. coli for tissue culture adherence will proyvide
valuable information about the role of the EPEC and the newly

described auto aggluting E. coli in Bangladesh. The ability of
1 .

. , .

strains with no currently recognized virulence traits to cause

I

.

\
diarrbea in animals «can provide useful information about ' new

l

pathogenic mechanisms of diarrheal disease by E. c¢oli. ﬁll} of

-

this adherence data will be of value in the development' of
. : |
i i
antiadherence vaccines, in the development Df,non—antibiotic—?nti
R . E . 1 “
adherence agents for the treatment of diarrheal disease and: in

. - i
| %

studies of the pathogenesis of diarrhea.

B. SPECIFIC AIMS: : (

In parallel with the protocol by Strockbine et al. usinngNA
probes for focal and diffuse adherence to evaluate E. coli
ispolated from c¢hildren less than 1 year seen -~at the ICDDR,B

f
surveillance program, we propose to examine the bioassay pand

biochemical evidence of adherence traits by:' i
"

. !‘
Hemagglutinatidn with bovine, chicken, guinea pig and héman

. - l
type A red blood cells. ?

HEp-2 cell adherence for focal, diffuse and agglutinating

. 1
B} . |

patterns. _ ;
v o (-

- " [
1 1y
H .

toEm

Hydrophobic " Interaction Chfbmatography and/or salt

aggregation.

Surface charge by ionic chromatography.

11
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Ability of strains with adherence potential but no recognized
entero or 1invasive toxin to cause diarrhea in the rabbit

reversible ileal tie model.

C. MeTHODS . b

Fopulation: stools and strains are being collected from 400

(Appendix A) children less than 1 year who are screened: by
[CLODR,B surveillance. These strains will be studied routinely by
ELISA for LT/ST and by DNA probes for adherence and invasive

-

potential.

I additiong selected strains collected by Dr. Fitzroy Henry
from his prospective study of prolonged diarrhea in Zinzira and

Mirzapur will be studied (Appendix B).

Straimed selected by Dr. Abdul Baqui from his prospec%ive
community study of the risks for prolonged diarrhea in Maﬂlab

will also be studied (Appendix B). - . .

These three populations w;ll allow a survey of the poten%ial
differences in occurrence of adherence traits betéeen
hospitalized and community populations and between acute ‘and
prolonged diarrhea.

L
+

ASSAYS ’

Hemagglutination -assays will be performed with vred blooa
cells of bovine, guinea pig, chicken and human origiq: to
determine the pattefns of agglutination that are consistent with

CFa I, 11 and EB775 fimbriac as well as type 1 pili.

12



Hemagglutination assays will be performed in glass, with a
1:4 dilution of citrated red blood cells, less than 5 days old.

Bacteria for assay will be freshly grown on CFA agar to maximize

{ ,
the production of fimbriae. 1% qannose will be added to the RBC

-
i

solution to determine if the hemagglutination is sensitive ' or
\ H

. ' |
resistent to mannose. . %

i
1
i

HEp-2 cells will be grown in minimal essential media, plaﬁed
X : l
1

on sterile glass coverslips in 24 well Costar tissue cultpre
i 1

plates at the time of assay. Prior to reaching confluence, 'the

EAF :

cells will be incubated with 100 microliters of test bacter&al

suspension with 1% mannose for. .3 hours, washed five times wﬁth

phosphate buffered saline, fixed with methanol, stained with
Giemsa and examined by light microscopy foh4evidence of the 3

-patterns of adherence.Known positive controls and known non HEp-2

adherent bacteria will be included in each assay. %
i

HYDRUOFPHOBICITY '

Either bacterial surface proteins or bacterial fimbriae may

1

be hydrophobic. The hydrophobic interaction between bacterial
. |

cells and gut mucosa formed by the displacement of water
molecules may be a mechanism of adherence. Any E. coli with p;li
will be hydrophobic so all strains which hemagglutinate will ;be
screened for the degree of hydrophobiﬁity by adherence to phegyl
sepharose microcolumns. Strains—which do not hemagglutinate GUt

have enterotoxins will also be screened by HIC for potentiatl hew

colonizing factors.

13



Strains which ©o not have toxin and do not. hemagglutinate
will first be screened by salt aggregation (SAT) with a range of
salt concentration from .05 M Fu 4.0 M ammonium sulfate for
hydropﬁobicity; Those that 'ar?- hydrophabic by SAT will: be
further characterized by phenyllsepharose HIC wusing ammonium
sulfate concentraﬁion values lower than the SAT value. Since E.
coli strains become more hydrophobic when they became roqgh,
aggregation will also be checked in physiological saline.

Strains will be grown on CFA agar for maximum, production of

pili. Known hydrophbobic and nonhydrophobic strains will be

included as controls in each assay.

}

SURFACE CHARGE: |
The negatively charged surface proteins of bacteria may
.mediate lonic interactions with bowel mucosa, providing ancother
mechanismlof adherence. Charge of surf;ce proteins of E. éoli
strains can be determined by 4 adherence to ionic chromatography
microcolumns. DEAE sepharose will be used to determine %
adherence {(relative negative surface charde) of strains with
toxin which have no HA pattern coasistent with a CFA; strains
without toxin, and strains that fall into the EPEC groups' by

tissue culture assay.

ANIMAL STUDIES
The reversible jileal tie model will be used in post weanling
rabbits. E coli strains which dn-not have LT or ST enterotoxins,

invasive potential (as determined by probe) and which do have

14



surface characteristics suggestive of adherence {(more than 704
adherence to phenyl sepbarose and DEAE sepharose) will be tested
in the reversible ileal tie model for ability to cause diarrhea

and small bowel colonization. » !

v .
The reversible ileal tie was first descibed by Sack :and

Spira in adult rabbits and was used for the production- of
antibody to colonizing bacteria. Later this method was used by
Wanke and Guerrant in weanling ftabbits to evaluate the
association between the small bowel colonization and the
production of diarrhea by nontoxigenic E. ¢oll with colonizing
ability. 70% of rabbits given the culohizing nontoxigenic E.
coli developed watery diarrhea; Any rabbit that did develop
diarrhbea was colonized with at least 8 logs of the same E. goli
per sq. «m of mucosa. Any rabbit that was colonized with 8 logs
ot organisms developed diarrhea. Rabbits given the noncolonizing
-

nontoxigenic strain of the isogenic pair did not colonize and did

not develop diarrhbea.

'

Under general anesthesia, the blind cecum of the weanling
rabb.t will be ligated. 10 cm proximal to the ileal cecal
junction a slip knot will be placed around the small bowel . 10
cc of test E. coli strain at B logs of organisms/cc in broth
cul ture @ill be inoculated into the proximai ileal lumen. The
abdominal incision will be loosely closed and anesthesia
maintained for 4 hours. After four hours the slip knot will be

removed from the distal ileum, the abdominal incision completely

closed, and the rabbit monitered for the development of. diarrhea.

15



At 72 hours or if the rabbit becomes debilitated from diarrhea,
the animal will be sacrificed and gquantitative cultures of I cm

of small bowel mucosa will be done by sw&erial dilution to

+

determine the extent of colonization.

» i
'
\
L -
!

D. BIGNIFICANCE
The results of these biocassays will be analyzed and compared

with the information about the three populations. .

l. Routine iﬁformation' available on surveillance patients
including age, sex, presentation, type of diarrhea, pathogens

isclated, nutritional status, treatment history and outcome.

2. Information as made available by Dr. Henry and Dr. Baqui as
to the duration of diarrhea and when during the course of

diarrhea the specimen was collected.

The results of the bioassays will also be campared with the
results of the DNA probes and the results of the invasive

bivassays.

b

This information will be used to assess:the following: H

t
'

1. the frequency of adhetrence traits %n‘these populations wiﬁh

s H

ETEC diarrhea.

2. Possible epidemiologic and clinical correlations of diarrhga

with the adherence characterisitics. ' i

16



The assaciation of E. coli with only adherence
characterisitics in the presence of diarrhea and the ability
of these strains to produce diarrhea in  an  animal model.
Thus investigating ) the % possible pathophysiologic
significance of adherence t;aiés of E. coli.

The correlation of the bipassays for tissue culture adherence

with the DNA probes.
The overall significance of various adherence traits of E

coli in these paopulations,

FACILITIES REGUIRED:

All work will be done in existing laboratory space or the

animal house of the ICDDR,B.

F.

COLLABURATIVE ARRANGEMENTS

i7
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Appendix A

400 HOSPITAL SUR\}EILLANCE STRAINS
»- (DNA PROBE STUDY STRAINS)

30% of strains presumed ETEC (120 strains)
for hemagglutination to determine patterns consistent with CFA's

Assume 50-80% strains contain CFA's
60-96 strains remain for screening by saltt aggregation

Strains which agglutinate <0.5M:
Tor Hydrophobic interaction Chromatography

for electron microescopy {when and if a?aﬂable)
Lo assess for piii .

Straing which agglutinete at >0.5-1M:
for DEAE chromatography

Therefore assume 70% strains (280 strains) are non-ETEC
for HEp-2 tissue culture adherence for focal and agglutinating
adherence

4]
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t
Appendix B

PROSPECTIVE COMMUNITY STUDIES OF PROLONGED DIARRHEA
- (Strains from Drs. Baqui and Henry)

Mumber of episddes of prolonged diarrhea uncertain;
Estim ated 60 episodes per each study .

: e
Therafore: 129 strains E.coll
Assume no ETEC from prolonged diarrhea

120 stralns for HEP 2 tissue culture adherence assag for focal and diffuse
adherence.

Because these E. coli strains will be from proionged diarrhes of presumed
unclear etiology, any type of adherence should be investigated further by HiC
snd DEAE chromatography as the mechenisms of focal and agglutinating
adhererice are not known
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