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Abstract

Prevalence of Diarrheagenic Esclierichia coli
in Children from Amman with and without
Diarrhea Using Polymerase Chain Reaction.

By
Kamal Ghazi Hajjaj

Supervisor
Professor Asem Shehabi

Co-Supervisor
Professor Najwa Khuri-Bulos

Acute diarrheal disease continues to be one of the major causes of
morbidity and mortality in the developing world, particularly among infant
and children.  Diarrheagenic /. coli comprise a diverse group of
microorganisms  responsible  for  pastrointestinal  diseases in  humans.
Molccular mcthods represent the most reliable techniques for distinguishing
pathogenic from  nonpathogenic /1. coli and characterizing these pathogenic

fcatures. Therefore, it was proposed to study the prevalence of
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diarrheagenic /. coli in children from Aminan using polymerase chain

rcaction over a 12 — month period.

A total of 250 hospitalized patients were included in this study, of
these, 133 children with gastrointestinal illnesses (diarrheal cases) and 117
children without diarrhea (control group). The age of children ranged from
0 to I3 years with mean age of 30 and 33 months [or diarrhcal and control
proups respectively.  Each stool specimen was examined by single and

multiplex PCR techniqgues for the presence of diarrheagenic L. coli strains.

The PCR technique detected 9.8% Enterotoxigenic £ coli (ETEC),
2.9% Lnteroinvassive [ coli (EIEC), 9.0% Enteroaggregative [, coli
(EAggEC) and 1.5% mixed infections in children with acute diarrhea, and
11.1% ETEC, 6.0% LEAgglEC and 1.7% mixed infections in the children
without diarrhea. The overall higher rate of EIEC isolation was statistically
signilicant (p-0.05) m diarcheat children as compared with non diarrheal
controls.  Tinterohacmorrhagic 72 coli (EHEC) strain was not found neither
in the diarrheal cases nor in the control group. Most of diarrheagenic /1. coli
were resistant to Co-trimoxazole (60%) and ampicillin (88.7%) which are

commonly uscd anttbiotics in Jordan.
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1. Introduction

Acute diarrheal disease continues to be one of the major causes of
morbidity and mortality in the developing world, particularly among
infants and children (Santosham et al., 1995). Acute diarrhea was
defined as a stool frequency of three or more unformed stools per day for
less than 14 days. (Biswas ef al., 1996). Although diarrheal diseases are
caused mostly by different etiologic agents such as Salmonella spp.,
Shigella spp., Campylobacter jejuni, Yersinia enterocolitica, Rotavirus,
Entamoeba hystoliticu, Giardia lamblia, Cryptosporidium, diarrheagenic

Iischerichia coli is recognized to be the common cause of gastroenteritis

and accounts for 30 % of the total diarrheal pathogens in some regions

(Biswas ¢f al., 19906).

I, coli belongs to the family Entcrbbacteriaceac, tribe
Escherichiae, which contains mostly motile gram-negative bacilli. /7. coli
can be recovered easily from clinical specimens on slightly selective
media such as MacConkey or Eosin Methylene blue agar (EMB) at 37°C
under acrobic conditions.  These media are used tentatively for
differentiation E‘coli-fro'm other enteric organisms on the basis of
motphology and fermention of lactose (Betteiheim, 1992). However,
growth characteristics of /. coli on MacConkey or EMB should be used

only with caution for differentiating £. coli colonies, because only about
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90 % of E. coli are lactose positive; some diarrheagenic E. coli strains,
including many of the enteroinvasive £ coli (EIEC) strains, are typically
lactose negative, the indole test is positive in 99 % of L. coli strains.
(Nataro and Kaper, 1993).

E. coli is the predominant facultative anaerobe of the human
intestines. This genus colonizes the infant gastrointestinal tract within
hours of life. L. coli usually remains harmless to the intestinal lumen;
however, in the debilitated or immunosuppressed host, or when
gastrointestinal barriers are violated, even normal “nonpathogenic”
strains of I2. coli can cause mlcetions. Infections due to pathogenic 72.coli
may be limited to the mucosal surfaces or can be disseminated throughout
the body. Three common clinical syndromes result from infection with
pathogenic £, cofi strains; urinary tract infection, sepsis / meningitis and
diarrheal disease (Nataro and Kaper, 1998).

Diarrheagenic strains of [, coli can be divided into at least six
differcnt categories with corresponding distinct pathogenic patterns as
follows:  Enterotoxigenic E. coli (ETEC), enteropathogenic E. coli
(EPEC), enteroinvasive . coli (EIEC), enterohaemorrhagic L. coli
(EHEC) and enteroaggregative L. coli (EAggEC). Recently a sixth
category, termed diffusely adhering . coli (DAEC), was discussed
(Christine ef al., 1993). Scveral clinical symptoms accompany infection

with diarrheagentc £ coli strains.

e
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E. coli strains that produce high levels of Shiga-like toxins have
been epidemiologically linked to human disease, including hemorrhagic
colitis (HC), the hemolytic uremic syndrome (HUS), and thrombotic
thrombocytopenia purpura, are grouped together as enterohaemorrhagic
k.coli (EHEC) (Hull et al., 1993). Watery dialirrea is usually associated
with EPEC strain, while persistent diahrrea is usually accompanied by
EAggEC strain . These two strains and DAEC are characterized by their
ability to produce distinct patterns of adherence to cultured epithelial cells
in vitro. With Hep-2 or Hela cells, three patterns of adherence can be
observed respectively: localized, aggregative and diffuse (Christine et al.,
1993).

Strains of /2. cofi that cause disease are difficult to distinguish from
those that are part of normal intestinal flora of human.s, there are no
selective or differential cultivation methods for diagnosing or
differentiating  diarrheagenic  strains of £ coli. Serological
characterization of O and H antigens will identify some strains of these
pathogenic proups, however, some strains are more often “identified
through the detection of their specific toxins or toxin Vgenes(Olsvik and
Strockbine, 1993). The toxins of these organisms have been detected by
using animal; cell culture, immunojogic or DNA hybridization assays.
Because of their simplicity, rapidity and specificity, PCR assays for

detectjon of pathogenic gencs represent good alternafives to traditional
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methods used for diagnosis of different strains of diarrtheagenic E. coli.
(Olsvik and Strockbine, 1993).
The present study aims to:
1. Determine the prevalence and epidemiology of infantile
and childhood diahrrea caused by diahrreagenic E. coli in
Amman by using single and multiplex PCR.
2. Determine antibiotic  susceptibility among different

strains of dialirreagenic . coli in collected samples.
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2. Review of Literature

2.1. Early reports: genus Eschericlia

Theodor Escherich first described this organism which he isolated
from the feces of neonates as Bacterium coli (Bettelheim, 1992).

The family Enterobacteriaceae was classified by Rahn (1937). This
family currently comprises Gram negative, nonspore forming, rod
shaped bacteria, size 1.1 = 1.5 um x 2.0 — 6.0 um, occuring singly or
in pairs, capsules or microcapsules found in many strains as well as
motile by peritrichous flagella or nonmotile. (Buchanan, 1974).

The majority of strains grow well on common laboratory media in the
presence or absence of oxygen, and metabolism can be either
oxidative or fermentative. Optimum temperature is 37tC. Colonies
on nutricnt agar may be smooth (S), low convex, moist, gray, with a
shiny surface and entire edge and easily dispersible in saline. Or they
may be rough (R) dry and difficult to disperse well in saline. There
are intermediate forms between these extremes. Mucoid and slime-
producing forms occur.  Chemoorganotrophic, oxidase negative,
acetate can usually be used as a sole carbon source but citrate cannot
be used. Glucose and other carbohydrates are fermented with the
production of pyruvate which is further converted into lactic, acetic

and formic acids, part of the formjc acid is split by a complex
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Table 1: Main Dbiochemical characteristics of species of the genus

Ischerichia
Character E.coli  F. blatae  E. fergusonii L. hermanii  FE. vulneris
Indole 98 [} 98 929 0
Metliyl red Y9 00 100 100 100
Voges-Proskaucr Lest 0 0 0 0 0
Citrate {(Simmons) ! 50 17 i 0
Hydrogen sullide (Triple Sugar fron) I 0 0 0 0
Urease i 0 0 0 0
Phenylalanine deaminase 0 0 0 0 0
Lysiné decairboxylase 90 100 95 6 33
Argin{nc dihydrotase 17 0 ] 0 30
Ornithine decarboxylase 65 100 V4] 100 0
Motility (36°C) 95 0 PK] 99 100
Gelatin hydrolysis {22°C) 0 0 0 0 0
CGrowlh in KCN ) 0 0 ¢4 15
Malodiate utilization 0 100 15 0 835
p-Glucose, acid 100 100 100 100 100
o-Glucose, pas 95 100 93 91 97
Fermentation of: ‘
Lactose . 95 0 0 43 13
Sucrose 50 0 0 45 8
p-Mannitol 98 ] 98 100 100
- Dulcito! ) 60 0 60 19 0
Salicin 40 0 65 40 30
Adonitol 5 0 98 0 0
myd-Inositol | 0 0 0 0
p-Sorbitol 94 0 0 0 1
L-Arabinose 99 100 98 100 100
Raflinose 50 0 0 . 40 ' 99
t-Rhamnose 80 100 92 97 2
Maltose * ' 95 100 96 SN 11\ I (1 -
p-Xylosc : 95 100 9 100 100
Trehalose 98 75 96 100 100
n-Mannose 98 100 100 100 100
Cellobiose 2 0 96 -9 100
a-Mcthyl-p-glucoside ) 0 0 0 25
Erythritol "0 0 0 0 0
Meltibiose 75 0 0 0 100
p-Arabilol 5 0 100 8 . 0
Glycerol 15 100 20 3 25
Mucate 95 50 0 97 78
Esculin hydrolysis 15 0 46 40 20
Tartrate (Jordan's) 95 50 9 35 2
Acctate utilization 90 0 9 78 30
Lipasc (carn oil) 0 0 0 0 0
DNase a1 25°C 0 0 0 0 0
Nitrate reduction 100 100 100 100 100
Orxidnse (Kovac's) 0 0 0 0 0
o-Ni!rophcnylgalaplosidc hydrolysis 95 0 83 ' 98 100
chqw pigment ' v 0 0 0 - 98 50
-Each‘ ntmber gives the percentage of positive reactions afler 2 days incubation at 16°C.
Froni Farmer et g), (1985a). .

6O
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hydrogenlyase system into equal amounts of CO2 and H2 (table 1).

(Krieg, 1984).

2.2. Physiology and biochemistry of E. coli:

The biochemical reactions listed in table (1) define those activities
of E. coli and other species of Escherichia that can be used for
differentiation and characterization. However, these organisms have a
far wider range of activity than those listed in table (1).

It has been suggested that L. coli is extremely well adapted to its
environment (Koch, 1976) as it is able to survive on a relatively
limited number of low molecular weight substances, which may be
available transiently and at relatively low concentrations. It has been
estimated that the mean generation time of £. coli in the intestine is 12
hours (Brock, 1971). So, £. coli has evolved an efficient system for
survival, and for various reasons this organism has become the model
on which most biochemical and genetic studies are based. The first
description of the control of metabolism, was first formulated in E.
coli (Jacob and Monod, 1961). While this system has become the
paradigm of genetic control system, subsequent studies have shown
thaj £ coli had a wide variety uof control mechanisms in addition to

1

the onc developed by Jacob and Monod in 1961 from studies on the
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utilization of lactose by /. coli and the induction of phage lambda.

(Bettelheim, 1992).

2.3. Escherichia coli in the intestinal tract:

The commensally /. coli strains that inhabit the large intestine of
all humans and warm-blooded animals comprise about 1% of the total
bacterial biomass. This . coli flora is in constant flux, In the
neonates up to 11% of the new bom babies carry E. coli in the
oronasal cavity. Probably derived from the fecal flora of their mothers
during parturition. The longer the time is between rupture of the
maternal membranes and birth, the higher the percentage of babies

carrying /5. coli in the oronasal cavity (Bettelheim, 1992),

2.4. Categorices of diarrheagenic E. coli:

L. coli strains known to cause human diarthea are now grouped

into the following categories:

2.4.1. Enterotoxigenic E. coli (ETEC):
In 1970, strains of /2. coli serotype 0148.H28 were found to be involved
in the condition known as traveler’s diarthea (Bettelhcim, 1992).

Toxogenic L. coli have also been associated with a condition known as
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“non—Vibrio cholera-like diarthea”. A culture filtrate of a strain of E.
coli O15:H11 isolated from the small intestine of a patient with this
condition produced effeets in the ligated rabbit ileal loop test and in the
adenyl cyclase system similar to those of V. cholera preparations. Two
types of enterotoxins produced by enterotoxigenic F. coli were identified
using the rabbit ileal loop test. The heat-stable enterotoxin (ST) survives
boiling for 30 minutes, while the heat-labile enterotoxin (LT) is destroyed
by such treatment. ETEC is defined as the I, coli strains that elaborate at
least one member of two defined groups of enterotoxins: ST and LT
(Nataro and kaper, 1998). STa is associated with diarrheal disease in
both humans and animals and STb is associated primarily with diarthea in
piglets. LT-I enterotoxins are related to diartheal disease in both humans
and animals while LT-II has been associated only with animal diseases.
ETEC strains isolated from humans produce STa only, LT-I or both

(Sears and Kaper, 1996).
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2.4.2. Enteropathogenic E. coli (EPEC):

EPEC includes 7. coli with traditional EPEC O:H serotypes that
possess adherence factor (EAF) plasmid and belong to the localized
adherent (LA) group (Germani ¢f al., 1994). Levine, 1987, proposed
classification of EPEC strains in two groups: Class I (serogroup 055,
086, 0111, 0119, 0125, 0126, 0127, 0128 and 0O142), which
usually express localized adherence and possess EAF plasmid, and
Class 1I (serogroup 044, 0112 and O114), which neither exhibit LA
nor possess EAF plasmid (Smjilawi, 1998).

EPEC do not produce enterotoxins and lack of Shiga-like toxins
(SLT) and invasiveness properties in  epithelial  cells.
Characteristically, they attach in large numbers to the small intestine,
cziusing a localized effacement of the microvilli. These attaching and
effacing (A/E) lesions are characterized by close adhesion to the
enterocyte membrane (Giamanco et al., 1996). The adhesive
properties of EPEC have been examined in vitro with human duodenal
biopsy material and cell cultures. In Hep-2 cells a localized adherence
(LA) pattern was clearly differentiated from two other patterns;
diffuse and aggregative adherence ({figure 1). The LA pattern has been
observed in many EPEC and enterohemorrhagic F. coli (EHEC)

strains (Glamanco ef ¢l 19906).

10
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Figure

- The three Tep2 adherence patterns manifested by diarrheagenic
fo.coli. (A) Localized adherence. (13) Apgregative adherence,
(C) DifTuse adherence{ from Nataro and Kaper, 1998)
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Recent studies have shown that not all EPEC scrotypes harbor EAF
plasmids and that the EAF-negative EPEC strains also adhere to Hep-
2 cells, even if in a weaker pattern and causec A/E lesions and actin
accumulation (Giamanco e¢f al., 1996). Molecular analysis of EPEC
pathogenesis has progressed  and enabled several loci potentially
involved i virulence to be identified. From these analyses, it has
been shown tl‘lat both chromosomal and plasmid-encoded virulence
determinants are involved i EPEC pathogenesis. The eae gene
cluster (stands for EPEC attaching and effacing) necessary for
attaching and effacing is located on the chromosome. One of the
cluster’s genes (eae A) encodes for a 94-kDa outer membrane protein

involved in the intimate adhesion of bacteria to the cell membrane and
has been called intimin. The bfp A gene, located on a large plasmid,
which encodes the bundle-forming pili (BFP), is also an important

gene for EPEC virulence (Franke ef al., 1994).
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2.4.3. Enteroinvasive E. coli (EIEC):

EIEC strains were first shown to be capable of causing diarrhea in
volunteer studies conducted by DuPont et al. in 1971. EIEC strains
are biochemically, genetically and pathogenetically related closely to
Shigella spp.; like Shigella spp. EIEC strains are genetically lysine
decarboxylase negative, non motile, and lactose negative (Bettelheim,
1992). EIEC infections are characterized by a period of watery
diarrhea that precedes the onset of scanty dysenteric stools containing
blood and mucus. Nataro and Kaper, 1998, have cloned and
sequenced a plasmid-borne gene from EIEC (designated sen), which
encodes a novel protein with a predicted size of 63-kDa. A mutation
i the sen gene causes a significant diminution of the enterotoxic
activity of the parent strain. A role for enterotoxins is unproven, but

their presence may explain the characteristic watery diarrhea attributed

to EIEC.

13
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2.4.4. Enteroaggregative E. coli (EAggEC):

Enteroaggregative E. coli, the most recently recognized category of
diartheagenic E. coli, adheres to tissue culture cells (Hep-2 or Hela
cells) as well as to glass or plastic cover slips in a stacked - brick like
pattern (Haider et al., 1992). EAggEC is associated with persistent,
watery diarthea in young children. The pathogenesis of EAggEC is
not fully understood, some EAggEC strains posses plasmid encoded,
D-mannose-resistant hemagglutinin (MRHA) and adhesive fimbriae
called aggregative adherence fimbriae 1 (AAF/I) (Yamamoto et al.,
1997). EAggEC strains characteristically enhance mucus secretion
from the mucosa with trapping of the bacteria in a bacterium-mucus

biofilm (Nataro and Kaper, 1998).

2.4.5. Enterohemorrhagic E. coli (EHEC):

The recognition of EHEC as a distinct class of pathogenic E. coli
resulted from two key epidemiological observations. The first was the
1983 report by Riley et al,, who investigated two outbreaks of a
distinctive gastrointestinal illness characterized by severe crampy
abdominal pain, watery diarrhea followed by grossly bloody diarrhea,
and little or no fever. This illness was designated hemorrhagic colitis

(HC). Stool cultures from these patients yielded a previously rarely

I
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1solated E. coli serotype O157:H7. The second key observation was
made by Karmali et al., also in 1983, who reported the association of
sporadic cases of hemolytic uremic syndrome (HUS) with fecal
cytotoxin and cytotoxin producing . coli in stool. HUS (deﬁ;led by
the triad of acute renal failure, thrombocytopénia, and
microangiopathic. Hemolytic anemia was already known to be
preceded typically by a bloody diarrheal illness indistinguishable from

HC (Nataro and Kaper, 1998).

The cytotoxin assay used by Karmali ef al., demonstrated that
some strains of /7. coli produced a striking, irreversible cytopathic
effect on culﬁtre(l Vero cells which were derived from a normal adult
African green monkey (Bettelheim, 1992). At the same time, O’Brien
et al., reported that extracts of certain £, coli strains were cytotoxic for
HeLa cells and that this cytotoxic activity could be neutralized by
antitoxin prepared against crude Shigella dysenteriae 1 Shiga toxin
(Stx). Also, O’Brien ef al subsequently showed that Shiga-like toxin
and the vero-cytotoxin were the same toxin and that the O157:H7

strains described by Riley ¢ al. produced this toxin independently

(Riley, 1987).

2. coli O157:H7 strains are sorbitol negative, ornithine and lysine

decarboxylase positive. Anothey characterisjic of £. coli O}57:H7

s
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that distinguishes it from most other £. coli serotypes is the inability to
producé B-glucuronidase ~ (GUD), which hydrolyses 4-methyl-
umbelliferyl-D-glucuronide (MUG) and related substrates. GUD
enzyme encoded by Uid A gene in E. coli other than wild type E. coli
O157:H7 strains (Karch et al., 1993). Most of the work on pathogenic
factors of /. coli O157:H7 has focused on the SLT, which are encoded
on the Bacteriophage inserted into the chromosome, Additional
potential virulence factors are encoded in the chromosome and on a
ca.60Mda plasmid found in all EHEC strains. SLTs have been
divided into two groups on the basis of their immunologic
characteristics: SLT-1, which cross-react with antibody directed
against Shiga toxin, and SLT-II, which is not immunologically cross —
l‘éactive with polyclonal anti-Shiga toxin antibody (Hull et al., 1993),
EHEC strains also have cae A genes that produce the same

histopathology that has been seen with EPEC strains (Nataro and

Kaper, 1998).

2.4.6. Diffusely adherent E, coli (DALEC):

The term “Diffusely adherent /2. ¢oli” was initially used to refer to
any Hep-2-adherent £. coli strains that did not form EPEC-like

microcolonies.  With the discovery of EAEC, most authors now
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recognize  DAEC as an independent category of potentially
diarrheagenic £. coli. Although recent epidemiological studies have
shown a high prevalence of diffusely adhering E. coli (DAEC) strains
isolated from diarrheal stools, their involvement is still a matter of
debate (Poitrineau et al., 1995). DAEC strains were the main
etiological agent of diarrheal cases arﬁong hospitalized patients in
France, this suggest that these strains may be important diarrheal

pathogens in the developed world (Pointrineau et al., 1993).

2.5. Pathogenesis of diarrheagenic E. coli strains:

Like most mucosal pathogens, £. coli can be considered to follow a
requisite strategy of infection (i) colonization of a mucosal site,‘(ii)
evasion of host defenses, (iii) multiplication, and (tv) host damage.
The most highly conserved feature of diartheagenic £. coli strains is
their ability to colonize the intestinal mucosal surface despite
peristalsis and competition for nutrients by the indigenous flora of the
gut (Sears and Kaper, 1996). The presence of surface adherence
fimbriae is a property of virtually all £ coli strains, including
nonpathogenic £. coli. However, diarrheagenic E. coli posses specific
ﬁngbrial antigens that enhance t{acir intestinal colonization and allow

adherence to the small bowel mucosa, a site thyt is not normally
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colonized. Once colonization is established, the pathogenetic
strategies of the diarrheagenic E. coli strains exhibit remarkable
variety. Three general methods have been described by which £. coli
may causc diarrhea: (i) enterotoxin production (ETEC and EAEC), (ii)
invasion (EIEC), and/or (iii) intimate adherence with membrane
signaling (EPEC and EHEC). The over all pathogenic schemes of
diarrheagenic E. coli are summarized in figure (2) (Nalax'q..qxlt'-l_wlf;qgg}'_?
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Figure 2: Pathogenic schemes of diarrheagenic E. coli. The six
recognized categories of diarrheagenic E. coli each have
unique featurcs in their interaction with eukaryotic cells.
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2.5.1. The pathogenesis of Enterotoxigenic E. coli:

ETEC causes diarthea by producing enterotoxins, LT-I 1is
expressed by these /. coli strains, this toxin is an oligomeric toxin
composed of one 28 kDa A subunit and five identical 11.5 kDa B
subunits. The B subunits bind strongly to the ganglioside GMI
receptor of the host cell membrane. The A subunit is responsible for
the enzymatic activity of the toxin and is proteolytically cleaved to
yield Al and A2 peptides Joined by disulphide bond. After binding to
the host cell membranes, the toxin is endocytosed and translocated
through the cell in a process involving trans- Golgi  vesicular
transport. The cellular target of LT is adenylate cyclase located on the
basolateral membrane of polarized intestinal epithelial cells. The Al
peptide has an ADP-ribosyltransferase activity and acts by {ransferring
an ADP-ribosyl moiety ffom NAD to the alpha subunit of the GTP-
binding protein, (Gs), which stimulates adenylate cyclase activity.
ADP-ribosylation of Gsa subunit results in adenylate cyclase being
permanently activated leading to increased levels of cyclic AMP
(cAMP).  cAMP dependent protein kinase (A kinase) is thereby
activated leading to supranormal phosphorylation of chloride channels

located in the apical epithelial cell membranes. The major chloride

chgnnel  activated by LT and CT is CFTR (cystic fibrosis
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transmembrane conductance regulator). The net result is stimulation
of CI' secretion from secretory crypt cells and inhibition of NaCl
absorption by villus tip cells. The increased luminal ion content draws
water passively through the paracellular pathway, resulting in osmotic
diarrhea (Scars and Kaper, 1996). LT-1I increases intracellular cAMP
levels by similar mechanism to those involved with LT-1, but LT-II
uses ganghoside GDI as its receptor rather than GM1. As noted
above, there is no evidence that LT-1I is associated with human or

amimal disease (Bangaerts ¢f al., 1985).

Lscherichia coli heat stable enterotoxin (STa) is a cysteine-rich, 18
or 19 — ammo acid peptide with a molecular size of ca. 2 kDa. The
major receptor for STa is a membrane-spanning enzyme called
guanylate cyclase C (GC-C). GC-C is located in the apical membranc
of intestinal epithelial cells. Binding of STa to GC-C stimulates GC
activity, leading to increased intracellular cGMP levels. This activity
leads ultimately to stimulation of chloride secretion and/or inhibition
of sodium chloride absorption, resulting in net intestinal fluid

secretion (Victor ef al., 1991).

STb is associated primarily with ETEC strains isolated from pigs,
although some human ETEC isolates expressing STb have been

repprled. Unlike STa, STO induces histologic damage in the intestinal
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epithelium, consisting of loss of villus epithelial cells and partial villus
atrophy. The receptor of STb is unknown. To cause diarrhea, ETEC
strains must first adhere to small bowel enterocytes, an event mediated
by surface fimbria (CFA) also called pili. CFA genes are usually
encoded on plasmids, which typically also encode the enterotoxins, ST

and/or LT (Nataro and Kaper, 1998).
2.5.2. The pathogencsis of Enteropathogenic E. coli:

The hallmark of infection due to EPEC is the attaching-and-
cffacing (A/E), this striking phenotype is characterized by effacement
of microvilli and intimate adherence between the bacterium and the
epithelial - membrane. Marked cytoskeletal changes, including
accumulation of polymerized actin, are seen directly beneath the
adherent bacteria. The bacteria sometimes sit upon a pedestal-like
structure. These pedestal structures can extend up to 10 um out from

the epithehial cell in pscudopode-like structures (Nataro and Kaper,

1998).

Multiple steps are involved in producing the characteristic
AJE histopathology. In 1992, Donnenberg and Kaper proposed a
three-stage model of EPEC pathogenesis consisting of (i) localized
adherence, (ii) signal transduction, and (iii) intimate adherence.

Experiments showed that the ability of EPEC strains to adhere in a

2}
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localized pattern was dependent on the presence of a 60-MDa plasmid.
Loss of this plasmid led to loss of the LA phenotype. Adherence of
EPEC to epithelial cells induces a variety of signal transduction
pathways in the eukaryotic cell. The bacterial genes responsible for
this signal transduction activity are encoded on a 35 kb pathogenicity
island called the locus of enterocyte effacement (LEE). These signals
start with inducing tyrosiné protein kinase activity, possibly in the
receptor itself. This enzyme then begins to phosphorylate a variety of
proteins, one of which may be phospholipése C, which then generates
the  secondary  messengers  inositol-1,4,5-triphosphate  and
dhacylglycerol.  Inositol-1,4,5-triphosphate causes release of calcium
from calmeodulin stores. The increase in the intracellular calcium
levels activates an actin binding protein, villin, which becomes an
actin severing protem.  This causes breakdown of the structural
integrity of the actin cytoskeleton, which leads to microvilli
destruction. The increase in calcium ions concentration results in the
phosphorylation of several epithelial cell proteins on serine and
threonine residues, the most prominent of which is myosin light chain
and protein kinase C (pkc) (Sinjilawi, 1998). Activation of pkc
induces rapid changes in intestinal water and electrolyte secretion in
vivo and in vitro, and phosphorylation of myosin light chain can lead

to creased permeability of tight-junction, thereby suggesting
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additional potential mechanisms of diarthea due to EPEC (Law,
1994).  The phosphorylated cytoskeleton proteins aggregate under
EPEC in an organized manner, and intimin (which is encoded by eae
A gene) may serve as an organizer for aggregation of proteins. The
most promment change in the small intestinal mucosa is a reduction in
the absorptive surface area due to destruction off microvilli, which
could reduce the activity of mucosa and release of mucosal enzymes
such as disaccharidases and peptidases.  These alterations would

prevent absorption of salt and water, which result in the development

of diarrhea (Nataro and Kaper, 1998).
2.5.3. The pathogencsis of Enteroinvasive E. coli:

- The current model of Shigella and EIEC pathogenesis comprises
epithelial cell penetration, lysis of the endocytic vacuole, intracellular
multiplication, directional movement through the cytoplasm and
extension into adjacent epithelial cells. When the infection is severe,
this sequence of events elicits a strong inflammatory reaction, which is

nranifested grossly as ulceration.  The site of Shigella and EIEC

infection is the colonic mucosa.

Genes necessary {or invasiveness are carried on a 140-MDa
plasnid (p Inv). P lnv plasmid carries ipa gene cluster of sccreted

ellector protemns which are necessary for full pathagenicity. The Ipa
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proteins (Ipa A to Ipa D) are secreted proteins, of which Ipa B, Ipa C,
and Ipa D are effectors of the invasion phenotype. Ipa C has been
shown to promote the uptake of EIEC into the eukaryotic cell,
whereas Ipa B 1s thought to function in the lysis of the phagocytic
vacuole and in the induction of apoptosis in macrophages. Finally Ipa
D encodes for mvasion plasmid antigen H (Ipa H) (Nataro and Kaper,

1998).
2.5.4. The pathogenesis of Enteroaggregative E. coli:

EAggEC strains enhance mucus secretion from the mucosa, with
~trapping of the bacteria in a bacterium-mucus biofilim.  The formation
of a Dheavy biofilm may be related to the diarrheagenicity of the
orgamsm and to its ability to cause persistent colonization and
diarthea (Haider e af., 1992).  Experiments suggest that EAggEC
infection is accomparnied by cytotoxic effects on the intestinal mucosa,
resulting in a destructive lesion. The lesion is characterized by
shortening of the villi, hemorrhagic necrosis of the villous tips, and a
mild inflammatory response with edema and mononuclear infiltration
of the submucosa (Yamamoto ¢f al., 1997). A three-stage model has
bocn desenibed for FApgliC pathogencsis, Stage 1, involves initial
adherence to the intestinal mucosa and/or the mucus layer, this

adherence s facthitaied by apgregative adherence fimbriac | (AAF/)
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and aggregative adherence fimbriae 11 (AAF/II) that are encoded by
60-MDa plasmid called PCVD432. Stage-II involves enhanced mucus
hypersecretion, where the EAggEC 1s embedded. Stage-1I involves
elaboration of an EAggEC cytotoxin, which results in enterocyte
damage (Haider e¢r al., 1992). EAggEC heat-stable enterotoxin
(EASTT1) is another toxin that stimulates net intestinal secretion by
stimulating elevation of cGMP levels (Sears and Kaper, 1996). The
ast A gene, which codes for EAST1 enterotoxin was identified in
certain diarrheagenic /2. coli (e.g., in 41% EAggEC, 41% ETEC,
100% EHEC, and 22% of EPEC strains) but was not detected in
EIEC, Yersinia enterocolitica, or V. cholera non-O1 strains (Savarino

¢t al., 1996).

A third toxin produced by EAggEC is a heat labile protein (120-

KDa) that stimulates an increase in intracellular calcium levels

(Nataro and Kaper, 1998).
2.5.5. The pathogencsis of Enterohemorrhagic E. coli:

EPEC, EHEC induces a host inflammatory response that is
apparently linked to the A/E histopathology, which is characterized by
hemorrhage and edema in the lamina propria.  Colonic biopsy
specimens from many patients show focal necrosis and infiltration of

neutrophils.

25

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit




The major virulence factor, and a defining characteristic of EHEC,
1s Stx. This toxin contains a single A subunit associated with a
pentamer of B subunits.  The single 32-KDa A subunit is
proteolytically nicked to yield a ca. 28-KDa peptide (A1) and a 4-KDa
peptide (A2); these peptides remain linked by disulfide bonds. The
Al peptide contains the enzymatic activity, and the A2 peptide serves
to bind the A subunit to a pentamer of five identical 7.7 KDa B
subunits. The B pentamer binds the toxin to a specific glycolipid
receptor, globotriaosylceramide or Gb3, which is present on the
surface of eukaryotic cells. While Gb3 is the main receptor for Stx.
After binding, the holotoxin is endocytosed through coated pits, and is
transported to the Golgi apparatus and then to endoplasmic reticulum.
The A subunit is translocated to the cytoplasm, where it acts on the
60s ribosomal subunits, specifically, the Al peptide is a N-glycosidase
that removes a single adenine residue from the 285 rRNA of
eukaryotic ribosomes, thercby inhibiting protein synthesis. The
resulting disruption of protein synthesis leads to the death of renal
endothelial cells, intestinal epithelial cells, or any cells possessing the
Gb3 receptor. Stx produced in the intestine is assumed to translocate
to the blood stream, probably through a transcellular, rather than a
paracellular, pathway. Damage of the intestinal epithelium by Stx

could also aid trapslocation of the toxin to the blood stream.
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(Sinjilawi, 1998) This possibility 1s supported by the fact that patients
with bloody diarthea due to £. coli O157:H7 are more likely to
develop HUS than are those with non-bloody diarrhea. The reach of
Stx to the blood stream will damage the glomerular endothelial cells,
leading to narrowing of capillary lumina and occlusion of the
glomerular microvasculature with platelets and fibrin. The decreased
glomerular filtration rate is presumably responsible for the acute renal
failure that is typical of HUS. Epidemiological data suggest that Stx,
is more important than Stx; in development of HUS (Nataro and

Kaper, 1998).

In the intestinal disease, one possible mechanism for fluid secretion
in response to Stx involves the selective killing of absorptive villus tip
intestinal cells by Stx. The Gb3 receptor is present in much higher
concentration in villus cells than in the secretory crypt cells and so the
death of absorptive cells and preservation of secretory crypt cells
could shift the usual balance of intestinal absorption and secretion
toward net secretion. The available evidence therefore suggests that

unlike LT or CT, Stx does not increase active secretion of Cl- ions

(Riley, 1987).

27

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



2.0. Epidemiology of diarrheagenic E. coli strains:

ETEC strains are associated with two major clinical syndromes:
weanling diarrhea among children in the developing world, and
traveler’s diarthea. ETEC disease is determined by mucosal immunity
to ETEC infection and by infectious dose, because the infection
requires a relatively high infectious dose (Nataro and Kaper, 1998).
Epidemiologic investigations have implicated contaminated food and
water as the most common vehicles for ETEC infection. Person-to-
person transmission was not found to occur during a study of ETEC-

infected volunteers (Stacy — Phipps et al., 1995).

Although ETEC infection occurs most frequently in infants,
immunologically naive adults are susceptible. Indeed, ETEC is the
predominant etiologic agent causing traveler’s diarthea among adults

from the developed world visiting areas where ETEC infection is

endemic (Nataro and Kaper, 1998).

EPEC infection 1s primarily a disease of infants younger than two
years.  The rcason for the relative resistance of adults and older
children is not known, but loss of specific receptors with age is one
possibility.  As with other diarrheagenic . coli strains, EPEC

transnission s fecal-oral, with contaminated hands, contaminated
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weaning foods or formula. The reservoir of EPEC infection is thought
to be symptomatic or asymptomatic children and asymptomatic adult
carriers, including mothers and persons who handle infants.
Numerous studies have documented the spread through hospitals,
nurseries, and day care centers (Mayatepek et al., 1993). In contrast to
the limited importance of EPEC in the developed countries, EPEC is a
major cause of infant diarrhea in the developing countries. Studies in
Brazil, Mexico and south Africa have shown that 30 to 40% of infant
diarchea, particularly in the 0 to 6 month age group can be attributed

(o EPLEC (Nataro and Kaper, 1998).

The important features of EHEC epidemiology include a reservoir
in the intestinal tract of cattle and other animals, transmission by a
wide varicty of food items; with beef as being a major vehicle of
infection, and a very low infectious dose, enabling high rates of attack

and of person-to-person transmission (Beutin ez al., 1993).

A growing number of studies have supported the association of
EApgEC with diarrhea in developing populations, most prominently
in association with persistent diarthea ( > 14 days). Eslava et al., have
described two outbreaks of EAggEC persistent diarrhea occurring in a

Mexico city Hospital; infants who died in these outbreaks were found

29

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



to have developed necrotic lesions of the ileal mucosa (Haider et al,,

1992).

Many EIEC strains are probably misidentified as Shigella spp, or
non-pathogenic . coli strains. Documented EIEC outbreaks are
usually food bome or water borne, although person-to-person
transmission does occur, The infective dose of EIEC in volunteers is
higher than that for Shigella spp, and thus the potential for person-to-

person transmission is lessened (Pointrineau ef al., 1995).

2.7. Clinical considerations of the infections due to

diarrheagenic E. coli strains:

The clinical characteristic of ETEC disease is that the illness is
abrupt in onset with a short incubation period (14 to 50 hr.). The
diarrhea is watery, usually without blood, mucus, pus, fever and
vomiting may be present in a minority of patients. ETEC diarrhea may
be mild, brief, and self-limiting or may result in severe purging similar
to that seen in V. cholera infection (Levine, 1987;and Riley, 1987).
The corner stone of management of ETEC infection is to maintain a
normal hydration status. Oral rehydration and parenteral rehydration
therapy are often life-saving in infants and children with ETEC
diarrhea. For travelers to the developing world, bismuth subsqlicylate

or lpperamide is effestive in decreasing the severity of diarrhea. Oral
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vaccines against ETEC are being developed and now they are

available for prevention of disease (Nataro and Kaper, 1998).

EPEC causes primarily acute diarthea, and the infection can often
be quite severe (Law, 1994). EPEC infections are characterized by
profuse watery diarrhea, vomiting, malaise, and low-moderate fever
(Levine, 1987; Riley, 1987). There may be also edema, neutrophils
infiltrate, and a moderate disordered arrangement of enterocytes in the
intestinal mucosa (Law, 1994). As with other diarrheal pathogens, the
primary goal of treatment of EPEC diarrhea is to prevent dehydration
by correcting fluid and electrolyte imbalances. Bismuth subsalicylate,
specific bovine anti-EPEC, and milk immunoglobulins may also be
used. There are no vaccines currently available to prevent disease due

to EPEC (Franke ¢t al., 1994).

The incubation period of EHEC diarrhea is usually 3 to 4 days.
The initial complaint is usually non-bloody diarthea, preceded by
crampy abdominal pain and short-lived fever in many patients.
Vomiting occurs in about half of the patients during the period of non-
bloody diarrhea. Within 1 or 2 days, the diarthea becomes bloody and
the patient experiences increased abdominal pain (Riley, 1987). HUS
is defined by a triad of hemolytic anemia, thrombocytopenia, and

repal failure; the imitial clinical] manifestations ipclude oligouria or
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anuria, edema, pallor, and sometimes seizures (Nataro and Kaper,
1998). Treatment of EHEC disease is limited largely to supportive
care. The use of antibiotics may be harmful for two potential reasons:
first, lysis of bacteria by some antibiotics leads to increased release of
toxin, at least in vitro; second, antibiotic therapy could kill other
intracolonic bacteria, thereby increasing the systemic absorption of

toxin. There are no currently available vaccines to prevent disease due

(o EHEC (Riley, 1987).

EAggEC is clinically associated with watery, mucoid, and
secretory diarrheal disease, low-grade to absence of fever, little to no

vomiting, and without blood or fecal leukocytes (Bhan ef al., 1989).

28.  Isolation and identification of diarrheagenic E.

coli strains:

Culturing stools for most categories of diarrheagenic E. coli should
be performed in cases of persistent diarrhea, especially in travelers,
children and immunocompromised patients as well as in outbreak
situations. The identification of isolates is done by one or mdre of the

following methods: ol B R
& vid3l3
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2.8.1. Biochemical methods;

There is no biochemical test used for specific differentiation
between diarrheagenic IX. coli strains, except a few biochemical tests
used for the differentiation of EHEC strains such as O157: H7 strain
which are sorbitol negative, omithine and lysine decarboxylase
positive, and also their mability to produce B-glucuronidase (Riley,

1987).
2.8.2. Scrotyping:

Serotyping of 1. coli has played a central place in the history of
these pathogens. In 1944, Kauffman proposed a scheme for the
classification of /2. coli, which is still used in a modified form today.
I coli strains are seroty.ped on the basis of their O (somatic), H
(lagellar), and K (capsular) antigens. Serotype of an isolate is defined

as specific combination between O and H antigens (table 2).
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Table 2: Serotypes caracteristics of the diarrheagenic E. coli
cilegories.

ETEC EPEC ELEC EHEC EAgeEC
0616 O128aci7 055:146 028a¢:NM oWl ORH2
O8g:NM? O128a:1112 QO55:NM C29.NM 026:H32 Q15:H18
ORHY  Ol28acH2l  O86:1134 Oll2acNM ~ O2GNM O44:HIS
OI1LH27  OI39:H23 086:112 O115:NM OSSH7 - OTT:HIS
OIS Olag:1128 Ol11:H2 O124:NM Olllab:HS  OBG:NM
Q20:NM Ol49:H4 Oll:HI?2 O124:H7 . Ol11ab:NM  Oli1:H?2I
O25:NM 0149:1110 | O111:NM O124;H30 OI13:H21 0127:132
O28:HA2 O153:115 Ol LM O135:NM QL17:1114
OLh17 Q159:114 O1ll4:112 O136:INM Q157117
Q27:H20 O15%:H20 Qllu:lle Ol143:NM
O6%IIZ  O159:H34 O119:NM O144:NM
073145 OIGG:AI2Y O125:116 O 144:1125
07N OIGTNS O1250c:H21  OIS2NM
0781112  OIG8:HI6 0126:H2 0159:H2
O85H7  OI69NM  Ol26:H27 O159:NM
Ol14:H2l  OI73:NM 0126:NM O164:NM
O114:H49 O127:NM OL67:NM
OlIS:H2L 0127:H6 O167:H4
O115:NM O127:H9 O167:H5
O115:140 0127:H21
OLLS:H51 0128ab:H2
0126:119 O142:H6
Q127:H3 Q158:H23

a; NM: nonmotile.
*: Reviewed by Nataro and Kaper, 1998.
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Serotyping markers correlate some times very closely with specific
strains of diartheagenic /. coli, however, these markers are rarely
sufficient for characterization of diarrheagenic strains because of its
limited sensitivity and specificity.  Serotyping is tedious and

expensive and 1s performed reliably only by a small number of

reference laboratories (Bettleheim, 1992).
2.8.3. Tissue culture assays:

In this technique a wide variety of non-intestinal epithelial cell
lines such as Chinese hamster ovary (CHO), vero cells, Y-1 adrenal
cells, HeLa cells, or Hep-2 cells have been used to study the activity
of a particular toxin by observing a change in the shape of the cells or
by cytotoxicity in response to treatment by enteric toxin (Johnson and
Liord, 1998). In addition, the study of the mode of adherence is used
to distinguish between EPEC, EAggEC, and DAEC strains (Haider ¢t
al., 1992). In response to heat-labile enterotéxins of . coli, CHO
cells elongate while Y-1 adrenal cells become round (Sears and Kaper,
1996). Tissue culture techniques currently used for the detection of
ETEC are nonspecific and insensitive and thus, not used for routine

diagnosis (Victor et al., 1991).
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2.8.4. Infant mouse model:

The most commonly used test for STa is the infant mouse assay,
however, this test is expensive, laborious, and requires animal
facilities with trained personnel. It 1s, therefore limited to few
laboratories (Starvic et al., 1992). The principle of the test is based on
the study of the effect of culture filtrates of certain bacterial strains, or
ingestion of bacterial strains themselves or isogenic bacterial strains,
then observe the‘clinical symptoms on mice or take muscle biopsy and

study it under the microscope (Law, 1994).
2.8.5. Enzyme linked immunosorbent assay (CLISA):

When compared with the infant mouse assay for the identification
of diarrheagenic £. coli, ELISA was shown to be more sensitive.
ELISA can be used to examine sera from patients with HUS for
antibodies against . coli O157. ELISA tests with £. coli O157
lipopolysaccharide (LPS) have been used successfully to provide
serological evidence of infection with £. coli 0157 (Chart et al.,
1991). In another study, a variant of the microtiter GM1-ELISA for E.
coli LT was studied and was 4 — 8 times more sensitive than the vero
cell monolayer assay. The senslitivity of this ELISA and CHO cell

monolayer assay werg identical (Bangaerts et al., 1985).
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2.8.6. Fluorescence techniques:

An in vitro test to determine the ability of EPEC and EHEC to
produce A/E lesion. The test uses fluorescene isothiocyanate —

labeled phalloidin (a fungal toxin that binds to filamentous actin) to

detect polymerized actin derived from localized cytoskeletal

breakdown in cell cultures to which EPEC organisms attach (Law,

1994).
2.8.7. Molecular techniques:

Diartheagenic [. coli strains were among the first pathogens for
which molecular diagnostic methods were developed. Indeed,
molecular methods remain the popular and most reliable techniques
for differentiating diarrheagenic strains from non-pathogenic members
of the stool flora and distinguishing one category from another (Olsvik

and Strockbine, 1993)

The £. coli genome is a single circular DNA molecule consisting
of about 4*10° base pairs with a molecular weight of 4*10° and a total
lengtll of 1.4 mm. Since this DNA is packed into a cell of about
2.0um in length (Bettelheim, 1992). The molecular techniques that

are used for differentjating diarrheagenic strains of £. coli are:
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2.8.7.1. Nucleic acid probes:

They are segments of DNA or RNA that have been labeled with
enzymes, antigenic substrates, chemiluminescent moieties, or
radioisotopes and can bind with high specificity to complementary
sequences of nucleic acids. Nucleic acid — based probes themselves
can be of two types ‘polynucleotide or oligonucleotide. DNA fragment
(polynucieotide) probes may be derived from genes that encode a
particular phenotype. Oligonucleotide probes derived from the DNA
sequence of a target pene. Oligonucleotide probes have the acivantage
of faster or often cleancr results than  those generated by
polynucleotide methods (Fred and Elizabeth, 1993).  Specimen
preparation for nucleic acid probe methods include inoculation of
purified cultures onto agar plates.to broduce “colony” blots, after
incubation, the bacterial growth ié transferred to nitrocellulose or
Whatman filter paper for hybridization, the bacterial growth on the
paper can be lysed, denatured, and hybridized with the probe in situ,
and the.n a radiographic image 1s generated by exposure to X-ray film

(Fred and Elizabeth, 1993).
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2.8.7.2. Polymerase chain reaction (PCR)

The best — studied and most widely used target amplification
technique is PCR (Persing, 1993). In the 8 years since its first
description by scientist at the Cetus Corporation, PCR has developed
into a main stay technique in many molecular biology laboratories.
This method uses repeated cycles of oligonucleotide — directed DNA
synthesis to perform in vitro replication of target nucleic sequences.
The oligonucleotides whose sequence is determined by the target
nucleic acid are synthesized to be complementary to their annealing
sites with the two different strands forward and reverse strand, each
cycle of PCR consists of three steps: (i) a deﬁaturation step, 1n which
the target DNA is incubated at high temperature so that the target
strands are melted apart and thus made accessible to hybridization by
specific oligonucleotide primers, (ii) an annealing step, in which the
reaction mixture is cooled to allow the primers to anneal to their
complementary target sequences; and (iii) an extension reaction,
usually done at an intermediate temperature, in which the primers are
extended on the DNA template by a DNA polymerase, These three
incubation steps are linked in what is referred to as thermal cycle. A
typical PCR protoco! comprises 30 to 50 thermal cycles. Each time a

cycie is completed there is a theoretical doubling of the target
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sequence. Thus, repeating the thenmal cycle results in a geometric

accumulation of amplified target sequences (Michael and David, 1990

“and Persing, 1993).
2.8.7.2.1. Multiplex PCR

In multiplex PCR, multiple primer pairs specific for aifferent
targets are included in the same amplification reaction.
Coamplification of different target serves several- purposes (i) large
regions of the DNA sequence can be scannéd for alteration (ii)

unrelated segments of the target genome can be tested (iii) cost —
effective panel of tests for multiple pathogens from single specimen

can be developed (Persing, 1993).

2.8.7.2.2. Nested PCR.

In this PCR, nested sets of PCR primers are used and is known as
nested amplification. In a typical nested —amplification protocol, a
first round of amplification is performed with a single primer pair for
15-30 cycles. This step produces an amplification product, which is
transferred to a new reaction tube for a second roﬁnd of amplification
by using a second primer pair that is specific for the internal sequence

amplified by the first primer pair, the second amplification usually
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proceeds for an additional 15-30 cycles, after which the products are

detected by gel electrophoresis (Persing, 1993)

Diagnosis of diarrheagenic E. coli by PCR:

The sensitivity of EAF PCR in d.iagnosis of EPEC determines the
sensitivity of PCR, serial diluted broth cultures of E 2348/69 were
subjected to amplification. A viéible band was seen with evén 10
bacteria, this result was also obtained when these bacteria were mixed
with 10® organisms of EAF PCR — negative strains, and also aH
EHEC, EIEC, and ETEC strains revealed negative EAF PCR results

(Frank et al., 1994).

Victor et dl. (1991) have described improved PCR technique for
amplification of the subunit of LT gene directly without prior
extraction by optimizing the amplification conditions. Their
procedure was inexpensive, sensitive, and simple. It has been reported
that preselection of bacteria on plates is better than using stool

samples because 7aq polymerase can be inhibited in the presence of
raw biological samples, and other PCR inhibitors which are found in
stool including bile salts, bilirubin, urobilinogens, polysaccharides and

large amounts of irrelevant DNA (Stacy — Phipps ¢f al., 1995).
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Finally, the PCR method is simple, rapid and inexpensive for the
diagnosis ol diarrheagenic /5. coli, therefore suitable for application in
a developing — country field setting including Jordan (Yussef et al.,

1996).
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. Materials and Methods:

3.1.1. Materials and Reagents: -

MacConkey agar — Oxoid, Unipath Ltd., Hampshire, England.
Brain Heart infusion broth — Oxoid, Unipath Ltd., Hampshire,
England.

Absolute Ethanol — Labscan Ltd. Dublin, Ireland.

Glycerol — Merk, Germany.

Cryotubes — AB gene House, Epsom, UK. |

PCR buffer: 100 mM Tris-HCI, 500 mM KCl, (GIBCO-BRL,
Gaithersburg, USA), stored at -20°C in 100 to 300 pL aliquots.
MgCl12 (50 mM), GIBCO-BRL, Gaithersburg, USA.
Deoxynucleoside triphosphates (ANTPs) / 100mM each; GIBCO-
BRL: 5mM cach nucleotide i sterile distilled water, stored at -20°C in
100 — 300 pL aliquots.

Primers (50 pM in distilled watcer), stored separately at -20°C in
aliquots of 10 — 50 uL (Table 3).

Taq polymerase (5U/ul), GIBCO - BRL, UK.

DNA marker g x —174 — RIF DNA Haelll Digest (500 ug/mL) AB

gene House, Epsom, UK.,
DNA marker 1 kb ladder, AB gene House, Epsom, UK.

0.2 mL eppendorf tubes, AB genes House, Epsom, UK.
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LE agarose, Promega, USA.

TBE buffer (Boric acid, Tri51ﬁa base and EDTA), Promega, USA.

Nuclease free water, Promega, USA,

Loading Die, Promega, USA.

Ethidium Bromide, Sigma, USA.

Sterile (autoclaved) water, stored at room temperature in 10 — 20 mL
- volumes, with fresh aliquot used for each assay.

Normal Saline.

API 20E kit, system for identification of gram ~ negative bacteria.

3.1.2.Equipments:
e Incubator.
e Thermal Cycler, MI Rescarch - INC, USA.
e Laminar Flow Cabinet.
e Electrophoresis Tank, Biorad, USA.
e Power supply, Biorad, USA.
¢ Autoclave.

e UV Camera, Monitor & Printer, UVP, USA.
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"Table 3: Oligonucleot'ide primers used in the

diarrheagenic E. coli.

detection of

Gene/ Primer Primer sequence Concentration | Expected
pathogen (M) amplified
product (bp)

SLTI/ NSI CAGTTA ATG TGC TGG CGA AG 2.0 475
EHEC NS2 CAC AGA CTG CGT CAG TGA GG 2.0
SLTIil/ NS5 CTT CGG TAT CCT ATT CCC GG 2.0 863
EHEC NS7 CGC TGC AGC TGT ATT ACT TTC 2.0
LTV LTIB1 TCT CTA TGT GCA TAC GGA GC 2.0 320
ETEC LTIB2 CCATACTGATTIGCCGCAAT 2.0
STa/ STI-1 TTA ATA GCA CCC GGT ACA AGC AGG 4.0 147
ETEC STI-2 CCT GAC TCT TCA AAA GAG AAAATT AC |40
ipat/’ IPAHE8B { GTT CCT TGA CCG CCT TTC CGA 0.4 620
EIEC IPAH15B | GCC GGT CCA CCC TCT GAG 0.4
0157 i Al GCG AAA ACT GTG GAA TTG GG 0.4 252
uidA/ - nid A2 TGA TGC TCC ATA ACTTCC TG 0.4
EHEC
PCVD432 | PCVD432 630
/ EAggEC | Start CTG GCG AAA GAC TGT ATC AT 0.4

Stop CAATGT ATA GAAATCCGCTGTT 0.4
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3.2, Methods
3.2.1. Sampling:
A total of 250 stool samples were collected from hospitalized
paticnts who were admitted to pediatric’ departments of the Jordan

~ University Hospital (JUH) and Islamic Hospital (IH) over a one — year

period from January' through December 2000. Ten to 14 stool samples

were collected each month from both diarrheal and control patients.
- Stool samplgs were collected from children below 13-year old and from
both sexes (145 male and 105 female).

Fresh stoél samples were collected in sterile leak-proof plastic
containers and cultured as soon as possible as recommended (Keskimaki
et al., 2000) or transponed on ice within 4 hours of collection to the
microbiology laboratory at JUH and IH where they were diluted by 3 ml
of saline and cultured directly on MacConkey agar plates and incubated
at 37°C for 18 — 24 hours.

Ten colonies that morphologically resemble E. coli either lactose
fermenter or lactose nonfermenter were isolated from MacConkey plates
and inoculated in one mL Brain heart infusion broth containing 25%

glycerol (Ramotear ¢f al., 1995), then stored at —70°C for PCR detection

of diartheagenic E. coli.
A number of lactose fermenter E. coli isolated colonies were

randomly selected and all E. coli colonies that are non-lactose fermenter
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from different stool cultures were subcultured on MacConkey agar and

tested by API 20E kit to ensure their identity as Escherichia coli.

3.2.1.1. Clinical Cases and Controls

Out of the 250 collected stool samples, there were 133 stool
samples obtained from children suffering from acute diarrhea, and 117
stool samples that were collected from children admitted to the hospital

for reasons other than diarrhea were selected as control group with age

and sex matching the diarrheal group.

About half of the diarrheal stool samples were collected from
children i the emergeney room. belore the administration of any drug as
recorded by the attending physician. There were 15 samples sent to the
bacteriology laboratory with a request from physicians for detection of

diarrheagenic I2. coli or their toxins.
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3.2.1.2. Collection of Clinical Data:

For both clinical cases and control groups, the age, sex, name,
length of hospitalization, and date of collection of the specimen were
recorded in a questionnaire shown in appendix I. For the ‘diarrheal
specimens gross appearance of the stool (watery, mucoid, soft, or

bloody), signs and symptoms of the patient due to diarrhea were

recorded, in addition to the antibiotic treatment. Also, microscopic

examination of diarrheal samples was done for detecting the presence of

red blood cells and white blood cells.

3.2.2.PCR Detection of Diarrheagenic E. coli: -

3.2.2.1, Sample preparation:

Frozen /.. coli isolates were inoculated in Brain heart infusion
broth and incubated at 37°C for 2 3 hours for refreshiment.  Afler their
subculture on MacConkey agar plates and incubation at 37°C for 24
hours, a heavy bacterial suspension was prepared from 10 F. coli colonies
in. 300-pL sterile distilled water and was boiled for 15 minutes using PCR
Thermocycler to release template DNA (Tornieporth et al., 1995),»then

the mixture was spined at 3000 rpm for 15 seconds to precipitate

undesired substances.
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3.2.2.2, Master Mix preparation:

Three preparation mixtures for PCR have been used as follows:

The first, Mastef Mix A, was directed for multiplex PCR in which
multiple primer pairs specific for different targets were included in the
same amplification reaction, this PCR master mix A was able to detect
LT-I, STa of ETEC, ipaH of EIEC, and SLT-I and SLT-II of EHEC in

any given cultured stool sample at the same time. In addition to these

primers, the mixture contains 50 mM KCI, 10 mM Tris-HCl [8.3 pH], 1.5

mM MgCly, 0.2 mM of each deoxyribonucleoside triphosphate, 1 unit
Tag polymerase. and sterle distilied water to complete the reaction

mixture volume up to 25uL (Tornieporth et al., 1995) (Table 4)
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. Table 4: Master Mix A.

Master mix A

Volume (ﬂL)

10 X PCR buffer

2.5

50 mM MgCl,

0.75

DNTPs 10 X (SmM)

Primers

LTIB,, LTI-2 2pM)

STI-1, LTI-2 (4pM)

SLT-I NS;, SLT-I NS,(2 pM)

SLT-II NSs, SLT-II NS,(2 tM)

IPAH 15 B, IPAI 8 B (0.4 (M)

Taq polymerase

0.2

DNA template

b2

H,0

13.55

The second, Master Mix B (Table 5) was able to detect only one

strain of E. coli by ampiiﬁcation of PCVD432 gene of EAggEC.
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Table 5:Master Mix B.

Master Mix B Yolume (ptL)
10 X PCR buffer 2.5
SsomMMgCl, T 0.75
DNTPs 10 X (5mM) 1.
PevDA32 start, pevD432 shp (0. 4pM) |
Taq polymerase 0.2
DNA template 2
11,0 17.55

The third, Master mix € was designed to detect EHEC (other than

O157: H7) by amplification of uid A gene of EHEC (Table 6).

3l
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Table 6:Master Mix C.

Master Mix C Volume (pL)

10 X PCR buffer 2.5

SOmM MgClL, o 075 N
dNTPs 10 X (5mM) |

Uid Ay, UidA; (0.4 nM) ]

Taq polymerase 0.2

DNA template 2

H,O 17.55

Master Mix should not be frozen, because the DNA polymerase is
mactivated by freezing  thawing and primers are more stable in a

concentrated form.
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_Table 6:Master Mix C.

Master Mix C | Volume (pL)
10 X PCR buffer 25

50 mM MgCl, 0.75
dNTPs 10 X (5mM) 1

Uid Ay, UidA; (0.4 pM) 1

Taq polymerase 0.2
DNA template 2

4,0 17.55

Master Mix should not be frozen, because the DNA polymerase is

inactivated by freezing - thawing and primers are more stable in a

concentrated form.
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3.2.2.3. PCR Amplification:

Several trials of PCR optimization have been done by changing the
primers concentration, MgCly concentration, annealfng temperature and
template concentration, to get best separation and resolution of the

desired band and reduce non-specific amplification (Figure 3).

The PCR assays for the target genes were performed by using
programmable thermocycler with the following cycling parameters: first,
at 95°C for 30 seconds in order to dénature DNA, then at 55°.C for 1
nntte (o ;mn.c-nl the primers on the template, and finally at 72°C for one
minute to extend the anncaled primers. The cycle was repeated 35 times
and final extension was performed at 72°C for 10 minutes. Tubes were

hokd at 4°C when the eyeles ended (Megdam ef al., 1997).
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Figure 3: Primers oplinization. Agarose gel clectrophoresis for
PCR products of the /. coli reference straing.  Lane |
negatine control, lane 2 to lane 4: Reference strain
H10407 (STa® - 147 bp), lane 5 to lane 7: Reference
strain H10407 (LT-1" - 320 bp), lane 9 to lane 12 and
lane 14 to lane 16: Reference strain ZB4 (SLT-1" - 475
bp), lane 17 to lane 23: Reference strain C4193-1 (SLT-
II' - 863 bp), lane 24 to lane 26: Reference strain
EDLI1284 (ipaH" - 620 bp), M1: DNA marker @X-174
Hae III.
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Quality Control: -
Two negative controls and a positive control have been used in
each trial:

o Negative Control 1: PCR test without any added DNA
template to detect contamination of PCR reagénts.

» Negative Control 2: PCR test with DNA from E. coli strain
which is negati;/e for the target gene ampl.iﬂed by the
primefs in that reaction.

¢ Positive Controls:

1. Heat - stable enterotoxin (STa) producing ETEC strain
TX,. |

. LTI and STa enterotoxin producing ETEC strain H

I

10107,

3. SLT-Iand SLT-II producing EHEC strain C4193-1.
4. EIEC strain EDL 1284 containing ipaH plasmid.
5. EAggEC strain 3591-78 containing PCVD432 plasmid.

6. ZB4 strain containing ipaH plasmid and SLT-I producer.
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3.2.2.4. Detéction of PCR preducts:
10X TBE buffer was prepared by dis‘solving 55gm Boric acid, 108
gm Trisma base, and 7.4 gm EDTA in 1 liter di‘stilled water. This buffer
\vds used to prepare 1.5% agarose. The PCR products were analyzed by
agarose gel electrophoresis run for 2 hours at 150V using hofizontal
clectrophoresis apparatus. - Afier the clectrophoresis was completed the
gel was stained for 15 minutes in ethidium bromide (0.2 gm/ml),

destained for 15 min in tap water, then visualized under ultraviolet light.
OX - 174 RF DNA THaelll digest and 1 kb ladder, was used as

molecular mass marker (Yu-Litsai ¢f al., 1993),

3.2.3. Antibiotic Susceptibility:

All positive isoiates for one or more diarrheagenic E. coli strains
from diarrheal samples and control samples were tested for susceptibility
to most common antibiotics used for treatment of diarrhea or urinary tract
infection in Jordan.

Four to five colonies were picked from fresh culture of £. coli and

suspended in 5 ml Mueller-Hinton broth for 1 to 2 hours, a cotton swab

absorbed by this suspension was used to spread the bacteria on Mueller—
Hinton agar. - The following commercially available antibiotic discs (Mast

diagnostics, Merseyside, UK) were used at the following concentration:
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ampicillin. (10 pg), cefuroxime (30 pg), cotrimoxazole (25 pg),
gentamicin (10 pg), nalidixic acid (30 pg), nitrofurantoin (300 ug),
norfloxacin (10 pg), and tetracycline (25 pg).

Mueller-Hinton agar plates were incubated at 37°C for 24 hours,
and mhibition zones were measured and recorded as susceptible or

resistant according to NCCLs guidelines, 1997. E. coli ATCC 25922

strain was included for control.

3.2.4.Statistical Analysis:

All data were entered in a computer database and analyzed using
the SPSS® statistical computer software to make frequency distributions,
cross — tabulations and to calculate ( %’ ) values. The correlation between

results have been considered statistically significant when the p value was

less than 0.05.
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4. Results

4.1. Epidemiology and clinical considerations of the
patiecnts “with diarrhea and without diarrhea
(controls): W

During the 12 — months study period (January —~ December 2000),

133 patients with diarthea and 117 patients without diarrhea (controls)

were randomly selected among children hospitalized in the pediatric
section of the JUH and [H. The age range of the children was 0 to 13
years with mean age of 30 months and 33 months for diarrheal and

control - groups, respectively.  All diarrtheal cases were clinically

diagnosed as gastroenteritis, whereas the controls were diagnosed to have

respiratory imfections.  The pereentage of males (57.9%) and females
CL20) an the diarrhea group matehes the control group ratios (58.1%
males and rII.‘_)% [enales) without a significant difference between the
two groups (p>0.05) (Tables 7 and 8).

Table 7: Distribution and frequencies of clinical cases and controls
according to age.

. Age _
Cases Total
Lessthan | v 33 _5|5-7|7-10 | 10-13 |
one year
Diarrhea :
) 34 15 12 10
| :\ifl[:;nhm 58 (43.6) (25.6) | (11.3) 9.0) (75) 4 (3.0) 133
Control . 7 .
“Mumbey 3328 ,1(] h, 5. H 13 117
L) (R0 By 1 d2.8) [ (9.4) (H. D
| Total 91 74120 | 27 | 2 17 | 250

A8
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Table 8: Distribution and frequencies of clinical cases and controls
according to sex.

Sex

Cases ' Total

‘ Male Female
Diarrhea 77 (57.9) 56 (42.1) 113
Number (%) ' -
Control _
Number (%) 68 (58.1) 49 (41.9) 117
Total 145 105 250

Recorded clinical symptoms, such as fever, vomiting, abdominal
pain, and dehydration were significantly more frequent in the children

hospitalized for diarrhea than in controls (p<0.05). Table 9 shows the

results of stool examination, frequency of diarrhea, and symptoms of

diarrheal children.
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Table 9: Stool examination and other charactenstlcs of diarrheal

children.
Type Number of patients (percent)
Frequency of diarrhea
(Number/day)
3-5 38 (28.6)
5-8 . 70(52.6)
3-10 15(11.3)
>10 10 (7.5)
I\_lncroscopic examination
Mucoid stool 69 (51.9)
Bloody stool 2(1.5)
Watery stool 46 (34.6)
Soft stool 12 (9.0)
_ Mucoid bloody stool 4 (3.0)
Microscopic examination _
Moderate presence of RBC’s 32 (24.1)
Numerous and abundant RBC’s 14 (10.5)
No RBC’s seen 87 (65.4)
Moderate presence of WBC’s 58 (43.6)
Numerous and abundant WBC’s 29 (21.8)
No WB(, S scen 46 (34.6)
blg,ns and symptoms
Vomiting only 33(24.8)
Fever only 28 (21.1)
Vomiting and fever 48 (36.1)
No signs 24 (18.0)

Abundant: more than 50 cells / HPF.

Numerous: less than 50 cells/HPF and more than 25 cells/HPF .

Moderate: between 10-25 cells/HPF
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4.2. Prevalence of diarrheagenic E. coli and their
virulence genes in diarrheal and control children:

A total of 250 Stool specilﬁens were collected and cultured to
detect diarrheagenic /. coli by PCR using oligonucleotide primer_s (
mixture A) that are designed to simultaneously amplify LT-1, STa of
ETEC, ipaH of EIEC, or SLT-I and SLT-II of EHEC in a single PCR tube
if they are present (figure 4). The PCR reaction mixture B was able to
detect PCVD432 of EAggEC (ﬁgure 5). PCR reaction mixture C was
able to detect uid A of EHEC rother than wild type O;s7: H; (figure 6).
Each £. coli isolate was analyzed by using the thrée primer mixtures.

| Figures 7,8 and 9 show the agarose gel electrophoresis of PCR-ampIiﬁea
DNA products of E. coli. isolates from control sampies after it was
analyzed by PCR reaction mixture A, B and C respectively. | All 250 E.
coli tsolates from stool samples were éxamined for E'l'Eé, EAggEC,
EIEC, and EHEC. Of these 250 specimens, 53 (21.2%) were positive for
oﬁe or more o‘f diarrheagenic E.. coli., Diarrheagénic E. coli strains were
detected in 31 (23.3%) patients of diarrheal group and in 22 (18.8%)
patients of the control group, this finding was statistically not sighiﬁcant
(p>0.05). Among the patients with diarrhea tliére was 13 (9.8%) . coli
isolates positive for ETEC [LT-I / STa or both], 4 (3.0%) for EIEC
[tpaH], and 12.(9.0%) for EAggEC [PCVD432]. Among the control

group 13 (11.1%) L coli isolates were
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Figure 4: Agarose gel electrophoresis for PCR product of I£. coli isolates
recovered from diarrheal samples analyzed by master mix A
(primer mix: LT-1 + STa + ipall-+ SLT-1+ SLT-H), lane 1:
Negative control 1 (no DNA template), lane 2 — lanc 10:
Negative samples, M1: DNA marker (OX-174 1ac 111), lane
I'I: Positive control (Relerence strains: 1110407 (STa'-147 bp,
LT-1'-320 bp), ZB4 (SLT-1'-475 bp), EDL1284 (ipal1’-620
bp)), lane 12: negative control 2 (template negative for the
target gene), lane 13: LT-1 positive, lane 15: (LT-1', STa"),
lane 18: LT-I", lane 21: ipall ™.
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Figure 5: Agarose gel electrophoresis for PCR product of £, coli isolates
recovered from diarrheal samples analyzed by master mix B
(primer: PCVD432), lane 1. Negative control 1, lane 2 — lane
9: Negative samples, Lane 10: Reference strain (3591 — 78
(PCVD432" 630 bp)y), Line 12: Negative control 2, lane 14:
PCVD432" sample, M1 DNA marker (OX 174 Hace 1),
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Fipure 6; Agarose gel electrophoresis for PCR product of . coli isolates
recovered from diartheal samples analyzed by master mix C
(primer: uid A), lane |: Negative control 1, lane 2 - lane 10:
Negative samples, Lane 11: Reference strain (4193 — 1 (uid A"
— 252 bp)), MI: DNA marker (90X — 174 Hae 111).
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Figure 7: Agarose gel electrophoresis for PCR product of E. coli isolates
recovered from control samples analyzed by master mix A
(primer mix; LT~ + STa + ipatl + SLT-I + SLT-II), lanes
1,2,4.7, and 9:(STa" - 147 bp), lane 2: (LT-1" - 320 bp), lane
10: Negative control 1, M2: DNA marker (100 bp digest), lane
12 — lane2l: Negative bdlnpk.b lanc 11: Positive control
(Refucnce strains: 10407 (STJ *.147 bp, LT-17-320 bp), ZB4
(SLT-I1"-475 bp), EDL1284 (ipal1™-620 bp)).
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Figure 8; Agarose gel electrophoresis for PCR product of /. coli isolates
recovered from control samples analyzed by master mix B
(primer: PCVDA432), lane | — lane 9: Negative samples, Lane
11: Positive control (Reference strain: 3591 — 78 (PCVD432"
- 630 bp)), lane 12: Negative control 2, lane 10, lane 18 and
lane 19: PCVD432" samples, M2: DNA marker (1 Kb ladder).
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Figure 9: Agarose gel electrophoresis for PCR product of £. coli isolates
recovered from diarrheal samples analyzed by master mix C
(primer: uid A), lane 1 — lane 10 and lane 13 - lane 2}:
Negative samples, Lane 11: Positive control (Reference strain:
(4193 ~ 1, uid A" - 252 bp)), lane 12: Negative control 1, M:
DNA marker (1 Kb ladder).

67

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



positive for ETEC, 7 (6.0%) for EAggEC. Mixed infections with two
categories of diartheagenic £. coli strains were detected in 2 (1.5%) of the
diarrheal group and in 2 (1.7%) of the control group (Table ]0).

Table 10: Frequency and significance of diarrheagenic E. coli
isolated from diarrheal and control samples.

Category of Patients No. (%) p-value
E coli With diarrhea | Without diarrhea
ETEC 13 (9.8) 13 (11.1) 0.7
EIEC 4(2.9) 10 0.045
EHEC 0 0 -—-
EAggEC 12 (9.0) 7 (6.0) 0.3
Mixed infection | 2 (1.5) 2(1.7) o
Total positive | 31 (23.3) 22 (18.8) ---
Total negative | 102 (76.7) 95 (81.2) ---
Total 133 117 —

p-value < 0.05 significant.
p-value > 0.05 nonsignificant,

There 1s no significant difference in the rate of isolation of ETEC and
EAggEC between cases and control children. EHEC strains were not
found neither in stool specimens with diarthea nor in control specimens.
ETEC was the most common diarrheagenic E. coli detected in both
diartheal stool specimens (41.9%) and in control stool specimens
(59.0%).

~The rate of EIEC isolation was statistically significant (p= 0.045) in
diarrheal chitdren (2.9%5) as compared with nondiarrheal control children
(Null). Al mixed infections were caused by /. coli strain known as

PCVD432 + STa.
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The PCR results with oligonucleotide primers specific for the

virulence factors of diarrheagenic /:. coli are listed in table 11.

Table 11: Distribution of diarrheagenic E. coli virulence factors
among control and diarrheal samples.

Virulence factor | Paticnts No. (%)
With diarrhea Without diarrhea

ETEC

LT-1 4(3.0) 1(0.9)

STa 8 (6.0) 11(9.4)
~_LT-V/STa |18 1(0.9)
EI:C

IpaH 4(3.0)
EAggEC

PCVD432 12 (9.0) 7(6.0)
EHEC

SLT-1 -— —

SLT-I -— o

tid A - ———
Mixed

PCVD432 + S8Ta | 2(1.5) 2(1.7)
Total posttive 31(23) 22 (18.8)
Total negative 102 (76.7) 95 (81.2)
Total 133 117

HY
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4.3. Prevalence of diarrheagenic E. coli in clinical cases
according to different variables:

4.3.1.Prevalence of diarrheagenic E. coli in clinical cases

and controls according to age:

Table 12 shows that more than half of the positive samples for
diarrheagenic L. coli strains {54.1%) were isolated from children less than
3 years old. EIEC was not found in the stool specimens of patients less
than 3 years old. However, there was a statistically significant correlation
between prevalence of diarrheagenic E. coli and age group (p=0.001).
Since 34% of isolates were founa in children aged less than one year.

Table 12: Prevalence of diarrheagenic E. coli in clinical and control
__samples according to age,

Category I Age groups (%)
- . LeS§
of L. CrouP | fhanone [1-3  [3-5 |s-7 [7-10 |10-13 |Towl
coli year
ETEC Diarrhea [ 8 (6.0) |4 (3.0) -- 1(0.8) [ -- -- 13
Control | 2(1.8) 4 (3.4) 1(0.9) 12(0.7) |12(1.7) [2(1.7) 13
EIEC Diarrhea | -- -- 1(0.8) |-- 3(23) |- 4
Control | -- -- - - -- -- --
EAggEC | Diarrhea | 6 (4.5) 1 (0.8) 3(23) |- 1(0.8) 1(0.8) 12
Control | -- 2(1.7) 1(09) 12(1.7) | -- 2(1.7) |7
EHEC Diarrhea | -- - -- - -- -- -
- Control | -- -~ -- -- -- -- --
Mixed Diarrhea | 1 (0.8) -- -- -- 1 (0.8) -- 2
Control | 1(0.9) -~ -- -~ -- 1(0.9) 2
Total 18(34) [ 11(20.1) [6(11.3) [5(94) [7(13.2) |6(11.3) |53
10.(%) (100)
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4.3.2.Prevalence of diarrheagenic E. coli in clinical cases
and controls according to sex:

Table 13 demohstrates that the prevalence of diarrheagenic . coli
in the stools of diarrheal and control children was (52.8%) for males and
(47.2%) for females. The results indicate that there ig no significant
difference between the sex of the patient and prevalence of diarrheagenic
E. coli infections (p>0.05).

Table 13. Prevalence of diarrheagenic E. coli in clinical and control
samples according to sex.

‘ Sex

Category | Group Male (%) | Female (%) Total
ETEC Diarrhea | 8 (6.0) 5(3.8) 13
Control 9(7.7) 4(3.4) 13
EIEC Diarthea | 2 (1.5) 2 (1.5) 4
_ Control -- ~- --
EAggEC | Diarthea| 5(3.8) 7(5.3) 12
.| Control | 2(1.7) > (4.3) 7
EHEC Dianhea - -- -
Control -- -- --
Mixed Diarthea | 1(0.8) 1(0.8) 2
Control 1 {0.9) 1(0.9) 2
Total no. (%) 28(52.8) | 25(47.2) 53
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4.3.3.Prevalence of diavrheagenic E coli in clinical cases

stool specimens:

~as associated with the presence of RBC’s in the

Table 14 shows that most of diarrheagenic /<. coli is not associated

with blood in the stool (58%), except for EIEC which is mostly

associated with blood as shown in the Table 13, however, there was no

statistically

stgnificant

cotrelation

diarrhcagenic /2. coli infection (p=0.05).

between

bloody

stool and

Table 14: Prevalence of diarrheagenic E. coli in clinical cases as
associated with presence of blood in stool.

5. coli isolates Erythrocytes
(no.31) Nil Less than 10 cell / 10-20 Abundant
HPIF cells’fHPF

ETEC (13) ¥ 1(0.8) - 1(0.8)
(8.3)

EIEC (4) - 1(0.8) - 3 (2.3)

EAgeEC (12) 5(3.8) |4(3.0) 1(0.8) 2(1.5)

Mixed (2) 2(23) |~ - -

Total no. (%) 13 (58) | 6(19.4) 1(3.2) 6(19.4)
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4.3.4.Prevalence of diarrheagenic E. coli in clinical
cases as  associated with the frequency of

diarrhea:
Table 15 demonstrates that there was no statistically significant
correlation between frequency of diarthea and diarrheagenic £. coli

infections (p>0.05).

Table 15: Prevalence of diarrheagenic E. coli according to frequency
of diarrhea in days.

I. coli isolates Frequency of diarrhea/day (%)
(Fotalno. 31) | 3-5 5-8 8-10 > 10
ETEC (13) 2(1.5) 11 (8.3) -- --
EIEC (4) 2(1.5) 1 (0.8) 1(0.8) --
EAggEC (12) -- 10 (7.5) 2(1.5) -~
Mixed (2) 1 (0.8) | (0.8) - --
Total 5 23 3 --

4.3.5.Distribution of diarrheagenic E. coli in clinical
cases among the months of study period:

This study shows that positive cases for diarrheagenic £. coli strains

were distributed over the year with a slightly increase in isolates during

the summer months as shown in table 16.
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Table 16: Distribution of positive cases among the study period.

Study period

No. of positive cases

January

FFebruary
March
Aprit
May
June

July

(TR e
i

-&-U\}'.»Ji—l

August

"

September

October

November

December

[ SN 1 RS SRR I (N R AN
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4.4, Antibiotic susceptibility:

The antibiotic susceptibility results of the 53 diartheagenic E. coli
isolates recovered from both patients and controls are shown in Table 16.
Most of diarrheagenic E. coli isolates were susceptible for nitrofurantoin
(94.3%), gentamicin (88.7%) norfloxacin (86.8%), aﬁd nalidixixic acid
(83%), respectively, but these isolates were resistant to ampicillin

(88.7%) and to less extent to cotrimoxazole (60.4%) and tetracycline

(45.3%), respectively.

Table 17: Antibiotic susceptibility results of diarrheagenic E. coli
isolates from diarrheal and control samples

Pattern of B Type of antibiotic

suscepfibility Amp ('ifl'__'(fnlg'm Gent | NA. | Nitro. | Norf. | Tet.

Susceptible |6 44 |21 47 44 | 50 46 24
No. (%) (11.3) 1 (83) [ (39.6) | (88.7) | (83) | (94.3) | (86.8) | (45.3)

Resistint 47 9 32 O 9 3 7 29
No. (%) (S8 7)1 O0.D [ (1131 (17)] (5.7) (13.2) | (54.7)

Ampicillin (Amp),  Cefuroxime (Cef),  Cotrimoxazole (Cotr), Gentamicin (Gent),
Nalidixic Acid (N.A.), Nitrofurantoin (Nitro.), Norfloxacin (Norf), Tetracyclin
(Tel)

When (he pattern of sllHL‘L‘|)li|1|’|lil_\' between /o coli isolates
recovered from diarrheal samples compared with those recovered from
control samples, a significant statistical correlation was found in the
pattern ol then suseeptibility (o tested antibiotics. Most of 2. coli isolates
from control stool samples were susceptible to ampicilin , cotrimoxazole

and fetracyeline (p-0.05), whereas all diarrheagenic /2. coli isolates that
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were resistant to nalidixic acid, and nitrofurantoin were isolated from

diarrheal stool samples (p<0.05).
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5. Discussion
5.1. Prevalence of diarrheagenic E. coli in clinical

cases and controls:

Diarrhea is a common cause of morbidity and mortality among
infant and children in developing countries (Guerrant ef a./, 1990),

mcluding certain Arab countries (WHO report, 1997).

Numerous epidemiological studies have demonstrated that

diarrheagenie /<. coli strains are important cause of diarrhea in children
worldwide (Nataro and Kaper, 1998). Diartheagenic /5. coli sti‘ains were
among the first pathogens for \\"hich molecular diagnbstic methods Wéré
C.\l.:l|>|i5|.luti. I\-lnlccular methods, | espectally ]’CR, are curréntly
considered the most relable h_‘clmiqucﬁ for differentiating diarrheagenic
I coli strains from nonpathogenic members of the stool flora and for
distingmshing amony 1. coli enh.w'opulhogcns (Nataro and Kaper, 1998).

It is well established that diarrhea is mostly caused by different
causative agents such as  Salmonella  species, Shigella  species,
('(HH/I_l'/()/m;('f(’!' species, Yersinia Enterocolitica, Entamoceha histolytica,
Giardia lamblia, Cryptosporidium and others. literature review showed
that few stucli.cs were published ciuringthe last ten years on bacterial
causes ol diarrhea my Jordaman children (Youssef ¢f «f., 2000; Malkawi

and Youssef, 1998; Shehabi, 1995).
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The present study was carried out in Amman to determine the
prevalence of diarrheagenic I:“: coli in childrgn with and without diarrhea
by using single and multiplex PCR. This study has.investigated the
occurrence of diarrhcagenie /. c'(;/i in the stools of children hospitalized
at Jordan University hospital (JUH) and Istamic hospital (IH) during a
F2-month period of 20000 Clinieal features and age of these patients were
recorded. A total of 250 randomly selected children (0. to 13 year.old)
were meluded, 133 children with diarrthea and 117 matched controls
without drarrhea. Children aged less than one year were represented by
about one third (36%) of the total children examined, but accounted for
43.6% of the total diarthea cases, while the majority of diarrhea cases
(69.2%) were found in children aged less than three years old. This fact
along with the common clinical ﬁndiﬁgs of fever and vomiting as well as
the presence of watery diarrthea more than bloody diarrhea in our
examined childr.cn were similar to many studies described from the
developed countries (Guef‘raht et al., 1990, Nataro and Kaper, 1998).

The development of a simple, rapid, and efficient protocol for
PCR analysis was key to the sensitive .an.d spe;iﬁc detection of

diarrheagenic /2. coli during the-course of infection (Stacy and Phipps,

1995). Al diarrheal stool samples and controls were screened for

dizn'll'hcugcnic 1< coli strains; ETEC, EIEC, EAggEC, and EHEC.

54759

(MR
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Most of diartheagenic /<. coli types were found in both diarrheal
and control stools without any significant difference, but EIEC strains
(2,9%) were 1solated only from patients with diarrhea. In addition, the
high percentage of ETEC isolates (9.8%) in fhis study was statistically
not significant (p>0.05) in aséociation with diartheal children as
compared with the high number of isolates in control children (11.1%).
This finding 1s similar to thét fou_nd in Bangkok, and Djibouti among
diarrheal cluldren (Mayatepek ¢/ of., 1993, Mikilail el al., 1990), but less
than that reported from Bangladesh (17%) (Albert et al., 1999) and Egypt
(.I %) ( Mikhail ¢ al., 1989). A recent study from Nigeria found ETEC
m 2.A4% of clildren with -(II'.:]I:I‘IIL‘:] (Okeke ¢f al., 2000). Also, ETEC is a
common cause of diarthea in children in ceﬂainl underprivileged
popudation w the Un.ilc(.l Slmcs (Sack et u/.,. 1995). It is well established
that ETEC 15 a common causative agent of trdveller’s diarrthea among
persons lrzwaing from developed to developing countries (Keskimaki et
al ., 2000), Clﬁldrcn m the developing countries are exposed to ETEC
normally carly in their lives and acqilirc immmllity to its toxins. The
pereentage dl' diarrheal episodes caused by ETEC in these children ,
however, have varied ﬁ'om' study to study, nation to nation, and from
scason Lo scason (Keskimaki ef «f ., 2000, Albert ¢f af., 1999, Nataro and

Kaper, 1998, Biswas ¢/ /., 1996 Mathewson, 1987).
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The rate of occurrence of EAggEC in this study is 9% in
children with diarthea and 6% 1n controls without diarrthea. A second
study curfied out i the North of Jordan revealed that the prevalence of
the EAggEC in children without diarrhea was nearly twice that detected
n children with diarrhea (Malkawi and Youssef, 1998). On the other site
a third study which was carried out in the Jordan Valley by Meqdam et
al., (1997) reported no 1solation of EaggEC from diarrheal children.
However, this étudy and lhat‘ of Malkawi and Youssef in 1998
emphasized that there is no significant correlation_betweé:n diarrhea and
Faggl=C, m contrast to the other studies carried out in Nigeria, India and
Mexico which constdered EAggEC as an imporlaﬁt pathogen in their
pediatric population (Okeke ¢ «l, 2000, Bhan ef al, 1989 and
Mathewson ef al., 1987).

The present study has not detected EHEC strains iﬁ any of the
patients nor controls. EHEC is an important pathogen in Europe, Japan,
Canada and North America, .and its isolétion rates exceed In some
- countries other diartheagenic /20 coli strains (Nataro and Kaper, 1998,
Grffing 1995, Karmali, 1989).  The prevalence of. EHEC in these
developed countries was associated with the consumption of poorly
cocked foods such as hamburgers (Riley, 1987), fast-food restaurants
(Grimm, 1995) or milk and other dairy products (Griffin, 1995).

Numerous studies have suggested that cows and pigs are important

R0
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antmal reservoirs ol this human pathogen (Griffin, 1995). In developing
couniries such as Jordan, the role of EHMEC strains in diarrheal disease is
very limited, because the majority of the population depends mostly on
well cooked food, and well pasteunized milk, which are the main sources
of infection. However, the recent wide spread of fast — food restaurants in
Jordan could be associated with the emErgénce of EHEC as important

causative agent of diarrhea in the near future. Therefore, it was expected

to find a few 1solates of EHEC in this study, because the social habits of

the population in /\mmzm. 1s closer to those of drevcloped counfries.
Despite the fact that there was no isolation of EHEC strains in this study
or other studies carried in Jordan, EHEC may have caused a few cases of
HUS m Jordanian children (personal communication, R.Hamad, JUH,
2001). |

The incidence of EILC in this study w‘as' 2.9% 1n children with
diarthea, and this result is significant compared with no isolation of the
FHC frome control cluldren. This Tinding was similar to that of another

study carried out in the Jordan Valley in which EIEC was the most

frequent isolate from patients with diarthea ( 4 out 17 cases) (Meqdam et

., 1997). The incidence of EIEC infection in other developing countries
was reported to be 1.2% in Nigeria (Okeke ef al., 2000) or slightly higher
and was constdered an important cause of pediatric diarrhea in China 6.8

Yo (Kam, eral , 1991) and in Thailand 4 - 9 % (Tailor er al., 1988).
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Prevalence of diarrheagenic E. coli in clinical cases
according to different variables:

In relation to the presence of ,diarrheagenic‘ E. coli and other
variables. our resulis show that ﬁboul 70% of diarrheagenic /2. coli
isofates were recovered from cluldren aged less than three years with and
without diarrhea, and this is a statistically significant correlation between
the prevatence of diarrheagenic /i coli isolates and age of children
(p=0.001).

Other recently published studies from developing countries also
reported that children aged between 0 — 3 years are at a greater risk of
contracting diarrhea due to a variety of diarrheagenic /. cqli (Okeke et
al., 2000, Gascon ¢f a/;, 2000, Albert er al., 1999, Milaat and Elassouli,

1995). A study carried out in Mogadishu observed a decrease in the

ETEC isolation rate with increasing age (Mikhail et al., 1990) which isr

very close to the results of this study. In addition, the present study
shows that all of the EIEC strains were isolated {from children aged more
than 3 years, which is sinutlar to the study of Meqdam ¢ «f., 1996 iﬁ the
Jordan Valley. The present study and all other studies showed that there
was o sigmlicant corrclation between sex and - prevalence  of

diarrheagenic 7. coli in children with diarthea (Nataro and Kaper, 1998).
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Other characteristics of diarrheal children such as vomiting, temperature,
frequency of diarrhea, and results of macroscopic examination of stool
samples were not significant with isolhation of diarrheagenic E. coli. The
presence of fecal leukocytes was also not significant according to the
presence of diarrheag:enic E. coli in .this study, therefore moSf positive
stool specimens would have been missed if fecal leukocytes had been
used as a screening test (Fan e¢f ol , ]993).

In | general, there was ~no statistical significant correlation
between bloody stool and diarrheagenic /. coli infection (p>0.05), but for
EHEC most stool samples contaimed abundant RBC’s and was associated

with diarrhea (75%)  This result was confirmed by the fact that this

orpanism - have  been shown 1o invade the colonic epitheltum and

cimphasize  the  significant correlation between . bloody diarthea and
presence of EIEC in stool (Nataro and Kaper, 1998).

There were no deaths associated with diarrheal illness during
this study. Diarrheal deaths had decreased markedly in the Jordanian

children during the last decade and are now extremely rare (Khuri ~

Bolus, 1999).
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5.3 Antimicrobial susceptibility patterns

| Previous studies have .shown a high prevalence of antibiotic
resistance a:no:lg certain gram-negative bacterial isolates in the Jordan
University hospital during the recent years, particularly E.coli isolates
. l'rmﬁ dichrcnt clinical specimens cher than stools proved to be highly
resistant to ampicillin (Shehabi, 1996, Shehabi et al., 2000). Also, this
study has revealed that diartheagenic £ coli - isolates were highly
resistance to co-trimoxazole (60%) and ampicillin (88.7%) which are
commonly used antibiotics in J01"dan. These ﬁndiﬁgs are In agreement
~with the results of several studies from Jordan and other developiﬁg
couﬁtries (Vila ef al.,1999, Malk-éWi and Youssef, 1998, Barttoloni et al.,
1998, Mumun ¢ o, 1993, Mayatepek et al. 1993). However,
anﬁmicrobial resistance 1o nitofurantoin,‘ gentamicin, norfloxacin
nalidixic acid and cefuroxime were low and ranged between 5.7% to 17%
among diarrhéagenic fi. coli isolates. Recent studies also showed that
nalidixic acid and ciprofloxacin have very good activity against
enterotoxigenic E.coli isolates causing diarrhea in travelers to India (Vila
et al., 1999 and agamst diartheagenic 12, coli isolatcs in Tanzania (Vila et

al., 1999) and Kenya (Sang, et al., 1997),
- Diarrhea caused by Vmultidrug—resistant bacteriﬁ 1s an important
public health problem among chi‘ldren n .developing countries (Bem, et

al., 1992), in addition bacterial resistance to antimicrobial agents i1s an
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increasing problem in many areas of the world, especially in countries
where there is little information available to determine the péttems of
resistance in different pathogens (Shears, 2000 ). Therefore, we suggest
that guidelines to monitor prevalence of antimicrobial resistance and to
impréve rational and effective drug use in developing countries are

needed.
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6. Summary and Conclusion

The majority of diarrheagenic £.coli isolates (69.2%) were detected in

v

children aged less three years old.

Diarrheagenic E. coli isolates were mostly found in both diarrheal

~ and control patients without any significant difference, but EIEC

strains (2.9%) were isolated only from children with diarrhea.

The rate of ETEC isolates in diartheal children (9.8%) was

statistically not significant as compared with the rate of isolates in

control children (11.1%).

Most diarrheagenic /. coli isolates were highly resistance to co-
trimoxazole (60%) and ampicillin (88.7%), whereas antimicrobial
resistance to lni_tofurantoin, gentamicin, ndrﬂoxacin , nalidixic acid
u-n(l ccﬁu‘uxinlcrwcArc low and ranged between 5.7% to 17% .

A rapid and sensitive PCR methods will be useful for detecting

diarrheagenic £. coli strains and to investigate outbreaks of diarrhea

in community.

The knowledge of antimicrobial resistance patterns among
diarrheagenic E. coli isolates in Jordan can improve rational and

effective drug use in diarrhea cases.

86

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



7. References

Albert, M. ], A. S. G. Faruque, S. M. Faruque, R. B. Sack, and D.
Mabhalanabis. 1991. Case — control study of enteropathogens
associated with childhood diarrhea in Dhaka, Bangladesh. Journal

of Clinical Microbiology 37: 3458-3464.

Bangaerts, G. P. A, K. M. Bruggeman-ogle, R. P. Moubon, 1985.
Improvements in the microtiter Gy; ganglioside enzyme. — linked

immunosorbent assay for /ischerichia coli heat — labile enterotoxin.

Journal of Applied Bacteriology, 59:443-449,

Bern, C., I.Martines, . DeZoysa, R.1.Glass. 1992. The magnitude
of the global problem of diartheal disease: a ten-year update.

Bulletin of World Health Organization, 70:1104~1116.

Bettelheim, Karl A., 1981. The genus Escherichia, In: Balows, A,
H.G. Truper, H. Dworkin, W. Harder, K. Schleiter (editors), 7#e¢

prokaryotes, Springer — Verlag, New York Inc.

Beutin, L., T Stemruck, S. Zimmermann, Z. F. Scheut, 1993.
Prevalence and some properties of verotoxin (Shiga-like toxin) —
producing [scherichia coli in seven different species of healthy

domestic animals. Journal of Clinical Microbiology, 31:2483-

2488.

37

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



e Bhan, M. K., P. Raj, M. M. Levine, J. B. Kaper, N. Bhandari, R.
Strivastava, R. Kumar, S. Sazawal 1989. Enteroaggregative
Escherichia coli associated with persistent diarrhea in a cohort of

rural children in India. Jowrnal of Infections Discases, 159:1061-

1064,

Biswas, R., E. A. S. Nelson, P. J. Lewindon, D. J. Lyon, P. B.

Sullivan, P. [Echeverria 1996. Molecular epidemiology of

lzscherichia coli diarrhea in children in Hong Kong. Journal of

Clinical Microbiology, 34:3233-3234,

Chart, H., F. R. Smith, S. M. Scotland, B. Rowe, D. V. Milford, C.
V. Taylor 1991, Scrological identification of Esclicrichia coli Ois7:

“H7 infection in Haemolytic Uraemic syndrome. Lancet, 337:138-

140,

Christine, J., V. Livrelli, A. Darfeuille-Michaud, C. Rich, B. Joly
1993, Iischerichia coli strains involved in diarrhea in France: High

prevalence and heterogeneity of diffusely adhering strains. Journal

of Clinical Microbiology, 31:2031-2037.

Cordovez, A., V. Prado, L. Maggi, J. Cordero, J. Martinez, A.
Misraji, R. Rios, (i, Soza, A. Ojeda, and M. M. Levine. 1992.

Enterohemorthagic  Lscherichia coli associated with hemolytic

&8

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



uremic syndrome in Chilean children. Journal of Clinical

Microbiology 30:2153-2157.

Cowan, S. T. 1974. Gram — negative facultatively anaerobic rods -

In: Cowan, S: T, J. G. Holt, J. Liston, R. G, E. Murray, C. F.
Niven, A. W. Ravin, R. Y. Stainer (editors). R. E. Buchanan, N, E.
Gibbons  (co-editors), Bergey's Manual of Determinative

Bacteriology. The Williams and Wilkins Company, Baltimore.

Fan, K., A. J. Morris, and L. B. Reller. 1993. Application of
rejection criteria for stool ~ cultures for bacterial enteric pathogens.

Journal of Clinical Microbiology. 31:2233-2235.

Farthing, M. J. 2000. Diarrhoea: a significant worldwide problem.

Journal of Antimicrobial Agents. 14:65-9.

Franke, T., S. Franke, H. Shmidt, A. Schwarzkopf, L.H. Wicler, G.
Balje, L. Beutin, H. Karch 1994. Nucleotide sequence analysis of
Enteropathogenic Escherichia coli (EPEC) adherence factor probe
and development of PCR for rapid detection of EPEC harboring
virulence plasmids. Journal of Clinical Microbiology. 32:2460-

2463.

Fred, C. T., R. V. Elizabeth 1993. Nucleic acid probes for

detection and identification of infectious agents. In: David, P., F. S.

39

AII Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Thomas, C. T. Fred, J. W. Thomas (editors), Diagnostic Molecular
Microbiology Principles and Applications. Mayo Foundation,

Rochester,

Gascon, J., M. Vargas, D. Schellenberg, H. Urassa, C. Casals, E.
Kaligwa, J. J. Aponte, H. Mshinda, and J. Vila. 2000. Diarrhea in
children under 5 years of age from Ifakara, Tanzania: a case —

control study. Jowrnal of Clinical Microbiology 38:4459-4462.

Germany, Y., M. Morillon, E. Begaudi, H. Dubourdieu, R. Costa,
J. Thevenon 1994. Two years study of endemic enteric pathogens
associated with acute diarrhea in New Caledonia. Journal of

Clinical Microbiology, 32:1532-1536.

Giammanco, A., M. Maggio, G. Giammanco, R. Morelli, F.
Minelli, F. Scheutz, A. Caprioli 1996.  Characteristics of
Escherichia coli strains belonging to Enteropathogenic Z. coli

serogroup tsolated in Italy from children with diarthea. Journal of

Clinical Microbiology. Mar:689-694.

Griffin, P. M. 1995.  [scherichia coli Oys1:H; and other
enterohemorrhagic Escherichia coli In: M. J. Blasar, P. D. Smith, J.

L. Ravdin, H. B. Greenberg, and R. L. Guerrant (Editors),

S0

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Infections of the Gastrointestinal Tract. Raven press, New York, N.

Y.

Grnimm, L. M., M. Goldoft, J. Kobayashi, J. H. Lewis, D. Alfi, A.
M. Perdichizzi, P. I. Tarr, J. E. Ongerth, S. L. Moseley, and M.
Samadpour. 1995. Molecular epidemiology of a fast — food
restaurant — associated outbreak of Escherichia coli Oys7:H; in

Washington State. Journal of Clinical Microbidlogy 53:2155-

2158,

Haider, K., S. M. Faruque, M. J. Alber, S. N. Prodyotk, K. B.
Neogi, A. Hussain 1992. Comparison of a modified adherence
assay with existing assay method for identification of
Enteroageregative  Lischerichia  coli. Journal  of Clinical

Microbiology. 30:1614-1616.

Hull, A. E., W. K. A, David, C. Peter, D. Arthur, T. K. Gerald
1993.  Mitomyocin, immunoblot colony assay for detection of
Shiga-like toxin — producing fischerichia célt in fecal samples:
comparison with DNA probes. Journal of Clinical Microbiology,

31:1167-1172.

Johnson, W. M., H. Liord 1987. Response of Chinese Hamster

Ovary Cells to a cytolethal Distending toxin of Escherichia coli

21

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



and possible misinterpretation as heat — labile (LT) enterotoxin.

FEMS Microbiology. 43:19-23.

Kain, K. C., R. L. Barteluk, M. T Kelly, H. Xin, G. Detlua, G.
Yuan, E. M. Proctor, S. Byrne, and G. Stiver. 1991. Etiology of
childhood diarrhea in Beijing, China.  Journal of Clinical

Microbiology 29:90-95.

Kareh, 11, 1. Bohm, 1. Schmidt, F. Gunzer, S. Aleksic, J.
Heesemann 1993, Clonal structure and pathogenicity of Shiga-like
toxin-producing, sorbitol-fermenting Escherichia coli O,s7:H'.

Journal of Clinical Microbiology. 31:1200-1205.

Karmali, M.A. 1989, Infection by vercytotoxin-producing

Escherichia coli. Clinical Microbilogy Review, 2:15-38.

Keskimaki, M., L. Mattila, H. Peltola, and A. Shtonen. 2000,
Prevalence of diarrheagenic Escherichia coli in Finns with or
without diarrhea during a Round-the-world trip.  Journal of

Clinical microbiology 38:4425-4429.

Khuri — Bolus, N., H. Qubain, and S. Kharabsheh. 1994. The
impact of the control of the diarrheal disease program in

gastroenteritis associated mortality in Jordan. Jordan Medical

Journal. 28:119-126.

1Y)

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Krieg, N. R. 1984, Faculatively anaerobic gram — negative rods.
In: Krieg, N. R, J.G. Holt, R. G. E. Murray, J. B. Don, P. B.
Marvin, G. H. John, R. K. Noel, W. M. James, P. Norbert, H. A. S.
Peter, T. S. James (editors). Bergey's Manual of systematic
Bacteriology. The  Willlams and Wilkins = Company,

Baltimore/London,

Law, D. 1994. Adhesion and its role in the virulence of
Enteropathogenic  Fscherichia coli. Clinical  Microbiology

Reviews. 7:152-173.

Levine, M. M. 1987.  [Escherichia coli that cause diarrhea:
Enterotoxigenic, Enteropathogenic, Enteroinvasive,
enterohemorrhagic and enteroadherent.  Journal of Infectious

Diseases. 155:377-389.

Malkawi, H.I., M.T. Youssef. 1998. Antibiotic resistance and

plasmid profiles of Escherichia coli isolated from children. Journal

of Tropical Pediatrics, 44:128-132.

Mathewson, J. J., R. A. Oberhelman, H. L. Dupont, F. J. Cabada,
and E. V. Garibay. 1987. Enteroadherent Escherichia coli as a

cause of diarrhea among children in Mexico. Journal of Clinical

Microbiology 25:1917-1919.

93

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Mayatepek, E., E. Seebass, V. Hingst, A. Kroeger, and H. G.
Sonntag. 1993. Prevalence of Enteropathogenic and
Enterotoxigenic [Iischerichia coli in children with and without

diarrhea in Esteli, Nicaragua. Journal of Diarrheal Disease Res.

1:169-171.

Meqdam, M. M. M., M. T. Youssef, M. O. Rawashdeh, M. S. Al-
Khdour 1997. Non-seasonal viral and bacterial episode of diarthea

in the Jordan Valley, West Jordan. FEMS Immunology and

Medical Microbiology. 18:133-138.

Michael, A. I, H. G. David 1990 Optimization of PCRs. In:
Michael, A. I, H. G. David, J. S. John, J. W. Thomas (editors).
PCR Protocols a guide to methods and applications. Academic

press, New York.

Mikhail, I. A., E. Fox, R. L. Haberberger, J. R., M. H. Ahmed, and
E. A. Abbatte. 1990. Epidemiology of bacterial pathogens

associated with infectious diarrhea in Djibouti. Journal of Clinical

Microbiology 28:956-961.

Mikhail, 1. A., K. C. Hyams, J. K. Podgore, R. L. Haberberger, A.

M. Boghdadi, N. S. Mansour, and J. N. woody. 1989.

94

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Microbiologic and clinical study of acute diarrhea in children in

Aswan, Egypt. Journal of infectious diseases 21:59-65.

Milaat, W. A, and S. M. Elassouli. 1995. - Epidemiology of
diarrhea in two major cities in Saudi Arabia. Journal of Commun.

Dis. 27:84-91.

Nataro, J. P., J. B. Kaper. 1998. Diarrheagenic Escherichia coli.

Clinical Microbiology Reviews. 11:142-201. 1997.

National Committee for Clinical Standards (NCCLS) 1997.

Methods for dilution antimicrobial susceptibility tests for bacteria

that grow aerobically, 3™ ed. Approved standard M7-A4.

Committee for Clinical Standards, Villanova, PA., USA.

Okeke, I. N., A. Lamikanra, H. Steinruck, and J. B. Kaper. 2000.
Characterization of FEscherichia coli strains from cases of

childhood diarrhea in provincial southwestern Nigeria. Journal of

Clinical Microbiology. 38:7-12.

Olsvik, Q., E. Rimstad, E. Hores, N. Strockbine, Y. Wasteson, A.
Lund, K. Wachsmuth 1991. A nested PCR followed by Magnetic

separation of amplified fragments for detection of Escherichia coli

Shiga-like Toxin genes. Molecular Cellular Probes. 5:429-435.

95

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Olsvik, Q., N. Strockbine 1993. PCR detection of Heat — stable,
Heat — labile, and Shiga — like toxin genes in Escherichia coli. In:
David, H. P., F. S. Thomas, C. T. Fred, J. W. Thomas (editors),
Diagnostic Molecular Microbiology Principies and Applications.

Mayo Foundation, Rochester.

O’Brien, A. D., R. K. Holmes 1987. Shiga and Shiga — like toxins.

Microbiology Review. 51:206-220.

Persing, D. H. 1993, In vitro nucleic acid amplification techniques.
In: David, H. P,, F. S. Thomas, C. T. Fred, J. W. Thomas (editors),
Diagnostic Molecular Microbiology Principles and Applications.

Mayo Foundation, Rochester.

Poitrineau, P., C. Forestier, M. Meyer, C. Jallat, C. Rich, G.
Malpucch, C. Champs 1995. Retrospective case — control study of
diffusely adhering Escherichia coli and clinical features in children

with diarthea. Journal of Clinical Microbiology. 33:1961-1962.

Ramotar, K., B. Waldhart, D. Church, R. Szumski, and T. J. Louie.

1995. Direct detection of verotoxin-producing Escherichia coli in
stool samples by PCR. Journal of Clinical Microbiology 33:519-

524.

96

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Riley, L. W. 1987. The epidemiologic, clinical and microbiologic

features of hemorrhagic colitis. Ann. Rev. Microbiol, 41:383-407.

Sang, W.K., J.O. Oundo, J. k. Mwituria, P.G. Waiyaki, M Yoh,
T.lida. T. Honda. 1997. Multidrug-resistant enteroaggregative
E.coli associated with persistant diarthea in Kenya children.

Emergency Infectious Disease 3: 373-374.

Santosham, M., R. Bradleysack, R. Raymond, B. Robert, C. Janne,
Y. Robert, A. Laurie, W. Mark, C. Edward, G. Steve, F. Jean 1995.
Diarrheal disease in the White Mountain Apaches: epidemiologic

studies. Diarrfioeal Dis. Res. 13 (1):18-28.

Savarino, S. I, A, McVeigt, J. Watson, A. Cravioto, J. Molina, P.
icheverria, M. K. Bham, M. M. levine, A. Fasano 1996.
Enteroaggregative Iischerichia coli Heat — Stable enterotoxin is not
restricted  to Entcréaggrcgative }:'.s'c/wrfc}u'a coli. Journal of

fnfections Discases, 173:1019-1022.

Sears C. L. and J. B. Kaper 1996. Enteric bacterial toxins:

Mechanisms of actions and linkage to intestinal secretion.

Microbiology Review, 60:167-215.

Shehabi, A.. A. 1995. Extra-intestinal infections with* multiply

drug-resistant Salmonella typhimurium in hospitalized patients in

97

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Jordan. Furopean Journal of Clinical Microbiology & Infectious

Diseases, 14:448-450.

Shchabi, A A, and 1. Baadran. 1996. Microbial infection and
antibiotic resistance patterns among Jordanian intensive care

patients. Lastern Mediterranean Health Journal, 2:515-520.

Sinjilawi, N. A. 1998. Polymerase chain reaction for the detection
+ and identification of Escherichia coli causing diarrhea in children
from North Jordan. MSc Thesis. Yarmouk University, Irbid —

Jordan.

Stacy-Phipps, S., J. J. Meca, J. B. Weiss 1995. Multiplex PCR
assay and simple preparation method for stool specimens detect
Enterotoxigenic Escherichia coli DNA during course of infection.

Journal of Clinical Microbiology. 33:1054-1059.

Starvic, S., B. Buchanan, J. Speirs 1992. Comparison of a

competitive Enzyme Immunoassay kit and the infant mouse assay
for detection of Jischerichia coli heat — stable enterotoxin. fetiers

in Applied Microbiology. 14:47-50.

Tamura, K., R. Sakazaki, M. Murase, and Y. Kosako. 1996.

Serotyping and categorization of Escherichia coli strains isolated

98

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



befween 1985 and 1992 from diarrheal disease in Asia. Journal of

- Medical Microbiology 45:353-358.

Taylor, D. N., P. Echeverria, O. Séthabuter, C. Pitarangsi, V.
- Lexomboon, N. R. Blacklow, B. Rowe, R. Cross, and J. .Cross.
1988.  Clinical and microbiologic features of Shigella and
Enteroinvaéive Escherichia coli infections detected by DNA-

llybridization. Journal of Clinical Microbiology 26:1362-1366.

Tornieporth, N. J., J. John, K. Salgado, P. D. Jesus, E. Latiiam, M.
C. N. Melo, S. T. Gunzburg, and L. W, Riley. 1995,
Differentiation of paihogcnic foscherichia coli strains in Brazilian
Children by PCR. Journal of Clinical Microbiology 33:1371-

1374.

Tsai, Y., C. J. Palmer, and L. R. Sangermano. 1993, Detection of
Escherichia coli in sewage and sludge by polymerase chain

reaction. Applied and linvironmental M. icrobiology. 59:353-357.

Victor, T., R. D. Toit, J. V. Zyl, A. J. Bester, P. D. V. Helden 1991.
Improved method for the routine identification ‘of Toxigenic
l;'.s'c/w.rfchia coli by DNA amplification of a condensed region of
the heat - labile toxin a Subunit. Journal of Clinical Microbiolo&w.

29:158-161.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



e Vila, J.,, M. Vargas, C. Casals, H. Urassa, H. Mshinda, D.
Schellemberg, and J. Gascon. 1999. Antimicrobial resistance of
diarrheagenic E. coli isolated from children under the age of 5

years from Iakara, Tanzania. Antimicrobial agents Chemother.

43:3022-4.

Vila, I., M. Vargas, J. Ruiz, M. Corachan, M.T. Jimenez de Anta,
J. Gaseon. 2000. Quinolone resistance in enterotoxigenic /2. coli
causing diarrhea in travelers to India in comparison with other

geographical areas. Antimicrobial Agents and Chemotherapy

44:1731-1733,

Yamamoto, T., N. Wakisaka, T. Nakae ']997. A novel
cryohemagglutinin associated with adherence of Enteroaggregative

Lscherichia coli. Infection and Immunity 65:3478-3484.

100

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Appendix 1

RESEARCH PROJECT DIARRH EA

I- Patient’s details:

~-SenalNo. ............
-~ Patient’s hospital No.
- Name

............

------------------------------------

-~Age ......... .
- Duration of hospitalization

2- Clinical features of diarrheq cases:

e frequency .................

- Macroscopic examination of specimen.
a. walery - b. mucoid c. bloody
* other signs and symptoms:
- vomiting
a. yes b. no
~ lemperature
- fits

..............

...............

WBCs.......... RBCs

............

............

Others

......................................................

4- Antibiotic treaiment:

a. yes - (type) o, b. no
- other treatment
a. antiemtic b. antispasm c.other...............

5- Type of diarrheagenic E. coli after investigation:
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Appendlx II
RESEARCH PROJ ECT CONTROL

1~ Patient’s detmls

- Serial details ...................
- Patient’s hospital NO.
- Name

----------------------------------------------------

------------------

-~ AgC L.
- Duration of hospitalization ...

2- The main cause of administration to the hospital

3~ Type of Diarrheagenic E. coli in the stool sample
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