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ABSTRACT 

Diarrhea remains one of the main sources of mortality and morbidity in today's world 

and a significant causal agent is diarrheagenic Escherichia coli. These bacteria are a 

particular problem in developing countries although traveler's diarrhea and 

hemorrhagic colitis are also a problem in developed countries (Nataro et al, 1998). 

In the Northern Territory (NT) of Australia, Aboriginal children are greatly exposed 

to: bacterial pathogens in contaminated food and water; overcrowded living 

conditions with high rates of faecal-oral transmission; frequent intestinal infections; 

and small bowel bacterial contamination which result in more frequent diarrheal 

episodes (Brewster et al, 2002). 

This study was developed to provide new information about the prevalence of 

diarrheagenic E. coli virulence factors, specially EAggEC and EIEC which have been 

suspected in sporadic infections of diarrheal and non-diarrheal Aboriginal children 

(<6 years old) admitted to the Royal Darwin Hospital. 

The importance of virulence factors in diarrheagenic E. coli as a possible cause of 

acute and chronic diarrhea in Aboriginal children was investigated. From 128 

bacterial samples collected from 72 Aboriginal children admitted to hospital, 64 with 

diarrhea and 8 healthy controls, broth cultures were prepared and processed for DNA 

extractions and used in polymerase chain reactions (PCR). PCR made possible the 

detection of (aafl, aaj3, EAggEC, DAEC, EJEC, hlyA, eaeA, bfpA, stxl and stx2) 

virulence factor genes used to identify specific diarrheagenic E. coli types. 

Positive PCR bacterial samples of all identified diarrheagenic E. coli were then 

statistically analysed to see the prevalence of their virulence factors. Also, positive 

PCR samples of EJEC and EAggEC were then tested by using the restriction fragment 

length of polymorphism (RFLP) and randomly amplified polymorphic DNA (RAPD) 

analysis. 



From this study, it was found that both EAggEC and EPEC were the most prevalent 
potential bacteria found in Aboriginal children with diarrhea and as well in healthy 
controls. Prevalence of EJEC bacteria suspected to cause infection in Aboriginal 
children was not significantly found in our study. Also, RFLP and RAPD results 
revealed that diarrhea cases in Aboriginal children could possibly be associated with 
potentially EAggEC carrying multiple virulence factors or harboured by different AA 
mobile plasmid. 

Information in this study will play an important role in the future epidemiological 
study of diarrhoea in Aboriginal children. And subsequently be used as a helpful 
source of information in understanding what etiological agents are prevalent in the 
Aboriginal community children admitted to the hospital. 
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Chapter 1 - General Introduction 

1.1 Diarrhoea! Disease - An overview 

Diarrhoeal disease is one of the largest and most significant gastrointestinal problems 

in the world, especially in children from developing countries. Despite the advances 

in diagnosis and treatment of diarrhoea, all types of this disease still are affecting 

people all around the globe. Although improvements in diagnosis and treatment 

cannot eradicate diarrhoeal diseases, they can contribute to the prevention of deaths of 

many children and adults, especially those living in the tropics where the causes of 

diarrhoeal disease are more variable and life threatening (Mittal, 1999). 

Currently, gastrointestinal infections are the significant cause of childhood morbidity 

and mortality worldwide. Diarrhoea is the most common symptom of gastrointestinal 

tract infections in children. From a clinical perspective, it is helpful to distinguish 

acute from chronic diarrhoea, as the evaluation and treatment are entirely different. 

Acute infectious diarrhoea is a world public health problem and in a majority of the 

cases are viral and short courses (Tomar, 2001). In developing countries it remains a 

major cause of infant mortality compared to industrialized countries where mortality 

is generally lower (Carre et al, 2001). 

Diarrhoea is acute when it persists for less than 3 weeks and is most commonly 

caused by infectious agents, bacterial toxins or drugs. Most commonly dehydration 

can be a life-threatening complication in patients with diarrhoea, especially infants, 

small children and elderly people. Frequently, the prevention of dehydration is the 

only treatment that is needed to ensure recovery. In over 90% of patients with acute 

diarrhoea, the illness is mild and self-limited, responding within 5 days to rehydration 

therapy and/or antidiarrhoeal agents (Lawrence et al, 2001). Diarrhoea that lasts for 

more than 2 weeks is considered persistent or chronic. It can be a sign of a serious 

disorder, or may be due to a less serious condition such as irritable bowel syndrome 

(Mayo clinic, 2002). For someone with a weak immune system it can be a life-

threatening illness especially for infants and young children. 
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Chapter 1 - General Introduction 

Factors such as epidemiology, risk factors, etiological factors, gut pathophysiology 

and management of persistent diarrhoea are associated with poor sanitary and living 

conditions and gastrointestinal infections. The causes of chronic diarrhoea may be 

grouped into six major pathophysiologic categories: osmotic diarrhoea, secretory 

diarrhoea, inflammatory conditions, malabsorption syndromes, motility disorders, and 

chronic infections (Lawrence et al, 2001). 

1.2 Diarrhoea! Disease in Indigenous Australians living in 

the tropical Top End 

1.2.1 The indigenous population of Australia's Top End 

In the 2001 census, the Indigenous population represented approximately 2.2% of the 

Australian population. Because most of Australia's Northern Territory (NT) region is 

recognized as Aboriginal tribal land, Indigenous people represent 28.5% of the 

Territory's total population. For all other states this result ranges between 0.5% and 

3.2% (Australian Indigenous HealthlnfoNet, 2002). Most of the NT is very remote 

(Figure 1.1) and, even with an area over 30% greater than that of New South Wales 

and Victoria combined, is home to less than 1 % of Australia's population. 

The most northern regions of the NT, referred to as the Top End (Figure 1.1, inset) 

include the Territory's capital Darwin, Kakadu National Park and tribal lands such as 

Arnhem Land, Bathurst and Melville Islands and Groote Eyland. This area is serviced 

by two major hospitals, one located in Darwin and the other in Katherine. 

A recent report released by the Cooperative Research Center for Tropical and 

Aboriginal Health, showed that of the 628 Aboriginal communities in the NT, 516 are 

over 100 km away from the nearest hospital and 345 communities are over 250 km 

away (Hoffman & Bailie, 2001). In addition, flooding and road conditions during the 

wet season are other factors that limit the access to approximately half of the 

indigenous communities to reach the health care services. 
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Figure 1.1: The Top End in the Northern Territory of Australia. Map showing the degree of 

remoteness for regions of Australia as determined using the Accessibility/Remoteness Index of 

Australia (ARIA) (Year Book Australia, 2001). Inset shows the Top End in detail. Major centers are 

indicated in yellow while major roads are shown in solid red. Minor roads are shown as dotted lines. 

Diagram drawn and used with permission of Rebecca Towers. 
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Chapter 1 - General Introduction 

1.2.2 Aboriginal health 

Aborigines and Tones Strait Islanders face higher rates of mortality than those of 

other Australians across all age groups. Based on figures from 1997-1999, the 

mortality rates were 2.1 to 5.8 times higher with life expectancy being 21 and 19 

years less for men and women respectively (Australian Indigenous HealthlnfoNet, 

2002). Newborn low-weight is more common amongst Aboriginals (Gogna et al, 

1986) and infant and prenatal mortality rates are three times higher comparing to the 

national rates (Australian Indigenous HealthlnfoNet, 2002). According to an 

information report from the Australian Institute of Health and Welfare (1999) 

(http://www.aihw.gov.au!) the second biggest killer of Aboriginal children under the 

age of 15 is infectious and parasitic disease with rates 12 times higher than those of 

non-Aboriginal children. The general incidence of disease is more common in 

Aboriginals than in other Australian communities, for example, the number of new 

cases of tuberculosis in the NT in 1994 was 16.1 per 100,000 compared with 1.2 per 

100,000 for the rest of Australia (World Health Organisation, 1996). 

1.2.3 Diarrhoeal disease in the Top End 

In the NT diarrhoea remains one of the most important clinical issues, especially in 

Aboriginal children from remote communities. Diarrhoeal diseases continue to 

contribute to the large admission rates to hospital per population and most of the 

patients are Aboriginal children. Previous studies on Aboriginal children hospitalized 

with diarrhoea reported that most of the children were admitted with high rates of 

malnutrition, electrolyte disturbances, and lactose intolerance and infected with more 

than one enteric pathogen (Kukuruzovic, 2003). 

Gastrointestinal (GI) infectious diseases are a significant health problem in 

Indigenous Australians. Diarrhoeal infections are caused by bacteria, viruses and 

parasites which spread rapidly in an unclean or overcrowded environment, usually in 

contaminated food or water or other fluid (Health and Welfare, 2001). 

ri 



Chapter 1 - General Introduction 

In the NT of Australia, Aboriginal children from rural and urban areas experience 
much higher rates of all GI infections. The underlying causes of GI infections in 

Aboriginal children include poor environmental and domestic conditions that lead to 
symptoms such as diarrhoea and vomiting. Further complications result in 
dehydration and ineffective absorption of nutrients, which in turn cause inadequate 
weight gain or weight loss (Health and Welfare, 2001). 

Young Aboriginal children living on communities in the Top End of Australia have 
more severe manifestations of diarrhoeal disease than non-Aboriginal children 
(Kukuruzovic and Brewster, 2001). It has been observed that apparently healthy 

Aboriginal children suffer from intestinal mucosal damage due to heavy exposure and 
colonization by enteric organisms ingested with food and water. This condition is 
known variously as "tropical enteropathy syndrome", and it is characterized by a 
range of severe manifestations of diarrhoeal disease such as acidosis, hypokalemia, 
lactose malabsorption and severe dehydration which contribute to prolonged 
hospitalization. Aboriginal children, especially infants, experience up to 16 times 
more frequent admissions (330.7 per thousand of population) than non-Aboriginal 
children of the same age (20.3 per thousand). These children have life-threatening 

complications that cannot be managed safely in remote communities using oral 
rehydration solutions. These complications result in longer recovery periods as 
reflected in longer mean lengths of stay (95% confidence intervals) in hospital; 8.9 
days for Aboriginal admissions and 3.5 days for non-Aboriginals. Consequently, they 
may not demonstrate the expected catch-up growth between episodes of diarrhoea 
unless a special effort is made to increase their intake of weaning foods during 
convalescence. 
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Chapter 1 - General Introduction 

Diarrhoeal disease in northern Australian Aboriginal children is often complicated 
and in order to prevent this small bowel mucosal damage and severe diarrhoeal 
diseases, efforts need to focus on improving personal hygiene, better dietary practices 
and decreasing household overcrowding in communities. Such environmental 
improvements are likely to decrease the underlying mucosal damage so that when 
children contract diarrhoeal disease, they could be managed more often in the 
community with oral rehydration solution without the need for emergency air 
evacuation to hospital. 

1.3 Causes of Diarrhoeal Disease 

The causes of diarrhoea are innumerable and an expanding number of potential viral, 
bacterial, and parasitic pathogens have been associated with diarrhoeal disease 
(Rudolph and Cohen, 1999). The most common causes including viruses, bacteria and 
parasites are listed in table 1.1. 

Developing countries 

Parasites: 
- Giardia lamb/ia 
- Ciyptosporidium sp. 
- Strongyloides stercora/is 
- Ascaris /umbricoides 

Bacteria: 
- Campy/obacter sp. 
- Salmonella sp. 
- Shigel/a sp. 
- Escherichia co/i 

Viruses: 
- Rotavirus 
- Adenovirus  

Developed countries 

Parasites: 
- Giardia lamb/ia 
- Ciyptosporidium sp. 

Bacteria: 
- Campylobacter 
- Salmonella sp. 
- Shige/la sp. 
- Escherichia co/i 

Viruses: 
- Rotavirus 
- Adenovirus 

Table 1.1: Common causes of diarrhoeal disease in developing and deve/oped 
countries. The specific path ogens that cause diarrhoeal disease often depend on the 
geographic area and its level of sanitation, economic development, and hygiene. 
(Modified from Lawrence et al, 2001). 
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Many of the pathogens that can cause diarrhoea may also result in other symptoms, 
such as fever, loss of appetite, abdominal cramps, nausea, vomiting, weight loss, and 

dehydration making diagnosis more difficult. Some pathogens that cause diarrhoeal 
diseases may also result in life-threatening complications if they spread into the 
bloodstream and cause infections in organs far from the intestines. 

Previous studies in the NT Aboriginal children admitted to the hospital showed that 
the most frequently identified diarrhoeal pathogens were enteroaggregative E. colt 

(EAggEC), rotavirus, enteropathogenic E. colt (EPEC), Salmonella species, 
Ciyptosporidium parvum and Strongyloides stercoralis (Kukuruzovic and Brewster, 
2001). 

The increased isolation of these pathogens from asymptomatic people in areas where 
there is a high prevalence of tropical-environmental enteropathy suggests that to clear 
enteropathogens is a likely contributor to mucosal damage. This fact is consistent with 
Kukuruzovic & Brewster's (2001) findings of multiple pathogens in diarrhoeal cases 
and a high rate of stool pathogens in non-diarrhoeal cases, which ranged from 12% on 
routine stool microbiology to 41% of non-diarrhoeal cases in whom stool DNA 

probes for pathogenic E. colt were done. 

Based on Kukuruzovic & Brewster's (2001) previous results, this study will focus 
manly on the diagnosis and characterization of E. coli virulence factors suspected to 
be currently associated with diarrhoeal diseases in the Top End Aboriginal children of 
Australia. 

7 



Chapter 1 - General Introduction 

1.3.1 Escherichia coli 

E. coli are Gram-negative bacilli bacteria sized 0.3 to 6.0 im that belong to the family 
enterobacteriaceae (Figure 1.2). It is the predominant nonpathogenic organism in the 
facultative flora of human intestine and animals. 

Figure 1.2. Micrograph of Escherichia coli showing the gross morphological features 
(taken from http://iris. cnice. mecd). 

This bacterium is versatile and well adapted to its characteristic habitats and will grow 
in the presence or absence of oxygen (http://textbookofbacteriology.netle.coli.html). 
This means, it can grow in media with glucose as well as in organic soil constituent 
and can ferment glucose producing acid and gas. This explains why some types of E. 
coli have no growth factor requirements, and metabolically it can transform glucose 
into all of the macromolecular components that make up the cell. 

Some E. coli strains have acquired the ability to cause serious disease in even the 
most robust human hosts (Nataro and Kaper, 1998). This pathogen is responsible for 
three types of infections in humans. These are gastroenteritis in the gastrointestinal 
tract, urinary tract infections (UTI), and neonatal meningitis in the central nervous 
system. All these infections depend on a specific group of pathogenic or virulence 
determinants. E. coli possesses a broad range of virulence factors and numerous of 

them have been identified (toxins, adherence factors, haemolysins, serotypes, etc). 
Some of these virulence factors are common to all E. coli whereas others are unique 
to specific virulent strains. 



Chapter 1 - General Introduction 

Within the species of E. coli, there are commensal strains and a variety of pathogenic 

strains, including EPEC, EHEC, ETEC, EJEC, EAggEC and DAEC strains (Pupo et 

al, 1997). 

In addition to the general factors possessed by all members of the family 

enterobacteriaceae, these E. coli strains are close linked with most gastrointestinal 

diseases worldwide, especially affecting children from developing countries 

(Lawrence et al, 2001). 

1.4 Diarrhoeagenic Escherichia coli 

Diarrhoeagenic E. coli are the most important emerging enteric problem in children, 

especially those living in undeveloped and developing countries (Bernier et al, 2002). 

Diarrhoeagenic strains of E. coli can be divided in to at least six different categories 

with corresponding distinct virulence factors (Table 1.2). 

All categories of diarrhoeagenic E. coli use a common mechanism to infect the host. 

This consists of colonization of the intestinal epithelium, evasion of host defenses, 

multiplication, and host damage. Although disease pathogenesis between 

diarrhoeagenic types are quite different, there have been described three general 

virulence characteristics such as enterotoxin production, intimate attachment and 

invasion (Boudeau et al, 1999). Taken together, these organisms represent the most 

common cause of childhood diarrhoea worldwide (Nataro and Kaper, 1998). 
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Chapter 1 - General Introduction 

E. coli Pathogenic Virulence factors Symptoms 

characteristics  

Hemorrhagic colitis, attaching- Shiga toxin 1 (stxl) Bloody watery stools 
effacing lesions in the large Shiga toxin 2 (stx2) and HUS 
intestine and in severe cases Hemolysin 
necrosis can be present. Intimin EHEC 
diarrhoea associated with Intimin Watery or bloody 
attachment and acute tissue- Bundle forming pilli diarrhoea and/or 

EPEC destructive process possible death. 

Colonization and proliferation CFAs, Stxl or Stx2 and Watery diarrhoea 
in the small intestine, and secreted toxins LT and ST and abdominal 

ETEC production of toxins that cramps 
induce fluid secretion.  
Invasion of the epithelial cells Invasion-plasmid antigens Bloody diarrhoea 

EIEC of the intestine (IpaC) and HUS 
Diffusely aggregative patern Diffusely adherent and Diarrhoea 

DAEC on cell cultures Aggregative A pattern 
Aggregative adherence to Aggregative adherence Severe and persistent 
Hep-2 cells culture firnbriae type I, II, III and diarrhoea 

EAggEC aggregative A pattern 

Table 1.2: shows the categories of diarrhoeagenic E. coli and related virulence 
factors. (Table compiled Nataro et al, 1998 and the "Bad Bug Book" website 
(http://www.cfsan.fda.zovl—mowlintro.html). 
*HUS (Hemolytic- Uremic Syndrome) 
*CFA (colonization factor adherence) 
*LT (heat-labile toxin) 
*ST (heat-stable toxin) 

1.4.1 Characteristics of diarrhoeagenic Escherichia coli groups 

1.4.1.1 Enterohemorrhagic Escherichia coli (EHEC) 

EHEC bacteria are a member of the shiga toxin-producing E. coli (STEC) group 
(Paton and Paton, 1998). STEC organisms colonize the intestine and can cause 
bloody or nonbloody diarrhoea and hemolytic uremic syndrome (HUS) which is an 
acute failure of kidney function (Torres et al, 2002). The severity of the disease 
caused by STEC bacteria ranges from mild and uncomplicated diarrhoea to 
hemorrhagic colitis with severe abdominal pain, and bloody diarrhoea. 

Production of shiga toxins (also reported as verotoxin, or shiga -like toxin) mediates 
bloody diarrhoea and increased abdominal pain. Strains of STEC have been 
associated with outbreaks of diarrhoea, hemorrhagic colitis, and HUS in humans. 
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Infection with this bacterial group occurs with colonization of the intestine and 

subsequently elaboration of cytotoxins. Most clinical signs of disease arise as a 

consequence of the production of either shiga toxin stxl or stx2 or combinations of 

these toxins (Wang et al, 2002). However, additional virulence factors such as eaeA 

and hlyA are also shown to be necessary for STEC infection (Khan et al, 2002). 

Typical EHEC bacteria are characterized by shiga toxin production and two other 

major different virulence factors including the intimin (product of eaeA gene) and the 

hemolysin (hlyA) which are involved in the adherence process called attaching and 

effacing adherence (AlE). EHEC bacteria with the hemolysin (EHEC hlyA) (Schmidt 

and Karch, 1996) have more intestinal damage caused by the pathogen and more 

severe bloody diarrhoea (Welinder-Olsson et al, 2002). Atypical EHEC bacteria have 

all of the virulence factors except hlyA (Wang et al, 2002) and are characterized by 

relatively less severe symptoms. 

The first stage in bacterial infection is the colonization of the epithelium of the 

terminal ileum, cecum, and colon. The best characterized adherence phenotype is the 

intimate or attaching and effacing adherence which is present in EHEC and EPEC E. 

co/i strains. AlE lesions consist of loss of enterocyte microvilli and intimate 

attachment of the bacterium to the cell surface with associated cytoskeletal changes 

resulting in the formation of a pedestal (Kehi, 2002) (Figure 1.3). 

The pedestal formation process is mediated by the eaeA gene, which is clustered in the 

locus for enterocyte effacement (LEE) (Son et al, 2002). This is necessary for the 

attaching and effacing activity. The eaeA gene encodes a 94- to 97-kDa outer 

membrane protein that is termed intimin and is an adhesin that enables some EHEC 

strains to tightly attach to epithelial cells of the intestine (Welinder-Olsson et al, 

2002). 
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Figure 1.3: Electron micrograph showing eaeA mediated attachment of E. coli via 

pedestal formation on the surface of the host epithelial cell. (Taken from 

http://ecoli. bham. ac. u/cl)  

1.4.1.2 Enteropathogenic Escherichia coli (EPEC) 

Enteropathogenic E. coli (EPEC) also adheres intimately to human intestinal 

epithelial cells, resulting in less severe watery, persistent diarrhoea (Goosney et al, 

2000). This E. coli group is nevertheless a major cause of pediatric diarrhoea in 

developing countries, killing close to 1 million children each year due to dehydration, 

malnutrition and other complications of the disease (Goosney et al, 1999). 

EPEC bacteria are both typical and atypical. Typically EPECs contain a plasmid 

encoded bundle forming pilus (bfpA) which mediates initial adherence. The first stage 

of EPEC colonization is mediated by bfpA which is a type IV fimbriae, the second 

stage of EPEC pathogenesis involves the secretion of bacterial proteins stimulating 

the intracellular calcium level, some into the host cell, including EspA, EspB, and 

EspD, and the third stage of EPEC infection is characterized as intimate attachment 

(mediated by intimin) with the host cell. 

Intimin, a 94-kDa outer membrane protein encoded by eaeA, binds to a 90-kDa 

tyrosine phosphorylated protein in the host membrane leading to the destruction of the 

microvilli. Thus these strains have also been called Enteroadherent E. coli 

(http://textbookofbacten'ology.net/e.coll.html). BfpA is plasmid mediated (EPEC 
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adherence factor, or EAF plasmid), and intimin is encoded by the E. coli attachment-
effacement (eaeA) gene located on the bacterial chromosome. Atypical EPEC contain 

only one of the adherence genes bfpA or eaeA. The diarrhoea likely results from the 

loss of the absorptive properties of the infected cells; a toxin has not been found 

(Murray et al, 1998). 

Research into EPEC is intense and provides a good virulence model of other E. coli 

infections as well as other pathogenic bacteria. Although the virulence mechanisms 

are now better understood, they are extremely complex and much remains to be learnt 

(Clark et al, 2003). 

1.4.1.3 Enteroinvasive Escherichia coli (EIEC) 

Enteroinvasive Escherichia coli (EIEC) disease is characterized by an intense 

inflammatory response which is caused by the invasion and multiplication of bacteria 

within epithelial cells lining the colon. The intense inflammatory response is 

characterized by abscesses and ulcerations that damage and destroy the epithelial cells 

and subsequently lead to the production of a dysentery-like diarrhoea with fever in 

humans (Andrade et al, 2002). These types do not produce shiga toxin and LT or ST 

toxins (http://textbookofbacteriology.net/e.coli.html). EIEC strains have an invasion 

plasmid (j[NV) similar to that harbored by Shigella strains (Sansonetti et al, 1983). 

The pathogenicity of enteroinvasive microorganisms is a complex process which 

requires the coordinated expression of several genes located on a chromosome and on 

a 37-kb region of a large, 180- to 210-kb virulent plasmid designated (pINV) (Berlutti 

et al, 1998). The disease is characterized by fever and cramps, with blood and 

leukocytes in stool specimens and is primarily seen in developing countries (Murray 

et al, 1998). 

1.4.1.4 Enteroaggregative Escherichia coli (EAggEC) 

Enteroaggregative Escherichia coli (EAggEC) are an emerging and important cause 

of severe, persistent, diarrhoea in both adults and children, and are characterized by a 

distinctive "aggregative adhesion (AA) pattern on the surfaces of HEp-2 or HeLa 

cells, with the bacteria adhering to each other to form a "stacked brick" appearance on 

human epithelial cells and glass coverslips" (Bernier et al, 2002). 

13 



Chapter 1 - General Introduction 

It has been shown that most EAggEC strains possess a plasmid (designated pAA) 

which encodes several putative virulence factors, including the AA fimbria 

characterized as Aafl, Aaf2 and Aaf3 (Jiang et al, 2002; Bernier et al, 2002). Aafl 

related genes include aggA, which encodes the major fimbrial subunit; the 

corresponding aafl subunit has been designated aafA/aafDA which mediates 

adherence to the intestinal mucosa (Jiang et al, 2002). The Aaf3 has the ability to 

produce fimbriae involved in bacterial aggregation and to bind HeLa cells by three 

respective genes (aag-3A, aag-3C and aag-3D) (Bernier et al, 2002). 

The biological formation of Aafl, Aaf2 and Aaf3 require the action of a 

transcriptional activator called aggR. It is important, however, that many strains 

carrying the aggR gene do not express Aafl, Aaf2 and Aaf3. In addition, the pAA 

plasmid which is encountered in various EAggEC strains has a aspU gene, which 

encodes a secreted protein that seems to be recognized by the patient serum. Although 

none of these factors has been directly linked to virulence in vivo, each of them plays 

an important role in EAggEC pathogenesis (Jiang et al, 2002; Bernier et al, 2002). 

Thus, EAggEC strains must also produce other adhesive structures. In addition to 

adhesins, a variety of other virulence factors have been described, including a heat-

stable enterotoxin, a plasmid-encoded toxin, and a protein involved in intestinal 

colonization. However, these factors are frequently not present in all EAggEC isolates 

(Bernier et al, 2002). 

Recent studies have shown that in the developed as well as developing countries, a 

high proportion of persistent diarrhoeal cases of bacterial origin are caused by 

EAggEC. In some areas (in particular Brazil) up to 68% of persistent diarrhoea cases 

are attributed to infection with EAggEC. Disease is generally manifested as persistent 

watery, mucoid, secretory diarrhoea, in the absence of fever and blood. However in 

some outbreaks, the resulting disease has been characterized by persistent, watery, 

mucoid diarrhoea with a low-grade fever and bloody stools. 
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EAggEC are frequently related to persistent diarrhoea and identification remains 

dependent on production of the adhesins that generate the AA pattern. (Scaletsky et al, 

1999; Bernier et al, 2002). 

1.4.1.5 Diffusely adherent Escherichia coli (DAEC) 
There are three typical adherence phenotypes in E. coli strains that have been 

distinguished. They are characteristic for EPEC (localized adherence), EAggEC 

(aggregative adherence), and DAEC (diffuse adherence) strains (Beinke et al, 1998, 

Scaletsky et al, 2002). 

The term "diffusely adherent E. coli" was initially used to refer to any HEP-2 

adherent E. coli strain that did not form EPEC-like microcolonies. DAEC strains are 

identified by a diffuse adherence pattern, in which the bacteria uniformly cover the 

entire cell surface. It has been suggested that DAEC strains should be categorized 

within the EAggEC pathotype because the predominant adhesins of DAEC strains are 

related to fimbrial adhesins encoded on EAggEC plasmids (Czeczulin et a!, 1999). 

Recent epidemiological studies have indicated that Escherichia coli strains that 

exhibit the diffuse-adherence phenotype (DAEC strains) represent a potential cause of 

diarrhoea in infants (Beinke et a!, 1998). The implication of DAEC strains in 

diarrhoea remains controversial, and some studies have reported that these strains are 

found similarly in children with and without diarrhoea. Recently, with the discovery 

of EAggEC, most authors now recognize DAEC as an independent category of 

potentially diarrhoeagenic E. coli (Nataro and Kaper, 1998). 

1.5 Associated Diarrhoeagenic E. coli Virulence Factors 

The ability for adaptation of each diarrhoeagenic E. coli virulence factor gene is 

obtained essentially by the influence of two genetic constituent models: virulence-

related plasmids and chromosomal pathogenicity islands. 

Previous studies have shown that all six categories of diarrhoeagenic E. coli carry at 

least one virulence-related property upon a plasmid (Nataro and Kaper, 1998). 
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Following there is a short description of each diarrhoeagenic E. coli virulence factor 
gene that is used in this study. 
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Figure 1.4: shows Escherichia coli exchanging genetic information (Taken from 
http://ecoli. bham. ac. uk/)  

1.5.1 Shiga Toxins: Sixi and Stx2 

Many strains of Escherichia coli produce a variety of potent toxins, including Shiga-
like toxins. Shiga toxins are identified within STEC and EHEC groups and seem to be 
an important factor in human diseases. Based on serological methods and DNA 
sequence analysis, Stx toxins have been divided in to two major subclasses, Stxl and 

Stx2. These strains are also often referred to as verotoxin-producing E. coli due to the 
effect these toxins have on Vero cells in culture. Such toxigenic isolates have been 
identified as a worldwide cause of serious human gastrointestinal disease, often with 
severe complicating problems that include bloody diarrhoea, HC, and the life-
threatening condition HUS (Wang et al, 2002). 

1.5.2 BfpA, eaeA 

BfpA is plasmid mediated and is definitely involved in bacterium-to-bacterium 
adherence in the localized adherence pattern (Murray et al, 1998). The 94- to 97 - 
kDa outer membrane protein called intimin is a product of the eaeA gene involved in 
the bacterial attaching and effacing adherence phenomenon to epithelial cells and 

clustered in a pathogenicity island termed the LEE. The eaeA gene is present in all 
EPEC and EHEC while BfpA is only present in EPEC (Nataro and Kaper, 1998). 
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1.5.3 EHEC-hlyA 

The major virulence factor of (EHEC) is a plasmid-encoded enterohemolysin. The 

enterohemolysin (hlyA) is often associated with severe clinical disease in humans. The 

p0157 plasmid sized from 93.6 to 104kb has a 3.4-kb fragment which was shown to 

encode the enterohemolysin gene and it was developed as a diagnostic probe for 

EHEC. The 60-MDa plasmid is commonly found in 0157:H7 strains that contain 

genes encoding a hemolysin and the role of this plasmid in the pathogenesis of disease 

due to EHEC are unknown (Nataro and Kaper, 1998). 

1.5.4 EIEC 

The virulence factor genes from the EJEC group are located on a large invasion 

plasmid called (p[NV). Prominent among these genes are the mxi and spa loci, which 

encode a so-called type III secretion apparatus. This process is required for the 

secretion of multiple proteins which are necessary for full pathogenicity. The Ipa 

proteins (IpaA to IpaD) are secreted proteins, of which IpaB, IpaC, and IpaD are 

effectors of the invasion phenotype (Nataro and Kaper, 1998). 

1.5.5 DAEC 

DAEC strains are defined by the presence of the DA pattern in the HEp-2 adherence 

assay. The gene encoding the AIDA-I factor has been completely sequenced. Use of a 

DNA probe specific for AIDA-I suggests that this factor is expressed by a minority of 

DAEC isolates (Nataro and Kaper, 1998). Also a 750-bp polynucleotide fragment 

derived from the afaBC gene has been used as a DAEC DNA probe (Bemier et al, 

2002). AfaBC encodes a molecular usher necessary for expression of the different 

types of fimbriae including: strains A30, AL845, HB101 (pILL1151) carrying the afa-

3 operon; strain AL851, carrying the afa-5 operon; and strain C1845, carrying the daa 

operon which belongs to the afa family of operons (Bernier et al, 2002). 
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1.5.6 pAgg, Aafl, Aaf 2 and Aaf3 
Strains of EAggEC differ in their pathogenicity, but the pathophysiology of EAggEC 

diarrhoea and the virulence traits that enable the organism to cause diarrhoea are not 

well understood. It has been shown that most EAggEC strains possess a 60- to 65-

MDa plasmid (designated pAA or pAgg) which encodes several putative virulence 

factors, including the AA fimbriae characterized as Aafl, Aaf 2 and Aaf3 (Jiang et al, 

2002) and two genes identified as aggA and pCVD 432 found in the E. coli strains 

042 and 17-2, respectively (Ponds, 2001). The pCVD 432 and afaA genes encode for 

Aafl and Aaf2 fimbrial subunits whereas the Aaf3 fimbrial subunit is encoded by 

agg-3A (Bernier et al, 2002). It is suggested that some strains which are negative for 

pCVD 432 probes also carry an AA plasmid. This is evidenced by the presence of 

several other AA plasmid genes found in such negative strains (Czeczulin et al, 

1999). 

1.6 Detection and Identification of Diarrhoeagenic E. coli 

Detection and identification of diarrhoeagenic E. coli strains requires the 

differentiation of pathogenic non-diarrhoeagenic and nonpathogenic strains. The 

diagnosis is suggested by the clinical picture and confirmed by stool cultures. Since 

the categories of diarrhoeagenic E. coli are differentiated on the basis of pathogenic 

features, emphasis is placed on the mechanisms of disease and the development of 

diagnostic techniques based on virulence factors (Nataro and Kaper, 1998). 

Serotyping and DNA probes for virulence factors are occasionally performed for 

outbreaks. Despite the advances on treatment of diarrhoeagenic E. coli diseases, the 

role of these pathogens has been overlooked because of limited detection methods 

(Keskimaki et a!, 2000). 

The development of rapid and accurate methods to identify diarrhoeagenic E. coli is 

highly recommended and for this reason, companies have developed many 

commercial kits using immunochemical methods to meet the demand from hospitals 

and research institutions everywhere in the world. Table 1.3 shows most methods 

used in the isolation and identification of diarrhoeagenic E. coli. 
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E. coli E. coli source Methods used in identification Method 
category duration 

(days) 
Feces, tissue, 

ETEC food, water Gene probes, immunoassays, tissue culture 1-3 

Recombinant DNA methods, 4- 
methylumbelliferyl-B-D-glucuronide (MUG) 

EHEC Feces, food assay Sorbitol-MacConkey agar. 1-3 

EIEC Feces, food gene probes, tissue culture 1-3 

Gene probes, serological and cell culture assays, 
EPEC Feces, food serotyping, enrichment and biochemical 7-14 

procedures.  

DAEC Feces, food Gene probes, cell culture assays 1-3 

EAggEC Feces, food Gene probes, cell culture assays, serotyping 1-3 

Table 1.3: Methods used to diagnose common diarrhoeagenic E. coli. 
(Information in this table was obtained from the Foodborne Pathogenic 
Microorganisms and Natural Toxins Handbook in the "Bad Bug Book" website: 
http://www.cfsan.fda.zovl—mowlintro.htmL). 

Overall, the need to test accurate and rapid ways of diagnosing diarrhoeagenic E. coli 

in Aboriginal children is still required as the disease continues to affect and harm their 

lives. For this reason, we performed PCR - based tests to detect common 

diarrhoeagenic E. coli virulence factors (Table 1.4). These tests were chosen because 

during the past years, they have received considerable attention as molecular typing 

methods due to their simplicity, sensitivity, flexibility, considerable low cost and less 

time consuming procedures (Pacheco et al, 1998). 
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Diarrhoeagenic Virulence factor Method Duration 
E. coli type genes tested 

Shiga toxins (stxl 
ETEC and stx2) PCR 24 hrs' 

hlyA PCR 24 hrs' 
eaeA 

EHEC stxl and stx2 

PCR 24 hrs' 
EIEC IpaC(EIEC) CTB-PCR 4 hrs' 

RFLP 4 hrs2  
eaeA PCR 24 hrs' 

EPEC bfpA 

PCR 24 hrs' 
DAEC daec 

aafl PCR 24 hrs' 
aaj3 CTB-PCR 4 hrs2  

EAggEC pAgg RFLP 4 hrs2  
RAPD 4hrs2  

Table 1.4. Virulence factor genes tested in this study and the associated 
diarrhoeagenic E.coli type. 

'1- 24 hrs (include the duration of sample incubation 10 to 15 hrs plus the time of InstaGene matrix 
preparation). 
22 4 hrs (minimum time of each test) 
* PCR (Polymerase Chain Reaction) 
* CTB (Colony Taq Buffer) 
* RFLP (Restriction Fragment Length Polymorphism) 
* RAPD (Ramdomly Amplified Polymorphic DNA) 
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1.6 Aims of this Study 

Diarrhoeagenic E. coli is recognized as an important cause of diarrhoea in humans, 

particularly in children from tropical developing countries. Aboriginal children living 

in the Northern Territory suffer greater incidences of acute, chronic and severe 

diarrhoea than other Australian children (Kukuruzovic et al, 2003). The aim of this 

study was to investigate the incidence and prevalence of diarrhoeagenic E. coli 

virulence factor genes among five of the six major groups of diarrhoeagenic E. coli 

found in Aboriginal children admitted to the RDH in Northern Territory. 

Colony identification within specific diarrhoeagenic E. coli groups will be analyzed to 

check for clonal relatedness. These studies involve genetic comparisons using RAPDs 

(Khan et al, 2002) and RFLP analysis of specific identified diarrhoeagenic E. coli 

virulence factors. From other studies (Nataro et al, 1998) it is recognized that severe 

E. coli-associated diarrhoeal disease is strongly linked to EAggEC and EIEC. 

Although we are testing for a wide range of virulence factors, we shall be 

concentrating on these two groups of diarrhoeagenic E. coli. 

Overall, diarrhoeal diseases are a universal and important health problem and once the 

virulence mechanisms of these diarrhoeal organisms are elucidated, a causal 

relationship can be more readily defined. Future applications of advanced molecular 

diagnosis in clinical laboratories will enhance significantly capabilities to diagnose 

bacterial, parasitic, and viral agents in the early course of disease through a variety of 

methods leading to more timely and directed therapeutic intervention (Turgeon et al, 

2001). 
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2.1 Introduction 

Infections with diarrheagenic E. co/i continue to be a real threat for young children in 

the world especially in countries where the living conditions are poor. Even with the 

actual advances in molecular biology techniques for early identification of diarrheal 

diseases, there are still needs for adaptation and creation of new methods and ways of 

diagnosis in diarrheal disease especially for virulent diarrheagenic E. co/i. In this 

view, scientists around the world aim to achieve faster and accurate techniques for the 

diagnosis of diarrheagenic E. coli which will be very helpful for an early treatment of 

the disease. 

The intention of this chapter is to give a brief description of all procedures used in this 

study and at the same time cite all materials used for each of the techniques for the 

identification and characterization of all diarrheagenic E. co/i virulent factor genes 

used in this study. A general overview of the procedures and protocol for their use is 

given in Figure 2.1. For extra information, all biochemicals and kits described in this 

chapter are listed in Appendix A. Media, buffers, loading dye and solutions are listed 

in Appendix B. 

This study was done in a PC2 laboratory at MSHR and it was conducted according to 

the guidelines established by the Australian standards. Samples were collected at the 

Royal Darwin Hospital (RDH) by hospital staff and sent to RDH Microbiology for 

pathogen testing. For this study 2 mg of fecal sample was inoculated into 5 ml of EC 

(modified) broth (Oxoid) and stored at 4°C until they were transferred to MSHR for 

diarrheagenic E. co/i virulence marker testing. 
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Figure 2.1: Flow diagram giving an overview of the procedures used in this study. 
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2.2 Bacterial Strains 

Positive control strains used in this study are listed in Table 2.1. Control samples were 
cultured on EC (modified) agar, which was prepared by adding 1.5% agar to EC 
(modified) broth (Oxoid) and incubated at 37°C overnight prior to PCR template 

preparation. 

STRAIN No. Diarrhoeagenic E. coli 
group  

Virulence Genes 

EDL 933 (Cl) EHEC, STEC eaeA, hlyA, Stxl, Stx2 

042 (C2) EaggEC, DAEC AggA, aaf3, afaR C 

17-2 (C3) EaggEC PCVD 340, aafl 

E2348/69 (C4) EPEC BfpA, eaeA 

223-83 (CS) EJEC IpaC, aafl 

Table 2.1: Control strains used in this study and specflc genes used to identzfj these 
types. 

One hundred and twenty eight faecal samples were collected at RDH pathology 
laboratory over the period of March - 03 until December - 03 from 72 Aboriginal 
children which were admitted in hospital with symptoms of acute and severe 
diarrhoea were included in this study. 118 bacterial samples were from 64 children 
who lived in remote communities but were admitted to RDH with acute or severe 
diarrhea and 10 were obtained from 8 non-diarrhoeal Aboriginal children. These 
children were between the ages of 4 months and 5 years old at the time of collection. 
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2.3 Sample preparation and storage 

Fecal samples inoculated in EC broth were grown overnight at 37°C with shaking. An 

aliquot of the overnight culture was stored for later use by adding 150 pA of glycerol 

15% to 850 iii of overnight EC culture and stored at -8 0°C. Template preparation for 

PCR was performed using the InstaGene matrix method (BioRad Richmond, CA) as 

described by the manufacturer. 

Briefly, 500 pA of the (EC) grown bacteria in EC culture solution was aliquoted into a 

1.5 ml microtube and pelleted in a bench top microfuge (Sigma). The overlying media 

was removed and discarded aid to the pellet 200 il of InstaGene matrix was added. 

The tube containing InstaGene and pellet was vortexed for 10 sec and then incubated 

at 56°C for 30 mm. After this, the tube was vortexed again for 10 sec and then 

incubated at 95°C for 8 mm, followed by vortexing and storage at -20°C. Immediately 

prior to use, the sample was briefly spun and 2 i1 of the supernatant was used as 

template in PCR to test for diarrheagenic virulence markers. When an enriched fecal 

sample or isolate was positive for a specific virulence factor by PCR test, further 

investigation of the cultured bacteria was required and plated for single colonies. 

E. colt single colonies were processed as follows. E. colt from frozen overnight 

culture stocks was recovered by adding 20 pA of glycerol sample stock to 5 ml of EC 

(modified) broth. This culture was then incubated overnight at 37°C with shaking. 

Subsequent single colony isolation was achieved by diluting this overnight culture 1 

in 40000 with EC broth and 30 pA was plated onto EC agar (EC broth with 1.5% agar) 

and grown aerobically overnight at 3 7°C. Single colonies were then "pick and 

patched" onto fresh EC agar and grown overnight at 37°C. These struck out single 

colonies were then tested for virulence factors using CTB-PCR to ensure the isolated 

colony is the E. coli of interest. 
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2.4 PCR analysis of Diarrheagenic E. coli Virulence Factor 

Genes 

The polymerase chain reaction (PCR) was used to test for the presence of 

diarrheagenic E. coli virulence factor genes. Specific PCR primers have been 

developed successfully for most of the categories of diarrheagenic E. coli. These 

primers were selected to amplify conserved regions of the target virulence factor 

genes and allow single-band identification of amplified DNA fragments by agarose 

gel electrophoresis. Each of the primer sets has been identified as specific for E. coli 

and had been shown not to amplify other detectable products by agarose gel 

electrophoresis using DNA templates from a range of different bacterial species. The 

oligonucleotide primers used for this study were produced conimercially (Genset 

Pacific - Lismore, Australia) and (PROLIGO - Boulder CO, USA). Primer sequences 

and their expected length of PCR amplification products are listed in Table 2.2. 

Primer Direction Primer sequence (5' —3') Tm Fragment 
size (bp) 

Reference 

Aafl Fwd TrAGTCTTCTATCTAGGG 55 457 Bernier et ci, 2002 
Rev AAATFAATFCCGGCATGG 

Aaf3 Fwd GTVT13GAACCGGGAAr7AACATTG 60 485 Bernier et al, 2002 
Rev ATAC1TFAGATACCCCTCACGCAG 

EAEC Fwd CTGGCGAAAGACTGTATCAT 60 629 Schmidt era!, 1995 
Rev CAATGTATAGAAATCCGCTGU 

DAEC Fwd CATCAAGCTG1T]TGTITCGTCCGCCG 60 793 Bernier et ci, 2002 
Rev G CTGGGCAGCAAACTGATAACTCTC 

EIEC Fwd CTGGATGGTATGGTGAGG 60 320 Nataro and Kaper, 1998 
Rev GGAGGCCAACAAT1A1TFCC 

Srxl Fwd ACACTGGATGATCTCAGTGG 55 602 Fagan etal. 1999 
Rev CTGAATCCCCCTCCATI'ATG 

Stx2 Fwd CCATGAC,VCGGACAGCAGTT 60 842 Eagan era!, 1999 
Rev ACTGCACTI'CAGCAAATCCG 

eceA Fwd GCAAA'ITITAGGTGCGGGTCAGCGTF 60 494 Bernier eta!, 2002 
Rev GGCTCAA1TTGCTGAGACCACGG'IT 

bfpA Fwd CAATGGTGCTGCGCTTGCT 60 325 Bernier etal. 2002 
Rev GCCGC1TrATCCAACCTGGT 

h/yA Fwd AGCTGCAAGTGCGGGTCTG 55 569 Wang etal. 2002 
Rev TACGGGTTATGCCTGCAAGTTCAC 

Table 2.2: Primer sequences used in this study. Tm is the melting temperature used for 
this primer set. 
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PCR tests were performed with a Mastercycler gradient (Eppendorf - Hamburg, 
Germany) and a Gradient Paim-Cycler (Corbett Research - NSW, Australia). The 
PCR tests were carried out in a 50 tl volume containing 3 mM MgCl2, 2 mM 
concentrations of each primer, 200 iM of each dNTP, and 1 U of Taq DNA 
polymerase and 2 tl InstaGene template. The amplified PCR products were then 
resolved using agarose gel electrophoresis and visualized by staining with 0.5 jtg/ml 
of ethidium bromide prior to viewing with UV illumination and the images were 
captured using a GelDoc 1000 imaging analysis system (Bio-Rad). 

PCR test was achieved based on standard parameters or thermocycler steps. 
Thermocycler steps and their function are described in Table 2.3. 

PCR Steps Function 
parameters  

95°C for 3 min Denaturation separates double-stranded DNA into 
95°C for 20 sec single strands 

See Table 2.1 for Annealing Allows primers to hybridise to 
Tm for each complementary single stranded DNA 
primer set  target. 
72°C for 90 sec Extension The enzyme Taq polymerase and 

nucleotides create new DNA fragments 
complementary to the target DNA 

25 cycles Cycles Newly synthesized DNA sequence acts as 
a new target for the next cycle, so that 
millions of copies of the original target 
DNA are created. 

72°C for 4 min Extension Final extension. Ensures all products are 
full length. 

15°C Hold Hold temperature 

Table 2.3: PCR parameters and brief description of each step. 
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2.5 Restriction Fragment Length Polymorphism (RFLP) 

The RFLP was performed to identify variant PCR products amplified from isolated 
single colonies. In this study the E. coli virulence factor genes EIEC, aafl, aaJ3 and 
EAggEC (pCVD340) were tested. The aim was to determine if the genes present were 
all identical to the homologous genes in other children with the same infections. 

When patient bacterial samples were PCR positive, single colonies of bacteria were 
prepared as outlined previously. Colony Taq PCR is a cheaper and simpler method 
than InstaGene and can be used in this case due to the purity of the single colony 
preparation and a lack of PCR inhibiting molecules. The bacteria is resuspended in 
200 .tl colony taq buffer (CTB) in a 1.5 ml microtube and heated at 95°C for 5 
minutes. A 2 d aliquot of this mix was subsequently used as PCR template. Colony 
Taq PCR was performed with the same conditions as previously described for normal 
PCR test but with an exception of the number of cycles, which were 36. 

Amplified PCR product was digested using 3 units of Haelll (Roche, Mannhein, 
Germany) diluted in restriction buffer M (lOx) to a final volume of 12.3 .il. The 
restriction enzyme was added into 30 l of PCR product, and incubated at 37°C for 3 
hrs. Agarose gel (2%) electrophoresis was used to separate the restricted fragments 
and to identify their restriction pattern subtypes. 

2.6 Randomly Amplified Polymorphic DNA (RAPD) 

RAPD technique was used to fingerprint E. coli genomic DNA to test for clonality. 
RAPD analysis was carried out with two short oligonucleotide primers (lOmer) 
(Table 2.4). These primers are small enough that they prime in a number of regions of 
the genomic DNA resulting in a number of bands being amplified. The similarity of 
these RAPD fingerprints is dependant upon clonal relatedness; the more similar the 
patterns the closer the isolates are related. 
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RAPD primer (51-31) Reference 

No.1 AAGAGCCCGT Khan et al, 2002 

No.2 TCACGATGCA Mitsuda et al, 1998 

Table 2.4: shows the RAPD primers tested 

The RAPD-PCR tests were carried out in a 50-i1 volume containing 1.5 tl InstaGene 

template prepared from identified PCR positive single E. coli colonies. Conditions for 

RAPD are as follows: 3 mM MgCl2 (lOx buffer), 2 mM primer, 200 jiM of each 

dNTP, and 1 U of Taq DNA polymerase. RAPD-PCR tests were performed with a 

Mastercycler gradient (Eppendorf - Hamburg, Germany). The conditions used were: 

95°C for 3 min and 40 sec then 39 cycles of 94°C for 30 sec, 32°C (38°C-40°C) for 

1mm, and 72°C for 1 mm. The amplified RAPD-PCR products were resolved by 

agarose gel electrophoresis using 2% wtivol agarose and stained with 0.5 .tg/ml of 

ethidium bromide. The gels were visualized with UV illumination and the images 

were captured using a GelDoc 1000 imaging analysis system (Bio-Rad) and stored 

digitally as a 'TIFF' file. These TIFF images were processed, analyzed and the DNA 

fingerprint data was generated using the 'BioNumerics' (Applied Maths, Belgium) 

software package to see the relatedness of the virulence factors among the samples. 

2.7 Human Ethics Clearance 

This master's study which aimed for 'detection of diarrheagenic E. coli virulence 

factor genes in diarrheal Aboriginal children' was included as part of Dr. Brett 

Ritchie's project and was provided with bacterial samples for the detection of 

diarrheagenic E. coli. 

Aboriginal children admitted to the RDH with acute and severe diarrheal disease were 

eligible for the study on 'efficacy of probiotic therapy in Aboriginal children with 

acute diarrheal disease' which was conducted by Dr. Brett Ritchie (NHMRC project 

number 160038). 
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3.1 Introduction 

The results shown in this chapter were obtained using the procedures described in the 

material and methods chapter. When necessary, tests were repeated to ensure the 

accuracy of results. 

During a one year study, 128 bacterial samples from 64 diarrhoeal patients and 8 non-

diarrhoeal patients were collected. The patients were Aboriginal children from remote 

communities hospitalized with acute gastroenteritis at the Royal Darwin Hospital 

Stool samples were tested using PCR to determine the frequency of diarrhoeagenic 

virulence factors. These tests give us a good indication of the frequency of the five 

major types of diarrhoeagenic E. coli. The six types of diarrhoeagenic E. coli consisted 

of STEC, EHEC, EPEC, EJEC, EAggEC, and DAEC. 

Further characterization was carried out on diarrhoea bacterial samples which 

contained virulence markers which indicate either EAggEC or EIEC diarrhoea types. 

With these samples, single bacteria colonies containing the markers were isolated and 

screened using RFLP and RAPD analysis. 

3.2 Detection of virulence genes associated with 

diarrhoeagenic E. coli 

3.2.1 Incidence of stxl 

The virulence gene stxl encodes the shiga-like toxin, a toxin which is produced by 

STEC and EHEC bacteria. The gene was probed by PCR with specific primers 

designed to amplify a 602 base pair region (fig. 3.1). 

30 



Chapter 3 - Results 

stxl 

GATTTAATGTCGCATAGTGGAACCTCACTGACGCAGTCTGTGGCAAGAGCGATGTTACGGTTTGTT 
ACTGTGACAGCTGAAGCTTTACGTTTTCGGCAAATACAGAGGGGATTTCGTACAACACTGGATGAT 
CTCAGTGGGCGTTCTTATGTAATGACTGCTGAAGATGTTGATCTTACATTGCTGGGGAAGCTTG 
AGTAGTGTCCTGCCTGACTATCATGGACGACTCTGTTCGTGTAGGGTTTCTTTTGGAGC 
ATTAATGCAATTCTGGGAAGCGTGGCATTAATACTGAATTGTCATCATCATGCATCGCGAGTTGCC 
AGAATGGCATCTGATGAGTTTCCTTCTATGTGTCCGGCAGATGGAAGAGTCCGTGGGATTACGCAC 
AATAAATATTGTGGGATTCATCCACTCTGGGGGOAATTCTGATGCGCAGCTATTAGCAGTTGA 
GCGGGTAkPATGAAAAAACATTATTAATAGCTGCATCGCTTTCATTTTTTTCAGC2\1GTGCGCTG 
GCGACGCCTCATTGTGTJ\ACTGCAAAGGTGGAGTATACAAAATATAATGATGACGATACCTTTACA 
GTTAAAGTGGGTGATAAAGAATTATTTACCAACAGATGGAATCTTCAGTCTCTTCTTCTCAGTGCG 
CAAATTACGGGGATGACTGTA1CCATTAAPACTTATGCCTGTCATAATGGAGGGGGATTCAGCGAA 
GTTATTTTTCGTTGACTCAGAATAGCTCAGTGATAGCAGGCGGAGATTCPTAA 

Figure 3.1: Partial gene sequence of stxl (Acc number AF4611 72) with the diagnostic 
primers highlighted (bold and underlined). Predicted product is 602 bp. 

The control strain used for this gene was E. coli EDL933 known to contain eaeA, hlyA, 

stxl and stx2 virulence factor genes. The amplified PCR product resolved using 2% 

agarose gel was visualised at the predicted size 602 bp (fig. 3.2). 

M Cl C2 C3 C4 C5 

1,353bp _* 

1,078bp -,.. 
872bp 

602bp __ 
4 

310bp 

Figure 3.2: Image of 2% agarose gel showing the PCR product amplJIed using the 
stx] specfIc primers. Lane M contains the marker with approximate sizes 310 to 1,353 
bp indicated on the left. Lanes 1 to 5 contain control strains EDL933, 042, 17-2, 
E2348/69 and 223-83. The 602 bp stxl product is indicated with an arrow in lane 1. 
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The pathogenicity factor stxl was not detected in any of the samples tested (fig. 3.3). 

Samples showing a different band size from the positive control were not considered 

as positives. 

Figure 3.3. Image of 2% agarose gel showing the PCR product amplified from patient 
samples using the stxl specifIc primers. Lanes specified with M contains the molecular 
marker with approximate sizes 310 to 1,353 bp. Lanes with different numbers 
represent the specific bacterial sample in study. Lanes showing the stxl positive 
controls are designated Cl. Lane B indicates the blank control used. 

M 7 8 9 10 11 12 Cl 13 14 15 16 17 18 B 
uw 

M 6 19 20 21 22 23 24 25 26 27 28 29 B Cl mm . 

M 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 B Cl 

M 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 B Cl M 

- 
AMAW 

 
* 

M Cl B 61 62 63 64 65 66 6-7--- 68 69 70 71 72 
10 

M Cl B 73 74 75 76 77 78 79 80 81 82 83 84 

M Cl B 85 86 87 88 89 90 91 92 93 94 95 96 

M Ci B 97 98 99 100 
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M Cl B 101 102 103 104 M 105 106 107 108 109 110 11,1 112 113 114 115 116 117 111 

M Cl B 119 120 121 122 123 124 125 126 127 128 129 130 M 129 132 133 134 135 129 

3.2.2 Incidence of stx2 

The virulence gene stx2 encodes the shiga-like toxin, a toxin which is produced by 

STEC and EHEC bacteria. The gene was probed by PCR with specific primers 

designed to amplify an 842 base pair region (fig. 3.4). 

stx2 

TTCGTTAPTACGGCAACAATACTTTCTACCGTTTTTCAGATTTTACACATATATCAGTGCCCGG r 
GTGACAACGGTTTCCATGACAACGGACAGCAGTTATACCACTCTGCAACGTGTCGCAGCGCTGGAA 
CGTTCCGGAPITGCAAATCAGTCGTCACTCACTGGTTTCATCATATCTGGCGTTAATGGAGTTCAGT 
GGTATACAATGACCAGAGATGCATCCAGAGCAGTTCTGCGTTTTGTCACTGTCACAGCAGAAGCC 
TTACGCTTCAGGCAGATACAGAGAGAATT TCGTCAGGCACTGTCTGAAACTGCTCCTGTGTATACG 
ZTGACGCCGGGAGACGTGGACCTCACTCTGAACTGGGGCCGAATCAGCAATCTGCTTCCGGAGTAT 
CGGGGAGAGGATGGTGTCAGAGTGGGGAGAATATCCTTTAAThATATATCAGCGATACTGGGGACT 
GTGGCCGTTATACTGAATTGCCATCATCAGGGGGCGCGTTCTGTTCGCGCCGTGATGAAGAGAGT 
CAACCAGAATGTCAGATAACTGGCGACAGGCCTGTTATAAATAT\ACATACATTATGGGAAAGT 
AATACAGCTGCAGCGTTTCTGAACAGAAAGTCACAGTTTTTATATACAACGCCTAAATAAAGGAGT 
TAAGCATGAnGAAGATGTTTATGGCGGTTTTATTTGCATTAGCTTCTGTTJTGCAJATGGCGGCGG 
ATTGTGCTAAGGTAATTGACTTTTCCAAGTATAATGAGGATGACACATTTACAGTGGGTTG 
ACGGGWGAATACTGGACCAGTCGCTGGAATCTGCAACCGTTACTGCAPJ\GTGCTCAGTTGACAG 
GAJTGACTGTCACAATCAAATCCACTACCTGTGAATCAGGCTCCGCATTTGCTCAAGTGCAGTTTA 
ATAATGACTGAGGCATAACCTGATTCGTGGTATGTGGCTAACAGTGTAATCTGTGTCACAATTCA 
GTCAGTTGACAGTTGCCTGTCAGACTGAGCATTC 

Figure 3.4: Partial gene sequence of stx2 (Acc number AF54845 7) with the diagnostic 
primers highlighted (bold and underlined). Predicted PCR product is 842 bp. 

The control strain used for this gene was E. coli EDL933 known to contain eaeA, hlyA, 

stxl and stx2 virulence factor genes. The amplified PCR product resolved using 2% 

agarose gel was visualised at the predicted size of 842 bp (fig. 3.5). 
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M Cl C2 0 C4 C5 

1.353bp tow 
1,078bp 

__.. OPM 
872bp __..,. 

602bp *1 

3lOhp 

Figure 3.5: Image of 2% agarose gel showing the PR product amplfled using the 
stx2 specIc primers. Lane Mcontains the marker with approximate sizes 310 to 1,353 
bp is indicated on the left. Lanes 1 to 5 contain control strains EDL933, 042, 17-2, 
E2348/69 and 223-83. The 842 bp stx2 product is indicated with an arrow. 

A total of 128 faecal samples which came from 64 patients and the 8 controls were 

tested. The pathogenicity factor stx2 was detected in 8 faecal samples representing 6 

patients (fig. 3.6). While patients identified with band size variation with 

approximately 620bp, a difference of 220 bp, were not considered stx2 positive. 

Figure 3.6: Image of 2% agarose gel showing the PCR product amplifi ed from patient 
samples using the stx2 specific primers. Lane M contains the marker with approxim ate 
sizes 310 to 1,353 bp is indicated on the left. Lanes with different numbers represent 
the specific bacterial sample in study. Lanes showing the stx2 positive controls are 
designated Cl. Lane B indicates the blank control used. 

M 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 B Cl 

M 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 B Cl 

\1 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 B Cl 
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vi 57 58 59 60 61 B Cl IV! I  1:5 OZ (Di O' OD (Dl 09 /1 /' lb 9L 9 9D 90 9/ 9699 II 

M Cl B 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 7( 

M Cl B 126 127 128 129 130 129 131 133 134 135 129 

3.2.3 Incidence of hlyA 

The virulence gene hlyA encodes the enterohemolysin A, a hemolysin which is 

produced by EHEC bacteria. The gene was probed by PCR with specific primers 

designed to amplify a 569 base pair region (fig. 3.7). 
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hi yA 

GCGGGTATCGAPCTGACAACTCAGGTTCTTGGAAATGTTGGThA/GCTGTTTCGCAATATATTC 
TGGCTCAGAGAATGGCACAGGGGT TATCGACAACAGCTGCAAGTGCGGGTCTGATCACATCGGC 
TGTTATGCTGGCTATCAGTCCTCTTTCTTTCCTGGCTGCTGCAGATAATTTGAGCGAGCTAAG 
CAGCTTGAATCATATTCTGAACGATTTAAhAAATTGAATTATGA7GGGGATGCTTTACTCGCAG 
GCTTTCATAAAGAPACCGGAGCTATAGATGCAGGCCTGACZAACAATA1ATACTGTCCTGAGTTC 
TGTATCTGCGGGAGTTAGTGCAGCCTCCAGTGCATCCCTCATAGGGGCCCCGATAAGCATGCTG 
CT GAGT GCAT TAACCGGTACGATAT CT GGCAT T CT GGAAGCAT CAAA/CAGGCTATGT T T GAGC 
ACGTTGCAGAGAAATTCGCTGCTCGGATCAATGAATGGGAAAAGGACCATGGCAAAAATTATTT 
TGAGAATCGATATGACGCAAGACATGCTGCGTTTTTAGAAGACTCTCTGTCTTTGCTTGCTGAT 
TTTTCTCGTCAGCATGCAGTAGAGAGCAGTCGCJ\ATACCCACCAGCATTGGGATGAGAAGA 
TCCCTGAACTTGCACCCATAACCCCTAATGCTGATCCCAGTCAGAGTGGThAGCCATATATTAA 
TTATCTGGAAAATGGAGGGCTTTTAGAGGCTCAACCGJ\AGGAGTTTACACAACAA 

Figure3. 7: Partial gene sequence of hlyA (Acc number X94129) with the diagnostic 
pruners highlighted (bold and underlined). Predicted PCR product is 569 bp. 

The control strain used for this gene was E. coli EDL933 known to contain eaeA, hlyA, 

six] and stx2 virulence factor genes. The amplified PCR product resolved using 2% 

agarose gel was visualised at the predicted size 569 bp (fig. 3.8). 

M Cl C2 C3 C4 C5 

1,353bp - 
1,O78bp—. 
872bp -ø 

602bp -a. -4---- 

310bp -,- 

Figure 3.8: Image of 2% agarose gel showing the PCR product amplifIed using the 
hlyA specific pruners. Lane M contains the marker with approximate sizes 310 to 
1,353 bp is indicated on the left. Lanes I to 5 contain control strains EDL933, 042, 
17-2, E2348/69 and 223-83. The 569 bp hlyA product is indicated with an arrow. 

A total of 128 faecal samples which came from 64 diarrhoeal patients and the 8 

controls were tested. The pathogenicity factor hlyA was not detected in any of the 

samples tested (fig. 3.9). Samples showing a product at approximately 700 bp were 

designated negative for this gene. 
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Figure 3.9: Image 0f2% agarose gel showing the PCR product amplified from patient 
samples using the hlyA specic primers. Lanes M contains the molecular marker with 
approximate sizes 310 to 1,353 bp. Lanes with different numbers represent a specific 
bacterial sample in study. Lanes showing the hlyA positive control is designated Cl. 
Lane B indicates the blank control used. 

M Cl 6 7 8 M Cl B 9 10 1112 13 14 15 16 1718 19 20 21 22 23 24 25 

M Cl B 26 27 28 29 30 31 32 33 34 35 36 37 

M Cl 38 39 40 41 42 43 44 45 46 47 48 49 50 

M LI 13 M 2 3 4 YJ / '9 60 61 62 63 64 65 66 67 

S 

- "goo 

 

M UI U2 68 69 it.) /1 /2 73 /4 i lb ii /13 /9 131) 131 132 133 134 
ur wW cw 

- 

M Cl B 85 86 87 88 89 90 91 92 93 94 95 

M CI M C2 B 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 

- e 

- a 

M Cl M 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 129 

- - 
a 
a 
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3.2.4 Incidence of eaeA 

The virulence gene eaeA encodes the intimin, an outer membrane protein which is 
produced by EPEC and EHEC bacteria. The gene was probed by PCR with specific 
primers designed to amplify a 494 base pair region (fig. 3.10). 

eaeA 

TTATTACCGTTCTATGATTCCGAAAATGCTGGCATTTGGTCAGGTCGGAGCGCGTTACATTGACT 
CCCGCTTTACGGCAAATTTAGGTGCGGGTCAGCGTTTTTTCCTTCCTGCAAACATGTTGGGCTATAA 
CGTCTTCATTGATCAGGATTTTTCTGGTGATATACCCGTTTAGGTATTGGTGGCGAATACTGGCGA 
GACTATTTCAAAGTAGCGTTAACGGCTATTTCCGCATGAGCGGCTGGCATGAGTCATACAATAAGA 
AAGACTATGATGAGCGCCCAGCAPATGGCTTCGATATCCGTTTTAATGGCTATCTGCCATCATACCC 
GGCATTAGGTGCCAAGCTGATGTATGAGCAGTATTATGGTGATAATGTTGCTTTGTTTJ\ATTCTGAT 
AAGCTGCAGTCGA7TCCTGGTGCGGCGACCGTTGGTGTAAACTATACTCCGATTCCTCTGGTGACGA 
TGGGGATCGATTACCGTCATGGTACGCCTPTGAAAATGATCTCCTTTACTCAATGCAGTTCCGTTA 
TCAGTTTGATAACCGTGGTCTCAGCAAATTGAGCCACAGTATGTTAACGAGTTAAGAACATTATCA 
GGCAGCCGTTACGATCTG 

Figure 3.10: Partial gene sequence of eaeA (Ace number AF025311) with the 
diagnostic primers highlighted (bold and underlined). Predicted PCR product is 494 
bp. 

The control strain used for this gene was F. coli E2348/69 known to contain eaeA and 
bfpA virulence factor genes. The amplified PCR product resolved using 2% agarose 
gel was visualised at the predicted size 494 bp (fig. 3.11). 
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M C4 Cl C2 C3 C5 

1,353bp  

1,078bp  

872bp  

6O2bp-- 

3bhp—,. 

Figure 3.11: Image of 2% agarose gel showing the PCR product amplified using the 
eaeA specific primers. Lane M contains the marker with approximate sizes 310 to 
1,353 bp is indicated on the left. Lanes 1 to 5 contain control strains E2348/69, 
EDL933, 042, 17-2 and 223-83. The 494 bp eaeA product is indicated with an arrow 
in lane 1. 

The pathogenicity factor eaeA was detected in 32 faecal samples representing 
enrichment culture samples from 20 patients (fig. 3.12), all with dianhoea and none in 
controls. 

Samples that presented more than one band pattern were repeated to ensure that were 
indeed eaeA positive. Thus, only the samples with similar bands to the control were 
identified as eaeA gene test positive. 

Figure 3.12: Image of 2% agarose gel showing the PCR product amplified from 
patient samples using the eaeA specific primers. Lane M contains the molecular 
marker with approximate sizes 310 to 1,353 bp. Lanes with different numbers 
represent the specific bacterial sample in study. Lanes showing the eaeA positive 
controls are designated C4. Lane B indicates the blank control used. 

M 6 7 8 9 10 11 12 13 14 15 16 17 B C4 
• • • • 
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3.2.5 Incidence of bfpA 

The virulence gene bfpA encodes the bundle forming pilus A, a type IV of fimbriae 
which is produced by EPEC bacteria. The gene was probed by PCR with specific 
primers designed to amplify a 325 base pair region (fig. 3.13). 

bfpA 

AGGAAAPCAGTTTTTATGGTTTCTAAAATCATGAATAAGAATACGWJAGGTCTGTCTTTGATT 
GAATCTGCAATGGTCCTTGCGCTTGCTGCCACCGTTACCGCAGGTGTGATGTTTTACTACCAGTCT 
GCGTCTGATTCCAATAAGTCCCAGATTGCTATTTCAGAAGTAATGAGCGCAACGTCTGCAATTAAT 
GGTCTGTATATTGGGCAGACCAGTTATAGTGGATTGGACTCACGATTTTACTTAACACATCTGCA 
ATTCCGGATAATTACAAAGATACAACAAACAAAAAAATAACCAACCCATTTGGGGGGGAATTAAAT 
GTAGGTCCACCAAACAATAACACCGCATTTGGTTACTATCTGACGCTTACCAGGTTGGATAAACCG 
GCATGTGTTAGTCTTGCACCTTGIACTTACGTACTTCAGCGAAAGGCTACGGTGTTTATCTCT 
GCGAJATAACATTACATCATTTGGTATAGCGCTGATCAGGCTGCTAAATCG 

Figure 3.13: Partial gene sequence of bfpA (Ace number Z68186) with the diagnostic 
primers highlighted (bold and underlined). Predicted PR product is a 325 bp. 
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The control strain used for this gene was E. coli E2348/69 known to contain the bfpA 
virulence factor gene. The amplified PCR product resolved using 2% agarose gel was 

visualised at the predicted size 325 bp (fig. 3.14). 

M C4 Cl C2 C3 C5 

1,353bp -.* 
1,078bp MOW 
872bp -* — 
602bp 

310bp 
4 

Figure 3.14: Image of 2% agarose gel showing the PCR product amplified using the 
bfpA specJIc primers. Lane M contains the marker with approximate sizes 310 to 
1,353 bp is indicated on the left. Lanes 1 to 5 contain control strains E2348/69, 
EDL933, 042, 17-2 and 223-83. The 325 bp bfpA product is indicated with an arrow 
in lane 1. 

A total of 128 faecal samples which came from 64 patients and the 8 controls were 
tested. The pathogenicity factor bfpA was detected in 4 samples representing 3 patients 
in the diarrhoea group and none in the controls (fig. 3.15). Samples showing different 
sized bands were counted as negative. 

Figure 3.15: Image of 2% agarose gel showing the PCR product amplifIed from 
clinical samples using the bfpA specIc primers. Lane M contains the molecular 
marker with approximate size 310 to 1,353 bp. Lanes with different numbers represent 
the specifIc bacterial sample in study. Lanes showing the bfpA positive control is 
designated C4. Lane B indicates the blank control used. 

M 6 7 8 9 10 11 12 13 14 15 16 C4 M 
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M 41 42 43 44 45 46 47 48 49 50 51 52 B C4 

M C4 B 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
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M C4 B 100 101 102 103 104 105 106 107 108 
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M C4 B 109 110 111 112 113 114 115 116 117 118 119 120 

loom 
 

OW  

M C4 B 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 

3.2.6 Incidence of ipaC 

The virulence gene EIEC encodes the type III secretion apparatus; a mechanism that is 
required for secretion of multiple proteins produced by EIEC bacteria and is essential 
in disease pathogenesis associated with this bacterial type. The gene was probed by 
PCR with specific primers designed to amplify a 320 bp fragment (fig. 3.16). 

FIE 
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EIEC marker ipaC a fragment from pINV 

TTGGTTTGTTACAGACAGTGACTCAACTCCAAGAGCAGACACTTCCTTTTGGTATPAGCTTATAG 
GTGTCTCAATATCTTTGCTACTTCTTTCTGGATGGTATGGTGACGTTTTATTGTCTTTTTGTCATG 
A7\ATAATGTTTTTAATTJ\AGAGTGGGGTTTGATGGACATTTCAAGCTGGTTCGAAAGTATTCATCT 
GTTTTTAATACTCCTGAACGGCGTTTTTTTTAGATTGGCTCCATTATTTTTCTTTCTTCCATTTTT 
ATI\ACCGTATAATTTCTCCATCTATTAGJATACCTGTGATTTTTCTTGTTGCATCAGCATTAAT 
TIACTTCTGGT1\AGGTAGACATAGGTTCTTCTGTTTTTGAACATCTTTATTTCCTTATGTTCPAGGA 
AATAATTCTTGGCCTCCTTCTCTCTTTTTGCTTGTCTCTTCCCTTTTGGATATTTCATGCTGTTGG 
TICCATTATTGACAACCAGCGTGCGGCAACGCTTAGTAGTTCAATTGATCCTGC 

Figure 3.16: Partial gene sequence of EIEC marker plasmnid pINV (Acc number 
A Y206439) with the diagnostic primers highlighted (bold and underlined). Predicted 
PCR product is a 320 bp. 

The control strain used for this gene was E. coli 223-83 known to contain EIEC (ipaC) 
virulence factor gene. The amplified PCR product resolved using 2% agarose gel was 

visualised at approximately 320 bp (fig. 3.17). 

M UD UI UZ Ui Uf 

1,353bp 
1,078bp 
8 72bp 

oO2bp 0 

310bp 

Figure 3.17: Image of 2% agarose gel showing the PCR product amplified using the 
ipaC specific pri mners. Lane M contains the marker with approximate size 310 to 1,353 
bp is indicated on the left. Lanes 1 to 5 contain control strains 223-83, EDL933, 042, 
17-2 and E2348/69. The 320 bp EIEC plasmid product is indicated with an arrow in 
lane 1. 

The pathogenicity factor EIEC (ipaC) was detected in 1 sample representing a single 
patient with diarrhoea (fig. 3.18). Samples showing multiple and different sized 
amplified products were counted as negative. 
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Figure 3.18: Image of 2% agarose gel showing the PCR product amplified from 
clinical samples using the ipaC specific primers. Lane M contains the molecular 
marker with approximate size 310 to 1,353 bp. Lanes with different numbers represent 

the specific bacterial sample in study. Lanes showing the EIEC positive controls are 
designated C5. Lane B indicates the blank control used. 
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3.2.7 Incidence of aafl 

The virulence gene aaji encodes the aggregative adherence firnbriae type 1, a putative 

virulence factor that is produced by EaggEC bacteria. The gene was probed using PCR 

with specific primers designed to amplify a 457 bp gene fragment (fig. 3.19). 

a a fi 

T T T TATAAAGCPATG TAAATAT CAATAGG TGIAAATACAT GAAACAT TAAAZ\AATATGAGAAGAA 
AGAATTTATGCATTACTTTCGGTTTAGTTACTCTTCTATCTAGGGGGGCTAPCGCTGCGTTAGAAA 
GACCTCCAATAAGCAACTGAGACAATCCGCCTCACCGTTACAAATGATTGTCCTGTTACTATAG 
CTACAATAGTCCACCAATGTTGCTGTATCGTCA.ACAACACCAATAJTATTTAACGCAACAGTAA 
COACGACAGACCJ\ATGTGCTAAAAGCGGTGCAAGGGTCTGGTTATGGGGAACAGGTGCCGCTAATA 
AGTGGGTCCTAGAGCATACTACAAATACAAAACAATACACATTTAATCCATCTATAGATGGAA 
ATTCATATTTCCAGACTCCAGGAACTAATGCAGCAATTTATAAAATGTGACAPCCAGAGACAGAG 
TTCTGlJ\GGCAAGTGTCAAGGTTGACCCTATTCAAGTATTAATACCAGGCGAATATAGAATGA 
TACTCCATGCCGGAATTATTTTTAPAAGTCTATGGATAATAGAACTATATGGGPTAGCCGCTC 
ATAGTCATAAAAACGGAI\AGGATCATATTAGTATCAGGCTATATTTCGTTGATACCGA 

Figure 3.19: Partial gene sequence of aafl (Acc number ECU12894) with the 
diagnostic primers highlighted (bold and underlined). Predicted PCR product is 457 
bp. 

The control strain used for this gene was E. coli 17-2 known to contain pCVD340 (as 

determined by the marker gene pAgg) and aafl virulence factor genes. The amplified 

PCR product resolved using 2% agarose gel was visualised at approximately 457 bp 

(fig. 3.20). 
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1,353bp -* 
1,078bp -. 
872bp -* 

602bp -* 

310bp -* 

Figure 3.20: Image of 2% agarose gel showing the PCR product amplijied using the 
aafl specific primers. Lane M contains the marker with approximate size (310 to 
1,353 bp) and lane B is the blank control indicated on the left. Lanes 1 to 5 contain 
control strains EDL933, 042, 17-2, E2348/69 and 223-83. The 457 bp aafl product is 
indicated with an arrow. 

A total of 128 faecal samples which came from 64 diarrhoeal patients and the 8 
controls were tested. The pathogenicity factor aafl was detected in 57 samples 

representing 38 patients, 37 with diarrhoea and 1 control (fig. 3.21). 

The aafl gene was detected in both 17-2 and 223-83 control strains known to contain 
pCVD340, aafi and ipaC virulence factor genes respectively. Patient samples were 
positive only when presented similar band size comparing to the positive control. 
Samples with variant sized amplified products were considered negative. 

Figure 3.21: Image of 2% agarose gel showing the PCR product amplified from 
clinical samples using the aqfl specific primers. Lane M contains the molecular 
marker with approximate sizes 310 to 1,353 bp. Lanes with different numbers 
represent the specijIc bacterial sample in study. Lanes showing the aafl positive 
controls are designated C3 and CS. Lane B indicates the blank control used. 
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3.2.8 Incidence of aaf3 

The virulence gene aaj3 encodes the aggregative adherence fimbriae type III, a 

putative virulence factor that is produced by EaggEC bacteria. The gene was probed 

using PCR with specific primers designed to amplify a 485 base pair region (fig. 3.22). 

a a f3 

TCGTTCACCATTGACAGGAGTTGCTTCCGACCTGATATGGGNGACGGAATATCCTTTTTTGCT 
AAATTGGCAGGTAGAGGCAGGACATTCAGAATTTCAACATTATGAGAAAACAACGTCAGATAATTT 
CTGGGTCAGTTTGGAACCGGGAATTAACATTGGGCCGTGGCGTATCAGAAACTTGACAACTTTGAA  

TATAAAGTCGTTTJACACTGGGGGGACTATACCCCTGCAGATATTTTTGCCAGTCTCCCTTT 
TAGGGGGGTGATGCTTGGAACTGATGAGAATATGATACCTTATGATCAGCGTGOATTTGCTCCTGT 
ITTAGAGGTATTGCACGTACTCAAGCCCGGATTGAATACGTCA]\ATGGTTATCTAATACAGAG 
T CA ACT C TAGCAGCG GGACCTTT T GCTT TAACAGATC TACC TATAACGG GAT C CGGT GGT GAGTT 
TCAGGTGACCATATTTGAGTCGGATGGACCCATACAGTCTTTTAATGTACCATTTACTACACCAGC 
CATAGCTCTCCGTGAGCCCTATCTAGTATTATGTGCTCGACAGTATCGTTCATCGCATGA 
ATCTGTAGAAAGCATATCTATGGCAAGCAACAGCTATGAGTGAGTTATATACCCCATATCACG 
AAAATATTATTACJACTCGACCCGACAACTTTCC 

Figure 3.22: Partial gene sequence of aaJ3 (Acc number AF4]1067) with the 
diagnostic primers highlighted (bold and underlinec). Predicted PCR product is a 485 
bp. 

The control strain used for this gene was E. coli 042 known to contain pAgg and aaf3 

virulence factor genes. The amplified PCR product resolved using 2% agarose gel was 

visualised at the predicted size 485 bp (fig. 3.23). 
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Figure 3.23: Image of 2% agarose gel showing the PCR product ainplijled using the 
aaf3 specUic  primers. Lane M contains the marker with approximate size 310 to 1,353 
bp is indicated on the left. Lanes 1 to 4 contain control strains 042, 17-2, E2348/69 
and 223-83. The 485 bp aaj3 product is indicated with an arrow. 

A total of 128 faecal samples which came from 64 diarrhoeal patients and the 8 

controls were tested. The pathogenicity factor aaj3 was detected in 37 samples 

representing 23 patients, 22 with diarrhoea and 1 control (fig. 3.24). Patient samples 

were positive only when presented similar band size comparing to the positive control. 

Samples with multiple and/or different sized bands were considered as negative. 

Figure 3.24: Image of 2% agarose gel showing the PCR product amplified from 
clinical samples using the aaf3 specific primers. Lane M contains the molecular 
marker with approximate sizes 310 to 1,353 bp. Lanes with different numbers 
represent the specific bacterial sample in study. Lanes showing the aaf3 positive 
control is designated C2. Lane B indicates the blank control used. 
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3.2.9 Incidence of pAgg 

The EaggEC possess a 60 to 65 Mda plasmid (pAA) which is identified in this study 
by primers which amplify a region on the plasmid designated pAgg. The gene was 
probed by PCR with specific primers designed to amplify a 629 base pair region (fig. 
3.25). 

pAgg 

ATCGAGTGAGACACATATTATACTCATTTCTTGCAATAAATGCTTATCTGTTTTCGACA 
CAGACTCTGGCGAAAGACTGTATCATTGATAATTTCTTTCAGAAAAGCATCCAG'FFT 
AATTCTTATTCTCTTGATATCGAAGAGTTAGATATTAATAAACATAACAATATAAAAN 
CGATGTTACCAGATATAAATATAGGGTTAGGGCAGTATATAAACAACAATCAATGGTT 
CTCATCTATTACAGACAGCCATTTTTATTTATCATTATCCTATAATCTTCTATCGGCTTA 
TGAAGCAAAAATGCAGAATAATAAATTGGATATTGCTAATTATTTAAAATATATTGAA 
ATGCTITAGTGAGAGGAACAACTACATAATTATGCTCTCGGAAA1TATTAACTATA 
AGATAAAAAAATCTCACCTGATGTTGATGCTCGAGAGATATAGGAAGCTCAATAAAG 
AATACGAAATTGCAAAGCATAAAATGTCAATTGGATTAATATCTGCTCTTGATGTAGA 
GATGATATATAATATTTTACAAAAAATCAGGTTTGATATTGATGTCCTTGAGGAGGAG 
GAAAQFTACTGTCAGATAAAATCTCGAGAGAATATCATGTTCCTGAGAGTGCAATCC 
CAGACATTACATATCATAAGYTAAAAGAGTGTAAAACAGCGGATTTCTATACATTAT 
TAGCTGAAAACAAAAAACTCAAGATTAAGGCTGCTGATATAGATAATGATATAAGGA 
AACTATCTGAGA 

Figure 3.25: Partial gene sequence ofpA gg (Acc number X81423) with the diagnostic 
primers highlighted (bold and underlined). Predicted PCR product is 629 bp. 

The control strain used for this gene was E. coli 042 known to contain pAgg and aaj3 
virulence factor genes. The amplified PCR product resolved using 2% agarose gel was 
visualised at the predicted size 629 bp (fig. 3.26). 
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Figure 3.26: Image of 2% agarose gel showing the PCR product amplifIed using the 
EAggEC (pAgg) specific primers. Lane M contains the marker with approximate size 
310 to 1,353 bp is indicated on the left. Lanes I to 5 contain control strains 042, 
EDL933, 17-2, E2348/69 and 223-83. The 629 bp pAgg product is indicated with an 
arrow in lane 1. 

A total of 128 faecal samples which came from 64 patients and the 8 controls were 

tested. The pathogenicity factor EaggEC (pAgg) was detected in 40 samples 

representing 28 patients, 26 with diarrhoea and 2 controls (fig. 3.27). 

Figure 3.27: Image of 2% agarose gel showing the PCR product amplified from 
clinical samples using the pAgg specific primers. Lane M contains the molecular 
marker with approximate sizes 310 to 1,353 bp. Lanes with different numbers 
represent the specific bacterial sample in study, each number corresponds to a 
specific bacterial sample. Lanes showing the EAggEC positive controls are designated 
C2. Lane B indicates the blank control used. Positive control C2 showing bands with 
dUferent sizes represent a trial of two primers in the same reaction. 
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3.2.10 Incidence of afaBC 

The DAEC possess the afaBC, a gene that encodes a molecular usher necessary for 
expression of different types of fimbriae that is produced by DAEC bacteria. The gene 
was probed by PCR with specific primers designed to amplify a 793 base pair 
fragment (fig. 3.28). 

afaBC 

GTCTGCAGTGCATTTGCGTGAAGCCATTCCGCCGAJGGAGGATGACAGGTGGGCGGAAGGGAGG 
ACGCGGAGAAGAAGGCTGACAAAGTCTCCCTGAATGTACACCTTTCAGTCAGCACCTGCATCAAGC 
TGTTTCTTCGTCCGCCGGCGGTGAAGGGGCGACCGGATGATGTGGCCGGCAAGGTGGAGTGGCAGA 
GGGCCGGCAACAGGCTGAAGGGGGTTAACCCGACGCCGTTTTACATCAACCTGTCCACGCTGACGG 
TGGGGGGTAGGAAGTGAAGGAGCGTGAATATATTGCGCCGTTTTCCTCCCGTGAATATCCGCTGC 
CTGCGGGGCATCGGGTI\AGGTTCAGTGGAAGGTGATAACGGATTACGGCGGGACCAGTAAGCAGTT 
TGAGGCAGAGCTGAAGGGTTGATACATAPGGTGATAACAGGGTAAATGGCGGGCTGACAGATGCG 
TGATACTTCTTCAGGGCGGATGAGAIACGGGGGTGACAGGGCTGGCGCTGGCTGTGATGGTGGCCTG 
TGTGATGTTTCGTGCGGAGAGTGGTATTGCGCGCACCTACTCCTTTGATGCGCCCATGCTGAAAGG 
TGGCGGGAAGGGGGTGGACCTGACCCTGTTTGAGGAAGGTGGGCAGTTACCCGGCATTTATCCGGT 
TGACATTATCCTGAATGGTTCCCGTGTGGATTCACAGGAGATGGCCTTTCACGCGGAGAGGGACGC 
GGAGGGCAGGCCTTATCTGA]\GACCTGTCTGACCCGTGAGATGCTGGCGCGTTACGGGGTCAGGAT 
TGAGGAATATCCGGCGTTGTTCCGTGCATCCGGAGAGGGTCGTGGTGCCTCCCTGGCGGAGGACGC 
CTGTGCTCACCTGACGGCGATACCGCAGGCCACGCAGAGTTATCAGTTTGCTGCCCAGCAACTCGT 
TCTCGGTATCCCTCAGGTGGCACCGTCCGCAGCTGAGGGGGATTCGCCGGAGGCGTTATGGGATGA 
TGGCATTCCCGCTTTTCTGCTGAACTGGCAGGCGAATGCGGGGCGCAGTCAGTACCGGGGTTACGG 

Figure 3.28: Partial gene sequence of afaBC (Acc number AF325672) with the 
diagnostic primers highlighted (bold and underlined). Predicted PCR product is a 793 
bp. 
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The control strain used for this gene was F. coli 042 known to contain qfaBC 
virulence factor genes. The amplified PCR product resolved using 2% agarose gel was 
visualised at the predicted size 793 bp (fig. 3.29). 

M C2 Cl C3 C4 C5 

1,353bp -9. Also 
1,O7Sbp -* 
872bp -* - 4 
602bp _-9 400  

3 lObp -'H 

Figure 3.29: Image of 2% agarose gel showing the PCR product amplified using the 
afaBC specific primers. Lane M contains the marker with approximate sizes 310 to 
1,353 bp is indicated on the left. Lanes 1 to 5 contain control strains 042, EDL933, 
17-2, E2348/69 and 223-83. The 793 bp DAEC product is indicated with an arrow. 

A total of 128 faecal samples which came from 64 diarrhoeal patients and the 8 
controls were tested. The pathogenicity factor afaBC was detected in 56 samples 
representing 35 patients, 33 with diarrhoea and 2 controls (fig. 3.30). Faint bands with 
the same size were reported as positives and samples showing more than one band 
were retested and considered as negatives. 
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Figure 3.30: Image of 2% agarose gel showing the PCR product ampiUled from 
clinical samples using the afaBC specific primers. Lanes M contains the molecular 
marker with approximate size 310 to 1,353 bp. Lanes with different numbers represent 
the specific bacterial sample in study. Lanes showing the DAEC positive control is 
designated C2. Lane B indicates the blank control used. 
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3.2.11 Summary of virulence factors tested 

PCR data for all tests carried out (including controls) was collated and presented in 

Table 3.1 (below). 

Samp[ aafl afaBC pAgg aaf3 I eaeA stx2 bfp 1 ipaC lzlyA StxI Date Pat 
06 + 24/8/02 1 

07 ++-+- 27/6/02 2 
14. 24/6/02 

08 +-H- +++ -H-H- 23/6/02 3 
10 : *H-: + H-H-f- -H--f- . .26/6/02 

09 21/6/02 4 
11 20/6/02 

12 30/6/02 5 
15 ++H- -H-+E +++ 26/6/02 

13 +-H-  28/6/02 6 +++ 
16 +++ -H--f- 27/6/02 
17 -H- 26/6/02 +++ 

18 -f-H- -f-H- + -f 12/7/02 7 

19 -H- ++ -H- 13/7/02 8 

20 -H-H- -H-+ -H- +++ + -H- 15/7/02 9 

21 19/7/02 10 

22 -H- 17/7/02 11 
23 18/7/02 
24 18/7/02 

25 + 18/7/02 12 

26 -H-+ 20/8/02 13 

29 + ---- -H-+ 23/8/02 14 
30 -H- -H- + -H- -H-H- 21/8/02 

27 + f-H- f-H- 14/8/02 15 
28E + -H-+-f--f--f--f--f---' . 16/8/02 

31 +++ ++ 12/10/02 16 

32 -f--f--f- +-H- +++ 2/11/02 17 
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Samp J aafl J afaBC pAgg f aaj3 eaeA stx2 bfp_ f ipaC hlyA sixi Date Pat 

33 + -H-f- +H-+ 2/11/02 18 
34  3/11/02 

35 14/12/02 19 
133 -H- 13/12/02 

36 -H- 26/11/02 20 
37 28/11/02 

38 8/2/03 21 
48 - +-1-  10/2/03 

39 20/2/03 22 
42 + ++ -++ 23/2/03 
49 ± -H- + 22/2/03 

40 + + + 26/2/03 23 
- 41 ±+± - + + 1/3/03 

43 ++ + + -H- + 29/1/03 24 

44 + : 28/1/03 25 

45 30/1/03 26 
46 

- 
+++ + 

- 
+ 

- 
30/1/03 

47 -f-+ 6/2/03 27 
51 -H- -H-H- 22/3/03 
52 -  - - - 21/3/03 

53 H-H- 20/4/03 28 
54 +++ 23/4/03 
57 ±++ 22/4/03 :  

55 -f-H- 23/4/03 29 
56 -f--H- 24/4/03 

58++ H-H-H- 30 
59 ++ -f--H- ++ 
60 +  17/5/03 

61 ±+ +-H- 16/5/03 31 
62 + : 14/5/03 

50 + -H-H- 14/5/03 32 

031 
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1 s2 bfp I ipaCfhAIsi Date Pat 
63 -FH- 19/6/03 33 
64 +H-+ . 18/6/03 
65 -H-H- . 16/6/03 

66 +++ -H-H- + 15/6/03 34 
67  16/6/03 

68 + 9/6/03 35 
69 + 7/6/03 

70  17/6/03 36 

73 +±+ ++ 19/6/03 1 37 

71  2/6/03 38 
72 + -H-+ + . 5/6/03 

74 +-H- -i-H- 3/7/03 . 39 

75 . II . 4/7/03 40 
80 +++ -H-H- -i--H- 6/7/03 
93 

76 . . . 29/6/03 41 

77 + . 10/7/03 42 
78 -i--i--i- : . 14/7/03 
79 + . 10/7/03 

81 -H-i- +-H- 2/7/03: 43 
83  3/7/03 
84 . i 

. 
5/7/03 

82 2/7/03 44 
85 + . 3/7/03 
91 . 2/7/03 

86 HH- 17/7/03 45 
105 . . 18/7/03 

87 +  26/6/03 46 
27/6/03 

88 
- 

28/6/03 47 

90 23/6/03 48 

92 - 25/6/03 49 
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Samp aajll afaBC pAgg aaJ3 I eaeA stx2 bfp ] ipaC  I hlyA stxl Date Pat 

94 -H--f- -1-f-H- -4-f--f- -f--f--f- 30/6/03 50 

95 -H- -H-I- + +-f---f- 29/6/03 51 
96 ?. -H--4-  + ++-i-- 27/6/03 

97 25/7/03 52 
98 . 25/7/03 

104 . 23/7/03 

99 . +++ . 28/7/03 53 
100 -H-H- H-H- 21/7/03 
101 +++ -H- . 23/7/03 

102  22/7/03 54 
103 -H-H- . 22/7/03 

106 -F--H- + +4- 5/8/03 55 
107 -H-+ . + + 6/8/03 
108 + -1-H- + - 7/8/03 

109 2 1/8/03 56 
110 . 20/8/03 
111 

- 
22/8/03 

112 ? +-H- 25/8/03 57 
113 H-++ + E 26/8/03 
114 ? 23/8/03 

115 . 2/10/03 58 

123 +-H- -H- -H--I- ---- 6/10/03 59 
122 + 

- 
+-H- + ++ + 6/10/03 

126 -f--f- : 7/10/03 60 

127 H-H-H- H-H- ++± +++ +-1-+ 20/10/03 61 

128 + -1--H- -f--f- H-H- 30/10/03 62 

131 + -H--+- E H-H-f- + 14/10/03 63 

117 +H-+ + 15/10/03 64 
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Table 3.1. Summary of virulence factors tested showing the correlation to clinical 
patients and the date of collection. Patient numbers (Pat) are giving on the first line 
where multiple samples were taken from the same patient. Symbols (+) indicate the 
intensity of PCR product on when resolved using agarose gel electrophoresis (3 is the 
most intense). A question mark (?) is present when a result is ambiguous between 
duplicates and the result was faint, all other recorded are the best result for 
unambiguous duplicates. Results in the table highlighted in the darker grey shading 
show the Jive positive PCR controls (CJ-05) and diarrhoeal sample controls. 

3.2.12 PCR-results of 128 faecal samples 

The following tables and figures show the PCR results from 128 samples including 

non-diarrhoeal controls. These samples were collected from 64 diarrhoeal patients at 

the RDH hospital and 8 without diarrhoea. All 128 samples were tested for ten 

different diarreagenic E. coli virulence factor genes using the PCR based tests, the 

results presented below in table 3.2. are a summary of the data presented in table 3.1. 

From 128 faecal samples which were collected from 72 Aboriginal children, 56 (43%) 

samples were positive for the afaBC gene representing the DAEC bacteria. 57 (44.5%) 
MON 
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samples were positive for aafl, 37 (29%) were positive for aaj3 and 40 (3 1%) were 

positive using the pAgg-probe. 32 (25%) of samples were positive for eaeA 

representing potential EHEC and EPEC bacteria and 4 (3%) were positive for the bfpA 

gene which is specific for EPEC bacteria. 1 (0.7%) of samples were positive for ipaC 

representing the EIEC bacteria. 8 (6%) of samples were positive for the stx2 gene 

representing STEC bacteria. stxl and hlyA genes were not identified in any of the 

samples. 

Virulence Positives Positives Incidence in Positives in Incidence in 
factors in all in patient patients control control 

samples samples (n=64) samples patients 
n=128 n=118 (%) n=10 (n=8) 

aafl 57 55 58% 2 12.5% 

afaBC 56 53 51.5% 3 25% 

pAgg 40 36 40.5% 4 25% 

aaf3 37 36 34% 1 12.5% 

eaeA 32 32 31% - - 

s1x2 8 8 9% - - 

bfp 4 4 4.5% - - 

ipaC 1 1 1.5% - - 

hlyA - - - - - 

stxl - - - - 

Table 3.2: Table listing the number of positives samples and also the percentage of 
patients positive for each virulence factor tested using PCR. 

3.3 Diarrhoeagenic E. coli detected. 

The PCR data from table 3.2 was collated for patients and controls for diarrhoeagenic 

E.coli types with the virulence markers (figure 3.31 and table 3.3). 
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Figure 3.31: Graph showing the incidence of the diarrhoeagenic E.coli types present 
in patients and controls in this study. 

3.3.1 STEC 

This group is a serologically diverse group of food-born and zoonotic pathogens that 

have been epidemiologically associated with life-threatening diarrhoeal diseases 

worldwide. They are known to contain the phage-borne virulence genes stx] and/or 

stx2. Among the 128 faecal samples tested, 8 (6%) were positive for stx2 toxin gene, 

this represents 6 patients who had STEC bacteria. Because this group is defined by the 

presence of only one gene these bacteria are considered definite STEC's. 

3.3.2 EHEC 

EHEC bacteria are a very dangerous type of E. coli as they can cause serious bloody 

diarrhoea and HUS. In this study this group has been split into typical and atypical 

groups due to the fact that atypical strains can still cause HUS. The EHEC (typical) 

group contains the gene encoding intimin (eaeA), one or both of the shiga-like toxins 

(stxl and/or stx2) and the plasmid-encoded hemolysin gene EHEC-hlyA (Khan et al, 

2002), whereas the atypical group has no hlyA yet possesses the other virulence 

markers. In this study 3/64 (5%) of all patients were identified as containing potential 
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EHEC (atypical) bacteria and no fecal enrichment cultures were identified as 
containing potential EHEC (typical) bacteria. We did not streak the cultures positive 
for both EHEC (atypical) marker for single colonies and identify individual bacteria 
with all virulence markers and consequently these patients are said to be only 
"potentially" carrying the EHEC (atypical) strain type. 

3.3.3 EPEC 
EPEC are an important cause of infant diarrhoea in developing countries. These strains 
affect the host causing attaching and effacing lesions in the intestine. EPEC (typical) 
bacteria are known to contain the bfpA gene which appears to be specific to EPEC 

(Gunzburg et al, 1995) and the eaeA gene. Whereas EPEC (atypical) strains contain 
either of these 2 virulence marker genes. 

Among the 64 patients hospitalised for acute diarrhoea 26% (16 patients) were 
identified as being EPEC (atypical) with either bfpA or eaeA. A further 2 patients 

(3.5%) had both genes present in the overnight E. co/i enriched fecal culture. These 
cultures with both were not streaked for single colonies to identify bacteria with both 
virulence markers and consequently these patients are said to be only "potentially" 
carrying the EPEC (typical) strain type, whereas the "atypical" types only needed the 
single marker and are therefore all 18 EPEC positive patients could be, at the least, 
definite EPEC (atypical) positives. Further testing of the "typical" samples would 
determine if single bacteria had both of the gene markers. 

3.3.4 EIEC 
Enteroinvasive E. co/i causes a diarrhoeal illness similar to shigellosis in humans by 
invading and multiplying inside of epithelial cells with subsequent destruction of 
colonic tissue (Andrade et al, 2002). EIEC bacteria are known to contain chromosomal 
and non-chromosomal virulent plasmids which express several genes. These genes 
encode the type III secretion apparatus which is necessary for the secretion of multiple 
(Ipa) proteins which are necessary for full pathogenicity. 

Among the 128 faecal samples tested, representing 64 patients with severe diarrhoea 
and 8 controls, only one patient was identified as being EIEC positive. 
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3.3.5 DAEC 

Recently, diffusely adherent E. coil were recognised as an independent category of 

potentially diarrhoeagenic E. coil suspected to be associated with acute and severe 

diarrhoea in children (Nataro and Kaper, 1998). DAEC bacteria are known to contain 

chromosomal and plasmid fimbrial genes. 

PCR based method was used to detect potentially DAEC bacteria. Among the 128 

faecal samples tested, 56 (41%) were positive the virulence marker afaBC. This 

represents 56% of all patients (34 of 64) and 22% (2 of 8) controls. 

3.3.6 EAggEC 

Enteroaggregative E. coil strains are currently associated with the etiologic agents of 

acute and severe diarrhoea in children from developing countries (Nataro and Kaper, 

1998). EAggEC bacteria are known to contain several putative virulence factors genes 

which include the pAgg and AA fimbriae types I, II and III (type II was not tested for 

as it reportably occurs at a low frequency). PCR based method was used to detect 

potentially EAggEC bacteria. Among the 128 faecal samples tested, 57 (42%) were 

positive for aafl and 37 (28%) were positive for the aaf3 and 35 (26%) samples were 

positive for pAgg. From table 3.1 it is clear that the expected incidence of the EAggEC 

virulence marker genes is not as expected, we would expect aafl or aaj3 to always be 

present with the aggregative plasmid (seen by pAgg) and that those pAgg positive 

samples without these enteroaggregative fimbriae gene would most likely have the 

lesser detected aaj2. Figure 3.32 shows the incidence of the genes is much different. 
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Figure 3.32: Graph showing the incidence and combinations of the enteroaggregative 
marker genes relative to all EAggEC detected. Typically EAggEC contain the fimbrial 
genes (aafl and aaJ3) on the enteroaggregativeplasmid ('pAgg). 

Frequently in this study, the fimbrial genes are detected without the plasmid and a 

small proportion of the time the aggregative plasmid is found without a detectable 

fimbriae (the most likely explanation is that these are Aaf2 fimbriae). In 31% of 

detected EAggEC the fimbrial gene is detected in samples where the only other 

detected virulence factor is the diffusely aggregative plasmid (indicated by afaR C) . It 

is unknown why the aggregative plasmid which carries the fimbrial genes is not 

detectable and it could be hypothesised that these results indicate that the aggregative 

fimbriae has transferred to the diffusely aggregative plasmid. Investigation of the 

relevant bacteria which were isolated for RAPD comparisons and isolated associated 

plasmids would easily determine if the DAEC plasmid has indeed acquired the more 

virulent fimbrial genes. 
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3.3.7 Summary table of diarrhoeagenic E. coli types 

Diarrhoeagenic Positive Fisher exact 

E. coli type sample Positive sample test for 

in patients in controls significance 
(P value) 

DAEC 34/64=53% 2/8=25% 0.08 

EAggEC 48/64 =75% 2/8 = 25% 0.001 
(all)  

EPEC (atypical) 16/64 = 25% 48 0.1 

EPEC 3/64 = 4.5% -/8 1 
(typical)  

STEC 8/64 = 12.5% 48 0.58 

EHEC (atypical) 3/64 = 5% -/8 1 

EHEC -/64 -/8 1 
(typical)  

EIEC 1/64 = 1.5% -/8 1 

Table 3.3: Table showing the incidence and percentage of diarrhoeagenic E. coli types 
in clinical diarrhoeal and non-diarrhoeal control samples. Statistically significant 
results, determined using a 2-tailed FisherExact test, are shown in italics. 

3.4 RFLP characterisation of amplified marker genes 

A restriction fragment length polymorphism (RFLP) is defined by the existence of 

alternative alleles associated with restriction fragments that differ in size from each 

other. DNA from different types of virulence factors was digested with a restriction 

enzyme (Haelll), followed by gel electrophoresis to separate fragments according to 

their size. This test was used because it helps to identify polymorphic PCR gene 
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products and differentiate virulence factor genes and to compare if they are genetically 

related to each other. 

3.4.1 RFLP investigation of ipaC 

EIEC bacteria are recognised to be associated with severe E. coli diarrhoeal disease 

(Nataro and Kaper, 1998) and were suspected to affect Aboriginal children. The PCR 

results identifying the ipaC (a marker for EIEC bacteria) showed four positive samples 

of which single colonies were isolated and tested with CTB-PCR. The CTB-PCR 

results revealed that none of the EIEC isolated colonies (1 to 4) from the samples were 

positive (fig. 3.33). 

Due to the low incidence of EIEC bacteria with normal PCR and CTB-PCR tests, we 

considered that the numbers of this pathogen was not significant for comparisons and 

for this reason the RFLP and RAPD analysis of EIEC bacteria was not carried out. 

Sample 
MC5 

128 
1 

EIEC 
2 3 

121 EIEC 
1 2 3 

20 EIEC 
1 2 3 4 

33 EIEC 
1 2 3 4 

1,353 bp_. 
1,078 bp- 

872 bp- 
602 bp ---ø. 

310 bp -* 

Figure 3.33: Image showing ipaC virulence factor gene products ainplied using 
colony taq PCR. Lane designated 'M' contains the molecular marker. Lane numbers 
represent the specUIc  bacterial sample numbers (bottom) and the specifIc isolated 
colonies qf each sample (top). Lane showing the (EIEC) ipaC positive control is 
designated C5. 

3.4.2 CTB-PCR identification of EAggEC single colonies 

Of 128 faecal samples collected from 64 patients, 57 aafl, 37 aaf3 and 40 pAgg PCR 

positive enrichment samples were plated for single colonies and tested with CTB-PCR 

assay for identification of positive single colonies. Three to fifteen selected E. coIl 

colonies were analysed with CTB-PCR using control strains 042 and 17-2 known to 

contain aafl, aa,13, and pAgg. Colony band patterns were visualised by gel 

electrophoresis. In total, 83 faecal samples of the 128 tested contained at least one of 
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the EAggEC marker genes found on the plasmid CVD432 and single colonies with 

these markers were identified and isolated in 77 of the 83 cases. 

3.4.3 Identification of single colonies containing aafl 

Of 57 positive samples from the aafi gene tested by normal PCR and plated for single 

colonies, 25 were tested using CTB-PCR, single colonies in 26 samples were 

identified and isolated (fig. 3.34). Single colonies were not identified from 34 of the 

PCR positive overnight faecal enrichment culture samples (data not shown). 

Figure 3.34: Image showing af1 virulence factor gene products amplified using 
colony taq PCR. Lane designated 'M' contains the molecular marker. Lane 's numbers 
represent the specific bacterial sample numbers (bottom) and the specific isolated 
colonies of each sample (top). Lane showing the aafl positive control is designated 
C3. 

Col: 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
M C3 67 67 67 68 68 68 69 69 69 92 92 92 102 102 102 103 103 103 

1,353 bp_. — 
1,078 bp—+- 

872 bp—"  400 
602 bp -- — 
310 bp -k 

Colony: 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
M C3 108 108 108 112 112 112 129 129 129 133 133 133 129 129 129 

oi V, W, -  : 

Colony: 1 2 3 1 2 1 2 3 1 2 
M C3 B 7 7 7 13 13 M C3 B 55 5555 5656 
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Colony: 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 

M C3 B 13 16 16 16 17 17 17 22 22 22 29 29 29 31 31 31 33 
C2 TTh 

- 

Colony: 2 3 1 2 3 1 2 3 1 3 1 2 3 1 2 3 1 2 3 

M C3 48 48 49 49 49 52 52 521 56 63 63 63 64 64 64 65 65 65 

3.4.4 Identification of single colonies containing aa13 

Of 37 positive samples from the aaj3 gene identified using PCR and plated for single 

colonies, 32 were tested using CTB-PCR, single colonies in 26 samples were 

identified and isolated (fig. 3.35). Single colonies were not identified from 6 of the 

PCR positive overnight fecal enrichment culture samples. 

Figure 3.35: Image showing aaj3 virulence factor gene products amplified using 
colony taq PCR. Lane designated 'M' contains the molecular marker. Lane 's numbers 
represent the specific bacterial sample numbers and the specific isolated colonies of 
each sample. Lane showing the aafl positive control is designated C2. 

Sample 10 
M C2 B 12 3 45 6 7 8 9 10 11 12 13 14 If  

om 
1,353 bp__,. 
1,078 bp—. 
872 bp- 

602 bp  

310bp— 

Sample 15 

M C2 B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Sample 18 
M C2 B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

- - 
_ 
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Sample 20 
M I (.2 13 2 3 4 b 6 7 8 9 10 11 12 13 14 15 

— — — 

Sample 27 
M C2 B 1 2 3 45 6 7 8 9 10 11 12 13 1415 

0 

Sample 28 
M C2 B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Sample 30 
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Sample 58 
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Samples: 71 74 
M C2 B 1 5 8 11 15 B 1 2 3 4 5 6 

sabe 

Samples: 80 (I) 83 87 95 
M C2B 15607 89101234 5678 91015 

*=0 boat_ _ -- - 

Samples: 88 89 95 
_M C2 B 1 4 7 10 13 1 2 3 4 5 6 7 8 9 10 5 8 

Sample 94 
M C2 B 1 5 8 11 15 

t. 

1 

Sample No. 101 106 107 108 
MC2 B 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 

= 

Sample No. 108 122 123 126 
MC2C2 345 123 4 512 34 5 123 4 

— — — 

Sample No. 126 129 130 131 
M C2 5 1 2 3 4 5 1 2 3 4 5 1 2 

Sample 131 132 
M 3 4 5 1 2 3 4 5 136(1) C2 
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3.4.5 Identification of single colonies containing pAgg 

Of 40 positive samples from the EAggEC virulence factor gene testing using regular 

PCR, 19 were tested by CTB-PCR and 18 showed positive bands. Single colonies in 

18 of the samples were identified and isolated (fig. 3.36). Single colonies positive for 

the pAgg marker were not identified from 1 of the PCR positive overnight faecal 

enrichment culture samples (data not shown). 

Figure 3.36: Image showing pAgg virulence factor gene products amplified using 
colony taq PCR. Lane M contains the molecular marker with approximate sizes 310 to 
1,353 bp. Lanes with different numbers represent the specific isolated colony (bottom) 
and the specific bacterial sample (top). Lane showing the EAggEC positive control is 
designated C2. 

Sample 19 
M C2 B 2 4 6 8 10 12 14 16 18 20 

aii II1V2 

= = 

Sample 8 
M (2 B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 

Sample 29 30 33 
VI LL I L ) 4 J VI LL I A J IV! LL I L .) Lf 
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3.4.6 RFLP characterisation of the aaf3 gene 

EAggEC bacteria are known to be associated with persistent diarrhoea in young 

children, however, the organism's ability to cause diarrhoea, the factors involved in 

attachment to host cells, and different serotypes are not well understood (Nataro and 

Kaper, 1998). 

In this study, we compared EAggEC bacteria using the RFLP to determine if the genes 

aafl, aaJ3 and EAggEC (PAgg) were homologous in children with the same infection. 

We examined 81% of the EAggEC isolates by restricting the amplified PCR products 

with Haelll and demonstrated that EAggEC (pAgg) and EAggEC (aafl) colonies did 

not appear to have sequence variation that was detectable using the 4 base pair cutter 

(results not shown). In contrast, the aaj3 PCR products exhibited clearly 

distinguishable RFLP patterns ranging from 1 to 3 band variations (fig. 3.37). 

3.4.7 RFLP results of aaf3 

The amplified PCR product specific for aaj3 had, in all instances, a size of 

approximately 485 bp. The Haelll enzyme could differentiate isolates with 1 to 3 band 

patterns (fig, 3.37). The isolates showing a single band represents the uncut PCR 

amplified fragment. When 2 bands are visible the cut appear to be approximately a 

third distance from one of the fragment ends. When the third band is present agarose 

gel electrophoresis shows what appears to be a mixture of the uncut and cut variants 

colony 3, 8, 14 from sample 18. Evidence that the three band Haelll restricted aaj3 

variants are a single bacteria containing both of the other aaf3 variants is that the sum 

of the molecular weights is equivalent to approximately 1000 bp which is double the 

predicted size and also double the size of the PCR amplified product. With the 

available data it is also impossible to rule out incomplete restriction of the 485 bp gene 

fragment. 
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Figure 3.37: Image showing aaJ3 virulence factor gene product restricted with Haelll 
enzyme. Lane M contains the molecular marker with approximate sizes 310 to 1,353 
bp. Lanes with different numbers represent the specIc isolated colony (bottom) and 
the specific bacterial sample (top). Lane showing the EAggEC positive control is 
designated C2. Lanes with EAEC and DAEC represents extra digested product. 
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Sample No. 127 EAggEC 132 130 122 (I) 
\'l C'2 B 2 4 5 1  1 2 3 4 5 1 3 1 2 3 136 

— - 
.., .. , . 

3.5 RAPD investigation of potential EAggEC isolates 

Of the samples collected from the 72 patients included in this study, single colonies 
isolated from 78% of all patients were characterised using RAPD to determine if the 
EAggEC isolates are clonal within their respective fimbral type groups. 

RAPD profiles of 63 isolates from 48 (78%) patients were compared by using two 

primers (fig. 3.38). The relatedness among RAPD profiles was estimated by 
comparison of the RAPD fingerprint using the BioNumerics software. The resulting 
matrix of pairwise distances was used to generate a phenogram (fig. 3.39) based on the 
unweighted pair-group method with arithmetic mean (UPGMA) method, included in 
the 'BioNumerics' software. 

RAPD profiles of 104 F. coli isolates from 47 patients were compared by using two 
primers. Comparing relatedness and correlation between these two primers showed 
that primer number 2 was more discriminative than primer number 1 (fig. 3.38). 

Figure 3.38: 2% agarose gel showing RAPD results of aafl, aaj3 and EAggEC 
virulence factors using two different RAPD primers (I and II). Lane M contains the 
molecular ladder (100 to 3000 bp). Lanes with numbers on the bottom represent 
sample numbers and isolated colony numbers are shown on top. 
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The relatedness among RAPD profiles was estimated by the proportion of bands in 
common, applying the coefficient defined by DICE. Data recording and calculations 
were performed by using the 'BioNumerics' software. The resulting matrix of pairwise 
distances was used to generate a phenogram (fig. 3.39) based on the unweighted pair-

group method with arithmetic mean (UPGMA) method, included in the 'BioNumerics' 
software. 

As reported, primer 1 was less discriminatory and grouped isolates into a number of 
definable clusters (fig. 3.39). There are instances where individual isolates from the 
same patient sample clustered into the same group (compare 132 01 pat 67and 132 02 
pat 67 amongst others in fig. 3.39). These isolates also cluster into the same group 
using the more discriminatory primer 2 (fig. 3.40) and are therefore considered to be 
clones isolated from the same patient. For ease of comparison these clonal repeats 
have been removed from the data set (figs. 3.41 and 3.42). The figures with clonal 
repeats removed show that even with the less discriminatory primer 1 there are cases 
where multiple isolates from the same patient are grouped into different clones 
(examine isolates from patients 62 and 14 fig 3.41). In the instance of patient 62 the 
isolates are grouped separately into the three largest cluster groups, indicating that this 
patient was most likely infected on multiple occasions with three of the most common 
EAggEC strains. This scenario is not as strongly supported by the evidence in the case 
of patient 14 where 3 isolates had three different fingerprints. In this instance one of 
the isolates shared identity with isolates from patients 41 and 50, however the other 2 

isolates from patient 14 were only identified once, indicating these isolates were most 
likely transfected with the EAggEC plasmid in the patient. 
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Figure 3.39: Phenogram representing the relatedness of aafi, aa,f3 and EAggEC 
isolates with RAPD primer 1. The comparison of isolates was based on the proportion 
of bands in common applying the coefficient defined by DICE. Groups of similarity 
were established by using the UPGMA method. Isolates, colonies and patient 
numbers, and RAPD types are indicated from the left to the right. 
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Figure 3.40: Phenogram representing the relatedness of aafl, aaf3 and EAggEC 
isolates with RAPD primer 2. The comparison of isolates was based on the proportion 
of bands in common applying the coefficient defined by DICE. Groups of similarity 
were established by using the UPGMA method. Isolates, colonies and patient 
numbers, and RAPD types are indicatedfrom the left to the right. 
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Figure 3.41: Phenogram representing the relatedness of aafl, aaJ3 and EAggEC 
isolates with RAPD primer 1 with clonal repeats from the same patient removed. The 
comparison of isolates was based on the proportion of bands in common applying the 
coefficient defined by DICE. Groups of similarity were established by using the 
UPGMA method. Isolates, colonies and patient numbers, and RAPD types are 
indicated from the left to the right. 
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Figure 3.42: Phenogram representing the relatedness of aafl, aaj3 and EAggEC 
isolates with RAPD primer 2 with clonal repeats from the same patient removed. The 
comparison of isolates was based on the proportion of bands in common applying the 
coefficient defined by DICE. Groups of similarity were established by using the 
UPGMA method. Isolates, colonies and patient numbers, and RAPD types are 
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4.1 Introduction 

Diarrheagenic E. coli continue to be a global emerging diarrheal problem affecting 
people from all ages and different social classes, especially children form developing 
countries living in places where hygiene and living conditions are poor (Bernier et al, 
2002). 

Several epidemiological studies, mostly in developing countries, have been performed 
to examine the role of different diarrheagenic E. coli pathotypes in children with 
diarrhea (Forestier et al, 1996). In the Northern Territory, Aboriginal people usually 
live in crowded houses with poor hygiene. This is one of the main factors contributing 
to the prevalence of bacterial infections among Aboriginal infants. Aboriginal 
children suffer greater incidences of acute, chronic and severe diarrhea than other 
Australian children (Kukuruzovic, 2003); especially those children living in remote 

communities which whom are most susceptible to diarrheal infections. In most of the 
cases hospitalization is required. 

Aboriginal children admitted to the RDH with acute and severe diarrhea symptoms 
were exposed to a probiotic therapy and included in the investigation of diarrheagenic 
E. coli virulence factor genes. The pathogenesis of diarrhea is thought to be associated 
with different types of diarrheagenic E. coli virulence factor genes. Aboriginal 
children without diarrhea were also included as a control group to compare the 

incidence of the disease among symptomatic and asymptomatic cases. 

The present study was performed to determine the predominant virulence factor genes 
belonging to pathotypes of diarrheagenic E. coli in hospitalized diarrheal Aboriginal 
children in Darwin, Australia. A total of 128 bacterial samples were collected from 72 
patients and studied: 118 from diarrheal stools of 64 children and 10 from healthy 
controls of 8 children. We used PCR-based assays to identify and classify the 

previously described potentially diarrheagenic E. coli groups EHEC, STEC, EPEC, 
EIEC, EAggEC and DAEC with their respective virulence factor genes. 
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4.2 Non-specific bands 

The presence of different or non-specific bands in the results with the PCR primers 

shown by 2% agarose gel figures possibly indicate that during the bacterial DNA 

amplification by PCR, different pieces of the used primers were identified in different 

loci of the bacterial genomic DNA. Thus, amplifying variant bands and non-

specifically the results. 

For example, PCR product of stx2 identified by non-specific bands with 

approximately 200 bp of difference from the positive control are thought to contain 

extra or less pieces of bacterial genomic DNA which are identified by the stx2 primers 

and thus showing variation in bands. These non-specific bands cannot indicate the 

presence of the targeted genes in this study and to prove if they are the product we are 

targeting, isolation and DNA sequencing should be carried out. 

4.3 Incidence of virulence genes 

The invasion virulence factor gene IpaC identifying potentially EJEC bacteria was 

detected in 1.5% (1 of 64) of diarrheal patients and in none of controls. Studies 

carried out in Japan and Nigeria showed very low incidence of the IpaC virulence 

gene, which varied between 0% for Japan and 1.2% in Nigeria (Nishi et al, 1999; 

Okeke et al, 2000). As was observed with those previous studies in Japan and Nigeria, 

the IpaC virulence factor is not significantly important for the etiology of diarrhea in 

the NT Aboriginal children. 

The diffusely adherence virulence factor gene afaBC identifying potentially DAEC 

bacteria was detected in 5 1.5% (33 of 64) of diarrheal patients and in 25% (2 of 8) of 

controls. The prevalence of afaBC gene in a previous study in France showed that the 

aaf- probe detected 65.6% of the afaBC gene (Bernier et al, 2002). The afaBC plus 

EAggEC fimbriaes were found in 31 % of EAggEC detected arising the hypothesis 

that the aggregative fimbriaes have transferred to the diffusely adherent plasmid. The 

association of DAEC virulence genes with EAggEC type diarrhea is not well 

understood. 
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The localized adherence virulence factor gene eaeA found in the LEE which is 
identified in EPEC and EHEC diarrheagenic E. coli types, was detected in 31% (20 of 
64) of diarrheal patients and in none of controls. The prevalence of this gene in 
previous studies in India, Brazil and Canada showed average percentages of 14.3%, 
17% and 74.4%, respectively (Khan et al, 2002; Scaletsky et al, 2002; Wang et al, 
2002). The high prevalence of eaeA gene in Canada has been associated with 
outbreaks of diarrhea, hemorrhagic colitis, and hemolytic-uremic syndrome in 
humans. Comparing the eaeA—positive results from this study with those from India, 
Brazil and Canada, the eaeA gene appeared to be potentially associated with diarrhea 
in the Aboriginal children environment; however association of this gene with 
hemorrhagic colitis and hemolytic-uremic syndrome has not been reported in 
Aboriginal children. 

The localized adherence virulence factor gene bfpA identifying typical EPEC bacteria 
was detected in 4.5% (3 of 64) of diarrheal patients and none of controls. In one study 

with Brazilian children, the bfpA gene was detected in 8% (6 of 76) of the children 
(Tornieporth et al, 1995). Comparing our results with that from Brazil we can say that 

children living in the NT tropical region of Australia have less risk to be infected with 
the EPEC showing bfpA virulence factor gene. 

The virulence factor gene stxl necessary for the identification of STEC and EHEC 
was not found in any of the samples tested in this study. The incidence of this toxin in 
other countries is shown to be high, for example in Calcutta, India was of 36.5% 
where antibiotic resistance, virulence gene and molecular profiles of shiga toxin-

producing Escherichia coli (STEC) were carried out in a surveillance of sporadic 

cases of diarrhea in humans (Khan et al, 2002). Overall, comparing our results with 

that from India stxl is considered to be a minor contributor factor for disease in the 
Aboriginal children setting. 

The virulence factor stx2 necessary for the identification of STEC was detected in 9% 
(6 of 64) of diarrheal patients but not in controls. Incidence of this toxin in a 
surveillance of sporadic cases of diarrhea in India showed similar results of 19% 

(Khan et al, 2002). With our results we cannot confirm whether or not this toxin is 
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associated with diarrhea and further study is needed to categorize and identify specific 
related serotypes. 

The virulence factor gene hlyA necessary for the identification of EHEC was not 
found in any of the samples tested in this study. The incidence of hlyA gene in a 
previous study carried out in small-town and rural primary health care centres in 
southwestern Nigeria showed prevalence of 0.6% (Okeke et al, 2000). Comparing 
these results, all hlyA strains from Nigeria were associated with diarrhea; in contrast, 
in this study hlyA gene results were not significant or non-virulent in Aboriginal 
children in the NT. 

The virulence factor gene aafl identifying potentially EAggEC bacteria was detected 
in 58% (37 of 64) of diarrheal patients and in 12.5% (1 of 8) of controls. The 
incidence of these fimbriae was previously shown with prevalence of 3 1 % (Czeczulin 
et a!, 1997). Studies in France showed aafl frequency in 16% of patients (Bernier et 
a!, 2002). Comparing these results, aafl seems to be highly virulent among 
Aboriginal children with diarrhea. 

The virulence factor gene aaJ3 identifying potentially EAggEC bacteria was detected 
in 34% (22 of 64) of diarrheal patients and in 12.5% (1 of 8) of controls. Studies in 
France showed aaj3 frequency of 12% in patients (Bernier et al, 2002). The aaj3 gene 
is quite distributed among Aboriginal children with and without diarrhea showing 
high prevalence comparing with previous studies. 

The fragment aggA of the pAA virulence plasmid identifying potentially EAggEC 
bacteria was detected in 40.5% (26 of 64) of diarrheal patients and in 25% (2 of 8) of 
controls. Previous studies in France showed EAggEC incidence of 34.4% (Bernier et 
al, 2002). Incidence of aafl and aaj3 virulence genes without the pAA fragment was 
6.3% (8 of 128) in samples representing 8.3% (6 of 72) of patients, which possibly 
indicate the presence of a different EAggEC plasmid carrying these frimbriae. 
Identification of the aggA (pAA) fragment was very high in patients and controls 
comparing to other previous studies. 
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4.4 Incidence of Diarrheagenic E. coli types in Aboriginal children 

Potentially enteroinvasive E. coli (EIEC) was detected in 1.5% (1 of 64) of diarrheal 

patients and in none of controls. These patients were diagnosed based on the presence 

of the invasive IpaC virulence factor gene which is a fragment of the virulence 

plasmid (pl[NV). The incidence of EIEC worldwide is thought to be low, for example 

in Jordan EIEC was detected in 1.5% of the patients (Youssef et at, 2000). The 

identification of EIEC is depending on the population investigated and attributed to 

misidentification with non-pathogenic E. coli strains (Andrade et at, 2002). 

Identification of EIEC bacteria single colonies obtained from the patient samples by 

CTB-PCR showed that none of the isolated colonies were specific for EIEC bacteria, 

thus demonstrating that this bacterium is not significantly associated with the etiology 

of diarrhea in Aboriginal children. 

Enterohemorrhagic E. coli (EHEC) has recently been recognized as a cause of serious 

disease often associated with the ingestion of not well cooked meat (Todar, 2002). 

EHEC causes hemorrhagic colitis, watery diarrhea followed by bloody diarrhea with 

little or no fever or without bloody and an important cause of diarrhea-associated 

hemolytic uremic syndrome (HUS) (Robins-Browne and Hartland, 2002). 

The presence of stx2 with eaeA in 4.5% (3 of 64) of patients, implicates that 

potentially atypical form of EHEC bacteria could be associated with acute diarrhea in 

Aboriginal children and that the presence of eaeA gene is likely to increase the risk of 

developing complications such as HUS (Paton and Paton, 1998). 

Detection of enterohemorrhagic E. coli is based on the presence of hlyA, eaeA, stxl 

and/or stx2. In this study typical EHEC bacteria which is identified by the presence of 

the EHEC-hlyA, were not found in any of the children admitted to hospital (0%). 

However, the presence of eaeA and stx2 may implicate atypical forms of EHEC 

bacteria. The low incidence or absence of this pathogen is possibly that EHEC is 

transmitted by eating contaminated meat. In this study, a majority of children did not 
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consume meat as they were breast feeding and most of them were between 4 to 14 
months and thus reducing the risk EHEC infection. 

Detection of shiga-toxin producing E. coil (STEC) is based mainly on the presence of 
either stxl or stx2 which can be followed by additional virulence factors that might 
contribute to STEC pathogenicity. In this study potentially STEC showing the stx2 
was detected in 12.5% (8 of 64) of diarrheal samples in patients and in 0% of controls. 
Patients that were stx2-positive were suspected of suffering from HUS by 
presumptive medical diagnosis. The incidence of STEC-disease associated with stx2 
appear to be more commonly responsible for serious complications such HUS than 
those producing only stxl (Paton and Paton, 1997). 

Overall, Aboriginal children hospitalized with acute diarrhea are apparently suspected 
to be susceptible in acquiring STEC infections than EHEC and further 
characterization of this bacteria is still needed. 

EPEC is responsible for diarrhea in infants in the conmiunity setting (Donnenberg et 
al, 1992) and it is an important cause of diarrhea in children up to 1 year old in 
developing countries (Albert et al, 1995). Detection of enteropathogenic E. co/i 
(EPEC) is based on either bfpA and/or eaeA. In the present study, typical EPEC was 
identified by PCR showing bfpA+eaeA positive in both controls and diarrheal patients 
aged between 4 to 60 months. 

The incidence of EPEC in this study was of 4.5% (3 of 64) for diarrheal patients and 
interestingly, EPEC bacteria were not found in controls as previously reported by 
Ponds et al (2001). These patients were identified showing the genes bfpA and eaeA, 
respectively. The presence of eaeA alone doesn't indicate the EPEC pathogen. Several 
previous studies have implicated EPEC to be significantly associated with diarrhea in 
developing countries (Scaletsky et al, 2002); in this study EPEC was associated with 
diarrhea as most of the patients diagnosed with this pathogen were Aboriginal 
children admitted to hospital with symptoms of acute diarrhea. 
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Previous studies in the NT have shown cases of EPEC in diarrheal and non-diarrheal 
Aboriginal children and the implication of this pathogen in asymptomatic children is 
thought to be associated with malnutrition and a previous history of diarrhea (Ponds, 
2001). This hypothesis suggests and indicates that malnourished Aboriginal children 
could be at high risk of suffering persistent diarrhea (Ponds, 2001) which could be 
associated with traditional EPEC strains possessing an unknown virulence factor(s) 
(Albert et al, 1995). However, confirmation of malnutrition associated with persistent 
diarrhea has not been reported in Aboriginal children. 

Also, it was previously reported that children infected with EPEC are rarely infected 
with other enteric pathogens (Albert et al, 1995), however, our study reveals that from 
5 patients with potentially EPEC, 4 were infected with one or more virulent marker, 
most being DAEC and EAggEC and only one didn't show any different virulent 
pathogen. This indication of multiple virulence factors shows that enteroadherent 
pathogens could be highly spread in the Aboriginal children communities and that 
could be associated with most of the cases of diarrhea. However, association of EPEC 
with diarrhea in Aboriginal children has not been reported yet. Our study thus suggest 
that further studies should be done in terms of production of distinct patterns of 
adherence to cultured epithelial cells in vitro in EPEC and their association with 
diarrhea in general in an Aboriginal community setting. 

Diffusely adherent E. coli (DAEC) is well recognized as an independent type of 
potentially diarrheagenic E. coli and the pathogenesis of this diarrheal disease is 
controversial (Nataro and Kaper, 1998). Several research groups have implicated 
DAEC strains as a diarrheal pathogen while others had no success identifying DAEC 
strains more regularly in diarrheal patients than from healthy controls (Scaletsky et al, 
2002). 

In this study, potentially DAEC was detected in 53% (34 of 64) of diarrheal patients 
and in 25% (2 of 8) of controls. Prevalence of DAEC does not indicate association of 
this pathogen with diarrhea. However, it is suspected that DAEC may cause diarrhea 
in children more than one year old. It was previously reported that DAEC infections 
are in some way aged-dependent and the role of DAEC virulence factors causing 
diarrhea is still under study (Scaletsky et a!, 2002). Although we didn't present any 
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data related to the children's age in our results, these reports are highly supported by 
our findings, which was observed that most of the Aboriginal children infected with 
DAEC presented acute diarrhea and were aged more than 1 year old. 

Although DAEC was the most prevalent possible diarrhoeal pathogen in the patients, 
we didn't further analyze for DAEC associated diarrhoeal infection because most of 
previous studies didn't find any association of DAEC bacteria with diarrhea in 
children. 

Overall, the role of DAEC pathogenesis is still unclear and association of this 
pathogen with diarrhea in the Aboriginal children communities was not reported. 
However, suspicions are arising that potentially DAEC may have been associated 
with the etiology of acute diarrhea in Aboriginal children and further studies are need 
to investigate the adherence DA pattern in which the bacteria are dispersed over the 
surface of the HEp-2 cell, with little aggregation and little adherence to the glass 
coverslip free from the cells. Also, serogroup tests and identification of related 
virulence factor genes associated with DAEC bacteria will help to confirm this 
hypothesis. 

Several studies have implicated enteroaggregative E. co/i (EAggEC) as an important 
agent of persistent diarrhea in small children from developing countries (Nataro and 
Kaper, 1998). In this study, potentially EaggEC bacteria were detected in more of the 
patients than in controls by using PCR based assays. Potentially EAggEC was 
detected in 75% (48 of 64) of diarrheal patients and in 25% (2 of 8) of controls. 
EAggEC in the NT seems to be very high affecting most of Aboriginal children with 
diarrhea and a small proportion of children without diarrhea. 

Identification of EAggEC was based mainly on the presence of a fragment of the pAA 
virulence plasmid (aggA) and aggregative adherence fimbriae type aafl and aaj3, 
which identified potentially typical form of EAggEC bacteria. Atypical forms of 
EAggEC were shown by the presence of aafl and/or aaJ3. In a previous study carried 
out by Schmidt et al (1995), EAggEC was found as high as our findings showing 
prevalence of 86% (43 of 50) which were associated with diarrhea in patients. The 
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high incidence of EAggEC in both studies might be due to a high proportion of 

environmental contamination with EAggEC bacteria among children. 

To explain the high prevalence of potentially EaggEC in patients and controls, 

previous research studies in the NT have shown that asymptomatic Aboriginal 

children admitted to hospital with signs of malnutrition were at high risk of suffering 

from a persistent form of diarrhea which could be possibly be associated with an 

asymptomatic diarrheal pathogen. The presence of assymptomatic diarrheal pathogens 

in Aboriginal children is known to be associated with the tropical-environmental 

enteropathy syndrome (TEE). TEE is invariably present in apparently healthy children 

presenting abnormal absorptive and barrier functions of the small intestine, and 

excessive gut inflammation in comparison to non-Aboriginal children (Kukuruzovic 

et at, 2002). TEE syndrome is known to be due to living in unhygienic condition 

causing high rates of small intestinal mucosal damage in Aboriginal children 

(Kukuruzovic et at, 2002). 

Nevertheless, this information indicates that there is a possible chance that EAggEC 

may be associated with the etiology of diarrhea in indigenous children while remains 

a question if the presence of this pathogen may cause diarrhea or not (Baundry et at, 

1990). However, several studies have implicated EAggEC strains causing acute and 

persistent diarrhea, indicating that this pathogen is a potential diarrheal pathogen in 

children and adults, respectively (Bemier et at, 2002). Based on PCR results from this 

study, the high incidence of potentially EAggEC in patients more than controls 

implicates that the children population in the NT are likely to suffer from EAggEC 

infections than other diarrheagenic E. coti types. 

Although EAggEC has been implicated as an important diarrheal pathogen (Nataro 

and Kaper, 1998), the mechanism of EAggEC pathogenicity is still not clear. 

However, the prevalence of several potential virulence factor genes have been 

described and thought to be necessary and sufficient for the characterization of 

EAggEC pathogenesis (Elias et at, 1999). 
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From 128 samples analyzed, we observed that there was a high prevalence of aafl 
(56%) and aaj3 (34%) EAggEC virulence markers and the pAA fragment aggA 
(37.5%). In contrary with previous studies by Piva et al (2003), in this study adhesins 
aafl, aaj3 and aggA were found identifying most of potentially typical form of 

EAggEC bacteria and a minority was found without the presence of EAggEC plasmid 
fragment (table 3.1, results). These results indicate that the EAggEC plasmid showing 

the minority of EAggEC adhesions may be from variant or a different pAA-like 
plasmid from that tested in this study. Further studies would be necessary in terms of 
HEp-2 cell cultures in which a single 3-h incubation of bacteria with a specific 
medium (Dulbeccos) show the aggregative adherence (AA) patterns best described as 
'stacked-brick' pattern; and also, sequence analysis to identify EAggEC plasmid 
fragments which can be used for the development of EAggEC probes and PCR tests 
that can differentiate between types. 

In order to determine if potentially EaggEC are genetically related virulence markers 
and plasmids found in the Aboriginal children environment, RFLP and RAPD 
analysis were performed. The variant products amplified by CTB-PCR and restricted 
by RFLP test, showed that 2 different restricted polymorphic fragments (fig. 3.37) 
implicated the presence of variant EAggEC virulence factor gene and that these 
polymorphic patterns possibly represented groups of closely related EAggEC 
virulence markers. Because it was not included in the plan of this study, we did not 
carry out gene isolation and sequencing which will be essential to confirm these 
findings; however, we carried out RAPD test to analyze clonal relatedness among the 
48 EAggEC patient isolates. 

By the prevalence of various virulence factors, EAggEC strains appear to be 
significantly heterogeneous as previously tested in EAggEC diarrheal volunteers 
(Czeczulin et al, 1999). As stated by Czeczulin et al (1999), our study suggests that 
EAggEC may contain chromosomal and plasmid-borne genes that comprise different 
AA plasmid sharing particularly adaptive pathogenic profiles. 
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The genetic diversity amongst isolated adherent bacteria containing any of the 

EAggEC virulence factor genes (aafl, aaj3 and aggA) were characterized using 

RAPDs. To compare the relatedness among RAPD profiles of EAggEC virulence 

markers from 63 isolates representing 75% (48 of 64) of patients and 25% (2 of 8) 

controls, estimated proportion of polymorphic DNA was carried out by applying the 

coefficient defined by DICE. Data recording and calculations were performed by 

using the 'BioNumerics' software. 

To find out if EAggEC isolates were clonally related, a result matrix of pairwise 

distances was used to generate a phenogram (fig. 3.39) based on the unweighted pair-

group method with arithmetic mean (UPGMA) method which resulted in different 

clusters. Diversity and clonal relatedness variations observed by different EAggEC 

clusters showed high prevalence of polymorphic DNA profiles. These different 

clusters highly and presumably indicate the presence of heterogeneous forms of 

EAggEC bacteria among EAggEC isolates implicating the presence of more than one 

EAggEC bacteria type which may be carried upon a common AA plasmid in the NT 

Aboriginal setting. 

As previously reported by Czeczulin et al (1999), the EAggEC plasmid is in constant 

movement and virulence genes tend to follow the plasmid changing or exchanging 

their genetic information. RFLP results shown in this study demonstrate variant aaf 

genes and also a potential variant of the adherence plasmid. RAPD results 

demonstrate that the adherence plasmid is very mobile in the E. coli population as 

seen in the large number of genetically different E. coli strains carrying the adherence 

plasmid. 

Furthermore, there appears to be variant plasmids circulating in the NT population 

which do not possess the marker for the pAA plasmid (pAgg) yet contain either affi 

or, in a majority of cases, aaJ3. In 3 1 % of cases aggregative fimbrial types 1 and 2 

were found in the samples (not individual isolates) in association with the gene 

marker for the diffusely aggregative plasmid. It has been suggested previously that 

these fimbrial genes are often found in the absence of the enteroaggregative plasmid, 

pAA (Czeczulin et al, 1999). Here it is suggested that these virulence genes may be 
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associated with the diffusely aggregative plasmid although screening of isolated 

single colonies is necessary to identify whether this is the case. 

In approximately 10% of the cases neither aaf] nor aaj3 associated fimbrial genes 

could be detected with the pAA aggregative plasmid. In these cases we needed to 

check for aaJ2 however time constraints prevented this. It is most likely that these 

pAA (pAgg) positive samples with no fimbrial type detected are actually aaJ2 

positive. 

In patients where more than one RAPD fingerprint was identified, indicated that more 

than one EAggEC strain was present. This probably implies that single EAggEC 

bacteria may infect a host and then is horizontally transferred into a different E. coli 

plasmid. This fact explains why different isolates from a single patient showed 

different forms of EAggEC bacteria identified by different RAPD fingerprints (fig. 

3.40). 

To date, we are unable to state with certainty that EAggEC plays a role in the 

diarrheal infections among Aboriginal children, however, our finding thus suggest 

that the EAggEC bacteria is being potentially spread among Aboriginal children and 

that this bacteria may be traveling upon different plasmids which may contain 

EAggEC subclonal genes. 
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4.5 Conclusions 

PCR is a rapid and specific technique to use in the identification of the different 

categories of diarrheagenic E. coil and their specific virulence factor genes from 

children with diarrhea. Potentially DAEC, EAggEC and STEC were the predominant 

bacteria which may play a major role in the etiology of diarrhea in Aboriginal 

children while EIEC and EPEC played a minor role, leading to the question of 

whether or not they contribute to the diarrhea. EHEC was not detected in this study. 

RFLP is a useful technique to identify polymorphic genes which are responsible for 

the various diarrheagenic E. coil types. In the aaf3 gene, which is a fimbreal type 

associated with adherent E. coil, restricted CTB-PCR products implicated the 

presence of two polymorphic genes representing possibly unrelated clonal genes. 

RAPD is a useful technique to detect different virulence clonals of diarrheagenic E. 

co/i categories. The RAPD profiles of EAggEC bacteria showed high heterogeneity in 

the NT tropical environment. Aboriginal children in the NT are suspected to suffer 

from EAggEC and STEC (HUS) infections which can be very dangerous in remote 

tropical areas, especially during wet season when treatment is difficult to get to 

because of bad road conditions due to flood waters. 

Overall, our findings provide insights into the presence of E. coil virulence-associated 

genes in Aboriginal children suffering with diarrhea, which will help to more 

comprehensively characterize diarrheagenic E. coli categories in future 

epidemiological studies. 
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Appendix 

APPENDIX A - Biochemicals and Kits 

DNA molecular weight marker: phiX174 DNA-Hae III digest (MRC Laboratory, 

Cambridge, England). 

GeneRulerTM 100 bp DNA ladder plus (MBI Fermentas) 

Oligonucleotides (Genset Pacific PTY.Ltd. and PROLIGO primers & probes) 

InstaGene Matrix (BioRad Richmond, CA) 

Hae III (Roche) 

APPENDIX B - Media, buffers and solutions 

Bacterial culture and Isolation 

EC Broth 

EC 37g/L 

Make up any volume with deionised water (dH20). Autoclave for 15 min at 121°C. 

EC agar bacteriological 

EC 37g/L 

Agar 15g!L 

Make up any volume with deionised water (dH20). Autoclave for 15 min at 12 1°C. 

Electrophoresis 

TAE lx (Tris-acetate-EDTA electrophoresis buffer) 

Tris base 4.844g/L 

Sodium acetate 2.722 g/L 

EDTA 0.744g/L 

pH 8.0 
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2% LE Agarose gel 

LE 2g 

1xTAE 100m1 

Agarose loading dye 

Bromophenol blue 0.25 % 

Sucrose 40 % 

DNA molecular weight marker: phiX 174 DNA-Hae III digest 

DNA marker 1011 

lx TAE buffer 90 j.il 

Loading dye 10 jil 

GeneRulerTM 1 00bp DNA ladder plus 

DNA 1t1 

6x Loading dye 1 jil 

dH2O 4 jil 

Ethidium Bromide (10 mg/mL) 

Dissolve 19 of ethidium bromide in 100 ml of distilled water with gentle stirring. 

Distribute all in tubes of 10 mis and wrap in foil and store at 4°C. 
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PCR master mix preparation and PCR solutions 

lx reaction PCR master mix 

dH20 for irrigation (Baxter) 38 .tl 
lOx buffer (l5mMol MgCl2) 5 t1 
Fwd primer 1 jil 
Rev primer 1 p.1 

dNTPs 5 p.1 
Taq1U 0.3p.1 

Make up any volume multiplying one reaction times the wanted number of reactions. 

dNTPs (2.5 mM) 

dATP lop' 
dCTP lOp' 
dGTP lop' 
dTTP lOp' 
Distilled water 360 .t1 

Normal concentration (100 mM) 

PCR Template mixture 

2 p.1 InstaGene 

47 p.1 Master mix 
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APPENDIX C - Thermocycler and PCR parameters used in this 
study 

PCR (normal taq) 

1 - 95° 0:03 :00 

2 - 95° 0:00:20 

3 - 60° 0:00:40 (Tm) 

4-72° 0:01:30 

5-GOTO 2REP30 

6 - 72° 0:04:00 

7-HOLD 150  ENTER 

END 

PCR (hot start taq) 

1 - 950  0:15:01 

2 - 95° 0:00:20 

3 - 60° 0:00:40 (Tm) 

4-720  0:01:30 

5-GOTO 2REP30 

6-720  0:04:00 

7-HOLD 150  ENTER 

END 
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