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ABSTRACT 

 

Water is an essential need that stimulates health and well being.  Increase in population size 

and urbanization negatively affect water resources due to high demands of effluent outputs.  

Wastewater is an important reservoir for Escherichia coli and can present significant acute 

toxicity if released into receiving water sources without being adequately treated.  E. coli is 

used as indicator organism for the detection of faecal contamination.  These strains have been 

considered to be one of the primary causes of diarrhoeal infections worldwide. The present 

study was conducted between September 2012 and June 2013 to assess the prevalence of 

pathogenic E. coli strains in the final effluents of four wastewater treatment plants in Chris 

Hani and Buffalo City Municipalities in the Eastern Cape Province of South Africa. Standard 

membrane filtration technique was used for bacteriological analysis and molecular based 

technique was used for identification of E. coli pathotypes. The results were recorded in 

colony forming units/100 ml.  Faecal coliforms ranged between 0-9.6×10³ CFU/100 ml for 

the wwtp-Q and E. coli densities ranged between 0-8.4×10³ CFU/100ml.  Faecal coliforms 

ranged between 4×10²-9.7×10³ CFU/100 ml for wwtp-M and E. coli densities ranged between 

1.2×10¹-8.4×10³ CFU/100 ml. The wwtp-E showed to have bacterial counts of faecal 

coliforms ranging between 4.0×10³-8.2×10³ CFU/100 ml and E. coli densities ranging 

between 3.5×10¹-7.1×10³ CFU/100 ml.  The WWTP-K in this study was only assessed for the 

presence of E. coli.  Faecal coliforms were assessed by the other members of the group.  This 

plant showed to have E. coli densities ranging between 0-7.5×10²CFU/100 ml.  A total of 200 

presumptive E. coli isolates were subjected to screening by conventional PCR in which 

(29%) of the wwtp-M isolates were positively identified as E. coli, (16%) of the wwtp-K, 

(22%) of the wwtp-Q and (34%) of the wwtp-E isolates were positively confirmed as E. coli. 

A total of 100 randomly selected E. coli isolates were characterised into different pathotypes. 
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(16%) of positive isolates were detected as EPEC and 11% were detected as UPEC strains. 

There was no detection for the ETEC strains.  Antibiotic susceptibility patterns of E. coli 

strains showed high levels of resistance to Penicillin G, Erythromycin, Tetracycline and 

Sulfamethoxazole. High levels of Susceptibility were observed in antibiotics such as 

Chloramphenicol, Amoxicillin and Tetracycline.  The results of this study reveal that the 

plants were above the recommended Standard limit of zero CFU/100 ml for effluents meant 

to be discharge into receiving water sources. This study reveals inadequacy of the plants 

studied to produce effluents of acceptable quality.    
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                                                      CHAPTER ONE 

 

1.1 Introduction 

Accessibility to clean and safe water is one of the most crucial factors in determining the 

quality of life. Water quality is associated with how water is used on a daily basis and also 

associated with the state of economic growth (USEPA, 2000). Surface waters are exposed to 

the possibility of being impacted by pollution from their surrounding environments such as 

residential homes, agricultural and industrial services (Muller and Kfir, 2003).  South Africa 

is an emerging country that faces a critical crisis of surface water sources (rivers, dams and 

streams) that are seemed to be more stressed (Ashton, 2010). The destruction of these 

catchments in terms of transfer capacity, failure of water distribution and failure of investing 

in more surface water sources has contributed to the crisis faced within the country (Oelofse 

and Strydom, 2010). 

 

Increased rates of population and industrialization has also influenced the stress experienced 

in the above mentioned surface water sources.  Economic activities and living conditions 

powerfully contributed to increased rates of water consumption and utilization (Oelofse and 

Strydom, 2010). These conditions have created challenges of increasing demands of  high 

levels of water consumption as such increase can result in significant amounts of wastewater 

outputs mostly in urban areas (Mackintosh and Colvin,2003).   

 

Surface water is water from lakes, streams, dams and rivers. This water is used by the public 

as drinking water systems and for agricultural purposes (EPA, 2005). Protection of the above 

mentioned water source is important to maintain good quality. Possible pollutants may 
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include microorganisms and chemicals (EPA, 2005). Such pollutants arise from municipal 

discharges. 

 

 

  Figure 1: Villages using river water for domestic purposes (Source: DWAF, 1996). 

 

Municipal discharge may include human and animal wastes and a variety of chemicals that 

are collected from residential, agricultural and industrial activities (Argaw, 2004; 

Tchobanoglous et al; 2003).  These pollutants are the major causes of waterborne pathogens, 

more specially the enteric pathogens (Bosch, 1998). Pathogenic microorganisms could 

penetrate surface waters through the discharge of raw or untreated sewage and through 

manure runoffs from agricultural activities (Lodder et al, 2005; Van de burg et al, 2005). 

Surface waters that are either polluted or untreated have an extent to temper with health risks 

(Kong et al, 2009). Poor operational and maintenance of the municipal wastewater treatment 

plants might be the cause of improper treated sewage effluents. Such act can lead to the 

development of pollution consequences on receiving water sources thus creating a platform 

for waterborne diseases that have negative impacts to the public health (Momba et al, 2006). 



3 

 

It is estimated that waterborne pathogens affects approximately 250 million people yearly, as 

a result this follows as a consequence of 10 to 20 million deaths (Anon,1996).  The majority 

of the infections caused by waterborne pathogens take place in less advanced countries where 

they have sanitation problems that are caused by low socioeconomic conditions (Anon, 

1996). Throughout the world, wastewater is produced extensively from domestic and 

industrial activities and requires treatment processing before disposal for reuse. However the 

commonly used treatment plants during treatment stages often carry concerns of treatment 

costs, plant leakages and ineffectiveness of potentially releasing valuable quality water 

(Mathuthu et al, 1997). This then causes a situation involving exposure of the public to 

dangers of consuming inadequately treated water (Mathuthu et al, 1997). 

Surface water pollution occurs in two ways, the first occurrence is by the point source 

pollution which includes most sewage from domestic activities, industrial runoffs and 

wastewater treatment plant leakages that transmit into the receiving water sources (EPA, 

2005).  The second occurrence is by the non point source pollution which includes rainfall 

water that carries pollutants from the soil and transmit them into receiving surface water 

sources (Heath et al; 2009). Research has shown that high population rates in informal 

settlements and in urban areas give rise to problems in controlling the quality of the surface 

water sources (Gemmell and Schmidt, 2010).  This challenge is due to the use of surface 

water sources such as streams and rivers as dumping sites for inadequately treated municipal 

wastes and as drinking system for animals such as cows and sheeps (Prescott et al; 1993).  As 

stated by the World Health Organisation (WHO), 3 million children from the poverty-

stricken households die annually from drinking contaminated water with untreated or 

partially treated sewage waste containing infectious pathogens (WHO, 2004). This however 

indicates that water pollution is dangerous to humans and animals.  
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Determination of microbiological quality in water  sources is set at protecting consumers 

from sicknesses that occurs from consumption of contaminated water that contain pathogenic 

microorganisms (Craun et al, 1986). Consequently this is done to prevent waterborne 

outbreaks. Wastewater treatment plants releases substantial amount of pathogenic 

microorganisms that are excreted through faecal matter and urine of disease infected humans 

and animals, these pathogenic microorganisms degrade the quality of water sources (Momba 

and Mfenyana, 2005). The South African standard guidelines emphasize on the compliance 

of treated sewage effluents with a standard of nil faecal coliforms/100ml (National water act 

45 of 6 December, 1996). This might be due to consequences caused by the release of 

improperly treated sewage effluents that have adverse health and environmental effects 

(WHO, 2001). 

One of the major key elements of public health is access to safe and clean water. The 

overburden wastewater treatment plants and informal settlements are the leading cause of 

degradation in microbiological water quality (Fatoki et al, 2004). In emerging countries it is 

estimated that 90% of children’s health problems are due to water pollution (Cheesebrough, 

2006). On the other hand in industrialized countries outbreaks have shown human exposure 

to pathogenic pathogens found in drinking water systems (Payne, 2007). These cases 

however make the assessment of wastewater effluents to be critical in ensuring the safety of 

the environment and public health (Payne, 2007). Waterborne diseases are diseases that are 

picked up through drinking, swimming or bathing in contaminated water.  Pathogenic 

microorganism infects individuals through ingestion but some infect through skin contact. 

These pathogens mostly include bacteria, viruses and parasites (Leclerc et al, 2002).  

Pathogenic microorganisms are passed on into water sources through human and animal 

faeces, industrial and agricultural runoffs and leakages of the tanks during cleaning processes. 

The majority of waterborne pathogens are liable for causing more than 2-3 million deaths 
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worldwide and these cases are linked to the lack of safe water.  Waterborne pathogens 

include Shigella spp, E. coli, Vibrio cholerae, Salmonella and Klebsiella spp.  these 

pathogens are described to cause dysentery, diarrhoea, cholera and typhoid fever. Such 

infections are mostly seen in children and in adults with weak immune systems, in which at 

severe cases they lead to morbidity and mortality (Obasohan et al, 2010). The most popular 

diarrhoea disease includes cholera. Cholera disease is caused by Vibrio cholera and has 

symptoms such as nausea, watery diarrhoea and vomiting. This disease is passed through 

contaminated food and water.  Typhoid fever is another dangerous infection which is caused 

by Salmonella typhii. This infection has symptoms such as fever, diarrhoea, constipation and 

headaches. Protozoan and viruses are also associated with waterborne diseases. They infect 

gastrointestinal tract of humans and animals and the upper respiratory tract (WHO, 2011). 

 

Water act as a transporter of harmful microorganisms.  This however grants possibilities of 

being exposed to human health risks. Residential exposure to disease causing microorganisms   

found in drinking water systems could favour evolving waterborne infections (Muller and 

Kfir, 2003). The guidelines for faecal coliforms in drinking water declares that, faecal 

coliform counts that are less than 10 per 100ml are able to introduce infections in some 

susceptible individuals (DWAF, DOH and WRC, 1998). This however shows that even low 

concentration dosages of polluted water can be problematic to public health (DWAF, DOH 

and WRC, 1998). 

 

Enteric pathogens such as bacteria, viruses, and protozoan are accountable for serious 

diarrhoea sicknesses (Prescott et al, 2005). In developing countries most people die annually 

from drinking water contaminated with infectious pathogens. In South Africa, diarrhoea 

infections are accountable for 43 000 deaths annually. These cases are most common in 
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young children under the age of 5 years and the elderly people with weak immune systems 

(Mackintosh and Colvin, 2003).   

 

Gastroenteritis is the most common infection, which appear for a short period of time 

however depending on the age and the health of the infected person. Young children, the 

elderly and people with weakened immune systems are mostly affected and the illness may 

be severe, chronic or killing (Muller and Kfir, 2003). In the US there were 59 reported 

outbreaks from 1999-2000 of which were linked to exposure to polluted water and 61% of 

the cases were associated with gastroenteritis (Alm et al, 2003).  On the other hand infections 

that come from typhoid fever in India appear to be the major public health concerns more 

specially in young children and are estimated to cause more than 500 000 deaths per annum 

(Hill, 2004). The latest outbreak of cholera that occurred in Zimbabwe during 2008-2009 

which claimed 4000 lives was associated with insufficient clean water supply and poor 

hygiene services (Reyburn et al, 2011). Moreover these cases show a need for the practice of 

the national inspection to effectively monitor waterborne outbreaks in South Africa and other 

emerging countries (Sooka et al, 2004).   

 

Indicator organisms are microorganisms that are found in high amounts in faecal matter and 

their existence in a water source normally indicates faecal pollution. This suggests that the 

water is not safe to use before disinfection. The existence of an indicator organism indicates 

the presence of other harmful pathogens that are more problematic to detect. These organisms 

are set to meet specific conditions in order to be ideally identified as indicator organisms 

(Prescott et al, 2005; Myers et al, 2007). The properties of an ideal indicator organism are as 

follows: the organisms must be present in faecal matter of human or animals in enormous 

amounts, it should be present along with the pathogen of concern and survive similarly to that 
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pathogen but it should not be present in treated or uncontaminated water. The organism 

should be easily detected and cost effective (Prescott et al, 2005; Myers et al, 2007). 

 

Total coliforms, faecal coliforms, Enterococci faecalis and E. coli are used as standard 

indicators to discover faecal pollution and the presence of pathogens along with the quality of 

wastewater effluent discharge (Clesceri et al, 1998; Griffin et al, 2001; Jing et al, 2007).   

E. coli and faecal coliforms are used as indicators due to their abilities in terms of being able 

to be detected and enumerated by simple and cost effective techniques while on the other 

hand Enterococci spp are used to detect faecal pollution in marine water not including salt 

waters because they likely to die at a slower rate than faecal coliforms in salt water (Prescott, 

2005). Therefore the existence of an indicator organism in water sources necessitates water 

analysis for the presence of potential waterborne pathogens.  

 

Coliform bacteria are a large group that belongs to the Enterobacteriaceae family. These 

bacterium are described as aerobic or facultative anaerobic, gram negative and have non 

spore forming characteristics that produces acid and gas from lactose at 37°C within 48 

hours. Members of the coliform group are found within the gastrointestinal tract of humans 

and animals while others can be found within the natural environment (Prescott et al, 2005).  

Modern studies imply that the existence of coliform bacteria in drinking water sources is 

associated with pathogenic microorganisms (Barnes et al, 2004; Myers et al, 2007; Kong et 

al, 2009). Total and faecal coliforms include the genus Escherichia, Klebsiella, Enterobacter 

and Citrobacter.  Total coliforms are mainly on the lookout in drinking water regulations 

because when they are found above the recommended drinking water standard guideline they 

indicate setback in treatment processing (USEPA, 2009). Faecal coliforms are used as 

indicators of faecal pollution and when found at high concentrations in water sources they 
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point towards influences of contracting waterborne diseases (DWAF, 1996). Faecal coliforms 

are used to indicate pollution caused by microorganisms such as Escherichia coli, Vibrio 

cholerae, Salmonella spp, Shigella spp and Campylobacter spp (DWAF, 1996).  E. coli is 

regarded as the most effective coliform in terms of indicator organism.  The Enteroccocci spp 

which are alternatives of the coliform group has also been used in the past as indicators of 

faecal pollution because they were identified as commensal bacteria that also reside within 

the gastrointestinal tract of warm-blooded animals (Gleeson and Grey, 1997). 

 

Escherichia coli strains are mostly found in the intestinal flora of humans and animals and 

their existence in water is intensely connected to faecal pollution (Alm et al, 2003; Scott et al, 

2002). They are able to help with digestion and absorption of vitamins by the body; however 

some E. coli strains can cause several diseases such as diarrhoea, urinary tract infections and 

respiratory infections (Bekal et al, 2003). Pathogenic E. coli strains are able to give rise to 

distinctive forms of diarrhoea infections because of the existence of specific genes that are 

responsible for their pathogenecity, colonisation and virulence factors which are not found in 

non pathogenic strains (Prescott et al, 2005; O’Sullivan et al, 2007). These strains are 

characterised as diarrheogenic or extra-intestinal. They have subgroups recognized as 

pathotypes and these include enterotoxigenic E. coli (ETEC), enteropathogenic E. coli 

(EPEC), enteroinvasive E. coli, enterohemorrhagic E. coli (EHEC), enteroaggregative E. coli 

(EAEC), diffusely adherent E. coli (DAEC), uropathogenic E. coli and neonatal meningitides  

E. coli (NMEC) (Bekal et al, 2003; Hunter. 2003; Prescott et al, 2005).  
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Figure: 1.2 Sites of pathogenesis for diarrheogenic and extra-intestinal pathotypes (Source: 

Croxen and Finlay, 2010). 

UPEC-uropathogenic E. coli, NMEC-neonatal meningitides E. coli, EHEC:  

enterohaemorrhagic E. coli, EIEC- enteroinvasive E. coli, EAEC- enteroaggregative E. coli, 

EPEC: enteropathogenic E. coli, ETEC-enterotoxigenic E. coli, DAEC-  diffusely adherent E. 

coli.  

1.2 Justification of this study 

 

In South Africa, it has been estimated that diarrheal diseases are the primary causes of death 

in infants that are younger than 5 years, leading to about 160-200 deaths per day (Nemarude 

et al., 2008). The Eastern Cape province of South Africa is largely surrounded with villages 

and non-urban poor communities that lack hygienic water supply (Fatoki et al, 2001).  It has 

been documented that rural communities of this Province depend on surface and/or 

groundwater sources for their daily water needs (Fatoki et al, 2003). Water from these 

sources is directly used by certain communities for drinking, bathing and agricultural 

purposes.  However, in many cases these water sources are negatively impacted by untreated 

or inadequately treated wastewater effluents from municipal wastewater treatment plants 
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(Mackintosh and Colvin, 2002; Fatoki et al, 2003; Jagals, 2006). Therefore, this behavior 

compromises the health of the population surrounding the affected water sources, more 

especially the young and the immunocompromised that are more susceptible to infections 

caused by pathogens present in contaminated water (Griffin et al, 2003).  Escherichia coli is 

a member of the faecal coliform group that is recommended as an indicator organism for 

assessing water quality, and while emphasis has been place of E. coli in general as an 

indicator organism, the prevalence of its pathogenic strains are neglected. To the best of our 

knowledge, there is no evidence in literature to suggest that the pathogenic E. coli diversities 

of the final effluents of wastewater treatment plants in Chris Hani and Buffalo city 

municipalities have been evaluated. 

 

1.3 Aim and objectives of this study 

 

The aim of this study was to assess the prevalence of pathogenic Escherichia coli strains in 

the final effluents of four wastewater treatment plants (WWTPs) in Komga, Queenstown, 

East Bank and Mdantsane WWTPs in Chris Hani and Buffalo City Municipalities in the 

Eastern Cape Province of South Africa.  

 

The specific objectives include: 

 

-To collect final effluent samples from the wastewater treatment plants over a period of 12 

months. 

-To evaluate the abundance of E. coli in the final effluents of the wastewater treatment plants. 
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-To assess the prevalence of different pathogenic E. coli strains in the final effluents of the 

wastewater treatment plants. 

-To evaluate the antibiogram characteristics of the pathogenic E. coli strains. 
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                                                      Chapter 2 

                                                 2.0 Literature review 

2.1 Escherichia coli 

Escherichia coli are mainly found within the lower intestines of humans and warm-blooded 

animals and their survival in water is strongly related with faecal pollution (Alm et al, 2003; 

Scott et al, 2002).  These strains are discovered to be non- pathogenic however at times, some 

members are associated with various diseases that negatively affect the health of humans and 

animals (Kaper and Nataro, 2004).  Pathogenic E. coli strains bring about unique forms of 

diarrhoeal infections that are triggered by specific genes responsible for their mechanism of 

pathogenesis (Prescott et al, 2005; O’Sullivan et al, 2007). These infections include 

gastroenteritis, urinary tract and respiratory infections (Bekal et al, 2003).  E. coli infections 

are passed on through drinking water or ingestion of food contaminated with human or 

animal wastes. The other mode of transmission may occur through person to person contact 

(Nataro and Kaper1998). All these mode of transmissions come into existence because of 

poor sanitation, environmental conditions and poor personal hygiene (Campos et al, 2004; 

Galane et al, 2001; kalantar et al, 2011).  

 

2.2 Characteristics of Escherichia coli 

 

Escherichia coli are Gram negative, rod-shaped and facultative anaerobic bacterium that 

belongs to the Enterobactericeae family. These strains are about 2um in length and about 

0.5um in diameter (Bettelheim et al, 1994).  E. coli have flagellum which enables them to 

move and grows optimally at 35°C (Nataro and Kamper, 1998). Several biochemical 

reactions are identified for E. coli and some include the indole test which remains the most 
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useful method to differentiate these strains from other members of the enterobactericeae 

family (Balows et al, 1994). 

 

2.3 Classification of pathogenic E. coli 

 

Escherichia coli are the most important components of the intestinal flora. These strains are 

classified into various groups such as intestinal (diarrheogenic) and extra-intestinal (Bekal et 

al, 2003, Hunter, 2003).  Each group contain subgroups called pathotypes which include the 

following: 

 Enterotoxigenic E. coli (ETEC) 

 Enteropathogenic E. coli EPEC)  

 Enteroinvasive E. coli (EIEC) 

 Enterohemorrhagic E. coli (EHEC)  

 Enteroaggregative E. coli (EAEC) 

 Diffusely adherent E. coli (DAEC) 

 Uropathogenic E. coli 

 Neonatalmeningitides E. coli (NMEC) 

 

2.3.1 Enterotoxigenic E. coli (ETEC) 

Enterotoxigenic E. coli is described as the prevailing cause of traveller’s diarrhoea 

throughout the world (Rao et al, 2003).  ETEC infections are commonly noticed in poverty-

stricken areas or in areas with poor sanitation services (Daniels, 2006).  According to several 

studies and reports outlined around the world, there are about 400 million diarrhoeal cases 

linked with ETEC strains that occur annually. These cases are mostly prevalent in children 

under the age of 5 years old and usually results with estimates of 700 000 death rates (Mahdy 
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et al, 2010; Putnam et al, 2004).  Infection of individuals by this strain can be due to 

consumption of food or water contaminated.  Diarrhoeal infection begins with a sudden onset 

of watery stool that is followed by vomiting that lead to dehydration from the loss of fluids 

and electrolytes (Daniels, 2006).  

2.3.2 ETEC mechanism of pathogenesis 

Enterotoxigenic Escherichia coli strains (ETEC) gets attached into enterocytes of the small 

intestine and this happens through colonization factors (CFs) that binds to the intestinal cells 

(Gaastra and Svenneholm, 1996; Torres et al, 2005). These factors dominate the attachment 

causing intracellular changes in the intestinal cells.  Afterwards two toxins, heat-liable (LT) 

and heat-stable (ST) enterotoxins are produced. These toxins cause intestinal epithelial cells 

to secrete excess fluids through cyclic AMP (cAMP) and cyclic GMP (cGMP), which is a 

mediated activation of cystic fibrosis transmembrane conductance regulator (CFTR). Some 

strains are able to produce one toxin while others produce both toxins (Croxen and Finlay, 

2010). The enterotoxins produced give rise to fluid accumulation within the gastrointestinal 

tract and this cause diarrhoeal response (Johnson et al, 2009).  High rates of (cAMP) can 

cause disturbance of electrolytes showing increased rates of chlorine secretion from crypt 

cells and impaired absorption of sodium chloride by the cells at the tip of the villi, thereafter 

the water follows the electrolytes resulting in profuse watery diarrhoea (Wilshaw et al,2000).  

Enterotoxins are defined as extracellular proteins or peptides that affect the intestinal 

epithelial cells. These enterotoxins are often plasmid encoded (Johnson et al, 2009).  
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Figure: 2.1 showing pathogenesis of enterotoxigenic E. coli (source: Croxen and Finlay, 

2001). 

 

2.3.3 Enteropathogenic E. coli (EPEC) 

Enteropathogenic E. coli strains are described as the main cause of fatal diarrhoea in children 

around the world (Chen et al, 2005; Nataro and Karper, 1998).  Infections caused by EPEC 

strains are mostly common in infants younger than 2 years old (Trabulsi et al, 2004).  They 

have been classified as the oldest recognised diarrheogenic strain (Zuber, 1999). In previous 

years serotyping was the only method used to differentiate EPEC strains from the other 

diarrheogenic E. coli strains (Levine, 1987), however in nowadays EPEC classification is 

based on specific virulence genes (Ochoa et al,2008).  

 

2.3.4 EPEC mechanism of pathogenesis 

 EPEC strains are capable of inducing attaching-effacing (A/E) lesions. These lesions are 

caused by intimate attachment of the bacteria to the intestinal epithelial cells of the 

cytoskeleton rearrangement causing morphological changes (Chen et al, 2005; Tennant et al, 

2009). Additionally the EPEC strains experiences inhibitory effects on macrophage 

phagocytosis and on this manner it is able to escape the mucosal immune system (Yosuka et 

el, 2007, Goosney et al, 1999).  A protein called Intimin mediates the bacterial attachment to 
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the outer cell membranes and is encoded by the eae gene which is located on the locus of 

enterocyte effacement (LEE) (Yosuke et al. 2007). The eae gene is one of the genes used for 

molecular diagnostics of the strain (McDaniel et al, 1994).  Enteropathogenic E. coli is 

divided into typical (tEPEC) and atypical (aEPEC) subtypes. The typical subtype is described 

to carry a plasmid adherence factor (pEAF) which is said to encode the IV-like bundle- 

forming pilli (BFP). On the other hand the atypical subtype is described as the driving force 

of the bacterial attachment to one another and also to the intestinal mucosa. This then allows 

the subtypes to form micro-colonies to the epithelial cells in vitro and in vivo (Yosuka et al. 

2007, Clery et al. 2004, Tobe and Sasakawa. 2002). 

 

 

Figure: 2.2 pathogenesis of enteropathogenic E. coli (source: Croxen and Finlay, 2010). 
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2.3.5 Enteroinvasive E. coli (EIEC) 

Enteroinvasive E. coli are defined as strains that are closely similar to Shigella spp because of 

similar functions in biochemical tests; genetically resemblances and similar mechanism of 

pathogenesis (Todar, 2008). Such functions have lead Shigella spp to be grouped together as 

one of the members in the genus Escherichia (Brooks et al, 2005).  E. coli and Shigella 

resemblance was first noticed in 1944 when there was a discovery of strains capable of 

causing dysentery. These two species showed intermediate connection in biochemical 

characteristics which raised questions about the separation of the two genera (Van de belt and 

Reubsa, 2012).  The enteroinvasive E. coli infections mostly produce watery diarrhoea that is 

indistinguishable from other strains; however they are capable of inducing invasive 

inflammatory and dysentery (Doyle et al, 1997).  EIEC strains penetrate and multiply within 

the epithelial cells of the colon and cause cell disruption. Apparently they lack fimbrial 

adhesins but at the same time they also possess a specific adhesin that is similar to that of the 

Shigella spp, although the adhesin is said to be an outer membrane protein (Dutta et al, 

2001).  These strains do not produce the heat liable (LT) and the heat stable (ST) enterotoxins 

and they are described as known animal reservoirs, since the main source of EIEC appears to 

be infected humans (Prescott et al, 2005).  The mode of transmission of these strains is 

through the faecal-oral route (Prescott et al, 2005).  

 

2.3.6 EIEC mechanism of pathogenesis 

The EIEC strains enter submucosa through microfold (M) cell. This is followed by 

replication of the microphages and the invasion of the basolateral side of colonyte. These 

processes are made possible by effectors that are secreted into host cells by the type III 

secretion system (Zhang X, 2000).  However once they are inside the colonyte cytoplasm this 

leads to more effectors to be injected to hijack the host machinery, preventing detection by 
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the host immune system as well as to aid promotion of the cell-cell dimension of the bacteria 

(Croxen and Finlay,2010). The Enteroinvasive E .coli strains are able to present itself into 

epithelial cells whereby they circulate from one cell to another using genes that are gathered 

into a 220 kb invasion plasmid that are also found in Shigella spp (O’Sullivan et al 2007).  

 

Figure: 2.3 Pathogenesis of enteroinasive E. coli (source Croxen and Finlay, 2010). 

 

2.3.7 Enteroaggregatives E. coli  

EAEC is described as the most recently identified diarrheogenic E. coli strain. It is also 

recognised as the second common cause of traveller’s diarrhoea throughout the world.  These 

strains have also been identified to cause acute diarrheal sicknesses in newborns and children 

around industrialised countries (Bhatnagar et al, 1993).  Diarrhoea that is caused by the 

EAEC strains is usually watery and also at times it can be accompanied by mucus or blood 

(Huang et al, 2006; Harrington et al, 2006; Weintraub, 2007).  They cause diarrhoea 

infections by adhering to Hep-2 cells in a form expressed as aggregative (Prescott et al, 

2005). The aggregation results in cytotoxic response on the intestinal mucosa. The EAEC 

strain differs from the other strains of E. coli by the presence of Aggregative Adherence 

Fimbriae (AAF) that is encoded by the aggR gene. This gene plays a role in triggering intense 
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or chronic diarrhoea (Oʼ Sullivan et al, 2007).  These strains produce enteroaggregative heat-

stable toxins that are similar to those produced by the enterotoxigenic E. coli. However this 

toxin is encoded on a plasmid by the astA gene and is known for being responsible for the 

symptoms of infection (Oʼ Sullivan et al, 2007).   In a study done by Kaur and colleges in 

Brazil, the EAEC strains were found to be the cause of a diarrhoea outbreak that burst out in 

children less than 2 years of age.  The most reported and treated cases were abdominal pains, 

nausea and frequent vomiting (Kaur et al, 2010).  

 

2.3.8 EAEC mechanism of pathogenesis 

Enteroagregative E. coli pathogenesis occurs in three stages: (1) the adherence to the 

intestinal mucosa by aggregative adherence fimbriae (AFF) and adherence factors, (2) 

increased production of mucus that encrusts EAEC on the surface of enterocytes and (3) 

release of toxins and elicitation of an inflammatory response, mucosal toxicity and intestinal 

secretion (Kaur et al, 2010; Nataro, 2005). Enteroaggregative strains enter the host by 

attaching to the enterocytes and this occurs by means of the aggregative adherence fimbriae 

(AFF). The aggregative adherence fimbriae cause interleukin-8(IL8) to respond to the stimuli 

allowing the formations of biofilms to the surface of the cells (Croxen and Finlay, 2010). 

Formation of biofilms within these cells may be related to the diarrheogenic properties of the 

strain and to its ability to cause persistent colonization (Croxen and Finlay, 2010).  
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Figure 2.4 pathogenesis of Enteroaggreative E. coli (source: Croxen and Finlay, 2010). 

 

2.3.9 Enterohaemorragic E. coli (EHEC) 

EHEC is also known as Shiga toxin- producing E. coli (STEC). The EHEC strains vary from 

the other strains of E. coli because they produce a Verocytotoxin/shiga toxin that causes them 

to produce attaching and effacing lesions on epithelial cells. These toxins bring about 

diseases to humans through inhibition of protein synthesis of the host cell, thus triggering cell 

death (O’Sullivan, 2007). The presence of enterohaemoragic strains in water sources have 

caused anxiety to the well being of individuals that are depended on the water for lifestyle 

purposes. Infections of the EHEC strains mainly results from ingestion of drinking or eating 

food that is contaminated with the strain (Yoon et al, 2008). The O157:H7 serotype is the 

main concern when it comes to the EHEC infection.  This serotype is always connected with 

food and waterborne outbreaks were it produces severe clinical symptoms such as 

Haemorrhagic colitis and Hemorrhagic Uremic Syndrome (HUS) which have a negative 

impact on public health. The World Health Organisation Consultations and Workshop (1997) 

emphasised on an outbreak which occurred within the agricultural sector of South Africa, 

where ten isolates of the O157:H7 serotype were found in pigs that were suffering from 

haemorrhagic colitis.  These pigs acted as public threat because they are easily accessible to 
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the public market (WHO, 1997). There was another outbreak that had an impact on the 

economy of the Northern parts of Germany. This outbreak was caused by an exceptional 

strain called O104:H4. The strain caused about 39 deaths. It was found on bean sprouts and it 

was reported to mostly affect woman. This was unusual because most of the E. coli strains 

are known to affect children, adults and individuals with weakened immune systems 

(European centre for disease prevention and control, 2011).  

 

2.3.10 EHEC mechanism of pathogenesis 

EHEC delivers toxins to the intestinal cells, which leads to diarrhoea. Initial attachment of 

EHEC is governed by the localised adherence (LA), which involves the formation of bundle-

forming pilli (BPF) in typical EHEC strains. In the later stage the attachments cause lesions 

through the condensation of actin filaments and microvillus effacements.  The attachment and 

effacing (A/E) lesions are responsible for the degeneration of tissue and subsequently results 

in the loss of electrocytes which causes diarrhoea. The protein involved in this process which 

is called intimin is encoded on the locus of enterocyte effacement (lee) gene (Torres et al, 

2005).  The EHEC strains use Intiman, which aids the adherence to the cells of the intestine 

via the Tir receptor. In addition the pathology of EHEC is enhanced by Shiga-toxins (stx1 

and stx2) that cross the intestinal wall. This can cause haemolytic uremic syndrome (HUS) 

and hemorrhagic colitis (HC) through the production of these toxins. (Siegler et al, 2003). 

These toxins are key virulence factors and of importance in the symptoms of EHEC 

infections (Dini et al, 2010).  
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Figure 2.5 Pathogenesis of enterohaemorrhagic E. coli (source: Frontiers in cellular and 

infection microbiology, 2012). 

 

2.3.11 Diffusely adherent E. coli 

DAEC strains are identified by their adherence to Hep-2cells in a diffuse pattern (Scaletsky et 

al, 2002). They have been associated with the age dependant diarrhoea (Servin, 2005).  

DAEC strains are comprised of a heterogeneous group of organisms with variable virulence 

(Spano et al, 2008). They are divided into two classes which include the strains that harbour 

the afimbrial adhesins the Afa/Drori antigen (Dr) adhesins and those that express an adhesion 

involved in diffuse adherence which is the cause of infant diarrhoea (Scaletsky et al, 2002, 

Spano et al,2008).  

2.3.12 DAEC mechanism of pathogenesis 

DAEC strains use Afa-Dr adhesins to colonize the small intestine (Servin, 2005). The Afa-Dr 

adhesins interacts with the brush border decay accelerating factor (DAF). This factor is found 

on the surface of intestinal and urinary epithelial cells (Servin, 2005). The binding of the 

adhesins to the decay accelerating factor causes aggregation of the DAF molecules 

underneath the adherent bacteria (Servin, 2005). This results in the elongation and damage of 

the brush border microvilli due to disorganization in the cytoskeleton (Betis et al, 2003).  
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Interaction between the Afa-Dr adhesins and DAF factors induces secretion of IL-8 from 

enterocytes which promotes transmigration of polymorphonuclear nutrophils (PMNs) across 

the mucosal epithelial layer (Betis et al, 2003). This stimulates the upregulation of DAF on 

the apical surface of epithelial cells. The mediation between DAF and the PMNs cause high 

levels PMN apoptosis and low levels of PMN mediated phagocytosis (Brest et al, 2004).  The 

Afa-Dr adhesins also interacts with the members of the carcino-embryonic antigen 

(CEACAM) receptors. These receptors are cell adhesion molecules found on the surface of 

membranes (Servin, 2005). Interaction of the Afa-Dr adhesins with these receptors cause 

aggregation underneath the bacteria and the effacement of the brush border microcilli (Berger 

et al,2004) this interaction  disrupt brush border enzymes that are involved in  intestinal 

secretion and absorption which may contribute to diarrhoeal response (Servin,2005).     

 

Figure 2.6 Pathogenesis of diffusely adherent E. coli (source: Croxen and Finlay, 2010). 
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2.3.13 Uropathogenic E. coli 

 Uropathogenic E. coli is the primary cause of the urinary tract infections. This strain has 

certain virulence factors such as adherence factors, toxins and iron uptake systems that cause 

it to be different from the comensal strains (Usein, 2003).   The toxins produced by the strain 

are represented by the hymolysin and cytotoxic necrotizing factor that contributes to the 

destruction of the eukaryotic cells. This then provides the strain with the advantage of 

capturing iron from the environment in which they survive and replicate (Usein, 2003). The 

co-expression of virulence factors cause defeat of the host defence thereby triggering 

infection 

2.3.14 UPEC mechanism of pathogenesis 

The uropathogenic strains colonize the periurethral area and ascend the urethra to the bladder. 

This then cause expression of type 1 fimbriae (Gunther et al, 2001).  The type 1 fimbriated 

strain attaches to mannose moieties of the uroplakin receptors which coat the transitional 

epithelial cells and this attachment triggers apoptosis and exfoliation. (Mulvey et al, 1998). 

Invasion of the bladder is accompanied by formation of pod-like budges that occur on the 

surface of the bladder. The surface of the bladder contains bacteria that are encased in a 

polysaccharide matrix which is surrounded by a shell of uroplakin (Anderson et al, 2003).  In 

strains that cause cystitis, the type 1 fimbriae are continually expressed and the infection is 

confined to the bladder (Cornell et al, 1996).  However in those that cause pyelonephritis the 

invertible element that controls type1 fimbriae are not well expressed (Gunther et al, 2001).  

This cause uropathogenic strain to be released from the bladder epithelial cell receptors, thus 

allowing the strain to ascend through the urethra to the kidneys. The strain then attaches by 

the P fimbriae to the digalactoside receptors that are expressed at the epithelium of the 

kidneys (Svanborg-Eden et al, 1978; Korhonen et al, 1986). At this stage haemolysin 

damages the renal epithelium (Trifillis et al, 1994).   
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Figure 2.7 Pathogenesis of uropathogenic E. coli (source: Croxen and Finlay, 2010). 

 

2.3.14 Neonatal meningitides 

Meningitis is a serious inflammatory condition that usually occurs in new born babies (WHO, 

1998).  The occurrence of death is approximately 40 % yearly and those surviving the 

condition are normaly left distressed with severe neurological consequences (Kaper and 

Nataro 2004).  The symptoms of meningitis include pyrexia, vomiting and poor feeding. 

When such conditions continually occur they may result into seizures and comas (Weber et 

al, 2003).  E. coli strains that cause meningitis are spread in a haematogenous manner. The 

level of the bacteria correlates with the development of meningitis (Stoll, 2002). The 

bacterium containing more than 10³ colony forming units per ml of blood are significantly 

more likely to lead the development of meningitis in individuals that have lower colony 

forming units per ml in their blood (Rode, 1999). 
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2.3.15 NMEC mechanism of pathogenesis 

During pathogenesis of the NMEC strain, the bacteria first enter the bloodstream through the 

intestine.  It then crosses over the blood brain barrier getting into the central nervous system 

(Deszo et al, 2005). This procedure leads to meningeal inflammation and neural damage 

(Deszo et al, 2005). Initial colonization occurs when the bacteria gets obtained from the 

mother.  It is then followed by transcytosis that occurs through enterocytes into the 

bloodstream (Deszo et al, 2005).  The progression of the disease is depended upon the 

number of bacteria present within the blood (Rode, 1999). Protection from the host immune 

response is provided by an antiphagocytic capsule (Wooster et al, 2006). The NMEC strains 

are also shown to interact with immune cells.  Invasion of macrophages and monocytes  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.8 pathogenesis of neonatal meningitis E. coli (source: Croxen and Finlay, 2010). 
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2.4 Clinical infections caused by E. coli pathotypes 

 

Many sicknesses that have negative impact to human health are the result of pathogenic 

microorganisms in polluted water (Cabral, 2010). These pathogens are released through 

faeces from domestic, industrial and agricultural activities and are burdensome to detect in 

water sources. Individuals become infected by these pathogens through consumption of 

contaminated food or water but in other cases through swimming or bathing in contaminated 

recreational water (Campbell et al, 2011).  Every year, cases of diarrhoeal infections are 

reported mostly in children under the age of 5 years and these cases results in high rates of 

morbidity and mortality (Bryce et al, 2005; Roche et al, 2010).  E. coli pathogens are said to 

be responsible for these diarrhoeal cases throughout the world (Clark et al, 2001).  

 

 

Enteroinvasive E. coli produces illnesses that are similar to shigellosis. The symptoms are 

mainly watery diarrhoea that is accompanied by vomiting, abdominal cramps and fever.  The 

illness normally lasts for 12-72 hours (Kaper and Nataro, 1998).   The enterotoxigenic E. coli 

is an important cause of travellers’ and weaning diarrhoea in developing countries. This strain 

has been reported as the most frequently isolated pathogen therefore accounting for 210 

million diarrhoeal cases that cause approximately 380,000 deaths annually (Rao, 2003). The 

illness normally takes between 14-50 hours for a person to recover.  Enteropathogenic E. coli 

strain is the main cause of infant’s diarrhoea more especially those that are less than six 

months and such cases are unusual in adults (Nataro and Kaper, 1998).  The EHEC strain is 

one of the most dangerous of all diarrheogenic strains. This pathogen causes bloody diarrhoea 

which is also known as hemorrhagic colitis.  It also cause haemolytic uremic syndrome that 

can lead to renal failure (Goldwater and Bettelheim, 2012). A very low infectious dose (100-
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200) of bacteria is needed to trigger illness (Kaper and Nataro, 1998).  The illness may last 

for three to eight days. Cattles are regarded as the main reservoirs; however human being 

may serve as reservoirs for person- person transmission (Griffin et al, 1991).  

The EAEC strain is associated with persistent diarrhoeal cases mostly in developing 

countries. The symptoms are usually watery diarrhoea that has an incubation period of 20-48 

hours (Aslani et.al, 2011). The diffusely adherent E. coli strains are associated with watery 

diarrhoea that becomes persistent in both developing and developed countries. This strain is 

also linked with recurring urinary tract infections (Croxen and Finlay, 2010).  

 

2.5 Detection of E. coli pathotypes 

The incidence of E. coli usually implicates the presence of faecal contamination of water and 

food samples (Hamilton et al, 2005).  The importance of knowing the total number of E. coli 

that might be present within contaminated sample is crucial in determining quality 

assessment (Vail et al 2003). The number of E. coli isolates that might be present within 

contaminated sample is mainly achieved through enumeration of viable counts (Hamilton et 

al, 2005).  A more precise assessment of the density of E. coli in bacterial contaminated 

samples is mainly done through the use of membrane filtration standard method (Jagals, 

2002). Bacterial characterization at the level of species is assessed through the use of 

biochemical, immunological and genetic methods as to determine the pathotype (Jagal et al, 

2002).  
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2.5.1 Membrane Filtration Method 

Membrane filtration is a technique which was developed by Goetz and Tsuneishi in 1951 for 

use in water analysis (Buckalew et al, 2006). This technique is primary used for testing 

natural water, drinking water and wastewater from different sources (APHA, 1998). 

Membrane filtration is dominant in many municipalities and food industries as it is 

considered most suitable for assessing effectiveness of treatment processes in eliminating 

pathogens in products used by humans (Prescott et al, 2005). The membrane filtration method 

has also disadvantages that include the time taken to get the final results. In some cases the 

technique requires 48 hrs to completely give out results (Prescott et al, 2005). The selective 

mediums that are used in membrane filtration may include chromogenic medium for 

enumeration of E. coli isolates, the m-Endo and m-FC mediums for enumeration of total and 

faecal coliforms (Hill, 2004).   

The membrane filtration procedure is as follows, the Indicator bacteria used is cultured on a 

media which is selective for its growth. This then is followed by water samples being filtered 

through membranes with 0.45 pore sizes and the membrane is placed onto the selective 

media. Bacterial colonies can be counted after 24–48 hours depending on the type of bacteria 

and the counts are reported as colony forming units per 100 ml (Momba et el, 2006). 

 

2.5.2 Polymerase chain reaction. 

The polymerase chain reaction is a molecular based technique which was developed by Karry 

Mullis during the 1980s. This technique functions by amplifying copies of DNA using an 

enzyme called DNA polymerase (Powledge, 2004). During a pcr reaction, a specific DNA 

template is amplified by a thermo cycling process, in which the DNA is denatured by high 

temperature. Afterwards two exact oligoncleotide primers are crossed to the complementary 

strand at a temperature below the melting temperature. This temperature is called the 
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annealing temperature. After this the DNA polymerase extends the oligonucleotides to a 

temperature that is best for its activity. This cycle is repeated many times and this makes the 

DNA between the two primers to be amplified exponentially (Jensen et al, 1993).  It is also 

well known for being highly sensitive and this quality makes it sufficient for the 

identification of different microorganisms that might be present in a water sample. The 

polymerase chain reaction is also able to clearly identify a pathogen of interest within a 

mixture of pathogens in water sources without culturing (Mullis, 1990; Prescott et al, 2007). 

This feature is useful for the detection of low number of contamination in food and also in 

clinical samples (Heid et al, 1996; Holland et al 1994). The polymerase chain reaction also 

has disadvantages of being expensive and requires high level equipment. The foremost set 

back in working with the polymerase chain reaction for identification and detection of 

microorganisms in water samples is the presence of things that are inhibitory to the reaction 

(Rossen et al, 1992). This technique cannot dictate certain variants of the target gene in some 

strains since then the hybridisation method is often used to investigate population of 

toxigenic E. coli (Nataro and Kaper, 1998). 

 

2.6 Treatment of E. coli infections 

 When a patient is diagnosed with diarrhoea, prevention of dehydration is essential because 

dehydration can be life threatening mostly in children (Davis, 1997). This is done to recover 

the loss of fluids from the intestines and also to replace the lost electrolytes (Davis, 1997).  

The control of diarrhoeal symptoms helps in prevention of severe diseases such as haemolytic 

uremic syndrome and hemorrhagic colitis (Goldwater and Bettelheim, 2012).   

For several years the main treatment of bacterial infections was the use of antibiotics; 

however in nowadays the use of these antibiotics in treatment of infections caused by 

diarrheogenic E. coli strains has been highly looked at (Chopra et al, 2001).  Medical 
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hospitals, clinics and scientific studies have been complaining of increasing problems 

associated with antibiotic resistance to treatment (Kornzeniewska et al, 2013; Mahanti et al, 

2013; Van der Donk et al, 2013).  This raise cautiousness in selection of antibiotics used in 

treatment to be regarded crucial (Qadri et al, 2005).   

 Certain strains of diarrheogenic E. coli are able to be treated with antibiotics and these 

include ETEC, EPEC and EAEC strains; however infections caused by EHEC strain cannot 

be treated using antibiotics. This strain produce complications such as production of toxins 

and this happens through the induction of the bacterial SOS response (Kimmitt et al, 2000).  

This is a reaction that damages DNA induced by the infection and can make the disease to be 

worsened (Wong et al, 2000; Zhang et al, 2000).  

Bacteriophages are the new developed means of treatment, which can be used to treat 

infections caused by EIEC and EHEC strains (Dini and De Urazza, 2010). These new tools 

have only been tested in cattle but studies and reports presented by researches labels them as 

promising and applicable in humans (Qadri et al, 2005).  

Infections that are caused by extraintestinal strains are also treated with antibiotics. 

Antibiotics that are commonly prescribed include fluoroquinolones and trimethoprim-

sulfamethoxazole.  
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                                         CHAPTER THREE 

                                       MATERIALS AND METHODS 

3.1 Study area 

 

Four wastewater treatment plants were selected for this study. Three of these plants (WWTP-

M, WWTP-E and WWTP-K) are located in the Buffalo City District Municipality while the 

fourth (WWTP-Q) is located in the Chris Hani District Municipality. Some characteristics of 

these plants as reported in the Green drop report (2012) are as presented in Table 3.1. 

 

Table: 3.1 Some characteristics of the wastewater treatment plants (Green Drop Report 

(2012). 

Assessment 

area 

Study sites 

WWTP-M  WWTP-E WWTP-Q  WWTP-K 

Technology Biofilters, 

anaerobic 

digestion and 

sludge drying 

beds 

Activated sludge NI Activated sludge 

Design 

capacity(ml/d) 

24Ml/d 40Ml/d NI 0.63Ml/d 

Operational % 

to design 

capacity 

43.8% 85.5% NI NI 



33 

 

Microbiological 

compliance  

0.0% 74.0% NI 70.0% 

  

Annual average 

effluent quality 

compliance  

54.6% 84.1% NI 65.6% 

Wastewater risk 

rating  

37.0% 51.1% NI 88.2% 

Highest risk area Poor effluent 

compliance  

Poor effluent 

compliance  

No 

information 

on design 

and 

operating 

capacity and 

no effluent 

compliance 

monitoring 

No  influent 

monitoring, poor 

effluent compliance  

 

NI: No information provided on description of the plant (Source: DWA Green Drop report, 

2012). 

 

3.2 Sample collection 

Wastewater effluent samples were collected aseptically for a period of 12 months from 

September 2012 to August 2013 from the wastewater treatment plants.  Samples were 
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collected using 2-litre sterile bottles containing 2 ml of 1% sodium thiosulphate and were 

transported to AEMREG lab for analysis within 24 hours of collection. 

 

3.3 Estimation of faecal coliform and E. coli counts 

Faecal coliform and presumptive E. coli counts were done using standard Membrane 

filtration method (Clesceri et al, 1998). Serial dilutions of 100 ml from each sample were 

filtered through 0.45 µm nitrocellulose membrane filter.  The membrane filters were removed 

aseptically with sterile forceps and placed on m-FC agar (Merck) for faecal coliforms and 

chromogenic selective agar (Conda) for E. coli isolates. The plates were incubated for 24 

hours at 44.5°C for faecal coliforms and at 37
o
C for E. coli isolates.  Presumptive isolates 

were further subcultured onto fresh chromogenic agar for purity. Pure isolates were 

transferred into nutrient agar, a loopful of each isolate was aseptically inoculated into nutrient 

broth and incubated with vigorous shaking at 37°C for 6 hours and aliquots were made for 

preservation in 20% glycerol and stored at -80°C. 

 

 

3.4 Confirmatory identification of E. coli isolates by polymerase chain reaction (PCR) 

3.4.1 DNA Extraction 

Genomic DNA was extracted from the presumptive E. coli isolates using the boiling method 

as described by Mugueri et al, (2004). Briefly single colonies were picked from overnight 

grown cultures and suspended in 200 µl of distilled water. The suspension was homogenized 

by vortexing for 5 seconds and boiled at 100°C for 15 minutes, allowed to cool on ice and 

centrifuged again at 13000 rpm for 10 minutes at 4°C. The supernatant was removed and 

stored at -80°C for further assay. 
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3.4.2 DNA Amplification 

PCR was performed on a total of 200 presumptive E. coli isolates. This was done using 

specific primers targeting the uidA structural gene and as described by Mayo et al, (2007) 

(Table 3.2). The primers were synthesized by Inqaba biotechnical industries (PTY) Ltd South 

Africa. The PCR assay was carried out in a 25 ul reaction volume.  The thermal cycling 

reaction consisted of initial denaturation at 95°C for 15 min, followed by 30 cycles of 

denaturation at 94°C for 1 minute, followed by annealing at 55 °C for 1 minute, followed by 

extension at 72°C for 1 minute and final extension at 72°C for 10 minutes. The amplified 

products were held at 4°C after completion of the cycles (Mayo et al, 2007). The amplicons 

(5µl) were resolved in 2% agarose gel containing 0.5ug/Ethidium bromide in 1X TAE buffer 

(40mM Tris-HCL, 20mM NA-acetate, 1mM EDTA (pH 8.5) (Wang et al,2002) and 

electrophoresed out at 100V for an hour, and visualised under UV light. 

Table 3.2: Primer sequence and expected size of uidA gene target for E. coli strain 

(Mayo et al, 2007). 

Target 

strain 

Target gene  Primer sequence (5ʼ-3ʼ) 

 

Amplicon size (bp) 

E. coli    uidA AAA ACG GCA AGA AA A 

AGC AG 

ACG CGT GGT TAA CAG TCT 

TGCG 

147 bp 
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3.5 Pathotyping of the confirmed E coli isolates. 

E. coli pathotyping was done using PCR techniques and primer sequences targeting the 

different pathotypes (Table 3.3). Control organisms used are listed in Table 3.4 and 

purchased from DSMZ (German collection of microorganisms and cell culture). 

 

Table: 3.3. Primer sequence and expected amplicon size of the pathogenic strains of E. 

coli.   

Strain  Target 

gene   

 Primer sequence (5’-3’) Amplicon 

size  

Reference 

ETEC Lt GCA CAC GGA GCT CCT CAG TC 

TCC TTC ACC TTT CAA TGG CTTT 

218bp Vidal et. 

al, 2005 

EPEC eae TCA ATG CGT TCC GTT ATC AG TT 

GTA AAG TCC GTT ACC CCA  ACC 

TG  

482bp Phillips et 

al, 1995 

UPEC pap AAC CTG GCT TAC GCA ACT GTA 

CCC GT 

CTG CAA ATC ATG GAT  

328bp Philips et 

al, 1995 

 

 

 

Table 3.4.  E. coli pathotype controls. 

Reference culture number  Escherichia coli strain   

DSM 10973 ETEC 
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DSM 8695 EPEC 

DSM 10974 EAEC 

DSM 9025 EIEC 

DSM 10819 

DSM 4816 

NMEC 

UPEC 

 

PCR was done in a 25 µl reaction volume containing 12.5 µl of the PCR master mix, 0.5µl 

each of the forward and reverse primer, 5µl of the template DNA and 6.5µl of nuclease free 

water. The reactions were performed using a Mycycler
TM

thermal cycler pcr system (Biorad, 

USA). The cycling conditions for EPEC were as follows: initial denaturation at 95°C for 15 

min, followed by 35 cycles of denaturation at 94°C for 45 seconds, followed by annealing at 

55°C for 45 second, followed by extension at 68°C for 2 min and final extension at 72°C for 

5 min (Philips et al,1995).  ETEC conditions were, initial denaturation at 94°C for 4 min, 35 

cycles of denaturation at 94°C for 30 seconds, annealing at 58°C for 30 second, extension at 

72°C for 20 seconds and final extension at 72°C for 5 min (Vidal et al,2005). UPEC 

conditions were as follows: initial denaturation at 94°C for 2 min, followed by 30 cycles of 

denaturation at 94°C for 1 min, annealing at 55°C for 1 min, extension at 72°C for 1 min and 

final elongation at 72°C for 5 min (Philips et al, 1995). 

 

3.6 Antibiotic Susceptibility test 

Antimicrobial susceptibility testing was done on Muller-Hinton agar (MH) (Merck South, 

Africa) using the disc diffusion method recommended by the clinical and laboratory standard 

institute (CLSI, 2006).  E. coli bacterial cultures were transferred into test tubes containing   

5 ml of sterile normal saline.  The turbidity of the suspension was adjusted into 0.5 

McFarland standards. Sterile swabs were dipped into bacterial suspensions and used to 
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inoculate the MH agar plates by spreading uniformly on the surface of the agar, after which 

the antibiotic disc were impregnated on the bacterial lawn and the plates were incubated at 

35°C for 24 hours. The antibiotics used includes Amoxicillin (25 µg), Ciprofloxacin (5 µg), 

Streptomycin (10 µg), Penicillin G (10 µg), Chloramphenicol (30 µg), Tetracycline (10 µg), 

Gentamicin (10 µg), Trimethoprim (5 µg), Sulphamethoxazole (25 µg) and Erythromycin (15 

ug). 
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                                                           CHAPTER 4 

                                                        Results 

 

4.1 The prevalence and distribution of E. coli and Faecal coliforms 

The prevalence and distribution of the studied indicator organisms is as shown in Table 4.1.1. 

Presumptive isolates were enumerated and isolated using membrane filtration standard 

method.  Obtained isolates satisfied the identification characteristics of E. coli and Faecal 

coliforms. Blue colonies were observed after incubation at 44.5°C with mFc-agar (Merck) for 

faecal coliforms and purple colonies were observed on chromogenic agar (Condo) after 

incubation at 37°C for E. coli isolates. The results were recorded in colony forming units/100 

ml.  Faecal coliforms ranged between 9.6×10³ cfu/100 ml for the WWTP-Q and E. coli 

densities ranged between 0-8.4×10³ cfu/100 ml.  Faecal coliforms ranged between 4×10²-

9.7×10³ cfu/100 ml for WWTP-M and E. coli densities ranged between 1.2×10¹-8.4×10³ 

cfu/100 ml. The WWTP-E had bacterial counts of faecal coliforms ranging between 4.0×10³-

8.2×10³ cfu/100 ml and E. coli densities ranging between 3.5×10¹-7.1×10³ cfu/100 ml. The 

WWTP-K in this study was only assessed for the presence of E. coli and has E. coli densities 

ranging between 7.5×10²cfu/100 ml. For the month of September 2013, April and May 2014, 

sampling was not determined in the WWTP-K.   
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Table: 4.1.1 Enumeration of faecal coliforms and E. coli from final effluents of four WWTP. 

September 2012  Studied sites  Faecal coliforms  E. coli 

WWTP-M 4 × 10
2
 1.2 × 10

3
 

WWTP-E 4.0 × 10
3
 3.6 × 10

3
 

WWTP-Q 1.1 × 10
3
   1 × 10

1
 

WWTP-K ND ND 

October 2012 WWTP-M 5 × 10
2 
 4 × 10

2
 

WWTP-E 8 × 10
3
 5 × 10

3  
 

WWTP-Q 7 × 10
2
 6 × 10

2 
 

 

WWTP-K ND 3 x 10
2
 

November 2012 WWTP-M 6.4 × 10
2
 5.9 × 10

2
 

WWTP-E 5.1 × 10
2
 3.6 × 10

2
 

WWTP-Q 5.8 × 10
2
 4.0 × 10

3
 

WWTP-K ND 1.2 × 10
1
 

December 2012 WWTP-M 9.7×10³ 8.3×10³ 

WWTP-E 5.8×10
3
 5.2×10

3
 

WWTP-Q 8.6×10
2
 7.4×10

3
 

WWTP-K ND 5.5˟10
2
 

January 2013 WWTP-M 8.2×10³ 8.0×10³ 

WWTP-E 7.2×10
2
 3.5×10

1
 

WWTP-Q 9.0×10
3
 7.5×10

2
 

WWTP-K ND 7.5×10
2
 

February 2013 WWTP-M 5×10³ 3.7×10³ 
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WWTP-E 5.6×10³ 5.0×10³ 

WWTP-Q 8.8×10³ 8.4×10³ 

WWTP-K ND 1.8×10³ 

March 2013 WWTP-M 6.6×10² 5.3×10² 

WWTP-E 8.2×10³ 7.1×10³ 

WWTP-Q 7.5×10² 6.1×10³ 

WWTP-K ND 6.8×10² 

April 2013 WWTP-M 9.3×10³ 

 

7.2×10² 

WWTP-E 7.5×10³ 6.2×10³ 

WWTP-Q 9.6×10³ 7.3×10³ 

WWTP-K ND ND 

May 2013 WWTP-M 6.8×10³ 4.4×10³ 

WWTP-E 7.4×10³ 4.7×10³ 

WWTP-Q 6.8×10³ 4.7×10³ 

WWTP-K ND ND 

June 2013 WWTP-M 7.2×10¹ 5.2×10¹ 

WWTP-E 5.5×10³ 4.1×10³ 

WWTP-Q 3.4×10¹ 2.3×10¹ 

WWTP-K ND 6.4×10
4
 

July 2013 WWTP-M 6.5×10³ 1.9×10² 

WWTP-E 8.2×10³ 5.0×10³ 

WWTP-Q 8.1×10¹ 5.2×10³ 

WWTP-K ND ND 
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August 2013 WWTP-M 7.4×10² 3.4×10³ 

WWTP-E 6.8×10² 5.0×10³ 

WWTPQ 0 0 

WWTP-Q ND 3.9×10
4
 

All values are mean of triplicate determination. WWTP-Wastewater treatment plant. 

 

4.2 Confirmatory of presumptive Escherichia coli 

A total of  200 presumptive E. coli isolates were subjected to screening by conventional PCR 

in which 58 (29%) of the isolates were positively identified as E. coli since they carry the 

uidA structural  gene with 147 base pair size.  The isolates were screened from the WWTP-

M; Figure 4.2.1 shows one of the positive gel electrophoresis amplification products of 

positively confirmed WWTP-M isolates.  There was 31(16%) of the WWTP-K isolates 

positively confirmed as E. coli , Figure 4.2.2 shows one of the positive gel electrophoresis 

amplification product  of the WWTP-K isolates.  There was 44(22%) isolates from the 

WWTP-Q positively confirmed as E. coli, Figure 4.2.3 shows one of the positive gel 

electrophoresis amplification product of the WWTP-Q. There was  67(34%) of isolates from 

the WWTP- positively confirmed as E. coli, Figure 4.2.4 shows one of the gel electrophoresis 

amplification products of the isolates. 

                                 1      2    3      4   5        6      7       8       9     10       11    

 

Figure: 4.2.1. Agarose gel electrophoresis showing amplification product of the 

oligonucleotide primer pair uidA gene isolated from final effluents of the WWTP-M. Lane 1: 

147bp 
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molecular marker (100 bp); lane 2 (positive control   E36 ATCC reference strain); lane 3 

negative control, lane 4-11 positive confirmed isolates. 

 

 

                                1      2     3       4     5    6      7     8     9     10 11    12   13 

 

Figure: 4.2.2. Agarose gel electrophoresis showing amplification product of the 

oligonucleotide primer pair uidA gene isolated from final effluents of the WWTP-K. Lane 1: 

molecular marker (100 bp); lane 2 (positive control E 36 ATCC reference strain); lane 3 

negative control and lane 4-13 E. coli positive confirmed isolate.   

 

                            1     2    3        4      5      6      7      8      9    10    11   12   13 

 

Figure: 4.2.3. Agarose gel electrophoresis showing amplification product of the 

oligonucleotide primer pair uidA gene isolated final effluents of the WWTP-Q. Lane 1: 

molecular marker (100 bp); lane 2 (positive control E36 ATCC reference strain); lane 3 

negative control, lane 4-13 positive confirmed isolates however  Lane 8 had fine band  

 

                            

 

 

      147 bp 

147 bp 
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                             1       2      3     4         5      6        7        8    9   10    11     12        

 

Figure: 4.2.4. Agarose gel electrophoresis showing amplification product of the 

oligonucleotide primer pair uidA gene isolated from final effluents of the WWTP-E. Lane 1: 

molecular marker (100 bp); lane 2 (positive control E36 ATCC reference strain); lane 3 

negative control, lane 1-12 E. coli positive confirmed isolates. 

 

4.3 Molecular characterization of E. coli pathotypes 

A total of 100 randomly selected E. coli isolates were characterised into different pathotypes.   

Amplification of the LT gene, eae gene and Pap gene was done to detect pathogenic E. coli 

strains. There was no detection of the LT gene on the isolates. Amongst the isolates, 

enteropathogenic E. coli (EPEC) was detected showing (16%) of positive isolates for the eae 

gene.  Electrophoresis of one of the positive gels is shown in Figure 4.3.1.  Uropathogenic E. 

coli was also detected showing (11%) of positive isolates for the Pap gene.  Electrophoresis 

of one of the positive gels is shown in Figure 4.3.2. 

 

                         1         2         3     4        5      6       7      8       9     10     11      12    13 

 

   Figure: 4.3.1Agarose gel electrophoresis showing amplification of the eae gene for 

differentiation of   Enteropathogenic E. coli.  Lane 1 represents molecular marker, lane 

147 bp 

482bp                           
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represents negative control, lane 3 represents positive control (DSM 8695), Lane 4-13 

positive isolates for amplification of the eae gene. 

 

 

 

                              1         2     3      4      5    6      7     8      9     10     11 12 13 

 

 Figure: 4.3.2Agarosegel electrophoresis showing amplification of the pap gene for 

differentiation Uropathogenic E. coli.  Lane1 represents molecular marker, lane 2 represent 

positive control (DSM 4816) and lane 3 represent negative control. Lane 4-13 represents 

positive isolates for amplification of the pap gene. 

 

4.4. Antibiotic susceptibility pattern of E. coli isolates recovered from final effluents 

Antibiotics susceptibitly patterns of the isolates are as shown in Table 4.1.   E. coli strains 

studied showed to have high levels of resistance to penicillin G, Erythromycin, Tetracycline 

and Sulfamethoxazole. The highest levels were observed in penicillin G (100%) and also in 

Erythromycin.  The isolates were found to be susceptible to Chloramphenicol, Amoxicillin 

and Tetracycline. 

 

 

 

 

 

328 bp 
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Table: 4.1 Antimicrobial susceptibility patterns of E. coli isolates. 

Antibiotic Disc content  (ug)             Antibiotic resistant no (%) 

 

EPEC 

n=16 

 

UPEC 

N=11 

Amoxicillin 25 0(0) 2(18) 

Ciprofloxacin 5 0(0) 0(0) 

Streptomycin  10 0(0) 0(0) 

Penicillin G 10 16(100) 11(100) 

Chloramphenicol 30 1(6.3) 4(36) 

Erythromycin  15 16(100) 11 (100) 

Tetracycline  10 12(75) 9(81) 

Gentamicin  10 0(0) 0(0) 

Trimethoprim  5 0(0) 0(0) 

Sulfamethoxazole  25 16(100) 11(100) 
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                                          CHAPTER FIVE 

                        DISCUSSION AND CONCLUSION 

 

5.1 Discussion 

Treated sewage effluents having remnants of faecal matter are generally discharged into 

surface waters. These effluents often influence the occurrence of pathogens in the 

environment (Ottoson et al, 2006). When effluents are discharged, they are stipulated to fall 

within the recommended standard guidelines (Ndungeni et al, 2010). However for this to be 

actualized, concentration of residual chlorine should result in the inactivation of faecal 

coliforms to the required standard. (Fatoki et al, 2003; Momba et al, 2006; Morrison et al, 

2001 ;). Coliform bacteria are used to monitor the microbiological quality of water showing 

that, the number of non-pathogenic faecal coliforms in water can signify the number of 

pathogenic microorganisms that are of faecal waste (Wutor et al, 2009).  Water contaminated 

with pathogens when consumed can cause stomach and intestinal illneses that can even lead 

to death.  

 

In this study the prevalence of faecal coliform and Escherichia coli in the final effluents of 

four wastewater treatment plants was assessed.  High counts of faecal coliforms and E. coli 

were found to be above the recommended standard guideline limit of 0 faecal 

coliforms/100ml and nil E. coli in a 100 ml sample (Act 96 of 18 May 1984, Regulation 

1991; WHO, 2003) for all studied sites as shown in Table 4.1.1. This suggest that 

chlorination process was inadequate or it could be due to the discharges of poorly treated 

sewage or runoff of animal or human waste into the water sources as most of these study sites  

are close to the communities.  The studies results fall within the range of previously 

published studies on highly polluted surface waters in which in most cases were subjected to 



48 

 

wastewater discharge from sewage treatment systems (Griesel and Jagal, 2002). One of the 

main priorities of wastewater treatment plants is to remove pathogenic microorganisms in 

order to protect the receiving water sources and to decrease the exposure of these pathogens 

to the public (Dungeni et al, 2010).  In this study the prevalence of faecal and E. coli was 

clear evidence that its removal was not properly achieved during the sampling months.  

 PCR analysis for confirmation of presumptive isolates indicated the presence of E. coli in all 

studied sites, however the PCR detection of the isolates was limited only to the uidA gene as 

it has been observed by previous investigators that this gene codes for β-D-glucuronidase 

(Tsai et al, 1993).  The PCR analysis using uidA specific primers confirmed that a genetic 

region homologous in size to the uidA structural gene was present in E. coli isolates. The 

PCR analysis was successful in amplifying only the 147bp uidA fragment that was present in 

the genomic DNA of the isolates.  Molecular characterisation of E. coli pathotypes was also 

determined. PCR analysis displayed high prevalence of the eae and Pap gene in isolated 

strains. These genes are present in EPEC and UPEC strains.  In this study antibiotic 

susceptibility of the E. coli pathotypes was evaluated.  E. coli pathotypes showed to have 

resistance to several antibiotics that have already reported to have high levels of resistance to 

E. coli. For example E. coli is said to have frequent resistance to Penicillin G, which was also 

evident in this study were it was 100% resistant to this antibiotic. These pathotypes however 

did not show any resistance to antibiotics that are mostly used for the treatment of waterborne 

illness and diseases. These antibiotics include aminoglycoside, quinolones and cephalosporin 

as shown in Table 4.1. All these antibiotics displayed 100% susceptibility in E. coli isolates; 

therefore this study did not show significant increase in antibiotic resistant of E. coli or be a 

threat to the environment (Leclerc et al, 2002). 
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5.2 Conclusions  

Safety of water resources have been the main concern for most countries, particularly water 

scarce countries. Several studies have previously reported on receiving water sources that 

serves the public with inadequately treated effluents from municipal wastewater treatment 

plants. The findings of this study revealed that adequate treatment of the studied plants was 

not achieved throughout the sampling months. The wastewater treatment plants showed 

inconsistency in their effluent qualities. The high levels of faecal coliforms and E. coil 

densities obtained from these sites suggest that these wastewater treatment plants are 

inefficient with regards to the removal of pathogens.  These findings indicate the potential 

risks of infections for communities surrounding the studied plants.  
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