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Abstract
The aim of this study was to investigate the use of PCR to detect commensal and diarrhoeagenic Escherichia coli concentrated from water samples using membrane filtration. To achieve this, culture-based and PCR-based methods were compared for the detection of E. coli in raw sewage and primary, secondary and tertiary effluents from 6 wastewater treatment
plants around Johannesburg, Gauteng. E. coli was concentrated from the samples using standard filtration techniques with
subsequent incubation on E. coli/coliform chromogenic media to determine the E. coli levels. Bacterial DNA was isolated
from bacterial colonies trapped on polyethersulphone membranes after filtration using a celite/guanidium thiocyanate
method. A single multiplex PCR (m-PCR) assay was used that targeted the mdh, eaeA, stx1, stx2, st, lt, ial and eagg genes
associated with diarrhoeagenic E. coli. The mdh gene was detected in all of the samples even if no culturable E. coli was
detected. All the diarrhoeagenic E. coli types were detected in one or more of the raw sewage samples from the various
plants. EPEC was present in 20% (2/10) of the samples, EHEC in 50% (5/10), ETEC in 80% (8/10), EIEC in 10% (1/10) and
EAEC in 90% (9/10) of the samples. In the case of the primary and secondary treatment only ETEC (5/5; 100%) and EAEC
(5/5; 100%) were detected in all of the samples. The results demonstrate that molecular techniques such as PCR have the
potential to be used for the monitoring of water samples for the presence of pathogenic E. coli, without the need to culture
the organisms.
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Introduction
In South Africa many communities still depend on untreated
surface water and ground-water sources for their daily water
needs. Water from these sources is often contaminated by
faecal pollution from wastewater effluents (Toze, 2004).
Wastewater is a matrix consisting of raw sewage and primary,
secondary and tertiary treatment effluents (Mara and Horan,
2003). Final effluents are released into receiving waters like
dams and rivers. If treatment fails, effluents of poor microbial
quality enter public waters (Jagals, 1997).
Microbiological indicators have been used for decades to
monitor faecal pollution of water (Grabow, 1996; Standard
Methods, 2005) as well as the possible presence of other
microbiological pathogens (Medema et al., 2003). Escherichia
coli is used as an indicator of faecal pollution that originates
from human and warm-blooded animals. In the last century,
certain E. coli strains were identified as a significant cause of
gastro-intestinal disease and recognised as highly versatile
pathogens (Nataro and Kaper, 1998). At present, 6 groups of
E. coli patho-types have been identified, of which 5 were
selected for this study based on their association with diarrhoeal disease in South Africa. These are classified into 5
categories, namely, entero-pathogenic (EPEC), entero-toxigenic
(ETEC), entero-invasive (EIEC), entero-aggregative (EAEC)
and entero-haemorrhagic (EHEC) (Ashbolt, 2004; Kaper et al.,
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2004). E. coli strains can thus be either commensal (ComEC;
non-diarrhoeagenic) or diarrhoeagenic.
Traditional E. coli detection methods are based on chromo
genic and fluorogenic media designed to enumerate ComEC
with no relationship to the proportion of diarrhoeagenic E.
coli (DEC). All wastewater treatment plants use culture-based
methods based on this principle to monitor the water quality.
One complication with culture-based methods is their inability
to detect E. coli in the viable but non-culturable (VNBC) state
(Lleo et al., 2005). VBNC cells are bacterial cells that are metabolically active but cannot be cultured using standard microbiological techniques. These cells are reported to be able to resume
active growth when favourable conditions are restored (Chen
et al., 2006). It has been reported that pathogenic VBNC cells
retain their virulence genes making the water source a potential
reservoir of disease (Garcia-Armisen and Servais, 2004).
This inability of traditional culture methods to detect
VBNC cells has prompted interest in alternative techniques to
monitor the microbiological quality of water (Lleo et al., 2005).
Molecular biology techniques, such as the polymerase chain
reaction (PCR), have been used to detect DEC types by amplifying specific genes associated with the bacterium’s virulence
(Kong et al., 2002). To date PCR has mostly been used for the
characterisation of isolated E. coli cells or the detection of
DEC after sample enrichment. DEC genes targeted with PCR
include the eaeA gene for EPEC (Aranda et al., 2004), the lt and
st enterotoxin genes for ETEC (Pass et al., 2000), ial gene for
EIEC (Paton and Paton, 1998), the eagg gene for EAEC (Kong
et al., 2002) and the eaeA, stx1 and stx2 for the detection of
EHEC (Moses et al., 2006).
PCR can, however, not be used for the detection of VBNC
cells in water samples if the method is used to characterise bacterial isolates obtained with standard culture methods, since the
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