Monitoring bacterial faecal contamination in waters using
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Abstract
Monitoring of sanitary quality or faecal pollution in water is currently based on quantifying some bacterial indicators such as
Escherichia coli and faecal enterococci. Using a multiplex real-time PCR assay for faecal enterococci and Bacteroides spp.,
the detection of faecal contamination in non-treated water can be done in a few hours, reducing the analysis time to 2 h.
The conventional method based on cultures was compared with a multiplex assay procedure for Bacteroides spp. and
faecal enterococci with an internal inhibition control. Out of 74 water samples from different sources analyzed, using
both procedures, 54 were true positives and 6 true negatives, 12 samples were real-time PCR positive and culture-negative
whereas 2 were real-time PCR negative and culture-positive. In conclusion, 89.2% of the samples were found to be positive
with real-time PCR and 75.7% with plate cultures.
Detection levels were much higher when using the multiplex real-time PCR assay, based on the higher number of positive samples in comparison with conventional microbiology. The feasibility of multiple reactions in the monitoring of faecal
contamination has been demonstrated along with fast quantification of the faecal load. Such procedure can be performed in
less than 3 h.
This work extends the use of multiplex real-time PCR for environmental analysis, demonstrating the feasibility of these
procedures in monitoring faecal pollution of water samples.
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Introduction
Pathogenic microorganisms found in non-treated wastewater
have the ability to reproduce easily due to the large amount
of available nutrients, thereby affecting the environment and
presenting a great risk to health (Pusch et al., 2005; Gilbride
et al., 2006). Over the past few years, the application of
different methods to monitor faecal pollution in diverse
water sources has become very important; however, there is
no universal approach which fits all requirements to allow
completely reliable faecal source identification (Stricker et
al., 2008). Currently microbial water quality is evaluated by
monitoring the level of a reduced number of microorganism indicators with the use of conventional microbiological
procedures based on plate cultures (Tajima et al., 2007).
Until now, and despite their clear limitations, the current
procedures have been widely used as an operative tool to
ensure safe drinking water (Ashbolt et al., 2001). In fact, it is
well known that the classical procedures usually fail in the
detection of several pathogens, and for this reason in some
cases these culture-dependent methods are considered to
be outdated (Rose, 2006). Consequently, new tools and new
procedures are needed.
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Over the past decade, real-time polymerase chain reaction
(PCR) methods have become the main alternative to detect
the presence of all kinds of microbial pathogens through the
amplification of specific DNA sequences and without the
need to culture any bacteria (Gilbride et al., 2006). Real-time
PCR is considered highly sensitive for the quantification of
microorganisms in environmental samples (Ben-Dov et al.,
2007), herpes virus in clinical samples (Rose et al., 2008) and
intracellular microorganisms in humans and birds, such as
Chlamydophila psittaci (Branley et al., 2008).
A PCR laboratory requires a substantial investment compared to conventional microbiology-testing laboratories that
use time-consuming and laborious procedures. In our opinion,
though, the main obstacles in the establishment of this new
technique are the unreliability in differentiating between live
or dead microorganisms and the precise quantification of the
targets. Lately this situation has been changing due to the evolution of conventional PCR to real-time PCR; the latter technique has been successfully introduced into the environmental
field to indentify, quantify and diagnose pathogens and viruses
in water faster and with higher sensitivity (Singh and Singh,
2008), including those which cannot be cultivated in cellular
lines in an efficient way (Costafreda et al., 2006).
Nevertheless, a lot of work is still required before general
consensus is reached that will drive the effort onto different levels of selection, e.g. the choice of best primers and
probes for each target, the optimization of multiple reactions
to allow for simultaneous detection of different microorganisms or the development of prospective surveys to evaluate the
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