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Abstract 
Our work present an overview of the various analytical techniques for determining numbers of faecal 
index and indicator bacteria as well as selected pathogens in water samples. It includes conventional and 
new (principally molecular biology) techniques and outlines the performance characteristics of the 
different methods. Our work describes the more “classical” methods, witch depend largely on cultivation 
techniques, as well as molecular methods. The majority of the methods presented here have already 
proven to be useful in drinking water microbiology or display great potential. In the detection, 
identification and quantification of target organisms some approaches are solely based on a single 
technique whereas other strategies take advantage of a combination of different methods. For example, to 
identify Escherichia Coli reliance can be placed on one day cultivation on chromogenic media. 
Alternatively, in a much faster approach, short precultivation on an artificial medium can be combined 
with labeling using fluorescent probes and microscopy. On the horizon are methods based on micro 
arrays and biosensors. Advances in semiconductors and computers are expected to allow the next 
generation of microbial sensors to be small and simple devices, witch are quick to respond. The future 
thus holds the promise of new techniques for detecting both existing and emerging pathogens 
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1. Introduction 

Inadequate drinking water supply and 
quality and poor sanitation are among the 
world’s major causes of preventable 
morbidity and mortality.  

Outdated methods do not effectively 
identify and prevent serious enteric 
waterborne disease. While the rationale for 
using index organisms to detect 
contamination in source of water remains 
sound, evaluation of treatment efficacy, 
post-treatment contamination, etc., require 
multiple indicators. No single microbial 
indicator parameter is adequate to 
determine if all steps in the entire drinking 
water production process are working 
properly.  

Thus, it is necessary to gain a better 
understanding of the role and usefulness of 
the traditional and new parameters for 
monitoring and of the methods available  

 for their analysis, and of the information 
needed to initiate appropriate remedial and 
preventive actions. The lack of available 
methodology to detect and quantify many 
such organisms, particularly those 
considered emerging waterborne pathogens, 
is an issue of great concern. Clearly, 
adequate assessment of the impact of such 
organisms on health is also directly related 
to the availability of appropriate detection 
methodology. Both genetic (nucleic-acid-
based) and immunological tools are 
available and some molecular techniques 
appear particularly promising. On the 
horizon are methods based on micro arrays 
and biosensors. Advances in 
semiconductors and computers are expected 
to allow the next generation of microbial 
sensors to be small and simple devices, 
witch are quick to respond. The future thus 
holds the promise of new techniques for 
detecting both existing and emerging 
pathogens. 
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2. Cultivation techniques. 
 
The traditional cultivation techniques are 
usually sensitive but the identification is 
often not as reliable as might be desired. 
Methods based on molecular biology tend 
to be sensitive and yield reliable 
identification, but cultivation techniques 
always show viable organisms whereas 
molecular methods often reveal dead or 
inactivated target organisms /nucleic acid.  

This is relevance in disinfected waters and 
should be considered in the interpretation 
of results. 

Each of the cultivation techniques has a 
particular detection range depending on the 
sample volume.  

It has long been recognized that culture 
media lead to only a very small fraction 
(0,01-1%) of the viable bacteria present 
being detected (Watkins and Xiangrong, 
1997). 

  

At 20th century, when MacConkey`s 
developed selective media for E.Coli and 
coliforms, various workers have shown 
these selective agents inhibit 
environmentally or oxidatively stressed 
coliforms (McFeters et al., 1986). Specially 
developed media without selective detergent 
agent (e.g. the m-T7 medium of 
LeChevallier et al., 1982) permit a 
significant improvement in the recovery of 
stressed target bacteria. 
In all of the enumeration techniques, the 
cultivation conditions are selected to 
promote the multiplication of the target 
organisms while simultaneously inhibiting 
the growth of other organism. The balance 
between sensitivity and selectivity is the 
reason for different methods or sample 
processing for drinking water and highly 
contaminated waters. Table 1 summaries the 
advantages and disadvantages for the 
commonly used cultivation techniques 

 
Table 1: Established cultivation techniques 

Technique Advantages Disadvantages 
Most probable 
number (MPN) 
using liquid media 

- Minimal time and effort needed 
to start the test; 

- Media often inexpensive; 
- Usually easy interpretation of test 

results and no special skills 
required; 

- In routine application the precision is 
often low; 

- Confirmation steps involving new 
cultivations are usually needed, witch 
increase costs and time; 

- Sample may contain inhibitors affecting 
the growth of the target organisms; 

Presence/ absence 
test using liquid 
media 

- As above; - As above; 
- No information on level of concentration 

of target organisms; 
Pour plate - Simple and inexpensive method; - Scoring of typical colonies not easy; 
Spread plate - Differentiation of the colonies is 

easier than from pour plates; 
- Scoring of typical colonies not easy; 

Membrane 
filtration 

- Quantitative result and good 
precision if the number of 
colonies grown adequate; 

- Further cultivation steps not 
always needed, witch lowers the 
costs and time needed for the 
analysis; 

- Isolation from well separated 
colonies on membrane is easy; 

- Scoring of typical colonies not easy; 
- Not applicable to turbid samples; 
- Quality of membranes varies; 

Liquid enrichment 
+ confirmation 
and/or isolation on 
solid media 

- Liquid enrichment in favorable 
media and incubation 
temperature allows resuscitation 
of injured or stressed cells; 

- Many cultivation steps increase costs of 
media, labour, skills needed and 
duration of the test; 
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3. Standardization of methods.  
 
Methods for detection and enumeration of 
indicator bacteria and some pathogenic or 
opportunistic bacteria are so widely needed 
that international standardization is well 

  
 
underway. Table 2 outlines the state of art of 
international standardization of 
microbiological methods relevant for drinking 
water analysis. 

 
 
 

Table 2: International standardization of methods for microbiological drinking water analyses 
Target organisms ISO standard 
Coliform bacteria, Thermotolerant coliforms, Escherichia Coli ISO 9308-1 
Coliform bacteria, Thermotolerant coliforms, Escherichia Coli ISO 9308-2 
Faecal enterococci ISO 7899-2 
Faecal enterococci ISO 7899-1 
Sulphite-reducing clostridia, spores ISO 6461-2 
Sulphite-reducing clostridia, spores ISO 6461-1 
Pseudomonas aeruginosa ISO 8360-2 
Pseudomonas aeruginosa ISO 8360-1 
Legionella species ISO 11731 
Salmonella species ISO 6340 
Culturable microorganisms ISO 6222 
F-RNA phages ISO 10705-1 
Somatic coliphages ISO 10705-2 
Bacteroides fragillis phages ISO 10705-4 
Evaluation membrane filters ISO 7704 
Evaluation of colony count media ISO 9998 

 
 
 

4. Fast detection using chromogenic 
substances 
 
The time required to perform tests for 
indicator organisms has stimulated research 
into more reliable and faster methods. One 
result is the use of chromogenic 
compounds, witch may be added to the 
conventional or newly devised media used 
for the isolation of the indicator bacteria. 

These chromogenic substances (as we can 
see in table 3) are modified either by 
enzymes (witch are typical for the 
respective bacteria) or by specific bacterial 
metabolites.  

The time required for the determination of 
different indicator bacteria can be cut down 
to between 14 to 18 hours. 

  
 
 

After modification the chromogenic 
substances changes its color or its 
fluorescence, thus enabling easy detection of 
those colonies displaying the metabolic 
capacity. In this way these substances can be 
used to avoid the need for isolation of pure 
cultures and confirmation tests.  

A major concern with any assay based on 
enzyme activity, is the interference that can 
be caused by the presence of other bacteria. In 
addition, the use of β-galactosidase in 
coliform detection has other disadvantages, as 
the enzyme can be found in numerous 
organisms. 
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Table 3: Chromogenic substances used for the detection of indicator bacteria 
Bacteria Chromogenic substances Enzyme tested 

Coliform 
bacteria 

 o-nitrophenyl-β-D-galactopyranoside 
(ONPG) 

6-brom-2-naphtyl-β-D-galactopyranoside 
5-brom-4-chloro-3-indolyl-β-D-

galactopyranoside 

β-D-
galactosidase 

E.Coli 

5-brom-4-chloro-3-indolyl-β-D-glucuronide 
(XGLUC) 

4-methylumbeliferyl-β-D-glucuronide 
(MUG) 

       p-nitrophenol-β-D-glucuronide (PNPG) 

β-D-
glucuronidase 

(GUD) 

Enterococci 
4-methylumbeliferyl -β-D-glucoside 

(MUD) 
indoxyl-β-D-glucoside 

β-D-glucosidase 
(β-GLU) 

 
5. IMS/culture and other rapid culture-
based methods 
 
Immunomagnetic separation offers an 
alternative approach to rapid identification 
of culturable and non-culturable micro-
organisms (Safarik et al., 1995). The 
principles and application of the method, 
but rely on suitable antibody specificity 
under the conditions of use. Purified 
antigens are typically biotinylated and 
bound to streptoavidin-coated 
paramagnetic particles. The raw sample is 
gently mixed with the immunomagnetic 
beads, then the specific magnet is used to 
hold the target organisms against the wall 
of the recovery vial, and non-bound 
material is poured off. If required, the 
process can be repeated, and the beads may 
be removed by simple vortexing. Target 
organisms can then be cultured or 
identified by direct means. 

The IMS approach may be applied to 
recovery of indicator bacteria from water, 
but is possible more suited to replace 
labour-intensive methods for specific 
pathogens. An example is the recovery of 
E. Coli O157 fro water (Anon, 1996). 
Furthermore, E. Coli O 157 detection 
following IMS can be improved by 
electrochemiluminescence detection (Yu 
and Bruno, 1996). 
 
 

 6. Polymerase chain reaction (PCR) 
 
With the polymerase chain reaction and two 
suitable primer sequences (fragments of 
nucleic acid that specifically bind to the target 
organism) trace amounts of DNA can be 
selectively multiplied. In principle, a single 
copy of the respective sequence in the assay 
can produce over million-fold identical 
copies, which then can be detected and 
further analyzed by different methods. 

In principle, nucleic acid might be detected 
by PCR from all waterborne viruses and 
microorganisms, as long as their envelopes 
(capsids, membranes, cell walls) can be 
disrupted to make the nucleic acids accessible 
to the enzymatic reaction. For the release of 
nucleic acids from viruses and 
microorganisms different methods such as 
freeze-thaw cycles, boiling, addition of 
detergents, digestion with enzymes are 
applied.  

One problem with PCR is that the assay 
volume is in the order of some micro-litres, 
whereas the water sample volume is in the 
range of 100–1000 ml. (Bej et al. 1991) have 
published a filtration method to concentrate 
the sample, but another problem is that 
natural water samples often contain inhibitory 
substances (such as humic acids and iron) that 
concentrate with the nucleic acids. Hence, it 
is critical to have positive (and negative) 
controls with each environmental sample 
PCR to check for inhibition and specificity.  
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It may also be critical to find out whether 
the signal obtained from the PCR is due to 
naked nucleic acids or living or dead 
micro-organisms (Toze 1999). One 
solution has been established by using a 
three-hour pre-incubation period in a 
selective medium so that only growing 
organisms are detected (Frahm et al. 1998). 
Other options under development include 
targeting short-lived nucleic acids such as 
messenger or ribosomal RNA (Sheridan et 
al. 1998).  

A most important advantage of PCR is that 
the target organism(s) do not need to be 
culturable. A good example is the specific 
detection of human Bacteroides spp. to 
differentiate human faecal pollution from 
that of other animals (Kreader 1995). 

  
7. Fluorescence in situ hybridisation 
(FISH) 
 
With the help of in situ hybridization 
techniques organisms can be detected in 
their natural habitat without the need for 
pre-culture techniques. The method 
involves fixation of the cells in their 
natural state followed by permeabilisation 
of the cell wall. The probes are labeled 
with fluorescent dyes to enable the 
hybridized target within the cell to be 
viewed by epifluorescence microscopy or 
laser scanning electron microscopy. 

This detection method uses gene probes 
with a fluorescent marker, typically 
targeting the 16S ribosomal RNA (16S 
rRNA) (Amann et al. 1995). Concentrated 
and fixed cells are permeabilised and 
mixed with the probe. Incubation 
temperature and addition of chemicals can 
influence the stringency of the match 
between the gene probe and the target 
sequence. Since the signal of a single 
fluorescent molecule within a cell does not 
allow detection, target sequences with 
multiple copies in a cell have to be selected 
(e.g. there are 102– 104 copies of 16S 
rRNA in active cells). 

 A number of FISH methods for the detection 
of coliforms and enterococci have been 
developed (Fuchs et al. 1998; Meier et al. 
1997; Patel et al. 1998). 

Although controversial for many pathogens, 
low-nutrient environments may result in cells 
entering a non-replicative viable but non-
culturable (VBNC) state (Bogosian et al. 
1998). Such a state may not only give a false 
sense of security when reliant on culture-
based methods, but may also give the 
organisms additional protection (Caro et al. 
1999; Lisle et al. 1998). An indication of 
VBNC Legionella pneumophila cell 
formation was given by following decreasing 
numbers of bacteria monitored by colony-
forming units, acridine orange direct count, 
and hybridisation with 16S rRNA-targeted 
oligonucleotide probes (Steinert et al. 1997). 
It was concluded that FISH detection-based 
methods may better report the presence of 
infective pathogens and viable indicator 
bacteria.  
 
8. Future developments 
 
The future holds numerous possibilities for 
the detection of indicator and pathogen index 
organisms. On the horizon are methods based 
on microarrays and biosensors. Biosensors in 
the medical area have largely been based on 
antibody technology, with the antigen 
triggering a transducer or linking to an 
enzyme amplification system. Biosensors 
based on gene recognition, however, look 
very promising in the microarray format for 
detecting micro-organisms.  

The biosensor relies on optics, immunoassays 
and other chemical tests, witch may be 
directed to detect microorganisms. In general, 
there is an immunoaffinity step to capture and 
concentrate bacteria on beads, membranes or 
fibre optics probe tips, followed by detection 
by laser excitation of bound fluorescent 
antibodies or surface palimony resonance. 
The method with biosensors it is currently 
unable to distinguish viable from non-viable 
microbes, and it will be necessary to increase 
the sensitivity in order to apply this technique 
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 to water testing. 
Nonetheless this methodology has a great 
potential for future application, especially 
as it is extremely fast. 

Microarrays using DNA/RNA probe-based 
rRNA targets may be coupled to adjacent 
detectors (Guschin et al. 1997). Eggers et 
al. (1997) have demonstrated the detection 
of E. coli and Vibrio proteolyticus using a 
microarray containing hundreds of probes 
within a single well (1cm2) of a 
conventional microtiter plate (96 well). The 
complete assay with quantification took 
less than a minute. 

The microarray under development by 
bioMerieux (using Affymetrix Inc. 
GeneChip technology) for an international 
water company (Lyonnaise des Eaux, 
Paris, France) is expected to reduce test 
time for faecal indicators from the current 
average of 48 hours to just four hours. The 
cost for the standard water microbiology 
test is expected to be ten times less than 
present methods. The high resolution DNA 
chip technology is expected to target a 
range of key microorganisms in water. 
 
References 
 
Amann, R.I., Ludwig, W. and Schleifer, K.-H. 

(1995) Phylogenetic identification and in situ 
detection of individual microbial cells 
without cultivation. Microbiol. Rev. 59, 143– 
169;  

Anon (1996) Outbreaks of Escherichia coli O157:H7 
infection and cryptosporidiosis associated 
with drinking unpasteurized apple cider – 
Connecticut and New York, October 1996. 
Morbidity Mortality Weekly 46, 4–8;  

Bej, A.K. and McCarthy, S. (1991) Detection of 
coliform bacteria and Escherichia coli by 
multiplex PCR: comparison with defined 
substrate and plating methods for monitoring 
water quality. Applied Environmental 
Microbiology 57, 2429–2432; 

Bogosian, G., Morris, P.J.L. and O’Neil, J.P. (1998) 
A mixed culture recovery method indicates 
that enteric bacteria do not enter the viable 
but nonculturable state. Applied 
Environmental Microbiology 64, 1736–1742;  

Caro, A., Got, P., Lesne, J., Binard, S. and Baleux, 
B. (1999) Viability and virulence of 
experimentally stressed nonculturable 
Salmonella typhimurium. Applied 
Environmental Microbiology 65, 3229–3232;  

 

 Eggers, M.D., Balch, W.J., Mendoza, L.G., 
Gangadharan, R., Mallik, A.K., McMahon, 
M.G., Hogan, M.E., Xaio, D., Powdrill, T.R., 
Iverson, B., Fox, G.E., Willson, R.C., Maillard, 
K.I., Siefert, J.L. and Singh, N. (1997) 
Advanced approach to simultaneous monitoring 
of multiple bacteria in space. Chap. SAE 
Technical Series 972422. In 27th International 
Conference on Environmental Systems, Lake 
Tahoe, Nevada, 14–17 July, pp. 1–8, The 
Engineering Society for Advancing Mobility 
Land Sea Air and Space, SAE International, 
Warrendale, PA;  

Frahm, E., Heiber, I., Hoffmann, S., Koob, C., Meier, 
H., Ludwig, W., Amann, R., Schleifer, K.H. and 
Obst, U. (1998) Application of 23S rDNA-
targeted oligonucleotide probes specific for 
enterococci to water hygiene control. System. 
Applied Microbiology 21, 16–20;Fuchs, B.M., 
Wallner, G., Beisker, W., Schwippl, I., Ludwig, 
W. and Amann, R. (1998) Flow-cytometric 
analysis of the in situ accessibility of 
Escherichia coli 16S rRNA for fluorescently 
labelled oligonucleotide probes. Applied 
Environmental Microbiology 64, 4973– 4982; 

Guschin, D.Y., Mobarry, B.K., Proudnikov, D., Stahl, 
D.A., Rittmann, B.E. and Mirzabekov, A.D. 
(1997) Oligonucleotide microchips as 
genosensors for determinative and 
environmental studies in microbiology. Applied 
Environmental Microbiology 63, 2397–2402;  

Kreader, C.A. (1995) Design and evaluation of 
Bacteroides DNA probes for the specific 
detection of human fecal pollution. Applied 
Environmental Microbiology 61, 1171–1179; 

LeChevallier, M.W., Cameron, S.C. and McFeters, G.A. 
(1982) New medium for improved recovery of 
coliform bacteria from drinking water. Applied 
and Environmental Microbiology 45, 484-492; 

Lisle, J.T., Broadway, S.C., Presscott, A.M., Pyle, B., 
Fricker, C. and McFeters, G.A. (1998) Effects of 
starvation on physiological activity and chlorine 
disinfection resistance in Escherichia coli 
O157:H7. Applied Environmental Microbiology 
64, 4658–4662;  

McFeters, G.A., Kippin, J.S. and LeChevallier, M.W. 
(1986) Injuried coliforms in drinking water, 
Applied and Environmental Microbiology 51, 1-
5; 

Meier, H., Koob, C., Ludwig, W., Amann, R., Frahm, 
E., Hoffmann, S., Obst, U. and Schleifer, K.H. 
(1997) Detection of enterococci with rRNA 
targeted DNA probes and their use for hygienic 
drinking water control. Water Science Techique 
35(11–12), 437–444; 

Patel, R., Piper, K.E., Rouse, M.S., Steckelberg, J.M., 
Uhl, J.R., Kohner, P., Hopkins, M.K., Cockerill, 
F.R., III and Kline, B.C. (1998) Determination 
of 16S rRNA sequences of enterococci and 
application to species identification of nonmotile 
Enterococcus gallinarum isolates. Journal 
Clinical Microbiology 36, 3399–3407;  

 



 
 

 
 

 
 

 Mihaela Bruma et al ./ Journal of Agroalimentary Processes and Technologies 14 (2008) 
 
 

 
 

 

 202

  
Safarik, I., Safarikova, M. and Forsythe, S.J. (1995) 

The application of magnetic separations in 
applied microbiology. Journal Applied 
Bacteriology 78, 575–585; 

Steinert, M., Emody, L., Amann, R. and Hacker, J. 
(1997) Resuscitation of viable but non-
culturable Legionella pneumophila 
Philadelphia JR32 by Acanthamoeba 
castellanii. Applied Environmental 
Microbiology 63, 2047–2053;  

Toze, S (1999) PCR and the detection of microbial 
pathogens in water and wastewater. Wat. 
Res. 33, 3545–3556;  

Vahey, M., Nau, M.E., Barrick, S., Cooley, J.D., 
Sawyer, R., Sleeker, A.A., Vickerman, P., 
Bloor, S., Larder, B., Michael, N.L. and 
Wegner, S.A. (1999) Performance of the 
Affymetrix GeneChip HIV PRT 440 platform 
for antiretroviral drug resistance genotyping  

 

             of human immunodeficiency virus type 1 clades 
and viral isolates with length polymorphisms. 
Journal Clinical Microbiology 37, 2533–2537; 

Wang, J., Cai, X.H., Rivas, G., Shiraishi, H. and 
Dontha, N. (1997) Nucleic-acid immobilization, 
recognition and detection at 
chronopotentiometric DNA chips. Biosensors 
Bioelectronic 12, 587–599;  

Watkins, J. and Xiangrong, J. (1977) Cultural methods 
of detection for microorganisms: recent 
advances and successes. In: The Microbiological 
Quality of Water. Sutcliffe, D. W. (Ed.) 
Freshwater Biological Association, Ambleside, 
19-27; 

Yu, H. and Bruno, J.G. (1996) Immunomagnetic-
electrochemiluminescent detection of 
Escherichia coli O157 and Salmonella 
typhimurium in foods and environmental water 
samples. Applied Environmental Microbiology 
62, 587–592. 

 

 


