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Pathogens in recycled water: 
are they measurable?

In developed countries water managers are constantly 

under pressure to provide the clean and safe water. 

Traditionally, and for at least the past 100 years, the 

management of biological water quality has relied on 

the use of microbial indicator organisms to assess the 

potential risk of water-borne disease. However, over the 

past few years, there have been a number of critical reviews 

of guidelines and standards for managing risk in water 

storage, treatment and supply. International, national 

and state agencies have initiated these reviews and 

have all generally agreed that technology for alternative 

methods, in place of the use of indicator organisms 

for risk assessment of microbial water quality, has not 

advanced to point where there is an obvious replacement. 

However, even in the last 3 years, improvements in 

genetic techniques, such as real-time quantitative PCR 

and DNA microarrays are making advances that may 

allow us to consider alternatives to using indicator 

organisms in the foreseeable future. Here we present 

the issues and pros and cons associated with the use of 

indicator organisms compared to the use of molecular 

biology approaches for microbial risk management in 

recycled water. The current state of the legislation and 

guidelines is also discussed.

There is no doubt that Australia and other parts of the world 

are facing enormous challenges in providing fresh, clean water 

to a growing population, which is also complicated by changing 

weather patterns and environmental degradation. The water 

challenge faced by providers, managers and scientists is driving 

exploration into alternative sources for water other than dams 

and rivers. The National Water Initiative (NWI) released by 

the Council of Australian Governments (COAG) in June 2004 

endorsed improving opportunities for water recycling. It is 
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essential for the successful implementation of water recycling 

schemes to enable the industry to portray trust and confidence 

to the community that we have addressed, and can control, 

all health risks associated with recycled water. The ability to 

directly detect pathogens using the most accurate techniques 

will be critical for water managers and providers to confidently 

assess and manage risks of existing and new water sources.

How pathogens are monitored in water
In the most part, traditional and standard indicator organisms 

such as faecal coliforms and the more specific measurement of 

Escherichia coli have been the most acceptable risk management 

tool based on the available technology. However, we do know 

that many measurable pathogens such as Cryptosporidium 

parvum 1, Legionella pneumophila 2 and some viruses 3 are more 

resistant to conventional water treatment and can persist in the 

environment significantly longer than coliforms and E. coli. Many 

other studies have demonstrated very poor correlation with 

pathogenic organisms and indicators in water 3-7.

Guidelines for water recycling
Current water recycling guidelines and recommendations from 

the WHO, NHMRC and various state government agencies 

have based the microbial risk assessment on numbers of 

indicator organisms (total coliforms, faecal coliforms and E. 

coli), parasites such as helminth eggs, some protozoa such 

as Giardia/Cryptosporidium and MS2 phage for viruses 8-10. 

However, the use of indicator organisms to assess public health 

risks can have serious limitations and have not always protected 

public health to the desirable level 3, 4, 11-15. Examples of where 

indicator organisms have failed include the Milwaukee drinking 

water contamination incident where over 400,000 people were 

infected with Cryptosporidium when the indicator organism 

tests apparently demonstrated acceptable cell numbers 16.
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The NHMRC’s review of the use of coliforms 9, as indicator 

organisms, and the revised Australian Drinking Water Guidelines, 

have recognised the inadequacies of this culture-based method 

and are advocating the role of gene technology for the direct 

detection of pathogens. The NHMRC have acknowledged that 

the take-up of gene technology (such as DNA microarray and 

fluorescent in situ hybridisation) for enumerating organisms has 

been well adopted by the medical industry but not the water 

industry 9.

What are the alternatives?
Over the past 20 years, several alternatives to using indicator 

organisms to assess microbial water quality have been 

investigated. Alternative surrogates to the coliforms and E. coli 

such as bacteriophages, chemical indicators such as sterols and 

an array of molecular genetic techniques are all examples of 

attempts to improve the accuracy of microbial risk quantification. 

The several gene-based techniques that look promising for 

the water industry include the quantitative polymerase chain 

reaction (qPCR), multiplex PCR and microarray DNA technology. 

To make the quantum step to using these techniques for routine 

monitoring in a drinking water supply, they must prove to be 

specific, reliable and sensitive. The confidence in using molecular 

techniques routinely will also come when they can be reliably 

validated against the traditional culture-based methods and the 

quality control and accuracy issues are addressed.

The PCR for detection of pathogens

The PCR, only discovered in the mid 1980s 17, 18, has advanced 

dramatically in the past 20 years. So much so, that it is now 

routine in molecular biology laboratories. The invention of this 

method has revolutionised the study of microorganisms. Until 

recently, the results of the PCR were presence/absence, without 

any methods available to quantify the amount of starting material 

(i.e. number of cells). The real-time PCR or qPCR methods 

are now considered a fast and efficient tool to quantify target 

genes capable of identifying organisms from all types of samples 

containing microbes.

Multiplex PCR involves the molecular detection of several 

genes or DNA sequences in a single amplification reaction. In 

the context of risk assessment in the water industry, this allows 

the detection of multiple organisms simultaneously. Though 

multiplex PCR requires laboratory facilities and specialised 

equipment to perform the analysis, recent advances in the field 

of molecular biology have made the outlay for the necessary 

equipment affordable and the amplification reactions cost-

effective compared to traditional detection methods. The main 

drawback of this method is that it only detects the presence or 

absence of the organisms to be detected and in itself gives no 

indication of cells numbers. Some groups have tried to overcome 

this to make multiplex PCR semi-quantitative by serially diluting 

the sample until a negative result is obtained. This can be time-

consuming and can increase running costs due to the need 

for multiple reactions and the use of standards with known 

concentrations of the organism of interest.

As with multiplex PCR, real-time PCR can detect either one or 

several organisms of interest in a single reaction within a matter 

of hours, with the added advantage of being fully quantitative. 

This technique utilises the standard PCR methods for DNA 

amplification with the addition of a marker which fluoresces 

when bound to DNA. Analysis of the level of fluorescence 

allows the quantification of the amount of amplified DNA and, 

when compared to standards of known concentration, the 

number of organism in the original sample. Recent advances 

in the field allow probes with distinct fluorescence profiles 

to be designed for specific organisms, allowing the detection 

and enumeration of several organisms of interest in the same 

reaction. One of the main drawbacks of this technique is that it 

requires expensive specialised equipment and skilled operators 

to perform the analysis. Additionally, the fluorescent probes and 

markers necessary for the technique increase the running cost to 

perform real-time PCR markedly compared to multiplex PCR or 

culture-based analysis.

Genetic microarrays

DNA microarray, first developed at Affymetrix Inc 19, is one of the 

most exciting developments in microbiology that has potential 

to be exploited as a risk management tool for water quality 

assessment. This technique allows the simultaneous detection 

of potentially over 400,000 gene sequences in a single sample. In 

short, DNA probes specific for the gene or organism of interest 

are spotted on to a microarray chip. Recent improvements of the 

planar glass chip include the use of the silicon wafer or rounded 

beads 20. The extracted DNA from the sample is then tagged with 

a fluorescent marker and hybridised with the chip containing the 

probes. The level of fluorescence of the microarray chip is then 

analysed to confirm the presence or absence of the DNA specific 

for organisms of interest within the sample. By measuring levels 

of fluorescence, this technique can be made quantifiable to 

provide indications of the concentration of the target DNA within 

the sample.

Currently, the major drawback of this technique is cost, as it 

requires expensive and specialised equipment and analysis of 

the data obtained through microarray requires highly skilled 

operators. Performing microarrays is also more time-consuming 

than PCR-based methods, as a preliminary amplification step 

must be performed to allow the detection of DNA that may be 

in low concentrations within the sample. Also, as with the other 

molecular techniques profiled here, microarrays require highly 
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purified DNA samples, free of the many contaminants which 

co-purify with DNA present in environmental sample. There are 

limitations with the use of DNA microarrays for the detection of 

pathogens in water; however, improvements in the sensitivity, 

quantification and possible direct hybridisation of this method 

could see it as a tool used in water labs for routine testing in the 

near future.

The future
Bringing together the potential automation of sampling, 

concentration, extraction, hybridisation, detection and reporting 

would be the most ideal tool for the monitoring of pathogens – 

Figure 1 conceptually demonstrates how this may occur. Only 

a couple of decades ago, this was not thought to have been 

possible. Theoretically, at least, as recognised by a number of 

authors, it is now thought to be possible when the limitations 

of sample preparation, validation and proof of concept can be 

overcome 20-22.

Viability and infectivity of a microbe detected in water is a factor 

that can determine the true extent of a public health risk. Molecular 

methods can potentially provide much more information about 

the physiological state of an organism, particularly microarrays, 

where functional genes can be monitored.

Direct detection of pathogens rather than indicators in water 

would allow more accurate risk assessment and management. 

The implications of both culture-dependent and molecular 

genetic techniques on risk assessment are summarised in Table 

1. While genetic techniques do promise a bright future for water 

management, there are still some hurdles to overcome. Many 

issues with expense and need for skilled operators are being 

addressed. It is also now possible to carry out PCR in the field; 

affordable and hand-held PCR machines are available 23. However, 

issues with DNA and extraction and inhibitors of the PCR as with 

microarrays still need to be addressed before the technology can 

be considered as a replacement for culture-dependent methods.

Conclusion
Do we need to digress from indicator organisms? In the best 

interest of public health and the use of recycled water for drinking 

purposes, it is essential that we fast-track the improvements 

required to determine pathogen numbers, viability and infectivity 

using molecular techniques. The immediate future is exciting 

for water testing laboratories given this ability to ensure public 

health safety with so much more confidence. It would be 

Figure 1. Idealistic diagram of how future pathogen monitoring in water may be carried out.
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irresponsible for the water industry not to continue to actively 

develop more specific and reliable technologies for measuring 

pathogens in water.

The development of more rapid and reliable technologies can 

aid in alerting to disease potential. Accuracy in determining the 

actual presence of pathogens, as against elevated numbers of 

indicator organisms, will avoid false alerts (and the subsequent 

loss of faith in service providers). The converse of more rapid 

and accurate identification of the presence of pathogens has the 

obvious benefits of reducing exposure and avoiding situations 

such as those experienced at Milwaukee. Ultimately, the ability to 

quantify the number of pathogens present will permit validation 

of whether infectious doses are present in an incident, and 

therefore diversion of product or implementation of remedial 

measures in line with HACCP procedures can be immediately 

implemented.
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