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Executive Summary 

Introduction 

To ensure that public water supplies in England and Wales are free of any micro-organism or parasites 

at a concentration or value which would constitute a potential danger to human health, they are 

scrutinised by risk assessment and regular monitoring. The protozoan parasite Cryptosporidium 

presents one of the main waterborne public health risks due to its resistance to standard disinfection 

and ability to cause large-scale outbreaks. The standard method, currently used in the UK water 

industry, for detection and enumeration of Cryptosporidium is based on high volume filtration, elution 

of oocysts from the filter, concentration by centrifugation, retrieval by immune-magnetic separation 

(IMS), and detection and enumeration using a microscope following immunofluorescence staining. 

This method is time consuming, expensive, has low specificity, with a number of other contaminants 

ending up on the microscope slide, and has multiple opportunities for loss of oocysts. Molecular 

methods such as PCR are more open and amenable to streamlining through automation, improving 

workflow and standardising procedures. This report investigates whether there is sufficient DNA for 

detection and enumeration using the Polymerase Chain Reaction (PCR) for the analysis and 

enumeration of Cryptosporidium oocysts in drinking water. 

PCR as an emerging technology in the water industry 

Literature reviews in April 2020 revealed that PCR was an emerging technology in the water industry 

for microbial detection and enumeration. In the UK, qPCR has been established as a standard method 

for detection and quantification of Legionella spp. / L. pneumophila and in the United States for 

Enterovirus, Norovirus and Enterococci. For parasite detection, technologies based on PCR are not 

currently used routinely in the water industry and there are no published standard methods. For 

Cryptosporidium, the focus has been on using PCR for genotyping which is mostly outsourced to 

specialist laboratories. 

Perceptions of the use of PCR within the UK water industry were explored through surveys to the 

water testing laboratories and water supply companies between May and August 2020. They indicated 

that although PCR was not being widely used, this technology might be considered if clear operational 

and scientific advantages over the current microscopy based standard method were demonstrated.  

Selection of a PCR-based method  

For the purposes of this feasibility study, quantitative real-time PCR (qPCR) was explored for the 

detection and enumeration of Cryptosporidium in drinking water. Alternative options were identified 

(e.g. digital PCR) but required more specialist equipment. Two PCR assays were shortlisted from a 

literature review and attribute assessment. A real-time PCR developed previously for Cryptosporidium 

slide genotyping in an UKWIR-funded project (UKWIR, 2020) was selected as most suitable for 

adaption as a qPCR.  

Development and evaluation of a qPCR 

Examination of the impact of pre-analytical processes, the incorporation of internal amplification 

control DNA in the PCR mix, and whether genomic, plasmid or synthetic DNA provided the most 

suitable reference material for the generation of calibration curves was undertaken. Synthetic DNA 

was selected for its more ready availability as a quantified standard, and for the robustness it provided 

in use.  
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Although the qPCR indicated reduced reliability of quantification at very low numbers of oocysts, it 

was sufficiently robust to proceed with a comparison with the standard method by testing 10 L tap 

water spiked with 10 and 100 oocysts in a Phase 1 trial.  

Detection (positive/negative) by qPCR was reliable at both low and high numbers of oocysts. For 

samples spiked with 100 oocysts there was no statistically significant difference in median oocyst 

counts between the two methods. However, for samples spiked with 10 oocysts the median number 

detected by qPCR was significantly less than by the standard method. Additionally, the variance was 

greater by qPCR than the standard method, and considerably lower or higher counts could be 

generated.  

The qPCR provided mostly practical advantages over the standard method including a faster time to 

result, reduced consumables costs, easier interpretation of results, as well as providing material 

(amplicons) ready for genotyping.  

Recommendations and future work 

Although this work indicated some potential limitations with the use of PCR-based methods for 

enumeration, the recovery efficiency of oocysts from tap water is inherently variable. Quantification 

by PCR is dependent on the amount of DNA recovered from the sample, which may be improved by 

revising upstream sample processing (IMS and DNA extraction) to reduce losses and variability, 
improve the measurement of uncertainty and provide a more robust and reliable approach. An IMS-

free method may well be suitable for PCR-based enumeration and would have additional time and 

cost-saving benefits. Alternative DNA extraction techniques may increase yield. Further improvement 

in the enumeration of low numbers of oocysts may be gained from different PCR-based methods, such 

as digital PCR or other newly developed technologies, but would require substantial investment.  

It also needs to be borne in mind that the detection of DNA in a sample by PCR does not necessarily 

indicate the presence of intact oocysts, an issue that needs to be considered if public health or 

operational decisions are required. 

This project demonstrated that a qPCR can be developed for the detection and to some extent 

enumeration of Cryptosporidium oocysts in drinking water. Although the qPCR method is not at a point 

where recommendations can be made to the industry about its adoption, areas for further 

development have been identified and further discussion with the water industry and stakeholders is 

warranted. 

Conclusions 

PCR technology is currently not widely utilised in the water industry. 

Detection of Cryptosporidium oocysts by qPCR was reliable at low numbers, but enumeration was less 

reliable and highly variable. 

There is potential for use of PCR-based methods in Cryptosporidium analysis, if improvements in 

sample preparation and the technology for enumeration are explored. 

 


