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Tangential Flow Ultrafiltration and Molecular Detection of Surrogates and Pathogens in Large-Volume Environmental Water Samples

Over the past two decades, there as been an increased emphasis on the quality of raw water 

supplies and finished drinking water.  Quality issues, particularly those associated with microorganisms, 

are of increasing importance as a result of environmental impacts on current water supplies and development of alternative water sources. Accurate and comprehensive assessment of microbial water quality is of paramount importance if both existing and new water sources are to be safely employed. This research project aims to address the inadequacies of the current methods and standards used for determining microbial water quality within drinking water systems and source waters.  The objectives of this research are 1) to optimize and implement tangential flow ultrafiltration (TFF) technology for recovery of low levels of bacteria, viruses, and protozoa from large-volume water samples; 2) to develop real time, quantitative molecular techniques, such as polymerase chain reaction (PCR) and loop-mediated isothermal amplification (LAMP), for the rapid detection of select enteric pathogens; and 3) to apply these developed methods to large-volume environmental water samples for the detection and quantification of microbial loads.

The combined public health and economic burden of acute gastrointestinal illnesses (AGI) attributable to drinking water is considerable.  On average, between 1991 and 2002, 17 waterborne disease and outbreaks (WBDO) associated with drinking water were reported annually in the United States (1).  The etiologic agents associated with these outbreaks include Cryptosporidium, Giardia, norovirus, E. coli O157:H7, Shigella, and Campylobacter and caused primarily symptoms of AGI (2).  These reported outbreaks, however, may only represent a small portion of AGI cases associated with waterborne transmission that occur each year due primarily to the passive nature of AGI reporting.  Some of the most recent estimates of AGI attributable to drinking water in the United States range from 12M cases/year to 19.5M cases/year (3).  The economic burden of AGI related to waterborne transmission is even more difficult to establish though it could potentially be equivalent to the burden of foodborne related AGI with an estimated cost of $19.7-34.9B each year (4).  In an effort to alleviate these burdens and estimate the true risk of disease transmission via water, research initiatives continually aim to address whether the current standards and methods for water quality monitoring are adequate for the protection of public health. 

 At present, public water systems rely on bacterial indicators (i.e. coliforms) for monitoring water quality, and it has been shown that bacterial indicators are often poorly correlated with the presence of other microorganisms, such as protozoa and viruses, which can be found in various water sources including finished drinking water (5).  It is also important to note that in many of the reported outbreaks, the water systems were in compliance with the current water quality standards (2).  Therefore, the lack of an adequate method to monitor water quality has lead to the need for developing an effective and efficient method for the simultaneous collection and recovery of low levels of bacteria, viruses, and protozoa that can then be rapidly identified and quantified.  

In order to detect low levels of microorganisms, one must be able to concentrate large volumes of water, however, current concentration methods are targeted towards specific pathogen groups.  This is due primarily to the considerable range in size, composition, and persistence of pathogens, which makes the isolation of more than one microbial category especially challenging.  For example, enteric viruses are small (25-100 nm), non-enveloped protein particles that may exhibit polarity and are capable of adsorbing to a wide variety of charged matrices.  In addition, viruses are often present at low levels in water requiring volumes in excess of 100 L to be collected in order to have confidence in an assay.  The methods for the recovery and detection of protozoa, such as US EPA method 1623, also require relatively large volume samples to be collected and processed.  In comparison to the viral and protozoan techniques, the methods for detecting indicator bacteria are relatively simple in which a 100-mL water sample is filtered through a 0.45 μm filter and plated on selective media.  Monitoring for indicator organisms in this way has been the traditional test for microbiological quality of drinking and recreational water sources, but provide limited information on the presence of protozoa and viruses.  In addition, pathogenic bacteria such as Escherichia coli O157:H7, Helicobacter pylori, Salmonella, and Campylobacter, potentially present in source waters, are in many instances present in concentrations too low for detection in 100 mL, even if appropriate growth media and incubation conditions are used.  Also, as a class of microorganisms, most vegetative bacteria are much less resistant to environmental degradation and chemical inactivation (including chlorination) than are enteric viruses and protozoa (6-9).  Therefore, routine bacterial monitoring is often inadequate for determining the presence and level of viruses and protozoa in source and drinking water.  It is evident that a methodology is needed for improving the sensitivity of recognizing risks attributable to viruses and protozoa in source and drinking water.  

A TFU method has been optimized to concurrently collect and recover each class of microorganism from 100L water samples. The optimized uses a commercially available capsule filter containing hollow fiber membranes of 70,000 dalton pore size to concentrate 100L water samples. Filter type, surfactant addition, and elution steps were evaluated during TFU optimization. For evaluation, microbial surrogates including E. coli CN-13, E. faecalis, C. perfringens spores, MS2 and PRD1 bacteriophages, poliovirus and murine norovirus (MNV-1) were added to either dechlorinated tap water (DTW) or surface water (SW). The final concentrated sample (100-300mL) is then analyzed using culture-based methods and/or molecular-based real time polymerase chain reaction (qPCR) and loop-mediated isothermal amplification (LAMP) for the identification of select, endogenous microorganisms including pathogenic bacteria, viruses, and protozoa of human health concern. Employing the final optimized TFU method, and using standard culture techniques, the average recovery efficiency for bacteria, viruses and spores in DTW (n=25) was 75, 50, 59% and for bacteria and viruses in SW (n=4) was 62 and 49%, respectively. A qRT-PCR method was developed and applied to the detection of MNV-1 in TFU concentrates (n=20). Target MNV-1 RNA was detected in all but one SW sample. In addition, the qRT-PCR assay incorporated an internal standard using Hepatitis G RNA to identify potential sample inhibition. TFU was then applied to 100L surface water (SW) and ground water (GW) samples in Lower Yakima Valley, WA—a region with the densest concentration of dairy operations and milk cows in WA and with known nitrate contamination in GW sources. One hundred liter GW (n=10) and SW (n=11) TFU sample concentrates were evaluated for indicator bacteria including total coliforms, E. coli, and Enterococcus spp. using the IDEXX® detection system. Viral and protozoa analysis are ongoing.
The research I have proposed will contribute to the improvement of public health in various ways.  First, through the development of a universal method for the recovery of microorganisms, water utilities and regulatory agencies will be better equipped to address problems within public water systems.  By moving away from reliance on bacterial indicators for water quality monitoring, we will increase our capabilities for detecting viral and protozoan pathogens, which are far more persistent and resistant to degradation than bacteria.  Second, through the utilization of rapid, quantitative molecular detection methods and integrated culture systems, we will be able to provide increased confidence in the sensitivity and specificity critical for estimating levels of risk.  Along with this, we will have a more comprehensive understanding of the microbial contamination of various water sources allowing for exposure risk assessments to be generated for individual microorganisms.  Overall, this research will assist in the formulation of effective control measures for the reduction of water-related transmission of pathogenic microorganisms.
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Proposed Budget
My proposed budget for the Delta Omega Scholarship includes primarily reagents for molecular analysis of environmental samples:

[image: image1.wmf]Description

Quantity

Cost

Total

Quantitect RT-PCR Kit

2

$350.00

$700.00

QIAamp MinElute Virus Spin Kit

1

$210.00

$210.00

Custom Primers (forward and reverse--2 per target)

6

$15.00

$90.00

TOTAL=

$1,000.00
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		Reagents and Supplies for Molecular Analysis

		Description		Quantity		Cost		Total

		Quantitect RT-PCR Kit		2		$350.00		$700.00

		QIAamp MinElute Virus Spin Kit		1		$210.00		$210.00

		Custom Primers (forward and reverse--2 per target)		6		$15.00		$90.00

		TOTAL=		$1,000.00
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