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ABSTRACT 

The human health significance of waterbome viruses has previously relied on 

epidemiological data fi'om documented waterbome outbreaks. It is difiScult, however, to 

assess the risks involved to individuals and communities fi'om exposure to low levels of 

contamination. Risk assessment is a useful tool in the interpretation of water quality data 

and can be used to better understand the significance of e3qx)sure to low-level contamination 

of viruses in water. Microbial risk assessment was applied to determine the risks associated 

with environmental exposure to waterbome coxsackievims and adenovims. Annual risks 

of infection for drinking water were determined to be as high as 10'' for both coxsackievims 

and adenovims at exposure levels of 0.13 PFU/1 and 0.001 IU/1, respectively. 

A comprehensive cost-of-illness analysis was conducted for three waterbome 

viruses - Norwalk vims, rotavims, and non-polio enterovims - to determine the economic 

impact of waterbome vimses in the United States. Annual medical costs and productivity 

losses were estimated in 1993 dollars using actual outbreak information and data fi'om 

epidemiological studies. It was estimated that $1.1 to $6.9 billion is spent each year in the 

United States due to these viral illnesses, with potentially $0.39 to $2.4 billion attributable 

to water. 

The United States Environmental Protection Agency (USE?A) has initiated the 

Information Collection Rule (ICR) in which water utilities serving >100,000 people will be 

required to collect data on the concentrations of specific microorganisms in source and 

finished water b^inning in 1997. Selected water utilities will be required to archive water 

san:^)Ies for possible fiuther viral analyses. A risk assessment approach was undertaken to 
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determine which viruses would be appropriate for the analyses of the archived water 

samples. The fbUowing viruses were selected based on the nature of the different diseases 

associated with each, their occurrence in waterbome outbreaks, and their resistance to 

inactivation by disinfectants; rotavirus, coxsackievirus, hepatitis A virus, adenovirus, 

Nonvalk and Norwalk-like viruses, astrovirus, and hepatitis E vims. The polymerase chain 

reaction (PCR) is the recommended detection method. The results of these analyses will 

provide both a database on the occurrence of these viruses in water as well as their 

susceptibility to water treatment. 
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INTRODUCTION 

The purpose of this dissertation is to determine the risks associated with «q}osure 

to specific viruses in water uang a risk assessment approach. Two other objectives included 

applying microbial risk assessment to priority-setting in a regulatory situation as well as 

conducting a comprehensive cost-of-iUness analysis for three viral illnesses which will 

provide economical information for microbial risk assessments. 

Problem Definition 

Human viruses have been well-documented as waterbome pathogens and waterbome 

transmission of disease continues to occur in the United States despite present technologies 

available for water treatment. Viruses can cause a wide range of illnesses including aseptic 

meningitis, respiratory illness, insulin-dependent diabetes mellitus, and acute gastroenteritis. 

From 1946-1980, viruses were responsible for more than 12% of the reported waterbome 

outbreaks and were suspected to be the etiological agent of the approximately 50% of which 

the causative agent was not identified. Viral waterbome illnesses are not reportable m the 

United States and information on their occurrence relies on epidemiological investigations 

of wateibome outbreaks. It is difScult, however, to determine the human health significance 

of exposure to low-level contamination of a water supply and, prior to this study, no 

information was available on the economic costs associated with these waterbome illnesses. 

Furthermore, data are limited on the occurrence of specific vimses in water, a collection of 

data on the occurrence of vimses in water is necessary to better quantify the human health 
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risks assodated whh exposure. Microbial risk assessment can be applied to estimate risks 

associated with exposure to low-level contamination. 

Literature Review 

The Risk Assessment Paradigm 

Risk may be defined as the possibility or likelihood of an adverse effect occurring 

due to consequences set forth from a particular hazard or hazards. A hazard may be a 

chemical, a landfill, biologically-contaminated food or water, or even a person's own 

behavior. Such hazards may impact the survival of an ecosystem or the quality of human 

life. The science of risk assessment involves evaluating the risks posed to a society or the 

environment in order to better understand the scope of the problems that may result from 

ejqjosure to particular hazards. The National Research Council (NRC, which was formed 

in 1916 by the National Academy of Sciences) strives to integrate science and technology 

with the workings of the federal government. Studies by this organization have improved 

the policy-making process of the government by developing the methodology necessary to 

evaluate risks posed by various hazards. Information learned through risk assessments can 

be used to help policy-makers make informed decisions concerning the risks posed from 

such hazards. 

Risk analysis is the process of evaluating risks and risk issues. The process involves 

risk assessment, risk management, and risk communication (NRC, 1994). The risk 

assessment methodology will be described further in this chapter. Risk management is a 

decision-making process that applies the information learned from a risk assessment and 
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incorporates judgment in interpreting and evaluating the results identifying and exploring 

regulatory options in an attempt to reduce the posed risks. Risk managers employ 

economic, social, political, ethical, and public health issues in selecting regulatory options. 

Risk managers also perform risk-benefit and cost-benefit analyses during their role in the 

risk analysis process (NRC, 1994; NRC, 1996). 

Risk communication is the interaction between risk managers and the public about 

the risks and issues associated with the risks. The aim here is to present a risk assessment 

interpretation in a way that the general public understands so that they may interpret the 

risks appropriately. This is a difBcult task for it is unlikely that all interested parties will 

understand the information in the same manner. Attempts are made to present risks without 

introducing any cultural or social bias that would alter its interpretation (NRC, 1996). 

Risk assessment is the first step of the risk analysis process. The risk assessment 

paradigm was initially developed to form a partnership between science and government that 

would help educate the government on current scientific issues. A committee was formed 

that represented a broad range of expertise, including science, government and industry. 

Members of the committee used past experiences in risk assessment to develop an effective 

fi'amework. Although this would require subjective insight, an attempt was made to 

conclude with an impartial plan for conducting objective risk assessments (NRC, 1983). 

The fiamework was developed with a focus on chemical hazards. 

There are four fimdamental steps in the risk assessment firework: 1) hazard 

identification; 2) dose-response assessment; 3) exposure assessment; and, 4) risk 

characterization (Figure 1). The hazard identification step is the most easily followed. 



Hazard 
Identification 

Dose-response 
Assessment 

Characterization 

Figure I. ElementsoFRisk Assessment. 

Exposure 
Assessment 
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Basically, a substance is determined as harmful or not based on laboratory and field data as 

well as infonnation obtained fix)m q>idemiological studies. The risk assessment process may 

stop here if no adverse effect is found or if it is decided, based on current information, that 

a regulatory action take place. The dose-response assessment involves determining the 

relationship between the dose of the hazard and the incidence or periiaps even the extent of 

the adverse health effect. This step uses animal studies and requires the extrapolation fi-om 

high to low doses and fi'om animals to humans. Any uncertainties in the data used are 

presented here. 

The objective of the exposure assessment step is to measure the fi-equency and 

intensity of the exposure, the route of exposure, and the population exposed. Some of this 

information is derived fi'om field measurements. Exposure control options are presented 

here as well as any uncertainties encountered. The objective of the risk characterization step 

(A^ch can be qualitative or quantitative) is to estimate the risk of an adverse health effect 

occurring based on exposures determined in the exposure assessment. Information fi'om the 

dose-response assessment and the exposure assessment are combined to determine the risks 

involved with exposure to a hazard. A complete description of the effects of the 

uncertainties that occurred throughout the risk assessment process is also discussed. 

Judgment may play a role here as risk estimates are determined for particular populations 

and exposures (NRC, 1983). 

Uncertainty occurs when there is a degree of doubt concerning data or knowledge 

and is always present to some extreme in risk assessments. How uncertainty should be 

handled is debatable and can contribute a great deal of doubt in quantitative risk 
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assessments. It is often feared that by presenting the uncertainties encountered in a risk 

assessment or by conducting an uncertainty analysis, confidence in the risk assessment will 

diminish. However, to provide a conq)iete risk characterization that is both understandable 

and acceptable, it is necessary to present all uncertainties throughout the risk assessment 

process (NRC, 1994). 

While conducting a risk assessment, choices are made by the risk assessor on which 

data to use, how to interpret data, \^t to do when no information is available, etc. In 

refining this firework, the committee reviewed each step of the risk assessment process 

careMy and evaluated the options that may occur within each step. The committee termed 

these options as "inference options" and compiled a list that may be encountered during a 

risk assessment. This list was primarily specific for chemicals, however (NRC, 1983). 

Risk characterization was mitially designed to be a summary of the information 

compOed fi'om the first three steps of the risk assessment fi^mework with the idea that the 

process of this step would be conducted without the influence of risk management. More 

recently, an attempt has beoi made to integrate these two processes with the belief that this 

would help include public participation which would therefore increase the chance of 

reaching decisions that would be generally acceptable (NRC, 1996). Seven principles for 

implementing this new approach have been proposed (Figure 2); 

1. decision-driven activity; 

2. broad understanding; 

3. analytic-deliberative process; 



decision-driven activity 

build organizational capability 

broad understanding 

diagnosis of the 
decision situation Characterization 

analytic-deliberative 
process 

mutual and recursive problem Tormulation 

Figure 2. Seven Principles for Risk Characterization. 
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4. problem formulation; 

5. mutual and recursive; 

6. diagnosis of the decision situation; and, 

7. build organizational capability. 

The first principle suggests that the risk characterization should be conducted with 

the goal of fulfilling a specific aim or answering a specific question that would help in the 

decision-making process. The "broad understanding" principle includes not only an 

understanding of the nature of the hazard, but also an understanding of all of the interests 

and concerns of those afifected by the posed risk. The third principle involves a systematic 

analysis of the collected data and a deliberation of all of the issues. Such a deliberation 

should also help fonnulate the aim of the risk characterization and help define the problem 

under consideration. 

The fourth principle - problem formulation - was included due to increasing criticism 

that risk characterizations were not considering issues and concerns of affected parties. It 

is recommended that concerns of interested and affected parties be included when the 

problem is initially defined. The "mutual and recursive" principle refers to the analytic-

deliberative process and states that this process should occur throughout the entire risk 

assessment. The sixth principle states that risk assessors should first define the decision 

under consideration before proceeding with the risk assessment. In this way, there is a 

better chance that the risk characterization will provide the information needed to make a 

(regulatory) decision. 
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The last principle pertains to the groups or organizations conducting risk 

assessments and urges them to be consdentious when conducting risk characterizations and 

to be aware of w^^rs to uiq)rove the process. Ahhough incorporating these processes seems 

complex and peiiiaps even costly, it is believed that by helping with the initial problem 

formulation and by including the interests of affected parties early in the process, many other 

problems will be avoided (NRC, 1996). 

The nature of the risk assessment processes currently debated by NRC involves risk 

assessments of toxic substances in the environment and how to incorporate results of such 

assessments in a regulatory setting. It is still unclear as to the role of risk assessment in 

policy-making situations and is subject to much d^ate (NSC, 1993). It has been concluded 

that there is not one correct way to conduct a risk assessment (NRC, 1993); its conduct 

depends on the problem formulation. Applying the risk assessment framework to estimate 

risks associated with environmental exposure to microorganisms has more recently been 

conducted and is discussed in the following section; however, microbial risk assessment is 

not an area that is currently addressed by NRC in their reports and publications. 

Nficrobial Risk Assessment 

Risk assessment methodology has recently been developed to better understand the 

significance of exposure to microorganisms in water. Epidemiological data obtained from 

waterbome outbreaks provide information on the human health impacts of microbial-

contaminated water. However, it is difiQcult to understand the impacts associated with 

exposure to low levels of contamination. Risk assessment can be used to determine the 
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significance of exposure to low levels of microorganisms in water. 

The four fimdamental steps of the risk assessment process described above - hazard 

identification, dose-response assessment, exposure assessment, and risk characterization 

(NRC, 1983) - can also be applied to assessing risks associated with exposure to 

microorganisms. Hazard identification includes characterizing the microorganism in terms 

of its physical attributes, the diseases/outcomes associated with exposure, its infectivity, 

morbidity and mortality ratios, populations at particular risk of disease, and its susceptibility 

to inactivation by water disinfection. Dose-response assessment utilizes information 

obtained fi^m human dose-response studies to determine the infective dose of a particular 

microorganism. Two mathematical models have been shown to adequately describe the 

infection process demonstrated in the dose-response studies of pathogenic microorganisms, 

including viruses (Haas, 1983). The exponential model. 

Pi = 1 - exp(-rN), 

[where P; = the probability of infection, r = the number of microorganisms that survive 

and are capable of initiating an infection, and N = the number of microorganisms ingested 

or inhaled] assumes a random distribution of microorganisms in the source and a constant 

microorganism-host interaction. The beta-Poisson model. 

P,= l-(1+N/B)-*, 
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[where Pj = the probability of infection, N = the number of microorganisms ingested or 

inhaled, and a and B represent parameters of the host-virus interaction] assumes a more 

heterogeneous microoiganism-host interaction. Risk estimates of illness and death can also 

be computed from these models by incorporating morbidity and mortality ratios of that 

particular microorganism (Haas et al., 1993). 

Exposure assessment detemiines the amount of water consumed by an individual as 

weU as the concentration of microorganisms (e.g., viruses). The USEPA uses 2 liter/person-

day for risk estimates of drinking water (Roseberry and Burmaster, 1992). Concentration 

data of a water source are site-specific and depends on the raw water quality and the degree 

of water treatment applied. It is this portion of the risk assessment process for 

microoiganisms \^ere data are most lacking. Risk characterization is the process of using 

the information learned from the first three steps and estimating the risks associated with 

exposure to a particular miCTOorganism. Any uncertainties and assumptions that contributed 

to the risk assessment procedure are described here. 

The risk assessment paradigm has recendy been applied to evaluate the human health 

impact of exposure to microoiganisms in food and various water supplies (Gerba and Haas, 

1988; R^ et al., 1991; Rose et al., 1991; Gerba and Rose, 1993; Haas et al., 1993; Rose 

and Sobsey, 1993; Teunis et al., 1994; Rose et al., 1995; Ashbolt et al., 1996; Gammie and 

Wyn-Jones, 1996; Gerba et al., 1996; Haas et al., 1996; Rose et al., 1996). Risk 

assessments of bacteria, viruses, and parasites have all been conducted and the application 

of microbial risk assessment in the regulatory arena has been explored (Rose and Gerba, 

1991; Macler and Regli, 1993; Sobsey et al., 1993). 
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The USEPA recommends that annual microbial risks of infection should not exceed 

1/10,000 (10"*) (Macler, 1993). Rose et al. (1991) developed a risk assessment model to 

estimate the risk of infection after exposure to treated waters contaminated with Giardia 

cysts. Yearly risks of infection were estimated to be greater than 10"* and the study 

demonstrated how mioDbial risk estimates can determine the level of treatment required to 

achieve an acceptable level of risk. Risks associated with varying exposures to 

CryptosporicUtan oocysts in water have also been assessed (Haas et al., 1996). 

The application of the risk assessment framework to viruses as a group has been 

reviewed (Gerba and Haas, 1988; Regli et al., 1991; Haas et al., 1993). More recently, a 

risk assessment of rotavirus has been conducted (Gerba et al., 1996) and concluded that 

rotavirus may have the highest infectivity of any waterbome virus. Due to the variability 

among the waterbome viruses in terms of associated diseases and resistance to disinfection, 

formal risk assessments of specific viruses are needed. 

Dose-response studies using human volunteers have been conducted for several 

microorganisms including rotavirus (Ward et al., 1986), hepatitis A virus (Ward et al., 

1958), poliovirus (Koprowski, 1956; Katz and Plotkin, 1967), adenovirus (Couch et al., 

1966), Salmonella non-typhoid (M^Cullough and Eisele, 1951), Salmonella typhoid 

(Homick et al., 1970), Shigella (Dupont et al., 1969), and Cryptosporidium (Dupont et al., 

1995). (Dose-response information for chemical risk assessments is primarily obtained from 

animal studies.) The best fit of the dose-response relationships to the data can be 

determined using the method of maximum likelihood (Haas et al., 1993) and dose-response 

models have been developed for many microorganisms (Rose et al., 1996). Extrapolation 
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from high to low doses is reqiiired in this step of the microbial risk assessment process. 

Risk estimates have been compared to epidemiological data obtained from 

waterbome disease outf)Feaks in order to determine the accuracy of the predicted estimates 

(Rose et al., 1996). Attack rates and duration of exposures from outbreak data are used to 

estimate the probable dosage that occurred to produce the observed attack rate; this range 

of dosage level is then compared to the dosage range predicted using the dose-response 

curve. 

One such comparison was conducted for Salmonella, in which the predicted range 

included the dosage range detected in the samples from the outbreak (Rose et al., 1996). 

In an evahiation of the microbial risk estimates for Escherichia coli, the predictions of the 

dose-response model on the infectivity of this microorganism supported the conclusions of 

epidemiological investigations (Gangarossa, 1978; Bennett, 1987). 

A certain degree ofimcertainty exists in all risk assessments. An uncertainty analysis 

has been conducted to measure the uncertainty in the estimation of risks using the microbial 

risk assessment models. A Monte-Carlo analysis has been performed to compare the 

uncertainty that is attributed to e?qx>sure variability to the uncertainty associated with virus 

in&ctivity and morbidity and mortality ratios ^Eiaas et al., 1993). It was concluded that the 

greatest degree of uncertainty is due to the variability in exposure and not due to the dose-

response parameters used in the assessment. 

More data are needed on the occurrence of microorganisms in water, particularly 

viruses. Most of the data on the occurrence of viruses in water are for enteroviruses as a 

group and not for specific viruses. When studies are conducted to analyze water supplies 
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for specific viruses, virus concentration data are often not provided. The application of risk 

assessment methodology to estimate risks posed by specific viruses would provide a better 

understanding of the significance of viral waterfoome disease. This methodology can be 

applied to both drinking water and recreational water as well as in developed and developing 

countries. Microbial risk assessment has the potential to become a usefiil tool for policy

makers in assessing microbial water quality. 

Dissertation Format 

The research presented in the ^pendices of this dissertation consists of four related 

studies designed and undertaken by the candidate; 1) an evaluation of the applications of 

microbial risk assessment in a regulatory setting and the development of a strategy for the 

environmental water analyses during the United States Environmental Protection Agency's 

Information Collection Rule; 2) an assessment of the economic impact of viral waterbome 

disease in the United States; 3) the application of the risk assessment paradigm to assess 

risks associated with exposure to waterbome coxsackievirus; and, 4) a formal risk 

assessment of waterbome adenovirus. 

Dr. Gerba is a co-author on all of the papers and served as an advisor to the 

candidate's research. Dr. Rose and Dr. Haas are co-authors on Appendices 3 and 4 and 

contributed information for the dose-response step used in the risk assessments but made 

no contribution to the implementation and interpretation of the research. The Department 

of Soil and Water Science requires that each candidate submit their original research to 

peer-reviewed scientific journals for publication. By using this dissertation format, the 
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candidate's research is presented as four separate papers. 
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PRESENT STUDY 

The methods, results and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the most important findings. 

The first paper offers potential applications of microbial risk assessment in a 

regulatory setting. Information obtained fi'om microbial risk assessments can be used to 

identify prevalent microorganisms, evaluate water treatment efiBcacy, identify 

microorganisms that are resistant to water treatment, and provide a comparison for 

evaluating risks associated with disinfectants and disinfection by-products. This first paper 

also describes a plan of action for the USEPA for the viral analyses of water samples that 

will be collected during the Information Collection Rule. 

The second paper presents a comprehensive cost-of-illness analysis for Norwalk 

virus, rotavirus, and non-polio enterovirus. Costs associated with these viral iUnesses were 

estimated at neariy $7 billion^ear in the United States with potentially $0.39 to $2.4 billion 

attributable to water. 

The third paper discusses waterbome coxsackievirus as an environmental hazard. 

A formal risk assessment approach was undertaken and identified serious illnesses that are 

associated with coxsackievirus infections. Risk of infection estimates were calculated as 

high as 1x10"' per year for drinking water and 1x10'̂  for a 10-day exposure to recreational 

swimming. The estimated risk for drinking water, based on exposure information fi'om field 

data, exceed the USEPA's recommendation of an annual risk of infection level of 1x10"*. 
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A formal risk assessment approach was conducted to estimate risks associated with 

exposure to adenovirus in drinking water ard recreational water and the results are 

presented and discussed in the fourth paper. Estimated annual risks of infection for 

adenoviius in drinking water ranged fiom 2.6x10'̂  to 9.5x10'̂  Using monitoring data from 

a recreational water source, risks of infection reached 1x10'̂  for a single exposure. 



APPENDIX 1: 

27 

APPLICATION OF MICROBIAL RISK ASSESSMENT TO PRIORITY-SETTING 
FOR ARCHIVED WATER SAMPLES COLLECTED UNDER THE USEPA'S 

INFORMATION COLLECTION RULE 

KristinaD. Crabtree* and Charles P. Gerba 

Department of Soil, Water and Environmental Science 
The University of Arizona 
Tucson, Arizona 85721 

•corresponding author 



28 

Abstract 

The application of risk assessment methodology is commonly used to assess risks 

associated with ecposure to toxic chemicals in the environment. Risk assessment has 

recently been employed to assess risks involved with environmental exposure to pathogenic 

microorganisms (e.g., viruses). Information on the effects of exposure to high 

concentrations of pathogens can be obtained epidemiologically from documented 

wateibome outbreaks. However, it is difficult to assess the risks involved to mdividuals and 

communities from exposure to low levels of contamination, and in many outbreak situations, 

the causative agent is never identified. Human viruses have been documented as waterbome 

agents of disease. The primary limitation in conducting a risk assessment of waterbome 

vimses is the lack of quantitative data on their occurrence in water. The United States 

Environmental Protection Agency (USEPA) has initiated the Information Collection Rule 

(ICR) in which water utilities serving >100,000 people will be required to collect data on 

the concentrations of specific microorganisms - including coliform bacteria, protozoan 

parasites, and total culturable viruses - in source and finished water beginning in 1997. Data 

on treatment plant operations and disinfection by-product precursor removal will also be 

obtained. Selected water utilities will be required to analyze water samples for 

enteroviruses but it is uncertain if any fiirther viral analyses of the collected samples will be 

conducted. 

The goal of this study is to use a risk assessment approach to determine which 

vimses - if any - would be appropriate for the analyses of the archived water samples. 

Published literature on the enteric vimses and their role as waterbome disease agents was 
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reviewed and the following characteristics were considered; 1) the nature of the different 

diseases/outcomes caused by enteric viruses, induding severity and frequency of occurrence; 

2) waterbome outbreaks of these viruses; and, 3) the resistance of these viruses to 

inactivation by disinfectants. The following viruses are recommended to be included in the 

analyses of the archived water samples; rotavirus, coxsackievirus, hepatitis A viais, 

adenovirus, Norwalk and Norwalk-like viruses, astrovirus, and hepatitis E virus. The 

polymerase chain reaction (PGR) is the recommended detection method for these viruses 

due to the specificity and sensitivity of this technique. The results of these analyses will 

provide both a database on the occurrence of these viruses in water as well as their 

susceptibility to removal by water treatment. The concentration data of the viruses will be 

compared with the results of the colifonn bacteria analysis to determine if any correlation 

of occurrence exists. The occurrence data obtained can be used in microbial risk 

assessments to determine the human health impacts of exposure to waterbome viruses. 

Results of such assessments can be used as a tool in policy decision-making in the 

management of microbial water quality. 

Introduction 

The application of risk assessment methodology is commonly used to assess risks 

associated with exposure to toxic chemicals in the environment (NRC, 1983). Risk 

assessmoit has recoitly been en:q)loyed to assess risks involved with environmental exposure 

to pathogenic microorganisms, such as viruses (Regli et al., 1991; Rose et al., 1991; Haas 

et al., 1993). However, the lack of quantitative data is the primary limitation in conducting 



microbial risk assessments. Although human viruses have been well-documented as 

wateibome agents of disease, data are lacking on their occurrence in water. \%uses have 

beeninq)licated in waterbome outbreaks (Hawley et al., 1973; Taylor et al., 1981; Kaplan 

et al., 1982; Solodovnikov et al., 1989; NfMllan et al., 1992) and are suspected to be the 

causative agent in many of the outbreaks where the responsible microorganism was not 

isolated. In many outbreak situations, the nature of the resulting disease indicates an 

outbreak that may be of viral etiology. 

Although waterbome outbreaks have been documented for viruses, their role as 

waterbome pathogens has not been fully characterized making it difficult to evaluate the 

himian health impact of exposure to low levels of viral contamination in a water supply. A 

formal risk assessment approach can be applied to determine the risks involved to 

individuals and communities from exposure to viruses in water, particularly at low 

concentrations. Dose-response models can be developed based on information obtained 

from human-feeding or human-inhaladon studies. Information obtained from microbial risk 

assessments of viruses can be used by policy-makers in developing regulations for potable 

waters. However, more data are needed on virus occurrence in water. 

The United States Environmental Protection Agency (USEPA) has initiated the 

Information CoUection Rule (ICR) in which, beginning in 1997, water utilities serving 

>100,000 people will be required to collect data on the concentrations of specific 

microorganisms in source and finished water for 18 months (USEPA, 1996). Water will be 

analyzed for colrform bacteria, protozoan parasites, and total culturable viruses [which 

includes polioviius types 1, 2 and 3; some serotypes of echovirus and coxsackievirus; and. 
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some of the reovinises ^ahling and Wright, 1986; Hurst, 1996)]. Coliform bacteria are 

currently used as an indicator of microbial water quality. Results of the other microbial 

analyses will be compared to determine if any correlation of occurrence exists. Data on 

treatment plant operations and disinfection by-product precursor removal will also be 

obtained. Selected wato* utilities will also be required to archive water samples for possible 

future viral analyses. Although total culturable virus concentration data will be obtained 

during the ICR, it is uncertain if any further viral analyses of the collected samples will be 

conducted. 

The ICR provides an opportunity to collect invaluable data on the occurrence of 

specific viruses in water that can then be incorporated into the risk assessment process. The 

results of such assessments can then be used to evaluate the efiBcacy of treatment plant 

operations and define a risk management strategy for the control of exposure to waterbome 

viruses. 

The objectives of this study are to discuss how risk assessment can be applied to 

microorganisms and to demonstrate how microbial risk assessment can be used in priority-

setting for analyses of water samples during the ICR This paper consists of the following 

sections: 1) a discussion of the application of microbial risk assessment in a regulatory 

setting; 2) a description of the ICR and a selection of the waterbome viruses that should be 

included based on human health impact; and, 3) a proposed plan of analyses for the 

detection of the selected viruses in the archived water samples. The goal is to demonstrate 

how science and policy can interact to develop management strategies designed to control 

the human health risks associated with exposure to microbial-contammated waters. 
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Microbial Risk Assessment: Its Design and Application 

Microbial risk assessment is an innovative tool for evaluating microbial water quality 

and for formulating control strategies that will protect potable waters. The four-tiered risk 

assessment paradigm of hazard identification, dose-response assessment, exposure 

assessment and risk characterization has been used for the past twenty years in risk analysis 

to assess and control exposure to toxic chemicals in the environment (NRC, 1983). The 

development of the framework was a result of increased criticism of the then current 

conduct of risk assessment by regulatory agencies. Risk assessment has recently been 

applied to assess the risks associated to environmental exposure to microorganisms, such 

as viruses and parasites (Regli et al., 1991; Rose et al., 1991; Haas et al., 1993). Recently 

published literature and reports updating the use of this risk assessment paradigm continues 

to strive to improve its ̂ plication in evaluating chemicals in the environment and makes no 

mention of its usefulness in the water microbiology field (NRC, 1993; NRC, 1994; NRC, 

1996). The following discussion offers suggestions and guidelines for the application and 

interpretation of risk assessment in estimating risks associated with exposure to 

microorganisms in water. 

Nficroorganisms of waterbome concern have been grouped into three broad 

categories; bacteria, protozoan parasites, and viruses. Unlike chemicals, microorganisms 

are living entities or, in the case of viruses, are analogous to a living being. Bacteria are 

single-celled, procaryotic microorganisms that vary widely in their ability to cause clinical 

illness and in the severity of those illnesses. Infections with waterbome bacterial pathogens, 

such as Campylobacter, Salmonella non-typhi, and Shigella, primarily result in 
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gastroenteritis. Protozoan parasites, such as Cryptosporidium, Gica-dia and Entamoeba, 

are single-celled, eucaryotic microorganisms that are ubiquitous in nature, including water 

enviromnents. Infections result in gastroenteritis with Cryptosporidium infections 

particular^ severe in immunocompromised individuals. Mruses are obligate intraceUular 

parasites that consist of a DNA or RNA nucleic acid encompassed by a protein coat. More 

than 100 types of himian enteric viruses have been identiiSed (Gerba and Rose, 1990), 

including the enteroviruses (poliovirus, coxsackievirus and echovirus), Norwalk and 

Norwalk-like viruses, rotavirus, and hepatitis A virus. Diseases range from acute 

gastroenteritis to viral myocarditis, encephalitis, and insulin-dependent diabetes mellitus. 

The primary objective in developing a risk assessment approach for estimating risks 

associated with microbial-contaminated water is to provide a framework that can be used 

by r^iulatory agencies, such as the USEPA, to evaluate water supplies, implying the risk 

assessment paradigm to estimate risks associated with microorganisms, however, requires 

some modification of the definitions and goals of each of the steps. 

In the original risk assessment approach, hazard identification is simply defining a 

hazard by presenting evidence of a causative relationship between the agent and the adverse 

ef^. In microbial risk assessment, however, a broader scope of information is presented. 

A complete description of the resulting himian illnesses are identified, including severity 

ranges and the immune status of the populations affected. Moibidity and mortality rates and 

ratios are also included here and any information on endemic and epidemic disease. It is 

important to present this information when conducting risk characterizations to provide a 

more complete description of the hazard. However, it is also pertinent that the assessor be 
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able to recognize fidlacies or biases in the available information on a particular hazard and 

be sdective in information is used. The ability to accurately interpret the information 

presented in the scientific literature is also important. 

The dose-response assessment in chemical risk assessment usually focuses on the 

extrapolation of animal data to humans. This has not been a primary issue in microbial risk 

assessments because the dose-response models have been developed based on studies 

involving humans. Both infection and disease have been used as an endpoint in the human-

feeding and human-inhalation studies. However, the effects of multiple exposures have not. 

In microbial risk assessment, it is assumed that each exposure is statistically independent of 

another. Immunity may alter this assumption but more information is needed in this area. 

For both chemicals and microorganisms, exposure assessment determines the 

fi-equency and intensity of human ejqrasure to the hazard. When applied to microorganisms, 

it is this step of the risk assessment paradigm where data are most lacking. Other factors 

must be included in this section for microorganisms that are not applicable to chemicals. 

First, the survivability of the microorganism in the environment must also be considered. 

Some viruses, for example, are able to withstand environmental stressors better than other 

viruses. Second, the microbial agents' susceptibility to inactivation by water treatment 

varies between microoiganisms and its ability to regrow in the environment will also affect 

the outcome of an exposure assessment. These are factors that are imique to 

microorganisms. The population exposed is also a &ctor. The age distribution and immune 

status of the hosts influence the affect of exposure to microorganisms and must be 

considered when assessing microbial risks. The phenomenon of secondary transmission 
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magnifies the impact of exposure to microorganisms (Morens et al., 1979; Baron et al., 

1982; Kappus et al., 1982 ) which is not a consideration when assessing a majority of 

chemical exposures. 

The primary goal of the risk characterization step of the risk assessment framework 

is the same for both chemical and microbial risk assessments. Information learned through 

the first three steps are presented and interpreted and any assumptions and uncertainties 

encountered throughout the process are discussed. This information is then used to estimate 

the human health effects resulting from exposure to the given hazard. 

Using the information obtained from a risk assessment effectively and appropriately 

is the challenge of any risk analysis. The interpretation of the estimated risks and all the 

factors encompassed in their computation are important in policy decision-making. The 

microbial risk assessment process is a means of providing a framework for decision-makers 

and is an innovative first step toward developing consistent and objective guidelines for 

evaluating environmental risks to microorganisms. Results from such assessments can 

influence regulatory choices made during negotiations of upcoming USEPA regulations, 

such as the Groundwater EHsinfection (GWD) Rule and the Disinfectant/Disinfection 

Byproduct (D/DBP) Rule. The USEPA recommends that potable waters should not 

introduce an annual risk of microbial infection greater than 1; 10,000 (10*^) to individuals. 

It is therefore necessary to obtain an understanding of risks posed by different 

microorganisms. Infection is used as an endpoint rather than illness to be more protective 

for all types of populations. 
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Microbial risk assessment can be applied to provide many valuable pieces of 

information that can be utilized in setting standards and formulating regulations. This tool 

is the link between is known and the action to be taken (Figure 1). One of the obvious 

outcomes of such an assessment is the identification of information gaps. Identifying what 

is not known about a microbial hazard may be just as important as the information that is 

obtained. These gaps highlight the areas where more research and study are needed for a 

better understanding of the scope of the hazard. Estimated risk levels can be used to 

determine what levels of water treatment should be administered to a water supply to 

achieve an acceptable level of risk or to evaluate the efficacy of current treatment practices. 

Results of risk assessments of specific microorganisms can also identify potential 

indicator organisms that can be used to target microbial-unsafe potable waters. Current 

standards utilize coliform bacteria as indicators of contamination but more and more studies 

are demonstrating no correlation between the prevalence of bacteria and the prevalence of 

viruses and parasites (Seyfiied et al., 1985; Fleisher, 1990; Fleisher, 1991). By reviewing 

the data on the occurrence of viruses and parasites in water supplies and their ability to resist 

environmental influences and conventional treatment practices, these microorganisms may 

be introduced to this role. Improving the methods of detection for both viruses and 

parasites are currently being explored to develop detection techniques that are sensitive and 

economically feasible (Schwab et al., 1993; Jakubowski et al., 1996). 

A concern for the long-term health effects fi'om exposure to disinfectants (e.g., 

chlorine) and disinfection by-products has tempted some experts to suggest altering doses 

of chlorine and chlorine compounds during disinfection. A decrease in the amount of 
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disinfectioii administered could greatly hinder the microbial quality of the water. This 

relationship was demonstrated in the reduced number of microbial outbreaks and deaths 

when disinfection was first implemented in water treatment, ^ficrobiai risk assessment 

provides a comparison for the estimated risks to these chemicals in water which may be 

necessary to evaluate before other forms of treatment are considered. Without an estimation 

of the miaobial risks involved, the options and consequences surrounding this issue could 

never be fully addressed. 

Periiaps the most useful aspect of microbial risk assessment is its application for all 

types of water and populations. The dose-response models can be used for populations in 

developing countries as well as in the industrialized areas and calculated risk estimates can 

be used to assess microbial water quality for different sources of water in all parts of the 

world. Most of the exposure data that are obtainable for viruses, for example, are from 

studies conducted in developing countries. However, this information can be incorporated 

in a risk assessment in which the risk estimates could be useful in an industrialized setting 

as well. By including the nature of the population under consideration during the risk 

characterization, the estimated human health risks can be appropriately interpreted. 

Incorporating science with policy is a complex challenge. It is recommended that 

risk assessments be conducted for specific microorganisms, such as viruses, since there is 

great variability in occurrence, infectivity, pathogenicity, and populations most affected. 

This would provide invaluable information on specific members of this complex and diverse 

group of microorganisms. It is also recommended that infection be used as the primary 

endpoint of interest in order to be protective of sensitive populations and since infections 
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can result in secondary transmission which, can magnify the impact of exposure to 

wateibome microorganisms. Some data, such as dose-response information, are lacking for 

some of the waterbome viruses but data obtained for other viruses could be used to fulfill 

the assessment. Combining characteristics of individual viruses may be the appropriate 

means of establishing viral water quality criteria. The following section demonstrates how 

risk assessment can be used to identify specific viruses as a potential public health concern. 

Such information can then be used in priority-setting for analyses of archived water samples 

collected under the USEPA's ICR. 

The Information Collection Rule: Should Viruses Be Included? 

The Information Collection Rule (ICR) (USEPA, 1996) was one of three drinking 

water rules developed in 1992 by an advisory committee [consisting of persons fi-om state 

health agencies, environmental and consimier groups, the water industry, and the United 

States Environmaital Protection Agency (USEPA)] whose initial goal was to negotiate the 

Disinfectant/Disinfection By-Product (D/DBP) Rule (USEPA, 1992). In negotiating the 

D/DBP Rule, the committee considered how establishing guidelines for the levels of 

disinfectants and disinfection by-products allowable in drinking water impacts the amount 

of treatment that should be administered [resulting in the development of the Enhanced 

Surfece Water Treatment Rule (ESWTR)] and then how this could influence the 

concentrations of pathogenic microorganisms in the water supply. The committee decided 

that more information is needed on the occurrence of specific microorganisms in water to 

better understand the effects of setting guidelines on the levels of disinfectants and 
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disinfection by-products to be administered. 

During the 18 months of the ICR, occurrence and concentration of total culturable 

viruses and the protozoan parasites, Cryptosporidium and Giardia, will be monitored in 

surface waters that serve as sources of drinking water supplies as well as those drinking 

water supplies that are under the direct influence of microbial-contaminated sur&ce waters. 

Coliform bacteria anatyses will also be performed. Water utilities in the U.S. that serve over 

100,000 people ^ch have met "laboratory approval" by the USEPA wiU participate m the 

ICR. Operational information of the water utility will also be collected and pilot studies to 

determine disinfection by-product precursor removal using membrane filtration or granular 

activated carbon (GAC) will be conducted. Many aspects of quality control (fi-om 

participating personnel to record-keeping) for all phases of the ICR was given careful 

consideration. 

The ICR will provide information on the occurrence of both Cryptosporidium and 

Giardia as well as the occurrence of total culturable viruses in the tested waters. However, 

because of the wide range of disease outcomes that can result from a virus infection, there 

is a need to identify specific viruses to become aware of their occurrence in source water. 

The development of a database of the types of viruses found in these waters as well as the 

concentration detected will help in understanding the magnitude of risks associated with 

viruses in drinking water in the United States. 

The vu^ analyses portion of the ICR will include utilization of the buffalo green 

monk^ ^GM) cell line for the detection of total culturable viruses. During this procedure, 

aliquots of the tested wata* samples will be fit)zen and archived for possible future analyses. 
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Utilities detecting 100/L or > of total culturable viruses in source water or any culturable 

viruses in finished water will potentially analyze the archived samples for additional viruses; 

however, it is speculated that the samples will ever be fiirther processed. Much attention 

and enthusiasm has been focused on the emergence of waterbome parasites, such as 

Cryptosporidium, while waterbome viruses have been somewhat forgottea Conventional 

methods for detecting viruses firom environmental samples can be time-consuming and 

costly making viruses not often recognized as the etiologic agent of waterbome outbreaks. 

Recently, Crypiosporidivm has been implicated in several waterbome outbreaks in the 

United States (Hayes et al., 1989; Joce et al., 1991; Leland et al., 1993; M^enzie et al., 

1994) and have been associated with severe illnesses among the immunocompromised 

population. This emergence of Cryptosporidium within the past ten years as a recognized 

pathogen in the immunocompromised has placed the concern of microbial-contaminated 

water in this direction. 

Viruses as Waterbome Disease Agents 

Enteric viruses are viruses excreted in the feces of all warm-blooded animals. More 

than 100 types of human enteric vimses have been identified (Gerba and Rose, 1990) and 

some have been assodated with wateiborae outbreaks. These viruses range in size fi-om 20-

85 nm, have several serotypes, and are capable of surviving adverse environmental 

conditions. Table 1 lists the enteric vimses and the diseases associated with infections. 

The enteric vimses are highly resistant to conventional water and wastewater 

treatment and many of these vimses have been isolated fi'om water supplies, including 
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Table 1. Enteric Viruses.* 

Virus Nucleic Acid Diseases 

Enteroviruses: 

Coxsackievirus RNA aseptic meningitis, 
insulin-dependent 
diabetes mellitus, 
respiratory illness, 
myocarditis 

Echovirus RNA dianliea, aseptic 
meningitis, respiratory 
illness 

Poliovirus RNA paralysis, aseptic 
meningitis 

Adenovirus DNA acute respiratory disease 
(ARD), pneumonia, 
conjunctivitis, 
gastroenteritis 

Astrovirus RNA gastroenteritis 

Calicivirus RNA gastroenteritis 

Hepatitis A RNA hepatitis 

Hepatitis E RNA hepatitis 

Norwalk and Norwalk-Iike RNA gastroenteritis 

Reovirus RNA gastroenteritis, 
respiratory illness 

Rotavirus RNA gastroenteritis 

Snow Mountain Agent RNA gastroenteritis 

*Gerba and Rose, 1990 
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groundwater, surface water, and drinking water. Sur&ce waters exposed to sewage can 

become contaminated with viruses but the types and concentration levels of viruses present 

in the contaminated water depends on the source of contamination (raw sewage, treated 

effluent, or natural reservoir), the time of year of sampling, the amount of rainfall, and the 

incidence of enteric viral disease among the source population (Gerba and Rose, 1990). 

Data are limited on the actual concentrations of many of the viruses in these waters; most 

studies have evaluated water supplies for the presence of enteroviruses. 

In most outbreak situations, the etiological agent of waterbome disease is not 

identified. From 1946 to 1980, the responsible agent was not isolated in over 50% of the 

documented waterbome disease outbreaks Q^ppy and Waltrip, 1984). Enteric vimses were 

identified as the cause of 12% of these outbreaks. In another data set of waterbome disease 

outbreaks documented fi'om 1971-1992, enteric vimses were responsible for more than 8% 

of the 684 reported outbreaks. Again, the causative agent was not identified in nearly 50% 

of these outbreaks. 

Waterbome outbreaks of disease have been documented for some of the enteric 

viruses although the occurrence of these outbreaks are probably underestimated due to the 

underreporting of outbreaks invoh/ing water. When an investigation is conducted, however, 

it may be particularly difficult to identify the causative agent due to the lapse of time that 

may have occurred between exposure of a population to contaminated water and the onset 

of the water analyses. 

Although the responsible agent of a waterbome outbreak is often not identified, 

enteric vimses are suspected to be the cause of many of these outbreaks due to the nature 
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of the resulting disease and the attack rates observed; however, the current methodology 

for detecting viruses in water may lack the sensitivity required to detect the low levels of 

viruses that are capable of initiating an infection (Ward and Akin, 1984; Ward et al., 1986) 

or an outbreak in a community. Outbreaks caused by viruses (or any microorganism) can 

be particularly detrimental to a community due to the potentiality of person-to-person 

transmission. Many viruses can cause inapparent infections that can subsequently be 

transmitted to other individuals. This phenomenon magnifies the impact of waterbome 

viruses. 

Application of Risk Assessment to Priority-setting of Viruses 

Published literature on enteric viruses and their role as waterbome disease agents 

was reviewed using Medline (National Library of Medicine, Bethesda, Maryland), Agricola 

(Agricola National Agricultural Library, Agricultural Online Access, Silverplatter 

Information, Norwood, Massachusetts), and Water Resources Abstracts (Cambridge 

Scientific Abstracts, Silverplatter Information, Norwood, Massachusetts). The following 

characteristics were considered; 1) the nature of the different diseases/outcomes caused by 

the enteric viruses, including severity and frequency of occurrence; 2) the waterbome 

outbreaks associated with these vimses, including attack and hospitalization rates; and, 3) 

the resistance of these viruses to inactivation by disinfectants. Information obtained fi-om 

the review of the literature was used to conduct a microbial risk assessment (including 

hazard identification, dose-response assessment, exposure assessment and risk 
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characterization) of specific viruses. Table 2 lists the &ctors considered when selecting 

viruses for inclusion in the ICR-

Table 2. Factors Considered During Virus Selection for ICR Analyses. 

infectivity 
range and severity of resulting diseases 

hospitalization ratio among those infected 
population affected 
occurrence in water 

resistance to environmental stresses 
resistance to water disinfection 

role as an etiological agent of waterbome disease outbreaks 

Dose-response information based on studies using human volunteers are available 

for many microorganisms, including viruses (Koprowski, 1956; Ward et al., 1958; Couch 

et al., 1966; Katz and Plotkin, 1967; Akin, 1981; Ward et al., 1986). Such information can 

be used to identify infectious viruses (e.g., rotavirus as a highly infectious viral agent or 

echovirus as a less virulent virus). The association of the virus with human disease and the 

nature of the resulting diseases in terms of range and severity of illness, were also factors 

considered during virus selection. Reoviruses (besides the genera, rotavirus) were excluded 

fiom the list, for exan:q)le, because these viruses are not associated with any known human 

disease (Tyler and Fields, 1990). (Infections may be either asymptomatic or occur with 

other viral illnesses and are not diagnosed.) The severity of the resulting diseases are 

evaluated by comparing hospitalization ratios among those infected of specific viruses (Rose 

et al., 1996). W^th many viral infections, the severity of illness depends upon the status of 
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the host's immune qrstem with high morbidity and mortality ratios often associated among 

the immunocompromised population. Thus, the nature of the population affected by 

particular vinises (e.g., the sensitive populations) was also considered during the selection 

of viruses for the ICR. 

The occurrence of specific viruses in water (both drinking water and recreational 

water) was also used as a criteria during virus selection and studies evaluating the virus' 

ability to survive in the environment and resist mactivation by water disinfection were also 

considered. Any epidemiological evidence of the virus' role as a waterbome pathogen, 

including investigations of waterbome disease outbreaks, was also reviewed. For example, 

rhmoviruses are commonly associated with human respiratory illnesses but evidence of their 

transmission through water is lacking (Couch, 1990). 

The enteric viruses selected for the analyses based on the information learned 

through microbial risk assessments are listed in Table 3. 

Table 3. Viruses Selected for Detection in Archived Water Samples. 

Rotavirus 

Coxsackievirus 

Hepatitis A Virus 

Adenovirus 

Nonvalk and Norwalk-like \^ses 

Astrovirus 

Hepatitis E Virus 
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The viruses are listed in order of their significance as waterbome disease agents although 

each of the selected viruses possess characteristics which make them potential waterbome 

pathogens. Because the primary costs of viral analyses of water samples are attributed to 

initial laboratory set-up, it may be economical)^ feasible to include all of the selected viruses 

in the ICR. however, it is necessary to narrow the list, it would be the responsibility of 

the risk manager to do so. 

Rotavirus 

Rotavirus tops the list of selected viruses because it is the most common cause of 

viral gastroenteritis worldwide and current information suggests that rotavirus may be the 

most infectious waterbome agent known (Regli et al., 1991). It is transmitted fecal-orally 

and can occur in large numbers in domestic sewage (Smith and Gerba, 1982; Hejkal et al., 

1984; Rao et al., 1988) and has been detected in drinking and recreational waters (Rose et 

al., 1987; DeLeon, 1989). Rotavirus has been implicated in waterbome outbreaks of disease 

(Hung, 1983, 1984; Hopkins et al., 1984; Solodovnikov et al., 1989) and all of the 

outbreaks have been associated with either direct fecal contamination of a water supply or 

improper treatment. Diarrhea due to rotavirus has been shown to be the most common 

cause of hospitalization for childhood diarrhea in the U.S. (Brandt et al., 1983) with an 

estimated hospitalization ratio for rotavirus-related illness in children < 5 years old of S/1000 

per year (0.5%) (Ryan et al., 1996). It has been estimated that rotavims diarrhea accounts 

for approximately 20 deaths per year in the United States ((Cilgore et al., 1995) and 

mortality ratios greater than 50% have been observed in transplant patients (Yolken et al.. 



48 

1982). Studies have shown rotavirus to have the greatest resistance to inactivation by 

ultraviolet light disinfection of all the enteric RNA viruses (Wolfe, 1990). 

Coxsackievirus 

Coxsackievirus is the most common non-polio enterovirus in terms of frequency of 

isolation from water and wastewater. There are two types of coxsackievirus (types A and 

B) and 30 serotypes. Coxsackievirus is second on the list of selected viruses for the ICR 

because coxsackievirus infections are associated with a greater number of serious illnesses 

than any waterbome virus, including aseptic meningitis (Bell and McCartney, 1984), 

myocarditis (Reyes and Lemer, 1985; Bowles et al., 1986), respiratory iUness (Bloom et al., 

1962), encephalitis (Moore et al., 1984), and insulin-dependent diabetes mellitus (Bell and 

Cartney, 1984; Sumburerii, 1991; Frisk et al., 1992). This group of viruses (primarily 

type B) are commonly found in domestic wastewater (Irving and Smith, 1981; Martins et 

al., 1983; Guttman-Bass and Nasser, 1984; Krikelis et al., 1986; Dahling et al., 1989) and 

have been isolated from surface, groimd and drinking waters (Hejkal et al., 1982; Lucena 

et al., 1985; Payment et al., 1985a). Coxsackieviruses are very stable in the environment 

(Lo et al., 1976; O'Brien and Newman, 1977) and are highly resistant to chlorine and 

ultraviolet light disinfection (Jensen et al., 1980; Payment et al., 1985b). There have been 

at least two documented waterbome outbreaks (Hawley et al., 1973; Denis et al., 1974). 

Hepatitis A Virus 

Hepatitis A has been classified as enterovirus 72 because it possesses similar 

physico-chemical characteristics as those of the enterovims group and demonstrates acid 
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stability and resistance to ether (Gerba and Rose, 1990). Hepatitis A is included near the 

top of the list because it is responsible for numerous wateibome outbreaks worldwide which 

result in the highest hospitalization ratios (as high as 6.7%) when compared to other 

waterborne viruses (Rose et al., 1996). Waterborne outbreaks caused by this virus have 

been traced to sewage contamination (Rao and Melnick, 1986) but transmission through the 

consumption of contaminated shellfish (Lemon, 1985) and other foods (Rosenblum et al., 

1990; Niu et al., 1992) have also been reported. Hepatitis A infections cause liver damage 

and produce jaundice in infected individuals which make them more easily recognized than 

infections caused by some of the other enteric viruses. This particular virus is reported to 

be the most thermally-stable enteric virus and studies have shown hepatitis A to survive for 

extended periods in groundwater (Sobsey et al., 1988). 

Adenovirus 

Adenovirus is considered to be only second to rotavirus in terms of its significance 

as a pathogen of childhood gastroenteritis (Brandt et al., 1984; Brandt et al., 198S) and is 

included in the list of selected viruses. There are 49 types of adenoviruses and the diseases 

resulting fi-om adenovirus infections include acute respiratory disease (ARD), conjunctivitis, 

urethritis, cervicitis, hemorriiagic cystitis, and gastroenteritis (Kapikian and Wyatt, 1992). 

Adenovirus infections are usually acute and self-limiting with a greater severity of illness 

occurring in the immunocompromised (e.g., ADDS patients and transplant recipients) 

(Herholzer, 1992). An important characteristic of adenovirus infections are their potentially 

devastating outcomes among this population; mortality ratios have been reported as high 
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as 50% to 60% (Zahradnik et al., 1980; Shields et al., 1985). Although there is limited 

infonnatioii on the concentrations of adenovirus serotypes in freshwater and drinking water, 

adenoviruses have been detected in raw sewage throughout the world (particularly type 7) 

(Irving and Smith, 1981; Krikelis et al., 1985a; Krikelis et al., 1985b; Hurst et al., 1988; 

Girones et al., 1993; Puig et al., 1994) and often in greater concentrations than the 

enteroviruses. Adenovirus is highly resistant to ultraviolet light disinfection (Meng and 

Gerba, 1996) and survival studies have shown the enteric adenoviruses to be the longest 

surviving enteric viruses in water (more stable than poliovirus type 1 in wastewater, tap, and 

sea water) (Enriquez et al., 1995). There have been several documented waterbome 

outbreaks (D'Angelo et al., 1979; Martone et al., 1980; McMillan et al., 1992) which 

involved swimming in contaminated recreational waters. 

Norwalk and Norwalk-Iike Viruses 

Norwalk and Norwalk-Iike viruses represent a group of viruses that produce a 

similar type of human viral diarrhea. This group of viruses are included in the selection of 

viruses because they are nuyor causes of waterbome disease in the U.S. and are the primary 

agents responsible for adult gastroenteritis (Kaplan et al., 1982; Dolin et al., 1987). It has 

been estimated that nearly 42% of the non-bacterial gastroenteritis outbreaks are due to 

Norwalk virus (Kaplan et al., 1982). More than 17% of these outbreaks were waterbome 

and were attributed to municipal and semi-public water supplies. Secondary person-to-

po^n transmission is common although little is known about the infectivity of this group 

of viruses because they are not cuhurable in the laboratory through conventional cell culture 
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techniques. Studies have shown these viruses to be very resistant to chlorine disinfection 

compared to other viruses, such as poliovirus type 1 (Keswick et al., 1985). 

Astrovirus 

Astroviiuses were first identified in 1975 in stools of infected newborns (^pleton 

and Higgins, 1975). Astrovirus infections occur worldwide and greater than 80% of the 

population shows evidence of past infection by the age of 10 (Kurtz and Lee, 1987). 

Astrovirus is responsible for both sporadic episodes and outbreaks of diarrhea throughout 

the world in chQdren and the elderiy Cmchiding the United States, Japan and Thailand) (Gray 

et al., 1987; Lew et al., 1990; Herrmann et al., 1991; Oishi et al., 1994; Utagawa et al., 

1994; Pinto et al., 1996) with particularly high illness rates occurring within the elderly 

population (Gray et al., 1987; Lewis et al., 1989). Outbreaks involving oysters and drinking 

water have been documented (Kurtz and Lee, 1987; Cubitt, 1991) although astrovirus 

infections are more commonly transmitted through personal contact (Xu et al., 1981; 

Herrmann et al., 1991). To date, there has been only one study conducted on the 

occurrence of astrovirus in water (Pinto et al., 1996) which also isolated enteroviruses, 

rotavirus and adenovirus type 40 fix>m the same water source. Because of its high morbidity 

among the elderly and its susceptibility to secondary (person-to-person) transmission, 

astrovirus should be included in the ICR to characterize its role as a waterbome pathogen. 

Hepatitis E Wus 

More than 50% of acute cases of hepatitis occurring in developing countries are 

caused by hepatitis E, formally known as enterically-transmitted non-A, non-B hepatitis 
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^urdy and Krawczynski, 1994). It has only recently been differentiated from hepatitis A 

(Wong et al., 1980) and is usually identified as the causative agent of an outbreak or case 

when hepatitis types A and B have been eliminated during the identification process. 

Typical clinical signs include abdominal pain, nausea/vomiting, fever and jaundice with the 

highest poxxntage of symptomatic cases occurring in young-to-middle-aged adults (20-40 

years of age) (Mast and Krawczynski, 1996). There have been no documented outbreaks 

of hepatitis E in the U.S. but large outbreaks have been documented in 29 countries, 

including China (Zhuang et al., 1991) and Mexico (M'Caustland et al., 1991), due to poor 

sanitation (Mast and Alter, 1993). Although transmission is fecal-oral, person-to-person 

transmission is not as common (Bradley et al., 1991; Bradley, 1992). An unusual 

correlation between persons infected with hepatitis E also showing evidence of a prior 

hepatitis A exposure warrants further study. Hepatitis E is also associated with an 

unexplained high case-fatality rate among pregnant women (15-25%) (Mast and 

BCrawczynski, 1996). Although hepatitis E outbreaks have not been documented in the U.S., 

its devastating efiects among pregnant women make it an important virus to be studied. 

Unsanitary conditions could potentially develop in industrialized coimtries thereby creating 

a situation for hepatitis E contamination. 

Proposed Methodologies for Archived Water Samples 

More than 50 years ago, environmental virology emerged from a growing public 

health concern of the occurrence of poliovirus in the environment. The possibility of virus 

transmission through nature led to the development of methods that could isolate viruses 




