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Implications of Recent Oyster Closures and
Seafood Consumption Advisories in Galveston Bay

Richard E. Thompson
Division of Shellfish Sanitation Control, Texas Department of Health

All waters are closed to the taking of molluscan shellfish (oysters, mussels, and
clams) until a comprehensive sanitary survey is completed by the Texas Department
of Health (TDH) and a classification of each growing area is established. Three
classification categories are used for the vast majority of waters in Texas: Approved,
Conditionally Approved, and Restricted. [NOTE: Texas law provides the term
POLLUTED AREA, which is used in the TDH Orders and maps. The criteria used
are the same as established for Restricted Areas in the National Shellfish Sanitation
Program, and the term Restricted Area is used in this report.] Approved Area
means acceptable for direct market harvesting under all but very unusual situations.
Conditionally Approved Area means under certain conditions the area is not
acceptable for harvest and must be closed until the conditions abate and the area
returns to normal, during which time it meets the Approved Area criteria.
Restricted Area means unacceptable for harvesting without cleansing of the
shellfish before entry into the market. A fourth category, Prohibited Area, is used in
several very small areas immediately surrounding sewage treatment outfalls
entering directly into growing areas. Harvesting is not allowed from Prohibited
Areas for any reason.

A shellfish sanitary survey consists of four parts: a pollution source survey, a
hydrographic survey, a meteorological survey, and a bacteriological survey. If an
area does not have pollution sources that force it into a Prohibited Area
classification, the other factors are evaluated to determine what level of
dassification the area can achieve. Upgrading to a better classification requires
justification that the area meets certain stringent requirements which get more
stringent for each level from Restricted to Conditionally Approved to Approved.

If an area cannot meet an established bacteriological standard for either a central
tendency or a variability reason, it falls into a Restricted classification. In Texas,
non-point pollution (runoff from rainfall for example) is responsible for most of the
failure to meet the established criteria and most of the failure is of the variability
criteria.

When the variability criteria is exceeded, further analysis is conducted to determine
if a specific, identifiable condition or set of conditions causes the elevated sample
results that exceed the criteria. If this condition or conditions can be identified, can
be monitored, and occur(s) at a frequency that is low enough that the area can be
opened often enough to justify the increased expense of monitoring, then the area
can be classified as Conditionally Annroved. A management olan is develoDed that
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establishes the criteria that will result in closure of the area (two inches of rain at a
certain rain gauge for example) and establishes a monitoring procedure. Operation
of the management plan results in the opening of the area under acceptable
conditions and the closure of the area when the identified conditions occur.

If an area has no direct pollution sources and meets both portions of the
bacteriological criteria under all but very unusual circumstances, it can be upgraded
to an Approved Area classification. Monitoring is conducted in Approved Areas to
assure that unsafe conditions do not occur undetected and to provide a database
required for classification review each year.

An additional part of the classification is the ability of the patrol agency (in Texas,
the Parks and Wildlife Department) to prevent illegal harvesting in closed areas. If
a line between an Approved or Conditionally Approved Area and a Restricted Area
would cause, or has resulted in, problems for enforcement officers, the line must be
moved to close additional area so that a larger buffer zone exists between the line
and the resources in closed areas.

Comprehensive sanitary surveys of all Texas coastal waters were completed in 1972,
and classifications were established. A few specific areas were re-evaluated from
time to time through the mid-1980s. In 1987, the TDH initiated new comprehensive
surveys of all areas. New and different sampling equipment resulted in increased
bay water sampling, providing more data for use in the surveys. Having a larger
database allows more detailed analysis and resulted in several areas of the coast
being upgraded to Conditionally Approved or Approved classifications. A few
areas, which had been closed frequently and/or for prolonged periods because of
high sample results, were downgraded to Conditionally Approved or Restricted.

The Galveston Bay Complex surveys (Galveston - including Galveston, Trinity, and
East Galveston Bays, and West Galveston - including West Galveston, Bastrop,
Christmas, and Drum Bays) resulted in three major changes and one minor change
in classification. A large portion of Trinity Bay was upgraded from Restricted to
Conditionally Approved. A portion of Galveston Bay (west of the Houston Ship
Channel), which had been subject to frequent, prolonged closures, was downgraded
to Conditionally Approved, a return to the classification the area had been under
before the 1972 surveys. An area adjacent to the lower end of this downgraded area
was upgraded from Restricted to Conditionally Approved. The eastern end of West
Galveston Bay, which was also subject to frequent, prolonged closures, was
downgraded to Restricted. A small area surrounding Smith Point in Galveston Bay
was also downgraded to Restricted.

The area in Galveston Bay failed the variability portion of the bacteriological criteria
when the survey was conducted. Detailed analysis of the data demonstrated a
correlation between rainfall in the San Leon-Eagle Point area and the high bacteria
levels in the water. A management plan was developed and the area, which
extended southerly to include part of Dollar Reef (previously Restricted), was re-
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classified to Conditionally Approved. This area would remain open until two or
more inches of rain fell in any seven day period at the San Leon rain gauge.

The eastern end of West Galveston Bay is affected by a number of different pollution
sources. This results in a variety of conditions that can cause bacteria levels in the
water to exceed the molluscan shellfish criteria. During the years preceding the new
survey, there were several closures of the eastern half of the bay including the
Confederate Reef area. These closures followed sampling events, which
demonstrated bacteria levels above the acceptable level. Some of these closures
lasted for extended times because sampling continued to show bacteria levels
exceeding criteria. When the survey was completed (including extensive new
sampling) several sample stations failed the variability criteria. Additional analysis
of the data could not identify a condition or set of conditions that caused the bacteria
levels to exceed the criteria. The result of the survey was re-classification of the
eastern end of the bay to Restricted, closing it to harvest.

The area around Smith Point also failed the variability portion of the criteria.
Detailed data analysis could not identify any correlation of conditions and bacteria
levels, and this area was also re-classified as Restricted and closed.

There have been a few adjustments to classification lines since 1988, but they have
been the result of loss of markers or enforcement problems, not the result of water
quality or data analysis changes.

Seafood consumption advisories or closures of areas are issued by TDH under the
Aquatic Life Law. This law is very similar to the Shellfish Law, except that no
national program or set of guidelines exists for operation of the activity. When
indications of a risk to human health are brought to the agency's attention, a risk
assessment is conducted based on information provided. [NOTE: The TDH has
requested funding for a proactive program to begin sampling public waters of the
state to find areas of concern, but in the tight funding situation currently existing in
Texas, no funding has been provided by the Legislature. TDH currently must rely
on information provided by other agencies gathered in conducting their mandated
activities and forwarded to TDH.] If a risk assessment indicates an imminent hazard
to health exists, the affected area is declared PROHIBITED for the taking of affected
species, and taking those species from the area becomes a violation of law. An
imminent hazard would exist when one meal or a few meals would result in
immediate or acute health problems. If a hazard exists, but frequent, long term
consumption is required to cause the health effects, a consumption advisory would
be issued. If the risk assessment indicates that levels observed do not represent a
health hazard, the submitting agency is advised, and appropriate public response is
provided.

There are no Aquatic Life Prohibited areas in the Galveston Bay Complex. The only
seafood consumption advisory that has been issued for the Complex is for a
relatively small portion of the upper bay. An advisory was issued in September

157



1990, for the Houston Ship Channel and all contiguous waters, and upper Galveston
Bay north of a line drawn from Red Bluff Point to Five Mile Cut Marker to Houston
Point. This advisory affected catfish and blue crabs. It advised that no one should
consume more than one meal, not to exceed eight ounces, each month; and that
women of child-bearing age and children should not consume any catfish or blue
crabs from this area. The advisory was issued because of low levels of dioxin found
in samples of these two species. Samples of other species did not result in levels of
dioxin above the very low level established in the risk assessment for issuance of an
advisory.

Implications

Shellfish classifications in Texas are relatively conservative because of the limited
sampling effort that can be achieved under current funding constraints. TDH can
foresee no significant changes in classifications in the Galveston Bay Complex in the
absence of significant changes in the pollution sources, hydrology, or meteorological
events. The weather patterns can change or not change, beyond human control.
Therefore, we will respond accordingly. Hydrology in the Complex will change
relatively slowly, with the exception of major projects like the proposed channel
project. If and when such projects are completed, the shellfish surveys will
incorporate the changes into the surveys and classifications will change accordingly.
Predicting such changes has proven to be impossible until projects are completed
and data has been collected. Pollution sources fall into the same category as
hydrology. Without major projects, no significant changes are expected. If major
projects occur, they will be evaluated.

Aquatic Life advisories or closures are difficult to predict. There is no program or set
of guidelines. New detection methods are being developed for chemicals of concern
and old methods are being improved to lower detection limits. At the same time,
state and federal agencies are trying to develop risk levels and risk assessment
methods. As all of these develop, the way consumption advisories and closures are
established will change. The only current reference that can be cited is the
Environmental Protection Agency study recently completed. It indicated that
seafood that comes from areas close to heavy pollution sources can be contaminated,
but went on to show that seafood from clean areas does not exceed levels of concern.
The report also showed that closures or advisories are in place for all areas that had
seafood with sample results exceeding the levels of concern. This report appears to
support the generally held idea that seafood contamination will be found as "hot
spots" at or near contamination sources. The majority of seafood, harvested from
areas not near pollution sources, will very likely be found to be safe. There is no
reason to think the Galveston Bay Complex will be different.
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Characterization Of Selected Public Health Issues
In Galveston Bay

Paul A. Jensen and Yu-Chun Su
Espey, Huston & Associates, Inc.

The purpose of this study is to characterize public health issues associated with bay
use activities such as shellfish consumption and contact and non-contact recreation.
The major objectives of this characterization study are:

1. Review and summarize activities associated with
shellfish bed closures;

2. Identify and characterize sources of bacterial
contamination;

3. Review and characterize areas of Galveston Bay which
have exceeded water quality standards for contact and
non-contact recreation; and

4. Assess the incidence of known pathogenic organisms
such as Vibrio vulnificus.

The characterization includes consideration of indicator organisms and known
pathogenic organisms and covers all identified water quality segments of Galveston
Bay. The study is an analysis of existing data obtained from agencies involved with
public health protection and regulation — the Texas Department of Health (TDH)
and the Texas Water Commission (TWC), as well as information provided by
Galveston and Harris counties, the City of Houston, and numerous other sources.

The primary tool in the regulation of shellfish harvesting areas is the fecal coliform
(FC) bacteria concentration of bay waters. The FC test provides an indication of the
possible presence of disease-bearing fecal contamination. One of the findings of the
study was that while the FC test has been used successfully (as measured by an
overall good quality of shellfish from Galveston Bay sold for human consumption)
for many years, it is by no means an ideal indicator organism. The major
limitations of the test are that it is subject to many false positive results and it does
not give any indication of danger from naturally occurring pathogens such as Vibrio
vulnificus. For regulation of contact recreation, the EPA (1986) has recommended
the FC test and substituting with other organisms.

The work with regulation of shellfish harvesting areas included summarizing the
regulatory procedures and the historical record of areas closed to harvesting. While
the procedures for determining areas closed to harvesting has changed substantially
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over time since the regulatory efforts began in the early 1950s, the areas closed to
harvesting has not changed markedly. This can be seen in the collection of
"Classification of Shellfish Harvesting Area" maps shown in Figure 1. Since 1952,
the TDH has published 40 maps, each showing minor changes in classification. A
total of 32 of these maps were located in the study and Figure 1 is a representative
sample of these maps. The changes in the harvesting area boundaries shown in
Figure 1 have occurred partly through changes in procedures and partly as a result of
year-to-year variations in rainfall and freshwater inflows.

One of the changes that has occurred is the more extensive use of conditionally-
approved areas, as shown in the 1991 map, but actually begun several years earlier.
Based on statistical relationships established from extensive field data, the
conditional areas are automatically closed to harvesting after a predetermined
amount of rainfall or freshwater inflow, and not reopened until field monitoring
has confirmed that indicator bacteria levels have dropped to below the criteria. The
use of conditional areas allows a substantial portion of the bay to be opened to
harvesting during good weather conditions that would otherwise have to be closed
permanently because FC levels are high following heavy rains.

The major sources of FC bacteria to Galveston Bay were investigated in the study.
The primary and overwhelming source is runoff from upland areas, with urbanized
areas being one of the major components. Part of the reason FC levels are high in
urbanized areas is contributions from sewer leaks and overflows. Data from the City
of Houston were analyzed. It was found that the current data, which could be
quantified, were roughly two orders of magnitude smaller than the values
monitored during the early 1980s, before major work on the wastewater collection
system was undertaken. However, urban area runoff, even when the collection
systems are not leaking, generally has high FC levels. It was found that both point
sources and shoreline septic systems are insignificant sources of FC bacteria. The
reason that point sources are insignificant is that disinfection is effective and quite
reliable. The only time that point sources represent a significant portion of the flow
to Galveston Bay is during dry weather, and FC levels are at their lowest during dry
weather. Shoreline septic systems were found to be an insignificant source
primarily because, even with the most conservative assumptions, the flows
involved are extremely small. Runoff from totally undeveloped land also tends to
be high in FC bacteria (TDH, USFDA, USFWS, 1990) although with little evidence of
pathogenic organisms.

An extensive data base of Galveston Bay coliform bacteria data developed by Ward
(1991) was analyzed. It was found that all open bay areas of the system meet the
Texas water quality criterion for contact recreation of 200 FC colonies/100 ml. The
only areas (TWC segments and subsegments) which exceeded the criterion were
inland areas such as the urbanized bayous on the western side of the bay.

These data were also analyzed for evidence of trends over time. Despite major
increases in the areas of the watershed that have been developed since the 1960s
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when data started to become available in a systematic manner, no evidence of
temporal trend could be identified. Figure 2 illustrates this point with the available
FC data for western Galveston Bay near Seabrook. Total coliform data collected in
the same area from 1958 through 1980 shows a similar lack of temporal change.

Another major part of the study dealt with health risks from Vibrio
microorganisms. The genus Vibrio contains 11 species which have been identified
as pathogenic for humans. Human pathogenic Vibrios exist naturally, being most
common in waters with a temperature range of 10° to 30°C and a salinity range of 5
to 30 ppt, conditions representative of Galveston Bay. TDH epidemiological data on
Vibrio infections were analyzed. Out of 176 Vibrio infections reported statewide, 68
were reported in counties surrounding Galveston Bay but only 12 were specifically
identified as occurring in Galveston Bay. Contact recreation and food consumption
were roughly equal sources of Vibrio infection, which accounted for 75% of the
reported cases. The remainder had no source of infection identified.

No evidence of temporal trend or relationship with FC bacteria data could be
identified. A basic conclusion is that risk of Vibrio infection from contact recreation
and shellfish consumption exists and there is no regulatory mechanism to
eliminate that risk. However, Vibrio organisms occur naturally and the risk of
infection is very small.

While Galveston Bay may be perceived to have water quality problems related to
public health, available data do not suggest any worsening of conditions over time
that could be associated with human development in the bay area.
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Figure 1. Shellfish harvesting areas over time.
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The Management of Chemicals Discharged to Galveston
Bay and Potentials for Human Consumption of

Contaminated Fish: A Citizen's Evaluation

Donna L. Philips
Ph.D. student; Department of Preventative Medicine and Community Health

University of Texas Medical Branch

As the result of a graduate student project aimed at reviewing the management of and
monitoring for chemical contamination of Galveston Bay seafood, it was concluded that
current procedures for chemical and contamination monitoring, assessing health risks,
and informing the public about potential hazards are insufficiet for assuring public
health. The goal of this paper is to highlight some of the noted insufficiencies, from a
citizen's viewpoint, and to make several recommendations for Galveston Bay
management of human health risks.

The primary objective of the student project was to assess available information.
Therefore, evaluations were based on information drawn from several local research
studies; telephone interviews and conversations with spokespersons from various
regulatory agencies, universities, and advocacy groups; and the literature. Selected
results from an informal survey to assess local public knowledge about environmental
concerns, also a student project, were also utilized.

Research studies have shown a correlation with industrialization and fish
contamination. Although human cases of chemical poisoning are often difficult to
document for various reasons, there are some tragic cases in the literature documenting
human poisonings from eating fish contaminated with chemical wastewater discharges.
Effective monitoring of industrial wastewater and its impact on bay seafood is vital to
the protection of human health.

The current wastewater discharge monitoring system has several gaps, and appears to
be fairly lenient in regard to reporting requirements and enforcement of permitted
standards. Current reporting regulations and standards allow some toxic wastewater
discharges with potentially serious human health effects to fall through the
"monitoring" cracks without any means of accounting for them. Required monitoring is
based on self-reports from the industry, and often on estimates, making it even more
difficult to keep an accurate account of toxic loading into the bay. Outside evaluation of
monitoring procedures and enforcement of regulations is limited due to insufficient
numbers of inspectors and/or the lack of assigned authority to the regulating agency
for conducting official inspections.

The Texas Department of Health (TDH) is responsible for monitoring the safety of
Galveston Bay seafood for consumption. Yet, even though the bay receives tons of toxic
substances each year, the agency has no funding for routine fish tissue sampling.
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Current TDH monitoring for fish contamination is based on fish tissue studies from
other agencies or organizations that may be conducted. For example, the study
conducted by EPA Region VI in 1986-87, which found high levels of dioxin in upper-
Galveston Bay seafood, resulted in a State advisory to limit consumption of crabs and
catfish from the contaminated area.

Another, very recent study conducted by the Galveston Bay National Estuary Program
(GBNEP) found that health risks associated with average consumption of Galveston Bay
fish from certain parts of the bay (near the Houston Ship Channel) were greater than a
benchmark established by the Environmental Protection Agency (EPA) to flag possible
problems, and to indicate that some action should be considered by the State. For those
who eat large quantities of seafood, this study noted that risk levels were higher than
the same EPA benchmark level of concern for all areas of the bay that were tested.

Although these and similar studies use some of the most scientifically accepted
techniques available for assessing human risk from fish tissue samples, there are
intrinsic limitations and assumptions at all levels of these assessment procedures, which
render the results essentially useless for evaluating "real" human risk; particularly for
various high risk groups such as subsistence fishermen and their families (e.g., women
and children), and various groups of immunocompromised recreational fishermen (e.g.,
elderly). Although most technical and research reports of risk assessment do attempt to
discuss some of their limitations, these technical discussions may not be sufficient for
informing the "non-scientist" public.

However, given these intrinsic limitations, perhaps the most important thing is to
recognize that specific chemicals or mixtures of chemicals are potentially carcinogenic
or disease causing; and then to focus on developing effective strategies to reduce
chemical loading of toxins into the bay as much as possible, and also to reduce human
exposure through systematic fish monitoring and education. As GBNEP and other local
groups work toward developing comprehensive monitoring programs for Galveston
Bay, it is hoped that they will make some of the following considerations.

Animal sentinel systems such as the Mussel Watch program serve as excellent monitors
for contamination levels and trends. Expanded animal sentinel programs which collect
epidemiological data on fish-eating animals and birds could provide important
information for assessing human risk. Dose-response data collected in these systems can
augment traditional laboratory studies, which are the typical means for predicting
human health hazards.

Animals in sentinel systems are exposed to environmentally relevant chemical levels
and complex mixtures that are difficult to obtain in the laboratory. Although no animal
species can be expected to respond in exactly the same way as humans, animals usually
develop cancer and other health effects in response to toxic substances more rapidly
than do humans. Therefore, they can help identify hazards in the environment before
they would otherwise be detected through laboratory studies or human epidemiological
studies. Animal sentinel systems are certainly not the final answer. But, they can yield

166



important information. And, if effectively utilized and monitored, they may provide
time to develop the answer to any problems that may arise.

A strong public education component focusing on health risks is also vital to the
management of the bay. There is a general lack of public knowledge about current
seafood monitoring practices. According to a recent local survey of Galveston citizens,
the majority (60%) of the respondents believe that seafood from Galveston Bay is
routinely monitored for the presence of toxic contamination, or they are not sure.
Current methods for informing the public about state fishing advisories, and about
research reports, are also inadequate. Information that reaches the public is often so
limited that its meaning is ambiguous, and public reports to the general population
tend to downplay risks that may actually exist for certain groups.

Targeted education and advocacy are necessary for certain high risk groups. Poor
subsistence fishermen and their families, particularly those living near industrial sites,
are the most "at-risk" for adverse health effects from fish contamination. Yet, this group
is also the least informed, the least likely to receive adequate health care, and the least
represented at decision-making levels. Poor persons are also the most frequent users of
areas that typically warrant advisories/investigation due to contamination, and they are
generally less active in the political system. Therefore, without informed and active
lobbyists or representatives, their problems and needs may not be seen as a priority at
state and local levels. Comprehensive bay management should include targeted
education to high risk groups, health professionals, and political activists. There are
community and social organization theories and interventions noted in the literature,
which would provide useful information for the development of these programs.

Finally, Galveston Bay management programs should provide adequate opportunities
for citizen involvement (to include high-risk citizens) at decision-making levels. Local
citizens should have input into determining acceptable levels of chemical loading,
appropriate monitoring strategies, and in determining when action is warranted.
Industrial development is important for Galveston Bay, yet the lives and health of many
local citizens are directly affected by any resulting chemical pollution. Those directly
affected should be involved in management planning.
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Norwalk and Hepatitis 'A' Virus in Shellfish

Mary K. Estes, Robert L. Atmar, Frederick H. Neill, Gyorgy Szucs and
Theodore G. Metcalf

Division of Molecular Virology, Baylor College of Medicine, Houston Texas

Public health concern about the safety of shellfish for human consumption arises
periodically as outbreaks of shellfish-transmitted illnesses occur. The majority of
non-bacterial, shellfish-associated illnesses are gastroenteritis and hepatitis, caused
by Norwalk virus (NV) and hepatitis A virus (HAV), respectively. In recent years,
Norwalk and Norwalk-like viruses have been responsible for the greatest incidence
of shellfish-associated gastroenteritis in the United States. Such outbreaks of illness
contribute to a loss of public confidence in the safety of shellfish and to serious
financial losses by the shellfish industry and related seafood businesses.

Currently, shellfish-growing waters and shellfish are proclaimed safe for
consumption based on tests to detect the presence of fecal pollution. This testing
monitors for the presence of fecal coliforms, a bacterial indicator regarded as the
most practical indicator of shellfish water sanitary quality based on many years of
study. Efforts to replace this indicator with male-specific bacteriophages have gained
a degree of acceptance in Europe over the past decade based on good correlations
between the presence of bacterial pathogens and male-specific RNA bacterial
viruses. Correlations between the presence of virus pathogens, such as NV and
HAV, and male-specific bacteriophages have yet to be made. Until such correlations
have been made, fecal coliform indication will continue to be the only acceptable
monitoring criterion for the presence of human pathogens. Unfortunately, this
indicator has been increasingly criticized as an acceptable measure of the viral health
hazard in marine waters and shellfish. This is because (i) shellfish and water
samples meeting fecal coliform standards have been positive for enteric viruses on a
number of occasions, and (ii) fecal coliforms may have a nonhuman source and,
therefore, be unable to distinguish between human and nonhuman fecal pollution.
The alternative of testing shellfish and shellfish water directly for the detection of
viruses has been considered economically, technically, and practically unfeasible for
routine monitoring purposes (reviewed in Metcalf et al., 1988).

Recently, new biotechnology advances have opened up the possibility of
development of rapid, sensitive, and specific methods for direct detection of the
gastroenteritis and hepatitis viruses in shellfish and shellfish-growing waters.
Specifically, advances in molecular biology permit the theoretical capability of
detecting a single viral genome in any specimen. This paper summarizes our
results in developing methods to directly detect Norwalk virus and HAV in
shellfish. This method is based on detection of the unique genetic material of each
of these human pathogens.
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The concentration of NV and HAV in fecally polluted water and resident shellfish
probably is very low, but shellfish are known to be capable of concentrating viruses
from environmental seawater. Studies of virus bioaccumulation under controlled
laboratory conditions show virus concentrations of 50 to 100 times the
concentrations found in environmental seawater may occur within the shellfish.
Development of a highly sensitive method is the first requirement to detect these
agents in environmental samples. The theoretical basis for such a method was
suggested by molecular biologists at Cetus Corporation in 1985. These scientists
discovered that any genetic material could be detected by specific amplification using
a procedure called polymerase chain reaction (PCR). This method utilizes heat-
stable enzymes that make multiple copies of genetic material in cycles of
synthesizing nucleic acids in the presence of specific primers and precursors. We
have applied this method to develop a method to detect Norwalk virus and HAV in
shellfish. Application of this method to these viruses was possible because we, and
others, had already obtained the sequence of the RNA genetic material of Norwalk
virus and HAV, respectively (Jiang et al., 1990; Cohen et al., 1987).

The method developed involves two major steps (Figure 1). First, oysters are
homogenized and virus particles are extracted and concentrated from the
homogenates. Second, viral nucleic acid is extracted from the oyster concentrates,
and the viral nucleic acid is detected by amplification using reverse-transcription-
polymerase chain reaction (RT-PCR). We found that inhibitors of RT-PCR were
present in the oyster extracts so a novel method to extract the viral nucleic acid was
developed to permit detection of the target viral nucleic acid. This method has been
used to detect poliovirus and Norwalk virus, and a modified method can detect
HAV (Atmar et al., 1993).

Tests to determine the minimum number of infectious viruses detected by this
method were performed using poliovirus that was either seeded into whole oysters
or that was bioaccumulated in oysters. A minimum of 10 infectious poliovirus
particles (~ 300-3000 total particles) could be detected. Estimates of the level of
detection of Norwalk virus are complicated by an inability to grow these pathogens
in cell culture. However, indirect estimates indicate that we can detect about 50-500
Norwalk virus particles. This level of test sensitivity is within the range needed
and we hope to test and compare its effectiveness with the current bacterial indicator
systems in field studies planned as part of the National Indicator Study (NOAA).

Additional studies supported by the SeaGrant Program now are in progress to
localize the sites of Norwalk virus and HAV bioaccumulation in oysters. These
studies seek to determine if these viruses simply localize in the stomach of oysters
or if these pathogens spread extraintestinally. If the latter is found to be true, then
proposals to cleanse oysters by depuration may not succeed. Again, these studies are
only now possible because of the development of molecular methods to detect
single copies of a viral genome in tissue.
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Figure 1. Methods to detect gastroenteritis and hepatitis viruses in shellfish and shellfish-
growing waters.
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