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ABSTRACT 

There has been significant concern in recent times about the safety of mollus

can shellfish for human consumption. Despite extensive efforts to assure a safe 

supply of molluscan shellfish, the number of cases of disease and death are 

still great enough to cause concern among the public. The number of cases of 

illness and death associated with the ingestion of shellfish falls in the lower 

end of the range of other similar microbial pathogen-related foodborne disease. 

Disease and deaths due to viruses and naturally occurring bacteria are now of 

greatest concern because they are the most often cited casusative agents. The 

greatest risk of disease or death due to shellfish consumption is among the 

population with underlying health conditions who choose to consume raw 
shellfish. Control strategies to limit shellfish-borne disease should focus upon 
disease and death caused by viruses and naturally occurring bacteria among 

at-risk populations. 

123 

0163-7525/95/0510-0123$05.00 

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 1

99
5.

16
:1

23
-1

40
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

C
O

N
R

IC
Y

T
 E

B
V

C
 a

nd
 E

co
n 

T
ri

al
 o

n 
09

/2
3/

15
. F

or
 p

er
so

na
l u

se
 o

nl
y.



124 WITIMAN & FLICK 

INTRODUCTION 

Molluscan shellfish have held an important place in the diets of Americans 
since the birth of the United States. During colonial times, shellfish thrived in 
the estuarine environments and were a staple food. However, as the population 
grew and transportation systems improved, shellfish-borne disease also in
creased. Sewage discharges from population centers introduced a variety of 
human pathogens into coastal waters. Transportation improvements allowed 
shellfish to be introduced to inland markets, but the lack of adequate control 
during distribution resulted in reduced quality of shellfish upon arrival at the 
marketplace. It was not until the late 19th to early 20th century that public 
health agencies considered controls to reduce shellfish-borne disease (73). In 
February 1925, the Surgeon General arranged a conference with the Bureau 
of Chemistry (now the United States Food and Drug Administration) and the 
Bureau of Commercial Fisheries (now the National Marine Fisheries Service) 
to establish sanitary controls for the oyster industry. At this conference the 
agencies resolved to control "the beds on which shellfish are grown" and "the 
plants in which shellfish are shucked" (73). 

Shellfish safety issues continue to revolve around these two categories: the 
quality of the waters in which shellfish are grown, and the conditions under 
which shellfish are harvested, processed, and distributed. Significant strides 
have been made in creating a safer food, but many problems nevertheless 
remain. We examine first the magnitude of the shellfish-borne disease in terms 
of its prevalence and the risks associated with shellfish consumption. We next 
address the issues of water quality, harvesting, processing, and distribution as 
they relate to shellfish-borne disease, and present strategies to minimize the 
risk of disease. Sanitary controls have focused upon edible bivalve mollusks, 
including oysters, clams, mussels, and scallops, of the class Pelecypod a since 
they are filter feeders and concentrate pathogens from the water (46). We 
therefore limit our discussion to these edible bivalves. 

SHELLFISH-BORNE DISEASE RATES 

The most comprehensive inventory of shellfish-related disease has been com
piled by Scott Rippey of the Northeast Technical Services Unit (NETSU) of 
the US Food and Drug Administration (58). The Centers for Disease Control 
and Prevention (CDC) also maintain surveillance data on outbreaks of shell
fish-borne disease ( 14, 58). While NETSU includes reports of outbreaks (two 
or more persons who become ill after consumption of a common food during 
a common time window) and individual cases, the CDC data base includes 
only outbreaks. Additionally, the CDC data are collected exclusively through 
submission of outbreak forms from state public health departments, whereas 
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MICROBIAL SHELLFISH-BORNE DISEASE 125 

the NETSU report is a compilation of both case and outbreak data reported 
in written form, most of which are confirmed verbally by the state public 
health directors. The NETSU data base is therefore more inclusive and 
precise than the CDC data base for bivalve molluscan shellfish disease and 
death rates. 

The prevalence of shellfish-borne disease over the past ten years, the various 
disease agents or types of disease involved with disease, the type of shellfish, 
and the geographic regions from which the shellfish in question originated can 
all be determined from the NETSU data base. Examination of these data allows 
risk to be quantified and rates of disease and death to be compared with the 
rates of other ingestion-related diseases. Additionally, the data can identify 
areas of focus in formulating control strategies. 

Although both the CDC and NETSU have compiled the best available data, 
only an estimated 5-10% of all cases of seafood-borne disease are actually 
reported (13). Findings by the Institute of Medicine on seafood safety indicate 
that it is possible to identify "the source of much of the acute illnesses asso
ciated with the consumption of seafood" but that the dimensions of the problem 
are very difficult to derive from the CDC and NETSU data bases (1). The 
NETSU data therefore probably reflect only a small percentage of the disease 
magnitude. 

Prevalence 

The NETSU data in Table 1 reveal that the largest number of disease cases 
are of unknown etiology. The greatest percentage of known death (95%) is 
caused by non-cholera vibrios. Non-cholera vibrios also account for the second 
highest number of cases of shellfish-borne disease. Norwalk, Norwalk-like 
viruses, and Vibrio cholerae are the second highest causative agents of disease. 
Of the various diseases caused by shellfish over the past 10 years, 86% were 
of unknown agents or were caused by non-cholera vibrios, Norwalk, Norwalk
like viruses, and Vibrio cholerae. 

The next question of interest is what type of shellfish caused the majority 
of disease and death. Information in Table 2 shows that oysters account for 
the highest proportion of cases of disease (49%) and death (97%). Clams 
present the second major health hazard, and account for 38% of the cases of 
disease and 2% of the deaths. In some instances, illness is associated with the 
ingestion of more than one type of shellfish. Mixed consumption of shellfish 
accounts for 12% of the cases of disease and 1 % of the deaths. Scallops and 
mussels account for 2% and 3%, respectively, of recorded cases of disease, 
although none of these cases resulted in death. 

Establishing the geographic source of contaminated shellfish illustrates the 
distribution of shellfish disease and death. There are three designated coastal 
regions: East, the Atlantic states except Florida; Gulf, states bordering the Gulf 
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Table 1 Shellfish-borne disease: cases and deaths 

Disease or agent 

Norwalk 
and 

Non- Norwalk-

Cholera Hepatitis like Sal- Plesi- Aero- Campylo-
Year Cases Deaths Vibrio A Viruses Cholera monella Shigella omonas monas E. coli bacter Unknown 

1984 496 6 Cases 36 3 0 34 0 0 16 13 2 0 392 

Deaths 6 0 0 0 0 0 0 0 0 0 0 

1985 238 7 Cases 22 0 3 14 0 0 0 0 0 0 199 

Deaths 7 0 0 0 0 0 0 0 0 0 0 

1986 359 9 Cases 66 0 0 31 0 71 4 0 0 0 187 

Deaths 9 0 0 0 0 0 0 0 0 0 0 

1987 118 12 Cases 47 0 0 11 0 0 2 0 0 0 58 

Deaths 12 0 0 0 0 0 0 0 0 0 0 

1988 142 14 Cases 48 69 0 14 0 0 0 0 0 0 11 

Deaths 14 0 0 0 0 0 0 0 0 0 0 

1989 858 9 Cases 52 22 270 14 4 I 0 0 0 5 490 

Deaths 7 0 0 0 0 0 0 0 0 0 

1990 242 11 Cases 58 4 0 9 4 4 0 0 0 6 157 

Deaths 10 0 0 0 0 0 0 0 0 0 

1991 33 4 Cases 22 0 0 5 0 0 0 0 0 0 6 

Deaths 4 0 0 0 0 0 0 0 0 0 0 

1992 99 15 Cases 34 0 4 8 0 0 0 0 0 52 

Deaths 13 0 0 2 0 0 0 0 0 0 2 

1993 210 9 Cases 21 0 156 0 0 0 I 0 0 0 32 

Deaths 9 0 0 0 0 0 0 0 0 0 0 

TOTALS 2795 96 Cases 406 98 333 140 8 76 23 13 2 12 1573 

Deaths 91 0 0 4 0 0 0 0 0 0 
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MICROBIAL SHELLFISH-BORNE DISEASE 127 

Table 2 Shellfish-borne disease: types of shellfish and location of harvest 

Type of Shellfish US Coastal region of harvest 

Year Clams Oysters Scallops Mussels Multiple Unknown West East Gulf Unknown 

1984 Cases 265 206 0 0 25 0 3 239 99 155 
Deaths 0 6 0 0 0 0 0 0 1 5 

1985 Cases 164 73 0 0 1 0 0 128 17 93 
Deaths 0 7 0 0 0 0 0 0 0 7 

1986 Cases 65 292 0 0 2 0 0 82 100 177 
Deaths 0 9 0 0 0 0 0 0 8 

1987 Cases 4 113 0 0 0 0 0 9 109 
Deaths 0 12 0 0 0 0 0 0 4 8 

1988 Cases 136 0 0 5 0 5 3 66 68 
Deaths 0 14 0 0 0 0 0 0 9 5 

1989 Cases 390 184 2 3 279 0 16 241 115 486 
Deaths 0 9 0 0 0 0 0 0 3 6 

1990 Cases 159 70 0 0 3 10 36 204 
Deaths 0 11 0 0 0 0 0 0 11 0 

1991 Cases 3 30 0 0 0 0 0 0 3 30 
Deaths 0 4 0 0 0 0 0 0 0 4 

1992 Cases 24 74 0 0 0 13 0 32 54 
Deaths 2 12 0 0 0 0 0 2 13 

1993 Cases 1 184 0 0 25 0 4 4 167 35 
Deaths 0 9 0 0 0 0 0 0 8 

TOTALS Cases 1076 1362 2 3 342 10 42 698 644 1411 
Deaths 2 93 0 0 0 0 0 39 

of Mexico including Florida; and West, Pacific states. Shellfish harvested from 
waters along the Gulf Coast states accounted for 23% of all reported cases of 
shellfish-borne disease and 4 1  % of resultant deaths during the ten-year period, 
1984-1993. Twenty-five percent of all cases of shellfish-related disease orig
inated from East Coast states, but had no associated deaths. Shellfish from 
West Coast waters yielded 5.5% of cases of disease with no associated deaths. 
The remaining cases (50%) resulted from shellfish in which the location of 
harvest could not be identified. 

Shellfish from the East and Gulf Coasts are essentially equally likely to 
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128 WITTMAN & FLICK 

cause disease. Most molluscan shellfish illnesses on the East Coast are from 
outbreaks associated with virally contaminated clams, whereas on the Gulf 
Coast they are due to individual cases involving oysters with non-cholera 
vibrios. 

In general, the NETSU data indicate that in the late 1800s and early 1900s 
most outbreaks involved cases of typhoid or hepatitis resulting from sewage 
contamination of waters where shellfish was grown. From the late 1970s to 
the present, increased incidence of disease associated with non-cholera vibrios 
indicates a rapidly emerging problem with naturally occurring environmental 
pathogens (58). Rippey noted that while nearly 25% of all shellfish-borne 
disease outbreaks in the NETSU data were cases of typhoid fever, the last such 
recorded outbreak occurred in 1954 (58). Similarly, cases of hepatitis A asso
ciated with the consumption of shellfish have steadily decreased over the same 
time period, while cholera is sporadically reported. Beginning in the early 
1980s, outbreaks associated with Norwalk and Norwalk-like viruses have 
increased. Many of cases of unknown agents reported during this time are 
similar in nature to symptoms associated with Norwalk and Norwalk-like 
viruses. 

IDENTIFYING THE POPULATION AT RISK 

Both the CDC and NETSU data show that of all the shellfish-borne disease 
agents, none produces heat-stabile toxins, and that all, except for possible 

human enteric viral agents in the unknown categories, are deactivated by 
varying degrees of heat under most conditions (9, 32). Research results suggest 
that a wider heat range is needed to kill viruses than bacteria (48, 54). Heating 
molluscan shellfish to an internal temperature of 85-90°C for one minute 
completely inactivates viruses (48) and thus eliminates risk due to viral or 
bacterial agents. 

However, the preference of many people for raw shellfish poses the greatest 
risk from bacterial or viral agents. This risk is greatly enhanced in individuals 
with underlying health conditions and predisposes them to illness and/or pro
longed illness and death. For most diseases caused by the consumption of raw 
shellfish, higher infection rates occur most frequently in immunocompromised 
hosts-patients who have neoplasia of the immune system, a hematopoietic 
disorder, liver disease or alcoholism, chronic renal failure, acquired immune 
deficiency syndrome, or who are receiving pharmacological immunosuppres
sion for neoplasia or transplantation of an organ (6, 34). Additionally, the risk 
of infection is higher for patients with diabetes mellitus, individuals with 
naturally low levels of gastric acid, or those taking prescription or over-the
counter medication to reduce stomach acidity (6,41). Individuals with hepatic 
disorders and iron metabolism dysfunction are at much higher risk of progres-
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MICROBIAL SHELLFISH-BORNE DISEASE 129 

sive Vibrio vulnificus infection, often resulting in death (64). The elderly, the 
debilitated, the malnourished, and young children also are more susceptible to 
disease and death from the ingestion of raw shellfish (6). 

Since the risk is highest for consumers of raw or partially cooked shellfish, 
this specific population should be defined. However, there are no national 
statistics to provide this information (21, 72). The best estimate of raw shellfish 
consumption is obtained from surveys performed in Virginia and Florida. A 
1992 Commonwealth Poll estimated approximately 850,000 raw shellfish con
sumers in the State of Virginia [18% of the population aged 18 or older] (37). 
The 1988 Florida Behavioral Risk Factor Survey estimated that approximately 
3 million adults in Florida consume raw oysters [23% of the population aged 
18 or older] (23). Large numbers of people are thus at risk of disease and death 
via raw oyster consumption in both Virginia and Florida. It is not known how 
these rates of consumption in Virginia and Florida translate to other areas of 
the country. However, it can be assumed that the consumption of raw mollus
can shellfish is more popular in coastal areas of the East Coast than in inland 
states, based upon an informal survey of local sales of shellstock oysters (74). 

Of the estimated 850,000 raw shellfish consumers in Virginia, 93,000 ( 1 1  %) 
have at least one high-risk characteristic: liver disease, stomach disorders, 
diabetes, immune system disorder, or immune suppressant drug therapy. In 
Florida, 71,000 (2.5%) of these raw oyster eaters have liver disease, a high-risk 
characteristic (23). The larger number of at-risk raw shellfish consumers in 
Virginia is likely to be partially due to the more inclusive definition of who 
is considered to be at risk. 

Table 3 indicates that the relative risk for raw oyster eaters with liver disease 
in Florida of contracting a Vibrio vulnificus infection is approximately 92 times 
greater than for a raw oyster eater without liver disease, and 120 times greater 
than for a nonraw oyster eater. The relative risk of death for a raw oyster eater 
with liver disease in Florida is 190 times greater than for a raw oyster eater 
without liver disease and 345 times greater than for a nonraw oyster eater. In 
Virginia, the relative risk of contracting a Vibrio vulnificus infection is approx
imately 13 times greater for a raw oyster eater with at least one high-risk 
condition than for a raw oyster eater without any high-risk conditions, and 60 
times greater than for a nonraw oyster eater. 

Non-cholera vibrios, Norwalk, Norwalk-like viruses, and Vibrio cholerae, 

are the top three shellfish disease-causing agents, respectively. Non-cholera 
vibrios and Vibrio cholerae occur naturally throughout the marine environment 
within US coastal waters (28, 38, 50, 68-70). Norwalk virus is associated with 
human fecal contamination either in the shellfish-growing waters or through 
postharvesting contamination (27, 55). The remaining diseases identified with 
the ingestion of molluscan shellfish are associated with fecal pollution of the 
marine environment or with postharvesting contamination during processing 
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Table 3 Relative risk data; Florida and Virginia 

Florida 1981-1993* 

Nonraw oyster eaters 

.6 illnesses/I million adults 

.131 deaths/I million adults 

Raw oyster eaters 

.8 illnesses/l million adults 

.236 deaths/I million adults 

Raw oyster eaters with liver disease 

74.1 illnesses/l million adults 

45.3 deaths/I million adults 

Virginia 1974-1993 
Nonraw oyster eaters 

.483 illnesses/l million adults 

.0402 deaths/l million adults 

Raw oyster eaters 

2.2 illnesses/l million adults 

.191 deaths/l million adults 

(95% C.1. .57 - .64) 
(95% C.I . .124-.139) 

(95% C.1. .7-1) 
(95% C.1. .196-.297) 

(95% c.1. 37.8-215.9) 
(95% C.1. 23.1-1320.7) 

(95% C.1. .466-.502) 
(95% C.1. .0380-.043) 

(95% C.1. 2.03-2.40) 
(5% c.1. .176-.208) 

Raw oyster eaters with at least one high-risk characteristic 

28.9 illnesses/l million adults (95% c.1. 25.4-133.6) 
2.51 deaths/l million adults (95% C.1. 2.15- 62.86) 

*Source: GW Hlady (30). 

(55, 73). Enteric pathogens account for 80% of reported shellfish-borne dis
ease. Naturally occurring bacteria account for 20% of shellfish-borne disease 
but 99% of the deaths. Therefore, enteric pathogens pose a greater risk of 
disease through the ingestion of raw or partially cooked molluscan shellfish, 
whereas naturally occurring bacteria pose a greater risk of death. 

The number of cases of microbial pathogen-related food-borne disease, 
calculated from CDC data, for all age groups reveals that the rate of disease 
is -36 cases per 100,000 per year for the period from 1983 through 1987 ( 12). 
The prevalence of microbial pathogen-related shellfish-borne disease, calcu
lated from the NETSU data for the same period, was -9 cases per 100,000 
(58). Prevalence rates for other ingestion-related diseases such as amebiasis, 
botulism, hepatitis A, salmonellosis, and shigellosis are described in Table 4. 

The data indicate that shellfish-borne disease is exceptionally low in relation 
to other similar diseases with the exception of botulism. The death rates for 
shellfish-borne disease are not significantly different from those for amebiasis 
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Table 4 Disease and death rates per 100,000 for shellfish-borne and related diseases 1983-1991, 1992. 

Shellfish-borne 

disease Amebiasis Botulism Hepatitis A Salmonellosis Shigellosis 

Disease rate per .127 1.74 .047 11.79 20.91 10.26 
100,000 
1983-92 

Death rate per .0043 .0035 .011 .031 .036 .0043 
100,000 
1983-1991 

and shigellosis. The death rate for botulism is significantly less, while the rates 
for hepatitis A and salmonellosis are significantly greater (p :5;.01). The death 
rate for shellfish-borne disease falls in the middle of the range of death rates 
identified for the diseases. 

CONTROL STRATEGIES 

Food safety is a value judgment of how much risk an individual or a community 
is willing to accept (5, 42). Of the food groups implicated in outbreaks of 
food-borne illness in the U.S. from 1977-84, seafood was most frequently 
associated with disease (-25%) (2, 15). Of these cases, 28% were related to 
shellfish, and of these, 22% were associated with a bacterial or viral agent (4). 
Control strategies to minimize shellfish-borne disease associated with viruses 
or bacteria could reduce food-borne disease in the U.S. by more than 6%. 

Naturally Occurring Pathogens 

The naturally occurring pathogens of concern that cause shellfish-borne disease 
are those of the family Vibrionaceae, Plesiomonas shigeUoides and Aeromonas 
hydrophilia. These organisms vary seasonally (i.e. temperature sensitivity) and 
geographically (i.e. salinity sensitivity) in the marine environment. 

Bacteria from the family Vibrionaceae cause the majority of identifiable 
illness and death from shellfish consumption. Patterns in their environmental 
distribution may provide a basis upon which to develop an effective disease 
control strategy. The species of this family associated with shellfish-borne 
disease are Vibrio cholerae, V. vulnificus, V. parahaemolyticus, V. mimicus, 
V. hollisae, and V. furnissi. 

Toxigenic strains of V. cholerae are of public health concern. These strains 
of V. cholerae, identified by two groupings, serotype 01 and non-01, are found 
in greater concentrations during the warmer months of the year, with signifi
cantly higher incidence of disease occurring during this same time period (44). 
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132 WITIMAN & FLICK 

Both strains of V. cholerae are adapted to waters with lower salinities (4 ppt 
to 17 ppt) (3, 61). 

Vibrio parahaemolyticus has been found in marine environments in higher 
concentrations during warm weather periods (29, 53). This organism exists in 
the upper-salinity regimes of the marine environment (18). 

A number of studies indicate a strong correlation between temperature, 
salinity, and the presence of V. vulnificus in seawater and oysters (36, 39, 5 1, 
52). Although V. vulnificus has been isolated from waters with a wide range 
of temperatures and salinity, the highest concentrations of the organism are 
more frequently isolated from waters with temperatures of 17° to 3 1°C and 
salinities of 15 ppt to 25 ppt (52). Tamplin's study found significant associa
tions (p �O.OOOI) between salinities from 10 ppt to 20 ppt and numbers of V. 
vulnificus organisms (66). Additionally, there were high populations of V. 
vulnificus when water temperatures increased from 20° to 30°C (66). 

The influence of temperature on the geographic distribution of V. vulnificus 
in the U.S. can easily be observed. Tamplin's study shows that the lowest 
concentrations of V. vulnificus for all sample sites in the United States «100 
MPN/g) occur in northern East Coast waters and all West Coast waters (66). 
Concentrations of V. vulnificus in oysters increased from Virginia south to 
Texas, with oysters from Texas sometimes exceeding 1 million MPN/g (66). 
Tamplin derived a predictive model predicated on the data from this study that 
estimates concentrations of V. vulnificus based upon temperature and salinity 
levels in specific geographic areas (65). 

Tamplin's research examined the concentrations of virulent (opaque) and 
weakly virulent (translucent) strains of V. vulnificus at various sample sites in 
the Gulf of Mexico throughout a two-year period. The mean concentrations 
of virulent strains of V. vulnificus in oysters were 56.57 MPN/g (S.D. 214.21) 
during cold weather months (November to March), while during warm weather 
months (April to October) the concentrations were 7204.76 MPN/g (S.D. 
34810.87) (66). Concentrations of weakly virulent strains during cold weather 
months were .289 MPN/g (S.D. 0.269), and during warm weather months they 
were 79.81 MPN/g (S.D. 246.10) (66). There is a significant (p �.05) increase 
in the number of virulent strains of V. vulnificus during periods of warm 
weather. Furthermore, there is also a significant increase in weakly virulent 
strains in warm weather. It may be possible to use the concept of seasonal or 
geographical distribution of strains and variable degrees of pathogenicity as a 
basis for identifying harvest areas that pose the greatest risk to consumers of 
infections from V. vulnificus (65). 

Concentrations of V. mimicus vary seasonally, with higher concentrations 
present during warm weather periods (18). The organism persists in a wide 
range of salinities, but prefers salinities common to brackish water environ
ments (7, 18). 
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The seasonal distribution and ecology of V. hollisae is not well understood be
cause the organism is difficult to isolate (55). V.jumissi is found in greater con
centrations during periods of warm weather, as are the other pathogenic members 
of the family Vibrionaceae. This organism has been isolated from a wide variety 
of salinities, ranging from fresh to brackish water environments (59). 

Both P. shigelloides and Aeromonas hydrophilia, like some Vibrionaceae, 
are found ubiquitously in both fresh and saltwater environments. Both organ
isms exhibit higher natural concentrations in water during warm weather 
conditions (75). 

Concentrations of naturally occurring pathogenic bacteria are distributed in 
the shellfish-growing coastal environments based upon temperature and salin
ity. These pathogens are distributed over a wide range of salinities with dif
ferent genera and species thriving in relatively narrow ranges. Common to all 
of these pathogens is their increase in numbers with temperature. Since there 
is a definite relationship between temperature and the concentrations of these 
organisms in the environment, a twofold strategy to reduce death and disease 
is suggested. The first would limit harvesting of molluscan shellfish to cold 
weather months (November to March) in areas where these pathogens are 
known to exist in significant concentrations. This restriction would, in tum, 
necessitate an extensive monitoring program to determine when harvesting 

could be permitted. 
Salinity preferences vary; many pathogens are able to grow throughout a 

wide range. Furthermore, salinities change constantly in the shellfish-growing 
environment. Thus a strategy to limit harvest based upon salinity alone, al
though possible, would be difficult to implement effectively. 

The Institute of Medicine Food and Nutrition Board's Committee on Eval
uation of the Safety of Fishery Products suggests that shellfish-growing waters 
be monitored during periods of warm weather for Vibrio species and that other 
means be investigated and implemented to eliminate or reduce the potential 
for disease from naturally occurring pathogenic bacteria through the ingestion 
of molluscan shellfish ( 1). Monitoring shellfish-growing areas for Vibrio spe
cies would not be a feasible proposition for public health agencies. More 
promising is a harvest-control strategy supported by a validated geographic 
model that predicts concentrations of V. vulnificus based upon temperature and 
salinity. If this model could be coupled with data on the identification and 
ecology of virulent strains, it would be possible to predict when harvesting 
areas should be closed to minimize risk. Such a model would work well for 
steady state conditions. However, the typically large fluctuations of salinity 
and temperature over small periods of time in estuarine environments would 
limit its usefulness, and alternative strategies would be needed. 

The second component of this disease-reduction strategy-consumer edu
cation-holds greater potential for success. Individuals who consume raw 
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shellfish, especially those with underlying risk factors, should be adequately 
apprised of the risks by health care providers and warnings should be posted 
at establishments where shellfish is purchased and/or consumed (76). In most 
instances the health care providers are the first to discover that an individual 
has an underlying risk factor, and should therefore be made aware of the 
importance of informing these patients that their condition requires abstinence 
from raw or partially cooked molluscan shellfish in order to avoid serious 
illness or possible death. If an individual is unaware of the personal risk, a 
health warning attached to the shellfish package or posted at the establishment 
where shellfish is sold will not prevent consumption. 

Public warning notices should be provided both by health care providers 
and at the point of sale. Point of sale warnings should alert consumers to the 
increased risk of infection associated with the consumption of raw molluscan 
shellfish if they have neoplasia of the immune system, a hematopoietic disor
der, liver disease or alcoholism, chronic renal failure, or acquired immune 
deficiency syndrome (34, 41). Also included are patients receiving pharmaco
logical immunosuppression for neoplasia or transplantation of an organ or 
diabetes mellitus, individuals with naturally low levels of gastric acid, and 
those taking prescription or over-the-counter medication to reduce stomach 
acidity. Any warning system, to be effective, must contain language that clearly 
conveys potential risk and should be posted at all points of sale of molluscan 
shellfish if it is to reduce the incidence of disease and death. 

Cooking the oyster to an internal temperature of 85-90°C will destroy both 
viruses and bacteria of public health concern in molluscan shellfish. Control 
strategy would require that consumers be advised to cook oysters during 
periods of warm weather. 

Enteric Bacteria Associated with Contamination 

Enteric bacteria and viruses can also contaminate shellfish either in the growing 
waters or during harvesting, processing, and distribution. Pathogens of concern 
that have been associated with disease from consumption of contaminated 
molluscan shellfish include human enteric viruses; hepatitis A, non-A, non-B 
enteral hepatitis (hepatitis E), unclassified viruses; and such bacteria as Sal
monella, Shigella, Camplyobacter jejuni, and pathogenic Escherichia coli (14, 
55,58). The group of unclassified viruses includes the Norwalk, Norwalk-like 
virus, Snow Mountain agent, and small round structured virus. Although 
human viruses are inert outside of their host and therefore do not multiply in 
other organisms, they are resilient and persistent in the environment and in 
molluscan shellfish (22, 24, 47, 54). These viral and bacterial enteric pathogens 
are of public health concern because of their link with disease caused by fecal 
contamination of the waters from which molluscan shellfish are harvested and 
of the environment in which they are processed (12, 14, 17,31,54,56). 
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Other pathogenic bacteria (E. coli, Yersinia enterolytica, Listeria mono
cytogenes, Clostridium botulinum, and Staphylococcus aureus) that are not 
exclusively of enteric origin can also potentially contaminate molluscan shell
fish, both in their natural environment and through processing and distribution 
(45). 

Prevention of shellfish-borne disease caused by these enteric related patho
gens should focus upon strategies to increase sensitivity in detecting contam
ination of shellfish, avert the entry of pathogens into areas open to shellfish 
harvesting, and eliminate pathways by which pathogens could contaminate 
shellfish through their harvesting, processing, and distribution. A National 
Indicator Study sponsored by the National Oceanic and Atmospheric Admin
istration is currently under way to identify better indicators of fecal pollution 
than either total or fecal coliforms (49). This study seeks to identify an organ
ism or series of organisms that will provide a more specific mechanism to 
detect polluted shellfish-growing areas. Total or fecal coli forms are limited as 
indicators because they cannot be correlated with the presence of enteric 
viruses (25, 33). This limitation is especially important in light of the signifi
cant lO-year increase in viral enteric shellfish-borne disease (14, 56). Fecal 
coliforms do not differentiate well between human and nonhuman pollution 
sources (63). Once the best available indicator(s) is identified, the regulatory 
community should implement a classification system of shellfish-growing 
areas based upon such indicator(s). 

The United States Food and Drug Administration has proposed to mandate 
a quality assurance program to regulate molluscan shellfish safety based on 
the Hazard Analysis Critical Control Point (HACCP) concept (71). Currently, 
the molluscan shellfish industry is regulated by the National Shellfish Sanita
tion Program. Although this voluntary framework has been effective, the 
adoption of a HACCP-based program will provide a system of preventive 
controls and corrective actions to be implemented by molluscan shellfish 
processors and handlers and monitored by regulators to insure that conditions 
under which shellfish are harvested, processed, and distributed minimize the 
risk from contaminated shellfish reaching the consumer. 

A recent outbreak of shellfish-borne disease--oyster-related Norwalk-like 
virus gastroenteritis--occurred in November 1993, and was associated with 
fecal contamination from fishing boats (16). This incident suggests that similar 
sporadic cases of pollution, which are very difficult if not impossible to trace, 
could potentially have been responsible for some of the many unidentifiable 
cases of shellfish-borne disease. Comprehensive education for users of the 
waterways on the importance of proper sewage disposal and imposition of stiff 
penalties for improper disposal of fecal material could reduce such sporadic 
discharges into approved shellfish harvest waters. 

Likewise, harvest areas adjacent to sewage treatment facilities with point 
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source discharges should be more closely evaluated, especially for the 
presence of viruses. Conventional sewage treatment facilities do not reduce 

numbers of enteric viruses in their discharges to low concentrations (40, 43). 

Outbreaks of disease associated with Norwalk virus have increased, and many 
cases where the agent is unknown are similar to those associated with this 
virus (58). Areas that receive discharges from a sewage treatment facility 
and that also support resources of molluscan shellfish that have been ap
proved for harvesting must be carefully evaluated for the presence of viruses. 
Improvement in the technology of sewage treatment is needed to eliminate 
viruses in these areas. 

Oysters have a persistent microbial flora in the gut region. Controlled pu
rification involves the supervised processes of depuration and relaying. 
Depuration requires placing of molluscan shellfish in recirculating seawater 
tanks where the water is continuously disinfected. The circulation of water in 
these tanks stimulates molluscan shellfish to feed, which thus facilitates def
ecation of the bacteria and viruses populating the gut into the tank water, where 
they are inactivated by disinfection. Under most holding conditions, this 
depuration process does not successfully remove V. vulnificus or lower con
centrations of enteroviruses in shellfish (26, 43, 57, 67). Depuration will not 
produce oysters free of V. vulnificus or viruses and therefore will not predict
ably reduce the risk of disease or death. 

Relaying is the transfer of molluscan shellfish from contaminated growing 
areas to approved areas (i.e. with no contamination) so that the gut will be 

naturally purged of pathogenic organisms. This strategy has been shown to be 
effective in reducing total numbers of organisms in shellfish (10, 11, 62). V. 
vulnificius as part of the natural micro flora of the gut of oysters does not 
depurate in an artifical environment. Since relaying can be thought of as 
depuration in the natural environment, the elimination of V. vulnificius through 
this process has not been considered to be effective. However, recent research 
suggests that in the natural environment, if the waters to which the shellfish 
are to be relayed are free of Vibrio vulnificus, the numbers of these organisms 
will be reduced over time in cold water conditions (35). 

Irradiation has been proposed as a means of killing or inactivating the V. 
vulnificus organism without killing the oyster. The United States Food and 
Drug Administration and the United Nation's World Health Organization have 
determined that there is no health risk associated with foods irradiated by 
approved commercial procedures (20). However, the FDA has yet to approve 
commercial irradiation procedures for shellfish. The potential for such approval 
appears encouraging; Dr. George Hoskin, associate director of FDA's Office 
of Seafood, described the process as "promising for control of pathogens 
including vibrios" (60). 

Processes such as rapid chilling and mild heat treatment of oysters can 
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limit the growth of V. vulniflcus-and actually reduce its concentration over 
time-in oysters that are not shucked (8, 19). The National Shellfish Sani
tation Program has taken the first step toward implementation of strict 
time-temperature controls, which are technologically feasible and attainable. 
However, these measures fall short of what will reduce or limit the growth 
of the organism. Intensive rapid chilling, cold storage, and heat treatment 
(which does not change the protein nature of the shellfish) can significantly 
reduce V. vulniflcus. Thermal processing is also lethal to several other 
pathogens. Both processes are not an inclusive control strategy for all 
pathogens of concern. 

The most effective control strategy would be to ban the sale of raw mollus
can shellfish either totally or at food service facilities, although this proscrip
tion would not eliminate consumption resulting from the recreational harvest 
or from illegal sales. However, such an extreme measure is unlikely for 
political reasons, and it would be virtually impossible to adequately enforce. 
To estimate the risk reduction, it would be necessary to calculate the magnitude 
of the illegal market and recreational catch and the risk factors of those who 
would consume such product. 

Strategies to control shellfish-borne disease should focus upon illness caused 
by bacteria of the family Vibrionaceae and upon viral illness since the majority 
of cases and deaths (86%) are a result of these agents. The strategies that have 
been outlined focus upon minimizing all types of shellfish-borne disease with 
an emphasis upon maximizing the reduction of risk from Vibrionaceae and 
viral disease and death. If these strategies are fully implemented, the risk of 
shellfish-borne disease and death can be significantly reduced. 

The disease and death rates from eating raw shellfish are small in relation 
to other similar risks and consumers appear willing to bear this risk in order 
to enjoy the food. However, steps can be taken to increase the safety of raw 
shellfish, and consumers should be warned of the risks. The control strategies 
presented here provide various levels of potential risk reduction. A determi
nation of which strategies to use should be based upon the level of risk that 
is considered acceptable, the costs to the shellfish industry, and the costs to 
the consuming public (in deaths and disease). Risk can be eliminated by 
prohibiting the consumption of raw or partially cooked shellfish. If lesser 
reductions of risk are desired, consumer education, seasonal harvest restric
tions, strict time-temperature controls, changes in indicator organisms, and 
the inclusion of viruses in evaluation of shellfish growing areas can be 
selected. 

Any Annual Review chapter, as well as any article cited in an Annual Review chapter, 
may be purchased from the Annual Reviews Preprints and Reprints service. 

1-800-347-8007; 415-259-5017; email: arpr@c1ass.org 
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Literature Cited 

1. Ahmed FE. 1991. Seafood Safety. Wash
ington. DC: Nat!. Acad. Press 

2. Archer DL. Kvenberg JE. 1985. Inci
dence and cost of foodbome diarrheal 
disease in the United States. J. Food 
Prot. 48:887-94 

3. Baumann p. Furniss AL. Lee IV. 1984. 
Genus 1. Vibrio pacini 1854. In Bergey's 
Manual of Systematic Bacteriology, ed. 
NR Kreig. 1:518-38. Baltimore. MD: 
Williams & Wilkins 

4. Bean NH, Griffin PM. 1990. Foodborne 
disease outbreaks in the United States. 
1973-1987: pathogens, vehicles, and 
trends. J. Food Prot. 53:804-17 

5. Benarde MA. 1989. Our Precarious Hab
itat. New York: Wiley 

6. Benenson AS, ed. 1990. ControlofCom
municable Diseases in Man. Washing
ton. DC: Am. Public Health Assoc. 

7. Bockemuhl 1. Roch K. Wohler B. Alek
sia S. Wokatsch R. 1986. Seasonal dis
tribution of facultative enteropathogenic 
vibrios (Vibrio choleras, Vibrio mimi
cus. Vibrio parahaemolyticus) in the 
freshwater of the Elbe river at Hamburg. 
J. Appl. Bacteriol. 60:435-39 

8. Boutin BK, Reyes AL, Peeler JT. Twedt 
RM. 1985. Effect of temperature and 
suspending vehicle on survival of Vibrio 
parahaemolyticus and V. vulnificus. J. 
Food Prot. 48:875-78 

9. Brown MRW. Melling J. 1971. Inhibi
tion and destruction of microorganisms 
by heat. In Inhibition and Destruction 
of the Microbial Cell, ed. WB Hugo, 
pp. 180-212. New York: Academic 

10. Cabellia VJ. Hefferman WP. 1970. Elim
ination of bacteria by the soft shell clam, 
Mya drendria. J. Fish. Res. Board Can. 
27:1579-87 

11. Canzonier WI. 1971. Accumulation and 
elimination of coliphage S-13 by the 
hard clam Mercenaria mercenaria. 
Appl. Microbiol. 21:1024-31 

12. Centers for Disease Control Prevention. 
1983-92. Annual summary, 1983, 1984, 
1985, 1986. 1987, 1988. 1989, 1990, 
1991. 1992. CDC Surveillance Summa
ries. Morbid. Mortal. Wkly. Rep. 

13. Centers for Disease Control and Preven
tion. 1988. Foodborne Disease Out
breaks. Annual Summaries 1973-1987. 
USDHHS Pub!. Cent. Dis. Control 

14. Centers for Disease Control and Pre
vention. 1989. Foodbome Surveillance 
Data for all Pathogens in Fish/Shellfish 
for years 1973-1987. Dec. 

15. Centers for Disease Control and Preven
tion. 1990. Foodbome disease outbreaks, 

5-year summary. 1983-87. CDC Sur
veillance Summaries. Morbid. Mortal. 
Wkly. Rep. 39(No. SS-I):15-57 

16. Centers for Disease Control and Preven
tion. 1993. Multistate outbreak of viral 
gastroenteritis related to the consump
tion of oysters-Louisiana, Maryland, 
Mississippi. and North Carolina. Mor
bid. Mortal. Wkly. Rep. 42:945-48 

17. Cliver DO. 1988. Virus transmission via 
foods. A scientific status summary by 
the Institute of Food Technologists' Ex
pert Panel on Food Safety and Nutrition. 
Food Technol. 42:241-47 

18. Colwell R. 1984. Vibrios in the Envi
ronment. New York: Wiley 

19. Cook DW. Ruple AD. 1992. Cold stor
age and mild heat treatment as proces
sing aids to reduce the numbers of Vibrio 
vulnificus in raw oysters. J. Food Prot. 
12:985-89 

20. Cowen RC. 1991. Beware scares about 
irradiated food risks. Christian Sci. Mon
itor. July 17 

21. Dayal HH, TrieffNM. Dayal VD. 1993. 
Preventing Vibrio vulnificus infections: 
who should bear responsibility? Am. J. 
Prevo Med. 9:191-93 

22. DeLeon R. Gerba CPo 1990. Viral dis
ease transmission by seafood. In Food 
Contamination from Environmental 
Sources, ed. 10 Nraigu. MS Simmons, 
pp. 639-62. New York: Wiley 

23. Desenclos JC, Klontz KC. Wolfe LE. 
Hoecherl S. 1991. The risk of Vibrio 
illness in the Florida raw oyster eating 
population. 1981-1988. Am. J. Epi
demiol. 134:290-97 

24. DiGirolamo R, Liston J. Matches JR. 
1970. Survival of virus in chilled, frozen 
and processed oysters. Appl. Microbiol. 
20:58-63 

25. Ellender RD, Mapp JB. Middlebrooks 
BL. Cake EW. 1980. Natural enterovirus 
and fecal coliform contamination of 
Gulf Coast oysters. J. Food Prot. 43: 
105-10 

26. Eyles MJ, Davey GR. 1984. Microbiol
ogy of commercial depuration of the 
Sydney Rock Oyster. Crassostrea com
mercialis. J. Food Prot. 47:703-6 

27. Gerba CPo 1988. Viral disease transmis
sion by seafoods. Food Technol. 42:99-
103 

28. Hackney CR, Kilgen MB. Kator H. 
1992. Public health aspects of transfer
ring mollusks. J. Shellfish Res. 11:521-
33 

29. Hackney CR, Ray B, Speck ML. 1980. 
Incidence of Vibrio parahaemolyticus 

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 1

99
5.

16
:1

23
-1

40
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

C
O

N
R

IC
Y

T
 E

B
V

C
 a

nd
 E

co
n 

T
ri

al
 o

n 
09

/2
3/

15
. F

or
 p

er
so

na
l u

se
 o

nl
y.



MICROBIAL SHELLFISH-BORNE DISEASE 139 

and the microbiological quality of sea- Armstrong. Washington, DC: Am. Chern. 
foods in North Carolina. J. Food Prot. Soc. 
43:769-72 43. Lewis GD, Austin PJ, Loutit MW. 1986. 

30. Hlady GW. 1994. Summary of Vibrio Enterovirus of human origin and fecal 
vulnificus infections in Florida, 1981- coliforms in river water and sediments 
1993. Oep. Health Rehabil. Serv., Fla. downstream from a sewage outfall in 

31. Hood MA, Ness GE, Blake NJ. 1983. the Tieri River, Otago. NZ J. Mar. Fresh 
Relationship among fecal coliform, Es- Res. 20:153...{i2 
cherichia coli and Salmonella spp. in 44. Madden JM, McCardell BA, Read RB. 
shellfish. Appl. Environ. Microbiol. 45: 1982. Vibrio cholera in shellfish from 
122-26 U.S. coastal waters. Food Technol. 36: 

32. Int. Comm. Microbiol. Specific. Foods. 93-96 
1980. Microbial Ecology of Foods. Vol. 45. Martinez-Manzanares E, Morinigo MA, 
1. Factors Affecting the Life and Death Cornax R, Egea F, Borrego 11. 1991. 
of Microorganisms. New York: Aca- Relationship between classical indica-
demic tors and several pathogenic microorga-

33. lehl-Pehtri C, Hugues B, Deloince R. nisms involved in shellfish-borne 
1990. Viral and bacterial contamination diseases. J. Food Prot. 54:711-17 
of mussels exposed in an unpolluted 46. Metcalf TG. 1975. Evaluation of Shell-
marine environment. Lett. Appl. Micro- fish Sanitary Quality by Indicators of 
bioi. 11:126-29 Sewage Pollution. Oxford, UK: Per-

34. 10hnston JM, Becker SF, McFarland gamon 
LM. 1985. Vibrio vulnijicus: man and 47. Metcalf TG, Stiles WC. 1965. The ac-
sea. J. Am. Med. Assoc. 253:2850-52 cumulation of enteric viruses by the 

35. Jones S. 1994. The effects of relaying oyster Crassostrea virginica. J. Infect. 
upon concentrations of Vibrio vulnifi- Dis. 115:68-76 
cus in oysters in Maine waters. Pre- 48. Millard JR, Appleton H, Parry IV. 1987. 
sented at FDAlNMFS/ISSC Vibrio vul- Studies on heat inactivation of Hepatitis 
nijicus Workshop, June IS, 16 A virus with special reference to shell-

36. Kaysner CA, Abeyta C Jr, Wekell MM, fish. Epidemiol. Infect. 98:397-414 
DePaola A, Stott RF, Leitch 1M. 1987. 49. Natl. Oceanic Atmos. Admin. 1993. In-
Virulent strains of Vibrio vulnijicus iso- terstate Shellfish Sanit. Conf. The Na-
lated from estuaries of the United States tional Indicator Study 
west coast. Appl. Environ. Microbiol. 50. Oliver 10, Wamer RA, Cleland DR. 
53:1349-51 1982. Distribution and ecology of Vibrio 

37. Keeter S. 1992. The Commonwealth Sur- vulnijicus and other lactose-fermenting 
vey-1992. Commissioned by the Vir- marine vibrios in coastal waters of the 
ginia Oep. Health. Performed by Vir- Southeastern United States. Appl. Envi-
ginia Commonwealth Univ. Sur. Res. ron. Microbiol. 44:1404-14 
Lab. 51. Oliver 10, Wamer RA, Cleland DR. 

38. Kelly MT. 1982. Effect of temperature 1983. Distribution and ecology of Vibrio 
and salinity on Vibrio vulnijicus occur- vulnijicus and other lactose-fermenting 
rence in Gulf Coast estuaries. Appl. En- marine vibrios in the marine environ-
viron. Microbiol. 44:820-24 ment. Appl. Environ. Microbiol. 45: 

39. Kelly MT, Stroh EM. 1988. Occurrence 985-98 
ofVibrionaceae in natural and cultivated 52. O'Neill KR, Jones SH, Grimes OJ. 
oyster populations in the Pacific North- 1992. Seasonal incidence of Vibrio vul-
west. Diagn. Microbiol./nfect. Dis. 9:1- nijicus in the Great Bay estuary of New 
5 Hampshire and Maine. Appl. Environ. 

40. Keswick BH, Satterwhite TK, Johnson Microbiol. 58:3257-62 
PC, DuPont HL, Secor SL, et al. 1985. 53. Paille D, Hackney C, Reily L, Cole M, 
Inactivation of Norwalk virus in drink- Kilgen M. 1987. Seasonal variation in 
ing water by chlorine. Appl. Environ. the fecal coliform population of Loui-
Microbiol. 50:261� siana oysters and its relationship to mi-

41. Klontz KC, Spencer L, Schreiber M, crobiological quality. J. Food Prot. 50: 
Janowski HT, Baldy LM, Gunn RA. 545-49 
1988. Syndromes of Vibrio vulnijicus 54. Peterson OA, Wolfe LG, Larkin EP, 
infections: clinical and epidemiologic Deinhardt FW. 1978. Thermal treatment 
features in florida cases, 1981-1987. and infectivity of Hepatitis A virus in 
Ann. Intern. Med. 109:318-23 human feces. J. Med. Virol. 2:201...{i 

42. Lechowich RV. 1992. Current concerns 55. Regan PM, Margolin AB, Watkins WD. 
in food safety. In Food Safety Assess- 1993. Evaluation of microbial indicators 
ment, ed. JW Finley, SF Robinson, OJ for the determination of the sanitary 

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 1

99
5.

16
:1

23
-1

40
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

C
O

N
R

IC
Y

T
 E

B
V

C
 a

nd
 E

co
n 

T
ri

al
 o

n 
09

/2
3/

15
. F

or
 p

er
so

na
l u

se
 o

nl
y.



140 WITIMAN & FLICK 

quality and safety of shellfish. J. Shell
fish Res. 12:95-100 

56. Richards GP. 1985. Outbreaks of shell
fish associated enteric virus illness in 
the United States: requisite for develop
ment of viral guidelines. J. Food Prot. 
48:815-23 

57. Richards GP. 1988. Microbial purifica
tion of shellfish: a review of depuration 
and relaying. J. Food Prot. 51:218-51 

58. Rippey SR. 1994. Seafood borne disease 
outbreaks. Kingstown, RI: DHHSS Pub
lic Health Serv., FDA, NE Seafood Lab. 
Branch 

59. Roberts NC, Bradford HB, Barbay JR. 
1984. Ecology of Vibrio choleras in 
Louisiana coastal waters. See Ref. 18 

60. Seafood irradiation called safe but mis
understood. 1992. Food Chem. News, 
June 22 

61. Singleton FL, Attwell RW, Jangi MS, 
Colwell RR. 1982. Influence of salinity 
and organic nutrient concentration on 
survival and growth of Vibrio choleras 
in aquatic microcosms. Appl. Environ. 
Microbiol. 43:1080-85 

62. Son NT, Fleet GH. 1980. Behavior of 
pathogenic bacteria in the oyster, 
Crassostrea commercia lis, during 
depuration, relaying and storage. Appl. 
Environ. Microbiol. 80:994-1002 

63. Stelma GN, McCabe LJ. 1992. Nonpoint 
pollution from animal sources and shell
fish sanitation. J. Food Prot. 55:649-56 

64. Tacket CO, Brenner F, Blake PA. 1984. 
Clinical features and an epidemiological 
study of Vibrio vulnificus infections. J. 
Infect. Dis. 149:558-61 

65. Tamplin ML. 1994. The distribution of 
concentrations of Vibrio vulnificus in 
oysters in United States. Presented at 
FDAlNMFS/lSSC Vibrio vulnificus 
Workshop, June 15, 16 

66. Tamplin ML. 1994. The seasonal oc
currence of Vibrio vulnificus in shell
fish, seawater and sediment of the 
United States coastal waters and the 
influence of environmental factors on 
survival and virulence. Final res. rep. to 
Salstonstall-Kennedy program 

67. Tamplin ML, Capers GM. 1992. Persis-

tence of Vibrio vulnificus in tissues of 
Gulf Coast oysters, Crassostrea vir
ginica, exposed to seawater disinfected 
with UV light. Appl. Environ. Microbiol. 
58:1506-10 

68. Tamplin M, Roderick GE, Blake NJ, 
Cuba T. 1982. Isolation and character
ization of Vibrio vulnificus from two 
Florida estuaries. Appl. Environ. Micro
bioI. 44:1466-70 

69. Tilton RC, Ryan RW. 1987. Clinical 
and ecological characteristics of Vibrio 
vulnificus in Northeastern United States. 
Diagn. Microbiol. Infect. Dis. 2:109-17 

70. Tison DL, Kelly MT. 1986. Virulence 
of Vibrio vulnificus strains from marine 
environments. Appl. Environ. Microbiol. 
51:1004-6 

71. US Dep. Health Hum. Servo 1994. FDA, 
21 FCR, parts 123, 1240 [Doc. No. 
90N-0199, 93N-0195] Proposal to es
tablish procedures for the safe process
ing and importing of fish and fishery 
products. Fed. Regist. 4192-214 

72. US Dep. Health Hum. Servo 1992. 
Health United States and Healthy Peo
ple 2000 Review. Washington, DC: Natl. 
Cent. Health Stat. 

73. US Dep. Health Hum. Servo 1993. Na
tional Shellfish Sanitation Program, 
Manual of Operations, Part II. Sanita
tion of the Harvesting, Processing and 
Distribution of Shellfish. Revision. 
Washington, DC: Public Health Serv., 
FDA 

74. VA Dep. Health. Div. Shellfish Sanit. 
1993. Informal survey conducted of the 
major molluscan shellfish dealers in Vir
ginia, Louisiana and Florida 

75. Wadstrom T. 1987. Aeromonas and 
Plesiomonas-enteric infections and fecal 
carriage in research on Aeromonas and 
Plesiomonas. I. Taxonomy, ecology, 
isolation and identification. Experientia 
43:362-64 

76. Wittman RJ, Croonenberghs RC. 1992. 
Vibrio vulnificus in shellfish: an exam
ination of public health risks and public 
health policy recommendations. V A 
Dep. Health. Policy Anal. Comm. 
Health 

A
nn

u.
 R

ev
. P

ub
lic

 H
ea

lth
 1

99
5.

16
:1

23
-1

40
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.a
nn

ua
lr

ev
ie

w
s.

or
g

 A
cc

es
s 

pr
ov

id
ed

 b
y 

C
O

N
R

IC
Y

T
 E

B
V

C
 a

nd
 E

co
n 

T
ri

al
 o

n 
09

/2
3/

15
. F

or
 p

er
so

na
l u

se
 o

nl
y.


	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Public Health Online
	Most Downloaded Public Health Reviews
	Most Cited Public Health Reviews
	Annual Review of Public Health Errata
	View Current Editorial Committee


	ar: 
	logo: 



