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INTRODUCTION

Raw and partially cooked molluscan shellfish (clams, oys-
ters, and mussels) have a long history as vectors of infectious
agents and marine biotoxins. Illnesses associated with these
food sources originate principally from bacterial and viral
pathogens and from toxin-producing dinoflagellates concen-
trated by shellfish during the filter-feeding process. Infectious
disease outbreaks have been reported in the United States
since the late 1800s; since then, more than 400 outbreaks and
14,000 cases have been reported (Table 1). These illnesses are
attributed to bacterial and viral agents that are associated
either with human wastes (delivered to estuarine and marine
environments in sewage effluents that have received variable
levels of treatment) or to bacterial pathogens indigenous to
coastal marine environments (e.g., Vibrio spp.).

Before the 1950s, the most common illness associated with
the consumption of raw molluscan shellfish was typhoid fever
(Fig. 1). After several large outbreaks of typhoid in the
mid-1920s (15), when more than 1,500 cases and 150 deaths
were reported in several U.S. cities, the U.S. Public Health
Service convened a committee to establish regulations for the
sanitary control of shellfish. This committee, a forerunner of
the National Shellfish Sanitation Program, made the following
recommendations (7). (i) Shellfish should be marketed from
growing areas that, on careful examination, are free from any
suspicion of dangerous contamination with disease-producing
organisms or from any deleterious or offensive substances. (ii)
After their removal from the water, shellfish should be handled
in a manner that would safeguard them from contamination
with pathogenic microorganisms or nonpathogenic agents
(e.g., toxins, heavy metals, and organics), deterioration, or
alteration that would render them unfit for consumption,
either hygienically or aesthetically. (iii) Epidemiological stud-
ies should be conducted for all outbreaks (epidemics) that
implicate shellfish so that the sources of the shellfish can be
promptly and accurately traced and measures can be initiated
to prevent further infection.

It was understood at that time that the inappropriate
disposal of raw and partially treated sewage was a principal
reason for the increasing incidence of shellfish-borne illness,
particularly typhoid fever. In addition, the process of "fatten-
ing" oysters, whereby the animals absorb water through osmo-
sis when placed in tanks of low salinity, was also of significant
public health concern. Under poor sanitary conditions, these
tank waters (and shellfish) may have been contaminated with
pathogenic microorganisms, including Salmonella typhi.
As the National Shellfish Sanitation Program recommenda-

tions gradually gained acceptance, the incidence of typhoid
began to decline for at least two reasons. First, the technology
for treating sewage wastes improved, particularly with regard
to the removal of pathogen-associated particulates and disin-
fection. Second, a water quality standard was developed for
classifying shellfish-growing areas on the basis of densities of
the total coliform bacterial indicator group. This early classi-
fication system was used to determine whether or not shellfish
could be harvested from given waters, depending on the levels
of the indicator group found therein. The standard, as one
aspect of the National Shellfish Sanitation Program, appears to
have been effective, since no shellfish-associated typhoid cases
have been reported in the United States in almost 40 years
(Fig. 1).

In the past two decades, however, the nature of shellfish-
vectored illness has changed. This report considers infectious
diseases from a historical perspective, leading up to current
public health issues associated with consumption of raw shell-
fish. It deals with problems that result from the contamination
of molluscan shellfish resources by infectious agents from
human and/or animal fecal wastes, treated and untreated
wastewaters, and the marine environment.

Data are presented for outbreak (defined as two or more
cases of illness resulting from a common exposure), incident (a
report of infectious disease resulting from a given exposure,
involving usually one person and an etiological agent of Vibrio
spp.), and case reports primarily from the United States.
Information used for this report was obtained from federal,
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TABLE 1. Cases and outbreaks of infectious disease (all agents)
resulting from the consumption of molluscan shellfish (1898-1990)

Outbreaks Cases
Decade

No. % of total No. % of total

1900 11 2.6 364 2.5
1910 7 1.7 208 1.4
1920 17 4.0 2,161 14.8
1930 31 7.4 567 3.9
1940 40 9.5 1,840 12.6
1950 6 1.4 134 0.9
1960 48 11.4 1,726 11.9
1970 44 10.5 871 6.0
1980 217 51.5 6,687 45.9

state, and local government agencies, research reports, news

accounts, and personal communications and does not repre-
sent an active, prospective investigation to identify cases of
shellfish-associated disease. The data reported here probably
represent only a small portion of the actual number of cases

that occur annually (10). The true incidence of shellfish-
vectored infectious disease may be underestimated as much as

20-fold or more (2). This is true for several reasons. First,
because there are no mandatory federal requirements for
reporting gastroenteritis of an unspecified nature (i.e., it is not
a reportable illness), physicians and state health departments
are generally under no obligation to forward case reports to
federal authorities. Second, many reported illnesses are cases

of relatively mild gastroenteritis; thus, few victims ever seek
treatment by a physician. Those reported often describe out-
breaks in which relatively large groups of people are affected
(e.g., company picnics or gatherings at restaurants). Third,
when only a limited number of people are infected, it is very
difficult to ascribe the illness to one particular food source. For
these reasons, the data may not accurately reflect the true
magnitude of the social and economic consequences of ill-
nesses that result in death, that require extended physician
and/or hospital care, or, if moderately acute, that prevent
individuals from pursuing normal daily activities (2).

ILLNESS ASSOCIATED WITH DISPOSAL OF FECAL
WASTES AND SEWAGE INTO THE AQUATIC

ENVIRONMENT

Wastewater Disposal Practices and Shellfish-Vectored
Illnesses

The association of shellfish consumption and infectious
disease has been known or suspected for many years. In 1816,
more than 40 years before Pasteur advanced his germ theory of
disease, the French physician Pasquier described typhoid fever
in a group of people who had consumed oysters harvested from
a coastal area contaminated by raw sewage (9, 18). In the
United States, infectious bacterial disease associated with
molluscan shellfish consumption was first reported in 1894 with
two cases of typhoid fever described in Connecticut from
shellfish harvested from its coastal waters. No documented
cases of infectious disease were reported in the United States
before that time, although other types of shellfish-associated
illnesses (caused by marine biotoxins) were reported in the late
1700s (16). There are several reasons for this. The construction
of storm water or sewerage systems, which began during the
mid- to late 1800s in urban centers, resulted in the consolida-
tion of human-derived wastes in collection systems and their
eventual release into near coastal environments (8). This
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FIG. 1. Number of outbreaks and cases of shellfish-vectored ty-
phoid fever reported since 1894.

practice resulted in the progressive contamination of commer-
cial and recreational shellfish-growing areas and outbreaks of
enteric disease associated with shellfish harvested from them.
Also, unlike the case for illnesses caused by marine biotoxins,
the association between consumption of sewage-contaminated
shellfish and infectious disease was not established until the
late 1800s. Marine biotoxins, which are produced by dino-
flagellates and are a naturally occurring and often highly visible
phenomenon, are not associated with sewage contamination of
coastal environments. In addition, the occurrence of algal
blooms coupled with shellfish-associated human intoxications
(generally occurring within several hours of ingestion) estab-
lishes an immediately evident relationship. With enteric infec-
tions, the relationship is not as clear, since there is no visible
measure of water quality and the onset of illness after con-
sumption of contaminated shellfish can be days to weeks.

Until the 1980s, the number of shellfish-associated infectious
disease outbreaks was less than 50 outbreaks per decade.
Outbreaks and cases by decade as a percentage of the total
reported are presented in Table 1. More than 45% of the total
historical cases were reported in the 1980s, although there are
no obvious reasons for this dramatic increase. However, in the
past decade, certain states have adopted aggressive procedures
for identifying and describing shellfish-associated disease out-
breaks. New York and Florida alone account for more than
50% of the total number of incidents reported nationwide
(Table 2). This fact, coupled with increasing consumer aware-
ness of health problems associated with seafood consumption,

TABLE 2. Incidents and cases of shellfish-associated disease
(all agents) by principal reporting states

Incidents Cases
State

No. %a No. %o

Florida 197 26.5 735 5.0
New York 195 26.3 6,611 45.3
Louisiana 48 6.5 195 1.3
Massachusetts 41 5.5 665 4.6
Connecticut 37 5.0 517 3.5
Texas 31 4.2 452 3.1
California 26 3.5 323 2.2
New Jersey 22 3.0 1,989 13.6
Alabama 20 2.7 291 2.0
Georgia 12 1.6 37 0.3

a Percentage of the total number of incidents reported nationwide (see text for
definitions).

^ Percentage of the total number of cases reported nationwide.
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TABLE 3. Shellfish-borne disease agents occurring in and
transmitted by sewage and/or wastewater (1898-1990)

Agent No. of No. of No. of
cases incidents outbreaks

Unknown' 7,978 277 256
Typhoid 3,270 93 78
Hepatitis A 1,798 51 42
Norwalk virus 311 7 7
Salmonella spp. 130 8 3
Snow Mountain virus 116 4 4
Shigella sep. 111 9 4
Hepatitis 47 5 2
Campylobacter spp. 27 12 1
Plesiomonas spp. 18 3 1
Aeromonas spp. 7 1 1
Staphylococcus aureus 5 1 1
Bacillus cereus 4 1 1
Eschenchia coli 2 1 1

a No agent isolated or identified.
b Type unspecified.

may partially explain the abrupt increase in outbreak and case
reports. In addition, shellfish, and particularly oysters, are
becoming an increasingly scarce resource as the total acreage
of estuarine and marine environments approved or condition-
ally approved for harvest for direct human consumption de-
creases with increasing inputs of human-associated contami-
nants to those areas (14). Also, large areas of potentially
productive shellfishing grounds remain closed because they
have not been subjected to the sanitary survey work required
for proper classification. As a result, there is a strong economic
incentive for the illegal harvesting of shellfish from closed but
productive growing areas where contaminant loads exceed a
generally accepted safe level. This criminal activity is certainly
a factor that affects public health, as sewage-contaminated
shellfish enter the marketplace. Finally, the rise in case reports
may be attributed to deficiencies in current sewage treatment
practices (e.g., sewage treatment plants may exceed their
design capacity or may have periodic breakdowns which result
in inadequate particle removal or disinfection), coupled with
the increasing volumes of wastes disposed of in our coastal
waters. The use of chlorine to disinfect wastewater effluents is
a particular problem in this regard. Certain human enteric viral
pathogens (e.g., Norwalk virus) are resistant to the elevated
chlorine levels (12) that effectively inactivate vegetative bacte-
rial cells, including the total and fecal coliform indicator
groups. Thus, the fecal coliform group, which is the principal
indicator of the sanitary quality of most state shellfish-growing
waters, may not reliably index the quality of waters that receive
chlorine-disinfected effluents. Waters presently considered to
be safe for the harvest of molluscan shellfish may, in fact, be
contaminated with enteric viral pathogens, and shellfish har-
vested from those areas may pose an unacceptably high risk of
viral illness.

There is no conclusive evidence of an association between
contamination derived from animal fecal wastes and the
occurrence of shellfish-vectored human illnesses (22). Current
assumptions are that illnesses occur primarily from shell stock
that accumulate waste from human-associated sources.

Agents of Viral and Bacterial Gastroenteritis

The etiological agents associated with the consumption of
raw and lightly cooked molluscan shellfish are listed in Table 3.
Most illness reports are ascribed to gastroenteritis, with no
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FIG. 2. Shellfish-vectored outbreaks and cases of hepatitis A from
1950 to 1989.

causative agent isolated or identified. However, in most cases,
the symptoms of disease are very similar. Many reports de-
scribe a relatively "mild" gastroenteritis with a typical onset
time of 24 to 48 h and a duration of about 2 days. Rarely is a

physician's care required. The symptoms, onset, and duration
are characteristic of viral gastroenteritis (Norwalk virus has
often been implicated). However, since methods for identify-
ing some of these viruses in stools have only recently been
developed, and since a limited supply of antigen (obtained
from fecal samples of infected individuals) has previously been
available only for serological work, these viral pathogens have
rarely been identified in shellfish-associated outbreaks. More-
over, there are presently no methods for isolating and culturing
viruses from the Norwalk family of agents, including many of
the small round viruses.

Bacterial illnesses associated with molluscan shellfish con-
sumption have been infrequently reported since the last case of
shellfish-vectored typhoid fever in 1954. Among these bacterial
agents (e.g., Salmonella spp., Shigella spp., Campylobacter spp.,
Plesiomonas spp., Aeromonas spp., and Escherichia coli), most
are found in sewage wastes and are readily inactivated by
chlorine disinfection. Aeromonas spp. and Plesiomonas spp.
also occur naturally in freshwater and estuarine environments
but appear to present a minimal public health hazard, espe-
cially compared with that associated with the environmental
Vibrio spp. Illnesses caused by Staphylococcus aureus or Bacil-
lus cereus are most likely a result of postharvest contamination.
The recently recognized E. coli 0157 biotype associated with
outbreaks from improperly cooked beef has yet to be associ-
ated with a shellfish vector. However, its frequent occurrence
in livestock indicates a potential public health problem with
shellfish harvest areas affected by farm runoff.

Hepatitis A Infections

Hepatitis A is one of the most serious illnesses associated
with shellfish-vectored disease, causing debilitating and
chronic infection and even death. The first documented out-
break of shellfish-borne hepatitis occurred in Sweden (19) in
1956, when 629 cases associated with raw oyster consumption
were reported. Subsequent to that, hepatitis A cases were

reported in the United States (Fig. 2). In 1961, several large
outbreaks were reported among consumers of raw oysters in
Mississippi and Alabama and consumers of raw clams in New

Jersey and Connecticut. In 1964, 20 outbreaks and 743 cases

were reported among consumers of both oysters and hard
clams and other, unspecified shellfish in several states. In most

instances, shellfish harvest areas were not identified for several

r Outbreaks
*-* Cases
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reasons. First, the onset time of this illness is 2 to 8 weeks or
more, and by then, the implicated shellfish were no longer in
the distribution system. Second, the tagging systems used to
identify original shellfish harvest sites were, and still are, often
unreliable. (The tagging system involves labeling sacks of
shellfish with specified information, including harvest area.
Tags remain attached to the sacks throughout the distribution
network until a specified time after their retail distribution.)
There is no standard, nationally accepted tagging system for
confidently determining the original harvest area of a given lot
of shellfish. Third, the economic incentive for "bootlegging"
shellfish (i.e., illegally harvesting animals from unapproved or
prohibited areas) is quite compelling. The state patrol proce-
dures needed to deter this illegal activity are often compro-
mised by the lack of financial resources and manpower needed
for active and suitable enforcement. In addition, the penalties
for these offenses are often not a sufficient deterrent. Thus,
shellfish that are not suitable for raw consumption can, and do,
enter the marketplace. The magnitude of this problem is not
known.
The percentage of hepatitis A virus outbreaks is lower than

that caused by certain other infectious agents, and most
outbreaks that are reported usually involve a large number of
cases. Underreporting of a shellfish-vectored hepatitis A virus
outbreak is due to the extended onset period following con-
sumption of the contaminated food and the corresponding
difficulty in determining a common food source when only a

limited number of individuals are involved. Outbreaks of
hepatitis A have been reported consistently since the early
1960s (Fig. 2), and the illness continues to be a public health
concern today. Worldwide, the illness is reported frequently.
The most disturbing recent incident occurred in China in 1988
(1), when more than 292,000 cases (nine deaths) of hepatitis A
(associated with the consumption of uncooked, contaminated
cockles) were reported in the urban areas around Shanghai.
This outbreak clearly demonstrated the need for effective
sanitation programs to prevent the introduction of contami-
nated shellfish into the marketplace and what can happen
when the system breaks down or when there are no effective
programs in place.

Seasonality of Illness Reports

Gastroenteritis of an unknown or viral etiology seems to
occur more frequently at certain times of the year. When
grouped by month, both the outbreak (Fig. 3) and case (Fig. 4)
data reveal two periods of increased illness: late spring and late
fall. These incidents roughly coincide with times when bioac-
cumulation rates in shellfish are high. During certain times in
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FIG. 3. Number of outbreaks by month of illness ascribed to viral
pathogens or to illnesses of undetermined etiology (1894 to 1989).
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FIG. 4. Shellfish-associated illness cases ascribed to viral pathogens
or to illnesses of undetermined etiology (1894 to 1989).

spring (4) and fall (5) in temperate waters, hard clams (Mer-
cenaria mercenaria) accumulate viruses (and other microbial
indicators) at a significantly higher rate than at other times of
the year and thus can be periodically contaminated with high
levels of sewage-associated microorganisms, including micro-
bial pathogens. This phenomenon is subsequently reflected in
the human health effects data. The increased consumption of
raw shellfish (particularly hard clams) during these periods
may also be coincident with higher illness rates. Although data
are lacking on the seasonal incidence of Norwalk and Norwalk-
like viruses, they probably show a seasonal occurrence much
like that of other viral groups that are epidemic only at certain
times of the year. Their input into the marine and estuarine
environment would then be intermittent and unpredictable as

they pass through the infected individual into the wastewater
stream.

Relative Incidence of Allocthonous Microbial Agents
Involved in Disease Outbreaks

The bacterial agents of shellfish-associated disease (Table 4)
represent a small proportion of the outbreak (4.0%) and case

(3.8%) reports. This may be because the indicator organisms
used to assess and classify the sanitary quality of shellfish-
growing areas (as open, restricted, or prohibited) effectively
protect the health of the shellfish-consuming public against
diseases of an allocthonous bacterial origin or because the
etiological agents of gastroenteritis associated with shellfish
outbreaks are infrequently isolated and identified.
Compared with bacteria, viral agents of shellfish-vectored

disease represent a significantly greater proportion (Table 4)
of the totals reported. However, those cases in which no agent
was isolated represent the bulk of illness reports (more than
75% of the cases and 79% of the outbreaks). If the presump-
tion is correct that most of these "unknowns" can be ascribed

TABLE 4. Shellfish-vectored disease outbreaks and cases by class
of agent for sewage- and wastewater-associated

pathogens (1905-1990)'

Class of Cases Outbreaks
agent No. % of total No. % of total

Unknown 7,978 75.7 256 79.0
Viral 2,272 21.5 55 17.0
Bacterial 304 3.8 13 4.0

a Typhoid fever is not included in this table. The last reported shellfish-
vectored case was in 1954.
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TABLE 5. Incidents, outbreaks, and cases of shellfish-associated
illnesses associated with members of the Vibrio genus (1967-1990)

Vibrio species No. of No. of No. of
cases incidents outbreaks

V parahaemolyticus 159 60 14
V. vulnificus 160 133 8
V. cholerae non-O1 143 57 14
V choleraei 5 3 2
V. cholerae 01 14 14
V. fluvialis 8 6 1
V. hollisae 15 15
V mimicus 14 14
V alginolyticus 1 1
Vibrio spp. 6 4 1

a No serotype specified.

to a viral agent (symptomatically), enteric viral pathogens
present the principal concern to the public health.

AUTOCHTHONOUS MARINE BACTERIA AS AGENTS
OF SHELLFISH-VECTORED ILLNESSES

Several Vibrio spp., native to both marine and estuarine
environments, have been identified as the causative agents of
shellfish-vectored illnesses (Table 5). These halophilic, non-
sporeforming bacteria occur in saline aquatic environments in
densities that are related, at least in part, to water tempera-
tures and salinity. Other factors that influence their occurrence
and distribution in the aquatic environment are not well
understood. The severity of human disease caused by the
different species (Table 5) varies considerably. Vibrio vulnificus
infections can result in septicemia with a high mortality rate;
cholera has been reported among consumers of raw shellfish
for the past two decades. All of the Vibrio spp. listed in Table
5, except V vulnificus, are associated with gastroenteritis of
varying severity. Among this group, the 01 serogroup of Vibrio
cholerae is the most serious and debilitating. In general, all of
these agents produce a much more severe gastroenteritis than
that caused by enteric viral pathogens.

V. vulnificus
Oyster-associated V vulnificus septicemia and death were

first reported in 1975 (3). Since then, about ten cases (five
deaths) of oyster-borne infections attributable to this species
have been reported annually in the United States. The popu-
lation at risk of developing this illness is well defined because
they have certain health problems, such as liver cirrhosis,
diabetes, hemochromatosis, and immunosuppressive disorders
(17), which predispose them to infectious disease. The case

fatality rate averages about 50% among this group. Given the
numbers of individuals at risk and the frequency of raw

shellfish consumption in certain areas of the United States
(13), it is surprising that the number of cases and deaths is not
higher. Clearly, the mechanisms of pathogenesis of this organ-
ism need further investigation. In addition, temperature abuse
(i.e., the holding of shellfish at temperatures in excess of 45'C
for prolonged periods of time in transit or in the marketplace)
may contribute to illness associated with Vibrio spp. (or other
bacteria) by providing a condition that would allow these
pathogens to multiply in the molluscan shell stock. The signif-
icance of the role of temperature abuse in human morbidity or

mortality is unknown.
V. vulnificus case reports show a seasonal pattern, with the

highest frequencies occurring from midsummer through late
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FIG. 5. Cases of shellfish-vectored V vulnificus infections reported
by month (1975 to 1989).

fall (Fig. 5). No shellfish-associated cases have been reported
in the United States in January or February. Because of its
temperature sensitivity, V vulnificus is found in highest densi-
ties when water temperatures exceed 15°C (23); below this
temperature, environmental densities decline rapidly. V vulni-
ficus is commonly found in all U.S. coastal waters and presum-
ably in all species of near-coastal shellfish in densities that
fluctuate with the season. However, case reports associate
illness from this organism only with consumption of raw
oysters and with shellstock harvested from waters of the U.S.
Gulf Coast. The reason for this remains unexplained.

V. cholerae

Cholera was first identified in the United States in 1832, and
the illness, involving several large food- and waterborne epi-
demics (20), was reported periodically until 1911. After that, it
was believed to have been eradicated from this country.
However, in 1973, a Texas fisherman was diagnosed with the
illness (24), although the source of the organism could not be
determined. Since that time, V cholerae cases (and deaths),
although rare, have been reported sporadically among shellfish
consumers (Fig. 6). Both the 01 and other serotypes have been
isolated from individuals with relatively severe gastroenteritis.
Non-O1 serotypes are reported most frequently, and although
the illness caused by them is generally less severe than that
caused by 01 serotypes, these organisms have been associated
with several oyster-vectored deaths. Non-O1 biotypes are

indigenous to marine environments; however, there is no
conclusive evidence for an autochthonous marine 01 popula-
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FIG. 6. Shellfish-associated cases of cholera (V cholerae 01,
non-01 cholera, and unspecified serotypes) reported from 1978 to

1989.
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TABLE 6. Shellfish-associated outbreaks and cases of infectious
illness by type of shellfish (1898-1990)

Agents other than Vibri. Spp.bVibno spp.a
Species

No. of No. of No. of No. of
incidents cases incidents cases

Hard clams 232 6,201 4 4
Oysters 155 4,959 279 362
Soft clams 10 43 0 0
Mussels 14 174 1 1
Scallops 1 2 0 0

a Includes all illnesses from agents other than those in the Vibrio genus and of
unknown etiology.

b Includes V. parahaemolyticus, V cholerae 01 and non-01, V vulnificus, V.
fiuvialis, V mimicus, and V hollisae.

tion, although this possibility has been advanced (21). No cases
of shellfish-vectored, domestically acquired cholera associated
with the serotype responsible for the current South American
epidemics (6) have been reported in the United States.

Other Vibrios
A number of other Vibrio spp. have been associated with

shellfish-vectored illness outbreaks (Table 5). Vibrio parahae-
molyticus cases are reported as frequently as V vulnificus cases.
However, illness caused by this bacterium is generally confined
to gastroenteritis, although it can be severe and of relatively
long duration. A problem in clearly establishing Vibrio spp. as
etiological agents is that they are all native to marine waters
(and presumably shellfish) and may be simply passing through
the human gut after the ingestion of uncooked or lightly
cooked shellfish. Classical epidemiological methods (e.g., iso-
lation of the organism from the human host followed by
reinfection) cannot be used to demonstrate the causality of a
suspect organism in a foodborne outbreak. Therefore, the
relationship between the isolation of a Vibrio sp. from a fecal
sample and its role as the causative agent in a case report may
be generally assumed but not conclusively established.

SPECIES AND SOURCES OF SHELLFISH FROM
ILLNESS REPORTS

Most illness reports in which no causative agent was identi-
fied, or the agent was not identified as a Vibrio spp., have
historically been associated with consumption of hard clams
(Table 6). More than 56% of the outbreaks and 54% of the
case reports identify hard clams (M. mercenaria) as the vector.
Oysters (Crassostrea virginica and Ostrea edulis) are also signif-
icant vehicles for infectious illness, associated with 38% of
outbreaks and 44% of cases. Soft clams, mussels, and scallops
are of minimal public health concern with regard to infectious
disease because they are usually cooked before consumption,
or only the adductor muscle is usually consumed (scallops).
The sources of shellfish (i.e., the original growing areas or last
point of water immersion, such as a depuration facility or wet
storage area) implicated in these illnesses are predominantly
unknown. Of the 412 total outbreaks associated with species
other than Vibrio spp. (Table 6), 317 (66%) were from shellfish
of unknown or questionable origin. New York and Florida, the
states most frequently reported as the sources of shellfish
implicated in outbreaks, also reported the largest number of
outbreaks and cases (Table 2). This association is probably not
coincidental.
A completely different history is evident for infections

TABLE 7. Incidents of Vibrio-caused illnesses by source
of shellfish (1898-1990)

Source of No. of
shellfish incidentsa

Unknown ............................................. 198
Louisiana ............................................. 41
Florida............................................. 40
Texas ............................................. 5
Alabama............................................. 5

a Incidents are defined as one or more cases from a common source.

associated with certain Vibrio spp., particularly V vulnificus,
the bacterial species of primary public health concern today.
For illnesses caused by these autochthonous bacteria, oysters
(principally C. virginica) are the predominant vector. More
than 98% of the incident reports and 99% of the case reports
(Table 6) are associated exclusively with this shellfish species.
Most reports involve oysters whose original harvest (or wet
storage) sites could not be reliably determined (Table 7);
however, positively identified harvest areas were exclusively in
Gulf Coast waters. This very interesting fact remains unex-
plained in light of the limited information available on the
marine and estuarine ecology of these aquatic bacteria, partic-
ularly since their densities vary widely in the saline environ-
ments of all continental U.S. coasts (11, 23). In addition, there
is little information on the mechanisms of pathogenesis of
these organisms, although the predisposing factors that affect
the susceptibility and morbidity of the human host are gener-
ally well described.

CONCLUSION

Infectious diseases attributable to the consumption of raw
and lightly cooked molluscan shellfish are caused by bacterial
agents that are native to the marine environment and by viral
and bacterial agents from sewage effluents and other sources
that contaminate environmental waters. As filter-feeding or-
ganisms, shellfish magnify public health problems associated
with environmental contamination because they accumulate
microbial pathogens, including viruses, manyfold over the
densities found in overlying waters.
The current public health problems of greatest concern to

consumers of molluscan shellfish are associated with viral, and
suspected viral, pathogens. The numbers of cases and out-
breaks caused by these pathogens far exceed those of all other
infectious diseases. In terms of the severity of human illness
and death, the Vibrio genus (specifically V vulnificus) presents
a serious problem. Although the number of cases reported
yearly is quite low, the high mortality rates involved are of
significant public health concern.
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