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Effect of Storage Temperatures on the Microbiological Quality, Safety, and Viability
of Quahog Clams, Mercenaria mercenaria

by
Carolyn E. Brenton
Dr. George J. Flick Jr., Chairman
Food Science and Technology

(Abstract)

The objective of this project was to examine the effects of various storage
temperatures and times on the microbiological quality, safety, and viability of hard shelled
quahog clams. Samples were stored at four different incubation temperatures (3.3, 7.2,
10.0, and 12.8°C) for a period of three weeks, following their harvest from growing
waters during the summer when the water temperatures were > 80°F, and during the
winter when water temperatures were < 40°F. With regards to safety, clams were analyzed
for two naturally-occurring pathogens, Vibrio parahaemolyticus and Vibrio vulnificus.
Aerobic plate counts (APCs), coliforms, and fecal coliforms were determined to define the
level of quality. During the summer, mesophilic APCs containing 2% NaCl ranged from
10* to 10® CFU/g, and during the winter, mesophilic APCs with salt ranged from < 100
ESPC to 10* CFU/g. Comparatively, during the summer, mesophilic APCs containing no
added NaCl ranged from < 100 ESPC to 10° CFU/g, and during the winter, APCs without
salt ranged from < 100 ESPC to 10? CFU/g. Coliform and fecal coliform counts ranged
from < 0.3 to 61.1 MPN/g and < 0.3 to 24.4 MPN/g, respectively. During the summer, V.
parahaemolyticus was isolated from 56% of the samples, with the highest concentration,

24,000 MPN/g, occurring on day 12 at 12.8°C. Also, during the summer, V. vulnificus



was isolated from 11% of the samples, with the highest concentration, 1,500 MPN/g,
occurring on day 15 at 7.2°C. No Vibrio spp. were detected during the winter. There was
very strong evidence (p = 0) that winter clam mortality was lower than summer clam
mortality. During the winter, clam mortality was not prevalent at any of the four
incubation temperatures (3.3, 7.2, 10.0, 12.8°C). However, during the summer clam
mortality was prominent. By day 6 and thereafter, the rate of death started to increase at
each incubation temperature. Also, after 12 to 15 days, an unpleasant odor was observed
in the clams stored at all temperatures, deeming the clams unacceptable for human
consumption. This odor was more apparent during the summer compared to the winter
studies. There was no statistical correlation between the length of storage or the
temperature(s) of incubation and the presence of V. parahaemolyticus, V. vulnificus,
coliforms, or fecal coliforms. However, storage time and incubation temperature effected

the APCs present (p < 0.05) in quahog clams.
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Introduction

The quahog clam industry has made claims that in the summertime when clams are
harvested from reasonably warm waters (i.e. > 80°F), a certain percentage of these clams
die, perhaps due to “cold shock,” when cooled to 45°F within 20 hrs. In theory, as the
differential between the internal temperature of the clams and the temperature of
refrigeration increases, more death is expected to occur. In addition to “cold shock,”
another proposed reason for clam mortality occurring during the summer, pertains to the
metabolic rates of the clams. When environmental temperatures are elevated, such as
temperatures characteristic of July and August, clams have a higher metabolic rate;
therefore, when these clams are placed in refrigerated storage, their enzymatic activity is
affected, resulting in metabolic stress and possible death. This study was designed to
address the role of “cold shock” and its relation to clam mortality.

To limit the growth of organisms of public health concern, the National Shellfish
Sanitation Program (NSSP) manual (1995) reads that “shellstock (i.e. live clams) shall be
placed under temperature control within 20 hours of harvest from April through
November and within 36 hours from December through March (Sec. B-1)...Shellstock in
dry storage shall be... maintained at a temperature of 72°C (45°F) or less. At points of
transfer... the shellstock shall not be outside temperature control for more than 2 hours”
(Sec. D-3; NSSP Manual II, 1995 edition).

The objective of this study was to determine if quahog clams, Mercenaria



mercenaria, could be “safely” stored at higher refrigeration temperatures such as, 10.0°C
(50°F) and 12.8°C (55°F), without causing excessive clam mortalities through cold shock.
Studies were conducted during the summer and winter, with the latter serving as a
comparison.

When proposing to store clams at temperatures elevated above those allowed by
regulation, the safety of the consumer must be addressed. Vibrionaceae have been shown
to be naturally occurring bacteria commonly found in shellfish, with studies showing
relatively high levels Vibrio parahaemolyticus and Vibrio vulnificus during the warmer
months of the year (Hackney et al., 1980). V. parahaemolyticus is a foodborne pathogen
that has been implicated in foodborne outbreaks related to the consumption of raw or
partially cooked shellfish (Blake et al., 1980). This organism causes gastroenteritis with
typical symptoms including: diarrhea (usually watery, sometimes bloody); abdominal
cramps; nausea; vomiting; headaches; fever; and chills (Fujino et al., 1974). V. vulnificus
has been called the new “terror of the deep” and is by far the most dangerous of the
vibrios (Oliver, 1985). This foodborne pathogen is capable of causing primary septicemia
and wound infections with the two main sources being shellfish and seawater, respectively.
The levels of Vibrionaceae present in clams can be a public health concern if
concentrations approach the infective dose for these organism(s). Therefore, as an
indicator of safety, the levels of V. parahaemolyticus and V. vulnificus were monitored
over the course of this study.

In addition to safety, the quality of the clam was another consideration. To survey



the quality of the clam, aerobic plate counts and traditional indicator microorganism tests
were performed.

Four temperatures (3.3, 7.2, 10.0, and 12.8°C) with a sampling interval of every 3
days for 3 weeks were chosen for the preceding shellfish experiments as they represented
likely conditions clams could be exposed to during the processes of shipping, handling,
and storage. Fourteen days is the maximum number of storage days the FDA recommends
to ensure the quality of the shellfish. Our storage period was extended to 21 days to
monitor the quality of the clams after the FDA limit expired.

This research project examined the effects of storage temperatures on hard shelled
clams as related to the overall microbiological quality and viability of the clam, and the
safety of the consumer. Lastly, one final consideration was to monitor environmental

temperatures that clams are exposed to on harvesting vessels prior to off-loading.



Section I: Literature Review

A. Clams

1. General information

Clams are bivalve molluscs, found in both fresh water and sea water. Unlike
oysters, clams are not sessile organisms. By nature of their design, clams utilize their
hatchet-shaped foot (tongue) as a tool to dig into the sea bed; thereby, burrowing
themselves below the surface of the substrate. Another characteristic which distinguishes
clams from oysters, scallops, and mussels, is that clams have two adductor muscles as
opposed to a single adductor (Dore, 1991). The shells of the clam are divided into two
halves and are hinged at the mid-dorsal line. Movement of the shell is controlled by the
adductor muscles which can draw the two halves tightly together to protect this soft-
bodied animal.

Concerning reproduction, the vast majority of clams are dioicious, although
hermaphrodism can occur (Manzi, 1985). Following the spawning of eggs and sperm into
the sea, fertilization takes place externally. The resulting zygote develops into a free-
swimming trocophore with a characteristic ring of locomotory cilia. This trocophore
eventually develops into a veliger larva, then differentiates into a mantle rudiment
(secreting a shell) and a distinct head foot. After differentiation, the ciliated larva settles
to the bottom and metamorphoses into a crawling spat.

Fisheries of the United States (1995) lists that in 1994, an estimated 5,214 metric



tons of hard clams (Mercenaria mercenaria) were harvested and consumed. In 1995, this
figure increased to 8,079 metric tons. Clams are available and are eaten throughout the
world. Hard clams are primarily sold fresh and are shipped live or as shucked meats.
Small hard clams or “littlenecks” are often eaten raw or steamed; whereas, large hard
clams or “chowders,” which are too big to be eaten raw, can be steamed, stuffed, or

processed into a variety of products, such as, clam juice and clam strips (Dore, 1991).

2. Microbial flora

Clams acquire their food by filtering the water in which they live. Fine food
particles suspended in the water enter through the incurrent siphon, which is then pumped
across the gills by ciliary action. These particles become entrapped in the mucus that coats
the gills. Cilia direct this mucus-coated material into the mouth of the clam via elongate
flaps, called palps, where it is then either rejected as pseudofeces or passed to the gut for
digestion (Campbell, 1990). Water and waste are expelled from the mantle cavity through
the excurrent siphon.

Being filter feeders, the microflora of clams is representative of the flora
comprising the surrounding water. Hence, shellfish may become contaminated with human
pathogenic bacteria which are indigenous to aquatic environments, such as organisms
belonging to the genera Vibrio and Aeromonas (Morris and Black, 1985). Another
possible source of contamination are microorganisms derived from sewage contamination

of waters, such as Salmonella, Campylobacter spp., Plesiomonas shigelloides, and enteric



viruses (Martinez-Manzanares et al., 1991). A third possible source of contamination are
those microorganisms associated with workers, equipment or the environment of the food
handling, processing or retail establishment (Anon. 1985).

In addition to serving as a vehicle for the transmission of human pathogenic
bacteria, shellfish can accumulate and harbor viruses detrimental to humans, such as

hepatitis A, the Norwalk-type agent, and small round viruses (Richards, 1987).

B. Indicators

1. Coliforms

Indicators are organisms that are used to test for the presence of pathogens in
water that may be contaminated with sewage. An indicator should have the following
minimum requirements: (i.) must be a biotype that is prevalent in sewage and excreted by
humans or warm-blooded animals, (ii.) should be present in greater abundance than
pathogenic bacteria, (iii.) must not be more capable of proliferation than enteric bacteria,
(iv.) must be more resistant to various disinfectants than the pathogenic bacteria, and (v.)
should be quantifiable by simple and rapid laboratory procedures (Kott, 1977).

Coliforms have been used routinely as indicators of pollution. By definition, a
coliform is an aerobic or facultative anaerobic, Gram-negative, nonsporeforming rod
shaped organism that ferments lactose with the production of gas within 48 hours at 35°C.
The primary coliform bacteria consist of Escherichia coli and Enterobacter aerogenes.

Other organisms belonging to the genera Citrobacter and Klebsiella fall under this



functional classification (Jay, 1978). When these organisms are detected in large quantities

in food and/or water, this is an indication of fecal pollution or animal contamination.

2. Fecal coliforms

Since coliforms are ubiquitous in nature and are not limited to fecal origin, there
has been considerable controversy regarding the use of coliforms as indicators of fecal
pollution. Thus, fecal indicators have been proposed as an alternative to nonfecal
coliforms. A fecal coliform is defined as a Gram-negative, facultative anaerobic,
nonsporeforming rod shaped organism that produces gas from lactose within 24 hours at
44.5°C. The principal factor that distinguishes fecal coliforms from nonfecal coliforms is
the use of an elevated temperature incubation. This is accomplished by inoculating tubes
of EC broth from gas-positive Lauryl Sulfate Tryptose (LST) broth cultures and
incubating in a water bath at 44.5°C. Generally, approximately 90% of fecal coliforms are
E. coli strains with a smaller percentage of some isolates of Enterobacter and Klebsiella

producing gas at elevated temperatures (Jay, 1978).

3. Escherichia coli

Recently, the use of fecal indicators to detect the presence of pathogens in
contaminated water has received criticism due to the finding by Paille et al. (1987) that
fecal coliform counts do not always correlate well with enteric viruses and some

potentially pathogenic bacteria which are naturally present in the environment. Citing this



study, the authors observed a seasonal variation in the type of bacteria which comprised
the fecal coliform population of oysters. Results suggested that “high levels of non-E. coli
fecal coliforms in oysters harvested in the summer from beds meeting the fecal coliform
standard are not indicative of sewage pollution” (Paille et al., 1987).

As an alternative to using fecal coliforms as indicators of safety, £. coli has been
proposed. This organism is the only coliform biotype consistently and exclusively
associated with fecal wastes of warm-bloodied animals (Cabelli, 1977). As mentioned
above, E. coli is considered to be the principal fecal coliform, usually consisting of 90% or

more of the total fecal coliform population (Jay, 1978).

4. Fecal coliforms and their relation to the presence of Vibrionaceae

One of the problems associated with the current fecal coliform indicator standard
in growing waters is that the fecal coliform indicator for harvesting waters does not
indicate the presence of nonsewage-related naturally occurring aquatic bacterial
pathogens, such as Vibrionaceae (Elliot and Colwell, 1985; Matches and Abeyta, 1983;
Tamplin et al., 1982). Although many studies have been performed, no statistically
significant correlations have been made between fecal coliforms counts and the occurrence
of Vibrio spp. (Liston, 1994). A study by Blake et al. (1982) concluded that vibrios are
“part of the normal ecosystem and not of human fecal origin.” With the exception of V.
cholerae 01, which has been isolated from sewage (Roberts et al., 1982), there is no

evidence that vibrios are of fecal origin. Pathogenic vibrios are naturally occurring aquatic



bacteria which flourish in marine inshore environments and warm temperatures. Hence,
the use of fecal indicators to detect the presence of pathogenic vibrios in shellfish or

shellfish growing waters is not practical (Liston, 1994).

C. Vibrio parahaemolyticus

1. General information

Vibrio is a large genus, containing 28 species plus numerous biotypes and
chemovars (Oliver, 1985; Hackney and Dicharry, 1988). At least 11 species are
considered pathogenic to humans, six of which are associated with foodborne disease: V.
cholerae 01 and non 01, V. parahaemolyticus, V. vulnificus, V. mimicus, V. hollisae, and
V. fluvalis.

Vibrio parahaemolyticus is a gram-negative rod-shaped bacterium commonly
isolated from estuarine and coastal waters and sediement (Colwell et al., 1973). This
organism is mildly halophilic (fails to grow in 10% NaCl broth), mesophilic (with an
optimum growth temperature at 43°C), and strains of V. parahaemolyticus implicated in
gastroenteritis appear as green (nonsucrose-fermenting) colonies on TCBS agar
(Sakazaki, 1971; West and Colwell, 1984).

V. parahaemolyticus is a foodborne human pathogen that was first identified in
1950 in Osaka, Japan (Fujino et al., 1974). Since its discovery, V. parahaemolyticus has
been assigned to various genera including: Pasteurella, Pseudomonas, and Oceanomonas

(Miyamoto et al., 1961). Following the study by Sakazaki et al. (1963), this bacterium



was placed in the genus Vibrio by Shewan and Veron (1974).

Vibrios consist of a group of microorganisms which are often difficult to separate
into clearly distinguishable species. For instance, when comparing biochemical reactions,
many types of vibrios closely resemble V. parahaemolyticus (Liston and Baross, 1973).
There appears to be different strains of V. parahaemolyticus, with organisms isolated from
marine samples differing from strains isolated from human feces. The Kanagawa
phenomenon is a valuable test which is used to differentiate between virulent and avirulent
strains of V. parahaemolyticus (Spira, 1984). Human isolates of V. parahaemolyticus are
usually positive for the Kanagawa phenomenon, as indicated by the 8 hemolysis of human
red blood cells in Wagatsuma agar (Hoover, 1985; Wagatsuma, 1968). Positive strains
have been associated with gastroenteritis; whereas, feeding experiments with human
volunteers have shown that Kanagawa-negative V. parahaemolyticus does not cause
typical symptoms (Liston and Baross, 1973). Isolates from the marine environment and
seafood are predominantly Kanagawa negative. In fact, in Japan 99% of the sea and fish
isolates are Kanagawa negative (Sakazaki, 1979). Another study conducted by Thompson
and Vanderzant (1976) found only 0.18% of the isolates from water, shellfish, and
sediments of the Gulf of Mexico to be Kanagawa positive.

V. parahaemolyticus is a motile (polarly flagellated) organism and can be
serotyped on the basis of O and K antigens using commercially available diagnostic

antisera (West and Colwell, 1984).
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2. Distribution in the environment

V. parahaemolyticus is widely distributed in nature and has been isolated from
estuarine and coastal waters worldwide. A few studies have been conducted on the
occurrence of this organism in the pelagic areas. The general consensus is that V.
parahaemolyticus is not considered to be an organism of the open sea because it can not
withstand the cool temperatures and high hydrostatic pressure (Kaneko and Colwell,
1978; Colwell, 1984; Schwarz and Colwell, 1974; Hackney and Dicharry, 1988). Nutrient
supply may also be a factor, since this organism is primarily recovered in greatest numbers
in waters of high organic content, indicative of inshore, estuarine environments (Liston
and Baross, 1973).

Incidence of V. parahaemolyticus is correlated with warm water temperatures,
with the organism being difficult to recover from the water column during winter months
(Colwell et al., 1984). When temperatures fall below 15°C, the organism is often difficult
to recover; whereas when temperatures exceed 30°C, counts can be very high (Baross and
Liston, 1970; Tilton and Ryan, 1987 Liston, 1990). It has been proposed that during the
winter months, Vibrio spp. enter a dormant state, from which they cannot be cultured due
to adverse conditions such as inadequate nutrients or low temperatures (Oliver, 1981;
Roszak and Colwell, 1987; Liston, 1990). However, when the water temperature rises to

19°C, V. parahaemolyticus is easily detected in the water column (Colwell et al., 1984).

3. Pathology

11



The mechanism by which V. parahaemolyticus causes disease remains unclear.
Early studies of this organism indicated that pathogenesis was related to the production of
a heat-stable hemolysin (Rodrick, 1991). This hemolysin is a potent cardiotoxin and
cytotoxin;, however, its significance to gastroenteritis is not known (Hoover, 1985).
Boutin et al. (1979) reported that there is an additional factor contributing to the virulence
of this organism,; studies have revealed that the organism is capable of adhering to human
fetal cells, colonizing the gut, and penetrating into the lamina propria of the lumen
(Rodrick, 1991).

The infective dose for V. parahaemolyticus is between 10° and 10 viable cells,
although a decrease in stomach acidity may decrease the infective dose. The incubation
period is usually 9-25 hours, and the duration of the illness is usually 2.5-3 days (Hackney
and Dicharry, 1988). This food-borne pathogen causes gastroenteritis with typical
symptoms including: diarrhea (usually watery, sometimes bloody), abdominal cramps,

nausea, vomiting, headaches, fever, and chills (Fujino et al., 1974).

4. Epidemiology

Consumption of raw or partially cooked shellfish have led to outbreaks of
gastroenteritis with the causative agent being V. parahaemolyticus (Blake et al., 1980). In
Japan, where ingestion of raw seafood is common, it has been responsible for 50-70% of
all reported cases of gastroenteritis. In the United States, V. parahaemolyticus has been a

public health concern; the first documented case of gastroenteritis caused by this organism

12



occurred in Maryland when insufficiently cooked crabs were consumed (CDC, 1973).
Since then, a number of cases involving contaminated shellfish have been tabulated. The
CDC food-borne surveillance data from 1973 to 1987 shows that V. parahaemolyticus
was the cause of 18 outbreaks associated with 298 cases of illness associated with
naturally occurring pathogens in shellfish. The North East Technical Services Unit of the
U.S. Food and Drug Administration (NETSU) reported 98 cases in the same time period

(Hackney et al., 1992).

D. Vibrio vulnificus

1. General information

Vibrio vulnificus is a halophilic, rod-shaped, gram-negative bacterium (Baumann
and Schubert, 1984) that was first identified in 1976 as the “lactose-positive” marine
vibrio by the CDC (Hollis et al., 1976). The medium of choice for isolation and
classification of this organism is CPC agar, which takes advantage of the colistin and
polymyxin B resistance of V. vulnificus (Massad and Oliver, 1987).

Regarding biochemical characteristics, V. vulnificus is very similar to V.
parahaemolyticus. In fact, foodborne illness prior to the 1970's thought to have been
attributed to V. parahaemolyticus, may actually have been due to V. vulnificus (Morris,
1988). Although following DNA/DNA hybridization studies by Oliver (1989), V.
vulnificus was recognized as a species different from V. parahaemolyticus, V.

alginolyticus, and V. cholerae.
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2. Distribution in the environment

V. vulnificus is commonly found in estuarine waters bordering the U.S. coastline,
with environmental sources of this organism including: seawater; sediment; plankton; and
shellfish (Oliver, 1989). The presence of this organism is seasonal, being the most
prevalent in the environment when water temperatures are above 20°C. Salinity is also a
factor affecting the growth of this organism. V. vulnificus appears to prefer lower
salinities, having an optimal salinity of 10 to 20 ppt, with an optimal water temperature of
37°C (Kelly, 1982).

Earlier studies performed by MacDonell and Hood (1984) showed that during the
winter months when water temperatures fall below 15°C, V. vulnificus can enter into a
“viable but nonculturable” state. This state may be a response to sublethal injury incurred
to the cell or a strategy allowing the organism to conserve energy and survive the harsh
conditions of the winter months (Rodrick, 1991). Thus, the implications of this “viable
but nonculturable state” are serious. Colwell et al. (1990) reported that nonrecoverable
strains of V. cholerae, when fed to human volunteers, caused clinical symptoms typical of
non-01 V. cholerae and could be recovered from stool specimens. Hence, if
nonrecoverable strains of V. vulnificus can “self-repair” as water temperatures rise, this
could be cause for concern from a public health perspective.

During the summer and fall months, counts of V. vulnificus isolated from shellfish

can be relatively high compared to the winter months (Tamplin et al., 1982; Tilton and
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Ryan, 1987). For example, a study conducted by Tamplin et al. (1982) showed that
shellfish, sampled from an estuary, Apalachicola Bay, located in Florida, contained
relatively high counts (3,000 MPN/g of meat) of V. vulnificus. Whereas, during the

months of April and February, V. vulnificus was not detected.

3. Pathology

V. vulnificus has been called the new “terror of the deep” and is by far the most
dangerous of the vibrios (Oliver, 1985). This pathogen is capable of causing primary
septicima and wound infections with the two main sources of infection being shellfish and
seawater, respectively.

Foodborne illness may result following the consumption of contaminated, raw, or
partially cooked shellfish. The incubation for the onset of symptoms is usually 16 to 48
hours after ingestion (Hackney and Dicharry, 1988), and knowledge of the infective dose
for V. vulnificus is not known at this time. This invasive organism penetrates the intestinal
tract and produces primary septicima, with symptoms including: malaise; chills; fever;
vomiting and diarrhea. Approximately 33% of individuals with this disease have
hypotension (systolic blood pressure <80 mm Hg) (Blake et al., 1979; Hollis et al., 1976).
The infection proceeds rapidly and 40-60% of the cases are fatal (Oliver, 1985).
However, primary septicima has only been observed in those individuals who are
considered to be high risk due to pre-existing diseases, such as: hemochromatosis;

cirrhosis; renal failure; diabetes; and AIDS (Oliver, 1985; Bachman et al., 1983). Normal
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healthy people usually do not become septicemic, but they can develop gastroenteritis
from this pathogen. The most common vehicle of infection by V. vulnificus is raw oysters
(Hackney et al., 1992).

In addition to causing primary septicemia, V. vulnificus has been associated with
the development of serious wound infections. Upon exposure of broken skin to seawater
and/or shellfish, V. vulnificus can enter through a pre-existing wound and cause massive
swelling and erythema around the wound (Rodrick, 1991). The infected area rapidly
develops (onset of symptoms is 4-12 hours) lesions, often extending into adjacent areas,
with vesicles, bullae, and necrosis occurring (Rodrick, 1991). There is usually extensive
tissue damage and severe wound infections may require amputation or may result in death.
The mortality rate from wound infections is 7-22%, which is still much lower than primary
septicima (Bachman et al., 1983; Madden, 1988).

V. vulnificus produces a variety of virulence factors including: extracellular
cyotoxin-hemolysin (Gary and Kreger, 1985); phospholipase (Testa et al., 1984),
siderophores (Wright et al., 1986); and a surface antigen that confers resistance to
phagocytosis and bacterial activity in normal serum (Kreger and Lockwood, 1981).

Furthermore, regarding the pathogenesis of V. vulnificus, a study by Yoshida et al.
(1985) provided evidence that two morphological colony types exist for this organism.

However, only cells designated as “opaque” are virulent (Rodrick, 1991).

4. Epidemiology
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Iliness attributed to V. vulnificus is most often associated with coastal areas; the
incidence of V. vulnificus infections appearing to be 0.5 case/100,000 population/year,
with primary septicemia comprising two-thirds of the cases (Committee on evaluation of
the safety of fishery products, 1991). However, outbreak information on V. vulnificus is
limited. The CDC defines an outbreak as two or more individuals becoming ill after
consuming a common food at the same time and epidemiological analysis implicates the
food as the source. Since this organism affects immunocomprised individuals only, no
outbreaks have been reported to the CDC (Hackney et al., 1992). The CDC does not list
individual cases, only outbreak information. Although, the NETSU data base lists several
cases of V. vulnificus infections; between 1978 and 1987, NETSU reported 100 cases of

V. vulnificus infections (Rippey and Verber, 1988).

E. National Shellfish Sanitation Program Regulations

1. Background information

In December, 1924, following a large scale outbreak of typhoid fever which was
attributed to consumption of raw oysters, the oyster industry appealed to the federal
government to intervene with the goal being to restore public faith concurring the safety of
interstate shipping of oysters (Clem, 1994). As a result, the Surgeon General of the
United States Public Health Service called for a conference which would address issues on
shellfish sanitation. The conference, which was held on February 19, 1925, was attended

by federal, state, and municipal authorities and representatives of the shellfish industry
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(Frost, 1925). This conference formulated the basic principles of the National Shellfish
Sanitation Program (NSSP). A cooperative effort from each shipping state, the Public
Health Service (now the Food and Drug Administration), and the shellfish industry
worked to put these principles into practice. The NSSP is dependent entirely upon the
States adopting the recommended requirements and the cooperative and voluntary efforts

of State regulatory agencies and the shellfish industry (NSSP, 1992a).

2. Classification of Growing Waters

The primary objective of the NSSP is to control the safety of shellfish by
preventing their harvest from contaminated waters (NSSP, 1992a). The first step in
achieving this objective is to identify harvesting areas of acceptable sanitary quality.
Growing waters are deemed acceptable or unacceptable based on survey data. A sanitary
survey is conducted for each growing area prior to its approval by the state as a source of
shelifish. Generally, sanitary surveys serve the purpose of combining data from several
sources (i.e. identification and evaluation of pollution sources, hydrographic and
meterological characteristics) so that a comprehensive analysis can be performed to
determine the proper classification of the area surveyed. These surveys are updated
annually and must be readily available to FDA officials upon request.

The NSSP has developed five types of classifications for shellfish growing areas:
approved, conditionally approved, restricted, conditionally restricted, and prohibited

(NSSP, 1992a). Each area must be designated with one of the above classifications
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according to information obtained from the sanitary survey.

With approved areas, data must indicate that “fecal material, pathogenic
microorganisms, and poisonous and deleterious substances are not present in the area in
dangerous concentrations” (NSSP, 1992a). Shellfish harvested from approved areas are
unlikely to cause illness which can be attributed to fecal contamination because the water
must meet the total coliform standard which is 70 or less per 100 mL, with the fecal
coliform standard of 14 or less per 100 mL.

Areas that are subject to intermittent microbiological pollution are designated as
conditionally approved. This is a voluntary option and may be utilized when an area is
susceptible to predictable pollution events such as, wastewater treatment facilities
discharging effluent, seasonal variations in the water quality due to the presence of tourists
in resort communities, or sporadic use of a dock or harbor facility by a fishing fleet
(NSSP, 1992a).

An area may be classified as restricted when there is a limited degree of pollution.
When an area receives this classification, the shellfish harvested from this area must be
subject to a purification process, such as relaying or depuration. In order for shellfish
obtained from restricted areas to be considered for depuration, the bacteriological quality
of the water must not exceed 700 coliforms per 100 mL or 88 fecal coliforms per 100 mL.

As with conditionally approved areas, growing waters that are subject to
intermittent pollution may be classified as conditionally restricted. The difference is that

shellfish obtained from these waters are required to receive a purification process. Again,
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this classification is voluntary and examples of predictable pollution events are mentioned
above.

The final type of classification is prohibited areas which applies to waters that
either have not been surveyed or the sanitary survey revealed that the area has excessive
concentrations of hazardous materials. In either case, harvesting shellfish from these areas

is prohibited.

3. Guidelines for safety

To ensure the safety and sanitary control of shellfish, the NSSP has developed
“criteria and procedures to allow a producing state to ‘certify’ to receiving states that the
product from specific dealers has been grown, harvested, transported, processed, and/or
shipped in compliance with NSSP criteria” (NSSP, 1992b). Certification is intended to
“provide an unbroken chain of sanitation to a lot of shellfish from the moment of harvest
to its sale at the wholesale or retail level” (NSSP, 1992b). All dealers and persons
handling shellstock prior to its delivery to the certified interstate shipper must be certified
or licensed by state officials.

The states are responsible for regulating all components of the shellfish industry;
for example, the state is authorized to conduct periodic inspections to assure that dealers
are complying with the sanitation requirements pertaining to the type of operation
involved setforth by NSSP standards. In addition, the state has the authority to take

“immediate emergency action to halt the sale and distribution of shellfish without recourse
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to lengthy administrative procedures” (NSSP, 1992b). For instance, following reports of
illness traced to a certain source of shellfish, a state can detain lots of shellfish before
confirmatory laboratory analysis can be conducted to identify the causative agent.

In order to be eligible for certification, shellfish shippers must adhere to the
guidelines formulated by the NSSP for the harvesting, handling and shipping of shellfish.
Concerning the harvesting and transporting of shellfish, all boats and trucks shall be
“constructed, operated, and maintained so as to prevent contamination, deterioration, or
decomposition of the shellfish, and shall be kept clean” (NSSP, 1992b). Studies have
shown that product deterioration has resulted in shellfish that have been held or shipped
under adverse conditions, such as direct sunlight and warm temperatures (Presnell and
Kelly, 1961). Thus, all boats and trucks must be “adequately refrigerated when ambient
air temperatures and time of travel are such that unacceptable bacterial growth or
deterioration may occur,” and pre-chilling of both the shellfish and the trucks may be
necessary as needed.

Studies on the microbiological quality of shellfish indicate the need to refﬁgerate
shellfish quickly after harvesting and to maintain the product below 10°C (50°F) during
processing, distribution, and storage. In a study by Cook and Ruple (1989), the authors
addressed the role of temperature and its relation to the microflora changes occurring in
shellstock oysters during commercial handling. Their study showed that storage of post-
harvest shellstock at 10°C prevented the multiplication of V. parahaemolyticus and V.

vulnificus and fecal coliforms. Whereas, levels of V. parahaemolyticus in oysters stored
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above 10°C often approached the infectious dose (10° to 10 viable cells) for this

pathogen.

Therefore, NSSP regulations state that shellfish shall be considered acceptable if:
shipments of shellstock are properly identified and cooled to 10°C (50°F) or less, and the
shellstock are alive. Alternatively, shellfish shall be rejected if: shipments are without
proper identification; shellstock shipments exceed 15.6°C (60°F); or other conditions exist
(i.e. adulteration with poisonous and deleterious substances). However, shellfish shall be
examined bacteriologically if: shellstock shipping temperature exceeds 10°C, but is not
higher than 15.6°C (NSSP, 1992b).

Many food control officials world-wide regard shellfish as a “potentially hazardous
food that is capable of supporting rapid and progressive growth of infectious or toxigenic
microorganisms” (NSSP, 1992b). FDA recommends that this “potentially hazardous
food” along with others (e.g. milk, eggs, meat, and poultry) should be maintained at 7.2°C
(45°F) or below, and if large volumes are involved in processing, methods be employed to
rapidly cool the product to an internal temperature of 7.2°C (45°F) within 4 hrs (Clem,
1982).

In 1995, these regulations were amended, and the (1995) manual reads that
“shellstock (i.e. live clams) shall be placed under temperature control within 20 hours of
harvest from April through November and within 36 hours from December through March
(Sec. B-1)...Shellstock in dry storage shall be... maintained at a temperature of 72°C

(45°F) or less. At points of transfer... the shellstock shall not be outside temperature
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control for more than 2 hours” (Sec. D-3; NSSP Manual II, 1995 edition).

4. Guidelines for guality

Microbiological criteria setforth by FDA (Clem, 1982) states that a hard shelled
clam is considered to be satisfactory at the wholesale level if the fecal coliform density
does not exceed 230/ 100g and if the aerobic plate count (APC) is less than or equal to 5 x
10° CFU/ g at 35°C incubation. In a study by Wentz et al. (1983), the authors examined
the microbiological quality of fresh Eastern hard shelled clams determined at the wholesale
level; geometric means for APCs (incubated at 35°C), coliforms, and fecal coliforms were
found to be: 950 CFUY/ g; 3.6/ 100 g; <3/ 100 g; respectively. It should be noted that all of
the hard shelled clams examined in this study met the criteria for fecal coliforms and
generally conformed to the criteria for APCs; only 0.3% of hard shelled clams exceeded
the APC criteria (Wentz, 1983).

A similar study was conducted by Foster et al. (1977), except this study surveyed
clams at the retail level. The results of this survey were as follows: the APC (incubated at
32°C for 72 hrs) geometric mean was determined to be 7.8 x 10*/ g, with a coliform mean
of 7.8/ 100 g, and a fecal coliform mean of 1.3/ 100 g. The International Commission on
Microbiological Specifications for Foods (ICMSF) recommends that fresh seafood
products should have an APC less than 1.0 x 10 g to be considered a quality product;

only 3.8% of the samples exceeded this ICMSF recommended limit for APCs, and none of
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the samples exceeded the maximum limit for acceptability for fecal coliforms (which
pertains to values in excess of 400/ g) (ICMSF, 1974). Also, no isolations of V.
parahaemolyticus were observed.

In 1980, Hackney et al. examined the microbiological quality of a variety of
seafood products from several different locations in North Carolina. Samples, including
hard shelled clams, were obtained from 10 seafood processing plants, 8 coastal seafood
markets, and 10 seafood markets located in Raleigh, NC. Results of the microbiological
analyses for unshucked clams were as follows: 2.2 x 10> APC/ g; 6 coliforms/ g; and 150
fecal coliforms/ g; V. parahaemolyticus was detected in 83% of the samples. Overall, the
quality of seafood reaching the consumer was acceptable, based on the low APCs and
indicator counts. V. parahaemolyticus was found to be a common contaminant in both
processed and unprocessed seafoods, as evidenced by the high percentage of isolation
seen in the unshucked clams. The authors state that “it was not uncommon to find > 1100
V. parahaemolyticus/ g in many samples,” and that “the freshness of the seafood had a
definite effect on the numbers of V. parahaemolyticus present, i.e., the fresher the
seafood, the greater the number of V. parahaemolyticus.”

Also, the numbers of V. parahaemolyticus showed a definite seasonal variation in
all types of seafoods; this organism was relatively absent in samples taken during the
winter months, whereas numbers were much higher during the summer months. The
seasonal variability of this microorganism is attributed to its sensitivity to cold

temperatures. Ray et al. (1978) reported that freezing or refrigeration temperatures cause
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this organism to become “sublethally and lethally injured after short exposure times.”

In a study by Wait et al. (1983), the authors determined the occurrence of enteric
bacteria and bacterial indicators in hard shelled clams harvested from shellfish beds
declared open or closed for commercial shellfishing based on the levels of total coliforms
in the water. Clams collected from the open beds had an APC of 2,200 CFU/g, a coliform
count of 700 MPN/ 100 g, and a fecal coliform count of 332 MPN/ 100 g; clams collected
from closed beds had an APC of 10,400 CFU/g, a coliform count of 25,500 MPN/ 100 g,
and a fecal coliform count of 17,900 MPN/ 100 g. Water tested from closed shellfish beds
had geometric means for APCs and indicator counts that were much higher than water
analyzed from open beds. Coliform counts from closed beds were well above the total
coliform (70/100 mL) and fecal coliform (14/100 mL) NSSP standards for shellfish
growing waters. Correspondingly, clams harvested from closed beds contained much
higher concentrations of indicators than clams from open beds. Concentrations of V.
parahaemolyticus were also determined and found to be similar in clams collected from
both open and closed areas. This similarity is due to the “fact that this organism is
indigenous to estuarine waters and is not specifically associated with fecal contamination.”
Again, the authors in this study observed a seasonal variation in the levels of vibrio in

clams, with higher concentrations occurring during warmer months.

5. Recommendations

The greatest microbiological risk associated with seafood is raw molluscan
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shellfish, followed by the recontamination or cross-contamination of cooked with raw
product (Committee on the evaluation of the safety of fishery products, 1991). Seafoods
eaten raw or insufficiently cooked are clearly vehicles of transmission for pathogenic
vibrios. V. parahaemolyticus, which has been responsible for the largest number of
seafood-associated cases of illness, is highly sensitive to heat (Nishikawa et al., 1993).
Hence, thorough cooking of seafood and protection from cross-contamination after
cooking should eliminate any risk of infection by vibrios. However, some consumers insist
upon eating shellfish raw.

When seafood is consumed raw, prevention of Vibrio infection is difficult. Current
programs, such as the NSSP, work to minimize the risk from eating raw shellfish by
attempting to prevent the consumption of shellfish that have been exposed to pollution.
This cooperative effort should prevent diseases caused by the contamination of human
feces. However, with naturally occurring human bacterial pathogens, such as the vibrios,
this approach may be ineffective (Blake et al., 1980).

Persons belonging to high-risk groups (those individuals with an underlying
disease) may be best suited to avoid eating raw seafood altogether. Even healthy
individuals should consider abstaining from raw shellfish during the warm months (May
through October) when numbers of pathogenic vibrios are known to be elevated compared
to winter months.

The most important factor contributing to the prevention of vibrio infections is

education. The public needs to be aware of the dangers of consuming raw shellfish, and
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should observe caution when doing so. Perhaps even more importantly, health care
providers need to be educated concerning the hazards associated with the consumption of
raw shellfish so that this information can be conveyed to individuals belonging to high-risk

groups.
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Section II: Effect of Storage Temperatures on the Microbiological Quality, Safety,
and Viability of Quahog Clams, Mercenaria mercenaria

(Formatted for submission to the Journal of Food Protection)

Abstract

A study was conducted with hard shelled quahog (Mercenaria mercenaria) clams
incubated at 3.3, 7.2, 10.0, and 12.8°C for a period of three weeks, following their harvest
from growing waters during the summer when water temperatures were > 80°F, and
during the winter when water temperatures were < 40°F. With regards to safety, clams
were analyzed for two naturally-occurring pathogens, Vibrio parahaemolyticus and Vibrio
vulnificus. Aerobic plate counts (APCs), coliforms, and fecal coliforms were determined
to define the level of quality. During the summer, mesophilic APCs containing 2% NaCl
ranged from 10* to 10® CFU/g, and during the winter, mesophilic APCs with salt ranged
from < 100 ESPC to 10* CFU/g. Comparatively, during the summer, mesophilic APCs
containing no added NaCl ranged from < 100 ESPC to 10° CFU/g, and during the winter,
APCs without salt ranged from < 100 ESPC to 10> CFU/g. Coliform and fecal coliform
counts ranged from < 0.3 to 61.1 MPN/g and < 0.3 to 24.4 MPN/g, respectively. During
the summer, V. parahaemolyticus was isolated from 56% of the samples, with the highest
concentration, 24,000 MPN/g, occurring on day 12 at 12.8°C. Also, during the summer,

V. vulnificus was isolated from 11% of the samples, with the highest concentration, 1,500
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MPN/g, occurring on day 15 at 7.2°C. No Vibrio spp. were detected during the winter.
There was very strong evidence (p = 0) that winter clam mortality was lower than summer
clam mortality. During the winter, clam mortality was not prevalent at any of the four
incubation temperatures (3.3, 7.2, 10.0, 12.8°C). However, during the summer clam
mortality was prominent. By day 6 and thereafter, the rate of death started to increase at
each incubation temperature. Also, after 12 to 15 days, an unpleasant odor was observed
in the clams stored at all temperatures, deeming the clams unacceptable for human
consumption. This odor was more apparent during the summer compared to the winter
studies. There was no statistical correlation between the length of storage or the
temperature(s) of incubation and the presence of V. parahaemolyticus, V. vulnificus,
coliforms, or fecal coliforms. However, storage time and incubation temperature effected

the APCs present (p < 0.05) in quahog clams.
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Introduction

The quahog clam industry has made claims that in the summertime when clams are
harvested from reasonably warm waters (i.e. > 80°F), a certain percentage of these clams
die, perhaps due to “cold shock,” when cooled to 45°F within 20 hours. In theory, as the
differential between the internal temperature of the clams and the temperature of
refrigeration increases, more death is expected to occur. In addition to “cold shock,”
another proposed reason for clam mortality occurring during the summer, pertains to the
metabolic rates of the clams. When environmental temperatures are elevated, such as
temperatures characteristic of July and August, clams have a higher metabolic rate;
therefore, when these clams are placed in refrigerated storage, their enzymatic activty is
affected, resulting in metabolic stress and possible death. This study was designed to
address the role of “cold shock” and its relation to clam mortality.

To limit the growth of organisms of public health concern, the NSSP manual
(1996) reads that “shellstock (i.e. live clams) shall be placed under temperature control
within 20 hours of harvest from April through November and within 36 hours from
December through March (Sec. B-1)...Shellstock in dry storage shall be... maintained at a
temperature of 7.2°C (45°F) or less. At points of transfer... the shellstock shall not be
outside temperature control for more than 2 hours” (Sec. D-3; NSSP Manual II, 1995
edition).

The objective of this study was to determine if quahog clams, Mercenaria
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mercenaria, could be “safely” stored at higher refrigeration temperatures such as, 10.0°C
(50°F) and 12.8°C (55°F), without causing excessive clam mortalities through “cold
shock.” Studies were conducted during the summer and winter, with the latter serving as a
comparison.

When proposing to store clams at temperatures exceding regulation, the safety of
the consumer must be addressed. Vibrionaceae have been shown to be naturally occurring
bacteria commonly found in shellfish, with studies showing relatively high levels Vibrio
parahaemolyticus and Vibrio vulnificus during the warmer months of the year (Hackney
et al., 1980). V. parahaemolyticus is a foodborne pathogen that has been implicated in
foodborne outbreaks related to the consumption of raw or partially cooked shellfish
(Blake et al., 1980). This organism causes gastroenteritis with typical symptoms including:
diarrhea (usually watery, sometimes bloody); abdominal cramps; nausea; vomiting;
headaches; fever; and chills (Fujino et al., 1974). V. vulnificus has been called the new
“terror of the deep” and is by far the most dangerous of the vibrios (Oliver, 1985). This
foodborne pathogen is capable of causing primary septicima and wound infections with the
two main sources being shellfish and seawater, respectively. The levels of Vibrionaceae
present in clams can be a public health concern if concentrations approach the infective
dose for these organism(s). Therefore, as an indicator of safety, the levels of V.
parahaemolyticus and V. vulnificus were monitored over the course of this study.

In addition to safety, the quality of the clam was another consideration. To survey

the quality of the clam, aerobic plate counts and traditional indicator microorganism tests
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were preformed.

Four temperatures (3.3, 7.2, 10.0, and 12.8°C) with a sampling interval of every 3
days for 3 weeks were chosen for the preceding shellfish experiments as they represented
likely conditions clams could be exposed to during the processes of shipping, handling,
and storage. Fourteen days is the maximum number of storage days the FDA recommends
to ensure the quality of the shellfish. Our storage period was extended to 21 days to
monitor the quality of the clams after the FDA limit expired.

This research project examined the effects of storage temperatures on hard shelled
clams as related to the overall microbiological quality and viability of the clam, and the
safety of the consumer. Lastly, one final consideration was to monitor environmental

temperatures that clams are exposed to on harvesting vessels prior to off-loading.

41



Materials and Methods

Sample collection

All clams were harvested from growing waters located on the Eastern Shore of
Virginia, identified and approved by the Virginia Department of Health. Samples were
collected during the summer months, July and August, and during the winter months,
February and March. Four replicate trials were conducted during the summer; three
replicate trials were conducted during the winter. Typically within one hour after harvest,
approximately 200 “little neck” quahog clams were placed in a cooler and transported to
the laboratory in Blacksburg, Virginia. Upon arrival at the laboratory, the clams were
divided equally and placed in four incubators preset at 3.3, 7.2, 10.0, and 12.8°C (=

0.5°C).

Bacteriological analysis

Microbial analyses were conducted immediately upon arrival and every 3 days for
a period of 3 weeks. Five clams were randomly sampled, regardless of being dead or alive,
from each incubator for bacteriological analysis. Each clam was scrubbed, aspetically
shucked, diluted 1:10 with Phosphate-buffered saline (PBS) pH 7.4, and stomached with
their liquor for 2 minutes. Clam samples were analyzed for aerobic plate counts (APCs),
total coliforms, fecal coliforms, V. parahaemolyticus, and V. vulnificus. As a means of

comparsion, two sets of APCs were utilized; one set was supplemented with 2% NaCl,
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and the other set contained no added NaCl. Also, both mesophilic (48 hrs at 35°C) and
psychotrophic (10 days at 7.2°C) counts were determined. APCs were obtained using
serial dilutions with Plate Count Agar and incubated at 35°C for 48 h or at 7.2°C for 10
days (Maturin and Peeler, 1995).

Coliforms and fecal coliforms were enumerated with a 3-tube Most Probable
Number (MPN) procedure using Lauryl Sulfate Triptose (LST) Broth, incubated at 35°C.
Confirmation with Brilliant Green Lactose Bile Broth was used to enumerate coliforms,
with EC broth (incubated at 44.5°C) being the confirmed test for fecal coliforms. Positive
EC tubes were then streaked on Eosin Methylene Blue (EMB) Agar and typical colonies
(with or without metallic sheen) were subcultured into Lactose Broth tubes. Positive
lactose tubes were Gram-stained and examined microscopically (APHA, 1970).

Levels of V. parahaemolyticus and V. vulnificus were determined using a 3-tube
multiple dilution MPN technique (Elliot et al., 1995). Appropriate dilutions (10 to 10°) of
clam homogenate were inoculated into Alkaline Peptone Water (pH 8.5) (APW) for
enrichment and incubated for 18-24 h at 35°C. Positive enrichment cultures were streaked
for isolation onto plates of Thiosulfate Citrate Bile Salt Sucrose Medium (TCBS) and
Cellobiose Polymyxin Colistin Medium (CPC) and incubated for 24 h at 35°C. Typical
vibrio-like colonies were isolated on 1% Tryptone, 1% NaCl (T;N;) Agar and Gelatin
Agar (GA) and Gelatin Salt (GS) (same inoculum for GA + GS) for 12-24 h at 35°.

Identification of representative isolates were confirmed biochemically using the

API RapiD 20E system (2% NaCl diluent) (bioMerieux, 69280 Marcy I’Etoile, France),
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oxidase tests, and fermentation of arginine dihydrolase and lysine decarboxylase. Results
were reported as the highest dilution in which each Vibrio spp. was found. No attempt

was made to determine the pathogenicity of the Vibrio spp. isolated.

Data collection

Prior to examining the samples bacteriologically, mortality data was collected by
determining the numbers of live and dead clams. Each sampling day, 5 clams were
randomly selected for bacteriological analysis. Therefore, it was necessary to count and
record the total number of clams, along with the number of dead clams on each sampling
day. Those clams with shells gaping open that did not close when touched were
considered dead.

To monitor the temperatures of the shellfish throughout the harvesting process,
two RL 100 (Ryan Instruments) recorders were placed onboard a shellfish harvesting
boat. Temperatures were continuously recorded every fifteen minutes for several days.
Two locations were chosen for the recorders: one recorder was placed in a bag containing
clams, and another recorder was placed on deck adjacent to the clam sacks. Temperature
observations were gathered during the summer months, July and August, and during the

winter months, February and March.

Most probable number geometric mean calculations

With the MPN method, the lowest positive number obtained with a 3-tube series is
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3/g, e.g., a 0-0-1 (0/3, 0/3, 1/3) series would give a value of 3 organisms per gram. This
number is the limit of detection. The 3-tube MPN series with results 0-0-0 (0/3, 0/3, 0/3)
is reported as < 3/g. When calculating the geometric mean values for MPN analyses, a
“less than” number is meaningless and can not be utilized. Therefore, the median between

0 and 3, 1.5/g, was assigned to a 0-0-0 series in order to perform a statistical analysis.

Statistical analysis

The final concentration of vibrios, fecal coliforms and coliform organisms, and
aerobic plate counts were analyzed using analysis of variance (ANOVA) of the Statistical
Analysis System (SAS, 1985). Significances of the differences between the means of
bacterial levels at various times and temperatures across the storage study were
determined using Tukey’s Studentized Range (HSD) Test with a 0.95 confidence level.
Means with F values (p < 0.05) were significantly different from each other. Prior to
running the statistical analysis, the means of the bacterial levels were converted to logs in

order to normalize the variance.
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Results and Discussion

V. vulnificus was detected 11 times out of 116 samples (9.5%). Table 1
summarizes the frequency of V. vulnificus detected during the summer. Of the four
storage temperatures, V. vulnificus had the highest rate of detection at 12.8°C (5 times);,
conversely, at 3.3°C, V. vulnificus was not detected. This occurrence is not surprising
since the organism is sensitive to cold; Oliver (1981) and Boutin et al. (1985) observed
rapid decreases in counts at refrigeration temperatures. The growth of V. vulnificus is
favored by relatively high temperatures (> 20°C) (Hackney and Dicharry, 1988). Kelly
(1982), analyzed the growth of V. vulnificus isolates at various temperatures and observed
that during a 12 hr period, maximum growth was obtained at 37°C, with no growth at
13°C. However, after 72 hrs of observation, slight growth was noted at 13°C.

Table 2 summarizes the data for the 11 samples where V. vulnificus was detected.
The highest concentration of V. vulnificus, 376.1 MPN/g (geometric mean), was observed
at one of the lower incubation temperatures (7.2°C), on day 15. The second highest
concentration of V. vulnificus, 188.6 MPN/g (geometric mean), was observed on day 12,
at 10.0°C. The highest incubation temperature, 12.8°C, had an MPN/g of 108.6
(geometric mean) which was observed on day 18, nearing the end of the study. A
statistical analysis revealed that neither storage temperature nor length of storage effected
the levels of V. vulnificus (p > 0.1) in hard shelled quahog clams, Mercenaria mercenaria.

With the exception of the 3.3°C incubation temperature, V. vulnificus grew at all of the
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incubation temperatures (7.2, 10.0, and 12.8°C) throughout the storage study.

Several possibilities can be suggested for the relatively low rate of detection of V.
vulnificus (9.5%). One possibility is the geographic location from which the samples were
collected. In this study, clams were harvested from the Eastern Shore of Virginia. Perhaps,
compared to shellfish on the Gulf Coast, shellfish harvested from the mid-Atlantic do not
concentrate V. vulnificus as readily. The geographic distribution of V. vulnificus in the
United States has been studied by Tamplin (1994). His study revealed that the lowest
concentrations of V. vulnificus for all sample sites in the United States (< 100 MPN/g)
occurred in northern East Coast waters and all West Coast waters. The levels of V.
vulnificus present in clams harvested from the Eastern Shore may correspond more closely
to levels of the pathogen present in clams harvested from the northern East Coast waters,
rather than the Gulf Coast waters.

Another possibility is the samples themselves. Clams may not provide a sufficient
substrate for V. vulnificus to grow as compared to other shellfish, such as oysters.
Unfortunately, only limited research has been conducted on the levels of V. vulnificus in
clams. However, one study by Hood and Ness (1984), examined the levels of V. cholerae,
V. parahaemolyticus, and V. vulnificus in oysters, Crassostrea virginica, and clams,
Mercenaria mercenaria. The authors observed that clams, compared to oysters, had lower
initial levels of V. parahaemolyticus and V. vulnificus, and under storage conditions (7
days at 2°C; 7 days at 8°C), little changes in the concentration of these bacteria occurred.

A third possibility as to why the rate of detection of V. vulnificus was so low, is
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the recommended methodology used to detect this pathogen. Analytical procedures may
not be sufficiently sensitive to detect low numbers of the pathogen.

V. parahaemolyticus was observed in 56% of the clams sampled. Table 3 lists the
geometric means for V. parahaemolyticus detected during July and August. The
concentrations of this pathogen remained below 4 log;p MPN/g. Since the numbers of this
pathogenic organism are relatively low, the clams sampled in this study may not present a
risk of infection caused by V. parahaemolyticus. There was no statistical evidence to
indicate that length of storage or temperature of incubation effects the levels of V.
parahaemolyticus.

Clams surveyed during the winter were negative for the presence of V.
parahaemolyticus and V. vulnificus. The absence of these pathogens during the winter,
contrasted with their presence in the summer, supports the assumption that vibrios exhibit
a seasonal variation which has been reported by other authors (Wait et al., 1983; Kelly,
1982; Hackney et al., 1980).

In addition to observing a seasonal variation concerning the levels of vibrios
present in clams harvested during the summer and winter, a notable difference was
observed between the two seasons regarding clam mortality, with the winter clam
mortality being significantly lower (p = 0) than summer clam mortality. During the winter,
clam mortality (Table 4) was not prevalent at any of the four incubation temperatures (3.3,
7.2, 10.0, 12.8°C). Following day 15, a few clam mortalities were observed (includes all

storage temperatures); but, overall, clam mortality was not significant during the winter.
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Presumably, the reason for the low mortality is that the clams harvested during the winter
are not experiencing cold shock. When clams are harvested from cool waters (i.e. 39°F)
and subsequently stored at refrigeration temperature(s), the clam, itself, is already cool.
Therefore, the animal can readily acclimate to the refrigeration temperature(s).

However, during the summer, clam mortality was a problem as evidenced by Table
5. For the first three days of storage, the clams, stored at all four incubation temperatures,
generally remained alive. Although by day 6 and thereafter, the rate of death started to
increase at each incubation temperature. This mortality can most likely be attributed to
cold shock. This shock may be occurring because a warm clam, harvested from waters >
80°F, is not capable of rapidly adapting to refrigeration temperature(s) from such a high
internal temperature. Thus, after a few days/weeks at refrigeration temperature(s), the
clam is metabolically stressed and consequently dies.

Another objective of this study was the quality of the clams. No formal sensory
data was collected during this study. However, it was observed that after prolonged
storage, 12 to 15 days, the clams held at all four storage temperatures acquired an
unacceptable odor, with the intensity of this odor becoming much stronger as the study
progressed. Clams held at 12.8°C had a more prominent odor than those stored at the
lower refrigeration temperatures.

According to FDA, fresh shellfish products should have an APC less than 5 x 10°
CFU/ g (Clem, 1982). The mesophilic APCs without added NaCl during July and August

(Appendix) remained below the FDA criteria throughout the duration of the study (except
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for day 9, at 12.8°C, and day 21 at 10.0°C, which had APCs of 10° CFU/g). These results
indicate that according to FDA standards, the quality of the clams are acceptable, even
after the 14 day storage limit.

However, the counts from the mesophilic APCs supplemented with 2% NaCl
during July and August (Appendix) were comparably higher than the APCs without added
NacCl. In fact, by day 6, counts from the 7.2, 10.0, and 12.8°C temperatures exceeded 5 x
10° CFU/g and remained elevated throughout the study. The higher counts observed with
the APCs containing added salt can most likely be attributed to halophilic microorganisms
which require NaCl as a growth medium to proliferate.

Table 6 compares the mesophilic and psychotrophic counts for the APCs with and
without added NaCl for the clams harvested during July and August. Generally, the APCs
with salt had counts with an order of magnitude 2 to 3 times higher than the APCs without
salt (mesophilic and psychotrophic); also, the psychotrophic counts were comparably
higher than the mesophilic counts. Since the APCs without salt were consistently lower
than the APCs with salt, perhaps, the absence of salt may have had a suppressive effect;
this implies that the counts from the APCs without added salt may not have truly
represented the numbers of bacteria present, such as halophilic microorganisms which
require salt to grow.

Table 7 compares the mesophilic and psychotrophic counts for the APCs with and
without added salt for the clams harvested during February and March. During the winter,

all counts remained below 10* CFU/g throughout the study, indicating that the clams were
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acceptable, according to FDA criteria.

Since APCs are used as an indicator of quality, the question presented here is
which set of APCs should be utilized to assess quality of clams. The APC procedures
described in the Bacteriological Analytical Manual state no requirement for added salt
(Maturin and Peeler, 1995). Perhaps, for live molluscan shellfish, which harbor halophilic
microorganisms, the addition of sodium chloride should be required. This requirement
would not replace the need to conduct further tests to isolate and identify the potential
presence of pathogens; but, it could serve as an initial indicator of quality and perhaps,
safety.

Overall, both sets of mesophilic APCs revealed that clams: stored at 3.3°C had
lower counts over the course of the study compared to the other storage temperatures;
and correspondingly, clams stored at 12.8°C had higher counts when compared to the
other temperatures. Statistical information regarding the significance of storage time and
temperature for the APC results are presented in Table 8. This table lists the (i.) p-values
for the two variables, time and temperature, and (ii.) time comparisons in days (the length
of storage) and the temperature comparisons in degrees Celicus (temperature of
incubation) for each set of APCs. All pairs listed are statistically significant (p < 0.05).
Significance between, for example, day 18 and day 9 for the APCs with salt, implies that
there was a notable difference between these two storage days. Results from both sets of
APCs indicate that the duration of storage and the temperature of storage effects the

counts of bacteria present in the clam samples.
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No statistically significant differences were observed for either coliform or fecal
coliform counts with respect to length of storage or the temperature of incubation (with
the exception of the coliform data showing a significant difference between day 21 and day
3). The concentrations of coliforms and fecal coliforms detected during July and August
are presented in Table 9. The levels of fecal coliforms remained below the FDA allowed
maximum density of 230/100 g (except for day 18 at 3.3°C, and day 21 at 10.0°C). The
levels of both indicator organisms increased following day 15, for the 3.3°C storage
temperature, and following day 18, for the 10.0°C storage temperature. Neither coliforms
nor fecal coliforms were detected during the winter months.

The results of this study indicate that storing clams at higher temperatures (10.0
and/or 12.8°C) should be a safe practice. This statement is supported by: (i.) the initial
levels of vibrios in clams have been shown to be lower than other shellfish (Hood and
Ness, 1984); (ii.) most environmental strains of V. parahaemolyticus are Kanagawa
negative (avirulent). In Japan, 99% of the sea and fish isolates are Kanagawa negative
(Sakazaki, 1979). Another study conducted by Thompson and Vanderzant (1976) found
only 0.18% of the isolates from water, shellfish, and sediments of the Gulf of Mexico to be
Kanagawa positive. Hence, the risk of illness caused by pathogenic vibrios stored at
10.0°C or 12.8°C is reduced even more.

Perhaps, as an extra safety measure, clams stored at 10.0°C or 12.8°C may contain
a label, informing consumers that the clams have been stored at higher temperatures. This

label would explain that such clams do not normally present a risk to healthy individuals,
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but may be deleterious to people who belong to high risk groups (e.g.
immunocompromised individuals with underlying diseases such as: HIV; cancer; diabetes;
hemochromatosis; organ recipients). Even if clams are stored at the recommended 45°F
temperature, such individuals should avoid eating raw shellfish regardless, due to the
hazards associated with raw shellfish and potentially pathogenic vibrios.

Figures 1-4 represent the data from the RL 100 continuous temperature recorders.
During the winter (Figure 1), observations included: 7 days > 70°F, 5 days > 80°F, and 2
days > 90°F. During the summer (Figure 2), for 5 consecutive days the temperature
exceeded 100°F, and on the first observation day, the temperature onboard the deck
approached 120°F. Also, note that for 3 consecutive days during the summer (Figure 3),
the temperature in the bag of clams exceeded 100°F. The temperatures taken from the
recorder located in the bag of clams were similar to the temperatures from the recorder
located on deck; but, on average, the temperatures from the recorder placed in the bag of
clams were 10°F lower than the temperatures corresponding to the recorder placed on
deck. Perhaps the lower temperatures in the bag of clams can be attributed to the sacks of
clams being placed under protective shade, rather than the direct sunlight on the deck and
due to evaporative cooling.

These elevated temperatures are a cause for concern since they are capable of
promoting and supporting the growth of both spoilage and pathogenic bacteria. A
practical solution to this problem would be to place [small] refrigeration units (such as an

automobile air conditioner) onboard harvesting boats for use when temperatures exceed a
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predetermined maximum temperature. Another possible solution would be to require
fisherman to store bags of shellfish under protective shade. To date, there are no
regulations which require harvesting boats to have onboard refrigeration units or to

provide shade to prevent excessive temperatures in harvested product.
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Table 1: Frequency of Vibrio vulnificus detected during July and August
Storage Days

Temp. 3 6 9 12 15 18 21 Total

3.3% 0/4° | 0/4 0/4 0/4 0/4 0/4 0/4 (0)
7.2 0/4 0/4 0/4 1/4 1/4 0/4 0/4 (2)
10.0° 1/4 0/4 1/4 1/4 0/4 0/4 0/4 (3)
12.8° 1/4 2/4 0/4 1/4 0/4 1/4 0/4 (5)
*incubation temperature (°C)

*numerator refers to number of positive samples, denominator refers to number of
replications

note: one sample was positive for V. vulnificus which was identified upon arrival at the
laboratory 6 hr post-harvest
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Table 2: Concentrations of Vibrio vulnificus detected during July and August

Temp. Day MPN/g
(%)

initial® 0 460
7.2 12 43
7.2 15 1500
10.0 3 110
10.0 9 9.1
10.0 12 750
12.8 3 15
12.8 6 36; 210
12.8 12 36
12.8 18 430

*initial denotes the samples which were analyzed immediately upon arrival at the
laboratory 6 hr post-harvest

Table 3: Geometric means® of V. parahaemolyticus detected during July and August

Storage Days
Temp. 3 6 9 12 15 18 21

3.3°C

MPN/g 330 320 14 41 30 110 190

Std. Dev. 520 420 16 73 35 210 370
7.2°C

MPN/g 630 | 210 22 490 91 30 81

Std. Dev. | 1200 [ 170 12 510 130 42 140
10.0°C

MPN/g 100 71 26 28 2000 | 110 76

Std. Dev. 130 140 44 34 3600 | 210 140
12.8°C

MPN/g 130 | 1700 29 6100 | 130 110 | 1800

Std. Dev. 87 2200 47 | 12000 | 200 200 | 2200

*averages represent 4 replicate trials
note: one sample was positive for V. parahaemolyticus which was identified upon
arrival at the laboratory 6 hr post-harvest (880 MPN/g, Std. Dev. 1100)
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Table 4: Data for the numbers of live vs. dead clams for February and March

Storage Days
0 3 6 9 12 15 18 21
Temp.: 3.3°C
trial 1
# dead] n/a 0 0 0 0 0 0 0
alive] 40 40 35 30 25 20 15 10
sample info.] n/a SA SA SA SA SA SA SA
total] n/a 40 35 30 25 20 15 10
trial 2
# dead] n/a 0 0 0 0 0 0 0
alive] 40 40 35 30 25 20 15 10
sample info.] n/a SA SA SA SA S5A 5A SA
total] n/a 40 35 30 25 20 15 10
Temp.: 7.2°C
trial 1
# dead] n/a 0 0 0 0 0 4 4
alive] 40 40 35 30 25 20 11 6
sample info.] n/a S5A SA SA SA 5A 1IDA4A | 2D,3A
totall n/a 40 35 30 25 20 15 10
trial 2
# dead] n/a 0 0 0 0 0 1 1
alive] 40 40 35 30 25 20 14 9
sample info.] n/a SA SA SA 5A SA 5A 1D4A
totall n/a 40 35 30 25 20 15 10
Temp. 10.0°C
trial 1
#dead] n/a 0 0 0 0 0 0 1
alive] 40 40 35 30 25 20 15 9
sample info.] n/a SA S5A SA SA SA SA SA
total] n/a 40 35 30 25 20 15 10
trial 2
# dead] n/a 0 0 0 0 0 0 1
alive] 40 40 35 30 25 20 15
sample info.|] n/a S5A SA S5A SA S5A SA SA
total] n/a 40 35 30 25 20 15 10
Temp. 12.8°C
trial 1
# dead] n/a 0 0 0 0 3 3 2
alive] 40 40 35 30 25 17 12 8
sample info.] n/a SA SA SA SA SA SA 1D 4A
totall] n/a 40 35 30 25 20 15 10
trial 2
# dead] n/a 0 0 0 0 1 2 2
alive] 40 40 35 30 25 19 13 18
sample info.}] n/a 5A S5A S5A S5A SA S5A 1D 4A
total] n/a 40 35 30 25 20 15 10

*refers to the number of clams that are dead (counted on that sample day)

brefers to the number of clams that are alive (counted on that sample day)

“information pertaining to the 5 clams that were sampled on that day; A=alive, D=dead

drefers to the total number of clams (both alive and dead clams) before 5 have been removed for sampling
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Table 5: Data for the number of live vs. dead clams during July and August

Storage Days
0 3 6 9 12 15 18 21
Temp. 3.3°C
trial 1
# dead’] n/a 0 3 4 7 8 6 4
alive’| 41 41 33 27 19 13 10 7
sample info.’| n/a S5A 2D,3A SA SA 2D,3A | 2D,3A | 2D,3A
total’l n/a 41 36 31 26 21 16 11
trial 2
# dead] n/a 0 1 3 1 0 0 0
alive] 41 41 35 28 25 21 16 11
sample info.] n/a SA SA 2D,3A | ID4A SA SA SA
total] n/a 41 36 31 26 21 16 11
Temp. 7.2°C
trial 1
# dead] n/a 0 5 6 7 5 3 2
alive] 40 40 30 24 18 15 12 8
sample info.] n/a 5A SA S5A 2D3A | 2A3D | ID4A | ID4A
total]l n/a 40 35 30 25 20 15 10
trial 2
# dead] n/a 0 1 4 5 4 3 2
alive] 41 41 35 27 21 17 13 9
sample info.] n/a 5A 5A 1ID4A | ID4A | ID4A | IDA4A | ID4A
totall n/a 41 36 31 26 21 16 11
Temp. 10.0°C
trial 1
# dead] n/a 1 7 8 10 10 7 5
alive] 40 39 28 22 15 10 8 5
sample info.| n/a 5A SA 2D,3A | 2D,3A | 3D,2A | 2D,3A | 2D,3A
total] n/a 40 35 30 25 20 15 10
trial 2
#dead] n/a 2 9 9 7 7 6 4
alive] 42 40 28 23 20 15 11 8
sample info.] n/a SA SA 2D3A | 1ID4A | ID4A | 2D3A | ID4A
totall n/a 42 37 32 27 22 17 12
Temp. 12.8°C
trial 1
# dead] n/a 1 7 6 5 4 3 2
alive] 42 41 30 26 22 18 14 10
sample info.] n/a SA 1ID4A | 2D,3A | ID4A | 2D,3A | 1D4A | 2D,3A
totall] n/a 42 37 32 27 22 17 12
trial 2
# dead] n/a 1 8 7 5 4 4 3
alive] 41 40 28 24 21 17 12 8
sample info.|] n/a SA 1ID4A | 2D3A | 2D,3A | ID4A | 2D,3A | 2D,3A
totall n/a 41 36 31 26 21 16 11

*refers to the number of clams that are dead (counted on that sample day)
brefers to the number of clams that are alive (counted on that sample day)
‘information pertaining to the 5 clams that were sampled on that day;, A=alive, D=dead

drefers to the total number of clams (both alive and dead clams) before S have been removed for sampling
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Table 5: Data for the number of live vs. dead clams during July and August

Storage Days
0 3 6 9 12 15 18 21
Temp. 3.3°C
trial 1
# dead'] n/a 0 3 4 7 8 6 4
alive’] 41 41 33 27 19 13 10 7
sample info.] n/a 5A 2D,3A SA 5A 2D,3A | 2D,3A | 2D,3A
total’] n/a 41 36 31 26 21 16 11
trial 2
# dead] n/a 0 1 3 1 0 0 0
alive] 41 41 35 28 25 21 16 11
sample info.] n/a S5A SA 2D3A | 1D4A SA SA SA
total] n/a 41 36 31 26 21 16 11
Temp. 7.2°C
trial 1
# dead] n/a 0 5 6 7 5 3 2
alive] 40 40 30 24 18 15 12 8
sample info.] n/a SA SA SA 2D,3A | 2A3D | ID4A | 1ID4A
total]l n/a 40 35 30 25 20 15 10
trial 2
# dead| n/a 0 1 4 5 4 3 2
alive] 41 41 35 27 21 17 13 9
sample info.] n/a 5A SA 1DA4A | ID4A | ID4A | ID4A | ID4A
total] n/a 41 36 31 26 21 16 11
Temp. 10.0°C
trial 1
# dead] n/a 1 7 8 10 10 7 5
alive] 40 39 28 22 15 10 8 5
sample info.] n/a 5A SA 2D,3A | 2D,3A | 3D2A | 2D,3A | 2D,3A
totall n/a 40 35 30 25 20 15 10
trial 2
# dead] n/a 2 9 9 7 7 6 4
alive] 42 40 28 23 20 15 11 8
sample info.| n/a S5A SA 2D,3A | 1ID4A | 1D4A | 2D,3A | IDA4A
totall n/a 42 37 32 27 22 17 12
Temp. 12.8°C
trial 1
#dead] n/a 1 7 6 5 4 3 2
alive] 42 41 30 26 22 18 14 10
sample info.] n/a SA 1D4A { 2D,3A | ID4A | 2D,3A | ID4A | 2D,3A
total] n/a 42 37 32 27 22 17 12
trial 2
# dead] n/a 1 8 7 5 4 4 3
alive] 41 40 28 24 21 17 12 8
sample info.|] n/a SA 1D4A | 2D,3A | 2D,3A | 1D4A | 2D,3A | 2D,3A
totall n/a 41 36 31 26 21 16 11

*refers to the number of clams that are dead (counted on that sample day)

®refers to the number of clams that are alive (counted on that sample day)

“information pertaining to the 5 clams that were sampled on that day, A=alive, D=dead

drefers to the total number of clams (both alive and dead clams) before 5 have been removed for sampling
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Table 6: Geometric means® of APCs for clams harvested during July and August

Mesophilic® Psychotrophic’
Days No Salt Salt No Salt Salt
initial 580 40,000 93 13,000
(@ 3.3°C
3 1,800 24,000 3,300 4,000
6 450 14,000 340 190,000
9 670 92,000 790 2,300,000
12 470 4,600,000 21,000 3,600,000
15 1,500 4,200,000 100,000 11,000,000
18 11,000 50,000,000 66,000 330,000,000
21 3,800 1,700,000 15,000 190,000,000
@ 7.2°C
3 250 16,000 270 6,500
6 400 5,700,000 580 3,500,000
9 7,500 16,000,000 1,300 85,000,000
12 8,500 6,700,000 47,000 460,000,000
15 720 3,600,000 3,400 66,000,000
18 76,000 13,000,000 510,000 2,000,000
21 6,100 2,700,000 64,000 18,000,000
@ 10.0°C
3 750 60,000 170 49,000
6 1,400 570,000 850 3,000,000
9 42,000 9,600,000 8,400 140,000,000
12 99,000 24,000,000 67,000 220,000,000
15 17,000 35,000,000 75,000 380,000,000
18 190,000 30,000,000 220,000 250,000,000
21 600,000 43,000,000 210,000 470,000,000
@ 12.8°C
3 50 110,000 200 96,000
6 19,000 4,800,000 7,000 700,000
9 730,000 23,000,000 75,000 79,000,000
12 330,000 82,000,000 330,000 450,000,000
15 56,000 65,000,000 800,000 860,000,000
18 60,000 150,000,000 120,000 300,000,000
21 2,700 8,600,000 140,000 53,000,000
*CFU/g
®35°C for 48 hrs

7.2°C for 10 days
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Table 7: Geometric means' of APCs for clams harvested during February and March

Mesophilic® Psychotrophic®
Days No Salt Salt No Salt Salt
initial 160 250 460 1,100
@ 3.3°C
3 20 110 10 140
6 10 160 10 130
9 20 240 20 220
12 20 5,300 700 3,500
15 260 480 190 1,000
18 170 440 80 290
21 30 20 10 140
@ 7.2°C
3 23 45 5 25
6 50 210 35 300
9 23 140 0 800
12 440 1,700 1,400 10,000
15 200 1,900 490 2,000
18 150 1,300 310 1,500
21 50 1,600 240 1,300
@ 10.0°C
3 30 50 70 730
6 40 70 35 1,900
9 15 10,000 230 5,400
12 0 4,900 6,300 83,000
15 55 2,400 350 7,100
18 20 3,100 240 14,000
21 40 6,800 300 75,000
@ 12.8°C
3 40 70 10 1,600
6 90 400 420 13,000
9 40 1,500 120 11,000
12 10 7,000 600 25,000
15 25 3,700 1,200 57,000
18 70 2,500 900 41,000
21 20 1,000 1,000 10,000
*CFU/g
*35°C for 48 hrs

¢7.2°C for 10 days
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Table 8: Statistical Information for APCs at 35°C during

July and August

Variable: APCs with no added 2% NaCl APCs with added 2% NaCl
P-value: P-value:

Time 0.0135* 0.0001*

Temp. 0.0058* 0.0001°

Time Comparisons:
(days)

18 and 3; 3 and 18

18 and 9; 18 and 6; 18 and 3;
15 and 6; 15 and 3; 21 and 6;
21 and 3; 12 and 6; 12 and 3;
9 and 18; 9 and 3; 6 and 18;
6 and 15; 6 and 21; 6 and 12;
3 and 18; 3 and 15; 3 and 21;
3and 12; 3 and 9

Temp.
Comparisons:

CO

12.8 and 3.3; 10.0 and 7.2;
3.3 and 12.8; 3.3 and 10.0

12.8 and 3.3; 12.8 and 7.2;
10.0 and 3.3; 7.2 and 12.8;
3.3 and 12.8;3.3 and 10.0

*significant (at least two time/ temp. periods are different from each other)
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Table 9: Geometric means of coliforms® and fecal coliforms® during July and August

Storage Days
0 3 6 9 12 15 18 21
Temp.: 3.3°C
coliforms| 2.0 1.5 2.6 2.6 3.1 1.5 10 13
f. coliforms}] 2.0 1.5 2.0 2.0 2.6 1.5 10 2.6
Temp.: 7.2°C
coliforms| 2.0 1.5 1.5 1.5 2.0 20 1.5 54
f coliforms| 2.0 1.5 1.5 1.5 1.5 20 1.5 26
Temp. 10.0°C
coliforms| 2.0 1.5 1.5 2.0 3.4 1.5 1.5 60
f coliforms| 2.0 1.5 1.5 2.0 20 1.5 1.5 24
Temp. 12.8°C
coliforms{ 2.0 1.5 2.6 1.5 39 3.0 1.5 1.5
f coliforms| 2.0 1.5 1.5 1.5 2.0 1.5 1.5 1.5
Statistical
Information: | variable | P-value
coliforms
time| 0.056°
temp.| 0.357°
f. coliforms
time| 0.266°
temp.| 0.299°
‘MPN/g
*MPN/100g
‘not significant (p > 0.05)
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Figure 1: Recorder Data Located on Deck
Winter 2/14 to 3/5/96
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Figure 2: Recorder Date Located on Deck
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Figure 3: Recorder Data Located in Bag of Clams
Summer 7/31 to 8/9/96
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Section III: Conclusions

When determining the optimal temperature for the storage of shellfish, two
important factors need to be considered. The first factor is that shellfish need to be
refrigerated at temperatures which will not promote the growth of pathogenic bacteria,
such as those belonging to the Vibrionaceae Family. Studies comparing winter versus
summer harvests of hard shelled quahog clams, Mercenaria mercenaria, revealed that
clams taken in the summertime may harbor pathogens such as Vibrio parahaemolyticus
and Vibrio vulnificus. If storage parameters exist that support the growth of these
pathogens, the health of the consumer may be jeopardized. A second factor when
considering optimal storage temperatures is the quality of the stored shellfish. Regarding
quality and its relation to storage, the two main variables are temperature and time. With
this study, there was no statistical evidence that either storage temperature or length of
storage effects the levels of V. paraf:aemolyticus, V. vulnificus, coliforms, or fecal
coliforms. Although, results from both sets (0 % salt; 5 % salt) of APCs indicate that the
duration of storage and the temperature of storage effects the counts of bacteria present (p
<0.05).

Since the levels of V. parahaemolyticus remained below the infective dose for this
organism, and the highest level of V. vulnificus was only 1,500 MPN/g, storing clams after
harvest at a temperature of 10.0°C, or perhaps 12.8°C, should not compromise the quality

of the clam or the health a consumer. This statement is supported by several facts. Results
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from past storage studies (Cook and Ruple, 1989) indicate that storage of post-harvest
shellstock oysters at 10.0°C prevents the multiplication of V. parahaemolyticus and V.
vulnificus. Also, Hood and Ness (1984) reported that clams, compared to oysters, had
lower initial levels of vibrios, and under storage conditions, little changes in the
concentration of these bacteria occurred. Another consideration is that most
environmental strains of vibrios are Kanagawa negative (avirulent). In Japan, 99% of the
sea and fish isolates are Kanagawa negative (Sakazaki, 1979). Another study conducted
by Thompson and Vanderzant (1976) found only 0.18% of the isolates from water,
shellfish, and sediments of the Gulf of Mexico to be Kanagawa positive.

A possible subject for future research involves conducting a similar storage study
except using a larger sample size and sampling from more than one geographical area to
minimize the effects of environmental factors and sample variability. Other parameters of
the study might include: testing for the pathogenicity of the vibrios, and collecting sensory
data. In the future, it might not be necessary to repeat the lowest storage temperature,
3.3°C, unless for comparison purposes. Also, there would be no need to perform winter
studies. Results from this study, in conjunction with results from past studies, indicate that
vibrios enter a dormant state during the winter months. During this time, vibrios are
nonculturable, perhaps due to adverse conditions such as, inadequate nutrients or low

temperatures.
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Log MPN/ g

Appendix

15 18 21
Days

Geometric means of V. parahaemolyticus sampled during July and August;
each data point represents an average of four replicate trials.
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