
Development and Validation of a Predictive Model for the Growth of
Vibrio vulnificus in Postharvest Shellstock Oysters

Ligia DaSilva,a Salina Parveen,a Angelo DePaola,b John Bowers,c Kathy Brohawn,d and Mark L. Tampline

Food Science and Technology Ph.D. Program, Department of Agriculture, Food and Resource Sciences, University of Maryland Eastern Shore, Princess Anne, Maryland,
USAa; FDA, Division of Seafood Science and Technology, Gulf Coast Seafood Laboratory, Dauphin Island, Alabama, USAb; FDA, Division of Public Health and Biostatistics,
College Park, Maryland, USAc; Maryland Department of the Environment, Baltimore, Maryland, USAd; and Food Safety Centre, Tasmanian Institute of Agricultural Research,
University of Tasmania, Hobart, Tasmania, Australiae

Postharvest growth of Vibrio vulnificus in oysters can increase risk of human infection. Unfortunately, limited information is
available regarding V. vulnificus growth and survival patterns over a wide range of storage temperatures in oysters harvested
from different estuaries and in different oyster species. In this study, we developed a predictive model for V. vulnificus growth in
Eastern oysters (Crassostrea virginica) harvested from Chesapeake Bay, MD, over a temperature range of 5 to 30°C and then vali-
dated the model against V. vulnificus growth rates (GRs) in Eastern and Asian oysters (Crassostrea ariakensis) harvested from
Mobile Bay, AL, and Chesapeake Bay, VA, respectively. In the model development studies, V. vulnificus was slowly inactivated at
5 and 10°C with average GRs of �0.0045 and �0.0043 log most probable number (MPN)/h, respectively. Estimated average
growth rates at 15, 20, 25, and 30°C were 0.022, 0.042, 0.087, and 0.093 log MPN/h, respectively. With respect to Eastern oysters,
bias (Bf) and accuracy (Af) factors for model-dependent and -independent data were 1.02 and 1.25 and 1.67 and 1.98, respec-
tively. For Asian oysters, Bf and Af were 0.29 and 3.40. Residual variations in growth rate about the fitted model were not ex-
plained by season, region, water temperature, or salinity at harvest. Growth rate estimates for Chesapeake Bay and Mobile Bay
oysters stored at 25 and 30°C showed relatively high variability and were lower than Food and Agricultural Organization (FAO)/
WHO V. vulnificus quantitative risk assessment model predictions. The model provides an improved tool for designing and im-
plementing food safety plans that minimize the risk associated with V. vulnificus in oysters.

Vibrio vulnificus is a Gram-negative, halophilic, motile, curved
bacterium found in marine and estuarine environments. It

can be isolated from seawater, sediments, plankton, and shellfish,
especially oysters harvested from warm, brackish waters (28, 31,
38, 40). Vibrio vulnificus is a cause of food-borne illness associated
with the consumption of raw oysters. Food-borne infections often
progress rapidly into primary septicemia characterized by forma-
tion of edematous skin lesions on limbs. The mortality rate for
those with septicemia is approximately 34.8% (5, 21, 23, 26, 27, 29,
35). Fatalities may occur within 24 h, especially in individuals with
hepatic disease and immune-compromising conditions (18). In
healthy people, V. vulnificus can cause illness within 16 h, resulting
in vomiting, diarrhea, and abdominal pain. More extreme cases of
infection cause fever, chills, decreased blood pressure (septic
shock), and blistering skin lesions (5, 16). Approximately 96 food-
borne cases occur in the United States annually; however, the U.S.
Centers for Disease Control and Prevention (CDC) estimates that
only half of cases are reported (5, 35).

More than 900 V. vulnificus infections were reported between
1988 and 2006 from Gulf Coast states, where most cases occur. In
response, the Interstate Shellfish Sanitation Conference (ISSC)
proposed to introduce new risk management practices intended
to reduce the number of cases of V. vulnificus by 60% (22). The
U.S. Food and Drug Administration proposed a plan to the ISSC
in 2009 to mandate postharvest processing for all Gulf Coast oys-
ters in an effort to eliminate V. vulnificus cases, but this plan met
resistance and has not been implemented (17, 19). With respect to
issues of risk mitigation, the United Nations Food and Agricul-
tural Organization (FAO) and World Health Organization
(WHO) previously conducted a risk assessment for V. vulnificus in
oysters. In this assessment, they identified data gaps that increase

the uncertainty of risk estimates (15). One of the identified data
gaps was the lack of predictive models for the growth and survival
of V. vulnificus in postharvest oysters over a wide range of com-
mercially relevant storage temperatures.

Levels of V. vulnificus in Gulf Coast and Chesapeake Bay (CB)
oysters follow a seasonal distribution and have been reported in a
number of studies (12, 30, 31, 36, 38, 40). The highest concentra-
tions at harvest (�1,000 V. vulnificus cells per gram) are reported
during the warmer months of April through October in the Gulf
Coast and Chesapeake Bay and then decline through fall and win-
ter to �10 cells per gram. In a previous study, V. vulnificus was not
recovered in environmental samples (water, sediments, plankton,
and oysters) collected from the Chesapeake Bay in the winter (40).
Motes et al. (30) conducted a comprehensive survey of V. vulnifi-
cus levels in oysters from three major Gulf Coast and two Atlantic
estuaries at weekly intervals for 15 months. Water temperature
and salinity were found to influence V. vulnificus levels in oysters
at harvest. Cook (7, 8) investigated growth of V. vulnificus in post-
harvest oysters from the Gulf Coast and found that at tempera-
tures of �13°C, V. vulnificus failed to multiply. Vibrio vulnificus
densities were found to be substantially higher in oysters held at
temperatures of �18°C for 12 to 30 h compared to levels at harvest
(7, 8). However, these studies were limited to a single region, and
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the effects of storage temperatures and time were not investigated
systematically as storage temperature was ambient and not con-
trolled.

Estimating Vibrio growth over a wide range of temperatures is
facilitated by the development and application of predictive mod-
els. Predictive modeling has been used to describe the population
dynamics of a number of pathogenic and spoilage bacteria in food
(34, 37, 41). Viability rates determined from primary models can
be translated into secondary models to estimate bacterial viability
under dynamic environmental conditions, such as those during
harvest, transport, processing, and storage.

The D model developed by Baranyi and coworkers is a widely
used primary growth model (1–3), while the Ratkowsky second-
ary model is preferred to describe the square root of the specific
growth rate (SGR) as a function of temperature (1). However,
these predictive models must be validated with independent data
before they can be recognized as support tools in food safety risk
management (1).

Although there have been several studies on environmental
levels of V. vulnificus as a function of seawater temperature and
salinity (30, 31, 36), comprehensive predictive models have not
been developed and validated for the growth of V. vulnificus in
postharvest oyster shellstock at all temperatures relevant to com-
mercial and consumer handling practices. The primary objectives
of this study were to develop a predictive model for the growth of
V. vulnificus in postharvest shellstock of Eastern oysters (Cras-
sostrea virginica) as a function of storage temperature and to val-
idate the model against model-independent data collected from
Eastern and Asian (C. ariakensis) oysters. Additionally, possible
residual effects of harvest temperature, salinity, season, and region
on V. vulnificus growth rates were evaluated.

MATERIALS AND METHODS
Oyster collection and storage for modeling the growth of V. vulnificus.
Eastern oysters were collected in spring, summer, and fall of 2008 from
Chesapeake Bay, MD. Temperature and salinity were measured in the top
0.5 m of the water column with a Hydrolab Quanta multiparameter unit
(model 85; Hach Environmental Instruments, Loveland, CO). Immedi-
ately after harvest, oyster samples were bagged and placed in insulated
chests. Bubble-wrap was placed between the oyster bags and ice bags to
prevent direct contact with ice and water. Shipping temperature was mon-
itored using data loggers (ACR Systems, Inc., Data Logger Store, Con-
toocook, NH) inside the oyster and in the cooler to verify that tempera-
ture did not exceed 13°C (the minimum temperature for V. vulnificus
growth) during transport to the laboratory. All microbiological analyses
were initiated within 24 h of sample collection (13). Upon arrival at the
laboratory, 0-h samples were analyzed. Then oysters were placed in plastic
trays along with data loggers, and stored at 5, 10, 15, 20, 25, and 30°C for
selected time intervals.

Sample preparation. Oysters were scrubbed with a stiff brush under
running tap water to remove mud and then placed on absorbent paper to
drain excess liquid. Two sets of six oysters were shucked, and meats were
mixed with an equal volume of sterile phosphate-buffered-saline (PBS)
(7.65 g NaCl, 0.724 g of anhydrous Na2HPO4, 0.21 g of KH2PO4 [Sigma,
St. Louis, MO] per liter [pH 7.4]). Next, the mixture was blended at high
speed for 90 s in a sterile Waring blender jar (12, 20). A 1/10 (wt/wt)
dilution of oyster homogenate was prepared by mixing 20 g of homoge-
nate and 80 g of PBS. Additional 1/10 dilutions were prepared in PBS on a
volume/volume basis.

Bacteriological analyses. The concentration of V. vulnificus was de-
termined by the three-tube most probable number (MPN) procedure
described in the FDA Bacteriological Analytical Manual (25) using alkaline

peptone water (APW) with 1% NaCl as the enrichment medium. Di-
lutions of oyster homogenate were inoculated into APW and incu-
bated at 35°C for 18 to 24 h. A loopful (�10 �l) of APW from the top
1 cm of turbid tubes was streaked on modified cellobiose-polymyxin-
colistin (mCPC) agar, and the plates were incubated at 39°C for 18 to
24 h. Cellobiose-fermenting (yellow) colonies were considered pre-
sumptive for V. vulnificus. Three colonies were picked from each
mCPC plate and transferred to individual wells of 96-well plates con-
taining 100 �l of APW using sterile wooden applicator sticks. After
overnight incubation at 35°C of the 96-well plates, a 48-prong repli-
cator was used to transfer the growth in each well to T1N3 (1% tryptone
and 3% NaCl [pH 7.2]) agar plates.

After overnight incubation at 35°C, colony lifts were prepared using
Whatman no. 541 paper as described by Kaysner and DePaola (25).
Briefly, bacterial colonies were lysed, and the DNA was fixed to the filters
by treatment with alkaline lysis buffer, ammonium acetate neutralization,
and proteinase K. Alkaline phosphatase-labeled DNA probes (DNA
Technology, Aarhus, Denmark) targeting the species-specific V. vul-
nificus hemolysin gene (vvhA) were used to confirm the identity of
suspected isolates as V. vulnificus (14, 25, 39). The filters were hybrid-
ized with the probe at 55°C for 1 h, followed by washing and colori-
metric development according to the manufacturer’s instructions
(Roche Diagnostics, Indianapolis, IN). Positive (V. vulnificus strain)
and negative (Vibrio parahaemolyticus tlh� and tdh� strains) controls
were included with each hybridization experiment. Probe-positive colonies
(purple-brown) were counted, and V. vulnificus MPN/g oyster were calcu-
lated using a three-tube MPN table.

Primary and secondary model development. The dynamic model
described by Baranyi and Roberts (2) was used to fit curves to kinetic data
and to estimate lag phase duration (LPD [h]), maximum population den-
sity (MPD [log MPN/g]), and growth rate (GR [log MPN/h]) using
DMFit curve-fitting software (kindly provided by J. Baranyi, Institute of
Food Research, Norwich, United Kingdom). GRs were converted to the
square root of the log GR (SGR) for secondary models. The same dynamic
model was also used to fit nonlinear inactivation kinetics. The Ratkowsky
two-parameter square-root model was fit as the secondary growth model
using Table Curve 2D (SPSS, Inc., Chicago, IL) (32).

Validation of the secondary model. The Ratkowsky secondary model
for V. vulnificus growth in Chesapeake Bay (CB) Eastern oysters was val-
idated against observed V. vulnificus growth kinetics in Eastern oysters
collected from the Cedar Point Reef in the Mississippi Sound near Mobile
Bay (MB), AL, in the spring, summer, and fall of 2007. In addition, the
model was compared to V. vulnificus growth rates in Asian oysters col-
lected from CB, VA, during the summer of 2008. The samples were col-
lected, shipped, and analyzed with the same protocols used to produce the
primary model above.

Model performance was measured by calculating bias (Bf) and accu-
racy (Af) factors (33). Analysis of covariance (ANCOVA) was used to
evaluate possible effects of harvest temperature, salinity, and harvest re-
gion on the growth of V. vulnificus in oysters. ANCOVA was conducted
using the PROC GLM procedure in SAS (Statistic Analysis Software ver-
sion 9.1, SAS Institute, Cary, NC). Differences were considered statisti-
cally significant at P � 0.05.

RESULTS
Primary model parameters for growth/inactivation of V. vulni-
ficus in oysters. Viability kinetics of natural populations of V.
vulnificus in multiple collections of oysters harvested from the CB
during spring, summer, and fall were measured at 5, 10, 15, 20, 25,
and 30°C at selected time intervals. Analyses were continued until
oyster shells visibly gaped. Samples were stored up to 504 h (21
days) at 5 and 10°C, up to 336 h (14 days) at 15 and 20°C, and up
to 168 h (7 days) at 25 and 30°C. Representative curves fitted to
kinetic data are shown in Fig. 1 (inactivation) and Fig. 2 (growth)
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for CB and MB Eastern oysters. Primary growth/inactivation pa-
rameters for CB are summarized in Table 1.

Vibrio vulnificus was inactivated in CB Eastern oysters at 5 and
10°C, with estimated average inactivation rates of �0.005 and
�0.004 log MPN/h, respectively (Table 1). In contrast, V. vulnifi-
cus replicated in CB Eastern oysters stored at 15, 20, 25, and 30°C,
with average GRs of 0.022, 0.042, 0.087, and 0.093 log MPN/h,
respectively. The highest MPD (7.1 log MPN/g) was observed at
30°C for oysters harvested during summer (Table 1). Lag phase
was inconsistent among trials and was only observed at 20 and
25°C for spring samples (Table 1).

Secondary model for V. vulnificus growth in oysters. The
square root model (32) was used to describe growth rate as a
function of temperature and is shown in Fig. 3. Growth was not
observed at 5 and 10°C; therefore, these temperatures were not
included in the model. The equation for the square root model is
�log rate � b � (T � To), where b � 0.0109, To � 0.7005, T �
temperature in °C, r2 � 0.77, and standard error of fit � 0.037.
The standard errors for b and To were 0.002 and 4.54, respectively.

Overall, the CB V. vulnificus growth model predicted higher
GR compared to MB in Eastern oysters and markedly lower GR
for Asian oysters (Fig. 3B; Table 2).

Model performance and comparison with the FAO/WHO
model. Model performance was measured (Bf and Af). Indepen-
dent data for MB Eastern oysters and CB Asian oysters showed
that Bf and Af were 1.67 and 1.98 and 0.29 and 3.40, respectively.
Figure 4 shows the SGR for CB and MB oysters compared to the
FAO/WHO quantitative risk assessment (QRA) model (16).
Generally, SGR estimates for CB and MB Eastern oysters held at
25 and 30°C were found to be consistently lower than those
predicted by the FAO/WHO (16) V. vulnificus QRA model. GRs
in the FAO/WHO QRA were based on observations in studies
by Cook (7, 8).

Effect of harvest seawater temperature and salinity on V. vul-
nificus growth rate. Table 3 shows the average water temperature
and salinity of harvest water and the initial counts of V. vulnificus
in CB and MB oysters at harvest. Mobile Bay water temperature
ranged from 17.4 to 36.3°C, and salinities ranged from 18.9 to 28.7
ppt. In Chesapeake Bay, water temperature ranged from 16.4 to
26.2°C and salinities ranged from 8.6 to 17.3 ppt. Mean water
temperature at harvest was higher in MB during the summer
(33.2 	 2.4°C) than that in CB (25.5 	 0.6°C) (Table 3). Mean V.
vulnificus levels in CB oysters were 0.78 	 0.9 log MPN/g in sam-
ples collected in the spring, while the highest levels (4.47 	 0.4 log
MPN/g) were found in oysters collected from CB during summer.

Relative to the expectation based on storage temperature alone,
growth rates did appear to be depressed at low (CB) and high
(MB) salinities, but these observed differences were not statisti-
cally significant. In addition, there was no significant relationship
between deviations from expected growth rates versus water tem-
perature at harvest.

DISCUSSION

This study is the most comprehensive investigation to date on the
postharvest growth and survival of V. vulnificus in live shellstock
oysters. Experimental oysters were collected from two regions in
the United States with relatively high risk of V. vulnificus infection
and stored at temperatures that represent a range of potential
industry and consumer practices. Additionally, the study included
the most relevant major commercial oyster species (C. virginica)
and an oyster species (Crassostrea ariakensis) that has been pro-
posed for culture in CB due to disease resistance.

At 5 and 10°C, temperatures below the minimum growth
temperature for V. vulnificus, its levels decreased to nondetect-
able (�0.03 MPN/g) (11) after 432 h (18 days) in both oyster
species. Vibrio vulnificus counts in CB oysters decreased on
average of 2.21 log MPN/g at 5°C and 1.82 log MPN/g at 10°C.
In MB oysters, V. vulnificus levels decreased an average of 1.33
and 1.17 log MPN/g at 5 and 10°C, respectively. However, V.
vulnificus levels significantly increased after 24 h by 1 to 3 log
MPN/g in oysters stored at 15 to 30°C. These results are con-
sistent with an earlier study where V. vulnificus decreased dur-
ing storage at 10°C, but increased up to 2 log cycles after 1 day
of storage at 22°C and 30°C (9).

The highest concentration of the microbial population in an
environment is termed the maximum population density (MPD)
(37). In general, the MPD increased with storage temperature and
reached a peak of 7.1 log MPN/g in the summer oysters stored at
30°C, but the MPD was lower at 30°C in the fall, 6.0 log MPN/g. At
15°C, the MPD in the summer was 5.7 log MPN/g. The MPD is
much lower for the spring than the other seasons.

According to Baranyi and Roberts (2), the history of the cells

FIG 2 Representative growth profiles of V. vulnificus at 15°C (A), 20°C (B), 25°C
(C), and 30°C (D) in Eastern oysters from Chesapeake Bay and Mobile Bay.

FIG 1 Representative inactivation profiles of V. vulnificus at 5°C (A) and 10°C
(B) in Eastern oysters from Chesapeake Bay.
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affects the transition period during which the bacteria reach the
exponential phase. In the case of death curves, this is frequently
referred to as “shoulder”; with growth curves it is called the “lag.”
While no “shoulder” was observed in CB oysters stored at 5 and
10°C, a “shoulder” at 232 h was observed in MB spring samples
stored at 10°C. This “shoulder” may have been an artifact, possibly
due to a significant temperature drop in oysters during shipping.
The average temperature of the shipping container and oysters
during the transportation period was below 4°C for more than 15
h. No LPD was observed in MB oysters stored at 15, 20, 25, and
30°C. There were LPDs of 30 and 25 h in the spring CB samples

stored at 20 and 25°C. The average shipping container tempera-
ture in spring was 11.1°C, and the oyster temperature was 10.5°C.
Longer LPDs may be attributed to low water temperature at har-
vest or to extended exposure of oysters to low temperatures during
shipping. However, based on ANCOVA, no correlation was found
between holding temperatures and GRs (data not shown). These
results suggest that shipping container temperature and transpor-
tation period had no effect on the GRs of V. vulnificus in oysters.

The Ratkowsky square root model provided a good fit for CB
Eastern oyster data as observed SGR values at 15, 20, 25, and 30°C
were within 0.02 log MPN/h of model predictions (Fig. 3A). How-

TABLE 1 Inactivation/growth parameters for V. vulnificus in Chesapeake Bay oysters stored at 5 to 30°Ca

Temp (°C)

GR (log MPN/h) LPD (h) MPD (log MPN/g)

Spring Summer Fall Spring Summer Fall Spring Summer Fall

5 �0.002 (0.001) �0.007 (0.0008) ND ND ND ND ND ND ND
10 �0.004 (0.0007) �0.005 (0.0006) �0.004 (0.0004) ND ND ND ND ND ND
15 0.016 (0.002) 0.028 (0.007) ND ND ND ND ND 5.7 (0.1) ND
20 0.049 (0.002) ND 0.035 (0.018) 30 (2.2) ND ND 5.5 (0.1) 5.8 (0.1) 6.1 (0.3)
25 0.091 (0.077) 0.098 (0.057) 0.073 (0.052) 25.2 (22.8) ND ND 4.0 (0.4) 6.0 (0.2) 5.5 (0.4)
30 0.064 (0.010) 0.095 (0.018) 0.121 (0.038) ND ND ND ND 7.1 (0.3) 6.0 (0.4)
a GR, growth rate; LPD, lag phase duration for growth or duration of shoulder for inactivation; MPD, maximum population density; ND, not determined. Values in parentheses are
the standard errors.

FIG 3 (A) Secondary model of V. vulnificus square root of the log growth rate (SGR) in Chesapeake Bay (CB) Eastern oysters stored at 15 to 30°C, with
model-dependent data. (B) Comparison of V. vulnificus log SGRs in Eastern oysters from Mobile Bay (MB) and CB Asian oysters.
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ever, the SGR for V. vulnificus in MB oysters was systematically
overpredicted, except at 20°C. For CB Asian oysters stored at 20°C
and above, the mean model prediction was markedly less than the
observed SGR (Fig. 3B).

The observed SGR at 30°C showed higher variation than the
other storage temperatures. This could indicate that 30°C is
close to the maximum growth rate for V. vulnificus and/or an
effect from oyster host defenses and endogenous microflora.
However, higher storage temperatures were not tested. If there
are risk management scenarios in which temperatures greater
than 30°C are relevant to stored live oysters, then further stud-
ies are warranted. This may also require a different model to fit
convex SGR patterns.

Recent findings by Chase and Harwood (6) demonstrate that
the growth rate for biotype 1 strains is greater than that for less
common biotypes 2 and 3. Therefore, this adds additional confi-
dence that the model proposed will be fail-safe for V. vulnificus at
the species level.

A more specific comparison of the CB Eastern oyster model
performance was performed by measuring the factors Bf and Af.
The Bf and Af for model-dependent data were 1.02 and 1.25. The
model-independent (validation) data for MB Eastern and CB
Asian oysters showed Bf and Af of 1.67 and 1.98 and 0.29 and 3.40,
respectively, demonstrating that the model provides higher pre-
dictions for growth rate that may offer more safe estimations with
regard to reducing risk for Eastern but not Asian oysters. Given the
variability in observed V. vulnificus growth rates among experi-
ments with Eastern oysters, the more rapid growth in Asian oys-

ters should be interpreted cautiously. The growth rates observed
in the current study for Asian oysters are similar to those pub-
lished in the FAO/WHO QRA based on experiments with Eastern
oysters (15).

The average water temperature and salinity in CB were lower
than those in MB. There were lower V. vulnificus initial counts in
spring, but no correlation was found between growth rates versus
water temperature at harvest. Vibrio vulnificus can grow at 13°C
and a salinity range of 0.8 to 35 ppt. The highest concentration of
V. vulnificus can be found at water temperatures of 20 to 30°C and
salinity of 5 to 25 ppt (7, 12, 24, 26, 30).

Vibrio vulnificus growth rates were found to be variable, par-
ticularly at 25°C and 30°C. Although no significant correlation
between growth rates and harvest conditions was identified,
growth rates did appear to be depressed at the low- and high-
salinity values observed in the current study, which were generally
in the optimal range for V. vulnificus. The deviation from expected
was small (i.e., near zero) around 20 ppt salinity, which is consis-
tent with salinity levels found to be favorable for V. vulnificus in
previous environmental surveys (30) and the optimal salinity of
17 ppt reported in the FAO/WHO V. vulnificus QRA. Wright et al.
(40) reported that the increased V. vulnificus concentrations in CB
were correlated with lower salinities (8 to 16 ppt).

A comparison of the estimated growth rate in CB oysters with
the FAO/WHO QRA shows higher growth rate estimates at 25 and
30°C than in the current study. The FAO/WHO model was based
on observations made at 18°C and 23 to 34°C in studies by Cook
(7, 8), where the growth rates were estimated to be 0.025 and 0.175
log CFU/h, respectively. The growth model used in the QRA was
the 3-phase linear growth model for microbial risk assessment
advocated by Buchanan et al. (4), and in these studies, upon which
the FAO/WHO model is based, only oysters harvested from the
U.S. Gulf coast were used in the postharvest growth trials (15).
Overall, V. vulnificus growth appears to vary greatly from one lot
of oysters to the next, especially when stored at warm ambient
temperatures typical of industry practices during the higher-risk
season for this organism. The estimates in the FAO/WHO QRA
are fail-safe compared to those obtained in the current study and
can be used to develop more protective controls. However, the
distribution of growth rates in the current study should be con-
sidered in future risk assessments to more accurately estimate ex-
posure.

These results demonstrate that the model developed for the

TABLE 3 Water temperature, salinity at harvest, and V. vulnificus initial
countsa

Site
(oyster type) Season

Water
temp (°C)

Salinity
(ppt)

V. vulnificus initial
count (log MPN/g)

Chesapeake Bay
(Eastern)

Spring 17.3 	 0.7 9.1 	 0.4 0.78 	 0.9
Summer 25.5 	 0.6 12.6 	 1.3 4.47 	 0.4
Fall 18.3 	 1.7 16.4 	 1.1 3.10 	 0.6

Chesapeake Bay
(Asian)

Summer 22.8 	 2.7 21.5 	 5.1 3.15 	 1.2

Mobile Bay
(Eastern)

Spring 27.6 	 1.0 23.9 	 4.4 1.97 	 0.6
Summer 33.2 	 2.4 22.7 	 2.5 2.40 	 0.4
Fall 21.0 	 4.2 23.3 	 1.9 1.49 	 1.0

a The values shown are means 	 standard deviations.

TABLE 2 Predicted and observed log growth rates for V. vulnificus in
Eastern and Asian oysters harvested from Mobile Bay and Chesapeake
Bay

Storage temp
(°C)

Log GR (log MPN/h)a

Predicted

Observed

CB Asian oysters MB Eastern oysters

15 0.024 ND 0.013 (0.001)
20 0.045 0.100 (0.02) 0.056 (0.02)
25 0.070 0.160 (0.02) 0.051 (0.007)
30 0.103 0.200 (0.02) 0.059 (0.008)
a CB, Chesapeake Bay; MB, Mobile Bay; ND, not determined due to inactivation rather
than growth. Values in parentheses are the standard errors. The standard error for the
model prediction is 0.0014.

FIG 4 Chesapeake Bay (CB) and Mobile Bay (MB) square root of the log
growth rate estimates compared to FAO/WHO quantitative risk assessment
(QRA) (dashed line).
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growth of V. vulnificus in CB American oysters is valid for and
predictive of growth occurring in Eastern oysters harvested
from two different estuaries (MB and CB), and likely other
estuaries with similar environmental conditions, but not for
Asian oysters. Growth rates were similar over the three seasons,
except at 25 and 30°C, but were systematically lower than that
predicted by the FAO/WHO V. vulnificus QRA at temperatures
greater than 20°C. Given the high variability of growth rates at
25°C and 30°C in the current study, there are apparently factors
affecting V. vulnificus growth that were beyond the scope of this
investigation. A higher growth rate at any given temperature
should also be considered in development of control measures
in order to provide a more conservative public health stance for
a specific oyster species. The results of this study will assist risk
managers and the seafood industry in designing and imple-
menting food safety plans to minimize the risk associated with
V. vulnificus in oysters.
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