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Abstract

Oysters (Crassostrea virginicd) collected on the Cuban coast near Havana were examined for
contamination with Vibrio cholerae and other potentially pathogenic Vibrio species. The strains thus
isolated were characterized and identified to species following standard methods, and their radiation
resistance (Di0) was determined in pure culture. The Vibrio species most often isolated were V.
cholerae,V. parahaemolyticw and V. Alginolyticus. Representative cultures from each species were
later used to inoculate shucked oysters to determine the optimal radiation dose that would ensure
elimination of 108 colony forming units (CFU)/g. The highest proportion of isolates were identified as
Vibrio parahaemolyticus and V. algynoliticus. Non-Ol strains of Vibrio cholerae were isolated from
50% of samples, but no V. cholerae 01 was identified. Dio values calculated for the various strains
were low in relation to those in the literature. The radiation dose for decontaminating heavily
inoculated (108 CFU/g) oysters was 1.2 kGy.

INTRODUCTION

Many Vibrio species are recognized as human pathogens. These bacteria are native to
the aquatic environment, including Vibrio cholerae, the etiological agent of cholera, which
has been found as a natural inhabitant of waters in areas free of cholera.

The seventh cholera pandemia arrived in the American continent through Peru, in
1991, rapidly expanding to various countries in South and Central America, but not to the
Caribbean area. In Cuba, a surveillance programme of fish, lobster, crab, shrimp, and oysters
for contamination with V. cholerae was established during the cholera pandemia, to detect any
appearance of the pathogen in products consumed by Cubans, used for export, or supplied to
the tourism industry. Because of normal consumption patterns of most of these products in
Cuba, which call for cooking, they do not present a serious epidemiological risk; the
exception is oysters, which are marketed shucked and consumed raw. Thus the interest in
studying the potential use of irradiation to decontaminate oysters should these be found to
carry Vibrio cholerae 01 or other potentially pathogenic Vibrio spp.

The objectives of the study were: a) To determine the degree of natural contamination
of Cuban raw oysters with bacteria of the genus Vibrionaceae; b) to characterize and identify
the Vibrio isolates to species; c) to establish the radiation resistance (Dio) of the potentially
pathogenic Vibrio species isolated; and d) to determine the optimal dose for radiation
decontamination of oysters artificially contaminated with the potentially pathogenic Vibrio
species previously isolated and identified.



All microbiological work was conducted at the Department of Food Microbiology,
Institute for Nutrition and Food Hygiene (INHA), Public Health Ministry. This was done in
co-ordination with the Laboratory for Irradiation Techniques (LTI), National Center for Plant
and Animal Health (CENSA), where irradiation of samples and dosimetry were carried out.

MATERIALS AND METHODS

A series of 48 composite samples of oysters belonging to the species Crassostrea
virginica were collected from oyster beds on the North Coast of the province of Havana,
which was deemed to be a more likely area for contamination of sea water with sewage
effluents than other areas of the island. The oysters were transported in the shell to the
laboratory, where they were shucked manually using aseptic techniques, placed in
polyethylene bags, and refrigerated until used. Each bag contained 50 g of oyster meat. To
determine the possible presence of Vibrio cholerae and other potentially pathogenic species of
Vibrio, the standard methodology described in the 8th Edition of the Bacteriological
Analytical Manual published by the US Food and Drug Administration, scheme No. 1 (FDA,
1995), was followed. This methodology prescribed alkaline peptone water as enrichment
medium, and TCBS and gelatin agars for isolation media. Various series of biochemical test
were also used for characterization and identification of Vibrio isolates (ICMSF, 1978; Alcina
and Anicet, 1994).

The radiation sensitivity of strains of Vibrio parahaemolyticus, V. alginolyticus, and V.
cholerae non-Ol isolated from oyster samples was determined in 18- to 24-h pure cultures.
Cultures of the isolates were suspended in physiological saline so as to contain 108 CFU/mL
according to the McFarland scale, followed by 100-fold dilution to final suspensions
containing 106 cfu/mL. The initial concentration of the suspensions was ascertained by plating
on TCBS and gelatin agars. Ten-mL aliquots of each suspension were placed in quadruplicate
in 20-mL glass vials, transported to the irradiation center, and irradiated at doses in the range
0.0-2.0 kGy using a Gamma Cell 500-002 having a 30-kCi 60Co source and a capacity of 80
L, at the Laboratory for Irradiation Techniques (LTI) of the National Center for Plant and
Animal Health (CENSA). Viable Vibrio cells were enumerated post-irradiation by surface
plating appropriate dilutions of each suspension on TCBS and gelatin agars. Tubes of tryptone
soy broth were also inoculated for MPN enumeration of survivors.

To determine the optimal radiation dose for decontamination of artificially inoculated
oysters, 50-g oyster meat samples in polyethylene bags were irradiated at 10 kGy to ensure
absence of naturally-occurring Vibrionaceae. This was ascertained by macerating samples
with tryptone soy broth and plating the appropriate dilutions on TCBS and gelatin agars as
before. Sets of five samples were inoculated for each Vibrio culture. To prepare the inocula,
separate suspensions of each isolate having a McFarland value of 10, equivalent to 109 colony
forming units (CFU)/mL, were prepared in physiological saline using 18- to 24-h cultures
grown on tryptone soy agar at 37°C. As before, inoculum concentration was determined by
plating.

Five 50-g sample bags were inoculated with 5 mL of a Vibrio sp. culture, followed by
3-h incubation at 37°C. The inoculation level was determined as before. The bags were
subsequently taken to the LTI irradiation center and irradiated at 200, 400, 600, 800,1000 and
1200 Gy. Separate non-irradiated bags inoculated with each Vibrio strain were used as
controls (0.0 Gy). Fricke and eerie sulfate dosimeters placed among the bags were used to
determine absorbed doses in the range 200^400 Gy and 1000-1200 Gy, respectively.



After irradiation, the samples were transported back to the Department of Food
Microbiology (INHA), were they were tested for surviving Vibrio cells as before. The
contents of bags subjected to the two highest radiation doses were also incubated with
tryptone soy broth to ensure absence of survivors.

RESULTS

All oyster samples tested were positive for Vibrionaceae, and 50% of samples
contained non-01 strains of Vibrio cholerae. This suggests that non-pathogenic strains of
V. cholerae may be ubiquitous in waters of the north coast of Cuba as they are in other marine
environments (Prazeres, 1986). Some samples contained more than one strain of Vibrio. The
identity of the Vibrio strains isolated throughout the study and the total number of isolations
of each strain are shown in Table 1.

Table 1: Vibrio spp. Isolated from Oysters

Vibrio spp. Isolated

Vibrio cholerae non-01 (Heiberg Group I)
V. cholerae non-01 (Heiberg Group other than I)
V.parahaemolyticus
V. alginolyticus
V.harveyi
V. vulnificus

No. of Isolates

39
30
131
120
18
3

Initial studies designed to determine the radiation resistance of pure cultures of Vibrio
strains isolated from oysters resulted in Dio values considerably lower (i.e. . 0.05 kGy) than
those reported by other authors (0.10-0.20 kGy). This was likely due to the mediun used for
preparing the test suspensions, physiological saline; NaCl may have potentiated the lethal
effect of ionizing radiation on the cultures.

Considering the non-pathogenicity of the V. cholerae isolates, all of which were non-
Ol serotypes, it appears that V. parahaemolyticus would be a much more likely foodborne
disease hazard in Cuban oysters. The prevalence of V. vulnificus was low but nevertheless a
matter of concern. These three strains were used in the second phase of the study to determine
the optimum dose for radiation decontamination of the oysters. The concentration of inoculum
in oysters artificially contaminated with pure cultures of Vibrio cholerae non-01, Vibrio
parahaemolyticus, and Vibrio vulnificus isolated from the oysters during the first phase of the
study were 4 x 107, 5 x 107, and 2 x 107, per gram, respectively.

The results of dosimetry measurements are shown in Table 2. The slope of the
calibration curve was 28.62 ±0.16; the Y intercept was 0.0 ± 0.45; and the value of R was
0.9989.

Table 3 shows the doses required for the complete elimination of the three Vibrio spp.
in oyster meat, at an inoculation level of 107 CFU/g. Considering that such seemingly high
level of Vibrio spp. contamination was found to occur naturally in oysters collected during the
summer months, these results offered a promising option for decontamination.



Table 2: Dosimetry Parameters

Dose

Dl
D2
D3
D4
D5
D6

Expected Dose
(Gy)
200
400
600
800
1000
1200

Time
(Min.)
7.14
14.25
21.43
28.57
35.71
42.86

Measured Dose
(Gy)
199.44
401.42
-

998.09
1181.61

Error
(Gy)
3.87
6.88
-

4.56
53.88

NOTE: P = 0.05.

Table 3: Radiation Dose Required to Eliminate
107 CFU/g Vibrio spp. in Oysters

Type of Microorganism Extinction Dose

1.1.
1.2. Vibrio cholerae 1.0
Vibrio alginolyticus 0.8
Vibrio parahaemolyticus L2

CONCLUSIONS

The study indicated that Vibrio spp. including non-pathogenic strains of V. cholerae
and potentially pathogenic strains of V. parahaemolyticus and V. vulnificus, but not
pathogenic strains of V. cholerae, are prevalent in Cuban oysters collected in waters of the
North Coast of Cuba. Therefore, consumption of such oysters in raw form may pose serious
health hazards.

The results of radiation treatment of artificially contaminated oysters confirmed that a
dose of 1.2 kGy would be appropriate to eliminate numbers as high as 107 CFU/g Vibrio spp.
in oysters. Considering the safety and effectiveness of irradiation to control foodborne
microbial diseases (OMS/FAO, 1982; FAO/OIEA/OPS/OMS, 1992), and the absence of
adverse effects from radiation treatment at low doses on the nutritional and sensorial
properties of foods, this conclusion confirms that irradiation could be used as a public health
intervention measure to ensure the hygienic quality of raw oyster meat.
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