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Abstract

The presence of potentially pathogenic bacteria belonging to the Vibrionacea, especially
Vibrio cholerae, and of Salmonella spp., was examined in fresh Uruguayan mussels (Mytilus sp.)
during two annual seasons. The radiation decimal reduction dose (Dio) of various toxigenic strains of
Vibrio cholerae was determined to vary in vitro between 0.11 and 0.19 kGy. These results and those
from the examination of natural Vibrio spp. contamination in mussles were used to conclude that 1.0
kGy would be enough to render Uruguayan mussels Vibrio-safe. Mussels irradiated in the shell at the
optimal dose survived long enough to allow the eventual introduction of irradiation as an effective
intervention measure without affecting local marketing practices, and making it possible to market the
fresh mussels live, as required by Uruguayan legislation.

INTRODUCTION

The Vibrionaceae are a family of facultatively anaerobic, halophilic, Gram-negative
rods, polarly flagellated, motile bacteria that comprises 28 species, of which 11 are potential
human pathogens (De Paola, 1981). Most of the Vibrio spp. are marine microorganisms,
hence their natural occurrence in many raw seafood. Among the most prevalent species of
Vibrio is V. parahaemolyticus, a fast growing bacterium that resists high salt concentrations
(Battisti, R. and Moretto, E., 1994). It is reported to be the main cause of gastroenteritis in
Japan, where there is a large consumption of raw fish. Vibrio vulnificus, another pathogenic
species of the Vibrionaceae, is a pleomorphic, short rod that requires high salt concentrations
for growth. This characteristic is likely a factor in restricting the presence of this potential
pathogen to seafood. In contrast, the most dreaded of all the Vibrionaceae, V cholerae, a
straight to curved, motile, short rod, the etiological agent of cholera, is transmitted most
frequently through contaminated water. Its rapid growth in alkaline media (pH > 9) is
frequently used as an aid to isolate it and selectively promote its growth. The enterotoxin
produced by toxigenic strains of V. cholerae causes massive secretion of liquids towards the
intestinal lumen, thus producing the often deadly diarrhea typical of the disease. Two main
biotypes of V. cholerae have been identified: the classic type and the El Tor; the latter was the
causative agent of the Lain American pandemia.

Uruguay escaped the cholera pandemia that afflicted most of South and Central
America during the early 1990's. However, the location of the coastal areas of the country in
which mussels are grown and captured, close to large urban centers and consequently to areas
of discharge of raw sewage, present a potential risk of contamination of these mollusks with
enteropathogens and with other pathogens that may be transmitted via fecal contamination,
including Vibrio cholerae and other members of the Vibrionaceae (Odizzio et ah, 1997). This
potential human health hazard becomes even more likely in view of the fact that mussels in
Uruguay are consumed raw by nationals and by very large numbers of tourists during the
southern summer months. Besides the public health implications of a potential cholera

71



outbreak from mussels on the national health system, the importance of the tourist industry to
the Uruguayan economy makes it imperative that the microbiological safety of mussels be
studied, and that alternative decontamination intervention measures be examined
(FAO/IAEA/OPS, 1992; 1994; 1997).

The present study was undertaken from March 1996 to October 1998 to fill an
information void concerning the microbiological safety of Uruguayan mussels in terms of the
prevalence of Vibrio spp. and Salmonella spp. A second objective was to evaluate the
feasibility of using gamma radiation to reduce the microbial load of raw mussels and thus
improve their hygienic quality (Fink and Rehmann, 1994). In addition, the study seeked to
establish the optimal radiation dose to be applied to minimize the potential risk posed by
Vibrio spp. and Salmonella spp. in these mollusks, and the survival of the mussels post-
irradiation (FAO/IAEA/OPS, 1997).

MATERIALS AND METHODS

Sample Collection

Mussel samples for the study were collected directly from production areas on the
coast of Montevideo, Piriapolis, Punta del Este, and La Paloma, where the largest Uruguayan
mussel banks are located: the island of Lobos, Punta Ballena, and the island of Gorriti.
Sample collection took place on a monthly basis during May-August, and biweekly
throughout the remainder of the year. During April-December 1997 samples were also
purchased from commercial outlets on the coast of Montevideo; these samples originated
mostly from growing areas east of the capital city.

The samples were placed in polyethylene bags immediately after purchase, and the
bags were covered with ice inside styrofoam boxes to maintain a temperature of 10-15°C
during transportation to the laboratory. The mussels arrived in the laboratory within 12 h of
collection or purchase.

Microbiological Analyses

Once in the laboratory, the mussels were washed and cleaned using a sterile brush to
remove dirt deposited on the outside of the shell, taking care not to damage the joint between
the valves. The mussels were then placed on sterile trays and allowed to dry at ambient
temperature before aseptically separating the valves using a sterile knife and removing the
meat with tweezers and a scalpel. Composite samples weighing 25 g of meat and mussel
juices were weighed and homogenized for 2 min in 225 mL alkaline peptone water using a
Stomacher 400. The homogenate (10"1 dilution) was used to prepare serial dilutions in
alkaline peptone water following standard methods.

Total mesophilic aerobes were enumerated using the pour plate method and plate
count agar, and incubating the plates for 48 h at 37°C (APHA, 1992; FDA, 1992). Colonies
were counted and the results were recorded as colony forming units (CFU)/g. Total coliforms
were used as indicators of fecal contamination because there were already limited data on the
presence of this group of bacteria in raw mussels from an earlier study. Enumeration of total
coliforms was by the most probable number (MPN)/g technique; the incubation temperature
was 37°C, and results were recorded at 24 and 48 h.
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To determine the presence of members of the Vibrionaceae in mussels, the samples
were placed in alkaline peptone water (pH 8.6) for 8 h. After this period of enrichment,
homogenates and serial dilutions were prepared as before, plated on thiosulfate citrate bile salt
sucrose agar (TCBS), and the plates were incubated at 37°C for 18-24 h. Colonies formed on
the plates were examined for Gram stain, oxidase reaction, and oxidation/fermentation of
glucose. Identification of the isolates was done using the BBL CRYSTAL system consisting
of 30 biochemical and enzymatic dehydrated substrates.

Experiments were replicated three times. Bacterial counts were transformed into logio
for statistical analysis.

Determination ofDio and Irradiation of Mussels

To determine the radiation decimal reduction dose, several strains of Vibrio cholerae
which had been tyed by the Institute of Hygiene (Instituto de Higiene) of the Universidad de
la Republica were obtained from the National Fisheries Institute (Instituto Nacional de Pesca,
I.N.A.P.E.). The culture was grown in TCBS and typical colonies were confirmed using the
BBL-Crystal System. The Dio was determined in 24-h cultures of the typical colonies in
alkaline peptone water, incubated at 37°C, and adjusted to a density equivalent to the
MacFarland No. 1, which corresponds to approximately 108 CFU/mL. The tubes to be
irradiated contained approximately 1 mL of culture in 2 mL of alkaline peptone water. For
irradiation, the tubes were placed in a foam box surrounded by crushed ice. Irradiation was
done in a 60Co Gamma Chamber 4000A owned by the Nuclear Research Center (Centro de
Investigaciones Nucleares, C.I.N.), of the Sciences School (Facultad de Ciencias),
Universidad de la Republica, having a dose rate of 0.85 kGy/h. The radiation dose absorbed
by the cultures were determined using Fricke dosimeters placed around the tubes. The
dosimeters were read by the Ezeiza Atomic Center (Centro Atomico de Ezeiza, Argentina).

A set of five tubes was irradiated at each radiation dose, from 0.05 to 0.30 kGy, in
increments of 0.05 kGy. Control, non-irradiated tubes were prepared that (a) remained in the
laboratory to test any adverse effects due to transportation to the irradiator and back, and (b)
travelled with the tubes to the irradiator and back, but were not irradiated. The time elapsed
for transportation of the tubes to the irradiator was 7 min. After irradiation, the cultures were
streaked on the surface of TCBS plates to determine whether or not there were surviving cells.
All experiments were replicated three times.

A 40-L aquarium was used to inoculate mussels with a pure culture of Vibrio
cholerae. The mussels were placed in the tank after filling it with salt water prepared using a
commercial salt mixture to simulate Uruguayan coastal seawater. Oxigenation of the tank was
accomplished using an underwater pump that also produced a circular current over the
mussels. The water was inoculated by pouring into it a pure culture of the pathogen calculated
to give a suspension of ca. 103 CFU/mL. After immersing the live mussles in the
contaminated water and allowing them to feed naturally through their filter feeding system,
mussels contained a load of Vibrio cholerae in the 105 CFU/g level. Mussels thus inoculated
were irradiated at doses in the range 0.0 (non-irradiated controls) — 1.3 kGy to evaluate
survival of Vibrio cholerae.

In addition to the inoculated studies, non-inoculated mussels were irradiated as before
to test their survival to radiation doses necessary to eliminate up to 105 CFU/g Vibrio
cholerae. This aspect was deemed essential, since Uruguayan law requires that fresh mussels
must be alive during marketing (Reglamento Bromatologico Nacional, 1994). Therefore, after
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irradiation, mussels (0.0-1.3 kGy) were placed in a tank containing salt water similar to the
one used to inoculate them, and their viability was recorded over a period of 48 h post-
irradiation.

RESULTS AND DISCUSSION

Out of 34 lots of mussels examined, 12 had total aerobic plate counts (APC) of 103

CFU/g, 13 had 104 CFU/g, and 9 had a level of 105 CFU/g. Fig. 1 shows the APC as a
function of sampling dates, in mussels collected from the growing areas.
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Fig.l. Mesophilic aerobic bacterial counts in fresh mussels

Plate counts for total coliforms were between <3 and 93 most probable number
(MPN)/g depending on the season. As before, numbers of coliforms increased during the
southern hemisphere summer months (October-December), and were consistently ca. one
logio cycle higher in mussels purchased in port than in those collected from the growing areas.
Pathogenic microorganisms of the two groups examined, Vibrio spp. and Salmonella spp.,
were detected in 51% of the samples. Vibrio spp. were isolated from 32% and Salmonella
from 19% of mussels. When the strains of Vibrio isolated from samples were subjected to
primary and biochemical tests to identify them to species, 22% were identified as Vibrio
cholerae, while the remaining 10% could only be identified as Vibrio spp. other than
V. cholerae. However, 100% of the V. cholerae strains isolated were serologically confirmed
as non-01, suggesting that non-toxigenic strains of V. cholerae are part of the natural aquatic
flora of the Uruguayan coastal waters. Vibrio parahaemolyticus was not detected in any of the
samples, which is not surprising in view of the reportedly more common prevalence of this
Vibrio in warm waters than in cold seas (Garcia Moreno and Landgraf, 1997). These results
were similar for the two years studied.
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Table 1: Survival of Vibrio cholerae Cultures Irradiated at 0.0-0.30 kGy

Radiation Dose (kGy) No. Survivors (CFU/mL)*

0.00
0.05
0.10
0.15
0.20
0.25
0.30

*Means of three replications.

The results of the Dio value determination are shown in Table 1. A plot of the number
of survivors against radiation dose produced a survival curve having a negative slope (the
Dio) of 0.11-0.19 kGy, depending on the Vibrio cholerae strain tested. These results, when
considered along those obtained from the examination of natural levels of Vibrio
contaminants in the mussels (i.e. 103-105/g), indicated that a radiation dose of 1.0 kGy would
be sufficient to render these mollusks Vibrio safe. This calculation was later confirmed by the
results of the inoculated studies. Mussels artificially contaminated with V. cholerae to a level
of 105 CFU/g through their natural feeding system were positive for Vibrio spp.after
irradiation at 0.5 kGy, but had no detectable Vibrionaceae when the radiation dose applied
was 1.0 kGy and above.

CONCLUSIONS

A total of 51% of raw mussels were found to be contaminated with one of the
potentially pathogenic microorganisms examined: Vibrio spp. (32%) or Salmonella spp
(19%). Among the Vibrio isolates, 22% were V. cholerae, but none were toxigenic 01 types.
No V. parahaemolyticus were detected.

The Dio value calculated for Vibrio cholerae was between 0.11 and 0.19 kGy.
Considering that the natural level of Vibrionaceae isolated from Uruguayan mussels over a
period of three years fluctuated between 103 and 105 CFU/g, a radiation dose of 1.0 kGy
would suffice to render these mollusks Vibrio safe.

Application of a radiation dose of 1.0 kGy allows survival of mussels for at least 48 h.
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