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Oysters (Crassostrea commercialis) harvested from major cultivation areas
within the state of New South Wales, Australia, were commonly contaminated
with low levels of the food-poisoning organisms Bacillus cereus, Clostridium
perfringens, and Vibrio parahaemolyticus. Salmonella was found in oysters on
only one occasion. These bacteria were cleansed from oysters during oyster
purification by re-laying in a non-polluted waterway. Oysters were laboratory
contaminated to levels in excess of 1,000 cells per g with either B. cereus, C.
perfringens, V. parahaemolyticus, Salmonella typhimurium, or S. senftenberg.
These species were cleansed from such oysters during purification in a laboratory
depuration unit that used ultraviolet light for sterilizing the depuration water.
Escherichia coli was also cleansed from oysters under the same re-laying or
depuration conditions so that its measurement alone could be used to indicate
the cleansing of the above pathogenic species. The levels of these bacteria were
also measured during the storage of oysters under conditions that occur during
marketing. While B. cereus counts remained relatively stable during storage, the
Salmonella spp. gradually decreased in numbers and C. perfringens rapidly died
off. V. parahaemolyticus counts increased slightly during the first 4 days of
storage, after which decreases occurred.

Outbreaks of typhoid, cholera, dysentery, hep-
atitis, and various forms of gastroenteritis have
been linked to the consumption of oysters (4, 7,
11, 38). Pathogenic microorganisms isolated
from oysters include Salmonella and Shigella
species, Vibrio cholerae, V. parahaemolyticus,
Clostridium perfringens, C. botulinum, Yersi-
nia enterocolitica, and numerous enteric viruses
(1, 3, 34, 38). Being filter feeders (22), oysters
accumulate microorganisms from their environ-
ment so that their microbiological safety as a
human food is directly related to the quality of
the waterways in which they are cultivated.
Their cultivation in waterways that have be-
come polluted with human sewage has been the
basis for many outbreaks of enteric disease and
food poisonings (4, 38). Their safety as a food is
also related to the potential of contaminating
bacterial species to multiply to infective levels
during marketing and retailing operations.

Polluted oysters may be rendered safe for
human consumption by a process of purification.
This is achieved by allowing the oyster to ac-
tively feed in microbiologically clean water for a
short period just prior to sale. Microorganisms
accumulated in the alimentary tract of the ani-
mal by previous feeding activities are eventually
discharged as part of the faecal material and the
oyster is then considered to have become micro-
biologically cleansed or purified. Purification
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may be accomplished by re-laying oysters in
natural waterways that have been determined
to be pollution free or by a process called depur-
ation where the oysters are held in tanks of sea
water that has been sterilized by physical or
chemical means (15, 27, 38). The technology of
oyster depuration has been well studied (9, 15,
23, 26, 29, 30, 37) and reviewed (8, 10), and most
countries have chosen to cleanse their oysters in
depuration plants rather than by re-laying. Ul-
traviolet irradiation is widely used to sterilize
the sea water for depuration (21, 37), although
ozone is used in France (17).

The microbiological quality of an oyster is
commonly determined by testing for the pres-
ence of indicator bacteria such as coliforms, fecal
coliforms, or Escherichia coli, and a number of
countries have adopted microbiological stand-
ards that are based on these tests (18, 38). A
widely accepted standard is 2.3 E. coli cells per
g of oyster; oysters containing less than this level
of E. coli are considered safe for human con-
sumption.

The efficiency of oyster purification, by either
re-laying or depuration, is monitored by the
extent to which indicator bacteria, such as E.
coli, have been cleansed. When indicator levels
have been cleansed to acceptable standards, it is
considered that any pathogenic contaminants,
such as Salmonella, will have been equally
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cleansed. The assumption made is that all path-
ogenic bacterial species likely to contaminate
oysters will be eliminated or discharged at a rate
comparable to that of the indicator organism.
However, experimentation to check the validity
of this assumption by specifically measuring the
rates of cleansing of individual pathogenic bac-
teria from oysters is lacking. In a properly func-
tioning depuration plant, polluted oysters may
be cleansed to below an E. coli standard of 2.3
cells per g within 36 to 48 h, and most commer-
cial operations now work on a 2-day depuration
cycle (29, 38). Significantly, Janssen (20) has
noted the persistence of Salmonella typhimu-
rium in oysters after depuration for the standard
48 h. This observation is of considerable public
health significance and challenges the long-ac-
cepted assumptions correlating the cleansing of
indicator bacteria with the cleansing of specific
pathogenic bacteria.

This paper examines the cleansing of the path-
ogens S. typhimurium, S. senftenberg, Bacillus
cereus, V. parahaemolyticus, and C. perfringens
from the Sydney rock oyster Crassostrea com-
mercialis during re-laying and depuration.

In Australia, it is the commercial practice to
distribute and retail oysters in the unopened
state at ambient temperatures. These marketing
operations may take up to 2 weeks, and during
this time potential exists for the multiplication
of pathogenic bacteria that may have contami-
nated the oyster during its cultivation. A second
aspect of this paper examines the fates of the
above pathogenic species during the storage of
unopened oysters at ambient temperature.

MATERIALS AND METHODS

Microorganisms. The following control or refer-
ence strains were used throughout the study: S. typhi-
murium, S. senftenberg, B. cereus (School of Food
Technology, University of New South Wales collec-
tion), V. parahaemolyticus (ATCC 17802), C. perfrin-
gens (NCTC 2932), and C. perfringens (NCTC 10240).
All cultures were checked for purity and identity by
the procedures recommended by the American Public
Health Association (APHA) (31).

Microbiological examination of oysters. Oys-
ters were washed and scrubbed under running tap
water to remove surface mud and marine life and then
surface sterilized by dipping in 70% ethanol. After the
oysters were dried, they were opened aseptically and
the flesh was transferred to a sterile blender jar and
blended for 60 s. A sample of 10 pooled oysters was
used for each analysis. When necessary, oyster ho-
mogenates were diluted in sterile 0.1% peptone water
or 0.1% peptone water containing 3% NaCl.

Total plate counts were performed by spread plat-
ing 0.1-ml samples of homogenate on to nutrient agar
(Oxoid) containing 3% NaCl and by examining for
colony development after incubation at 30°C for 48 h.
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E. colilevels were measured with a three-tube most-
probable-number procedure. Tubes of MacConkey
broth (Oxoid) were inoculated with homogenate and
incubated at 37°C for 48 h. Tubes displaying positive
acid and gas production were subcultured into tubes
of brilliant green bile broth (Oxoid) and incubated at
44.5°C for 48 h. Tubes positive for gas production were
confirmed for the presence of E. coli by plating onto
eosin methylene blue agar (Oxoid) and by determining
indole production at 44.5°C (19).

Salmonella levels were measured by the most-prob-
able-number enrichment of 10-, 1-, 0.1-, and 0.01-g
samples of homogenate in selenite brilliant green sul-
phonamide broth (GIBCO Diagnostics) at 37°C for 24
h followed by plating onto brilliant green agar (Oxoid).
Plates were incubated at 37°C for 24 h and then
examined for typical Salmonella colonies. Represent-
ative colonies were restreaked onto nutrient agar for
purity verification and then confirmed as Salmonella
according to the following tests: Gram stain; reactions
in triple sugar iron agar (Oxoid) and O-nitrophenyl-
B-D-galactopyranoside broth; production of urease, ox-
idase, and lysine decarboxylase; utilization of Simmon
citrate agar; fermentation of Hugh-Leifson O/F me-
dium; and agglutination using Salmonella specific O-
and H- polyvalent antisera (Wellcome Research Lab-
oratories) (19, 31).

B. cereus was enumerated by spread-plating 0.1-ml
samples of oyster homogenate onto phenol red-egg
yolk-polymyxin agar (19). After incubation at 30°C for
24 h, typical B. cereus colonies were counted and
confirmed by the tests listed by the American Public
Health Association (31). Gram-positive, spore-forming
isolates that were positive for acetoin, gelatinase, and
nitrate reductase and utilized glucose anaerobically
were confirmed as B. cereus.

V. parahaemolyticus was enumerated by spread-
plating 0.1-ml samples of oyster homogenate onto
thiosulfate-citrate-bile salts-sucrose agar (Oxoid).
After incubation at 37°C for 24 h, typical blue-green
colonies of V. parahaemolyticus were counted and
confirmed by the following biochemical tests: indole,
acetoin, oxidase, and lysine decarboxylase production;
reaction on triple sugar iron agar (Oxoid); growth in
the absence of salt; growth in the presence of 8 and
11% salt; and growth at 42°C (19, 31).

C. perfringens was enumerated by spread-plating
0.1-ml samples of oyster homogenate onto tryptose-
sulfite-cycloserine agar and overlaying with 10.0 ml of
the same medium without the egg yolk (19). Plates
were incubated anaerobically at 37°C for 24 h, after
which presumptive colonies were counted and con-
firmed by the tests recommended by the American
Public Health Association (31). Gram-positive, non-
motile isolates that hydrolyzed gelatin and fermented
lactose were considered as positive for C. perfringens.

Survey of oysters. Oysters were harvested from
commercial leases throughout the state of New South
Wales (Fig. 1) and were examined within 24 h of
harvesting. ’

Depuration of oysters. Oyster depuration was
carried out on a laboratory scale in glass or Perspex
tanks (67 by 30 by 30 cm). By using an Eheim 1818
centrifugal pump, water (20 liters) in the tanks was
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circulated through an ultraviolet light water sterilizing
system and a glass heat-exchanger unit that was im-
mersed in a constant-temperature water bath. All the
components in the circulation cycle were joined by
PVC tubing. Water sterilization was effected by two
aquarium-scale ultraviolet light units (Oliphant Pty
Ltd., Adelaide, South Australia) connected in series.
Each unit contained one 30-cm ultraviolet lamp
(G8T15N) that generated 20 mW/cm? at 1 m. The
tank water was maintained at a temperature of 18 to
22°C and was circulated at a rate of 60 liters/h. Water
for depuration was collected from the estuary where
the oysters were grown and was circulated within the
system for 12 to 24 h before each trial. Oysters were
collected from commercial leases, washed by high-
pressure water sprays to remove surface mud, and
used in depuration studies within 12 h of collection.
Opysters were arranged as a single layer on the bottom
of the depuration tank at a density not exceeding four
oysters per liter of tank water. Dissolved oxygen in the
circulating water remained at levels in excess of 70%
saturation so that aeration was not necessary. Samples
of oysters for microbiological examination were re-
moved from the tanks as a function of depuration
time. The operational characteristics of this labora-
tory-scale depuration system have been described in
detail by Souness and Fleet (30).

Re-laying of oysters. Oysters collected from sam-
pling sites in the Georges River were re-layed on trays
in the designated pollution-free waters of Quibray Bay
(Fig. 1). After 2 and 6 days, samples of the re-layed
oysters were collected for microbiological examination.

Laboratory contamination of oysters. To ob-
tain artificially high levels of oyster contamination
with Salmonella, B. cereus, V. parahaemolyticus, and
C. perfringens, it became necessary to contaminate
the oyster in the laboratory. This was done by allowing
the oysters to feed for periods of up to 6 h in laboratory
aquaria that had been inoculated with cells from ac-
tively growing cultures.

Microbiological changes in oysters during
storage. Oysters that were freshly harvested from
leases within the Georges River or those that had been
laboratory contaminated were stored out of water and
unopened at temperatures between 20 and 25°C. Sam-
ples were removed for microbiological analyses at in-
tervals during storage.

RESULTS

Methods for the enumeration of specific
pathogenic bacteria in oysters. Numerous
methods have been proposed for the specific
enumeration of Salmonella, B. cereus, V. para-
haemolyticus and C. perfringens in foods (19,
31). The successful application of any particular
method is ultimately dependent upon the food
under examination. The methods used in this
study for enumerating organisms in oysters were
chosen after evaluation of a number of recom-
mended methods by determining recoveries of
known levels of test organisms that had been
inoculated into oyster homogenates. The results
of these trials form the basis of another com-
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munication but, for the present study, it is per-
tinent to note the following conclusions in rela-
tion to those methods finally chosen and de-
scribed in Materials and Methods. Salmonella
levels as low as 1 cell per g could be recovered
from oyster homogenates and greater than 85%
of Salmonella cells inoculated into an oyster
homogenate were quantitatively recovered by
the most-probable-number selective enrichment
and plating procedure described. Greater than
85% of the cells of a reference strain of B. cereus
that had been inoculated into oyster homoge-
nates could be recovered by direct plating of
homogenate samples onto phenol red-egg yolk-
polymyxin agar. Approximately 70% of V.
parahaemolyticus cells inoculated into oyster
homogenates could be recovered by direct plat-
ing onto thiosulfate-citrate-bile salts-sucrose
agar. Recovery of C. perfringens cells from oys-
ter homogenates by direct plating onto tryptose-
sulfite-cycloserine agar was always low and av-
eraged around 50%. This was not a factor of the
medium being used but, as will be discussed
later, was probably due to factors within the
oyster homogenate that were unfavorable to the
survival of C. perfringens. Knowing the capabil-
ities of these methods, we were able to draw
valid conclusions from the following studies.

Occurrence of pathogenic bacteria in
New South Wales oysters. Oysters obtained
from a number of geographically diverse loca-
tions throughout the state of New South Wales
(Fig. 1) were examined for the microorganisms
shown in Table 1. Although a majority of the
samples would conform to an E. coli standard of
less than 2.3 cells per g and a total plate count
standard of less than 10° cells per g, all samples
showed the presence of B. cereus, V. parahae-
molyticus, and C. perfringens. C. perfringens
occurred at levels less than 50 cells per g, but
five out of the six samples contained B. cereus
at levels exceeding 100 cells per g and two sam-
ples showed V. parahaemolyticus exceeding this
level. Salmonella was not detected in any of the
oyster samples tested in this survey, although
the samples from one area had been exposed to
heavy fecal pollution as indicated by an E. coli
count of 46 cells per g.

Elimination of bacteria from oysters on
re-laying. Oysters obtained from polluted areas
within the Georges River were re-layed in the
nonpolluted waters of Quibray Bay which is
located at the mouth of the river (E. coli counts
of the water from where the oysters were har-
vested averaged 30 cells per 100 ml, while the
waters of Quibray Bay showed E. coli counts of
less than 3 cells per 100 ml.) The reductions in
bacterial counts as a consequence of re-laying
are presented in Table 2. Oysters which were
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unacceptably polluted on the basis of high E.
coli counts were cleansed to acceptable levels of
less than 2.3 E. coli cells per g after 2 days; after
6 days no E. coli could be detected in any of the
re-layed oyster samples. Salmonella was found
in one of the oyster samples before re-laying, but
was not detected after re-laying. This isolate was
serotyped as S. singapore. B. cereus levels as
high as 440 cells per g of oyster were cleansed to
values of 50 to 60 cells per g after re-laying. Re-
layed oysters never reached zero counts for B.
cereus, as the waters of Quibray Bay were found
to contain this organism at levels of around 45
cells per 100 ml. V. parahaemolyticus and C.

MERMBULA LAKE

Fi1G. 1. Map of oyster sampling sites within the
state of New South Wales, Australia.
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TABLE 2. Elimination of bacteria from polluted
oysters on re-laying in a pollution-free waterway

Cell counts/g of
oyster homogenate
Oys- Relay- ) v.
ter ing
- plate par- C.
sam- time count E. Sal- B. ahae- per-
ple  (days) coli ™ T o frin.
nella eus Iyti- gens
cus
1 0 5x10° 590 0.36° 440 18 18
2 2x10* 008 ND* 68 5 5
6 4x10* ND ND 60 5 ND
2 0 5x10* 60 ND 230 18 18
2 1x10* 018 ND 65 3 8
6 3x10* ND ND 53 ND ND

¢ Isolated and serotyped as S. singapore.
®ND, Not detected.

perfringens cells were also eliminated from oys-
ters on re-laying and could be cleansed to un-
detectable levels. Three further re-laying trials
were conducted, and similar results were ob-
tained in each case.

Elimination of bacteria from oysters dur-
ing depuration. Table 3 summarizes the results
of a series of experiments conducted to examine
the cleansing of specific bacteria from oysters
during depuration. Separate depuration trials
were conducted for each organism. Trials for
Salmonella, B. cereus, V. parahaemolyticus,
and C. perfringens used oysters that had been
laboratory contaminated since it was not possi-
ble to obtain oysters that were naturally contam-
inated with high levels of these organisms.

As measured by the reduction of E. coli num-
bers from 100 cells per g to undetectable levels,
the laboratory depuration system gave very ef-
fective oyster cleansing within 48 h. Total plate
counts decreased by 10-fold over this period, but
rarely went below a value of 10* cells per g of
oyster. The failure of total plate counts to de-

TABLE 1. Levels of bacteria found in oysters harvested from a number of locations throughout New South

Wales®
Cell count/g of oyster homogenate
Origin of sample Total plate count .
E. coli Salmonella B. cereus V. parahae-  C. perfrin-

molyticus gens
Georges River 1 1.7 x 10* 4.3 ND® 475 33 30
Georges River 2 1.3 x 10* 46 ND 490 33 15
Port Stephens 6.5 x 10* 091 ND 190 87 7
Tweed Heads 1.0 x 10 0.36 ND 250 425 15
Merimbula Lake 9 x 10° 0.91 ND 87 17 5
Wallis Lake 3 x 10* 0.36 ND 450 155 7

¢ The results presented are the means of duplicate oyster samples. Oysters were harvested during the months

of April and May.
®ND, Not detected.
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crease below this value is not a reflection of
inadequacies in the depuration system itself, but,
rather, is related to the maintenance of an indig-
enous microbial flora within the oyster (30).
Both S. typhimurium and S. senftenberg were
rapidly eliminated from heavily contaminated
oysters and by 2 days, 300- to 1,000-fold reduc-
tions in initial counts had been achieved. Since
Salmonella is of major public health concern,
its cleansing from the oysters was studied for
different initial contaminating loads. Longer de-
puration times were required for the more heav-
ily contaminated oysters (Table 3), and oysters
with initial Salmonella levels in excess of 10°
cells per g still exhibited low levels of contami-
nation after 3 days of depuration. Oysters with
lower initial loads of Salmonella showed less
than 1 cell per g after 1.5 days depuration and,
significantly, eventually cleansed to undetecta-
ble levels. Both B. cereus and V. parahaemoly-
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ticus were readily cleansed from oysters during
depuration, and by 2 days initial contaminating
loads had been reduced by higher than 1,000-
fold to levels generally less than 20 cells per g.
Reduction of C. perfringens during depuration
was even more rapid with initial levels of 10° to
10° cells per g being reduced to less than 10 cells
per g in 2 days (Table 3).

Changes in bacterial counts of oysters
during storage. Table 4 shows the changes in
bacterial counts of oysters during storage in the
unopened form at 20 to 25°C. Separate storage
trials were conducted for each organism. Total
plate counts fluctuated during storage, and after
14 to 16 days the counts were generally around
10° cells per g. These fluctuations in total plate
counts were noted in all storage trials. In a
storage trial not shown in Table 4 an initial total
count of 3 X 10* cells per g had increased to 2
% 10° cells per g after 12 days of storage. Since

TABLE 3. Elimination of bacteria from oysters during laboratory depuration®

Depura-

Cell counts/g of oyster homogenate

tion Total
time plate . N B.cer- V-POTG .
(days) count E. coli S. typhimurium S. senftenberg eus haefno- C. perfringens
lyticus
0 2x10% 1x10® 1x10° 9x10° 2x10° 4x10° 1x10° 9x10° 1x10% 1 x10*
0.5 —° — — 15 — 4.3 — —_ — —_
1 8 x 10* 2.0 7x10°0 — 40 — 60 1x10° 1.8x 10° 10
1.5 — — — 0.23 — 0.93 — — — —
2 2 x 10* ND/ 3 x 10? — 1.8 — 7 20 5 —
2.5 — — — 0.09 — ND — — — —_
3 — ND 59 — 0.36 — — 8 — —_
35 — — — ND — — — — — —_

? Results are the means of duplicate oyster samples.
® Initial levels represent natural contamination.

¢ Strain 2932.

< Strain 10240.

¢ —, Not assayed.

/ND, Not detected.

TABLE 4. Changes in the bacterial counts of oysters stored unopened at 20 to 25°C

Cell counts/g of oyster homogenate

Storage Total plate
time count . . B. cer- V. parahae- .
(days) S. typhimurium  S. senftenberg eus molyticus C. perfringens
0 1.2 x 10° 2.4 X 10* 2.4 x 10%® 430 65 20 1.5 x 10°®
1 — 1.0 x 10* 2.4 % 10* — — — 14 x 10°
2 5 x 10* — — 250 6 % 107 20 6.0 x 107
3 - 1.5 x 10° 4.3 x 10° — — — —
4 9 x 10* — — 340 1.5 x 10° ND¢ 10
6 6 x 10° 2.4 x 10° 4.3 x 10? 380 30 — —
9 — 2.9 x 10° 4.6 x 10? — — — —
12 7 x 10 2.4 x 10° 1.5 x 10? 350 65 — —
16 8 x 10° - - 380 100 — —
¢ Laboratory contaminated.

b Laboratory contaminated, strain 2932.
¢ —, Not assayed.
¢ ND, Not detected.
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it was not possible to find oysters that were
naturally contaminated with Salmonella, stor-
age trials were conducted with oysters that had
been laboratory contaminated with these bac-
teria. It is evident from Table 4 that there was
no tendency for either S. typhimurium or S.
senftenberg to increase in cell numbers during
oyster storage, and there was a tendency for
these cells to slowly die off.

After 12 days of storage, initial Salmonella
counts had decreased by about 100-fold. Similar
Salmonella data were also obtained during the
storage of other batches of oysters. B. cereus
levels remained relatively stable during storage,
showing no dramatic trends to increase or de-
crease in cell number. On the other hand, V.
parahaemolyticus exhibited definite increases
(around 20-fold) in cell numbers during the first
4 days, after which significant decreases and
further slight increases were noted. These trends
were also noted during the storage of other
batches of oysters. Natural contaminants of C.
perfringens died off during oyster storage. This
was further tested with oysters that had been
laboratory contaminated with either control
strain 2932 or strain 10240. Both strains rapidly
died off after oyster contamination and subse-
quent storage. As seen in Table 4, C. perfringens
loads of 1.5 X 10° cells per g had decreased by
100-fold within 1 day of storage and after 4 days
only 10 cells per g could be recovered.

DISCUSSION

A limited survey of oysters harvested from
some major production sites within Australia
has established the ubiquitous occurrence of the
pathogenic species B. cereus, V. parahaemoly-
ticus, and C. perfringens, thereby demonstrating
a need to assess the behavior of these organisms
in oysters during purification and marketing
practices.

Opysters are not normally examined for the
presence of B. cereus, but since this organism
was reported as being responsible for an out-
break of food poisoning involving oysters (16), it
was included in this study. B. cereus was found
in oysters at levels between 100 and 500 cells per
g and, in view of the high infective dose (10’ to
10° cells) required by this species, it was consid-
ered unlikely that these low levels of contami-
nation would pose any direct risk to public
health. Furthermore, there was no tendency for
these low numbers to multiply to higher levels
within the oyster under conditions that might
arise during oyster distribution and marketing.

C. perfringens is a common contaminant of
estuarine waters and sediments (25), but its oc-
currence in oysters has received little attention.

PATHOGENIC BACTERIA IN OYSTERS 999
It has been reported in British oysters at levels
generally less than 5 cells per g (2). All oysters
examined in the present study showed the pres-
ence of C. perfringens, but the levels noted were
less than 50 cells per g. Even allowing for possi-
ble underestimation by counting on tryptose-
sulfite-cycloserine agar, it is unlikely that any
samples would have exceeded levels of 100 C.
perfringens cells per g. As for B. cereus, these
low levels were considered unlikely to pose any
direct risk to public health. Interestingly, C.
perfringens rapidly died off during oyster stor-
age, suggesting that conditions or factors within
the oyster may be unfavorable to its survival.
This may explain the low numbers found in
freshly harvested oysters.

Since both B. cereus and C. perfringens are
spore formers, closer public health consideration
should be given to cooked oyster products such
as oyster soups, gravies, and sauces. In these
cases, spores may survive the cooking process
and later germinate and multiply to infective
levels if such foods are inadequately stored. A
more careful assessment of the public health
risks associated with the presence of B. cereus
and C. perfringens in cooked oyster products is
warranted.

The association of V. parahaemolyticus with
oysters is well documented and contamination
levels of around 100 cells per g are commonly
reported (3, 35). Contamination levels of the
same order have previously been found in Aus-
tralian oysters (32) and were also noted in the
present study. The public health risk associated
with the presence of these low numbers of V.
parahaemolyticus in oysters is related to their
ability to increase during commercial handling
operations. In this investigation, V. parahae-
molyticus exhibited a definite tendency to mul-
tiply within oysters during the first few days of
storage at 25°C, after which time the counts
decreased to less than 100 cells per g. The public
health significance of this observation is ques-
tionable since the highest levels reached before
reductions ocurred were around 1,500 cells per
g. Similar increases and decreases in V. para-
haemolyticus numbers have been noted during
storage of the American oyster Crassostrea vir-
ginica (21, 33), and it was suggested that Pseu-
domonas species, which predominate in stored
oysters, eventually inhibit V. parahaemolyticus
development (12).

A more extensive survey may reveal a higher
incidence of Salmonella in New South Wales
oysters than found in this study, it being de-
tected on only one occasion and at the low level
of 0.36 cells per g (Table 2). A previous, larger
survey of New South Wales oysters also failed
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to reveal the presence of this pathogen (R. B.
Qadri, Ph.D. thesis, University of New South
Wales, Australia, 1974). Nevertheless, its occur-
rence in American oysters has been noted on a
number of occasions, although quantitative lev-
els have not been reported (1, 28). With respect
to public health, the presence of salmonellae in
oysters is considered intolerable, any hazards
becoming magnified if these organisms were able
to grow in oysters during storage. However, S.
typhimurium and S. senftenberg showed no
tendency to grow in oysters during storage, and
their counts gradually decreased. This behavior
is consistent with an earlier observation on the
survival of Salmonella in C. virginica (24).

The total plate count of the oysters increased
by 5- to 10-fold after 12 days storage, but fluc-
tuations in counts were noted during this period.
The final counts did not exceed 10° cells per g.
Hoff et al. (14) recorded somewhat higher (10-
to 20-fold) increases in counts during similar
storage of the oysters C. gigas and Ostrea edulis
and also noted count fluctuations. They sug-
gested that the increases were attributable to
bacterial multiplication in the oyster digestive
tract and shell liquid.

Bacteriological examinations of oysters have
shown the predominant flora to consist of Pseu-
domonas, Vibrio, Aeromonas, Moraxella, Aci-
netobacter, Flavobacterium, and Cytophaga
species, and it has been suggested that oysters
might maintain an indigenous gut flora (6, 36).
This would imply mechanisms for selectively
retaining some microbial species in the alimen-
tary tract while eliminating others with the
feces. This concept is supported by the fact that
total bacteriological counts of oysters do not
decrease to zero levels when oysters are allowed
to feed for extended periods in sterilized water,
as is the case during depuration (30, 36). As
found elsewhere (29, 30) and also in the present
study, total counts of depurated oysters were
generally around 10* cells per g. This ability of
oysters to selectively retain some microbial spe-
cies while eliminating others has profound pub-
lic health implications when considering the mi-
crobiological purification of oysters by either
depuration or re-laying and where the elimina-
tion of an indicator organism, such as E. coli, is
used to judge the elimination of other patho-
genic species.

It has been clearly established for the oyster
species C. virginica, C. gigas, C. commercialis,
Ostrea lurida, and O. edulis that coliforms, and
more specifically E. coli, are not selectively re-
tained in the gut and are readily eliminated with
the oyster feces during oyster purification (9, 26,
30, 37). The present investigation has now estab-
lished that, for C. commercialis at least, S. ty-
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Dphimurium, S. senftenberg, B. cereus, V. para-
haemolyticus and C. perfringens are not specif-
ically retained in the gut of the oyster and are
readily cleansed from the oyster under condi-
tions which promote cleansing of E. coli. This
was demonstrated for oysters that were natu-
rally contaminated with these pathogens and for
oysters that had been contaminated in the lab-
oratory. Although no attempt was made to study
the relative rates of cleansing of these different
bacteria, it is evident from Table 3 that differ-
ences in these rates may exist. On laboratory
depuration, counts for B. cereus, V. parahae-
molyticus, and C. perfringens were reduced by
factors in excess of 1,000-fold within 2 days.
Under the same conditions, 2 to 3 days were
required for similar reductions in Salmonella
counts. Also, it appears for all organisms that
the greatest reductions in counts occur during
day 1 of depuration, the rate of cleansing being
significantly reduced after this time. No expla-
nations for these differences can be given, but a
more detailed study into the kinetics of elimi-
nation of individual bacterial species from oys-
ters would be worthwhile. Such studies should
also examine possible differences between the
rates of cleansing of naturally contaminated oys-
ters and laboratory-contaminated oysters (13).

The large reductions in counts of S. typhimu-
rium and S. senftenberg noted in the present
depuration studies are at variance with the data
reported by Janssen (20). Using laboratory-con-
taminated oysters and a laboratory-scale ultra-
violet light depuration system, he reported ini-
tial S. typhimurium counts of around 10* cells
per g of oyster to remain largely unchanged after
3 days of depuration. Although his studies were
conducted with a different oyster species, C.
virginica, it seems that the oysters may not have
been fully active in his depuration system, and
this may account for the discrepant observa-
tions.

The time required for the purification of pol-
luted oysters depends upon the initial level of
contamination, more heavily contaminated oys-
ters requiring longer cleansing times (8, 9, 10,
26). This is also evident from the data on Sal-
monella in Table 3. Commercial experiences in
a number of countries have shown that a depur-
ation cycle of 36 to 48 h consistently yields
oysters that meet current E. coli standards (<2.3
E. coli cells per g) and have a good public health
record (29, 38). The data obtained in this study
suggest that this depuration time would also be
sufficient to give acceptable cleansing of the
contaminating levels of Salmonella, B. cereus,
V. parahaemolyticus, and C. perfringens that
are likely to be found in oysters under natural
conditions. Although Table 3 does not show
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complete elimination of Salmonella from oys-
ters by 48 h, large reductions in counts were
achieved by this time and it is unlikely that the
high initial levels of contamination used in those
trials would ever be encountered under natural
conditions. Oysters containing 900 cells per g of
S. typhimurium were cleansed to less than 1 cell
per g by 2 days and to undetectable levels by 3.5
days, whereas those with 400 cells per g of S.
senftenberg showed no Salmonella after 2.5
days.

In Australia some oysters are also cleansed by
re-laying and, provided the re-laying zone is not
subject to pollution, this is an acceptable means
of achieving oyster purification (Table 2). Al-
though acceptable cleansing may be achieved
within 2 days, a minimum re-laying period of 7
days is adopted to account for possible variations
in oyster feeding rates (hence cleansing rates)
that might arise through environmental disturb-
ances such as temperature fluctuations and wa-
ter movements. It should be noted that in Aus-
tralia oysters are cultivated on trays or sticks in
such ways that they are only submerged and
feeding during the high tide, and this must be
taken into consideration when calculating re-
laying times.

Although this study has established that some
bacterial pathogens are cleansed from oysters at
a rate comparable to the cleansing of E. coli,
this might not be the case for other bacterial
pathogens such as Y. enterocolitica (34) or en-
teric viruses (11), and further research in those
areas is required.
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