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ABSTRACT

JULIE C. MURRAY. Effect of Tenperature and Salin g on
the Depuration of Hepatitis A Virus and her M crobi al

Cont am nants in d ans.

(Under the direction of Dr. Mark D. Sobsey)
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Mercenarja nmercenaria), Th cl ans re sub ecte
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epur ted aSEfECtIVG ﬁe acteria. Elimnation rates
test organi sns S I nae endent ol .tenperature.

De urat|on rates were re ucequnt ower salini 8 and 18

pR The. resulgs Indicate t e current .t e ractices
d’ condi {ions 0 uratlon a e |n fective in elimnatin
enteric viruses clams. These studies further sugges

t hat co||forn1bacter|a I's an inadequate indicator of Virus
elimnation fromshellfish.
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I NTRODUCTI ON

The pol lution of estuaries and other coastal marine
waters is threatening an inportant food source, edible
bi val ve nol | uskan shell fi sh. Shel |l fi sh resources are
increasingly being closed to harvesting because of the
public health risks associated with consunpti on of
contani nated shellfish. Due to expandi ng popul ati ons and
devel opnent in coastal areas and nman's disregard for his
envi ronnent the econonic effects of this |oss are great.

Pri mary sources of sewage pollution include sewage
treatnent plant effluents and sl udges, septic tank seepage,
boat waste discharges, and |land runoff. Shellfish filter
feed in these polluted water and retai n suspended
particulate matter includi ng pathogenic m croorgani sns.
Thus, shellfish harvested froma fecally contam nated area
may contain enteric viruses and bacteria. Shellfish may
then transmt disease if eaten raw or partially cooked.

The current standards for shellfish and harvesting
wat ers were devel oped over 40 years ago and are based on the
presence of total or fecal coliformbacteria. Enforcenent
of this standard has protected consumers from bacteri al
infection but the ability of coliforns to indicate viral

cont am nati on has been questioned. Many out breaks of
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Hepatitis A virus and viral gastroenteritis have resulted
fromconsunption of contam nated shellfish, some harvested
from"'approved beds. Therefore, there is reason for
concern that shellfish my accunulate and retain HAV and
other enteric viruses nore efficiently than they do

i ndi cat or bacteri a.

Depuration is a process in which contamnated shellfish
are placed in a clean flowng systemand allowed to
natural |y elimnate or purge thenselves of accunul ated
contam nants. However, levels of enteric mcroorgani sns nmay
persist in shellfish for a period of time after they have
been transferred to clean water; reports of adequate tinme
requirements vary with respect to the environmental
conditions of depuration. [If the depuration process and the
factors which affect it can be understood, comercial scale
depuration or relaying could alleviate some of the economc
| oss of closed marginally polluted harvesting areas and
ensure pat hogen free shellfish.

Mcrobial information on depurationis limted, wth
very little known about the elimnation of HAV and nost
ot her pathogenic enteric viruses. Hepatitis Avirus is
probably the most serious viral disease transmtted by
contam nated shellfish. Studies are therefore needed to
eval uate and characterize the behavior of HAV conpared to
other enteric viruses, indicator bacteria, and other

potential indicators during depuration. Additionally,
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studi es are needed to determne the effect of environnental

factors such as temperature and salinity on depuration to
i dentify the optinumconditions needed for the elimnation

of m crobial contam nants.
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OBJECTI VES

To eval uate the reduction of hepatitis A virus conpared to
poliovirus-1, bacteriophage M52, Escherichia coli B, and
Streptococcus faecalis. fromthe hardshel| clam Mercenaria
mercenaria, at different conditions of tenperature and
salinity in alab-scale depuration system

-To determne the rates of depuration of high |evels of
HAV, polio, M52, Ej. coli. and S.i. faecalis at
tenperatures of 12, 18, 250C

-To determne the rates of depuration of high levels of
HAV, polio, MS2, Ef. coli, and S" faecalis at
salinities of 8 18, 28ppt.

To determne the conparative time period for maximim uptake
and concentration fromwater of bacteria (E” coli Band S

faecalis) and viruses (HAV, poliovirus, and bacteriophage
M52) in clamns.
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LI TERATURE REVI EW
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A, Test Organisns

A.l. Viruses

Viruses are the smallest infectious agents, ranging in
size from20-300 nmin diameter. They are obligate

intracel lular parasites which are capable of replication
only in a living host cell

Viruses contain either single or double stranded
nucleic acid, either RNA or DNA and either in one
pol ycistronic molecule or ina different segments. The
genone is encased in a protein shell capsid whichis

specific to the virus. The shell may then be surrounded by
a |ipid containing menbrane.

Viruses have one of three general shapes; spherica
(i cosahedral), helical (rod-shaped), and conpl ex.

The host range for a specific virus may be broad or
extremely limted. Viruses are known to infect unicellular
organi sms such as nycoplasma, bacteria, and algae, as well

as eukaryote cells and nulticellular organism such as
pl ants and ani nal s.

Enteric viruses
Enteric viruses are transient inhabitants of the human

alimentary tract. Enteroviruses lack a lipid envelope, and

consequent|y they are stable in the digestive tract
environment. The virus remains Infectious even after
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exposure to acids at pHlevels as lowas 3.0. Viruses

mul tiply within the gut and are excreted in the feces in

| arge nunbers. The titer of some enteric viruses may be as
high as 1x10-"" particles per gran feces.

Di sease transmssion is by the fecal oral route. This
mode of transmssion is facilitated through person to person
contact and through virus contamnation of water and food.

There are more than a hundred types of enteric viruses,
these including the enteroviruses, adenoviruses,
rotaviruses, reoviruses, Norwalk and Norwal k-1ike viruses,
cal civiruses, astroviruses, and hepatitis viruses. The nost
commonl y known enteroviruses are the three types of
poliovirus (types 1-3). Qther enteroviruses include: 34
types of echoviruses; 30 types of coxackieviruses A + B, and
hepatitis A virus, which is now classified as enterovirus

72.

Enteric virus infections are asynptonatic nost of the
time especially in infants and young children. In sone

cases, however, they may cause synptoms such as vomting,
diarrhea, gastrointestinal illness, malaise, hepatitis,

jaundice, aseptic meningitis, and severe paralysis.

A 1.1. HAV
Based on recent studies HAV, a nenber of the

picornaviridae famly, is classified with the enteroviruses
as enterovirus 72, although there is grow ng evidence to
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suggest that it may nmore appropriately belong in a seperate
genus of this famly (Melnick, 82). Like enteroviruses,
HAV remains stable after exposure to ether and acid, but is
more resistant to heating at high tenperatures (60° for 1
hour) and to common disinfectants. Therefore, extra
protection is needed in dealing with hepatitis A patients
and their products. Simlar in norphology to other
picornaviruses, HAV is a 27 to 32 nmspherical (icosohedral)

particle with cubic symetry. It's physical and chem cal
characteristics are also like those of enteroviruses, with a
|inear single stranded RNA genome, having a mol ecul ar wei ght
of about 2.25x10 , positive polarity, a 5 - termnal
protein(VPG, and a 3' poly (A) tail. The capsidis
conposed of four different structural proteins (VP1-VP4; 60
copi es each), and 32 capsoneres.

Studies have shown that HAV is persistent in soil,
sewage, and the water environnent (Sobsey et al, 1987). The
most |ikely mode of transmssion of HAV is the fecal-oral
route, and both person to person contact and fecally
cont am nat ed common- source vehicles, such as water and food
are inplicated in disease outbreaks. A docunented cause of
Hepatis A virus disease is the consunption of raw or
partially cooked hivalve nollusks (e.g. oysters, clans,
mussel s, ect.) obtained fromfecally contamnated water.

Hepatitis A or infectious icterus, is aviral
infection that begins with synptoms that resenmble an


NEATPAGEINFO:id=EED8AE62-0A15-473C-948C-5BFB3B2D24CC


influenza-like illness with an abrupt onset of fever,
headache, malaise, fatigue, anorexia, and nausea, followed
usual [y by vomting, abdom nal pain, dark urine, and
jaundice. The liver and spleen may be enl arged.

The incubation period of HAV ranges from 15-40 days
with a large amount of hepatitis A virus excreted in the
stool during the latter part of the incubation before outset
of the disease.

The disease is generally nore severe and prolonged in
adults than in children. Hepatitis Ais worldwde in
distribution but there is a high endemc prevalence in
devel opi ng countries.

The wild type hepatitis virus doesn't replicate well in
cell culture and this may be due to a defect inits
replicative cycle (Locarini et al, 1981). However, adapted
strains of HAV have been obtained by nultiple passages of
virus through cell culture (Provost and Hllmn, 1979). One
of these serially passaged HAV strains (HW175), produced a
|ytic response in two persistently infected cell Iines:
FRHK- 4, and BSC-1 (Cromean et al, 1986). Al though such
strains don't reflect accurately the responses of wld type
HAV, they help sinplify the devel opment of methods for the
concentration and detection of HAV from environnental
sanpl es of water and shellfish as well as for vaccine
production and other applied studies on HAV.
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A 1.1. Poliovirus-1

Poliovirus is a menber of the picornavirus famly. The
particles are small (28 nm in diameter and nonenvel oped.
They contain a single strained RNA genonme having a positive
polarity and have a mol ecul ar weight of 2.5x10 . The virus
is acid stable down to pH 3.0 and has a buoyant density in
cesiumchloride of about 1.34 g/n.

Poliovirus has a very restricted host range. Most
strains can only be grown on primary or continuous cell |ine
cultures derived froma variety of human or nonkey tissues.

There are three antigenic types of poliovirus 1, 2, and
3. They are transmtted via the fecal-oral route through
direct or indirect human contact as well as through water
and food contam nati on.

Pol i ovirus causes polionyelitis, which occurs worldw de
usual Iy in children. Polionyelitis is caused by anyone of
the three serotypes of poliovirus, and the disease occurs
general |y one of two forms. In the abortive form
pol iomyelitis is amnor illness with rapid recovery wthout
paral ysis (the nonparalytic form, it is also called aseptic
meningitis. The other formcauses paralytic neningitis.

In this formspinal or meningeal synptons develop, often
acconpani ed by fever, malaise, nausea or vomting. Painin
the spine, trunk, or linbs generally occurs.
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Due to the success of polio vaccine and inprovenent in
sanitation, there are currently few outbreaks of

.polionyelitis in the U S A and other devel oped countries.
The wi despread use of polio vaccine has lead to
presence of high concentration of poliovirus in alnost al
sewage contam nated water (post vaccinal fecal excretion).

Poliovirus is one of the easiest viruses to grow and

detect in cell culture. These two characteristics nake

poliovirus a useful model indicator of virus associated

fecal contami nation in the environnent.

A 2. M52 Bacteriophage
Bact eri ophages are associated with alnost all bacteria
genera. M52 phage is host specific to male (F+) or pil

producing strains of E. coli.

M52 is a RNA phage with a particle weight of about 4 x
10 . It is conposed of 180 nol ecul es of a single coat
protein formng an icosohedral shell. The shell encloses a
single nolecule of RNA of 3500 to 4700 nucleotides that are
plus sense and fully conpetent to cause infection and
production of virus progeny. The viruses replicate quickly,
causing lysis of the host cell in 30 to 40 mn and yield a
very high level of progeny particles, approximtely 10,000

per cell.
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A. 3. Bacteria

E. coli and S fecaelis are general |y nonpathogenic
bacteria that are part of the natural flora of the human
intestinal tract. They are excreted in |arge nunbers in
human sewage and therefore are adequate indicators of feca
contam nation by pathogenic bacteria.

A.3.1. Escherichia coli

The concept of using E. coli as an indicator was
introduced in 1885. The coliformgroup is defined as
bacteria that are aerobic or facultatively anaerobic, Gam
negative, nonspore formng, rod-shaped, and which fernent
|actose with acid and gas production within 48 hr. at 35°C.

A 2.2. Streptococcus fecaelis

Classification of §” fecaelis, on of the feca
streptococci (Lance field group), is dependent on the
bacteria's ability to growin 6.5%NaCl broth in 0.1%
methylene blue mlk, at pH 9.6, at 10 to 45°C, and to

survive at 60°C for 30 mn.

B. Enteric Bacteria and Viruses in the Aguatic Environment
B.I. Sources of Contam nation

The principle source of enteric viruses in the aquatic
environment is the worldw de disposal of sewage and ot her
forms of fecal excreta to surface waters (Figure [11.1).

Figure I11.2. illustrates other modes of viral disease
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Figure 1. Mbdel Depicting Fate of Viruses in Coastal Systens

AEBOSOLI 2ATI 0S
SEWAGE OUTFALL BY BREAKI NG WAVES

N_oNg A

VI RUS ASSOCI ATI ON W TH SUSPENDED
SCLIDS (actt to prolong virul survival)
ACCUMULATI O ;

BY SHELLFI SH
RESUSPENSI ON BY RAI N DURI NG FEEDI NG

WAVE ACTION  TI DES.
| DREDG NG, ETC

UPTAKE BY CRUSTACEA
AND BOTTOM FEEDI NG FI SH

ACCUMULATI ON | N SEDI MENTS

(virusrt occur in highc eoncenitation;
in (edimeni than the overlaying waif'

Adopted from Melnick and Gerba  (1980)
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Viruses in Water

Excreta from Man

Solid Waste
Land Runof f Sewage Landfills
: Rivers and G oundwat er [rrigation
Cceans and Estuaries Lakes
Aerosol s
Shel I fish Recr eati on Vater Supply
Man

Fig. 2. Routes of enteric virus transmssion [Melnick et al., 1978].
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transmssion. Enteric viruses are excreted in the feces of
infected individuals at levels as high as 10™ particles per
gram (Flewett and Wbode, 1978). Different wastewater

treatment processes remove viruses to varying degrees. The
efficiencies of each method are sximmarized in Table [I1.1,

A conbination of these processes can be very effective
depending on the extent of treatnment used.

The conventional waste water treatnent processes
conprise primary sedimentation, secondary or biological
treatment, and disinfection. Tertiary treatnent is also
practiced in some cases.

Primary treatment renoves the suspended solids from
sewage by sedinentation. This step renoves up to 50% of
bacteria and viruses fromsewage; renmoval is by adsorption
of mcroorganisns to solids with subsequent settling (Cerba
and Goyal, 1982).

Secondary or biological sewage treatnent utilizes
m crobial degradation of soluble organics and solids.
Trickling filters, activated sludge, and oxidative ponds
remove up to 90% of the mcrobes by inactivation or
adsorption and physical renoval in sludge (Gerba, 1981).

|f treatnent is continued through the tertiary stage a
high percentage of removal can be expected. This process is
facilitated by a coagul ant such as al umnumor |ine,
fol | owed by sedinmentation, filtration, activated carbon and
disinfection. Disinfection wth adequate concentration.
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TABLE 1

VI RUS REMOVAL | N WASTEWATER TREATMENT PROCESSES

TREATNVENT EXPECTED REMOVALYT 98

Vo -sf' sy
L AYEer et ati on 90-99. 99
0

tated bon Ad tion 10-5
é] o|r|Vnat|on 0 erﬂary e?ﬂu ntI 9% 99. 99

Adapted from Mahdy (1979) and Cerba et al. (1975)
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contact tinme, and quality of influent can succeed in up to
99.99% virus reduction (Gerba, 1981).

Tertiary treatnment is rarely used and even conventiona
primary and secondary treatnent followed by disinfectionis
not always enpl oyed. Approximately 5%of the U S
popul ation still discharge untreated sewage directly via
ocean outfalls (Rao & Melnick, 1986). Bitton (1980)
estimates that four billion gallons of sewage with only
secondary treatment are discharged per day into coastal US.
waters. These discharges contain an estimted 380 virus
PFU gal inthe US. (Mtcalf, 1987). Although the
concentrations of pathogens are supposed to be reduced by
dilution and natural degradation, enteric bacteria and
viruses have been detected greater than 8 mles from
discharge sites (Metcalf, 1974, Dahling and Safferman
1979) .

Sewage sludge disposal also contributes to the presence
of enteric pathogens in the marine environnent. Bacteria
and viruses are concentrated into the sludge during
treatnent but are not rendered inactive (Goyal, 1984).

Al'though sewage effluent may neet coliform suspended
solids, BOD, and other quality control standards, treatnment
processes are ineffective in renoving all viral
contamnants. It is primarily fromthese sources,

(discharged untreated, 1°, 2° sewage, and sludge); that the


NEATPAGEINFO:id=B83BD7AD-0814-4E74-9B7B-3DAACE3E83AC


public health risk of shellfish-associated viral disease

ari ses.

B.2. Contam nation of Shellfish

Pol lution of estuaries and other shellfish habitats by
enteric pathogens |eads to the contam nation of bivalve
nol | usks. Enteric viruses have been isolated from many

edi bl e bivalves including clans, oysters, and nussels (Cerba
and Goyal, 1978). Viral contam nants have been found in
shel | fish harvested fromboth closed and approved areas
(Metcalf and Stiles, 1968b; Goyal et al, 1979; Vaughn et al
1979b; Ellender et al, 1980; Wit et al, 1983). In many of
the above cases no viruses were detected in the overlaying
vat ers.

Shel | fish harbor viruses in their tissues and passively
transmt themto humans who ingest raw or inadequately
cooked shel [ fish. \When survival after typical cooking
net hods was exam ned, sonewhat better inactivation was
observed with steam ng and stew ng than baking or frying (D
Grolano, 1970), but overall virus inactivation was not
appreciable. After 8 mn of stewng 10%of the initia
polio remained; 7%remined after 30 mn of steamng, while
13%remained after 10 mn of frying and 20 mn of baking at
121°C. Mazanti (1987) showed that even under pasteurization
conditions HAV was not inactivated to an acceptable |evel.

Since it is unlikely that consumers will pasteurize their
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shel [ fish, it is necessary to elimnate the pathogenic
m crobes before they reach narket.

The U.S. has tried to achieve a pathogen free shellfish
market by establishing a coliformstandard designed to
i ndi cate sewage and fecal contamnation. The National
Shel I fish Sanitation Program (NSSP) established these
national standards over 40 yr ago. They are hased on total
and fecal coliformbacteria levels enunerated by the nost
probabl e nunber nethod. The NSSP standards are summari zed
in Table I11.2. Mny shellfish areas have been closed due
to failure to neet these standards.

Coliformtesting is an inexpensive, relatively easy,
and often reliable method of indicating fecal contam nation.
Enforcenment of NSSP standards has successfully limted the
number of bacterial disease outbreaks. However, the ability
of coliforns to indicate viral contamnation of shellfish
and harvesting waters has been questioned due to enteric
virus isolation fromshel [ fish and overlaying waters in
approved areas (Cerba and Coyal, 1978, Morris and Wite
1981; Larkin and Hunt, 1982; Fugate et al, 1975; Goyal et
al, 1979; Vaughn et al, 1980; Portnoy et al, 1975).

The virological quality of shellfish and overlying
water i s not adequately indicated or controlled by current
standards. Qher indicators such as poliovirus and ot her

enteroviruses, enterococci (S . faecalis and S*. faeciun , and
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TABLE 111.2. NATIONAL SHELLFI SH SANI TATI ON PROGRAM
STANDARDS
sanpl e | ndi cat or Medi an Cone Upper 90%

(coli form Lim t

Wat er Tot al < 70 230
(per 100 m) Fecal = 14 43
Shel | fi sh

Meat Fecal < 23 none

(per 100 gm
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bact eriophages, have been considered but have proven
unreliable (Mrris and Wite, 1981). |t seens that
currently, the only valid determnation of contamnationis
direct detection of the specific pathogen of interest.
Unfortunately, many of the viral pathogens of interest are
difficult or inpossible to detect and quantify and for those
that can be detected, the nethods are unreliable,

technically difficult, expensive, and slowto yield results.

B.3. Factors Influencing Survival and Persistence of
Enteric Bacteria and Viruses in the Aquatic Environment

The fate of bacteria and viruses in the environnent is

control | ed by physical, chemcal, and biological factors.
The factors of interest are listed in Table IIl.3. Rhodes

and Kator (1988) showed that enteric mcrobe survival
potential was a function of interacting biological and
physi cal factors.

Tenperature, a physical factor, plays the largest role
in mcrobial inactivation. Using menbrane dialysis chanbers
insitu, OBrien and Newmann (1977) showed the rate of virus
inactivation was exponential and affected primrily by water
tenperature. Additionally, tenperature predisposes enteric
m croorgani sms to biological actions such as predation and
enzyme production (Bitton, 1980). Rnodes and Kator (1988)
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TABLE 111 . 3.

FACTORS AFFECTI NG ENTERI C BACTERI A AND VI RUS PERSI STENCE
I N THE AQUATI C ENVI RONMENT

PHYSI CAL

Tenper at ure
Sunlight (ultraviolet |ight)
Dilution Effects

Adsorption to Particul ates and Sedi nments
Sedi nent ati on

Pol | uti on Presence
Aggr egati on

CHEM CAL

pH
Salinity
Presence of Cations
Presence of Heavy Metals
Presence of Dissolved Organics

Bl OLOG CAL

Virus Type
Pr edati on

Enzymati ¢ Degradati on
Shel'l fi sh Accumul ati on
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showed that microbial dieoff was inversely related to water
t enper at ure.

Numer ous st udi es have denonstrated that adsorption to
sedi ments can protect bacteria and viruses and increase
their persistence in the aquatic environnment (Gerba and
McLeod, 1976; Kapuscinski and Mtchell, 1980; LaBelle and
Gerba, 1980). Adsorption to particulates and sedinents
shields mcroorganisms frompotentially harnful ultraviolet
light and facilitates settling out. Geater than 99% of
enteric viruses rapidly adsorb to estuarine sedi ment
(LaBel | e and Gerba, 1980; Bitton, 1980), thereby causing
pat hogens to concentrate in the bottom sedi ments. The
viruses can later be resuspended into the water by
turbul ence. The concentrated mcroorgani sms then have an
enornous infection potential, since viruses in sedinent
fully retain their ability to initiate infection (Berg,
1983; Bitton, 1980; LaBelle and Gerba, 1980).

An inportant chemcal factor affecting mcrobial
Inactivation is heavy netals. The netals conpete for
adsorption sites on particulates and dissolved organics
thereby limting the protection these agents afford enteric

m cr obes.

Bi ol ogi cal factors also contribute to mcrobial
persistence. Bacterial cells, living and dead, act as a
haven by providing adsorption sites for viruses (Mtchell,
1971), while predation by marine bacteria, protozoa, and
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bact eri ophages can reduce the nunbers of enteric bacteria
and viruses. Shuval gt al (1971) isolated a narine bacteria
capabl e of dimnishing poliovims-I 1000-fold in seven days.
This antiviral action is closely associated with the marine
bacteria's metabolic activity (Bitton, 1980; Shuval, 1971,
Mtchell, 1971). Qiver and Hermann (72) found that some
enteric viruses are susceptible to proteolytic enzynes.

Vard et al (1986) confirned this; their experiments showed
proteol ytic bacterial enzynmes inactivated echovirus in fresh
wat er by cleaving the protein capsid, exposing the viral RNA
to nucl ease digestion.

The type of mcrobe plays a large role in survival.
Enteric viruses generally survive longer in seawater than do
coliformbacteria (Melnick and Gerba, 1980). Further
studies with hepatitis A have shown that it is capable of

surviving longer than other enteric viruses (Bosch and
Shi el ds, 1987).

C. Epi dem ol ogy

Contam nated shel | fish pose a public health risk due to
the accurmul ation and persistence of pathogenic mcrobes in
their tissues. Transm ssion of pathogens by shellfish was
denonstrated before the turn of the century (Metcalf, 1987).
Large scal e shel | fish-associated disease outbreaks, such as
the New York state outbreak reported by Mrse et al (1986),
continue to be reported. This outhreak included 1000 cases
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of illness and at |east 10 cases of hepatitis A or
i nfectious hepatitis.

Bet ween 1900 and 1984, 11600 cases of shellfishborne
di sease have been documented in the U S.. Although there
are nore than 100 known enteric viruses, only a few have
been shown to be transimtted by shellfish: hepatitis A
non-A non-B hepatitis, Norwalk, Snow Muntain agent,
astrovirus, caliciviruses, and small round viruses (Gerba,
1988) .

During the twenty year span from 1961- 1982,
contam nated shel | fish were inplicated in over 1000 cases of
HAV (Ri chards, 1985) . The nunber of cases of infectious
hepatitis is relatively smal|l conpared with the tota
hepatitis incidence (nearly 30,000/yr); it is none the |ess
one of the nost serious viral diseases transmtted by
i ngestion of contamnated shellfish. Therefore, it is
i nportant that public health neasures be taken to control
this node of transmssion (Mtchell et al, 1966). Mele et
al (1989) reports that when conprehensive control measures
were introduced in Livorno, Italy, the annual incidence of
hepatitis A showed a 10 fold decrease. Two thirds of those
cases were directly attributed to raw shellfish consunption

Table I11.4 fromthe FDA (1990) lists the sources and
| ocations of shellfish-associated HAV epidem cs.

In addition to HAV, other enteric viruses have bheen

inplicated in nonbacterial gastroenteritis resulting from
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111, 4,
YEAR CASES
1961 84
1961 459
1961 15
1961 31
1962 3
1963- 6 46
1964 123
1964 249
1964 3
1964 43
1964 3
1966 4
1966 3
1966 4
1967 3
1968 3
1969 6
1969 13
1971 5
1971 3
1972 2
1973 263
1973 15
1973 37
1973 1
1977 17
1979 10
1982 11
1983 o1
1983 04
1985 o1
1988 51
np

I | ed from FDA Sanltatlon Pro
Shell fish Borne D sease Qutb
1989.

Tabl e 4.

SOURCE
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shel | fish consxinption. Norwal k and rotavirus have been
confirmed as the causative agent in many gastroenteritis
outbreaks in the U S (Richards, 1985). It is also unclear
In sone cases whether or not viruses were the cause of
di sease out breaks, but viruses were the [ikely etiologic
agent in nost instances (Richards, 1985).

It is also, apparent that the high nunber of cases in
areas such as New York is attributable to increased

awar eness and better reporting practices concerning

shel | fishborne disease. It is thus likely that the actual
number of shellfish related di sease cases nationw de is

grossly underestimted, due to lax surveillance and

reporting. This is further conpounded by the fact that mld
cases may go untreated or not recognized as shellfish

rel at ed.

Many factors have led to current occurrences of enteric
di sease transm ssion by shellfish. Current bacteriol ogica
standards are inadequate for determining viral contanination
in shellfish and overlying waters. Illegal poaching has
certainly led to some untraceabl e cases.
Final |y inproperly classified growng and harvesting waters
has resulted in open but contaninated areas.

Because many out breaks are due to shellfish harvested
from'approved areas' as well as fromshellfish that have

purged thenmselves to levels that met current bacterial
standards; it is of the utnost inportance to devel op
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adequat e standards and to perfect techniques to ensure
pat hogen free shellfish. QO her approaches to prevent

shel | fi shborne di sease outbreaks are listed in Table II1].5.
D. d ans
D.I. | nt r oducti on

Mercenaria nercenaria or the hard shell clamis a
nmenber of the Pelecypoda, a class within the phylum
Mol lusca. This type of shellfish is set apart from other
mol | usks by their use of a filter feeding process to obtain
food materials. Besides the hard shelled clam other
comercial ly inportant bivalves in the U S include the
Eastern oyster, Crassostrea virginica. the Pacific oyster,
Crassostrea gigas. the Oynpia oyster, Ostrea lurida, the
softshel | clam Ma arenaria. the Manila clam Tapes
i aponica. and the blue nussel, Mtilus edulis (Werner,
1983). These clam oyster, and nussel bivalve forns
represent the shellfish most often involved in transm ssion
of virus-caused diseases in the U S A (Mtcalf, 1980).

Clans are found in estuaries a fewinches below the
wat er-sedi nent interface. The soft fleshy body is enclosed
within two hinged shells called valves. Beneath the
calcified valves a mantle structure encloses the body. The
clamhas fused mantle | obes with siphon structures. The

siphons inhale up to 19 1 water/hr/oz of tissue (Metcalf,
1980) .
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Table I11.5. APPROACHES TO PREVENT SHELLFI SHBORNE DI SEASE
QUTBREAKS (Guzew ch and Mrse (1986))

1. Inprove shellfish disease surveillance and reporting.
2. Enmbargo shellfish sold by shippers involved di sease

out br eaks.

3. Adopt strict state and federal laws to control the
sanitary quality of shellfish

4. Encourage greater participation in the Interstate
Shel | f1sh” Sanitati on Conference.

5. Provide adequate numbers of enforcenent officers.

6. Devel op m crobiol ogi cal grow ng water or product
standards that assure viral safety.

7. Properly classify shellfish-harvesting areas.
8. Mandate a manifest-type taggi ng system

Strictly enforce wholesale and retail shellfish-tagging
requirements.

10. Require depuration of all shellfish sold.

11. Advise the public against consunption of raw or
partially cooked shellfish.

12. Ban the sale of raw shellfi sh.
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virus pollution of shellfish is often related to
association of a virus wth a solid. Canms are more |ikely
to take up particles settled onto the uppernost |ayer of the
bottom sedi nents (Metcalf, 1978; Landry, et al, 1983).
Clays, part of the sedinent, are among the nost inportant

| norgani ¢ substances with which viruses associate (Metcalf,
1980) .

D.2. Filter feeding

Filter feeding, outlined in figure Ill.5 is initiated
during the punping of water through the gill slits.
Particulate matter is removed by nucus sheets secreted by
the gills, wth transport to the mouthparts facilitated by
ciliary action. The nouth accepts particulates as food based
on weight, size, and shape. Cans feed on suspended al gae,
nanopl ankton, and bacteria. Particles rejected as food
sources are elimnated fromthe mantle cavity in the form of
pseudof eces (Metcal f, 1980).

Bival ve feeding is influenced by several factors.

Mt er tenperature, salinity, pH turbidity and dissol ved

oxygen are among the nmost inportant factors influencing
feeding activity (Metcalf, 1980).
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E. Accumulation of Enteric Bacteria and Viruses by
Shel | fi sh

E.|. Mechani sm of Uptake

Bacteria and viruses enter the shellfish cavity with
the currents of water punped during feeding. A mcrobe can
either be taken up as a free suspended agent or adsorbed to
a suspended solid. Two possible mechanisns exist to explain
m crobi al accurmulation in the bivalve's tissue.

D Grolano et al (1977) investigated the nechani sm of
viral uptake by the shellfish mucous. He found that
"viruses become attached to secreted mucus and are ingested
by the shellfish during feeding." This study indicated that
t he probabl e nechanismis one of ionic binding to the
mucopol ysaccharide fraction of the mucus |ayer. However,
the influence of salinity and pH on uptake indicates that
ionic bonding is not the only neans of attachnent.

A second nechani sm of uptake involves the particle to
whi ch the mcrobe is adsorbed. Viruses may be retained on
the cilia of the gill surface. Differences in the surface
charges of viruses may cause themto accunulate at different
rates. According to this theory, viruses with the strongest
positive charge should bind nost efficiently to the
shel | fish mucus (Duff, 1967). They will then be transported

along the gills to the nouth and enter the digestive system
(Metcal f, 1987).

E.2. Concentration of Bacteria and Virus


NEATPAGEINFO:id=3127AF47-104A-46A1-893F-2589C0B3BCCF


022
Al though there is no direct correlation of the |evel of
viruses in shellfish to the level in the overlying water
(El ' ender et al, 1980, Gerba et al, 1979), this comparison
Is often used to express the level or 'concentration' of

viruses in the animals tissues. The extent to which the
shel | fish is contam nated can be expressed by this
term nol ogy (Meinhold, 1982).

| nvestigators have reported that shellfish can
‘concentrate' mcrobes in their tissues many times above the
|l evel in the overlying water (Duff, 1967; Hoff and Becker,
1969; Di Dirolam et al, 1975). Shellfish can accumul ate
bacteria 10-3 0 tines higher than the surrounding water
(Mtchell, 1966). Virus concentrations up to 60 tines
greater than overlaying water have been reported (Metcalf,
1987; Mtchell,1966). There appears to be a threshold |evel
of mcrobial concentration. The nost |ogical explanation is
that after a certain mcrobial titer is reached, elimnation
bal ances accumulation. Thus, it appears that this is a
dynam ¢ process rather than sinple filtration (Mtchell,
1966). In sonme cases, viral accumulation did not exceeded
the exposure level and was several orders of magnitude |ess
(Canzonier, 1971; Hedstromand Lycke, 1964). It has been
suggested that the |ow level of accumulation observed in
these studies was due to the suboptiml conditions for
metabolic activity (Hanblet et al, 1969).
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The highest concentration of viruses is found in the
digestive tract, in the stomach-intestine, and diverticula
tissue. This is followed by the mantle fluid, nouth-
esophagus, and gills (Metcalf, 1987, Canzonier, 1971). Liu
(1966) found that over 90% of poliovirus accunul ated by the
hard shell clamwas concentrated in the gastrointestinal
tract. Early reports by Metcalf and Stiles (1965) studying
the Eastern oyster, Crassostrea virginica. suggested that
the mantle fluid contained the highest concentration of
virus with the PFU val ues equal ling that of the seawater
However Meinhold (1982) found that in the Eastern oyster
polio 1 was found in the highest concentrations in the
digestive tract tissue. In the soft shell clam Ma
arenaria. polio was concentrated in the siphons and
digestive diverticula (Metcalf et al, 1979). It is
therefore logical to postulate that the area of maxinal
concentration of viruses in tissues and organs may be
specific to the types of shellfish.

There appears to be a threshold | evel bel ow which
viruses are not accunulated. Landry (1982) noted vira
accumul ation onl'y when water colum concentrations exceeded
0.10 PFU . At concentrations belowthis level, viruses
were sel domdetected in clans or oysters. Evidence
indicated that the lack of accunulation was not due to
inefficient extraction or detection methods. This research
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presented evidence that an uptake-elimnation equilibrium
was present at 0.10 PFU/ n .

Enteric viral replication in shellfish has never been
denonstrated (Metcal f, 1980; Chang et al, 1985). Metcalf's
wor k showed each virion detected was taken up fromthe
surrounding seawater and did not originate within the
shel | fish (Metcal f, 1987).

E.3. Factors Affecting Accunul ation

The extent of uptake and accunul ation of enteric
m crobes by edible shellfish in their natural habitat and in
the laboratory is affected by various factors (see Table
[11.6). The level of contamnation in the water colum
affects the accunulation of bacteria and viruses;
specifically the initial concentration of mcrobes in the

water plays a major role in concentrating these organisms in
shel[fish tissue (Metcalf and Stiles, 1965). A |ow

concentration of virus will be adsorbed and accepted into
the shel[fish tissue but will reach equilibriumwth the

el imnation process. Shellfish can harbor a |ow but

consi stent concentration of indigenous virus (Landry et al,
1982).  However, earlier studies by Canzonier (1971)
contradict this observation. Examning the uptake of
Coliphage S-13 by Mercenaria mercenaria using low |evels of
viruses, he found the virus level was 2 to 1000 times the

| evel of virus in the surrounding water after 24 hours of

exposure. Landry et al (1982) found, as expected, that
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TABLE '11.6. FACTORS THAT AFFECT ACCUMJLATI ON AND
CONCENTRATI ON  OF ENTERI C BACTERI A AND VI RUSES

POLLUTI ON CONCENTRATI ON LEVEL
EXPOSURE PERI CD
VI RUS SURFACE PROPERTI ES
ASSCCI ATI ON W TH PARTI CULATES AND SUSPENDED SOLI DS
EXCESSI VE TURBI DI TY
TEMPERATURE
SHELLFI SH | NTERSPECI ES DI FFERENCES
DI SSOLVED OXYGEN
FOOD AVAI LABI LI TY
METABOLI C WASTE DI LUTI ON

PH

SALI NI TY

25.
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uptake increased with increasing concentrations of viruses.
Research by Bedford et al (1978) indicated that a maxi mum
concentration level is reached by shellfish. Their work
with Rock Oysters indicated that saturation is achieved at 4
X 10*® reovirus particles per oyster.

The virus surface properties also play a role in virus
concentration. Duff (1967) found that the attachment of
viruses to the nucus of the shellfish gills was due to ionic
bonding of the virus to the negatively charged sulfate
radicals of the nucus. The strongest positively charged
particles should bind nost efficiently. Investigators have
inplied that oysters have a large but finite number of
adsorption sites (Bedford et al, 1982). Surface
characteristics also affect the binding of viruses to
particulates and sediments, thereby affecting the |ikelihood
of virus transfer into the shellfish system (Canzonier,
1971),

Virus association with solids present in water has been
shown to increase the extent of viral uptake by shellfish
(Landry, 1982; Canzonier, 1971; Hanblet, 1969). Hoff and
Becker (1969) reported that cell-associated mcrobes were
accumul ated 40-60 times greater in Pacific oysters and
Manila clans than was free virus. Metcalf et al (1979)
simlarly showed that feces- and solids associated
pol i ovirus accunul ated nore efficiently than free virus.

Two explanations have been proposed for this increased
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accumul ation. First, the effect is the direct result of the
virus adsorbed particles being accepted as food, and second,
that the particulate matter stinulates the punping and

feeding process with the uptake of free or solid-associated
viruses as an indirect result (\Werner,1983).

The presence of excess turbidity or suspended
particul ate matter can inhibit mcrobial uptake. Hanblet
(1969) denonstrated that shellfish subjected to | ow
turbidity water (16-24 ppm) for 24 hours accunul ated
approximately three times as much virus as shellfish
subjected to high turbidity (54-77 ppm). The excessive
turbidity clogs the gills and pal ps, thereby interfering

with punping, feeding, and filtration (Lovelace, persona
communi cation; Hanbl et, 1969).

Feeding and mi crobial accumulation nornally increase
with tenperature within the physiological tolerance of
shel [ fish. Meinhold (1982) found that the maxi num uptake of
pol iovirus by the Eastern oyster occurred in 5 hours at 6°C,

2-3 hours at 17°C, and 1-3 hours at 28°C.  Shellfish have
not been shown to accumul ate detectable virus at all in cold

water. Metcalf and Stiles (1968) showed oysters do not
accumul ate enteroviruses bel ow 7°C.  These observations are
supported by earlier research on the physiol ogi cal
activities of oysters at varying tenperatures. The punping
rate of oysters increases steadily up to 30°C and ciliary
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action decreases at 4-6°C with no feeding bel ow 4°C
(Loosanoff and Nonej ko, 1958; Nelson, 1923).

I nterspecies differences anong shellfish have been
associ ated with varying bioaccunul ation rates. O ynpia
oysters accunul ated 86%of the poliovirus in seawater in 12
hours, while Pacific oysters required 48 hours to attain an
equal accunulation level (D Grolano et al, 1975).

In the laboratory the use of a static systemas opposed
to a flowthrough systemdramatical [y affects the level of
accumul ation. Hanblet et al (1969) notes that differences
In experinmental observations of accumulation |evels (Metcalf
and Stiles, 1965; Hedstromand Lycke, 1964) relate
principally to the design of the experinental seawater
supply system i.e., static versus flowthrough systens.

The use of continuously flow ng seawater simulates the
natural shellfishes environment and is therefore nore
conducive to feeding. Static systems do not provide optim
condi tions such as adequate dissolved oxygen, food
availability, and netabolic waste dilution and therefore

inhibit natural feeding and virus accunulation (Hanblet et
al, 1969).

Increases in ionic concentrations (salinity) or
alteration of pH weakens the virus bond to the nucus of the
shel fish gill. D Grolam et al observed that decreasing

salinity from28 to 14 ppt caused a 10%increase in viral
accumul ation. Virus adsorption was therefore affected by
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cation concentration. This may be due to conpetition

between cations and viral capsid coats for nucus anions
(D Grolanp et al, 197 5).

F. Elimnation and Depuration of Enteric Bacteria and
Viruses by Shellfish

F.l. Mechanisns of Elimnation and Reduction

Shel [ fish have the ability to get rid of accunul ated
bacteria and viruses when placed in noncontam nated water.
The shel I fish replace the mcrobes with a food source. The
bacteria and viruses are then elimnated in feces and
pseudofeces in the normal digestive and excretion process.
Elimnation by this method is closely related to the degree
of physiological vigor of the bivalve (Mtcalf, 1987).

Virus elimnation through the intestinal tract, the usua
nmethod, is due to the virus being firmy enclosed in the
fecal bolus consisting of waste products, undigested
materials, and nucus (Perkins, 1980; Metcalf, 1987). A
fully infectious virion is elimnated unaffected by the
shel I fish's digestive processes (Metcalf, 1987).

A second nethod of mcrobial elimnation is through
physical inactivation (Canzonier, 1971, Perkins, 1980).
Canzonier (1971) suggests that this reduction is a result of
the influence of tenperature and other physical factors

prevailing during depuration, canzonier (1971) further
noted in cases with |ow levels of contamnation that the
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virus persisted for periods commensurate with virus
Inactivation in seawater at the tenperature of his
experinents. In this case the stability of the virus
appears to be the dom nant factor in virus persistence
(Canzonier, 1971). "Exceptions to this process occur when
viruses are phagocytized and the phagocytes pass through the
cell nembranes” (Metcalf, 1978). Sone renoval of the
mcrobes is therefore due to the phagocytic action of the
henol ynmph.  The phagocytes act as a neans of intracellular
digestion or to protect the cells fromforeign substances.
Phagocytes elimnate bacteria through enzymatic digestion or
exportation to the surrounding water through the epithethial
borders. The extruded phagocytes are carried away in the
mucus or feces by the water streamset up by the shellfish's
natural punping action (Hartnmond and Ti noney, 1979).

In contrast to bacteria, phagocytes may transfer
viruses to tissue far renoved fromthe nornmal elimnation
processes, where they can remain for |ong periods of tine
(Canzonier, 1971). Cook and Ell ender (1986) offer the
explanation that free viruses become entrapped in mucus and
are sequestered in the digestive gland and henol ynph. In
this tissue, they are refractory to the mechani sns
responsible for elimnation (Canzonier, 1971). These
particles are not dislodged easily and may renain, under
i deal conditions for days to weeks (Canzonier, 1971). Fries

and Tripp (1970) have demonstrated that shellfish |eucocytes


NEATPAGEINFO:id=103746B6-13E4-49DB-B4D5-174A93825998


11
can phagocytize a 60 nmalgae DNA viirus within two hours of
exposure. Ohers studies have repeatedly confirmed that

viruses can be found in the hemol ynph (Liu et al, 1966; D
Grolam, 1975; Metcalf et al, 1979; Metcalf et al, 1980).

F.2. Factors Affecting Elimnation Rates

The rate of mcrobial elimnation is dependent on the
factors listed in Table Il11.7. These factors affect the
metabolic activity of the shellfish such as the rate of
punpi ng, feeding, and elim nation.

A static depuration plant design has resulted in
relatively inefficient virus elimnation (Hedstrom and
Lycke, 1964). A gradual |inear decrease of virus was seen
but sone viruses were detected even after a 100 hours of
elimnation. Mtchell et al (1966) found that a static
systemlimts the essential factors for shellfish activities
such as dissol ved oxygen, food, and dilution of netabolic
waste. A flowthrough systemnore closely sinulates the
natural environnent. A nore suitable environnment for
natural activities is thus provided and a nmore rapid and
efficient viral elimnation can be expected and i s observed
(D Grolam et al, 1975, Hanblet, 1969; Mtchell et al
1966). D Grolam et al, (1975) conpared poliovirus Lsc-
2ab depuration in Western oysters using both a stationary
and a free-flow seawater system In the static system 15%

of the virus was recovered after 120 hours. In contrast.
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TABLE I'11.7. FACTORS AFFECTI NG ELI M NATI ON RATES

DEPURATI ON PLANT DESI GN

SHELLFI SH CHARACTERI STI CS

LEVEL OF CONTAM NATI ON

TYPE OF CONTAM NATI ON

VI RUS SURFACE CHARGE

DI SSOLVED OXYGEN CONTENT

PH

TURBI DI TY

ASSOCI ATI ON W TH PARTI CLES

TEMPERATURE

SALI NI TY

FOOD AVAI LABI LI TY

42


NEATPAGEINFO:id=6DAB0075-B1BD-4BCF-8318-22FC09652DE3


43

the free-flow system had a reduction of 99%after only 72
hours. QO her researchers have al so observed rapid
elimnation of virus using flowthrough systenms. Mtchel
et al (1966) denonstrated that poliovirus was reduced
greater than 99.9% w thin 24 hours in Crassostrea virqinica.
Liu et al (1967b) found polio was not detectable after 3-4
days of elimnation by Mercenaria nercenaria. Metcalf et a
(1979) reported that feces-associated polio was reduced by
98- 100% after 6 days of elimnation by M. arenaria using a
free fl ow system

The bi ol ogi cal characteristics of the shellfish are
inportant in the design of the depuration plant and they
also affect elimnation. Each type of shellfish has its own
unique limting conditions. These paraneters define the
most suitable conditions of effective purification. They
i nclude tenperature, salinity, dissolved oxygen, nunber of
organi sns per tank, water volume per unit mass of shellfish,
and the depth of water over the shellfish (Metcalf, 1987).
This can be observed by varying the tine necessary for
different types of shellfish to depurate to acceptable
| evel s under the sane conditions. According to Hoff and
Becker (1969), the Eastern oyster can elimnate polio to
undetectabl e levels in 24 hours while 48 hours is necessary

for the soft shell ed cl am

Addi tional Iy, individual activities of shellfish

i nfluence the overall elimnation rate. Seraichekas et al
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(1968) noted "there is no doubt that the majority of
shel | fish are capabl e of cl eansing thensel ves when they are
subjected to an ideal and clean environnent. On the other
hand a snall nunber appear not to be functioning well.

Thus, a few shellfish still harbor virus after 48 to 72 hr
of depuration."” Factors such as the age, sex, and size of
the shellfish as well as physical injury (e.g. danmage to the
shell) can influence their activity and thus their
elimnation rate.

The | evel and type of contanination appear to play a
maj or role in the efficiency of elimnation. Little
information is avail able on conparative viral and bacteria
depuration. The relative patterns and rates of elimnation
of three organisns were studied by Power and Collins (1989).
The | ogarithnms of reduction for polio, E*. coli, and
col i phage were 1.86, 2.9. and 2.16, respectively, within 52
hr of depuration. The differences in the rates of
depuration under ideal conditions of poliovirus, E* coli,
and a 22-nm i cosohedral coliphage suggest that they are
elimnated fromnussels by different nechani sns. Thus the
type of contam nant plays a major role in the efficiency of
depur ati on.

The | evel of contanminants in the water is generally
related to the accunul ation | evel of nicroorganisns in
shell fish. Thus, when the pollutant concentration

decreases, so does the accunul ated concentration in the
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Shel I fish (Hedstrom and Lycke, 1964; Metcalf and Stiles,
1965). The efficiency of depuration is heavily dependent on
the initial contam nation level. Less time is required for
virus elimnation fromlightly contam nated shellfish (Liu
et al, 1967b; Metcalf and Stiles, 1965; Janssen, 1973; Cook
and El |l ender, 1986; Metcalf et al, 1979; Perkins et al.
1980; Canzonier, 1971). Liu et al (1967b) found hard
shel l ed clans, contam nated with 10 PFU of polio/g of neat,
required 24 hr to elinmnate to nondetectable |evels, while
cl ams contanminated with 10° PFU required 72 hr. No apparent
difference in the rate of elimnation was seen. Many

expl anations for this occurrence have been postul at ed.
Metcal f et al (1979) stated that depuration effectiveness
was dependent upon the nunber of viruses bi oaccunul ated and
whet her these viruses were solid-associ at ed. The associ at ed
particles would be quicker to depurate since they were not
sequestered in the tissue. Seraichekas et al (1968)
proposed that the residual virus in sone shellfish are the
result of physiological inactivity due to the high

contam nation | evel reached. Canzonier (1971) and Mesquite
(1988), had slightly contradictory results. They both found
that at lowinitial titers, accumul ated over an extended
period of time, the retention of virus can be quite

prol onged and independent of clamactivity as indicated by
bacterial elimnation. This nay nmean that the rapid

elimnation of lowtiters is due to inactivation by physical
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factors such as tenperature. Thus the thermal stability of
the virus may play a major role in virus persistence.
Mesquite (1988) further found that exposure to high titers
for a short tine resulted in rapid reductions down to a
certain level and that sonme of the bacteia were al ways

ret ai ned.

Differences in virus surface charge nmay cause viruses
to elimnate at different rates. Viruses with a strong
positive charge nay attach nore effectively to the
negatively charged sulfate radical of the shellfish nucus
and therefore depurate nore slowly (DiGrolanp et al, 1975;
Duff, 1967). Poliovirus depuration occurs quickly wth 80-
99% renopval in 48 hr (Hoff and Becker, 1969; Liu et al.
1967b; Metcalf et al, 1979; Davis, 1986). After the initia
drop, the low |l evels of polio may persist as long as 6 days
(Hoff and Becker, 1969). HAV depur at es nmuch sl ower than
other viruses studied. Sobsey et al (1987) found Eastern
oysters reduced HAV | ess than 90% under nost test conditions
even after 5 days.

Elimnation of microbes is directly related to the
degree of physiologic vigor shown by the bivalve. This
vigor is in turn related to environnental factors such as
tenperature, salinity, pH, dissolved oxygen, turbidity and
particul ate concentration. Ideal conditions help to

optim ze normal punping and feeding activities.
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The tenperature of the water determ nes the metabolic
activity of the nollusk. In general, |[ower tenperatures
result in a lower rate of feeding and punping and therefore
| ower elimnation. The slower cleansing rate is thought to
be a result of the stress on the shellfish (Cook and
El | ender, 1986). There also appears to be a threshold
t enper ature bel ow which no depuration occurs. Cook and
El | ender (1986) found that tenperatures above 31°C do not
have an adverse effect on the oysters ability to elimnate
mcroorgani sms. |If the tenperature falls below a threshold
of 10°C, however, elimnation is slowed. Metcalf and Stiles
(1968) report the threshold is 7°C.  Metcalf (1987) reported
that in a North Atlantic estuary during the winter, oysters
submerged in 1°C water showed virtually no depuration after
4 nonths. As long as the tenperature stayed bel ow 4. 3°C,
the shellfish were in a state of 'hibernation'. Wthin two
weeks after the tenperature rose above 7°C, there was no
virus detectable. Further experinents denonstrate that
depuration performance is a function of tenmperature. Liu et
al (1967) found that at 18-20°C, enteric viruses were not
detected after 48 hr, but at 5-6°C, 96 hr were required to
reach a nondetectable |level. Rowse and Fleet (1984) showed
i nconpl ete depuration of Sanonella charity and E. coli from

oysters bel ow 17°C conpared to the rapid elimnation rate at
18-22 and 24-27°C.  Meinhold (1982) showed polio depuration

by Eastern oysters was greatest at 28°C. In another study.
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Sobsey et al (1987) denonstrated the rate of polio
elimnation was nore efficient at 23°C than at 12 or 17°Cin
Crassostrea virainica. This report further stated that HAV

was not depurated extensively at any of the test

t enper at ur es.

Several studies have shown that depuration is
inefficient at salinities other than that to which the
shel I fish are acclinated especially at reduced salinity.
Dramatic changes in salinity appear to drastically affect
depuration. Liu et al (1967b) showed a decrease in salinity
of 50-60% stopped the depuration conpletely. Rowse and
Fl eet (1984) reported that low salinity (16-20 ppt) reduced
punpi ng and elimnation rates and resulted in sone oyster
death. Exposure to salinities as high as 32-47 ppt did not
affect depuration or cause shellfish nortality. Sobsey et
al (1987) reported that oysters depurate HAV nore
effectively at 28 ppt than 8 or 18 ppt. At 28 ppt |ess than
5% and 1% of the original HAV was detected after 2-3 days
and 5 days, respectively.

M crobial concentrations in depuration water nust be
| ow enough to prevent recontam nation of shellfish in order
for elimnation processes to be effective.

Turbidity, particle association, dissolved oxygen, and
food availability do not appear appreciably to affect
depuration as long as the concentrations do not interfere
with normal netabolic functions. Hgh turbidities can
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inmpair or close gills thereby preventing depuration. As
long as this is not the case, turbidity plays no role in
depuration. Hanblet (1969) found polio depurated equally in
low (8-21 ppm and high (54-80 ppmturbidity waters).

Mei nhol d (1982) reports that although associations with
particles affects uptake of viruses it is not a factor in
elimnation. Hoff and Becker (1968) reported however that
crude cell-associated virus persisted longer in Manilla
clams and O ynpia oysters than free, filtered virus. It
shoul d be noted that crude virus are simlar to natural
environmental forns of viruses. Dissolved oxygen appears to
be a passive factor in elimnation. As long as sufficient
| evel s are present for shellfish metabolic functions then
depuration rates are unaffected. However, Perkins (1980)
states that appreciable drops occur in depuration rates when
di ssol ved oxygen is below 8 ng per liter. Powers and Colins
(1990) found that food availability affected depuration only
when filtered seawater was used and that in that case food
addition increased the elimnation rate.

In summary, elimnation is nost effective in those
environnental conditions to which the nollusk is already
acclimatized, when physical factors are sufficient for

normal physi ol ogi cal and netabolic functions, and when

contam nation | evels are | ower.
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F.3. Conmercial Depuration

In the U S., shellfish intended for depuration or
controlled purification can be harvested fromwaters neeting
the requirenents for restricted or approved areas. A
substantial portion of shellfish are off limts due to the
presence of excessive |levels of fecal contam nation.

Moder ately contam nated shellfish can be 'reclai nmed',
however, utilizing a purification nethod that renders the
shellfish free of unacceptable | evels of pathogens.

The natural process of self purification can be
utilized comrercially in tw ways: relaying or depuration.
Rel ayi ng i nvol ves transferring the shellfish from poll uted
(restricted) waters to approved waters (of acceptable
m crobial quality). The shellfish can then be reharvested
fromthe approved beds after a mininumtinme of two weeks and
sold for public consunption. Depuration plants pl ace
shell fi sh taken fromrestricted waters in tanks of
di sinfected, quality controlled, continuous flow ng
seawater. The seawater is used in a flowthrough or
recircul ating fashion, purified by filtration, W
irradi ati on, ozonation, or chlorination. Chl ori ne and ozone
are | ess desirabl e net hods of water disinfection since the
residual levels of disinfectant or disinfection by-products
act to inhibit the shellfish physiol ogical processes,

t hereby reducing the elimnation rate. O the two, ozone is
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preferabl e because it is epheneral in water and rapidly
di ssipates. Chlorination is now rarely used.

A degree of control can be exerci sed over depuration
whi ch can not be sinilarly exercised over relaying.

Relaying is a slower elinination process, usually reguiring
14 days, while depuration in the U S. is accepted as
conplete after 2-3 days. |In other countries shellfish may
be depurated for up to a week.

After a specified time, the depurated shellfish are
sanpl ed and depuration effectiveness is tested by
bact eri ol ogi cal anal ysi s. Hard shell clans and Eastern
oysters nust have nean fecal coliformconcentrati ons of |ess
than 20 per 100 granms of neat and no nore than 10 % of the
sanpl es can exceed 100 fecal coliforns per 100 grans. No
single sanple is allowed to be in excess of 100 fecal
colifornms per 100 grams nor nay the arithnetic nean of
dupl i cate sanpl es exceed 75 fecal coliforns per 100 grams
(FDA, 1987).

Depuration is currently practiced only on a limted
scale in the U S. due to the high cost (Cook and ElIl ender,
1986) . Depuration is widely practiced in Europe and
Australia. However, there are only 19 plants in the U S
depurating clans and oysters; prinarily soft shelled cl ans.
The growi ng i nportance of shellfish as a food source in the
US (Table 111.8.) may soon nmake depuration a nore

Table 111.8. Inportant Edi ble Shellfish Species
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Comobn Nane

Eastern Oyster
Pacific Oyster
A ynpi a Oyster
Har d-shell clam Northern quahaug

Soft-shell clam
Butter clam

Bl ue Mussel

52

Scientific Nane

Crassostrea virginica
Cr assostrea gi gas
GCsrrea | urida
Mercenari a nercenari a
Mya arenaria

Saxi donmus gi gant eus

Mytilus edulis
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econom cally viable option for restricted shellfish
recovery.

Al t hough depuration may reduce fecal coliforns and
other bacteria in shellfish to a safe | evel and be an
adequate indicator of bacterial elimnation, pathogenic
viruses may not be as easily elimnated. Evidence
concerni ng pathogeni c bacteria and viruses is conflicting.

Eyl es and Davie (1984) report that coliformand E* col
concentrations were substantially reduced in their
comerci al depuration system However they report that on
t hree occasions the E* coli count was not at an acceptable
level. They also found that Vibrio parahaenolyticus and V.
cholera persisted in oysters after depuration. Janssen
(1973) found oysters retained a high | evel of Sanpnella
typhi murium and Francisella tulatensis for 49 and 11 days,
respectively. Son and Fleet's report (1980) was
contradictory, stating that effective depuration of Bacillus
cereus. dostridiumperfringis. Sanonella, and Vibrio
par ahaenol vitcus was seen within 2-3 days in the Eastern
oyster. Thus, it appears fromthese apparent contradictions
t hat the node of contam nant uptake and the origin of the
contam nant (in vivo or in vitro) can affect the rate of
depur ati on.

The correlation of coliformconcentrati on and viral
concentration in shellfish has not been established (Col e et

al, 1986). Ellender and Cook (1986) found no proof of a
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correl ation between poliovirus and fecal coliforns. Virus
was present in oysters having | ess than 50 fecal coliforms
per 100 grams. \Wen G abow (1989) anal yzed 610 sanpl es of

mari ne sewage discharge, polluted seawater, and shellfish,

the ratio of virus counts to indicator bacteria varied
extensively. Further, viruses were detected in a number of

sanpl es yielding negative results in conventional bacterial

i ndi cator tests.

Fecal coliforns have not been proven to nodel viral
depuration. Canzonier (1971) denonstrated coliphage S-13
persisted for 6 days while E*. coli was undetectable after
24-48 hours. Mesquite (1988) found that depuration for 48
hours based on Ej. coli renmoval was not sufficient for
renovi ng col i phages and therefore was probably not
sufficient for renmoving viruses of public health
signi ficance.

Even if coliforms act as an adequate nodel for sone
enteric viruses, their inportance as a public health
I ndi cator nust be questioned. Virus types have been
reported to depurate at different rates under varying test
conditions. Sobsey et al (1987) reports that oysters
reduced polio by greater than 98%in 2-3 days, while HAV had
depurated only 90% after 72 hours. These reports indicate
that reduction of fecal coliforns within 48 hours may not
elimnate the health risk of shellfish-associated viral

di sease.


NEATPAGEINFO:id=11D23125-D653-4E53-AF86-94BF129C12F8


55
Depur ated and rel ayed shell fish have been inplicated in
viral disease outbreaks. Follow ng a Norwal k
gastroenteritis outbreak, G ohmann et al (1981) perforned a
study with 2000 volunteers eating purified oysters. The
oysters were either depurated for 48 hours or relayed for 1

week. The oysters net all bacteriol ogical standards.

Fifty-two persons becane ill with Norwal k gastroenteritis.
Anot her study resulted in 181 volunteers beconmng ill after
eating raw oysters depurated for 72 hours (Gl et al.

1983). Mele et al (1989) reports that two thirds of the
cases reported in Livorno, lItaly resulted from consunption
of depurated nussels and cl ans.

Since it has been repeatedly shown that bacteriol ogica
quality is an unreliable nonitoring criterion for predicting
viral contam nation and depletion, it is clear that nore
effective neans of nonitoring depuration effectiveness and
i mproved controls are needed to ensure 'safe' shellfish.

Depuration is an in vitro phenonenobn and therefore it
is essential that depuration plants naintain an environment
suitable to shellfish biological activity. The inportant
paranmeters nust be studied further to identify the opti mal
depuration conditions for each species of shellfish.

Further, since shellfish are considered 'safe’' based on
bacteriological levels, it is inportant to understand the
processes of viral elimnation by shellfish. Wth a better

under st andi ng of the processes and factors involved in
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depuration we may be better able to ensure that reclained

purified shellfish are free of unsafe viral

bacteri al pat hogens.

as wel |
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Chapter 1V. Mat eri al s & Met hods

A. Medi a & Conponents

All nmnedia and their fornmul ati ons are described in detail in

Appendi x A
B. Cultivation and Assay Systens
B.l. Cell Culture

Hepatitis A virus and poliovirus type 1 were
propagat ed and assayed in fetal rhesus nonkey ki dney (FRhK-
4) cells and Buffal o G een Monkey (BGW) cells,
respectively.

Cells were grown m Fal con 800 cmroller bottles or
150 cnfz?iasks_usiﬁlex NEE?Eontaining 10% fetal calf serum
The cell cultures were incubated at 37°C until confluent (5-
7 days). Once the cells forned a confluent | ayer, the
growt h medi um was aspirated, the cells rinsed with warm
PBS, and a 0.05% Trypsi n-0. 02% EDTA sol uti on was added to
the flask or roller bottle. After the cell | ayer was
detached fromthe surface, the cell suspension was poured
into 50 mM centrifuge tubes and centrifuged at 2000 rpm for
10 mi nutes. The supernatant was poured off and the pellet
was resuspended in sufficient growth nediumto give a
concentration of 5 X 1o'* cells/m (FRhK-4) or 1.2 X 10"

cell/m (BAW). Five m of the cells were dispensed per 60

X 15 mmtissue cul ture dish. The di shes were i ncubated in
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5% CO, at 37°c. The cells reached confluency after 5-7 days

and were used for viral assay.

B.2- Propagation and Cultivation of Test Organisns
B.2.1 Hepatitis A virus (HAV)

These studies were done using a cytopathic strain of
HAV, pHM 175. Confluent nonol ayers of FRhK-4 cells were
rinsed with serum free nmai ntenance medi um and i nocul at ed
with stock virus at a multiplicity of infection (MJ) of 0.1
infectious units per cell. The cultures were incubated at
37°Cfor 3 0 mnutes on roller racks to evenly disperse virus
during the adsorption period. Fresh mai nt enance nedi um
W th serum was added and the cells were incubated at 37oc
for 5-7 days until the cell layer was destroyed by
cyt opat hogeni c effects.

The viruses were harvested fromthe cells by freezing-
thaw ng the bottles. The cells were scraped fromthe
surface using the partially frozen medium The thawed cell
| ysate was vortexed in 250 nl centrifuge tubes with 1/2
volune Freon (trichlorotriflouroethane). The m xture was
centrifuged at 5000 G for 20 mnutes. Experinmental stock

HAV was recovered as the resulting supernatant. HAV stocks

were stored frozen at -70°C

B.2.2 Poliovirus- 1

The vaccine-derived LSc strain of poliovirus type was

used. G owth nediumwas drained fromroller bottles of
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confl uent BGW cell s. The cells were inocul ated with virus
at MO of 0.01 infectious units per cell. The viruses were
all owed to adsorb to the cell cultures at 370C for 2 hours.
The cell layer was rinsed three times w th maintenance
medi um Fifty milliliters of fresh nmai ntenance nmedi um were
added to each roller bottle and the cells incubated for 1-3
days at 37°C.  Wen the cells denonstrated conplete
cyt opat hogenic effects, the cultures were frozen and then
thawed. The cells were scraped fromthe bottles surface
using the partially frozen medium The thawed cell |ysate
was vortexed in 250 m centrifuge tubes with 1/2 vol une
Freon. The nixture was then centrifuged at 5000 G for 20
m nutes. Experinental polio stock was recovered as
supernatant after centrifugation. Polio stocks were stored
frozen at -70°C.

B.2.3 Bacteriophage M52

Bact eri ophage M52, a 25 nm di aneter, icosohedral, RNA
phage, infectious for nale strains of Escherichia coli, was
used in these experinents. Stock M52 was grown on an E
coli C 3000 host by the soft agar overlay nethod. Three
drops of 1 og phase host and 0.2 nl MsS2 (approximately 2 x
10Qtotal PFU) were added to 3 ml coliphage single strength
top agar in tubes, m xed gently, and poured on Coli phage
bottom agar plates. The plates were inverted and i ncubated
for 24 hours at 37°C. The plates having confluent lysis

were then soaked with 10-15 ni PBS for 15-20 m nutes,
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whi ch | oosened the top agar fromthe bottomagar. The top
agar was then easily scraped fromthe plate into a sterile
beaker. The plate was rinsed once with 5 mM PBS into
beaker. The resulting m xture was then vortexed in 50 cc
coni cal bottom centrifuge tubes and centrifuged at 3000 rpm
for 20 m nutes. Experinental phage stock was recovered as
the supernatant and filtered through sterile, 25 nm
di aneter, 0.45 mcron pore size Acrodisk filters (Cel nan).
Resulting titers of these stocks ranged from 10-10 pl aque
foirmng units (PFU) per milliliter.

B.2.4. Escherichia coli B.. E. coli C 3000, S. faecalis

A stock of Escherichia coli B.. E. coli C 3000, and S.
faecalis was prepared for each experinent according to the
procedure outlined in Fig.l. GCenerally, one mlilliliter of
the EA coll B and S fecaelis suspension contained 10
colony-formng units (CFU)
B. 3. Assay of Test Organi sns
B. 3.1 Pl ague Assay
B.3.1.1. HAV

HAV was assayed by the plaque technique in FRHK-4 cells
(Croneans et al, 1987). FRHK-4 cells were grown to about
85% confluency in 60 x 15 nmdishes at 37°C and 5% CO, .
G ow h nedi um was aspirated fromi ndividual dishes and 0.2
m of a sanple dilution was inoculated onto the cells.
Sanpl es were inoculated in several replicates. Virus

sanmpl es were
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Figure 1. Bacterial Stock Preparation Procedures

Stock cultures of E. coli B were mai ntai ned on sl ants
of Nutrient Agar #2.

Stock cultures of S. faecalis were nmmai ntai ned
on slants of Brain Heart |Infusion (BH).

Stock cultures of E. coli C 3000 were nmi ntai ned on sl ants
of Nutrient Agar #2.

| noculate 30 mM sterile Nutrient Broth #2
with a loopful of E. coli B fromstock slants.

| noculate 30 m sterile BH Broth with a | oopful of S.
faecalis
from stock sl ants.

Inoculate 3 O m sterile Nutrient broth #2
wth a |loopful of E. coli C 3000 from stock sl ants.

| ncubate E. coli and S. faecalis for 5 hours at 37.5°C
with agitation.
Centrifuge the cultures at 4500 rpmfor 20 m nutes.
Di scard supernat ant.
Resuspend each pellet in 5 mM sterile PBS.
Refrigerate.

Resuspended cul ture was enunerated by the pour plate nethod
described in figure 3.

| ncubate E. coli C overnight at 37.5°C
with agitation.
Refrigerate for daily use in coliphage assay.
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diluted in serumfree MEM di l uent for HAV containing anti -

poliovirus serumat a concentration of Ix10 . The anti -
polio serum was added to the diluent to inhibit
poliovirus infectivity during HAV assay. I nocul at ed di shes
were incubated for 1 hour at 37°C with the sanple
redi stributed over the cell layer every 20 minutes. After
i ncubati on,the di shes were overlayed with 5 m of agarose
overlay nedium (fornul ation in Appendi x A), the agarose was
allowed to solidify, and the dishes were incubated at 37°C
in 5% CO . After 7 days, the cells received a second
agarose overlay with neutral red and were rei ncubat ed.
After 3-4 days, plaques were counted. HAV concentrati ons
wer e cal cul ated and expressed as plaque fornming units (PFU)
per m.
B.3.1.2. Poliovirus-1

Poliovirus-1 was assayed by the plaque technique in
BAGWK cells. Confluent layers of BAW cells in 60 X 15 mm
replicate dishes were inoculated with 0.2 nl of each sanple
dilution. Virus sanples were diluted in PBS containing 2%
heat -i nacti vated fetal calf serum The di shes were
I ncubated at 37°C for one hour with sanple redistribution
every 15-20 nminutes. After the adsorption period, an agar
overlay medium (see App. A was added to the di shes and

al l owed to harden. The di shes were i ncubated at 37°C for 48

hour s. Pl aques were countable after 48 hours, and recounted
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after 72 hours. Poliovirus concentrations were cal cul at ed
and expressed as PFU per nl.

B.3.2 M52 Bacteriophage Assay

The M52 col i phage plating protocol is outlined in
Figure 1I11.2.
B.3.3 Bacteria Plate Counts

E. Coli B and S" faecalis levels in clam honogenate

were enunerated by the pour plate technigue outlined in

figure 3.

C. d ans

Nor t her n guahaugs or hard shell clans (Mercenaria
mercenaria) were harvested by nanual raking fromCalico
Creek in Carteret County, NC or bought fresh froml ocal
merchants. The clans were washed under cold water to renove
nmud fromthe shell and then stored dry at 4°C for a nmaxinum
of 2 days after collection. The clans were brought to room

tenperature before use in experinents.

D. Seawat er

Nat ural seawater punped from Bogue Sound, NC, was used
for the experiments. It was punped through a series of
3 mcron and .45 mcron cartridge filters (Filterite) to
obtain the desired turbidity of less than 1 NTU.  The water
was mai ntained at pH 8.0 by addition of HO or NaCH A

di ssol ved oxygen level greater than 5 ng/1 was ensured by
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Figure 2. Plating procedure for MS2 coli phage.
Pipet either 0.1 or 1.0 ml of appropriate PBS dilution
of 1.2 sanpl e honpbgenate
and 3 drops of |og phase E. coli C 3000 host

into 3 mM of top agar.
M x gently by rolling tube between pal ns.

Pour onto bottom agar pl ate.
Run duplicate pl ates.

| ncubate i nverted at 37.50C for 6-8 hours.

Count pl aques and express as PFU m .
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Figure 3. Plating procedure for E. coli and S" faecalis

Pipet either 0.2 or 2.0 m
of appropriate PBS dilution of 1:2 sanple honbgenate
into 30 mM of agar.

E. coli uses nodified MacConkey's agar.
S. faecalis uses M enterococcus agar.

Pour half the volume (15 m) into each of two plates
for enuneration.

Al | ow agar to harden.
I nvert plates.

I ncubat e %L. coli B at 37.5°C for 24 hours.
| ncubate S* faecalis at 40°C for 24 hours.

E. coli colonies appear snmall, disk-shaped,
and pink to brick red in color.

S. faecalis col onies appear round
and purple or maroon in color.

Count col onies and record as Colony formng units (CFU)
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continual aeration through an aquariumdiffuser stone. The
wat er was brought to the desired salinities of 8, 18, 28
ppt, by diluting Bogue Sound water with distilled deionized
wat er and neasuring salinity with a refractonmeter. The
experinental tenperatures; 12, 18, 25°C, were controlled by

a imersion coil refrigeration unit.

E. Test Organi sns Recovery

A sanple of five clanms was renoved daily fromthe
exposure tank for six consecutive days. The first day
sample, 'day 0', was to determ ne the test organi sm
concentration before depuration. The five consecutive days
were taken to neasure the rate of clamself-purification.
E.|. Bacteria, Bacteriophage M52, HAV

For the assay of bacteria, MsS2 and HAV, a 1:2
honmogenate of clamtissue in 0.3M NaC sol ution was used.
This procedure is described in section A of Figure 4.
E. 2. Pol i o

Fol | ow ng cl am honogenati on, a concentration procedure
was used to separate the virus fromthe clamtissue and to
concentrate it for viral analysis. This procedure is

described in section B of figure 4.

F. Overview of Experinental Methods for Depuration Studies
Experiments were conducted using HAV, Polio, MS2, E

coli. and S faecalis to conpare elimnation rates at
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Figure 4. C am Processing Preparation for Virus Recovery

Secti on A

1. Renove 5 clans from depuration tank

2. Shuck cl ans, discard |iguor.
Record Wei ght

3. Add equal volune of 0.3M NaCl, blend at | ow speed for 1

mnute, blend at high speed for 2 mnutes in sem-mcro
bl ender jar.

4. Remove hal f volume of 1.2 honogenate for bacteriol ogical
and HAV anal ysi s.

Section B

5. Measure volune of remaining 1:2 honmogenate (

6. Pour remaining honogenate into 1 liter blender jar.

7. Measure 6 volunes 7% Beef Extract/0.3MNad (___  “nl) .
Rinse sem-mcro jar and graduate cylinder W th Beef
Extract solution, pour into the 1 |liter blender jar.

8. Add 0.25 nl Dow Anti-foam and bl end at high speed for 30

seconds.

9. Pour into a 2 liter beaker with stir bar.

Add 0.25 m Dow Anti-foam Mx until foam di sappears.
Adj ust pHto 7.5.

10. Add correct amount of freon (

______ Am) . (see equation
bel ow)

step 5 volunme X 2 = actual clam wei ght
= g

cl am wei ght X 7= Freon vol une

11. M x vigorously. _
Centrifuge at 5000 g (5500 rpm} for 2 0 m nutes.

12. Renove el uate supernatant with pipet.
Adj ust pHto 7.2.

13. Measure volume (__ M) o
Add PEG 8000 to 12% vol une wei ght.

super natant volune X 0.12 = g PEG 8000
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Fi gure 4. conti nued

14.

15.

16.

17.

Mx until PEG is conpletely dissolved.
| ncubate overnight in refrigerator w thout agitation.

Centrifuge at 6250 rpm for 20 ninutes.

Di scard super nat ant.
Resuspend pellet in small anmount of PBS.

Add 1 m of stock GEN-KAN per 100 ml of final sanple.
Record final volume ( )

Freeze sanple at -40°C for viral assay.
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different tenperatures (12, 18, 25°C) and salinities (8, 18,
28ppt). \en tenperature was the variable, the salinity was
hel d constant at 28ppt, and when salinity was variable, the
tenperature was held at 25°C. Al experinents were
conduct ed under a | am nar fl ow bi ohazard hood.

At the beginning of each experinent, 10 liters of test
water in a 46cmlong x 24cmw de x 13cm deep pol ypropyl ene
tank was seeded with 10Qorganisns each of HAV, Polio, M2,
E. coli. and S. faecalis. This gave an initial level of 10
organi sns per m of uptake water. The inocul ated water was

allowed to mix for one hour. Then 60-70 clans were placed

in the tank and allowed to feed for 16-18 hours at room
t enper at ur e.

After the uptake period, a sanple of five clans was
processed to determne the initial (day 0) |evels of
organi sms. The renaining clans were divided randonmy into
two groups and transferred to the two depuration tanks
containing filtered depuration water at the designated
tenperature and salinity.

The depuration system was designed as a once flow
t hrough systemw th a baffle at the inlet to prevent short
circuiting of the feed water. The water flow rate was 12
m/mn/clam Spent depuration water discharged fromthe
tank was disinfected with chlorine bleach before discarding

to the sewer system
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G Overview of Uptake Experinmental Methods

The purpose of this study was to determne the tine
necessary for maxi mum uptake of the test organi sns, the
upt ake efficiency of the clans with respect to each
organism and finally to determne if the organi sns were
concentrated to a | evel above that in the overlying water.
At the beginning of each experinent 5 liters of seawater in
a 46 cmlong x 24 cmw de x 13 cm deep pol ypropyl ene tank
were seeded with HAV, Polio, M52, E. coli. and S. Faecalis.
giving an initial concentration of 10 organi sns per nl of
upt ake water. The inocul ated water at pH 8, dissolved
oxygen > 5 ppm turbidity < 1 NTU, 25°C and 28 ppt salinity
was allowed to mx for one hour. Thirty clans were
introduced into the water and allowed to naturally feed.
Sanpl es were taken at 0, 1, 3, 9, 18, 30 hours. The '0
hour' sanple which was not exposed to test organi snms was
used as a base line indicator of pre-exposure contam nation.
The sanples were renoved at set tinme intervals and processed

as described in figure 4. Al sanples were anal yzed for

bacteria and virus concentrati on.

H Statistical Analysis

The anal ysis of data was conducted using PC/ SAS on a
Zeni th personal conputer. The data for depuration at
different tenperatures and salinities were analyzed using a

conmbi nation of sinple linear regression and multiple


NEATPAGEINFO:id=61FEF5A4-DBDC-4D7E-BBE9-AD81A53FACFA


21

regression, with tenperature and salinity data treated as

separate data sets.
The raw data fromthe depurati on experinents consisted
of the concentration of each test organismfound in the 1:2

clamtissue honbgenate on experimental day 0, 1,2,3,4, and

5. These concentrati ons were converted to the nunber of

organi sns per gramof clammeat by nultiplying by a factor
of 2. These calcul ated concentrations were normalized to
the percent of the initial test organisms per gramof clam
nmeat for each experinmental day. This was done by dividing
the nunber of organisnms at days 1-5 by the initial nunber
present on day 0 and nmultiplying the product by 100 to
obtain percentage. In an effort to obtain a |inear

rel ati onship, the percent renaining data was | og
transformed. The resulting logarithm c data was plotted
versus arithnetic time to give an approxi mation of a
straight |ine.

Li near regression analysis of the depuration data from
each experinent was performed. A correlation coefficient
(r) was calculated to determne the strength of the |inear
rel ationship between the log%remining and time (in days)
for different organisms at each tenperature and salinity.

The null hypothesis, that all test organisns are
elimnated at the sane rate for each experinmental condition
was tested by fitting the linear regression of log %

remai ning over time and using a dumy-dependent-variabl e
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regression to determ ne whet her the slopes of the regression
lines were significantly different. This nmethod utilized a
pai rwi se conparison to determ ne which organi sms depurat ed
at the sane rate (the lines being coincident or parallel).

A second null hypothesis, that the extent of depuration of
each organismw thin the experinmental conditions (the three
tenperatures and salinities) was tested in the same way.

Al statistical tests enployed a 95% confi dence
interval |evel (alpha value = 0.05). This was the basis for

acceptance or rejection of the null hypothesis.
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1 V. RESULTS
I V. A Depur ati on Experinents

The results of the depurati on experinents, conparing
the rates of elimnation of HAV, Polio, Ms2, E* coli. S.
faecalis at different tenperatures and salinities, are
summarized in Tables 1-3 and 7-9, respectively. Each table
shows the percent of the initial organismremaining after 1
2, 3, 4, and 5 days of depuration for each replicate
experinent as well as the nean percent renmining over tine
for all the experinents. The experinental results of the
i ndi vidual replicate experinents and their nean values in
ternms of concentrations of viruses and bacteria per unit
wei ght of shellfish neat can be found in appendi x B.
I V. A 1. Ef f ect of Tenperature

The results of tenperature on each test organi smcan be
seen in Figures I1V.1-3. The results indicate that
t enperature had no appreciable effect on the depuration of
the individual test organism As is seen in figure IV.1 the
rate of depuration (the decrease in the initial organism
concentration over tine) is simlar for each mcrobe at the
three different tenperatures. The graph of the nmean percent
remaining (fig. 1V.2) illustrates the sanme findings with the
initial and final percentage of organi sns renmaining
approxi matel y equal at each tenperature. Finally, exam ning
the linear regression graph of the depuration of each

organismat the three tenperatures (fig.1V.3) we see that
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TEMPERATURE:

12 C
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DAY O

100
100
100
100

100

100
100
100
100

100

100
100
100
100

100

100
100
100
100

100
100
100
100
100

100

DAY 1

38.

34.
1
2.

19.

76.
56.
. 380
. 167

34.

121.
155.
78.
60.

104.

52.
19.
80.
87.

60.

14.
55.
14.
98.

350
995
837
357

385

854
448

962

660
511
559
757

122

585
423
766
617

098

865
512
978
894

46. 062

DAY 2

30.
16.
0.
0.

11.

10.

139.
89.
96.
98.

106.

30.

52.
82.
10.
20.

009
646
096
404

788

. 196
. 461
. 406
. 985

512

568
499
886
400
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. 917
. 585
. 774
. 207
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361
947
489
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41. 475

DAY 3
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N

W

76.
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26.
55.

71.

3.

1
14.
57.

19.

16.
37.
12.

7.
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. 046
. 395
. 032
. 220

. 923
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. 830
. 063
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. 066
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557
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113

768
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702
060

18. 627

DAY 4

o oOorOo

OONO

60.

Oh~OP

a

11.

36.
75.
20.

5.

. 723
. 365
. 075
.173

584

. 796
. 665
. 184
. 284

. 982

. 917
74.
54.
35.

971
227
027

536

. 666
. 604
. 720
. 489

870

865
199
298
245

34. 402

71

DAY 5

0000

©

65.
119.
40.
78.

75.

<O0.
0.

16.

2.

<4.

8.
30.
20.
10.

0000

. 430
. 272
. 194
. 094

248

. 334

357

. 389
. 176

. 314

393
175
541
378

872

760
675
11, 4
276

956

842
473
652
070

17. 509

I NI TI AL CONCENTRATI ON OF M CROORGANI SM5 RENMAI NI NG

*Trial A B, CDEF represent replicate experinents.
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DAY 1
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7.
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36.

13.
7.
15.
6.

10.
66.
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29.
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130.

80.

93.
73.
60.
68.
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880
913
359
500

163

160
937
759
827

921
618
824
630
741

203
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. 907
249.
71.

102
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835
443
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682
943
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DAY 2

0.
0.
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14.

24.
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©
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18.
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400.
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<37.

8.
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58.
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56.
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922
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(eJe]e]

858
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<O.
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DAY 3

N

NOOPR
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42.
40.
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88.

<O.
<O.
66.
17.

<21.
141.
88.
125.
46.
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ONOPR

. 225

062

. 188
. 875

587
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. 105
. 150
. 052
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706
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000
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398
477
230
857
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080
637
299
867
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*Trial A B, CDEF represent replicate experinents.

DAY 4
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N
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coop
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25. 059
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<4. 370
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DAY 5

©co0oo0 © RORO

@]

28.

12.
39.

21.
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41. 626
88. 047
58. 047
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REVAI NI NG

50.
41.
31.

59.

. 021
. 810
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. 437
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. 016
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. 069

. 192

059

.412

741
519

932

. 655
. 267
. 157
. 056

. 034

227
627
049
566

117
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DAY O
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100

100
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DAY 1

37.

48
395

40.

1
3

87.

23.

20.
58.
254.
111.
25.
22.

82.

11.

31.
14.

16.
14.
82.
46.
65.
18.

53.

847
. 613
. 263
240
. 012
. 865

806

. 667
. 333
. 370
. 563
. 222
454

435

128
887
623
243
416
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054

130
. 965
208
750
. 968
711

287
934
721
957
191

451

DAY 2

2.
3.
25.
6.
16.
3.

©

8

16.
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29.
15.
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341
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DAY 3

°©

W

N
©

2.
73.
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1.
0.
17.
8.
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Figure 3. DEPURATI ON OF ORGANI SM5 AT 3 TEMPERATURES
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statistically, accounting for standard errors or variations
in the data, each organi sm depurated at the sane
rate at 12, 18, 25°C

A conparison of of the depuration of each organi sm at
the different tenperatures is depicted in figures |IV. 4-6.
This data indicates that, at each tenperature, HAV and M52
generally depurate | ess than the other test organisnms. At
each tenperature, the final counts of HAV and M52 were
greater than the other organi sns tested and not
significantly different fromthe initial concentration. The
percent of organisns remaining (fig. 1V.5) further
illustrates the difference in the rates of depuration. It
is obvious that polio depurates nore slowy than the
bacteria, and has a depuration rate simlar to HAV and Ms2.
It is clear that once accunulated in the shellfish, the
viruses are responding differently than the bacteri al
indicators. Figure IV.6 shows an absence of depuration of
HAV and M52 by shellfish at all three tenperatures. After 5
days of depuration at 12°C, HAV and M52 have 17.5 and 75.9%
of the initial concentration remaining, respectively; at
18°C, 59.1 and 21.9%respectively; and at 25°C, 51.9 and
65. 6% respectively. This is in contrast to the bacterial
organi sns | ess, where than 0.5% renained after 5 days.

| rportant information can be obtained from exam ning
only the first 2-3 days of depuration. Since 2-3 days are

accepted for U S. depuration standards, it is necessary to
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determ ne the behavior of the test organisns in this tine
span. Examning tables 1-3, it is observed that the
bacteria have significantly depurated after 3 days. After 3
days at 12°Cthe E* coli and S fecaelis have depurated
respectively to only 2.92%and 3.06% renaining, at 18°Cto
2.59% and 0.87% remai ning, and at 25°C to 0.60% and 3.03%
remai ning. These |ow bacterial levels are in sharp contrast
to the levels of virus present after 3 days of depuration.
M52, polio, and HAV remain in relatively high
concentrations, with respective percents remnaining of 71.3%
19.1% and 18.6% at 12°C, 88.1% 21.2% and 100.5% at 18°C,
and 94.7% 19.2% and 28.3%at 25°C. In general, the
concentrations of viruses are a |og greater than bacteri al
concentrations after 3 days of depuration. The differences
in depuration rates between the viruses and bacteria after
2- 3 days depuration illustrate the same pattern of results
as di scussed above for 5 days of depuration. Each test
organismdepurated at simlar rates at 12, 18, 25°C, and
bacteria depurate significantly greater than viruses.

The statistical analysis of the data for the
tenperature experinents are shown in Table 4-6. The data
were grouped by tenperature and subgrouped by organi sm
yielding a corresponding data set. Correlations were
performed between | og % remai ning and day for each of these

data sets, and sinple |linear regressions were run using the
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nodel | og % renai ning=B +B,[day]. The results of those

tests are sunmarized in Table 4.

The next step in the analysis involved the use of
Backward Selection Miultiple Regression to find the |east
squares solution for a nodel containing |og % renaining,
day, tine/tenperature, and/or [day X tine/tenperature]. The
resulting nodel was tested for coincidence and then
paral l elismof the test organisns according to the nethods
of Kl ei nbaum and Kupper (1988). |If any two |ines were
coi ncident, the analysis was conplete. If the lines were
not coincident, they were tested for parallelism The
val ues of the tenperatures (or salinities in later analysis)
were entered in the equation and solved, yielding the nodel
| og % remaining=BQ+B, [day]. This allowed for the direct
conparison of the nodels. This test utilizes a 95%
confidence interval as the criterion for acceptance.

The depuration data were further tested using the above
nodel and pairw se conparisons anong the tenperatures. In
this manner all parallels in depuration rates at the test
tenperatures coul d be detected. The conclusions of these
tests are sunmarized in Table 5. Each organi sm showed the
sane rate of depuration at all tenperatures (p > 0.05) wth
t he exception of MS2 which showed a di screpancy in the
multiple and linear regression results. In this case, the
mul tiple regression nodel showed M52 depurated faster at

25°C (p = .0001). This contradiction is not a problem
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TABLE 4

SUMVARY COF LI NEAR REGRESSI ON FOR TEMPERATURE EXPERI MENTS

Tenp. orq. sl ope Il Nt er cept R
=4 . col i - O. 51638 1.6114 -0.7749
S. faecalis -0.5003 1.7211 -0.8122
NEZ2 - O. Oa77 2 .0203 - 0. 0440
Poli o - 0. 3506 2.0168 -0. 7840
HANY - O. 1L380 1. 8042 -0.5762
18 =. col i - O. 489094 1. 7866 -0.74s1
S. faecalis -0.5797 1. 6055 -0. 8155
N2 - O. Leaos 2.1608 - 0. 5905
Poli o - 0. 2074 1.5028 -0.3874
HANY - O. OZ2Z279 1. 8888 -0.1433
25 =. col i - 0O. 5576 1.8578 -0.8676
S. faecalis -0.4611 1. 7846 -0.8786
N2 - O. L3383 1. 9393 -0. 4020
Poli o - 0. 2480 1.5184 -0.5664
HAY - O. O6383 1 1.7217 -0.2889
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TABLE 5

EFFECT OF DI FFERENT TEMPERATURES ON ORGANI SM5

ORGANI SM P VALUE RESULT
E. Cdi ) >. 25 ALL COA NCI DENT
S, faecalis <. 05 NOT COA NCI DENT

>. 25 ALL PARALLEL
NS, 2 >. 05 ALL CO NCI DENT 11t
Pol i o >. 25 ALL CA NCI DENT 1ft
HAV <. 01 NOT CA NCI DENT

>. 10 ALL PARALLEL

* CONCLUSI ON-TEMPERATURE HAS NO EFFECT ON DEPURATI ON RATES
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however, since 25°C was chosen as the nodel tenperature in
all studies and anal yses where tenperature was not the
vari abl e under investigation. This nodel was then used to
determne if there was a significant difference in the rate
of depuration anpobng test organi sns at any given tenperature.

The difference in the behaviors of mcrobes at 25°C was
det erni ned usi ng the above nodel and pairw se conpari sons
anong the organisns. Simlarities in depuration rates
bet ween organi sns were detected. E" coli and S" faecalis
depurated at the sanme rate (p > .25), while M32, Polio, and
HAV depurated at parallel rates (p > .10). The results of
t hese tests are summari zed i n Tabl e 6.
IV.A. 2. Effect of Salinity

The results of salinity on each organi smare sunmari zed
in Tables 7-9 and can be inspected visually in figures 7-9.
The results indicate that salinity does play a role in the
rate of depuration of sone test organisns. For the
bacterial indicators tested, the rates of depuration at 8
and 18 ppt were equal while the rate at 28 ppt was greater.
This, however, is not the case with the viruses, which
showed no significant difference in the depuration rates at
the different salinities (p > .05). Figure 8 illustrates
this decrease in concentration at 28 ppt in E*. coli and S
faecalis, while no such decrease is seen in the depuration
rates of the viruses. Figure 9, the linear regression

graph, clearly illustrates this decrease. By 5 days, the
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TABLE 6

EFFECT OF TEMPERATURE ON EACH ORGANI SM

MODEL TEMPERATURE = 25°C

ORGANI SM P VALUE RESULT
E. coli vs S. faecalis >. 25 COl NCI DENT
vs MS 2 <. 001 NOT CJA NCI DENT
<. 001 NOT PARALLEL
vs Polio <. 001 NOT CO NCI DENT
<. 001 NOT PARALLEL
vs HAV <. 001 NOT CO NCI DENT
<. 001 NOT PARALLEL
S. faecalis vs M52 <. 001 NOT CO NCI DENT
<. 001 NOT PARALLEL
vs Poli o <. 01 NOT CO NCI DENT
<. 01 NOT PARALLEL
vs HAV <. 001 NOT CO NCI DENT
<. 001 NOT PARALLEL
M52 vs Polio <. 001 NOT CO NCI DENT
>. 25 PARALLEL +
vs HAV >. 25 COl NCI DENT +
Pol i o vs HAV <. 001 NOT CO NCI DENT
>. 10 PARALLEL
CONCLUSI ON = VI RUSES BEHAVE DI FFERENTLY THAN BACTERI A
* E. coli and S. Feacalis are coincident.

+ M52, Polio, and HAV are parallel.
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36. 669 7.311 30. 520 41. 765 12. 937

10. 743 10. 820 4. 911 1. 507 1. 086
7.118 9. 978 0. 381 3. 168 0. 644
20. 297 15. 574 10. 217 14. 174 4. 736

94. 380 21. 344 [ - EQUI PVMENT FAI LURE- ]

75. 872 38. 275 [ - EQU PVMENT FAI LURE- ]
98. 429 48. 334 17. 745 44. 239 39. 187

51. 460 38. 299 28. 343 26. 433 72. 705
55. 254 49. 153 20. 881 13. 966 30. 508
28.588 21. 921 4. 339 11. 601 18. 983
67. 330 36. 221 17. 827 24. 060 40. 346

91.897 361. 173 [ - EQUI PMENT FAI LURE—}

113. 649 175. 829 [-EQUI PMENT FAI LUREH
45. 545 24. 087 52.587 22.003 26.527

42. 425 206. 176 42. 387 35. 653 94. 775
13. 963 5. 992 30. 218 6. 753 6. 708
62. 046 10. 321 1. 016 13. 506 5.470
61. 588 130. 596 31. 552 19. 479 33. 370

11.765 ------- [ - EQUI PMENT FAI LURE- ]

64. 706 45. 099 [ - EQUI PMENT FAI LURE- ]
10. 526 31. 579 19. 297 78. 947 28. 072

33. 335 13. 158 8. 421 21. 053 2. 105
50. 000 21. 213 15. 153 3. 333 20. 513
40. 600 20.833 7. 140 20. 800 16. 667

35. 155 26. 376 12. 503 31. 033 16. 839

PERCENT OF | NI TI AL CONCENTRATI ON OF M CROORGANI SM5 REMAI NI NG

Trial A B CDEFrepresent replicate experinents.
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MEAN
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MEAN
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Tabl e 9.
SALI NI TY: 8ppt

% OF I NI TI AL LEVELS REMAI
DAY O DAY 1 DAY 2
100 694.737 229. 323
100 252.632 589.774
100 19. 565 2.725
100 75.903 6. 541
100 68.915 48. 305
100 152. 825 38. 017
100 210. 763 152. 448
100 320. 325 30. 000
100 87.339 20. 807
100 152. 830 3. 962
100 336. 085 16. 509
100 95.144 299. 040
100 173.937 75. 819
100 194.277 74. 356
100 100. 035 31. 249
100 79.217 78. 059
100 24.245 175. 824
100 118. 590 80. 789
100 80.522 91. 503
100 68. 605 68. 831
100 150.511 156. 021
100 25.568 8. 596
100 45. 148 9. 406
100 40.471 23. 027
100 35.803 12. 516
100 61.018 46. 399
100 9. 996 27.001
100 257.158 54. 374
100 <16. 640 <12.480
100 233.360 142. 880
100 155.573 22.187
100 <134.55 <51.784

A B, CDE,F represent

NI NG

DAY 3

168

294.

11

80.
22.
299.

50.
14.
65.
46.
56.

19.
16.
34.
119.
90.
21.

21.
11.
44.
12.
15.
16.
33.
28.

21.

. 233
286
. 483
. 192
. 576
. 085
142
161
906
. 396
. 151
288
815
786
087
348

780
248
616
433
649
633
. 663
955
044
896
(e]e]e}
0oo1
640
360
587

118

replicate experinents.

DAY 4

300.

180

13.
23.
86.
31.
13.
21.

23.
29.
20.
38.
42.

176.
108.

91.
129.

188
. 451
. 326
. 217
390
588
527
936
227
934
. 297
374
136
o84
435
522

I NI TI AL CONCENTRATI ON OF M CROORGANI SMs5 REMAI NI NG

32.

DAY 5

87.
35.

13.

35.
14.

430.
12.
116.
84.
75.

76.
54.
72.
163.
66.

11.
61.

<3.

55.

<21.

914
470

051

. 201

159
032

. 742

398
420
148
870
043

868
441
806
710
133

. 611

099
638

. 432

(e]e]e]

573

669
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Figure 9. DEPURATI ON OF ORGANI SMS AT 3 SALINITIES ~
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.2, . 96
concentrati ons of both bacteria have decreased to | ess than
0.5% of the initial concentration while HAV has decreased to
51.8% Polio to 6.1% and MS2 only to 65.6% of the initial
quantity (1009% .

In the sane manner as for the tenperature experinents,
the salinity data were then analyzed to determne if the
organi sns depurated at different rates at the three
salinities. Figures 10-12 illustrate the effect of salinity
on each test organism At each salinity the same concl usion
is reached as with tenperature; the bacteria depurate at
simlar rates that differ fromthose of the viruses, which
depurate at slower rates. The viruses al so depurate at
parallel rates. The distinction anong the depuration rates
can be nost easily seen in figure 12 where the increased
depuration of the organisns at 28 ppt results in a
separation of the lines for percent initial organisns
remai ni ng rather than the cluster of depuration |ines as
seen in figures 10 and 11. This separation allows the
parallelismof lines 3, 4, and 5, (the viruses) to be
di stinguished fromlines 1 and 2 (the bacteria). The

di fferent behavi or between viruses and bacterial after 5

days of clam depuration is clear: the test viruses are

retained relative to the initial virus concentration with

equal efficiency and are retained to a relatively greater

extent than bacteria.
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Figure 11. DEPURATI.ON AT 3 SALINITIES OF ORGANI SMS
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Figure 12. DEPURATI ON AT 3 SALIN TIES OF ORGANI SMS
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Exam ning the data for 2-3 days of depuration, it is
noteworthy that only at salinity 28 ppt were the test
organi sms depurated to a significant degree. At salinities
8 and 18 ppt, less than a log reduction was observed in any
of the organisns. After 3 days of depuration at 28 ppt, the
sane concl usions are observed as in the tenperature
experiments: that the bacteria have significantly depurated
after 3 days while the viruses have not. After 3 days at
28ppt, E* coli and Sj. fecaelis have depurated to 0.60% and
3.03%of the initial levels, while M52, polio, and HAV
remain at relatively high levels of 94.7% 19.2% and 28. 3%
remai ning, respectively. A 10-fold greater quantity of
viruses than bacteria is detected after 3 days of
depuration. After only 2 days of depuration, bacterial
concentrations are not as greatly reduced, so the
differences in the depuration rates between the bacteria and
viruses is not as obvious. The bacteria are not depurated
to an acceptably low I evel and therefore a third day of
depuration would be mandated. |In general, however the
depuration rate differences anong the organisns after 2-3
days of depuration illustrate the sane results as discussed
above for 5 days of depuration; bacteria depurate
appreci ably nore than viruses.

The statistical analysis of the salinity data are shown
in Tables 10 - 12. FE* coli and $. fecaelis depurate at

equal rates (coincident lines, p > 0.25). The bacteria have
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Sal

8ppt

18ppt

28ppt

Tabl e 10

SUMVARY OF LI NEAR REGRESSI ON FOR SALI NI TY EXPERI MENTS

or g.

sl ope

E. col
S. faecalis
M5 2

Poli o
HAV
E. col

S. faecalis
M5 2

Pol i o

HAV

E. coli

S. faecalis
MBS 2

Pol i o

HAV

| Nt er cept

. 2107
. 1814
. 0292
. 1338
. 1562

. 2830
. 2870
. 1240
. 1679
. 1650

. 5576
. 4611
. 1638
. 2480
. 0681

PRRRRP RPRRNN

PR PRpR

. 0366
. 0606
. 8953
. 8474
. 9573

. 8156
. 7546
. 8770
. 9423
. 7871

. 8578
. 7846
. 9393
. 5184
. 7217

R

. 4022
. 5040
. 1849
. 4307
. 4712

. 5621
. 7368
. 6188
. 5043
. 6367

. 8676
. 8786
. 4020
. 5664
. 2889
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TABLE 11

EFFECT OF DI FFERENT SALI NI TY ON ORGANI SM5

ORGANI SM SAL P VALUE RESULT
E. coli 8 vs 18 >. 05 PARALLEL

S. faecalis 8 vs 18 >. 05 PARALLEL

VS 2 ALL >. 05 ALL CO NCI DENT
Pol i o ALL >. 05 ALL PARALLEL
HAV ALL >. 05 ALL PARALLEL

* CONCLUSI ONFHI GHER SALI NI TY EFFECTS DEPURATI ON RATES OF BACTERI A

=8 AND 18 ppt SALINI TY BEHAVE THE SAME FOR BACTERI AL
DEPURATI ON

=SALI NI TY HAS NO EFFECT ON VI RAL DEPURATI ON
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ORGANI SM

E, coli vs
AVASY

Vs

TABLE 12

103

EFFECT OF SALI NI TY ON EACH ORGANI SM

MODEL SALI NI TY = 28ppt

S. faecal.Is
MS 2

Pol i o

HAV

S. faecalis vs M2

vs Polio

vs HAV

M52 vs Polio

vs HAV

Poli o vs HAV

CONCLUSI ON = + E. coli

P VALUE

VoA

AANNANAY

ANAANAA

25

. 001
. 001
. 001
. 001
. 001
. 001

. 001
. 001

o1
o1

. 001
. 001

oo1

. 25
. 25

. 001
. 10

RESUL T

CA NCI DENT

CA NCI DENT
PARALLEL
CA NCI DENT
PARALLEL
CA NCI DENT
PARAL LEL

COA NCI DENT
PARALLEL
CA NCI DENT
PARALLEL
COA NCI DENT
PARALLEL

§ §88888 584448

COA NCI DENT
PARALLEL
CA NCI DENT

and S. Feacalis are coincident.
* MB2, Polio,

and HAV are parallel.
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paral l el depuration rates at salinities 8 and 18 ppt (p>
0.05). At salinities 8 and 18 ppt, bacterial depuration
rates were simlar (slope =-0.18 - -0.29) however at 28 ppt
there was significantly greater depuration of test organisns
(slope = -0.46 - -0.56). The virus depuration rates were
not effected by salinity: depuration rates of each test
organismwere simlar at all salinities (slope = -0.06 -
-0.24). Al the viruses also depurated at rates parallel
or coincident to each other (all Ilines coincident or

parallel, p >.05). (fig. 12).

V. B. Uptake Experinents

The results fromthe three replicate uptake experinents

are shown in Tables IV.13 and 14. The results are al so
depicted graphically in figures I1V.13 and 14. The three
upt ake replicates were conducted under the same conditions:
salinity =28 ppt, tenperature = 25°C, turbidity = < 0.1
NTU, pH 8, and a dissolved oxygen content = > 5 nmg/1. The
quantity of test organisns inoculated into the water were
targeted to achi eve concentrations of approximtely 10"
infectious units per mlliliter (I.U/m) for M52 and 10°
.U /m for polio and HAV

The concentration of M52, polio and HAV found in clans
at each sanpling tinme is expressed as PFU gr and the initial

concentration in the water is reported as PFU m .
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UPTAKE OF M52, POLI OVI RUS, AND HEPATI TIS A VIRUS BY CLANS
(plaque formng units/ gramclamtissue)

exD. 1

hr
hr
hr
hr
18 hr
30 hr

Wro

©

wat er

(counts/m)

exTD. 2

O hr
1 hr
3 hr
9 hr
18 hr
30 hr

wat er

(count/m)

exD. 3

hr
hr
hr
9 hr
18 hr
30 hr

WepEr o

wat er

(counts/m)

M52

175.
393000
816000
781000
2673000
999000

226000000

5090. 1
11525
21085. 6
345455
100500
136818

1770000

50
310000
370000
28000
29000
18000

2570000

Tabl e 13.

PQLI QVi py?

0.0
150
939. 4
782. 6
303
212

2333000

0.0
250
750
50
1250
50

90000

0.0
250
730
50
1650
450

7000

HAV

0.0
150
0.0
680
818
100

5416. 7

0.0
50
250
318. 2
909
545

10909

0.0
0.0
625

187,
687,
250

10900

105


NEATPAGEINFO:id=05AB01EE-CE97-4E22-90B2-4594A6BAA1DD


UPTAKE OF M52, PQLIOVIRUS, AND HEPATITIS A VIRUS BY CLAMS

exp. 1

hr
hr
hr
hr
18 hr
30 hr

© wr o

O hr
1 hr
3 hr
9 hr
18 hr
30 hr

exp. 3

hr
hr
hr
hr
18 hr
30 hr

© wr o

Tabl e 14.

. . (percent remaining relative
to initial organismconcentration in water)

M2 PPLI OVI PVS
0. 0000774 0.0
0.174 0. 0064
0. 36 0. 0403
0. 345 0. 0335
1.18 0.13
0.44 0. 0091
0. 29 0.0

0. 65 0. 28
1.19 0. 83
19.5 0. 06
5. 68 1.4

15. 6 0. 06
0. 002 0.0
12. 1 3.6

14. 4 10. 4
1.1 0.71
1.13 23. 6

0. 70 6.4

Mean % remaining of replicate experinents

O hr
1 hr
3 hr
9 hr
18 hr
30 hr

0. 10 0.0
4. 3 1.3
5.3 3.8
6. 99 0. 80
2. 66 9.3
5. 58 2.2

HAV

0.0

0. 92
0. 46
12. 2
15. 1
1.85

MONNOO
o

O wow

NOROOoO
Ww~N~NOOo

46
. 82

wouwNoo
[(oJNe)]
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As shown by the results in table 14, the concentration
of each organismin clans increases as a function of tine in
each replicate experiment reaching a nmaxi num rangi ng from 3-
18 hr and then declining thereafter.

For experinent 1 the naxi rum uptake was at 18 hours for
M52 and HAV with concentrations of 2.7 X 10 PFU nl and
818.2 PFU/ M respectively. Polio was recovered at a naximm
concentration at 3 hr, with a concentration of 939.4 PFU ml .
I n experinment 2, M52 has naxi mum uptake at 9 hr (345455
PFU m ), polio at 18 hr (1250 PFU nm ), and HAV at 18 hr
(785.7 PFU nm ). Experinent three has naxi nal uptakes at 3
hr for M52 (3.7 X IO*PFU m ), at 18 hr for polio (1650
PFU M), and at 18 hr for HAV (687.5 PFU m). In sunmary,
M52 was neximally recovered at 3, 9, or 18 hr, polio at 3 or
18 hr, and HAV at 18 hr in the replicate experiments.

In order to conpare the uptake of the organisms by the
clans, the data for virus concentrations at each exposure
tinme were nornalized by dividing these nunbers by the
initial water concentration of the respective virus and
mul ti plying by 100. This calcul ation gives the percentage
of the virus in the clans relative to the initi al
concentration in the water (Table |IV.14).

The mean rel ati ve nmaxi num uptake of MsS2 is at 9 hr
(6.99%, polio at 18 hr (9.3%, and HAV at 18 hr (9.9%.
Polio and HAV are taken up to naxinmal levels in the sane

tinme frame but M52 had the greatest |evel of uptake relative
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to the concentration in water at 9 hr. This may be due to
the greater initial MS2 concentration in the uptake water
than polio or HAV. [|If however there are significant
differences in the uptake and retention of M52 and the human
enteric viruses then M52 woul d be an unacceptabl e indicators
of viral contam nati on.

Public health safety can not be assured w thout using
an i ndicator that behaves kinetically simlar to human viral

pat hogens in both uptake, persistence, and depuration in

shel | fi sh.
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V. DI SCUSSI ON
V. A. DEPURATI ON
V.A |I. Overview of Findings

Cont ami nated shell fish continue to cause infectious
hepatitis A and viral gastroenteritis outbreaks in the U S
and around the world, despite the existence of
bacteriological, criteria and standards for themand their
harvest waters. Therefore, the current operational and
bacteri ol ogi cal standards for comrercial depuration are
bei ng questioned and reeval uated. Studies such as the
present one are designed to determ ne what factors are
i nportant to consider in establishing new or inproved
depuration criteria, setting new standards and determ ni ng
if the current criteria for standards are acceptable. Only
W th such studies will it be possible to fully understand
the public health aspects of shellfish depuration. Wth
i nproved understanding, it should be possible to reduce
shel | fi shborne viral disease and further ensure public
safety for this food commodity.

The results of this study indicate that viruses persist
| onger in depurated clans than the test indicator bacteria.
Interestingly, tenperature had no effect on the rates or
efficiency of viral and bacterial depuration, but for
bacteria, depuration was a function of salinity. High

salinities caused bacterial depuration in the hard shel
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clamto proceed nore rapidly. The depuration of viruses was
not affected by salinity.

The viruses showed a consistent, statistical difference
in depuration fromE" coli and S* fecaelis, wth the rate of
viral depuration slower than bacteria at all tenperatures
and salinities. E* coli and S ™ fecaelis were not useful as ,
indicators of viral reduction under the depuration

condi ti ons studi ed. These results are consistent with

previous studies which found no rel ationshi ps between the
elimnation of fecal coliforns and viruses either in a
depuration systemor in relaying (Power et al, 1989;
Canzoni er, 1971; Cook and El |l ender, 1986). In the present
study it was found that under the study conditions, HAV,
polio, and M52 were depurated at statistically equival ent
rates. The findings are different fromthose of earlier
studi es conparing the reduction of HAV and poliovirus by
Eastern oysters (Sobsey et al, 1987). |In that study,
poliovirus was rapidly reduced in 2-3 days and HAV persi sted
in oysters for up to 5 days of depuration. This may be
simply expl ained by differences in shellfish species.

The present study indicated that HAV and the other test
viruses persisted extensively even after 5 days depuration,
while Ej. coli and S* fecaelis were reduced at nore rapid
rates. The bacteria were reduced to | evels of <O.5% of
their initial concentration after 5 days of depuration under

all test conditions. These results have inportant
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inmplications for current and proposed depurati on practices.
Operators and regul ators of comrercial depuration facilities
need to be aware of the findings that even after the
i ndi cator organisms (E® coli and other fecal coliforns) are
depurated to acceptably low levels, there may still be a
potential public health risk due to the consi derabl e
persi stence of HAV and other enteric viruses.

The results of this study indicated that the rate of
depuration for enteric bacteria and viruses was not
dependent on tenperature. The |ack of a tenperature effect
may be because the range of study tenperatures were well
within the tolerance linits of the clans. The study
tenperatures were above 7°C, the tenperature reported to
cause 'no shellfish nmetabolic activity' (Metcalf, 1987;
Metcalf and Stiles, 1968), and hi gh tenperatures (above
31°C) have not been reported as having any adverse effect on
viral and bacterial depuration (Cook and Ell ender, 1986).
The | ow tenperatures may not have adversely affected
m crobi al reducti on because the clans were acclimatized to
cooler water tenperatures due to the season of the year.

The | ower tenperature experinments were conducted in early
summer, and therefore, the clanms nay have been acclimatized
to water tenperatures simlar to that of the study

condi ti ons. If this was the case, then no tenperature

stress was i nduced and the clans could depurate efficiently.
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Depuration of enteric bacteria was affected by
salinity, with greater depuration at the high salinity
(28ppt) than at lower salinities (8 and 18 ppt). However,
this was not the case with the viruses, which showed no
appreci abl e effect on depuration rates due to salinity.
Reduced shellfish activity or inactivity at lower salinities
may at | east partially explain the differences in the
depur ati on behaviors of bacteria and viruses. Bacteri al
depuration did decrease at the |ower salinities conpared to
hi gher salinity, thus suggesting a salinity effect. This
may be due to poor survival of bacteria at higher
salinities. Overall however clanms depurate bacteria nore
efficiently than viruses.

U.S. conmmercial depuration standards allow for a range
of conditions with respect to tenperatures (10-25°C) and
salinities (wwthin 20% of the harvest site). These ranges
of conditions need to be tested for viral and bacteri al
depuration by each species of shellfish since the findings
of different studies vary with respect to the effects of
| oner tenperatures and salinities (Bachur, 1988; Cook and
El | ender, 1986; Metcalf, 1987; Liu et al, 1967; Rowse and
Fl eet, 1984). Previous studies found that stresses at
unfavorabl e tenperature and salinity conditions caused
ineffective viral and bacterial reductions. Thus,
conmer ci al depuration under sone operating conditions may

lead to inefficient shellfish cleansing.
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In the present study, reductions of lowinitial |evels
of enteric bacteria and viruses were not exam ned. Thus, it
is possible that at nore realistic, naturally occurring
|l evel s of contami nation, clans nay require shorter
depurati on peri ods. However, the results indicate that at
sone conditions the tinme for effective viral reduction may
be very long, even at lowinitial virus levels. This may be
a result of viruses becom ng sequestered in tissues away
fromthe elimnation nechani sns (Cook and El |l ender, 1986).
These viruses are then protected and nay persist even after
| ong depuration periods. This study also indicates that
high initial |levels of contam nation are clearly undesirable
because of inefficient viral depuration. Thus, shellfish
desti ned for depuration should be harvested only from

lightly contanminated (ie restricted) waters.

V.A I. Effect of Tenperature on O gani sm Depuration

This study evaluated the reduction of HAV, polio, M2,
E. coli, and S" faecalis at three tenperatures (12, 18,
25°C). These tenperatures are within the U S water quality
standards for clans, which require comercial depuration
water to be in the range of 10-25°C (FDA, 1989).

Overall, these studi es have shown that tenperature does
not appreciably effect the rate or efficiency of bacterial
or viral depuration by clanms. Each organi sm studied

depurated at statistically equivalent rates at al
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t enperatures. However, bacteria depurated at a
significantly faster rate than viruses. After 5 days of
depuration, the bacteria were reduced to | ess than 1% of
their initial concentration under each test condition but
the percentage of initial virus renaining ranged from 4-
75% HAV persisted at |evels of 17-59% of the initial
concentration. This high |level of virus persistence poses a
potential health risk that woul d not be detected using
current bacterial indicators of depuration effectiveness.

The results of this study indicate that the current
range of water tenperatures is adequate for bacteri al
depuration by hardshell clans, although effective virus

depuration can not be assured at any tenperature.

V.A 2. Effect of Salinity on O gani sm Depuration

This study al so evaluated the elimnation of HAV
polio, M52, Ej. coli, and S*. fecaelis at three salinities:
8, 18, and 28 ppt. Although, the salinities are within the
range experienced in the environnent and perhaps used
comercially, no effort was nade to restrict test salinities
to +/~ 20% of the salinities of the waters from which the
clans were harvested. The water quality standards of U S.
depuration regulations require that the salinity be within
20% of the harvest area. The salinities encountered by the
study clanms in the waters from which they were harvested

were 28 - 36ppt.
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The results of the salinity experinments generally
indicated that the salinity of the depuration water had an
effect on the ability of clans to reduce bacteria; however,
virus elimnation was not affected by salinity.

In this study, the bacteria depurated at a
statistically greater rate than the viruses at all test
salinities. Wile bacteria depurated to <12% of the initia
concentration, the virus concentration remained at 6 - 73%
of the initial concentration. These results are supported
by those of Power and Collins (1990) who found that E * col
was reduced by 99.99% whi |l e col i phage reducti on was
relatively inefficient under the same conditions.

In this study bacteria elimnation was |ess effective
at lower salinities (8 and 18 ppt) than at 28 ppt. This
decrease in elimnation may be due to the shellfish not
being acclimatized to the salinity of the depuration water.
During the present study the anbient harvest area salinity
was between 30-35 ppt. The depuration at 28 ppt nore
closely sinmulated the clans natural environnent, and
therefore metabolic functions may have not been stressed.
These results are supported by findings in the previously
published literature. Liu et al (1967b) showed that a
salinity decrease of 50 - 60% stopped depuration conpletely
in the Northern quahaug. |In addition, Gltsoff (1964) found
that oyster activity was reduced when salinities were

different by 10%fromthe anbient harvest area salinity.
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Rowse and Fl eet (1984) reported reduced punpi ng and
elimnation fromthe Sydney Rock oysters at |ower salinities
(16-20 ppt).

Viruses showed no decrease in depuration rate with
decreased salinity but they were depurated poorly at al
salinities tested. These findings are in contrast to those
of previous studies, which report HAV to be elimnated by
oysters nore effectively at a salinity 28 ppt than at 8 or
18 ppt (Sobsey et al, 1987). Furthernore, the previous
study was conducted in artificial seawater, while the
present study was done in natural seawater. The results in
natural seawater are probably a better nodel for mcrobia
reductions in actual depuration plants.

The reductions in bacteria that occured at | ow
salinities may possibly be related to the dilution of
natural seawater to |lower salinities, which could have
di luted natural antagonists present in the seawater. Poor

viral elimnation and reduced bacterial elimnation at | ow

salinities may have been the result of increased attachnent
of enteric mcrobes to the shellfish nucus. D G rolanmo et
al (1977) showed that ionic bonding to shellfish nmucus by
poliovirus was increased at low salinities. This bonding
provi ded both protection frominactivation and resistance to
elimnation. Therefore, decreased depuration at |ower

salinities may have been a consequence of increased

survi val .
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Fromthe results presented, it appears that the use of

waters having |ower salinities in a depuration plant may

lead to ineffective depuration of indicator bacteria.

Despite this effect, however, these bacteria do not act as

an adequate indicator for viral reduction, in any case. In

order to assure maxi num bacterial depuration, salinities

shoul d be naintai ned above a mninumlevel, specific to the

shel [ fish type and the harvest environnent at the tine of

harvest. Thus, it is also necessary to determne an

i ndi cator that accurately nodels viruses under al

depuration conditions and to identify conditions under which

viruses are depurated efficiently by clans.

V. B. UPTAKE

In order to determ ne whether HAV, polio, and Ms2
accunul ate at the sane rate with the sane efficiency in the
normal feeding process of the clanms, three replicate uptake
experinents were perfornmed as described in Chapter I|11.

In interpreting the data for these experinents, it is
assumed that each clamis feeding and that they are feeding
at the same rate. It is further assuned that the viruses
are randomy distributed with equal exposure to all clans.
Finally it is assumed that no virus is lost due to
adsorption to the tank or clamshells.

Over the 30 hour experinental uptake period, al

viruses reached a maxi num concentration and then began to
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decline. The maxinumtime for HAV and polio was 18 hours
while M52 reached a maximumat 9 hr. These results suggest
that HAV and polio and possibly M52 may uptake by clans
kinetically simlar and therefore polio or M52 may serve as

an adequat e nodel for HAV upt ake.

Finally no concentration was seen in the shellfish
ti ssue above the the concentration in the water. This nay
be due to the short uptake period relative to that of
natural feeding in slightly contamnated waters. Al so the
literature reports that optinmal conditions are necessary for
viruses to concentrate in shellfish tissues above the
concentrations in the water (Duff, 1967, Hoff and Becker,
1969; DI Grolanmo et al, 1975). In particular
bi oconcentrati on of viruses and other m crobes occur when
shellfish are in a dynamc or flow through hydraulic
condition. There also appears to be a threshold above which
no uptake occurs; at this point elimnation balances uptake.
Thus, the lack of concentration nay be due to the clans
excreting the viruses back into the water at the sane time
they were feeding, especially in a static uptake system A
| onger uptake period with lower initial titers and a flow
through system may have resulted in the previously reported
virus concentration. Thus, this difference in uptake
efficiency my be due to differences in experinmental design.
VWhere a flow through systemwas used, concentration effect
was observed (Hanblet, 1969; Mtchell et al, 1966;
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Canzonier, 1971). This study, which used a static uptake

system and other studies utilizing a static system have

al so not observed virus concentration above anmbi ent | evels

in the water (Keating, 1985; Liu et al, 1966; Meinhold,

1982; Werner, 1983).

V.C. Factors Contributing to Experinmental Variation

Several sources of error may have contributed to the
experimental variation seen in this study. Al t hough st udy
conditions were held constant in regard to factors such as
pH, turbidity, dissolved oxygen, other biological variations
such as clam size, age, sex, and reproductive activity were
not controlled for in this study. These factors may have
affected the ability of the clans to depurate. The
i ndi vidual variation could then result in large differences
in the averaged concentrations of organi sms when conpari ng
anong shel | fish sanmples (Seraichekas et al, 1968). |In the
data of this present study, there is occasionally an
apparent increase in the percent of the initial mcrobes
remai ning or an increase above the initial levels (taken as
100%9. The variability in the concentrations of organisns
observed in the individual shellfish sanples is probably the
result of pooling small nunbers of shellfish in these

sanpl es and/or of variable bacteria recovery and generally
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|l ow and variable efficiency in viral recovery and detection.

Di fferent nethods of virus recovery were used in this
st udy. In the depuration experinments, the UNC nmet hod of
virus recovery fromclamtissue was used for polio
detection, while for M52, HAV, and the indicator bacteria
detection utilized direct plating of a 1:2 m xture of
honogeni zed tissue with 0.3M NaCl was used. |In the uptake
experinments both HAV and polio were detected using the UNC
met hod. The differences in the recovery and detection
met hods nay obscure the true virus concentrations in the
ti ssue and nake accurate conparisons difficult. It is
clear, however, that a nobre consistent and efficient

recovery and detection nethod would strengthen the

concl usion that bacterial indicators do not nodel virus

r educti ons.

Anot her factor that nay have resulted in uptake
experinmental variations is that M52 was inoculated with a
hi gher initial titer than the enteric viruses. This
di fference nmay have caused differential clam uptake and
subsequent depuration behavior for the viruses.

Additionally, results of the individual replicate
experinents varied considerably with the maxi num upt ake
times varied drastically anong the replicate experinents.
In order to nore reliably determine the factors affecting

upt ake and uptake kinetics nore replicates need to be

conduct ed.
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The extent of the initial contam nation (uptake of
contam nants) at 'day 0' may al so have influenced
depuration. Although the clanms were all owed to uptake
bacteria and viruses for simlar tines, the extent of
contami nation was drastically different between sone
replicate experinents. Previous studies have shown the
effectiveness of depuration is influenced by the extent of
contam nation (Cook and Ell ender, 1986; Metcalf et al, 1980;
Son and Fleet, 1980). Longer depuration is required for
heavi ly contam nated shellfish. However this was not
consistently the case in this study.

Fl uctuation or variability is seen throughout the
tenperature and salinity experinments as well as the uptake
experinments. Such variability may prove inportant in
i nproving depuration criteria and standards. |If it is clear
that not all shellfish uptake and depurate viruses and ot her
pat hogens identically, then it will be necessary to
incorporate safety factors that will ensure adequate tine
and conditions for depuration, despite such variability.
Appropriate research on candidate indicators will also be

necessary to continue the search for adequate vira

i ndi cators.

V.D. Inplications for Commercial Depuration
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The results of these experinents indicate that bacteria
do not act the sanme as viruses in clanms. The virol ogical
quality of the depurated clans and resulting risk of disease
was not adequately reflected by the behavior of indicator
bacteria. The results of this study have denonstrated that
depurati on based on the reduction of fecal coliforns nay not
render the shellfish acceptable with respect to enteric
viruses. This finding is supported by the reports of
hepatitis A and gastroenteritis resulting from consunption
of depurated shellfish (G ohmann et al, 1981,; GIlI, 1983).
Wiile it is clear that Ej. coli is a good indicator of
bacterial behavior in shellfish, it is also apparent that it
is an i nadequate indicator for HAV and other enteric
viruses. O ganisns such as M52 or polio nay prove to be a
nmore reliable alternative for indicating the behavi or of
viruses in clans and ot her shell fi sh.

This study showed that viruses were not as readily
depurated as bacteria. |In all experinents the test bacteria

were reduced at a faster rate and nore extensively than were

t he viruses. Furt her research i s needed to determ ne an
indicator that nodels enteric viruses in shellfish under a
variety of conditions. Only with an adequate indicator can

depuration provide shellfish products of acceptably |ow risk

of viral contam nation.
Whet her or not | aboratory scal e depurati on systens can

adequately portray viral depuration behavior in a conmerci al
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setting is uncertain. In this study shellfish were

contam nated with high levels of virus, while naturally
contam nated shellfish, such as those comercially
depurated, typically contain [ ow |l evels of viruses and other
pat hogens. Also, only a single |ayer of shellfish were
depurated in this study, while commercial plants depurate

| arge, densely packed tanks or baskets containing multiple

| ayers of shellfish. Thus, there is thus a need for pilot
scal e depuration studies.

Until a reliable indicator of viral contam nation of
shellfish is identified, depuration nay not be an effective
means of elimnating the public health risk of shellfish-
associ ated viral disease. Preventing fecal pollution from
entering coastal waters and shellfish resources is a nore
direct and fool -proof solution. However, given the
unli kelihood of a total cessation of sewage discharge into
estuarine waters, perhaps shellfish farmng or agriculture
under controlled conditions is the appropriate direction for

future comercial shellfishing.
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CONCLUSI ONS

HEPATI TI'S A VI RUS, POLI OVI RUS, and M52 BACTERI OPHAGE ARE
NOT REDUCED AS READI LY AS BACTERI A FROMV EXPERI MVENTALLY

CONTAM NATED CLANMS

FECAL COLI FORM5 SUCH AS E COLI AND FECAL STREPTOCOCCI

(ENTEROCOCCI ) SUCH AS S_i. FAECALI'S DO NOT ADEQUATELY
| NDI CATE THE DEPURATI ON BEHAVI OR OF VI RUSES SUCH AS HAV

WATER TEMPERATURE I N THE RANGE OF 10 TO 25°C DCES NOT
APPRECI ABLY EFFECT VI RAL OR BACTERI AL DEPURATI ON | N
CLANS

LOW WATER SALINITY (8 and 18 ppt) LONERS THE RATE OF
BACTERI AL ELI M NATI ON FROM CLAMS BUT HAS NO EFFECT ON

VI RAL REDUCTI ONS VWH CH ARE POOR AT LOW MEDI UM AND
H GH SALI NI Tl ES

DEPURATI ON MAY NOT CURRENTLY BE AN EFFECTI VE MEANS OF
ELI M NATI NG VI RAL PATHOGENS FROM CONTAM NATED SHELLFI SH

PUBLI C HEALTH RI SKS OF SHELLFI SH- ASSOCI ATED VI RAL DI SEASE
ARE NOT ADEQUATELY | NDI CATED BY FECAL COLI FORMS

PUBLI C HEALTH RI SKS OF SHELLFI SH- ASSOCI ATED VI RAL DI SEASE
ARE NOT ADEQUATELY CONTRCOLLED BY DEPURATI ON

BETTER | NDI CATORS OF VI RUSES NEED TO BE | DENTI FI ED AND
| MPLEMENTED | NTO SHELLFI SH REGULATORY PROGRAMS


NEATPAGEINFO:id=FBA2B9EE-5AA2-46A0-9342-40F69625C198


127

ADDI TI ONAL RESEARCH

DEPURATI ON

* TO BETTER DEFI NE THE EFFECTS OF TEMPERATURE AND SALI NI TY
ON DEPURATI ON OF CLAMS BY PERFORM NG MORE REPLI CATE
EXPERI MENTS W TH MORE RELI ABLE VI RUS DETECTI ON METHODS

* TO STUDY THE EFFECTS OF OTHER ENVI RONMENTAL AND
Bl OLOG CAL FACTORS ON DEPURATI ON RATES

* TO COVPARE RATE OF HAV DEPURATI ON TO OTHER ENTERI C

VI RUSES, FECAL COLI FORMS, AND OTHER POTENTI AL
I NDI CATORS

* TO DETERM NE THE PERSI STENCE AND BEHAVI OR OF LOW LEVELS
OF VI RAL CONTAM NANTS | N DEPURATI ON OF SHELLFI SH

* TO DETERM NE THE OPTI MUM DEPURATI ON TI ME REQUI RED TO
ENSURE PATHOGEN- FREE SHELLFI SH

* TO DETERM NE | F POLI OVI RUS AND NMALE- SPECI FI C COLI PHAGES
SUCH AS M52 ARE AN ADEQUATE | NDI CATOR OF HAV DEPURATI ON

UPTAKE

* TO DETERM NE THE TI MES FOR NMAXI MUM UPTAKE OF HAV AND
OTHER ENTERI C VI RUSES AND | NDI CATOR BACTERI A

* TO DETERM NE | F VI RAL CONCENTRATI ON ABOVE THE LEVEL OF
OVERLYI NG WATERS OCCURS I N A FLOW THROUGH OR DYNAM C
EXPOSURE SYSTEM

* TO DETERM NE | F CLAMS UPTAKE DI FFERENT M CROBES

DI FFERENTLY W TH RESPECT TO TI ME, MAXI MUM
CONCENTRATI ONS | N SHELLFI SH AND HYDRAULI C CONDI TI ONS

I N GENERAL

* TO DEVELOP MORE EFFI ClI ENT METHODS FOR HAV RECOVERY AND
DETECTI ON | N CLANMS
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APPENDI X A

FORMULATI ONS FOR MEDI A AND COVPONENTS
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Conponents and Medi a Fornmul ati ons

Agar Overlay Medium (HAV):

1.

1/ 2 total

requi red vol unme of 1% agarose in distilled-

dei oni zed water (autoclave to nelt agarose).
2. Add 1/2 total required volune of prewarnmed (37°C) Eagle's 2X

MEM t o nol t en agar ose.

Per

Fetal calf serum (heat

L+

Sodi um Bi car bonat 1.
Hepes (L. SN\ 1. O ag!

GCen/ Kan (1 X

100 m . of resulting 0.5% agarose nmedi um

| nacti vated) 2.
d utanm ne (200 mvypy 1. 0O
e (7.5%9 5

Nonessential Am no Acids (1OOX) 1.0

Nystatin (as need)ed)l'l
NG Cl cCAaAanNd O. 7S

Agar Overl ay Medium fPoliovirus);

1.

1/2 total

required volune of 1.5% bacto-agar in distilled-

dei oni zed water (autoclave to nelt agar).

2. Add 1/2 total required volune of prewarmed (37°C) Eagle's 2X

MEM to nol ten agar.

Per

Fetal calf serum (heat inactivated) 2.
L+ 44 utam ne (200 nmv) 1.0
Sodi um Bi carbonate (7.5%9 1.5

Hepes (L. SN\ 1. O g

100 m. of resulting 0.75% agar medi um

Nonessential Am no Acids (1OCOX) 1.0 m
Cen/ Kan (1 o) 1. O i
Pen/ Strep (I OOOX) o. 1L i
Nyst gtin as eeded)__1. an1
Ng I N A o.'75

Neutral Red (1OOX filtered) 1.5 mni

Beef Extract:

Beef Heart

Per

liter of distill ed-deionized water:

BEL Beef Extract VvV 70. O gm
NNl < A - . 5= g rrm

Chl orof orm

Brai n | nfusion:
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Col i phaae Bottom Agar:

Per liter of distill ed-deionized wat er:

Nut ri ent Br ot h S. O grm

MNMdae— <1 = _ | G J e BN o g
Bact o—- agar a1a5. O grnm
| al— I Gl | - O = 9 < rr
Sterilize by autoclaving. Pour plates with 15 m per plate.
Col i phaae Strength Top Agar;
Per 500 ml of distill ed-dei oni zed wat er:
I r NV AL O = _. O g rrmM
MNTdea << 1 R _ | G J < J F
Yeast <t r act O. S grnm
<l I C O s e O L g rrT
L a— I G | - O - =¥ g rrmMa
Bact o—- agar =B, s grnm

Boil to dissolve and dispense 3 nl into 16X 125 screw top
test tubes.

Aut ocl ave to sterilize.
Dow Anti f oam
Eagl e' s Modi fi ed MEM I X;
Per liter of distill ed-deionized water:

Aut ocl ave Eagle's MEMwith Earle's bal anced salts and

PpPhermol r ed. S . g rm

Prepare as directed.
Store at 4°C.

Eagl e' s Modi fi ed MEM 2X;
Per liter of distill ed-dei oni zed wat er:

Aut ocl ave Eagle's MEMwith Earl e's bal anced salts;
wwi t hout rhenol red. oO. 4 gm

Prepare as directed.
Store at 4°C

Freon; trichloro trifl ouro net hane
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Gent anmvci n/ Kananyci n fl OOX) ;

Per liter of distill ed-dei oni zed water:

GCGent anyci N ( povwder ) 5. 0 gm
Kananmnyci n ( povwder ) 25. O gm

Sterilize by autoclaving. Store at -20°C

Growt h Medi um

Per 100 ml of | X MEM

Fetal calf serum (heat inactivated) 10.0 m
L+ d4d ut am ne (200 M) 1.0 i
Sodi um Bi carbonate (7.529 1.5 m
He pe s C L. SN a . O i

3

Nonessential AmMm no Acids (1OCOX) 1.0
CGen/ Kan CcCl O a. O i

Hepes Buffer:
Per liter of distill ed-dei oni zed wat er:
Hle— > = =— = £ — <J F X
Sterilize by autoclaving. Store at 4°C
Magnesi um Chl oride (4M:
Per liter of distill ed-deionized water:
N j - SH O 813 gm
Sterilize by autoclaving. Store at 4°C
Mai nt ai nance Medi um
Per 100 m of | X MEM

Fetal calf serum (heat i nacti vated) oOm

2.
O

L+ d ut am ne (200 M) 1. (gg!
Sodi um Bi carbonate (7.529 1.5 mi
Heppes C L. 5N\ a. O ag

3

Nonessential AmMm no Acids (1OCOX) 1.0

Cen/ Kan (1 o3Xx) 1. O i
Nystati n (as needed) 1.0 m
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m Ent er ococcus Agar ;

Per liter of distill ed-deionized water:
Bact o Tryptose 20. O gm
Yeast <t r act 5. O m

g
$De <t r os e =2 . O g rnm
| S 4. O rr
gdd AZ1 de O. 4%m
Bact o Aga_r 10. O grm
Tri phenyl tetrazol i um Chl ori de 1

Boil solution briefly. Store nolten at 45°C.

Modi fi ed MacConkey Agar (Sinole-Strenath);

Per liter of distill ed-deioni zed wat er:

FPept ome a4 . O g rnm

Pr ot eose Peptone 3. O gm
L act oOs=s e 1 O. O g rnm
Bi l e Sal t s No. 3 0. 75 gm
Bact o- A%ar 1 0O O grm
Neut r al ed”™ O. O3 gm

Cryst al Vi ol et O. oo1 agm

APrepare a 0.3% (0.39/100m ) solution of neutral red in
distilled water and use 10 ml per liter of single-strength

medi um
_ Prepare a 0.01% (O. A g/100OM ) solution of crystal
violet in distilled water and use 10 m per liter of single-

strengt h nedi um
Boi | mediumbriefly and store nolten at 45°C.

Neutral Red f 1: 300)

Per liter of distilled -deioni sed wat er:

Neut r al Red (powder) 8. O gm
N\ <1 — _ L @D (e B on g
Sterilize by autoclaving

Nutri ent Agar No. 2

Per liter of distilled -deioni sed water:

Nut ri ent br ot h S. O gmMm
MNM~daeess <1 — _ L @ e BN o g

Bact o- agar 15. O grrm
Sterilize by autoclaving.
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Nystatin fl OGO X»

Per liter of distill ed-dei oni zed wat er:

Nyastatin (powder, 5430 USP Units/ng) 0.55 gm

Filter sterilize.

Store at -20°C

Penicillin /Streptonycin fl OO0 X)

Per liter of distill ed-dei oni sed wat er

Penicill i n &G 1 x Il or! 1 U
St rept ormnmy ci N a >< 1 0O 1 WJ

Filter sterilize.

Store at - 20°C

Pol yet hyl eneql ycol :

Phosphate Buffered Saline . pH 7.5

Per liter of distill ed-deionized water

[ F—— T e | = _ L G < J F mx
<< 1 <> _ p— < B W m
I—<Hi —C O. A= j(:g a
Na - oO. (anhydr ous) O. 9O agm

Sterilize bé aut ocl avi ng.
Store at 4°C

Sodi um Bi carbonate (7.5%

Per liter of distill ed-dei oni zed wat er

Sodi um Bi car bonate (Arm and Hanmer) 75.0 gm

Sterilize bé aut ocl avi ng.
Store at 4°C

Trvpsi n- EDTA fl O X)

Per liter of distill ed-deioni zed wat er

Trypsin 1: 250 (D fco) 5. 0 gm
EDTA (di - sodium sal t) 2. O gm

Filter sterilize.

Store at -20°C
Vi rus dil uent (KAV)
Per 100 m of | X MEM :

Sodi um Bi car bonate (7. 5¢° 5

1. ag
Hepes (L. S ND - O ag
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Lan=—— 1 o W4 I = a L @ J | o |

NNhh == € &= i g A | @ J 1

PN an h = ] S e r = o _ - B | o g |
Vi rus diluent fpoliovirus)

Per 100 ml of PBS :

Fetal calf serum (heat i nactivated) 2.0 m

e/ KA  LOO > a. O i

Nh ==t &=t 1 [ g A | @ | o g |
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APPENDI X B

EXPERI VENTAL RESULTS
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TEMPERATURE

12 C

ORGANI SM5 PER GRAM OF CLAM MEAT

DAY O DAY 1

E. coli Trial A 36766.67 14100. 00
Trial B 36766. 67 12866. 67

Trial C 62783.33 1153. 33

Trial D 62783.33 1480.00

MEAN 49775. 00 7400. 00

S. fecalis Trial A 18650.00 14333. 33
Trial B 18650. 00 10527.50

Trial C 17260. 00 583. 33

Trial D 17260. 00 546. 67

MEAN 17955. 00

DAY 2

110383.

33

6120. 00
60. 00

253.
4366.

33
67

4512. 50
3070. 00

70.

00

170. 00

6497. 71 1955. 63

DAY

1120.

3086.
20.

138.
1091.

401.
1833.

3

00
67
00
00

17

50
33

10. 80

38.

00

570. 91

PHAGE M52 Trjal A 67866.67 82566.67 94720 51680

Trial B 67866. 67

105540 60740 86180

Trial C 92500.00 72666. 67 89620 24450
Trial D 92500. 00 56200. 00 91020 51580

MEAN 80183.

POLI O Trial A
Trial B

Trial C

Trial D

NVEAN

HAV Trial A
Trial B

Trial C

Trial D

NVEAN

4050.
4050.
1420.
1420.

2735.

3363.
3363.
9533.
9533.

84025 53472.5

33 79243. 33
95 2130.18 401.
95 786.83 347.
18 1147.02 777.
18 1244.32 670.
56 1327.09 549.
60 500. 00 1761.
60 1867.20 2790.
40 1427.90 1000.
40 9428. 00 1916.
6448. 50 3305. 78 1866.

75
76
89
42

46
20
0o

(06
60

95

126.

63.
205.
813.

302.

564.
1277.
1210.

673.

70
o7
36
87

25

0o
40
90
10

DAY 4

266. 00
502. 00

46. 80
108. 40

230. 80

148. 50
497. 00

31.73
48. 93

181. 54

52880
50880
50160
32400

46580

67. 48
24. 47
67. 03
575. 02

183. 50

1240. 0
2529: 4
1935. 1
500. 00

DAY 5

158.
100.
122.

59.

109.

62.
66.
67.
30.

56.

(e]e}
(e]e}
(o]e}
20

80

33
67
o7
40

62

44380
80880
37500
72500

58815

<30.
27.
228.
32.

<79.

297.

79
35
85
32

83

40

1025. 0
1968. 8

960.

oo

931. 35 1551.1 1062. 80

*Trial A B, CDEF represent replicate experinents
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E. coli Trial A
Trial B

Trial C

Trial D

NVEAN

S. fecalis Trial A
Trial B

Trial C

Trial D

NVEAN

PHAGE M52 Trial A
Trial B

Trial C

Trial D

NMEAN

POLI O Trial A
Trial B

Trial C

Trial D

VEAN

HAV Trial A
Trial B

Trial C

Trial D

NMEAN

ORGANI SMs PER GRAM OF CLAM NMEAT

TEMPERATURE: 18

DAY O DAY 1
8425. 00 916. 67
8425. 00 666. 67

320. 00 250.75
320.00 152.00
4372. 50 496.52

23100. 00 3040. 00

23100. 00 1833. 33

47750. 00 7525. 00

47750. 00 3260. 00

35425. 00 3914. 58
1133. 33 755. 00
1133. 33 2083. 33

270. 00 80. 00
270.00 650. 00
701.67 892.08
2768. 27 60. 24
2768. 27 25. 11
151. 83  378. 22
151.83 108. 03
1460. 05 142.90
1244. 40 1162. 80
1244. 40 914. 30
1514. 30 918. 90
1514. 30 1044. 00
1379. 35 1010. 00

C

DAY 2

38.
18.
271.
45.

93.

89.
235.
193.
710.

307.

1263.
210.
446.

1080.

750.

11.
<13.
14.
214.

1222.
854.
878.

42.

749.

86
86
75
67

78

33
67
33
(0]¢}

08

33
(0]0)
67
oo

oo

03
89
36
35

.41

20
(o]0
60
(0]

20

DAY 3 DAY 4 DAY 5
103. 20 607. OO 1. 80
5. 20 4. OO 152. 50

7. OO0 4. 40 1. 0O
22. OO0 2. 80 4. 60
34. 35 154. 55 39. 98
274. 00 11936 3. 60
24. 20 31. 40 152. 00
71. 67 38. 60 13. 00
980. 00 24. 00 32. 80
337.47 3007. 50 50. 35
1844. OO0 1498. 00 318. 00
486. 00 284. 00 84. 00
108. 00 45. 71 34. 40
288. 00 20. 14 106. 70
681. 50 461. 96 135. 78
<11. 03 59. 47 73. 48
<13. 22 95. 94 118. 13
100. 56 <6. 64 33. 64
27. 11 121. 28 4. 64
<37.98 <70. 83 57. 48
1755. 60 1561. 00 1409 o0
1103. 00 518. 00 630. 00
1897. 40 1333. 30 621. 60
709. 70 879. 00 478. 00
1366. 43 1072. 83 784. 65

*Trial AB,CDEF represent replicate experinents


NEATPAGEINFO:id=987D0933-82BC-4968-AF63-A784DE831FAA


E. coli Tr
Tr
Tr
Tr
Tr
Tr

fecalis Tr
Tr
Tr
Tr
Tr
Tr

PHAGE M52 Tr
Tr
Tr
Tr
Tr

POLI O Tr
Tr
Tr
Tr
Tr
Tr

HAV Tr
Tr
Tr
Tr

TEMPERATURE: 25

C

ORGANI SM5 PER GRAM OF CLAM MEAT

DAY O DAY 1 DAY 2 DAY 3
8050. OO0 3046. 67 235. 67 40. 20
8050. OO0 3913. 33 279. 00 14. 40
2336. 00 9233. 33 600. 00 13. 50
2336. 00 940. OO0 161. OO 11. 0O

75450. 00 763. 33 12200. 00 435. 00
75450. OO0 2916. 00 2416. 67 984. 00
28612. OO0 3468. 78 2648. 72 249. 68

30. 00 12. 50 1.93 1.20

30. 00 12. 40 1. 60 0. 68
1983. 33 880. 00 30. 25 37. 25
1983. 33 150. 00 18. 17 127. 37

65600. OO0 2113. 33 52600. 00 1072. 80
65600. OO0 1610. 0O 3790. 00 1334. 20
22537. 78 796. 37 9406. 99 428. 92
1303. 33 262. 33 49. OO0 267. 80
1303. 33 767. 50 67. 67 38. 40
4506. 67 11475 2750. 00 3327.50
4506. 67 5013. 33 3160. OO0 2322. 50
3737.78 950. 00 635. OO0 8040. 00
3737.78 823. 33 10956. 00 7647. 50
3182. 59 3215. 25 2936. 28 3607. 28
2992. 14 333. 03 <10. 20 30. 62
2992. 14 88. 42 81. 51 28. 41
916. 90 286. 15 6. 92 158. 58
916. 90 135. 24 6. 92 78. 30
989. 30 88. 72 293. 79 547. 87
989. 30 165. 32 151. 74 314. 79
1632. 78 182. 81 <91.85 193. 09
3952. 80 3278. 20 1125. 00 2049. 20
3952. 80 1846. 80 2258. 00 737. 80
4700. OO 3100. 00 250. 00 1000. 00
4700. 00 855. 00 200. 00 1000. 00

4326. 40 2270. 00

DAY 4

6. 20
5. 00

345. 67
821. 00

294. 47

0. 68
0. 44

512. 75
999. 25

378. 28

158. 00
25. 00

3480. 00
3840. 00

1875. 75

217. 23
<45. 56
a47. 72
18. 34
<26. 11
106. 53

<76. 92

754. 00
1197. 20
3200. 00
1916. 00

DAY 5

30.
. 00
26.
. 50
368.
189.

103.

R wWwOOo

236.

37.
4

299.

736.

20

oo

50
50

95

. 08
. 04
. 50
.75
1043.
372.

50
75

94

(e]e}
60
(o]e}
(o]¢}

11760. O

1982.

2469.

<12.
<13.
91.
165.
<26.
52.

<60.

3125.
1750.

50

85

52
74
79
28
11
06

(0]6]
(0]6]

958. 25 1196. 75 1766. 80 2437. 50

*Trial A B,CDEF represent replicate experinents
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E

col i

S.

PHAGE

POLI O

*Tri al

fecalis Trial

SALI NI TY: 8ppt

ORGANI SM5 PER GRAM OF CLAM NMEAT

DAY O
A 13300. 00 92400. 0 30500. 00
B 13300. 00 33600. 0 78440. 00
C 51750. 00 10125.0 1410.00
D 51750. 00 39280. 0 3385.00
Trial E 118000.0 81320.0 57000. 00
Trial F 118000.0 180333 44860. 00
MEAN 61016. 67 72843.1 35932. 50
A 41. 33
B 41. 33
C 3533. 33 5400. 00 140. 00
D 3533.33 11875.0 583. 33
Trial E 60750.00 57800.0 181666.7
Trial F 60750.00 105667 46060. 00
MEAN 21441. 56 30151.7 38078.50
Trial A 28750
Trial B 28750

Tri al
Tri al
Tri al
Tri al

Tri al
Tri al
Tri al

Ms2

Tri al
Tri al

DAY 1 DAY 2 DAY 3

DAY 4

22375.0 39925.0

39140.0

250.0
616. 67
13660. 0

24000. 0
168. 57
630. 00
15800. 0

6000. 0 27833. 3

13673. 6

132.40 12.40 9. 16
36. 10 8. 60 123. 96
120. 00
146. 67

30550. 0
9000. 00

6658. 30
28760 8984 13250
22775 22442 16200

18059. 5
13. 20

5.47

775. 00
222. 50
14200. 0
17700.0

5486. 03

11050

12225

E 7280.00 1765. 00 12800. 00 1440.00 12832.0
F 7280. 00 8633. 33 5888. 00 1182. 86 7864. 00

MEAN 18015. 0 15483. 3 12528. 50 8018. 22 10992. 8

Tri al
Tri al
Tri al
Tri al
Tri al
Tri al

C 1789. 67

D 1789. 67 808.00 168. 33

83. 45

A 3069. 54 2105.85 2112. 80 3666. 05 3981. 10
B 3069. 54 4620. 00 4789.12 2782. 50 2267. 82
457.58 153.83 387.17

63. 60
123. 84

E 46318. 50 18745.6 10665. 60 10169. 3 4752. 00
F 46318. 50 16583.4 5797. 40 5115. 20 3168. 00

MEAN 17059. 23 7220. 07 3947.85 3700. 60 2392. 73

Tr
Tri
Tri al
Tri al
Tri al
Tri al

ial A 833.30
al
C 125. 00
D 125. 00
E 187. 50

F

<20. 80 <15. 60
291. 70 178. 60

83. 30 225. 00 100. 00
B 833. 30 2142. 90 453. 10 125. 00

20. 80

140. 60

46. 90
41.70

41. 70 375.00

291. 70 41. 60 53. 60

MEAN 420. 82 <566. 08 <182. 78 68. 22

A B, C D E,F represent

replicate experinents.

321. 40

185. 12

DAY

261467
7545. 00
67255. 2

24400

21575

5596. 00
3963. 33
13883. 6
5025. 14
2029. 97

<25.
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E

S.

col i

fecalis

PHAGE M52

POLI O

HAV

mTmMoO®>

TIITIUOCUZDETHHUOUJZDETIFT'IUOW>§T1|T|UOUJ>Z

E

SALI NI TY: 18ppt

ORGANI SMs PER GRAM OF CLAM NVEAT

DAY O
333800
333800

87250

87250

36180

36180
152410
521000
521000

42300

42300
150333
150333
237877

25800

25800

27050

27050

2950

2950

18600
1034. 12
1034. 12
7715. 51
7715. 51
1292. 02
1292. 02
3347. 22
4250. 00
4250. 00
2375. 00
2375. 00
1500. 00
1500. 00
2708. 33

DAY 1
153600
327000

53100
100267

796. 667
803. 333
105298

95575

168333

7020
15511. 1
16150. 0O
10700. O
52214. 9

24350

19575

26625

13920

1630
843. 33
14490. 6
950. 33
1175. 28
3514. 00
3273. 31
180. 40
801. 65
1649. 16
500. 00
2750. 00
250. 00
791. 70
750. 00
609. 00
941. 78

DAY 2
136000
122000
98766. 67
24666. 67
740. OO0
1583. 33
63959. 44
101500
102000
11115
3092. 5
16266. 7
15000. O
41495. 69
5506. 667
9785. 000
13074. 33
10360. 00

1450. 00

646. 67
6818. 78
3734. 97
1818. 29
1858. 40

15907. 50

77.42

133. 35
3921. 66

1916.
750.
312.
318.
312.
721.

70
(0] 6]
50
20
50
98

DAY 3 DAY

a

DAY 5

[ - EQUI PMENT FAI LURE- -]

[ - EQUI
14933. 3 40933.
59000. 0O 47600.

318. 0 146.

196. O 430.
18611. 8 22277.

3
(0]
(0]
(0]
3

PMENT FAI LURE—}

4385
32336. 3
460. O
213. 0
9322. 8

[ - EQUI PMENT FAI LURE—}
[ - EQUI PMENT FAI LURE- -]

2140 4337.
12910 17666.
7382. 5 2266
573.3 4762.
5751. 46 7258.

[ - EQUI PVENT
[ - EQUI PVENT

4800 11966.
7666. 67 7150.
616. OO0 412.
128. 00 342.
3302. 67
[ - EQUI

[ - EQUI
4057. 1697.
3270.34 2750.

390. 42 87.

13. 13 174.
1932.81 1177.

[ - EQUI

[ - EQUI

458. 1875. 0

200.00 500.

227. 30 50.

107. 10 312.

248. 18 684.

Trial A B,c,DEF represent replicate experinents.

1810. 0

7 5472. 5

.0 1632. 0
o 968. O

O 2470. 63

FAI LURE- -]

FAI LURE- -]

7 10600

O 19666. 7

o 900. O

22 560. O

68
80
25
50
55

OO
(0]0)
(0]6]
25

4967. 72 7931. 67

PVENT FAI LURE—}
PMENT FAI LURE—}

2046. 72
7312. 40
86. 67
70. 67
2379. 12

PVMENT FAI LURE—}
PNMVENT FAI LURE—]—

666.
50.
307.
250.
318.

OO
70
(06
60
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SALI NI TY: 28ppt
ORGANI SM5 PER GRAM OF CLAM NMEAT

DAY O DAY 1 DAY 2 DAY 3 DAY 4 DAY 5
E. coli Trial A 8050.00 3046. 67 235. 67 40. 20 6. 20 30. 20
Trial B 8050.00 3913. 33 279. 00 14. 40 5. 00 4. 00

Trial C 2336.00 9233. 33 600. 00 13. 50 26. 00

Trial D 2336.00 940.00 161. 00 11. 00 5. 50

Trial E 75450. 00 763.33 12200. 00 435. 00 345. 67 368. 50

Trial F 75450. 00 2916. 00 2416. 67 984. 00 821. 00 189. 50

MEAN 28612. 00 3468. 78 2643. 72 249. 68 294. 47 103. 95

S. fecalis Trial A 30. 00 12. 50 1.93 1. 20 0. 68 0. 08
Trial B 30. 00 12. 40 1. 60 0. 68 0. 44 0. 04

Trial Cc 1983. 33 880. 00 30. 25 37. 25 3. 50

Trial D 1983.33 150. 00 18. 17 127. 37 1.75

Trial E 65600. 00 2113. 33 52600. 00 1072.80 512.75 1043.50

Trial F 65600.00 1610. 00 3790. 00 1334.20 999. 25 372.75

MEAN 22537. 78 796. 37 9406. 99 428. 92 378. 28 236. 94

PHAGE M52 Trial A  1303. 33 262. 33 49. 00 267. 80 158. 00 37. 00
Trial B 1303. 33 767. 50 67. 67 38. 40 25. 00 4. 60

Trial c 4506.67 11475 2750. 00 3327.50 299. 00

Trial D 4506.67 5013. 33 3160. OO0 2322.50 736. 00

Trial E 3737.78 950. 00 635. 00 8040. 00 3480.00 11760.0

Trial F 3737.78 823.33 10956.00 7647.50 3840.00 1982.50

MEAN 3182. 59 3215.25 2936. 28 3607.28 1875. 75 2469. 85

POLI O Trial A 2992. 14 333. 03 <10. 20 30. 62 217. 23 <12.52
Trial B 2992.14 88. 42 81. 51 28. 41 <45. 56 <13. 74

Tri al 916. 90 286. 15 6. 92 158. 58 47.72 91. 79

Tri al 916. 90 135. 24 6. 92 78. 30 18. 34 165. 28

Tri al 989. 30 88. 72 293. 79 547. 87 <26.11 <26.11

Tri al 989. 30 165. 32 151. 74 314. 79 106. 53 52. 06

MEAN 1632. 78 182. 81 <91. 85 193. 09 <76.92 <60. 25

HAV Trial A 3592. 8 3278.2 1125. 00 2049. 754. 00
Trial B 3952. 8 1846. 8 2258. 00 737. 1197. 2

Trial C 4700. O 3100.0 250. 0 1000. 3200. 0 3125. 00
Trial D 4700. O 855.0 200. 0 1000. 1916. 0 1750. 00

NVEAN 4326. 4 2270.0 958. 25 1196. 75 1766. 8 2437. 5

Trial ABCDEFrepresent replicate experinments.
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