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Since the Chesapeake Bay provides a major
harvesting ground for edible shellfish, it is im-
portant to know how rising threats of pollution and
contamination affect the commercial bars that sup-
ply us with these shellfish. This study focuses on
oysters, the most harvested molluscan shellfish of
the Chesapeake, using samples from a number of
mercial bars in the maryland portion of the Bay to
look for possible contamination by enteroviruses-
Since enteroviruses have been found elsewhere in

waters tested to be free of bacteria, checks for
bacteria can not be taken as accurate indicators

for the presence of enteroviruses; other tests must
be used.

To find an accurate test, the researchers in-
fected a control sample of oysters with known en-
teroviruses, tested several. available laboratory
techniques, and documented the ability of the
Sobsey technique to detect viruses in oyster tis-
sue. They next collected and tested oysters from
11 commercially harvested bars and from one bar
closed by the Maryland Health Department because of
potential sewage poilu ion. Nhile t.".e Sobsey tech-
nique recovered 56'h of the virus planted in the
control group, the same test yielded no entero-
viruses in Chesapeake Bay oysters, even in those
taken from closed bars. Xt should be noted that
none of the shellfish came from watexs heavily
polluted with raw domestic sewage.

Other studies have found members of the polio,
ECHO, and coxsackie virus groups in estuarine and
marine waters, and some have isolated enteroviruses
in oysters from contaminated waters. Further
studies should reveal whether viral contamination
relates to bacterial contamination and whether



virological standards should supplement current
bacteriological standards 4o produce more accurate
biological indicators of pollution in shellfish
growing waters.

On, the basis of the current. study, however, it
seems safe to say that there is no current problem
of enterovirus contamination in commercially har-
vested oysters from the Maryland portion of the
Chesapeake Bay.



Shellfish have long been known to take up and
accumulate viruses present in polluted waters �,6,
Ll!, and epidemiological evidence is readily avail-
able on the transmission of hepatitis via consump-
tion of contaminated oysters and clams  q, l 3, l4 ! ~
Enterovirus-contaminated shellfish have also been
suspected of posing a public health threat, as many
of these viruses are quite stable in the estuarine
environment  '7!. Laboratory experiments have also
demonstrated that, in addition to its remaining
stable in the environment, poliomyelitis virus
can withstand the normal cooking processes used in
preparing oysters for human consumption �! ~

Documentation has been lacking on the trans-
mission of human disease via enterovirus contami-
nated shellfish, but this lack of information is
probably due to the nature of the enterovirus in-
fection. Nany enterovirus infections are subclini-
cal in nature, though infected individuals could
transmit the virus to secondary contacts who might
develop overt disease. Such cases would rarely, if
ever, be traced to a primary infection which may
have been shellfish associated. Further, the cli-
nical symptomology of many enteroviral infections
is quite nebulous. Xt may include intestinal
disorders, aseptic meningitis, undifferentiated fe-
brile illnesses, respiratory involvement, and rash-
like diseases. Individuals developing these syn-
dromes would be unlikely to associate them with
eating contaminated food. And since many of these
illnesses are of the nonreportable variety, there
is no good indicator as to their incidence. For
these reasons, retrospective epidemiologica3. stud-
ies on this virus group are very difficult to carry
out. If one is to examine the potential health
hazard of enterovirus infection from shellfish,



one must examine the shellfish directly for entero-
virus content. Only recently has the technology
and methodology become available to efficiently
detect low levels of virus in shellf ish.

Although state health of f icials routinely mon-
itor shellfish growing waters in Naryland for bac-
terioloqical and chemical indicators of pollution
and restrict commercial harvesting when levels of
the indicators pose potential health hazards to the
consumer, there is currently no routine monitoring
of shellfish for virus contamination. Outbreaks
of hepatitis traced to consumption of shellfish
harvested from "bacteriologically safe" waters
have caused growing concern throughout the country
that the virological and bacteriological indicators
of human fecal polLution are not. always parallel
�3! .

This project was initiated to evaluate a basic
pubLic health question: Do shellfish harvested
from the Maryland waters of the Chesapeake Bay con-
tain enterovirus with such frequency as would pose
a health threat to the consumer?

METHODS

Since oysters represent the largest molluscan
shellfish industry of the Chesapeake Bay, and could
be readily obtained from many Locations throughout
the Bay, they were selected as the shellfish to be
monitored for enterovirus content. Routine monthly
samplings were taken at twelve oyster bars during
the twelve-month period of April, 1977, through



March, 1978  See Figure 1!. Haters throughout the
sampling area varied in temperature from 0 to 52
degrees centigrade during the year's monitoring
program, and the salinities varied from 6 to 17
parts per thousand  ppt!. The sample sites, chosen
in consultation with officials of the Maryland
State Health Department, represented a variety of
water qualities. All oyster bars sampled were open
to commercial shellfish harvesting, with the excep-
tion of one site, closed because of its proximity
to a pollution source  See Table 1!. Three of the
oyster bars sampled � Bald Eagle, Cook's Point and
Norman--were located in some of the cleanest waters
of the Chesapeake Bay, as determined by health de-
partment monitoring programs. Tolly Point, Herring
Bay, and Double Mills, though commercially harvest-
ed oyster bars, are located along the edge of pol-
lution lines. Green Marsh, the oyster bar restrict-
ed from commercial harvesting, is inside the pol-
lutioz line, and is approximately 0.25 miles down-
stream from a municipal waste treatment facility.
Though Chinks Point and States Bank--two bars
located directly under sewage treatment plant out-
falls--were sampled, they could not be tested on a
routine monthly basis and. are not included among
the twelve sampling sites. The other sites were
checked regularly, except during January and Febru-
ary of 1978, when ice and severe weather conditions
prevented the sampling of some bars.

Oyster samples were collected by dredge on
monthly Bay-wide cruises of the University of
Maryland research vessel, AQUARIUS, and the Johns
Hopkins University research vessel, RIDGELY
WARFIKLD. A few supplementary samples were collect-
ed by hand dredge by the State Health Department
and the University of Maryland Horn Point Environ-
mental Lab  HPEL! staff. Once samples were collect-
ed, they were kept on ice until transported to the
lab. If specimens could not be processed immedi-
ately, oysters were stored dry at 4 C, or were



3 OoCshucked and stored at -~0

processin o sters for ~~ »a

Several techniques for enterovirus isolation
from oysters were teste X in our Lab for their effi-
ciency in recovering viruses from artificially con-
taminated shellfish. Selected as the most suitable
was the procedure developed by Sobsey et al.  L5!.
Their method is summarized in Figure 2 and described
5.n the following paragr+P»-

Each shellfish sample, which consisted of a
pool of three harvestable size oysters, was scrubbed
thoroughly in tap water to remove all foul.ing
organisms, then surface-disinfected by dipping in
70i ethanol for one minute. The oysters were then
shucked, diluted approximately l:7  wt/voL! with
distilled water, and homogenized for one minute in
a Waring Blender. The salinity of the homogenate

as r'educed to 1.5 ppt or Less, by the addition of
distilled water, and, the PH of the mixture was ad-
justed to 5.5 with 1 N HC1. The oyster solids were
separated from the mixture by centrifugation at
1,900 x g for 10 minutes. Following centrifugation,
the supernatant was discarded and the pellet re-
suspended in 150 mls of a 0.05N glycine buffer, and
the mixture adjusted to a pH of 5.5. The solids
were again separated by low speed centrifugation,
after which they were washed with l50 mls of 0.05M
glycine buffered saline, pH 3. 5. The pH of the
resultinq solids-buffer mixture was approximately
4.5 but was Lowered to pH 3.7 by the addition of
}. N HC1. After the mixture was stirred for 15
minutes, the oyster solids were removed by cen-
trifugation at 1,9GO x g and discarded . The
supernatant was adjusted to pH 7.5 with 1 N NaoH
and clarified by filtering through a series of
4 Nillipore filters of successively decreasing
pore sizes, ending with a 0.22u filter.



Ultraf ift>
the clarified liquid was

carried out to
the volume of fluid to be

assayed for vir. con ten t . The l iqui d, approx i-
mately 150 nQ,s

was P Ured into an Amicon Model
202 Ultraf iltr<t ion Cell, fitted with a PM 30
Dia fix membrane . T' he liquid was concentrated at 30

al volume of approximately 8 mls.ebs/Jxl~ to a fj

After releasing tILe pressure from the cell, heat-
inactivated f etal bovine serum was added to give a
final concentration of 20' serum. The mixture was
stirred an additional 15 minutes to elute any virus
which may have adsorbed to the membrane. Following
this period, the concentrate was aseptically re-
moved f rom the dwell, and the unit was rinsed with a
small amount af glycine-buf fered saline, which was
subsequently aaae4 to the concentrate.

racessed o ster concentrate

The concentrate resulting from the original
pool <f oysters processed by the Sobsey technique
was assayed. fox' enterovirus directly on cell cul-
tures. A cootinuaus monkey kidney cell line  ~! <
known to be sanaitive to many enteraviruses, was
employed for the virus isolation attempts.

Conflueet monolayers of BQ4 cells, grown in 25
cm2 plastic tissue culture flasks, were washed once
with Hanks' Balanced Salt Solution  HBSS! and then
inoculated with O. 5 ml concentrate per flask. Fol-
lowing a one-hauz adsorption per iod at 37 C, 4. 5 ml
of Eagles Minimum Essential Medium with Karle' s
Salts  ENEK! were added to each flask. Uninocula-
ted control f larks were included with each sample.
In most cases, 90% of the total concentrate ob-
tained f rom an oyster sample was used for virus
assay; the remai ning 10% was stored at -30oC for
possible future reference.

Flasks were incubated at 37 C for seven days,



during which time the cells were examined micro-
scopically for evidence of cytopathic effects  CPE!.
I f no CPK was observed a f ter one week, the cul tures

were blind-passaged one time to fresh BGM cells,
which were incubated for another seven-day period. If
no viral CPE was evident after that period, the
sample was considered negative for enterovirus.
Throughout the year's monitoring progra~, ro~ti~e
procedural checks of the Sobsey method were con-
ducted by determining the percent of virus recovery
from artificially contaminated oysters.

The Sobsey technique, then, uses buffers of
different salinity and pH to effect alterations in
the adsorption properties of the virus. The virus
is adsorbed to the oyster solids throughout the in-
itial wash steps, and then eluted fram the oyster
solids into the supernatant fluid by increasing the
salinity of the buffer to 8.5 ppt and decreasing
the pH to 3.7. Following the removal of oyster
solids and microbial contaminants by centrifugation
and. filtration, virus in the fluid is then concen-
trated by ultrafiltration. Efficiency of virus re-
covery was evaluated from artificially contaminated
oysters. Control experiments were performed using
a homogenate of three oysters inoculated with polio-
virus type I to yield an initial titer of lO PFU/
ml. The fractions obtained at various steps during
the procedure were sampled and assayed for virus
content.

RESULTS

Although the test is ef fective, there was some
loss of virus, especially during the discarding of
the pellet  see Table 2! . During the initial wash
steps the low salt and acid conditions permit



adsorption of the virus particles to the oyster
solids, and the supernatant wash fluid can be dis-
carded without significant loss of virus; but loss
of virus occurred during the elimination of the
pellet, despite alterations of time or temperature.
Also, the virus-infected supernatant resulting from
the elution step was sometimes milky in appearance,
and a precipitate frequently formed when the pH of
the fluid was increased to 7. 5, making the liquid
difficult to filter. It became necessary to filter
the fluid through several Hillipore filters, which
resulted in a loss of about 5W of the input virus.

The final ultrafi ltration step proved to be
very efficient. Initial tests of the unit alone,
using clari fied filtrate inoculated with poliovirus,
yielded a final concentrate containing 96-100% of
the input virus. As indicated in Table 2, the pro-
cedure used was found to have an overall recovery
of 65% input virus.

Similar control experiments, using artificial-
ly contaminated oysters, were performed routinely
throughout the year' s monitoring program. The
average recovery of virus from all such experiments
was found to be 56%.

Control experiments to test the sensitivity of
the methods used were also run throughout the year.
Three shucked oysters were inoculated directly
with a low level of virus, and then processed
according to Sobsey' s technique. The final concen-
trate obtained was assayed for virus on BGN cells
in a manner identical to that used on actual oyster
samples. Such experiments indi cate d that the
methods used were sensitive enough to detect infec-
tious virus from three oysters artificially
contaminated with a total of three PFU polio viruses.

From Apri 1, 1977, through March, 1978, a total



of l43 oyster samples were collected and processed
for enterovirus examination, as indicated in Table
3. The result: No virus was detected in any of
the oyster samples examined for enterovirus. Of
these samples, l20 came from oyster bars which are
harvested commercially, while the remaining 23 were
obtained from oyster bars closed to harvesting due
to nearby sewage treatment outfalls. Some of the
sample concentrates, most frequently those obtained
from polluted oysters, were cytotoxic to the BGN
cells used, for virus assay, which may have been due
to accumulation of chemical agents in the oyster
tissue. This problem, when suspected, could be
diminished by reducing the concentrate inoculum
from 0.5 ml per BGN culture, to 0.25 or O.l ml per
culture.

DESCUSSION

No virus isolates were made from any of the
143 oyster samples collected from the Bay and ex-
amined for enterovirus content during the period
of April, 1977, through March, 1978. The apparent
lack  of enterovirus in the shellfish samples ex-
mined should have direct application to the shell-
fish industry in Maryland, since many published.
studies have reported pollution in other states,
especially in, the southern U.S. The presence of
enterovirus in estuarine waters receiving human
fecal pollution has been well documented, and
isolation of polio, ECHO, coxsackie, and reoviruses
from estuarine and marine waters �,4,l2!, as well
as from marine sediments �!, has been reported.
Bath field and laboratory studies have demonstrated
that oysters growing in waters which contain entero-
viruses will also exhibit enterovirus contamination.



Results of the oyster monitoring study indi-
cate that there currently does not seem to be a
problem of enterovirus contamination in commercial-
ly harvested oysters from the Maryland portion of
the Chesapeake Bay.  Shellfish from the Virginia
waters of the Bay were not evaluated in this pro-
ject.! Oyster samples taken from waters closed to
shellfish harvesting due to nearby sewage treatment
plant outfalls were also negative for enterovirus
contamination, although no shellfish samples were
obtained from waters which are heavily polluted
with raw domestic sewage.

The Sobsey technique used for examining the
oysters for enterovirus had a minimum detection lim-
it of three PFU polio viruses per batch of three oys-
ters and yielded an average recovery of 56'L of in-
put virus in control experiments using oysters con-
taminated with 10 PFU poliovirus/ml. Reports of
viral contamination in shellfish harvested from
"bacteriologically safe" waters indicate a, possible
poor or inconsistent correlation between the bac-
terial and viral indicators of human fecal pollu-
tion {13! .

Since enterovirus contamination of shellfish
can present a potential health hazard to the shell-
fish consumer, it is important to ascertain the re-
lationship between these two biological indicators
of pollution and. to determine the virological
quality of commercially available shellfish. Pre-
liminary experiments done in collaboratio~ with
Colwell and Austin  l!, who examined oyster samples
for both coliform and enterovirus content, indicat-
ed relatively low coliform counts, even in the
oyster samples collected from oyster bars located
under sewage treatment plant outfalls. Similar
studies on other estuarine systems are currently
underway, in which experiments have been designed



to evaluate the re La tions hip be tween the col i f orm
index and the enterovirus isolation as measures of
fecal pollution �6! . Once studies of this sort
have been completed, intelligent decisions can be
made as to whether bacteriological standards can
remain as the sole biological indicator of pollution
in shellfish growing waters, or whether additional
virological standards should also be applied,

LQ



shellfish sampling area of the chesapeake Hay.
of routinely sampled oyster bars indicated by closed
circles   ~ !
l! Chxckencock; 2! Cornf ield Harbor- .3! Hog Island '
4! Herring cay; S! Tolly Point; 6! Sandy Point, N.;
7! Bald Fagle; 8! Deep Neck; 9! Double Mills:
10! Gook' s Point; 11! Green Marsh; 12! Norman.

Oyster bar names according to Merritt �0! .



PROCESSING OF OYSTERS FOR

EHTEROVIRUS ISOLATIOH

3 oysters, scrubbed

shuck

Homogenize in H~O
 pH 5.5, salinity 1.5ppt!

centrifuge

> di scard supernatantRes uspe

 pH 5.5, salinity l. 5ppt!

centri f uge

Resuspen

 pH 3.5, salinity 8.5pp discard supernatant

centrifuge

discard pelletAdjust supernatant
to pH 7.5

Filter to clarify

Concentrate by ultrafiltration

Assay concentrate On BGN cells

12

Figure Z. Outline of the Sobsey procedure used for processing
oysters for enterovirus content.



'I able l. OYSTER BARS MONITORED F3R ENTEROVIRUS, 1977-1978

Approved for
 a!

Consider ial Harvestin

St. Mary's R.Chickencock

CornfieJ.d Harbor Potomac R. yes

Hog Island Patuxent R. yes

Herring BayHerring Bay yes

Tolly Point Severn R. yes

Chesapeake Bay, W.Sandy Point, N. yes

Eastern Bay yes

Broad Creek yes

Tred Avon R. yes

Cook's Point yes

Green Harsh no

yes

Supplementary Sampling Sites  not routinely monitored!

Piney POint HOllOW Potomac R. yes

Farmers Patuxent R.

Chinks Point Severn R. no

Hollicutts Noose Eastern Bay yes

A.sh Craf t Miles R. no

States Bank no

Todds Point yes

Narumsco yes

 a! Maryland State Department of Health and Mental Hygiene  8! .

Bald Eagle

Deep Neck

Double Mills

Chop tank R.

Choptank R.

Honga R.

Choptank R.

Chapt ank R.

Po cormk e So un d



Table 2. Recovery of Pol iovi res from oyster homogenates
seeded with 10 PFU Polxovirus/RL

a
a of ~ori inal

100%Seeded Oyster Homo@enate

Supernatant Ill  discard!

Supernatant N2  discard!

Iinal Pellet  discard!

<1%

< l%

12%

Supernatant %3 - Pre filtrate

Filtrate

Concentrate

 al Values listed represent a composite ot two experiments.



Table 3. Oyster Sarw.. l xng Schedule- -April, l977 through Parch, 1978

S amp l i ng Da te s

a
indicates not sampled.

Additional samples examined  by month!

Chinks Point 6/77; lO/77; l2/77 � samples!; 2/78.

States Bank 5/77; 6/77; 8/, 7; 1/78; 3/78.

Piney Paint Hc liow 8/77.

Farmers 2/77.

Ash C'raft 9/77

Todds Point 2/77.

Hollicutts Noose 2/77.

Harumsco 2/77.
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