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ABSTRACT 

Although methods for virus detection in marine 

mollusks have been previously developed, methods for the 

concentration and detection of virus in freshwater clam 

homogenates have not been studied. Homogenates from the 

freshwater clam, Corbicula f1uminez, were seeded with 

poliovirus type 1. Four pH levels were tested to determine 

the optimal condition for adsorption of virus to 

homogenate. At a pH of 4.5 and an electrical conductivity 

<1500 ppm, an average of 99.94% adsorption of the virus to 

the clam homogenate occurred. Elution of virus from the 

homogenate was achieved at pH 9.0 and a conductivity of 

>8000 ppm. Eluent containing beef extract and sodium 

chloride provided a 30% greater recovery than the sodium 

chloride eluent alone. High salt concentration was found 

to be necessary for maximum virus recovery. Organic 

flocculation was used as a method for concentration of 

virus from the eluted homogenate. Optimal conditions for 

flocculation included a conductivity of <4000 ppm and beef 

extract as the resuspending medium. 

• • 
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INTRODUCTION 

Bivalve mollusks have been considered a source of 

food since the early days of civilization. Edible bivalves 

include oysters, mussels, clams, and cockles. Mollusks 

feed by filtering suspended food particles from a passing 

water current. The amount of water filtered by a single 

mollusk can sometimes be in excess of one thousand liters 

per day (Gerba and Goyal, 1978). Feeding rates (Gerba and 

Goyal, 1978) are dependent on such variables as salinity, 

temperature, levels of particulate matter, and 

availability of suitable nutrients. Due to the sieving 

characteristics of the fi1ter-feeding mechanism, 

particulate matter including pathogenic bacteria and 

viruses in water can be accumulated and retained within 

the bivalve tissue. The pathogenic bacteria and viruses 

are trapped on the mucous membranes by ionic bonding to 

substrate radicals of the shellfish mucus (Gerba and 

Goyal, 1978). They are then transferred to the digestive 

tract and to a lesser extent to the muscle tissue. Since 

the mollusk is eaten whole, including the digestive tract, 

the shellfish becomes a passive carrier of the organisms 

to humans. It is thought that shellfish act only as 

carriers because no virus multiplication has ever been 

demonstrated in them (Gerba and Goyal, 1978 ). 

1 
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In order to protect against pollution from sewage 

and other chemical contaminants, shellfish harvesting 

areas are designated as open or closed by the government. 

The government bases this decision on total and fecal 

coliform standards for the harvesting waters and the 

shellfish meats. At present, standards are set at 230 

fecal coliforms per 100 grams of shellfish meat and not 

more than 70 total coliforms per 100 ml of water (Sobsey 

et al. r  1980). Although these measures have proved 

adequate for protection from bacterial pathogens, no 

correlation between these standards and virus levels in 

shellfish has been demonstrated (Sobsey et al., 1980). In 

recent outbreaks of hepatitis A and viral gastroenteritis 

attributed to contaminated shellfish, the incriminated 

mollusks were harvested from waters meeting present 

bacterial standards (Sobsey et al., 1980). An outbreak of 

hepatitis A in Houston serves to illustrate this point. 

After eating raw oysters 270 people developed infectious 

hepatitis. A similar outbreak occurred in Calhoun, Georgia 

where 15 people at a seafood dinner became ill. Extended 

investigation revealed that the oysters in both outbreaks 

had come from Louisiana, where 37 additional cases of 

hepatitis A were confirmed to have occurred at the same 

time as the outbreaks in Houston and Calhoun. A theory to 

explain this severe outbreak was based on the flooding in 
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the Mississippi river delta during the spring and summer 

of that year causing high levels of freshwater intrusion 

and fecal pollution in the oyster beds. The beds failed to 

meet coliform standards and were closed to harvesting at 

that time. The following fall the beds again met standards 

and were reopened for oyster harvesting ( Gerba and Goyal, 

1978). This example illustrates not only that virus levels 

do not correlate well with bacterial coliform counts, but 

that infectious viruses can persist in shellfish meat for 

months. 

Field studies on the occurrence of enteric viruses 

in shellfish and shellfish harvesting waters have been 

hampered in the past due to the lack of sensitive and 

reliable methods for the detection of enteric viruses. 

Newer techniques have been developed which can 

quantitatively detect enteric viruses in hundreds of 

gallons of seawater (Gerba and Goyal, 1982) and can 

concentrate viruses from large pools of shellfish 

(Konowalchuk and Speirs,1972), In a study of shellfish 

from Long Island, New York, enteroviruses were recovered 

37.5% of the time in water and oyster samples taken from 

areas that met coliform standards (Vaughn, 1975). 

Similar studies conducted by Metcalf and Stiles 

(1965) in the Galveston Bay area involved the isolation of 

poliovirus types 1 and 2 in oysters which met coliform 
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standards. Fugate r  Cliver, and Hatch (1975) and Goyal, 

Gerba, and Melnick (1979) also detected enteric viruses 

from oysters harvested in approved areas. These studies 

further emphasize that virus levels in shellfish 

harvesting waters show no correlation with the present set 

of coliform standards. Previous research suggests that 

coliform standards cannot be heavily relied upon because 

of specific properties the viruses possess. Enteric 

viruses are more resistant to natural inactivation factors 

and chlorination (Richards, 1984). Shellfish also tend to 

accumulate and depurate viruses at different rates than 

they do fecal coliforms {Richards, 1984). Depuration is 

the mechanical process of purification which all filter-

feeding bivalves use for ridding themselves of 

contaminants. At this time, there are no such standards 

for virus levels in water or shellfish. Although research 

in this area is continuing no acceptable indicator virus 

has been chosen. 

Most outbreaks of viral disease are not well 

documented unless large numbers of people who need 

hospitalization or other medical attention are involved. 

The causative agent in the majority of these traceable 

outbreaks is infectious hepatitis. The fact that many 

isolated individuals may become ill or perhaps do not 

require hospitalization or a doctor's care means that the 
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actual occurrence of shellfish-associated viral disease is 

probably underestimated (Gerba and Goyal, 1978 ). Another 

factor making it difficult to recognize viral disease 

caused by shellfish is the ambiguity of the symptoms. 

Bacterial diseases produce almost identical symptoms in 

every case, for instance, Salmonella most always produces 

gastroenteritis or typhoid fever. However, the symptoms of 

viral disease can vary greatly from one individual to 

another, as in the case of echo or coxsackie viruses. Some 

persons develop a mild gastroenteritis, while others 

develop severe neurological disorders sometimes as severe 

as paralysis. This disparity in symptoms can often lead to 

misdiagnosis of the disease and, therefore, further 

decrease the actual number of reported cases of shellfish-

associated viral disease. 

It is only recently that reliable methods to 

detect and quantitate enteric viruses in shellfish have 

become available (Larkin, 1980, Sobsey, 1978). Early 

recovery methods used ethyl ether extraction, fluorocarbon 

extraction, acid precipitation, ultrafiltration, and 

polyelectrolyte flocculation to separate and concentrate 

enteric viruses from shellfish tissues (Herrman,1968; 

Larkin, 1980; Mitchell, 1966; Kostenbader, 1972). Based on 

these original techniques, new more refined methods of 

virus recovery were developed. As cited by Gerba and Goyal 
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(1978), the three procedures that have received the most 

acceptance for field use are: adsorption-elution-

precipitation, elution-precipitation, and filtration-

hydroextaction. Briefly, adsorption-elution-precipitation 

involves adsorption of virus to shellfish at low pH and 

conductivity, elution of the virus from the shellfish at 

high pH and conductivity, and concentration by acid 

precipitation (Sobsey, 1978). The elution-precipitation 

procedure is similar to the above methodology with the 

exclusion of an adsorption phase. Certain variations are 

observed in this procedure such as the pH and the 

concentration of eluents used (Gerba and Goyal, 1980). 

Glasswool fi1tration-hydroextraction differs from the 

methods previously mentioned. In this method, the 

shellfish sample is homogenized and filtered through a 

glasswool filter funnel. The filtrate is collected, 

clarified, and concentrated (Tierney, 1980).Each method is 

capable of separating or extracting viruses from shellfish 

and producing a concentrated homogenate that is nontoxic 

to cell cultures. The recovery rate averages 50% or more 

of the virus initially present regardless of the method 

chosen. Individual laboratories testing the methods have 

produced conflicting results on the effectiveness of the 

various procedures (Konowalchuk, 1972). There is also 

variation between the methods depending on the type of 
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shellfish chosen for study. For instance, variations in 

optimal adsorption pH occur between species, as well as 

methods of dealing with toxicity to the particular 

shellfish species proteins (Sobsey,1975). 

In this particular study, the freshwater clam 

Corbicula f1 urninez was chosen for investigation. This 

species of freshwater clam was found to occur naturally 

along the Colorado River. It was chosen due to the current 

interest in the state of Arizona in opening areas along 

the Colorado River for commercial harvesting of this 

species of freshwater clam, with the ever increasing risk 

of shellfish contamination by sewage polluted waters, a 

method for virus detection was desired. Previous studies 

by Sobsey et al. (1975) involved the development of a 

method for detecting enteric viruses in oysters. This 

method, a modification of the adsorption-e1ution-

precipitation procedure, required the manipulation of pH 

and ionic conditions to adsorb and quantitatively elute 

the virus. Sobsey et al. (1978) found that a low salt 

concentration was necessary to obtain a state of low 

conductivity which is required in adsorption of virus to 

shellfish homogenates. The pH range of the adsorption 

homogenate was between 4.0 and 5.0 after adjustment with 

HC1 depending on the type of shellfish being tested. The 

major criteria of elution was a high pH (9.0 to 9.5) and 
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conductivity (>8000 ppm). Some early methods advocated 

filtering the resultant supernantant from the elution step 

to remove bacteria, however, it has been found that 

viruses can be lost during filtration by attaching to the 

filter membrane (Sobsey, 1978). Most procedures now call 

for antibiotic treatments to kill bacteria and molds 

rather than filtering. The final step in the method 

advocated by Sobsey et al. (1978) was acid precipitation. 

In the procedure, hydrochloric acid was added to the 

elution supernatant portion to lower the pH and also to 

precipitate any remaining shellfish proteins. 

All previous investigations have dealt with the 

detection of enteric viruses in salt water bivalves. The 

method of Sobsey et al. (1978) using adsorption-elution to 

oysters was specifically modified for use in determining 

the possibility of recovering poliovirus from the 

freshwater clam Corbicula fluminez. This modified method 

involves a simple, inexpensive way of quantitatively 

recovering poliovirus from experimentally inoculated 

freshwater clams. The adsorption and elution procedure 

was followed by concentration using organic flocculation. 



MATERIALS AND METHODS 

Shellfish 

Freshwater clams (Corbicula f1uminez) were used 

exclusively throughout this study. The clams were 

collected from various sites along the Colorado river in 

Arizona. All the clams used in this study were collected 

by the Arizona Fish and Game Department. They were shipped 

frozen in individual plastic bags each containing 

approximately three dozen clams. All clams were received 

unwashed and still in the shells. The clams were kept 

stored at 4°C in the original container. All of the clams 

used were thawed only once immediately prior to each 

experiment. 

After thawing, the clams were shucked and drained 

of any excess water. The clams were used whole without 

distinguishing between hepatopancreatic (stomach, 

digestive diverticula, midgut) and mantle, muscle, or gill 

structures. Each experiment involved a pooled clam sample 

weighing approximately twenty grams. 

Virus and Cell Cultures 

Poliovirus type 1, strain LSc (enterovirus) was 

used throughout this study. Buffalo Green Monkey kidney 

(BGM) a continous cell line originally derived from 

African green monkey kidneys, was used for virus growth 

and assay. The cells were grown in autoclavable modified 

9 
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Eagle minimum essential medium with Earle salts (MEM) 

supplemented with glutamine, 8% fetal calf serum (FCS) r  

3x10^ M hepes, 100 units penicillin/ml, 100 units 

streptomycin/m1, 50ug gentamycin/ml, 100 units 

mycostatin/ml, and 0.075% NaHCOgf Fisher Scientific, Fair 

Lawn, N.J.). The medium used to maintain the cells before 

the assay contained MEM with 2% FCS, penicillin, 

streptomycin, and mycostatin in the same concentrations as 

mentioned above. 

Virus Stocks and virus Assay 

Virus stocks were grown on confluent monolayers of 

BGM cells contained in 32 oz, bottles. The inoculated 

cells were allowed to adsorb for one hour, then 25ml of 

single strength (IX) MEM containing antibiotics but no 

serum was added to each 32 oz. bottle. The cells were 

incubated at 37°C until almost complete destruction of the 

monolayer was observed. The cultures were frozen and 

thawed three times and clarified by centrifugation at 

450 x g for 10 minutes. Freon extraction was used to 

obtain purified, monodispersed virus stocks. The virus 

stock was dispensed into 30 ml volumes and frozen at 

-20°C.The average titer was 10®-10^ piaque-forming units 

(pfu) per ml of suspension. 

The standard p1aque-forming unit method for 

enteroviruses was used to assay the samples. BGM cells 
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were grown in plastic six well plates (Nunc, Denmark) with 

each well containing a surface area of 9.4 era . The cell 

monolayer was inoculated with an inoculum of 0.1 ml and 

allowed to adsorb for one hour at 37°C in a CO2 

incubator. Plates were rocked gently every fifteen minutes 

to maintain an even distribution of the inoculum. If 

necessary, virus samples were diluted in Tris-buffered 

saline (63.2g Trizma base (Sigma Chemical, St. Louis. 

Mo.), 163.6g NaCl, 7.46g KC1, 1.13g Na 2HP0 4  in 1600 ml 

distilled water) containing 0.5% dextrose and IX 

antibiotics. 

The assay overlay media contained equal volumes of 

1.0% agar (50 ml) (Difco Laboratories, Detroit, Mich.) and 

2X MEM (50 ml) containing 100 units penicillin/ml, 100 

units streptomycin/ml, 50/jg neomycin or kanamycin/ml, 100 

units my c o s t a t i n/m 1, 3.0% NaHCC^ , 2% FCS, and 0.3% 

glutamine. The pH of the MEM was adjusted to approximately 

7.4 with sterile IN HCl when necessary. Approximately 3.0 

ml of media was used to overlay each we 11. 

Cultures were incubated at 37°C with 3.4% C0 2  for 

48 hours or until plaques were observed. At that time, the 

overlay media was removed by scoring the edges of each 

well with an eighteen gauge needle and shaking vigorously. 

The wells were then stained with a crystal violet 

solution. The crystal violet was washed off after 3 to 5 
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minutes and the plates were allowed to dry. plagues 

appeared as clear circular spots while the BGM cells 

retained the purple color from the crystal violet. After 

thorough drying, the plaques were counted. 

Adsorption Procedure 

After shucking and weighing, the clams were 

homogenized in 0.09M glycine (1:7 wt/vol dilution) in a 

Waring blender (Waring, New York, N.Y.) for 30 seconds. 

The electrical conductivity was measured with a 

conductivity meter ( Myron L Co., Encinitas, Cal.) 

previously standardized using 100 mg/1 and 1000 mg/1 

sodium chloride solutions as the standards. 

The homogenized clam sample was seeded with 

poliovirus type 1 and mixed in the Waring blender for an 

additional 15 seconds. The approximate titer per sample of 

the virus stock was 1x10s pfu/ml. The pH was lowered to 

the desired value and the virus was allowed to adsorb for 

10 minutes with slow mechanical shaking. During this time, 

the pH was monitored constantly to maintain the correct 

value. 

In the initial experiment, four pH values (3.5, 

4.5, 5.5, 7.2) were tested to determine which provided the 

highest percentage of adsorption. After adjusting the pH 

with IN HC1, the sample was centrifuged at 900 x g for 15 
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minutes. The resultant supernatant was raised to pH 7.2 

and saved for assay as previously described. The pellet 

containing the adsorbed virus and the clam homogenate was 

then further treated by the elution procedure. 

Elution Procedure 

3.2% sodium chloride, 3% beef extract (Gibco 

Diagnostics, Madison WI) and a combination of the two were 

tested to determine which produced the highest plaquing 

efficiency. 3.2% sodium chloride and 3.2% sodium chloride 

with 3% beef extract were selected for use in the elution 

procedure. 

The halved pellet obtained from adsorbing at pH 

4.5 was homogenized with 30 ml of the sodium chloride 

eluate for 15 seconds. The mixture was raised to pH 9.5 

with IN NaOH and centrifuged at 450 x g for 15 minutes. 

The same procedure was followed using the other half of 

the sample at pH 4.5 with a mixture of 3.2% sodium 

chloride and 3% beef extract as the eluate. 

After the centr i f ugation of each eluate, the 

supernatant was decanted and the pellet was discarded. The 

supernatants were adjusted to a neutral pH and the volumes 

were recorded. 

The supernatant portion from the adsorption and 

elution steps, the time zero control and the uninoculated 

control were then assayed on BGM cells. 
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Reconcentration Procedure 

Organic flocculation was tested as a method of 

reconcentrating the eluted virus. The supernatant from the 

elution step was lowered to pH 3.5 with IN HC1 and mixed 

for 10 minutes with slow mechanical shaking. The pH was 

constantly maintained at pH 3.5 during the mixing period. 

In four trials the conductivity was unchanged, in two 

trials it was lowered to 4000 ppm and in last two trials 

it was lowered to 1500 ppm. The mixture was then 

centrifuged at 11,000 x g for 10 minutes. 

The resultant supernatant portion was decanted and 

adjusted to a neutral pH for assay. The pellet was 

resuspended in 5 to 10 ml of either beef extract alone or 

a combination of beef extract and sodium chloride. It was 

then assayed along with the supernatant portion on BGM 

cells. Figure 1 outlines the method used in this study. 
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Adsorption: Clam meat 

Homogenize in 0.09 M glycine for 30 sec. 

I s 
Inoculate with virus (10D pfu/ml) 

. I 
Mix 15 sec. in Waring blender 

4> 
Lower pH to 4.5, conductivity <150 0 ppm 

Adsorb 10 min. with slow mechanical shaking 

Centrifuge at 900 x g, 15 min. 

Discard supernatant^ 

Elution: Resuspend pellet in glycine-sodium chloride-beef 
extract, pH 9.5, conductivity >8000 ppm 

*J/ , 
Centrifuge at 450 x g, 15 nun. 

-discard pellet 

* Adjust supernatant to pH 7.2 

Concentration: Lower pH to 3.5 

4/ 
Mix 10 min. with slow mechanical shaking 

Centrifuge at 11,000 x g, 10 min. 

J/ 
—)Save supernatant for assay 

4, 
Resuspend pellet in beef extract (5 ml) 

J* 
Adjust supernatant to pH 7.2 

Assay on BGM cells 

Figure 1. Plow Chart of Adsorption-Elution-Concentration 
Procedure. 



RESULTS 

Determination of Optimal pH for 
Virus Adsorption to Clam Homogenate 

As previously mentioned, pH values of 3.5, 4.5, 

5.5, and 7.2 were tested to determine optimal pH for 

maximum virus adsorption to the clam homogenate. The 

results are shown in Table 1 and depicted graphically in 

Figure 2. The values ranged from 69% adsorption at pH 7.2 

to 99.97% adsorption at pH 4.5. The values were 78% and 

98.6% at pH 3.5 and 5.5 respectively. Thus pH 4.5 was used 

in all subsequent experiments for maximum virus adsorption 

to the clam solids. Based on the work of Sobsey et al. 

(1978), a conductivity of less than 1500 ppm was observed 

for adsorption of virus to the clam homogenate proteins. 

The lower conductivity enhances viral attachment to the 

shellfish tissue by altering electrostatic interactions. 

Evaluation of Eluents 

3.2% sodium chloride, 3% beef extract, and a 

combination of the two were tested to determine which 

produced the greatest plaquing efficiency. The chemical 

composition used in the formulation of these eluents are 

given in Table 2. The results of this test are shown in 

Table 3. Beef extract alone seeded with poliovirus type 1 

16 
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Table 1. Effect of pH on Poljovirus Type 1 Adsorption 
to Cla'm Homogenate. 

pH % Adsorption 

7.2 69.0 

5.5 98.6 

in •
 99.97 

3.5 78.0 

* The initial concentration of viruses seeded into 
the clam homogenate was 10 pfu/ml. 

Table 2. Composition of Eluents Tested for Poliovirus 
Elution from Clam Homogenate. 

Media 
Components Beef 

Extract 

Eluents 
Sodium 
Chloride 

Beef Extract 
with 
Sodium Chloride 

0.09 M Glycine 250 ml 

3% Beef Extract 7.5 g 

Sodium Chloride 

250 ml 250 ml 

7.5 g 

8.0 g 8.0 g 



Figure 2. Effect of pH on Poliovirus Adsorption to the 
Clam Homogenate. 
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Table 3. Effect of Clara Homogenate Eluen^s on 
Poliovirus Plaquing Efficiency. 

Eluent Poliovirus Titer 
(x 10 pfu/ml) 

3.2% Sodium Chloride 65 

3% Beef Extract with 90 
3.2% Sodium Chloride 

3% Beef Extract 9.4 

ft 
Each eluent was originally seeded with 
1 x 10' pfu/ml of poliovirus. 
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was found to plaque poorly, therefore it was no longer 

considered as a possible eluent. Poliovirus plaquing 

efficiency was reduced when assayed in the presence of 

beef extract. Titers approximated that in the original 

seeds were observed in the presence of 3.2% sodium 

chloride and 3.2% sodium chloride and 3% beef extract. The 

presence of salts probably aids the attachment of virus to 

the host cells. 

Determination of Optimal Elution Conditions 

The data in Table 4 show the results from 

experiments conducted using 3.2% sodium chloride as the 

eluent to desorb virus from the clam homogenate. Table 5 

shows similar data using 3.2% sodium chloride with 3% beef 

extract as the eluent for desorption.In all of the trials 

the percentage of adsorption of poliovirus exceeded 99%. 

The optimal conditions for elution included a pH of 9.5 

and a conductivity of greater than 8000 ppm, these 

conditions were observed during each trial regardless of 

the eluent used. 

The supernatant portions from the adsorption step 

were also assayed to determine how much, if any, virus was 

not adsorbed to the clam homogenate tissue. In each trial, 

it was found that between 10^-10^ pfu/ml was lost in the 

supernatant. Using 3.2% sodium chloride with 3% beef 

extract as the eluent the percentage recovery values ranged 



Table 4. Efficiency of Virus EJution from Clam Homogenates Using 
3.2% Sodium Chloride. 

Trial Initial Virus 
Concentration 
(x 106 pfu) 

Virus in % 
Supernatant 
(x 102 pfu) 

Adsorption Total Virus 
Recovered 
(x 106) 

% Recovery 

1 5.5 1.4 99.96 27 53 

2 1.9 120 99.4 8.4 44 

3 5.3 4.1 99.92 36 68 

* 0.09 M glycine containing 8.0 g sodium chloride 



Table 5. Efficiency of Virus Elution from Clam Homogenate^Using 
3.2% Sodium Chloride Containing 3% Beef Extract. 

Trial Initial virus Virus in % Adsorption Total Virus % Recovery 
Concentration Supernatant Recovered 
(x 10° pfu) (x 10 pfu) (x 10 pfu) 

1 1.9 120 99.4 1.3 67 

2 4.0 8.1 99.98 3.0 75 

3 3.5 15 99.96 3.7 106 

0.09 M glycine, 3.2% sodium chloride, 3% beef extract 
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from 67% to 106%. The average percentage recovery using 

the sodium chloride with beef extract eluent was 83%. The 

values using 3.2% sodium chloride as the eluent ranged 

from 44% to 68% with the average percentage recovery being 

55%. Statistical analysis of these data depicted in Table 

6 show that statistically there was no significant 

difference between the two eluents. 

Cond i ti ons for Poliovirus Concentration i n the C1 am 

Homogenate Eluent 

Organic flocculation was evaluated as a method for 

concentrating the supernatant from the elution step to a 

smaller volume before assay. The results of this study are 

shown in Table 7. The conductivity of the supernatant and 

the type of eluent used for resuspension of the 

flocculated pellet were chosen as variables during these 

replicate trials. The conductivity was varied to test the 

effect of different ionic conditions on virus adsorption 

to the floe. Eluents containing beef extract were selected 

because of the ease in which beef extract can be 

flocculated. Sodium chloride was added to one eluent to 

test if it increased adsorption during concentration as it 

did in the adsorption of virus to the clam homogenate 

originally. Beef extract with sodium chloride and beef 

extract alone were chosen for resuspension of the pellet. 



24 

Table 6. Analysis of Variance Between Eluents Used for the 
Elution of Poliovirus from the Clam Homogenate. 

Source Degrees of Sum of Sum of Mean F 
Freedom Squares Squares 

Total 5 2290.83333 

Samples 1 1148.16666 4.02 

Error 4 1142.66667 285.66667 

Table 7. Effect of Salt Concentration and Eluent on 
Poliovirus Adsorption to the Floe During 
Concentration by Organic Flocculation. 

Percent of Virus Adsorbed to Floe 

8000 ppm 4000 ppm 1500 ppm 

BE** BE& NaC 1*** BE BE & NaCl BE BE& N aC 1 

2 22 31 9 29 2 

14 9 56 6 4 

45 34 

Initial concentration of virus was 103 pfu/ml. 
3% Beef extract. 
3% Beef extract and 3.2% sodium chloride. 
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In every replicate trial it was found that beef extract 

alone produced a higher reconcentration efficiency and a 

higher overall efficiency. 

The conductivity of the supernatant was tested at 

three different values: 8000 ppm, 4000 ppm, and 1500 ppm 

to determine which provided the highest percentage of 

reconcentration efficiency. The highest rates of 

efficiency were consistently found at a conductivity of 

4000 ppm. However as seen in the results presented in 

Table 8, no statistically significant difference was 

observed between either the conductivity values tested or 

the type of eluent used for resuspension. 
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Table 8. Analysis of Variance Between Salt Concentration 
and Eluent Used for Concentration of Poliovirus 
from the Clam Homogenate. 

Source Degrees of 
Freedom 

Sum of 
Squares 

Sum of Means 
Squared 

F 

Total 12 3700.30769 

Samples 5 1823.97436 

Salt Cone. 2 817.55769 408.77885 1.53 

Eluent 1 530.11722 530.11722 1.98 

Cone, x 
Eluent 

2 476.29945 238.14973 0.89 

Error 7 1876.33333 268.04762 



DISCUSSION OF RESULTS 

Numerous methods of recovering enteric viruses 

from shellfish have been characterized and evaluated 

(Sobsey,1978; Kostenbader,1972; Konowalchuk, 1972). The 

use of saltwater shellfish as the viral source was a 

common factor among all of the studies cited. The goal of 

this study was to develop a method of detecting poliovirus 

from artificially seeded freshwater clams, Corbicula 

fluminez. The clams were harvested along the Colorado 

river in an area which might be opened to commercial 

harvesting in the future. The Colorado River does not meet 

coliform standards set for shellfish harvesting waters 

(Tunicliffr1984). 

The adsorption-elution-precipitation method was 

chosen for testing with the freshwater clams. From 

previous work by Sobsey et al. (1978) it was deemed most 

practical for its ease in adaptability Various 

modifications of the adsorption-elution-precipitat ion 

procedure have been developed, however in each method 

viruses are adsorbed to homogenized shellfish tissue at 

low salt concentration and pH. In this study an electrical 

conductivity of less than 1500 ppm was maintained during 

the adsorption step to optimize ionic conditions for viral 

attachment to shellfish tissues. 

27 
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The optimal pH range for adsorption was found to 

be 4.5 for the freshwater clams used in this study. 

Saltwater clams and mussels also adsorb virus best at pH 

4.5. The optimal pH for viral adsorption to oysters is 5.5 

(Sobsey, 1978). Optimal conductivity conditions (less than 

1500 ppm) for adsorption were the same for saltwater 

shellfish as that of the freshwater clams. 

A pH of 9.0 and a conductivity of greater than 

8000 ppm were required to elute poliovirus from the clam 

homogenate. The conductivity was raised in both eluents by 

the high concentration (4%) of sodium chloride present in 

both eluents. Sodium chloride in a buffered solution was 

tested against the same solution supplemented with 3& beef 

extract. Beef extract was chosen due to its efficacy in 

virus elution at moderate pH and subsequent virus 

concentration using organic flocculation (Hurst, 1984). As 

might be expected because of the beef extract properties 

just mentioned, the sodium chloride eluent containing beef 

extract was found to provide the highest percentage 

recovery from the elution step. The average percentage 

recovery using this eluent was 83%. Le s than 1% of the 

virus was lost in the adsorption step, therefore the 

majority of the virus loss must be occurring during the 

elution step. This can possibly be explained by the 

f o r m a t i o n  o f  a g g r e g a t e s  d u r i n g  e l u t i o n ,  v i r u s  
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inactivation, incomplete elution, or perhaps inadequate 

resuspension of the adsorption pellet. 

Organic flocculation was selected as a method of 

sample concentration. This step was added to the procedure 

because environmental field studies samples would be much 

larger and would require some type of concentration 

procedure. Larger samples are required because virus 

concentrations tend to be relatively low under natural 

conditions. One concentration test was conducted using 

ultracentrifugation. Although the percentage concentration 

recovery was approximately 92% using this method, its cost 

a n d  t h e  t i m e  i n v o l v e d  p r e v e n t  i t s  u s e  b y  m a n y  

laboratories. Due to the presence of beef extract in the 

eluent, no additional flocculant was required prior to 

concentration. Organic flocculation is based on the 

association of viruses with a precipitate which forms 

spontaneously upon lowering the pH of solutions containing 

beef extract or some other type of flocculant (Hurst, 

1984). 

The resultant pellet from this procedure was then 

resuspended in the desired volume of diluent. In this 

study, a beef extract solution without sodium chloride was 

favored as the diluent. The final volume in each trial was 

between 6 ml and 9 ml. 
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The conductivity of the supernatant after the 

e l u t i o n  s t e p  w a s  g r e a t e r  t h a n  8 0 0 0  p p m .  W h e n  t h e  

s u p e r n a t a n t  w a s  f l o c c u l a t e d  u n d e r  t h e s e  c o n d i t i o n s  

recovery was poor. Replicate experiments were conducted at 

conductivities of 4000 ppm and 1500 ppm. It was determined 

that the highest percentage recovery was at a conductivity 

of 4000 ppm. The values recorded at 1500 ppm were similar 

t o  t h o s e  o b s e r v e d  a t  8 0 0 0  p p m .  T h i s  s u g g e s t s  a n  o p t i m a l  

c o n d u c t i v i t y  r a n g e  f o r  c o n c e n t r a t i o n .  T h i s  r a n g e  i s  

probably based on viral response to optimal environmental 

conditions of virus adsorption to surfaces (Gerba, 1984). 

Under optimal conditions for organic flocculation 

recovery values in this study reached 56%. This type of 

concentration method has been reported to have an average 

efficiency rate of approximately 60% using oysters as the 

shellfish under study (Sobsey, 1978). This low recovery 

rate can partially be explained by several factors: 

inactivation at the low pH required in this procedure, 

v i r u s  a g g r e g a t i o n  f o r m e d  a n d  s t a b i l i z e d  d u r i n g  

f l o c c u l a t i o n ,  d i f f i c u l t y  i n  r e s u s p e n d i n g  t h e  p e l l e t  

following high speed centrifugation, and failure of virus 

to become associated with the precipitate (Hurst, 1984). 

Any or all of these factors could be involved. 

Although the adsorption-elution-precipitat ion 

p r o c e d u r e  o u t l i n e d  i n  t h i s  s t u d y  i s  a c c e p t a b l e  f o r  
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detection of artificially seeded poliovirus in the 

freshwater clams, it has not been tested using other 

enteric viruses such as human rotavirus and hepatitis A. 

It has also not been determined if the procedure provides 

the sensitivity necessary to detect naturally occurring 

viral isolates in the clams. These are areas that require 

a d d i t i o n a l  i n v e s t i g a t i o n  b e f o r e  t h e  p r o c e d u r e  c a n  b e  

c o n s i d e r e d  a d e q u a t e  f o r  t h e  f i e l d  t e s t i n g  o f  t h e  

freshwater clams in question. 
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