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ABSTRACT

An adsorption-elution method was developed for the concentration

of the simian rotavirus SAll from tap water. Negatively and positively

charged microporous filters were compared for their suitability for

rotamirus adsorption efficiency from water and sewage. The positively

charged filters were far superior to the negatively charged filters

in their adsorption efficiency at ambient pH. Both, the Zeta-Plus (50S)

and the Virozorb 1 MDS were equally efficient in their adsorption

capacities, but the elution efficiency of the 1 MDS exceeded that

of the Zeta-Plus. Tryptose phosphate broth was found to be the best

eluent for rotavirus. For small volumes of seeded tap water the

percent recovery of rotavirus was 45.5 + 0.7% for Zeta-Plus and

78.5 + 3.5% for 1 MDS. However, with large volumes of input water,

the percent recoveries were reduced to 13.7 + 0.57% for Zeta-Plus

and 19.5 + 0.7% for 1 MDS.
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INTRODUCTION

Rotaviruses are the etiological agents of potential life

threatening diarrhea in humans (primarily in children under the age

of two), as well as other warm blooded animals. It has been estimated

that up to 50% of cases on nonbacterial gastroenteritis in chindren

is due to rotavirus infections, especially in third world countries.

In countries which lack efficient medical care, gastroenteritis is very

often fatal to infants. There have been documented cases of fatal

gastroenteritis due to rotavirus infections in developed countries

as well (Middleton, et al., 1974; Kommo, et al., 1977). Since

most cases of adult gastroenteritis go unreported and many intestinal

infections are asymptomatic, it is virtually impossible to determine

the extent of the morbidity associated with adult gastroenteritis

due to rotavirus infections.

Apart from the ability of rotaviruses to infect humans, they

also have the ability to infect other warm blooded animals. Gastroen-

teritis can lower the productivity of farm animals and result in

significant mortality. In third world countries, the loss of farm

animals may indirectly cause malnourishment and thus may increase

the possibility of rotavirus infection due to malnutrition (Smith, 1980).

Very large numbers of infectious particles are excreted by

humans and animals infected with rotaviruses, thus, the danger of viral

contamination of drinking waters (as well as other types thereof) exists.

1
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It has been shown that enteric viruses which are the causative

agents of disease in humans and other animals, can be trasmitted by

sewage-contaminated waters. Rotaviruses have been added to the list.

In recents reports from Brazil, Israel, and the Soviet Union, it has

been shown that rotaviruses were associated with waterborne gastro-

enteritis outbreaks (Tunchisky, Levine, Swartz, 1982; Sutmoller, et al.,

1982; Zamotin, et al., 1981). It has been shown by Smith (1980), that

rotaviruses can be found in raw sewage in concentrations of up to

10 3 infectious units per 20 liters of sewage.

Farrah, et al (1978), reported that due to the poor binding

properties of rotaviruses (probably as a result of their low iso-

electric point), to biological flocs, that rotaviruses may not be

removed by conventional water treatment as efficiently as enteroviruses.

Recognition of the role of rotaviruses in viral gastroen-

teritis has occurred only in the last few years. It was not until

1973 when scientists in Australia detected a "new" virus from the

epithelial cells of the duodenal mucosa from children afflicted with

acute nonbacterial gastroenteritis (Bishop, et al., 1973). In 1974,

Flewett, et al., (1974) proposed the term "rotavirus" for this

virus. The term rota from the Latin meaning wheel, and this from

the morphology of the virus under the electron microscope which

resembles a wheel with spokes projecting from it. It was observed

that this virus resembled the reovirus (Smith, 1980). It was also

discovered that this virus was morphologically identical to the previously

discovered Nebraska Calf Diarrhea Virus (NCDV) (Bishop, et al., 1974).
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Further studies showed that the recently discovered virus shared iso-

antigens and morphologically resembled other viruses, such as SAll

(from monkeys), the "0" agents, etc. Later, rotaviruses were isolated

from rabbits (Bryden, et al., 1976), cattle, turkeys (McNulty, et al.,

1978), as well as other animals (Smith, 1980).

Rotaviruses were placed in the family Reoviridiae, and resemble

other members of this family by possissing a double capsid and segmented

double-stranded RNA (Holmes, et al., 1975). At times the viruses can

be seen having only a sigle capsid and are referred to as incomplete,

rough particles or single capsid (Holmes, et al., 1975). Particles

possessing the outer capsid are called complete, smooth or double capsid.

In addition to either the single or double capsid, a membrane is sometimes

associated with the virion which is derived from the host membranes.

This enbelope is thought not to be an integral part of the virion, nor

is it thought to play an active role in infection (Spendlove, 1978;

Petrie, et al., 1982).

The virion has five to ten polypeptides, and contains eleven,

double-stranded RNA segments (Spendlove, 1978). Electron microscopy

and polyacrylamide gel electrophoresis measurements of the segmented

genome gave a molecular weight of approximately 1.075 x 107 daltons

for the eleven segments (Barnet, et al., 1978). There exists some

discrepancies in the literature about the exact molecular weight of

the rotavirus genome (Smith, 1980).

Studies of human rotavirus were difficult because the rotavirus

has not been cultivated in vitro. However, biochemical characterization



of the vinions was possible since large numbers of particles are excreted

in the stools of patients afflicted with gastroenteritis of rotaviral

etiology, thus their recovery is possible (Flewett and Woode, 1978).

Purification of particles from stool samples involve centrifugation,

halogenated hydrocarbon extraction followed by ultracentrifugation in

cesium-chloride gradients (Smith, 1980).

Propagation of the viruses in vitro has been aided by the

addition of facilitators such as trypsin and diethylaminoethyl-dextran

(DEAE-dextran) to the growth medium. Matsuno, et al. (1977) reported

the formation of plaques by the bovine rotavirus in the MA-104 cell line

under an agar overlay upon the addition of the facilitators trypsin

and DEAE-dextran. In further studies, the formation of plaques upon

the addition of the same facilitators by the simian rotavirus SAll

was reported (Smith, et al., 1979). Babiuk et al. (1977) reported

the isolation as well as the passage of bovine rotaviruses (isolated

from feces) using the same facilitators. They also found that in-

fectivity of the virus was lost if the virus was not passaged in

the presence of trypsin. In addition, rotaviruses will only replicate

in vitro in certain continuous cell lines. A study using primary

as well as established continuous cell lines, showed that individual

cell cultures showed enormous variability in their susceptibility

to rotavirus infection (Estes, et al., 1979). The same study showed

that MA-104 and CV-1 cells were the most sensitive hosts for plaque

formation. The adaptation and propagation of calf rotavirus has been

based mostly on the production of cytopathic effect (CPE) (Smith, 1980).
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Rotavirus gives a unique and very distinguishable CPE, called "flagging"

(Holmes, 1979), which in the case of canine rotavirus, happens in

the absence of trypsin (this virus is less dependent on trypsin treatment

than other rotaviruses) (Hoshino, et al., 1982). Rotaviruses other

than the canine strain show enhanced infectivity upon treatment with

trypsin (Smith, 1980). Babiuk, et al. (1977) found that when bovine

strains of rotavirus were pretreated with a concentration of 19 tigiml

of trypsin, this pretreatment enhanced the viral infectivity. Other

investigators found that formation of plaques by rotaviruses in cell

culture required the presence of trypsin in the medium. The exact

mechanism by which infectivity is enhanced is unknown (Smith, 1980).

Rotavirus, being an RNA virus, replicates in the cytoplasm

of infected cells. The morphogenesis seems to be the same regardless

of the strain or whether the virus is from human or animal origin

(Lecatsas, 1972).

The incidence of human gastroenteritis due to rotavirus infection

seems to be the greatest in the six month to two year age group

(Tufvesson and Johnsson, 1976; Brandt, et al., 1979; Soenarto, et al.,

1982). However, infection is not limited strictly to that age group.

Sypmtomatic as well as asymptomatic infections in adults have been

reported (Holmes, 1979). Many surveys in different climactic zones

around the world indicated that rotaviruses are the major cause of

acute gastroenteritis in infants and young children. During epidemic

seasons, rotaviruses are responsible for up to 75% of diagnosed cases

of gastroenteritis (Holmes, 1979). Neonatal rotavirus infections are



known to be common in obstetric hospitals, causing epidemic or endemic

gastroenteritis (Cameron, et al., 1976). The incidence of infection

seems to increase during the winter months (Chrystie, et al., 1978).

Infections of adults seem to be most prevalent in that group which has

the greatest risk of being exposed, such as parents of infected

children and medical staff (Holmes, 1979). Recurrent infections in

neonates are usually mild, and the severest cases are those occurring

in the six month to two year age group (Holmes, 1979). As mentioned

above, up to 10
10 infectious particles can be excreted in the stools of

patients afflicted with acute gastroenteritis. Thus we can see the

danger of contamination of drinking as well as recreational waters

is great. Unlike bacteria or other pathogens, viruses can cause

symptomatic as well as asymptomatic gastroenteritis if one single

infectious mit is ingested.

Many of the world's drinking water sources receive sewage in

one form or the other, either treated or untreated (Smith, 1980). In

many countries, lack of proper sanitation poses even a greater danger

due to direct fecal contamination of recreational or drinking waters.

The consumption of shellfish harvested in contaminated waters has

been implicated as a source of enteric viruses (Smith, 1980).

The low concentrations of viruses in water (due to dilution,

for example), make it necessary to process enormous volumes of water

in order to detect the infectious particles (Gerba, et al., 1978).

Viruses can be detected and concentrated by making use of their

physio-chemical properties (Smith, 1980), such as isoelectric point (pi),

6



size, etc. Methods which make use of these properties for the detection

of viruses were developed previously, and some of these are; ultra-

filtration, hydroextraction, adsorption to gauze pads, adsorption to

organic flocs, etc (Sobsey, 1976). All the aforementioned methods

work relatively well with small volumes, but detection and concentration

of viruses becomes prohibitive when working with large volumes of water.

To overcome the problem of the large volumes, Wallis and

Melnick (1967), used membrane filter, adsorption-elution techniques

in the presence of MgC12 to enhance adsorption of the viruses to the

membrane. Elution of the adsorbed viruses involved the use of Melnick's

medium B containing 10% fetal calf serum (FCS). The membrane was

pulverized in the medium and virus released into the supernatant.

This and other techniques were perfected with the development of other

types of microporous membrane filters. Epoxy-fiberglass filters have

been widely used in recent years because of their resistance to

clogging. A drawback is the net negative charge of these filters.

Since the adsorption of the vinions is dependent on electrostatic

interactions between the membrane surface and the virion, and both

are negatively charged at ambient pH, it was necessary to lower

the pH of the waters being processed to pH 3.5. and add multivalent

cations to optimize adsorption. These conditions reduce the negative

repulsive charges on the virus and allow adsorption to proceed (Smith,

1980).

With the development of electropositive membrane filters

7
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in sensitivity. Electropositive filters, such as the Zeta-Plus filters

(AMF-CUNO, Meriden, Conn.) composed of diatomaceous earth-cellulose-

"charge-modified" resin mixtures, have a net positive charge at ambient

pH levels (Sobsey and Jones, 1979). The use of these positively charged

filters eliminates the necessity of owering the pH of the waters

to 3.5 prior to processing. Also, the efficiency of recovery of

enteric viruses was improved. Another type of electropositive filter

has been introduced to the market, the Virozorb 1 MDS. Sobsey and

Glass (1980), evaluated the new filters in a study using poliovirus

and found the electropositive filters to be as efficient as the

electronegative membrane filters.

The purpose of this project was to develop an improved method

for the detection and concentration of rotaviruses from tap water as

well as treated wastewaters. The project was composed of three phases.

The first phase involved the evaluation of different types of

microporous filters to determine optimal rotavirus adsorption conditions.

Phase two consisted of the determination of optimal elution conditions

of the adsorbed viruses using different eluents. Phase three involved

efficiency studies for twenty liter samples of tap water.

In the present study the electropositive filters were evaluated

as well as compared to an electronegative filter for their adsorption

capacities.



MATERIALS AND METHODS

Cell Culture 

Virus was grown and assayed in MA 104 cells, a continous

cell line of fetal rhesus monkey kidney. The cells (Microbiological

Associates, Bethesda, Md.) were grown in Eagle's minimal essential

media (MEN), supplemented with; 8% fetal bovine serum (PBS),

0.3% sodium bicarbonate, 10011/m1 penicillin, 100 pg/m1 streptomycin,

25 pg/m1 gentamycin and 100 14011 neomycin. The cells were routinely

subcultured upon formation of a monolayer in 32 Oz glass bottles

with saline-trypsin-versene (STV), containing saline, 0.25% trypsin

(1:250 Tissue Culture Grade; ICN Pharmaceuticals, Inc. Life Sciences

Group. Cleveland, Ohio), and 0.125% versene.

Viruses 

Five day-old monolayers of MA 104 cells (in 32 Oz glass

bottles) were infected with SAll rotavirus at a multiplicity of

infection (MOI) of approximately 0.1 plaque forming units (PFU)

per cell. Bottles were then incubated at 37 C for one hour with

rotational agitation every fifteen minutes. At the end of this period,

fifty ml of serum-free MEN were placed in the bottles. The bottles

were incubated at 37 C and observed for cytopathogenic effect (OPE)

every day until approximately 90% of the cells showed OPE. Virus

stocks were then prepared by freeze-thawing the cells three times

9
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at -20 C. The cell lysate was then treated with freon 113 (DuPont De

Nemours Co., Wilmington, Del.), stirred for ten minutes on a magnetic

stirrer and centrifuged at 10,000 RPM for ten minutes. The aqueous

phase was collected and filtered through 47 mm diameter membrane

filters (3 pm + 0.45 pm poresize). Aliquots of five ml were stored

at -70 C.

Virus Assay

Cells were grown in 25 cm2 plastic disposable flasks. Cells

were observed daily for formation of a confluent monolayer. On the

day prior to the assay, the monolayers were placed in serum-free

media, or on the day of the assay, the monolayers were washed three

times with tris(hydroxymethyl)aminomethane saline buffer (TRIS buffer)

pH 7.2 to remove residual serum. The monolayers were then inoculated

with 0.1 ml of virus sample. The inoculum was allowed to adsorb for

one hour at 37 C with rotational agitation every fifteen minutes

to distribute the inoculum. The monolayer was then overlayed with

four ml of 1.5% Bacto-agar (Difco Laboratories, Detroit, Mich.),

containing; 3.5% sodium bicarbonate, 2.92% glutamine, 100 10111 penicillin,

100 pg/m1 streptomycin and 100 pg/m1 mycostatin. Formation of plaques

was aided by the addition of facilitators i.e. 10 pg/mi trypsin

(1:250 Tissue Culture Grade; ICN Parmaceuticals, Inc. Life Sciences

Group. Cleveland, Ohio), and 100 tleml diethylaminoethyl-dextran

(DEAR-dextran). Optimal trypsin concentrations was determined by

evaluating plaque diameter, damage to the monolayer and virus titer.
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The range of trypsin concentration was 0-20 pg/ml. Optimal concentrations

of DEAE-dextran was previously described by Smith (1980). Once the

agar had solidified, flasks were inverted, covered and incubated at

37 C. At the end of the third day, a second layer of the above agar

was overlayed on the cells. The overlay agar was supplemented with

3 pg/m1 neutral red (Gibco Laboratories, Grand Island, NY.), and four

ml of this agar were placed in each flask. Once the agar had solidified,

the flasks were inverted and incubated at 37 C. Plaques were then

counted every day for two weeks. Generally, plaques formed within

four to eight days post-inoculation. All assays were done in du-

plicate flasks.

Facilitators 

Trypsin and DEAE-dextran were used to facilitate plaque

formation of SAll. These were prepared as follows: hog pancreas

trypsin, standardized for tissue culture work was dissolved in distilled

water, final stock solution concentration was 1.0 mg/ml. This

solution was then filtered to remove any bacteria that may contaminate

the solution. This stock solution was diluted in the agar overlay

medium to yield the concentrations necessary for optimal formation

of plaques. DEAE-dextran (mol. wt. 500,000; Pharmacia, Uppsala, Sweden)

was made as a 10 mg/ml stock solution. All solutions were filtered

using a 0.2 pm pore size disposable filter units (Nalgene, Rochester, NY.).

All stocks were kept in two ml aliquots at -20 C until needed.
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Virus Adsorption

Tap water and secondarily treated sewage were used to determine

optimal adsorption conditions. Tap water was collected from laboratory

faucets. Water was allowed to flow for several minutes to clear

standing water from the pipes. One hundred ml were then collected,

and the pH measured with a Beckman 070 pH meter standardized to 4.0 and

7.0. It was not necessary to dechlorinate the water since there was

no detectable total or free chlorine in the tap water. Chlorine measurements

were achieved using a Hach Kit (Hach, Ames, Iowa). In experiments using

low pH, the pH of the tap water was lowered to 3.5 using 1 N HC1. The

secondarily treated sewage was collected from the Ina Road sewage treatment

plant, Tucson, Arizona. The samples were taken from a point prior to

chlorination.

In all cases, virus was added to the tap water and sewage at

a concentration of approximately 104 PFU/ml. Twenty ml of this viral

suspension were then passed through each one of the different filter

types with the help of a 30 ml syringe. The filtrate was then collected

for later assay. Filters were wetted with ten ml of tap water prior

to filtration. The percent adsorption was then calculated by comparing

input virus to the virus recovered in the filtrate.

Virus Elution

Only the positively charged filters were used to determine

optimal ilution conditions. After twenty ml of viral suspension had

been passed through the filters, the filtrate was collected for assay.
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Several eluents were evaluated to determine the highest

percent recovery of the input virus. These eluents included:

i) 3Z beef extract (Gibco, Madison, Wisconsin),
in 0.05 M glycine buffer, pH 9.5.

ii) 3Z beef extract (Gibco), in 0.05 M glycine buffer

pH 10.0.

iii) 3g beef extract (Gibco), pH 9.0.

iv) 4% beef extract (Gibco), in 0.5 M NaC1, pH 9.0.

v) Urea, 4 M in 0.05 M lysine, pH 9.0.

vi) Tryptose phosphate broth (TPB), 10% (Difco

Laboratories, Inc. Detroit, Michigan), in

0.05 M glycine buffer, pH 10.0.

vii) Tryptose phosphate broth, regular strength (Difco),

in 0.05 M glycine buffer, pH 10.0.

Ten or twenty ml of each eluent were passed through the

filter to which the virus had been adsorbed, and the eluate was

collected for assay. The pH in all eluents was neutralized immediately

by diluting in TRIS buffered saline supplemented with antibiotics, pH 7.2.

Filters 

For determination of optimal adsorption conditions, three

types of filters were used. The positively charged Zeta-Plus (50S)

composed of cellulose-diatomaceous earth-"charge-modified" resin, with

a nominal porosity of 0.5-0.75 Pm (AMF-CUNO Div., Meriden, Conn.),

and the Virozorb 1 MDS of 0.2 pm nominal porosity (»IF-CUNO Div.,

Meriden, Conn.), and the negatively charged fiber glass-epoxy filterite



filters (Filterite, Inc., Timonium, Md.) having a nominal porosity

of 3 pm and 0.45 pm (these negatively charged filters of different

porosity were placed in series in one holder with the 3 pm pore size

filter being on top).

Forty-seven mm diameter filters were used, in either Swinnex-

47 (Millipore, Bedford, Mass.), or the polystyrene holders (AMF-CUNO

Div., Meriden, Conn.).

Concentration of SAll 
from Large Volumes of Tap Water

Virus was seeded into 1,000 ml of dechlorinated tap water.

Dechlorination, whenever necessary, was accomplished by addition of

thiosulfate to the water at a concentration of 0.05 giliter.

Residual chlorine was measured by adding a pellet of DPD total

chlorine reagent (Hach, Ames, Iowa) to 25 ml of tap water. Upon

addition of the pellet, a pink color indicated the presence of residual

chlorine. A sample of these 1,000 ml was then taken for assay of

input virus. Then the seeded water was mixed with 19 liters of

dechlorinated water. By following this procedure, it was possible

to accurately quantitate the input virus and it prevented its dilution

beyond the limits of detection of the plaque assay. Samples were

then taken from the flowing filtrate after one, five, ten, fifteen

and twenty liters respectively. By following this procedure it was

possible to detect aby virus that was not being adsorbed to the filter.

The adsorbed virus was then eluted with 20 ml of 102  tryptose phosphate

broth in 0.05 M glycine buffer at a pH of 10.0. The eluate was

14



then neutralized by immediate dilution in TRIS buffer pH 7.2 and

assayed for the presence of viruses, otherwise all dilutions were

kept at -20 C until time of assay.

All Statistical analyses (ANOVA), were done using the arcsin

transform of decimal fractions as shown in Sokal and Rohlf (1981).

15



RESULTS

Determination of Optimal 
Conditions 

for SAll Plaque Formation

The simian rotavirus SAll fails to develop plaques under a

standard agar overlay. It has been described in the literature

that facilitators are required for plaque formation by rotaviruses.

The effects of the addition of the facilitators trypsin and DEAD-

dextran to the media were studied. Different concentrations ranging

from 0-20 pg/m1 were added to the agar overlay (Table 1). The

optimal concentration of DEAE-dextran for SAll plaque formation

has already been discussed by Smith and Gerba (1982). The optimal

concentration of trypsin in the agar overlay was found to be 10 4g/m1

at lower concentrations, the average diameter of the plaques was

very small even after five to six days post-inoculation. At con-

centrations above 10 peml, the overlays were partially or completely

destroyed within two to five days post-inoculation. A higher titer

was detected at the optimal concentration of trypsin. At concen-

trations above and below, lower titers were observed by as much

as one loglo .

Determination of adsorption 
Efficiency with Seeded Tap Water

Tap water was seeded with a suspension of virus to a final

concentration of approximately 1 x 104 PFU/ml and passed through

16
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Table 1.	 Effect of Trypsin Concentration on SAll Plaque
Formation.!'

Trypsin Concentration

(pg/M1)

Average Plaque
bdiameter (mm) -

Damage to

monolayer

Virus titer

(PFU/ml)

0 - ND none

2.5 ND none

5 1.0 none 0.5 x 10 5

7.5 1.0 none 2.1 x 105

10.0 2.0 none 9.2 x 105

15.0 2.0 slight 3.2 x 105 a

20 ND completely
destroyed

a Identical 25 cm2 disposable plastic flasks of MA-104 monolayers
were overlayed with agar containing DEAE-dextran (100 pg/mi)
and the various trypsin concentrations indicated.

b Plaque diameter was measured on the fifth day post-infection.

c Not detected

d Monolayer was partially destroyed at the fourth day post-infection.



Table 2. Adsorption of Rotavirus to Microporous Filters.

Filter	 Total -	 Total	 %	 pH of
Type	 PFU in	 PFU in	 Adsorbed Water

	Influent	 Filtrate

(2) 1 MDS 6 x 105 8 x 102 99.9 7.9

Zeta-Plus
(50S) 6 x 105 0 99.997 7.9

Filterite
(3 pm and
0.45 pm) 6 x 105 4.6 x 105 23 7.9

a Filtration was with 20 ml of tap water at ambient pH. All values
are an average of two to three experiments.

18



the various filters being evaluated. The amount of virus retained by

each filter is shown on Table 2. At ambient pH, the positively

charged filters adsorbed greater than 99% of the input virus. The

negatively charged filters on the other hand, adsorbed less than

25% of the input virus at the same pH values.

In adsorption experiments using tap water at pH 3.5 in the

presence of MgC12 (5 x 10 -2 M), the adsorption efficiency of the

negatively charged filters increased to 87%, whereas the efficiency

of the positively charged 1 MDS decreased to 89% (as compared to

the percent adsorbed at ambient pH). In the case of Zeta-Plus, the

percent adsorption remained at greater than 99% (Table 3).

Table 4 shows percent adsorption of rotaviruses at low pH

in the presence of AlC1 3. In the presence of 5 x 10-4 m AlC1 3 the

percent adsorption to Filterite, Zeta-Plus and 1 MDS was 82, 96 and

53% respectively. In the presence of 5 x l0  AlC1 3 the percent

adsorptions were 83, greater than 99 and 60% respectively.

Determination of Adsorption
Efficiency with

Secondarily Treated Sewage 

The data on Table 5 shows the results obtained from experiments

conducted to determine the percent adsorption of rotavirus seeded

into secondarily treated sewage. Both, the 1 MDS and the Zeta-Plus

filters had an adsorption efficiency of greater than 99%. The

negatively charged Filterite showed an efficiency of only 32% at

ambient pH.
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Evaluation of Beef Extract 
as an Eluent 

Due to the high protein content of beef extract it has been

widely used to elute viruses from filter membranes. Table 6 shows

the results from experiments conducted using beef extract under

different conditions to elute adsorbed rotaviruses from the positively

charged Zeta-Plus (50S) filter. Table 7 shows the results from

experiments using the same eluents to elute rotaviruses from the

positively charged 1 MDS microporous filter.

When 3% beef extract in 0.05 M glycine buffer, pH 9.5 was

used, less than 5% of the adsorbed viruses was recovered from the

Zeta-Plus, as compared to 32% from the 1 MDS. If 3g beef extract

in the presence of 0.5 M NaC1 was used at pH 9.0, the recovery rate

from the Zeta-Plus was 0.045% vs. 2% from the 1 MDS. When 3% beef

extract alone was used at pH 9.0, 8% of the viruses were desorbed

from the Zeta-Plus as compared to 24% from the 1 MDS. If the previous

eluent was used, but this time it was allowed to remain in contact

with the filters for ten minutes, the percent recovery from the

Zeta-Plus was 10% vs. 28% from the 1 MDS. When 3% beef extract

in 0.05 M glycine buffer at pH 10.0 was used, the percent recovery

was 21% in the case of Zeta-Plus and 37% in the case of 1 MDS.

Determination of Optimal 
Elution Conditions 

The data on Tables 8 and 9 show the results from experiments

conducted using different eluents to desorb viruses from Zeta-Plus

and 1 MDS filters respectively. When urea (4 M) in 0.05 M lysine
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Table 3.	 Adsorption of Rotavirus at pH 3.5 in the Presence of
MgC12 .

Filter
Type

Total PFU
in Influent

Total PFU
in Filtrate

% Adsorbed„
(+ SD)

1 MDS

Zeta-Plus
(50S)

Filterite
(3 pm	 0.45 pm)

1.81 x 10 6

1.81 x 10 6

1.81 x 10 6

1.94 x 1o5

20

2.35 x 105

89 + 9.8

99.998 +

87 + 1.9

a Filtration was with 20 ml of tap water, pH was adjusted to 3.5
with 1 N HC1. mgc12 was added to a final concentration of 5 x 10-2 M.

b Standard Deviation.



Table 4. Adsorption of Rotavirus at pH 3.5 in the Presence of
AlC1

3
. —

Filter
Type

Total PFU
in Influent

Total PFU
in Filtrate Adsorbed

Concentration
AlC1,1

(moles/1	 10 - - J

1 MS 2.08 x 105 9.7 x lo 53 5

Zeta-Plus
(50S) 2.08 x 105 8.0 x 10 3 96 .5

Filterite
(3 pm + .45 pm) 2.08 x 105 7.7 x lo 82 5

1 MDS 1.6	 x 105 6.4 x 10 60 50

Zeta-Plus
(50S) 1.6	 x 105 20 99.998 50

Filterite
(3 pm + .45 pM) 4.8	 x 104 8.0 x 10 3 83 50

a Filtration was with 20 ml of tap water, pH was adjusted to
3.5 with 1 N HC1.
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Table 5. Adsorption of Tolavirus to Filters from Secondarily
Treated Sewage. —

Filter
Type

Total PFU
in Influent

Total PFU
in Filtrate

5	 bAdsorbed —
pH

of Sewage

1 MDS 7.68 x 104 4.75 x 10
2 99.38	 0.06 7.6

Zeta-Plus
(50S) 7.68 x 104 1 99.998 + 0 7.6

Filterite 4(3 pm + 0.45 pm ) 7.68 x 104 5.23 x 10 31.9 + 26 7.6

a Virus was seeded into 100 ml of secondarily treated sewage and
20 ml filtered through the filters at ambient pH.

b All values are an average of two to three experiments + Standard
Deviation.

23



     

24  

• 0 H
0	 CO 1-1 N

cY'N	 0-1	 Cr-%	 Cr \
0	 0 0 0

H	H	 H H H

>4 	k	 >4
Ir\	

▪ 

N.c) 	Q	 oN \D LN-

nC;
	. 	 •

H 4-

tx--1	 0	 0 0 0

.0
H

a)
g
H	 a)
a)

g›cd	 co
coa)	 cd

.0	 Pi
4-)

G)
Q) 	+3

a)
cd 	H

P4
U) 	E
a)	 o
O o
H
Cd	 0
› -P

H	 P
J--I	 0
-.4	 -H

Ha
a)

G)
-P
H	 -P
•r-1	 Cd
CH 	H

a)
Q) 	P4
.0	 E
4-)	 a)

-P

5
0

O 0

.	
H

-P	 +3
Cd

rda)	 ci)
u)	 a)
u)	 +)
cd	 0
P4	 0

-H
u) 5
cd
X	 0

a)
+)	 -P
0
a)	 P
O 0
H	 cHa)

H
cH	 a)
o +)

H
r-4	 •H
E cH

O co	 a)
a) +)	 ..

0
- 5 0

0 ..--I	 0
O P

n--I a)
PI X -P p
Pa) 	cd a)
o ro -p
y) a)	 0 H

rg c)
..	

c.) .H
0 cH

..-4
cf) -P	 a)

0	
u) ,e
cd -1-)

-H -P	 X
? .0

0 -1-) bI)
H X 0 z
a) -p 0 0

-P	 H
CH CH HC
-.4 0	 r.T1 -P

cd I	 ro i 

H

.H
PT-4

cf)
1.r)

co

cd
+)

0
H

CH

0
-H

C7-1 cd I
U)

-H 0

CH

cd

-P
0

C-T-1

0
0 a)
0 0

O
• fml

-H 0
CH -P

erl
LT1    

O o o
0	 0	 0 0 0

H	 H H H

Q o o  

4-)

1a)
P-1

4-t
cd 0
-PH
0
FI 0

-H

\O 	'O 	0 0 0
	Q 0	 H H H

	

H	 H	
>4	 >4	 >4

	>4 	 >4	
N

	

tr•N	 4 H

	H 	 N	 A H .47      

H	N	 Cr 1	 \            



-P
o

PA H
C7-1

+3

r-T1

\O	 \O
0	 0	 0 00
H	 H	 H H H

X	 X	 04	 X X

EN-	 C \I	 \O	 N- E\--
Ir\	 C\2

H 	C"2	 Cr1	 H .--

o 0 0
0 00
H H H

0 00

ro I

+)
0 0	 a)
cd d	 0

-H
-P -P 0
k k
a) a)	 H

a)	 a)
a)	 a)
ro ra

A A
0

a)
g
P a)
a)

g
cd	 CD

(i)
Q) 	cd

-d	 Pi
-P

a)
a)	 -1-)

a)
cd 	H

Pi
CD	 E
a)	 o
O o
H
Cd	 0
P*	 +3

H	 S-I
H	 0

HI
P4

-
H a)
a)
-P
H	 -P
H	 cd
ei-i	 F-1

a)
G) 	P-1

-d	 5
-P	 a)

+3
.e
bl)	 5
O o
O o

H

-P	 -P
d

'da)	 VI
tl)	 a)
ta	 +3
CS5
P4	 0

-ri
ti) E
Cd

g
a)

-P	 +3
Z
a)	 F-1
O o
H	 ci-1
a)

Hi
4-1	 a)
o -P

H
H	 •i-1
E ci-i

g u)	 a)
a) -p	 ..0

+ 3 0	 +3
a)

• 5 0

g .0
O

H a)	 rd-P ft
a) 

a) -

-1-3 p
(da)

o ro +3rn a)	 0 H
d

•	

a)
i
	0 .1-1

Z ti-I

	

,.0	 *H
Ca +3 	a)

	

o	
co ..,
cd -p

H +) X
-d

0 +3 bp
H X 0 0
a) -P	 a) 0

-P	 H
el-t ei-i	 I-.1 -d
.4 0 W +)

cd I	 r0 I

25

C	 CO	 r•-
Cr	 C	 (\.2 Cq

\
Cr Cr1

H 	O	 0 0 0
H H H

k k k
c0

tr)	 CO c0	 Cr
.	 .

v-N	 Ir) -3

1.r)	 0	 0 0 0

0\	 ON	 0\ 0\ 0
H



26

cd

o 0
O	 0
H	 3-1	 H

0	 0	 0

n0	 -zt
0	 o	

..-
o

H	 H	 H

k	 k	 k

Crl '0 	• 0
H	 If \	 Ir\

. 	 . 	 .

N	 H	 H

Cr1



rcs
1.1. a)
P-i F-I

1-1
cd 0
+3 0
0 a)

E-I

H
CT-1

o
Cr\

o

27

a)
(24

	Ct1 	 0	 0

	

0	 r--I	 H

11-)	 11-1
\	 1-1	 r-i

•
ON	 r-I

	0 	 o	 o
on 	

.
o	 o
1--.1	 H

a)	 ..f:) I	 a)	 .01+)	 +)
cd	 a)	 cd	 a)

O 0 .0	 0

crt	
H	 fai

	C) 	 co	
H
O

o H	 ›. 0
.0 0	 H 	C'—•' H
Pi tiD ÷ CID	 av. + tID

	Q) ....--.	 0
13) P ...0	 Cll r-i
cfp....." -p	 in ..---
o 1:10	 trl	 o	 tr)
-P .. 0	 0	 -I-) ..0	 0
Pl -P a)	 P4 -P

	0 	 'a 0
-P r0 CO	 -P ro

	0 	Q	 0

	

0 	Q	 0
	H 	 1-1

0

	\D 	 --	 -.
(D.	0 	 0

	H 	 H	 H

	>4 	 54	 54

	

C,'"	 \ C)	 Ir\

	

H	 tr)	 H
.	 .

H	 H

	

H	 C

.0
-P

.0

0

+)

cd
P4

a.)

Ti +3a)
+)

E
O

r5• 	 (1)4

ri) a)
• a.)

a) -I-)

-4-) 0
0

(1) 0

a)• +,
H
O CH
0 0

a.)

O a)
1-1a) cd

cH
o cd

H+

(f)• V)	 0
a) a)

Pi	 4-1
Ca) 	o
O 4

• U)
PI G)	 0
$-1 0	 a)
O H 0
co cd H

rg
CH

co H	 0

.r4

4.4 a) 	-P
a) -1-3 	0

-P H	 a)

cd I	 .0 I

cd

+



pH 9.0 was used, the percent recovery was 0.47% for Zeta-Plus and

0.45% for 1 NIDS. If the eluent used was tryptose phosphate broth

(regular strength) in 0.05 M glycine pH 10.0, the average recovery

from Zeta-Plus was 46% and 74% for 1 MDS. When 10% tryptose phosphate

broth in 0.05 M glycine,pH 10.0 was used the recovery from Zeta-Plus

was 46% and 79% for 1 NIDS.

Figure 1 shows the arcsin transforms of decimal fractions

of average percent recoveries of eluents. When 3% beef extract in

0.05 M glycine pH 9.5 and 10.0, and 3% beef extract alone at pH 9.0

were used, the efficiencies were not much different from each other as

shown in this figure. Beef extract (4%) in 0.5 M NaC1, pH 9.0 and

urea (4 M) in 0.05 M lysine pH 9.0 did not vary in their elution

efficiencies from each other. The latter eluents, are however less

efficient than the previously discussed eluents. Regular and 10%

tryptose phosphate broth in 0.05 M glycine buffer pH 10.0 gave the

highest percent recoveries, but as shown in this figure, they do

not differ from each other within a 95% Confidence Interval.

Table 10 shows the data obtained from experiments conducted

using large volumes of tap water. An average recovery of 13.7%

was observed for the Zeta-Plus (50S) as compared to an average

recovery of 19.5% from the 1 NIDS filter.
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Figure 1, Elution of Rotavirus from Microporous Filters by selected
Eluents. All values (as arcsin transforms of decimal
fractions) are average recovery values + 95% Confidence
Limit. 1. 3% beef extract in 0.05 M glycine buffer pH 9.5.
2. 4% beef extract in 0.5 M NaCl pH 9.0. 1. 3g beef extract
PH 9.0. 4 • 3% beef extract pH 9.0 (eluent was incubated
on filter forten minutes prior to elution). 1. 3g beef
extract in 0.05 M glycine buffer pH 10.0. 6. Urea (4 M)
in 0.05 M lysine buffer pH 9.0. Z. Regular strength
tryptose phosphate broth in 0.05 M glycine buffer pH 10.0.
8. 10% tryptose phosphate broth in 0.05 M glycine buffer
PH 10.0.
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Table 10. Concentration of Rotavirus from Large Volumes of
Tap Water. a

Experiment	 Total PFU	 Filter	 Total PFU	 % Virus Recovery —
Number	 in Influent	 Type	 Recovered

1	 1.9 x 106 50s	 2.8 x 1°5 	14

2	 8.5 x 105 	50s	 1.58 x 105 	13

3	 4.2 x 106 506 	6.2 x 105 	14

Average (+ SD) 13.7 + 0.57

4	 2.95 x lo 6 1 MDS	 5.6 x 10 6 	19

5	 8.0 x 10 5	 1 MDS	 1.58 x 105 	20

Average (+ SD) 19.5 + 0.7

a Filtration was with 20 liters of seeded tap water at ambient pH.

b Elution was accomplished with 20 ml of 10% tryptose phosphate broth

in pH 10.0 glycine buffer.
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Table 11. Summary of ANOVA of Arcsin Transforms of Proportions
of Eluents, Filters and their Interactions.

Source
Degrees

of
Freedom

Sum of
Squares

Mean
Squares (Confidence

Interval)

Total 29 10609.3787

Eluents 7 7565.5703 1080.7956 11.6 (0.001)

Filters 1 1475.6053 1475.6053 15.9 (0.05)

Eluents x Filters 7 266.4497 38.0642 1 (N.s.)

Error 14 1301.7533 93.9824

a	 Not Significant
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Table 12. Summary of ANOVA of Arcsin Transforms of Proportions of
Rotavirus Recoveries from Large Volumes of Tap Water.

Source	 Degrees of Freedom	 Sum of	 Mean
Squares	 Squares	 (Confidence

Interval)

Total 4 25.141 24.410 100.23 (0.05)

Filters 1 24.410 0.244

Error 3 0.731
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DISCUSSION

The lack of appropriate methods for the detection and con-

centration of gastroenteritis-causing viruses in both, treated and

untreated waters is of paramount importance. Extensive effort has

been placed by researchers into the development of such methods.

The most effective have been those involving filter adsorption-

elution methodology. Unfortunately not all viruses behave similarly

under the same conditions i.e. some viruses can be concentrated with

relative ease using the aforementioned methods, others can be

easily adsorbed to membrane filters but cannot be desorbed from them.

The necessity for methods which can be applied for the con-

centration of many different viruses is thus of extreme importance.

Rotaviruses seem to fall in the group which does not easily desorb

from microporous filters, along with other members of the reovirus

group (Sobsey, et al., 1980).

This study was undertaken to develop a method using positively

charged membrane filters to optimize rotavirus concentration from

tap water.

A common problem in working with rotaviruses is that they

do not form plaques under a typical agar overlay unless this overlay

is supplemented with the facilitators trypsin and DEAE-dextran. The

optimization of plaque formation by rotaviruses was achieved
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by evaluating various concentrations of trypsin in the agar overlay.

Above the optimal concentration the monolayers were completely or

partially destroyed after a few days, probably due to the protease

activity of the trypsin. The concentrations below the optimum gave

lower titers of virus even though the monolayers were still intact

after two to three weeks in some cases, or did no exhibit plaques at

all.

Results showed that negatively charged filters are less

efficient at adsorbing viruses at ambient pH levels, but their

efficiency increased at low pH in the presence of polyvalent cations.

Positively charged filters on the other hand, adsorbed greater than

99% of the input virus at ambient pH values. At low pH in the presence

of polyvalent cations, the efficiency of the positively charged

filters decreased as expected, since the presence of cations would

interfere with virus adsorption to the positively charged surface

of the filters. Cations are believed to form a "bridge" between

the adsorption sites on the filter and the viruses, thus this would

explain the higher adsorption efficiency of the electronegative

filters at low pH (Farrah, et al., 1981). The high organic concentration

of secondary treated sewage did not interfere with virus adsorption

to the positively charged filters at ambient pH values.

As indicated in the results, positively charged filters

adsorb viruses readily at ambient pH levels. The biggest task is

trying to find an eluent capable of desorbing a high percentage of

the adsorbed viruses from the filters. For this reason a number of
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eluents were tested for their efficacy, these included beef extract,

urea and tryptose phosphate broth.

Beef extract has been used efficaciously by many researchers

to elute enteric viruses from filters. In this study however, the

maximum elution when using this eluent was accomplished when 3%

beef extract in pH 10.0 glycine buffer was used, and this combination

gave a 37% recovery from viruses adsorbed to the 1 MDS filter. The

maximum recovery from the Zeta-Plus filter was 21% using the same

eluent.

Tryptose phosphate broth in 0.05 M glycine buffer at a pH of

10.0 gave the highest rates of recovery for small volumes. Figure 1

indicates that tryptose phosphate broth, regular strength is as

efficient as 10% tryptose phosphate broth in eluting adsorbed viruses.

Table 10 shows the average recoveries of rotavirus from large

volumes of seeded tap water. Table 12 indicates that the difference

in efficiency between Zeta-Plus (50S) and 1 MDS is statistically

significant at a 95% Confidence Limit. Zeta-Plus (50S) appears

to be slightly inferior to the 1 MDS filter in its elution efficiency,

and this is shown in both, recoveries from small as well as large

volumes of seeded tap water.

In conclusion, a method was developed to concentrate rotaviruses

from tap water. It was shown that there exist differences between

the efficiency of recovery from commercially available positively

charged filters. Tryptose phosphate broth in pH 10.0 glycine buffer

was succesfully used to elute rotaviruses from positively charged
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filters. It was found that the Virozorb 1 MDS filter is slightly

better than the Zeta-Plus (50S) in efficiency of recovery. This

method may be used for the detection and concentration of naturally

occurring rotaviruses in contaminated tap water. An advantage of the

positively charged filters in field work is that the methodology

is simplified by eliminating the need to lower the pH of the waters

being processed as well as the addition of salts (both are absolutely

necessary when working with negatively charged membrane filters).

Thus, this method can be succesfully used under field conditions.

These results need to be confirmed using human rotaviruses

since the efficiency of recovery may vary from the results obtained

when using the simian rotavirus SAll as a model for the human strains.
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