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ABSTRACT

A new procedure for the detection of viral astigens in fecal material was
developed. The test is performed by first diluting a fecal sample with phosphate
buffered saline to give a liquid consistency. The pH is then adjusted to 8.5-3.0
and the solids are allowed to settle for five ranutes. Supernatant fluid from
above the fecal sediment is placed on the upper surfice of a well of an inverted
Immulon microtiter plate and incubated for one hour at 379C to allow virus to ad-
sorb to the plastic. The Immulon plate is then washed three times with a Tween
20 solution and dried. Adsorbed virus is stained with fluorescein labeled anti-
viral antibody containing Evan's Blue dye. The stained preparations are examined
by epi-fluorescence microscopy for the presence of viral aggregates and virus-
containing cellular membranes.

The test is applied in a continuous water mounitoring procedure that can be
used to supplement methods in which infectious viruses are isolated from water.

In another study a protamine sulfate procedure for concentrating and an im-
munofluorescent cell procedure for assaying infeciious virus (IV, reovirus that is
infectious without proteolytic enzyme treatment), and potentially infectious virus
(PIV, enzyme enhanceable reovirus) from polluted waters have been developed. The
presence of PIV in the environment had not previously been investigated.

In following these procedures, protamine sulfate concentrations of 0.005 per-
cent for the first precipitation of the sample, and 0.0025 percent for the second
are used. With these protamine concentrations and 0.25 percent fetal bovine serum,
IV and PIV are concentrated over 500-fold from river water inoculated with virus.
Virus recoveries are between 80 and 100 percent. The IV and PIV fractions are
assayed respectively before and after treatment with 200 ug of chymotrypsin per
milliliter. When PIV is precipitated from river water, and the precipitate is dis-
solved and stored at 209C as a protamine-virus concentrate, only 5 percent of
the viral infectivity is lost after 14 days. Therefore, reovirus can be precipi-
tated from water at the sampling site, and only the protamine concentrate needs to
be taken to the laboratory to be examined for virus content.

When reoviruses are treated with chlorine, PIV is more resistant to inactiva-
tion than IV, and PIV appears to be at least as resistant to chlorination as
poliovirus and coxsackievirus A-2.

Granular media filtration systems (i.e., sand, anthracite coal and sand;
anthracite coal; sand and garnet) are ineffectual in the removal of the bacterio-
phage MS 2 from water when used as in-line direct filters. Batch assays have in-
dicated a 93 percent reduction of MS 2 can occur when polyelectrolytes are added
to the water. In addition, alum concentrations of 20, 30, 40, and 50 mg/1 remove
80 to 98 percent of the virus by precipitation. No reduction of MS 2 was observed
at alum concentrations from 1 to 10 mg/1. .
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INTRODUCTION

Increasing populations and the waste disposal
problems they create continue to threaten our vital
fresh water resource. The protection of water sup-
plies from pathogenic agents has required a major
effort in the past and will probably require an even
more intense technological effort in the future.
This effort is especially needed in the case of pub-
Tic health protection from water-borne viral patho-
gens. In comparison to other microbiological dis~
ease agents, viruses have very simple morphology
{nucleic acid inside a protein coat) and because of
this characteristic they are not always subject to
natural decay processes which ki1l other pathogens
in the aquatic environment. The reuse of treated
wastewaters for recreational and culinary use will
demand strict standards for pathogenic virus removal
or inactivation. Although there is presently a high
level of research interest, the problems of effec-
tively detecting, identifying, and removing viruses
from water are far from being solved.

Most viral diseases transmitted by water are not
easily recognized and probably result in subclinical
infections which manifest themselves as a mild
diarrhea or Tow grade fever, and have & low Tevel of
transmission. It is interesting to note that hepa-
titis A virus has only recently been described. The
rotaviruses (duoviruses) have been only recently rec-
ognized as the most important cause of diarrhea in
hospitalized infants, and enteritis in animals.

These viruses and others have not been susceptible to

culture by normal tissue culture methods, and are
recognized only by immuno electron microscopic tech-
nigues. The recognition and quantification of these
and other important etiological agents in aquatic
systems are difficult and expensive.

If the public is to be adequately protected,
treatmernt procedures currently in practice in remov-
ing or inactivating viral pathogens must be under-
stood. The principles of virus removal and/or inac-
tivation under all conceivable operating conditions
of treatment facilities must be described so effective
operation of facilities for virus removal can be
accomplished.

The major goals of this study were: 1) to con-
vert a fluorescent virus precipitin test to a solid
phase fluorescent antibody procedure that has poten-
tial use in continuous monitoring of viruses in water,
2} to adapt the protamine sulfate precipitation pro-
cedure to recover infectious reoviruses and potentially
infectious (chymotrypsin enhanceable) reoviruses from
water, 3) to study the inactivation kinetics of in-
fectious reoviruses and potentially infectious reo-
viruses by chlorination, and 4) to determine the
efficiency of sand filters in removing viruses from
water. The report of research on goals 1 and 2 make
up the first section (section I) of this report; the
renort on goals 3 and 4 is found in sections II and
II1 respectively.



SECTION I. ANALYTICAL PROCEDURES FOR DETECTING VIRUSES AND VIRAL ANTIGENS IN WATER

A goal of this study was to evaluate the fluor-
escent virus precipitin test as a means of detecting
viruses in water. It soon became evident that the
procedure would have greater utility in water quality
control testing if it were used as a solid phase anti-
body test, i.e., it could be used in continuous moni-
toring of water without first using filtration or
precipitation procedures to remove the viruses from
water. Therefore, the fluorescent virus precipitin
test was modified and used as a solid phase antibody
procedure. The ultimate goal was to apply the test
in a continuous water monitoring procedure that could
be used to supplement methods in which infectious
viruses are isolated from water. A major problem in
detecting viral antigens in polluted water is the
presence of debris that interferes with testing.
Debris can bind nonspecifically with antibody or with
virus so it cannot react with antibody. To meet this
challenge directly, the test was developed using
human and calf diarrheic stool specimens which con-
tain an extremely high concentration of nonviral
debris.

In another part of our work, the protamine sul-
fate method of England (1972) for precipitating
viruses was modified and used as a concentration pro-
cedure for recovering infectious viruses from water.
This work was done to provide a sensitive infectious
virus assay against which the solid phase fluorescent
virus test could be compared.

In the present section, the development of the
solid phase fluorescent virus test is described, then
a report on studies using protamine sulfate precipi-
tation of reoviruses from water is presented.

A. A Solid Phase Fluorescence
Immunoassay .

Introduction

Many serclogic tests that can be used for detect-
ing viral antigens in water have been developed.
Some that have potential in water quality testing are
radioimmunoassay, the fluorescent virus precipitin
test, and enzyme-linked immunosorbent assays.

Radioimmunoassays are immunological tests in
which antigen, bound either to a solid support
(Watanabe and Holmes 1977), to an antibody bound to
a solid support (Catt, Niall, and Tregear 1967), or
in solution (Hunter and Greenwood 1962), is reacted
with radiocactive antibody. The resulting antigen-
antibody complex is quantified in a scintillation
counter, i.e., the bound radiocactivity is proportional
to the antigen concentration. Antibody can also be
quantified by competitive binding of labeled and

unlabeled antibody to a known concentration of antigen.

In the fluorescent virus precipitin test (Foster,
Peterson, and Spendlove 1975) viral samples are
reacted with fluorescein labeled antibody in concen-

trations that allow for the formation of labeled
antibody-virus aggregates, which can be detected
microscopically.

The enzyme-Tinked immunosorbent assays are con-
ducted by first adsorbing the antigen in the specimen
being tested to a solid support or to an antibody
adsorbed to a solid support {(Voller, Bidwell, and
Bartlett 1976). This bound antigen is recacted with
enzyme labeled antibody and the supporting structure
is rinsed. Substrate is then added to the reaction
vessel and the hydrolysis of the substra-e, with time,
is related to the antigen or antibody concentration.

A supplemental water quality control test has
been developed. A brief description of the test as it
was originally conceived follows. A plastic that
adsorbs protein {antibody) is secured to a support.
Antiviral antibody is adsorbed onto the plastic, after
which albumin or Tween 20 is added to the plastic sur-
face to saturate any protein binding sites not coated
with immunoglobulin. A fecal extract or polluted
water to be tested for the presence of virus is added
to the antibody coated plastic. If infected intes-
tinal cells, infected cell debris, and/or fecal virus
are present, they are bound to the.antibody. The
presence of bound viral antigen is detected by stain-
ing with antiviral fluorescent antibody (Figure 1).

Literature Review

Adsorption of proteins by plastics

The adsorption of proteins by plastics was first
studied by Leininger (1965) and Leininger et al. {(1966)
in connection with the use of plastics in artificial
organs in contact with blood. The study of Leininger's
group was concerned with the thrombogenic nature of
the plastics. Ponder {1965) attributed thrombus for-
mation to either the adsorption of blood proteins and

- perhaps other blood components to the plastic surfaces

or the "sticking” of formed elements such as leukocytes
and platelets to the surface. In the studies by Lein-
inger (1965) and Leininger et al. {1966), the zeta
potential of the plastic surface was used to monitor
adsorption of the antibody to the plastic. It was
noted that changes in the zeta potential occurred
during contact of polystyrene surfaces with fibrino-
gen, gammaglobulin or albumin, at one-thousandth the
usual physiological concentrations.

Herrmann and Collins (1976) did a quantitative
study on the adsorption of immunoglobulins to plastic.
They labeled rabbit IgG with iodine-125, and studied
its binding to cellulose nitrate, polyallomer, poly-
styrene, and polyvinyl. Concentrations of 100, 10,
and 1 pg protein/ml at pH 9.5 and incubation times of
1, 5, and 18 hours were used. It was reported that
the different types of plastic adsorbed IgG to ap-
proximately the same degree, with the exception of
cellulose nitrate, which adsorbed considerably less
at all protein concentrations and adsorption times
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Figure 1.

tested. Concentration was reported to be the most
important factor in the adsorption of protein in ab-
solute amounts (ug)., however, the percent adsorbed
was reported to decrease rapidly with increasing
concentration.

Clark and Adams (1977) reported that concentra-
tions of 1-10 ug of gamma globulin/ml optimally
coated the wells of microtiter plates, despite dif-
ferences in antisera titers. Concentrations above
10 ug/ml were reported to reduce the strength of the
virus specific reactions and increase nonspecific
reactions. Voller, Bidwell, and Bartlett (1976) re-
ported that a pH between 9.0 and 10.0 gave the best
results when attaching antibody to microtiter plates.

Solid phase radioimmunoassay

Before the advent of "solid phase" techniques,
radioimmunoassays required that one include a pro-
cedure to separate free and bound tracer antigen
after antigen-antibody equilibrium had been reached.
Separation technigques include: precipitation by a
second antibody {Morgan and Lazarow 1963; Hales and
Randle 1963); electrophoresis (Hunter and Greenwood
1962; Fitschen 1964); chromatoelectrophoresis (Yalow
and Berson 1959); ion exchange (Meade and Kliter-
guard 1962); solvent fractionation (0dell, Wilber,
and Paul 1965); gel filtration (Genuth, Frohman, and
Lebovitz 1965; Haber, Page, and Jacoby 1965); salt
precipitation {Grodsky and Forsham 1960); and ad-
sorption to charcoal (Herbert et al. 1965). The use
of these isolation procedures not only increased the
Tength and complexity of this technique but invariably
increased the possible sources of error.

Diagram of solid phase fluorescent virus test.

Fluorescein

Anti-viral antibody

Virus or viral antigen

Unlabeled anti-viral antibody adsorbed to plastic

Albumin or Tween-20 used to block protein adsorption
sites not coated with antibody

Protein adsorbing plastic

Support for protein adsorbing plastic

Catt, Niall, and Tregear (1967} eliminated antigen
isolation procedures with the innovation of the solid
phase radioimmuncassay. In the initial study, rabbit
antibody against human growth hormone was coupled to
an insoluble polymer (diazo-polystyrene) to which
fodine-131 labeled tracer antigen and unlabeled anti-
gen were added. It was found that the amount of
tracer antigen bound, varied inversely with the amount
of unlabeled antigen present, thus allowing for quan-
tification of the unlabeled antigen in a sample over a
range of 1 to 10 ug. They then used a different solid
phase support consisting of the isothiocyanate deriva-~
tive of a graph copolymer of poly tetrafluorethylene
('fluon G-4) and styrene, It was noted that the addi-
tion of vast quantities of unlabeled human growth hor-
mone to solid phase antibody which had been allowed to
bind labeled growth hormone does not result in dis-
placement of the tracer, therefore, binding of tre
antigen to solid phase antibody is not readily
reversible,

From these initial studies, the use of solid
phase radioimmunoassays spread to many fields of study
and Ted to an array of soTid phase tests varying
markedly in solid supports used, incubation times,
volumes and concentrations of reagents, and sensitiv-
ity and specificity. The basic principles, however,
remain the same: attachment of the antibody to the
support medium, binding of the antigen, addition of
the radicactive antibody, measurement of the bound
radiocactivity, and comparison to a standard curve.

One of the most important innovations in solid
phase tests is the utilization of microtiter plates
as the support medium. Purcell et al. (1973) first



developed the micro solid-phase radioimmunoassay
(micro-SPRIA) for hepatitis B antigen {HB-Ag). This
procedure involved the coating of polyvinyl V-bottom
microtiter plates with hyperimmune guinea pig serum,
followed by a coating with albumin. These sensitized
plates were reacted with samples to be tested for
HB-Ag, rinsed, and reacted with purified antibody
labeled with iodine-125. The wells were then cut
apart with a hot spatula or dissecting needle and
counted in a gamma spectrometer. The principal ad-
vantages to this test are: 1) ability to test sera
for HB-Ag with sensitivity comparable to other tests,
but with a reduced volume; 2) ability to test large
numbers of samples simultaneously with greater ease
than other comparable tests; and 3} economy.

Enzyme linked immunosorbent assays

Enzyme-Tinked immunosorbent assays {ELISA)} are
very similar in principle to radioimmunoassays, with
the main difference being that an enzyme rather than
a radioisotope is conjugated to the final antibody.
The first ELISA test was developed by Engvall and
Perimann (1971a) for the detection of specific anti-
bodies. In this study, the immunoglobulin fraction
of sheep anti-rabbit IgG was conjugated to micro-
crystalline cellulose. Alkaline phosphatase from
calf intestinal mucosa was conjugated to rabbit IgG.

In a second paper by Engvall and Perlimann
(1971b), polystyrene tubes coated with antigen were
incubated with antiserum followed by an alkaline
phosphatase 1inked preparation of anti—immunog]obu1in.
The enzyme-1linked immunoglobulin that remained in the
tubes after washing thus provided a measure of the
specific antibodies in the serum.

From these initial studies, many test variations
were developed and used in a wide array of combina-
tions giving rise to a multitude of tests suitable
for many fields of study and having a wide range of
specificity and sensitivity. Voller, Bidwell, and
Bartlett (1976) have reviewed the theory and practice
of ELISA tests. They explained the principles of the
three basic ELISA techniques. In the first {the in-
direct method for the detection of antibody), antigen
is coupled to a solid phase support. Serum to be
tested for antibody is incubated in the sensitized
carrier. After appropriate washing steps, enzyme
labeled antibody against the antigen {antibody in the
serum) is added. The amount of enzyme present is

then measured by the amount of substrate it hydrolyzes.

In the second method, a double antibody is used
to detect the antigen. Antibody is used to sensitize
a carrier surface; a solution containing antigen is
added, the mixture is then incubated and washed to
remove the unbound portion. The enzyme labeled
specific antibody is then allowed to react with the
‘bound antigen and becomes "captured” by the sensi-
tized surface. After rinsing, the bound enzyme can
be measured by the amount of hydrolysis of substrate
which is related to the antigen concentration.

Detection of antigen by the labeled antigen com-
petition method is the final method reviewed by
Voller, Bidwell, and Bartlett (1976). The carrier
surface is sensitized as above, but in this procedure
various dilutions of solution to be tested for anti-
gen are incubated with various dilutions of labeled
antigen. The amount of enzyme labeled antigen

attached to the sensitized carrier is again measured
by the rate of hydrolysis of its substrate. The
amount of labeled antigen bound will vary inversely
with the amount of unlabeled antigen present.

The most commonly used carrier surfaces were also
reviewed by Voller, Bidwell, and Bartlett (1976).
Among those discussed were Sepharose beads, which per-
mit the covalent linkage of either antigen or anti-
body; polystyrene tubes; and polystyrene microtiter
plates. The microtiter plates were noted to be much
more suitable for large scale use because of their
ergnomy and small quantities of reagents required.
Conditi-ns for sensitizing the microtiter plates were
also discussed.

The characteristics of the microtiter double anti-
body technique for plant virus detection have been
reported by Clark and Adams (1877). They used poly-
styrene microtiter plates from Cooke Engineering
(M29AR). The plates were sensitized with gamma glob-
ulin at a concentration between 1 and 10 ug/ml regard-
less of the serum titer. It was noted in the sera
tested that globulin concentrations exceeding 10 ng/ml
reduced the strength of the virus specific reaction
and increased that of nonspecific reactions. Adsorp-
tion of the gamma globulin was reported as being very
rapid with 1ittle difference in extinction v&1ues ob~
tained from wells coated 2 or 4 hours at 37°C or lg
hours at 6°C. Sensitized plates were stored at 18°C
for several weeks or were dried over CaClp for severa]
days without apparent loss of efficiency. It was re-
ported that the plates must be washed thoroughly be-
tween each reaction step to remove any soluble reac-
tants that could cause nonspecific reactions. Plates
were routinely washed three times with phosphate buf-
fered saline (PBS)-Tween 20 solution. The Tween 20
was included to prevent post-coating adsorption of
protein to the well surface. Incubation times were
also studied and it was reported that samples (diluted
in PBS-Tween 20) incubated at 180C for 6 hours gave
better results than did those incubated at 379 for

, 2, or 4 hours.

Fluorescent Virus Precipitin Test

Foster, Peterson, and Spendlove (1975) developed
an immunological assay for the detection of small par-
ticulate antigen, in particular, viruses in stool
specimens. This procedure reacted filtered virus sam-
ples with filtered fluorescein labeled antibody under
conditions that would produce fluorescent antibody-
aggregated virus particles that were detectable by the
use of a fluorescence microscope with epi-illumination.
This test made it possible to detect viruses rapidly
and reliably without the expense of an electron micro-
scope or use of dangerous isotopes. It was reported
to be as sensitive as any other serological test and
did not require the cultivation of the virus.

Recently, Yolken et al. (1977) pointed out that
the fluorescent virus precipitin test was preferable
to several other tests used to detect rotaviruses in
stool specimens. The disadvantages cited for the
other tests were: 1) electron microscopy is not
readily available to most laboratories and cannot be
used with large numbers of specimens; 2) the material
in many stools is anticomplementary in the complement
fication test; 3) counter immunoelectrophoresis often
fails to detect small amounts of rotavirus antigen
unless special concentration or wtaining procedures



are used; and 4) fluorescent antibody staining of in-
fected cells in smears made from stool specimens
gives a large number of false positive results.

Potential importance of rotaviruses in
water pollution studies

A recent report of an extensive 18 month investi-
gation {Kapikian et al. 1976) stated that approxi-
mately half of the children surveyed who had gastro-
enteritis were infected with rotavirus. The World
Health Organization (1978) has estimated that there
are 5 to 18 million deaths in children under 5 years
of age in underdeveloped countries each year caused
by gastroenteritis. If rotavirus is causing half of
these deaths rotavirus gastroenteritis is a major
public health probiem of the world. Even though rota-
viruses are the single most important cause of gas-
troenteritis and they are potentially the most impor-
tant viral contaminant of polluted waters, practically
nothing has been done to determine if rotavirus in-
fections are transmitted by water. Rotavirus was
selected for use in these studies because of its po-
tential importance in water quality control testing.

Rotavirus gastroenteritis has been found in
humans, monkeys, mice, calves, foals, Tambs, rabbits,
deer, antelope, and other animals. The wide range of
species involvement is especially significant in
water pollution studies since inter-species trans-
mission has been demonstrated {Mebus et al. 1976).

In regard to viruses of nonhuman origin in water,

Berg (1973) made the following comment that is rele-
vant to our studies with rotaviruses, "viruses that
infect animals, especially those viruses that multiply
- in or about the gastrointestinal tract, must enter
our waterways in large numbers from processing plants
and with rural runoff. There is a need to identify
these viruses and to determine their effects on people
who consume them."

1t seems likely that some rotavirus infections
are transmitted by water. Individuals with rotavirus
gastroenteritis excrete virus at concentrations esti-
mated to be as high as 1010 viral particles/gram of
diarrheic stool {British Medical Association 1975).
An additional source of rotaviruses in polluted water
is the individual who may not have a clinically rec-
ognizable infection, but who excretes the virus
(Bolivar et al. 1978; Chrystie, Totterdell, and
Banatvala 1978; Murphy, Albrey, and Crewe 1977). The
rotaviruses appear to be relatively stable; i.e.,
they retain their infectivity in stool specimens held
seven months at room temperature (Flewett et al. 1975),
so virus that finds its way into water should survive
for long periods.

Rotaviruses have not been isolated from water
because they are almost all potentially infectious,
i.e., they are highly communicable, but can rarely be
grown in cell culture. For example, the human rota-
virus has never, to our knowledge, been grown to a
usable concentration in cell cultures. Interestingly,
1ike the reoviruses, the infectivity of some bovine
(Babiuk et al. 1977; Matsuno, Inouye, and Kono 1977)
and porcine {Theil, Bohl, and Agnes 1977} rotaviruses
can be enhanced by trypsin treatment. Evidently in
nature rotavirus infectivity is enhanced by enzymes
as the viruses pass through the body. Eventually
ways will probably be found to simulate conditions
found in the gastrointestinal tract, so rotaviruses

of all species can be activated and grown in cell cul-
ture. When this time comes, the procedures used in
this study will enable investigators to directly
determine the role of water in disseminating rotavirus
infections. )

Lycke et al. (1978) reported on an epidemic of
rotavirus gastroenteritis in a small Swedish town in
which at least 30 percent of the population (3,172
adults and children) were infected within two wees.
They observed that the fresh water supply was contam-
inated with sewage effluent.

Materials and Methods

In the early part of our study, it was found that
fecal virus would bind as efficiently to Immulon plas-
tic as it would to antibody bound to plastic. There-
fore, the solid phase antibody part of the procedure
was eliminated. The procedure as it was developed is
described below. '

Antiserum preparation

Antiviral antiserum was prepared by inoculating
rabbits with purified rotavirus. The virus suspension
was mixed with Freund's adjuvant to give a 50-50
adjuvant-virus mixture before inoculation. Initially
5 ug of virus were injected into each hind flank (10
ug/animal}. After six weeks, the animals were boosted
with 5 ug of virus/animal. Two weeks later the serum
was collected.

Plastic surfaces for adsorbing proteins

Polyethylene, polyvinyl, polystyrene and Immulon,
a polystyrene derivative, were tested for their capa-
city to adsorb antiviral antibody. The Immulon plas-
tic was selected for use in this study because it ad-
sorbed protein effectively and it was available as a
microtiter plate {(Micro-Elisa microtiter plate, Dyna~
tech Laboratories). The plates are not used in the
conventional way. They are inverted, so the wells
usually used in serologic testing are facing down.
The flat round outer surface of each well which now
faces up is the antigen (virus) adsorbing surface
used in the test. Inverted plates can be easily ex-
amined microscopically. The cover originally made to
fit the top of the plate was attached with a tape
hinge to the bottom of the plate to make a humid
chamber to confine the virus. The plates are especi-
ally convenient since they contain 96 wells that can
be manipulated as a unit.

The adsorption of protein to the plastic was
studied at different concentrations of protein and at
different pHs. Evaluations of protein adsorption
were based on the effects of the conditions on speci-
ficity and sensitivity in the test.

To examine these two factors, i.e., pH and globu-
lin concentration, a plate was prepared in which both
factors were varied in a “checkerboard titration."”
Concentrations of 0, 0.01, 0.1, 1.0, 5.0, 10.0, and
100.0 ug/ml, and pH values of 8.5, 9.0, 9.5, 10.0,
and 10.5 were examined.

The serum was diluted in a coating buffer
{NapCOq, 1.59 g; NaHCO03, 2.93 g; NaN3, 0.2 g; and
H20, 1000 m1). Thirty microliters of the antibody
solution were placed on the upper surface of each



1ngerted well and incubated for two hours at
379C.

Compounds used to block protein
adsorption sites

The three most commonly used compounds for block-
ing sites on plastic that are not coated with immune
globulin are albumin, polyoxyethylene sorbitan mono-
Taurate (Tween 20) and polyoxyethylene sorbitan mono-
oleate (Tween 80). These compounds were compared in
tests using positive and negative fecal specimens.
Concentrations of blocking compounds ranging from
0.1 to 1.0 percent and incubation times of 5 to 30
minutes were used to determine the minimum concentra-
tion and time required to block the unreacted sites.
The PBS-Tween 20 mixture had the following composi-
tion: NaCl, 8.0 g3 KHpPQq, 0.2 g3 NaoHPOz - 12 H»O,
2.9 g; KC1, 0.2 g; Tween 20 or Tween 80, ﬁaN3, O.% 93
and 1000 m1 of Hy0.

Preparation of fecal specimens

Human and bovine stool specimens were obtained
from children and calves. The presence or absence of
rotaviruses in the fecal samples was determined by
immunoelectron microscopy.

Studies were conducted to determine the purity
required of viral antigens extracted from feces to
give optimal test results. Five different extraction
procedures were tested. 1} Feces were suspended in
PBS after which the pH of aliquots was adjusted with
0.5 N NaOH to pH values from 7.4 to 9.5. The prepar-
ations were allowed to settle for 5 to 15 minues.

2) Fecal material was diluted in PBS to a liquid con-
sistency and allowed to settle for 5 to 15 minutes.
3) Fecal suspensions diluted in PBS were centrifuged
at 3,020 x g for 10 minutes. 4) Freon and fecal sus-
pensions were mixed at a ratio of 1 ml of freon to
1.38 ml of fecal suspension. This preparation was
homogenized at 10,000 RPM for 2 minutes in a VirTis
homogenizer (VirTis Co. Inc., Gardiner, N.Y.), and
centrifuged at 3,020 x g for 10 minutes. 5) Stool
suspensions treated as described in 4 above were fil-
tered through a 0.45 um pore size Millipore filter.
In procedures 2, 3, 4, and 5, the pH of the suspended
feces was adjusted to 8.5 before fecal fluids were
transferred to the plastic for adsorption.

After the various treatments, fluids above sus-
pensions that had been allowed to settle, supernatant
fluids in centrifuged suspensions, and filtrates were
tested for their viral antigen content using the
solid phase, fluorescent antibody test. ‘

Fluorescent antibody procedures

Sera were fractionated with 35 percent saturated
ammonium sulfate as described by Herbert, Pittman,
and Cherry (1972). The gamma globulin fraction was
then conjugated with fluorescein isothiocyanate using
procedures described by Spendlove (1966). The conju~-
gated antibody solutions were passed through a 0.45
um pore size Millipore filter that had been pre-
treated with Tween 20.

With the use of Evan's Blue as a counter stain,
positive samples were easier to identify, and the
determination of negative samples was easier due to
the bright red staining of cellular membranes and the

elimination of background fluorescence. The stain was
mixed with the antibody conjugates at a final concen-
tration of (.005 percent.

Serial dilutions of the conjugated antibody were
tested for staining intensity and serologic specifi-
city. The time and temperature for optimal staining
using a 1:60 dilution of the conjugate was also deter-
mined. Three microtiter plates were prepared identi-
cally with five sets of tests, each set contained
positive and negative viral fecal specimens. Fluor-
sscent antiviral antibody was added; one plate was
1r .ubated at 4°C, one at 22C, and another at 37°C.
After 17, 30, 60, 120, and 240 minutes respectively,
one set of preparations on each plate was stained,
wa~hed three times, and dried. Washing the inverted
well involved removal of the liquid from the test sur-
face, cuvering with PBS-Tween 20 and agitating for 30
seconds. Negative samples were given a rating of (-).
Positive samples were rated on a scale from 1+ to 4+.
Viral aggregates and viral antigen in membranes from
infected cells were both used in this rating. A 1+
was given to a preparation containing either viral
agjregates or membranes with viral antigens in less
than 25 percent of the fields, and a 4+ was given to
praparations with both viral aggregates and membranes
with antigens in over 75 percent of the fields.

A1l tests were read on a Zeiss model GFL fluor-
escence microscope equipped with an IV F vertical
iliuminator and a 2 FL reflector containing a chromatic
reflector LP 520, excitor filters KP 490 and KP 500,
and optical barrier filter LP 520.

Comparison with other tests

The solid phase fluorescent antibody test was
compared with the fluorescent virus precipitin test
(Foster, Peterson, and Spendlove 1975) and immuno-
electron microscopy (Vassel and Ray 1974) in detecting
rotaviruses in stool specimens. Four positive and
four negative specimens were examined by each method.

Results
Plastic surfaces for adsorbing proteins

Table 1 shows the results when various concentra-
tions of immune globulin at different pHs were ad-
sorbed onto Immulon plastic surfaces. Serum protein
adsorbed effectively when placed on the plastic at
concentrations between 0.1 and 10.0 ug of protein per
milliliter. Sensitivity of the test was less when
100 ug of protein per milliliter were used. Good re-
sults were obtained at adsorption pHs between 8.5 and
10.

The most interesting observation of this experi-
ment was tiat viral antigen adsorbed as readily to the
plastic su-faces that were not coated with antibody
(a control preparation) as it did to antibody coated
surfaces. This finding is not surprising since Immu-
Ton plasti. is used in immunologic procedures because
of its pro:ein sorbing properties. As expected, viral
antigen dii not bind as well if the plastic that had
not been crated with serum proteins were exposed to a
PB3-Tween 20 wash before exposure to the fecal extract.

Immulon plastic appeared to be as efficient as
th2 attached antibody in adsorbing viral aggregates
and as efficient, if not more so, at adsorbing virus



Table 1. Adsorption of IgG to Immulon plastic.
Immune gamma globulin concentration (ug/ml)
Experi- 0.0* 0.0 0.1 1.0 5.0 10.0 100.0
ment 1 2 1 2 1 2 1 2 1 2 1 2 1 2
A + + + + + ' + + + + + + + + -
8.5
B - - - - - - - - - - - - - .
A + + + + + + + + + + + + + -
9.0
B - - - - - - - - - - - - - .
pH A + + + + + + + + + + + + +
9.5
B - - - - - - - - - - - - -
A + + + + + + + + + + + + + .
10.0
8 - - - - - - - - - - - - - -
A + + + + + + + - + - + - + -
10.5
B - - - - - - - - - - - - - -
* = No Tween 20 used prior to addition of fecal suspension
A = Fecal suspension containing rotavirus
B = Fecal suspension without rotavirus
+ = Positive Test; - = Negative Test
1 and 2 = Experiments 1 and 2 respectively

containing membranes. Since there was no advantage
to adsorbing the antibody to the plastic, and because
its elimination saves time and reagents, this part of
the procedure was eliminated.

Compounds used to block protein
adsorption sites

Originally albumin, Tween 20, and Tween 80 were
intended for the blocking of unreacted sites after
the adsorption of unlabeled antibody to plastic sur-
faces. Since the adsorption of unlabeled antibody
was determined to be unnecessary, the blocking of the
sites before the addition of the fecal suspension
would serve only to decrease adsorption of the virus.
These sites must not remain unreacted after the addi-
tion of fecal suspensions, however, or the fluores-
cein labeled antibody will adsorb and give false
positive tests.

In all but one case, the fecal suspensions
tested contained enough adsorbable material that no
further blocking of the sites was required. On the
sample that required the additional blocking of some
unreacted sites, all three compounds tested, i.e.,
albumin, Tween 20, and Tween 80, gave satisfactory
results at the concentrations tested.

A PBS-Tween 20 mixture was used to wash the
plates after the incubation of the fecal suspensions
in subsequent experiments.

Adsorption of viral antigens to plastics

Various plastics were tested for their capacity
to adsorb rotavirus antigens from fecal extracts
(Table 2). Polystyrene and Immulon plastic microtiter
plates both adsorbed more of the viral aggregates and
virus containing cellular membranes from the feces
than the polyethylene film adsorbed. No observable
difference in performance was noted between the poly-
styrene and Immulon microtiter plates. The polyvinyl
autofluoresced so intensely that it could not be used
in the test.

Preparation of fecal specimens

The pH 6f alTquots of 'd fecal suspension was ad-
justed between 7.4 and 9.5 respectively. These prep-
arations were used to determine the effect of pH on
the adsorption of viral aggregates and membranes from
infected intestinal cells to Immulon plastic. Opti-
mal adsorption occurred at pHs of 8.5 to 9.0 (Table
3). Membranes adsorbed to the plastic at pH 9.5 con-
tained 1ittle viral antigen; presumably the antigen
was extracted by the high alkalinity.



Extraction of viral antigens from fecal

Table 2. Adsorption of rotavirus to various Table 4.
plastics. specimens.
Fecal Relative Amount of Virus Adsorbed Relative Amount of Viral Antigen Detected
Samples  Immulon Polyethylene Polystyrene Polyvinyl Rotavirus in Rotavirus not
Extraction Fecal Samples in Fecal Samples
Rotavirus Procedure 1 2 3 1 2
Positive
#1 4+ 2+ NR Settling
#2 4+ 2+ NR (Minutes)
5 4+ 4+ 4+ - -
Rotavirus 10 4+ 4+ 4+ - -
Negative 15 4+ 4+ 4+ - -
#1 - - 30 3+ 3+ 4+ - -
#2 - -
Centrifugation 2+ 2+ 2+ - -
NR = No results
- = Negative results Freon
1+ = Viral aggregates or membranes containing viral Extraction 2+ 2+ 2+ - -
- antigens in <25 percent of the fields
2+ = Aggregates or membranes in <50 percent of the Freon Extrac~
fields tion with
3+ = Aggregates or membranes in <75 percent of the Filtration - 1+ 1+ - -
fields
4+ = Aggregates or membranes in 575 percent of the See Table 2 for explanation of -, 1+ through 4+
fields evaluations.
Table 3. Effect of pH on the adsorption of rotavirus Table 5. Optimal temperature for adsorbing fecal
to Immulon plastic. rotaviruses to Immulon plastic.
Fecal pH Relative Amount of Viral Antigen Detected
Samples 7.4 8.0 8.5 9.0 9.5 Incubation Rotavirus Rotavirus
Temperature Positive Samples Negative Samples
Rotavirus and Time 1 2 1 2
Positive R
#1 2+ 2+ 3+ 3+ 1+ 37°¢
#2 2+ 2+ 4+ 3+ 2+ 1 hr 4+ 4+ - -
#3 2+ 2+ 3+ 3+ 1+ 2 hrs 4+ 4+ - -
4 hrs 4+ 4+ - -
Rotavirus Overnight 2+ 2+ - -
Negative o
#1 - - - - - 22°C
#2 - - - - - 1 hr 2+ + - -
#3 - - - - - 2 hrs 2+ + - -
4 hrs 3+ 1+ - -
See Table 2 for explanation of -, 1+ through 4+ Overnight 2+ 2+ - -
evaluations.
4%
1 hr 1+ - - -
2 hrs 1+ E> - -
When several different procedures were used to 4 hrs 2+ + - -
extract viral antigens from fecal suspensions, the Overnight 4+ 2+ - -

best results were obtained with the least pure ex-
tracts (Table 4), for example, when the feces were
suspended in PBS, allowed to settle for five minutes
and the fluids above the sediment were used in the
test. With centrifugation and freon extraction, simi-
lar numbers of viral aggregates were observed, but
there were fewer cellular membranes. Filtration of
freon extracted suspensions further reduced the sen-
sitivity of the test.

Stool specimens were suspended in PBS, adjusted
to pH 8.5, allowed to settle for five minutes and the
fluids above the sediment. were exposed to Immulon
plastic at different temperatures for different
periods of time (Table 5). This procedure was fol-
Towed to determine the optimal conditions for adsorb-
ing the viral antigens to the plastic. Antigen

See Table 2 for explanation of -, 1+ through 4+

evaluations.
+ = Inconclusive results

adsorption at 37°C was complete in one hour o~
parable results were not observed at 220C or 4°C even
with overnight adsorption.

Fluorescent antibody staining

The fluorescent antibody conjugate used in this
investigation was diluted 1:60. Maximum staining of
viral antigen adsorbed to the plastic was reached
after 30 minutes of staining at 37°C and 22°C, or 60
minutes at 49C (Table 6).



Table 6. Optimal time and temperature for fluorescent
antibody staining.
Relative Amount of Viral Antigen Detected
Rotavirus Rotavirus Rotavirus
pos . neg pos , neg pos_ neg
4°C 22°C 37°C
15 min. 1+ - 2+ - 3+ -
30 min. 2+ - 4+ - 4+ -
60 min. 4+ - 4+ - 4+ -
12¢ min. 4+ - 4+ - 4+ -
240 min. 4+ - 4+ - 4+ -
Sec Table 2 for explanation of -, 1+ through 4+

eveluations.

Recommended procedure for the
solid phase immunofluorescence test

The following is a brief summary of the steps of
the test that was developed.

1. Suspend stool specimens in PBS and adjust the
pH to 8.5 with 0.5 N NaOH.

2. Aliow the suspension to settle for five
minutes.

3. Rermove the fluid from above the sediment and
transfer 30 ul to the upper surface of a flat well of
an inverted Immulon microtiter plate.

4, Incubate the plate for one hour at 37°%.

5. Wath three times with a PBS-Tween 20 (0.05
percent) mi: ture agitating the plate for 30 seconds
before removing each wash fluid.

6. Adc the appropriate dilution of fluorescent
antiviral antibody to each test surface.

7. Place the cover over the inverted microtiter
plate and incubate at 37 C for 30 minutes.

8. Wash the test surface three times with the
PBS-Tween 20 solution and examine by epi-fluorescence
{(incident-1ight) microscopy at a 1250 x magnification.

Specificity testing

No false positive results were observed when anti-
reovirus and antiherpesvirus conjugates were reacted
with positive rotavirus fecal specimens. When posi-
tive rotavirus preparations were "blocked" with un-
labeled rotavirus antibody prior to fluorescent anti-
body staining, no fluorescence was observed.

Indirect test

Results with the indirect test were comparable to
those observed using the direct test, i.e., rabbit
antirotavirus antibody bound to rotavirus antigen
adsorbed to plastic could be stained with goat anti-
rabbit globulin fluorescent antibody, but not with
goat anti-bovine globulin fluorescent antibody.

Comparison with other tests

Four positive and four negative fecal specimens
were examined by the solid-phase fluorescence immuno-
assay, the fluorescent virus precipitive test and
immune electron microscopy; the results obtained using
the three methods were in agreement.
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Discussion

The short range goal of this study was to develop
a test for the detection of viral antigens in stool
material that would be fast, simple, inexpensive to
run, require a minimum of equipment, and utilize sup-
plies readily available in virology laboratories. The
ultimate goal is the application of the method in a
procedure for the continuous monitoring of polluted
waters for viruses. The new test utilized the protein
binding properties of plastic to attach viruses, viral
antigens, and infected cells to the upper surface of
an inverted microtiter plate. Viral stool extracts
were incubated on this sensitized surface to allow the
viral aggregates and virus containing membranes to
bind to the attached antibody. After rinsing the
bound material, bound viral antigen was reacted with
fluorescein labeled antiviral antibody so that it
could be identified microscopically.

The attachment of the antibody to the plastic was
the first aspect of the test to be examined. It was
found that the number of viral aggregates and virus-
containing membranes adsorbed was not increased by the
attachment of the antibody, i.e., viral antigen ad-
sorbed as well to the plastic as it did to antiviral
antibody that was adsorbed to the plastic. When Tween
20 was used to block the sites noz coated with antibody
there was a decrease in the numbev of virus-containing
membranes that adsorbed to the plastic test surface.
Because there was no advantage in adsorbing antibody
to the plastic plate this step was eliminated to save
time, reduce cost, and decrease tne overall complexity
of the assay. The elimination of this step may enable
a single plastic plate to be used to screen for more
than one virus. A study needs to be conducted to
determine if all known fecal viruses will adsorb to
polystyrene surfaces.

Various plastics were examinad, of these, a poly-
styrene microtiter plate {Falcon, Div. Becton, Dickin-
son and Co.) and Immulon flat bottom substrate plates,
a polystyrene derivative {Dynatech Laboratories), were
found to adsorb more of the viral aggregates and virus-
containing membranes without apparent loss of specifi-
city than polyethylene or polyprooylene surfaces.

The best results were obtained when the fecal
suspensions were adjusted to pHs hetween 8.5 and 9.0.
There was a decrease in adsorption at lower pH levels
and the virus was apparently extracted from the mem-
branes at pHs above 9.0. Since the detection of mem-~
brane bound virus is important in this procedure, the
removal of virus from the membranes is undesirable.
Optimal conditions for adsorbing fecal virus antigens
to the plastic surfaces were determined. The antigens
adsorbed more readily at higher temperatures. The
time required was 1 hour at 37°C, 4 hours at 229C, or
overnight at 49°C. The shorter 1ncubat1on, j.e., 1
hour at 379C, would best suit the goal of expediency.
However, the other time and temperature combinations
may be advantageous under special conditions, e.g.,
where incubators are not present or when samples are
received at the end of the day. After adsorption and
three washings, the plates can be stained or dried and
stained at a later time.

Washing the plate consisted of aspirating the
Tiquid, placing a drop of PBS-Tween 20 on the upper
surface of each of the inverted wells being used, and
agitating for 30 seconds. The Tween 20 is added to
the wash mixture so the fluorescein labeled antibody
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that is subsequently added will not adsorb nonspecifi-
cally to the plastic.

The diTution of the fluorescein Tlabeled antibody
to be used in staining is determined by testing serial
dilutions of each lot of conjugated antibody prepared.
Incubation at 379C or 229C for 30 minutes during stain-
ing with the conjugate gives satisfactory results.
Including the counter stain (Evan's Blue) the fluore-
scein Tabeled antibody was found to significantly re-
duce background fluorescence while making both posi-
tive and negative samples easier to identify.

Examination of stained preparations involved the
identification of both viral aggregates, and virus
containing membranes from infected intestinal cells.
Viral antigens associated with membranes are an impor-
tant asset to this procedure and greatly enhance the
sensitivity of the test. With most other assay pro-
cedures for fecal viruses, these membranes and the
larger viral aggregates are removed in the virus ex-
traction and purification procedures.

In the solid-phase fluorescence immunoassay and
the fluorescent virus precipitin test, the "positive"
events which are enumerated are fluorescent aggregates,
infected cells, or pieces of fluorescently Tlabeled
membranes. Similar fluorescent objects are also found
in the negative controls, although usually less fre-
quently. Nevertheless, there is often some question
as to whether a small fluorescent particle is viral
associated or just nonspecific debris. The immuno-
fluorescent cell counting assay (Barnett et al. 1975)
does not suffer this ambiguity as the fluorescent
cells are very characteristic and are never seen in
negative-controls. Thus when working with infectious
virus the immunofluorescent cell count assay is a more
reliable and a more sensitive assay than either the
solid-phase fluorescence immunoassay or the fluore-
scent virus precipitin test. The shortcomings of the
immunofluorescent cell count assay are that infectious
virus and cell cultures are required, and the results
are not read until at Teast 16 hours after beginning
the assay. The advantages and disadvantages of immuno-
fluorescent viral assays that detect infectious virus
or viral antigen dictate which is the preferred assay
on the basis of the nature of the sample, the facili-
ties available, and time constraints.

For a laboratory with cell culture capabilities,
the immunofluorescent cell count procedur: is gener-
ally the preferred procedure if an assay for infec-
tious virus is suitable. For Taboratories without
cell culture facilities, the solid-phase fluorescence
immunoassay would be the test of choice. In either
type of laboratory when test results must be available
within the working day or even within two hours the
solid-phase fluorescence immunoassay would be the test
to use.

The solid-phase. immunofluorescence test developed
in our study is ideally suited for the large scale
screening of fecal samples as well as for smaller
scale diagnostic work. It can be easily completed in
two hours at a minimal cost. It does not reguire
highly trained personnel and utilizes readily avail-
able reagents. The main disadvantages to the test
are that it reguires the use of a fluorescence micro-
scope equipped with epi-illumination, and it is not
easily quantified.
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.water will be replaced.

A future goal for continuing study is to develop
a procedure that has the capacity to continuously and
simultaneously monitor water for all viruses that are
considered to be important contaminants of water, viz.,
hepatitis viruses, rotaviruses, reoviruses, polio-
viruses, coxsackieviruses, echoviruses, adenoviruses,
coronaviruses, etc. The design goal is to develop a
device that continuously collects viruses in a series
of channels through which water flows. Each channel
will contain a plastic insert for adsorbing virus.
At an appropriate time interval, the device in the
The plastic inserts from dif-
‘crent channels of the device that has been in water

“wi1l1 be stained with different antiviral fluorescent

antibody conjugates. Some of the advantages and prob-
lems encountered in applying the test developed in this
study in continuously monitoring water for viruses are
discuss.d below.

Viral antigens adhering to plastic surfaces are
examined by incident Tight fluorescence microscopy
using a 12.5X eye piece and a 100X objective. At this
magnification, a fluorescing aggregate containing as
few as 10 small virus particles on an edge can be seen.
This test is many orders of magnitude more sensitive
than radioimmunoassay. A problem with a test of this
sensitivity is nonspecific staining. In polluted
water, there is undoubtedly debris that will take up
fluorescein conjugates nonspecifically. Fortunately
most of this debris is nonprotein, so relatively little
should adsorb to the plastic surface used in the test.
Therefore, water containing a lot of debris can be
examined, since the debris can be removed by washing.
This is important since prefiltration used in proce-
dures to detect viruses in water removes large amounts
of virus. In our studies with rotavirus, adsorption
of infected cells and cell membranes containing viral
antigen to the plastic were a valuable asset in the
test.

Some of the potential problems that might be en-
countered in applying the test to detect viruses in
water are: 1) bacteria might grow on the plastic and
interfere with virus adsorption; 2) the water might
require conditioning in order fo~ the viruses to ad-
here well to the plastic; and 3) the water may impinge
on the plastic too fast for the viruses to adsorb.

Conclusions

1. Viral aggregates and virus-containing mem-
branes readily adsorb to the plastic surface of in-
verted microtiter plates.

2. The number of viral aggregates and virus con-
taining membranes adsorbed to the surface is not in-
creased by sensitizing the plastic surfaces with
specific antiviral antibody.

3. The adsorbed viral antijen can be detected
by staining with fluorescein labeled antiviral anti-
body and subsequent fluorescence microscopy.

4, Polystyrene surfaces ar: superior to poly-
propylene for adsorption of viral antigens.

5. The pH for maximum adsorption of viral aggre-
gates and virus containing membranes is between pH
8.5 and 9.0 with a 1 hour adsorption period at 379C.

This test has the potential of providing rapid,
ultrasensitive testing with continuous sampling to
assure virological safety of public water supplies.



B. Concentration of Infectious and Potentially
Infectious Reovirus Particles from Polluted
Waters by Protamine Sulfate

Introduction

Increased direct and indirect water reuse is in-
evitable. Therefore, development of better quality
control test procedures for viruses is becoming in-
creasingly important. Since different methods used
for concentrating and detecting viruses in water are
somewhat specific for certain groups of viruses, it
is important that the viruses most consistently and
abundantly present in fecally polluted waters be re-
covered and identified.

Reoviruses have been reported in various parts
of the world to occur as frequently as picornaviruses
in wastewaters and sewage {England 1972; Jopkiewics,
Krzeminska, and Stachowska 1968; Knocke, Pittler, and
Hoepken 1967; Malherbe and Strickland-Cholmely 1967;
Nupen 1970; Sattar and Westwood 1978). Reoviruses
can be recovered from lower animals as well as man
{Rosen 1968).

In 1972, England developed a protamine sulfate
concentration method that effectively precipitates
reovirus and adenovirus from sewage effluents. She
reported reoviruses to be the most frequently present
and abundant animal virus occurring in sewage.

. Infected cells release two types of reovirus
particles: 1) infections virus (IV), that has a loose
" coat or has no outer coat; and 2) potentially infec-
tious virus (PIV}, that has a complete outer coat,
and is not infectious (Spendlove, McClain, and Lennette
1970). The PIV can be converted to IV by removing its
outer coat with proteolytic enzymes. This enzyme
enhanceable reovirus fraction often accounts for over
90 percent of the total reovirus particles in infec-
tious culture fluids {Spendlove et al. 1966). The
_phenomencn of enzyme enhancement of infectivity has
also been demonstrated with rotavirus (Babiuk et al.
1977; Matsuno, Inouye, and Kono 1977; Theil, Bohl,
and Agnes 1977).

Reoviruses have been demonstrated to be resis-
tant to inactivation by heat {Spendlove and Schaffer
1965}, U.V. irradiation (McClain and Spendlove 1966},
and to some viricidal agents present in wastewaters
(Cliver 1975; Ward and Ashley 1977). The intact
outer coat of the PIV makes it more resistant to heat
inactivation than IV (Spendlove and Schaffer 1965).
This observation suggests that PIV may generally be
highly resistant to inactivation by physical and
chemical agents. Resistance to inactivation is a
desirable characteristic for a virus to be used in
water quality control testing. Regardless of these
facts and numerous reports of isolations, reoviruses
‘have received relatively 1ittle attention in water
quality testing, and in none of these investigations
have the PIV particles been studied.

Our study modifies England's (1972) protamine
sulfate concentration method, so that IV and PIV
particles are precipitated under conditions that per-
mit both viral forms to be assayed by an jmmuno-
fluorescent cell counting procedure. Immunofluores-
cent staining circumvents the problem of overgrowth
of reoviruses by other enteric viruses as encountered
in the plaque assay procedure. This assay technique
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also overcomes the problem of false plaque formation
(Fannin et al. 1978; Leong, Barrett, and Trussell 1978).
These modified procedures will enable a more precise
evaluation of the potential usefulness of reoviruses

in water quality testing.

Literature Review

Reoviruses in polluted waters

Wallis and Melnick (1967) ia a study of virus
recovery from water reported that all viruses except
reoviruses were absorbed to AT(0il}3, and all except
reovirus and adenovirus were absorbed to CalPO4q. Con-
trary to these results, Palfi (1971) employed CaHPO4
as an absorbent and isolated reovirus from 31 percent
of 527 samples of sewage in Budajest.

Malherbe and Strickland-Cheimley (1967) found
reoviruses as frequently as enteroviruses in sewage in
treatment plants, and showed tha: reoviruses and en-
teroviruses are not significantly reduced in number by
trickling filters, while Malherbe, Strickland-Cholmley,
and Geyer (1967) recovered significant amounts of reo-
viruses in slaughterhouse efflueits. Knocke, Pittler,
and Hoepken (1967} isolated reoviruses from wastewater.

Nupen (1970) pointed out a oroblem when attempting
to detect reoviruses in water samples. She was unable
to demonstrate plaque formation jy reoviruses. Reo-
virus cytopathic effects did not appear in roller-tube
cultures until seven days after inoculation and even
then was only detectable in the nigher dilutions,
which had removed other enteric viruses that were
present in Tower concentrations. Berg (1971} recovered
Tess than 20 percent of the reovirus in a 1 Titer vol-
ume of distilled water by absorption to, and elution
from PE 60 Tayers.

England {1972) developed a wethod for concentra-
ting reovirus and adenovirus from sewage and effluents
by protamine sulfate (salmine) t-eatment. She found
reoviruses to be the most consistently recovered the
year around, In a review article, England (1974) sum-
marized the results she obtained when various absor-
bents were used to recover viruses from water. Her
report shows that reovirus recoveries by salmine and
by AL{OH)3 were comparable, and that salmine was
usually superior to PE 60.

Palfi {1974) isolated viruses from the different
stages of sewage treatment. Of the total viruses iso-
Tated, 44 percent (60 isolates) were reovirus type 1.
The next most common was echovirus type 7 (15 percent
of the isolates),.

Cliver (1975) studied survival of viruses during
digestion of sewage sludge. Reoviruses appeared to
resist inactivation in the sludge more than the other
viruses (see Cliver's Table 2).

A study compared three methods used to free
viruses embedded in solids of sludge, soils, mud, and
surface waters (Wellings et al. 1975). Reoviruses
were among the viruses isolated in the study.

Sweet, Ellender, and Leong (1974) used electro-
osmosis to concentrate viruses from water. A reovirus
was concentrated 25 to 30 fold with 67 to 75 percent
recovery. In a system using activated charcoal-
filtered tap water as a dilutent, considerably Tess
reovirus was recoverable by electro-osmosis. )



Berg (1970) and Berg, Dahling, and Berman (1971)
adsorbed viruses in water onto filters, after which
the viruses were eluted. Fifty-two to 78 percent of

., reovirus was recovered following sonication of the

membrane in beef extract.

When 800 to 2000 plaque forming units of reo-
virus were added to water, the virus could not be re-
covered using reverse osmosis (Sweet, Ellender, and
Leong 1974).

Infectious and potentially infectious
reoviruses

Spendlove and Schaffer (1965) purified reovirus
with a procedure that included exposure of the virus
to chymotrypsin. The infectivity of the virus prepar-
ation increased dramatically. Subsequent work that is
reviewed below showed that the enhanced infectivity
resulted from the removal of capsid proteins from the
virions. Evidently most host cells are not able to
remove the outer reovirus capsid, so infections with
intact virions are abortive. If the outer capsid is
removed with proteolytic enzymes prior to inoculating
reovirus onto cells, the virus is able to adsorb and
cause infection,

Several lines of evidence show that enzyme treat-
ment of reovirus does result in increased infectivity.

1. Chymotrypsin treatment was found in electron
microscopic studies to convert essentially all virions
to infectious subviral particles. The total infec~
tious particle ratio upon treatment of the virus with
enzyme changed from 35:1 to 1.1:1, 100:1 to 0.9:1,
and 64:1 to 1.1:1 for reovirus serotypes 1, 2, and 3,
respactively (Spendlove, McClain, and Lennette 1970).

2. Chymotrypsin treatment increased the infec-
tivity without changing the hemagglutination titer of
the virus (Spendlove and Schaffer 1965). Cohsequently,
enhancement was not the result of disruption of ag-
gregated virus.

3. Cliver {1968) observed about a 100-fold in-
crease in infectivity when he treated a reovirus prep-
aration with enzyme. Using a filter of 100 nm nominal
porosity, he filtered enzyme treated virus and virus
from the same preparation that had not been enzyme
trea:ed. About 10 percent of the infectivity in both
prepirations was lost. Thus, the enzyme did not en-
hanca the infectivity by breaking up aggregates of
virus.

4. Wallis, Melnick, and Rapp (1966) reported
that incorporation of pancreatin into the agar over-
lay enhances reovirus plaque formation.

5. Heat removal of capsid proteins gave results
similar to those obtained with enzymes {Spendlove and
Schaffer 1965; Mayor and Jordan 1968; Engler 1968:
Wallis, Smith, and Melnick 1964).

6. Mayor and Jordan (1968) found 5 to 10 per-
cent of reovirus grown in tissue culture to lack an
outer capsid.. This concentration of capsidless
virus is similar to the concentration of infectious
virus in most viral preparations.

A factor to consider in preparing infectious sub-
viral particles is the selection of appropriate cell
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lines and plague purified virus strains. McClain,
Spendlove, and Lennette (1967) assayed a number of
reovirus strains in four different cells Tines before
and after enzyme treatment. The plating efficiency

of the virus was affected profoundly by prior trea?-
ment of inocula with chymotrypsin, and was a function
of the viral strain and the host cell used. In another
study {Spendlove and McClain 1968}, plaque isolates of
Lang, D5 Jones, and Abney were enzyme treated aqd
assayed for infectivity. The type 1 and 3 strains
{Lang and Abney) were found to be heterogenecus. They
contained some particles that increased in infectivity
an. others that Tost infectivity. The former were
reterred to as chymotryspin® (CTY) and the Tatter as
CT™ isoiates. The CT™ isolates are not inactivated if
treated with enzymes in the absence of calcium ions
{(Spendlove, McClain, and Lennette 1970).

The importance of enzymatic enhancement of reo-
virus infectivity in growth studies (Spendlove et al.
1966), and animal {Kundin et al. 1966} and insect inoc-
ulation (Spendlove, Whitcomb, and Jensen 1968) investi-
gations have been described (Spendlove 1970). Other
applications of proteolytic enzymes in reovirus studies
include enhancement of reovirus plaque formation
{Wallis, Melnick, and Rapp 1966) and isolation of
viruses from clinical specimens.

Several conditions have been reported to cause a
dramatic decrease in infectivity when purified reo-
viruses are exposed to chymotrypsin. The conditions
under which the infectivity is 1ist have been reported
by several groups (Joklik 1972; Shatkin and LaFiandra
1972; Borsa et al. 1973a, b, c).

The enzymatic removal of reovirus capsid poly-
peptides occurs in stages and, d:pending on conditions,
proceeds through a definable series .of reactions that
lead to different digestion products. Several factors
appear to be important in determining the sequence qf
polypeptides digested. 1) Level of virus purification.
Inactivation usually occurs when the virus is @1gh1y
purified, concentrated, and exposed to enzyme in buf-
fers of Tow jonic strength. 2} 5train of virus used.
Joklik (1972) compared three dif‘erent virus strains
and found substantial differences in their response to
digestion. 3) Concentration of virus and enzyme. The
three reovirus strains studied by Joklik (1972) were
more resistant at low than at high virus/enzyme r§tios.
In general, at low enzyme concenrations, the vi(1ons
were converted to noninfectious cores while at high
enzyme concentrations the reaction products (referyed
to as paravirions) had lost about one-third of their
capsid protein but were still infectious. At high
virus concentrations, the viruses flocculated and lost
infectivity. 4) The cations pretent. Shatkin and
LaFiandra (1972) found that purivied virus could be
digested with chymotrypsin in the presence of 0.}5
NaCl without infectivity being d minished signifi-
cantly, while Borsa et al. {1973t) reported that
enzyme treatment of purifed virus in the presence gf
0.2 M Na or Li ions actually increase the infectivity
7.38 and 11.0 fold respectively. Replacing Na or Li
with K {Shatkin and LaFiandra 1972; Borsa et al. 1973¢)
or Cs or Rb ions {Borsa et al. 1¢73b) results in loss
of infectivity.

Stability of reoviruses

Sharp, Floyd, and Johnson {3975, 19?6) have pub-
lished articles describing reoviyus-bromine inter-



actions. An important finding of these investigations
was that aggregates strongly influence the bromine
resistance of reoviruses in polluted water.

When singly dispersed reovirions were exposed to
a 3 M concentration of brom1ne in turbulent flowing
deionized water at pH 7, 20°C, the plaque titer fell
at a rate of three log un1ts/second (Sharp, Floyd,
and Johnson 1976). Liu and McGowan (1973) determined
the relative resistance of 25 human enteric viruses
to inactivation by chlorine. Reoviruses were most
rapidly inactivated while coxsackie A6 was most re-
sistant. Aggregation could have played a role in the
results obtained. In addition, potentially infectious
reoviruses were not tested. Since potentially in-
fectious reoviruses have a double coat they should be

considerably more resistant than infectious reoviruses.

Potent1a]]y infectious reovirus (Lang strain) is
stable at 56°C, but this temperature rapidly inacti-
vates 1nfect1ous reovirus particles (Spendlove and
Schaffer 1965) and picornaviruses {Wallis, Melnick,
and Rapp 1965).

Mayor and Jordan (1968) demonstrated that some
reovirus particles are infectious after their capsid
is removed by heat. The decapsidation of the entire
population of reovirus by heating at 52 to 539C for
approximately three hours was accompanied by a 10-
fold ‘loss of infectivity. They concluded from their
results that the residual infectious virus in the
heated preparations does not contain a capsid, and
consequently the RNA enclosed in a sub-capsid Tayer
is all that is required for infectivity. They also
found that heating viruses in MgClp (Wallis, Smith,
and Melnick 1964) removed the capsid from relatively
few particles; this observation suggested that par-
tial decapsidation or capsid loosening may be impor-
tant in explaining the enhancement of infectivity
when reovirus is heated in MgC]z.

Engler (1968) heated reovirus in an attempt to
release infectious RNA from the virions. The titer of
heat-inactivated virus assayed with the facilitator
kaolin, was as much as four Tog units higher than
heated virus assayed without facilitator. He conclud-
ed that a complete loss of the viral capsid did not
seem to occur up to a temperature of 80°C, as shown
by RNase resistance and density gradient analysis of
the heated virions.

Radiation has been considered as a means of in-
activating viruses in water (Berg 1973). The double
stranded RNA of the reoviruses makes them more resis-
tant to inactivation by UV irradiation than viruses
of the same genome size with single stranded nucleic
acid. This fact was confirmed in a comparative study
using reovirus and rous sarcoma virus (Spendlove and
Levinson, unpublished results). McClain and Spend-
Tove {1966) later studied the kinetics of reovirus
inactivation by UV irradiation and found a portion of
the population to resist inactivation. There are 10
pieces of RNA in each reovirus. When two reoviruses
with UV damaged RNA infect the same cell, they share
undamaged RNA segments and can produce infectious
virus. This form of genetic recombination is called
genetic reassortment, and accounts for reovirus multi-
plicity reactivation. An understanding of this phen-
omenon is very important in any attempts to inactivate
viruses in water by radiation.
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Materials and Methods

Virus and cells

Plaque purified type 1 (Lang strain) reovirus was
used in all experiments. Virus stocks were prepared
in roller bottle cultures of mouse L 929 ceé1s Dense
cell layers were incubated for 1 hour at 37°C with
approximately 20 viral particles per cell. Basal
medium of Eagle containing antibiotics, 2 percent
fetal bovine serum {FBS), and 5.6 percent sodium bi-
carbonate to adjust the pH of the medium to 6.8 to
7.0 was then added to the infected cells. After
reincubation for 24 hours at 379C, the cultures were
frozen and thawed six times and. centrlfuged to remove
cell debris. The supernatant fluids were then stored
at -209C in 2 ml aliquots.

Enzyme treatment and virus assay

The enhancement of viral preparations with chymo-
trypsin has been described {Spendlove and Schaffer
1965). Virus preparations were exposed to 20 to 200
ug of chymotrypsin per mit1iliter at 37°C for 1 hour.
¥iral assays were performed both before and after
chymotrypsin treatment using Maden-Darby bovine kid-
ney (MDBK) cells. To assay viral infectivity, con-
fluent 15 mm coverslip cell cultures were inoculated
with 0.02 m1 of viral suspensions (Spendlove et al.
1964)., After 20 to 22 hours, the cultures were dried,
fixed with acetone and stained with an anti-reovirus
fluorescent antibody. The fluorescing cells on each
coverslip were counted and reported as immunofluores-
cent cell forming units (IFU)/ml  Results of the
assays were determined by averag ng counts observed
from three coverslip cultures at each dilution,

Concentration procedures

England's (1972) procedure ‘or concentration of
viruses from sewage and effluent was as follows.
Prior to water or sewage filtrat on, Tween B0 was
passed through all prefilters (M 1lipore Corp., no
AP20) to prevent viral adsorptio: {Wallis and Melnick
1970). Tween 80 treated prefilt:rs alone were used
for filtration of the sewage sam>les and for collection
of the protamine precipitate. Sunple volumes of sew-
age ranging from 200 to 2,000 ml were filtered through
a double APZ20 prefilter by vacuun. Bovine serum al-
bumin was then added to the filt-ate to a final con~
centration of 0.25 percent. The albumin supplemented
sample was adjusted to pH 7.5 to 7.8 with 1IN HC1 or
IN NaOH. A 1 percent stock solu:ion of protamine sul-
fate {National Biochemicals Corp.) was then added to
the sample to a final concentration of 0.05 percent
for the sample's first precipitation, and 0.025 per-
cent for the second. The flask :ontaining protamine
sulfate was stirred for 30 minut:s at room {emperature.
The precipitate was collected by passing the sample
through a Millipore prefilter AP20 disc under negative
pressure. After a second precipitation and filtration,
the precipitate on the upper surface of the AP20 disc
was dissolved and collected in a test tube in the
following manner. With the vacuum off, a small volume
of 1M NaCl (usually 0.5 ml) was pipetted over the
surface of the AP20 disc, allowed to soak for about
5 minutes to dissolve the precipitate, and then pulled
into the receiving tube with vacuum. Sterile water,
six times the volume of 1M NaCl, was pipetted over the
surface of the prefilter disc and drawn into the test



tube to produce an isotonic filtrate. Fetal bovine
serum, 10 percent by volume, was added to stabilize
the virus. The concentrated filtrate was centrifuged
at 2,500 rpm for 30 minutes to sediment bacteria.

The supernatant was then inoculated onto cell cul-
tures {England 1972).

Modifications of the above procedure, to concen-
trate and assay the IV and PIV were as follows.
1) Fetal bovine serum low in reovirus antibody was
used, instead of bovine serum albumin, at the same
(0.25 percent) concentration. 2} Reduction of the
protamine sulfate concentration to 0.005 percent for
the first precipitation and 0.0025 percent for the
second. Higher protamine concentrations interfered
with enzymatic enhancement of viral infectivity and
with the fluorescent cell assay. 3) Elution of the
protamine precipitated virus using two egqual volumes
of 1 N NaCl with the total volume equaling 0.5 to 1.5
ml. 4) After centrifuging to remove any bacteria
present in the precipitated sample, the sunernatant
was assayed on coverslip cultures by a fluorescent
antibody procedure {Spendlove et al. 1964) before and
after chymotrypsin treatment of the virus concentrate.
A1l results represent the average of two to four ex-
periments, involving river water samples containing
500 to 4,000 ml.

Sonication

Several suspensions of reovirus in river water
were sonicated to disrupt viral aggregates. One
tenth to 1 ml of infectious culture fluids containing
reovirus was diluted into 500 m1 filtered river water,
and was mixed for 5 minutes. A 15 ml sample of the
viral suspension was withdrawn, placed in a glass
tube in an ice bath, and sonicated with the small
probe of the Biosonik IIT (Bronwill Scientific,
Rochester, N.Y.}. Samples were sonicated at maximum
setting for 15 second intervals for a total of 3.5
minutes. After every 30 seconds of sonication, a
1 ml sample was removed and assayed for IV and PIV.

Viral aggregation

It has been shown that reoviruses aggregate when
diluted less than 100-fold into distilled water
(Floyd and Sharp 1977). This aggregation was concen-
tration dependent, not happening at dilutions of 100~
fold or greater. Therefore, 0.1 to 1.0 ml of stock
virus was added to 50 to 4,000 ml of filtered river
water containing 0.25 percent fetal bovine serum at
a pH between 7.5 to 7.8. If unusual differences were
observed between the infectivity titers of stock virus
and river water inoculated with reovirus, the experi-
mental results were discarded since it was assumed
that the virus had aggregated.

River water

Class Al water was collected from the Logan River,

in Logan, Utah, and filtered through a 0.22 um pore
size Millipore filter to remove suspended matter, and
then inoculated with reovirus. If the water were not

1C]ass A water is that designated for protection
of cold water species of game fish, waterfowl and ag-
ricultural use. In part, the gquality restrictions
require a BOD < 5 mg/1, NO3 < 4 mg/1, and POy <
0.25 mg/1.
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filtered, 10 to 30 percent of the virus adsorbed to
the suspended solids and could not be recovered.

Sewage samples

Raw sewage samples were collected from Salt Lake
City and Dugway, Utah. Salt Lake City sewage, col-
lected at the north treatment facility, is greatly
diluted with drainage and industrial wastewaters. Dug-
way sewage dilution is restricted to household water.
Samples from both cities were collected at the point
of inflow before treatment. Grab samples with volumes
pr cween 1,000 and 2,000 ml were taken for testing.

Results

Sonication studies of reovirus
in river water

Suspensions of reovirus in river water were soni-
cated to disrupt viral aggregates. It appeared that
the sonication was not breaking up aggregates, but was
converting the PIV to IV and then inactivating the IV
{Figure 2). If viral aggregates were being dispersed,
infectivity assays of IV and PIV would both show ini-
tial increases. Only the IV showed an increase in
virus titer {between 0.5 to 1.5 minutes of sonication}.
Concurrent with this increase was a decrease of PIV,
which indicates conversion of PIV to IV followed by
inactivation. The PIV tended to level off after 1
minute of sonication indicating that it is more resis-
tant to sonication than the IV. Controls remained
unchanged in titer throughout the experiments.

Protamine sulfate concentration of
regvirus from river water

Experiments were conducted to precipitate IV and
PIV from river water using England's (1972} protamine
sulfate procedure. In preliminary experiments, a
heavy protamine floc was produced which rapidly
plugged the AP20 filters. An additional problem was
encountered when coverslip cultures were inoculated
with the dissolved protamine precipitate. A cloudy
film formed and interfered with fluorescent antibody
staining used in the viral assay procedure. Conse-
quently, the concentrations of the reagents used in
the protamine precipitation procedure were varied.
Fetal bovine serum at 0.25 percent and protamine sul-
fate at 0.005 percent for the first precipitation,
and 0.0025 percent for the second precipitation, re-
sulted in clear cover slips for assay, and precipi-
tated many of the IV particles. In these and other
protamine experiments, a relationship between virus
concentration and recovery efficiency was observed
(Table 7). The best viral recoveries were obtained
when virus concentrations were low. Controls for
these experiments were the same samples added to fil-
tered river water, mixed for the duration of the ex-
periment, filtered, and then assayed before and after
chymotrypsin treatment. The stock virus was alsc
assayed before and after chymotrypsin treatment with
each protamine precipitation experiment. Under the
conditions of these experiments, no PIV was detectable
in the protamine concentrate, and less than 1 per-
cent of either fraction remained in the filtrate.

Percentages of recovery of IV, shown in Table 1,
were increased 5 to 15 percent by using two equal
volumes of IM NaCl to elute the protamine precipitate
from the AP20 disc instead of one elution with tte
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Figure 2, Effects of sonication on reovirus.

15 ml sample was withdrawn and sonicated.
ment.
two experiments.

PIV--sonicated virus that was assayed after enzyme treatment.
Virus controls without sonication were assayed at each time interval and their

Virus that had not been enzyme treated was diluted in 500 ml of

filtered river water which contained 0.25 percent fetal bovine serum, at pH between 7.5 to 7.8. A
1V--sonicated virus that was assayed before enzyme treat-

Results represent average of

titers remained unchanged throughout the experiments.

same total volume. Each volume of Nall elutant was
left on the filters that contained the protamine pre-
cipitate for 5 minutes before the sterile water

was added.

Chymotrypsin treatment of reovirus
before concentration with protamine

In attemnts to determine why the PIV was not re-
covered in the protamine precipitation procedure, the
reovirus stock was treated with 20 pg/ml chymotrypsin
before adding it to the filtered river water. This
procedure converted the PIV to IV. 1In this experi-
ment, 79 to 95 percent of the total virus added was
recovered {Table 8). The control in these experi-
ments was chymotrypsin treated virus added to water,
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mixed for the duration of the experiment without pro-
tamine, filtered through an AP20 disc, then assayed
before and after a second chymotrypsin treatment of

20 ug/ml. As expected, the PIV that was converted to
IV with enzyme prior to being added to the river water
was recovered. These results suggested that the pro-
tamine or the serum was interfering with the enzymatic
enhancement of the viral infectivity.

Increasing the chymotrypsin concen-
tration to detect PIV

Table 3 shows the results of varying the amounts
of chymotrypsin used to enhance the infectivity of the
viral preparations. The best recovery was obtained
using 200 ug of chymotrypsin per williliter, which is



Table 7. Protamine sulfate precipitation efficiency of reovirus from filtered river water as a function of the
inoculated reovirus concentration.
IFU Added to® IFU Recovered Recovery Reovirus
River Water in Concentrate (Percent) 62+ ¢ Particle Form
5.1 107 (wo ct) 4.4 x 10, (w/o ct) 86 16.6 + 4.10 Iv
1.0 x 107 {(ct) 4.4 x 107 {ct) <1 PIV
5.2 x 105 (w/o ct) 3.9 x 103 (w/o ct) 75 38.0 + 6.16 IV
1.1 x 107 (ct) 3.8 x 107 {ct) <1 PIV
5.2 x 105 (w/o ct) 3.5 x 10 (w/o ct) 67 24.0 + 4.89 Iv
1.0 x 107 {ct) 3.2 x 107 (ct) <l PIV
5.3 x 107 (w/o ct) 3.4 x 10] (w/o ct) 64 56.9 + 7.54 Iv
1.2 x 10610(ct) 3.3 x 107 (ct) <1 PIV
IFU = Immunofluorescent cell forming units.

(w/o ct) = V¥irus precipitated with protamine and assayed without chymotrypsin treatment.

{ct) -

{irus prec1p1tate assayed after treatment with 20 yg/ml of chymotrypsin for 1 hour at 37%.

Four

1ifferent virus concentrations were added to filtared river water and precipitated with protamine
sulfate with subsequent assay by fluorescent cell counts.

dafter reovirus was added to filtered river water, the water was mixed for the duration of the experinent,
filtered, and then assayed before and after chymotrypsin treatment.

Table 8. Chymotrypsin treatment of reovirus prior to precipitation with protamine sulfate (conversion of PIV
to IV).

IFU Added to® IFU Recovered Recovery Reovirus
River Water in Concentrate (Percent) 6% t g Particle Form

7.7 x 107 (ct-1) 7.3 x 105 (ct-1) 95 6.2 + 2.49 IV

7.6 x 107 {ct-2) 7.3 x 107 {ct-2) 93 5.0+ 2.23 v

1.1 x 10; {ct-1) 8.7 x 102 {ct-1) 79 10.7 + 3.26 v

1.0 x 10" (ct-2} 8.6 x 107 {ct-2) 84 26.0 + 5.09 1V

Virus was initially treated with 20 ug/ml of chymotrypsin for 1 hour at 37° C, added to filtered river water, and

- precipitated with protamine sulfate.

IFU
ct-1
ct-2

Immunofluorescent cell forming units.

i

H

Virus assayed after protamine precipitation before a second chymotrypsin treatment.
Virus assayed after protamine precipitation after a second chymotrypsin treatment.

Aafter chymotrypsin treated reovirus was added to filtered river water, the weter was mixed for the duration
of the experiment, filtered, and then assayed before and after a second chymotrypsin treatment.

ten times the concentration previously used. The ef-
ficiency of recovery seems to be related to the viral
concentration {Tables 7 and 9). The control of these
experiments was the same as in Table 7 except 200 ug/

ml of chymotrypsin was used prior to assay of the PIV.

Chymotrypsin was used at 200 ug/ml in a1l subsequent
assays.

Stability of reovirus fractions
in the protamine precipitate

The stability of reovirus in protamine precipi-
tates was investigated to determine the feasibility
of precipitating viruses from water in the field and
transporting the precipitate to the laboratory. The
viral concentrate, with 5 percent fetal bovine
serum, was stored in glass tubes after elution from
the prefilter. The stability of both IV and PIV in
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the protamine precipitates is shown in Table 10. ghe
resu]ts show that the samples can be stored at -20°C

or 49C for at least 18 days with only a small Toss of
infectivity.

voncentration of reovirus
from raw sewage

The modified protamine concentration procedure
was used to concentrate and assay ten raw sewage sam-
ples from Utah sewage treatment facilities (Table 11}.
Five samples from Salt Lake City and five samples from
Dugway, Utah, were collected. Three of the five sam-
ples collected at Salt Lake City contained IV. In two
of these samples, virus was also detected after enzyme
treatment, but at the same or lower concentration than
without enzymg treatment. IV concentrations ranged
from 2-5 x 10°/1. Four out of five samples collected



Table 9. Detection of PIV in the protamine precipitate by increasing the chymotrypsin concentration.
Chymotrypsin a
Concentration IFU Added to IFU Recovered Recovery Reovirus
{ua/m1) River Water in Concentrate {Percent) g2 + o Particle Form
20 9.3 x 105 (w/o ct) 6.3 x 103 (w/o ct) 68 28.2 + 5.31 IV
8.5 x 10° {ct) 6.1 x 107 {ct) <l P1V
20 9.2 x 105 (w/o ct) 6.4 x 108 (w/o ct) 69 30.9 + 5.56 v
8.5 x 10° (ct) 6.2 x 10° {ct) <1 . PIV
60 9.4 x 105 (w/o ct) 4.4 x 10 (w/o ct) 47 122.0 = 11.04 v
8.4 x 10° (ct) 4.3 x 107 {ct) <1 PIV
80 9.3 x 105 (w/o ct) 2.9 x 10 (w/o ct) 31 142.9 + 11.95 v
8.4 x 107 {ct) 2.7 x 107 {ct) <l ‘ PIV
100 9.2 x 105 (w/o ct) 3.8 x 108 (w/o ct) 4 88.2 + 9.39 v
8.7 x 10° {ct) 3.5 x 107 {ct) <1 PIV
100° 4.6 x 10g (w/o ct) 3.7 x 105 (w/o ct) 80 13.55 + 3.68 v
4.3 x 107 {ct) 3.8 x 107 (ct) 9 26.0 + 5.09 PIV
150° 4.6 x 10¢ gw/o ct) 3.9 x 10 (wo ct) 85 18.7 + 4.32 IV
4.2 x 10° {ct) 4.3 x 107 (ct} 10 23.2 + 4.82 PIV
200 9.3 x 105 (w/o ct) 7.4 x 105 (w/o ct) 80 10.5 = 3.24 IV
8.5 x 10% (ct) 8.4 x 10 {ct) 99 1.19 + 1.09 PIV
200d 4.5 x 104 {w/o ¢t} 4.0 x 103 {w/o ct) 89 . 17.68 = 4,21 v
4.3 x 107 (ct) 4.3 x 10° {ct) 100 0.18 + 0.43 PIV
IFY = Immunofluorescent cell forming units.
{w/o ct)= Virus precipitated with protamine assayed without chymotrypsin treatment.
(ct) = Virus precipitated with protamine and assayed after chymotrypsin treatment.

dpfter reovirus was added to filtered river water, the water was mixed for the duration of the experiment,
filtered, and then assayed before and after chymotrypsin treatment.

b, ¢, d
and PIV,

Observations taken from a second set of experiments using a different viral stock containing fewer IV

at Dugwag contained reovirus. IV ranging from 0.32-
1.2 x 10°/1 was detected in three samples. PIV alone
was detected in one sample at 2.1 x 10°/1. The re-
sults indicate that different concentrations of chy-
motrypsin might be needed to accurately assay the

PIV in different sewage samples.
Inactivation of reovirus in sewage

When the first Dugway sample (sample 1, Table
11) was collected, another 4 Titer volume was col-
lected, prefiltered, supplemented with 0.25 percent
FBS, and stored for 3 weeks at 49C. Before sampling,
the stored sewage filtrate was vigorously mixed. A
1 Titer sample was withdrawn and concentrated by
protamine sulfate precipitation. Table 12 indicates
that there was a conversion of PIV to IV followed by
inactivation of the IV.

Discussion

Most investigators are in agreement that the
abseice of ccliforms in water, particularly renovated
wastawaters, is not adequate assurance that viruses
have been removed or inactivated. Among the viruses
that occur in sewage and polluted waters, the reo-
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viruses, picornaviruses, and adenoviruses have been
found most frequently. Since these sewage-borne
viruses are the targets of water quality testing, it
is important that waters be monitored for the most
abundant and resistant among them.

It has been recommended in virological testing
that no more than one infectious virus particle be
present in a given volume of water. Of the proposed
methods for concentrating viruses from water, each
has specific Timitations which precludes its success~
ful application to all waters. Recovery and identifi-
cation of infectious water-borne viruses are difficult,
time consuming, and expensive. The procedurss often
use primary cell cultures and suckling mice. Plaquing
with Buffalo green monkey (BGM) kidney cells has
helped considerably, but there are still problems re-
sulting from faise plagues {Fannin 1978; Leong, Bar-
rett, and Trussell 1978).

Reoviruses possess numerous attributes which
recommend them as an indicator in environmental vi-
rology studies. These qualities include the following,
1) Abundance and consistent occurrence in sewage.

2) They are rarely known to cause disease in adult
animals, so are relatively safe to handle in the lab-

]



Table 10. Stability of reovirus in the dissolved protamine precipitate stored at 4°¢ and -20°c.
' Percent of Initial
Stgrqge Storage Time IFU Remaining Viral Fraction Reovirus
Conditions (Days) in Concentrate Remaining Infectious Particle Form
0 2.0 x 105 (w/o ct) 100 IV
* 2.0 x 10° (ct) 100 PIV
4 2.0 x 105 (w/o ct) 100 Iv
o 2.0 x 10° (ct) 100 : PIV
4-c
14 2.4 x 10§ (w/e ct) 120% v
1.6 x 10 t) 80 PIV
18 2.6 x 102 w/o ct) 130% IV
1.6 x 10" (ct) 80 PIV
) 0 2.0 x 108 (w/o ct) 100 IV
- 2.0 x 10° (ct) 100 PIV
4 2.0 x 105 (w/o ct) 100 v
o 2.0 x 10 (ct) 100 PIV
20°°C : 6
14 2.1 x 108 w/o ct) 105* v
_ 1.9 x 10~ (ct) 95’ PIV
18 2.1 x 105 (w/o ct) 105* IV
1.8 x 10° (ct) 90 PIV
IFU = Immunofluorescent cell forming units.
(w/o ct) = Virus assayed without chymotrypsin treatment.
(ct) = Virus assayed with chymotrypsin treatment at 200 ug/ml for 1 hour at 37°%.

3protamine precipitated samples were eluted from the prefilters, and stabilized with 5 percent fetal bovine
serum Tow in reovirus antibody.

*
Conversion of PIV to IV during storage.

Table 11.

Protamine sulfate precipitation of reovirus
naturally occurring in raw sewage.

Location

Dugway,
Utah

Salt Lake
City, Utah

Sewagea
Sample

1

(IFU/1) Recovered Reovirus
from Raw Sewage Particle Form
<400 g ct) IV
2.1 x 10 (ct) PIV
<400 (w/o ct) Iv
<400 (ct) PIV
1.2 x 105 (w/o ct) v
<400 (ct) PIV
1.5 x 10° (w/o ct) v
<400 (ct) PIV
3.2 x 103 (w/o ct) Iv
3.0 x 107 (ct) PIV
<400 (w/o ct) Iv
<400 (ct) PIV
2.0 x 103 (w/o ct) IV
1.6 x 107 (ct) PIV
4.0 x 103 (w/o ct) Iv
4.0 x 107 (ct) PIV
<400 (w/o ct) IV
<400 (ct) PIV
5.0 x 10° (w/o ct) IV
<400 (ct) PIV
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Table 11 (Continued)

IFU = Immunofluorescent cell forming units.
(w/o ct) = Virus precipitated with protamine and

assayed before chymotrypsin treatment.
(ct) = Virus precipitated with protamine and

assayed after chymotr/psinotreatment at
200 ug/ml for 1 hour 1t 37°C.

ATwo 1,000 m1 samples were used for each determina-
tion. The average is recorded in the table.

bTh1's sewage sample was stored for 3 weeks at
-20°C before precipitation and assay.

oratory (Rosen 1968), and will p -obably not be reduced
in numbers or eradicated by vaccine programs. (There-
fore, standardized tests based 01 reovirus detection
would not have to be changed in the future.) 3) They
have a broad host range (Rosen 1968), so fecal con-
tamination from man and lower an mals could be de-
tected. 4) They are amendable tu low-cost isolation
and identification procedures (McClain, Spendlove,

and Lennette 1967). 5) Work with reoviruses may con-
tribute to establishing controls for rotavirus infec-
tions; rotaviruses are a major ccuse of gastroenteritis
in infants and young children (Kepikian et al. 1976).
6) An immunofluorescent cell assiy technique is avail-
able which is capable of demonstrating reoviral anti-



Table 12. Stability of IV and PIV during storage of
a prefiltered raw sewage sample at 49C

{Dugway sample no. 1}

{1FU/1) (IFU/1)
Storage Time in Concenfrate 1In Concentrate
{(Days) (1vib {PIy)C
0 <400 2.1 x 10°
10 1.3 x 103 <400
14 4,1 x 10 <400
21 <400 <400

IFU = Immunofluorescent cell forming units.

irus froma 1 liter sample was precipitated for
each determination.

b(IV) Virus precipitated with protamine and assayed
before chymotrypsin treatment.

C(PIV) Virus precipitated with protamine and assayed
afterachymotrypsin treatment at 200 ug/ml for 1 hour
at 377°C.

The four liter volume was filtered through a Milli-
pore AP20 prefilter before storage at 40C.

gen after 8 to 10 hours and yields quantitative data
within 24 hours (McClain, Spendlove, and Lennette
1967). While this technique has the capability of
demonstrating a single infectious particle, the dilu-
tions necessary for this assay reduce its sensitivity
to 50 particles per ml. 7) A single antiserum will
detect reoviruses of all three serotypes. 8} Reo-
viruses are easily cultivated to high infectious
titers for use in developmental studies. 9} Reovirus
hemagglutination inhibition tests can be used to assay
antibodies in epidemiologic studies. 10) PIV viruses
have a double coat that makes them exceptionally
thermo stable (Spendlove and Schaffer 1965). Conse-
quently, if the PIV viruses are inactivated, most
other viruses present in water should also be
inactivated.

Reovirus infectivity is probably enhanced during
infection by exposure to proteolytic enzymes in the
intestinal tract. Reovirus produced in tissue cul-
ture have very Tittle contact with proteolytic
enzymes, hence most particles remain in the non-
infectious PIV form. The existance and/or the im-
portance of PIV in sewage and other polluted waters
has not been determined.

In this report, a procedure was presented that
efficiently recovers both IV and PIV frem polluted
waters. The protamine sulfate precipitation proce-
dure described by England {1972), was modified and a
fluorescent cell assay {Spendlove et al. 1964) was
used to assay the IV and the PIV. Modifications were
necessary to eliminate problems associated with inter-
ference of the chymotrypsin activity and with inter-
ference with the fluorescent antibody staining. The
refinements included using fetal bovine serum and
reduced protamine sulfate concentrations. Employing
two washes of the precipitate with 1M NaCl resulted
in better elution of the virus. These changes also
resulted in clear coverslips for assay with fluores-
cent antibody staining. In developing these proce-
dures, river water was filtered to prevent viral ad-
sorption to suspended matter and permit quantitative
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assays of the concentrates. Increasing the chymo-
trypsin concentration to 200 ug/ml was necessary to
enhance the infectivity of the PIV. The resultant
procedures are capable of: 1) over 500-fold concen-
trations of reovirus from polluted waters; 2) recovery
of between 80 to 100 percent of IV and PIV fractions;
and 3) producing quantitative data within 24 hours
after coverslip inoculation with the yiral concentrate.
In achieving these results, sonication experiments and
appropriate dilutions were used to help circumvent
viral aggregation problems.

During storage of the protamine concentrates
there was an increase of 5 percent in the IV and a 10
percent loss of the PIV after 18 days at -20°C. Both
fractions showed a more pronounced change when stored
at 49C; i.e., the I¥ increased 30 percent and the PIV
decreased 20 percent. These changes might be due to
a conversion of the PIV to IV or a combination of
events including antibody reactions and disruption of
aggregates. Regardless, the stability of reovirus in
the protamine precipitates shows that it would be
feasible to precipitate reoviruses from water and only
bring the protamine-virus precipitate to the laboratory.

Application of these techniques to recovery and
assay of naturally occurring reovirus fractions in
raw sewage successfully recovered both the IV and PIV.
Inconsistent results were somefimes obtained when
sewage precipitates were treated with chymotrypsin.
In experiments in which chymotrypsin is used to in-
crease the infectivity of laboratory produced virus,
the infectivity of IV is not lost upon enzyme treat-
ment. In some of the sewage isclations, however, the
IV and PIV if present, were lost upon treatment with
200 ug/ml of chymotrypsin. This loss could have been
caused by several factors including heterogeneity in
the components of raw sewage, the virus existing in a
semi-weakened state (having altered outer and/or inner
capsids}, or the presence of chymotrypsin negative
(CT™) reovirus. Chymotrypsin treatment of the CT™ reo-
viruses causes inactivation of the virus rather than
enhancement (Spendlove, McClain, and Lennette 1970).

A range of chymotrypsin from 50 to 300 ug/ml is
often required to enhance the infectivity of reoviruses
precipitated from sewage. In choosing the enzyme
range to employ, one should consider both the method
of concentration used and the system being examined.
A1l samples should be assayed both with and without
chymotrypsin treatment. This procedure will demon-
strate the viral fraction (IV or PIV) being recovered
and will prevent the loss of CT™ reovirus by inactiva-
tion with chymotrypsin.

The recoveries of over 105 infectious reoviruses
per liter of some sewage (Table 5) suggests that the
modified protamine precipitation and fluorescent anti-
body staining procedures can be useful in determining
the potential roles of the IV and PIV in water quality
testing. England {1972) pointed out that volumes
which-can be concentrated with her procedure fall far
short of the volumes needed to detect minimal pollution
such as in recreational waters, but would be effective
if run parallel or in conjunction with other large
volume concentration procedures. The protamine pro-
cedure can be used with Targe volumes of water by col-
lecting the precipitates on pleated filters used in
tangential flow filtration or by continuous flow
centrifugation.



Reports have been made of incoming virus loads
in raw sewage ranging from several thousand to several
hundred thousand per liter {Katzenelson 1976). With-
out examination of the other virus populations at the
locations checked in our study, reoviruses cannot be
assumed to be the most abundant virus present. Never-
theless, their importance in these systems is evident.
The results from Dugway, Utah, also indicate that the
viral concentrations in undiluted raw sewage might be
higher than previously expected. The fact that several
concentration attempts recovered no regvirus may sug-
gest the need for the development of a continuous
monitoring system to detect intermittent viral
pollution.

o Loss of virus in the raw sewage sample stored at
4°C might be explained by a number of factors: 1) re-
action with antibody present in the fetal bovine
serum added; 2) activation by naturally occurring pro-
teolytic enzymes with subsequent inactivation: 3) ad-
sorption to the suspended matter; 4) aggregation, or
5) a combination of the above factors. The conver-
sion of PIV to IV shown in Table 12 does not neces-
sarily indicate the same occurs under natural condi-
tions in sewage. ’

It would be premature at this time to speculate
about the overall presence or absence of the PIV in
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polluted waters; more extensive investigations of
waters and wastewaters is needed. Currently (1979)
studies are being conducted in which wastewaters are
being examined for the presence of both the adsorbed
and free IV and PIVY fractions to further evaluate

" reoviruses as an indicator of viral pollution in

environmental systems.

Conclusions

Using the procedure developed in this study it
1< possible to: 1) concentrate reovirus over 500-
fold frem river water and obtain a quantitative assay
of both IV and PIV within 24 hours, with a virus
recovery of 80 to 100 percent; 2) distinguish the PIV
from IV thus allowing study of the role of each in
water quality studies; and 3) observe reovirus at
concentrations as high as 2 x 10% infectious units
per 1iter in raw sewage samples.

A recent modification of the procedure has been
used to detect viruses in sewage over a three month
period. Fifteen one liter samples of sewage were
tested; every sample contained approximately 105 reo-
viruses per liter. Therefore, the procedure appears
to be the best available method for detecting viral
pollution of public water supplies.
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SECTION II.

INACTIVATION OF INFECTIOUS AND POTENTIALLY INFECTIOUS

REOVIRUSES BY CHLORINATION

Introduction

A long range goal in facilitating virus control
is to establish a reliable test virus for monitoring
purposes. Tests so far suggest that reoviruses have
the greatest potential of any enteric virus for use
in water quality control testing. A very desirable
characteristic of a test virus is a high resistance
to inactivation by chlorination, i. e., if the test
virus is inactivated by chlorination, all other vir-
uses should also be inactivated.

Reoviruses are noninfectious in cell cultures
when their outer capsid is intact {Spendlove, Mc-
Clain, and Lennette 1970). Removal of the outer coat
with proteolytic enzyme treatment converts potentially
infectious virus (PIV) to an infectious virus (IV}
particle form. Morphologically complete {enzymati-
cally enhanceable) PIV particles are much more resis-
tant to inactivation by heat than the IV particles
(Spendlove and Schaffer 1965). This investigation was
conducted to determine if the heat resistant PIV is
more resistant to chlorination than IV.

Literature Review

This section discusses the literature relating to
the resistance of reoviruses to chemical disinfection.
A discussion of other aspects of reovirus stability
can be found in the Literature Review of the previous
section of this report under the title "Stability of
Reoviruses." Unfortunately almost all of the work to
date has excluded studies with PIV particles.

Liu and McGowan (1973} reported the relative
chlorine resistance of 25 human enteric viruyses added
to Potomac River water. They found the reoviruses to
be the most readily inactivated viruses. Their assay
procedure could detect only the IV form of reoviruses.

Sattar and Westwood (1978) studied viral disin-
fection by chlorination in primary sewage plant ef-
fluents emptying into the Ottawa River. O0f the
viruses that were isolated and identified in field
samples of raw sewage, 51.1 percent were reoviruses.
In chlorination studies, viruses were detected in 80
percent of raw sewage samples, 72 percent of primary
effluent samples, and 56 percent of chlorinated ef-
fluent samples. Thirteen of 23 raw sewage isolates
(57 percent}, 13 of 30 isolates from primary effluents
befare chlorination (43 percent}, and 10 of 17 iso-
lates from primary effluents after chlorination (59
percent} were reoviruses. These latter figures sug-
gest that under natural conditions, reoviruses are
more resistant to chlorination than most other
viruses found in primary sewage effluents. The assay
procedures used by these investigators would not de-
tect the PIV form of the reoviruses.

A group at the University of North Carolina have
published a number of papers showing the effect aggre-

25

gation of viruses can hive on viral disinfection
‘<harp, Floyd, and Johnson 1975, 1976; Floyd, Johnson,
a1 Sharp 19763 Young and Sharp 1977; Floyd and Sharp
19775 ¥ g, Johnson, and Sharp 1977; Floyd and Sharp
1978a, 1978b}. Their results are particularly pertin-
eni. since the chlorine resistant populations observed
in our <tudy were undoubtedly composed of viral aggre-
gates. Floyd and Sharp (1978b} used a modified single
particle analysis test to determine the effect of pH
and dissolved salts on poliovirus and reovirus aggre-
gation. Poduska and Hershey (1972) have also pointed
out the importance of viral aggregates in chlorination
resistance of viruses.

The rate of inactivation of reovirus by bromine
(Sharp, Floyd, and Johnson 1976) was 25 times faster
than the rate of inactivation of poliovirus (Floyd,
Jdohnson, and Sharp 1976). Inactivation of the PIV
form of reovirus was not studied by the North Carolina
group.

Mahnel (1977) used heat and viricidal chemicals
to decontaminate drinking and surface water. Infec~
tious type 1 reovirus was found in water that had been
exposed to a temperature of 56°C for 120 minutes. No
viable poliovirus type 1 or ECBO virus was found after
being exposed to a temperature of 560C for 30 minutes;
an adenovirus was inactivated by 60 minutes of heating
at 56°C. Viable reovirus was observed after 30 minutes
of heating at 60°C. ECBO virus was more resistant to
inactivation by calcium hypochlorite than poliovirus .
and reovirus; the three viruses were equally suscept-
ible to iodine; and poliovirus was more resistant to
potassium permanganate than the other two viruses.

Ward and Ashley (3977a} found the amount of in-
activation occurring ir sludge through dewatering by
evaporation is similar for poliovirus type 1 strain
CHAT, coxsackie Bl, and type 3 reovirus Dearing strain.
These same workers (Ward and Ashley 1977b} reported an
agent in wastewater sludge that reduces the heat re-
quired to inactivate reovirus. Heating at 459C in the
presence of the agent increased the density of the
viral particles, i.e., the treatment probably released
capsid polypeptides. The sludge factor that acceler-
ates heat inactivation of reovirus also contains a
substance that protects poliovirus against heat
inactivation.

Materials and Methods

Cell Culture

Madin-Darby canine kidney (MDCK) and Madin-Darby
bovine kidney (MDBK) cells obtained from American Type
Culture, Rockville, Maryland, were propagated in
Eagles’ minimal essential wedium supplemented with 10
percent fetal bovine serum. Onhe percent of a stock
solution of antibiotics was added to all media to give
250 units each of penicillin, streptomycin, and neo-
mycin, and 2.5 units of bacitracin per milliliter. In



addition, 5 ml of 5.6 percent NaHCO, and 4 ml of a 3
percent stock solution of glutamine“were added per
200 m1 of medium,

Virus Propagation

Reovirus, type 1, Lang strain was treated with
20 ug of a~chymotrypsin per milliliter. Monolayers
of MDCK and/or MDBK cells were infected at a multi-
plicity of infection of 1,000. The culture medium
was changed daily and the removed gedium that con-
tained the virus was frozen at -207C.

Purification and Concentration

The virus was prepared for use in the experi-
ments by freezing and thawing infectious tissue cul-
ture fluids 4 to 6 times. An equal volume of Gene-
tron 113 was added, the preparation was mixed for 5
minutes by shaking, allowed to stand 20 minutes at
room temperature, and centrifuged for 30 minutes at
3,000 x g. Two liters of the aqueous phase fluids
were placed in dialysis bags and covered with a siurry
of polyethylene glycol (Carbowax) at 379C for 6 to 8
hours. This procedure reduced the volume about 200-
fold. The concentrated fluids were centrifuged in an
IEC B-60 ultracentrifuge at 30,000 rpm for 1.5 hours
in a SB 283 (swinging bucket} rotor. The pellet
which contained the virus was resuspended in 0.001IM
EDTA in distilled water. The virus was then assayed
for infectivity and used in the experiments.

Infectﬁvity Assays

To assay PIV, the outer protein coat of the virus
was removed. This was accomplished by treating the
virus with 20 ug of a-chymotrypsin/ml of virus sus-
pension, and incubating the mixture at 370C for 30
minutes. Coverslip cultures of MDCK or MDBK cells
were used for infectious virus assay after complete
monolayers of cells had formed. The outgrowth medium
was completely removed by aspiration from petri
dishes {60 mm} containing three circular coverslip
cultures 15 mm in diameter. A 0.0Z ml aliquot of
appropriate virus dilution was placed on each of three
coverslip cultures using a 0.2 ml serological pipette.
The inoculated cultures were incubated in a 370C, C02
incubator for 1.5 to 2.0 hours to allow for viral
adsorption. Four milliliters of medium containing
2.5 percent fetal bovine serum were added to the in-
fected cultures, and the infection was allowed to
progress for 16 to 18 hours before the cells were
fixed and stained with fluorescent anti-viral antibody.
The cultures were examined under a fluorescence micro-
scope, and the number of fluorescing (infected) cells
on each coverslip was counted.

Chlorination Studies

The procedure for exposing reoviruses {IV and PIV)
to chlorine was as follows:

1. A1l reagents were brought to room tempera-

ture {26°C).
-5 2. Using Purex and .distilled water containing

10"~ M EDTA hypochlorite solutions were prepared, so
the final volumes (after pH adjustment and reovirus
addition) had concentrations of 0.625, 1.25, and 2.50
ppm of free available chlorine {FAC) respectively.

3. The pH of each chlorine solution was adjusted
to 6.8 to 7.2.
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4. Reovirus was added to each chlorine solution
and mixed.

5. At intervais of 1, 2, 4, and 8 minutes sam-
ples were removed. a) The pH was determined on part
of sample. b) Part of the sample was placed in tubes
containing 0.00625 M sodium thiosulfate solution to
neutralize combined and/or free chlorine, and assayed
for 1V and PIV as described above.

Evaluation of Reovirus Resistance

to Chlorination

Baumann and Ludwig (1962} reviewed the chlorine
disinfection 1iterature and graphically presented
results showing the relative resistance of various
microorganisms to inactivation by chlorine. Each
virus was assigned a Ct number (C=concentration of
FAC and t=time of contact required for a 99.6 to 100
percent kill). For example, if 10 minutes were re-
quired to kill 99.6 percent of a virus population ex-
posed to 1 ppm FAC the virus would be assigned a Ct
envelope value of 10. If 6 minutes were required, the
Ct value would be 6.

Results

Kinetics of inactivation of reoviruses {IV and
PIV) by chlorine were studied. Table 1 shows the
initial pH, temperature, and chlorine concentration of
each sample. Figures 1 through 3 show the kinetics of
inactivation of IV and PIV during exposure to differ-
ent concentrations of chlorine. There was a relative-
1y rapid inactivation for 1 to 2 minutes at all
chlorine concentrations after which the rates of re-
action greatly decreased due to ~he presence of viral
particles that were resistant to inactivation.

As expected, the morphologically complete PIV was
somewhat more resistant to inactivation than IV. This
resistance was evident in both the susceptible and re-
sistant viral fractions.

If the zero to 1 minute curves are extrapolated
to minimize the contribution of the resistant fraction,
the time required for a 99 percent kill at concentra-
tions of 0.625, 1.25, and 2.50 ppm FAC with IV is 7,
6, and 1.5 minutes respectively. With PIV at the same
respective concentrations, the time required to ir-
activate 99 percent of the virus is 12, 7, and 2.25
minutes. When these results are plotted the IV has a
concentration-temperature {Ct) envelope between 3.8
and 7.3 while PIV has a Ct envelope between 6.1 ard
9.0 {Baumann and Ludwig 1962)}. Extrapolation of the
IV and PIV resistant fraction curves would give ex-
tremely high Ct envelope values.

In test number 5 of Table 1, samples taken at 0, A
1, 2, 4, and 8 minutes were tested by the orthotolidine- *
arsenite {OTA) method for residual FAC concentrations
{Table 2}. During 8 minutes, the FAC concentraticn
dropped from 2.50 to 1.87 ppm.

Discussion

The main purpose of this work was to determire if
PIV is more resistant to disinfection by chlorine than
IV. In no other reovirus chlorination study have PIV
particles been included in the investigation. This
fact is surprising since PIV particles probably ccm-
prise the majority of viruses in reovirus preparations
and they are much more resistant to thermal inactiva-



Table 1. Chlorine concentrations used in tests.

Chlorine, ppm

Test Initial Temp. Total, Free,
No. pH (°c) Dose OTA OTA
1* 7.4 26 0.0 0.0 0.0
2 7.0 26 0.625 0.61 0.60
3 7.05 26 1.25 1.26 1.24
4% 7.3 26 0.0 0.0 0.0
5 7.0 26 2.5 2.5 2.35

*Zero-time control tests to verify initial titer.

Inactivation results obtained with test numbers 1 and
2, 1 and 3, shown respectively in Figures 1 and 2.
Results obtained with test numbers 4 and 5 are shown
in Figure 3,

Note: TInitial chlorine dosage shown as both the
amount added and the amount analyzed by the
Orthotolidine-Arsenite (0TA)} method. *Purex"
was used as the chlorine source.

Table 2. Free available chlorine (FAC) residuals

versys time.

Time, Minutes

FAC Residual, ppm
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Test number 5 of Taple 1.

tion than IV particles {Spendlove and Schaffer 1965}.
In every comparative assay in which the viruses were
exposed to chlorine in our current study, the PIV
titers were higher than the IV titers.

To get an estimate of the relative resistance to
chlorine of PIV and 1V, and to compare these reovirus
particles to other microorganisms discussed in the
report of Baumann and Ludwig (1962}, we extrapolated
the zero time and 1 minute time points of Figures 1
through 3 to a 99 percent kill. This extrapolation
was done to better approximate the results obtained
if we had examined singly dispersed particles. The
potential error in this extrapolation is evident,
i.e., a 30 second tine point might fall on a line
with a much steeper slope than the 0 to 1 minute
slope.

The extrapolation results with the 0.625 mg/1
chlorine dosage are probably most accurate because
the 0, 1, and 2 minute points fall on a relatively
straight line. The (t envelope values for IV and PIV
respectively using Figure 1 results are 5.0 and 9.0.
Stated differently, it would require 6.6 minutes ex-
posure to 1 ppm of FAC to kill 99.6 percent of the
PIV, and only 3.8 minutes for the same kill of IV.

The report of Baumann and Ludwig (1962) showed
that under conditions of pH and temperature similar
to those used in our reovirus study, Escherichia coli,
Shigella dysenteriae. poliovirus, and coxsackievirus

K2 are all inactivated to at least 99.6 percent kill
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by a Ct envelope of 6. PIV appears to be more resis-
tant to inactivation by chlorine than poliovirus and
coxsackievirus A2, and considerably more resistant
than £. coli and 5. dysenteriac.

Much of the early work did not take into consid-
eration the importance of rate changes during disin-
fection. For example, the Baumann and Ludwig {1962)
report gives hepatitis virus a Ct envelope value of
about 12. The original work by Neefe et al. {1947}
showed that 12 volunteers were protected when they
vave exposed to hepatitis virus that had been treated
wi 1 3.25 ppm initial FAC for 30 minutes at room tem-
pevatur- and a final pH of 6.7 to 6.8. A chlorine
exjosure timo much less than 30 minutes might have
becy sufficient to protect the volunteers, so the (t
envelope value might have been considerably less than
12.

In our current study, if the results were based
on only the 0 and 9 minute exposures, and these were
extrapolated to a 99.6 percent kill, the Ct envelope
values for both IV and PIV particles would have been
very large.

An interesting observation in this study is the
inactivation rates for the aggregates (the resistant
fraction). The results in Figures 1 and 2 were ob-
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tained using samples from the same virus preparation.
Therefore, the aggregates should have been composed of
the same mixture of IV and PIV. Assay of the stock
preparation indicated that 90 percent of the popula-
tion was composed of PIV, i.e., there was a 10-fold
increase in infectivity when the infectious culture
fluids used in the investigation were treated with
chymotrypsin. If the assumptions regarding the com-
position of the aggregates are true, the rates of
inactivation of the resistant IV fractions in Figures
1 and 2 should be greater than the inactivation rates
for the PIV resistant fractions, which is exactly
what was observed.

The changes that are needed in experimental de-
sign in future chlorination studies with reoviruses
are the use of singly dispersed viruses and/or the use
of lower chlorine levels with more frequent sampling
during the early time periods.

In one experiment of this investigation, the FAC
residual was determined at different time intervals.
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During an 8 minute period the FAC residuc]l dropped
from 2.5 to 1.87 ppm. This drop means tlat only 75
percent of the chlorine was available to act on the
virus at 8 minutes, and suggests that part of the de-
crzase in the rate of inactivation was a result of a
loss of chlorine, and part due to viral zggregates.

It is interesting tc speculate regarding the re-
sistance of reoviruses tc chlorina2 ‘inactivation in
seqage. If the great majority of reovirus is in :he
PI1Y form then the resistance to inactivation woulli be
gr:ater. FProteolytic enzymes in sewage and intec :inal
enzymes must convert some of the PIV to IV {Clive: and
Herrmann 1672). Regardless of this, there is son
evidence (Sattar and Wesiwood 1978) that reovirus s
arz more resistant to ch oripaticn than most othe-
viruses found in sewage. Forty 1hree percent of :he
isylates in primary effluents betore chlorinatior were
redviruses. After chlorination, 59 percent of th:
isslates were reoviruses.



Conclusions

1. The PIV is more resistant than IV to inacti-
vation by chiorine,

2. For both IV and PIV, a fraction of each popu-
lation is relatively resistant to inactivation by
chlorine.

3. The PIV is at least as resistant to inactiva-
tion by chlorine as poliovirus and coxsackievirus A-2,
and is more resistant than E. coli and §. dysenteriae.

The highly chlorine resistant reoviruses {PIV}

can be used in safety testing to further guarantee
that the public will have safe water supplies.

Literature Cited

Baumann, E. R. and D. L. Ludwig. 1962. Free avail-
able chlorine residuals for small nonpublic water
supplies. J. Amer. Water Works Assoc. 54:1379.

Cliver, D. 0. and J. E. Herrmann. 1972. Proteolytic
and microbial inactivation of enteroviruses.
Water Res. 6:797.

Floyd, R. D. Johnson, and D. G. Sharp. 1976. Inacti-
vation by bromine of single poliovirus particles
in water. Appl. Environ. Microbiol. 31:298.

Floyd, R. and D. G. Sharp. 1977. Aggregation of
poliovirus and reovirus by dilution in water.
Appl. Environ. Microbiol. 33:159.

Floyd, R. and D. G. Sharp. 1978a. Viral aggregation:
Quantitation and kinetics of the aggregation of
poliovirus and reovirus. Appl. Environ. Micro-
biol. 35:1079.

Floyd, R. and D. G. Sharp. 1978b. Viral aggregation:
Effects of salts on the aggregation of polio-
virus and reovirus at Tow pH. Appl. Environ.
Microbiol. 35:1084.

29

Liu, 0. C. and F. McGowan. 1873. Effect of chlori-
nation on human enteric viruses in partially
treated water from the Potomac River estuary.
Study Report prepared for the U. S. Army Engineer
Division, North Atlantic, March 1973. {(North-
eastern Water Supply Laboratory, Marragansett,
Rhode Island).

Mahnel, H. 1977. Studies on inactivation of viruses
in dr-nking and surface water. A contribution to
the decontamination of water by field methods.
Zbl. Bakt. Hyg. 165:527.

Neafe, J. R., J. B. Baty, J. G. Reinhold, and J.

Si kes, Jr. 1947, Inactivation of the virus
of infectious hepatitis in drinking water. Amer.
J. Pub, Health. 37:365.

Poduska, R. A. and D. Hershey. 1972. Model for
virus inactivation by chlorination. J. Wat. Pol.
Con. Fed. 44:738.

Sattar, S. A. and J. C. N. Westwood. 1978, Viral

potlution of surface waters due to chlorinated
primary effluents. Appl. Environ. Microbiol.

36:427.

Sharp, D. 3., R. Floyd, and J. D. Johnson. 1975.
Nature of the surviving plaque-forming unit of
reavirus in water containing bromine. Appl.
Microbiol. 29:94. .

Sharp, D. 6., R. Floyd, and J. D. Johnson., 1976.

Initial fast reaction of bromine on reovirus in
turbulent flowing water. Appl. Environ.
Microbiol. 31:173.

Spendlove, R. S. and F. L. Schaffer. 1965. Enzy-
matic enhancement of infectivity of reovirus.
J. Bact. 89:597.

Spendlove, R. S., M. C. McClain, and E. H. Lennette.
1970. Enhancement of reovirus infectivity by
extracellular removal or alweration of the
virus capsid by proteolytic enzymes. J. Gen.
Virol. 8:83.



SECTION III.

Introduction
Gereral

Potential virus contamination of culinary water
supplies is a persistent threat to municipalities.
An objective of this project was to assess the
ability of water treatment filtration processes to
renove viruses. During the course of this research,
a supplemental study concerning the effectiveness of
in--Tine direct filtratijon systems as a means of
treating public water supplies was funded by the
State of Utah through the Utah Water Research
Lahoratory (Malek et al. 1979). To avoid duplica-
tion of research effort the principal investigators
of both projects agreed that Part I (Detection of
Infectious Viruses and Viral Antigens in Water)
and Part Il (Inactivation of Infectious and Poten-
tially Infectious Reovirus Particles by Chlorina-
tion) would receive major emphasis in this report.
The following text is a summary and analysis of the
fitration results obtained by Malek et al. (1979).

Water Treatment Systems

Conventional treatment of drinking water
corsists of the addition of chemicals (coagulants)
wh ch enhance the agglomeration of dispersed col-
loidal particles, These agglomerated particles have
increased mass and thereby greater settling character-
istics. A conventional water treatment scheme is
composed of a rapid mix basin, where chemical
addition occurs; a flocculation basin, where destabi-
lization of colloidal particles and cultivation of
the chemicel floc particles results; and sedimenta-
tion, where these large floc particles are gravi-
metrically removed.

Recently, for low turbidity waters (up to 60
NTl'sl) interest has been focused on the develop-
ment of Tow-cost water treatment methods. One
such method is the use of direct filtration as a
means of treating public water supplies. This
method could eliminate the coagulation and sedimenta-
tion phases normally found in water treatment
facilities. A1l direct filtration systems eliminate
the sedimentation process from the treatment scheme.
The ef fect iveness of such filtration processes in
the: removal of turbidity from source waters has been
adequately demonstrated {Culp 1964; Tridgett 1974:
Harbert 1976; and Montgomery Engineering 1976).
Insufficient information, however, is available on
the ability of direct filtration systems to remove
viruses present in the source water. The objective

INTU is a Nephelometric Turbidity Unit which
is quantitive value of a given concentration of a
formazin suspension. Formazin polymer has gained
acceptance as the turbidity standard reference
suspens ion for water.

REMOVAL OF VIRUSES FROM WATER BY FILTRATION SYSTEMS

of the study conducted by Malek et al. (1979} was to
evaluate the ability of a particular in-line

direct filtration system to remove viruses from

.. *able water supplies.

Th water treatment system investigated in this
study {Malzk et al. 1979) consisted of the addition
of alum tc the rapid mix influent followed directly
by the iltration process. The filtration processes
evaluated were rapid sand, dual-media {sand and
anthracite), and multi-media {sand, anthracite, and
garnet). The option of adding polyelectrolytes
prior to filtration was also included in the system.

The research was divided into two distinct
phases. Phase [ used jar test and batch assays to
determine =ffects of various filter media, coagu-
Yants, pH, and turbidity on virus levels in water.
I Phase 11 of the study continuous filtration runs
were desigied and conducted based on the information
obtained i1 Phase I.

The tast agent used during the study was the
bacteriophage MS2. MS2 phage is icosahedral andro-
phagovirus (RNA-containing bacterial virus). The
phage has a diameter of 25 nm and is similar to
puliovirus in size, shape and type of nucleic acid.

Phase 1

Batch viral assays were conducted to assess the
etfect of each granular media (sand, anthracite, and
garnet) or the virus. One milliliter of a virus
preparatica with a titer of 1 x 103 PFU/ml was added
per gram of each media used. The batch assays were
avitated o1 Lab-Line shaker tables at constant
temperatur2.

Jar tasts were conducted with alum (aluminum
st 1fate) and polyelectrolytes. Alum concentrations
irvestigatzd were from 1 to 10 mg/1 alum. Poly-
electrolytes used were provided by Calgon Chem Co.
ard Nalco chemical Co. Concentrations of each
pclyelectrolyte used during the jar test ranged
from 2 to 10 mg/1.

Phase 11

Cont inuous filter runs were conducted on three
filter colums. One filter was a rapid sand filter.
The second filter contained dual media {anthracite
and sand). The third column was a tri-media filter
containing anthracite coal, sand, and garnet.
Hydraulic loadings studied were 12.2 m /hr/m2 (5
grm/ft2) and 7.3 m3/hr/m2 (3 gpm/ft2). The optimum
a‘um dosage was determined by classical jar tests
(LPHA 1975). The alum dosage at which a discernible
floc was observed was chosen as the dosage for the
centinuous filter runs. The concentration of
pclyelectrolyte used during the run was based on jar
test and the ability of the polyelectrolyte to
reduce the virus levels.



A1l experimental testing was repeated a minimum
of two times in order to verify results.

Results
Phase 1

Batch assays were conducted to determine the
ef‘ects of each granular media on the virus, MS2.
An:hracite coal adsorbed 99+ percent of the virus in
24 hours. With 1.5 hours into the batch assay,
however, only 20 to 30 percent of the virus was
ob.erved. The hydraulic detention time through the
an:hracite was less than 5 minutes, therefore,
an:hracite was kinetically limited in its ability to
renove the virus from water. Garnet and sand showed
no potential for removing MS2.

Jar tests were conducted with alum {aluminum
su fatej. At alum concentrations from 1 mg/1 to 10
mg’l alum inactivitation of MS2 was observed.
Alum concentrations of 20, 30, 40, and 50 mg/1
indicated a significant removal of MS2 (80 to 98
pe cent). This removal is believed to be due
to either inactivation or enmeshment of the virus by
th: aluminum precipitate.

The capability of polyelectrolytes to inacti-
va: e or remove MSZ was also investigated. Three
po ‘yelectrolytes from Nalco Chemical Co. and cne
from Calgon were tested. Up to 93 percent aggrega-
tim of MS2 was observed with the Nalco polyelectro-
ly e (Nalcolyte 8101).

Phise TI

On the basis of jar tests an alum dosage of 6
mg. 1 was seclected to treat the turbidity in the
wa'er. The influent turbidity to the rapid mix
ba: in ranged from 10 to 15 NTU's. Figure 1 shows
the remova’ of turbidity through the tri-media
fi tration system at a hydraulic loading cof
12.2 m3/hr/me (5 gpm/ftZ) using 6 mg/1 alum, Turbid-
it: in the effluent was less than 1 NTU. However,
there was ro effective removal of MS2 through the
sy tem (Ficure 2). Similar results were obtained
fo: the rapid sand and dual-media filtration pro-
ce'ses. At a hydraulic loading of 7.3 m3/hr/m?

(3 gpm/ft2) the same turbidity and virus results were
obrerved as obtained at the higher lcading (Figures

3 -nd &), MS2 was unaffected by the water treatment
sy tem.

Theaeffec§ of Nalcolyte and alum was evaluated
at 7.3 m*/kr/m~, The filter media in each filter
were precoated with Nalcolyte B10l prior to filter
opcration. Using 6 mg/1 alum and 2 mg/1 Nalcolyte
8101 the deta shown in Figures 5 and 6 were obtained.
Sicnificant breakthrough of MS2 occurs after 1 hour
in* o the continuous run with all filter systems.

Procecures followed for addition of polyelectro-
lyte to the filter were obtained from Nalco Chemical
Cao , Salt Lake City Utah. In theory polyelectro-
ly.es adhered to tha filter media will destabilize
co loidal particles which are transported near the
melia. By this procedure, colloidal destabilization
is achievec by attachment of the polyelectrolyte
to the col oid and the filter media. Batch jar test
inlicated 1hat removal of virus particles would be
enianced by addition of polyelectrolyte in the rapid
(f ash) mi> basin of the water treatment system.
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Introduction of polyelectrolyte at this point in the
treatment scheme would allow greater contact of the
virus with the polyelectrolyte and therefore
improved destabilization of the virus particle
{i.e.,virus particle attached to other virus
particles or other colloids).

Conclusions

1. Low concentrations of alum (< 10 mg/1)
were not found to effectively destabilize MSZ virus
particles {20 to 34 percent}.

7. When turbidity was present in the solution,
alum concentrations less than 10 mg/1 did not remove
M32 particles.

3. Batch jar test simulating conventional
witer treatment practices indicated higher concentra-
tions of alum (20 - 50 me/1) either inactivated
or enmeshed 80 - 98 percent of the virus after 1
hour settling.

4. Whereas in-line direct filtration is
effective in the reduction of turbidity in weter, it
has been shown in this study ineffective in the
removal of MSZ virus.

5. In batch jar test, Nalco 8101, a cetionic
polyelectrolyes, reduced phage concentration in the
water by 93 percent.

Direct filtration water treatment systems are
a viable meens of removirg colloidal particles in
water. This research, hcwever, indicates that with-
out the addition of polyelectrolytes at the rapid
mix basin the filtration system will be ineffective
in removing viruses. Na'colyte 8101 was the most
effective cetionic polyelectrolyte for removal of
virus. Alun dosages uti.ized in conventional water
treatment systems are caf able of removing 98+ per-
cent of the virus particies prior to chlorination.
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