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ABSTRACT

Rotaviruses are among the major causes of acute gastroenteritis in man
as well as a variety of animals. Although not much is known-about §he
mechanism§ of t;ansmis;ion of these viruses in nature, fecally-
., contaminated water appears to pléy a role in this regard. It was with
this in mind that the present stLdy was undertaken. The study sought to
.develop and te;t suitable methodology for the_ recovery and dfgection of
naturally-occurring rotaviruses in sewage-polluted surface waters.
o | | &

1. The first phase of the study involved the determination of the
ef;;ct of temﬁerature and naturally-occurring particulate matter on the
survival of rq;aviruses (1ab-adapted strains) in raw and treated surface
waters collected at different times of the year. The study was divided
~into short-term and long-term experiments. The short-term experiments
were designed to determine the effect of chlorine in drinking water on
the infectivity of simian rotavirus SA-11, human rotavirus (strain D)
and poliovirus type 1 (Sabin). The water samples were collected as
either plant effluent (PE) at a municipal water treatment facility or as
tap water (TW) 1in 'our laboratory. The viruses, suspended in either
distilled water, Earle's -balanced salt solution (EBSS) or tryptose
phosphate broth (TPB), were added to the water samples and held for 1
hour at 22°C. There was no significant reduction in the pfaque titre of
the rotaviruses added with E£BSS or TPB, but when suspended in distilled
water before contamination of PE, there was nearly a 1-10910 losssin the
titre of the rotaviruses. There was. a greater\\gban 99.9% loss in

poliovirus titre in both PE and TW irrespective of the type of

suspending medium used. /
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To study the long-term survival of rotaviruses in the water environment

samples of raw water (RW), ™ and filtered raw water (FW) werg collected

at three d1fferent-v1;;s of the year., The samples were oontam1nated )

with the rotavirus (simian, caif or human) under test to g1ve a fina]
concentration of 5.0 x ld4 pf!que forming units (PFU)/mL. The
virus-contaminated water’ samples were held in"the dark at either 4°§ or
20°C for a total ”of 64 days. In TW held at 4°C,- there- was no
éignificant drop in the virus titre even after 64 days, wherdas, at 20°C
the titre was reduced by nearly 2- 10910 over the same period. In RW, a
‘us. -109,5 drop in PFU occurred in 16 and 32 days at ZOQC and .4°C,

respectively. In FW there was only a 0.7-10910 reduction in vinus titre

after 64 days, irrespective of the holding temperature.

\)2. The second phase of the investiéation invo]ved.the evaluation of the
talc-Celite technique and positively charged (30S) Zeta Plus filters for
their abilfty to concentrate rotaviruses from experimentally-
contaminated samples of raw water. 1In tha," talc-Celite technique,
samples had to be  preconditioned by the addition of EBSS (1:100) and

| adjustment of the pH to 6. 0 }Th1s preconditioning enhanced rotavirus
absorption to the talc-Celite layer but did not complegeTy prevent the
Toss of virus in the filtrate. Using 1X TPB (pH 9.0) as an eluent the
mean virus recovery from these layers was 47.3% (*7.4). Hith‘the 308
filter, there was no detectable virus in any of the filtrates. In v1rus
elution, 1% bovine albumin (pH 9.0) and 3% beef extract (pH 9.5) gaye
mean vf’hs recoveries of 16.7% (*5.2) and 14.1% (*4.1), respectively.

&

4
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1X TPB (pH 9.5) 3% glycine + 31 arginine (pH 9 O) and 6% glycine + 6!
arg1:n1ne {pH 9.0) yielded virus r-ecoveries:'f‘v 44.11‘(!6.4), 46..’1% ﬂ‘ﬁ.z)
+ 46.1% (*3.1), respectively. In an attempt to jﬁprqve the vir&s_
recovery rate, sequential elution was tried 1X TPB (pH 9. 5y and 3%
glyc1ne + 3X arg1n1ne (pH 9.0), used ggqyential]y, gave a virus recovery
of 70.0% *2.6) while 1X TPB (p;‘g 5) and 6% arginine + 6: glycine (pH

8.0) resulted in the recovery of 70.3% ?1 5<of the addéd virus. Large
<z

© volume exper:ments with-the 30S filter gave a mean virus recovery of

"16.3% {£3.0). )

A -.
3. The next phase of the study was the application of the .immuno-

fluorescence (IF) and immunoperoxidase (IP) techniqdes ,and  the
comparison of their su1fab111ty for the getection and quant1tat1on of

infectious units of rotaviruses in cell culture. Both methods cquld

y detect nearly 3 times the number of infectious units of rotavirus in

cell culture as compared with thesplaque assay. N

’ \.
4. The final stage was to attempt the detectipn and quantiﬁgjion “of
naturally-occurring rotaviruses in sewagéwp011uted waters using Zeta
Plus 30S -filters in ’'conjunction with the immunostaining. methods.:
Infectioqs rotavirus particles were detected in the concentrates of RW
from the Ottawa River. The numbers of rotavirus immunoperoxidase focus

units ranged from 19.5 to 40.8/L of RW.
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~ . GENERAL INTRODUCTION

DISCOYERY

-
-

Light and Wodes- (1943, 1949) isolated a filterable agent_from the stools
of infants with acute gastroenteritis.  They were t:en pb1e to demon-
strate that it _could produce diarrhea in experimentally-inoculated
newborn calves. Almost 30 years later (Hodgs, 1977), electron micro-
scopic (EM) analysis of a specimen of calf féces from those early
éxperimentsi revealed a morphologically typical rotavirus. After the
studies of Light and Hodes in.the early forties) othgr- viruses with
characteristics of the family Reoviridae were is;Iated from infant mice
{(Cheever and Mueller, 1947: Kraft; 1957; Adams and Krafé, 1967; Banf&er
et al., 1968), monkeys (Malherbe and Strickland-Cholmley, 1967), and

calves (Mebus et al., 1969). A1l of these are now known to be members

of the genus Rotavirus.

Bishop et al. (1973}, working in Australia, detected a virus in duodenal
bidpsies from children sﬁfferfng from ac&te non-éacter1a1 gastro-
enteritis. Under the EM this virus resembled the one described by Mebus
et al. (1969) from cases of calf scours. In the same year in the United
Kingdom, Flewett et al. (1973) using negative-contrast EM, detected

similar virus particles in feces of infants with diarrhea. Based on the

appearance of these particles, they also suggested the name "Rotavirus”.

Rotavirus 1infectfons 1in humans were then reported in Canada (Middleton

et al. 1974), the United States (Kapikian et al. 1974) and Australia



(Holmes et al. 1974, Bishop et al. 1974). With these and more reports,
rotaviruses were soon recognized as a major cause of acufe non-bacterial
gastroenteritis in 1n;ants and young children as well as many species of
warm blooded animals worldwide (Flewett and Hoodé. 1978; McNulty, 1978;

Holmes, 1079: Steinhoff, 1080; Kapikian et al. 1981; Estes et al. 1983).

GENERAL CHARACTERISTICS

Classification

"Rotavirus" was established as a genus of the family Reoviridae by the
inteﬁnationa] Committee on Taxonomy of Yiruses at the Fourth Inter-
national Congress for Virology in 1978 (Matthews, 1979). Members of
this genus consist of viruses with a wheel-like (Latin = rota) double-
shelled protein coat. The mature and complete virions are approximately
65-70 nm in diameter with a double-stranded RNA genome containing 11
segments (Welch and Thompson, 1973). 'Rotavirus partictes also contain
an RNA-dependent RNA polymerase (Cohen 1977) which is consistent with
their classification as members of family Reoviridae. As yet, no
systematic nomenclature scheme has been formalized for individual
members of this genus. They are usually named after the mammalian or

r

avian species from which they have been isqglated.

Rotaviruses In Nature

Many of the rotaviruses isolated from di?ferent marmmalian and avian

species can be distinguished by neutralization tests and these viruses
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represent different serotypes (Estes et al. 1983). Wyatt et al. (1982)
and Gaul et al. (1982) have shown that certain simian and canine
rotaviruses are serologically similar to human rotaviruses of subgroup
1. Under experimental conditions, rotavirudes-isolated from one animal
species have been shown to infect other types of animals. This provides
indirect evidence that 'rotaviruses may be transmitted across speciés

boundaries (Estes et al. 1983)%

Morphology

In keeping with other members ‘of the fami1y'Reaviridae, rotaviruses have
3 double-shelled capsid with an Jcosahedral core (Esparza and Gil,
1978). As has been mentioned earlier, the morphology of intact rota-
virus virions is suggestive of a wheel with the core forming a hub,
capsomeres radiating from the core as spokes and the marginated outer
Tayer forming the rim (Flewett et al. 1974). AT types of rotaviruses
examined to date are morphologically indistinguishable from each other.
Both - double-shelled and single-shelled particles can be seen in most
negatively stained EM preparations (Bridger and Woode, 1976: Palmer et
al., 1977).

Physicochemical Properties

Double-shelled particles have a bouyant density of 1.36 g/mL in CsCl,
and sinhTe-shelled particles have a density of 1.38 g/mL in CsCl (Petric
et al., 1975). Double-shelled particles have a sedimentation'coeffi-

cient of 500-530 S (Newman et al., 1975} and single-shelled particles
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have a sedimentation coefficient of 380-400 S (Tam et al., 1976). The
jcosahedral core from bovine rotavirus has a bouyant density of 1.44

g/mL in CsCl and a sedimentation coefficient of 280 S (Bican et al.,

1982).

The simian rotavirus SA-11 is stable at low pH (3.5), and is not
inactivated by ether, chloroform, freeze-thawing and sonication (Estes
et al., 1979). Divalent cation chelators reduce rotavirus infectivity

(Cohen et al., 1979) while viral infectivity is enhanced by proteolytic
enzymes(?Babiuk et al., 1977).

Ethanol is an effective disinfectant against rotaviruses {Brade et al.,
1981; Tan and Schnagl, 1981; Sattar et al., 1983). Snodgrass and
Heweing (1977) found formalin, 1}501 and an iodophor preparation to be
useful in the disinfection of rogévirus-contaminatéa material. These
vjruses have, however, Heen found to be resistant to inactivation by
chlorine (Tan and Schnagl, 1§8;) even at concentrations of available
cH]orine several times greater than that used in routine water treatment
(Sattar et al., 1983). This suggests -that mechanisms such as virus

aggregation or virus adsorption to so]iQS might be important for

rotavirus survival in sewage treatment plants or in chlorinated tap

water (Smith and Gerba, 1982; Keswick et al., 1984).

Serotypes and HemaggAutination
/-

Serotypes of rotaviruses can be identified by. serum neutralization

tests. Plaque-reduction tests can distinguish between cultivable types
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" of bovine, canine,. feline, human, simian and: porcine rotaviruses (Wyatt

et al., 1982). Neutralization of‘ fluorescent cé]1-fonm1ng units has
been used for the serotyping of those rotaviruses which do not form

countable piaques in cell culture (McNulty et al., 1980). There are at

least four serotypes of human rotavirus. two serotypes of bovine

rotavirus and three serotypes of avian rotavirus (ggtEk et al.,- 1983).

In addition to their type-specific antigené;—roﬁaviruses also contain

antigens éhowing group specificity. These common aﬁngensfsre, however,

not shared with viruses of the other genera of the family Reoviridae

(McNulty et al., 1979). These group specific antigens are located on

the inner capsid of the virus, whereas type-specific antigens form a

. part of the outer capsid of the virus (Holmes, 1979). The presence of

common antigens made it possible to use antisera against cell culture

adapted animal rotaviruses in tests for.the detection of human rota-

" viruses in stools and in serological tests for the laboratory diaghosis

of rotaviral infections (Schoub et al., 1977; Brade and Schmidt, 1979)}.

-

It has been shown that simfan rotavirus SA-11 and certain types of

bovine, human and avian rotaviruses can hemggg?utinate (HA) “human "o",

guinea pig, and chicken erythrocytes (Hancock'et al., 1983). Bastardo

and Holmes " {1980) showed that treatment of erythrocytes with receptor-
destroying enzyme blocks HA by simian rotavirus SA-11. This indicates
that the virus dinteracts with neuraminic acid-contéining receptors.

Bishai et al. {1978) found that HA activity of bovine rotavirus fis

7

inactivated by heating at 45°C, exposure to pH 2.0, freeze-thawind and )

chloroform treatment without noticeable changes in virus morphology. HA



activity is associated with the double-shelled particles and it may be a
type-specific antigen (Spemce et al., 1978).

Rotavirus Genome Diversity

]

E1eétrophoret1c analyses of a number of rotaviruses have shown them to _
contain eleven gegments of doqb1e-st;anded RNA with a genome molecular
weight of 11-12 x 106 (Welch, 1971; Welch and Thompson, 1973; McNulty,
1978). RNA e]ectrOpherdLypes of rotavirus strains are distinguished on
the basis of differences in the migration patterns of the genome
segments by polyacrylamide gel electrophoresis (PAGE). ’The segments can
be divided into four size classes based on contod;11ength measurements

of the RNAs by EM and electrophoretic mobility patterns in PAGE (Kalica

= .
et al., 1976; Barnett et al., 1978).

’

In a_gix-year Australian study, Rodger et al. (1981) detected 19

" different human ziectropherotypesl Lourenco et al. (1981), in a one

year study in France, detected 29 different human rotavirus

electropherotypes. Rodger et al. (1982) found that 1& contrast to the

~ divers¥ty of electropherotypes from children and adults, rotavirus

specimens from neonates were limited to two electropherotypes and one of

these persisted for 4 years.

A number of electropherotypes may be present in an area and dual
infections could result in the appearance of new virus strainsfby
reassortment of genes {Lourenco et al., 1981; Rodger et al., 1981). The

high level of genome variation seen in the rotaviruses is analogous to



-7 -

the heterogeneity of the genome profiles seen with influenza virus and
reovirus isolates (Palese, 1977; Hrdy et al., 1979). The link between
rotavirus genomic variation and antigenic diversity has not béen

established due in some part to their fastidious Qrowth in vitro..

Rotavirus Replication Cycle

The replication cycle of cell culture-adapted rotaviruses is approxi-
mately 12 hours at 37%C when a high multiplicity of infection is used
(Estes et al., 1983). The ‘viral eclipse phase is approximately 2-3

hours (Estes et al., 1983). Viral protein synthesis is maximal at 3-5

. hours post infection (Ericson et al., 1982). Viral antigens can be

detected by fluorescent antibody technique 4-6 hours post infection
(Estes et al., 1979). Progeny virus genome RNA synthesis is first
detected during the virus eclipse period at 2-4 hours post infection and

continues throughout the replication cycle (McCrae and Faulkner-Valle,

1981}). .

s

Morphogenesis

Studies on the early stages of jinfection suggest that virions enter ‘the

cell by endocytosis and are sequestered into the lysosomes (Petrie et ’
/ ]

o §
al., 1981; Quan and Doane, 1984}. Uncoating is thought to occur in the

lysosomes producing a 50 nm subviral particle (Chasey, 1977). After the
I
eclipse phase, virus particles 25-35 nm in diameter are seen in large °

granular cytoplasmic inclusions called viroplasms -(Altenburg et al.;

: -
1979; Petrie et al., 1982). MWithin the viroplasmic reticulum, viral RNA

‘g
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i; packaged into 50 ém core p;rtic]es and viral capsid‘proteins assemble
around the core. Virus par;icles appear to bud through- ribosome-free
areas of the rough endopfasmic reticulum into swollen vesicles Pécoming
enveloped in the process (Chasey, 1977). The envelope is lost as the
virus particles continue their maturation. Inner capsid proteins of
rotaviruses are synthesized throughout the cytoplasm and become concen-
trated in viroplasmic iné]usions, while outer capsid glycoprotein is
synthesized only on ribosomes of the rough endoplasmic reticulum (Petrie
et al., 1982). The outer capsid layer appears to 5e acquired'during‘
viral budding info cisterﬁae of the endoplasmic reticqlum (Petrie et

al., 1982}, )

Cell Cu1ture-Adépted Rotaviruses

/

ASimian rotavirus SA-11 and the "0" agent (Malherbe and Strickland-

Cholmley, 1967), bovine rotavirus (Mebus et al., 1971) and porcine

rotavirus (Theil et al., 1977) were the first cell culture adapted

rotaviruses. Since then other mammalian and avian rotaviruses have been
propagated in cell culture (MchNulty et al., 1979; Hoshino et al., 1981).
In vitro cultivation of human rotavirus has also been achieved (brozdov
et al., 1979; Wyatt et al., 1980; Sato et al., 198l; lUrasawa et al.,
1981; Birch et al., 1983). ’The most common cell 1ines. for growing
rotaviruses are epitheliofdal 1lines derived from monkey kidney (eg.
Vero, MA-104, CV-1). A major breakthrough for rotavirus propagation in
cell culture was the discovery that pancreatic proteolytic enzymes
enhance viral replication {Babiuk et al., 1977; Theil et al., 1978;°

Ramia and Sattar, 197%9a; Graham and Estes, 1980). The role of trypsin
[4 : -
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pretreatment of the rotavirus is believed to be due to the cleavage of
the maj;r outer capsid ‘po1ypept1de (VP3) which activates infectivity
(Espejo et al., 1981; Clark et al., 1981). The other role of * trypsin
(by its presence in the agar overla}) is to enhance ETaque formation by.
cell culture-adapted rotaviruses (Matsuno et al., 1977;_ Ramia and
Sattar, 1979a; Estes and Graham, 1980). Diethylaminoethyl
{DEAE)-dextran has been found to enhance rotavirus plague formation in

some cases (Smith et al., 1979) when added to the agar overlay.

ROTAVIRUSES AND HUMAN HEALTH

Acute Gastroenteritis

v

Rotaviruses are the most fregquent cause of acute non-bacterial gastro-
enteritis in infahts énd children between 6 months and 2 years of age
(Kapikian et al., 1976; Tallett et al., 1977). By the age of 5 years
most children acquire antibodies to rotaviruses (Steinhoff, 1980; Estes
et al., 1983). In general, the incubation period for rotaviral diarrhea
is 1-3 days and virus is excreted in feces for 5-7 days (Davidson et
al., 1975). The infection -can be mild or severe. Rapid dehydration
leading to electrolyte imbalance in such cases 6f diarrhea #s known to
result in fatalities (Carleson et al., 1978). Rotavirus dig;rhea is-
frequently accompanied by respiratory. illness, vomiting, and fever A

(Lancet, 1979). _ ' -

Worldwide, 5-6 million children die from acute gastroenteritis of which

z

30% is atiributable to rotavirus infection in combination with malnutri-
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tion (Walsh and Warren, 1979; World Health Qrganization, 1980). The
vast majority qf these rotavirus-associated deaths occur in the develop-
ing world or in those areas within the developed countries where

conditions of sanitation and hygiene are poor (Steinho%f, 1980; Kapikian

et al., 1981).

Gurwith et al. (1981) reported rotéviruses to_ be the most common
entercpathegen in young children who were outpatients for diarrhea in
Canada. Rodriguez et al. (1980) estimated that rotavirus gastro-
enteritis annually accounts for 220-370 hospita{}zations per 100,000
children (United States) less than 2 years of age. With nearly 6.6
million children less than 2 years old in the United States, the annual
cost of hospitalization was estimated to be 27 million dollars
(US-1980). Nosocomial }nfections due to roetaviruses also ‘occur fre-
quently; they account for 10%-20% of the infections in control chi]dreq!

admitted to hospitals (Ryder et al., 1977; Soenarto et al., 1981).

In a study of enteric pathogens 1linked with diarrhea at a diarrhea

treatment center in rural Bangladesh, rotaviruses and enterotoxigenic

Escherichia coli (ETEC) were isolated from approximatety 50% and 25X of

patients less than two years of age, respectively (Black et al., 1980).

ETEC was the most frequently identified enteropathogen for patients of

~all age groups. Rotavirus and ETEC were found in 31% of diarrhea cases

experienced by children less than two years old and in 70% of cases
associated with dehydration {Black et al., 198l). Rotavirus and ETEC
were detected in stools of.77% of young children with life-threatening

dehydration due to diarrhea seen at the treatment center.

B
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Rotavirus vaccine development has beéﬁ\recognized as a top priority in
combatting the serious nature of the 1life-threatening dehydration
{Chanock, 1981). Recent developments 1in immunoprophylaxis have been
reported from Finland (Vesikari et al., 1983) and Belgium {Zissis et
al., 1983). The immuncgenicity and safety of live attenuated oral
bovine rotavi;hs vaccine strain RIT 4237 was tested in adults and young
children (Vesikari et al., 1983). In adu]ts the vaccine did not cause
clinical symptoms, and booster response in rotavirus serum antibodies
was seen. In seranegative young children one oral &ose‘ induced sero-
converéion tg’ homologous virus and it did not produce éastrointestina]
or constitutional symptoms. It also did not result -in’ rptavirus
excretion in the stools of the vacginated subjects. In thé Belgian
study, Zissis et.si. (1983) used thé same attentuated strain of bovine
rotavirus in protection studies fn colostrum-deprived piglets. It was
found that a two-dose administration either given intramuscularly
(twice) or once intramuscularly and once intragastrically was necessary
to induce a significant serum antibody response. Prior administratfon

of the 'live vaccine significantly decreased fecal shedding of the

challenge virus when compared with the control animals.

'L‘
Rotaviruses are believed to spread via the fecal-oral route. They are

excreted in 1§Igé numbers in stoels of infected 1nd1§idua15 with up to
10 billion virus‘partic1es per gram of fecal matter (Flewett and Woode,
1978; McNulty, 1978). The. physical particle/infective unit ratio is not
known but Gefpa et al. {1984) reported an estimated value of 300,000:1.

various vehicles have been implicated in the transmission of rotaviral
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infections including air (Foster et al., 1980; Gurwith et al., 198f?
Santosham et al., 1983), animate and inanimate surfaces (Halvorsrud and
Orsfavik, 1989; Murphy et al., 1981; Kbdswick, 1983; Samadi et al.,
1983), food (Hara et al., 1978) and potable and recreational water
(Lycke'et al., 1978; Linhares et al., 1981; Lam, 1982; Sutmoller et al.,
1982; Harris et al., 1983; Murphy et al., 1983; Gerba et al., 1984).

.

Children . : !

A feature of rotavirus-host interactions is that while neonates are
highly susceptible to rotavirus infection, there are many neonatal
infections uﬁjch are asymptomatic (Chrystie et al., 1978}. Rotavirus
1nf§ctions occur in premature infants with a mild (van Renterghem et
al., 1980) or mild to severe gastroenteritis {Thomson et al., 1981). 1t
was reported that babies requiring special care are much more likely to
develop symptomatic illness afte; rotavirus infection than are full-term
babies (Bishop et al., 1979). Breast-feeding did not .a1ways protect
infants from diarrhea (Bishop et al., 1979; Crewe and Murphy, 1980).
Banatvala and Chrystie (1978) reported a lower incidence of rotavirus
1nfeccign among breast-fed babies. Rotavirus can be neutralized by

immunoglobulins and other factors in milk and colostrum (Otnaess and

Orstavik, 1980; Palmer et al., 1980). \4\»}

Adults

Although primarily a pathogen of early childhood, rotaviruses can cause

asymptbmatic and symptomatic enteritis in adults as well (von Bonsdorff
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et al., 1976; Zissis et al., 19;;). Asymptomatic infections occur
frequently in adult contacts of {11 children (Torres et al., 1978;’,
Blacklow and Cukor, 1981). Outbreaks occur in the elderly (Cubitt and
Hplzel, 1980; Marrie et al., 1982) and in hospitalized adults (Holzel et
al., 1980; Hildreth et al., 198t). 1In surgical wards outbreaks of
rotavi{aI gastroenteritis have resulted in increased mortality ~(Yolken
et al,, 1982). In adny travellers' diarrhea: rotaviruses appear to

play a major role (Bolivar et al., 1978, Ryder et al., 1981, Sheridan et
al., 1981}.

Immunity

By the age of five years, 60-90% of children have detectable serum
antibody titres against rotaviruses (Ghose et al., 1978). The protec-
tive nature of circulating antibodies is poorly understood because
humans and animals can become infected even when they posses detectabie
Tevels of serum antibodies (Kapikian et al., 1974; Woode, 1978).
However, immuno-suppressed children have been found“to be particularly
susceptible to attack by rotaviruses (Saulsbury et al., 1980)}. Local
immune factors such as secretory IgA, f1nterferon and general mucosal
inhibitors to v{ra1 infection may be more important in protection
against the more severe deleterious effects of rotavirus 1nfect16n by
being a first 1line of defence (Riepenhoff-Talty et al., 1981)}. There
appears to be a relationship between the severity of the “Fotavirus
1nfecf1on and the nature of the systemic and secretory antibody re-

sponses {Riepenhoff-Talty et al., 1981).
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Rotaviruses in Other Clinical Conditions

In addition to acute gastroenteritis rotaviruses have been found in

other clinical conditions in man. They have been detected in cases of

' intussusception (Xonno et al., 1978; Nicolas et al., 1982). Salmi‘et

al. (1978) suggest that rotaviral diarrhea could lead to Reye's syndrome
or encephalitis. Recent reports have suggested their role in enter-
ocolitis (Rotbart et al., 1983), sudden infant death syndrome (Yolken
and Murphy, 1982}, Kawasaki syndrome (Matsuno et al., 1983), SOMPE
syndrome (Gordon, 1982) and respiratory illness (Goldwater et al., 1979,

Lewis et al., 1979, Gurwith et al., 1981). Santosham et al. (1983) were

the first to report the detection of rotavirus antigens (using ELISA) in

the nasopharyngeal washings of children with pneumonia.

WATERBONE OUTBREAKS OF ROTAYIRUS DIARRHEA

Acute non-bacterial gastroenteritis is involved in many waterborne
disease ('sewage poisoning') outbreaks (Craun, %979a). A large propor-
tion of these outbreaks appear to have a viral aetiology (Craun, 19?9b).
A number of reports published in the past 5' years have 1implicated
rotaviruses as being among the causes of such waterborne ocutbreaks
(Lycke et al., 1978; Zamotin et al., 1981; Sutmoller et al., 1982;
Harris et al,, 1983; Morens et al., 1983; Murphy et al., 1983;
Tulchinsky et al., 1983; Ha1ter, 1983).

There are a number of factors which further reinforce the potential of.

rotaviruses to spread through the waterborne route. A large number of

»

-
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virus particles are excreted in the feces of infected individuals
(Flewett and Woode, 1978; McNulty, 1978) and this fecally excreted virus
has been shown to remain infectious for several months at room tempera-
ture (Woode and Bridger, 1975). Rotaviruses have been detected in raw
and treated sewage (Smith aﬁd Gerba, 1980a; Steinmann, 1981; - Hejkal et
al., 1984). The resistance of rotaviru;es to inactivation by chlorine
and other disinfectants is well documentea (Snodgrass and Herring, 1977;
Tan and Schnagl, 1981) and even at concentrations of available chlorine
several times greater than ;hat used in raqutine water treatment,

rotaviruses were not 1nactivatéd (Sattar et al., 1983).

Samples of drinking water from wells (Keswick et al., 1980} and those
from conventional drinking water treatment p]aqts (Smith and Gerba,
1980b; Deetz et al., 1981; Keswick et al., 1984) have been found to
contain infectious ﬁhman rotaviruses. Samples of tap water, meeting U.
S. standards for turbidity, coliform and free-chlorine, a]so- haq

detectable levels of rotaviruses (Deetz et al., 1981, 1984).
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PLAN OF STuDY
Th%s study is divided into 3 phases; In phase 1, the emphasis is placed
on determining the effect of temperafure, natura]]}-occﬁrring particu-
late matter and chlorine residuals on the survival of rotaviruses in raw
and treated surface waters collected at different times of the year.
Phase 2 deals with the comparison of immunofluorescence and immuno-
peroxidase in the detection and quantitation of infectious units of
rotaviruses. Phase 3 of the investigation was to evaluate the talc-
Celite technique and positively-charged filters for their ability to

concentrate rotaviruses from experimentally-contaminated samples of raw

water, and then to attempt the recovery, detection and quantitation of

indigenous rotaviruses from sewage-polluted surface waters.

' 1]
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GENERAL MATERIALS AND METHODS

Cells

The MA-104 cell Tine, derived from embryonic rhesus monkey (Macaca
mulatta) kidneys (Microbiological Associates Inc., Bethesda, Md.,
U.S.A.)} was used throughout this study. A seed culture of these cells
was origfnaTTy received by us through the courtesy of Dr. H. Malherbe
(Gul1l Laboratories, Salt Lake City, Utah, U.S.A.). As stock cultures
the cells were routinely cultivated as monolayers in 75 cm2 plastic
culture flasks (Flow Laboratories, Rockville, Md., U.S.A.) .using Eagle's
minimal esséntia1 medium (MEM) in Earle's base {Autopow; Flow Labs.).
Each 450 mL of the medium was supplemented with 25 mg. Garamycin
(Schering Corporation Kenilworth, N.J., U.S.A.), 13.5 mL of a 5.6%
solution of  sodium bicarbonate (J.T. Baker Chemical Company,
Philipsburg, N.J., U.S.A.), 5.0 mL of a 200 mM solution_ of L-glutamine
(Flow Labs.) and 50 mL of virus- and mycoplasma-tested fetal calf serum
(FCS; Flow Labs.). Each monolayer was trypsinized using 2.0 mL of a
mixture of 0.25% trypsin (Mi}lipore Corporation, Bedford, Mass., U.S.A.)
and ethylenediaminetetracetic acid (0.05%) in Ca2+ - and M92+ - free
phosphate puffered saline (PBS). A split ratio of i:4 was generally

used for the passage of the cells,

Cultures for plaque assay were put up in 12-wel) plastic plates (Costar,
Cambridge, Mass., U.S.A.). Each well in the plate was seeded with
approx1mate1y 1.0 x 105 cells in 2.0 mL of growth medium, the plates

were’ then sealed individually in plastic bags (Philips Electronics Ltd.,
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Toronto, Canada) before being placed at 37°C in an ordinary walk-in

incubator. The monolayers were generally ready for plaque assay within

48 hours of seeding. -
Virhses

Three laboratory-adapted strains of rotaviruses were used in this study.
Simian rotavirus SA-11 (strain H-96) was supplied to us by Dr. Malherbe.
Calf rotavirus (strain C(-486) was obtained from DOr. L. Babiuk
(University of Saskatchewan, Saskatoon, Sask.,-Canada). Human rotavirus
D strain (subgroup 2, serotype Wa) was sent tous by DOr. R. G. H}att
(National Institute of Health, Bethesda, Md., U.S.A.). These 3 viruses
were first plaque purified in MA-104 cells and the same cell was used

for preparing the virus pools.

Since FCS used in cell culture was found to be inhibitory to the
rotaviruses, it was necessary to wash the monolayers at least 3 times
with Earle's balanced salt solution (BBSS; Flow Labs.) before virus
inoculation. After allowing the virus under test to absorb for one hour
at 37°C, MEM without FCS and with 5.0 ug/mL of trypsin {1:250; ICN
Nutritional Biochemical Company, Cleveland, Ohio, U.S.A.) was introduced
into the cultures and they were placed back at 37°C.  When nearly 75% of
the monoiayer was affected by rotavirus cytopathic effects, the cultures
were frozen (at -70°C) and thawed 3 times. The cell culture harvest was
centrifuged for 15 minutes at 1000 x g in a DPR-6000 csntrifuge (Damon,
. ‘
IEC Division, Fisher Scientific Ltd., Pittsburgh, Pa., U.S.A). The

supernatant was extracted with an equal volume of 1,1,2-Trichloro-1,

-
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2,2-tr1f1uoroethane (Fréon- J.T. Baker Chemical Co.). The aqneous {top)
phase was then removed and centrifuged at 100,000 x g for 90 m1nutes in
-a Beckman L-350 centrifuge (Beckman Instruments Inc.. Toronto Canada).

The pelleted virus was suspended in disti]]ed water before storage at

270%.

The Sabin strain of po]ioviru§'type 1 was kindly provided to us by Mr.
D.A. Mcleod of the Laboratory Center for Disease Control (L.C.D.Cz;
Qttawa, Canada). The pool of the poliovirus was also prepared in MA-104

cells. :
Plaque Assay

The quantitation of virus plaque forming-ynits (PFU} was carried out
using the plaque assay technique of Ramia and Sattar (1979a) Cell
menolayers in 12-well plates were thoroughly washed with EBSS to remove
an trgpes of FCS present in the culture medium. Each well then
received 0.1 mL oﬁ the desired inoculum and the cultures were incubated
at 37%C for 1 hour on a pitched orbital shaker. Each one of the control
wells received 0.1 mL of EBSS. The overlay medium consisted of MEM,
0.6% Agarose Type Il {Sigma Chemical Company, St. Louis, Mo., U.S.A.)
and §. 0 ug/mL of trypsin {Nutritional Biochemical Co.). The plates were
resealed inside the plastic bags and placed in a walkfin incubator at
37%. After 3 days of {ncubation at 37°C  the cultures were fixed
overnight in a 1:10 formalin (J.T. Baker Chemical Co.) - sa]ing mixture.
After the removal of the fixative and over]dy medium, the monolayers

were washed in tap water and then stained with a 1% agueous solution of

-

crystal violet.
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ROTAVIRUS SURVIVAL IN RAW AND TREATED WATER

INTRODUCTION

To permit their waterborne spread,” rotaviruses need to retain their
1nfgctiv1ty,1n recreational and potable waters for considerable periods
of time. Although these viruses have been detected in various types of
waters, very little information exists on the chemical, physical and
biological factors which may or may not favor their persistence in such

environments~Sattar, 1981; Gerba et al., 1984).

In the case of ro;avirus contamination of drinking water in the
distribution system, how effective 1s the residual chlorine in the
disinfection of sucﬁ water? There are conflicting reports in the
literature on the efficacy of chlorine in this regard. Grabow et al.
{1983) found simian rotavirus SA-11 to be more sensitive to 1nact}vation
by free chlorine than hepatitis A virus and poliovirus type 2. Butler
and Harakeh (1982i found that, when compared with SA-11, coliphage f2,
poliovirus type 1, coxsackievirus B5 and echovirus type 1, human
rotavirus was more resistant to {nactivation by ozone as well as‘
chlorine d1ox1de.. Rotavirus surviva1' in soil must play an essential
role in enabling the virus to pass through to groundwater. Hurst et al.
(1980) and Goyal and Gerba {1979) have shown that rotaviruses bind
poorly to certain types of soil. SA-11 was also found to survive for
about 12 days in a mod 42 Toamy and sandy soil (Hurst et al., 1980).
This clearly shows the potential for rotavirus contamination of

groundwaters,
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A limited amount of work has been done to study the long-term surgjva1
of rotaviruses in the aquatic environment. Hurst' and Gerba {1980)
studied the survival of SA-11 in fresh and estuarine waters. The virus
was stable for weeks in both types of water. Keswick et‘ai. (1982}
observed that in groundwater SA-11 could survive for several days.
McDanfels et al. (1983) examined the survival of ca]f rotavirus in
microorganfsm-free distilled water and wastewater. The calf rotavirus
survived for a ‘month.

f
Yery 1little has been reported on the capacity of rotaviruses to survive
in raw and treated surface waters in our particular climatic and
geographic region. This phase of the study was to determine the effect
of temperature and naturally-occuring particulate matter on the survival
of rotaviruses in raw and treated surface waters collected at different

times Of the year.

MATERTALS AND METHODS

SHORT-TERM VIRUS SURVIVAL

"

Water Samples

Samples of conventiona11y-¥reated drinking water were collected at 2
different points in a munfcipal water treatment and distribution system.

The first type of samples were those of the effluent (PE) from the

Britannia Water Treatment Plant (Ottawa, Ontario); this municipal-

\
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facility on the Ottawa River treats abouf 1.9 x 108 L of water per day
and supplies 50% of the drinking water for the greater Ottawa area. ‘Tap
water (TW) collected in our laboratory constituted the second type of
water samples. This 'represented a mixture of treated water froh the
Britannia and Lemieux Island (supplies the remaining 50% of the drinking
v water for Ottawa area) ws;er treatment plants located 10 km and 6 km,
rhspectively, from our Taboratory. The _main physicochemical
characteristics’ of raw and treated water ?rqm these plants have been
described préviously (Sattar and Ramia, 1979). Three samples of PE and
TW each of 2L were used in this section of the study.
The chlorine measurements on the water samples were carried out using -
the amperometric titration method and the N,N-diethyl-p-phenylenediamine
(DPD) calorimetric method (Standard Methods, 1980).

L}

Test Procedure

}
The virus under test was suspended in either distilled water, EBSS or
tryptose phosphate broth (TPB; Difco Laboratories, Detroit, Mich.,
U.S.A.) before being added to the water samples. The virus-contaminated
sample was then held for one hour at 229C. To determine the amount of
" infectious viryé remaining in the 3amp1es, they were diluted in EBSS and

plague assayed.

4
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LONG-TERM VIRUS SURVIVAL

Bacterial Counts

Determinations of the colony forming units (CFU) of aerobic bacteria in

the water samples were carried out using plates {9 cm in diameter) of
tfypticase soy agars {(Difcé. Lébsﬂ). One mb. of the appropriate samp{e
dilution ‘was placed on the agar surface and the inoculum-was evenly
spread with the help of-a glass rod. The plates were incubated at 37%

for 24 hours prior to counting of the bacterial colonies.

pH Measurements

A1l pH measurements on the water samples were carried out using a Fisher
Scientific pH meter (Accumet, model no. 220) with a combination

electrode.

Water Samg]es

One sample each of raw water (RW} was collected from the Britannia water
Treatment Plant during the fall (1982), winter and spring (1983). TW
samples were collected concomitantly from taps in our laboratory. The
third type of water samplés were obtained by filtering RW through a
membrane filter (47 mm diameter) with a pore size of 0.22 um (Millipore

Corp.).

—~
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Test Procedure

For performing long-term virus survival fests, water saﬁp1es were
contaminated with the test—virus which was suspended in distilled water
after u1tracentr1fugat16n. It was diluted using portions of the water
under test as a diTuent and added to the samﬁ]e to‘ give a final
conFentration of 5.0 x 104'PFU/mL. Immediately after addition of the
virus,-a 9.0 m{, volume of the water sample was removed to determine the
starting titre of the virus. 'plean and sterile glass flasks (500 mL
capacity) were used as containers for incubating the contaminated water
samples at either 8¢ or 20%C*in the dark. Aliquots of the sample under
test were removed aseptica11y after 1, 2, 4, 8, 16, 32 and 64 days of
incubation. To determine the amount of infectious virus present, 1.0 mL
of sterile 10X TPB (pH 9.0) was added to 9.0 mL of the water sample. It
was then passed through a (.22 um membrane filtgr and stored at -70°C
until titrated. The addition of TPB to the water samples was necessary
to avoid loss of virus by absorption to the membrane filters (Ramia and

Sattar, 1980).

-

~

For bacterial counts and pH measurements aliguots were withdrawn from a
separate flask containing the water under test but without rotavirus

contamination.
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RESULTS

SHORT-TERM SURVIVAL

t

The data for chlorine measurements are presented in Table 1. The
samples of PE were found to contafin 0.75 mg/L of free and 0.89 mg/L of
total chlorine. There was a 15- to 18- fold reduction 1in the§;\‘2mounts
by the time the treated water was collected as TW in our laboratory.
Addition of TPB alone to PE to a fina) concentration of 1:1000 reduced
the ameunts of free and total chlorine by approximately 66X. wWhen EBSS
was used instead, the reduction in chlorine values in PE amounted to

about 20%.

As can be seen from the data summarized in Tables 2 and 3, there was no
significant decrease in the plaque titre-of SA-11 and human Eotavirus
i when they were suspended in TPB, EBSS, or distilled water before being
added to the samples of TW. Similarly, the virus titre remained almost
the same, in samples of PE wheﬁ TPB or EBSS was used for virus sus-
pension. However, there was a greater than l-log10 loss in the titre of
SA-11 (Table 2) and almost 2-10910 reduction in the titre of human
rotavirus (Table 3) in samples of PE when the viruses were suspended inr
distilled water prior to sample contamination. There was a greater than
3-]0910 ( 99.9%) reduction in the Plaque titre of the poliovirus in the
samples of both PE and TW irrespective of the type of'&ﬁspendiné-ﬁugjum

used (Table 3). , \\\:\\>

—
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TABLE 1.

v

TOTAL CHLORINE PRESENT
L

' Chiorine mg/L
Semple type
tree total
Tap water < 0.03 0.05 {(.00)
Plant «fliuent (PE) o3 " .00 cay (0%
-~
PE with
1x tose phosphate ’
broth \TPB) 0.2¢ (.08} 0.30 (.08}
PE with
Earie’s balanced
salt solutlon (EBSS) 033 (.06) 0.72 (.07}

TPB or Emm-&dtomﬁmm.lhﬂmmuumd

111000, The chlorine estimat

lons were made walng the amporometric

Uiration method (Stendard Methods, 1930). The mamber In the brackets
represents the standard devistion.

TABLE 2. ,

SHORT-TERM SURVIVAL OF ROTAVIRUS SA-11 1N
SAMPLES OF PLAN

UENT AND TAP WALLER

thput PFU/mL.recovered
Yirus mopended PFU/mL :
In .

plant efllvent 7 tap water
t X tryptese phosphate 5.7 x 10} 5.2 X 10} vy x 10}
broth
Earle's balanced nalt 1.7 x 193 49 X100 5.1 %103
solution
Distilled water 3.7 x 10} 30x102 - a7 X 103

The virus was added 1o the sample under teat and alter & contact time of 1 hat

27°C It was diluted and plaque assayed In MA-104 cells
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TABLE 3. .
SHORT-TERM -
YIVAL OF HUMAN ROTAVIR AND POLIOVIRUS 1, SAB
. N L WA
Recovered PFU/mL
Yirw and nput
medlum effluent water
Human rotavinm
. distilted wurer roxwd  so0xi10? 5.0 x 103
F1ptose phospate 20x102  20x102 1 x 102
‘ .
distliied water 1.3 X 10% <) <10
tryptose phosphate 1.2 X 10% <10 <10
broth

Thnvlruudu’hnmanpmdhdmdmucdvnuumm
phosphate troth before its addition 0 the water sample. The vinm-contaminated
samplt of waler was heid at 22°C for { o It was then dikned and plaque asssyed
by MA- LDV cells,

TABLE &,

CHARACTERISTICS OF RAY WATER SAMPLES USED IN THIS STUDY

M Sampling Dates

Characteristica Nov. 15, 82 March 23,13 - May i’. 3)
Temperstwre [*C) L o2 12

pH . X3 72 1z
Color (Haten unita} 3 L} b1
Turbidity (N.T.U.} r X4 ] 13
Spec. Cond (Microhms/cm) 70 51 a
Tota] Abulinity (C‘CO)) 11 Fi 20
Standard Plate Count/mL €30 1210 1210
Fecal Colilorms/ 100 mL 340 133 ]

The Information Listed here has been taken from the records kep? at the Britannls Water
Treatment Plant, :
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LONG-TERM SURVIVAL.

Characteristics of the Waters Used

Three samg]es of RW and;TW were tested in this study. Their character-
istics are symmarized in Table 4. The temperatures of RW collected in
November, 1982, March, 1983 and May, 1983 were 4.5°C, 0.2°C and

12°C,fgspective1y. The fall sample showed a fecal coliform count of
' 560/160 mL as opposed to 155/100 mL and 60/100 mL for the ea%l} and late
spring samples. There was no significant difference in the pH, color,
and specific conductivity values of the three RW samples. %he increase
in  turbidity value for March resulted from increased volume asnd

turbulence during the spring runoff.

The TW samples collected in November, March and May gave initial
temperature readings of BOC, 4°¢C and 12°C, respectively. No total or
fecal coliforms were detected in the TW samples. The November and March
samples gave a standard plate count of 2 CFU/mL while the one co11ec£ed
in May had 3 CFU/mL. Other characteristics of the treated waters" from

" the Ottawa River h;ve been deécribed iﬁ detail e]sewhere-(Saffar”and

Ramia, 1979a). '

Virus Survival

Figures 1 through 12 show the survival of the three types of rotaviruses
in RW, TW and FfW coliected in November {1982), March (1983) and May
(1983) and held at 4°C and 20°C. Figure 1 shows the survival of calf
rotavirus in RW, FW and TH collected in November 1982 and held at 4°C.

The drop in the virus did not exceed 0.7-]0910 even after 64 days in TW.

In RW, 2.7-10g,, of infectious virus were lost after 64 days of



incubation. As indicated in Fig. 2, TW incubated at 20° showed a less
than 2.0-10910 reduction in the virus titre over 64 days. At thfs
higher temperature, the virus suspended in RW underwent a 3-]0910 drop
in its titre after 16 days. In Figures 1 and '2, the drop in calf
rotavirus titre did not exceed 0.7-10910 even after 64 days in FW
irrespective of the holding temperature. Fig. 3 summarizes the data fgr
the RW, FW and TW collected in May, 1983 and held at 4°C. The extent of
virus loss in the TW sample was almost thé same as was seen in TW
collected in the fall of:1982. The drop in the 1nfect1v1ty titre of the
calf rotaV1rus in the RW sample amounted to approximately 3- 10910 over a
period of 64 days. Figq. 4 represents the data for the RW, FW and TW
samples collected in May, 1983 ‘and incubated at 20°C. 1In TW, the
reduction in the. plaque titre of the virus was found to be about
2-10910. There was a greater than 3-]09101055 in the virus titre after
64 days when the RW sample was held at 20°C: Again in Fig. 3 and 4, the
drop in infectivity titre of calf rotavirus in FW did not exceed
0.7-10910 even after 64 days irrespective of temperature of incubation.
The pattern seen in Figs. 1,2,3, and 4 for calf rota- virus survival " in

RH, FH and TW can be seen for SA- 11 (Figs 5f8)_and human rotavirus

(Figs. 9-12) at both incubation temperatures (4°C and 20°C). The times
- required in days for a 99% (T-99) and 99.9% (T-99.9) drop in the plaque
titre of the rotaviruses in the water samples .incubated at the two

different temperatures are presented in Table 5.
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Changes in pH

The initial pH of the samples of TW used in this study was 5.4. There
was a gradual But slight reduction in the pH (final value 7.8) of these
samples over the 64 day period when they were held at 20°C. At 4°C the
final pH value for fhe fall sample was 8.2 and that of the spring
samples were recorded as 7.7. The starting pH values for RW samples
collected in November, March and May were 7.4, 7.2 and 7.2,
respectively. In the fall sample tﬁe pH remained essentially unchanged
at 4° throughout the‘test period. However, there was a gradual increase
to 2 final pH value of 8.2 when this sample was held at 20°C for a
period of 64 days. The pH of both spring samples increased to 7.8 and
7.9 over the test period at 4°C and 20, respectively. In the fall
sample of FW the starting pH was 6.8Iand it increased over a 64 day
period to 7.2 and 7.5 at 4°C and 20°C, rESpective]y.' In the spring
samples the initial pH values were 7.6. In these two samples there 'was

a slight increase in pH to 7.8 at 4°C and 20°C.

Bacteriological Tests

The séarting number of aerobic bacteria.in the samples of Twrwere found
to be 2,3 and 2 CFU/mL for November, March and M§y: respectively. In
the November sample the counts. after 64 days of incubation were recorded
as 21 (49¢) and 100 (20°C). In the March sample of RW there were 1100,
1500 and 1950 CFUij, respectively. At 4°C the count in the fall sample
gradually reached 1.4 X 104 CFU/mL.after 64 days, whereas, at éo°c there

was a more pronounced increase in the number of bacteria and the fipal
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count was 2.0 X 105 cFu/mL. In the March sample of RW the final -
readings for the bacterial numbers were 6.8 X 10% (4°%C) and 3.5 x 10°
CFU/mL (20°C). In the May sample of RW the final bacterial counts were
5.0 x 10% (4°) and 3.0 x 105 CFu/mL  (20°C). The initial numbers of
aerobic bacteria in the three samples of FW were 0 CFU/mL. In the
spring samples there were no .detectable bacteria after 64 days of
incubation at either a% og 20°C. In the fall sample there were
detectable bacteria after 64 days incubation; the final counts were 10
(4°Cj aﬁd 12 CFu/mb (20°C). Figure 13 represents the bacteriological
data for TW and RW ;;nples collected in March and incubated at 4°C and
20°¢. Lii@wise, Figure 14 contains the bacteriological data for TW and

RW samples collected in May.
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DISCUSSION

1}
-

SHORT-TERM SURVIVAL

" The rotaviruses and poliovirus used in these éxperiments were subjected
to ultracentrifugation to remove extraneous organic and inorganic'matter
from the virus pools._ Grabow et al. (1983). and Barrio and O0'Brien
{1984) reported‘thé use of density gradient-purified rotavirus in their
experiments. iHoreover, these investigators used chlorine demand free
buffers to minimize tﬂé'interference extraneous organic and inorganic
matter could cause with the activity of the chlorine. Both Grabow et
_al. (1983) and Barrio and 0'Brien (1984) made up their chlorine contain-
ing solutions in chlorine demand free buffers which in no way resembles
the make-up of{tap water in a natural setting. In nature, contamination
of treated water with sewaée jntroduces into it not only micruorganisms
but also a variety of organic {particularly proteins and lipids) and
ingrganic iﬁpurities. In order to s%mu]ate this, TPB wﬁs used és a
source of such substances. TPB was chosen bec%use, unlike many other
organic loads (e.g. fecal extracts, sera and skim mi]k); it has been
shown to be non-inhibitory to rotaviruses (Ramia and Sattar, 1980).
jpa—
The results of the short-term rotavirus survival experiments (Tables h
2, 3) show that the amounts of §h1or1ne present in TW were unable té//f‘
inactivate the virus to any significant degree even in-the absence of
added organic or inorganic matter. The experiments of Butler and
Harakeh (1982), Grabow.et al. (1983) and Barrio and 0'Brien (1984) did

not‘investjgate the capacity of TW to inactivate rotaviruses.. Their

-
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experiments were. done in an artificial environment using purified virus
and chlorine demand-free" buffers. This study was designed to evaluate

the effect of the chlorine residuals in TW and PE on rotaviruses. The

.levels. of chlorine in PE affected the rotavirus titre in only those

preparation which were suspended in distilled water prior'to sample

contamination; the reduction in virus titre was approximately 1;;;;157\\\

Earlier studies on virus disinfection have shows rotaviruses to be able

* to withstand tevels of chldfine many times highef than those wused in

terminal chlorination of drinking water (Snodgrass and Herring, 1977;

Tan and Schnagl, 1981; Sattar et al., 1983).

/

The marked difference in the behaviour of human rotavirus and poliovirus

in sample$ of PE and TW is another example of the different charac-
teristigs of rotaﬁi[uses and’ enteroviruses. Farrah et al. (1978) have
shoﬁn that rotavifuses adsorb poorly to activated sludge flocs in
comparison with enterovirusses and this leads to their inefficient
removal during ségage treatment. Deetz et al. (1984) and Keswick et al.
(1984) detected rotaviruses in finished water from municipal drinEing
water treatment plants. The rotaviruses were able to escape the alum
and silica flocculation and survive terminal chlorination. This
suggests that wupon its éontamination with rotaviruses,. conventionally-

treated drinking water could act as a vehicle for their spread.

Ekamp]es now exist where sewage-contamination of conventionally-treated
drinking water has led to outbreaks of rotavirus diarrhea in people
consuming such water {Lycke et al., 1978; Sutmoller et al., 1982; Harris

. TN
et al., 1983; Walter, 1983), ‘

’

\ .

N
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LONG-TERM SURVIVAL

A number of factors are known to influence the survival of viruses in
the water environment (Sattar, 1981). Among the many factors, temper-
ature and naturally-occurring particulate matter are of particular
interest. The two incubation temperaiures selected‘for these experi-
ments (4°C and 20°C) représent the temperature extremes encountered in
water treatment, storage and distribution systems in temperate regions.
Tests with holding temperatures higher than 20°C would be required to
assess rotavirus’ survival in the water environment in tropical settings.
McDaniels et al. (1983) have shotg;that roFavirus can survive at Jeast
30 days in Qater samples held At 26°C. The water samples in our study
were incubated in the dark again to simulate conditions found in

underground water reservoirs as well as in water treatment, storage and

-

distribution systems.

The findings of this phase of the study demonstrate that the survival
capacity of rotaviruses in the raw water environment is dependent on the
temperature of the water. H;En the virus-contaminated samples of RW
were held .at 4°CL the rotaviruses remained viable for a much longer
period than at 20°C. The {nflﬁence of temperature may be indirect in
the sense that the higher temperature was more favorable for the growth
of bacteria and other types of mich- organisms in the water. That such
microbia]_'activity- in certain fypes of water may be deleterious to the
survival of viruses has been demon- strated by the studies of Magnusson

et al. (1966, 1967), Shuval et al. (1971), 0'Brien and Newman (1977),

&
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Loh et al, (1979) and Toranzo et al. (1983). In most instances this

antiviral activity was directly or indirectly associated with the growth
of marine micfoorganisms. In contrast to thé work of Toranzo et al.
(1983) on poliovirus, we passed raw water through bacteria ' retaining
filters (FW) then seeded i; with rotavirus and found that rotavirus
survival was greatly enhanced in the absence of microbial activity even
at 20°C. This suggests that the virucidal activity in fresh water may

be different from the system operating in the marine environment.

;In comparison with RW, and irrespective of the holding temperature, FW
was found to be the most favorable for the survival of rotaviruses. The
maximum drop in the virus titre in FW was 0.7-—10910 after 64 days (at
either 4°C or 20°c). N
The samples of TW had been subjected to full conventional treatment,
including terminal disinfection by chlorine, at the municipal 'Qater
treatment facilities in Ottawa. The total and fr;e chlorine values in
the TW samples were approximately 0.05 and <0.05 mg/L, respective]y.- No
attempt was made to neutralize the chlorine in TW samples before the
addition of the virus. The absence of an immediate and noticeable

reduction in the plaque titre rof the input virus indicated that the

chlorine levels in the TW samples did not inactivate the virus. The™

maximum drop in virus titre recor&ed in this study for TW was about
2-logyy after 64 days at 20°C. This indicates that if ‘sewage
contamination occurs in the water distribution system, rotaviruses could
survive Tong enough to make such contaminated potable waters a health
hazard. Sewage-polluted groundwaters have been implicated in ocutbreaks
of roZavirus gastroenteritis (Murphy et al., 1983; Tulchinsky et al.
1983}.

=

A

&
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_Hurst and Gerba (1980) studied the stability of simian rotavirus SA-11

in sewége-po]luted and non-polluted samples of fresh and estuarine
waters. The virus was added to these samples without the prior removal
of indigenous microorganisms and they were held under indoor 1lighting
conditions. McDaniels et al. {1983) investigated rotavirus and reovirus
stabi]if} in microorganism-free distilled and wastewater samples held in
the dark. In the wastewater samples the microorganism-free state was’
achieved by using a combination of pasteurization (62°C, 20 min.),
freezing, thawing and addition of penicillin (500 units/mL),
streptomycin (500 ug/mL) and amphotericin B (5 ug/mL). The elimination
of indigenous microorganisms from sﬁch wastewater samples made the
experimental setting highly artificial. In our expériﬁents Qe sought to
use RW 3?d TW samples in their native state. The FW samples were
included-in our, study as controls to test the influence of the raw water

microflora on rotavirus survival.



- 45 -

TMMUNGCYTOCHEMICAL STAINING METHODS FOR WATERBORNE ROTAVIRUSES

i

INTRODUCTION

Rotaviruses and/or their agtigens are present in -fecal samples of
1nfectéd individuals. More recently, ;ntigens of these viruses have
also been detected in tracheal aspirates from cases of viral pneumonia
(Santosham et al., 1983). The following 1mnunocytochem1cq1 techniques
are used for the In vitro detection and identification of infectious
rotavirus particles (Banatvala et al., 1975; Moosal et al., 1978;
Grahaﬁ and Estes, 1979; Kapikian et al., 1979; Chasey5 1980; Graubelle
et ;fft\\izal; Hopley and Doane, 1983; Cevenini et al., 1984):

-immunofluorescence (IF}), immunoperoxidase (IP)“ and

o]

peroxidase-antiperoxidase (PAP).
¢

Whereas, a number of techniques are available for the routine laboratory
diagnosis of rot;§1ra1 infections, detection and identification' of
naturaliy-occuring rotaviruses found in the water environment pose some
problems. Conventional EM examination of concentrates of sewage an&
water 1is wusually not feasible because of .the low numbers of
physically-intact virus particles present. However, Murphy et al.
(1983) were successful in detecting rotaviruses by direct EM of
concentrates of drinking water *heavily contaminated with sewage, but
these virus particles dié\not produce .cytopathological effects in cel
culture. Steinmann (1981) used direct EM as well as ELISA to detect
rotaviruses in concentrates of domestic sewage; this study made no

attempts to determine whether the Metected viruses were infectious or
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not. Therefore, until and unless the virus particles detected in such
samples are shown to be infectious, their potential hazard to health

remains undetermined.

Field strains of rotaviruses are slow growing and generally non-
cytopathogenic in cell culture {Sato et al., 1981; Urasawa et al., 1981;
Estes et al., 1983). At the same time, most concentrates of sewage énd
water are known to contain a variety of other enteric viruses which can
grow faster and produce extensive cytopathology in vitro {Sattar, 1979;
Hejkal et al, 1984). In view of this, IF staining has been applied in
the detection as well as quantitation of infectious rotavirus partic1e§
in concentrates of samples from the water environment (Smith and Gerba,
1980a, 1980b, 1982; Deetz et al., 1984; Hejkai et al., 1984). However,
no published data have been available on the suitability of other types
of immunocytochemical methods in this regard. The purpose of this part

of the study was, therefore, to compare the efficiency of IF and IP for

the rap1d~detect10n and quantitation of infectious units of waterborne

‘rotaviruses.

——

MATERTALS AND METHODS

. Anti-rotavirus Antisera

Mouse ascitic fluid (clone 6B1/A3/M4) containing rotavirus group

specific monoclonal antibodies was kindly supplied to us by Dr. T. H.

" Flewett (East Birmingham Hospital, Birmingham, Great Britain). This

material was diluted 1:1000 in PBS for immunofiuorescence and .

!
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immunoperoxidase studies. Rabbit immunoglobulins against | human
rotavirus prepared by DAKO-Immunoglobulins were purchased from Cedar1anF
Laboratories Limited {Hornby, Ontario, Canada). Rabbit antiserum to the
Norden strain of calf rotavirus was a gift from Dr. R. S. Roy (Faculty
of Veterinary Medicine, University of Montreal, St. Hyacinthe, Quebec,
Canada)., Both of these rabbit antisera were tested at a 1:40 dilution.

Guinea pig serum against stmian rotavirus SA-11 was kindly supplied to

us by Dr. R. K. Chaudhury (LCDC, Ottawa, Canada) and was used at a 1:20

dilution.

The relevant information on the materials and reagents used_in this part
of the study 1is summarized 1in Tables 6 and 7. The methods for the
fixation, staining and counting of rotavirus-infected cultures are given

in detail in Appendix 1.

Cell Culture for Imnmunocytochemical Detection of Rotaviruses

MA-104 cells were propagated in Lab-Tek ce™ culture slide chambers
(Miles Labo}atories, Westmount, I11., U.S.A.). Confluent monolayers
were washed with EBSS and inoculated with 0.1 mL of the appropriate

inpculum. The inoculated cell cultures in s1idé chambers were placed .in

" holders {Damon, IEC Division, Fisher Scientific) and were centrifugal at

1000 RPM in a GLC-1 centrifuge (Sorval, Newton, Comn., U.S.A.) for 10
min. at room temperature. The chambers were processed in tﬂ}ee
different ways: (1) 8-10 hr incubation with MEM (no FCS) and trypsin (5
ug/mL), (2) 24 hr incubation with MEM (no FCS) and trypsin (5 ug/mL),

(3) 24-72 hr incubation with the semi-solid overlay used in the plagque

assay.
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TABLE &
MATERIALS USED IN STAINING
e Marulacturer
Acwtons Flshar Scentific Co.
3-amino-S—gthyicarbazole Sigma Chemical Co.
Dimetivyil or mamide Fisher Scentific Co.
Hydrogen peroxidase BOH Ohwemicals, Toronto, Canada
Methanol Flaher Scientific Ca.
Merthiolats Slgma Chemical Co.

' Flaher Scientlific Co.

Succinic acid Flsher Scentific Co.
Cell cslture Miles Laboratories Inc.,
chamber /3l des Yestmont, inois, US.A,
TABLE 7.
INFORMATION ON REAGENTS USED IN STAINING
l;tﬂ Lot Ne.  Menulacturer Diktlon uwed
Fluorescence (FITC) -

t antimowe [-r ¢ Dalkro-immunogiobuling® 13290 in PB3

Proteln A 8?2 Zymed Laborateries® 1110 In PBS
Coal sntirabblt 70601 Zymed Laboratories 1120 In PRS
Rabbit antiguines pig 2 Zymed Laboratories 120 in PR3
Rabbit anfiguines pig QLA Dako-Immurwglotning [12¢ In PBS
Perosidase .
Gt antimeune 0MlA Dako-lmmunaglobuline 1110 in PBS
Kabbit antimose 11106 Lymed Laborstories 1110 n PBS
Rabblt sntiguines pig 03X Dako-immunogiobullre 1120 in PBS
Rabbit antiguimes pig 10092 Zymed Laboratorles 1120 In PBS
Pretwin A 0618 Iymed Laboratorles 1110 in PRAS
Rabbit 0A Dakeo- Imrrmanoglobullm 1120 in PBS
aatihuman retarieus

*Cedarlane Laboratories s the Canadien distributor.
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3
Detection of Rotaviruses in Wastewater

\ .
In order to test the immunocytochemical methods- in the detection of

naQSrally-occurrfng_ rotaviruses, it was decided to experiment with
-“samples of wastewater. Such samples weﬁ% obtained from the Green Creek
Pollution Control Ceﬁtre of the Regional Municipality of
Ottawa-Carleton. It is jhe_]argest wastewater- treatment facility in
this area, treating ;ear1y 400 million litres Pipsewage per &ay. It
subjects the sewage to primary sedimentation, 'dhosphate removal and
terminal disinfection by chlorine. The treated effluent 1is then
discharged into the Ottawa River. Samples of raw ;ewage (RS),
prechlorination (Pre-CE) and postchlorination (Pq§t-CE) ef%]uents were
collected in February, 1984. Three samples of each of RS, Pre-CE and
Post-CE were obtained from the pollution control centre. All sample§
were found to be positive for rotavirus by indirect IP and IF of

infected cell cultures.

To 180 mL of the wastewater under test 29 ml. of 10X TPB was added and
the mixture wa§ passed through a 47 mm diameter membrane filter with a
pore size of 0.22 um. The filtrate was collected and inoculated onto
MA;104 cell cultures on slides, incubated.at 37°C for 24 hr then fixed
and stained by IF and IP. |
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RESULTS

" Although all the polyclonal antisera against rotaviruses could be used

in the detection of the 3 iypes of rotaviruses in slide culture IF and
IP §tudies, for the comparison and quantitation experiments, tﬁé modse
ascitic fluid containing monoclonal ahtibodies to human rotavirus 'was
employed. The plaque assay .was compared with the fluorescent cell
forming assay and the peroxidase cell forming assay. The sl{ae chamber
cultures of MA-104 cells were inoculated with the virus; a Tiquid
overl?y with trypsin was)p]aced on them and they were kept at 379%  for

B-10 hours. After fixation and staining, the slides were examined under

, the microscope and cells showing IF or IP sfaining were counted. Table

8 summarizes the‘ data for the quantitative comparison of the staining
methods. The IF assay and the IP assay both gave counts of infectious
rotavirus which were at Jleast 2-fold higher when compared with the
plaque assay. Figure 15 shows the bright cytoplasmic fluurgscence of aﬁ

MA-104 cell infected with humén rotavirus (strain D) and stained with

-mouse monoclonal antibody to human rotavirus and FITC-antimouse IgG.

Figure 16 shows profuse cjfop]asmic red chropoden in inclusion Bodies in
MA-104 cells infected with human rotavirus (strain D) and stained with
mouse 'mpnoc]onal antibody and peroxidase-labeled ~antimouse IgG with
3-am1no-9-ethy]carbazole.as the reaction substrate.

As can be seen from Figures 17 (IF) and 18 (IP), naturally-occurring
infectious rotavirus particles could be demonstrated in RS. The Pre-CE
and Post-CE éamp]es tested in this‘study also revealed the presence ‘of

similar infectious particles of rotaviruses.

J
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Fig 15.

Fig 16.
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Cytoplasmic Fluonescence of MA-104 Cells
Infected with Human Rotavirus. and Stained
with Mouse Monoclohal Antibody to Human
Rotavirus and FITC{éggfmouse 1gG. _ (X% 882)

Immunoperoxidase Stainﬁng of MA-104 Cells
Infected with Human Rotavirus. .Mouse .
Monoclonal Antibody to Human Rotavirus and

- Peroxidase-Antimouse IgG. (X 220)






As

Fig 17. Immunofluorescence Staining of an MA-104
Cell Infegted with Rotavirus from Raw
Sewage. ?X gg2)

Fig 18, Immunoperoxidase Staining of MA-104 Cells
Infected with Rotavirus from Raw Sewage.
(x 220)
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DISCUSSION
~ R

\" o

IMMUNOCYTOCHEMICAL QUANTITATION OF ROTAVIRUSES

8

In the indirect IF technique, - a single preparation of fluorochrome-
labeled .secondary antibodies can be used for the detection of primary
antibodies of different specificities from a single animal species
(Sternberger, 1879}. IP techniques ;re similar to those for IF but with
an enzyme reaction used to localize an antigen instead of wultraviolet-
induced excitation of a fluorochrome. Antibodies are covalently linked

with peroxidase without impairing the enzymatic activity of the

peroxidase (Farr and Nakane, 1981; Falini and Taylor, 1983).

The protein-A component of the cell wall of Staphylococcus aureus has

" been shown to bind specifically to the Fc portion of most mammalian IgG.
subclasses (Forsgren and Sjoquist, 1966; Goding, 1978). Coupling of
protein-A to other substances such as fluorescein or peroxidase does not
affect the biological properties of the native protein (Falini and
Taylor, 1983). Protein-A methods in IF and IP techniques offer certain
advantages such as economy, versatility, rapidity and decreased back-
grounﬁ staining (Sternberger, 1975:Tﬂ2211j?7".1983). In this study
protein-A, labeled with eiiher peroxdase or fluorescein, was used for
the detection and quantitation of rotaviruses in infected cells. Such
preparations were always free from non-specific background staining and

the specific stain was as bright as that seen with the IF and IP

methods.
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Due to the difficulties -encountered in working with_doverslip cultures,
Lab-Tek slide cultures were employed in this study. Such chambers have
also been used in earlier immunocytochemical studies in;o1ving Fota-
viruses (Graham and Estes, 1979; Smith aﬁd Gerba, 1982). —In-our
experiments we centrifuged the inoculum onto monolayers of MA-104 cells
in slide chambers. 'This technique has been shown to enhance the process
of virus absorption (Banatvala et al., 1975) and at the same time

increase the sensitivity of the fluorescent focus assay for rotaviruses

_in comparison with the piaque assay {Estes et al., 1983).
]

‘A liquid medium supple&ented with trypsin (no FCS) was used as an
overlay and it prqoved to be more " advantageous than the semi-solid
overlay. Problems arose during the removal of the semi-solid overlay
prior to the fixafion step in the staining process. Moreover, use of
the semi-so1Yq overlay often resulted in crystalline deposits on the
cells as well ;s the detachment of the monolayer.

In the initial experiments incubation periods of 24, 48 and 72 hrs were
tried but weré found to be too long because they resulted in the
qeneration of secondary foci of virus infection. Further work showed an
¥ﬁcubation"pegiod of 8-10 hrs to be suitable in the 1mmuﬁocytochemica1

‘quantitation of the lab-adapted strains of rotaviruses. N\

Acetone, methanol and glutaraldehyde have been used as fixatives in IF
and iP assays for rotaviruses-(Banatvala et al., 1975; Moosai et al.,

1978; Graham and Estes, 1979; Chasey, 1980; Graubelle et al., 1981;
Smith and Gerba, 1982; Cevenini et al., 1984), 1In the IF assay we
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employed acetone as the fixative but in the IPlassai a combination of
acetone, methanol and hydrogen peroxide were used instead. Methanol and
hydrogen peroxide were used in order to eliminate endogenous peroxidase
activity of the cells thereby reducing non-specific backgfound staining
(Sternberger, 1979). Other methods for eliminating background staining
include methanol and nitroferricyanide (Straus,, 1971), acid alcohol
(Benjamin, 1977), sodium azide and hydrdgen perdxide (Desmond et al;,
1979}, pheny]hydrazine'(Straus, 1979) and egg ‘albumin and hydrogen:
peroxide (Zehr, 1978).

Both the IF and IP assays were found to be more sensitive than the
plaque assays because not -all infectious virus particles can form
countable plaques. The average time required to complete the immuno-
cytochemical assays was 2 hrs for IF and 2.5 hrs for IP following the
8-10 hours of jncubation of inoculated cultures. The plague assay, on
the other hand, took‘! days for its completion. Moreover, the analysis
of concentrates of water uéing plaque assay for rotaviruses 15 not
feasible because field strains of -rotaviruses dQ not form countable.
plagues. For these reasons, immuno;ytochemica] methods are considered
more appropriate for the detection and quantitation of field strains of
" rotaviruses. The reagents used in the IF'and IP Jssays of these viruses

are readily avaijlable from commg}cjal'sources.

. l“\__J
There are two major difficulties associated with the IF technique. The
first is the expense involved in the purchase and maintenance of a
fluorescence microscope. The second difficulty s the fading. of(

fluorescence during the process of specimen examination. Methods now
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available to retard fading include the addition of p-phenylenediamine to
buffered glycerol- (Johnson and de Nogueira-Araujo, 1981) or the use of
.

commerically available mountants 3 as Fluormount (Gurr, BDH Chemi-
cals) and DPX mountant (BDH Chemicils).

IP assays, besides being more time consuming, also have somé associated
problems. Some of the peroxidase substrates are carcinogenic (Voogd et
al., 1980). 1In particular, benzidine (which produces a blue reaction
product) and diaminobenzidine (which produces a2 brown reaction product)
are known to be carcinogenic. Other less harmful substrates which may
be employed in this technique are 3-amino-9-ethylcarbozole (AEC),
4-chloro-1-naphthol, p-phenylenediamine ,plus pyrocatechol (oPD),
S-amtgo-salicyTic acid (5-AS) and o-diahi;idine (DIA) (Marcollet et al.,
1980; Voogd et al., 1980; Farmilo, 1983). In. tissue-antigeh locali-
zation by light microscopy, a color change with a stable and insoluble
reaction product is desired (Farmilo, 1983). The AEC reaction product
\%s insoluble in aqueous solvents. Therefore, using an aqueous mounting

medium and no organicisolvents makes. AEC a good chromogenic substrate
for the IP detection ofirotaviruses, as_shown by this study. To redufé
crystalline build-up in the reaction product, the substrate solution was

prepared fresh and filtered just prior to use. .
Two advantages of the IP over the IF technique are its Ioker' cost as

well as its vcapability of prdducing pr;;hr ions which do not fade
during examination and storage.



- 58 -

Some breiiminary expefiments have beeA done with PAP staining of MA-IOA-
cells infected with cell culture-adapted rotaviruses. These preliminary
findings show it to be very sensitive. It has 1ncre§sed sensitivity
over conventional IP because of the high ;veraII binding affinity of
perﬁxidase for antiperoxidase in the cyc1i$ PAP molecule (Petrali et
al., 1974). A drawback with PAP techniques 1is the number of steps
involved in the procedure and therefore more time 1is required to
complete this technique. Protein-A methods may be employed jn the PAP
scheme but choice of reagents is important because Notani et al. (1979)
showed that protein-A haﬂ a high affinity for rabbit and guinea pig PAP

and a lower affinity far rat and goat PAP. ™~

-
-

Recently the use of avidin-biotin in immunocytochemical studies has been
shown to increase the sensitivity of the basic immunocytochemical
techniques for the detection of rotaviral antigens (Hopley and Doane,

1983; Yolken, 1983). ’

DETECTION OF ROTAVIRUSES IN WASTEWATER USING IF AND IP

Figures 17 and 18 shqﬁ the immunocytochemical demonstration of rota-
viruses detected in wastewaters from the Ottawa area. The sewage

treatment procgsé apbarently did not eliminate the rotavirusesi In our
experiments, we did not encounter cy;otoxicity oflthe concentrates.
ﬂejka] et al. (1984) encountered cytotoxicity of the concentrates of |
sewage for MA-104 cells and used filtration through positively-charged
‘filters to reduce it.. Hejkal et al.-(1984). reported a seasonal occur-

rence of rotaviruses in sewage with a peak from December through March.

There is evidence that rotavirus gastroenteritis peaks in the winter

A
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months in temperate climates (Kapikian, et. al., 1981). This may
correlate with the seasonal pattern of,;he appearance of rotaviruses in

§$wage as seen by Hejkal et al. (1984).

T4
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RECOVERY OF ROTAVIRUSES FROM SEWAGE-POLLUTED SURFACE WATER

INTRODUCTION

In order to properly evaluate the potential risk to human health due to
rotaviruses in the aquatic environment, suitable methods are required
for recovering these agents from water. In general, such recovery

methods are based on the physicochemical properties of viruses with the

adsorption/ elution techniques appearing to be the most useful.

The 2 types of adsorbents which are used for concentrating waterborne
enteric virﬂggs are microporous filters and parﬁicu]ates {(Primrose et
al., 198;). The particulates used include insoluble polyelectrolytes
(Wallis et al., 1970), aluminum hydroxide flocs, aluminum phosphate
flocs and calcium phosphate (Wallis and Me]n?gi, 1967; Primrose and Day,
1977). iron oxides (Rao et al., 1968; Bitton and Mitchell, 1974),
talc-Celite (Sattar and Westwood, 1976; Sattar and Ramia, 1979a, 1979b;
Ramia and Sattar, 1980) and glass powder'(Sarrette et al.,'1977). The 2
classes of microporous filters are the negatively-charged (Farrah et al,
1976) and the positively-charged (Sobsey and Jones, 1979) filters.

The water sample (experimentally- or naturally-contaminated) is passed
through the adsorbent layer and then an appropriate eluent (usually
protein in nature} is used to release fhe virus from the layer. Further
concentration of the eluted material may be achieved by
uitracentrifugation, ultrafiltration, acidic flocculation or

hydroextraction (Primrose et al., 198l1).
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s
Raqi; and Sattar (1980) efficiently concentrated simian rotavirus SA-11
from experimentally-contaminated tap water using the talc-Celite
technique. Pretreatment- of.'the water was necessary and this involved
the adjustment of sample pH to 6.0 and the addftion of divalent cations.
Elution was performed with proteinaceous solutions at alkaline pH.‘(This
study, however, did not investigate the suitability'of the talc-Celite

method for rotavirus recovery from samples of raw surface waters.

Microporous filters have also been used in concentrating rotaviruses
from the water environment (Smith and Gerba, 1980b; Steinmann, 1981;
Goyal and Gerba, 1983; Guttman-Bass and Armon, 19835‘Deepz et al., 1984;
Hejkal et al., 1984; Kesyick et al., 1984). Smith !and Gerba (1980b)
used a fiberg1ass-époxy filter system (Vifade], a negatfye1y:bharged
filter) to concéntrate these \yirpses from experimenta]1y-contam1nated 
samples of tap water and sewage. Pretreatment of the sample was needed
and 1t involved pH reduction and the addi;ionl of aluminum chloride.
Virus elutifon was carried out with amino acids in combinatipnlwith
tryptose phosphage broth. It was note& that_the optimum Fonditions for
rotavirus édsorption and elution were different than those for
enteroviruses. This confirmed tﬁe earlier observations of Farrah et al.
(1978). The Virade1 mé;hod ha; been applied to the detection of
naturally-occurring rotaviruses 1n sewage (Smith and Gerba, 1982; Hejkal
et al., 1984), and raw and treated waters (Keswick et at., 1980: Smith
and Gerba, 1980b; Deetz et al., 1981; Deetz et al., 1984; Keswick et
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Stejnmann (1981) used thé'. positiver-chérged Seitz filters in

. coqbination “with u}tracentrifugation and precipitatién with a1uminum;

f

sujphate to concentrate rotaviruses from sew&ge. Guttmann-Bass and

Ar:-mn (1983} reported the? use of positively-charged Zeta Plus filters to

- concentrate simfan rotavirus SA-11 from experimentally-contaminated

samples of tap water. Toranzos .and Gerba (1983) showed that the

positive1ylcharged 1-MDS . filters were .capab1e of, concentrating

frbtavirhses from uatgf and sewage. Keswick (1983) demonstrated that

rotaviruses (as well as enterovirusés) could retain their infectivity
for sevénp1 weeks aftgr adso;ption to the 1-MDS filters. ’?h)s meant
that 1mme&i§te elution of the viruses frbm these filters was not
necessary, thus making thqu suitable for use 1n field studies. This
type'of filters have in fact been used to detect human. rotaviruses in
sewage {Hejkal et al., 1982) and conventionally-treated tap water (Gerba

et al., 1983).

Since this study was aimed at the recovery of naturally-occurring
rotaviruses from #resh . surface waters, it was considered necessary to
determine which of. the available methods of rotavirus concentration from
water would oy syitab]e?»forl'this purpose. Therefore, based on the
information s}ma;-i zed above, it was )decided to study the comparative
rotavirus goncentrating efficiency of the tq]g-Celitex layers and

-~

positively-charged Zeta-Plus filters.

-]

-4
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MATERIALS AND METHODS

TECHRIOUES FOR CONCENTRATION OF ROTAVIRUSES FROM SEEDED SAMPLES OF
SEWAGE-POLLUTED SURFACE WATERS -

Water Samples

RW samples from the Cttawa River were collected at the Britannia Water
Treatment Plant during 1982 and 1983. TW samples were collected in our

laboratory during the same time period.

F;g;ocessing of fhe Water Samples

In experiments with talc-Celite layers Sattar and Ramia (1979a) found
that precondifioning of the water was necessary to maximize rotavirus
absorption to the Tlayers, Before -experiméntali contamindtion™ of the
water sample with the virus under'study, the hrecondjtioning steps,
therefore, involved dechiorination, addition of £§§§'and acidification.
Dech]orinaﬁon was carried "out by adding 0.{} solution of .sodium
thiosulphate (Fisher Séientific Co.) to the lsamp]e to a final
concentratfﬁn of 1:100. EBSS, which acted as a‘source of cations, was
-

added to give a final concentration of «1:100. The sample pH wa§

adjusted to 6.0 with 0.05N HC1 solution (Fisher Scientifie Co.). ..

P
L] ’
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Virus Adsorbents

-

¥alc-Celite Lavers

Talcum powder (magnesium silicate; J. T. Baker Chemical Co.)} and Celite
503 (Flux-calcinated diatomite; J. T. Baker Chemical Qp.) were purchased

from Canadian Léboratory Supplies (Toronto, Canada). Before use, both

of these powdérs were washed 2>times in disfi]led water. After washing,

they were left in the incubator at 37% for drying. A mixture of 10

grams of talc and 3.3 - grams of Celite was added to one litre of

distilled water.

»

Layers prepared for the processing of small volumes (up to one litre)

were held in 47 mm diameter_glass filter ho]deré (Millipore Cgrp.). ﬁ,,

Whatman No. 114 filter paper of 47 mm diameter was moistened in sterile
distilled water and placed in the holder. The talc-Celite suspension
(30 mL) was poured into the holder and suction was applied to remove the
water. The. talc-Celite mixture was deposited as a uniform layer in the

filter paper. The layer was carefully covered with a second moistened

filter paper. An AP-25 prefilter disc (Millipore Corp.) was placed on

the sandwiched layer, which was then autoclave sterilized.

N

Positively-Charged Filters
The positjveiy-charged microporous filters used were Zeta Plus (30S,
10S, 5S) cellulose-diatomaceous earth- “charge modified" resin filters
(AMF, Cuno Divisior€ Meriden, Conn., U.S.A.). The 30S, 105, and 55
[N ) . .
filters have pore sizes of 2 um, 4 um, and 10 um, respectively. The 47

mm glass filter holders were used without any _prefilters.’ For larger

_volumes (20L RW}, the 142 mm' diameter stainless steel membrane filter
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holder £ Sartorius, GmBH., 34 Gottingen, .Federal Republic of Germany) was
'employed. .

-~

Eluents

Substances tested for their rotavifus-e]uting efficiency included the |

fo1lowiﬁg: ﬁowﬂéred beef extract (BEf, tryptose pﬁosphate broth (TPE’,
s

bovine albumin (BA), L-arginine (Arg) and egcine (Gly) Further

information on these eluents is summarized in Table 9,

Experimenfal. _ ] ' //

- Virus under test was added to the water Samp1e and a 9.0mt portibn of
it was immediately removed to determine the starting-titre of the virus
in theksample. The” contaminated sample was then passed through fﬁe

adsorbent under vacuum at room temperature.

The starting titre of virus in the water sample was determined by adding

1.0 mL of 10X TPP (pH 9.0) to 9.0 mL of the sample and then passing it
through a 0.22 um membrane filter before plaque assay. Tp determine the b
amount 3; virus lost. in.the filtrate, a 9.0 mL volume of it Qas treatgd ’

in thé same manner as the control sample. The eluent unﬂer study was

then passed through the abéorbent in order to 'recover -the virus

retained. The eluate was also membréne filtered and plaque assayed to

calculate the efficiéhcy'bf virus recovery.
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For large volume (20L RW) contamination experiments only‘the BOSIZeta‘

Plus filter was used fo recover the seeded virus. Elution was carried

out with 100 mL of the appJS:riate eluent. A second-step concentration

of the eluent was required” and this {nvolved hydroextraction with
polyethyleneglyco] (PEG; J. T. Baker Chemical Co.). The

virus-contaminated eluate was poured into a diaIysis sac (2.7 cm

diameter, 4.8 nm pore size, Fisher Scientific Co ) and the sac was

sealed and placed in a styrofoam container. Enough PEG powder was

-poured ~into the container to completely surround the sac and it was
placed at 4%, Hydroextraction was allowed to proceed overnight. The
hater1a1 remaining {inside the sac was resuspended in 10 mL of EBSS and

plaque assayed after membrahe filtration.

RECOVERY OF ﬁATURALLY~OCCURING ROTAVIRYS FROM SEWAGE-POLLUTED SURFACE

~J WATERS

s

Water Samples ‘ ) ‘

RW samples {20L- 4OL) were collected 1in 5ta1n1ess steel pressure vesse1s

at three sites along the Ottawa River LBritannia and Lemieux Is. kater

Treatment Plants and -Canadian InternationaT Paper Company, Gatﬁneau,

Quebec) R the winter of 1983.

Experimental : !

~The water samples were passed through a 305 Zeta Plus filtess (without
any prefi1trét16n) held in 2 142 mm diameter Sartorius_filter holder.

.
| ij | o
‘ .
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- Elution with 100 mL of eluent was ‘fblloied by hydroextraétion. The
material remaining after “ydroextraction was resuspended in 10 mL of

EBSS and membrane filtered. The concentrate was itored at a70°c tin
further testing could be done.

Virus Detection

. Concentrates were centrifuged onto MA-104 cells in slide culture and

incubatéd for 24 hr to 48 hr. were then stained using the immuno--

cytochemical technique undér test.

M
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- *RESULTS

~ (“\-__,,

‘VIRUS RECOVEﬁY FROM SEEDED SAMPLES OF RAW WATER

- Tale-Celite Layers .

A 1-L volume of conditioned RW was cont&m{sated with a known amount of

infectious human rotavirus or SA-11. A 250 mL volume was then withdrawn
and passed through a 47 mm diameter tglc-Celite iayer. The filtrate was
collected and plaque assayed. As can be seen from the data presented
in Table iO, the filtrate contained 6.1% (*1.9) of the input virus PFU,
This showed that by reducing the sample ﬁH to 6.0 and adding EBSS at a
fihai concentration of 1:100, talc-Celite layers could adsorb the
rotavirus from seeded RW samples. A 10 mL amount of 1; TPB (pH q.O) was

subsequently passed through the layer in order to elute the absorbed

A '
/,virus. The elugte was plaque assayed to determine the amount of

infectious virus present. From Table 10 it can also be seen that the

mean virus recovery obtained was 47.3% (£7.4).

»

Positively-Charged Filters

In" the injtia] experiménts ieta Plus filters 5S aéd 10S were tested for
theif’éapacity to concentrate rotavirus SA-ll. Table 11 summarizes the
results of these experiments. There was no conditiqniné of the RW
. samples ;equired.' A 1-Lfvo1ume of RW was contaminated with a known
amount of SA-11. A 250.mL %olume was passed through a 47 mm diameter
filter. The filtrate was collected and plaque -assayed. The mean loss
of virus in the filtrate was 22.5% (+2.5) for the 10S filter and 31.1%
(#10.2) for the 55 filter. K | |
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TASLE 9.

RELEVANT INFORMATION ON YIRUS-FLUTING Am USED IN THIS STUDY

.

oo Lot Ne. Mamdacturer Cancantration used pH

T

" Bovine alnwnin (BA) 6200510 Sigma Cherndcal Ca. 1% I delonized water .0
fproduct No. A-7030} A} ’

Beet extract (BE) 13125  Oxoid % In dudonized water 9.0
Inpowder form . o
(Lab-Lemco) )
Tryptose phosphate AME20  Difce 1X in delonized water 0w
woth {TPB) u b 2.3
Argindeie (Arg) SIF-01% S Chemical Co. % In delonized )

oy igma water 2.0
Glycine (Gly) AZP033%  Sigma Chemicalcn. 3% in delonized 2.0
{product No. G-7126) . "

pH adjpmtrment was done with IN NaOH
!Mh‘mncnmd-nnuwudaupﬂuuﬁkp

. TABLE (0.

RECOVERY OF HUMAN ROTAVIRUS {STRAIN b) ADSORBED TQ
. JALC-CELITE LAYERS USING 1X TRYPTOSE PHOSPHATE BROTH (pH9.0)

ol
EXPT. INPUT VIRUS  PFU/mL % PFULOST  ELUTED VIRUS %
NOL PFU/mL W FILTRATE  IN FILTRATE Pru/mL RECOVERY
IN RAY WATER
20X 0% 30X 102 X 21x10° - A0
2 2.0 X J0b Lax1e 30 ‘20 x 103 "0
3 3.0 X 102 23 ) 19 X 103 by 1]
) 3.0 X j02 2 7.0 a1 X 103 33.0

15D, GitLy AN

1
The pH of { L of experimentally cyntaminated raw water sample was adjusted 10 6.0, and EBSS
was added w & final concentration of 1100, A 230 mL volume was passed threugh s layer of talc-
Celite. For elution of adsorbed virvs, & 10 mL volume of TPB -upnudthrwghlhel « Yino
pl-nnmnmp-icmdlnu.\ 104 monolsyers.
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Tables 12 and 13 present the data for the comparison of different
eluents in the recbvery of human rﬂiavirus adsorbed to Zeta Plus 305
filters. The procedure was tge same as that used fﬁr the 5S aﬁd 10S
filters. No virus was detected in any of‘ the filtrates. In virus
elution, 1% bovine albumin (pH 9.0) and 3% beef extract (pH 9.0) gave
mean recoveries of 16.7% (¥5.2) and 14.1% (¥4.1), resbectively (Table
"’E\HZ); 1X TPB (pH 9.5) 3% glycine + 3% ;rginine (pH 9.0) and 6% glycine +

6% arginine {pH 9.0) yielded\virus recoveries of 44.1% (£6.4), 46.1%
(+6.2) and 46.1% (¥3.1), respectively (Table 13).

s

In an attempt to improve the recovery rate, sequential elution ;as
tried. Table 14, shows the data for sequential e1ution of rotavirus
adsorbed to 30S_filter uéing TPB in combination with mixtures of the
basic amino acids glycine and arginine. In keeping with the reparts of
Sobsey and Glass 1980) and Guttman-Bass and Armon (1983) no vifus was
detected in the filtratés of the 30S filter. 1X TPB (pH 9.5) and 3% Arg
+ 3% Gly (pH 9.0), used' sequentially, gave virus recovery of 70.0%
(£2.6) while 1X TPB (pH 9.5) and 6% Arg + 6% G}y (pH 9.0) resulted in
the recovery of 70.3% (*1.5) of the added virus. .

Table 15 summarizes the data from experiments with large (20 L} volumes

of experimentally-contaminated'RH coficentrated with the help ‘of 30S Zeta

Plus filters. Virus elution was carried out sequeptially with 50 mL of
N R .
1X TPB {pH 9.5) and 50 mL of a mixtdye (pH 9.0y of 6% arginine + 6%

| SO R
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TABLE 1L

Y OF ROTAVIRUS SA-11

: »,
A PLUS 35 AND 108 FILTERS IX TR PHOSPHATE BROTH

INPUT YIRUS  PPU/mi. WPFULOST FELUTEDVIRLS &%

EXPT.NO. PPl NFILTRATE N FILTRATE PFrU/ml RECOVERY
Xlo%) (xjo%) xion -
108 )
1 (¥ o 200 18 1Y )
2 w 12 ) 3.0 2
3 0 0.9 ny . 1 I 3.0
MeantS.D, o XX} 220030
» .
| (¥ 1& 2.0 13 110
2 Y] 12 ny 290 200
LY 1.0 0.0 L1 10
Mean 2 5.0, . 3112102 TS

A 250 mlL veluwe of RY experimentaily contaminated with SA-11 was pasyed through a 47 mm
dameter fiiter. The filwate and the ehmte were plaque amayed using MA-104 cells.

TABLE 12 \

COMPARISON OF BOYINE ALBUMIN AND BEEF mnic; AS FLUENTS IN THE RECOYERY Of

HUMAN ROTAVIRUS (STRAIN D) ADSORBED TO ZETA PLUS 305 FILTERS

1% BOVINE ALBUMIN % BEEF EXTRACT
EXPT. INPUT YIRUS (EH %.0) H 9.0)°

. PFU/mL FILTRATE  PFU/mL  RECOVERY PFU/mL  RECOVERY
‘ (xX10%) (X10%) xi0Y .
1 1y nD? . prx) ol 103
2 13 D © 30 154 20 123
’ J13. N "0 123 - 1% 1.1
Mean 1.3 - 302169 16.723.2 EL1. 34 181148.)
\ L]
P

N 230 mL vohwme of RY cxperimentally contaminated with the virus was passed through a A7
mm dlameter Lliter. A 10 ml amount of cluent unde test was used. The filirate and the elyates were
plague azsayed In MA-104 cells, °

INYD « No Views Detected , v
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1 K] Nvp? 12 3463 13 o 13 sl
2 13 WD L3 : %l L3 "%l B W Y
3 1.3 NVD 3 " wa w7 2 1.4 .2

Meam:SDLLY - 1At0.21 'n\,u'u L2 M2 u:z;.‘x, (YR11 R

-

Amﬂ%dl'mwwm-ﬂhmmvnmw filver, A .OIRL
{ ol & A7 mm dlamcter
- The filrate and “'m‘ﬂmpll?!nnydnu&lmcdh. * !

" ANVD « Ne Vieus Detacted

A
TABLE 1A
4
RECOVERY OF HUMAN ROTAYVIRUS (STRAIN D) ADSORBED TO ZETA
’ PLUS 303 FILTERS LSING ELUENTS SEQUENTIALLY
oA
A. Y% Arg + % Gly (pH.0) A, 6% Arg + Gly (rm.m
EXPT  BPUT vIRUS B. IXTP) (pH 3.3) B. X TPB (pHY.S) .
NO. YIRUS IN
PFU/mL FILTRATE  ELUATE ®= — FELUATE %
(x10%) PFU/mL  PFU/mL RECOVERY  Pru/mL RECOVERY
(x109 %10%} : .
1 "o wo'. T e €0 €y 690
2 "0 NVD 73 730 7.0 70.0
. [
) “e NVD .y .0 12 72.0
MEAN:S.D. A0 - C 7.0t02¢ 70,0224 7035013  70.3:1.3

3

250 ml of RY experimentally contaminated with virus waspassed through a 47 mm dameter filter.
Ehstion was done with 10 ml volume of eluent.

IYD « No Viru Detected

R
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glycine. The eluate from the filters was then subjected to second-step

concentration by overnight PEG hydroextraction at 4%C. The concentrate

was resuspended in 10 mL of EBSS and filter sterilized before plaque
assay. Aproximately 16% (£3.04) of the input PFU could be recovered

from these samples atter a 2000-fold reduction- in the sample volume.

TESTING OF FIELD SAMPLES FOR NATURALLY-OCCURRING ROTAVIRUSES a

-

RW samples were taken from the Ottawa River at Britanmnia, Lemféux\ls]and

v

and Gatineau (CIP) during December, 1983. The samples were -passed’

through a 305 - Zeta Plus filter held in a 142 mm diameter Sartor'ius
filter holder. Sequentia) virus elution was done with 50 mL of 1X TPB
{pH 9.5) and 50 .mL of'ﬁi Arg + Gly (pH 9.0)...The e1date was hydro;
extracted in PEG'overnight &hen resuspepded 1n. 10 mL of EBSS and

membrane filtered. Y :
. L oa y
MA-104 monolayers-+ in slide chambers "were inoculated with the sample.

concentrates and .the cultures centrifuged (1000 Xg).- Main;enancé med jum

(without FCS) with trypsin (5 ug/mL) was added to the cultures and they

were incubated for 24 hrs af 37°c. They were fixed and stained by the
. IF and IP techniques using mouse m6n0c1onaT{ant1bod1es against human
rotavirus. Table 16 summarizes  the data for immunoperoxidase .focus
fotming units which ranged from 19;5 to 40.8/L while (:he sample

concentration factor varied between 2000- and 4000- fold. Figures 19

(IFS and 20 (IP) show the immunocytoche@ical " demonstration of .

rotaviruses concentrated from Ottawa River RW sampled at Gatineau (c1P).

. -
i
-

L

-
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TABLE 13,

.!m!ammnmmmb!noumummg
: -
=Xrt. WPUTYIRUS VIRUS CONC' - ELUTED VIRUS -
MO, PFU/ml FILTRATE FACTOR I'F%-L RECOVERY
txi™ - PFUmi, x1 R
1 ’K NYDA 2000X 10 200
2 23 NYD 2000X o.n2 10
] 23 NYD 2000X o1t 162
MaatSD. 28 - 2000% (%, T T {8 11
ll.dl'wwdlmuuymm‘d&hmm-nrnd s XS Zeta
Pha Silter (102 diameser). Edcent was 50 ml | X TPB {(pH 9.3} and 30 ml 6% Arg €% Gy (pH 2.0L

aNYD, Ne Vins Detscted.

J

CTABLE 16

A PLLS FILTERS IN THE DETECTION OF NATURALLY-OCCURING

II|"'I;.§IU","""|“ HE O VA X1Y

—r-
sITe COULECTION YOLUME CONC. IMMUNDOPEROXIDASE
DATE CONC. - FACTOR FOCUS FORMING
(13 14)) L)
Beitannia  Dec. 13 » 2000X : 1%.3
Lendeuxls  Dec. IV W 4000X ’ 2.0
Gatinesy . ,
(c1p) Dec I 3 380X N
Lemiexls  Dec™l9 s A000X 73
Gatlnaas ) i

(CIP) . Dec. 20 "0 000X 101
) ’

The samples were paned through & 182mm dlameter filter under presnre. ¥irus elution was
cartled out by pulng’ through the fiiter 30 mL of trypiose phesphate broth (pH 9.3} and then 30 mL
of a mixture (pH 2.0 di‘ugﬂlﬂelﬂl‘! glycine. The chuate was further concentrated by
evarnight hydroextraction st #° concentrais was fesapended In 10 mi of EBSS and filter
sterilized before jgoculation Inte MA-104 cultures. " - ( '

’
-
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Fig 19.

Fig 20.

-75 -

Immunofluorescence_Staining of MA-104 Lells o
Infected with Re% from the QOtta -
x . N

River Raw Water. ” 0}
Immunoperoxidase Staining of MA-104 Cells
Infected with Rotavirus from the Ottawa
River Raw Water, {X 220)
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DISCUSSION

RECOVERY OF ROTAVIRUSES FROM SEEDED SAMPLES OF RAW WATER

farlier investigations have shown the suitability of the talc-Celite
technique (Sattar and Ramia, 1979a, 1979b) and PEG hydroéxtracgion
{Ramia and Sattar, 1979b)} from seeded samples of potable waters. In the
talc-Celite method, the preconditioning of the water sample is necessary
to maximize virus adsorption to the layer. ‘However, when this technique
was tested with seeded samples of RW the mean.recovery of rotavirus was
only 47.3%. This is much lower" than the recovery of nearly 90% of
rotavirus fMm seeded samples of potable wéter in previous experiments
(Ramia and Sattar, 1980). The presence of a wide variety of organic and
inorganic material in raw water m;y interfere with rotavirus retention
as well as elution from the layer. The preconditioning requirement and
the virus ]ost in the filtrate are two encumberances of this technique

not associated with the use of the positively-charged Zeta Plus 305

filters.

¥he 55 and 105 Zeta Plus filters were unable to retain all of the seeded
virus and recovery of rotavirus fram them was very low. Sobﬁey and

- _/- "

‘Giass  (1980), Guttman-Bass and Armon (1955) and Toranzos and Gerba
{1983) using 50S and 605 Zeta Plus filters achieved greater than 99.99%

adsorption of the seeded virus from tap water and secondarily treated

sewage at ambient pH. In our study, using raw water, the 305 filter .

showed complete adsdfption of the seeded rotavirus.
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GJttman-Bass and Armon (1983) and Toranzes and Gerba (1983) tested
different eluents and found that 3% beef extract (pH‘Q:O) and 3X beef
extract in 0.05M glycine (pH 9;%) to be the most efficient eluents.” In
this study 3% beef extract (pH 9.0} was found to be a poor eluent of
rotavirus adsorbed from RW. The highest recovery (65%)-1n the experi-
ments of Guttman-Bass and Armon (1983) occurred when they recycled the

. ™

eluted material through the filter a second time. In our experiments
recycling the TPB gave a recovery of'dsi.t\Using the amino acids glycine
and arginine as e]uénts,‘the recovery of ratavirus was similar to that
obtained for TPB. In order to increase the-recoverf, sequential elution

was tried (TPB; Arg+Gly) and Vit brought the mean virus recovery to 70%.

In the use of 30S leta Plus filters in large volume concentration
experiments, 'there was a noticeable reduction in the mean rgcovery of
rotavirus {16%). Virus loss could have occurred during thé membrane
filtration step, elution or hydroextraction. It is unlikely that there
was a reduced adsorption efficiency because no virus was détegked in the
//71Kfiltrat?5. Inefficient e]utibn is a more Tlikely possibility. The
build-up of layers of material on the filter may prevent access of the
eluent to the adsorbed virus (Guttman-Bass and Armon, 1983). Another

possibility is that the accumulation of organic matter of certain types

on the filters may lead to rotavirus inactivation.

Rao and Melnick (1983), using the Viradel method and magnetic iron oxide .
adsorption as a second-step concentration method, were able to

efficiently concentrate rotavirus from seeded samples of estuarine

water. Toranzos and Gerba (1983) found that the Virosorb 1-MDS filters
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(positively-charged) exhibited higher rates of recovery of seeded

rotavirus from tap water and wastewater than the Viradel or 505 Zeta

-

~Plus filters. Melnick et al. (1984} completed a round robin investi-
gation of methods for the recovery of poliovirus from drinking water.
The Virdael-organic flocculation procedure was recormended as a provi-

sional method for the recovery of human enteroviruses from drinking

water although the recbvery ranged from B8% to 198%. Other methods

tested included magnetic iron oxide, Virozorb filters in‘ combination
with membrane filters and membrane disks alone. The average virus
recoveries for the four methods were 36, 20, 0.4 and 5%, respectively.
The Viradel method does have some major disadvantages which are the need
for the reduction of the input water pH to 3.5, the addition of aluminum
chloride to the water,.and the sensitivity of the filters to interfer-

ence by contaminants in the water {Scbsey and Glass, 1980).

DETECTION AND QUANTITATION OF WATERBORNE ROTAVIRUSES

Using 305 filter concentraticn o™RW combined with immunocytochemical
metheds, we were able to detect and guantitate naturally-occurring
rotaggagses in RW from the Ottawa River. The number of IP focus forming
units vanged from 19.5 to 40.8/L. Rao jand Melnick (1984), used Viradel,
magnetic iron oxide absorption in secdénd-step concentration and IF focus
counts to detect 119 to 4980 I[F rotavirus foci/100 gallions of estuarine
water from Galveston Bay, Texas (1.2 to 49.8/4:2L). Deétz et al. (1984)
detected rotaviruses in raw and drinking water samples using the Viradel

method. They recovered from 26 to 210 IF foci/20L., In our experiments,

the numbers are higher than those for Rao and Melnick ({1984) and Deetz
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et al. (1984) but this méy be due to either higher levels of sewage-
poliution 1in the Ottawa River or the higher rotavirus recovering

efficiency of the sample concentration methodology used in this study.

The 24 hr incubation of concéntrates in cell culture prior to irmuno-
cytochemical staining was necessary. When 14-15 hr incubation periods
were triéd, no rotavirus antigens could be detected in the inoculated
cultures. The concentrates were not cytotoxic to the cells in culture.

Centrifugationﬁgf the concentrates onto monolayers of MA-104 cells was

' done to enhance adsorption of the viruses to the cells. Inoculated

cultures were incubated in the presence of trypsin (and the absence of
FCS} to promote virus focus formation. Substances present in concen-
trates of field samples are known to interfere with the detection of

enteroviruses (Sattar, 1979). No information is as yet available on

their effects on rotaviruses.

Larger sample volumes, more samples at other sites along the Ottawa
River and sampling at other times during the year are needed to give a
better picture of the presence of waterborne rotaviruses in the Ottawa
River, As yet no reports exist of gastroenteritis due to waterborne

.
rotaviruses in the QOttawa River.

&
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GENERAL DISCUSSION AND CONCLUDING REMARKS

There were 4 main objectives in this study. (1) the investigation of
rotavirus survival in raw and treated water, (2) the comparison of the
suitabi]ity of IF and IP techniques for the detection and quantitation
of rotaviruses in concentrates of water samples, (3) the testing of the
talc-Celite technique and positi§e]y-charged Zeta Plus filters in the
concentration of rotaviruses from 'seeded samples of sewage-polluted
surface waters, (4) to examine field samples of sewage-polluted surface

waters for naturally-occurring rotaviruses.
~

The short-term virus survival experiments demonstrate the resistance of
rotavirus to levels of chlorine found in the terhina] stages of water
treatment and emphasizes the possible danger to human health of post-
treatment contamination of a water system with sewage. The ability of
rotaviruses to survive in tﬁe surface water environment on a long-term
basis has a bearing on the quality of recreational waters as well as
those wused for the cultivati of shell-fish and the irrigation of
certain types of crops. However, no definitive data are as yet avail-
able tgf_indicate the level of risk to human health that such rotaviral
po1ljygon may represent. The positively-charged 30S Zeta Plus filter
and fhe télc—Ce]ité technique show potential for further study 1n.the
recovery of indigenous rotaviruses from ;aw water. In this study a
limited number of field samples (5) of river water was tested and found
to contain naturally-occurring rotaviruses. Whether they are of animal

or human origin i$ not known.
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The methodology developed in this stui’@gﬁi]] be helpful in the (a)
detection of rotaviruses in waters incriminated in outbreaks of non-
bacterial gastroenteritis, (b) assessment of rotavirus _1evels and
survival in waters wused for recreationa] purposes and drinking, (c)
determination of‘the rotavirus eliminating efficiency of wastewater and
drinking water treatment systems and (d} the development of virus

standards for recreational and potable waters.
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APPENDIX 1

IMMUNOCYTOCHEMICAL TECHNIQUES

Immunofluorescence Staining : e
(1) Pour off liguid medium into ethanol, remove chamber from slide
(2) PBS bath-2 min, 5 min
<
(3} Acetone fixative-30 sec,.8 min
(4) PBS bath-2 min, 5 min
(5) Primary antiserum-30 min, room temp

(6) PBS bath-2 min, 5 min

(7)
(8)

FITC-conjugated antiserum (or Pr.A-FITC) - 30 min, room temp.

Distilled water-5 min

Immuncperoxidase Staining

e

(1)-(2) Same‘as IF staining steps )

(3)
(4)
(5)

Acetone/Methano]l fixative (1:1,H202 drops)-30 sec, 8 min
PBS bath-2 min, 5 min

Primary Antiserum-30 min, room temp

(6} PBS bath-2 min, 5 min

(7)

temp

(8)
{9)

Peroxidase-conjugated antiserum (or Pr.A-peroxidase)-30 min, room

PBS bath-2 min, 5 min

Reaction substrate-15 min, room temp
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(10) PBS bath-2 min, 5 min

(ll) Distilled water-5 min

Reaction Substrate

2 mg AEC/0.5 mL dimethylformamide P
9.5 mL sodium acetate buffer {pH 5.0)

0.1 mL 3% hydrogen peroxide

Sodium acetate buffer (pH 5.0)

sodium acetate 2.72 gm
succinic acid 0.54 gm
merthiolate 0.10 gm

distilled water 500 mL

Foci Counting

The microscope used was a Reichert Binolux model. ~The microscope has a
custom built stage with a grid which permits the counting of foci in 50
randomly distributed microscope fields in a 20 mm X 20 mn square. In
this area, at 100X magnification, theré are 316 such fie]ds. This is a
modification of the system wused by Sattar and Westwood (1967). An
average count of 50 fields was multiplied Ey the total number of fields

to get the total number of foci per grid (per 0.1 mL of inoculum).
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