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ABSTRACT

Rotaviruses are now recognized as important causative agents of
diarrhea in man and animals. There is also evidence to suggest that
they can beltransmitted by the consumption of sewage palluted waters,
Routine in vitro cultivation of human rotaviruses is no£ yet possible.
The simian agent SA-11 not.oniy closely resembles human roﬁaviruses
but if'can also be readily cﬁltivated in tissue culture. Sinpe a
plaque assay system for SA-li virus haslﬁai been avaifablé; such a
system was, therefore, needed be%o%e t@is virus could E‘ﬁﬁged as a
model in the development of techniques for the récbvery of rotaviruses

from the water environment. = -

0 i SA-11 P e Fo tion

-

1. Incorporation of 5ug of trypsin per ml of the overlay (Eagle's

minimal essential medium + 0,7% Ionagar #2) was necessary for
ﬁlaque formation by SA-11 in MA-104 cells. Plaques (34 mm dia-
meter) were produced after S days of incubatiPn at 37°C.

2. in addition to trypsin, the incorporaticn in the overlay of
au-chymotrypsin, elastase, subtilisin, pronase and pancreatin
led to the formation of plaques by SA-11 in HA-104 cells,
Addition of soybean trypsin-inhibitor to a-chymotrypsin-, pronase-
OoTr pancreatin-containing overlays coﬁpletely inhibited virus ﬁiaque

production. A similar effect was not seen with elastase or °

subtilisin, ) :

Al



~

3. Under a trypsin-contaiﬁing overlay, the virus was able to form
plaques in secondary monolayefs of'African green monkey kidney
cells but it failed to produce plaques in BS-C-1, 1-132 and
secohdary monolayers of human embryonic kidney cells. A trypsin-

' \

- 4
containing overlay was also found to be necessary for -the produc-

tion of plaques by calf rotavirus (strain C-346) in MA:104 cells.

4, Initial trypsin treatment of the virus alone or its presence
oni} during the early phases of virus-cell interaction was found
to be insufficient for plaque production by the virus. Presence
of trypsin in the agar overlay fhroughodg ghé 5-day incubation

-

périod was essential for the 6ptimal develoﬁment of the virus
plaques. Experiments using high (4 PFU/cell) and low (35 PFU/ J{"’/-h—ﬁ
106 cells) multiplicities of infection suggest that trypsin

added to fluid maintenance medium facilitates the cell-to-cell

spread of progeny virus particles. Therefore, the enzyme incor-

porated in the agar overlay appears to play a similar role thereby

assisting in the formation of SA-11 plaques.

Enteri¢ Virus Concentration From Samples of Tap Waters

Discharges of raw or inadequately treated sewage result in viral
pollution of the water environment. Finished waters from such sources
may contain viruses because conventional water treatment methods are
known to be relatively inefficient in their elimination, No systqhﬁtic

surveys, however, have been conducted in order to determine the true



-3 -

extent bf this problem. This has been mainly due to the fact th;ZHZIEple

and reliable techniques- for the detection of small amounts of viruses in

large volumes of tap waters have been generally unavailable.

1.

Léyers containing 3:1 mixture of talc aﬁd Celite 503 were fou#d to
be very efficient in the adsorption of entefo-, reo-, and rota:
viruses from experimenéally-contaminateﬂ samples of tap water.
Before experimental contamination and passage through the layer,
adjustment of the sample pH to 6.0 and the addition of Earle's
balanced salt solution (EBSS) to a finai concentration of 1:100
were necessary for optimal virus adsorption to the layers. Under
these conditions, between 90% to 96% of the input PFU could be

adsorbed to the layers when working with I1I-L volumes of tap waters.

Tryptose phosphate broth (TPB} and 3% beef extract (éE), both at
pH 9.0, were shown to be highly efficient in the elution of the
simian an& calf rotaviruses. Furthermore, TPB was found to be és
efficient as 10% fetal calf serum (FCS) in normal saline (pH 9.0)
in the recovery of layer-adsorbed polio- and reo@iruses and could,

therefore be used as a general pﬁrpose eluent for the talc-Celite

" technique. When working with 1-L volumes of tap waters passage

of 10-20 ml of eluent through the layers (47 mm diameter) resulted
N ) .

in the recovery of 87% to 94.5% of the added PFU.

N
;

When working with large layers (142 mm diameter). for processing

. @
large volumes of tap water (10-1,000 L), a 100-ml volume of eluent

was needed for the elution of the layer-adsorbed viruses.



Overhighf hydroextraction (4°C) of experimentally-cont

-,

eluents or eluates was highiy efficient (87-98%) in vi

very. In comparative tests, PEG hydroextractioh was -found to

/

be simpler and superior to organic flocculatidn  technique.,

The éombined efficiency of the talc-Celite énd'PEG hydroextraction
teé;niques was'tested in the recovery of enteric viruses from
seeded gamples of tap waters. 'Bétween 83-90% of the input virus
could be recovered when working with 10-20-L samples and between

58-71% of the added virus could be recovered when working with

100-to 1,000-L volumes containing as little as 0.75 PFU/L.

The technique was found to work equally well with field isolates
and with tap water samples containing either 0.05% or 0.1% of

raw sewage.
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Q- 5.

GENERAL INTRODUCTION AND BACKGROUND

Before any discussion of vital pollution of the water environment -

L]

and its possible impact on human health, it is considered essential to

state the 'following points on the role of viruses in disease production

in man.

1.

, -
Viruses are estymated to be responsible for more than 60% of the

cases of infectious disease in man; there are more than 300 dif-
ferent types known to infect man; they collectively produce over

50 different disease syndromes (Horsfall, 1965),

Several viruses may cause clinically similar diseases and one type
of virus may produce a variety of clinical conditions; for example,

aseptic meningitis can be produced by 21 different enteroviruses

LY

and on the other hand, one particular type of adenovirus (type 3) .

can cause at least four clinically distinct ailments (RQodes and .

van Rooyen, 1968). ?. “-\

R \

' ' N
Effective drugs against viral diseases are generally unavailable; N

N

safe and effective vaccines are available for the control of a very -

-

limited number of viral infections.

In comparison to certain human pathogenic bacteria (e.g. Salmonella
. N \\ -
typhi), much smaller quantities of a given virus may be needed to
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initiate infection in a susceptible host (Plotkin and Katz, 1967;

Lovia et al., 1974; Westwood and Sattar, 1976).

5. In most cases, the body of the' infected individual is able to
arrest the process of infection while it is ip the early or "sub-
clinical" stages; but in a "clinical” caée, depending -on the type
and severity of the disease, the outcome could be'either‘complete
recovery, transient or permanent damage or even death of the host.

6. Serious damage as a result of apparently mild infeﬁtions due to —

2 A

certain viruses may become obvious several months to years later

(Sells et al., 1975; Lake et al., 1976).

7. The presence of a given virus,/existence of sufficient numbers of
susceptible hosts and an effective mechanism of virus spread are
. ' o

the three factors necessary for outbreaks of viral disease in a

given community.

Viruses differ in their affinity for variéus types of tissues and
organs in the human body. Those that are capable of growing in the
-inside‘lining of the gut are referred to as 'enteric' viruses. Enteric
vifuses, ﬁowever, can and do grow in and affect othef parts of‘the body
such as the central nervous system, respiratory system, muScles;.etc.
This means that’ enteric virﬂseé can and do produce a variety of mild
and éerious infections ranging from upset stbmﬁéﬁ to paralysis and death,
More than 100 d1fferent types of enteric viruses of human oflgln are.’ e
known to exist (Health and-Welfare Canada, 1977; Sattar, 1978b; Me1n1ck
1978; Mahdy, 1979).
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Because viruses are obligate parasites, it is impossible for them
to multiply in the absence of susceptible diving hosts. In view of this,
viruses cannot cause any direct damage to the environment. Their

presence and survival in polluted waters are, therefore, significant ﬁﬂ

only from the point of view of human or animal health.

In their persistence in the water environment, viruses are much less

hardy than certain pesticidés, heavy metals and radioactive wastes.
Unlike these pollutants, however, a singie dose contaiming an extremely

minute amount of virus may be sufficient to cause damage in a suscepti-

ble host,

%u‘.

Factors suéh as temperature, pH, UV irradiation, presence or absence

-~

.of certain chemicals and biologicals- (e.g. enzymes), association with

r

particulate matter singly or in various combinations, determine the
ability of enteric viruses to survive in the water environmenti In view
of this, and depending'on the virus type, their survival in polluted

waters may range from 2 days to 6 months or more (Akin et al., 1971).

4

The main sources of viral pollution of the water environment are:

'

(a) liquid and solid hunicipal wastes, (b) farm wastes, [c)‘abbatoir
and dairy wastes, and (d) land run-offs. In addition to these direct

discharges, viruses in wastes disposed of on land or in air-may also

eventually end up in water environment (Gerba et al., 1875).
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Until recently, emphasis was placed on surface water pollugion with
viruses. However, recent studies have shown that, at least under certain
soil conditions, viruses disposed of on land cduld reach ground water

reservoirs (Wellings et al., 1975; Dubois et al., 1979; Vaughn et al.,

1978, ' ' e

-

Since enteric viruses-are discHarged in lafge numbers in the feces
of infected individuals, they represent the mogt important virus group:
with regards to water pollution with municipal and agricultural wagEe;.
It must, however, be nofed that a variety of non-enteric viruses, such
as cytomegalo- (Cox and Hughes, 1974}, rubellai (Green et al., 1965);

and influenza viruses (Hinshaw et al., 1979) may also end up in sewage
as a result of their discﬁafges in various body secretions and excre-

. L
tions of infected individuals. Little is known about the quantities

involved and their survival in sewage.
\ ' ! ‘

-

There are certain enteric viruses that can infect and grow in man g
as well as a variety of species of warm-blooded.animals (Lundgren et al.,
1968; Grew et al., 19%0; Larkin, 1972; Metcalf, 1976). This could be
significant where untreated agricultural and abbatoir wastes and storm

waters from urban centres are discharged into the water environment.

Conventional methods oﬁ_sewage as wellias water treatment are
relatively inefficient in the removal and inactivation of most of the
enteric viruses (Berg, 1973). Because a number of communities depend

on sewage-polluted sources for their recreatiohal and potable water

N
’
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needs, fears have been expressed conéérning the impact of this type of
pollution on the health of such communitiés. Culp et al. (1973) havé
estimated:that in 155 cifies in the U.S, one of every 30.gallons of
surface water entering treatment.plamnts has already passed fhrough ther
wastewater system of a community upstream. Therefore, as demands on
available water resources iﬁcrease further, the chances that enteric
viruses will appear in community water supplies is also steadily
increasing (Berg et al., 1976; U:S. Nat. Acad. Sci., 1977). In recenf
years, this fssue has received considerable coverage both in the scien-
tific (Cookson, 1974; Sobsey, }975; Gerba et al., 1975; Martin, 1975;
Okun, 1976;Pond, 1976; Goldfield,;i976; Shuval, 1977; Melnick et al.,
1978; Sattar, 1978b;Mahdy, 1979) as-éell as the populé} press (MacDonald,
1973; Harris and Brecher, 1974a 1974b, 1974c; Mostow, 1977; Labreche,
1978). | ' - -

»

Viruses of human origin have also been isolated from potable waters
in Canada (Sekla et al., 1978) and elsewhere (Coin et al., i966; Foliguet
et al., 1966; Shuval, 1970; Mack et al., 1972; McDermott, 1974; Peﬂfilli
et al., 1974; Clarke et al., 1975; Wellings et al., 1975; Nestor and
Costin, 1976; Hoehn et al., 1977). .Viruses recovered from finished waters
of an urban community in the UTS.'havefbeen found to be uﬁusually resistant
to inactivatiom by chlorine (Bates et al., 1977). There have 3159 been

reports of virus isolations from treated waters used for swimming {McLean,

1967; Liebscher, 1970; D'Angelo et al., 1979).



Feces and/or urine aré the two most important sources of viruses
in water (Mahdy, 1979)._\However, ocular, respiratory, dermal and
genital shedding of viruses may also lead to contamination of water by
swimmers. This would suggest that virtually all human pathogenic

viruses have .the potential for transmission by the water route (Fox, 1976).

-

1

In nature viruses present in polluted waters can enter the human
body directly via the mouth, the eyes, the nose, the ears, the genito-
. : o kJﬁl
urinary tract an! abrasions and breaks on the skin surface. ough the
last four portals of entry are obviously important when swimming and
bathing in virus-contaminated waters, it has been calculated that one

also ingests between 10 to 50 ml of water during such activity (Shuval,

1976).

Tranqmiésion of viruses from sewage-polluted waters can also occur
indir;ctly when such waters are used for the washing of food and
ustensils, cultivation of shelifish (Gerba and Goyal, 1978) or the irriga-
tion of vegetablg crops (Tierney et al., 1877). Katzenelson et al.,
(1976a) have shown that spray irriegation with partially treated:-and
improperly disinfected oxidétion pond effluent carries a definite health
risk, as the incidence of hepatitis A and enteropéthogenic hacterial
infections were found to.be-at least two to four times higher in agricul-

tural communities using wastewater irrigation compared to those using

other forms of irrigation.

e



._11 -

Except for hepatitis A (Goldfield, 1976), acute non-bacterial
gastroenteritis (Goldfield, 1976; Sliman, 1978) and adenoviruses
(D'Angel§ et al., 1979), the evidence for the role of pot;ble and

\recreaﬁéonal waters in the transmission of enteric virus infections is
mostly indirect and circumstantial. Consideration of the following Py
factors may explain this lack of clear-cut evidence: (a) simple and
efficient means of detecting'small amouhts of viruses in large volume samples
have been generally unavailable, -(b] absence of suitable animal modelg
to assess the potential of potable-waters in the transmission of human
enteric viruses, (c) commonly used in vitro host systems are incapable
of detecting more than 30% of the tyﬁes of enteric viruses (Sattar,.
1978a), (d) sawage;ﬁollﬁted waters generally contain a mixture of two
or more enteric virus types; higher concentrations and/or faster repli;
Cation of a second virus in the same sample may mask the presence of
the virus incriminated in the outbreak suspected of beiﬁg waterborne,

(e) one particular type of enteric virus méy.ménifest itéelf in a.
variety of clinical conditions and om the other hand, a given clinical
condition could be produced by a variety of viruses, (f) low virus
concentrations expected to be present in ﬁotable waters are more likely
to result in subclinical infections; passage of the virus from the sub-
clinical case to others in his immediate surroundings makes it extremely
difficult to‘pin down the original vehicle of infec;ion, (g) ﬁelatively
mild infections spread through potable waters may result in noticeable

‘damaée weeks to months later (Sliman, 1578), {(h) perhaps the most impox-
tant factor in this respect is theilack of complete reporting of cases and

"outbreaks of waterborne infections (Goldfield, 1976).



- 12 -

In view of these difficulties, it is not possible either to

~

determine the risk factor or to assess the’true role of potable and

recreational waters in the spread of entéric virus infections. ® However

i N
o

in this regard, some estimates have been put forward in the fiterature.
For example, Long and Bell (1972) have calculated that with 0.2% of the
water being used for drinking, and assuming an infection rate of 303%

(Plotkin and Katz, '1967), aavatér supply of 50 million U.S. gallons/day

ahd,containing as little as one virus plaque forming unit/50 gallons,

L

could infect 600 persons daily. The following is a sumary of the
information available for the poténtial of potable and recreational

waters in the transmission of viral infections.,

Adenoviruses 7 : i

Studies in the U.S. have demonstFated that fecal shedding of
adenoviruses in young chfldri? exceeds thaﬁ of enteroviruses {Cooney
et 'al., 1972). Recently, Retter et al. (1979) have shown.tﬁat
nearly half of the adenoviruse§ detected in human stools by electron
microscopy cannot be grown in presently available cell culture
systems. Although they were found to be more susceptible to chlerine
than enteroviruses, Fox (1976) beiieves that adenoviruses are hardy
enough to make their waterborne sﬁread a virtual certainty{

W

There are mo published reports 1ncr1m1nat1ng potable wéters in
the transm1551on of adenoviral infections. However; a2 number of out-
breaks of such infections transmitted by swimming pool waters have
been recorded (Bell et al., 1955; Ormsky and Aitchison, 1955; Foy

et al., 1968; D'Angelo et al., 1979),
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. Enteroviruses

Though most enteroviruses are relatively stable and are excreted
in,large numbers in the feces of infected individuals, direct evidence

r

///, for their transmission by the water route is not yet available.
(] .

Eight outbreaks of poliomyelitis believed to have been spread by
potable waters have been reviewed by Mosley (1967). He, however,
believes that the epidemiological evidénce for only two of these out-
breaks, one in Edmonton, Alberta (Littie, 195§j and the other near

Lincoln, Nebraska (Bancroft et al., 1957}, suggests waterborne trans-

,mission,

Polio and other types of enteroviruses have been recovered from
samples of potable waters (Coin‘gz;gl., 1966; Foliguet et al.,, 1966;
Shuval, 1970; Mack Ef_él" 1972; ﬁgDermott, 1974; Petrilli et al.,
1974; Clarke et al., 1975; Wellings et al., 1975; Nestor and Costin,
1976; Hoehn et al., 1977; Sekla et al., 1978). But in none of these

studies has their presence in the water samples been related to cases

of viral infections in the community.

o |
Enterovirus isolates have been reported from water samples of

pools (Kelly and Sanderson, 1961; McLean, 1967; Liebscher, 1970) énd

lakesl(Hawley et al., 1973; Denis et al., 1974) used-for wading and

swimming. On the basis of virus isolations from clinical specimens

as well Liebscher {1970), Hawley et al. (1973) and Denis et al. (1974)

believe that the infections were contracted as a result of exposure

to such virus-contaminated recreational waters.
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‘Serum surveys have reVeale ajor gaps in dur immumity. to

certain enterdviruses and aCcording to Fox (197§}, "unjess constant
nl;d—f‘vfggiagzeﬂzg.proteot;oﬁ‘of;ﬂazer sopplies is maintained, non-polio
enteroviruseexcould cause major outbﬁﬁaks'of e;?ious disease'’, - ‘ e
.ﬁ-;‘%.coldfield (1976) believes that éoterovirus contamination of the
. water environment ie a foregone conclusioh; in his view, ﬁentero— _{H\
viruses will eventually be showh throughout the  world toqte,far more

+

commonly. transmitted by drinking water than is hepatitis A virus".

Hepatitis A Virus

The epidemiological evidence for the capacity gf hepatitis A

viTus “to spread through the consumpt1on of sewage polluted potable

waters is well documente ,(Mosley,'1967; Goldfield, 1976; Craun5"T9793;

Co - T1979m). The' unusuallyrhigh chlorine resistance of this vifos is

- -

‘well 111ustrated by the 1955 epldemlc of 1nfectrous hepatltrs in -

Delhi, India (Dennis, 1959). " ‘ .
. ) L—.‘-'.' N .
. - o *

An outbreak of hepatltrs A by exposure to sewage polluted

recreat10na1 waters has also been’ reported (Bryan et al., 1974)

Certain strains of hepatitis A virus hare recently beenfadapted'to gTow
in cell cultures (Provost.and Hilleman, 1979). This may eventually :

provide the means for the in-vitro recovery of this agent from

Eal

samples incriminated in such outbreaks. - P
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“Parvovirus-Like Agents

It is well established now that in addition to rotaviruses,
" another group of viral agents is also- an important cause of gastro-

< .', enteritis in man (Schreiber ét"al., 1977; Estes and Graham, 19795

Holmes, 1979). These viruses, named after the sites of the epidemics

where fhey were first recognised, are the Norwalk (Chio), Hawail,

and Montgomery County (Maryland) agents.

On the basis of the/size (about 27 nm), dénsity in cesium
.chloride and resistance to ‘ether, acid and heat treatment, these .

agents are believed by some to belong to the parvovirus, group

¥

(Kapikian éz_gl.,:1972; Dolin et al., 1972; Thornhill et al., 1977).”
, Otﬁer investigators, however, consider them to be similar to caliéi-

. ivitﬁses késtes and praham,f,1979;_Holmes, 1979): Further characteri-

. ‘zation and the eventﬁal cfﬁﬁsificéiion of these agents must await.

. their in vitro cultivation.

These agenﬁgjscem to be mainly responsible for outbreaks of
diarrhea in older children and adults (Greenberg et al., 1979). Wyatt '

et al. (19741,$§§ing human voiunteeré, have shown that infection 'with

- ~

‘ . ’ - - e :
-;EE“Norwalk agent could confer cross-ppgpeﬁtion against ‘the Montgomery
. e B . : '

. ) e -
. County agent but.not against .the ﬁaﬁhii agent, oo
o Ll ERes

: . ’//

- P

Attempts to transmif/diarrhea by3ﬁhese’ag¢ﬁts to experimental

ol

: animals have as yet been unsyccess ful. Wyatt et al. (1978) have °

repoftéd the production of subclinitél infection in chimpanzée by the
N ’ - s /; s . - T e
.. .Norwalk agent. o

.
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4

\ .
There is mounting evidence now for waterborne outbreaks of

1

diarrhea by these agents (Zwveighoft et al., 1978; Ouiverkerk et al.,
M78; Morens et al., 1978). As is true for hepatitis A virus,

attempts to recover these viruses from samnles of incriminated waters
will also depend on the develophent of methods for their routine

in vitro cultivation, Recently, Rutala and Sobsey, (1978) have

attempted to use the Minute Virus of Mice (a parvovirus) as a model

for testing' certain water concentration_téchniques for the recbvery

of these agents.

-

Reoviruses

-

Presence of antibodies to reoviruses in 80-100% of adults in a

’
‘number of communities throughout the world shows them to be very

common infectious agents of man (Leers and Rozee, 1966). In
their being so widespread, little is known about the ability of’
reoviruses to cause disease in man. They are, however, the most
frequently isolated viral agents from sewage, sludge and sewage-
polluted surface waters (England, 1972; Subrahmanyaﬁ, 1877, Sattar .

and Westwood, 1978), This has led to the suggestion that théy be

_a?nsidered as possible indicators of viral'pollution of the water

environment (Stanley, 1977).

.
Rotaviruses '
et L L N ,

Acute gastroenteritis is one of the most common afflictions of

man, In the developing world acute gastroenteritis, particularly ind
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infants and children, has long been recognized as being amohg the
major ééuses of %orbidityAand mortality. It is estimated that in the
'deﬁeloping parts of Africa, Asia and Latin America's to 18 million
childhood deaths per year are.éue to this illness (Rohde‘and Northrup,
1976). Even in mofe advanced areas of the world, acute gastrdenteritis

has been shown to be ,the second (after respiratory illness) most

common clinical condition observed in man (Dingle et al.', 1964).

dntil about seven years ago,'the etiology in the majority of

the cases of acute diarrhea could not be deteimined; However, with
the_aiscovery of human rotaviruses (Bishop gi_gi., 1973; Flewett

et al., 1973; Middleton et al., 1974) it has now been es.tabl.ished
_ that these agents are responsible for nearly 70% of the cases of

this ailment throughout the world (Steinhoff, 1978; Holn{és, 1979).
Becently, rotaviruses have also been ;ncriminated in waterborne out-
breaks of diarrhea (Lycke et al., 1978; Freij et al., 1978). A
Fonsideration of the following points further reinforces the potential

. .
of rotaviruses to spread through the waterborne route:

1. Rotaviruses are excreted in very large numbers in the feces of
infected hosts. During the diarrheal phase in man, nearly 1010
. virus particles/gm of feces have been reported (Flewett and Woode,

1978; McNulty, 1978).

2. The fecally excreted virus particfgzﬁremain infectious for
prolonged periods., Woode and Bridger (1975) have shown that rota-
viruses remain infectious even after seven months(éig storage at

room ‘t€mperature (18-20°C).
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‘Rotaviruses are relatively resistant to inactivation by a number

of commonly used disinfectants. Even 3% "Chloros" (a sodium

4

hypochlorite solution contéining 11% available chlorine) was
unable to inactivate them after several‘hqurs of exposure (Snod-
grasghgnd Herring, 1977b). The amouﬁt of active chlorine preseﬁt
here was many times higher than the levels used in conventional
sewage and water disinfection.

Rotaviruses from one animat épecies appear to be.ablc to produce
infectiof in other, types ;f animéls (Bridger et al., 1975;
Middleton et al., 1975; Mebus et al., 1976; Snodgrass and Herring, N
197?3;W09de et al., 1976). This indi;ates that animal rotaviruses

in hgricultural wastes and land run-offs could be potentialiy

dangerous to human health., -

In the majority of eérly.reports about epidemics of rotavirus
infection, all the pétiepts were infants or small children.
Récently, however, epidemics of rotavirus infection have been
deséribed in adults (Kim et al., 1977; Tufvesson gz_gl., 1977;
Wenman et al., 1979) and contact of adults w;th infected children
was not found to be necessary for contracting the illness (Meur-
man and Laine, 1977; Von Bonsdorff et al., 1975). It has ‘also
been shown that at least four serotypes of human rotavirusef

exist ﬁFlewett et al., 1978) and that infection by one does not

confer immmnity to the other serotypes (Yolken et al., 1978).
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6. At least one type of aniﬁé% rotavirus {Malherbe and Strickland- .

Cholmley, 1967) has been recbvgréd from river water receiving_
; " ¥ :
.}wastes from an abbatoir. ‘
2 . v e /——\

\

7. Farrah et al. (1978a)have shown that there is a\pasic di fference

in the adsorptive behavior of polio- and rotaviruses to aluminum
w . « R

hydroxide and activated sludge flocs. They, therefore, suggest -

4 that water and wastewater treatment systems that are efféctive

in the removal of enteroviruses may not be as efficient in the
h 5 ¢ - )

eliminatjon of rotaviruses.

1

0

8. In a recent study (Hurst and Gerba, 1980) it has been shown that

Totaviruses could retain their infectivity for several days in

natural waters.

« ) -

In spite of the mounting evidence for the potential'of human
o _ , - P
rotaviruses to be .transmitted through polluted waters, no techniques
are as yet available for their efficient concentration and recovery

from-the water environment.

Other EntericsViruses

Applicétion of electron micrqscopy to the direct examination of
stodl samples has, in recent years, led to the discovery of a;variety
of hithefto unknown enteric virusés (Madeley, 1979; Holﬁes, 1979).
Among these agents, astro-, calici- and coronaviruses_have been impli-
cated in outbreaks of diarrhea in man. Becguse of the present
difficulties in their in.vitro‘cﬁlfivation, nb information is as yet

available on their role in outbreaks of waterborne gastroenteritis, -



The rafio.of-fecal coliform bacteria to ente?ic viruses in human
feces has been estimated to be about 65,000:1 (Kellins, 1966). Based
on these estimates, the miniﬁum expected dénsity of enteric viruses.in

.domeﬁtic sewage in temperate climates, is between 500 CClarke and
Kabler, 1964) and 700'(Kollins, 1966) infective units (IU]/lOO‘ml.
Discharges of such sewage into surface waters would result in a virus
loading of=betweén 0.1 (Koilins, 1966) and 3.0 (Chang, 1968) IU/100 ml.
Because of these relatively small expected densities of enteric viruses
.in sampigs of sewage-polluted surface waters, between 50 and 100 liters
(L) of faw watef and sevefal hundred L of finished water samples need-
to be examined . for the study of viral pollution. This is in contrast
to .the uhbqncentrated 100 ml samples'used for- coliform estimations.
Therefore, for fhe detectioh of enteric viruses, it is necessary to
réduce the sample volume from several L tb a manageable level of no

more than a féw-ﬁl. L§SS or inactivation of virus during sample concen-
t;ation is also to be avoided as much as possible. The need for the

‘ develobment of sﬁch concentration techniques has been emphasized (Health
and Welfare Canada, 1977; ULS. Nat, Acad. Seci., 1977; Amer. Water Works

Assoc., 1979). ' .

A number of techniques have already been reported with particﬁlar
- emphasis on the recovery of enteroviruses from samples of liquid wastes
and raw and finished waters (Hill et al., 1971; Sobsey, 1976; Wallis

et al.,‘1979). Comparative testing of the virus recovering efficiency
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.

éf many of these teéhniques was carried out in our 1abora£ory (Westwood
.&aﬂd Sattar, 1974). Thé results of these pésts led to the development
of theftalcfteiite'technique\ The application of'this techﬁique in the
recovery of enteric viruses from samples of raw sewage, treated and
untreated effluents and surface water§ has' already'been reported (Saf;ar
and Westwood, 1976a, 1976b, 1978). The study'to“be describéd here was
designed to extend the use of this techniqﬁe fo; the'recovery of entero-,
feo--and rotaviruses ffom large samples of tap watefs. The availability
of such 5 technique would,be useful from the foilowing points of.vieh:

1. Assessment of the virus removing and inactivating efficiency of

water treatment systems.

2. Virological analysis of water samples incriminated in outbreaks ,

of waterborne infections.

s

1 3. Monitoring of potable and recreational waters for viruses.

4. Surveys of water supplies to determine their virus content; this
may lead to the setting up of meaningful virus standards for

potable and recreational waters.
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- MATERIALS AND METHODS

\

N
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115 ' : . v

BS-C-1 cells (Hopps et al.; 1963), a continuous line derived from

‘Cercopithecus aethiops kidneys was used for the growth and plaque assay

of the entero- and reoviruses. A seed culture of these cells (at passage
- level 75) was initially obtained - through the courtesy of Mr. D.A.
ﬁcLeod of the Laboiatory Centre for Disease CdntrolA(L.C.D.C.), Ottawa,

Ontario. T —_

~

MA-104 cells, a continuous line derived from Macacus thesus kidn%ys

by Microbiological Associates, Inc. (4733 Rethesda Avenue, Bethesda,
Maryland, 20014) was used for the growth and plaque assay of the simian
and calf rotaviruses. A seed culture of these cells was kindly supplied

to us by Dr. H. Malherbe of the Univeréity of Texas at San Antonio,

L-132 cells (Pavis and Bolin, 1960), a continuous line derived from
human embryonic lungs was ‘obtained through tﬁe courtésy of NDr. C.M.

Johnson-Lussenburg of our Department.

Primary African green monkey kidney (AGMK) cells and primary human

embryonic kidney (HEK) cells were obtained as, suspensions from Connaught

Laboratories Ltd. (1755 Steeles Avenue West, Willowdale, Ontario, Canada

M2N 5T8).

£ Media

As stock cultures; the established cell lines were routinely

cultivated as monolayers in 75 cm2 plastic tissue culture flasks (Corning

Glass Works, Science Products Division, N.Y. 14830) using. Eagle's minimum
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essential medium (MEM) in Earle's base (Autopow; Flow Laboratories, Inc.,

1710 Chapﬁan Avenue, Rockville, Maryland 20852). Each 450 'ml of the
medium wag supplemented with 25 mg gentamicin (Schering Cb;p., Kenilworth,
New Jersey 07033), 13.§'m1 of a 5.6% solution.of sodium bitarbopate, 5 ml
of a 200 mM solution of L-glutamine (Flow Laboratories) énd 50 ml of
virus - and mY&oplaémh‘— teéted fetal calf serum (FCS)_supplied by

Microbiological Associates, Inc. Unless otherwise stated the maintenance

medium consisted of MEM and 2% FCS.

sinizati

"Each cell moholéyer was tfypsinized using 2 ml of a mixture of

trypsin (0.25%) and Versene (0.05%) in C32+— and Mng- free phosphate

buffered saline. A split ratio of 1:4 was generally used for the passage

~ of cells and the cultures for plaque assay were put up in 25 cm2 plastic

tissﬁe éulture flagks (Lux Scientific Corp., 1157 Tourmaline Crescent,

Newbury Park, Ca. 91320). fhe primary suspensions of AGMK and HEK cells
were initially-cultured inl75 cm?;flasks {Corning). When the ﬁonolayeré
were formed, they were trypsiﬁized and using-g split rétio of 1:2 secon-

dary cultures for plaque‘tests were put up in 25 cm2 flasks.»

Viru§e§<u

Laboratory-adapted Strains of Entero- and Reoviruses

Poliovirus 1 (Sabin) and reovirus 3 (Abney) were obtained

from the L.C.D.C, .Echovirus 6 and coxsackievirus RS were
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kiﬁdly supplieq‘tO“ﬁs by Dr. T.P. Subrahmanyan of the Central Public

Health Laboratories (C.P.H.L.), Tofonto, Ontarid. Coxsackievirus A9
was a gift from Mr. P. Phipps of the Children's Hospital of Eastern

Ontario, Ottpﬁé, Ontario. All these viruses were plaque-purified in -

our laboratory prior to the preparation of virus stocks in BS-C-1

. . o
cells, .

Field Isolates of Entero- and Reoviruses
| ‘The field isolates used in thlS study were echOV1rus 1, o
‘coxsacklev1rus BS reovirus and one vaccine and one non-vaccine strain
of polloV1rus 1. These were recovered from samples of wasto_and-
surface waters ‘during earlier-studieslin this.looorator§ (Sottar an&-
Westwood, 1976a, 19773 Sattar, 19785) Ident1f1cat10n of these 1solates.was
carrled out on the ba51s of cytopathology, electron mlcroscoplc
examlnotion and serology.‘ The poliovirus isdlates were subjected to
- temperature ﬁarker (Lwoff and Lwoff, 1959) and serodifferentiatioﬁ |
(McBride, 1959) tests by the Bureau of Blologlcs of the L.C.D.c.
Further conflrmatlon of the "wild" nature of the non-vaccine p0110v1rus
strain was kindly carried out for us by Dr. N.A. Young of the U.S,
_ Natiooal Institotes of Health. After thelr ihitial 1solat10n in. BS-C- 1:
cells, the field isclates had undergone one more passage inlthe same -

cell line prior to their use in this study.

Rotaviruses
Simian rotavirus SA-11 (s#rain’ HQG) was k1nd1y supplled tous ~

by Dr. H Malherbe and the calf rotaV1rus (straln c- 486) was a glft of

Dr. Babiuk of the Un1ver51ty‘of'Saskatchewan, Saskatoon;

- .-
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'In our initial attempts tovgrowrtﬁe7SA—ll virus inﬁMA-lO4 cells,
A

it Was found that as 11tt1e as 1% FCS (Mlcroblologlcal Assoclatesj in

~r
* the malntenance medlum could 1nh1b1t v1rus growth and as a result no

- |
- -

cytopath1c effects (CPE) could be seen even after 8 days of 1ncubat10n.

-

HoweVer, pronounced CPE in SA 11 1nfected monolayers became apparent

o -

by the second day of 1ncubat10n when no serum was 1nc1uded in the

3 a ..

maintenance'medium . FCS had a 51m11ar anhlbltory effect on the growth

of the calf ‘rotavirus Cbtraln C- 486)

1 T ~

Because of the 1nh1b1tory effect of FCS on the growth of SA 11

and calf rotaV1rus, 1t was necessary.to wash the monolayers at least )

~

tWICE w1th.Earlecs balanced salt solutlon (EBSS) before VLrus 1nocu—

7c1atlon. Malntenance medaum (MEM w1thout serum) was 1ntroduced 1nto

<= - el

_the cultures‘after one4bour offadsorption'ofrthe virus at 37 C.

For the preparatron of VIrus nools, infected cultures were kept
_at 37° C‘unt11 nearlv 750 of the monolayer was affected by v1rus cvto- e

.pathlc effects._ The cultures then were frozen ( 70 C] ahd thawed

three times, followed by centr1fugat1on at 1000 xg for 15 m1nutes.

r

The supernatant Was dlapensed 1n 0.5 ml a11quots and kept frozen at’

-80 cC.
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. : d .

The basic ingredient of the overlay media was 2X MEM. _ Any one ot
-a comblnatlon of the follow1ng was 1ncorporated w1th it dependlng on the

nature of the etperlment

Additives: The names of the additives used in this
study and the relevant 1nformat10n pertaining to

them ‘are presented in Tablé 1,

Enzyﬁes and Enzyme Iihibitor: The names of tme

enzymes and the' 1nh1b1tor used. in this study and,
the relevant 1nformat10n«perta1n1nq to them are

. presented in Table 2

'SOiiaifyiﬁg"Aggnts' ‘Bactd Agar (Difco; lot mo. 656451),

Noble Agar (D1fc0 lot no. 612786) 0x01d Agar no. 1
:‘(Ox01d lot no. 133 4732) 0x01d Ionagar no, 2 (Oxg\a‘\\\
i lot no. 076 1527) and methyl cellulose (BDH Chemical
‘-Ltd},“Peole, England; lot no. 094 1090) were tested

for. their euitability as solidifying agents in the
' overlay medium; -An approﬁriete amount of the solidi-

inng_a%%nt waslsuspended in-a measured volume ofJ

deionized water and autoclave sterilized.
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The -growth medium was removed from confluent monolayers and they were
then washed twice with about 5‘m1 of ‘EBSS. A 0.5 ml volﬁme of the approi .
priate-inoculuﬁ was introduced into each culture ﬁsing at least four
flasks for each sample dilution tested. The inoculated cultures were

placed at 37°C for one hour with periodic redistribution of the inoculum,

At the end of the incubation period, the excess inoculum was removed and

. . [ .
5 ml of an overlay was introduced into -each culture. For poliovirus
1, ‘the overlay consisted of MEM supplemented with 2% FCS and 0.75% Noble .

agar. When' working with the other enteroviruses and reovirus, 0.75%

_ Bacto agar was used instead of Noble agar and the medium was furthe%~

~stpp1emented with 200ug/ml of DEAE-dextran and- 100ng/ml of BUdR.

giggg—gdggggjgg Ei]EéZS

The following 47 mm diameter filters Qere tested for their viru;-.
adsorbing efficiencf when processiﬁg“expefiﬁentally ;Sntamipatqd tap
water samplés:‘ Epoxy-fiberglass filter (Fiiterite Corp., Timonium, Md.
21093), fiberglass-asbestos'(type M-780, series AA; Cox‘Instrument'Div.,
L?nch Corp.; Detroit, Mich.,) and celluloseQdiatomaceoug earth "charged-
ﬁodified? resin (Zeta Plus 50S, AMF, CUNO Di%ision, Meriden, Comn.).
Also tested wefe the epoxy-filter glass tubes (63.5 x 24.5 mm) of 8um

porosity (Balston Inc,, Lexington, Mass. 02173).
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Preparation of Suspension

Talcum powdér (magﬁégiumusilicate; J.T.‘Baker)‘and Celite 503
"_(Flux-cgiéinated_diatoﬁ&té; J.f.-Baker) were purchased ffom Canlab
(Canadiaq Labora%ory Sﬁpplies, Toronto, Oﬁtarib M8Z 2H4).. Before usé
. both of these powders were waéﬁed‘tﬁree times in_distilled waté%.
Aftér the final wash, they were left'ihlthe incubétér at 37°C for
-drying. A mixture of 10‘§m of talc and 3.3 gm of Celite was addéd
_ to one liter of distilled water. The suspension was sterilized by

autoclaving at 121°C for 20 minutes.

- Preparation of Layers

Layers prepafed for the processing of small volumés (up.to one
" liter) were held in 47 mm diameter glass filter holders (Millipore
. Corporation, Ashby Road, Bedford, Ma. 07130). For large volume
sagples (10 to IOOQ 1itersj the 1aye;s were prepared. in either a
épecially made Pl?xigiaSS (Sattar ané Wesfﬁood,01976b) or a 142 mm
diametef stainless steel membrane filter holder (Sartorius membrane
filter, Gmblt. 34 GBttingen/FRG). A filter paper (Whatman number 114)
of the‘appropriéte diameter was moistened in sterile distilled water
and placed in the holder. The talc-Celite suspension (usipg 30 mi for
the small and 120 ml for the large layers) was poured into the holder
and suction was aﬁplied for removal of the water. This resulted in
-~ the deposition of the talc-Celite mixture as a-smooth and wniform
layer on the filter paper. The layer was carefully covered with a
second moisteneé’filter paper. An AP25 prefilter disc (Millipore

Corp.) was then placed on the sandwiched layer.

/
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Finished and Raw Water

All the finished water samples used in this study were qollegtéd
. e : SERET

- -~ N 0
from the tap .in our laboratory. This represented a mixture of treated
’ . A .
'surface water (Ottawa River), from two municipal plants, The type of

¥ ) -
treatment is the same at both plants and consists of prechlorinatibn,
addition of alum and activated silica, slow mixing, settling, filtra-

i - - .
tion (anthracite and sand), pH correction with lime, fluoridation and

[P

pos¥ chlorination. Ottawa River water collected at the plants prior
to treatmenf.represented the samples of raw water. . Thejrelevaﬁt'
///2£aracteristics of raw and-%Inished waters from, these plants are

represented in Table 3. A

L]

Sewage

Raw sewage was collected as grab samples at the main inlet of the

Green Creek Pollution Control Center in Ottawa.

Three major steps were involved in the conditioning of the water
samples before processing. These are described as follows:

J

_'l

-
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TABLE 3
RELEVANT PHYSICAL, CHEMICAL AND BACTERIOLOGICAL CHARACTERISTICS OF
'RAW AND FINISHED WATERS FROM THE BRITANNIA AND LEMIEUX ISLAND T
WATER;PURIFICATION‘PLANTS, OTTAWA, ONTARIO* , i

Raw water :-Finishédrwater
(mg/L  unless otherwise noted)
h Phxsiéai .
‘ Temperature, °C. : . 10.3 12.6
Color (Hazen Units) ‘ : o 43;0 X . 4.0
. Turbidity (N.T.U.) . 2.7 0,45
.Chemical » o '.
pH ' 1 S 7.2 8.6

' Totgl alkalinity, CaCO3 19.0 . 23.0
.Totgl Hardness:{/EaCO3 . 33,3 | 54.5
Calcium Hardnegs, CaCo, ‘ | 24,7 41.8
~Magnesiun Hardness, MgCO3 12,5 13.0

, Specific Conductivity,

g Micromhos/cm o - .83.0 . . 130.0
Chloride, C1 A _ 3.0 4.5
‘Suépended Solids . 3.5 0.4
‘Dissolved Solids o 61.0 . 76.0
Total Solids . 67.0 82,0

Bacteriological . ' |
Standard Plate count/miat 37°C : 925.0 2.0

" Total Coliforms , o o

100/m1 . . - | 118,0 © 0.0°

- Fecal Coliforms ,

"7 100/ml S | 24,0 0.0

* : . . *

Data supplied by the Regional Municipality of Ottawa-Carleton and are
" given as mean va1ues for the samples collected from both the planfs
" during 1977, o

~

e
=3
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Dechlorination.

. The treated water uséd,he;e generally contained 0.5 mg/L of residual.

* - chlorine, Before experimental -contamination of the water sample with

7-“the v1rus under study 1t was thereféfe necessary to neutralize the

“r
L 3

chlorlne. Thls was carnaed out by addlng a O 4% solutlon of sod1um
thlosulfate (Na2 203, Fisher Sc1ent1f1c) té’the sample to a f1na1

concentratlon of 1 100

-

Addition of EBSS

’ }

-

EBSS (Earle, 194;),fwhicd acted as a source of cations, was added
¥

to the sample to give 3 final concentration of 1:100.

The sample pH was adjusted to 6,0 with the help of a freshly
prepared 0,05N HCI solution.

The conditioned sample was then contaminated with an appropriate
amount of virus under,nest and passed through the layer.

Conditioning of 10-100 L samﬁiés was perfofmed in stainless steel
pressure vessels used to héig/the sample before filtering. For the
éonditidning of sampfg;/;reater than 100L a fluid pfoportioner
(Johanson and Son, Clifton, New Jersey) was found to be necessary.
Separate:injection numps neré’used for the adaition of Nazszos, EBSS
and HCl. Virus for the expe?imental contamination of the samples was

éuspended in EBSS and injected along with it., The details of such a

set up are presented in Figure 1. - .
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Figure 1: . Set-up for the processing of
100-1,000-1itre samples of

potable waters.
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In the tests with large ¥blume sampies.éf{potasle wéterslthe use
.of clarifying.filtérs was not found to be néééSsary.. However! és
shown in Figure 1, when sampie préciarifiéation was required, it could
be achieved by -using a 5 cm portion of an AP 110 cartridge filter.
(AMF Corp.). Any particle-associated viruses rétained on the clarifying
filter ocould be réco§e¥ed by-ekposing it first-to the eluent and then,f‘

bassing the same material through the layers.

Eluting Agents

"

. -" . _ - ~ - s
The names of the virus eluting agents used in this study and the

relevant information pertaining to them are presented in Tdb1e 4,‘.

Organic Flocculation

The procedure used here was the same‘as déscribedlby Katzenelson
et al. (;976b);e;cept'thét the pH of 3% beef extract in deiohized
water was adjusted to 9.0 with the help of 10N Naoﬁ before.adding the
virus (poliovirus 1,.Sabin), Working with-IOU ml samplés, tlie
pH was brought down to 3.5 with 2N HC1 adaed.dropwisg under ;ontinuousf
stirring for 30 minutes. This was'fpllqwed by centrifugation fof'l
10 minutes at 3,000 xg. The supernatant was removed, .and the gedimeht‘.

was redissolved in 10 ml (1/10 the original volumé)'bf 0.15 M Na HPO4

2
(pH 9.0). The pH of both the supernatant and the dissolved. sediment
was adjusted to 7.2 before inoculation into BS-C-1 cells for plaque @

assay,
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Hydroextractlon with Polyethylene Glycol (PEG)

A known amount ‘of the virus tnder study was added to a 100 ml
volume sample of the elutlng agent under study (pH 9.0) either before

(eluent) or.after (eluate)-it:was passed throQgh talc-Celite layers.

The virus-contaminated sample was then poured into a dialysis sac

(2.7.cm diameter; 4.8 nm pore size - Fisher Scientific Co.) and the
sac was sealed and placed in a-250 ml glass beaker. Enough PEG -

{6,000 or 50,000 molecular weight) po&der (J.T. Baker Chemical Co.)

. was pourediinto the beaker to surround the sac completely and it was
~ placed at 4°C. Hydroextracfion was allowed to proceed for either

.4 hours or overnight (13 to 19 hours). After four hour hydroextraction,

-

the outside of the sac was thoroughly washed in-tap'water; the material -

inside was carefﬁlly removed and collected. The pH of the concentrate:‘"

was adjusted to 7.2 with 0.IN HCl and it was passed through afb,zqm-

membrane filter (Nalge Corp.) before plaque\aséay.

When hydroextraction was allowed to proceed overnight, nearly ali
the liquid from inside the sac was removed, The material
remaining in the sac was resuspended in 10 ml ¢f EBSS and plaque-

v

assayed after membrane filtration. : B ) .

>__',
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. \ - ° INTRODUCTION
) Althodgh they had been isolated from a number of animal species‘e

‘earller [Adam and Kraft, 1963 Malherbe and Strlckland Cholmley, 1967

Rt

- '»,_s. .

Mebus et al. 1969) rotaviruses ‘were reCOgnlzed as causatlve agents of
d1;rrhea in human 1nfants only about 7 years age (Blshop et al al , 1973;

+ Flewett et al.,1973; Mlddleton et al. , 1974). That rotaV1ruses can
cause dlarrhea in "human adults as well has now been shown . (VOn Bonsdorffk
et al., 1976a,1978 Meurman and Lalne, 1977; Kim 93_31 1977 Wenman

_32_31}; 1929). They have also been detected 1n cases. of ;ntussusception

(Konno et al.,1978) and Saimg et al. (1978) shggest that rotavirus

diarrhea could lead to either Reye's sypdrome or encephalitis.

Retaﬁifuses'afe spherical double-stranded RNA viruses with a
particie diameter of about 70 ﬁm (Flewetf-and WOode*'1978). Strains
~isolated from humans and animals possess a common group specific antigen
located on the inner:cepsid layer of the‘virion“(Kapikian;EE_gi., 1976;
Woods et al., 1976; Thouless et al., 1977). me_ species-specific anti-
gen of these viruses has been sﬁowﬁ to reside on the outer.capsid layer
(Weode, 1976;. Thouless et al., 1977}: ‘Up to now four serotypes of hﬁman

rotaviruses have been recognized (Flewett et al., 1978).

Rotaviruses resemble reo- and orbiviruses in their morphology,
i \-—/ 3 3 4 . i ) . o
morphogenesis and in possessing a segmented genome. They are, however,

antigenically unrelated to the members of these two virus groups
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(Kaplklan et al., 1975 Hoode and Brldger, 1975] Because'ot these

.‘-. -

: srmalarltles and dlfferences, rotav1ruses are fiow placed 1n a separate

-

genus of the famlly Reov1r1dae (Melnlck 1979)

, [
- 3 v
4 . . . . 4

- . - .

Although some stralns have recently been adapted to grow in cell

culture (Hyatt et al., 1980), .easy and re11ab1e means of 1n vltro ‘

-

cultlvatlon and qu/,t:tatlon of human rotav1ruses 1n general have not

cLt yet become avallable.

(I -

-, ) - e " - -

1 T

_-' . \Among the known ahlmal rotavrruses the’ cell-g,lture adapted simian

.

,'agent SA 11 (Malherbe and Strlckland Cholmley, 1967) shows the closest

resemblance to the rota;yruses isolated from humans (Kaplklan et al al

b * .

1976 Schoub gt al., 1977) Therefore, unt11 easy and rellable means

for human rotav1ruses cultlvatlon and quantltatlon 1n v1tro become avail-

able SA-11 contlnues to serve as.a model for their: study. Because

-,of the absence ,of a 51mp1e and senslt}ve.plaque assay system fhr SA-11,

3‘ . some earlier investlgators'.ﬁMalherhe'and'Strickland-Cholmley;n1967'

- Farrah et al. 1978a, 1978b) W1th thls virus resorted to the use of

cumbersome and 1ess sen51t1ve means of 1nfect1ve v1rus quantrtatlon ~The |
' development of-an approﬁrlate plaque assay system fbr SA-ll virus was,
7;' therefore, cons1dered necessary befbre it could be effectlvely used 1in the

testlng of the technlques for the recovery of rotav1ru§es from the water

Py

“.environment; In thls sectlon of the the51s, the development of such ‘a L
© titration system for SA-11 1n.MA—lO4 cells 15 descrlbed ‘Results of the

o experiments to study the role of trypsiniin SA-ll“plaque production are’.

also presented here. . . 3 4
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‘. ' s A ﬁfﬁ;pe'Formation'hy Rotavirus SA-11

A i

' ]ff'has beén k for soﬁe time that the in vitrq infectivity of
3 number of'firusézgjz\;;giggif enhanced in the presence of proteolytié
. enéxmes such as trypsin (Gifford and klapper, 1967; Spendlove et al.,
" 1970; Appleyard and Maber, 1974: Tobita and Kilbourne, 1974; Klenk et al., )
*1975; Lazarowitz .and Choppin, 1975}, This phenomenon has now heen shown
:
- to apply to porcine (Theil et al., 1977), bovine (Babiuk et al., 1977;
Almeida et al., 1978; Clark g}t__g_l_ , 1979) and avian (McNulty et al., 1979)
rotaviruses as well.. Matsuno EE;éi’ (1977) found that vpresence of.trypsin
in the éverlgy was also essential to plédue-formafion by the Lincoln strain
bf-fhe Nebraska calf diarrhea virus (NCDV). W}att et al. (19783), on the
_other hand, reported tﬁ;t trvpsin or other proteolytic enzymes were not
. _ - needed for the plaque  formation of the UK strain of bovine rotavirus. It
| has also been reported that the simian rotavirus SA-11 does not depend on

proteolytic enzymes either for enhanced growth in cell cultures (Schoub

and Bertran, 1978) of for the formation of plaques (Wyatt et al., 1978&).i~

Need for Trypsin in the Overlay

Although SA-11 grows and produces pronounced CPE in MA-104 cells,
when an'dqerlay consisting of MEM (without serum) and 0.75% Bacto Agar

was used, the virus failed to form detectable plaques in the cells

even after 7 days of incubation at 37°C. However, when trypsin at a
b N . .

final concentration of Sug/ml was incornorated in the overlay, small
N : ﬂabout 1 mm in diameter)} plagues could be seen after 5 days of incuba-

_ . tion. Longer incubation did not lead to any further increase in

plaque size, but resulted in the rapid thinning and deterioration of
the monolayers. Increase in the amount of trypsin in the overlay also

produced premature and'non-specific'cell degeneration.
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Effect of Agar Type on SA-11 Plaque‘Fornation

In an effort to further inprove-che size end appearance of the
piaques, different types of agar were tested as solidif&ing agente for
the overlay. These 1nc1uded Bacto Agar, Noble Agar, Oxoid Agar No. 1
and Ionagar No. 2, As can be seen from the data in Table 5, presence
of Ionagar No. 2 in the trypsin- contalnlng overlay gave plaques.of
the largest (3-4 mm diameter) size in monolayers of MA-104 cells after
5 days of incubation. Figure 2 shows the apnearance of such plaques
along with a virus-inoculated culture which had received the same
6yerlay but without trypsin. On the basis of these observations,

' Ionagar No. 2 was chosen as the solidifying agent for the overlay in

subsequent experimentation.

That trypsin itseif and not some inpurity in the enzyme preparation
was resnoneible fbrAthe.formation-of plaques was demcnstrated_in the
follewing experiment. After the virus inoculated cultures received the
trypsin- contalnlng overlay, they were left for about 20 minutes at room
temperature fcr the overlay to solldrfy Then drscs (7.0 mn diameter),
punched out of AP25 (Mllllpore) prefllters and impregnated with soy_
bean frypsin inhibitor (100ug/disc), were introduced and placed at the
center of the cverlay. A disc soaked in EBSS was deposited on-a second
similarly inoculated and overlayed culture. "The bottles were then
incubq}ed fer 5 days at_37 C. As can be seen from Flgure 3 plaque
formation was inhibited in the area where ‘the d1ffus1pn of trypsin

inhibitor from the disc had taken place. An increase or decrease in”
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TABLE 5

EFFECT OF THE TYPE OF AGAR ON ROTAVIRUS SA-11
PLAQUE FORMATION IN MA-104 CELLS

Plaque

-

a No. of plaqugs diameter:-
Type of Agar . /0.5 m1b (mm)©
Bacto o 32 C 1.
Oxoid #1 34 1
. L , ] -
Noble 32 1
- Ionagar #2 38 - 35

2 Overlay consisted of MEM, Sug/ml of trypsin and

" 0.7% of agar under test.

b Each flask was inoculated with 0.5 ml of stock virus

diluted to 10-° in EBSS. Plaques were counted after

. °5 days of incubation at 37°C. Numbers represent the
mean of a total of 12 counts obtained in three sepa-
rate experiments.

c | .
About 25 plaques- were counted to determine average
diameter. :
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oy

M

?igure 2: Plaque formation by simian .rotavirus SA-11 in MA-104
cells after five days of incubation at 37°C.

(A) .monolayer with Sﬁg of trypsin‘pe} ml of °
the overlay
(B) 1virus-inocu1ate&'mouplayer with overlay

containing no trypsin
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Figure 3: Inhibition of the action of trypsin on the plaque forming

(A)

(B)

ability of rotavirus SA-11 in MA-104 cells.

On the overlay containing Sug of trffsin per ml
a 7 mm diameter filter paper disc impregnated
with EBSS waé’placed at the spot indicated by
an "X, |

On the overlay coptaining Sug éf trypsin per ﬁl'
a 7 mm diameter filter paper disc iﬁpregnated‘
with 100ug of soybean trypsin inhibitor was

1

placed at the spot indicated by an "X".
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the concentration of the inhibitor in the disc produced a corresponding'
widening or reduction in the zone of plague inhibition. It thus pro-
vided simple and direct evidence for the specific need for trypsin in

plaque” formation by this virus.

-

Effect -of Protein-Supplemented Overlay on SA-11 Plaque Formation

The presence of protein supplements in the ove;lay is conside;ed
helﬁfdl in the proper and prolonged maintenance of céll‘ménoiayefs;
Since serum 66u1d not be used here, BE, YE, LAH and peptone were incor-
porated séparately'in the trypsiniconfaining overiay at a final concen-
tration of 0.5%., The results of fhese‘éxpérimenps are summarized in
Téble 6, Presence of BE and YE in the ove:lé& resulted in no plaq;e#
fbrmation,by'the_virus. Plaques were formed inithe p;eseﬁce‘of |
peptone or LAH but, when comparéd to cultures qitﬁ unsupélemeqted
OQerlay, there was no det;ctab}e imp;ovem;nt in théir‘siz; and number.

A . -‘g? .

Absence.of SA-11 plaques under overlays suppleménted'wifh‘ E or
YE éould,havg)beenldue to néﬁ-spécificﬂ#irus inhibitors : \
a;éociatéd with them. I£ is also pogéible that the presence of these
rprotein—richfsﬁbsfénces‘in the overlay had iptprféred with the
proteclytic aétivitf of trypsin eésenfigl to vifus plédue development.
That the latter was the, case was shown in the following experiment:
The virus was diluted to the'desirgd level in-EBSS containing 0.5% of

’

either BE or YE and kept overnight at 4°C. The material was then ino-

3

culated into MA-104 cells and left at 37°C for 1-hour, At the end of

~the incubation pefiod,,the bottles were divided into two lots, The

-
.
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TABLE 6

EFFECT OF PROTEIN-RICH SUPPLEMENTS IN THE OVERLAY ON
PLAQUE FORMATION BY ROTAVIRUS SA-11 IN MA-104 CELLS

‘ " : : No. of = | | Plaqué-
Type of plaquesé _ diameter
Supplementa ‘ - 0.5 ml (rm) €
None | . L 36 3.5
Beef extract . (BE) 0 -
Yeast extract (YE) - 0 -
ﬁactalbumin 30 _ ’ 3.5
hydrolysate (LAH) : -
Peptone _ .34 : 3.5°

Overlay consisted of MEM, 5pg/ml trypsin,'O.%% Tonagar #2
and 0.5% of supplement under test. '

Each flask was_inoculated with 0,5 ml of stock virus
diluted to 10-5 in EBSS. Plaques were counted after five
days of incubation at 37°C. ' Numbers represent the mean

of a total of 12 counts obtained in.three separate experi-
ments. '

[ - . . ‘
About 25 plaques were counted to determine average diameter.

/
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‘monqlayérs in bottles from one lot were washed twice with EBSS an&

thogé from the other lot were kept unwashed. .All of them then

received the same tryp§in-containing 6verléy'and incubation. Plaques

"could be detected only in the bottles whicﬁ were washed before -

receiving the overlay.

. 5

Effect of Overlay Containing DEAE-Dextran, Protamin§[5u1fate or S5-BUdR

Matsuno et al. (1977) reported‘that along with tryPsin, DEAE-

- dextran was negéed in‘the overlay. for optimal blaque pﬁsduction by the
Lincoln strain of NCDV in MA-104 cells. The results of simiiar.'
experiments W1th SA-11 virus and MA-104 cells as presented in Table 7,

show that the presence of DEAE- dextran up to 50ug/ml in the overlay

did not contribute to the 1mprovemént of either plaque size or nUmber.

Addition of 100ug or more of the substance per ml of the overlay in

fact resulted in a decrease in the size and number.of SA-11 plaques.

Presence'of protamine'sulfate in the overlay has been shown to /1?2
enharnce plaqﬁé formation by certain viruses (Wallis and Melnick, 1968):__;g*
Addition of 50 to 300ug of p;otamine'sulfate per ml of theuoverlay had
no notigééblé effect on plaque fo}mation by SA-11 virus (Table 7]ﬁ
‘Simiiar Tesults were obtained when 25 to 200ug Sf 5-BUdR was incorpo-

rated per ml of the overlay (Table 7).

Effect of Virus‘Dilﬁent—Suspending Medium
Up to this stage EBSS was used as virus diluent as well as the

suspending medium during virus adsorﬁtion to cell monolayers. It has,
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© TABLE 7 ’ IR
: " EFFECT OF CHEMICAL ADDITIVES IN OVERLAY ON
ROTAVIRUS SA-11 PLAQUE FORMATION IN MA-104 CELLS
¢ © Additive and . e T Plaque -
». - cone, ‘in pg/ml ; No. of plaques diameter
0;7overlaya . ./0,5 ml (mm)©
‘Nome - 3.5 *
! L DBAE-dextran , : :
' 50 Toooow32 3.5
100, . . L300 2.0
200 LT : .28 2,0
300. T 28 2.0
'?\ . ' Pfotamine sulfate f N
T 50 B 36 3.5
) . 1oo . - 38 3.5
200 L, 34 3.5
2. 300 S 34
§-bromodeoxyuridine ¥ B o - [
. 25. - 38 3.5
: 50 . 36 3.5
. 100 - 38 3.5
2200 : .38 3.5

a Overlay consisted af MEM, 5ug/ml trypsin. 0.7%
_ Tonagar #2 and the ‘desired conc. of additive under
' test. ! *

Each flask was inoculated with 0.5 ml of stock

virus diluted to'10~> in EBSS. @ Plaques were counted
after 5 days of incubation at 37°C. Numbers )
represent  the mean of a total of 12 counts obtained
in three separate experiments, To
“About 25 plaques were counted to determine average
diameter. o : L !
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however, been shown that presence of\brotein—rich additives in the - -
Qiluehf and during virus adsorptioo to cells enhances the plaquing
efficiency (Hamblet et al., lgo?). To lest this for SA-11, BSA, TPB
‘or NB was added to EBSS to a final concentration of 0.5%. From the

' _data p?eseo;ed in Table 8, it can be seen that the presenceé of toege
protein-rich additives in-virus-dilpeﬁt;suspending medium affected

neither the size nor the number of SA-11 plaques in MA-104 cells.

- Effect of Incubation Temperature

In order to see what;%nEubation tempefature would be optimal for
':SArll.plaque productlon, separate lots of'viros inoculated and over-
layed cultures were place& at 33, 35, 37_and 39°C for 5 days. At the
end -of this period, plaques produced were examined and countpd. As
cen be eeen:from the_date,ln Table-‘Q, incubation at 37°C wfis found

to be optimal with regards to both plaque size and number,

Effect of Overlgy with Methyl Cellulose

Agare of various typés are known to contain sulfaeed polysaccha-

: r1des which can inhibit plaque format1on by viruses (Takemoto, 1966).

To avoid thlS p0551b111ty, use of methyl cellulose as a solldlfy1ng

agent in. overlays has been recommended (Hotchln 1955). The usé of

methyl cellulose as a substltute for Ionagar No. 2 in our system was tested.
When an overlay medlum con51st1ng of MEM, Sug/ml of tryp51n in 1.0% methyl
celluloseiwas used, SA-11 rlaque fo;mation was completely inhibited, Vari-
atioﬁ-in the amounf-of trypsin from 2.5 to loug/ml of the overlay did'nof_
allow plaooe formation in the o;esence of methyl cellulose, Even when

the methyl eellulose-oohtaiﬁing overlay was supplemented with 10-

. / a .
/ ‘ . . . . T .
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EFFECT OF VIRUS DILUENT ON PLAQUE FORMATION BY . -
ROTAVIRUS SA-11 IN MA-104 CELLS.

S
o No. of plaques Plaque 51ze
Diluent ) /0.5 m12& . ~ {mm)b
Earle's balanced A g :
salt solution ‘ o .34 U RN
(EBSS)” 1 \ o
. : S . . \_‘._ . X ‘.:." .
0. Sﬁ tryptose phosphate 34 e 3.5
broth 1n EBSS - T e
9.5$ nut;rgnt'broth ) 28 . 3.5
. in EBSS ; .
o 0.5% bovine serum ' e . ' * L
. . . 3.5 : : S
‘. albumin in EBSS ‘ 30 - S
™ — ' )
AN S ] . :
'd\Bach flask recelved 0 S"ml of stock virus dlluted to U S-
10*%_in ‘the diluent undér test. Plaques were counted - ;
after™5_days 9f incubation at 37°C, Numbers represent -
the mean~of a total of 12 counts obtalnedAin three .
separate experlments. . , S,
, \\' R ‘ ' ‘ . E
b About- 25 nlaques‘Were counted to determlne average
dlameter ' N : . :
|‘\\ .
" \\\ . . .
AN : N
SETRN Lo i
. 3
,?"p et

-
+
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S S TABLESCT T T
: _ EFFECT OF INCUBA‘I‘ION TEMPERATURE ON PLAQUE ~*
: L FORMATION BY ROTAVIRUS SA 11 IN MA—104 CELLS
Y o . o - o 4 . ;
Y _ :
! “"~Incubation . oo : p;’
AR .+ -temperature . .No. of.plagues - - diaMter
o B € /0.5 m1? : - m)°
> 33. 0 A2 I 2.0
;. Ccossl 36 Tase
, 7 - .42 . ms ot

39 - e ..e24 0 1L gs

Voo

2 'Each culture received 0.5.ml of stock virus: dllﬁtéd

: S .. to- 10"5 in EBSS- and after virus adsorptlon (37°0) '
e - and overlaying weré incubated-at the appropriate
/‘ - - . .  temperature :for five days. Numbers Tepresent ‘the:
. © . ‘méan of a total of 10 counts obtained in- two s*parate _
T experlments : '

1

.About 25 plaques were- couhted’ to deL/ermlne average .

dlameter. _ . - - S
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v

to 25ug/m1 of DEAE- dextran or 10 to SOug/ml protamlne sulfate no
plaque formation occurred. Any further increase in ‘the amounts 0£
thege cationic polymers .made the overlay cytotox1c.

SA-11 Plaque Formation'in Other Types of Cell Cultures

N
L

The . ab111ty of the SA- 11 virus to form plaques in cell cultures
',other than that of MA-104 11ne was 1nvest1gated The cells. tested were
AGMK, HEK, BS-C-1 and L-132, Becausé primary cultures.do not ﬁ?oduce.
uniform s tisfaétory-mondléyeré for virus plaquing, the AGMK and’ -
"HEK cells were ' used as secondary monolayéfs;, After édso;péion with -
-SA~11, the cells werélcavefed with overlay eithg: with ESug/ml)jor
without trypsin and incubatéd. No pngues could be séeg in'monolayefs
of HEK, BS-C-1 or L-132 cells even when thé incubation period was.
éxtended to eight days. ‘AS'can be seen from Figure 4, plaques (5-6 mm
diameter) were produced in the AGMK cells only when trypsin was present
in the overlay. This ié_in contrast to the finding of Wyétt et al,
(1978a)who reported that the preéénce of trypéin or other_pfot901ytic
enzymes in the overlay was not necessary for SA-11 plaque formation |

in primary cultures of AGMK cells.

Other Proteolytic Enzymes and Rotavirus SA-11 Plaque Formation

-In  the foregoing experiments it was established that presence of
trypsin in the overlay was necessary for plaque formation by SA-11 in
. P , .
MA-104 cells. Would other proteolytic enzymes produce a similar effect?_

4 . .
To test this, eight other proteolytic enzyme preparations (Table 2)



~ Figure 4:  Plaque production by simian rotavirus SA-11 in AGMK cells
after five days of incubation at 37°C. o "’

-

“

(A) monolayer with Sug of trypsin per ml of

the overlay o

(B) virus-inoculated monclayer with overlay
containing no trypsin






were selected and their effect on SA-11 plaque formation was compared
“to that of trypsin. The .results of these experiments are.pfesented

_in Table 10. When 1nc0rporated in ﬁhe overlay 1n concentratlons per

ml 1nd1cated - chymotryp51n (10ug), elastase (0 Sug), subt11151n
(0.5ug), pronase (2.5pg)‘gnd pancreat1n~(25ug).were'as efficient as
trypsin in assiéting SA-ll plaque formation. No plaques were produced :

, ‘
when pep51n ( Sug) papain (10ug) or thermolysin (10pg/ml) was added l\\\\“--
to the overlay; use of. h1gher concentratlons of. {Fese three enzymes

resulted in rapid thinning and early degeneration of the monolayers.

Pahcreatin is a mixture of enzymes including trypsin (Osol and

Farrar, 1960) Similarly, pronase, derived from Streptomyces griseu§

is ‘a mixture (leamatsu -and Ouchi, 1963) which includes a trypsin—like'

enzyme (Jurasek et al,, 1969). To see whether the effect of these

“enzyme mixtures on SA-11 plaque formation was in fact due to the frypsin'

or trypsin-like act1v1ty contalned in them, the follow1ng experiments
were performed;_ Tryp51n inhibitor in various concentrations was added
to overleys containing the ernzyme preparations previoesly”shown-to
affect SA-11 plaqge formation. Such overleys were then introduced

into wvirus-inocfllated cultures. The results of these experiments are

summarized in Table 11. Addition of the trypsin inhibitor to the

pancreatin-, prondse-, or a-chymotrypsin-containing overlays completely
inhibited SA-11 plaque formation. However, virus plaque formation was
not noticeably affected when the trypsin inhibitor was incorporated in

the elastase~ or 5ubtilisin- containing overlays.
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TABLE 10

EFFECT OF DIFFERENT PROTEASES ON THE PLAQUE FORMATION
ABILITY OF ROTAVIRUS SA-11 IN MA-104 CELLS

Enzyme ' Conc. in ug/ml No. of Plaques Plaque
Preparation in overlay? /0.5 mb diameter (mm)
Trypsin 5 ) 38 3.5
Pronase - S 5 36 . 3.5
Pancreatin 25 36 3.5
a¢-chymotrypsin ' 10 30 3.5
Elastase : 0.5 36 3.5
Subtilisin 0.5 .30 3.5
Papain | ' 10 0 ' -
Pepsin 50 . 0 -
" Thermolysin 5 0 -
- .

a Overlay consisted of MEM, 0.7% Ionagar #2 and the specified concentra-
tion of the enzyme under test. Concentrations above the ones mentioned
lead to premature degeneration of the monolayers. '

P Each flask was inoculated with 0.5 ml of the stock virus diluted to 107>
in EBSS., Plaques were counted after 5 days of .incubation at 37°C.
Numbers represent the mean of a total of 12 counts obtained in 3 separa-
te experiments, :

€ About 25 plaques were measured to determine the average plaque diameter.

e

e
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'TABLE 11

EFFECT OF TRYPSIN INHfBITOR ON THE DIFFERENT PROTEASES FOUND TO HELP
IN THE FORMATION OF PLAQUES BY ROTAVIRUS SA-11 IN MA-104 CELLS.

Trypsin inhibitor = No. of
Enzyme and conc. 'in conc. in pg/ml in Plaques - .Plaque Diameter
ng/ml in overlay® overlay?® 0.5 m1b (mmn) ©
Trypsin (5) 0 38 354
: 5.0 0 - ;
. Pronase (5) 0 36 3.5
S 5.0 0 -
Pancreatin (25) . 0 36 3.5
) 10.0 0 . -
a-chymotrypsin (10) 5& 0 30 _ 3.5 :
. o 5.0 10 : <1.0 -
. 7.5 0 -
Elastase (0.5) '_. 0 36 3.5
: . 1.0 32 3.5
Subtilisin (0.5) N 0 a0 3.5
. . 1.0 . 30 3.5 v

a Overlay consisted of MEM, 0.7% Ionagar #2 and the sﬁecified concentra-
tion of the enzyme under test and trypsin inhibitor when required.

Each flask was inoculéted with 0.5 ml bf the stoék'virus diluted to

10-5 in EBSS. Plaques were counted after 5 days of incubation at 37°C.
Numbers represent the mean of a total of 12 counts obtained in 3

separate experlments

About 25 plaques were measured to ‘determine the average plaquefﬁjmwter.'



Reproducibility of Results Obtained by Plaque Assay Technique

For retrospgctive statisﬁiéal analyéis of SA-11 pléque assay
system, data‘from ten separate titrations performed on the same virus
pool during aﬁkgﬁght-mbnth period, were seléct;d (Table 12). These.
were subjected to a one-way analysis of variance as described in.
Appéndix I. As can be judged from meanlsquare values obtained, fhe
plaque assay gave réproducible re;ults. This also showedithat thére.

was no decrease in the plaqﬁe_titre over the 8 month period due to-

either virus storage (-80°C) or the 'increase in the cell passage level,
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; TABLE 12
PLAQUE COUNTS OBTAINED IN SEPARATE TITRATIONS
OF ROTAVIRUS SA-11 IN MA-104 CEL&F
" Date of Plaque counts
Serial No. titration - obtained - Mean
1 12/09/78 42,35,35,31,28 34,
2 08/10/78 42,38,34,34,29 35.
3 28/10/78 46-42,37,35,32 38.
4 28/11/78 40,40,34,32,26 34,
5 12/12/78 38,38,32,29,27 32.
S 17/01/79 43,40,36,32,30 36.
C7 30/02/79 38,38,37,32,30 35.
8 . 26/03/79 43,37,35,32,30 35.
9 20/04/79 41,38,35,33,32 35,
10 21/05/79. 40,36,35,30,27 33.

e =R

After one hour of adsorption at 37°

incubation at 37°C.

‘The virus was dlluted to 10 . -3 in EBSS and 0.5 .ml of this
dilution was inoculated into edch culture of MA- 104 cells.
C, each flask received
5 ml of an overlay containing MEM, Sug of trypsin/ml and
0.7% lonagar #2. Plaques were counted after five days of
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.B. Rolé¢ of Trypsin in Rotavirus SA-11 Plaque Formation

Enzymatic removal of the outer capsid of reoviruses has béen shown

*

to result in-the enhancement of their infectivity'(Spendiove et al., 1970)}.

The enhancement of the in vitro infectivity of myxoviruses in the presence
of'proteolytic-enzymes has been.ascribed to the cleavage of viral proteins
(Appleyard and Maber, 1974; Tobita and Kilbourne, 1974; Klenk et et al., 1975;
Lazarowitz and Choppin, 1975).
From the results of the experiments destribed up to this stage it has R
L .4

been establlshed that the presence of certain types of proteolytlc enzymes

in the overlay is essential for the formation of plaques by SA 11 in MA-104

cells. Matsuno et al. (1977) and Smith et al. (1979) have also reported

K

;similar findings. However, the mechanlsm(s) by which such enzymes fac111-

tate rotavirus plaque formatron is not yet’ clearly understood In order

to elucidate thls, the stage in rotavirus plaque'formation_at which such

' enzymes played their role needed to be’determined. This was, therefore,

the purpose of the experiments to be described here,

Effect of Trypsln Treatment of the Vlrus R

Recently it was' suggested that the in vltfo’enbancement of -

1nfect1v1ty of a bov1ne rotav1rus afte tryp51n treatment was due to © T

1979) It was, therefore, dec1ded t' test the effect of 'such treatment S

on the plaque formlng ab111ty of SA 11 To;the‘v1rus,jwhich had‘been-
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grown in the absence of trypsin, the enzyme ras added to give a final.
concentratlon of either 10 or 100ug/m1 The mixture was ineubated for
30 minutes'at 37°C. At the énd of thls perlod, sufficient tryp51n
inhibitor was added and appropriate d11ut10ns of the treated virus

were used for plaque assay with or without trrpsin in the overlay

agar. Fron the data summarized_in‘Table 13, it can be seen that when
the tryp51n treated V1rus was tested with overlay containing no tryp51n

plaque formation d1d not take place. Trypsin treatment of the virus

) alone, therefore, was not enough to allow 1t to form plaques. Further-

.

more, in the presence of tryp51n contalnlng agar overlay, the plaque

titer of the trypsin-treated virus was found to be similar to that of

the untreated virus controls:

Tt is wellireeognized that break-up of infectious virus clumps

1eads to an increase in infectivity titer (Hamblet et al., 1967). As

has been suggested earlier (Clark et al., 1975; Smith Egiiil.,‘IQTQ)
trypsin treatmentAof.p$umped rotavirus particles could lead to their
disaggregation and give the appearance of enhanced infectivity.
Although we did not see.an increase in the plaque titer after trypsin
treatment‘of the virus it was considered necessary to ascertain that

our virus pool was devoid of aggregates which were not being dissocia-

"ted by the enzyme treatment applied. An appropriate dilution of the

stock virus was prepared in EBSS. After removing an aliquot which was
to act a5 control, the rest was passed through an 80 nm pore diameter

polycarbonate membrane filter (Bio-Rad); the membrane was. previously
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TABLE 137 . K

4
4

EFFECT OF TRYPSIN TREATMENT OF ROTAVIRUS SA-I1 PRIOR TO
: INOCULATION IN MA-104 CELL MONOLAYERS

LY

Trypsin concentration

‘in virus suspension® =  Trypsin in : _ c
(ng/ml) : _agdr overlay No. of plaques/0.5 ml
0 ‘ + o 38 L
to B S BT . 0 |
10 + . 2
;100 | | - 0
100 . . 42
] - .

| : .
Stock virus was treated wlth ‘the desired amount of trvp51n for 30 minutes

at 37°C. TrVU51n inhibitor was added to the treated virus before maklng

anproprlate d11ut10ns for plaque assay.’

b B ’

In trypsin-containing everlay the concentration of the enzyme was Syg/ml.

Numbers represent the mean of a total of twelve counts obta1ned 1n three.
separate experiments.

W)

w
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treated with a 3.0% solution of tryptose phosphate broth to.minimize
virus adsorption tb its matrix (Wallis et al., 1972a). As can.be seen.
from the data in Table 14, thggg was no major difference in the plaque
titer of the virus before and after such membrane -filtration, indica-

ting the absence of virus aggregates.

Effect of Trypsin on VifusIAdgorption

If tr&psin'exerigtits effect only in thé early pﬂases of_virus-.
cell interaétion, then ifs presence in the initial inoculum alone
shouid coné%iﬁute to rotavirus plaque formation. This -view was tested

by allowing the virus to adsorb to the host cells in the presence of

~trypsin, At the end of one hour at 37°C the trypsin-containing inocu-

) "

-

lum was eifher removed by tﬁorough washing of the cultures or by their

subsequent incubation (30 minutes at 37°C) in the presence of trypsin

inhibitor. The cultures then received an agar overlay with or without

trypsih‘and incgba;;d for plaque formation £o proceed, .Table 15
presents the datg'from‘these experiments. |
- The presence of trypsin during the initial phasés of virus—celi
interacﬁion, but its absence in the:overlay did no;-result in the '
producfiqﬁ qf virus plaques. Plaques produced when.trypsin was
present in‘the initial inoculum as‘wéll as in tﬁé pverlay did not

differ in any way from those that developed when trypsin was added

only to the overlay. P

T
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‘ OTEBLE 14 U 7
) - T T

MEMBRANE FILTRATION? ‘O DETECT THE =
PRESENCE OF AGGREGATES IN THE ROTAVIRUS SA-11 STOCK

-
e

L

Number 6f;plédués/0;5 md .

throffgh 'a membrane pretreated . .
with 5 ml of 3% splution of . ¥ .

3
1}

Unfiltered #i:us stooi . . o 32-.'.A

Virus,stock after péséage' . . : - 30

v

tryptosé phosphate broth - T S Y‘ :{>

used

The fxgures represent the mean of a total of elght counts
obtained in two separate expeﬂlments.

Unlpore polycarbonate membranes of 80 nm pore 51ze*were e
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- T . l’
- TABLE 1.5_' o + . R o
% EFFECT OF TRYPSIN ON INITIAL VIRUS-CELL INTERACTION

A

Trypsin c _ - L4
-in overlay . Number“of plaques/0:5 ml

No trypsi&_treatment ' T R '536

" Trypsin treatment of . 7l L

-, cell monolayers prior . B o aq :
tO'V{fhs inoculation? * ' 38 ., "
Trypsin treatment . L ‘o
during the virus & . S, 40
adsorption periodb v

2 MA-104 monolayers were" 1ncubated at 37°C for 30 minutes wlth 1 ml

‘_of EBSS containing 10ug of trypsin, " They were. - then exposed to 1Qug

of trypsin inhibitor for 30 minutes. After thdrough washing with
EBSS they’were .used fbr virus 1noculat10n., .
| .. . - = .‘ ' . l h
Rotavirus SA-ll ‘was suspended iQwEBSS with 10ug.of trypsin/ml and
gllowed to adsorb on cell monolayers for one hour at 37°C.  Then

the cultures were. either thoroughly washed w1th EBSS or 1ncubated
for 30 minutes w1th trypsrn 1nh1b1tor. :

The agar overlay was used e1ther w1thout (-) trypsin or w1th (+)
Sug of tryp51n/m1

i

'Flgures represent the meaﬂ of a total of twelve ccunts obtarned

%?three separate experlments.

4

s
]
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The effect of prior treatment of thé host cells with trypsin was

. also investigated. MA-104 monolayers were first exposed to trypsin

for 30 minutes at 37°C, The cultures were then treated with trypsin

inhibitor and thoroughly washed before inoculation with the virus.

Aftér virus adsorption, the cultures received overlays with or without
trypsin. The results, also seen in Table 415, show that prior trypsin
treatment of the cells also did not influence the plaque forming

ability of the virus.

- Effect of Centrifugation L

C%Ptrifugation of cell monolayers after virus inbculation has
been shown to enhance the'infectivity as well as the plaqué formig
ability of certain viruses (Osborn and Walker, 1968; Bryden et al.,
1977). 1In the following experiments we investigatéd the effect of

centrifugation_with and without trypsin on the plaque forming ability
of SA-11. Table 16 presents the results of these experiments.
Centrifugation alone was not sufficient for SA-11 plaque-formation;

trypsin in the overlay agar was still necessary. However, centrifu-

gation of the virus inoculated cultures during the adsorptiginperiod /!

- gave nearly four times the number of plaques when compared to culture

which had been subjected to stationary incubation for one hour at-37°C.'

- o

Addition of trypsin to the virus inoculim followed by centrifu-
gation did not produce afy further improvement in the plaque count.

Cenfrifugation of the cell monblayers‘prior to the introduction of the

. . -7' \ . ) . .
- . » 1\
’ - . ' ’
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" TABLE 16 ) -

EFFECT OF CENTRIFUGATION OF MA-104 MONOLAYERS ON
THE PLAQUE FORMING ABILITY OF ROTAVIRUS SA-11

T ————
Tryggln_ln—ffirypSIn in ~ Number of

inoculum® overlayd plaques/0.5 m1©
Stationary incubation for one - + 8
hour at 37° c '
Centrlfugatlon of monolayers . + + + 10
at '1,600xg for 30 mirutes prior + - 0
to virus inoculation followed._\\ - + 7
by stationary incubation - . - 0

Centrifugation of monolayers at . . 0
1,600xg for 30 minutes after - ‘ +
virus inoculation '

2 virus 1noculbm was suspended in EBSS without (-) or with- (+) Sug of
trypsin/ml.

The agar overlay used was elther W1thout ( } trypsin or supplemented
with (+) Sug of trypsin/ml.

¢ Figures represent.thehmean of a total of twelve counts obtained in
three separate experiments.

*
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virus inoculum gave the same number of plaques as those in cultures

subjected to stationary incubation. i B

Plaque Inhibitors in Agar

Cértain'types of agér'are\known to coﬁtéin substances which can
interfere with virus replicat;on (Wallis and Meinibk, 1968). The - .
presence of trypsin in the OVérlay may be leading fq the degradation
of such inhibitors and thus permitting the development of SAa-11-
plaques. To test tﬁiq_possibility, the following e#perimeﬁts were

- v
conducted, One hundred ml of a 1,4% solution of Ionagar No. 2 in -

deionized water was autoclave sterilized. After cooling it down to,
about 45°C, trypsin was added to it to give a final concentration of

100ug/ml. The mixture was incubated for 24 hours at 37°C. It was _

then heated at 100°C for 30 minutes to melt the agar as well as inac-

tivate the enzyme. This enzyme-treated aga} was subsequently dsed in
the overlay for’'SA-11 inoculated MA-104 cultures. No plaque formation
occurred in the cultures which had received the overlay containing the
trypsin-pretreated agar. This demonstrated that plaque production by
SA-11 under trypsin-contaiﬁing overlay could not:be ascribed™to the
degradation of trypsin-sensitive plaque inhgﬁitors in the agar. |

-

. - /
Effect of Trypsin Addition or Inhibition at Various Stages-During
. v 2’ o ey

" Plaque Development

o~ If the presence of trypsin in the overlay is necessary throughout
the period of ﬁiﬁaﬁé‘ﬁevelopment then a delay in its addition to or
early inhibition in the overlay should affect plaque formation by the

[y
-
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‘virus. To test thie, the following exoeriments were carried out.
MA-104 monolayers inoculated with the virus rece1ved agar overlay to .-
which no trypsin was added, The cultures were - then placed at 37 C.
' The following- day, one.setdof coltures from this lot received 5.0 ml
of a second oveflay containing 5.0ug of trypsln per ml, This prope;

_dure was repeated ﬁitp additional sets of cultures on the second,

third and fourth day of incubation.

The results of these experiments are presented in Table 17

When trypsin was added to the overlay at the end of the flrst day of ﬂ':

incubation, there was a corresponding delay in thle .development of the -
plaques. However, any £urther.de1ay in the addition of trypein;to .
the overlay not only postponed the formation of the plaques Bot'elso

resulted im\ the appearance of only half their humber when compared to d

the controls.

Similarly; the etfeet of inhibiting the action of trypsin\dUTiné
various stages of plaque development was tested by first overlaying *
the virus 1noculated monolayers with the agar conta1n1ng 5. Oug of
trypsin/ml, - At the end of the'flrst; second, third and fogrth days.
of incubation, separate sets of the cultures received 5.0 ml of a

second overlay containing S5.0ug of trypsin inhibitor/ml.

Inhibition of the action of trypsin in the overlay after the
first or second day of incubation fesulted in the delayed formation

of fewer and smaller plaques (Table 18). When the inhibitor was
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TABLE 17

EFFECT OF DELAYED ADDITION OF TRYPSIN ON PLAQUE PRODUCTION

1

BY ROTAVIRUS SA-11 IN' MA-104 CELLS

Day of addition of - Day plaques

Average plaque

trypsin‘t_o'overlaya counted No, of_plaques/O.S mi> diameter (mm)°
0 5 v 36 3.5
. 6 36 4.0
2 7 20 - 4.0
3 8 20 4.5
4 9 15 \j 4.5

? Rotavirus-inoculated moholayers were incubated at 37°C for one hour.
Except for controls, the remaining cultures received an overlay with-

At the appropriate time during the incubation, the

cultures received a second overlay with 5Spg of trypsin/ml.

out trypsin,

b ' NP
*~ Numbers represent the mean of a total of twelve counts obtained in
three separate experiments.

¢ About 25 plagques were counted to determine average diameter,
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* TABLE 18

EFFECT  OF THE. INHIBITION OF TRYPSIN IN OVERLAY ON THE
DEVELOPMENT OF ROTAVIRUS SA-11°PLAQUES IN MA-104 CELLS .-

2

Day of addition of Day plaques ° T _Average plaqug.
" trypsin inhibitor®  counted  No. of plaques/0.5 ml~ diameter (mm)

0. s ..o -

1 6 . 2000 .7 o

2 ST DN 28 1.5

3 ' ; 8 o 34 - T Es

4 o 9 - 3 ES.

a'.. . ,“. s

Virus inoculated monolayers received an agar overlay with 5nug of
trypsin/ml. Except for controls, at the appropriate time during the.
incubation period, the other cultures received a second overlay
containing Sug of trypsin inhibitor/ml, ; : -

Numbers represent the mean of a f"tal of twelve counts obtalned 1n
three separate experlments '

About: 25 plaques were measured to determine the average diameter.
: ! . . * ' E =~
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. added after the thlrd or fourth day of 1ncubat1on there was, a

'correspondlng delay 1n plaque development but the1r number . and size-

b

was equal to those in the controls.

= . L]

S

Slngle.ﬂycle Virus Repllcatlbn in the Preésence of Tryp51n

. The. f;ndlngs of the forgoing experlments demonstrated that optlmal

T

-plaque formatlon by SA-ll _could -occur only when trypsin was present in

the agar overlay throughput the five-day 1ncubat10n period, Thrs
suggestéd that the'enzyme may in some way enhance the intracellular
repllcatlon of the virus. To test ‘this, the following experiments

were carrled out

. Monolayer cuitures of MA-104 cells were inoculated with SA-11
u51ng a mult1p11c1ty ofJEnfectlon of about 4.0 PFU/ceIIF— After one .
hour of adsorption at 37 C, the monolayers were. washed three times
with EBSS to remove “the unaﬁsorbed virus. Each culture then rece1yed- m

5.0 ml of the fluid maintenance medium elther with (10ug/m1) or. \

without tryp51n. They were placed back at 37°C and at appropriate

.1nterva15 representatlve bottles were removed from the incubater and’

stored at -20°C. At the end of the experiment, the materlal from the

stored cultures was proqessed and plaque assayed as described in

"Materlals and Methods". The data fromlthese'experiments are summarized

-

in Table 19.- Presence of tryp51n in the malntenance medlum affected

.

- neither the rate of replication nor the final titre of the virus.
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TABLE 18

VIRUS YIELD AT DIFFERENT POSTINOCULATION INTERVALS a
IN THE SINGLE CYCLE GROWTH OF SA-11 VIRUS IN MA-104 CELLS

.
b

Virus yielib-

(PFU/m1)
Time postinoculation Medium with - Medium without
" (hr) trypsin trypsin
6 : 2. 4x10% 2.5x10°
10 6.7x10° 6. 8x10°
16 gaxi0’ 8.2x10" |
20 ‘ : 8.4)(107 8.6x107

% MA-104 monolayers were inoculated with-a multiplicity of
4. PFU/cell. After one hour of incubation at 37°C, excess
" inoculum was removed, monolayers washed thrice with EBSS
and then received the maintenance medium with (10ug/ml) - ik
or without trypsin. '

At the specified intervals of time,rrepresentatiﬁe cultures
from each lot were taken out of the 'incubator, frozen (-20°C)
and thawed three times. The material was centrifuped at

1,000 xg for 15 minutes and the supernatant was plaque
assayed.
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* Babiuk et al.,(/}W7) and Almel&a et al. (1978), using the immumo-
A AL

fluorescent focus technique, found that presence of trypsin in the
malntenance medium resulted in a faster and better spread of bov1ne :
rmtavirus in the monolayer. It was, therefore, of interest to see if
such spreéd in the presence of trypsin affected the rate of build-up
and the final yield of infectious SA-11 particles during repeated
cycles of virus replication in a given culture. The following

experiments were designed to answer this question.

-

To each MA—104 moﬁolayer, containing approximately“l.o X 106
cells, an inoculum with 35.0 PFU of SA-11 was added. After a one-hour
virus .adsorption period at 37°C, each culture received.5,0 ml of the
fluid maintenance medium-either with or without trypsin. At appropri-
ate 1nterva1i representative bottles were removed from the 1ncubator
and stored at -20°C. ‘At the end of the experlment the material from |
the stored cuiturgs was processed and plaque assaygd. As can be seen .
from fhe data‘presentéd in ﬁigure 5, there was no noticeable differehce
in the virus titre in the trypsin-free and trypsin- containing qultures

r e~ P4

at the end of 24 hours of incubation. A significant difference"in the

titre was, however, noticed after 48 hours when the trypsin-containing
6

»

cultures showed a titre of 3.0 x 10~ PFU/ml reaching a maximum of

4,8 x 107 PFU/ml by the end of 120 hours; in contrast to this, thé

4 ' L

trypsin-free cultures had 7.2 x 10 PFU/ml after 48 hours and the

maximum titre reached at 120 hours was 6.4 x 106. The rapid build-
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~
Figure 5: Effect of trypsin on virus yield in
multiple cycle replication of SA-11 -

in MA-104 cells. ‘
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EFFECT OF TRYPSIN ON VIRUS YIELD
.IN MULTIPLE CYCLE REPLICATION

OF SA-11 IN MA-104 CELLS. |

1 e——-e Medium with trypsin(5ug/mi)
- e——e Medium without trypsin
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up of infectious virus after 24 hours in the presence of*trypsin was

strong&z\suggestive of better release and faster dissemination of. the

. brogeny virus in the culture during successive cycles of replication.

*

C. Applicability to Other Rotaviruses

The plaque assay for the simian rotayirus_SA-ll (strain H-96) as
. described above was applied to the titration of the calf rotavirus
(strain C-486). Large (3-4 mm diameter) and,qniforﬁ‘plaques were
obtained in MA-104 cells after-ﬁ days of incubation at 37°C. Addition
of DEAE-dextran’ﬁlOOug/ml) to‘the overlay did not.lead to any improvement
in either the size or the number of piaques. This is in.éontrast to an

earlier report (Matsuno et al., 1977) on NCDV (Lincoln strain) plaque

formation in MA-104 cells.

<: o
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DISCUSSION

The results of this study show that trypsin iszessential fqr piaque
formation by simian rotavirus SA-11 (strain H96) and ca;f rotavirus
(strain C-486) in cultures of MA-104 cells. This is in contraét to an
earlier ;eﬁort by Wyétt et al. (1978a)but in agreement with the observa-
tion of Matsuno 33_31. (197?) who reported that the Lincoinléifaih of
NCDV could produce plaques‘in MA-104 ;ells only when trypsin was incor-
porated in the overlay. Also, the neéd fér trypsin in the dverlay for
the formation of plaques by the SA-11 virus has recently been confirmed

by Smith et al. (1879).

In our experiments with SA-11 and Falf rotavirus, the need for DEAE-
dextran in the overlay was not in&icated. In fact, the presence of this‘
‘%ubstance in the overlay in amounts greater than 100ug/ml resultéd in a
" slight reduction in the size and number of the plaques. Similar results
were reported recentl} by Smith et al. (1979), but they found that DEAE-
dextran at an optimal concentration of IOOug/ml of thg‘overlay,consis-
tently gave bgtfer plagues, The observation of Matsuno et al. (1977)
that the presence of DEAE-dextran in thé oﬁerlay increased tbe number of

NCDV in MA-104 cells, could not be confirmed in this study.

Incorporation of protamine sulfate in the trypsin-containing overlay

» did not alter either the number or the size of SA-11 plaques, This may

=)
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have been due to the digé;tion of protamine sulfate by trypsin (Wallis

- +
-

and Melnick, 1968). o | -

Additi?ﬁ of halogenated“pyrimidines to virus-infected cell cultures
ﬁas been shown to overcome interferon produ vion (Holmes et al., 1964).
- In vifro potéﬁtiation of the replication of both DNA and.RNA viruses
have also been reported in the presence of halogenated pyrimidines
(St. Jeor and Rapp, 1973; Paul et al., 1974; Green and Baron, 1975).
Incorporation of BUAR in the overlay proﬂuced no noticeable alteration

in the plaque forming ability of SA-11 in MA-104-cells.

The absence of SA-11 p%aques in the pregeﬁce of beef extract or
yeast extract was not found to be due to non-specific virus inhibitors
associﬁfed witH them. Instead,these protein-rich substances appeared
to interfere with the proteolytic activity of trypsin whiﬁh was essential

to virus plaqué\ﬁevelopment. .
1]

“

A suitable virus diluent is among the factors considered necessary
for optimal plaque production (Hamblet et al., 1967; Valle, 1971).

*

Proteinaceous substances in vipus diluents not only exert a protective

. ] 7
effect on virus infectivity, but they have also been known to disaggre-
gate virus clumps (Hamblet et al., 1967). Addition of protein-rich

substances to the diluent (EBSS}, however, was not found to alter either

the number or size of S5A-11 plaques.

A
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" The use of methyl cellulose in the overlay led to a total inhibition

of SA-11 plaque formation. This inhibitory effect could not be reversed

¥

by an increase in the amount of tryp51n in the overlay or the addition of

cationic polymers such as DEAE-dextran or protamine sulfate.

1
Large plaques, 5-6 'mm diameter, were formed by SA-1l in secondary

monolayers of AGMK cells, but the virus failed to form plaques in BS-C-1,

L]

L-132 and secondary cultu%gs of HEK. Similar findings have been reported

recéntly by Estes et'al (1979a) . Although the calf rotavirus (strain

- C-486) grows to a high titer in BS-C- ‘1 cells, it also failed to form

tplaques_in this cell line.-

+

The results of this study also show that, apart from trypsin,
certain other proteolytic enzyme preparations could assist SA-11 in 1its

plaque formation in MA-104 cells. Among these were pancreatin, chymo-

_tf&psin, pronase, subtilisin and elastase. No plaques by SA-11, however,

-

could be seen when papain, pepsin or thermolysin were incorporated into

the overlay.

Pancreatin, prepared from the pancreas of thépﬂgé or the ox, is a
mixture of enzymes containing mainly amylase, lipase and trypsin (Osol
and Farrar, 1960). Similarly, pronase repreéents a mixture of alkaline
proteinases, aminopeptidases "and carboxypeptidases (N;rabgshi et al.,
1968). Jurasek et al. (1969) ha;e also isolated a trypsin-like enzyme
from commercial preparations of pronase aqd showed this enzyme to
resemble bovine trypsin in its catalytic mechanism as well as its mode

.

of substrate binding. Therefore, absence of virus plaques upon the
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addition of trypsin inhibitor to pﬁpcreatin— or pronase-containing -~
overlayers points to trypsin or a trypsin—like.enzyme as.the active
ingredient in‘ these mixtures. Soybean trypsin inhibitor is known to
interfere with the actiﬁiﬁy of bovine chqu;rypsin as well (Wu and
Laskowski, 1955). This may explain.gﬂe absence of virué plgques upon
its addition to chymotr}psin—cdntaining overlays. Soybean trypsin N
inhibitor, however, did not inhibit the formation of plaques whe£ added
to subfilisin- or elgstase-containing overlays, It could'be that the
difference in the substrate binding éites,of these énéymes compared to

'trypsin was responsible-for the failure of trypsin inhibitor to affect
.

their activity. It is known that soybean trypézﬁ\inhifitor does not

2y

inhibit at least the activity of elastase (Gertler andnﬁir5<\ié70).

It is interesting to note that all those enzymes which we;é\found

N . &
to facilitate SA-11 plaque formation in this study are serine proteé§e§

1 N
(Hartley, 1960). A number of such enzymes are present in the pancrea- !
tic secretions. This may explain why rotaviral infections afe generally

limited to the digestive tract (Theil et al., 1978).

The_Role of Trypsin

The following conclusions could be drawn.based on the results of
this investigation on the role of trypsin in plaque production by rdta—
virus SA-11 in MA-104 cells: (a) initial trypsin‘treatment of the

virus alone is not enough for it to produce plaques, (b) presence of
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trypsin during the initial phases 6f virus-cell interaction alone is

z

also 1nsuff1c1en§ for plaque productlon, ~(c] odaque Formation with
tryp51n in the overlay was not due to the enzymat1c degradatlon of
plaque-inhibitors in Ionegsr #2, (d) centrifugation of the monolayers
after_virus inoculation7foilowed‘with the'use detrypsin-conteining *
.agar overlay gavelnearly'four times the number iof nlaques when-compared
'to.similar cultureq'sﬁtjected to stationary ineubation te) presence

of tryp51n 1n the agar overlay throughout the five-day 1ncub1tlon

perlod was, essentlal for the production_and optlmal development ‘of the
plaqnes,- (£) with a hlgh mu;tlpllcrty of infection leadlng to a single-
cycfe of virnsvgrowth, the presenpe ofutrypsdn'in the fluid meintenance;;.i ; \\\
medium appe;rs to affect neither‘the rate of replication nor the finalz |

yield of infectious vdrus- on the other'hand:;durinﬁ;a multiple-cycle

qrowth of the virus in’a culture with trvU51n cont11n1np ma:ntenance |

medlum the bu11d—un of infectious virus 15 faster and the f1na1 v1e1d

hlgher when compared to that in a-tryp51n-free-eu1ture.

The frndlngs, therefore suggest'thatfthe continued nresence of

tgyp51n in the agar overlay fac111tates the release and the subsequent

i

spread of the progeny virus thereby 3551st1ng 1n the development of the .
pla&ues. A 51m11ar role for proteolyt1e enzymes durlng reovirus pleque

product1on has been suggested (Wallls et al ' 1966) However, the exact

mechanism by which such enzymes a551st vlrus Telease and spread in the

- culture remains to be eluc1dated.
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fnterferons can be inactivated by tryﬁsin (Isaacigj;gl:, 1957),
and thi§ ma& lgéd to the enhancéd spread of the virus in the nresence
of the enzvme (ﬁabiuk'gf;gi.;‘{gjf; Almeida et al., 1978)f it'shoulq
bé possible to. test this if rotaviruses can be.édapted to gfow in cell
~lines wh&ch‘are non?interferon prpddé;;gtd—;gg\eétablishment_of such a
line from human embryonic luﬁg tissue has recently heen reported
(Taguchi et al., 1979). ‘As has been stated earlier, preseﬁce of‘halo—
genaﬁedﬁpyrimidineszin virus-infected cell cultugés;has"%een shown to
reduce interferon production (Holmes EE;EL" 1964); In this study?
however, addition of'BﬁdR-to the‘overlay witﬁout tr}psin did not 1éad'
to SA-11 ﬁlaqué formétion. . R | o v

Enzymatic remDyai'of fhe_outér capsid of reovirus has been shown
© to result in the enhancement-of their infectivity (Spendlove EE;EL"
1970). But the studies of Bridger and?Woode (1976) suggest that this
ﬁhenomenon may -not anp1;1to rotavi;uses because the absence of the
outer cépsid renders-them:hon—infectious. Mongover, the freliminary
EM examination of trypsin-tfeated rotaviruéeé in our lahoratory did not

. . : ' . ’
‘show the removal of the outer capsid. This is in agreement with the

earlier obseryations'of'Rodger et al. (1977).

If cléavagg of virus polypeptides by trypsin was proven to be the

true bésié for the enhancement of infectivity of the virus (Barnett

I

‘et al., 1979]; the continued presence of trypsin in the overlay would

.still be necessary for the many cycles of virus entry and replication

needed for the production of a single plaque. - ’

-



" period. Such carry-over of trypsin may explain why in certain studies

~

Presence of tr&psin has been reported @o stimulate the division of

&

cultured cells (Carney and Cunningham, 1977)3 From the observations

made in this study, addition of trypsin in the agar overlay (which was

. . ‘\ .
always used without any serum), there was no evidence for the enhance-

ment-of cell gfowth.
, . | o .
Recentl& it has been shown (Bfugmans et al., 1979) that a certain -

proportion of the trypsin used in the dispersipn of monolayers is carried

L e

over by intracellulaﬂ association with cells; dn the absence of serum,

such cells were shown to maintain proteolytic activity for a ‘certain

H

{(Wyatt et al., 197Sajprésence of the enzyme in the overlay was not found
-—_ . P

to be necessary for rotavirus plaque formation. ;

-

It has been reported that gentamicin may interfere with the

activity of trypsin and certain other profeolytic enzymes (Asch and
Farnham, 1979). We regularly employed gentamicin as an antibacterial
aﬁent in our cell culture media.énd agar overlays and failed to notice

any apparent” interference with the action of trypsin; Substitution of

"
-~ r

gentamicin with a mixture of penicillin and streptbmycin made no diffe-

rence to the plague forming ability of SA-11 in the presence of trypsin.
-
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PART II
1

from Samnlés of Tap Waters

F-3



o

In the last 15 years a

i

development of methods for recoveriﬁg infectious viruses from ‘the watér
environment (Hill et al.,
1976; Gerba et al., 1978; Wallis et al., 1979). However, only a few

of tﬁese reported techﬁiques have beén‘found suitable for working with

large volumes of virus-polluted waters. These methods will be reviewed hgre
with spécial emphasis on the ones that have shown promise in thé-concen-

tration of viruses from tap water samples of greater than 100 L.
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INTRODUCTION

oL

=
.
»

3 : ‘ ,
great deal of effort has been put

into the

1971; Shuval and Katzenelsori, 1972; Sobsey,

——

. The membrané filter adsorption-elution technique has received

considerable attention and wide use in the concentration of viruses from

various types of waters (Cliver, 1965, 1967c;Wallis et al., 1979).

The technique involves two main steps; first the adsorption of the virus

L .

to the membrane filter surface, and second the removal of the membrane-

. adsorbed virus by elution with a small volume of a suitable fluid. The

adsorption step is principally related to the unique surface properties

-

of the virion and the chemical composition of the membrane itself.

Although the exact mechanism of virus adsorption to such membrane

surfaces is not yet clearly understood, Mix (1974) has suggested that

it may be based on electrostatic forces between the virion and the

membrane matrix.

L)
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Several factofs hav§ been found to infiuence the adsorption of
viruses to membrane fi;ters. Cliﬁer (iQGS) observed that viruses
adsorbed poorly to cellulose “triacetate filters when thé porosity
exceeded the virion diameter by as much as 3 fimes, while viruses adsorbed
efficiency to cellulose nitrate membrane filters even when tﬁe porosity
exceeded the virion diameter by as much as 285 times. Clivér (1965)
also noted that treatment of membranes with serum or’ gelatin interfered
considé;ahly with virus adsorption. It was later reported (Cliver, 1967) ‘.
that enteroviruées could be concentrated 1,000-fold from_l-L volumes of

dechlorinafed tap water b} adsoxption to Millipore HA membrane filters

and elution with phosphate-buffered saline -containing 30% chicken serum.

Wallis'and“MelhiCk (1967a);howed that enteroviruses from crude celi
cultu;e harvests could be concentrated on Millipore cellulose nitrate
membranes (0.45um porosity). Also, they showed that virus adsorption to
the membrane matrix was significantly enhanced when divalent salts
‘tMgC12) were present in the virus suspending medium. Conversely, they
noticed that the presence of organic énd proteinaceéus substances in the
virus suspending medium in;erfered with virus adsorption to membrane
'filters.‘ These interferiﬁg suﬁstanceé were referred to as membrane
coating components (MCC) and they ~were shown to be removed by tregting
the sample first with an anion-resin. "The Millipore cellulose nitrate
membranes were subsequently applied by Wallis and Melnick (1967b)t0 the

. concent;ation of viruses from raw sewage. Their use was then extended

to working witlr samples of raw and treated waters.
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Wallis et’el © {1972hb, 1Q72c) described the development of a portable

(o

.dev1ce to be used in the fleld for virus concentration from water. A 293
mm diameter (0.45um porosity) cellulose nitrate membrane (Millipore HA)

was used for virus adsorption. Presence of divalent cations and tnet%djust-
+ = .

ment of sample pH to 5.5 was feund necessary for virus adsorption to the
memerane. The adsorbed virus was eluted with 1 L of glycine buffer at pHﬁ'
1}.5; U51ng a smaller dlameter membrane the eluate could ‘be further
concentrated and from nearly 1,100 L of ‘tap water 78% of added pol1ov1rus’
1 could be recovered. A further refinement of the system was reported hy
Homma et al. (19735 when the use of divalent cation (Mg++) was replaced
with the addition of smaller amounts of trivalent.cations (Alﬁ#+). .Later '

the system was applied to isolating naturally occurring viruses from

samples of waste- and seawaters (Homma et al.,.1973; Metcalf et al,, 1974},

The findings of Sobsey et al. (1973) that under acidic conditions
viruses could be adsorbed_tq filters in the absence of added catione
resulted in a modified version of the portable virus concentrator. Tap
water was acidified to pH 3.5 and no cations were added. Using a fiber
glass cartridge depth filter and a membrane filter (0.65um porosity; Cox)
iﬁ series, 378 L of tap water were processed with the recovery of 77% of

added poliovirus 1.

Farrah et al. (1976a) tested a variety of filters for virus adserption.
All filters tested adsorbed greater than 90% of poliovirus 1 added to tap
" water at pH 3.5, but the Filterite fiberglass pleated filters (Duo-Fine
series) were found to be the mest resistant to clogging. Another advantage

was that the Filterite, filters could be regenerated-after autoclaving or -
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treatment with 0.1N NaOH without loss of virus recovering efficiency.

(Farrah et al., 1977a).

A serious limitation to.the_system when progessing large volumes
(o&er 378 L) of tap water was tﬁe adsorption, of huﬁic acid and other
organics to the filters and their subsequent elution along with.the,‘
adsorbed virus (Farrah et al., 1976b} . These substances were found to
interfere with the second-step concentration of the.eluates (Sebsey
et al., 1976) using the membrane ad;orption—elution method. As‘d result,
alternate methods of second-step concentration had to be developed

(Farrah et al., 1977b).

. Recently, Farrah et al. . (1978a)xeported the concentration of polio-
viruses 1 from tap water by entrapment of aluminum hydroxide flocs on

pleated cartridge (Filterite) filters: In this technique towering of

‘the sample pH was found to be unnecessary. The floc generated with the

addition of eluminum chloride to the sample was found to adsorb the
added virus. Retention of the floc on the filter and its subsequent i

elution with glycine buffer (pH 11.0), followed by second-step concentra-

" ‘tion of the eluate was reported to recover 70% of the added poliovirus.

Virus concentration systems similar to the ones developed by Wallis
and Melnick ;ere also reported by other inyestigatdrs (Hill EE;E&!; 1972;
Jakubowski et al., 1974; Hill et al., 1976;Jakub6wski et al,, 1978).
Tube filters were used as the virus adsorbiﬁg.matérial. In these systems
also, lowering of sampie pH to 3.5-4,0 and the addition of cations have

been found to be necessary to enhance virus adsorption to the filters.



_ 56

Kessicf and Wagner (1978)'Eave shdﬁn that most filters now used in
the recovery of viruses from the water environment (e.g. Cox and Fi}te-
rite filters) are negatively charged in the pH range of 2-7, with the
least.negative charge océurring at low‘pH valués. Since most viruses
are nﬁgatively‘chérged near neutral pH (Briton and Lauffer, 1959)'this |
might explain the need for sample acidification or the addition of
cations for ﬁaximum virus-recovery from the water environment when

" working with these filters.

Recently, Sobsey and Jones (1979) have shown that filters which are |
ﬁositively charged in the pH rénge of 5§ to 9 could efficiently adsarb
- poliovirus from tap water without acidification of the sample or the
addition of cations. If these positively charged filters are shown to
be efficient in the concentration of other groups of enteric viruses
and suitable for working with oth;r types of waters, their use would-

-

offer definite advantages over the negatively charged filters.

Use t1 fater]

Concentratioh of viruses from water using a variety of particulate
materials has also been described (Hill et al., 1971; Sobsey, 1976).
*Magnetic iron oxide (Rao et al., 1968}, polyelectrolyte 60 tWallis et al.,
1970; Berg, 1971; Sattar and Westwood 1976b),Bentonite (Moore et al.,

1974) and a variety of silicate minerals (Schaub et al, 1974; Lo and-

Sproul, 1977) are among such substances used.

a
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* 3 . . "

.Thé.use of talc, a_hyarous magnesium siliqate (ﬁ2M33 (3103)43, in.
the concen;ratiqn of vir;éeg froﬁ‘the\water envitbﬁment Qas first repor-
ted by Patterson and -k.ai%ér (1973) and Kal’__ter'andl.;hjillstein (1974)_‘. These

'dﬁservations were coﬁfirmedw§gd fufther extended by Westwood and Sattar
C(1974). It waswalgo shown that the iﬁborpgragion of Celite 503 (diato-
maceous eaéth)'with talc could ovgrcéhe certain disadvantages in;fhe
Lse of tAIC alone (Sattar and Westwood, 1976a). Such talc-Celite
layers were then applied to the recovery qfivéruses'from samples of
’ééwage, effluents and surfacé.waters (Sattar and Westwood, 1976b,l1978;
Sdttgr and-Ramia, 1978). Because-of'the.promise shown by this technique
in these earlier studieé, it-wa; dec;ded to se? if its ap?lication could

1

be extended to working with samples of tap waters as well.
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EXPERIMENTAL AND RESULTS




A. Tale-Celite Layers in the Céhcen;rétion of Laboratory-Adapted

Strains of Enteric Viruses from Experimentally-contaminated
One-litre .Samples of .Tap Waters

Poliovi S

i)

Effect of pH and Suépendiné Medium on Virus Adsorption to the Layers.

. A number of teéhniques (Hill et al.,” 1971; Sobsey, 1976; Gerba
et al., 1978; Wallis EE_EL'; 1979) for virus recovery frpem the water
environment require a samnle pH of 3.5 for efficient virus adsérption
to the filtration matrix. This low ph level ﬂas been shown to be
deleterious to a number of viruses expected to be present in sewége

and sewage-polluted waters (Fields and Metcalf, 1975; Farrah et al.,

19785;Estes et al., 197%; Sobsey and Jones, 1979). During earlier

. work in this laboratory, it was found that reduction of pH of sewage

and surface_watef samples to 6.0 produced optimal virus adsorption
to talc-Célite layers (Westwood and Sattar, 1974; Sattar and Westwood,
1976a). The following experiments were, therefore, conducted to see

if the above observation would hold true when working with samples of

tap water as well,

The pH of 1-L volume of tap water was adjusted to 6.0 and
an equivalent volume of the same water was left at its original pH
of 7.6, After experimental contamination with poliovirus 1 (Sabin),

»

both of these samples were passed through 47 mm di ameter talc-Celite
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layers. The filtrates were collected.and plaque assayed. At the
original sample pH nearly 94% of the input PFU passed through the
layer unadsorbed, whereas, on acidification of the sample to pH

6.0 only about half of the added virus was lost in the filtrate.

Homna et al. (1973) and Farrah gi;ai. (1976&) have shown that
virus adsorption to membrane falters could be enhanced if acidic
éémple pH was combined with the addition of certain salts as
sources of éations. In our experience, addition of aluminum
chloride (A1C13) to nH (6.0)—§dju5ted water samples to a final
concentration of either 5 x 10-4'M 6r 2 x 10"5 M (Farrah et al.,
1978¢) resulted in the formation of floccules. This led to a

considerable decrease in the rate of flow of the samples through -

the lavers,

The use of EBSS (Earle, 1943) and Dulbecco's phosphate buffered
saline (PBS; Dulbeqco's and Vogt, 1954), both of which contain a
variety of salts, was tried in order to find a éuitable substitute
for AlCl;. The result of these tests are given in Table 20.
Presenjce of EBSS at a final concentration of 1:100 in a poliovirus-
contaminated tap water sample at pH 6.0, resulted in the loss
of only 6.6% of the input virus in the filtrate. Although PBS is
simllar to EBSS in its composition, the presence of PBS in the

sample led to a loss of about 16.0% of the added virus in the

filtrate.
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" TABLE 20

EFFECT QF SUSPENDING MEDIUM ON POLIOVIRUS 1 (SABIN)
ADSCRPTION TO TALC-CELITE LAYERS

- Dulbecco's
Earle's balanced phosphate buffered

salt solution (EBSS) saline {PBS)
Experiment Input virus "Total PFU % PFU in Total PFU % PFU in
no. PFU/L in filtrate filtrate in filtrate filtrate
] 9.0x10% aixio? 1.0 1:3x10% 1404
2 6.0x10" 0.6x10° 10.0 0.9x10°  10.0
30 3.4x10%  0.3x10° 9.0 0.8x10%  23.5
Mean 6.13x10% 0. 3x10% 6.7  1.0x104  16.0
Standard deviation +5.0 *7.0

After the adjustment of pH to 6.0 and the addition of either EBSS ér PBS:
to give 4 final concentration of 1:100, 1-L volumes_of_experimen£a11y-
contaminated samples of tap water were péssed through talc (300 mg)-
Celite (100 mg) layers. Plaque assays on filtrates were carried out in

monolayers of BS-C-1 cells.
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Based on the results of these experiments, all subsequent
testing of the talc—Celite'techniqﬁe was carried oﬁt‘after adjust-

mizt of sample pH!to 6.0 and the-addiﬁion of EBSS to a final

. concentration of 1:100.

Effect of Prefilter AP25S

The use of a prefilter is necessary if rapid clogging of the

)

layers with particulaté matter in the samples is to be avoided.
. P . ‘- ) N -
In the experiments done above, a prefilter was used on the top of

the. layer. It.Was considered important to test if the presence

+of prefilters on the layers was in any way interfering with or

contributing to the virus-adsorbing efficiency of the layers.

Poliovirus-contaminated samples of conditioned tap water -
were paséed through thg layers with and without pfefilters (AP25).
Filtrates were plaque assayed to determine the amownt of unadsorbed
virus. Table 21 shows'the régults of'theﬁe‘experiments. in the
presence of préfilters,only 3.4% of the input virus was lost in °
the filtrate,-whereas in its absence virus loss was nearly ten

times as much.

Elution of Layer-Adsorbed Virus

After having established the conditions optimal for efficient
virus adsorption to the talc-Celite layers, it was necessary to

work out a Suitable way for the recovery of the layer;adsorbed

1

-
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TP - ~  TABLE 21 : \
EFFECT OF AP25 PREFILTER ON THE POLIOVIRUS 1 (SABIN)
ADSORBING "EFFICIENCY OF TALC-CELITE LAYERS .

Layer without | Layer with
. prefilter prefilter
‘Total PFU . % PFU Total PFU % PFU
Experiment Input virus in . in in . in
no. PFU/L filtrate filtrate filtrate  filtrate
ilt .
1 8.0x10% 3.2x10%.  40.0 0.36x10" 4.5
2 8.0x10% 3.0x10° 37.5 0.40x10" 5.0
3 4.0x0t 1.3x0 2.5 0.16x10” 4.0
4, 2.0x0° 0.6x10°  20.0  Undetectable 0.0
Mean 5.5x10% 2.0x104 " 35.0 0.23x104 3.4
Standard deviation - 4.5 “+2%0

After the adjustment of pH to 6.0 and the addition of EBSS (1:100), 1-L
volumes of experimehtal1y—contaminated samples of tap water were péssed
through talc (300 mg)-Celite (100 mg) layers with and without prefilters.

Plaque assays on filtrates were performed in monolayers of BS-C-1 cells.
T N
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virus, Buffers at pH 11.5 we;e'founﬂ to be cfficient in the
recovery of enteroviruses adsorbed to mgmbrane and_cartridge
filters (Hill et al., 1971; Sobsey, 1976 ;:Gerba et al., 1978;

Wallis et al., 19792 ), However, certain strains of,entEroviruSes

(Shaffer, 1977) and members of other enteric virus groups are

rapidly inactivated at this pH level (Fields and Metcalf, 1975;

Farrah et al., 1978b; Estes et al., 197§h; Sobsey and Jones, 1979).
Elution wifh buffers at pH 10.5 gave maximum virus recovery only

if the eluent was p;ssed at least five ;imes thfbugh the filter
{Farrah et al., 1976a). Profeinaceous materials can interfefe with '
the adigrpxion of virus particles fo'membrane filterg pres®mably by
cbmpeting with virus for adsorptaon sites (Wallis and Meinick, 1967a).
Because of this, a variety of protein-éontaini?g solutions are also
knowndt? possess virus eluting properties (Konowalchuk

and Speirs, 1971; Hill et al., 1974; Bitton, 1975; Katzenelzon

et al., 1976b; Farrah et al., 1978).

Earlier work ;n this laboratory had shown 3% BE solution and
10% FCS in saline to be efficient in the elution of sludge-adsorbed
viruses (Sattar and Westwood, 1976¢). The following experiments,
theréfore, were conducted to compére the efficiency of these two
eluents with glycine buffer (pH 11.0) in the recovery of poliovirus

1 (Sabin) adsorbed to talc-Celite layers,

After passing a 1-L volume of conditioned and experimentally-

contaminated tap water sample through the layers, virus elution
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was attémpted with subsequent passage of 20 ml of the eluent under
test. Eluates were plaque assayed to determine the amount of virus
recovered. Results are summarized in Table 22, With 94,5% recove-

ry of the input po%}ovirus, 10% FCS at pH 9.0 was found to be the -

-~

best eluent. This pH level is not known to be deleterious to most
. : enteric Viruses;‘ Moreover, the presence of protein ‘in the suspend-

ing medium may exert a protective effect on virus infectivity.
3

i} Virus Adsorption to the Layers

The technique<;g§,also tested for its efficiency in the’
L -
recovery from tap water samples of other representative members
" L]
of enterovirus (echo 6, coxsackie A9 and coxsackie B5), reovirus

{reo 3, Abney strain) and the rotavirus (simian rota SA-11,

‘ » :
strain H96; and calf rotavirus, strain C-486) groups.

A 1-L volume of conditioned tap water was contaminated
with a known number of PFU of the virus under study. It was then
passed: through a 47 mm diameter talc-Celite layer., The results
of these experiments,shown in Table 23,clearly indicate that at a
sample pH of 6.0 and in the presence of EBSS at a final concentra-
tion 6f 13100, the talc-Celite layers could efficiently adsorb

LS
members of at least three different enteric virus groups.,
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TABLE 23
EFFICIENCY OF ADSORPTION' OF DIFFERENT LABORATORY -ADAPTED
ENTERIC VIRUS STRAINS TO TALC-CELITE LAYERS

Input virus Total PFU % PFU lost _ Standard
Virus PFU/L in tiltrate in filtrate deviation
. 4 = - 4 '
Echovirus 6 4,5x10 0, 25x10 6.0 +4,95
Coxsackievirus BS‘ S.OXlO4 0.33x104_ 6.67 ) +2.81
Coxsackievirus A9 1.6x104 0'.;—16:(104 ‘.10.0 +2.50
Reovirus 3 (Abney) 3.8x10° 0.32x107 8.68 +1.55
Simian Rotavirus ‘ 4 4 .
SA-11 (H96) 5.9x10 0.40x10 6.8 *1,10
Calf Rotavirus i 4 4 -, N
(Cod86) 4.0x10 0.35x10 8.65 £2.00 _

After adjustment of pH to 6.0 and the addition of EBSS (1:100), 1-L,6vo-
lumes of experimental1y-c0ntaminated sample was passed through a talc
(300 mg)-Celite (100 gm) layers. To determine the amount of virus lost
in the filtrate, plaque assays were performed in either BS-C-1 (entero
and reo) or MA-104 (rota) cell monolavers. Results represent the mean
values from four experiments for each virus tested.



ii) Virus Recovery

1, Pfétein Solutions | .
As can be seen from the data in Table 24, between

87 and 92% of the input PFU of echovirus 6, coxsackie-
virus B5, coxsackievirus A9 and reovirus 3 (Abney) could,
be recovered from 1-L samples of tap water. Because
of its high eluting efficiency, 10% FCS was used in the
rest of the study for the recovery of entero- and reo-
virus adsorbed to the talc-Celite lagers. However, later
on it was recognized that the use of this eluent could |
not be exténde&;to working withrrotaviruses. -This was
due to the presence of rotavirus inhibitory‘activity in
certain lots of commercial fetal calf serum EElark et al.,
1979; Estes et al., 1979a;Schlafer et al., 1979). A

suitable eluent for working with this virus group was,

. therefore, sought. -

The results summarized in Table 25 show that the
mean recoveries 'of the adsorbed simian rotavirus SA-11
with BE, CH, NB and TPB were 90, 7%, 82 ané 93% respect-
ively. In the first two experiments, LAH gave virus

-

recoveries of 62.5 and 66.0%. Becéuse these recoveries
. {

were consistently lower than those obtained with the

other eluents,LAH was eliminated from subsequent experié

mentation,
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TABLE 24

RECOVERY OF DIFFERENT LABORATORY-ADAPTED ENTERIC
VIRUS STRAINS ADSORBED TO TALC-CELITE TAYERS

=

Input: virus Total PFU % Stﬁndard
Virus ’ PFU/} . recovered recovery deviation
N eurnd 4
Echovirus 6 4,5x10 4,12x10 92.0 *4.27
.,)K ‘ .
Coxsackievirus BS s.ox10® . 4.60x10% 92.0 ' 4.0
. . 4 4 : o
.Coxsackievirus A9 1.6x10 1.40x10 87.0 +6.28
Reovirus 3 (Abney)  3.8x10% 3,50x10" 90.0 +2,87

After adjustment of the sample pH to 6.0, and the addition of EBSS
(1:100), 1-L volumes of experimentally-contaminated tap water

samples were passed through layers of talc (300 mg)-Celite (100 mg).
Layer-adsorbed virus was eluted with 20 ml of 10% FCS in saline (pH 9.0}.
The eluate was plaque assayed in monolayers of BS-C-1 cells, Results
represent the mean value from four experiments for each virus tested.

-
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3. Single Amino Acid Solutions
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-

TPB as a Universal .Eluent

The eluting efficiency.of™IPR in the recovery of
layer-adsorbed SA-11 virus prompted ‘us to test this
eiuent in the recovery of layer-adsorbed.polio and reo-

virus. The results in-Table.26 show that rehydrated-IPB

-

"could be used as an efficient dlternative to FCS and BE
V-

in the recovery of layer-adsorbed viruses.

LY

E

¢

It has been reported (Farrah ‘and Bitton, 1978) that o

* certain.,’solutions containing single amino -acids could be

used in the elution of poliovirus adsorbed to membrane

filters. Que to the obyious disadvantages involved in

o

the use of more complex protein solutions, the efficiency
of a number of single amino acid solutions in the elution

of layer-adsorbed viruses was tested. As is evident from

Table 27, the basic amino acids arginine (83%) and glycine

(80%) were superior to the acidi¢ amino acids glutamine

(40%) and asparagine (29%) -4in their rotavirus SA—ll‘elu—
ting efficiency. This is in agreeﬁgnt with the earliér
dbsérvations of Farrah and Bitton (1978) on poliovirus |
elution. In our own experience (Téblg 27), voliovirus 1
recoveries with arginiﬁe and glycine were 82 and 80%,

respectively.

]

That the low'virus recovery with an acidic amino
. Y ) '
acid was due to virus inactivation was tuled out in

- e PR e e .

e
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the following expériment: rotavirus SA-11 adsorbed to
the talc-Celite layer'was first eluted with a solution

of glutamine followed by a subsequent elution with TPB,
» ‘. :

As shown in Table 28,glutamine solution was able to

recover not more than 40% of the input PFU, whereas the

treatment of the same layer with TPB eluted an additional
\ ~ 54% of the added virus. This indicated th;t the amino
5/j acid was not inactivating the virus, but leaying‘most of
| it strll‘adsorbed to the layers.” A similar phenomenon
was observed upon the extension of the use of acidic
amino acid, solution to the elution of layer-adsorbed

poliovirus 1 (Table 28).

4. Use of Antifoam C
4 . ¥

The use of FCS, BE or TPB resulted in excessive

frothing during the process of elution of the layer-
' adsorbed virus. In order to minimize frothing and i
possible viruslinactivafion in tLe eluate, the use of
Antifoam C was tested. When Antifoam C (Sigma) was
. ‘added %o the. eluent to give a final concentration of
, 1:1000, formation of froth was suppressed to a large
degree. The use of %{his substance was not foﬁnd to
have any adverse effect on the virus eluﬁing efficieﬂcy
of FCS,,BE or -T?B. Also, itsjaddition to the virus
diluent did not interfere with virus adsorption to cell

monolayers.
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;Sab1n] from Samples. of Tap Water

The adjustment of sample pH to 6.0 and thé addition of EBSS were
shown to work eff1c1ent1y in the concentration of viruses using talc-
Celite layers. The purpose of the following exper1ment5 was to test if
sucﬁ sample conditioning ;ould be extended to working with some of the
other techniques described for virus concenpration from the water

environment.

The results nresented in Table 29 show that at sample pH.6.0 andl
in the presence of EBSS (1:100), about 71% and 81% of the 1nput v1rus
was detectable in the filtrate Qith the Cox and Filterite membrane filters -
respectively. Also, about 75% of the input virus was detectable in the

8
filtrate at sample pH of 6.0 when using the Balston filter (Jakubowski

et al., 1974).

With Zeta Plus (SOS) filter (Sobsey and Jones, 1979) about 25% of :
the 1nput virus was present in the filtrate if the tap water sample was
processed at its original pH of 7.6. At pH 6.0, however, nearly 8% of

the input virus was detected in the filtrate without the addition of

cations.
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B, Second-Ste¢p Concentration of Eluates

‘Adsorption-elution techniq;es used for virus~-concentration from the
water environment require betwéen‘loo and 2,b0q ml of a suitable eluent
. for‘the recovery of matrix-adsorbed virus. A further 10- to 200-fold
j reducti0n iﬁ'the volume of theleluate'begomes necessary before its ino-
culation into cell cultures. A numﬁer of techniques have been reported
for the second-step concentration of eluates. These include two-phase
seﬁaration (Shuval-et al., 1967,l1969), use of smaller diameter membrane
filters (Wallis EE;EL.,”1972b, 1972¢) PEG hydrbextrﬁction (Cliver, 1967a:
Wellings et al., 1975), organic fldcculafioﬁ (Katzenelson et al., 1976b),
and aluminum Hydroxide_flocculatiOn followed by hydroextraction (Farrah
et al,, 1977b). Of theée techn;ques organic flocculation and PEG ﬁydrom

extraction appeared to be suitable for testing.

) g Fl 1ati .
In the initial ;xperiments, working with 100 ml of lO%lFCS in saline,
IWe noticed that when the pH of the virus-contaminated samplé_(pH Q.b) :
was brought down to 3.5, the suspension turned slightly cloudy without
the generation of flo;cules that could be sedimenteé 5} centrifugation.
Since 3% BE solution could be used as a substitute for 10% FCS solution
in virus elution, the technique was applied to eiperimentally-contamina-

ted samples of 3% BE in deionized water (pH 9.0).
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1
As can be seen from the data presented in Table 30,.66% of the

input virus could be recovered in the precipitate; the supernatant
. . \

was found to contain nearly 27% of the added virus.

i) Four-Hour Hydroextraction’

1]

A 100 ml volume of poiiovirﬁs 1 (Sabin)-contaminath 10%
FCS in saline was placed in‘a dialysis sac and hydro-
extracted with either PEG 6,000 or PEG 20,000 for 4 hours at
4°C. The volume of the material remaining in the sa®s was
ca;efully measured before plaque assay. Results of these
experiments are summarized in Tables 31 (PEG 6,000) and 32

(PEG 20,000).

On an average, with PEG 6,000, 91.5% of the input poliovirus
PFU .could be recovered with a 5.5-fold concentration of the
eluent; whereas PEG 20,000 gave an 87.0% virus rebovery with 4.0-

fold sample concentration.

PEG 20,000 is more expensive than PEG 6,000. Because it
did not offer any significant advantages over PEG 6,000, all
subsequent experiments were carried out with the low molecular

weight PEG.
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'Overnlght Hydroextractlon ' a _ v

Although eluent concentratlon W1th PEG hydroextraction for

- four hours gave efficient-v1rus recoverles, there was c0n51derable

' varlatlon in the reduct1on of sample volume (Tables 31, 32). To

overcome thlS, overnlght (16 19 hours) hydroextract1on (4°C) - with

- PEG 6,000 was attempted. This resulted in the removal of nearly

all the 11qu1d from 1nslde the sac. The broﬁn viscous material
remalnlng 1n51de the sac was resuspended in 10 ml of EBSS and
plaque—assayed{ The results of experiments with: four laboratory--.
adapted straiﬁs'of'enteroviruses {polio 1, echo 6, coxsackie A9 and

coxsackle BS) and one reov1rus (reo 3) are presented in Table 33.

Additioﬁal experiments were performed to test the efficiency

_of this technlque in the concentration of pollo-, reo- ahdirota-'

viruses suspended in elther 3° BE or TPB. These resulfs are also

" included in Table 33. With'a lo—fold concentration, retdverytqfﬂ

input PFU for the tested viruses ranged between 87.0 and 97.0%.

Overnight Hydroextraction of Experimentally;Contaminated ééﬁples.'

" of Eluates

L]

F1e1d samples of raw and f1n15hed waters contaln a varlety

of chem1cals some of which are retained by the flltratlon matrlx

L

“during sample processing (Farrah et al., 1976b). Passage of eluents

through the matrix for virus elution also results in the Telease.

and accumulation of these chemicals in the eluate. - Concentration

of eluates containing such chemicals could make it either virus

“inhibitory or cytotoxic.
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The experiments conducted up to this stage involved
experimentally-contaminated'samples of the eluent. However, it
R
was consrdered necessary to. demonstrate that the technique was

also effiC1ent in virus recovery from experimentallv contaminated

samples of eluates. : - _ . .TS-
T ) s . 1 ) {

Field gamples of raw or finished waters were processed using

_talc -Celite- layers as has been described earlier. A 10Q ml volume

L

of 10% FCS in- saline (pH 9 0) was then passed through the layer
gand'collected as the gluate. A known amotnt of the virus under’

‘test was added to it before overnight- hydroextraction with PEG

-

6, 000 The concentrate remaining in the dialySis Sac was resus-
pended in 10 mI;of EBSS and plaque—aesayedt »Results;of these
experiments with two laboratory adapted (Sabin pollo 1, -and

echo 6) and five field isolates of enteric viruses (one vaccine

polio 1, one non—vacc1ne polio_l, echo 1, coxsackie B3 and Teo)

3

‘aré presented in Table 34. B

.

N

As can be' seen from these data, virus recovery from the
concentrated eluate compared favorably with the results of the'
experiments with the eluent;.between 87 and 98% of the input
PFU of the seven enteric‘virue straine'could be recovered with '

a 10-fold concentration of the eluate,
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C. Talc-Celite Layers in the Concentration of Laboratory-Adapted -
' - Strains of Entero-, Reo-, and Rotaviruses from Large
. Volumes of Tap Water

Input PFU op Polj

¢
The initial experiments to establish the potential of the technique

were conducted using 1—L_§amp1e volumes with fairly high levels of virus

contamination. In the field situation, however, the technique would be

expected to process much larger sample volumes of finished waters which

may contain very low virus levels. Therefore, it was essential to test
the virus-recovering efficiency of the technique in an experimental set-

up-which would closely resemble the field situation. To achieve this,

‘_142 mm diameter layers were used for the processing of tap water

samples ranging in volume from 10 to 1,000 L and containing froméﬁ‘\\
high input'of 4.0x104 jtg-a‘low'input of 1.2 polidﬁirus'PFU/L. Virus
elution was carried out by the subsequent passage of .100 ml of the

eluting agent (10% FCS in saline, pH 9.0) through the layers. A 10-fold .

‘reduction in the volume of the eluate ﬁas achieved by overnight PEG

hydroextraction. The results of these experiments are presented in

Table 35.

“

There was approximately a 23% reduction in the virus recovering

efficiency of the technique when the sample volume was increased from 20 .
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TABLE " 35-

RELATIONSHIP OF TAP WATER SAMPLE SIZE AND
POLIOVIRUS 1 (SABIN) INPUT DOSE TQ THE VIRUS
- RECOVERING EFFICIENCY OF TALC-CELITE LAYERS

Sample Virus input  Total/PFU in final _. % Standard
size PFll/samnle concentrate (20 ml) Tecovery deviation’
101 3.985x10°  3.35x10° 86 £4.75
0L 6.10x10° . 5.23¢10° s 8 9.10
20 L 4.50x10° 3.75x10° ' 83 - 5.0
100 L 2.10x10° -.1;40x105 ‘ 61 : +2,31
100 L 1.20x;3? | 0.81x10° 58 £2,38 -
1,000 L 3.0x10° ' 1.83x{ps- . 60 . %4.55
1,000 L 3.40x10° © 2.20x10° 64 . 45,73

After adjustment of pH to 6.0 and the addition of EBSS (1:100),
experimeptally-contaminated samples were passed through 142 mm diameter

. layers oY talc (1.2 gm)-Celite (0.4 gm). 100 ml of 10% FCS in saline

(pH 9.0) was thén passed to elute the virus., The eluate was subjected
to overnight hydroextraction with PEG 6,000 at 4°C. Final concentrate
was subjected to plaque assay in BS-C-1 cells., Results represent an
average of four experiments at each sample volume and virus dose.

-



Y

to 100 L.- Howefer, a further 10-fold increase  in the sample ,volume did

-

not result in any additiqnalﬁdrop in i£5l§fficienéy. In otﬁer words,
when f,000~L vbiumeé of poliovirus 1 (Sabin);contéminated samp1e§ were
pgssed through fhé layers, 60-64% of the input PFU could be reco;gred.
These resulté aiso indicate that in expeéiments with },000-L volumes, the
virus-recoverj\g efficiency of this technique remained the same when the

amount of input yirué in the sample ranged from as high as 300 PFU/L to as

low as 1.2 PRU/L (Figure 6).

”The efficiency of the techni§ue was also tested in the recovery of
other iaboratory-édapted strains of eﬁteric virﬁses from iarge volﬁmes.
of tap water. Either 20 or 100—L1v01ume§ of conditiqnéd and
experimentally-contaminated water.samﬁles Qere pgssed through the large
layers of talc-Celite (142 mm diameter). 10% FCS in saline (pH 9.0} was
the eluting agent in the recovery of the entero--and reoviruses tested, .
while TPB (pH 9.0} was the eluting agent.in the recovery of SA-1l virus.
A 10-%01d reductioﬁ in the volume of the eluété‘was achieved by over-

night PEG hydroextraction. The results are presented in Table 36.

. When 20 L samples were tested, 81% of echovirus 6, 89% of coxsackie-
virus BS, -90% of reovirus 3 (Abney), and 81-85% of SA-11 virus could be
recovered. ‘In the concentration of 100 liter samples the virus recovery

was 62-64% for reovirus 3 and 59-51% for SA-11 virus.



Figure 6: Relationship of tap water sample size and

poliovitus (type 1, Sabin) input dose to
the virus recovering efficiency of tale-

Celite (1.2 gm/0.4 gm) layers.
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TABLE 36

TALC-CELITE LAYERS IN THE RECOVERY OF LABORATORY-ADAPTED
ENTERIC VIRUS STRAINS FROM 20-100 L VOLUMES OF TAP WATERS

Sample :
volume Input PFU Total PFU % Standard !

Virus ° (L) per sample recovered recovery deviation
 Echovirus 6 20.0 6.80x10° 5.50x10° 81,0 .57
Coxsackievirus BS  20.0 1.80x105 1.60x105 .89.0 14,43
‘Reovirus 3 (Abney) 20,0 3.70x105 3,40x10i 90.0 *5.23
100.0 7.50x10 4.80x105 64.0 1,83
“10n.0  0.75x10°  4.70x10 62.0 +3,85
Rotavirus SA-11  20.0  5.60x10° _4.70x10°  85.0  #2.31

{196) ‘

Yeo0  6.80x10° 4.70x103 7.0 #5.13
100.0 1,36x10 0.68x10 59.0 *3.0

After adjustment of the sample pH to 6.0 and the addition of EBSS (1:100),

" an appropriate volume of the experimentally-contaminated sample was passed

through a 142 mm diameter of talc (1.2 g)-Celite (0.4 g) layer. For

echo 6, coxsackie BS and reo 3 the virus was eluted with 100 ml of 10% FCS
in saline (pH 9.0). SA-11 virus was eluted with 100 ml of TPB (pH 9.0).
The eluate was hydroextradted with PEG and the final concentrate was
plaque assayed in either BS-C-1 (entero- and reovirus} or MA-104 (SA-11
virus) cell monolayers. Results represent the mean values for four
eéxperiments of each virus and sample volume tested.



IEgﬁigjgécg of the Layers

Orghnic impurities in certain types of samples have been shown
to interfere with vifﬁs adsorption to the filtration maxr%x (Wallik
and Melnick, 1967a). In order to study the effecf of such interfering
suﬁ§£ancés, 1,000-1,200,L of conditioned tap water were fifstlpassed
througﬁ the layers. They were then used for the concentration of
poliovi;us 1 (Sabin):%rom 20 L volumes of experimentally-contaminated
tap water samplés. Plaque assay of éhe filtrates révealed the
preséncé gf‘only 10.0% of the added virus. This indicated that there
was no noticeable reduction in the virus adﬁbrbing‘efficiency of the

layers in spite of the prior passage of large volumes of conditioned

water through them. -

Ay
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D. Talc-Celite Layers «n Virus Recovery from‘hTap Waters
Experimentally-Contaminated with Field Isolates and Sewage

'Ss_fgr the.taléicélité concentration technique had been tesied‘yiéh‘
laboratory~aéapte& strains, However,-Basic di fferences are known to-_
exist between the laboratoryaadapted virus strains and those that are :ﬁ
freshly recovered-f;om clinical sﬁecimens (Seto EE_EL') 1965{ Tékemoto,
1966). Because these differeﬁces are known to influencg the adsorption-
elution characteristié; of virions on various.chromatogréphic colhmns
(Ozaki et al., 1965), they could conceivably affect the behavior of
eﬁ;eric viruses on talc-Celite layers as well. The basic aim of the
following'experiﬁents wés,therefore, to test the efficiency of tQi;jalc-.
Celite technique in the recovery oﬁ field isolates of enteric viruses
-added to tap water samples

\
To a 1-L volume of conditioned potable water, a known amount of

the virus under test was added and after thorough ﬁixihg, a 20 ml volume
was remo&ed to act ﬁslcontrol. The;reméining sémple was ‘then passed
through a small layer of talc-Celite (47~mm diameter). ‘A 10 ml volume
of 10% FCS in saline (pH 9.0) Qas QSEd'to-elﬁte the_layerfadsorﬁed virus.
The control and elﬁate werelplaque asgayéd to determine theramount of
'.input virus retévered. Results_summarized.inzTable 37 show that when
working with i-L volumes it was pdﬁsible to récover between 82 to 93%

of the input PFU of the virtuses tested. “

A
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. . .. TaBIE 37

TALC-CELITE LAYERS iN THE RECOVERY OF FIELD STRAINS: OF .
ENTERIC VIRUSES FROM EXPERIMENTALLY-CONTAMINATED
SAMPLES OF TAP WATERS

+

| Input PFU o % Standard
Virus . PFU/L - recovered recovery - deviation-
(vacggi;°girain) 7.2x00%  seextot 0 s20 0 x9.0
polio 1 g - ;J‘As - : e
. (non-vaccine ' 1.5x10 1.4x107 - 93,0 - £10.0
strain) ' . ' '
. 4" 4. - T ‘
echo 1 . 2.4x10 2,0x10 88.0 - 4.0
' . . 4 4 : -
coxsackie - T1.8x10 1.6x10 90.0 - 4.0
. . ) \ " “
- Teo 2.2x105 139x105 ~ 89.0.: 9.0 '

The pH of a 1-L. volume of potable water was adjusted to 6.0 and
EBSS was added to & final concentration of 1:100. After adding

a known number of PFU to the sample it was passed through a. layer
containing a mixture of 300 mg talc and 100 mg Celite 503, The
layer-adsorbed virus was eluted with 10 ml 10% fetal ‘calf serum

in saline (pH 9.0). Plaque assays were performed in monolayers

of BS5-C-1 cells. The results represent the mean of five experiments

" with each virus strain.
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s of Tap Waters E;perimentallg- )

-

Contamination of potable waters with“sewage'leads to the addition of

viruses.as well as certain organic and inorganic impurities.. It has been :
A\

reported that the presence of such impurities in potable waters could

adversely affect the virus recovering efficiency of certain techniques

which otherwise gave excellent virus recoveries (Fat;al eE_gl.,.1974; 1977].

The following experiments were designed to scudy how the virus recovering

efficiency of the talc-Celite techniques was affected when tap water.

samples were contaminated with raw sewage.

Raw sewage was added to a 20-L.rolume of conditioned tap nater
to give a final concentration of»either 0.05% or 0.1%. The sample was{
then passed through a 1ayer of talc- Celite (142 mm diameter) The layer- o
radsorbed virus was eluted with 100 ml of 10% FCS.in saline (pH 9.0). Theh
‘eluate was concentrated 10-fold by overnight hydroextraction with PEG
(6,000) at 4° C and then plaque assayed. The number of enteric virus PFU
in, the samples of raw sewage- used for experimental contamination was
determined by concentrating 200 ml of it by the talc- Celite technique as
described preV1ously (Sattar and Westwood, 197éb). Results presented in -

Table 38 show that between 86 to 87% of the indigenous enteric virus PFU

contained in raw sewage added to the sample could be recovered by this

A
technlque. This clearly indicated that the presence of sewage;;at least
in the concentrations tested in these experiments, in tap water -

samples does not adversely affect the enteric virus recovering efficiency

of the talc-Celite layers.



- 137 -

-
it

TABLE 38
TALC CELITE LAYERS IN THE RECOVERY OF INDIFENOUS ENTERIC VIRUSES

OF TAP  WATER SAMPLES EXPERIMENTALLY-CONTAMINATED
: WITH RAW SEWAGE

Calculated PFU

“Final conc, of  input enteric recovered :

raw sewage in  virus PFU-  in sample % Standard
sample in sample conc. recovery deviation
10.05% 15.0 C1.0 - T87.0 £4.0
0.10% 22,5 19,0 86,0  %4.0

The pH of a 20-L VOlUméjof tap wdter was adjusted’to 6.0 and
EBSS whs added to give a final concentration of 1:100. Raw sewage
was then added to the desired concentration and the sample was -
passed through 142 mm diameter layers of talc (1.2 gm)- -Celite
(0.4 gm}. The layer-adsorbed virus was eluted with 100 ml of 10%
fetal calf serum in saline (pH 9.0). The eluate was subjected to
overnight hydroextraction with PEG'%I:4°C. Final concentrate was

" subjected to plaque assay in BS-C-1 cells. The results represent
an average of four experiments at each séwage conc. tested,

The concentration of enteric virus plaque forming units (PFU) in
" the raw sewage used for experimental contamination was determined.

by processing 200 ml of it. through talc-Celite layers (Sattar and
Westwood, 1976b).



Ffom'tﬁé data presentéd'in this'séttiﬁnlﬁf-the study, it can be
seen ﬁhatrthe talc;Celite technique, in combination with secoﬁd—séep 
-cohcentrafioﬁ with PEG, represent‘a relatively simple‘and efficient means
of recovering entero-, reo- and fdtavirusgs from large volumes of
tan waters. In this pro;eaure viqﬁs adsofption to the léyers is ”
éarrieé,out'at pH_G.Q-and fhe récovery of the‘layer—ad;orped virus is
aéhieved by using an eluent of pH 9.0. 'This is in contrast to a number‘_
of other techniques %eﬁorfed‘for‘the‘coﬁEentrétion'of enﬁeroﬁiruses_ffom _
thélwater environment (Hill EE;EL., 19f1£ Sbngy, 19765 Gerba EE_EA{;:1978;
Wallis et al., 1979) wheré'pH‘extremes qf'3.§ agd 115 are neeesséry for

4

virus adsorption to and ekﬁtion,from the filtrg;ion matrix. Because ,of
their relatively pH labile nature,:such.techniqﬁeé become potentially )
unsuitable for the recovery 6f parvoviruses (Sobsey and Jones, 1979 ) as
well as reo- (Estes et al., 1979b)rota- (Farrah et al., 1978b;Estes

et al., 1979b) and adenoviruses (Fields .and Metcalf, 1575). It has also

been shown that certain strains of enteroviruses are unable to withstand

such pH estremes (Shaffer et al., 1977; Gerba et al., 1977).

In addition to possiblé virus inactivation at pH levels of 3.5 and
11.5, techniques using these pH extremes demand extra care and equipment
in the adjustment'and maintenance of the desired pH values (Farrah et‘al.,

1976c) . Moreover, the pH of .the concentrates obtained-th;qugh these’

procedbres needs to be readjusted to the physiological level before their
\ . .

inoculation into cell cultures, When working with Zeta filters (Sobsey

+
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_and Jones, 1979) a drastic re&ﬁcfion in the "sample pH is not needed. In ,

our experience,.however,-;he flow rates through the presentl? available

Zeta filters was considerahly less when commared to talc-Celite lavers of

the same diameter.
Although sﬁudies with samples experimentally—gontamiﬂited with

v

adenoviruses have not yet been carried out, the isolation of adeno-

" viruses from fjgld\gamples of waste and surface waters (Sattar, 1978a)

1

shows that these viruses, when present, can also: be concentrated by

the talc~Ceiit§'%echniqué. v ) )

It has been»showﬁ that basic'differences:exiét in the adsorptive
* -~
behav1or of entero- and rotaviruses to alumlnum hydrox1de and activated

e

sludge floes- (Farrah et al., 1978&) However under the experlmental

conditions used in. thls technlque, the adsorpt1on of rotavlruses to.

.

talc Celite layers was as eff1C1ent as that of other enteric viruses.

Organic impurities in'certqin types of samples have been shown-to

» ) PR 3

" interfere with virus adsoiptiofl to the filtratidh.matrix-(Wallis_and

© Melnick, 1967). In the experiments done in this study such interference

was not noted. . Layers, after having had 1200 L of conditioned tap .
water passed through them, were still able to adsorb virus particlesr

subsequently filtered through them.

Presencedof EBSS in the sample aids'iﬁ'virus adsorption to the

. layers., ' Whereas this is #ssumed to be due to the types and amounts of R

cations present in it,. conclusive experimental evidence to this effect

is yet to be generated. Unlike the use of aluminum chloride {Farrah

@



" sive snd commercially and readrly avallable in the powder form.

et al., 1978¢), ,addition of EBSS to tap water samples was not "found -

to result in the productlon of floccules. EBSS is relatively inexpen-

For'fhe'recovery of‘layer-adsorbed entero- and reoviruses, 10% FCS

in saline (pH 9.0) was faund to be the best eluent. However, we noted

~it to be inhibitory to rotaviruses. Such rotavirus inhibitory activity

'

in. commercially available sera from fetal calves has recently been

LY

Schlafer et-al., 1979), Testlng of a number of other eluents showed 3%-

"BE and TPB, both at pH 9. 0 to be hlghly eff1C1ent in the recovery of

layeg adsorbed rotaV1ruses Subsequent%y, it was shown that the use: of

these two eluents could be readlly extended to working w1th entero- and

‘reported by other investigators (Clark et al., 1979; Estes et al., 1979a;

\

reOV1ruses as well. Although other studies have also shown BE to be a f

..good - v1rus elugnt (Rao and Labzoffsky, 1969; Katzenelson et al., 1976b

Fattal et al., 1977 Landry et al., 1978), the use of TPB offers certaln

advantages over it. ARart from belng-less expen51ve, the flnallconcen-

trates obtained with TPB are relativeiy easy to pass throughnsterilizing

membranes. Therefore, TPB represents a good general purpose eluent for

the talc-Cellte technlque

Solutions of individual basic amino acids such as arginine and

glycine could also.elute polio- ‘and rotaviruses. from the layers, but

their @@uting efficiency was slightly lower in comparison with that of

-BE orx TPB; Because the use of sinﬁle amino acid solutions could provide

an inhibitor-free and readily standardizable virus eluenr, further work

on the improvement of their elufing efficiency would be of great value.
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. Presence of virus aggregates in.experimentally-cont;ﬁinated samplgs
and their subsequent disaggregation dﬁring sample processing Eould give
an erroﬁéou; impression of the virus-recovering efficiency of a given
technique (Fatta;'gz_gl., 1977) . Every,effort has bee& made in the
study to minimize the presence of virus clumps in the samples. In this
coﬁtext,‘thgrfollowing major points need.to be stated: (a) ail virus
pools were stored at -80°C; such storage has been shown to minimize
'virus aggregatioﬁ {KatZenelson EE_ELL' 19?4); (P) whenever possible’
viTus pools werg caréfully examined under the eleétron microscope.to
rulelout_the presence of detectable virus clumbs; (c) suspension of
.Virus aggregates in balanced -salt solutions has been shown:to result

>

in their disaggregation and also in the avoidance of aggregation of

already dissociaped pafticleé (Young and Sharp, 1977); (d) the pla&ué
titre of rotavirus poolsﬁwas found to bé the same before and_gft?r their
-passagé through 80 nm pore diameter membrane filters; (e) allnfractions
‘tested by‘ﬁlaque assay contained either FCS or TPB and presence of sugﬁ
frotéin-ricﬁ-materials.has aiso been shown £o contributé to virus- disag-
Igregation (Hamblet et al., 1967); all dilutions for plaqué assay were
méde'uging EBSS and since all fractions, including virus controls to ,'
determine the gmount of inﬁut PFU,'were\similarly treated, plaques
détectea'most likely resgulted from dissociated infectious virus particles

s
rather than virus clumps.’ 7 L

-~ +

The time required for the passage of 1,000 L of potable water through
the layers ranged between 4-5 hours. This rate of sample filtration compa-
res favorably with that of other techniques reported in the literature

(Hill et al,, 1976; Wallis et al., 1979).
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falc—Ceiitg layers have been ;hown‘to be as efficient as PE 60 in

the recoﬁery of ;irusés from surface and waste waters (Sattar and
Westwood, 1976b). The layers also haQe been uéed in the recovery of
animél viruses from water,contaminaped witﬁ farm wdstes (Derbyshire and.
Brown, 1978). Talc and Celite both are not only moré readily available
but also considerably cheaper thaﬁ EE 60. The use of thése layers is
also more economical than that of a variety df membrane;or.cartridge
filters. With $15,00 to $25.00 required for the processiﬁg of each

ljéOO-L tap water sample, such techniques could be at least ten times

moére expensive than the use of talc-Celite layers.

It has already been shown (Sattar and Westwood, 1976) that two to

r

three days of storage of preformed talc-Celite layers in a moist state
at 4°C does not affec; their virus-recovering efficiency. It has also
been found (Sattar énd Westwood, 1976a)that virus particles' adsorbed to
the ‘layers could retain their infectivity for at least 24 hours. In
other words, gfter pgssing a virus-conﬁaining Qample through the layer,
thé layer-adsorbed virus can be eluted 24 hours later without aﬁy signi-
ficant ioss in its.infectivity. In -actual practice this makes it
possible to carry preformed layers to the samplé collectioﬁ site instead
of having to transport.large-volﬁme samples to the laboratory for
processing. Passage of the éamﬁle through the‘léyer caﬁ be accomplished
at q@ near the site of sample collectian“and the'léfers b?odght baék to-

the laboratory for virus elution and further processing of the eluate.

s



Second-step concentration of eluates forms an integral part of the

techniques designed to recover viruses from large volumes of water
samples. The simplicity and efficiency of the second-step concentration
process in virus-recovery are, therefore, crucial to the overall perfor-

mance of the sample concentration procedure.

¢

A number of techniques (Wallis et al., 1972b; 1972c; Katzenelson

‘et al., 1976b;Farrah et al., 1977b) for second-step virus concentration

¢

call for adjustment of sample pH to highly acidic (pH 3.5) or highly'
alkaline (pH 11.5) levels. Such pH extremes were undesirable for the

‘reason previously stated. Moreover, lowering of sample pH to 3.5 also

results in the flocculation of a number of organic chemicals presenf_in
the eluate. The presence of such floccules makes it difficult to use
small diameter membrane filters for second-step coﬁcentfatfon (Farrah
et al., 19763} . Centrifugation of the eluate to remove the flocculéted

material results in. the loss of floccule-associated virus.

1

Although the organic flocculafion fEChniqueg(Katzenelson et al.,:
1976b) also involves the lowering of sample pH to 3.5, ifs relative

simplicity and the reported efficiency in the recovery of enteroviruses

promptéd its inclusion in-this study. Using this tecﬁnique, Katzenelson,

et al. (IQ?Gb]wére able to recover nearly all the poliovirus from
experimentalIy—contamihated samples of 3% beef extract (eluéﬁtj; but

when the teahnidﬁe was applied to experimental1y-éontaminated samples

-

!
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.

. of eluates, V1rus recovery was about 75 'However,‘usingfthis method

we could recover only 6@- of added pol1ov1rus 1 (Sab1n) from samples of
3% beef extract. Of the remalnlng virus, 270 was detectable in the

supernatant obtalned after organlc flocculatlon.i Prior to these

‘experlments, the pH meter (Fisher Sc1ent1f1c, Model No. 220) was

thoroughly checked ‘for any p0551b1e malfunct1on1ng. Moreover, beef

. -

extract from two dlfferent manufacturers (leco and 0x01d) was used to

ERS

rule out the p0551b111ty of any, 1nherent variations in its virus-

[

‘During prellmlnary studles in our laboratory w1th the two—phase

separatlon technique (Shuval et al., 1969) no more than’ 16% of the added
L]

p0110v1rus 1 [Sabln) could be recovered from 1- L samples of surface

-

" waters. The technlque was also found to be cumbersome ‘and tlme-consumihg.

The use of PEG hydroextraction for virus concentration was initially

' reported by Gibbs and Cllver (1965) The results of)subsequeot‘apolica--

‘tions -(Cliver 19674; Shuval et al., 1967) of this technlque to virus

1

recovery from water samples were not encouraging. But more recent

7studies by Wellings et al. (1975) have showﬁ PEG hydroextraction to be

relatlvely 51mp1e and eff1C1ent in virus concentration from samples of
sewage .and effluent. The: results reported in this study conflrm and

further extend these observations. -

Poor virus recoveries obtained by Cliver (1967a)and Shuval et al.

(1967) with PEG hydroextraction were considered to be due to adsorption
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Wy
or entrapment of virus on the 1ns1de surface.of the dialysis sac. The

recovery of nearly 90% of the input enteric virus PFU in our experlments
shows that only small amounts of virus, if any, were being lost by

retentlon or 1nact1vat10n in the dialysis sac.

.

It has been reported that either PEG molecules or other low mo%eeular

weight impurities could enter the concentrate as a reeult of counter

' &ialysis (Howe et al., 1964; Giebs and Cliver, i965; Shuval et al., 1967).
This hae Been shown to make the concentrate cytotoxic to certaiﬁrtyﬁes of
cells (Glbbs and Cliver, 1965). In the experiments reported in this

- gﬂﬁdy, the concentrates never appeared to be toxic to the cell cultures.
.F;om the results, one can also argue strongly against any noticeable anti-
virel effeef in the eoncentrates. Shuval et al. (1967) also believe that

PEG may not be anti-viral.

The data’presented in this stud& ehow that the PEG hydroextraction
technique woéks equally efficiently in the concéntration of laboratory-
adapied as well as field strains of at least three maﬁor groups of
enteric viruses: Although tests with egpe:imentalIy-contaminated samples
of adenoviruses were not done,.the isolation of adenoviruses during field
studies in our laBoraeory (Sattar, 197&) shows that these viruses were

not being adversely affected by this procedure.

L

PEG hydroextraction, therefore, represents a simple and efficient
means of second-step concentration of eluates, The promise shown by
this technique has prompted its inclusion in the revised tentative proce-

3 L ‘
dure for virus concentration from finished waters in the forthcoming edition
(15th) of the Standard Methods for the.Examination of Water and Wastewaters
" (M. Sobsey, personal communication),
. :
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GENERAL DISCUSSION
¢
.Rotaviruses have now come to be recognized as importdant pathogens
of man and animals {McNulty, 1978; Holmes, 1979), - The ability of a

variety of animal rotaviruses to grow in cell cultures has been very

helpful in the investigation of the basic properties of this virus grouR

as a whole. Although certain human rotavirus strains have recently been
, ad;;;§§ to grow ;h cell culture (Wfatt et al., i980), easy and reliable
means of in vitro cultivation and quantitatiop of human rotaviruses in
general have not yet beEQme available. Close similarities betweep'SA7;1
and human rotaviruses, therefore, continue to make it a suitable §ub$ti
tute for them (Kapikian et al., 1976; Schoub et al., 1977). An under-
standing of the role of proteolytic enzymes in the: repllcatlon of SA-11

h

should be helpful in developing better ways for the in vitro cultlvatlon
A
of human rotaviruses., It could also assist in determining the .part suph

aenzymes may play in the pathogenesis of rotaviral infections. n

Rotaviruses have recently been implicated as etiological agents in
waterborne outbreaks (Freij et al., 1978; Lycke et al., 1978). In spite

of the mounting evidence for the potential of rotaviruses to be trans-

‘mitted through sewage-pdlluted waters, techniques for their concentration

and recovery from incriminated water samples have been generally
unavailable. The SA-11 plaque assay system reported in this study made
it possible to develop methods for fheir.recovery from the water

environment.



N

NS

L1847 - L -

The enteric virus-recovering efficiency of the talc-Celite layers
compares favorably with other techniques reporteéd in the 11terature

(Hill et al., 1976; Fattal et al., 1977; Gerba et al., 1978; Wallis

-
LS

et' al., 1979), Using this techﬁique in combination with PEG hydro-

exfiaqtion, samples of tap water'could be concentrated as much as
100,000-fold. In splte of thls hlgh degree of concentratlon sample
concentrates were found to be free from cytotox1c1ty

Experiments using relatively pure water samples contaminated with

laboratory-adapted strains of enteric viruses give only a preliminary

indication of the virus recovering efficiency of a given technique.
The potential'of such a technique can only be determined by testing it

under experimental conditions which resemble as closely as poSgibié the

- situation it may encounter in the field. As can be seen from the

results of the experiments done with field isolates and Sgwage~éontami-
nated potable water samples, the performance of the talc-Celite technique
in the recovery of enteric viruses was highly satisfactory under these

simulated field conditions.

]

In addition to the studies reported here, the following aspects of
. Y ! ' .

the development of the talc-Celite technique require further investiga-

tion: R - .
o
(1) Presence of EBSS in the sample is needed for virus adsorption
to the layers. Which component(s) of EBSS plays an active role

in this regard needs to be determined.
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(2) What is the average pore diameter of the talc-Celite layer?

(3) At the present time, 1,000 L of tap water®samples can’be

filtered through the layers in 4 to 5 hours. If the rate of .

filtration of the sample could be further speeded up without:
adversely affecting the virus recovering efficiency of the

layers, it would make the technique more wi@el}_acceptabie;”

(4) _The Norwalk agent (Ouiverkerk et al., 1978; Morens ég_gllf
19%9), hepatitis A virus-(Goldfieid, 1976) and adenoviruses
(D'Angelo éE,El': 1979) are aﬁpﬁg-the important iﬁfectious

© agents transmitted by thé water route. Because of the -
present difficulties-in eithex the.culfivatidn Qf quantita-
tion of-these viruses in cell cultures, fhey‘could not be
included in this Study. However; if and when ;'digablé model
systemé for thesd,viruses bécome availéble:_attémptsxghould
be made to extend tﬁe use of the falc—Celite'teéhhique to

include them.

{5} The possible use of solutions' of single basic amino acids as
virus eluents in thé talc-Celite technique deserves further
study. Even if a combination of two or more such amino acids

» . . o

proves to be necessary in this regard, it would still represent

a chemically-defined and virus inhibitor-free eluent.

3
s
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The. testing of the talc-Celite technique under field conditions
did not constitute a part of the present study. However, the technique

has been used extensively in field surveys for the recovery of viruses

. from samples of sewage, effluents and raw and finished waters (Sattar,

1978a) . - _ . ) ' )
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Statistical Analysis of the DataGfrom‘Plaque Titrations
of Rotavirus SA-11 in MA-104 Cells

"
.

The following analysis is for the data presented in Table 12.

-

Analysis of variance

Source of Dégrees of Sum of Mean
Variation freedom squares square

. - .
Time 9 1108.08 12,01 |
Error ° ' 40 1007.20 . 25.18
Total L 49 1115.28

The following model was used for the statistical analysis

o - = 1,....., 10
Vi3 s . i  eaeans
13 Pk.“ ij A PRR R

h

where Yij is the observed number of plaque counts on the it

h replication,

‘time peried on the jt
P is the ‘mean effect,
T is the time effect
;nd €j; are random ;ariables assimed normally distributed with

@

. 2
mean zero and same variance o .

The effect of time ontthe reproducibility of the plaque

a

assay system was tested.. By analysis of variance the mean square-

of time was found to be smaller than the méan square of error.
. ]
Hence it was concluded that no significant time effect is

present,
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