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ABSTRACT

Samples of liquid pig manuré_were collected at weekly intefvals from an
aeration tank which received weekly additions of raw liquid pig manure, which
‘was also sampled at the same times, Each sample'yielded a swine enterovirus
after concéntration by PE-60 adsorption, but in three comparative titratioms,
the infectivity titre in concentrates of the raw manure was a thousand times
greate? than in the aerated waste, In allaboratory model system, a swine
enterovirus retained its infectivity for 67 days after seeding into untreated
liquid pig manure, but only for 14 days in aerated liquid manure,

 Twenty six_samples of surface run-off were collected from éites‘atswhich
liQuid pig ménure was routinely spread on agricultural land, A swine,gntero?:
virUS‘ﬁas isolated from two of these samples after concentration by membrane
filter adsorption., A sﬁine.enterovirus was isolated from surface soil samples
collected from hay stubble, 1, 2 and 8 days after aerated pig waste was Spréad
at thé rate of 15 tons per acre., The soil samples were suSpeﬁded in distilled
water and concentrated by PE-60 adsorption, Soil sampleg collected 15 and 22
days after spreading did not yield virus, Thirty three samples of surfaée water
and 36 samples of ground water collected in areas im which liquid pig manure
: was routinely séread on the laﬁd were. examined for the presence of viruses
after concentration by talc-celite adsorption, A swine énterovifus %as isolated
from one surface water sample,

Bovine adenovirus type 3 survived in 1iquid-catt1e manure fof 1, 3 and 28
days at 37°C, 22°C and 4°C respectively. At these temperatures, the same virus
survived in water from 1, 3 and 5 days. Three techniques were tested for the

concentration and recovery of adenovirus from water, PE-60 adsorption and talc-
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celite adsorption were unsatisfactory for this purpbse, but membrane filter
adsorption resulted in the recovery of 1-10% of the seeded Virus.

The talc-celite adsorptionbprocedure was tested for the concentration
and recovery of a swine enterovirus from water. In six.replicate experiments,

the recovery of the virus from the seeded water was between 10-50%. Further

- concentration of the eludte from talc-celite adsorption was obtained by hydro-

extraction with polyvinyl pyrrolidone. .
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CONCLUSIONS

A swine enterovifus was inactivated more rapidly in aeratéd liquid pig
manure than in non-aeratgd waste. -

Sﬁine enteroviruses can survive long enbugh after liqﬁid pig manure is
spread on agricultural land to be detected in soil Samplés; surface run-off
and surface water. |

A bovine adenovirus can survive long enough in cattle waste and in water to
constitute a pollution hazard iﬁ water supplies,

Animal adenoviruses can be concentrated and recovered from water by‘membrane-
filter adsorption, | |
Talc-Celite'adsofption ié a‘satisfactory method for the éoncentration and

recovery of swine enteroviruses from water,

iv




TABLE OF CONTENTS

Page
AbscraCt...Qn..Q...Q.'.............'.'._l...l.l..»l..................‘.l.. ii
Conc:l-usj-ons.--..ooau-c..ooc-ooo-oo-‘oib‘-coc-o-ooo.g.oppoooo_uro.o-'p-oon-Viv

LiSt of Tablesuoogc.cooo-.lon-0-oto-lo-ooooooooc..c;}.ococooooooqc-o. Vi

Introduction and Background INformation......seeesescsesooncscocoenas 1

w

Materials and MethodS....icueeeeesoececsoeneocosessensesseocsoonconoses

Collection and Processing of Raw and Aerated Waste for

Virus TS0lation..esueeeuoroeooeseiossciosnasosnassonsosncasonnes

FieldsStUQLeS v ueeuunssroseooososcocennsssonnnsssosnnseasonnseses

Laboratory StUdieS..c.seeecasseeaseececocoscascsesscscsecsonssss
Collection and Processing of Surface Run-off for Virus Isolation,..
Collection and Processing of Soil Samples for Virus Isolationm......
Collection and Processing of Surface Water and Ground Water

for Virus Isolatlon.............................................
‘Stability of a Carcinogenic Virus in Waste and in Water............
Methods Used for the Concentration and Recovery of

AdenoViruses from Water ... .eieseeeeesosonncossoonssssnneensssn

PE-60 adSO0rPtion ., u.uueeeeroneceseoroocsssoocsossnconennessssss

Membrane filter adsorptlon......................................

Talc-celite adsorptlon..........................................
Concentration and Recovery of a Swine Enterovirus from Water

by Talc-Celite AdSOTPLiON..uvueeueerseecssanconcenssssecsaseneas 8

IR SR Y PO W

N O

00~~~

Experimental Phase and DiSCUSSiON...e.eieneesoeososcaconnensenonveas. 10
Stability of Animal Viruses During Biological Treatment of
Farm Waste s ousiseeeesueusueoonsssssnseesosssnssosesasssnnnnneass 10
Isolation of Viruses from Surface Run- “0ff . . ettt tncececrnnrnceannnee 12
Isolation of Viruses from Surface Water and Ground Water........... 14
Stability of Bovine Adenovirus Type 3 in Waste and in Water,....... 14
Concentration and Recovery of Adenoviruses from Water...oveveeees.. L&
Concentration and Recovery of a Swine Enterovirus by Talc-
Celite Adsorptlon............................................... 17
Acknowledgment.

-o-g;ao-o-;..a--o--no-q.a-oo‘-on.'-dloo--toqpcoooooo-- 19

ReferenceS ------ 'oouaooo.‘cto-.on-..io.o.c.oo-.n.lto.ac-oooa-oaooocct 20




j

Table

LIST OF TABLES

Titration of Concentrates of Raw and Aerated Waste

Sampleso0-0o0oto01.o.ccn.-..of'.t00ooo.-cl&do..bo..i..oc...lc'oo

Stability of Bovine Adenovirus Type 3 in Liquid

Maﬁure and in WatEfO‘.tl..Ill...plll.00.....Oq‘.pp,.Oooplltoloto

Concentration and Recovery of Adenoviruses from Water.ceeeoeeoss

Concentration and Recovery of a Swine Enterovirus

from water by Talc-celite Adsorption.l.'..‘.vq..._....C..........".

- vi

11

15

16

18



e e

INTRODUCTION AND BACKGROUND INFORMAiION

Previous'studies (Derbyshire, 1974) demonstrated thé presence of various
animals viruses in liquid pig waste, and showed that certaiﬁ of,these'viruses coﬁld
remain infectious in raw waste for sufficiently long periods to constitute a
pollution hazard when contaminated waste is distributed on agricultural land,
Primarily because of the offensive odour associated with_the spreading of liquid
manure on the land, biological treatment‘of-this material has been investigated
Lawrence, 1971; Loehr, 1971). Various aeration devices (Report, 1972) have given
promising results, Information is not available on the effect of aeration of
liquid manure on the infectivity of viruses which it might contain, and one of
the main objectives of the present study was to investigate this topic. Studies
were conducted both in the field, utilizing an experimental liquid manﬁre aeration
tank at the University of Guelph,'énd in the laboratory, where the stability of
a porcine enterovirus seeded into liquid pig manure was comﬁared under conditions
of aeration and non=aeration, |

Since raw liquid pig manure may contain infectious viruses vwhen it is
distributed on the land, it was necessary to detetmine whether infectious virus
could be detected in samples of run-off frém sites utilized for manure distribution.
Thirteen sites were selected on farms in the Guelph area on which pig manure was |
routinely spread and on each site a device for the.collection of surface run-off
was established, Each site was routinely visited at least once per week during
a period of five months, with additional visits in relation to the occurrence of
heavy rainfall, and the water samples obtained were tested in the laboratory, after
concentration, for the presence of viruses, At one of the sites, surface $oi1

samples were collected and tested for virus at intervals after manure had been




spread, Samples of surface water were collected from streams, ponds or rivers

on eleven of the same farms, on each of three occasioné, and these_samples :

were also tested for vifuses,‘along with avsimilar numbér of groundwater samples
colleétedvon twelve'farmé. The purfose of this study ﬁas to seek'evidence for
contamination of water‘supplies with animal viruses aésociated with the distribut-
ion of liquid manure,

The possible coﬁtam;nation of water with.viruses with'carcinogenid

potential is of particular concefn, and attention has béen given to.this aspect

of the pollution proglem.' The stability of an>oncogenic virus, bovine adenovirus
‘type 3 (Datbyshife, 1966), in liquid bovine waste and in samples of surface water,
was investigated in the laboratory with seeded waste and water saﬁples held at
various tempefatufes.‘ An attempt was also made to es;ablish effective methods
for‘ﬁhe concentratiéh and fecovéry of adenoviruses from large volumes of water,
The concentration methods investigated iﬁcluded adsorption with the polyelectro-
iyte PE-60, talc-celitg‘adsorption, with and without further concentration’ by
'hydroextraction with polyvinyl-pyrollidinone, aﬁd membrane filter adSofption.
Samples of river water seeded with bovine adenovirus type 3 or porcine adenovirus
type 2 weére utilized in these tests,

The talc-celite layer adsorption technique devéloped by Dr. Westﬁood and

Dr, Séttar at the University of Ottawa (Westwood and Sattar, 1974) for the
c0ncentrationyénd recovery .of viruses from large volumes of water was selected -
for further.stuay by the contﬁactdfs involved in the Environment Virology programme
at the Microbiology’ﬁaboratories_of the Canéda Centre for Inland Waters, Our
.'participation in this §tudy consisted of an investigation of the suitability of
talc-celite adsorption for the concentration and recovery of a swine enterovirus
from large volumes ofvwater. Ihe possibility of further concentration of the eluate
from the talc-celite layer by hydroeXtraction was also studiedf
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MATERIALS AND METHODS .

Collection and Processing of Raw and Aerated Waste for Virus Isolation

Field studies. Samples of raw pig waste were collected at weekly intervals

from a liquid manure tank which received effluent from a swine fattening
house, Each sample was collected immediately before the tank was emptied and
the contents transferred to an aeration tank for biological tréatment., At the

same time intervals, composite samples of aerated waste were obtained from

~ different levels of the aeration tank. This sampling procedure was continued

for a period of 10 weeks, at the end of which the aeration tank was emptied

and the contents were distributed on agricultural land. Each sample of raw

" or aerated waste consisted of a volume of about 2 litres, which was processed

in the laboratory as follows. 'The waste was centrifuged at 6,000 g for 20

fminutes, and the supernatant was passed through a serum treated Millipore

AP 20 filter, The pH of 1 litre of each filtrate was adjusted to 4,5, and
150 ml of a 10% suspension of the insoluble polyelectrolyte PE-60%, brepared
as described by Wallis et al (1969), was added and stirred magnetically for
2 hours., The suspension was then filtered through an untreated AP 20 filter
pad, the_PE-60 was collected from the pad, suspended in 5 ml of Eagle's
minimal essential medium (EMEM), the pH adjusted to 8.0 and the suspénsidn
centrifuged at 2,000 rpm for.10 minutes, The supernatant was then filtered.
through a serum tréated 0.45, Millipore filter, and this filtrate, before

and after chloroform treatment, was used for the inoculation of primary pig

'kidney (PK) cell cultureé. The cultures were éxamined daily for at least 7

days after inoculation at which time negative cultures were passaged once more

* Monsanto Co,, St, Louis, Missouri,




in PK cells. Viruses which were isolated were provisionally identificd as

swine enteroviruses on the basis of cytopathology and chloroform resistance.

In addition, the PE-=60 concenfrates which were prepared from the first, fifth
and ninth pairs of samples of raw and aerated waste were titrated by infectivity
assaf in PK cells,’

Laboratory studies. In order to study further the stability of a porcine entero-

virus in liquid waste, a laboratory model was set up in which a volume of 1.4
litres of raw liquid pig manure contained in an Erlenmeyer flask was seeded.with
the T80 strain of porcine enterovirus (Betts, 1960), a stock of which had been
preparedvin PK celi cultures, at the rate of 100 median tissue culture infe?tious
doses (TCIDgg) per 0.1 ml., The seeded waste was magnetically stirred and

continuously aerated by means of the laboratory compressed air supply at room

temperature (22°C) . Dow Corning Antifoam A was added as required in order to

prevent foaming. A similar volume of seeded waste which was not stirred or
aerated was included in the experiment fdr-cohtrol-purposes. Samples for attempted '
virus isolation were collected twice weekly for up to ten weeks from the raw and
aerated waste, Each sample was chloroform treated by the method of Feldman and
Wang (1961), and each supernatant after chloroform treatment was used for the
inoculation of PK cell cultures, Negative cultures were further passaged once
in PK cells, |

Collection and Processing of Surface Run-Off for Virus Isolation

¢+

Collection sites were selected on 13 farms in the Guelph area. Each site

was established in a location in which liquid pig manure was routinely spread on

- sloping ground., At the foot of the slope in each instance, a collection device,

consisting of plastic sheeting providing drainage into a 4 litre plastic container

buried beneath the soil surface, was installed. Each site was visited routinely




at weekly intervals, with additonal visits following heavy rainfall in the

area. At each visit, samples of less than 2 litres wefe discarded, and gfeatef
volumes were transﬁorted to the laboratory, where they were concentrated by the
membrane filter adsorption technique., This procedure was carried out as
described below for the attempted concentration of adenovirus from river water,
except that pre-filtration‘through serum-treated Millipore AP 20 filters was
necessary before 0,45 filtratioﬁ. Each concentrate, with and without chloroform
tréatment, was passaged twice in PK cell cultures, The presence of cytopathogehic
agents was always confirmed by further passages in celi cultureS; and by re-
isolation of the agent-from the original concentrate, Agents which were isolated
were identified on the basis of cytopathology, size as determined by membrane
filtration (Hsiung, 1965), chloroform sensitivity (Feldman and Wang, 1961) and
morphology in negatively stained preparations of cell lysates (McFerran et al,
1971) .

Cpllectiop_and Processing of Soil Samples for Virus Isolation .

When the aeration tank on which the fiéld studies were made on aerated waste,
as described above, was emptied, the contents were spread on hay_étubble_at‘the
fafe of 15 tons per acrg. Folloﬁing Spréading of the aerated waste, Samples of
surface vegetation and sbil to a depth of one inch were collected fromvﬁhe site.
Volumes of approximately 1l litre of this material were colleci:e_d 1,:2,3, 8,15 énd
22 days aftér spreading. Each sample was suspended in distilled water, and
the suspension was centrifuged to remove gross particles, The supérnatanf was
then concentrated by adsorption with PE-60 as described above for liquid manure
saﬁples, and each concentrate was inoculated onto PK cell cultures, before and
after treatment with chloroform. Each sample was passaged at least one more time

in PK cells, Any virus which was isolated was provisionally identified on the




basis of cytopathology, chloroform resistance and morphology in negatively
stained preparations examined in the electron microscope. In addition to
the soil samples, surface run-off was collected from this site 8,17,23,35
and 52 days after spreading of the aerated waste, The collection and
processing of the run-off for attempted virus isolation was the séme as
that described above,

Collection and Processing of Surface Water and Ground Water for Virus Isolation

Twelve of the farms which were used for the collection of surface run-off
were utilized for the collection of surface water or grqund water, On eleven
of these fﬁrms, surface water samples were available from ponds, streams or
rivers which_received run-off from the sites used for ;he spreading of liquid
pig manure,land on each of the twelve famms, ground water was available from a
well which provided the supply of farm water, Three samples of surface water
and ground water were collected from each farm, Each sample consisted of a
volume of 20 litres, which was concentrated by talc-celite adsorption followed
by hydroextraction.wiphzpolyVinyl pyrolidone as described below for the attempted
.concentration of adenoviruses from river water so that each 20 litre sample was
concentrated by a factor of 4,000. Each final concentrate, before and after
chloroform treatment, was passaged twice in PK cell cultures, in the same Qay
as the conCehtfates obtained from the surface run-off samples,

Stability of a Carciﬁogenic Virus in Waste and in Water

- The WBR 1 strain of bovine adenmovirus type 3 was selected for study as a
potentially carcinogenic virus (Darbyshire, 1969) which is excreted by -cattle.
For the investigation of the stability of this virus in farm waste, samples of

bovine liquid manure were collected from the field, lightly centrifuged to remove




large particles, and distributed in 10 ml volumes in 20 mlbscrcw—Cépped vials,
Lach vial was sceded with approximately 1,000 TCIDgq of thg bovine adenovirus,
and the sceded waste was incubated at 4°C, 22°C or 37°C. bAt intervals of i,2,3,
5,7,14,21 and 28 days after seeding; oﬁe vial from each temperature was frozen
at - 20°C. For virus isolation, the contents of each vial were thawed, filtered
through a 0.45y Millipore membrane filfer (serum4treated).and inoculated in 0.1l
ml volumes onto four embryo bovine kidney (EBK) monolayer cell cultures, The
infected cultures were examined daily for two weéks for the appearénce of cytb—
pathic effeets (CPE). Similar procedures were followed for the-dg;ermination
of the stability of the‘boviné adenovirus in water, except that river Wﬁﬁer,
which was not centrifuged, was used in place of manure, and Seedingvdth virﬁs
was with 100 TCD5qg instead of 1,000 TCID50 used for the liquid manure., For

"the infectivity tests on the seeded waterksamples after incubation, embgyo

bovine lung (EBL) cell cultures were used.

Methods Used for the Conceéentration-and Recovery of Adenoviruses from Water
Attempts were made to concentrate and recover adenoviruses from experimentally.
seeded water by means of three procedures: PE-60 adsorption, talc-celite adsorption

and membrane filter adsorption as follows:

PE-60 adsorption. Volumes of 1‘litre of river water were seeded with épproximaﬁely
1,000 TCiD50 of bovine adenovirus type 3, and e;ch seeded sample was freated with
1.0 ml of PE-60 suspension as. described above, The final concentréte ih~EMEM.

was assayed for infectivity in EBK cell cultures.

Membrane filterAagggrption. This procedure was based on the technique describéd

by Berg, Dahling and Berman (1971), and was conductéd as follows, Saﬁples of 2

litres of river water were seeded with approximately 105 TCiDSo of the‘6618 .




strain of porcine adencvirusttype 2 (Clarke, Sharpe and Derbyshire, 1967).

‘ v. The secded water was, buffered with 0,.,5% dibasic sodium phosphate and the pl
adjusted to 7.0 with' citfic acid. The water was then passed through a 0.45
Millipore lilter, ntilizing four or five filters to deal with each'samPle.
The filters were then soaked in 10 ml of 3% beef extract and sonicated for -
15 minutes for elution of the virus, The disintegrated filter material was

removed by centrifugation,'and the supernatant was titrated by infectivity

. ?atc—celgteﬁadsorption. This procedure was described bylwestwpbdband Sattar
(1974), and demonstrated in the author's laboratory by Dr, Sattar;"Samples of
20 11tres of river water were seeded w1th 104 105 TCID5g of porcine adenovirus
type 2. | The pH of the seeded Water was adjusted to 6,0 With HCl, and the
water was then passed through a layer of 15 g talc and 5 g celite between

Whatman #114 filter paper in a modified Buchner funnelvatr4°C.. Then, 50 ml of
10% foetal calf serum in saline was‘passed through thenbalcaceliteklayer. The
eluate was collected, and titrated in‘PK‘cellicultures, Tnis eluate was further
concentrated by hydroextraction at 4°c with polyvinyl p§rrolidone‘(Bucca Casey
and Winn, 1960), to a volume of 5 ml and this concentrate was also t1trated by

infectivity assay in PK cell cultures

Concentration and Recovery of a Swine Enterov1rus from Water by Talc Ce11te

‘Adsorgtlon

The - talc-celite adscrption procedure was tested‘in six replicates for'its
abrllty to concentrate a swine enterovirus from seeded samples of river water,
‘Each sample, of 4-10 litres was seeded w1th 10° - 106 TCID5g of the T80 strain
of porcine entercv1rus type 2 (Betts,‘196p). The seeded samples were processed

as described above, and each 50 ml eluate in 10% foetal calf serum which was




obtained was titrated, together with the seed v{rus, in PK cell cultures, 1In

addition, the eluates obtained‘fromfthree of the”abOVe repliéaﬁes were further |
concentrated by hydroextractien wirh pdlyvinylrpyrrolidone K;IS (average
molecular welght 40 000) The 50 ml eluate was placed in d1a1y31s tublng,
thlCh was. covered w1th a 1ayer of polyvinyl pyrrolldone at 4°C After dlalysis |
for several hours,at 4° C, the volume was reduced to rather 1ess than 5 ml at
whlch time' it was adJusted to 5 ml with dlstllled water | Samples of the origrnal

.50 ml eluate and the final 5 ml conCentrate were tltrated by 1nfect1v1ty assay in

PK cells,




EXPERIMENTAL PHASE AND DISCUSSION

Stab111ty of. An1ma1 Viruses Durlng Blologlcal Treatment of Farm Waste

“All the samples collected of both raw and aerated waste, y1elded vituses
upon concentratlon by the PE-60 adsorption procedure, and in each instance
the virus which was 1solated was identified as a porcine enterovirus on the~
basis of the cytopathology in PK cell culturesa_and'thewchloroform resistance
of the virus, Cytopathic effects (CPE)usually appeared.earlier in the cultures
inoculated with the concentrates from the raw waste, The aerated waste was.
usually léess cytotoxic than the raw waste samples, The results obtained when
the concentrates of the raw‘and aerated waSte collected ln the firSt fifth
and ninth weeks of the experlment were titrated in PK cells are glven in Table
1. 1t w111 be seen that the titre of enterovirus in the raw waste was always
at least one thousandfold greater than in the aerated waste. Th1s suggests
a s1gn1f1cant degree of viral 1nact1vatlon in the aeration tank, in Splte of
the. addition of fresh, raw waste at weekly intervals Whether the 1nact1vat10n
whlch occurred was specifically assoc1ated w1th the aeration procedure or
whether it represented thermal inactivation on storage could not be determlned
under fleld condltlons, and this problem Was investigatedfin the laboratory
model described below.

Some technical problems were encodntered in the development oﬁ;a?SatiSfactory‘
Laboratory model for the study of the‘aeration_of liould manure , In,the earl§‘
experiments, aeration by means of a small aquarium pump was inadequate- as
determlned by Eh measurements, When the aeratlon was 1mproved by the use of - a>
compressed air supply, foaming of the aerated waste was encountered and this was

overcome by the use of Antifoam A, and in the model system described uiider Materials

10
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TABLE 1. TITRATION OF chCENTRATEs OF RAW.AND'AERATED WASTE SAMPLES

Sample week #

Infectivity titres (Log TCIDsO per ml)

Raw ‘waste concentrate Ae‘rated waste ,concex;itra_t'e

4,25 . 1.0
4.0 1.0

4,75 - 1.0

11




and Methods, satisfactory, continuous aeration for a period of 71 days was

obtained, Throughout this period, samples collected from the seeded aerated

and control waste were tested for infectivity in PK cells, TSO virus was

isolated on first passage in PK cells from the samples collected from the

aerated manure four and seﬁen days after seeding, and 6n second passagé

from the samples from the aerated manure collected 11 and lébdays after

seeding, Thereaftér, no virus isolations f?om the aerated waste were made.

The cdntrol seeded waste was more highly cytotoxic than the aerated waste,

ap& virus.isolation on first passagé in PK ceIls'was‘only pqssible’fngm the

control waste sample collected four days after seeding. Howevef, T80 virus

was isolated on second passage from the samples collected twice wgekly'fot

. 67'days after seeding. The final sample collecéed from the\?on-aer#téd.

waste 71 days after seeding did not yield virus on second passage in PK cellé.
It appears from these findings that T80 virus is inactiVa;e&‘more rapidly

ip aeréted waste than in untreated liquid manure, The mechanism of inactiVagion.

is not known, and fur ther studies with a@ditibnal manure samples and other

viruses are required., Knowledge of the mechanisms involved iﬁ viraljinactivation

in aerated waste would also be desirable,

Isolation of Viruses from Surface Run-off

A total of 26 samples of sufface run-off were obtained from égricultural
land on which liquid pig manure was routinely spread during the summer and féll
of 1974. Four samples were collected in July,_two in August, ten in September,
seven‘in October and three in November from the 13 collection sites whiéh.were
estébliShed.‘ The collection df'a satisfactory sample was dependent upon the |
occurrence of local rainfall during the sampling period, EaChAQf six of the

- collection sites yielded only a single sample of greater than 2 litres, three

12




sites yielded two»samples each, three samples were obtained from each of three
sites and five sampies were obtained from one sité.f Two confirmed isolations
ol swine enterovirus woere obtained ffom the surface run-off samples, cach from
a different location, and both collected at the end of July. During the processing
of an additional two sampleé, from two differént sites, cytopathic effectsvwere
secn .in the second passage of tHe concentrates in PK cells, but these were not
confirfied when attempts were made to reisolate a virus from the concentrate of
the original sample, and ;hese latter isolation are regafded as equivocal,

| Additional observations, involving the collection of surface soil samples
were made.at one of the above run-off sites follOwing the spreading of aerated
liquid pig manure which had been shown to contain a porcine enterovirus. The
soil samples coilected'1,2 and 8 days after sprééding each yielded a swine entero-
virus after concentration with PE-60, while the soil sanples obtained 3,15 énd 22 -
days after spreading were negative, Surface‘ruﬁ-off was collected at this site
8,17,23,35 ahd 55 days after the manure was spread, each sampling aftér the
occurrence of heavy rain in the area, but no virus was isolated from these run-
off samples,

The above findings indicate that a porcine enterovirus can remain viaﬁle‘in‘
surface soil for a period of at least 8 &ays after depoéition in coﬁtaminatéd
liquid manure, The virus.can also be eluted from fhe soil surface by rain water,
and may be ﬁresent in a viab;e form in concentrations of at least 1 TCIDgq per
20 ml of surface run-off. This concentration of infectious virus in the run-off
was calculated for the observations made on the two positivevsaﬁples assuming

-100% recovery of virus by the ﬁembrane filter.adsorption technique and no

inactivation of the virus in the collection vessel before concentration. Since-

13




some viral infectivity was probably lost at both of these stages, the actual con-~
centration of virus in fresh run-off may well have been at least ten times greater

than this.

Isolation of Viruses from Surface Water and Ground Water

Thirty three samples of surface water and 36 samples of ground water were
tested between November 1974 -and January 1975. The only virus isolated from this
material was a swine enterovirus from a surface water sample collected in January.

The titre of virus in this water was calculated to be about 1 TCID o Per 40 ml,

5

assuming 10% recovery of virus by the talc-celite adsorption hydro-extraction con-

centration procedure which was used. This fihding suggests that, on occasion, sur-
face run-off agricultural.land‘oﬁ which raw waste is spread may result in the'pres-

ence of detectable amounts of infectious animal viruses in surface water.

Stability of Bovine Adenovirus Type 3 in Waste and ;§7Waﬁer

_The results obtained in these experiments arevgiven-in Table 2. The seeding
level of adenovirus type 3 is higher in liquid manure than in water and should be
considered in the examination of these data.

In liguid manure held at 4°C; infectivity was detected 28 days aftér seeding,
.and this period of survival was londger than that recorded in earlier studies fof a
porcine adenovirus in pig waste (Derbyshire, 1974). The virus survived for a

. . _ o , .. : . . .
shorter period in water at 4 C than in liquid manure, while survival at 220C and 37°C

was similar in both water and liquid manure. Further studies of the stability of

this and other viruses in water and waste under more closely simulated field condi-

tions are required.

Conggpt;g;ion and Recovery of Adenoviguég§vgrgm Water

Duplicate experiments were conathed on;segdedlwater with each of the tﬁree
concentration methods, and the results obtained ére given in Table 3. PE-60 adsorp-
tion and talc-celite adsorption appeared to be unsatisfactory for the concentration

of these adenoviruses from water. In previous studies (Derbyshire, 1974), PE-60
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TABLE 2. STABILITY OF BOVINE ADENOVIRUS TYPE 3 IN LIQUID MANURE AND IN WATER

Sample’ Seeding level buration of infectivity (days) at various temperatures
(TCID_. /ml) . .
- °c 2% 37%
Liquid manure 100 > 28 3 : 1
Wwater . - 10 5 ‘ 3 | : 1
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TABLE 3. CONCENTRATION AND RECOVERY OF ADENOVIRUSES FROM WATER

Concentration method

Replicate #

% Recovery of virus

PE-60 adsorption 1 nil
2 1%

Membrane filter adsorption 1 1%
2 107,

Talc-celite adsorption 1 nil
L2 1%

le6




adsorption was found to‘be uﬁsatisfactory’for the concentration of bovine

and porcine adenoviruses from liquid cattle or pig.waSte, because of the
highly variable results‘obtained, but the use of the talc-celite adsorption
procedure for the concentration of these viruses has not previously been
described. Membrane filter adsorption gave recoveries of adenovirus of 1%

or 10%, and this procedure holds some promise for successful application

under field conditions, England (1972) reported the use of protamine sulfate
for the céncentration of'huﬁan adenoviruses from sewage and effluents, We did
not attempt to use this procedure in our studies because of the very high costs
which would be involved for the treétment of large volumes of water by this
techﬁique.

Concentration and Recovery of a Swine Enterovirus by Talc-Celite Adsorption

v

givén in Table 4. The recoveries of virus shown are computed from the results
obtained in parallel infectivity titrations of the seed virus stock and the 50
ﬁl eluates from the tak-celite layers. The recoveries obtained, of betweeﬁ.

10 and 507%, indicate that talc-celite adsorpgion is a satisfactory procedure.
for the recovery of‘A swine enterovirué from water, and justify the use of

the technique for the concentration of vifuées‘ftom thg surface and ground ﬁéter
samples reporfed above. Three of the 50 ml eiuates were further concentrated by
hydroextraction, as described under Materials and Methods, When these final
concentrates were‘titrated-in PK celis, no loss of infecti?ity’was detected,

and the concentrates were not significantly cytotoxic, Hydroextraction in this
way thus provides‘for a further tenfold concentration of the original sample,

and appears to be a worthwhile procedure for routine use.
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TABLE 4. CONCENTRATION AND RECOVERY OF A SWINE ENTEROVIRUS FROM WATER BY
TALC-CELITE ADSORPTION ‘

Replicate # Volume of water Infectivity titre % recovery of virus
(litres) ' of virus seed '
(log TCIDgq)

1 4 ' 5.0 10

2 7.5 - 6.0 10
3 .10 ‘ 5.0 10
4 10 5.0 10
5 10 5.0 16
6 8 5.0 50

)
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ABSTRACT

’ Inactivation of a porcine enterovirus in water occurred more rapidly uri&er
simulated field conditions than in fhe laboratory, The virus was more stable
in sterile distilled watef than in riVer water, 1t was inactivated miore rapidly
in water than in liquid.pig manure, Inactivation of a porcine adenovirué also
o ccurred more fapidly in water than in liquid pig manure, pafticularly under
simuléted field cqndifions. A bovine enterovirus was consistently more stable
under simulated field conditions than in the laboratory, in both water and
liquid cattle manure, |

A porcine enferovirus, a porcine adenovirus and a bovine enterovirus
were all inacfivated more rapidly in aefated liquid manure than in non-aerated
maﬁure,.under laboratory condifions._ The difference in inactivation rate was
least marked for the bovine enterovirus. Inactivation of a porcine enterovirus

(” in aerated sterile distilled water and in aerated, autéclavednliquid pig manure
§r0ceedéd at a Similar rate as in the same matériais which were not aerated,

A porcine ¢nter0virus agd avbovine adenovirus which were seeded into liquid
pig manure, and a bovine enterovirus seeded into liquid c@ttle manure, were 
inactivated by treatment of the manure with calcium hydroxide at pH 11,5, The
rate of inactivation was highest fot the bovine enterovirus and slowest for the A
swine adenovirus;

Five. porcine engeroviruses~Whichrhad been isolated from liquid pig manure,
surface soil, surface run-off_and_Surface water samples were passed three times in
HelLa, BS-C, WI-38 and;primary monkey kidney cell cultures, Cytopathic effects

were seen only in BS-<C and monkey Kidney cell cultures inoculated with the virus

ii
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isolated from liquid pig manure, and only this virus replicatad in the same
cultures, No replication occurred in the human cells, .
Thirteen samples of sewage and the same number of sewage effluents were

collected from a municipal sewage treatment plant which served an area containing

'six abattoirs,., Each sample of 20 litres was concentrated by talc-celite adsorption

followed by hydroextraction., Each concentrate was passaged tﬁice through bovine
kidney and porcine kidnéy cell cultures for the attemptgd isolation of bovine
and porcine-viruses, But no cytopathic effects were seen, |

No virus neutralizing antibodies were detected in serum samples from.the
two:technicians engaged in this project wheﬁ they were testgd against the five

porcine. enteroviruses which had been isolated from liquid manure, soil or water,
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CONCLUSIONS

Certain viruses excreted by swiné and cattle were sufficienﬁly stable in
liquid manure and in water under field conditions to constitute a viral
pollution hazard in the environment arising from the disposal of liquid
manure on farm land,

Aeration of liquid animal manure showed promise as a means of reducing

the infectivity of viruses which it might contain,

Enterovifusgs and an adenovirus were rapidly ipacﬁivated by calcium hyd:oxide
treatment of liquid manure under laboratory conditions,

An enterovirus isolated from liquid pig'manure repliéated in monkey kidney

cell cultures, but neither this nor four othér enteroviruses replicated in

 human cells,

Viruses were not isolated on bovine or porcine cell cultures from samples of

sewage or sewage effluent which were collected at a iunicipal sewage plant,

No serological evidence of infection with representative viruses isolated

in these studies was found in the personnel involved in the project,

!
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( : 'INTROﬁUCTION AND BACKGROUND INFORMATION

’ Previous studies (Derbyshlre, 1974, 1975) mdlcated that vaneus viruses

| could survive 1n 11qu1d manure and in water under 1aboratory conditions for
sufficiently long periods to constitute a potential hagard when contaminated
liquid manure is dist:ibuted on agricultural land. One of thevmain objectives

of the current research.was to obtain informaton on the stebility of viruses in
liquid maﬁufe and in water_under,conditions thch more cldsely simulated those
eﬁcouhtered in the field, Samples of liquid manure and river water were seeded
with various viruees, plaeed into dialysis tubes and submerged in liquid manure
fanks or in a stream, The infectivity of the viruses was assayed at intervals.

The viruses studied were éﬂporciﬁe‘enterOVirus; a ﬁorcine adenovirys and a

bd%ine enterovirus. |

Preliminary evidence had‘already been obtained (Derbyshire,‘1975)v£hat a

s wine enterovirus was less stable in aerated liquid pig manure than in nonaerated
manure; These observations were‘cenfirmed'forwthe swine enterovirus in quantitative
sfddies,.and extended to'inC1ude studies with a swine adenovirus in liquid pig

' mhnure,aed a bovine enterovirus in liquid cattle manure, Experiments relating to
the‘meehanism of inactivation produced by aeration suggested that the aerobic
bacterial flora of aerated waste, rather than the oxygen tension itself, was.

Vinvolved

Expetiments reported by Sattar and Westwood (1974) with domestic sewage

contamined with poliovirus indicated that treatment of the sewage with calcium

hyd:oxide to raise the pH produced highly significant reductions in viral infectivity,
This procedure 'was applled on a laboratory scale 'to liquid swine or cattle manure

whlch were seeded w1th a porcine enterovirus, a porcine adenovirus or a bovine




encerovirus, The'survival of each virus, in the superﬁatant and sludge, was
assayed by infectivity titrations on these materials during settling periods of
up to 24 hours, |
In a prévious sthdy,.the‘isolation of swine enteroviruses from liquid pig

manure, surface soil from land on which pig manure had been Spread)'run-off
from agricultural land, and sﬁrface water samples were described. Primary pig
kidney cell culturéSIWerekused'for the isolation of these viruses, Five
representative viruses were selected for the determination of their infectivity
for human and other primatefqeil cultures, One virus had been isolated frdm
liquid p;g,maﬁure, one from sufface»soil, two from samples of surface run-off
and one from surface water, Two human cell lines, HeLa and WI-38, primary monkey
kidney éells‘and the BS<C monkey kidney ¢ell line were used, Each'virus was ’
passaged three times in each‘culture, which was examined microscopically for
the présence.of cytopathic effects, and the harvest from each passage was
titrated ﬁquinfectivity in pig kidney cell cultures,

| in‘studies elsewhere {Maiherbe et al., 1967) liquid wastes from a large

municipal abattoir were examined for the presence of viruses on monkey, calf and

lamb cell cultures, ‘Enterovituses, adenovirusesvand reoviruses wére‘isolated,

mainly from inﬁestinal-washings of cattle and sheep. In the present study,
arfangements were made with the Kitchener (Ontario) Water Pollution Control
Centre for the collection of samples of raw sewage and sewage effluent for the
attempted isqlation of bovine or pércine viruses. This sewage plant was selected
because it reqeives'sewage from six abattoirs in the Kitchener area where cattle
#nd swine are routinely slaughtered, in order to determineﬂwhe;her'such seyage

contained detectable viruses of these species, Thirteen samples of raw sSewage




and fhe samé number -of séwage effiuenfs were éollected, concentrated by talec-+
celite adsorption and passagéa.twice in pig kidney éndvbovine kidney cell cultures,
Serum was COllécted from'thé two ‘technieians Whéihave assisted in the research
- during thé period‘1973;1976, and thesg samples were teSted for virus neutralizing
antibodies ggaihst representative swine enteroviruses which had been isolated
during the ;ourse qf*these studies, Thé viruses used‘in these tests were the

same as those which were passaged in the human and monkey ¢ell cultures,




MATERIALS AND METHODS

Stability of Viruses in Liquid Manure and in Water under Simulated Field Conditions

Viruses. The viruses used were (a) the T80 strain of porciné‘enterovirUS type 2
(Betts, 1960), (b) the 6615 strain of porcine adenovirus type 3 (Clarke et al.,
1967), and (c) a bovine enterovirus isoiated by the agthor from surface run-off
from a calf rearing 0peratioh in the course of another research project. The
swine viruses were cultivated and aéSayed in primary pig kidney cell cultures,

and embryonic bovine kidney cell cultures were ﬁsed for the boviﬁe enterovirus,
Field sites. Threé sites were used for these tests, They were (a) a small
stream on the Elora Research Station of the University of Guelph, utilized for

the study of the stability of each of the above viruses in surface water, (b)

a cattle liéuid manure tank at the Elora Research Station, which receives effluent
from a dairy operation, u;ed for the study of the stability of the bovine entero-
virus in manure; and (c) a swine liquid manure tank, at the Arkeli Research Statioﬁ
at the University of GUelph, which receives effluent from a swiné,fattening house,

used for the study of both of the porcine viruses in manure,

Stability test procedure. -The method usediwas based on that described by Herrmann
et al, (1974) in their work on the persistence of human enteroviruses in lake
water, Water and liquid manure were collected from the sites described abové,

and seeded with appropriate dilutions of the virus under test. The seeded water
or liquid manure was then distributed in aliquots of 10 ml, inté,é series of
diaiyéis tubes for $tudy under simulated fieid conditions, and into vials for
comparatiQe laboratory tests., The dialysis tubés were attached, for protection,

to small animal cages, which were then submerged beneath the surface of the stream .

or in the appropriate liquid manure tank, The vials were held in the laboratory
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at room temperature, Immediately after seeding, and at intervals thereafter,
seeded samples of water and liquid manure were éollected, chlorofprm treated
by the method of Feldman and Wang (1961) to control bacter1a1 contaminatien,

'and then titrated by infectivity assay in the appr0pr1ate cell culture system,

Effect of Aeret;onrgf,Liquid Maiure on Vitel_lnfectivity(

| In these experiments, potCine enteroVirus type 2, porcine adenovirus type
3 and bovine enterovirus were used, The porcine viruses were seeded in liquid
swine manure from the Arkell Research Statlon and the bovine enterovirus was
seeded in 11quid cattle manure from the Elora Research Statlon.’ In one experiment,
a porcine enterovirus was studied in aerated dlstllled water and in autoclaved
- liquid pig manure in another experiment, The procedure followed with all samples
was as foilOws...The liquid Sample under,investigatidn was seeded with an
‘approprlate dilution of the virus under test, and then d1v1ded 1nto two a11quots
'of 1 4 litres whlch were. placed in Ehrlenmeyer flasks, The contents of one

flask were magnetlcally stlrred and contlnuously aerated by means of the laboratory
compressed air supply, at room temperature, whlle the second flask was neither
ﬂstlrred nor aerated, Dow Corning Antifqam A was added‘as'reQuired‘in order_to
prevent foaming, Immediately after seeding; and at twice weekly intervals
thereafter, the flasks were sampled, and the samples were titrated for viral
1nfect1vity in either pig kidney or embryonlc bovine kldney cell cultures, after
chloroform treatment to control bacter1a1 contamlnation

Celg%ym Hydroxlde-Treetgent of Liquid Mengre

The procedures used were based on those described by Sattar‘and Westwood (1974) .
‘Liquid ‘swine manure was seeded with porcine enterovirus type 2 or bOV1ne adenovirus

type 3; and 11qu1d cattle manure was seed with bov1ne enterovirus. One litre volumes

of the liquid manure were seeded‘with A suitable dilutibn of-the appropriate virus,
N 5 ! N -




and 1mmed1ate1y after- Seeding a sample was collected for v1ra1 1niectLV1ty assay.

: The seeded manure was continuously stirred while a slurry'of lime (ca1c1um

hydroxide) was added to increase the pH to 11.5,_after_whi8h stirring was continued
for a further 15 minutes, 'The.manure waS‘then transferred to an Imhoff cone and
the sludge allowed to-settle° Settling periods of 1 3 and 24 hours were employed

for each virus, At the end of the settling period a sample of the relatively

clear supernatant was collected the pH adJusted to 1.2 with N. HC1l, and retained

‘for infectivity assay, The pH of the sludge was adJusted to 7,2, and the sludge‘
was centrifuged at 1500 g for 30 min, The dep051t was resusPended in 20 ml of
107 foetal calf serum in_saiine and stirred for 15<min9 The suspension was again
oentrifnged,-end.a’sample_gﬁ the shperhétant was ¢ollected for infectivity assay,
Esch.of thevsemples wés chloroform-treatedvto,destroy'heeterial eontaminants,

and titrated for infectivity in the appropriate cell cultures,

‘Infectivity of Viruses Isolated from Farm Waste and Water for Human and Other

Primate Cell Cultufes '

Viruses. Five viruses isolated in the course of preV1ous studies (Derbyshire 1975)

from 11qu1d plg manure, SOll or water wvere des1gnated as follows-

PM - 1solated from 11qu1d pig manure
s - 1solated from surface 3011 on which 11qu1d plg manure had been ‘spread
RO#l and R0#2 - 1solated from surface run-off from agricultura] land on which
. 1;qu1d‘pig mannre.had'been Spread | |
SWo - isoleted from a samnle.of‘snrfaceWater coilected on a farm>on which
11iquid pig menure was routinely snread on the land, |
All of the above had been prev10usly 1dent1f1ed as swine enterov1ruses and a

stock of each was prepared and titrated for 1nfect1v1ty in pig kidney cell cultures




Ce11>Cu1tu:e§,_ - Four cellvtjpes‘wére‘used. Cultures of W1r38 and‘primary

imonkey kidﬁey.cells were obtained from COnnaugHt Laboratories Limitéd, Willowdale,
Ontario, The Hela and BS-C;l-éelllines'had been maintained in the aﬁthor's laboratory
for several years. The cells were cultivated in Eagle's mipimal essential ﬁedium
supplemented with foetal calf serum,

Procedure, Each stock swine enterovirus was inoculated in 0,1 ml volumes into

‘4 tubes of each of the above cell cultures, The‘inoculate& cultures were éxamined

daily for cytopathic effects (CPE), and frozen at BZOOC' when CPE wés complete;
or after incubation for 7 dayé. After freeziﬁg, the contents of the tubes were
thawed, titrated for infectivity“in_pig kidnejvcellg, and aﬁbjeqte@ to a further
paésage in.fdur more tubes of.ﬁhe‘appropriate cell culture,  Tbése steps were
repeated a second time to give a.total of fhree passages of each virus in'each
cell culture, with infectivity titrations on each harvest, and daily microscopical

examination for CPE thrOughbut each passage.

Exgminagioqrof Sewage and Sewage Effluents for Bovine and Porcine Viruses

Thirteen samples of raw sewage and 13 samples of sewage effluent~ﬁere
collected from>ghe Kitchener Water Pollution:Cdntrol Centre at the rate of two
samples of each per week. Each sample consiéted’of a volume of 20 litres,.andv
eaéh was concentrated by the talc-celite,adSOrptién methbd,developed by Westwood
and Sattar (1974), The procedure followed was exactly as described previously
(Derbyshire,‘1975) and inc¢luded furthér.concentratibn of the eluate from talc-~’
celite adsorption by hydroextraction at 4°C with polyvinyl pyrrolidone, to a
volume of 5 mlf The volume which pasééd through the'ta1c~celite layer varied
from 5 to 10.1itres of raw sewage, and from 8 to 20 litres of séwage effluent,

Each final concentrate was chloroform treated to control bacterial contamination,




éﬁd inoculated onto moﬁoléyer ;eli cultures-of primary pig‘kidney:ahd embryonic
bovine kidneyICells. After incubation of theSeAcultures for 7 days, a second a
passage was made in the same cgll type. Theiinoéulated cuitures were examined
daily for the deve10pment.bf CPE. |

Virus Neutralizing Antibody Tests on Sera.frpm Techq@c;anstngaged in the Project

Serum samples were‘éollected from the tiwo technicians who assisted in this
projéct, froﬁ Mr, Earl Brown in April 1975, and from Misé-?étricia Roche in
Harch 1976.. The sera ﬁere titrated for neutralizing antibodies against the
five swine enteroviruses which had been'isolatéd from liquid pig manure, soil

or water, and which were described above, The procedure used in the virus

neutralizéticn tests was described by Derbyshire and Jessett (1968).




@ o EXPERIMENTAL PHASE AND DISCUSSION -

Stability of Viruses in L1qu1d Manure and in Water under. Slmulated Field Conditions

Porcine enterovxrus type 2 The results obtained w1th this virus are given in

Table 1. Viral infectivity_in water was lost'moreyrapidly under simulated field

conditions than in the labbratory; The teSts on the seeded liquid manute’under

|  simulated field conditiOns had to be discontinued after 10 days due to the
dlslntegration of the d1a1ys1s tubes in this experlment and also in a rep11cate
experiment, However, the data obtalned up to 10 days indicated more rapid viral

- ‘1nact1vat10n in the laboratory than in the manure tank It was also apparent
that this virus was inactivated more'rapidly in water than in liquid manure,

Porcine adenovirus type 3. As shown in Table 2, the observations on this virus

were restricte& to a period of 9 days after Seedin° because of the problem of
dlslntegratlon of the d1a1y31s tibes in 11qu1d pig manure deseribed above, As
with the porcine enterovirus, rlnactlvatlcn occurred more'rapidly'in Water'than
in liquid,mahure,\pafticularly in the water samples tested under simulated field
conditions. In liquid manufe‘there\was little difference in the inactivation

rate under field or laboratory conditions during the period of the experiment,

Bovine enterovirus, No‘disintegratidn of the dialyéis tubes occurred in.iiquid
cattle manure, and the resulte'obtained with this.éirus are given in Table 3.
The virus was consistently more stable under‘Simulatedhfield conditions than in
the.labotatory,.in_both water and 1iquid'ﬁanure.‘ This observation contrasted
with the findings reported above for the tworswine virnses, and the boVine
enterovirus was more stable in the water environment than the latter viruses,

This greater stability may relate to the source of .the bovine enterbvirus, which




- TABLE 1. THE INACTIVATION OF PORCINE ENTEROVIRUS TYPE 2 IN WATER AND IN LIQUI,D
‘ MANURE UNDER SIMULATED FIELD CONDITIONS AND IN THE LZ}BORATQRY'

Percent Loss of Viral Infectivity

Titre at
Sample a4 0 Day 3 .7 10 14 21
' Log TCIDSO/ml Days After Seeding

Seeded Water

Field tests 4.5 99.997 299.999% 299,999 299.999 299.999

Laboratory tests 4.5 69.4  96.9 99.997 299.999 299.999
Seeded Manure

Field tests 6.25 44.0  96.9 99.0  NT**  NT

Laboratory tests | 6.25 68.5  99.0 99.05 >99.999 >99.999

* 99,999 - viral infectivity not detected.

** NT - Not tested.
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TABLE 2. THE INACTIVATION  OF PORCINE ADENOVIRUS TYPE 3 IN WATER AND IN LIQUID
MANURE UNDER SIMULATED FIELD CONDITIONS AND IN THE -LABORATORY

Percent Loss of Viral Infectivity

: Titre at .
Sample , 0 Day 1 - . 2 . 3 . 6 9
‘ Log TCIDgy/ml ' Days After Seeding
Seeded Water
" Field tests - ' : 3.5 299.9% >99.9 $99.9 399.9  299.9
Laboratory tests . 3.5 © 99,1  99.7 - >99.9 >99.9 >99.9
Seeded Manure
Field tests 4.0 0.0 44.0 ' 87.0 90.0 94.4
Laboratory tests - 4.0 0.0 0.0 44.0  68.4  90.0

* 99,9 ~ Viral infectivity‘not deﬁected,
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TABLE 3. THE INACTIVATION OF A BOVINE ENTEROVIRUS IN WATER AND IN LIQUID

MANURE UNDER SIMULATED FIELD CONDITIONS AND IN THE LABORATORY _

Titre at

Percent Loss of Viral Infectivity

Sample 0 Day 3 7 10 14 17 22
: Log TCIDSO/ml Days after Farrowing
Seeded Water
Field tests : 4.5 0.0 68.4  68.4 43.7  90.0  94.4
Laboratory tests 4.5 68.4  94.4  99.7  .99,910 99.97 99.99
Seeded Manure
Field tests . . 4.0 44.0  68.4  68.4  90.0  90.0  99.4
Laboratory tests 4.0 90.0 94:4  96.9 ° 99.90 99.95 299.99*%

% 99,99 - Viral infectivity not detected.
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was isolated from a sample of run-off water, while the swine viruses were
originally isolated directly from infected animals and had subsequently been
passaged a number of times in the laboratory., The bovine enterovirus may

represent a selected clone of high environmental resistance,

Effect of Aeration of Liquid Manure on Viral Infectivity

Porcine enterovirus type 2. The results obtained with this virus are given

in Table 4. Inactivation in the aerated manure was complete in 10 days, but

- not until 24 ‘days in the non-aerated manure, The rate of inactivation was

clearly greater in the aerated manure, These findings confirmed and extended

‘the qualitative observations reported préviously.for this virus,

Porcine adenovirus type 3. Inactivation of porcine ademovirus type 3 was much

more rapid in aerated than in non-aerated waste (Table 5), and occurred somewhat
more rapidly than for the swine enterovirus described above,

Bovine,ehtgrqvitus. The results obtained for the inactivation of a bovine

enterovirus in liquid cattle manure are given in Table 6. Infectivity titres
were consistently lower in the aerated manure than in the non-éerated samples,
but the differences were relatively small;, and the grgater inactivation rate

in agerated manure was.less clearly defined than for the swine viruses in liquid
pig manure,

Mechanism of inactivation_.in aerated samples, This was investigated in two

experiments. In the first experiment, porcine enterovirus type 2 was seeded
into sterile distilled water in place of liquid pig manure, One seeded sample
was aerated as for liquid manure, while the second sample was not aerated, The

results are given in Table 7, It will be seen that in contrast to the results
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TABLE 4. THE INACTIVATION OF PORCINE ENTEROVIRUS TYPE 2 IN AERATED AND
NON=AERATED LIQUID PIG MANURE

Percent Loss of Viral Infectivity

Titre at

Liquid Maniire 0 Day 3 7 10 = 13 17 21 24
Log TCIDSO/ml ' Days After Seeding

Aeratéd | 3.5 97.9 . 99.7  299.9% 299.9 299.9  299.9 299.9

Not aerated - 3.0 82.2 68.4 = 90.0  98.2  99.0  99.5 299.9

* 99.9 - Viral infectivity not detected.
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TABLE 5. THE INACTIVATION OF PORCINE ADENOVIRUS TYPE 3 IN AERATED AND
NON AERATED PIG MANURE '

Liguid Manure -

Titre at
0 Day
Log,TCIpso/ml

Percent Loss of Viral Infectivity

3 6 10 13 17 20
Days After Seeding

RAerated

3.7 99,78 299.9%* 299.9 299.9 299.9 299.9
Not aerated 4.0 68.4 68.4 82.0 82.0 99.8 299,99
* 99.9 - Viral infectivity not detected.
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TABLE 6. THE INACTIVATION OF A BOVINE

NON-AERATED LIQUID CATTLE

ENTEROVIRUS IN AERATED AND

Percent Loss of Viral Infectivity

, Titre at v T )
Liquid Manure 0 Day 1 3 7 11 15 18 21
Log TCIDso/ml Days After Seeding :
Aerated 3.5 68.4 90.0 99.8  99.0 99.7 399.9% 399.9
Not aerated - 3.5 -56.0*%* gg.4 94.4 97.9  99.0 99.8 299.9

* 99.9 - Viral infectivity not detected.

k¥

- Viral infectivity due to density variations

_to be 156% of original inoculum.
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TABLE 7. THE INACTIVATION OF PORCINE ENTEROVIRUS TYPE 2 IN AERATED
AND NON-DISTILLED WATER

- Percent Loés of Viral Infectivity
Titre at o

Liquid Manure 0 Day 1 4 7 11 14 19 21 25
Log:TCIDSO/ml . Days After Seeding

Aerated 4.25 45.0 45.0 68.9 68.9 82.5 82.5 94.5 . 98.3

Non aerated 3.75 82.2 ©90.0 94.4 96.8 - 94.4 = 98.3 99.7 99.9
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obtained with liquid‘manure, viral inactivation did not occur more rapidly in

the aerated water than in non-aerated water - in fact, inactivation proceeded
.somewhat more rapidly in the non-aerated sample, The inactivation rate of

the porcine enterovirus was lower in distilled water than in river water as
determined in earlier experiments described above, lThis latter finding
corresponded to similar observations made.by Herrmann et al, (1974) who showed

that tﬁo human enteroviruses were inactivated more rapidly in a lake than in
sterile lake water, In the second experiment, the rate of inactivation of
porcine enterovirus type 2 was studied in liquid pig manure which was autociaved
before it was seeded with the virus (Table 8).« There was no significant difference
between the infectivity titres observed in the aerated and non-aerated manure.
Inactlvatlon proceeded more slowly than in raw manure as deLermlned in earlier
experiments, These findings suggested that the rapid inactivation of the enterovirus in
aerated raw, pig manure is not due to a dlrect effect of the. anneased oxygen
tension, but is more likely associated with microbial degradation of the viral
capsids by microbial species whose growth is favoured by the aerobic eonditiOhs

produced by aeration of the manure,

Celcium,Hydroxide Treatment of_Liquid Manure

Porcine enterovirus type 2. The results obtained are shown in Table 9. No
infectivity was detected in any of the supernatants, or in the eluted sludge

after settling for 3 or 24 hours,

Porcine adenovirus type 3, As will be seen in Table 10, this virus was

-inactivated less rapidly by lime treatment, than the swine enterovirus in liquid

Pig manure, as infectivity was readily detected in both supernatant and eluted

18
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TABLE 8. THE INACTIVATION OF PORCINE ENTEROVIRUS TYPE 2 IN AUTOCLAVED
‘ AI‘RA'I‘I‘D AND NON—AERATED LIQUID PIG MANURE

Percent Loss of Viral Infectivity:

Autoclaved - Titre at . _ o ’
Pig 0 Day 1 4 7 11 14 19 21
Manure Log TCIﬁSO/ml . Days After Seeding
Aerated = 4.0 44,0 0.0 68.4  90.0 94.4  96.9 = 99.5
'Not aerated 3.5 0.0  77.0* 43.1 = 0.0 68.4  90.0  99.0
Viral infectivity due to density variations was found

~to be 176% of original inoculum:
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TABLE 9. ' THE INACTIVATION OF PORCINE ENTEROVIRUS TYPE 2 by
CALCIUM HYDROXIDE TREATMENT OF LIQUID PIG MANURE

Infectivity Titres (Log TCID50

Settling Time

per ml)

(Hours) Seeded Manure = Supernatant Eluted Sludge
1 - 4.25 ' - o* 2.5
3 , 4.5 ' ' .0 0
24 | a4 - 0 0
-5

. * 0 - Viral infectivity,hotldetected.
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TABLE 10. THE INACTIVATION OF PORCINE ADENOVIRUS TYPE 3 BY CALCIUM
: HYDROXIDE TREATMENT OF LIQUID PIG MANURE —

Infectivity Titres (Log 'I‘CID,___.).0 per mi)
Settling Time : - L : »
(Hours) Seeded Manure. Supernatant Eluted Sludge
1 4.25 . 4.0 .. 3.25
3 4.0 3.25 2.75

24 | 4.25 o 0

* 0 - Viral infectivity not detected.
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sludge after settling for 3 hours, but no virus was detected ‘after a 24 hour

settling period,

‘Bovlne cnterovirus, This virus when seeded into liquid cattle manure‘wes

inactivated very raﬁidly et h;gh pH, since infectivity was not deteeted in.
eupernatant or eluted sludge samples after a seﬁtling period as short as 1
hour (Table 11). |

The results obtained ie theSe experiments suggest thaﬁ lime treatment
of liquid animal manure:might-prove_to be an effective method for the removal
ane inactivation of viruses, and they correspond with the findings of Sattar
and Westwood (1974) .with polioviree in domestic sewege, - The application ef
the procedure ﬁo liquid animal manure under field conditiens wouidzreqqire‘

-attention from the engineering aspect at this stage.

- Infectivity of Viruses from'Farm‘Westerand,Water for Himan and Other Primate

.Cell»qutugeg

The results of fhe iﬁfectivity titrations on the passages of cach of
-the five viruses 1solated from 11qu1d manure, soil or water, in Bs-C-1, Hela,
WI 38 and monkey kldney cell cultures are given in Table 12 and 13, Cytopathic
effects were produced only by virus strain PM, isolated from liquid pig manure,
in BS-C and monkey kidney cells, and this.Was the only virus for which there
'.wes evidence of replieatiOn in any of the four cell types, The multiplieation
of some swine enterov1ruses in monkey kldney cells was recognised by Hancock
et al. (1959), Bohl et a1 (1960) and by Moscov1c1 eL al, (1959), Attempts to
cultivate the same viruses in hqman.cells have been uniformly unsuccessful

(Moscovici et al., 1959; Bohl et al., 1960; Kalter, 1960), and theée findings
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TABLE 11. THE INACTIVATION OF A BOVINE ENTEROVIRUS BY CALCIUM HYDROXIDE
. : TREATMENT OF LIQUID CATTLE MANURE

Infectivity Titres (Log TCIDSO per mlj

Settline time

(Hours) Seeded Manure Supernatant Eluted Sludge
1 3.0 o* 0.
3 3.0 0 ' 0
24 2.75 0 0

* 0 - Viral infecétivity not detected.
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TABLE 12. PASSAGE OF FIVE PORCINE ENTEROVIRUSES ISOLATED FROM LIQUID
MANURE, SOIL OR WATER, IN BS-C-1 AND HeLa CELL CULTURES

Infectivity Titres in Pig Kidney Cell Cultures (Log TCID50 per ml)

Passages in BS-C-1 Cells Passages in HeLa Cells

Virus Strain Stock Virus 1 2 3 1 2 3
PM . 6.5 . 7.0 6.75*% 7.0% 3.5 0 0

s 4.5 1.25 O** 0 2.75 0 0
RO#1 - 8.25 6.0 3.0 1.25 5.75 2.75 0
RO¥2 6.0 5.0  2.5° o 4.0 1.5 - 0

SW 7.75 5.5 ‘ 2.75 0 5.5 2.5 0

* Cytopathic effects seen in these cells.

*% 0 - Viral_infeétivity not detected.
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TABLE 13.

PASSAGE OF FIVE PORCINE ENTEROVIRUSES ISOLATED FROM LIQUID MANURE ’

SOIL OR WATER, IN PRIMARY MONKEY KIDNEY (MK) AND WI-38 _QELL CULTURES

Infectivity Titres in Pig Kidney Cell Cultures (Log TCIDSd per ml)

Passages in MK Cells 'Passages in WI-38 Cells

Virus Strain Stock Virus 1 2 3 1 2 -3
M 5.5 3.5 6.5% . 5.25% 2.25 1.75 0
s 4.5 1.75  o** 0 1.75 0 0
RO#L 7.75 5.5 3.5  3.25 3.75 2.25 1.75
RO#2 5.5 3.5 2.5 o 2.25 1.75 0
SW 7.25 4.5, 45 25 4.5 . 2.75  1.75

* Cytopathic effects seen in these cells.

** 0 - Viral infectivity not detected.

25




are confirmed by the ptesent study. It seems unlikely that these particular
viruses, which have been identified as environmental pollutants, could set up

infections in man,

Examination of Sewage and Sewage Effluents for Bovine and Porcine Viruses

No cytopathic effects were seen in either the bovine or porcine cell cultures
in which concentrated sewage and sewage effluegts were passaged. ThisAfinding
suggests that there was at least no high level of contamination of these samples
with bovine or porcine viruses of abattoir origin, Two factors probably contribute
.to this situation., In modern abattoir practice, highly contaminated materials
Vould be sterilized before discharge into the sewagé System; and the degree of

dilution of such contamina:ed materials in a large municipal system would be high,

The virus neutralization tests on each of the two sera agajnst the five
porcine enﬁeroviruses which were used all yielded negafive results, This iinding
suggests that exposure of the technicians to these viruses during the course of
their duties. in the laboratory failed to result in,infection, and it corresponds
to ths observation recorded above that the same‘vifuses failed to replicate in

sell cultures of human originm,
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