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This investigation was underfzlen to isolate and
characterise a number of viruvses from diariaceic cabiles
25 a preliminary step in the systemabic investigation of viruses
as possible causcs of diarrhoea in casile, and more particulariy
calves. A further and important aim was to gain further expsri-

ence in a numser of virological pracedures.

Using 3 passages of inocula in each of secondary fceetal

9]

boviae kidney and lung cells, and monkey kidney {(Vere) cells, 7

viruses were isolated from 56 leeces, 2 intestinal samples, and 1
spleen, all from scouring animals. Five of the isolates were

feurd to produce a repid and complete cyvopathic effect in a variety
of cell cultures, and their biologicul and physiccchemical propertiss
were subsegquently studisd in some dspth, One of Lhese isolates was
also studied with the imaunolfliuocrescont technigue, and its buoyant

dient, These

density was determined in a caesium chloride gr

'_1

isolates were concluded to be bovine enteroviruses, od waere Tound
in further studiss tc be separable into 2 Lypes oa ihe basis c¢f
cross-neutralisction tests, fluorescent antibody tests, arxd behaviour

in the presence of law concentrations of hydroxybenzyl benzimidaszole,

i3

hese 2 serotynes on furtheyr cross-noubraliisation tests were found to

be serologically distinct from the 7 U.S. standard sazrotypes what

were availsble

Another ol ithe isolates wus found to cause a slow growing

Fal

relatively nonprogressive type of

5

cytopathile 2ffect in only Vero

ells, and was consequently harder to study. Oa the basis of limited

O

udi * this isolate, it was concluded to be prehably a memter of
the dinlormsavirus groep, vossibly having some affinity with the “"reo-
like" viruses, Further more precise studies wilil be needed to cont'irme

or refute this relationship,
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The remaining virus, which was isolated from the spleen,

. . . . . - - . A\ .
was identified as being bovine viral diarrhoea (BVD) viius on the
basis of its cytopathic efrect and neubtzalisation by standard BVD

antiserum,

A limitea survegy for neutralising antilbodies tc
inflectious bovine rhinotracheitis and BYD viruses, and hacmgglut-
inating-inhibiting antibodies tc paraint'iuenza 3 virus and reoviruses
1, 2, and 3 was undertaken. It showed that aantibody to all the

viruses was present in a consideralle proportion of the North Island

cattle population,

This work can only be regarded &s o preliminary study, as
it is probable on the basis of cverseas work that a number of other
viruses remain 1o bhe isnlated fromn diarrhceie cattle fasces, It is

hopad te continue this investigation and to eventually estanlish a

better understanding of the relationships 211 virases and bovine

gastrointestinal disease, and more pariicularly fo estubiist
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possible economic significance,
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GENERAL INTRODUCTION,

One important aim of lhis study was to gain further
experience in a number of virological procedures, Censequently,
a considerable range of techniques was utilised in ovrder to

achieve this objective,

In recent years, a considerahle number of newly
discovered viruses have been incriminatad overseas as causes of
disease in livestock, particularly in reference to the gastro-
intestinal tract. In New Zealand, past lack of virological
facilities and trained personnel nas resulted in little progress
being made in the systematic investigation of diseases of possible
viral aetiology. Hence, other important objectives of this study
were to investigate the role of viruses in causing gastrointest-
inal disease in New Zecaland cattle, aad also the prevalence o
number of viral agents in a representative sample of these

animals,

Whilst most of the thesis is concerned with the isolation
and characterisation of a number of wviruses isolated from diarrhoeic
cattle faeces, this snould only be regarded es a preliminary invest-
igation., Considerable further work will be rs=duired to jisolate and
characterise a number of other viruses which are probably present
in New Zealand, and more particularly to establish their econcmic

signifiicance to the livestock industry.



LITERATURE REVIEW

A considevrable number of viruses have been associated with
gastrointestinal disease syndromes in calves =nd adult cattle. These

include bovine viral diarrhcea (BVD) virus, infectious bovine rhino-

tracheitis (IBR) virus, reoviruses, "reo-like" viruses, adenoviruses,
coronaviruses, parvoviruses, enteroviruses, and also rindsrpest and

foot and mouth disease viruses, It is not intended to comment on the
last 2 viruses, as it is considered they are teyond the scope of this
revicw, wnich is restricted to those agents thought likely to be en-
demic in New Zealand cattle and which have not been subjected to any

detaiied local investigations relative to enteric diseas=e,

The literature on BVD viral inf'ecticns is voluminous, and
has been adequately reviewed ty Pritchard (1353), hence a further
general review will nobt be attempbed here. In New Zeaiand, ths virus
was first igolated by Jolly et al., (1367), and has since baen isolabeld
on a nunber of occasions from calves and adulil cattle with diarihoes

or ulcerative disease of the gastrointestinal tract (Durnam,

unpublished data)., Serologically, the virus appears widespread in
New Zealand, with neutralising titres boiag reported in 173

-

cattle (Fastisr and Hansen, 1965), 66% of 60 cattle (Robiason, 1971)
and 34% of 922 cattle diazgnostic seca (Durhem and Poroes-Faulkner,
1975). The clinical discase has been desecribed in local adult
cattle by Salisbury et al., (1961) and Hovner and Buddic (1970), bub

to date there have been no reports of the virus alrecting neonatal

calves,

The literature on IBR virus is &also extensive, and mostly
relates te diseases of systems other than the alimentary tract. It
has been reviewed by hcKercher (1959), and more recently with
particular reference to bovine abortion, by Durnam (1574). A few
reports however do incriminate the virus as a cauze of enteric

[

discase. Diarrhoea was reported to occasionelly.occur in-cattle. with
n (1955), and Miller (1355),.

IBR infection by Chow et al., (1355), Jense

Necrotic lesions have been found Lo ozcur in the moulh, ossophagus and-



forestomachs of* IBR infected caives by Baker et al., (1960) and
Thomson and Szvan (1963). More recently, Gratzek (1966) isolated

both IBR and BVP viruses from a calfl with clinical evidence of BVD
infection, and found that the IBR virus isolate was capable of

inducing diarrhoea upon intravenous inoculabion into 6 to 8 month

0ld calves. Chennekatu (1966), werking with the same IBR virus
isolate, also found it to induce diarrhoea experimentally in calves,
and on autopsy found ulcers in tne abomasum and rwazn. and a

catarrhal enteritis, Microscopically, focal necrosis and inflemmation
was found to be widespread in the gastrointes®tinal tract, lymphoid
tissues, adrenal glands, and to a lesser degree, the lung. Virus

was also shown to be replicating in these tissues. Tncere has only
been a single report of IBR virus being isolated f'rua fazces (Crandell,
197L), and this was no%t associated with enteric diseazse. FEowever,
survival of the virus in faeces is probably limited by the actlon of
bile salts oa the viral envelope, as this haz been shomm to b=
sensitive to the action of sodium deoxycholake (Durhaiz, unpublished

data).

Though IBR virus has been isolaved from Nzw Zealand cattle
on a number of occasions (Webster and Manktelow, 1959; Mankhelcew and
Hansen, 1961; Fastier and Smith, 1962; Durham, unpublished data), it

_has no*t yet been locally associated with gastrointestinal discase.

Reovirus infections of cattie have been brizfly reviewad
by Lamont (1968), who commented on the difficulities expverienced in
isolating the virus, dve to the rather indistinct and nonprogressive
nature of the cytopathic effect produced in cell culture systems. The
report by Wallis et al., (1966) that pancreatin treziment of recviruses
enhances viral yields and plaque formation may howsver assist in
isolation procedures. All marmmalian reoviruses isolated to date have
been shown to possess haemagglutinins (Eggers et al., 1962; Lerner
et al., 1963; Kurogi gt _al., 1974), and this has proved to be a very

useful. tool in studies on thess agents. Reovirus strains all poszess

a common complement-fixing antigen (Salin, 1959), 3 basic serciypes



being described by Rosen (1950), using the haemaggiubination-

inhibition test.

The relationship of reoviruses to enteric disease is still
vague, though some involvement in respiratory diseace syndromes

f all

N

appears to be widely accepted., Reoviruses

O

main serotypes
have also been isolated from the faeces of cattle (Rosen and
Abinanti, 1960; kosen et al., 1963), However, these isolates were
not associated with enteric diseass. Trainor et al., (1966) found
that inoculation of reovirus ! into calves by the respiratory route
induced a mild respiracory disease syndrome only, More recently,
Kurogi et al., (1974) isolated 2 new serotypes of reoviruses in
Japan, 1 cf these veing Trom the facces cof calves showing diarrhoea,
However, the pathological signifiicance of these isolates is yet to

be established.

A number of strains of adecnoviruces nave been isolated
from cattle, using a variety of types of cell cultures and rejuiring
from 1 up to ssveral passages before cytopathic efrect was evident

(Cole, 1970; Mohanty, 197i). Though the majority of bovine adeno-

virus serotypes have been associated with resgiratory disease

(Mohanty, 1971), a numbzer of reports also incriminate adunovirusss
as causes of pneumoenteric diseasce. Thus adsnovirus serotypes 4 and

5 have been isolated from calves with pneumoenteric disease in
Hungary (Bartha and Aldasy, 1966) and were belisved by Bartha (1947)
to be a major cause of the aisease syndrome., An adenovirus was also
isolsted from a bull with pyrexia and scft fasces by Tanaka et ai.,
(1966), and was shown by the same authors to induce a similar

syndrome in calves experimentally. This isclate was subsequently
identified as serotype L by Matumoto et al., (1969). Arother strain
was isolated frem a cow with pneumoenteric discase bty Inaba et al.,
(1968), this being identified as serotype 7 by Matumeto ct el., (1970).
Adenovirus serotype 3 was ccnsistently isolated over a number of years
from 1 to /4 week old calves at a property in the G.S.A. by Mattson
(1977a and b), where it was associated. with respiratory and enteric

disease, This author showed that the disease was reproducible in
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calves incculated with the virus by a number of rou*es. Adenovirus-
like particles wers also demonstrated by Bulmer et al.,, (1975) in the
intestinal epithelium of scouriag calives. In the U.X.,, Darbyshire

et al., (1965) has also dzscribed the production of diarrhoea in
calves incculated expsrimentally with serotype 3, In New Zealand,
therz have as yel beea no repgorbts of adcnoviruses being Lsolated frowm

cattle.

A haemadsorbing virus was first isolated from the gastro-
intestinal tract of calves by Abinanti and Warfiesld (1961),
termed it a haemedsorbing enteric (HAD®I) virus, as it haemadsorbed
guinea pig erythrocyles onto infected bovine embrycnic kidney cell
culturaes, A nunmber of the physicochemical propertics of the virus
were reported by Abinanti and Warflie 961) end these were confirmed

L J
5 \ 4. 9 K
and extended by Spahn st 21., (1966a)and Bachman {127i). Though the

virus was thought to behave like a RVA virus by Spalm ey

who classified it as an enterovirus, this was not corrdou“zted by
Storz and Warren, (1973) and Baclmnan (1971), who cencluded that 3t

was a DNA virus and clessified it es bovine parvovirus 1. The virus
was shown to be serolegically unreiated to parvoviruses of cther
species of animals by Bachman (1971) und Stors et al., {(1372).
Parvovirus inf'ections of calves have been well reviewed by Storz and

Bates (1373).

Isolates of bovine parvoviruses have alzo besu reported
from Japan by Inaba et 1.,(1973) who cited further isoiates by
Tage ot al., (unpublished dat a) and Sugimara et al,, {unpublished
data). These isoiates were found to pessess simiizr physicochemical
properties tc bovine parvovirus 1, and weres all sercloglcally similar
to this strain, except for that isolated by Yago et al., (unpublished

data), which appzarzd to be cf a different sasroiype.

Though foetal bovine kidney cells have veen used to isolate
bovine parvoviruses by most workers, it was found by Bates et al..

(1972) +that foetal bovine lung ceils wers more sensitive for isolation



purposes, The virus - 1s found to cause rounding-up of cells with
the formation of intraruclear inclusions, reculting in the eventual
destruction of the entire cz11l sheet, and aiso eappears to have a

P
selective affinity for actively dividing cells {Stcrz and Warren,

1970).

Serologically, the virus aprears to te widespread in the
cattle population of the U.S5.A., with significant haemagglutinatior-
inhibiting antibody titres to the virus heiang reported in 8€% of the
cattle porulation by Abinanti and Warfield (196%1), £3% by Spann et
al., (1966b)and 65% by Storz et_al., (1972). Antibody has also been

demonstrated in foetal bovine serum by the lattesr authors,

The relationship of the virus to bovine disease has not been
fully investigated. Though most iszclates have been chteined from
calves with enteric disease (Bates et al., 1972; lIncba

Yago et al., unpublished data) the isclate obtained by Sugimura et al.,

(unpublished data) vas Trom an aborted bovine foetus., Bxperimentally,
Spahn et _al., (1966t Yfound that incoculation of the virus inko 2 4o

8 month old calves per os reculted in the rroduction of
whilst virus given intramsally induced both dlarrhoes and milad
respiratory disease., Virus was isolated from facces after incoulation
by both roules and from naszl swabs of *the intrenssally inoculaved
calves., All calves showed. a serclogical response to the infection,

as measvred by the haemagglutination-inhibition end serum neutralis-
ation tests, though titres were higher irn the intranasaily inoculated
group, Parvoviruses have not yet been isolated from cattlie in New

Zealand.

A coronavirus-like agent was first demonstrated in calf

fasces by electron micrescopy during experiments with "reo-like"

viruses, and was subscguencly found to be present in

cu

iarrhocic faeces
from several cattle herds (Ncbus et al., 19/0) The virus was found
to produce diarrhoea experimentally following inoculation into gnoto-

biotic, colostrum-deprived and colostrum-f'ed calves using unpurified



virus (Stair et al., "972), typeial viral particles being demenst-raied
in the faeces of these animals, The same authors purified ana
concentrated the virus and seubsequently measured ite size snd density.
They concluded it was & primary pathogen, as it was capable of produzing
diarrhoea in the absence of a bacteriel microflora, Coronavirus-like
agents have also been seen in the faeces o1 scouring calves by Woode
et al,, (1974) and Wocde and Bridger (41575) in the U.K. and by Mcrin
et_al., (1973) in Canada, in conjunction with "reo-like" viruses. It
was suggerted that the 2 viruses may act in combination in the pro-

duction cf enteric disease (Morin et al,, 1973)

The coronavirus was first propagated in primary and
secondary foctal bovine kidney cells derivea from the same foetus by
Mctus (1973a), who reported that a slight CPE was seen ir the

assage of the virus, Thris CPE consisted of small nubers of

ey &l
third p

rounded flcating cells which fluoresced in the presence of a fluores-

ein-conjugated entiscrum to the virus, The antiserum was derived in

-

rebbits from an antigen producced from infected faeces by uitrzcecntii-
fugation., Imrunoflucrescent steined cells showed fluorescent cyto-
plasmic grenules initially, this later developing to wheie cytoulzaemic
fluorescence alt the stage when the cells detached, Syncytiea were alsc
seen after 2, viral pessages. Recently, Tnaba (unpublished datsz)

4

demonstrated. the production of an obvious CPE in a Br¥ 1 cell line

Further studies by Mebus et al., (1972a, b) in necnatal
calves ccniirmed the disease-procducing potential of the agent and
showed bty immunofluorescent tosts that the virus localised in the
intestinal epilthelium, causing a change in the epithelial morplology
from columnar tc cuboidal shape, and cell lysis. These changes wervre
seen in Jarge and small intestine, and in the small intestine

resulted in villous atrophy, Mcbus et al,, (197%) noted that

colostrum did provide some proteccive effect, but did rnict prevent the
disease, whilst serum antibody appeared inet'fective in protecting
against the disease., Cell culture attenuated virus was shovn by

a
cbus et al., (1973a) to provide protection agsinst challenge with



virulent virus, when given by the cral route.

A coronavirus-like agent has been demonstrated in the
faeces of scouring adult cattle in New Zealand {Horner, pers. com,) ,

but its relation to the disease syndrcme is not clear,

A "rco-like" virus was discovered in the Taeces of neonatal
scouring calves by Mcbus et al.,, (196%a) ard was thought by these
authors to be a possible cause of neonatal calf diarrhoea in the U.S.A.
They showed that it localised in the small intestinal epithelium by
means of immunofluorescence techniques. The antiserum was produced

in rabbits from an antigen derived from infective faeces Ly ultra-
centrifugation. The virus was sutsequently demonstrated to be

present in the fzeces of scouring calves in severzl states of the
C.S.A. by Mebus et_al., (1969a, b; 1970) and Write et_al., (1970),
whilst similer particles were later demonstrated in diarrloeic calf
f'aeces in Australia (Turnel-gﬁ_gi., 1973), Ganada {Morin gt &L, 19?&}

and the U.K. (Woode er =21,, 1974). Recently, a similar virus wes

demonstrated in disrrhoeic calf faeces in New Zealand by Burgess {pers.
com,) who showed it to be serologically related to the U.K. isolste of

Woode et al., (197L).

A number of physicochemicel properties of this "reo-like"
virus were determined by Welch (1971), Pernelius et _al., (1972) and
‘Welch and Thompson (1973), it being suggested by these authors that
the virus had some affinity with the recviruses. However, Bishop
et el,, (1974) commented on the detailed morphological similerity orf
the "reo-like" virus to epizcotic diaarrhcee virus of mice, which was
shovm by Much ard Zajac (1972) to possess 32 cspsomeres, and thus
the reo-like virus appears to resemble orbiviruses more than reo-
viruses. It was noted by Welch and Thompsor (1973) that the virus
was thermobile in the presence of molar MgPl?, which was not
consistent with the properties of known reovirusos, and that it was
acid resistant, in contrast to the orbivirus group. Fernelius et al.,

(1972) nocted that the agent appeared serologically unrelated to reo-
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viruses and bluetongue virus, end Welch and Twishaus (1973) also
reported lack of relationsnip between the "reo-like" virus and reo-
virus serotypes 1 and 3. Though Waode (1974) initially though the
virus was probably an orbivirus, the lack of antigenic relationsnip
with this group, the slight morpholcgical differences and the acid
resistent nature of the reo-like virus led Flewett et al.. (1974) ta
suggest the name rotavirus for this'reo-like"virus and for a similar

virus causing diarrhoea in children,

Though esrlizr studies of the disease were done using
imnunofluorescence technigues, the first report of cultivation of the
virus was tha® of Mebus et al., {1971a) who demonstrated viral multi-
plication in primary cell cultures of bovine lung, thyroid, kidney
and choroid plexus, using immuno?lucrescence to demcnstrabe the virus,
These authors concluded that the lung cells were the beat for culture of
1 isolate of the virus, whiist kidmey cells proved best for another

ilsolate, Cytopathic effect was only very slight, ali'ected cells

becoming "granular" in appearance, and eventually dstaziiing after a

period of semi-detachment in which they ware only held by a single

cell precess. The CPE was notea to decline after soveral passages of

(05)

the virus., Fernelius gt al,, (1272) alss weperied the producticn of
a CPE in a pig kidney cell line, this effect develioning at the third
passage level and continuing up till the S5ih passage. CPZ was also
shown to occur in a mouse L cell iine and in primary lamb kidney celils,
Affected cells were seen to swell and "round-up" in the pig and lanb
kidney cells, with eventual detachment, whilst in the mouse L celis
affected cells were noted to assume a "leathery" eppearance., Welch
end Twiehaus (1973) described the production of a CPE in bovine
embryonic kidney cells which was similar to thet described oy Mebus
et al,, (1971a) but commented that the CPE did not progress to affect
more than 50% of the cells, even on prolonged culture. They also
noted the presence of vacuolation aud inclusicumsin the cytoplasm of
affected cells, the nucleil being noted to become pyxnotic. Cyto-
plasmic granules were alsc seen by Mebus gt al., (19742) using the

immnunof'luorescence technique,
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The only reported attempt at plaquing with "reo-iike"
“viruses is that by Welch and Twiehaus 1j7)/. who commented that
plagues grown under ag .r were generally of microscepic size and

required several days cultivation before they were seen,

The disecase produced by the virus was generally seen in
calves less than 7 days oid, and was manifested by &« profuse yellow
watery diarrhoea and dehydration (Mebus 28 gr.., 1974b) with a morbidity
rate of up to 100% snd a mortality rate froa near zero up to 50%. The

severity of the clinical disease experimentally was greatly increased

in the presence of Fchcrti_lg;coli (Mebus 8t _al., 1969a, 1973b).

Working with calves resistant to Provideneia stuartii, Waldhalm et al.,

(1974) found that diarrhosa was only produced in neonatal calves
when inoculated with a mizture of P, stunartii and "reo-like" virus,

Those calves receiving virus alone remaining clinically normal, though

al
virus was demonstrated by imaunoifluvorescence in the intestinal epi-
thelium, These authors thought that colostrum fed calves provided
sufr'icient protectvion to przvent diarrhosa from the virus alcne. TFrom
these results, it would appesar that much of the damage iz dus %o the

action of secondary invsaders,

Immunofluorescence and histological studies by Mebus 2t al.,
(1971b)indicated that the virus infected the small intestinal epithel-
ial cells. Tnfected cells migrated up to the intestinal villi into the
intestinal Jumen, and were replaced by cuboieal epithelial cells, Thess

atter cells were shown to be resistant to challenge with virulent virus.
Electron microscopic studies by Stair et al., (1973) generally agreed
with the above findings and further demonstrated the presznce of virus
within membrane bound intracytoplasmic structures of infected ceils,

The replacement epitheiium was noted to be immature, and consequently

not fully fuunctional, this probably contributed to luid loss.

Oral vaccination of new born calves was shcwn by Mebus et
al., (1972) to provide effective control of the disease, using a cell

cuiture attentuated vaccine.
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Enteroviruses have been reported on numercus occasions to
be isolated from calves and adult cattle, ithese being tcc numerous
for all to be individuslly listed. Whilst many of the reports refer
to isolation f'rom fzecss of normal calves (Klein and Bariey, 1957);
Kunin and Minuse, 1964; Mcscovici et al., 1961; McFerran, 19622;
Spradbrow, 1963, 196k ; Mattson aud Reed, 1974), other isolates have
been obtained from calves with respiratory disease (¥oll end Finlayson,
1957; Moll and Devis, 1959) or diarrhoea (Gicll and Davis, 1959;
McFerran, 1962a; Schiott and Hyldegaard-Jencen, 196€; Storz et al.,
1969). In the latter report, the virus was izolested in conjunction
with chlamydia. Enteroviruses have also heen isolsted from aborted
bovine foestuses by Mcll and Finlaysen (1957) Moll and Davis (1959)
and Mettson end Reed {1974). Thsse and other reports originate from
a number of ccuntries, including Australia, Ireland, U.S.A., Jepan sand

saveral countries in Furope.

lost isolates of bovine enteroviruses have heen made in
t'oetal bovine kidney cells wherc a flocal CPE was procuced in 1 or 2
passages, this progressing rapidly to result in the destruction of ihe
entire cell sheet (Mcierran, 1962a; Spradbrow, 19G%, 1964}, Affect:d
cells became rounded, the nuclei eccentiric in pesitior, and scmetimse
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developed eosinophilic inclusions in the c;
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196} ; Rovozze et al., 196%5), similar to those described for human
~enteroviruses by Berstki (1962) and Wenner (1962). Though similar
char.ges were described by other authors, they do not comment on the
presence of inclusicns in the cytorlasm, and 1 reporlt specifically
states thet they were not present (Schiott and Hyldegsard-Jensen, 1966).
Some bovins enteroviruses have been shown to be capable of infecting a

variety of' host cell types (}oll and Davis, 1959; Moscoviei et al.,

1961; McFerran, 1962a) similar to the wide host ranpe exhibited by

some huran entercviruses (Melnick, 41962). Many of %he bovine entero-
viruses have been shown to possess haemagglutirins for guinea pig and
primate erythrocytes, cspecially for those of the monkey (Moscovici.

et al., 1961; La Placa et al., 1965; Schioti and Hyldegaard-Jensen, 1966;

Mattson and Reed, 1974).



The plaque forming behevicur off a number of bovine entero-
viruses was studied by Moscovici et sl., (1961), McFerran {1962a),
Mecll and Ulrich (1963), Gratzek ct_al., (1967), Van Der Maaten and
Packer (1967) and Mattson and Reed. (1974). Though the effect of
various chemical anc enzymetic adaitivies on plaque formatio: has
been studied with human enteroviruses, (Wallis et al., 1966s;Wallis
and Melnick, 1968) there sppear to have been no eyuivalent studieg

with bovine enteroviruses,

The pLysicochemical properties of bovine enter
have been studied by a number of' authors (McFerran 1962a; Mcll and
Ulrich 1963; Spradbrow 1263, 1964; Rovozzo et al., 1565; Van bLer

Maaten and Packer 1967; Mattson and Reed 1974) who focund the

'\J

3
)

Fh

properties to be similar to those described by Melnick (1962) fer

A
(5

human enteroviruses. The propcriies of the bovine virus are bes
summarised by Durme et al., (7974). Mcere recently, it was found
possible to subdivide bovire enteroviriuses into 2 oubgroups, depend-
ing on their susceptibility to hydroxybenzyl benzimidazole (HBR)

{Portoleni et _al., 1968).

In excess of 55 secrotypes of bovine enterovirus have been
described by various suthors, mostly by using crcss neutralisation
tests upon limited numbers of local isoletes (Barya et ai.. 1967
These studies have been of limited vealue because of their restricted
scope and because the antisere were usually produccd in the rabvbit,
which has been shown by La Placa,EEngr, (1565} %o be relstively
unsuitable for the purpose. Moscovici and La Pleca (1961) previded
the most useful study of this type, identifying 7 ercups cf entero-
virus frcem a total of 15 strains, mainly bhased on the criteria of
the cross npeutralisation test. One of these groups was thought
possibly to be a reovirus rather than an enterovirus. Moll and
Ulrich {19€3) identified @ serotypes from & total of 10 isolabes.

A useful step forward was made by La Pleca et eal., (1965) who showed
a correletion between antigenic character snd sbility to haemagglutin-
ate monkey erythrocytes. These authors divided a large number of

bovine entercviruses into 2 groups, the first being relatively closely
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serologically related and showing haecmagglutinating activity and the
second group being seiovlagically distinct, showing a lesser degree

of internal relationship, and exhititing no hazmagglutinating activity.
A more precise type of cross neutralisesiion test was used by Barya gt
al., (1967) to type enteroviruses, using a mecasure of the dynemics

of the reactions. They describted 4 serotypes, and also summnarised

the relationships between a number of ssrlier studies of serctypes.

More recently, Dunne et al,, (137L) extended these studies
of previously established serotypes, and groupcd the bovine entero-
viruses into 7 scrotypes. Because of quarantine restrictions, thesc
were based on U.S, isolates only. However, serotype 1 had previously
been shown by McFerran (1962a) to be closely related to o strein

isolated in Treland,

Apart from the serotyping of icsclutcs, little serclogical
work has been done with bovine entcroviruscs, possibly becauze of the
presence in bovine sera of nonspecific irhibitcrs of povine entero-
viruses (McFerran 1962b; Klein et al,, 19€L). Thes
these authors to he widely distributed in the cettle porulation. Ca
the basis of gel filtration behavicur, McFerran et al,, (1988)

concluded that the inhibitors were non-antibedy substances of a size

similar to albumin. They also demonstrated the addivional presence

.of 7S and 195 entibody to bovine enterovirus in suciklied calves znd
adult cattle. The behaviour of the inhibitors in the nrasence of
neuraminidase, periodate, or other stancard serum treatment does nct
appear yet to have been setisfactorily cetermined. Nevsrtihclese, Moll
and Davis (1959) and Storz et al., (196S) found a serologiczl response
in paired sera to hovine enterovirus infection during experimental
studies. Dunne et al., (1973) also showed that Igh antibodies were
produced in foectal calves, apparently as a response ¢ intrauterine

infection with enterovirus,

Experimental studies of the dlsease producing potential

of bovine enteroviruses are few, Diarrnoea was found to be induced
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in young celves by Mcl :rrca (4S62a), Ven Der Master and Packer (4967)
and Dunne et al., (1974). 1In the latter report, though diarvhoes

wes produced in bcth colostrum fed and colostrum deprived celves,

it wes morec severe in the animals not Ted colostiwmn, Ferslysis and
death was found to occur in suckling mice by Kunin and Minuse (1858),
following intraperitoneal iroculation. Moll and Davis (1959)

reported the production of weak and stillborn off'spring frem inoculated
pregnant guinea pigs, and of myocardial necrosis in cortisone treated
weaned mice, foljowing intreperitoneal inoculation, Ixperimentally
induced abortion was also reported in pregnant guinea pigs by Moll
(1964) and Van Der Maaten and Pecker {1967,. Studiss by Dunne et al.,
(1973, 1974) have also suggested the peesible role of enteroviruses

in causing bovine abortiorn.

The disease producing potential of bovirne enteroviruces
still remains olscure, but it appears ccrceivable that thsy mey have

ars
some role in the preduction of calf diarrhroea, and possidly bevine

abeortion,
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GENERAL MATTRTALS AND MITUIODS

1. Glasswashing And Sterilizing Procedures,

Glessware was rouvinely soakad overnight in 2% Decon
2r . - .
75 or 0,5% Pyroneg , bvnsh?d, and ithen washed and riased in a

\A

Heinicke Typhoon glasswasher”, being £inally cinsed {twice in
distilled delonised water. The glassware was then sterilized

A

in an autoclave at 15 1bs pressure for 15 minuvtes,

Contaminated glasswvare was either sosked overaight in
. SRPSCRN.
0.5% iodophox . solution’, or was autoclaved s abovz, prior o

washing,

2. Preparation And Mainler

Primary cell cultures wesre prepared irouw Coetal Lovine

kidney, lung,

Foetuses apnroximately 5 - 7 months old were obtained
from a local frezezping works and tr pourted Lo the levoratcry
nside an unonened uterus. 7The Tfoetus was then removed I'rowm ibts
membranes end onened aseptically to reucve the dosired crgons,
Prior to opening both uierus and boldy cavity, the incision sitas

were swabbed with 70” ethenol,

Using assptic teczhnique, the kidney corcex, lung and
thyroid tissues were finely minced using crossed scelpels, Testes
were cut in half, the pulp cxpressed by pressure, and this then

minced similarly.

Decon Lanhoratories Lid., Brighton, U.K.
Diversey Wallace Ltd,, Yapatoetoe, N.Z.

Heiniclie (Co,, Hollywood, Florida, U.S.A.

F= S GO N

"Redene", Nicholas Prcducts Ltd., Auckland, N.Z,
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Cell fragments cnd residual connective tissue were
removed from the trypsinised cells by passing the suspension
through a sterile stainless steel sisve (40 mesh to the inch).
The suspeﬁsion was then centrifuged at 1000 & 10 minutes,

and the total packed cell volume determined for edch cell type

n

yvere

=

The fcectel bovine kidney, lung and thyrcid cel
suspended at a concentraticn of 0.5% by volume, and testes cells
at 0.3% by volume, in HLA mediun (Appendix 2) containing 10%
bovine serum. Thesz suspensions werz then dispensed into culture
vessels using about 100 ml per Roux wcttle, or 50 ml per 500 ml
fiat bottle., Bottles were scaled with screw caps, or with

silicone rubber stoppers,

Culturas wers then incubated at 37 C, and the medium
was chenged at 2 days. Onec cornfluent, mouolayerss ware
meintained in ELA mediuwn (Appendix 2) with 2% vovine serum, medium

changing at weekliy intervals.,

3. Production And Maintensnce Of Seconiurny

Stocizs of prunary cells were subcultured once or wirice

only to provide sacondary cells for test purpozes., Two call
lires were also maintained, Madin Darby bovine kidney (MDBV
(Madin and Darby, 1953) and African Green Monkey kidney (Vero)

(Yasanura and Kawakita, 1963).

To subculture the above cells, medium was removed by
aspiration ov decanting, the monolayers washed twice in a small
volume of PBS (Appendix 2), and the cells then treated with

3 ml. of ATV (Appandix 2), rocking gently tc distribubte the
fluid over the cells, The Lottles of cells were then incubated
at 37°C, agitaling at intervals until &1l cells were detache
from the glass. The rasulting cell suspensicn vas brought to
10 ml vaing growth wmedium, and an aliguot was diluted 1 in 10

in 0,1% trypan biuve soiution (Appendix 2). This was mixed



then examined in a haemocytometer to delermine the averags
viable (unstained) cell count per ml of susporded cells
(Hethaway et al., 1946L4). The average count per large squere

was determined, eacl: cell of this count then representing

¥
1 x 107 cells per ml of cell suspension., =~

The cells were then diluted in Torither growin
: . LD
medium to give a concentration of 1 x 10 cells per ml, exceph

5) Ay
for Vero cells which were diluted to give 3 x 10" ccllis per ml,

For microtitre tests, thesc concentretions were tripled,

e P
.. ] | . -
With secondasy cells, medium 199 with 10% serum was

used for growth purposes, reducing to 2% scrum for meintenance.

MBBK cells were grown in FEM  or mediwa 199, with similar serum

coacentrations., Madimm 169 was used Tor Vero cells, bus serua
concentrations were reduced to 5% for growth, and 2% for main-

tenancze. Where cells were to be usaed for test purposss with

i~

'_J

bovin2 specimensg or iso:

at

(_.

¢

preference to bovine serwa.

Secondary cells and cell lines wers dispesnsced as

required at the following rstes:

Container Volume

Rouxz Lottle 1C0 ml

500 unl flat bottle 0 ml

50 ml plastic flaoxe 6 ml

z

nicrctitre plate (flat bottomed)J 0.05 ml per wvell
Linbro Zi well gla*ﬂ 1 ml per well
tubes (pyrex, serew cap, 16 x 150 nm)5 1 ml per well
tubes, witnh flying coveyr siip 2 ml per well

es, cauine gerum wWas rousinely used in

Wellcoume Reagenis Lid., Beckenham, Zngland

2 Falcun flask, Becion Dickenson Co,, Caiifornia, U.S.A.
Cooke Engineering Cc,, Alexandria, Virg., U.S.A,

L Linbro Di';b: Tray. Linbro Chemical Co., Newhaven, U.S.A.

5 Kimax. Kimble Products Div,., Owens-Illinois Inc., Ohio, U.S.

A,
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Frozen Storage of Cell Cultures

Surplus cells to current needs ware preserved in
{rozen storage. rimary cells wers suspended at qu
concentration in a freczing medium cousisting of medimm 159
with 10/ dimethyl sulphoxide and 207 hoving serumn. Secondary
cells and cell lines were suspended at 1 to 5 % 106 cells per

m]l concentration in the sam2 medium,

Suspensions were dispensed in i ml veolumes into small
scirow cap containers, or into 1 ml ampoules whicn wsre then

4

sealed,. These were then cooled slowly and stored atb n8OOC in
an ultra- deep freeze, or in the case of ampoulss, wesee aloce

stored in liquid nitrogen. Retardsd ITreezing was achievad by
wrapping the cell countainers in cotien wool prior to placing

in the Wira-deep freeze,
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Prior to routine use of storec
ol cacn hatelr was thawed rapidly in a 37°C welter bath, -ud then
diluted 1 in 10 in growth medium, uwzing a pineize, Tne drop of

to inoccuioete

cell suspensiocn remaining in the pipetie was used
a bottle of nutrient broth, which was then incubaied at 37°C to
check for concamination., A wiadble cell count was alco carried
out on thawzd sscondary cells and cell lines, and the remainder
was diluted to the appropriate concentration of viable calls in
growth medium and dispensed. Thawed primary cells were not
routinely counted, but diluted 1 in 10 in growth mediwn and
dispensed. Rate of growth of cells was checled, and used to

guide the future use of the cells,

Storage Of Viral Isolates

Following first isclation of a virus and successful
repassage to conf'irna the CPE, further stocks of virus were

prepared, and these frozen in ampoules a2t either ~8C C in an



ultra-deep freeze, or in liguid nitrogen. Socme stocks were

A0
also held frozen at -20°C for current use, Zamples of ceep

following rapid thawing in a 37°C watecr bath.

Viral Titration Procedure

(0]

Serial tenfold dilutions of viius were prepared by
diluting 0.2 ml of virus suspension in 1,8 rl of maintenance
medium, using a separate sterile pipette for each step. Up

to seven dilution steps were used routinely,.

A C.,1 ml volumz of each dilutisn was inoculated into
duplicate tube cell cultures. With microtitre titrasions, 0,05

ml of each dilution was added to duplicate wells, and these were

then seeded with cell suspension. With clier procedure, several

cultures wercrz 1left as wiinoculated cell controls, ''he cualtures

were then sealsed arnd incubated av 3700 until the CPEwas cell

developed. Following observation of the end-points, titres

. 3 . b PR R 3 2O .
were determined using the method of Read aud Muench (1938), the

cn

S R n

results being expressed as median tissue culture infectiva doss

(PCID,. ) per inceculum voluma,

50
With plaque titrations, 0,7 ml of each dilution was

added to duplicate monolayers in Linbro plelcs, left to adsorbd

at 379C for one hour, and then overlaid with agar medium, Some

cells were left as unincculated cell controcls., Following

flurther incubation until plaques viere adeguataly developed, the

average number of plaques was determined at the limiting dilution

end the result expressed as plaque forming units (PFU) per 0.1 ml.

Serum Neutralisation Tcst

This was carried out in duplicate by the microtitre
procedure using a similar method to that described by Rossi and

. i
Kiesel (1971).
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Sera were heat inactivated at 5600 ffor 30 minutes
prior to test. Dcubling dilutions of serum were prepared
using 0,C5 ml "tulip"1 diluters. A gserum control well was
included except with bovine sserum, where previous expericnce
indicated it was nol necesssry, A 0.05 ml volume of viral
suspension calculated to contain 100 TCIqu was added to all

JL
wells excent seruvm control and cell control weils. A virsal
check titration wes also carried out using serizl tenrold

dilutions over 5 dilution steps.

Following incubation of the virus-serum mizture at
3700 for orne hour, 0.05 ml of cell suspension was added to all
wells, Following sealing, the plates were iancubated at 57 e
until the viral titration showed a well dzveloped CPE. Sutject
to the viral titre proving satisfactory, the servm end points
were then otserved and the titre of aniiseriun deteriained using
the method of Reed and Muench (1938). Yitre was expresscd as the
reciprocal of the highest dilution providing protecticn against

viral CPE.

Viral Heemagzlutination (rﬁ\ lest,

Blood was collected inte modif'ied Alscver's solution
. 4 B > T - .
(Appendix 2), and storsd al & C uniil use within 2 wecks. Priov
.to use the erythrecytes were washed three times in PIE and a

0.4% by volume suspencion prepsred in FLS,

The test was carried out in duplicate in V bottomed

ﬂ
microtitre trays, using 0.05 wl volumes. The dilueal used was
PBS pH7.2, as recommended by Hierholzer et al., (1949). Doubling

dilutions of virus were prepared, commencing from a 1 in 10 dilution.

A 0.05 ml volume of diluent was added to all wells (to mske the
final volume the same as that used in the haemagglutinatice inhibiticn
test).

1 Cooke Engineering Co., Alexandria, Virg,, U.S.A,

e s



A further volume of C.05 ml of erythrocyte susvensivn was now
added to all weils; several erthrocyie control wells were also
prepared, using two volumes of dilvent =nd one vclune of cell
suspension., The platc was then szgitated and iacubated at the
required temperatvre wuntil Lhke erythrocytse contreols had
settled to a distinct "button", usually within 1 to 2 hours,
The titre of’ the test was taken fellowing Resd and

Muench (1933) analysis, the highest dilualicn of virus which

)
i

gave complete agglutination of the erythrocytes, this containing

ore haemagglutinating unit (HAU) of wvirus por 0.05 ml,

Haemagglutination Tnhibition (H1) Test

Erythrocyte svspensions were prepared as for the B

test, The test was cerried out in duplicabe in V bottoued

microtitre plates ucing FB3 as a diluent anrd C.05 rd voluizes,

Sera were subjected to pretest treatments as regaired

for the individual virus concerncd, =nd

ilutions were made commencing from & 1

wells were left for each serum. A 0.C5 wml velume of noens

inin centaining 4. HAU was added to 211 wells eicent serum controis,

and the haemagglvtinin wos rurther doubly diluted cver = 5 step

sS4

range using some sparc wells, to make a creck titraticn, The

nixtures were then incuhated for one hour at room temperature,

A 0.05 ml volupe of erythrocvte suspension was then
added to wells, and to some further cell control wells. The
test was then incubated at the required temperature fcr cne to
two hours, until the control cells had settled to a Zdistinct
button. Subject to a satisfactory check titration of the haema-
geglutinin, the highest dilutions of' sera which completely or
eluost completely suppresssd haemagglutination were then determined.
The titre was determined using Reed and Mucnch (1¢38) nalysis,

and weas expnessed as a reciprocal of the highest dilutinn,

o



Negative Staining Procedure For Electron Microscopy

Inf'ected cell cultures were harvestec when the CPE

cne viere

o
fde

SUSPSS

C

was well advanced, and concentrated viral

e

prepared by ultracentrifugation, chemical precipitation, or
more usually by lysis of infected cells as described by Spradbrow

and Francis, (1969). The method briefly is as follovs:

Cells were scraped off the walls cof the vessel and
the resulting suspension of cells ceatrifuged at about 1000 G
for 10 minutes. The sedimented cells were drained free of fluid,
suspended in a {ew drops of distilled water, and thea frozean and

thawed once.

A dvrop of lysate was placed or; = carboned, formvar
coated electron microuscope grid, left for up to a minute, and
tlien the excess was removed with filter paper. A drop of 297
potassium phosphotungstate pH 7.0 was then placed on the

for about 50 seconds, and then also removed wilh filter paper.

The specimen was then examined in e Phillips Ef 200
electron mizroscope.

Sectioning Procedures For Electron licroscopy

o

Inf'ected cells were harvested wien the CPE wan well
advanced by scraping the cells into suspension and then recovering

them by centrifugation at 1000 G for 10 minutcs,

Subsequent procedures were similar to those described
by Doane et al., (1974). The cells were resuspended in a few
drops of medium, formed into e pellet ir a capillary tube by
microhaematocrit centrifugsbion, and then fixed in 2.5% glut-
araldehyde followed by 1.0% osmiwm tetroxide, with zppropriate

washes in phosphate buffer. Following dehydration throvgh a

graded segquence of ecetone, the pellet wes embedded in epon



: i - e » -
raldite resin or in Spurr's mediuw (Spurr, 1969) i-.side a

]

gelatine capsule.

Both rapid and stendzyd processing times as described
by Doene et al., (197).), were used. Subseguertly the epon
aradite recin was poiyncrised at 60°C tor 26 hours, and the
Spurr!s medium vas polymerised at either 70°C for 418 hours, or

o
95 C for 4 hour.

After removal from the polymerising overn, the blocks
trimaoed and then sectioned on an oliramicirotore. ale
oid sections viere flocated onto cerboned formvar coated eleciron
ricroscope grids and stained with vranyl acetate md lead citrate
(Appendix 3)., They were then examined in a Fhillips EM 200
electron wicroscope vwhich was periocdically celibreted using
negotively stained catalase crystals.

&)

Photograchy
LERACA R ARG

Unstalined or haemaboxyiia and eo0sin stained monoleyars

e

were observed in an inverted microscope @nd pnocographed using

tungsten balanced Agta S0L {ilm,

With fluorescent stained preparations, monclayers were
obhserved with & fluorescent microscore using a FITC 3 excitation
f'ilter, a matching barrier filter, and transmitled blue light
illumination for a quartz halogen bulh, Tioey were photographed

using a deylight balanced Kodek Ektachrowe 16C ASA film,

1 Fluka A,G., Chemische Fahrik, %Tuclis, 3Switzerland.



TSOLATION PROCEDURES

Fifty nine samples were received fvom calves and young
adulit cattle with histories of diaribhoez, the antinal
located in widely scettered areas of New Zealaad, T

included 56 fuzeces, 2 intestines, end 1 spleen.

Because of the high bacterial cortent end frecuently
toxic nature of the faecal material, some preliminery investigations
were made of suitable processing rvegimes to minimise toxieity and

contemination problems upon inoculation of cell cudltures,

Materizls And Mothods

T'aecal semples wore suspenacd at concentrations of fron
4 . ; . 5
10 to 50% (w/v) in Hank's buffered salt sclution (Appandiz 2)

containing 2,000 wiits/ml of penicillin end 2,000 /ugﬁnl of’

-3

treptomycin (Hank's AD), Following sonification for
A
at 20 ke/second in an ultrasonic disintegrator’, the semrles were
centrifuged for periods of 30 and £0 minutecs at 4,000 G, in an
angle rotor. Various dilutions of the clarified svpereteants were
then inoculated onto secondary foetal bovine kidrey (¥LK) cel
monolayers. Adsoiption ol the inoculun onte the celis for a
. =50, i

ericd of 1 hour at 57°C folicwed Ly replecement with fresh

pericd ) I

‘maintenance mediuwn, was elso attempted,

Faeces in liank's solution were alzo subjected to various
periods of centrifugation at 1,000 & in the presence or absence cf
the high levels of aritibioetics menticned above. The levels of
residual viable bacteria were then determined, by titration in
nutrient broth of seriul tenfold dilutions of aligqucts of the
samples talen at various stages. Following incubaticn at 3700 for
3 days, the nutrient broths were exemined for evidence or bacterial

growth,

1. Soniprobe. Dawe Intruments Ltd., London, England,
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Based on the ©indings cf these experiments, the
iloviis ‘ocadure vas adopted for the preperati an
folicwing procadure s adopted for th rey tion end
inoculatien of samples onte cell cultures: Faeces vere
\

uspended at 1002 concentration (v/v) in Hauk's AD solution,
te

sonified et 20 kc/second for 4 minu and then centrifuged

=

ais 4,000 G fer 30 mirwvter in en angle rotoxr, The supernatent
was then incculeted into cell cultures et a final concentration
of 0.25%. The sampies of intestines end spleen were ground up
in a TenBroeck tissue grinder, using & small volume of Henk's
AB solution and then treuted in a similar mauner to the Taeces,
excecpv that the splecn vas inoculated tc give e final concen-

tration of 1% cn the ceils.

Fach sample wes inoculated invo duplicate morolgyer

cultures of foetal bovirs kidney, luag (FBL) end Vero (Africen

green wonkcy kidney) ecells in tubes, or intc single monclsyers

of these cells in 50 mi plastic flasks, The occasional sample

giving problems wwith fungel or bhacterial contaminavion of the

: . . . ; 1
cell cultures was filtered through a 220 rm apa membrone filter

end then reinoculeted. Whnere toxzicity remcincd & prodlem

3
Y R

‘D

=

sample wag diluted furtuer, end then reirnccvleted into cell

cultures.

Samrles were passaged 5 times ab weekly intoervals
through each cell type, using C,2 ml of frozen and thawed celil
& be, &
culture for repassaging., On final passage, coverslip cultures

were also inoculated

A1l cell cultures were examinzi daily for evidence of
cytopathic effect (CPE). In addition, the final passage was
tested after 7 days incubation for evidence of hasmedsorpliun
with guinea vig erythrocytes, and was furiher examined for cpe

and viral inclusions using the coverslip cultures stained with

1. Millipore Corp., Redferd, Mass., U.S.4.



haematoxylin and eosii. (Appendix 3). The haewadsorpticn test
was carried out using similar technioue to that described by
Shelakov et al., (1958). The monolsyer was washed with PES
after removal and storazge of the medium, snd was then overlaid
with 1 ml of 0.,% washed guinea pig erythrocybtes, prepared as
for the haemagglutination test (Genersl materials and methods),
Following incubation at voom tempevature for 1 hour, the mono-

layer was washed twice with PBS end cewxamined for haemadsorpulor.,
Results

Tt was found that a 10% suspension of facces in
Jani:s' s solution w deguatel Jarified by %0 ininute
Hanit's AB solution was adequately clarified by 350 nutes
centrifugation at 4LOCC G, Migher concentraticrstock much

longer to ~laxify.

The use of final inoculum concentrations of 0,5 or

greater on cell cultures resulted in considerchle problems of
toxicit characterised by rounding up and detachme of cells

within QA hours. This cffect was usually

occasion was focel, qubletL“g a vira) CIE, The affect was not
however trensmissible. /fidscorption c¢f the inoculivm onto the
.cells for 1 hour, followed by replacement witl frech maintenance
medium, delayed the onsct of toxicity, but did net aporeciebdly
alter the finel outcome. It was found that reduction of the
final inoculum concentratici to 0.25% reduced & conteity to
negligible proportions. When it still occurred, slight further

dilvtion alleviated the problem.

Contamination of cell cultures by the inoculum was an
occasional problem, mostly due to fungi; it was readily corrected
by filtration, The studies on the ielative effectiveness of
centrifugation and antibiotic treatment in controlling the levels

of’ viable bacteria in the inoculea showed that the mejority of the



effect was due to the influence of the arntibiotics; centri-
fugation played a minor role in this regard, but wes more of

use in removing suspended debris, making for easier handling.,

Following examinution of the 59 samples, 7 viruses were
isolated, Three of these (R74/18, DY4/13A, D7L/19B) cene from the
same prorerty, but from different animels. 'All were recognised by
the CFE they wroduced, No evidence of haemadsorplion with guinea
pig erythrocytes was seen at third passage, end no Turther evidence
of viral infection was seen on exemination of haematoxylin and
eosin stained monovlayers, All isolates were confirmed by reiso-
lation from the original material, TFrozen stocks were then
prepared and titrated.

The patterm of isciation of the viruses in “the various

o

cells and pessagss is shown in Table 1,

Table 1

wethic agents
m— e p—— - o F

Cultural histories of samples yielding cyto;

. 18t ~nd T Z0d
amp Passage in: Passage in: Fassage in:
- el e i
FEL F?_‘-.‘.-(r Vero FﬂLE FEKl Vero | FELI FbK% Vers
{ . ol

DTA/Z (faeces) - - - L = = 1 = | -
D7L4/13-49 " - |- |- - 1= ]2 - |- |2
D74/18 g kg e 111 |4 RN
D7L4/19A L o - - 5 - - i -
D74/19B L - - - 1 6 2 1 1 1
D7L/22-L4 " 3 |= 1. 8 e - i fl= | =
DYk/25A - |- - b= |- 1 )
(spleen)

+ Indicetes no CFE was scen hy 7 days post inocculation.

++ Indicates the number of days post inoculation when CPE was
first seen.



Discussion

Most workers refer to the use of a 10% ce rifluged
faecal suspension for inoculation into cell culbures, but make
no mention of the prccise inoculation procedure, so that the
final concentration in combact with the cells is left unspeci-
fied, Assuvming thact a Turther dilution orf 1 in 10 would take
place on inoculation, as is common practice, the final concen-
tration om the cells would be aboui i%. A% this level, most
workers male no reference to toxicily wvroblems, thougl: Sorzdbrow
(1965) does mention that toxicity was a problem with some groups

o calf facces,

=9

Tt

toxicity wes o sericus problem even using a 0.5 faeceal

wae Tound in this seriesc of faecal sauples that

N . c7
suspension on t ells, en 1at reductica t© L2555 wasn
T on on the cells, d thal reduct to 0.29% was
necessary for routine use to minimise thz effect. Why toxicity
was more of a protlem with these samples is uncertein; it did

L

naot appear to be related to any pacticular ocge group of enimal,

though some batches of facces viere worse i
(1965) suggested on the basis of hi experimeuts that the toxic
Tt

substance weas a bacterizl toxin

toxicity is related vo dietary fecbors influvencing the intestinel

bacterial flcra, or toxin production,

The use of adsorptior techniques for inoculation is
also & freguently used laboretory procedure, perticularly with
toxic substances, but did not appreciably reduce the toxicity
problem, only deleying the onset of the effect., It would appear
that the toxin (or toxins) exerts it's eff'ect on cell metabolism
relatively quickly, and that effect is to a lerge extent irre-
versible, as repicacement witnh Tresh medium ¢id not correct the

problem,

26
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Three cell .ypes were utilised f'or isolatvion vurposes,
Bovine kidney and lung cells were chosen in accordance with the
recommendations of McFerran et al., (1972), who suggestzd that
primory c2lls of the seme species as the test material offered
the best chence of successful viral igolaticn. 3Secontary cells

&)

at cerly passage were however chesen for this study, rather thaa
primary cells, as offering & more ccnsicternt type of conolayer
of uniform appearance, and having some vyractical advantages from
the point of view of production. Lung cells wcre included
especially because of their suitsbility for the isolaticon of
parvoviruses, as Butes et _al., (1971, 1972) found they ohtained
the highest rate of isolation of these viruses with this cell
typa. MNonkey kidney cells have been used by a number of authors
(Sabin, 1959; Rosen and Abinarti, 196C; Trainor gt _al., 1966) for
solaticn of and suudies on reoviruszs, Conceguently, African
gireen monkey kicdney cells (Vero) were chcsen as ihe third cell

type to improve the chances of detection of this group of vircses,

2

w
<
4

It was decided to 1imit the number of passa

s
(5

C

samples in the above cells to 3 as bveing consistent with the
avallable rescurces and yet still offering a reasonzple chance

of isoletion of most of the virusss likelsy to be encouwnt=2red., Tt

-was realised however, that corcnzviruses wounld protbebly not be
detected by this syven, as the CPE is reported by M:zbvws et al.,
(1973a)to be very siight and indefinite at +he third passage in

bovine kidney cells,

Equine saruvm was cnosen for serous enrichment of the
maintenence medium aiter inoculation, as it was conside
offer the least clirnce of interference with viral isolation.
Foetal bovine serum was considcred unsuitable, as it is known
to sometimes contain antibedies to entercviruses (Duane et al.,

1973) and to bovine viral diarrhoea virus (lorner et al., 1973).

<
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The examination cf' haematoxylin and eocin stained
monolayers ab the end of the third passage was designed as an
adéitional check on the presence of viral CPE and more
particularly on the proJuotion of intranuclear and intracyto-
plasmic inclusions, particuliarly those due .to parvoviruses and
reoviruses., Intranuclear inclusions heve been reported with
) Butes et al., (1572)

and. ¥naha eb 8l., (1973). With reoviruses intracytoplasmic

bovine parvoviruses by Spzhn ¢t al., (195¢

inclusions have heen reported by Scbin (395S5) =ud Gomatos et al.,
(1962),

Parvoviruses are reported to causz haemadsorption of
guinea pig and humen type 0 erthrocytes (Abinznti and Warficld,
A i 7 7L - . . .
1961 ; Butes et _al., 1972). Hence guinew pig erthrocytes were

used to check for haemadsorption at the cnd of the third psassage.

In retrospect, some improvements can be suggssted in the

procadure used for isclation. It would nhave beecn advisable to

of the thir<

\..J

passsage i Vero eczlls

r_l

check the mediwn from the end

-

for presence c¢f rcovirue haemaggluilinins with humen tyrns 0 ved
cells (Lerner et 2l.,1963). A further chack for Lacmapglutinins
to bovine crthrocytes in ithe same medium weuvld also have becn
useful te check for recvirus 3, as these erthrocytes appear
generally to be more readily agglutinated than huiien type 0 cells

with thisservtype (Bggers et _al., 1962).

Coriphosphene 0 or acridine orange stains could have
p P

beenn used as an alternative to haematoxylin and eosin stain, To

check for viral inclusions. Their differential staining
properties with regerd to single and double strenued nucleic
acids would have made the detection of parvovirus and reovirus

&

inclusions somewhat eesier. Tf necessary, mcnolayers treated
with these f'luorescent stains cculd have been destuined after
examination, and restained with haematoxylin and eosin, as

L
suggested by Kecble und Jzy (1962).



An Juprovement in the rate of isolation of virusas

could provably have been obtained by the use of conczntretion
techniques on the faeces. Using differcniial cenvrifugation, a
pellet of possible viral material could have been obtained and
used f'or inoculatliun, Alternatively, the feeces could have been
brezted with trifluorotrichlorethane followed by polysthylene
glycol €COC, as suggested by Much snd Sajac (1972) snd by Bishop
et al., (1974), resulting in a purified and concentrated prepar-

ation for inoculation,

It wes considered that the use of 50 ml plastic
flasks for isolation off'ered some advantages over tube cultures,
they allowed a somewhat larger inocuiation sample, and more
espeeially allowed easier visuvalisation of the morolayer for the

detecticn of CFE,

Though lung cells proved to be the mest productive

of the three cell types used for igolation, kidney and Vero o=l
neverthi2less each detected a virus that wes misesd hy the other
cells, dewonstrating the value of using several cell types when

SCI‘(’L,HZLHI" material for wvirus content,

4o

Finally, it is worth ncting that the use of & thiad

passage with these samples did not vesult in any further isolations

of viruses, For routine purposes, it is vprobable that 2 passag:
are asequate, allowing more samples to be screened. XExceptions
would. be where scarching o1 slowsr adapting viruses such as

coronaviruses, where several more passages would he necessary.

=I5

a
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RYOLOGTCAL CHARACTERISTICS Ot TI'E TSOLATES

- . . e I
Of the 7 viruses jsolated, one (DZM/?;A) was susvecrted
on the basis of it's CPE in bovine lung cellis cf being bovine
virel dierrhcea (BVD) virus. Ugcn con® mation of this identity

by neutrelisation test with positive antiserum to TVD wvirus

o
H
e
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(Serclegical studies

deteil.

was not studied in

Five of the viruses isclated (D74/2, D7L/4E, D7L4/1SA
D7L4/163, D74/22-1) were subsequently identified es being entero-
viruses. Througrout the remainder of the text, they ere
collectively referred to as the enterovivus isolates. The remairing

virus (T )/ 4;) is reflerecd to by it's leboratory cesigonuticn.

Matericls snd Methods

B e i oy 3T o £ 8 e - .
(a)‘ Cytopathiec effects of isolates

The cytopethic eifects of the isolates
unstained and hoemztoxylin snd eosin stained (Asperdix 3) infected
cell monocleyers. The entercvirus isc
cells, isclzte D7 1/|3»¢; in Vero cell

(D74/258) in foelal bovine lung cells.

(b). Acridine orange steinuing

e b

This stain has been used under a variety of conditions
of pl and concentration by wvarious autirors. Recause of this
varietion, and the emphasis laid by socwe authors on the inpertence
of concentration (Schummelfeder, 1958) and pH (Anderson et al.,
1959), it was decided to exaomine the effect of varying ithe stairing
over a limited pli range, using 2 cerncentrations of dye for varying
periods of time,

N

Uninoculated monolayers of MDFK cells were staincd with

acridine orenge f'oilowing +the prccedure described in Aprendix 3,

but using the dye at concentrations of 0,0ﬂ% and 0.01% in acetate



(¢). Coriphoschene 0 stair

o)
]
'_l .
)
fott

buffer at pd 3, 3.5, L and L4.5. Staining tines were v

1

from 5 to 30 minutes.,

Besed on the results of the &bave ewperinents, HMDBK
cell monoleyers int'ected with entercvirus isol:ies were examined
following 15 minutes steining with 0,01% acridine orange in
acetate buffer at pH L, following the procedure described in
Appendix 3. Verc cell mcnolayers infected with reovirus 3 and

uninfected MPBK and Verc cell cultures were used as controls,

5

Monolayers of MDEK cells irnfeacted with the enterovirus
isolates, and Vero cclils infescted with isolele D74/ ;~h9, vere
stained using coriphosphene 0 stain as descrited in Appe
Contiol preparetions were the same as that used for the coridine

crange stain.

(d). Host cell range of is

Puplicate moncleyers of icetal bovine thyrcid, tastis,

kidney, and lung cellg, and of MUEK ond Vero ecelli.lines, wers eac

inoculated with 100 TCID .. of eacih of the enterovirus isolates
Ha

. 50 . .
incubated at 37/ C. Tne monolayecrs were ovcevwed for the develop-

= o
ment of cpe, and when this affected about 75% of the cclls, the
affected cultures were frozsn and thawed, the duplicates »nocled,
and the titre of virus subsequently determined in triplicate tube
cultures of' MDBX cells, as descrited in the general materials and
methods., Further duplicate monolayers o the szme cells were
inoculated with O,1 ml aliquots of undiliuted, freeze-thawed in-
fective culture fluid of isnlate D74/13-432, and with 1CO m"ID-O
of isolate D?h/)GA, and obhserved for n“ﬂﬂ=vn]0ﬁﬂe1 o CPE, TIn
addition, 100 TCIDQD of' the enterovirus isolates was inoculated
into duplicate monblayers of' neonateal canine kidney &and lung cell

and these observed for the development ol TP,

h

A
Q5

S,



(e). Haemagglutinatiag properties of isolates

The 7 isolates were tested for haesmaggilutinating
propertizs according to the procedure dascribed in the general
materials and methods, using duplicate test wells, and dilutions
from 1 in 10 to 1 in 1280. Bach virus wac tested againcst humar

type 0, guinea plg and bovine eyythvecy+e_, using incubation

i3

temperatures of 4 C, 20°¢ and. 51 C. Tests were read when the

erythrocyte control cells had settled to a distinet button.

(f). Plaque production by enterovirus isolates

(1) Confluent duplicate monolaycrs of MDPY cells in
50 ml plastic flasks were washed with PBC and then inoculated
with 0,1 ml aliquots ol tenfold dilutions of the enterovirus
isolates. Following incubation at 3700 f'or 1 hour, tlie mono-
layers were overlaid with medium 199 conteining 2% ezuile serum,
antibiotics and 1% agar, as described in Appendix 2. Following
solidification of the overlav at room temperaturs, the cultures
were incubated at 3700 for 2 days, following which they were
given a further cverlay of the same mediua but also centaining
0.01% of neutral red dye. After a further incubation at )/U
in the dark for 18 hours, the cultures were observeld for plague
production, Plaque counts in duplicate flasks at the highest
dilution cecntaining virus were &averaged, anda the titre expressed

as plaque forming units (PFU) per O.1 ml.

o (ii) Following determinatiou of the titres of the stocks
of the enterovirus isolates, the plaque testz were repeated in
duplicate flasks, using dilutions of inccula calculated to

contain about 40 PFU per 0.1 ml., The procedure varied from that
described above in that after the intial adsorption pzriod of 1
hour, the monolayers were washed twice with P25 to remove
unadsorbed virus so as to reduce the production of late developing
plagues., One set of enterovirus infected mounolayers were overlaid

with the agar medium described ebove, and the other set was
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overlaid with a similar medium in which 1% seaplague agarose1
replaced the agar, Cultures were held at upc for 10 minutes
to hasten solidification of the agarcse, @nd then incubated at
3700 for 4 days, with a second overlsy incorperating 0.01%
neutral red dye being added at the 3%rd day. ‘'"ney wecre then

observed for plagque production and photoprarhed,

(¢) The plaque tests were also repeatcd in 24-well
Lirbro plates, using replicate MDBK cell monolayers infected with
approximately 4O PRU of isolate D74/18. OCne set of wells was
overlaid with agar medium containing 0, 1, or 2% eyuine serum,
and the other set was overlaid with medium containing 2% methyl
cellulose instead of agar, and the same serum concentrations as
ahove., The monolayers were observed microscopically for plaque
development over the next 3 days.
\

(8). Effect of additives on enterovirus plague production

Further replicate monolayers of MDBK cells in plastic
flasks were infected with approximately 40 PU of entcrovirus
isolate D74/18, and following adsorotion for 1 hour and washing
with PBS, were overlaid with agar or seaplajue agaros? media
prepared as above, bui with the further incoxporation of
additives as follows:

diethyl aminoethyl dextran (DEAE-dextran) (25 o :‘x,OO/U.g/ml)
protamine sulphate (200 and 400 /ug/ml)

magnesium chloride (20 nM)

One culture was used for each treatment, and further
cultures were left without these additives zs centrels. All
cultures were incubated at 3700 for 4 deys, with a second over-
lay containing 0.01% neutral red being added at 3 days. 'They

were then observed for plague development,

1 Marine Colloids Inc,, Rockland, Maine, U,3.A,
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(h}. Attempts al plague production with isolate D74/17 -L9

Replicate Vero cell monolayers in Linbro 24-wzll plates
were infected with tenfold dilutions of isolate.D7u/15«h9, and
after adsorption for 1 hour, were overlaid withoub washiag with
medium 199 containing antibiotics, 1% ssaplagus agaross, and
further additives as follows:

(1) 1% equine serum.

(i5) n " " plus DEAB-dextran (50 to 400 ,ug/mi).

@y " L i "  protamine sulphate (200 and 400 /ug/ml).

(iv) " " " magnesium chlorids {30 mM).

{(v) " " " " DEAE~3extran and magnesium chloride, as
above,

(Vi) no serum.

Cell controls and inoculated wells subjected to each
o .
treatment were held at L C for 10 minutes to solidify the agarose,
o ;
incubated at 37 C for 7 days, and checked dally for plaguc

production by microscopic ohszarvation.

(i) . Plague purification of enterovirus isolates

MPBK cell monolayers in 50 ml plastic flasks were
inoculated with approximately 2C PFU of each of the entcrovirus
isclates, adsorbed for about 1 hour, washed twice with PBES and
then overlaid with agar medium as above, with nc additives.
Following solidification at room temperature, the cultures were

inverted and incubated at 370C for ) days.

Plaques were located without staining, and a single
isolated plague at least 1 cm distant from it's nearest neighbour
was remcved for each isolate, by aspiration into a sterile glass
tube. The plug of agar removed with the asscciated virus plaque
was added to a small volume of mediuwn, and then frozen and thawed,
to aid diffusion of the virus f'rom the agar. A 0.1 ml volume of

this medium was then used to inoculate a further monolayer, which



was treated similarly., The virus from the second plaque was
then grown up into viral stocks, which were frozen and titrated

befors use.

(3). One_step growth curve

Isolate D?A/18 was selected for use with this procedure,
which is based on that described by Mattson et al., (1969).
(i) A munber of MDBK cell monolayers in tubes were prepared, and
when coafluent, the average couat of cells per tube was determined
by trypsinisation and counting in a hacmocytometer., This was
found to be 5 x 1O5Jcells per tubde,
(ii) The remaining fﬁbe cell cultures were infecied with a dose of
virus calculated to give a tenfold muliiplicity of inflection,
(fid) Following adsorption for 30 minuies at BYQC, the monolayers
were washed 7 times with PRS to renmove free virus, and then
maintenarice medium was added.,
(i® After equilibretion fcor 10 minubtes, the cultures wvere
incubated al 37 G, this being taxen zs timz zero for the purpose
of the experiment,
(v) Culitures were harvested in duplicate &t O, 7, 1, 2, 3, b, 5,
6, end 8 hours.
_ Oﬂ) Culture media from duplicate cell cultures wers pooled
together with the first 2 washings from thz c2ll monolayers (see
below), and centrifuged at 1000 G fcor 410 minutes. The suparnztent
fluid was then stored frozen, and ony deposited cells washed 3
times in PBS by centrifugation.
(i) The cell monolayers from duplicabte cultures were washed 3 times
with PBS for incubation times up tc 2 hours, and 7 times with
further incubation up to 8 hours. The first 2 washes were added
to the culture medium as abova,
GL} A smali volume of medium was added tc each washed cell mono-
layer, together with recovered cells from the original medium and

washings, and the cells then frozen and thawed 3 times.



(ix) Residual cell deb=is was washed off the tube walls with a
vortex mixer, and the suspension of cell debris from duplicate
tubes pooled together in a bottle, topether with a further smoll
volume of medium used to rinse the tubes.

x) The cell debris and the culture medium from each harvest were
thein titrated in triplicate MDBK tube cell ?ultures, and the

resulting titres expressed 'as TCIDSO per 1067 cells,

Resnilths

(a). Cytopathic effects of isolates

The enterovirus isolates (D74/2, D7L/18, D74/19A, D7L/19R,

D74/22-4) were all characterised by the early development of foci
of round refractile cells. Secondary f'oci soon devzloped, and the

ef'fect spread rapidly to involve the whole cell shect,

Affected cells were noted to =zssume a spasrical shapes and
then to shrink, frequently leaving cytoplasmic strands attachzd to
the glass in a dendritic fashion. The celis subssguently detached
and floated free in the medium. Occasional cells wers noted. to

develop cytoplasmic vacuolation during the degeneration process,

Haematoxylin and eosin staining revealed that in
addition to the above changes, the nuclei became pyknotic,
assumed an eccentric position in the cytuplasm, and eventually
fragmented. The cytoplasm was frequently seen to develop a paler
staining eosinophilic central area inside a more amphophilic
staining peripheral margin. Frequently too, a morc intensely
eosinophilic spherical mass was to be seecn imside a vacuolated

pale centrel arsz

Isolate. D74/13 49 differed from the above in that the

early foci of cpe were somewhat slower to form, and though other

\ N
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MDBK cell control

D74 /19A

- D74/19B




FIGURA 1

This shows the (CPE induced in unstaized monolayers of WDBK cells

by the 5 enterovirus isolates. Early CPE is shown by isolates

D7L4/18, D74/194 and D7L/19B, and late CPE by isolates D74/2 and

D7L/22-L.



Vero cell control Vero cells infected
with isolate D74/13-49

FBL cell control FBL cells infected
with isolate D7L/25A
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FIGURE 2

Demonstretes the CPR induced by isolates D74/43-49 and D7L,/254
in comparison with their respective cell controis,.

Note the diffuse nature of the CI’E produced by isolate D74/13—49
in Vero cells, and the selective affinity of isolate D74/25A for
fibroblastic cells, leaving the epithelial c211 islands relatively
untouched,



D7),/19B D7Nh/22-U

Vero cell control D74/13-49



FICURE 3

Haematoxylin-eosin stained cell nonolayers showing the CPE
induced by 6 of the viral isolates. All isolates are in MDBK
cells except D74/13-49 which is in Vero cells, Note the
diffuse rounding-up of cells produced by thie latter isolate,

and the cell showing cytoplasmic vacuoclation,




D74/19B



FIGURT 4

Higher magnification of MDBK cells infected with isolate D74/193B.
Note the eccentric pyknotic nuclei and the central cyloplasmic

inclusion bodies.



foci later developed ¢ 'sewhere on ths cell sheet, there was only
slow progression. At no stage were more than a small percenteg:z
of' the cell population affected. Although the CPE often tended
to have a focal distribution, a considerablc number cof affected
cells were also located individually in a scattered fashion.

The cells were noted to assume a round refractile
appearance and did not show evidence of shrinkage {or sone
eonsiderablc time, No syloplasmic processes were seen, but
cytoplasmic vacuolation was occasionally present, though this
was also present to a lesser degree in uninfected control cells,

Degenerating cells were slow to detach from the monolayer.

Haematoxyliu and evsin staining showsd alszc that tre
nuclei usually stayed in a central position and showed 1ittle
change initially. Eventually howesver they became pyknotic. The
cytoplasm showed some increase in staining intensity and in a
small proportion of cells contained irregularly shapecd cosin-
ophilic inclusion material, which wss noi scen in healithy conbrol
cells, although smaller spherical eosinophilic inclusions sowe-

times werz,

Isolate D74/25A, subsequently identified as BVD virus,
was only studied in the unstained state in foetal hovine lung
cells. It was seen to cause a Tocal CFE which soon sprcad to
involve considerable areas of the cell sheet, and was charact-
erised by the production of small round refractile cells which
had a tendency to cluster prior to detachment., Affected cells
sometimes showed cytoplasmic vacuolation. The virus selectively
affected fibroblastic cells, epithelial cells showing little

change.

(b). Acridine orange staining

It was found that varying the pH over the tested

range made little difference in the final stained appearance. Likewise,
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the use of 0.25 and 0.01% concentrations of the dye resulted
in very similar staining, though the lower concentration appeared
to give a slightly better defined result. Staining for 15 minutes

appeared to be adequate,

As a consequence, the procedurc adopted involved a
0.01% dye concentration in acetate buffer of H 4, using a 15

minute staining time (Appendix 3).

Enterovirus affected cells were all noted to show a
patchy intensified staining of the cytoplasm. Subsequently, the
peripheral cytoplasm (except for the dendritic strands) developed
an even more intense staining, surrcunding & paler centiral zone,
which sometimes contained a central area cof intense orange colour.
The chromatin of the nucleus adopted 2 v=21low stained appearance
in contrast to the normal green colcur, and eventually became a

yellow pyknotic mass which finally fragmented.

The reovirus 3 used as a further stain control- showed

the production of well defined green cytoplasmic inclusions

\
s

located around the nucleus as described ty Gowmatos et ai., (1562

Some fading of fluorescence with prolorged excitaticon

by blue 1light was ncted and caused some protlems with photegraphy.

(c¢). Corisphosphene O staining

Enterovirus infected MDEK cells and reovirus 3 infected
Vero cells all showed similar changes to those described for
acridine orange, excecpt that the cytoplasmic fluorescence with the
enterovirus inflected cells appeared a stronger red colour than

acridine orange.

The isolate D74/13—h9 was also examined with this stain.
The cytoplasm of affected cells was noted to show an intensified
red-brown staining, and the nucleus showed a yesllow colouration

of the chromatin,‘eventually becoming a yellow pyknotic mass,



MDBK cell culture infected with
enterovirus D74/18 (Acridine orange
stain).

Vero cell culture inflected with
reovirus 3, (Acridine orange stain).
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Acridine orange stained MDBK cells infected wilh enterovirus
isolate D74/18. The nuclei of infected cells have bhecune
yellow and pylnotic (in contrast to the normal green staining
nuclei nearby), and also show increased intensiby of cytoplasmic
staining, A reovirus 3 inflected Vero cell culture is also shown
for control purposes, and clearly denionstrates the irregular

cytoplasmic inclusions obtained with this wvirus,



MDEK cell culture infected with

enterovirus D7L/18 (coriphosyphens
¢ stain)

Verd cell culture infected with
reovirus 3 (Ceriphesphene 0 stain)

R
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FIGURE 6

Coriphostltene 0 stained MDEK cells inf'ected with enterovirus
isolate D?A/18. The nuclei of irf'ected cells have become

yellow and pyknotic, (in contrest to the ncrmal green staining
nuclei nearly), and also show increased intensity of cytoplasmic
stainirg. A reovirus 3 infecled Vero cell culture is also shown
for control purposes, and clearly demonstrates the irregular

cytoplasmic inclusiocns due to this virus.



Two types of green cytoplasmic inclusions were seen, One consisted
of discrete spherical obJjects of variable size which were seen
occasionally in control Verc cells, but wers iuch more numerous
and occasionally muitiple in infected cell mouoiayers, The other
type appeared to commence as an irregular green cytoplasmic arca
with an indefinite margin, later dcveloping a more discrete
appcarance, though remaining irregular in shape., These were not

seen in control Vero cells.,

Monolayers stained with this dye appeared to show

little colour change with prolonged exposure te blue light.

(a) Host cell rangze of isolstes

Table 2 shows the susceptibility of the tested cell
types to the production of CFE by the various virus isolates. The
enterovirus titration resulis in the 6 lypes of c21ls where they

produced. CFE are shown in Table 3.

Table 2

The production of CFE in various cell cultures by the

{ isolabes
Cell Virus isolate T
S 74/ | D74/ | D7a/ | D/ | D7/ | D7/ | D7/

2 13-45 | 18 19A 19B 22~ 25

F.B. thyroid + - + + + 4 +
F.B. test s + - + | + + 2 [
F.B. kidney + - + + + + =
F,B. lung + - + + + + +
MDBK cells + - + + + 1 -
Vero cells + + + + + + =
N.C. kidney - N.T, - - - - N,T.
N.C. Jung - N.T. - - | = - N,T.

| { !
+ = CPE produced N.T. = not tested
« = no CPE produced N.C. = neonatal canine

F.,B., = feetal bovine

Ly



Vero cell cultures infected with isolate
D74/173-49, (Coriphosphens 0 stain),



FIGURE 7

Coriphosphene 0 stained Vero cell cultures infected with
isolate D74/13-49. Note the twc types of cytoplasmic
inclusion produced, one a discreic glcbular bedy, and the other

irreguler and somewhat diffuse.



Foetal bovine thyroid cell culture
infected with isolate D74/418.



FIGURE 8

Foetal bovine thyroid cell culture infected with enterovirus

icolate D?h/18, and uninfected cell control,

43



Table 3

The titres of enterovirus isolates in cell cultures

50

in which they produced GPE

Cell Titre of cnterovirus isolate {1og4o TCIDSO /0.1 ml)
culture :
:
D7L/2 D74/18 | D7L/194A D?q/135{ D74/22-1
MDBK cells 5. 75 5.25 L.75 Bt L.75
F.B. kidney 5.25 L.75 L.5 bl 45
F.B. lung 5.75 5.5 5.25 5.25 5.25
F.B. testis BITS 5.25 5.25 ko 75 L5
F'B‘ thyroid‘ L|-05 l+-025 3-75 14.2_) }1'-1-25
Vero cells L.75 5.25 4.5 L.75 L5
F.B. = foetal bovine
(e). Haemagglutinating properties of isolates

D7L/19A, D74/22-L, D74/25A) all appeared at 1

The seven isolated viruses {(D7L/2, D7i./%3-42, D74/485,

in 10 ¢ilution to

possess no haemagglutinins to huwnen type O, guinea pig, or bovine

erythrocytes at AOC, 2000, or 370C.

(f) Piaque production by enterovirus izolates

The results of plaguing the 5

enteroviruses isolates

under agar and seaplaque agarose media arc showa in Tadble L4,

Average plaque sizes were obtained by estimation,

Table 4

Plague development at 4 days under agar and seaplague

agarose nedia

Virus Sizes of plaques under Sizes of plaques undzar
isolate agar medium (mm) seaplaque agarosec
medium (mm)
Tange average Tange avorags
D74/2 1% 2 1-3 2
D74/18 3-5 4 2-7 L
D74/19A 2-8 5 2-6 5
D74/19B 0.5-2 1 0.5-2.5 1
D74 /224 2-8 5 3-9 7




D7L/2

D74/19A

D74 /221
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FIGURE 9

Plaque development of 4 of the enterovirus isolates at 4 days
under agarose. Note the very small size of plaques with

isolate D74/2, and the large plaques with isolates D74/19A and
D74/22-4. '



Considerable variation was noted in plaque sizes
within each viral isolate. Nevertheless, differences in average
plague size between the viral isolates were easily rzcognisable,
Isolates D7h/19A and D?Q/QZ—A both produced large pisziues, in
contrast to the small plaques of D?A/Z and D7L/19B. 'ihe plaques
of D74/18 were of an intermediate size. Plaques werc all of a
circular type, with sharp edges, and clear unstained centres,
The margins of the plaquss showed some increased aff'irity for

the stain.

Generally, the use of agar and seaplagus agarose
resulted in the production of similar sized plaques, with the
exception of D74/22-l, where larger plagues were producad under
the agarose overlay. Comparison of plague numbers under either
overlay was not atwempted, as the monolayers were washed after
the period of adsorpiion, to muxe studies 0.7 plagus morphology

and growth easier.

The use of methyl cellulose in the ovzriay with
isolate D7/4/18 resuited in a much slower developmeni of plagues,
being only about hald the size of planuzs grown under agar.
Varying the concentration of serum from 0% tc 2% in either agar
of methyl cellulose overlays made no difference in ratce of
plaque growth. Because of the poorer results, methyl cellulose

was not examined further as an overlay.

(g). Effect of additives on enterovirus plague production

The results of using various additives in the
overlay medium are shown in Table 5., Average plague sizes were

obtained by estimation,
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Table 5

Effect of additives o enterovirus D7L/48 plazus production

at L days, using agar and agarose overlay

media
Additive Plaque size under agar Plasue size under agarose
concentration| range (mm) | average (mm) raage (mm) | average (m1)
none 3-5 L 2-6 L
DEAE-dext ran

25 /ug/ml N7 NT 4-6 5

50 /ug/ml NT NT L4-6 (T) 5 (1)

100 /ug/ml ] L (T) (T)

250 /ug/ml 2- NT NT

400 /ug/ml 2 5 NT NT
protamine

sulphate

200 /ug/ml NT NT 2-5 L

1,00 /ug/ml 2-6 L (T) (1)
MgCl, 30 mM | 2-10 7 6-9 8

I o [
NT = not tested (T)= toxic overlay

DEAE-dextran causad a siight increase in plajue
size in both agar and agarose overlays. This effect was ssen at
low doses of DiAK-dextran in agarose, but wreguired much higher
dosage in agar before the effect was seen. Concentrations of the
polymer of 50 /ug/ml and above were taxic to the cells undzr
agarose overlay.

Protamine sulphate caused no effect on plague size
at the concentrations uszsd, though toxicity was noted at the
higher dose rate in agarose. Ian conlrast, magnesium chloride at
the concentration used, caused ccnsiderable enhancement of plaque

growth; this effect being most evident in the agarose overlay.



No additives

400 /ug/ml DEAE dextran

4C0 /ug/ml Protanine sulphate

30 ni MgCl,



FIGURE 10

Plaque development at 4 days of isolate D74/18 under agar, in
the presence of the designated additives. Note the larger

plaques developed in the presence of MgClZ.

5L



\n
wn

(h), Attempts at plaque production with isclate D74/13-L9

Small numoers of scattered round refr.ctile cells
were noted for form at 10—2 dilution of virus teneath overlays
containing no serum, serum, and serum plus protamine sulphate,
These did not appear to progress. Vero cells overlaid with DEAE-
dextran at 50 /ug/ml still developed some toxic chenges after 2

days, no CP& being recognisable,

The incorporation of magnesium chloride in the
overlay resulted in the development of foci of round refractile
cells at a dilution of 10—2 and 10~ of virus. This effect was
even more evident in the overley containing a mixture of magnesium-
chloride and DEiE-dextren. However, although scme progression of
the foci was evident, it was too slow to result in macroscopic

plague formation.

One interesting finding related to the use of
protamine sulphate in the overlay. It was foun? *hat Vero cells
persisted in a much healthier steic when this chemical was in the
overlay medium. A small side experiment was made using tuce
cultures of Vero cells in maintenance medivm contairning LCO /ug/ml
of protamine sulphate and nc sclidifying agent. Vero cells were
still f'ound to persist in a relatively healthy state withcut
mediun change for up to 18 days, whereas contrcl cells without the

chemical ccmmenced to degenerate at about 7 days.

(i). Plague purification of enterowvirus isolatcs

The method adopted for double plague purification
of the enterovirus isolates posed no particular problems, thougnh
the second purifiication step had to be repeated at slight dilution
for 2 viruses, as the plaques were too numerous for selection of

well spaced plaques.

(32 One step growth curve

Tke results cf the cne step growth curve with

isolate D74/18 are shown graphically in Figure 13 More detailed



Vero cell control,

Vero cells with D74/13-49
microplaques.



FIGURE 11

Vero cell culture infected with isolate D7u/13-49, and non-infected
control cells, both overlaid with agarose medium containing
supplemental MgCl2 and DEAE dextran. Note the small microplaques

forming in the infected culture.
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Vero cell culture at 15 days, with
protamine sulphate.

Vero cell culture at 19 days without
protamine sulphate.



FIGURE 12

Vero cell cultures at 15 days, with and without prctamine sulphate
in the nutrient medium. Note the much heaithier state of cclls

maintairned in the presence of protamine sulplinte,

N
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data are presented in Appendix 4 (Table A).

The eclipse phase lasted about 1 hour, and was
followed by a rapid increasse in cell associated virus, The
average maturation time was founa to be approximately }% hours

with maximal production being reached at about 4% hours,

Increase in extracellular virus was detected at
about 3 hours, being somewhat slower in it rate of development
3 . . . 57
than cell associated virus. Viral release was less than 1%

complete at 8 hours after time zero.

Despite a tenfold multiplicity of dose rate, the
titres of cell asscciated virus indicate that slightly less than
100% of the cells arpear to have been infected during tke 70
minute adscrption period, though the exact percentage was not
able to be determined, due to the limitalions ol the triplicate
tube titration technigue., Nevertheless, theproduction of virus

was quite high, being in the vicinity of 2000 TCID per cell,

50
Discussion

Tne cytopathic effect produced by the enterovirus
isolates in MDBK cells is similar to that described hy several
authors studying bowvine enteroviruses (Mol] and Davis, 1959:
Spradbrow, 1963, 1964; Rovozzo et al.; 1965) ard humsn entero-

viruses (Wenner, 1962; Mzlnick and Wenaer, 1969) .

Similar eosincphilic intracytoplasmic inclusion
bodies have been comimented on by Barski (1962) 2nd Melnick and
Wenner (1969) with human policvirus. Rifkind et al., (1961)
confirmed the presence of these bodies electron microscopically
and found them to be dus to the localised production of ulira-
microscopic vesicles in the juxtnuclear region., Intracytoplasmic
inclusion bodies have also been described witn bovine enteroviruses
by Spradbrow (1963, 1964) and Rovozzo st al., (1965), thougnh the
latter authors found them only with 2 out of their % isolates,

and then only inconstantly.



Viral Titre (|oglOTCIDSO/O']mI)

107

. -~
-
-
I"’
o -~
6 /\. '—-.’o
-
’I
'f
L
-"
&
4
4
'I
,I
-
o 8 ""
-,
. .’/
Cell
v T v 1 \ v Al
2 4 6 8

(hr)



FIGURE 13

One step curve with isolate D74L/18, Viral replication
is seen to occur in the cell in approxinately 1.5 hours,
but release of virus into the medium docs no% commence

till about 3 hours.
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The acridine series of dyes, which includes both
dyes used in this study, have been reported to differentially
stzin double stranded and single stranded nucleic acids (Jaswetz
=1 1 197L), possibly due to distortion of the dye molecule
during it's incorporation between the 2 stiaends of the double
stranded nucleic acid (Lerman, 1964.). Using these dyes on
enterovirus infected cells showed some carly localised increase
in cytoplasmic staining, but did not differentially stein the
inclusion material, suggesting that no double stranded nucleic
acids were present in the cytoplasm., The greeter stability of
corisphosphene 0 under blue light excitation compared with
acridine orange as seen in this study, was algo commented upon
by Keeble and Jay (1942).

The rapid procductior end spread of CPE with the
enterovirus isolates, together with their fairly wide host cell
spectrum, is in accordance with previously published reports
(Moll and Davis, 1959: Moscoviei et al., 1961) on bovine enterc-
viruses, Though no CPE was produced in canine cells, it was not

determined whether viral multiplication had taken place,

The lack of heemagglutinaticen with the entero-
virus isolates was not unexpected. Bovine enteroviruses have
been tested against a wide range of species o' erythrccytes &t
various temperatures, frequently with no success, (Moll ané
Ulrich, 1963; Rcvozzo gi_gl.,1965). lowever, Moscoviei et al.,
(1961) and Mattson and Reed (1974) reportsd haemsgglutination
with guinea pig and monkey erythrocytes at AOG with.some of their
isolates. La Placa et_al., (1963) and Schiott and Hyldgaard-
Jensen (1965) also confirmed haemagglutination of some isolates
with monkey erythrocytes. Occasional reactions to humen type O
and bovine erythrocytes have also been demonstrated by Mecscovici
et al., (1961). It was not readily possible to determine whether
the viruses isolated in this study were capable of haemaggiutin-
ating monkey erytﬁrocytes, though it would appear that these are
the red cells of cheice. La Placa et ai., (1965) used haemagglut-

ination with these cells to subdivide bovine enteroviruses into



2 classes, these showing close ccrrelation witi: their antigenic

characters,

The production of pleques by bevine enteroviruses

1 -

3
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Las been recorded by several authors (Woscovici et al., 1

McFerran, 1962a; Gratzek et al,, 1967). The plaques produced by
these isolates were all of a circular type with sharp edges and
clear centres, similer to some of those described by Moscovici

et al., (1961).

There was considerable varialion in plague size
within each isclate, though this has also been reported by
McFerran (1962a)with: bovine enteroviruscs. Bven using plague
purified enteroviruses, Mcscovici et al., (1961) still found
some variation in plaques within isolates. Despite the above
veriation, hoviever, there were marked differenczes in plaque
sizes between viral isolates, the sizes Dbeinyg similar to those

described by Mescovici et al., (1961).

Substitution cf seasplague agaroce for agar in the
overlay resulted in increassd plaque size with 1 igclete,
D74/22-l. This effeci has been claimed to Le due to the low
level of sulphated mucopclysaccharides in the purified agercse,
but more recently it has been suggested by Wellis and Melnick
(1968a) that it is due to the lower hydrogen icn concentration
present in the agarose, as a consequence of the purification

procedure.,

The use of methyl cellulose in the overlay
resulted in the retarded growth of plagues with isolate D7L/18.
Working with human polioviruz, Waliis and Meinick (1968L) also
found thal plaques grewn wnder methyl cellulosc overlayvs were
diminished in size and number, and suggested this is due to the
more acicd rature of this msdium,

The enhancement of plaque formatior by DEAE-

dextran was rclatively small, but wszz in accordance with the

@]



€2

findings of Wallis et_al., (196€a)ard Wellis ond Melnick (1968a),
fer scme of their jsolates. The lower level of the DEAE-dextran
needed tec produce this effect in apgarose overlays is probably due
to the low level of sulphated mucorolysaccharides mentiored
previously, Wallis and Melnick (19€8a, b) suggested that the
sulphated mucopolysaccharides present in agar bind the major part
of the DliE-dextran, leaving little or none to enharce plaque
growth., A similar mechanism probably expleins tke dirference in

toxicity in the 2 overlay media.

Protamine sulphate did not enhance plague formation
with the single virus tested, but did prove texic at the higher
concentration in the sgirose overlay. The difference in toxicity
in the 2 media is prorebly for the same reason as with the DEAE-
dextran, as Wallis and Melnick (19682) also found this level of
the polymer toxic in sterch gel and methyl celiulouse overlays,

which dc nol contain any sulpheted mocopoelysaccharides.

Considerable enhencement of plaque growth was seen
in the presence of 70 mM magnesium chloride, This etfect wes
somewhat greater when agerose was used, possibly beczuse of the
lower hydrogen ion concentration mentioned previously. Magnesium
chloride was also four:d to enhksnce plague growth with many bovine

enteroviruses by Wellis et al., (1966a).

The variation in the plague enhancing activity of
the various additives appears to relate to the particular strein
of enterovirus under test, Wallis et al., (1966a}fuund that
magnesium chloride enhanced the largest nurber of strains of
enteroviruses, whereas DFAE-dextran and protamine sulphate were
much more restricted in their activity. It has been suggested by
Wallis and Mclnick (1968a) that the enhzncing action of the
cationic polymers DEAE-dextren and protamine sulphiebe on entero-
virus plaque production is largely related to their pcsitively

charged nature, father than being a direct chemical effect.
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Plaque purifiication of the enteroviruses was
carried out in an inverted position and without a further reubral
red overlay because of tne recommencations of Mosley and Enders
(1961), s0 as to avoid centaminztion of the selected plaque by
virus from anotbier plague. Twe purificetion stepc were considered

adequate.

Trne results of the one step growth curve agree well
with the results obtecined for a bevine enterovirus by Mattson et
al., (1969), and showed that viral replication took place very
rapidly. The rate of virus release was somewhat slower than that
recorded by thecse authiors, but follows a similar pzttexrn. The
yield of about Z.0CO TCIDEO of virus per cell ic { airly hizh,
compared with the £00 PFU! mer cell reporied by Mettson et al.,
(1969). However, higher yields of up to 5,100 PFU pcr cell have

N

been reported with humen poliovirus by Schwerdt and Fcgh (1957).

Thé CPE produced in Vero cells by isolate D?4/13—h9
was nctable for it's slow progression, cyteplasmic inclusions, ardg
lack of intrsnucleear inclusions and syncytia. It shcws some
similarity to the CPE produced by viruscs of the diplornavirus
group, though the lack of heemzgglutinating activity with the
erythrocyltes tested makes it less likely to be a veovirus,

Because of the slow nature of the CFE, it proved impecssible to
titrate this virus by ordinary tube titration techniguos,

Attempts at plague preduction with isolate D74/ 3-49
were relatively unsuccessful, though the enhenced f'ccel CPE
produced in the presence of' magnesiwn chloride and DEAE-dextran
suggests that further investigation may result in a workable
plagque titration system. The apparently additive erfect of' the
2 chemicals in enhancing the development cf CPE has previously
been reported by ¥iala and Kenny (1966) with rhinovirus plagues.

It mey also be of some relevance that megnesium chloride has been
reported by Wallis et al., (196L) and Spendlove and Schaffer {1965)

)
to cause activation of reoviruses following heating to 50 C.
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Other substances which were not triec. but which
deserve investigation of their effect on playue production and
infectivity with this virus, are pancreatin and chymotrypsin.
The former enzyme has bpeen reported to induce plague production
with reoviruses (Wallis et al., 1966Dh) whilst chymotrypsin was
found by Spendlove and Schaffer (1965) to enkance reovirus

infectivity.

Isclate D74/25A, which was subsequently identified
serologically as BVD virus, was not examined in detsil. However,
the rapid production of CPE in iung cells, coupled with it's non-
cytopathic nature in kidney cells, suggests that the use of foetal
bovine lung meay be a useful and sensitive system for isolation of

this virus.

The mode of aection of protamine sulphate in
promoting the healthy maintenance of the Vero cells is uncertain.
Tytell et al., (1962) reported that mornolayers of cells undcr
agar overlays were better maintained in the presence of %this
chemical and attributed this to protamine suliphetc overcoming the
toxicity of the agar . However, this appears to be an unlikely
explanation  as the small side experiment mentioned eserlier
siowed tliat the same eftfect still occurred in the sbsence of any
solidif'ying agenl. Protamine sulphate concists largely of
arginine (Wallis and Mclnick, 1968a) and it may be that the release
of this substance from the protamine sulphate by cellular enzymes

promotes the longer and healthier maintenance of Vero cells.
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PHYSTCCCHEMICAL PEOFEFTTIES OF THE ISOLATES

Materials And Metheds

(a) . Filtration studies of the isolates

(1) Undilvted freeze-thawed infected cell culture
fluids of each of tha enterovirus isolateg were filterea through
a 450 nm (epd) membrane filier. TFreeze-thaved cell culture
fluids infected with vaccine strains or infectious bovine rhino-
tracheitis1 (IBR) and bovine viral diarrhoea2 (EVD) viruses were

dilvuted 1 in 10, filtered similarly, and usged as virus controls,

Aliqucts of each virus were then filtered in
sequence through membrane filters of 220, 1CC, and 5C nm (apﬂ),
retaining samples al each step. Atltempts at filtering through
a 25 nm (apd) membrane filter were not successful. Filters ware

all checked for correct function after use.

The 200, 100 and 50 nm filtrates were then titrated
Tor viral content, using triplicate tube cultures of MDEK cells
for the enterovirus isolates ond IER virus, and FBEL cells for BVL
virus, Titres were determined after Reed and Muerch (1938)

analysis,

(1) Undiluted freeze-thawed Vero ceil cultures
harvested at 6 days followirg inoculation with D74/43-49 virus
were similarly filtered through 220, 100, and 50 nm (epd) membrane
filters. Aliquots of each filtrate tocgether with unfiltered
infective culture fluid, were incculated into duplicate tune cell
cultures of Vero cells., Beceause titraticn was not possible with
this slow growing virus, infectivity of the inocula wss determined

by the production of CPE at 5 deys.

1. Rhinovax, Tasman Vaccine Leboratories, Upper Hutt, N.Z.

2. Bovax. Tasmen Vaccine Laberatories, Upper Hutt, N.Z.



(b) . Sensitivity of the isolates t o bromodeoxyuridine (EULR)

(1) Replicate tube cell cultures, with or without the
addition of 100 /ug per ml (G.33 mM) of BUDE in the maintenance
media, were inoculated with 10C TCIDSO of each of the euterovirus
isonlates, and of vaccire strains of TRR and RVD viruses, MDEK
cells were used for all viruses except BVD, where FEL cells were

used,

Duplicate cultures of ecither treatment of each
virus were harvested at post inoculation intervals as follows:
isolate D74/48, at 1, 5, 8, 16, and 2i; hours; IBR virus at 1, 12,
24, 48, end 72 hours; BVD virus at 1, 12, 24, 48, 72, and 96 hours;

and the remaining 4 enterovirus isolates at 24 hours.

Fcllowing harvesting, infected cell cuvltures were
frczen, and subsequently titrated in triplicate tvlbe cell cultures
of correspording type to the above, and titres detcrmined following

Reed and Muench (1938) analysis.

(i1) Because of the slow growing neture of isolate
D74/13—49, a different procedure wasedopted. Replicate hottles
of Vero cells were prepared, in maintenance medium with or withecut
the addition of 50 /ug per ml of BUDR. (Previous work indiceted
that 100 /ug per ml of BUDR caused some slight toxicity to the

Vero cells.)

A 0.1 ml volume of undiluted stock of isclate
D7A/13-49 was inoculated into a set of cultures, with or withcut
the addition of BUDXK. 100 TCII5O of reovirus 1 and vaccinia '

virus were inoculated similarly and used as resistant and suscept-

ible viral controls.

Al 3 viruses were serially passaged 3 times at
weekly intervals threcugh similar treatments, using 0,1 ml of

freeze-thawed culture fluid for reinoculation. Results were
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assessed by the prese-ce or absence of CFE, cultures beling

ohserved cevery 2 to 3 days.,

(¢). Chloroforin sensitivity of the isolates

The enterovirus isolates and isolate D74/13—h9
were tested for chloroform sensitivity using the method of
Feldman and Weng (1961). IBR and vaccinia viruses werc used as

controls.

Dupijcate 1 ml volumes of each virus were prepared,
using 1 in 10 dilutions of stocks of each virus except vaccinia,
where undiluted stock was used. Ore sample of each virus was
treated with 0,05 ml of chloroform, mixed well for 10 minutes
at room temperature, and then centrituged tcgether vith it's
untreated control al 1,000 G for 10 minutes, to depesit the

chloroform, Supernatant fluids were removed and f'rozen.

Chlorofoxm treated and contrcl samples wers then
tested flor viral activity as follows: the enterovirus isclates
end IBR virus samples were titrated in triplicate tube cell
cultures of MDBK cells, the vaccinia samgles in triplicate Vero
cell cultures,and isolate D74/13-L9 was incculated into duplicate
Verc cell cultures and assessed on the basis of developmunt cf

CFE.

(8). Ether sensitivity of the isclates

The enterovirus isolates were tested for sensitivity
to diethyl ether following the method of’ Andrewes and Horstman
(1949), using IBR and vaccinia virusces as controls. Two ml voluTes
of 1 in 10 2iluted stoclis of the enteroviruc isolates and of IBRR
virus, and 2 ml volumes of undiluted vaccinia virus stock, were
treated with 0.5 ml of diethyl ether, lezving further replicate
sanples as untreated controls. Samples were then sealed and left

for 18 hours at AOC. The ether was subsequently removed by
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evaporation and all sampies were then frozen, pendirg btitration.

Vaccinia .samples were titrated in triplicate
tube culutres of Verc cells, and the other samples in triplicate
MDEK cell cultures., Results were assessed following Reed and

Muench (1538) analiysis.

(e). Sensitivity of the isoletes to sodium deoxychclate

The enterovirus isolates, together with IBR and
vaccinia virus controls, were tested according to the techrniaue

of Theiler (1957), as modified by Czlisher and Maness (1973).

Sclutions of 0.2% bovine serum albumin in PES were
prepared, with and without the addition of 1 in 1,0CC dilution of
sodium deoxycholate, and sterilised by filtration. Aliquets of
0.5 ml of each virus suspended in maintensnce medium were mixed
with an equal volume of either solution, incubated in a }700
weter bath for 1 hour, and then titrated in triplicate tube cell
cultures, using MCBK cells for all viruses except vaccinia, where
Vero cells were used. Titrcs were determined following Reed and

Muench (1938) analysis.

(f). Acid sensitivity of the entercvirus isolates

The enterovirus isolates were tested for acid
sensitivily using a modification of' the method of Mattson et &l.,
(1969). 1IBR virus diluted 1 in 10 from frozen stocks was used
as a susceptible viral control, and enterovirus stocks were

used undiluted,

Mzintcnance media of pH 2.5 and 9.2 were prepared
by adjustment with 1IN HC1 and 4N NaOH respectively. A 0.5 ml
volume of viral suspension was added to 2 ml of maintenance medium
pH 2.5, to give a final pH of 3. A similar volume of virus was

added to 2 ml of normal maintenance medium pH 7.2. Duplicates of
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both treatments were ‘ncubated in a 370C water bath, harvesting
a set of each treatment at 1 and 3 hours. Acid treated viral
samples were then diluted with an equal vclume of alkaline
maintenance medium pH 9.2, to give a final pH of 7.2. The
corresponding cortrol samples were similarly diluted in normal

maintenance medium pHd 7.2.
Acid treated and control samples were then
titrated in triplicate MDEK tube cell culturcs, and the titre

determined following Reed and Muench (1938) analysis.

(8). Heat stability of the enterovirus isolates.

The enferovirus isclates werce all tested for thermel
stability at 5600 and 3700. Replicate volumes of each virus were
placed in bijoux bottlecz, and incubeated, using a 5600 weter bath
and a BYOC incubator. Samples viere hervested from the water hath
at 0O, %5 1, 2, and 4 hours, and from the incubator at 0, 2, L, 7,

and 14 days.

Following harvesting, samples were frozcn rapidly
. o, . . . e
in a -80 C ultradeepfreeze,end then titrated in triplicate tube
cultures of MDEK cells, titres being determined followving Reed

and Muench (1938) analysis.

(h). Cetionic stabilisation of the enterovirus isolates

The enterovirus isolates were tested for cationic
stabilisation at 50 C with molar Mg012 solution using a procedure

similar to that described by Wallis and Melnick (1562).

Viral stocks were diiuted 1 in 10 and mixed with
equal volumes of either sterile distilled water or sterile 2M Mgclz
in distilled water. Following incubation in a 50°C water vath
for O, 1, and 3 hours, samples were harvested end frczen rapidly,
and subsequently titrated in triplicate MI'BK tube cell cultures,

using Reed and Muench (1938) analysis to assess the end points.,
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(i). Sensitivity of isoletes to hydroxybenzyl - benzir ‘dazole (HEB)

Portclani et_al., (1968) showed trat there was a
correlatior: between antigenic characters of bovine enteroviruses
and their ability to multiply in the presence of 5 /ug Der ml
concentraticn of HBB. The enterovirus isolates were therefor
tested for their abiliity {to grow in the presence of this concen-
tration of HBB, by imoculating 100 TCID50 of' each virus into
duplicate MDBK tube cecll cultures meintained with or without 5 /ug
per ml of HBEB in the maintenance medium. Cultures were harvested
when: viral CFE was fully developed in the untreated samples, the
duplicates pocled, and the titres determined by titration in

triplicate MDBK tube cell cultures, using Reed and Muench {1938)

analysis.

(3) . Enterovirus concentration by polyethyleng_ﬁgycolkﬁfﬁg)méLQQQ

precipitation

Pclyethylene glyccl 6,000 hes been used by a number
of authcrs to purify end concentrate several viruses, using PEG 6,000
concentrations of 6% (McSharry and Benzinger, 1970), 8% (Della-Foriz

and Westaway, 1972) and 10% (Panina and DeSimorne, 1973).

To deteriire the optimel cencerntration of PEG 6,000
f'or concentration of enteroviruses, a volume of isolate DTA/18 was
rendered cell free by centrif'ugation at 2,000 G for 10 minutes,
and dispensed in 20 ml aliquets. To these, PEG 6,000 was then
added and dissclved to give final concentrations of 0, 2, 4, 6, 7,
8, 9, and 10%, and they were left for 1 hour at 4°C for the
precipitate to form. Each aliquot, including the untreated control,
was then centrifuged at 3,000 G for 10 minutes. The precipitates
were suspended in O.4 ml of maintenance medium, and frozen, together

with the untreated control,

The control and test samples were then titrated in

triplicate MDBK tube cell cultures and the titres determined by



Reed and Muench (19%8) enalysis.

(k). Enterovirus concentration by protamine sulphate precipitation

Protamine sulphete has been used at 0.25%
concentretion hy Tenaka 2t ail., (i969) to concentrate kovine
ephemeral fever virus. To defermine the eff
chemical in concentrating enteroviruses, sterile sclutions of 0.5,
1, 1.5, 2, and 2.5% protamine sulphate were rrepared in distilled
water. A volume of isolate D74/1€ was readcred cell free by
centrifugation at 2,000 G for 10 minutes, end dispensed in 20 ml
aliquots. A 5 ml volume of each strength of protamire sulphate
wes added to each aliquot of virus, so as to give final concen-
trations of 0,1, 0.2, 0.3, 0.4, and 0.5% protamine sulphate.
Following 2 hours at AOC, the treated samples and an untroated
control were centrifuged at 3,000 Gfor 10 minutes. The reccverad

precipitates were dissolved in 1 ml of maintcuence medium, The

virus were all then titrated in triplicate MDBK tube cell culturcs

and the titres determined by Reed and Muench (1958) analysis.

(1) . Enterovirus concentration by ammonium sulphate precipitetion

Ammonium sulphate has bzen widely used ag a protein
precipitant in the purificatiorn of the globulin fracticn of serum,
(Hebert et al,, 1973) but has had much more limited use in the
purification and concentration of' viral antigens and viruses. To
determine the effectiveness of this chemical in ccncentrating
enteroviruses, infective culture fluid of isolate D74/18 was
rendered cell free by centrifugation at 2,000 G for 10 minutes,
dispensed in 20 ml aliquots, and equal vclumes of sterile ammonium
sulphate solution adéed, to give final concentrations of the
chemical of 20%, 0%, 40% and 50% saturation at room temperature.

A further cell aliguot was left untreated, as a control,

Following 2 hours at AOC, samples were all centri-

fuged at 3,000 G foe 15 minutes and any precipitate collected and

71
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redissolved in 0,4 ml of maintenance medium. Supernatant fluids,
redissolved prccipitate, and untreated control virus were then
titrated in triplicate MDBK tube cell cultures and {titres

detzrmined following Reed and Muench (1933) analywsis.

(m). Buoyant density determination cf isolate D74/18

The buoyant density of isolate D/4/18 was deter-
mined by isopycnic centrifugation in a caesium chloride gradient

using the method of Rowlands et_al., (1971).

(1) Caesium chloride was made up to 308 and 4LO% concentrations
(w/w) in 0.04 M phosphate buff'er, pH 7.5. Using an Abbé type
refrectometer and pyknometer bottles, a standard curve was
prepared of refracitive index against density for caesium chloride
solutions of several strengths between 30% and L0%, being corrected

for phosphate buffer content.

(i) A concentrated preparation of isclate D74/18 was prspared
by precipitation with 8% polyethylene giycol 6.000, the
precipitate being redissolved in 1 ml of 30% caesium chloride in

phosphate buffer.

(UQ Three linear gradients of caesiuwn chloride from 30% to hO%
were then made using a gradient making device, and 0,1 ml of
concentrated viral preparation carefully overlaid on top. The
remainder of each tube was filled with liguid paraffin and then
sealed, and the tubes centrifuged in a swing-out rotor at 90,000

G for 6 hours, using a Beckman model I, preparative ultracentrifuge.

(ﬁﬁ Following centrifugaticn, 10 drop fractions were collected
from each gradient by puncturing the bcttom of each tube, and the

corresponding fractions pooled together.

- (v) The density of caesium chloride in each fracticn was deter-

mined from it's rcfractive index, and the wiral content determined



by plaque titration in Linbro 24-well plates, plaque numbers
being assessed by microscopic observation. Fractions were also
examined in a Phillips EM 200 electron microscope, using a
negative staining technigue with 2% PI'A as described in the
general materials and methods, but also incorporating a cycle
of washing in distilled water prior to staining, so as to remove

the caesium chloride deposits.,

(n) . Ultracentrifugation of isolate D74/13-L49

Triple freeze-thawed distilled water lysates of
D74/13-49 infected Vero cell cultures harvested at 6 days, were
rendered cell free by centrifugation at 3,000 G for 15 minutes.
They were then centrifuged at 100,000 G for 2 hours in an angle
rotor in a Beckuman model L preparative ultracentrifuge, the
pellets dissolved in a small volume of distilled water, and these
then examined under a Phillips EM 200 electron microscope follow-

ing negative staining with 2% PTA (generai materials and meihods).

(o) . Electron microscopic examination of negatively stained isolates

MDBK cell cultures infected with the enterovirus
isolates were harvested when aboub 75% of the cells showed CPE
" and werc prepared for electron microscopic examination by the
negative staining technique with 2% PTA, as describea in the
general materials and methods. They were ihen exemined in a
Phillips EM 200 electron microscope. Vero cell cultures infected
with isolate D74/13-u9 were harvested at 6 days and examined in a

similar manner.,

(p)u Elsctron microscopicexamination of thin sections of cell

cultures infected with the entero7irus isolates and isolate

Db/ 3-19

MDBK cell cultures infected with the enterovirus
isolates were harvested when approximately 60% of the cells

showed CPE, and Vero cells infected with isolate D74/13-u9 were

75



harvested at 6 days. They were then prepared into pellets,
sectioned and stained as described in the general materials
and methods, and examined und=r a Phillips EM 200 electron

microscope,

T
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Egsultg

(a). Filtration studieg of the isolates

The results of filtration studies on the enterovirus

isolates, and on IBR and BVD viral controls, are showmn in Table 5.

Typical CPZ was found to be produced in Vero cells
inoculated with unfiltered culture fluid of isolate D74/13-49, and
with 220 nm and 100 nm filtrates of this fluid. This effect was
not seen in Vero cell controls, nor in cells inoculated with the

50 nm filtrate.

On the basis of these results, the enterovirus
isolates would all appear to be smaller than 50 nm diameter,
isolate D74/15—49 would be between 50 nm and 100 nm, and the
majority of IBR viral particles would be between 100 nm end 220
nm., The size of BVD virus is harder to determine; it would appear
to be between 50 nm and 100 nm diameter, but was also retained to

a considerable degree by the 100 nm filter.

Table 6

Titres of filtrates of the entsrovirus isclates

and of viral controls

Virus Titres of filtrates (log1o ’I‘CIDRO / 0.1 ml)
220 nm 100 nn 50 nm

D7L/2 %.0 L4.25 3.75
D74/18 5.75 BT 2 ]
D74/194 5.5 5% Bre5
D74/19B 4.75 475 4.75
D7L4/22-l k.75 b5 3.75

IBR 375 0.75 0.0

BVD 2.75 1.75 0.0
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(b). Sensitivity of the isolates to bromodeoxyuridine (BUDR)

(1) The growth curve of an enterovirus isolate (D74/18)
and of BVD and TBR viruses in the presence and absence of BUDR are
shown in Figure 1) . More detailed data are presented in Appendix
 (Table B).

The titres of the remaining /4 enterovirus isolates
grown for 24 hours in the presence and absence of BUDR are shown

in Table 7.

BVD virus and the enterovirus isolates all proved
to be resistent to the action of BUDR, in coantrast to IBR virus,

which showed marked inhibition of viral multiplicatlion.

Table 7

Growth of 4 enterovirus isolates in ths presence

and absence of BUDR

Sy r——— v e r~— - —_

Virus BUDR concentration Viral titre at 2! hours
(/ugﬁnl) (10310 TCID5O/O.1 ml)
D7L/2 0 6.25
100 ' 6.25
D7L/19A 0 .5
100 5.75
D74/19B 0 5.75
100 5.75
D74 /22~ 0 5.75
100 6.25
(ii) Cytopathic effect developed normally in untreated

control cultures inoculated with isolate D74/13-49, reovirus 1

and vaccinia viruses, with all 3 serial passages. It also developed
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FISURE 1)

Growth of enterovirus D74/18, and IBR and BVD viruses
in the presence and absence of BUDR. Note the retarded

growth of IBR virus in the presence of BUDR.
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normally in BUDR treated cultures inoculated with isolate
D74/13-49, and reovirus 1 viruses, at all 3 serial passage
levels. Vaccinia virus showed complete suppression of CPE in

BUDR treated cultures.

(c). Chloroform sensitivity of the isolates

The results of chloroform sensitivity testing of the

various isolates are shown in Table 8.

Table 8

Effect of chloroform treatm=nt on viral infectivity

Virus Viral infectivity
Untreated control virus Chloroform treated virus
D74/2 3.75 ¢ 3.5
D74/18 k.5 - k.75
D7L4/19A * B k.5
D74/19B b5 4.5
D7L/22-L 4.5 k.25
D74/13-49 pos ** pos'*
IBR 3.25 0.0
Vaccinia 325 0.0
’ +

= log,, TCIDBO /0.1 ml
e CPE_present.

The enterovirus isolates and isolate D74/13-49 all
proved to be resistant to the action of chloroform. Both IBR and

vaccinia virus were inactivated by chloroform treatment.

(d). Ether sensitivity of the isolates

The titres of the enterovirus isolates and of IBR and
vaccinia viruses treated with and without 20% diethyl ether at AOC

are shown in Table 9
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Table 9

Effect of ether treatment at AOC on viral infectivity

: ki : / m
Virus Titres of virus {log,, LCID5O /0.1 ml)
Untreated control virus Ether treated virus
D7L/2 3.75 3.5
D74/18 4.5 4.5
D74/19A 4.25 4.5
D74/19B 4.5 3.75
D74/22-) 3.75 4.25
IBR 3.5 0.0
Vaccinia 3,25 5l 25

The enterovirus isolates and vaccinia virus vere all
o}
resistent to the action of diethyl ether at 4 G, in contrast to

IBR virus, which was inactivated.

(e). Sensitivity of the isolates to sodium deoxychclate

The titres of viruses treated with and without 1 in

2, 000 dilution of sodium deoxycholate (SDC) are shown in Table 102.

Table 10

Effect of sodium deoxycholate on viral infectivity

Virus Titres of virus (10g10 TCD, /0.1 ml)

Untreated control virus| SDC treated virus

D7L/2 4.5 4.25
D7L4/8 5.75 5.75
D74/19A 6.0 6.5
D74/19B 5.25 4.75
D74/22-) 5.75 5.75
IBR ‘ 4.75 0.0

Vaccinia L.25 3.75




The enterovirus isolates and vaccinia virus were
all found to be resistent to the action of sodium deoxychlorate,

in contrast to IBR virus which was inactivated.,

(f). Acid sensitivity of the enterovirus isolates

The titres of' viruses f'ollowing incubation at 3700
for periods of 1 and 3 hours at pH 7.2 and pH 3 are shown in
Table 11.

Table 11
Effect of acid treatment (pH 3) for 1 and 3 hours at

YN ; . o
57 G on viral infectivity

Virus Titres of viruses (10510 TCID5O /0.1 ml)
Untreated control virus Acid treated virus

1 hr 3 hr 1 hr 3 hr
D74/2 .25 k.5 L4.25 425
D74/18 475 4.25 o5 b.25
D7L/19A 1425 L4.25 o5 .25
D74/19B 4.5 4.25 14.25 L. 25
D7L/22-) 4.5 L.25 475 .25
“ IBR 535) 3.25 0.0 0.0

The enterovirus isolates all proved to be stable at
pH 3 for up to 3 hours, in contrast to the IBR virus control which

was inactivated within 1 hour.



(g). Heat Stability

of the enterovirus isolates

infectivities of the enterovirus isolates are shown graphically in

Figures 15

lives.

The effects of incubation at 560C an. 37OC on the
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and 16 respectively together with the corresponding half

and D). Because of the anomalous results obtained with isolate

More detailed results are presented in Appendix L (Tavle C

D74/18, the procedurs was repeated for this virus, using alter-

native viral stocks.

All the enterovirus isolates showed a marked drop

in titre, within 30 minutes at 5600, and within 4 days at 3700.

Half lives of the isolates averaged about 3 minutes at 56OC and
about 7 hours at 5700.

With the exception of isolate D74/2,

a

11

isolates shovwied an eventual slowing of the inactivstion rate at

both temperatures.

at both temperatures, and was particularly notable f'or the slight

Isolate D74/18 showed the longest persistence

. ea - o,
resurgence in infectivity between 1 and 2 hours at 55 C.

Tne effects of incubating the enterovirus isoilia

te

O= . . 3
50 ¢ in the presence and absence of molar magnesium chloriuae are

shown in Table 12.

Table 12

Cationic stabilisation of enterovirus isolates by molar

magnesium chloride (MgCl.), at 50°C.

| Titres of viruses (log10 TCID

/ 0.1 ml at times (hrs):

" Virus Untreated control virus MST%% Mg012 treated virus
0 1 5 0] 1 3
D7L/2 3.5 |0.25 [0.0 375 | %5 B.25
D74/18 4.25|1.25 | 0.5 4.5 4.25 | 4.25
D74/194 4.75 {1.75 | 0.5 .75 | 4.25 | 3.75
D7L/19B 3.5 ]0.5 0.0 3.5 3.25 | 3.25
D74/22-4 | 4.5 [1.25 |o0.75 425 | 3.75 | 3.75

by molar magnesium chloride, in contrast to untreated control

viruses.

The enterovirus isolates were all stabilised at 5OOC
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FIGURE 15

Thermal inactivation of enterovirus isolates at 5600.
Note the relatively rapid rate of inactivation of
isolate D74/2, and the apparent reactivation of

isolate D74/18 on the 2 occasions it was tested.

Initial half 1lives of isolates were as follows:-
D7u/2: 2 minutes
D7../18: 2 "

D7L/18: 3

pbIREE) 5

D74,/1 9B: 3 0w
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FIGURE 16

. . . . . o
Thermal inactivation of enterovirus isolates at 3/ C.

Note the lower stability of isolates D74/2 and D74/19B.

Initial half lives of isolates were as fcllows:

D7A/2: 5 hours
D74/18: 8 »
D7L4/19A: 8 t
D7L/19B: 5 "
D7L4/22-L : 7"
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(i) Sensitivity of isolates to hyroxybenzylbengimidazole (HBB)

The results of growing the enterovirus isolates in
the presence and absence of HBB are shown in Table 13. The growth
of only a single isolate (D74/2) was found to be inhibited by the

chemical.

Table 13
Growth of enterovirus isolates in ths prssance and

absence of HBB

-

Virus | Titres of viruses (log1 TCID5O /0.1 ml)
Untreated control virus | HBB treated virus
D74/2 L.75 1.75
D74/18 4.5 4.75
D74/19A 4.75 4.75
D74/19B 4.75 5.25
D7L/22-4 5.25 5.5
|

(J) . Enterovirus concentration by polyethylene glycol (PEG)

6,000 precipitation

The results of concentrating isolate D74/18 by
precipitation with various strengths of PEG 6,000 are shown in
Table 1. Concentrations of PEG 6,000 of between 6% and 8% appear
to be adequate for precipitation and concentration of the virus, no

further effect being gained by higher concentrations of the chemical.
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Table 14

Infectivity of viral concentrates obtained by precipitation

s

with various concentrations of PEG 6,000

Untreated virus titre PEG 6 000 Titre of viral concentrate
(]_og10 TCID5O /0.1 ml) (%, w/v) (log1o TCID50 /0.4 ml)
L.75 2 4.5
i 5.5
6 5.75
7 5.75
8 6.25
9 6.25
10 6.25
(k). Enterovirus concentration by protauine sulphate

The results of concentrating virus D74/18 by varicus

concentrations of protamine sulphate arc showa in Table 15,

A1l concentrations of the chemical appeared equally effective in
concentrating the virus, Although it was originally intended to
- redissolve the precipitate in 0.4 ml of maintenance medium, this
proved impossible, as the precipitates from the 0,4% and 0.5% treat-
ments would not dissolve in this volume. Consequently, all precip-
itates were dissolved in 1 ml of the mediwn, for the sake of uniform-
ity.

Table 15

Infectivity of viral concentrate obtained by precipitation

with various strengths of protamine sulphate

Untreated viral titre [ Protamine S0, [Titre (1og1 TCTD O/O 1 ml) of
i

(log10 TCID5O'/O'1 ml) | conc.(%, w/v) concentrate | supernatent

0.1 6.5 3.5
5.25 0.2 6.75 3.25

0.3 6.25 ELb

0.4 6.5 3.25

0.5 6.5 3.25




86

(1). Enterovirus concentration by ammonium sulphate precipitation

The use of ammonium sulphate concentrations at 20%

and 30% final strengths resulted in no visible precipitate being

formed. The infectivities of the concentrates produced from the

use of 0% and 50% concentrations of ammnonium sulphate are shown

in Table 16 , moderate precipitates being formsa with both

concentrations, though slightly more profusely at the higher rate.

Table

16

Infectivity of viral concentrates obtained by precipitation

with 30% and ,0% ammonium sulphate

Untreated viral titre | (NH ) SO, conc.
27,

Ti log, . TCID - i
tre (10510 50/O 7 ml o

(log1O TCID5O/ 0.1 ml) (%, w/) concentrate supernatent
L.75 40 5.5 2.75
50 5.5 245

(m). Buoyant density determination of isolate D74/18

The results of plaque titrations of the various

fractions, together with results of electron microscopic examinations,

are shown graphically in Figure 17 . More detailed data are

presented in Appendix 4 (Table E).

Peak infectivity was found to

occur at a density of approximately 1.3% g/ml of caesium chloride

solution,

Two fractions, numbers 12 and 13, were found to give

anomalous refractive index resuits, and wers disregarded.

It is

thought that traces of water may have been in the bottles used for

collecting these [ractions.
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FIGURE 17

Density and infectivity of collected fractions of CsCl gradient
with isolate D74/18. The histogram shows the relative
frequency with which viral particles were seen on electron
microscopic examinaticn of negatively stained fractions, this

being seen to coincidz with infectivity.
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(n). Ultracentrifugation of isolates D7.4/13-49

Though considerable searching of grids was under-
taken, few viral particles were detected upon electron micro-
scopic examination of negatively stained preparations of' the pellets

obtained by ultracentrifugation.

(o) . Electron microscopic examination of negatively stained isolates

Elsctron microgranhs of the enterovirus isolates and
isolate D74/13-49 are shown in Figure 18 . Though most of the
enteroviruses were found as single particles, D74/ 18 was also
found as an aggregate enclosed in a membrane bound vesicle, Isolate
D74/13—u9 posed considerable problems in loca‘ing recognisahie

particles, and few micrographs were taken.

The enterovirus isolates were all of a similar size,
of approximately 25 nm to 28 nm, whilsht isolate D74/13-49 hed a
diameter of approximately 80 nm. Both classes of virus possessed

a spherical to hexagonal shape and appearz2d to show cubic symetry.

(p). Electron microsconic examination of thia sections of cell

cultures infected with the enterovirus isolates and with

isolate D7L/13-49

Both short and long methods of preparation (Doane
et waii, , 197@) using epon-araldite and Spura»'s resins were found to
be satisfactory, though the latter embedding medium proved much

more conveniznt to handle, on account of it's lower viscosity.

Whilst a detailed study of the ultramicroscopic
changes was not made, it was noted that cells infected with the
enterovirus isolates produced large numbers of smooth surfaced
vesicles situated near to the nucleus and also showed apparent loss
of ground substance. Numerous electron dense granules, of similar

size and deﬁsity to ribosomes, were to bpe found in the cytoplasm,
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often in large aggregetes, With 3 of the enterovimses large
ordered arrays of these particles were seen at 24 hours post
infection, though not at 8 hours. The diameter of the dense
particles was found to be between 12 nm abd 14 nm, with a centre
to centre distance in clos:z-packed aggregates of about 2/ nm,

No cells infected with isolabe D74/13-45 vould be
located, pc3sibly because of the low proportion of infected cells |

in inoculated cell cultures,

Electron micrographs of somc of the sections of
arap

enterovirus inf'ected cells are shown in Figure 19.



D7L/13-49 D74/13-49

D7L/22-)



FIGURE 18

Electron micrographs of negatively stained enterovirus
isolates (D74/2, A74/48, D7L/19A, D7L/19B, D74/22-4) and
possible diplornavirus D74/13—u9.

Note the mecmbrane enclosing viral perticles with isolate

D7L/18. Ei x 200 000.
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FIGURE 19

Electron micrographs of thin sections of cell cultures
infected with some of the enterovirus isoclates. Noﬁe
the large aggregates of dense viral particles and the
cytoplasmic vacuolation.

Uranyl acetate - lead citrate stain., EM x 32000,
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Discussion

The results of the filtration studies with the
enterovirus isolates suggests they all have a size of less than
50 nm. Using the data of Elford (1933) on filtration behaviour
of small particles, sizes of 25 nm or less are indicated. These
results show good agreement with published reports, which suggest
a size of between 23 nm and 28 nm (McFerran, 1962a;Van Der Maaten
and Packer, 1967; Mattson et al., 1969) or of less than 50 nm

(Rovozzo et_al,, 1955).

Isolate D74/13-),9 would appear to have a size of
between 50 nm and 100 nm, Jjudging by it's filtration behaviour,
though using the formmula of Black (1958) relating filtration
behaviour to particle size, a diameter of 48 nm is suggested.
However, sizes obtained by filtration can only be regarded as
approximate, precise measurement requiring other methods (Atoynatan

and Hsiung, 1964).

The filtration behaviour of the IBR control virus
is in accordance with reports by Tousimis et al., (1958) and
Armstrong et al., (1961), suggesting a size of betwsen 100 nm and
150 nm,

Considerable variation exists in reports of the
size of BVD virus, varying from 22 mm to 275 nm., It has been
suggested by Fernelius (19458) that BVD viruses may be heterogeneous
in size, and that noncytopathic strains may show a higher degree of
cell association than cytopathic strains, resulting in differences
in filtration behaviour. However, most recent reports suggest a
size of between 50 nm and 100 nm, based on filtration behaviour
(Taylor et al., 1963; Castrucci ct_al., 1958; Fernelius 1968) or
on electron microscopic studies (Ritchie and Fernelius 1969; Maess
and Meczko, 1970). The filtration behaviour of the control BVD

virus in this experiment shows good agreement with these reports.
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BUDR has been used to indicate whether DNA is
synthesized during viral replication. It acts by inhibiting DNA
synthesis, due to it's incorporation into DNA in place of
thymidine, resulting in the production of faulty nucleic acid
(Smith et al., 1960). Though this method has soms limitations
with regard to those enteroviruses requiring DNA synthesis as
part of their replication cycle,ii neverthdless provides a useful
indication of the nucleic acid type of virus. The results
obtained here suggest that the enterovirus isolates all contain
RNA, which is consistent with previous reporcts on the sensitivity
of bovine enteroviruses to both BUDR and iododeoxyuridine
(Spradbrow, 1964; Rovozzo et al., 1965; Schiott and Hyldegaard-
Jensen, 1965; Mattson and Reed, 1974) and also agrees with results
obtained by enzyme digestion studies by Mattson et zl., (1969).
Isolate D74/13-49 also appeared to contain RNA, on the basis of
it's behaviour with BUDR,

The control wviruses behaved according to published
reports, Inhibition of IBR replication by BUDX has been reported
by Stevens and Groman (196/)., The replication of BVD virus is
reported by Castrucci et al., (1968) to be unaffected by this
chemical. Because these viral controls were used, it was
considered unnecessary to further confirm the resulits obtained
using thymidine reversal of inhibition as shown by Smith et al.,
(1960) and Herrmann (1961).

The results of the chloroform and ether sensitivity
tests suggest that the enterovirus isolates all lacked an envelope
of essential 1lipid material. This agrees with previous reports on
bovine enteroviruses (Moll and Davis, 1959; Spradbrow, 196k;
Rovozzo et_al., 1965; Schiott and Hyldegaard-Jensen, 1966; Mattson
and Reed, 1974). Behaviour in the presence of sodium deoxycholate
was similar to that reported by McFerran (1962z) and further suggests
the lack of anewelope. The original report by Theiler (1957)

mentioned that several strains of Coxsackie and policvirus were
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resistant to treatment with this chemical, and in f<ct sometimes
showed slight increase in titre in it's presence., It is of
interest to note that one enterovirus isolate (D74/19A) also
"snhowed a nild increase in titre after treatment. Tnis may be due
to disaggregation of viral particles from host materials by the

chemical.

The control viruses behaved with these 1lipid
solvents in accordance with their known nature. IBR virus has
been reported to be ether sensitive by McKercher (1959) and
Armstrong et-al., (1961), Vaccinia virus has also been reported
to be chloroform sensitive (Hamperian et al., 1963), but is ether
resistent at AOC (Andrewes and Horstman, 1949) and resistant to
treatment with bile salts (Smith, 1939). The responsc obtained
with sodium deoxycholate is in agreement with the latter

behaviour,

The enterovirus isolates all proved to bhe acid
resistant, which agrees with published reports (Spradorow, 1956k ;
Rovozzo et _al .., 1955; Schiott and Hyldzgaard-Jensen, 1956;
Mattson et al., 1969; Mattson and Reed, 1974). This property
separates them from the rhinoviruses, which are acid sensitive
(Tyrrell and Shanock, 1963). Tne acid sensitive nature of IBR

virus has been reported by McKercher (1959).

The rapid rate of inactivation of the enterovirus
isolates at 5600 has been previously reported with bovine entero-
viruses by Spradbrow (1964) and Rovozzo et al., (1965). One
feature seen with 4 of the enterovirus isolates which was not
reported by these authors was the longer persistence at low titre
of a more heat stable fraction of the viruses. Isolate D74/18
also behaved in an anomolous manner, showing evidence of increased
infectivity after 1 to 2 hours at this temperature. This phenomenon
may be due to disaggregation of groups of viral particles which were

previously bound by host materials,
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The enterovirus isolates were much more stable at
3700, and the half-lives obtained are similar to that reported by
McFerran (1962a). In contrast, Mattson ct_al., (1969) reported
considerably longer half-lives of about 39 hours., The variation
is probably due to different strains of virus varying in their
heat stability. Once again, L4 cf the enterovirus isolates showed
persistence at low titres of a more heat stable fraction of virus,
this not being reported by cither of the above two authors, thougn
it was commented on by Barya et, al., 1957,

Tt is interesting to note the similarity in
behaviour of the viral isolates at both temperatures. Isolate
D74/2 showed a uniform rate of degradation at both temperatures,
with 1ittle evidence of persistence of more heat stable fractions
of virus, whilst the remaining enterovirus isolates all cshowed

some evidence of longer survival abt low titre.

The enterovirus isolates were all stabilised.
against thermal inactivation at 5008 by molar magnesium chloride,
in accordance with published reports on bovine enteroviruses
(Spradbrow, 1963, 196 ; Rovozzo et al., 1965; Van Der Maaten and
Packer, 19567; Mattson eh Sle, 1969). This is regarded as a basic

property of enteroviruses by Wallis and Melnick (1952).

Sensitivity to a concentration of ©& ug. ml of HBB
has been shown by Portolani et al., (1968) to separate the entero-
viruses into 2 groups, which correspond to the 2 serological groups
established by LaPlaca et al., (1965). Though a different pro-
cedure was used in these exzperiments to that described by Portolani
et al., (1968), the concentration of chemical was the same, and
the results should be correspondingly valid. The results obtained
would indicate that both groups are represented amongst the entero-

virus isolates.

Precipitation of the enterovirus isolates with PEG
6 000, protamine éulphate, and ammonium sulphate resulted in

increased viral titres on resuspension. PEG 6 000 at 8%
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concentration gave up to a 30 fold increase in titre with the
volumes used, and would no doubt have given even larger increases
in titre had a larger reduction in volume been used, This agrees
well with the report by McSharry and Benzinger (1970), who used

this chemical to concentrate vesicular stomatitis virus,

Protamine sulphate at 0.2% concentration also gave

a 30 fold increase in titre, and appeared almost as effective
using a 0.1% concentration of the chemical. This contrasts with
the 0,25fconcentration used by Tanaka et gl., (1968) to purify
bovine ephemeral fever virus. Using the lower concentration of
protamine sulphate may allow a larger reduction in the volume of
the viral suspension and hence aliow higher concentrations of
virus to be obtained. At 0.4% and higher concentrations of the
chemical, no further increase in titre could be expscted because

of solubility problems,

Amnonium sulphate gave somewhat inferior results
to the above 2 chemicals, using both 4LO% and 50% strengths. Use
of the 5@% concentration of the chemical did not increase the

yield.

The purification aspect of treating ths virus with
these chemicals was not investigated. However, the use of the
lowest concentration of PEG 6 000 which gave optimal concentration
of the virus was reported to result in very high efficiency of
recovery of virus, and to give relatively low levels of recovery
of nonviral materials. (McSharry and Benzinger, 1970). This
principle may equally apply to treatment with the other 2
chemicals., Certainly, although heavier precipitates were obtained
at the higher concentrations of protamine sulphate and ammonium
sulphate, no further increase in viral concentration resulted,

suggesting that the extra precipitate consisted of nonviral material.

The buoyant density of the isolate D74/18 was found
to be 1.34 g/ml in caesium chloride, which is in agreement with the

results obtained by Martin et al., (1970) and Rowlands et al.,
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(1971) with other bovine enteroviruses. In excess of 99% of
viral activity was concentrated in the vicinity of this density
in the gradient, which was also where the highest concentration

of viral particles were seen under the electron microscope.

The morphology and size of the cnterovirus isolates
in negatively stained preparations were all similar to thes bovine
enteroviruses seen by Van Der Maaten and Packer (1967) and Mattson
et al., (1969), these all showing a spherical to hexagonal shape,

a size of about 25 nm, and a suggestion of cubic symmetry in the
capsomeres. JIsolate D74/13-49 had a size and shape more suggestive
of a diplornavirus or adenovirus, but becausz of the limited

number of particies detected, detailed studies of it's morphology
could not be made, The difficulty in locating particles of this
virus probably relates to the apparent low titres obtained in

culture,

Though not studied in detail, cells affected with
the enterovirus isolates showed changes similar to thes2 described
by Mattson and Reed (1974) with bovine enteroviruses, and by
Rifkind et al., (1961) with human enteroviruses. Both reports
found that smooth surfaced vacuoles developed in the cytcplasm,
Rifkind et al., (1961) concluded these corresponded to the
eosinophilic cytoplasmic inclusions seen with light microscopy.
Loss of ground substance was reported by Rifkind et al., (1961)

to occur in the late stages of poliovirus inflection.

Orderly arrays of viral particles were also found
by Rifkind et al., (1961) and Mattson and Reed (1974), though the
latter authors commented that these were only rarely observed and
then only after 12 or more hours post infection. Rifkind et al.,
(1961) referred tc the location of these orderly arrays of viral
particles upon fine cytoplasmic fibrils, but these were not seen
in the present study. Instead, the arrays tended to show more
resemblance to the crystalline type of arrayreported by Mattson

and Reed (1974). The size of the viral particles seen in the



present study is similar to the size reported by Rifkind et al.,
(1961) with human enterovirus type 9. It was not possible to

discern thie outer membrane reported by thesc authors.,
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SEROLOGICAL STUDIE3 OF THE ISOLATES

Materials And Methods

(a). Antiserum production

(1) Isolate D74/18 wasgrown in MDBK cells using a maintenance
medium containing 0.2% bovine serum albumin instead of serum, and
was harvested when 75% of the cells showed CPE. Cultures were then
frozen and thawed once, and the virus was precipitated using 8%
polyethylene glycol 6 000 for 2 hours at AOC. Following centri-
fugation at 3,000 G for 10 minutes, thz precipitate was resuspended

to 2% of the original volume in medium 199.

Two rabbits were bled, and then inoculated with 1 ml
volumes of the virus concentrate, using a course of 3 injections.,
The first injection was given intramuscularly into 2 sitesz as a
50% water in oil emulsion using Freund's complete adjuvantl, the
stability of the emulsion being tested on water. The second
injection was given by the intrapsritoneal route L4 weeks later,
using a 50% water in cil emulsion with Freund's incomplete adjuvantﬂ.
The final injection was given 7 days later via the intravenous

route, using viral concentrate only. After a further 2 weeks, blood

was taken and serum separated.

(ﬁ) All 5 enterovirus isolates were grown in MDBK cells in

a maintenance medium containing 0.2% of bovine serum albumin

instead of serum. The viruses were harvested when approximately
75% of the cells showed CPE, the cultures were frozen and thawed,
and then centrifuged at 3,000 G for 10 minutes to remove particulate

cell debris.

Following preinoculation tleeding, cliickens were inoculatecd
intravenously with the culture fluids using the following schedule

of injections, which is similar to that described by Barya et al.,

1. Difco Laboratories, Detroit, Michigan, U.S.A.
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(1967). The animals were then bled a fortnight later, and the

serum separated.

Time Inoculum dose
Day 1 1 ml

"oy 2 ml

"7 3 ml

"o L ml

"o 5 ml

(b). Titration of antisera

Preinoculation and postinoculation sera were titrated
in duplicate for activity against their homologous viruses,
according to the previously described microtitre procedure
(General materials and methods). Doubling dilutions of serum
from 1 in 10 to 1 in 1280 were used and titres were assessed

following Reed and Muench (1933) analysis.

In addition, a viral titration was carried out with
isolate D7L/18, in the presence of doubling equine serum concen-
trations frem 1 in 2 to 1 in 256, to determine if serum concentra-
tion had any influence on the endpoint of the titration. Results

were determined following Reed and Muench (1938) analysis.

(c). Cross neutralisation tests with the enterovirus isolales

Cross neutralisation tests were carried out with each
enterovirus isolate, following the previously described micro-
titre neutralisation test method ( General materials and methods).
Serum dilutions used were from 1 in 10 to 1 in 1280. The challenge
virus does was 100 TCIDBO’ and the cells used were MDBK.

The procedure adopted was similar to that described by
Moscovici et al., (1961) and Dunne et al., (1971), except for the
microtitre adaptation, Titres were determined after Reed and

Muench (1938) analysis.
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(@). Cross neutralisation tests with American enterovirus sero-

types and local enverovirus prototypes

These were carried out in a similar manner to the above
cross neutralisation tests, using 7 U.S. bovine enterovirus sero-
types (BES I to VIT) as described by Dunne et al., (1974) and 2
enterovirus isolates (D?A/? and D74/18) which had been selected

as local prototype strains,

(e) . Identification of isolate D7L/25A

Following suspensions on ths basis of it's CPL that
isolate D7L/25A was bovine viral diarrhoea (BVD) virus, the culture
fluid from the second passage of the isolate in FBL cells was
mixed with an equal volume of undiluted staanrd antiserum1 against
BVD and left at room temperature for 1 hour to react. A 0,3 ml
volume of a vaccine strain of BVD virus containing 1 x 104 TGIDSO
per ml was treated similarly. After incuabation, 0.2 ml of each
mixture was inoculated into duplicate FBL culture tubes and thsse
incubated at 3700 for 3 days. A 0.1 ml volune of the szme slreagths
of test virus and vaccine strain cf BVD was incculated into

duplicate FBL tubes and incubated similarly, to check inflectivity.

(£) . Fluoreszent antibody production

An antiserum against enterovirus isolate D74/18 was
produced in a chicken as described earlier, and tested for suitable
reactivity using the serum neutralisation test. (General materials
and methods). The glchbulin fraction was then recovered from the
antiserum by the use of a triple precipitation procedure with an
equal volume of 70% saturated ammonium sulphate solution as
described by Hebert (1974). The final precipitate was resuspended
in distilled water and dialysed against 4 changes of P3BS until free
of sulphate radicals, as shown by testing the dialysing fluid with

barium chloride solution,

1. Supplied by Wallaceville Animal Health Reference Laboratory,
Upper Hutt, N.Z.
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The concentration of protein was then determined by
measuring the optical density of a 1 in 4O dilution of the globulin
preparation at 280 nm wavelength in a spectrophotometer, and compar-
ing this result with a standard graph derived from bovine Xglobulin.

The globulin was then conjugated at pH 9.5 with fluorescein
isothiocynate1 isomer 1, following the procedure described by
Nairn (1968). The crude conjugate was then purified in a similar
manner to that described by Goldman (1968). Unconjugated dye was
removed by gel filtration in a Sephedex G252 column, using 0.0175 M
phosphate buffer, pH 6.3. The product ovtained was then fraction-
ated in a DZAE cellulose” column, and % fractions collected using
(a) the above buffer, (b) the above buffer in 0.125 M NaCl, and
(¢) the above buffer in 0.250 M NaCl.,

Each f'raction was reduced to a convenient volume by
dialysing agairst polyethylene glycol 20 000, and then dialysed
against 2 changes of PRS, pH/.2, to adjust the pH. The fractions

were preserved with 1 in 5000 merthiolate, and stored frozen.

(g). Testing of coajugated antiserum

The 3 fracticns obtained were tested for activity
against Vero and MDBK cells infected with isclate D74/18, using
conjugate dilutions of 1 in 2 to 1 in 10, and following the
staining procedure described as follows:
(i) Wash monolayer with PBS.
(i1) Wash monolayer witn 4 changes of acetone, and let
fix for 10 to 15 minutes at room temperature. Air dry.
(iii) Stain for 30 minutes at room temperature in a moist
chamber, using a suitable dilution of conJjugated
antiserum,
(iv) Wash for 10 minutes with PBS.
(v) Rinse the monolayer with distilled water,
(vi) Mount in 90% glycerol, pH 8.6 and examine under
blue light.

1. Schwarz and Mann, Division of Becton Dickinson Co., Orangeburg,
New York, U.S.A.

2. . Pharmacia Fine Chemicals AB, Uppsala, Sweden.

3, Whatman DE 52.; W.R, Balston Ltd., Maidstone, Kent, U.K,
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Unstained infected and stain uninf'ected monolayers vi2re also

examined as controls,

h), Fluorescent antibody tests with enterovirus isolates
H1L1DoCy te

Vero cell monolayzrs were infzcted with each of the
enterovirus isolales and wilh reovirus 3, and 1eft to incubate
at 3700 until showing obvious CPE. They were then stained as
above with the optimal strength of conjugated antibody against
isolate D74/18 and examined for specific fluorescence. In addition,
uninf'ected Vero cell monolayers were similarly stained and examined,
to further check for nonspecific fluorescence, and uninfected

unstained cell monolayers were examined to check for autofluorescence.

Results

e

(a). Antiserum production

One rabbit died af'ter the third injection of virus,
apparently of anaphyllactic shock, The remaining rabbit was uszd
to provide 20 ml of antiserum., Ten ml of antiscrum was taken from

each chicken,

b), Titration of antisera
(b)

The preinoculation sera obtained from the chickens showed
no evidence of inhibitory activity at 1 in 10 dilution against the
corresponding viruses. The preinoculation serum from the surviving

rabbit showed inhibitory activity up to a dilution of 1 in 16.

Post inoculation sera from the chickens and the surviving
rabbit wiere all Tound to show reactivity against their homologous
viruses as shown in Table 17, The antiscra produced a mild pre-
cipitation and some cell degeneration when titrated in MDBK cells.,
This was only mild at the 1 in 10 dilution of the chicken antisera,

and did not interfere with the test, but with the rabbit antiserum,
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the effect was noted up to a 1 in 40 dilution, Because of this

degenerative effect and the lower level of activity against the

virus, the rabbit antiserum was not utilissd any further.

Table 17

Titres of antisera againsbt thelr homologous viruses

Chicken antisera Rabbit
antiserum

Identification |D74/2 DP74/18 [D74/19A |D7L/19B [D7L/22-4 | D74/18

Titre 320 7| 960 180 1280 320 160

— —

+ reciprocal of highest dilution neutralising 100 TCID50 of’

homologous virus
The viral titration carried out in the presence of various
concentrations of equine serum showed that the serum concentration

had no influence on the endpoint of the test,.

(c) Cross neutralisation tests with the enterovirus isolates

The results of the cross neutralisation tests are shown in
Table 18 which expresses the rcactions as percentages of the homo-
logous titres, to aid comparison, Detailed results are shown in

Appendix 4 (Table F).

Table 18

Antigenic relationships of the enterovirus isolates

as revealed by cross neutralisation tests

Virus Avian antisera _
D74/2 | D74/18 | D7L/19A | D7L/198 | Dyn/22-u
D7L/2 100 3.7 b1 6.2 =
D74/18 ~** 100 66.6 37.5 100
D7L4/19A - 18.7 100 18.7 25
D74/19B = 50 100 100 66.6
_D7L/22-4 - 12.5 25 12.5 100
+ = titres expressed as a per cent reaction of homologous serum titre

++ no reaction obtained at 1 in 10 dilution of serum
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Based om the results of the titration, viruses D74/2 and

D74/18 were selected as local prototype enterovirus strains.

(d). Cross neutralisation tests with American enterovirus serotypes

and local enterovirus prototypes

The results of cross neutralisation tests with the 2
selected local prototypes strains of enterovirus and of 7 entero-
virus serotypes of U.S. origin (Bovine enterovirus scrotypes I to
VII) are shown in Table 19. Titres arc exprecssed for comparative
purposes as per cent reactions of the corresponding homologous

serum titre. Detailed results are shown in Appendix 4 (Table G).

Table 19

Antigenic relationships of U.S. entcrovirus serotypes

and local enterovirus prototype strains

Vi rus Antisera of U.S,‘Srigin B ) o=

s T (BES TT|BES III% BES Ivf BES V:;BES VT [BES vn?; D7/2 D74/19
BES I w0 =1 §= ;- = |3 - ». 1F.2:0
BES II « | 100 § waAttf - - i= = | 8.3 6.2
BES III| - |- 100 | - - - 16.6 [12.5 = 3.1
BE3 IV - |- - | 100 - | - - | o= 1.0
BES V s |= . * 8.3|100 | 9.3 |- 9 1
BES VI w = = - . 1;100 < - 1.0
BES VII| - |- = - x = 100 " .
D7L/2 6.2 | - 12.5 1 6.2 | - - 8.3 [100 | 3.1
D74/18 9.3 | - = L 16.6 | - - - - 100

+ = no reaction ohtained at 1 in 10 dilutien of szrum

++ = titres expressed as per cent reaction of homologous serum titre

BES = bovine enterovirus serotype
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(e). Identification of isolate D7L/25A

The CP8 of isolate D74/25A and of the known BVD viruis
was completely neutralised by the BVD antiserum, while the CPE
developed normally at 2 days in the FBL cells inoculated with the
test virus and control virus. Tt was concluded that the isolated

virus was a strain of bovine viral diarrhoea virus,

(£} Fluorescent antibody production

The quantity of globulin obtained by the triple ammonium
sulphate procedure was somewhat lower than expected, but was
sufficient for the procedures required. The second fraction
obtained from the DEAE cellulose column was found to show moderete
colouration with the fluorescent dye, though 1little was seen in the

first fraction.

(g) . Testing of conjugated antiserum

The second fracticn of conjugated antiserum was found to
possess optimel reactivity, using a dilution cf 1 in 2 to 1 in L.
MDBK cells were found to be unsuitable because of reactivity
against them by the conjugated antiserum, Vero cells proved to be
satisfactory and allowed specific fluorescence to be seen. Auto-

fluorescence was not found to be a problem.

(h). Fluorescent antibody tests with enterovirus isolates

Specific fluorescence was found to be present when the
conjugated antiserum against isolate D74/18 was tested against Vero
cells infected with isolates D74/18, D74/19A, D74/19B, and D7./22-L.

It was not seen when tcsied sgainst isolate D7L/2 or reovirus 3 .



D74/18

D7L/22-)

Reovirus

5



107

FIGURE 20

Vero cell cultures inflected with some enterovirus isoletes,

and reovirus 3, and subsequently steined with fluoreccein-

con jugeted D74/1& antiserwa. Note the lack of fluorescent

labelling with isolate D74/2 and reovirus 3, in contrast *o

the other labelled enteroviruses,
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Discussion

The presence in rabbit sera of inhibitory substances to
bovine enteroviruses has been previously reported by McFerran (1962),
La Placa et al., (1965) and Barya et al., (1957). The inhibitor
was found by Klein et al., (196L) and La Placa et al., (1964) to be
a non-antibody prot2in., Inhibitory substances have also been
identified in the sera of many animals, which are active against
poliovirus (Bartell and Klein, 1955) and bovine enteroviruses
(McFerran, 1962b;Klein et al., 1964). Cnicken sera, on the other
hand, have been reported to contain low levels of inhibitory sub-
stances against bovine enteroviruses (McFerran, 1952b; La Placa et al.,

1965; Barya et al., 1967).

Because of the presence of these inhibitors, the rabbit
has been found by La Placa et al., (1965) to be an inferior animal
to the chicken for the production of antisera to the bovine entero-
viruses. This is apparently because the inhibitory substances in
the rabbit result in the rapid removal of most of the inoculated
viral antigen from the blood stream (Klein and DeForest, 196l),
leaving 1ittle residual virus for antigenic challenge. The sero-
logical results obtained in these experiments generally support the

above findings,

The relatively high level of reactivity against MDBK cells
in the rabbit antiserum probably relates to the use of a longer
immunisation schedule involving the use of Freund's adjuvants. Though
the level of MDBK cell derived antigens injected into the rabbit
would be low as a consequence of the PEG 6000 purification step, there
was still sufficient to result in considerable serological response.
In contrast, the chicken antiserum produced by a short immunisation
schedule of unpurified viral inoculum resulted in a much lower level
of reactivity against MDBK cells., It has been stated by Herbert
(1973) that the use of long immunisation schedules and of adjuvants
in the production of antisera, results in the production of less
specific antibodies, and more particularly, in the production of more

antibodies to minor components of the antigenic mixture.
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The choice of the described cross neutralisation test
procedure as used by Moscovici et al., (1961), Moscovici and La
Placa (1962), and Dunne et al., (1971) was based on it's simplicity.
A number of other methods have been used by varisus authors working
with bovine enteroviruses., Ven Der Maaten and Packer (1967)
preferred to use a constant serum-varying virus procedure, which
was claimed to shcw greater sensitivity to minor antigenic compon-
ents. The plague reduction test was used by Mattson and Reed (1974),
this method being stated by Wenner (1962) to be more sensitive than
the conventional neutralisation test. A more involved procedure
was used by Barye et al., (1567), who studied the kinetics of
neutralisation of a number of enteroviruses. This metlod involved
plague titretion of infeectivity of virus-serum mixtures at various
time intervels. Frcem the results obtained, a rete of reaction wes
derived which was characteristic of each virus-entiserum reaction.
Thiis methcd wes ciaimed Ly the authnrs t~ be the most sensitive

and reliable of procedures available,

In the cross neutralisation tests with local enteroviruses,
isolate D74/2 was found to behave quite diff'erently serologically
to the other isclates, showing little evidence of cross reactivity.,
In coantrast, the other 4 enterovirus isolates showed a considerable
degree of cross reactivity, and would appear to be serologically
related., It was concluded therefor that 2 serotypes of enterovirus
had been isolated, isolates D74/2 and D74/18 being selected as the
prototype strains. Isolate D7./22-4 differed slightly from the other
5 members of it's serotype in that the reaction was predominantly
of the "one way" type. It could possibly be regarded as a prime
variant of the serotype, based on the definition of Melnick and
Wenner (1969), who stated that prime strains are poorly neutralised
by antisera to the prototype strain, but induce the production of
antibody which neutralises the prime strain and prototype strain
equally well, It is relevant that the 3 isolates D7u/18, D7A/19A,
and D74/19B all came from the same property, though from different

animals.,
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The cross neutralisation tests comparing the 2 local
prototvpes with the 7 enterovirus serotypes of U.S. origin showed
little evidence of cross reactivity. Isolate D74/2 was found to
show a low degree of relationship with BES III, whilst D7u/18
appeared to have some affinity with BES I and BE3 IV, thoueh the
latter only showed as a "one way" reaction., It was concluded that
the 2 local prototype strains are probably different from the U.S.
serotypes. It may be relevent to note that the antisera to the
2 local prototype strains showed a broader type of reactivity than
the antisera to the U.S. serotypes; this is possibly dve to the
use of unpurified virus for the production of antiserum, though
plaque purified viruses viere used for the aclual cross ncutral-

ation tests,

Most strains of BVD virus isolated to date in New Zealand
have been cytopathogenic in bovine kidney cells, though this is
probably a result of the limitations of th# m2thods used for
isolation, Though procedures are now being improved to include
methods capable of detecting strains noncytopathogenic in bovine
kidney cells, (such as immunofluorescence and gel precipitation)
the use of FBL cells may provide a sensitive alternative cell

system to bovine kidney.

The fluorescein ccnjugated antissrum to isolate D74/18
showed considerable reactivity against MDBK cells, probably bvecause
of the uapurified nature of the antigen used for the production of
the antiserum. It would be preferable to purify the antigen to
avcid this problem. However, reactivity against Vero cells was
minimal, and allowed satisfactory fluorescent antibody tests to be

carried out,

The results of the fluorescent antibody tests confirmed
that isolates D74/18, D74/19A, D74/19B and D7)/22-) were sero-
logically related, and that isolate D74/2 was of a different sero-
type. The use of this procedure may have some merit for the rapid

provisional serotyping of enterovirus isolates,
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A SEROLOGICAL SURVEY OF SOME ENDSMIC VIRUSES

Materials And Methods

One hunired sdult bovine sera were obtained froem 20
properties widely distributed over the North Island of New Zealand,
5 sera being taken from each property. These sera were subjected
to the serum neutralisation test (SNT) for IBR and BVD viruses, and
to the haemagglutination inhibition (HI) test for parainfluenza 3

(PI ) virus and reovirusges 1, 2, and 3.

3
Sera f'or the SNT were heat inactivated at 56OC for 20
minutes, prior to the test. Sera for the PIB«HI test were similarly
heat inactivated, with and without treatment with receptor destroying
enzyme1 (RDE). This was carried out according to the manufacturer's
instructions, using a 1 in 5 dilution of serum in RDE solution,
incubating at 3700 overnight, and then heat inactivating as above.
Sera for the recovirus HI test were adsorbed with kazolin as described
by Mann et al., (1967). If they showed evidence of sufficient
natural haemaggiutinins to interf'ere with the reading of the HI test,
the test was repeated {ollowing a period of adsorpticn of tho sera
with the relevant erythrocytes, as described by Hierholzexr et ai.,

(1969).

The SNT for IBR and BVD viruses was carried out according
to the previously described microtitre procedure (General materials
and methods). Serum dilutions used were from 1 in 2 to 1 in 256,
and no serum controls were included, as previous experience indicated
that bovine sera are only rarely toxic to cells. Viral doses of 1CJ
TCID50 of vaccine strains of IBR and BVD viruses were used, the dose

being confirmed by a check titration carried out at the time of the

test.

Haemagglutinins for the HI test were prepared from freeze-

thawed Vero cell cultures harvested at 6 days following infection with

1 Wellcome Reagents Ltd., Beckenham, U.K.
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the relevant virus. .hese were titrated for haemagglutinating
activity at 3700 as described (General materials and methods), using

guinea pig erythrocytes for the PI, test, human type "O" erythrocytes

for the reovirus tests, and also, 3bovine erythrocytes for the reovirus
3 test., Whilst satisfactory haemagglutinins were produced with PI3
and reovirus 2 viruses, this was not the case with the other 2
reoviruses. Consequently, these latter haemagglutinins were soni-
cated at 20 000 Kc/second for 2 minutes and then retitrated for

haemagglutinating activity.

The HI tests were then carried out at 370 as described
(General materials and methods) using a viral dose of L4 haema-
gglutinating units (HAU), serum dilutions of 1 in 10 to 1 in 640,
and using serum centrols, Guinea pig erythrocytes were used for the
PI3 tests, human type "O" erythrocytes for the tests with reoviruses

1 and 2, and bovine erythrocytes for the rcovirus 3 test.
Results

Haemagglutinin.titres obtained for PI3 virus and reovirus
2 were 1 in 16 and 1 in 24, respectively per 0.05 ml. Reovirus 1
only produced a low haemagglutinin titrs, buf on sonication this
- doubled to 1 in 16. Reovirus 3 gave a 1 in 4 titre with human type
"0" erythrocytes, and 1 in 8 with bovine erythrocytes. This latter

figure rose to 1 in 16 on sonication.

The results of the tests are summarised in Table 20,
which also shows the dilutions at which the results are read.
Reactions to 1 or more serotypes of reovirus were found in 87%

of the sera.



Table 20

The prevalence of antibodies to somc endemic viruses

Test IBR BVD Pl=z Reovirus 1 |Reovirus 2 |Reovirus 3
(sNT) |(snT) |(HTY (HT) (ET) (HT)
Serum
dilution | 1/2 1/8 | 1/20 1/170 | 1/10 1/10
Per cent
positive 53 33 77 58 29 70

The frequency distribution of titres for each virus is

shown in Figures 21 and 22.

With the PI

3

test, RDE treatment made no difference to the

overall recacticn rate, though a few sera showed a titre increese or

decrease over 1 dilution steo.

Only 10 sera possessed natural haema-

gglutinating activity against guinea pig erythrocytes, but these

were all trace recactions only at the 1 in 10 diluticn and did not

interfere with the test

results,

With the reovirus HI test, it was found that 44% of the

sera possessed natural agglutinins to human type "O" erythrocytes,

and 26% to bovine erythrocytes.

Tests with these sera had to be

repeated following adsorption with the relevaent erythrocytes,

except for 5 sera with the reovirus 3 test, where the serological

titres were considered sufficiently great to be uninfluenced by the

natural haemagglutinin titre.

Discussion

Opinions differ on the need for pretreatment of bovine

sera prior to the HI itest for PI, virus. Reisinger et al., (1959)and

3

Horner etd,(1973) reported that some bovine sera possessed non-

specific inhibitors of PI

be reduced or eliminated by RDE treatment.

3 virus, and that these inhibitors could

On the other hand,

Ketler et al., (1961), Dawson (1963), and Rossi and Kiesel (1971)

concluded that nonspecific inhibitors are either absent or infrequent
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FIGURE 22

Distribution of antibody titres to 3 serotypes of reovirus.
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in bovine sera. The results obtained with the 100 s2ra would tend
to support the latter conclusion, though it wouid be desireble that
a larger number of sera be examined tefore RDE treatment is
routinely discontinued. The results also suggest that routine
adsorption of bovine sera witit erythrocytes prior to the test is
probably not essential, provided seruvm controls are used, Where
sera are found to possess natural naemagglutinins, the test could

be repeated following a period of adsorption with crythrocytes.

Kaolin pretreatment of sera has been routinely used with
the HI test for a number of viruses, end is thoughtto remove lipo-
protein assoclated nonspecific inhibitors of' reovirus haema- -
gglutination (Mann et al., 1967). Whether these inhibitors exist in
New Zealand cattle sera has not been determined. However, it would
appear worthwnile that New Zealand cattle scra be adsorbed with
appropriate erythrocytes prior to the reovirus HI test, as the
number of sera showing natural hasmagglutinins to human type "O0"

and bovine crythrocyves was quite high.

The choice of' a screening dilution at which a serological
test is considered positive or negative is somewhat arbitrary.
Because the SNT for IBR virus is regarded as being of low sensitivity,
a positive reaction at a dilution of 1 in Z is considered significant

“(York, 1968). Titres with BVD virus are generally somewhat higher
than with IBR virus and slightly higher screening dilutions are
commonly used. Malmquist (1968) considered that a reaction at a
dilution of 1 in 4 of serum is indicative of exposure to BVD virus,
and this dilution was also used by Rossi and Kiesel (1971), In
New Zealand, a slightly higher serum dilution of 1 in 8 has been
used (Fastier and Hansen, 1966; Robinson, 1971; Durham and Forbes-
Faulkner, 1975). To aid comparison with local results, this dilution

was used in Table 20,

Abinanti et _al., (1961) and Rossi and Kiesel (1971)
recomuended that a reaction at 1 in 20 or greater serum dilution
should be considered positive with the HI test for Plj virus. The

latter authors based their opinion on comparative studies with the
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SNT for PIB' This di.ation was consequently used for Table 20

A screening serum dilution of’ 1 in 10 was chosen for the
HI test with the reoviruses, as it has been comnonly used by other
investigators (Rusen, 1960; Rosen and Abinanti, 1960; Rosen et_al.,
19562). The specifity of the results should be treated with some
caution, as the reoviruses have been noted to produce a hetero-

typic serolcgical response in some animals,

The titres of haemagglutinin produced were generally
rather low, DRifficulty in producing satisflactory haemagglutinin
titres has also been reported previcusly by Rosen (1960) and Cook
(1963), particularly with reoviruses 1 and 3, which is in accord-
ance with ths results obtained in these studies, liowever, it was
found that a brief period of sonication was effective in doubling
the haemagglutvinin titre with these viruses, presumably by
disaggregating the viral particles, as found by Hzrmoidsson (1960)
with parainfluenza virus.

Bovine erythrocytes were used for testing with reovircus
3, as thcy proved to give superior haemagglutination, which is in
agreement with the findings by Eggers et al., (1962), who found
that bovine erythrocytes gave better and more consistent results

~with reovirus 3 than did human type "O" cells.

Further comment on the serological results is 1l2ft to

the general discussion section.,
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GENERAL DISCUSSTION

As stated in the introduction, an important objective of
these studies was to gain some expertise in the use of a number of
virological procedures., The isolates obtained proved to be very
suitable for this purpcse in that they allow=d a considerable number
of techniques to be successfully attempted., A further objective was
to initiate studies on the possible astiological role of viruses in
gastrointestinal disease in young cattle in New Zealand. Whilst
some progress was made in this regard, it is realised that much more
work remains to be done, and consequently it is hoped to extend these
investigations considerably in the future, particularly in relation

to diarrhoea in neonatal calves.

Five of the isolates (D74/2, D74,/18, D74/19A, D74/19B,
D74/22-).) were classified as enteroviruses on the basis of their
characteristic CPE, small size of about 26 nm, uninhibited growth
in the presence of BUDR, lack of sensitivity to lipid solvents,
acid stability, and their stabilisation at BOOC by moiar MgCl2, The
buoyant density of 1,34 g/ml in CsC1l of isolate D7u/18 was also

consistent with this classifiication,

Enteroviruses have besen mainly subclassified on the basis
of their reactions in cross neutralisation tests, the main problems
being the variation in the levels of sensitivity of the various test
procedures and the existence of some enterovirus strains showing a
broader antigenicity than others. A further complication has besen
the effect of passaging the various viruses in different types of
host cells, resulting in selection for different characteristics
(Moscovici~gf_§l., 1961). Nevertheless, the results of cross nesutral-
isation tests with these 5 isolates were reasonably clear, in that
isolate D74/2 was serologically distinct from the other L entero-
virus isolates. This finding was supported by the results of the
fluorescent antibody test using fluorescein-conjugated antiserum to
isolate D74/18, which also showed that isolate D7./2 was of a different

serological group. This latter procedure has not been previously
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reported as being used for the serotyping of bovine =2nteroviruses,
but has been used to classify human Coxsackie and peclioviruses

(Shaw et al., 196%1) ar porcine enteroviruses (Watanabe, 1971). All
5 enterovirus isolates appeared to be serologically unrelated to the
7 U.S. serotypes which were available for comparison, though some

minor degrees of antigenic similarity were s=zen.

The separation of the enterovirus isolates into 2 sero-
types is further supported by their behaviour in the presence of HBB,
which indicated on the basis of the findings of Portolani ct al.,
(1968) that isolate D74/2 probably belongs to group 1 in the classi-
fication of La Placa et al., (1965), whilst the other 4 enterovirus
isolates probably belong to group 2. On this basis, although no
haesmagglutinins were demonstrated with bovine, guinea pig and human
type 0 erythrocytes with any of the isolates, it would appear likely
that isolate D74/2 should show haemagglutinating activity with monkey
erythrocytes, this bzing a basic property of group 1 enteroviruses

(La Placa et al., 1955).

Imnunofluorescent staining with f'luorescein-conjugated
antiserum to isolate D74/18 also showed that viral antigens were
conf'ined to the cytoplasm during replication in the cell, and this
was further supported by the results of staining with acridine orange
and coriphosphene 0 dyes, which showed an intensif'ication of normal
cytoplasmic staining only. This latter finding is consistent with
the known single-stranded nature of enteroviruses (Andrewes and
Pereira, 1972). Though all of the enterovirus isolates were
relatively heat stable, isolates D74/2 and D74/19B were found to have
comparatively shorter half-lives at 37OC. These same 2 isolates were
also notable for the small size of plaques produced at this same
temperature. This correlation may be due to their lower heat stability
causing & more rapid inactivation of extracellular virus, leading
to a decreased rate of infection of adjacent c2lls and hence a slower
rate of growth of viral plaques. Isolates D7L/2 had the shortest
half-life at 56OC, this further emphasizing it's biological distinct-

ness from the other 4 enterovirus isolates.
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The production of large plaques has been “ound to be
associated with increased virulence in animals for a number of
viruses, including human Coxsackie and polioviruses (Vogt_g&;g&.,
1957) and foot and mouth disease virus (Cottral et al., 1965).

In this regard it is interesting to spesculate on the possible increased
virulenze of isolates D74/19A and D7./22-L, as these both producad

considerably larger plaques.

The pathological significance of the 5 enterovirus iso-
lates is uncertain, though all were obtained from the faeces of
scouring animals. Whilst bevine enteroviruses have been shoan to be
capable of inducing diarrhoea in calves (McFerran, 1962a; Van Der
Maaten and Packer, 1967), myocarditis and paralysis in mice (Kunin
and Minuse, 1958; Moll and Davis, 1959) and abortion and stillbirth
in pregnant guinsa pigs (Moll and Davis, 1959; Moll, 196l ; Van Der
Mazaten and Packer, 1957), the remaining evidence of pathogenicity is
largely circumstantial. Thus, considarable levels of antibody to
bovine enteroviruses have becen demonstrated in the body fluids of
aborted bovine foctuses, apparently as a result of active foetal .
infection in utero, and led Duane gt al., (1973) to suggest entero-
viruses as possible important causzss of bovine abortion. Entero-
viruses have also been isolated from aborited bovine foetuses (Moll
and Finlayson, 1957; Moll znd Davis, 1959; Mattson and Reed, 197L4)
and from faeces snd nasal swabs of adult cattle and calves with
diarrhoea, respiratory disease and abortion (Moll and Davis, 1959;
McFerran, 1962a; Moll and Ulrich, 1963; Schiott and Hyldegaard-
Jensen, 1966; Mattson and Reed, 1974). The significance of these
latter isolates is to some extent reduced by the frequent isolation
of enteroviruses from normal cattle (Kunin and Minuse, 1957; McFerran,

1962a).

Nevertheless, enteroviruses of man, mice, plgs and chickens
have all been well documented as causes of a variety of disease
syndromes in these species (Andrewes and Pereira, 1972), and it would

be rather unexpected if bovine enteroviruses were all incapable of



similar pathogenic behaviour on occasion, especiall- in young calves.
Though colostrum deprivation may bz necessary in calves before patho-
genicity can be elicited, this situation may not be that uncommon,

as Bailey and McLean (1972) showsd in a survey that 18% of Friesian
calves at 1 week of age were hypoglobulinaesmnic, apparently as a

resull of management errors.

Thus, further investigation of the role of enteroviruses
in causing diseass in young cattle would appear well worthwnhile,
particularly in relation to neonatal calf diarrhcea and bovine

abortion.

Isolate D74/13—h9 was found to be more difficult to study
because of its slow and relatively non-progressive type of CPE, wkich
was only evident in Vero cells. Because of this, it proved impossible
to titrate the virus on the btasis of it's CPZ, as degenerative changes
in the cells mimicked the viral CPE at low titre. Attempts at
developing a plague titration system wera only partially succassiul,
as it preved poessible only to develope microplagues, and then only
when supplemental magnesium chloride and DEAE-dextran were included
in the overlay m=dium. It is possible that with further worx, a
practical plaque titration method may be developed, particularly
as a number of other chemical additives remain to be tried in the
overlay medium, such as pancreatin and chymotrypsin, these having
been found useful to enhance plaque development with reoviruses
(Wallis et al., 19656b ). An alternative method would be to develop
a titration system based on immunofluorescence as an indicator of
viral activity, as has been used with a number of other viruses. It

is hoped to proceed with work on this system in the near future.

The properties of isolate D7u/13—49 are apparently similar
to those described for viruses of the diplornavirus group (Meinick,
1973) in that it appeared to show cubic symmetry, a size of about &C
nm, and was resistgnt to the action of BUDR and chloroform. The

development of cytoplasmic inclusions of apparently double-stranded



122

nucleic acid, as shown by coriphosphene 0 staining ' f infected cells,
supports this provisional classification. Once suitable titration
procedures have been developed the physicochemical tests should be

repeated in a more precise manner to corroberate the above findings.

The further classification of this isolate into 1 of the
5 probable subgroupsof the diplornaviruses will require further
detailed study of the properties of the virus. In particular, a
study should be mede of its thermal stability at SOOC in the
presence of molar MgCl2 and its acid sensitivity, as these properties
will serve to distinguish between reoviruses, "reo-like" viruses and
orbiviruses. In addition, a much more detailed study of the viral
norphology is required under the electron microscope, so as to
determine the capsid structure and the number and nature of the cap-
someres. However, the apparent lack of hasmagglutinating activity
of this isolate together with it's production of discrete cyto-
plasmic inclusions suggests 1t may have similar propercies to the

"reo-like" viruses (Welch and Thompson, 1973).

As isolate D7u/13-49 was isolated from a scouring calf at
a property where neonatal calf scours hal been a problem for several
years, ard has shown some affinity with the "reo-like" virus group,
it would appear well worthwhile fcr further investigations to be made
-of its properties, particularly in relation to it's possible patho-

genic effect in neonatal calves.

The small serological survey of North Islund cattle was
carried out as a pilot survey, as it is intended that more extensive
surveys will be carried out in the near future so as to better define
the prevalence of a number of viruses in the farm animal population

of New Zealand,

Fastier and Hansen (1966) reported that 81.6% of 118 North
Island cattle from herds with respiratory disease problems possessed

antibodies to IBR virus, in contrast to 36% of 60 cattle from herds



123

where respiretory disease was not a problem. More recently, Durham
and Forbes-Faulkner (1975) found that 11% of 669 diagnostic sera
from North Island cattle possessed IBR antibodies, a much lower
figure of 19% of 472 diagnostic sera being obtained for South Island
cattle. The result obtained in this pilot survey of 53% of 100
North Island cattle of unknown disease status was somewhat higher
than expected, but may veflect the small size of the sample popu-
lation. It nevertheless confirms the widespread nature of the virus

in the cattle population,

Fastier and Hansen (1965) also reported that 41% of North
Island cattle from herds with respiratory disease problems possesszd
BVD antibodies, in contrast to 25% of 60 apparently normal cattle.
A similar figure of 51% of 507 diagnostic sera from North Island
cettle, and of 39% of South Island cattle was obtained by Durham
and Forbes-Faulkner (1975). The result obtained here of 33% is in

close agreement with the above dsta,

There has only been 1 report of the prevalence of anti-
bodies to PI_ virus in the New Zealand cattle populatiocn, being that
of Fastier and Hansen (1966), who found that 98% of 118 North Island
cattle from respiratory disease problem herds possessed antibodies
to the virus, this comparing with a rate of 58% of 60 apparently
" normal cattle. The level found in this survey of 77% of 100 North
Island cattle is in reasonable agreement with the above data and
emphasizes the widespread nature of the agent. The role of PI
virus in causing disease in cattle was briefly reviewed by Jolly
(1967) who stated that there was little information to suggest PI3
virus was an important cause of disease in New Zealand cattle.
Nevertheless, the lack of information on the role of this virus in
contributing to calf respiratory disease is partly due to the past
lack of virological facilities in New 7Zealand, and it is considered
therefore that the virus should not be dismissed as unimportant at
this stage. Recent reports by Sattar et al., (1965, 1967), Swift
and Kennedy (1972) and Dunne et al., (1975) associating the virus
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with bovine abortion also suggest that a more careful appraisal of

the pathological sigaificance of PI, virus may be warranted.

3
There is no published data on the prevalence of antibodies

to the 3 main serotypes of reoviruses in New Zealand cattle, and

little has been reported overseas. One of the problems in interpret-

ing such data is the development of heterologous reactions following

infection with a reovirus serotype (Rosen et al., 1963), particularly

with serotypes 1 and 2. Reports by Rosen et al., (1963) and Lamnont

(1968) indicate that reoviruses 1 and 3 are the serological types

most commonly isolated from cases of respiratory disease and diar-

rhoea, and the higher prevalence of serotypes 1 and 3 is supported

by some serological data (Rosen et _al., 1963), Stanley and Leak

(1963) found in a small survey in Australia that 43%, L4L3% and 62% of

bovine sera possessed antibodies {o reoviruszs 1, 2 and 3 respectively,

and that multiple infections appeared common. The levels of 58%,

29% and 70% found for the corresponding 3 serotypes in this survey

also confirm the widespread distribution of these viruses in New

Zealand,

Althougn some progress has recently been male in the study
of viral infections of livestock in New Zealand, a considerable
amount of work still remains to be attempted before the economic

significance of viral infections can be properly evaluated.



125

REFERENCES

Abinanti, F.R.; Hoelein, A.B.; Watson, R.L.; Hueber, R.J. (1561):
Serological studies of myxcvirus para-inf'luenze 3 in cattle
and the prevalence of antibodies in bovines., J. Immunol. 856:
505-11.

Abinanti, F.R.; Warfield, M.S. (1561): Recovery of a haemadscrbing
virus (HADIN) from the gastrointestinal tract of calves.
Virology, 1L: 288-9.

Anderson, E.S.; Armstrong, J.A.; Niven, J.S.F. (1959): Fluorescence
microscopy: observation of virus growth with eminoacridines,
Symp. Soc. gen. Microbiol., J: 224-55.

Andrewes, C.H.; Horstmen, D.M. (1949): The susceptibility of viruses
to ethyl ether. J, gen. Microbiol,, 3: 250-7.

Andrewes, C.A.; Pereira, H.C. (1972): Viruses of Vertebretes. {chap 1).
3rd ed. Bailliere Tindali. (Lorndon).

Armstrong, J.A.; Pereira, H.G.; Andrewes, C.H. (1961): Observatione
on the virus of infectious bevine rhinotracheitis and it's
af’finity with the herpesvirus group. Virclcgy. 1L: 276-85.

Atoynaten, T.; Hsiung, G.D. (1964): Ultrafiltration of simian virvses.
Proc. Soc. exp. Riol & Med., 11§: 852-56.,

Bechman, P.A, (1971): Properties of a bovine parvovirus. Zentbl.,
Vet Med,, B., 18:80-L.

Bailey, L.F.; McLean, D.M. (1972): Immunoglobtulin levels in South
Australian market calves. Aust., vet. J., 48: 605-8.

Baker, J.A.; McEntee, K.; Gillecpie, J.H.; (1960): Effect of
infectious bovine rhinotracheitis-infectious pustular vulvo-
vaginitis (IBR-IFV) virus in newborn calves. Cornell. Vet.,
50: 156-70.

Barski, G. (1962): The significance of in vitro lesions for
classification of enteroviruses. Virology 1§: 152-L,

Bartell, P.; Klein, M. (1955): Neutralizing antibody to viruses of
poliomyelitis in sera of domestic animals. Proc. Soc exp
Biol & Med 90: 597-601.

Bartha, A. (1967): Immunization experiments on calves with type L
bovine adenovirus. Acta. vet. Hung., 17: 209-16. (cited by
Mattson, 1973a).

Bartha, A.; Aldavy, P. (1966): Two further serolypes of bovine
adenoviruses (serotype L and ©) Acta. vet. Hung. 16: 107-8
(cited by Mattson, 1973a).




126

Barya, M.A.; Moll, T.; Mattson, D.E. (1967): Antigenic analysis
of bovine enteroviruses through studies of the kinetics of
neutralization. Am. J. vet. Res,, 28: 1283-94.

Bates, R.C.; Storz, J.; Reed, D.E. (1972): Isolation and comparison
of bovine pervoviruvses. J. inf. Dis., 126: 531-€.

Bates, R.C.; Storz, J.; Warren, 6.S. (1971): Host cell range and
conditions for isolation of bovine parvoviruses. Bact. Proc,
1971: 224,

Bishop, R.F.; Davidson, G.P.; Holmes, I.H.; Ruck, B.J. (1974):
Detection of a new virus by electron microszscopy of faecal
extracts from children with acute gastroenteritis. Leancet.

d: 149-51.

Black, F.L. (1958): Relationship between virus particle size and
filterability through gradocol membrenes. Virology. 5: 391-2.

Bulmer, W.S.; Tsai, K.S.; Little, P,B. (1975): Adenovirus infection
in two calves. J. Am. vet, med. Ass. 166: 233-8,

Calisher, C.H.; Meness, K.S.C. (1973): Use of scdium deoxycholate
sensitivity test in cell cultures. Acta. Virol., 17: 261.
Castrucci, G.; Cilli, V.; Gagliardi, G. (1968): Bovine virus diarrhea
in Ttaly: I. Isolation end characterization of the virus.

Arch. ges. Virusforsch, 24L: 48-6L.

Cherinekatu, P.P.; Gretzek, J.R.; Ramsey, F.X., (1966): Isclaticn and
characterization of & strain of infectious bovine rhinotracheitis
virus ascsocliated with enteritis in cattle: Pathogenesis studies
by fluorescent antitody tracing., Am. J. vet. Res., 27: 1583- O.

Cole, A.M. (1970): The isolation of édenoviruses frcm calves with
pneumonia. Aust. vet. J., L6: 569-75.

Cook, I. (1963): Reovirus type 3 infection in laboretory mice. Aust.
J. exp. Biol. med. Sci., L41: 651-60.

Cottral, G.E.; Pztty, R.E.; Gailiunas, P.; Scott, F.W. (1966):
Relationship of foot and mouth disease virus plaque size on
cell cultures to infectivity for cattle by intremuscular
injection., Arch. ges. Virusforsch., 18:276-93.

Crandell, R.A. (1974): Isolation of inflectious bovine rhinotracheitis

virus from faeces of a feeder steer. Am, J. vet. Res., 35: 951-2,



127

Darbyshire, J.H.; Jennings, A.R.; Dawson, P.S.; Lamont, P.H,;
Omar, A.R. (196C): The pathogenesis and patkology of infection
in calves with a strain of bovine adenovirus type 5. Res. vet.
Sci., Z7: 81-93,

Dawson, P.S. (1963): The nature of substences present in norral
bovine sera inhibiting the activity of parainfluenza 3 virus.
J. comp, Path,, 73: 428-36.

Della-Porta, A.J.; Westaway, E.G. (1972): Rapid preparstion of
hzemagglutinins of togaviruses from infected cell culture
fluids. Appl. Microbiol., 23: 158-€0,

Dcane, F.W.; Anderson, M.; Chao, J.; Noonan, A. (1974):
Two-hour embedding procedure f'or intracelluler detection of
viruses by electron microcscopy. Appi. Microbiol,, 27: 407-10.

Durne, H.W,; Ajinkye, S.M.; Bubash, G.R.; Griel, L.C. (1973):
Pareinfluenze-? z2nd bovine enteroviruses as pessible impertent
causative factcors in bovine abortion. Am. J. Vet. Res.,

3 1121-6,

Dunne, H.W,; Huang, C.M.; Whei Jun Lin (197L): Bovine enteroviruses
in the calf: an attempt at serologic biologic and pathologic
classification, J. Am. vet. med. Ass., 16L: 290-i.

Durne, H.W.; Wang, J.T.; Ammerman, E.H. (1971): Classificatior
of North Americen porcine enteroviruses: a comperisen with
Eurcpean and Japenese strains. Infec. Immun., L4: 619-31.

Durkam, P.J.K. (1574): Infectious bovine rhinotrachecitis and its
rcle in bovine sbortion. N.Z. vet, J., 22:175-80,

Durham, P.J.K.; Forbes-Faulkner, J.C. (1975): The prevalence of
antibodies to bovine virus diarrhoca and infectious bovine
rhinotrackeitis viruses in diagnostic sera from New Zealand
cattle. N.Z, vet. J., (in press).

Eggers, H.J.; Gomatos, P.J.; Tamm, I. (1962): Agglutination of
bovine erythrocytes: A general characteristic of reovirus
type 3. Proc. Soc, exrtl. Biol. & Med., 110: 879-81.

Elford, W.J. (1933): The principle of ultraltration as applied in
biological studies. Proc. R.Sac. B. 112: 384-%0€.



128

Fastier, L.B.: Hansen, N.F, (19266): The occurence >f antibodies
to bovine virus diarrhoea, infectious bovine rhinotracheitis
and parainfluenze 3 viruses in sera from New Zealand cattle.
N.Z, vet. J., 14: 27-32.

Fastier, L.B.; Smith, B.F. (1962): Infectious bovine rhinotracheitis-
infectious pustular vaginitis: virus isolation and vaccinetion
studies. N.Z. vet. J., 10: 11-17,

Feldman, H.A.; Wang, S.S. (1961): Sensivitity of various viruses
to chloroform., Proc. Soc. exp. Biol. Med., 106: 736-40.

Fernelius, A.L. (1968): Characterization of bovine viral diarrhea
viruses I. Ultrefiltration properties of different strains
after various treatments. Arck. ges. Virusforsch., 22: 215-26,

Femelius, A.L.; Ritchie, A.E.,; Classick, L.G,; Norman, J.0.;
Mebus, C.A. (1972): Cell culture adaptation and propagation
of a reovirus-like agent of calf diarrhea from a field outbreak
in Nebraska. Arch. ges. Virusforsch., 37: 114-30.

Fiala, M., Kenmny, G.E. (1966): Erhencement of rhinovirus plaque
formation in hum:n heteroploid cell cultures by magnesium and
calcium. J. Bact. 92: 1710~15.

Flewett, J.H.; Bryden, A.S.; Davies, H.; Woode, G.N.; Bridger,
J.C.; Derrick, J.M, (1974): Relation between viruces from
acute gastroenteritis of children and newborn calves, Lancet
2: 61-3,

Goldman, M. (1968): Fluorescent antibody methods. (chap. 7). 1st ed.
Academic Press (New York & London).

Gomatos, P.J.; Tamm, I.; Dales, S.; Franklin, R.M. (1962):
Reovirus type 3: physicel characteristics and interaction with
L cells. Virology. 17: L41-54,

Gratzek, J.B.; Chennekatu, P.P.; Ramsey, F.K. (1966): Isolation
and characterization of a strain of infectious bovine rhino-
tracheitis virus associated with enteritis in cattle: isolation,
serologic characterizaticn, and induction of the experimental
disease. Am. J. vet. Res., 27: 1567-72,



129

Gratzek, J.B.; Rosenbusch, R.F.; Bueing, G.M. (1967): Plaque
characteristics of four classes of bovine viruses. Am. J.
vet, Res., 28: 641-6,

Hamparian, V.V.; Hilleman, M.R.; Ketler, A. {1963): Contributions
to characterizstion and classification of animal viruses.

Proc. Soc., exp. Biol. Med. 112: 1040-50.

Hathaway, W.E.; Newby, L.A.; Githens, J.H. (196L): Acridine
orange viability test applied to hLione marrow cells. I.
Correlation with trypen blue and eosin dye exclusion and tissue
culture transformation. Blood. 23%: 517-25.

Hebert, G.A.(1974): Ammonium sulphate fractionaticn of sera: mouze,
hezmster, guinea pig, monkey, chimpanzce, swine, chicken and
cattle. Appl. Microbiol. 27: 389-93.

Hebert, G.A.; Pelham, P.L.; Pittmen, B, (1973):Dztermination of
the optimal ammonium sulfate concentration for the fractionation
of rabbit, sheep, horse, and goat antisers., Appl. Micrchbiol.,
25: 26-36.

Herbert, W.J. (1973): Mineral-oil adjuvants and the immunization
of laboratory animals. (App. 2.11). Handbook of Experimertal
Immunology 2nd ed. Weir, D.M, ed., Blackwell Scientific
Ptblications (London).

Hermodsson, S. (1960): Effect of ultrasonic vibration on the haema-
gglutineting activity of some parainfluerze viruses., Nature,
188: 1214,

Herrman, E.L., (1961): Plaque inhibition test for detection of specific
inhibitors of DNA cortaning viruses. Proc, Soc. exp, Biol. Med.,
107: i42-5,

Hierholzer, J.C.; Suggs, M.T.; Hall, E.C. (1969): Standardized
viral hemagglutination and hemagglutination-inhibition tests. II.

Description and statisticel evaluation. Appl. Microbiol., 18:
82L~33.

Horner, A.W.; Buddle, J.R. (1970): An outbresk of bovine viral

diarrhoea/mucosal discase. N.Z. vet. J., 18:171-3,



130

Horner, G.W.; Johnson, R.H,; Dennett, D.P.; Lane, W.R. (1973):

A serological study of bovine foetal immunoglobulins., Aust.
vet. J. L49: 325-9.

Inaba, Y.; Kurogi, H.; Omori, T.; Matumoto, M.; (1973):

A new serotype of bovine parvovirus. Jap. J. Microtiol.,
17: 85-6.

Inaba, Y.; Tanaks, Y.; Sato, K.; Ito, H.; Ito, Y.; Omori, T.;
Matumoto, M. (1968): Bovine adenovirus. II.A serotype, Fukuroi,
recovered from Japenese cattle. Jap. J. Microtiol. 12: 219-29.
(cited by Mattson, 1973a).

Jawetz, E.; Melnick, J.L.; Adelberg, E.A. (1974): Review of
medical microticlogy. (p 306) 11th ed. Lange Medical
Publications (Los Altos, California).

Jensen, R.; Griner, L.A.; Chow, T.L.; Brown, W.W., (1955): Infectious
rhinotrackeitis in feedlot cattle. I. Pathology and symptoms.
Proc. U.S. 1live Stk. sanit. Ass., 59:18%9- 33,

Jolly, R.D. (1967): Respiratory Infecction of cattie asscciated
with myxovirus parainfluernza 3. N.Z. vet., J., 15: L3,

Jolly, R.D.; Fastier, L.B.:; McAllum, H.J.¥, (1967): Bovine virus
diarrhoea (mucossl disease): case report and virus isolation,
N.Z. vet. J., 15: 178-80,

Keeble, S.A.; Jay, R.F. (1962): Fluorescent staining for the
differentiation of intracecllular ribonucleic acid and deoxy-
ribonucleic acid. Nature. 193: 695-6.

Ketler, A.; Hamparian, V.V,; Hilleman, M.R, (1961): Laboratcry
and field investigations of bovine myxovirus parainfluenze 3
virus and vaccine. I. Froperties of the SF-4 shipping fever
strain of virus. J. Imrunol. 87: 126-33.

Klein, M.; Earley, E. (1957): The isolation of enteric cytopatho-
genic bovine orphen (ECBO) viruses from calves. Bact. Proc.
21: 73

Klein, M.; Evens, G.; De Forest, A.; XKleger, B (1964): A cerum
inhibitor in animal and human sera of bovine enteroviruses. I

Properties and in vitro activity. J. Immunol. 92: 816-21,



131

Klein, M.; De Forest, A. (1964): A serum inhibitor in animal and
human sera of bovine enterovirus II In vitro activity and role
in "natural" resistance to infection. J. Immunol. 92: 822-6.

Kunin, C.M.; Minuse, E. (1958): The isolation in tissue culture,
chick embryo, and suckling mice of filtrable agents from
healthy dairy cattle. J. Immunol. 80: 1-11.

Kurogi, H.; Inaba, Y.; Takaheshi, E.; Sato, K.; Goto, Y.; Omori,
T.; Matumotu, M. (1974): New serotypes of reovirus isolated
from cattle. Arch. ges. Virusforsch., .45: 157-60.

Lamont, P.H. (1968): Reoviruses. J. Am. vet. med. Ass., 152: 807-813.

La Placa, M.C.; Portolani, M.; Lamieri, C. (1965): The basis for
a classification of bovine enteroviruses. Arch. ges. Virusforsch,,
A7: 98-115.

La Placa, M.C.; Lamieri, C.; Portolani, M. (1964): Ncutralization of
bovine enteroviruses by humen and animel sera. Preliminary
characterization of a non-antibody inhibitor present in rabbit
serum, Riv. Ist. sieroter. ital. 39: 431-43, (cited by La Placa
et al., 1965).

Lerman, L. (196L): Acridine mutagens and DNA structure. J. cell.
comp. Physiol., é&: suppl. 1 1-18, (citeq by Luria, S.E.; Darnell,
J.E. (1967)).

Lerner, A.M.; Cherry, J.D.; Finland, M. (1963): Haemegglutination
with reoviruses. Virology, 19: 58-65.

McFerran, J.B. (1962a): Bovine enteroviruses. Ann. N.Y. Acad. Sci.
101: 436-43.

McFerran, J.B. (1962b): A substance in the sera of man and animals
neutralising a bovine enterovirus. J. Path. Bact. 83: 83-88.

McFerran, J.B.; Clarke, J.K.; Knox, E.R.; Connor, T.J. (1972):

A study of the cell lines required to detect a variety of
veterinary viruses in routine diagnostic conditions. Br. vet. J.
128: 627-3k.

McFerren, J.B.; Dene, D.S.; Briggs, E.M.; Commor, T,; Nelson, R,

(1968) : Further investigations on enterovirus-neutralising sub-

stances in human and animal sera. J. Path. Bact. 95: 93-99.



132

McKercher, D.G. (1959): Infectious bovine rhinotracheitis.
Adv. vei. Sci., 5: 299-28,

McSharry, J.; Benzinger, R. (1970): Concentration and purification
of vesicular stomatitis virus by polyethylene glycol precipit-
ation. Virology. L40: 745-79.

Madin, S.H.; Darby, N.B. (1958): Established kidney cell lines of
normal adult bovine and ovine origin, Proc. Soc. exp. Biol.

& Med., 98: 574-6.

Maess, J.; Reczko, E. (1970): RElectron optical studies of bovine
viral diarrhoea-muccsal disease virus. Arch. ges. Virusforsch.,
230: 39-46,

Malmquist, W.A. (1968): Bovine viral diarrhea-mucoszl disease:
etiology, pathogenesis, and applied immunity. J. Am. vet.med. Ass.
152: 762-70.

Manktelow, B.W,; Hensen, N.F. (1961): The isolation of a cytopathic
agent resembling the virus of inflectious bovine rhinotracheitis
from an outbreak of pustular vulvovaginitis in cattle. N.Z. vel.
J., 9: 136-,0.

Meon, J.J.; Rossen R.D.; Lehrich, J.R.; Karel, J.A. (1967):

The effect of kaolin on immunoglobulins: en improved technique
to remove the non specific serum inhibitors of reovirus haema-
gglutinetion. J. TImmunol. 98: 1136-42.

Martin, S.J.; Johnston, M.,D,; Clements, J.R. (1970): Purification
and cheracterization of bovine entercviruses. J. gen. Virol.,
1:-103 - 113,

Mettson, D.E. (1973a): Adenovirus infection in cattle. J. Am. vet.
med. Ass. 163: 894-6.

Mattson, D.E. (1973b): Naturally occurring infection of calves with
a bovine adenovirus. Am. J. vet. Res., 34: 623-9,

Mattson, D.E.; Moll, T.; Barya, M.A. (1969): Physicochemical
characteristics of a bovine enterovirus prototype. Am. J. vet.
Res., 30: 1577-85.

Mattson, J.M.; Reed, D.E. (1974): Isolation, identification and
characterization of six bovine picornavirus isolates. Am. J. vet.

Res., 35: 1337-41.



133

Matumoto, M.; JTnaba, Y.; Tanaka, Y.; Sato, K,; Ito, H.; Omori,

T. (1969): Serological typing of bovine edenovirus Nagano and
Fukuroi, as type 4 and new type 6. Jap. J. Microbiol. 13:
131-2, (cited by Mattson, 1973a).

Maturoto, M.; Inaba, Y,; Tanaka, Y.; Sato, X.; Ito, H.; Omori,
T. (1970): New serotype 7 of bovine adenovirus. Jap. J.
Microbiol, ik: 430-31., {cited by Mattson, 1973a).

Mayor, C,A,; Diwan, A.R. (1961): Studies on the acridine orange
staining of two purified RNA viruses: poliovirus and tobacco
mosaic virus. Virology 14: 74-82.

Mebus, C.A. Kono, M.; Underdahl, N.R.; Rwizhaus, M.J. (1971a):
Cell culture propagation o neonatal calf diarrhea (scours)
virus. Can. J. comp. Med., 12: 69-72,

Mebus, C.A,; Stair, E.L.; Rhodes, M.B.; Twiehaus, M.J. (1973a) :
Neonatal calf diarrhoca: propagation, attentuation and charact-
eristics of a coronavirus-like agenv., Am. J. vet. Res.,

b 15-5C,

Mebus, C.A.; OStair, E.L.; Rnodes, M.B,; Underdahi, N.R.;
Twiehaus, M.J. (1973b): Calf diarrhoea of viral etiology. Ana.
Rech. veter., A4: 71-8,

Mebus, C.A.; Stair, E.L.; Underdahl, N.R.; Twishaus, M.J. (1971b):

\&O

Pathology of neonatal calf diarrhea induced by a reco-like virus,
Vet. Path., £:4930-505,

Mebus, C.A.; Underdahl, N.R.; Rhodes, M.B.; Twiehaus, M.J. (196%a):
Calf diarrhea (scours): reproduced with a virus from a field
outbreak., Resecarch Rulletin 233, Uaiversity oi' Nebraska, U.S.A.

Mebus, C.A.; Underdahl, N.R;; Ranodes, M.B.; Twiehaus, M.J, (1969b):
Further studies on neonatal calf diarrnea virus, Proc, 73rd
ann. Mtg., U.S. Anim, Health Ass., 1969: 97-99.

Mebus, C.A.; Underdahl, N,; Stair, E.L.; Twiehaus, M.J. (1970):
Neonatal calf diarrhea of a viral etiology. Proec, 6th Int.
Conf, Cattle, Dis., 1970: L442-5,

Mebus, C.A.; White, R.G.; Stair, E.L.; Rhodes, M.B.; Twiehaus,
M.J. (1972): Neonatal calf diarrhoea: results of a field trial
using a reo-like virus vaccine. Vet. Med./S.A.C., 67:173-8.

Melnick, J.L. (1962): Entcroviruses. Ann. N.Y. hcad. Sci.,101: 331-41.



134

Melnick, J.L.: Wenner, H.A, (1969): Enteroviruses. (chap 17).
Diagnostic Prooedvres for Viral and Rickettsial Infections.

Lth ed., Lennette, E.H. and Schmidt, N.J. ed.Am. Pub. Hlth.
Ass, New York.

Miller, N.J. (1955): Infectious necrotic rhinotracheitis of cattle.
J. Am. vet. med. Ass., 14b: 463-7.

Mohanty, S.B. (1971): Comparative study of bovine adenoviruses. Am,
J. vet. Res., 32: 1899-05.

Moll, T. (196L): Abortion and stillbirth of guinea pigs resulting
from experimental exposure to bovine enteric virus. Am. J. vet,.
Res., 25: 1757-62.

Moll, T., Davis, A.D. (1959): Isolation and characterization of
cytopathogenic enteroviruses from cattle with respiratory
disease. Am. J. vet. Res., 20: 27-32.

Moll, T.; Finlayson, A.V. (1957): Isolation of cytopathogenic viral
agent from feces of cattle. Science. 126: L01-2,

Moll, T.; Ulrich, M.I. (1963): Biologic characteristics of certain
bovine enteric viruses. Am. J. vet. Res., 24: 545-50.

Morin, M.; Lamothe, P.; Gagnon, A.; Mato, R, (197L): A case of
viral neonatal calf diarrhea in a Quebec dairy herd, Can. J.
comp. Med., 38: 236-42.

Moscovici, C.; La Placa, M. (1962): Further studies of bovine entero-
viruses-tentative scheme of classification., Am, J. vet. Res., ‘
23: 64L5-7.

Moscovici, C.; La Placa, M.; Maisel, J.; Kerxpe, C.H. (1961):
Studies of bovine enteroviruses. Am, J. vet. Res., 22: 852-€3.

Mosley, J.W.; Enders, J.F. (1961): Critique of the plaque assay
technique in bottle cultures. Proc. Soc. exp. Biol. Med.,

108: L406-8.

Much, D.H.; Zajac, I. (1972): Purification and characterization of

epizootic diarrhea of infant mice virus. Infec. Immun,,
6: 1019-24.
Nairm, R.C. (1968): Standardization in immunofluorescence. Clin exp.

Immunol., 3: L465-76.



135

Panina, G.F.; De Simcae, F. (1973): Immunological activity of
foot and mouth disease virus purified by polyethylerne glycol
precipitation. 2Zbl. vet. Med. B. 20: 773-82,

Portolani, M.; Palenzona, M.; Bernardini, A.; La Placa, M.

(1968): Bovinge enteroviruses: apparent correlation between
‘antigenic characters and capacity to grow in the presence of
small concentrations of 2- ( o4 hydroxybenzyl) - benzimidazole.
Arch, ges. Virusforsch., 2i: 428-32,

Pritchard, W.R. (1963): The bovine viral diarrhea-mucosal disease
complex. Adv. vet. Sci., 8: 1-47.

Reed, L.J.; Muench, H. (1938): A simple method of estimating fifty
per cent endpoints. J. Hyg. 27: 483-7.

Reisinger, R.C.; Heddleston, K.L.; Manthei, C.A. (1959): A myxovirus
(S F -4) associated with shipping fever of cattle. J. Am. vet
med. Ass. 135: 147-52.

Rifkind, R.A.; Godmen, G.C.; Howe, C.; Morgan, C.; Rose, H.M.
(1961): Structure and development of viruses as observed in the
electron microscope. VI ECHO virus, type 9. J. exp. Hed.,
ML 1-11,

Ritchie, A.E.; Fernelius , A.L. (1969): Characterization of bovine
viral diarrhea viruses.V.Morphology of characteristic. particles
studied by electron microscopy. Arch. ges. Virusforsch.,

28:. 3€9-89.

Robinson, A.J. (1971): Serological evidence of bovine virus diarrhoea
virus in cattle and sheep in the South Island of New Zealand
N.Z., vet. J., 19:223-).

Rosen, L. (1960): Serologic grouping of reoviruses by haemagglutin-
ation-inhibition. Am. J. Hyg., /1: 242-49.

Rosen, L.; Abinanti, F.B., (1960): Natural and experimental infection
of cattle with human types of reoviruses. Am. J. Hyg., 71: 250-57.

Rosen, L.; Abinenti, F.R.; Hovis, J.F. (1963): Further observations
on the natural infection of cattle with reoviruses. Am. J. Hyg.,

77: 38-L8.



136

Rossi, C.R.; Kiesel, G.K, (1971): Microtiter tests for detecting
antibody in bovine serum to parainfluenza 3 virus, infeectious
bovine rhinotracheitis virus, and bovine virus diarrhea virus.
Appl. Microbiol., 22: 32-36,

Rovozzo, G.C.; Lucinbuhl, R.E.; Helmboldt, C.F. (1965): Bovine

| enteric cytopathogenic viruses., I. Characteristics of three
prototype strains. Cornell. Vet., 55: 121-30.

Rowlands, D.J.; Sangar, D.V.; Brown, F. (1971): Buoyant density
of picornaviruses in caesium salts. J. gen. Virol., 13: 141-52.

Sabin, A.B. (1959): Reoviruses. Science. 130: 1387-89.

Salisbury, R.M.; Hartley, W.J.; McIntosh, I.G.; Eansen, N.F.;

Te Punga, W.A.; Jamieson, S. (1961): A mucesal . disease-like
syndrome of cattle in New Zealand. Bull, 0ff, int. Epiz.,
56: 62-79.

Schiott, C.R.; Hyldegaard-Jensen, C. (1966): Isolation of & bovine
enterovirus. Acta. vet. scand., 7: 296-302.

S chummelfeder, N. (1958): Histochemical significance of the poly-
chromatic fluorescence induced in tissue stained with acridine
orange. J. Histochem. Cytochem., 6: 392-3.

Schwerdt, C.B.; Fogh, J. (i1957): The ratio of physical particles
per inflectious unit observed for poliomyelitis viruses.
Virology. L4: 41-52,

Shaw, E.D.; Newton, A.; Powell, A.W.; Friday, C.J. (1961): Fluor-
escent antigen-antibody reaction in Coxsackie and ECHO entero-
viruses. Virology 15: 208-10.

Shelakov, A.; Vogel, J.E.; Chi, L. (1958): Hemedsorption
(adsorption-hemagglutination) test for viral agents in tissue
culture, with special reference to influenza. Proc. Soc. exp.
Biol. Med., 97: 802-9.

Smith, W. (1939): The action of bile salts on viruses. J. Path.
Bact. 48: 557.

Smith, J.D.; Freeman, G.; Vogt, M; Dulbecco, R. (1960): The
nucleic acid of polyoma virus. Virology. 12: 185-96.

Spahn, G.J.; Mohanty, S.B.; Hetrick, F.M. (1966a): Characteristics
of haemadsorbing entcric (HADEN) virus. Can. J. Microbiol.,

12: 653-6.



137

Spahn, G.J. Mohanty, S.B.; Hetrick, F.M. (1966b): Experimental
infection of calves with hemadsorbing enteric (HADEN) virus
Cornell Vet. 56: 377-86.

Spendlove, R.S.; Crosbie, R.B.; Hayes, S.F.: Keller, R.F. (1970):
Tricine-buffered tissue culture media for control of mycoplasma
contaminants. Proc. Soc. exp. Biol. Med., 137:258-63,

Spendlove, R.S.; Schaffer, F.L. (1965): Enzymic enhancement of
infectivity of reovirus. J. Bact., 89: 597-602.

Spradbrow, P,B. (1963): The isolation of a bovine enterovirus in
Australia. Aust. vet. J. 39: 39€-9.

Spradbrow, P.B. (1964): Properties of some bovine enteroviruses
isclated in Queensland. Aust. vet. J., LO: 352-5,

Spradbrow, P.B. (1965): Substances in calf faeces toxic for bovine
kidney cells, Aust. vet. J., L41: 17-19,

Spredbrow, P.B.,; Francis, J. (1969): Electron microscopy as an aid
to the rapid identification of animal viruses., Vet. Rec.,

8l: 244-6.

Spurr, A.R. (1969): A low-viscosity epoxy resin embedding medium
for electron microscopy. J. Ultrastruct. Res. gé: 31-i.3,
Stair, E.L.; Mebus, C.A.; Twiehaus, M.J.; Underdahl, N.R. (1973):
Neonatal calf diarrhea: electron microscopy of intestines infected

with a reovirus-like agent. Vet, Path., 10: 155-70.

Stair, E.L.; Rhodes, M.B.: White, R.G.; Mebus, C.A. (1972):
Neonatal calf diarrhoea: purification and electron microscopy
of a coronavirus-like agent., Am. J. vet. Res., 33: 1147-56.

Stanley, N.F.; Leak, P.J. (1963): The serologic epidemiology of
reovirus inflection with special ref'erence to the Rottnest Island
Quokka (Setonic brachyuris). Am. J. Hyg., 78: 82-88.

Stevens, J.G.; Groman, N.B, (1964): Infectious bovine rhinotracheitis
virus replication, cytopathology and plaque formation in the
presence and absence of nucleic acid analogues. J. Bact.

87: 446-53,



138

Storz, J ; Bates, kK.C. (197%): Parvovirus infections in calves.
J. Am. vet. med. Ass. 163: 881-6.

Storz, J.; Bates, R.C.; Warren, G.S.; Howard, H. (1972):
Distribution of antibodies against bovine parvovirus 1 in cattle
and other animal species. Am. J. vet. Res., 33: 269-72.

Storz, J.; Marriott, M.E.; Winterer, B.I. (1969): Detection and
separation of simultaneous enterovirus and intvestinal chiamydia
infection of calves. Zentbl. Bakt. ParasitKde. 210: 75-81.

Storz, J.; Warren, G.S. (1970): Effect of antimetabolites and
actinomycin D on the replication of HADEN, a bovine parvovirus.
Arch. ges. Virusforsch., 30: 271-4,

Swift, B.L.; Kennedy, P.C. (1972): Experimentally ‘nduced infection
of in utero bovine fetuses with bovine parainfluenza 3 virus.
Am. J. vet. Res., 33: 57-63.

Tangka, Y.; Inaba, Y.; Ito, Y.; Omori, T.; Matumota, M. (1968):
Bovine adenovirus. I. Recovery of a serotype, Nagano, from
Japanese cattle. Jap. J. Microbiol. 12: 77-95 (cited by Mattson,
1573a).

Tanaka, Y.; Inaba, Y.; Sato, K.; Tto, H.; Omori, T.; M=atumoto,

M. (1969): Bovine epizootic fever II, Physicochemical properties
of the virus. Jap. J. Microbiol. 13: 169-76.

Teylor, D.C.N.; Gustafsor, D.P.; Claflin, R.M. (1963): Properties
of some viruses of the mucosal disease-virus diarrhea complex,
Am. J. vet., Res. 2L: 143-9,

Theiler, M. (1957): Action of sodium deoxycholate on arthropod-
borne viruses. Proc. Soc. exp. Biol & med., 96: 380-2.

Thorson, R.G.; Saven, M, (1963): Letter to the editor. Can. Vet. J.,
L4 (9): xiii

Tousimis, A.J.; Howells, W.V.; Griffin, T.P.: Potter, R.F.;

Cheatham, W.J.; Maurer, F.D. (1958): Biolecgical characterisaticn
of infectious bovine rhinotracheitis virus. Proc. Soc. exp.

Biol & Med., 29: 614-7.



139

Trainor, P.D.; Mchanty, S.B.; Hetrick, F.M. (1966): Experimental
infection of calves with reovirus type I. Am. J. Epidem.,
83: 217-23.

Turner, A.J.; Caple, I.W.; Craven, J.A. (1973): Demonstration of
virus particle in intestinal contents of calves with diarrhoea.
Aust. vet. J. L9:DLL.

Tyrrell, D.A.J.; Chanock, R.M. (4963): Rhinoviruses: A description.
Science. 141: 152-3,

Tytell, A.A.: Torop, H.A.; McCarthy, F.J. (1962): Adenovirus
plaque formaticn in grivet morkey kidney cells Proc. Soc. exp.
Biol. Med., 109:916-8.

Ven Der Maaten, M.J.; Pecker, R.A., (1967): Isolation and character-
ization of bovine enteric viruses. Am. J. vet. Res., 28: 677-84,

Venable, J.H.; Coggeskall, R. (1965): A simplified lead citrate
stain for use in electrorn microscopy. J. Cell. Biol. 25: LO7-8,

Vegt, M.; Dulbecco, R.; Wenner, H.A, (1957): Mutants of polio-
myelitis viruses with reduced efficiency of plating in acid
medium and reduced neuropathogenicity. Virology, L: 141-55.

Waldhalm, D.G.; Uall, R.F.; MNeinershagan, V.A.; tauber, E.;
Frank, F.W. (1974): Combined effect of neonatal calf diarrhea
virus and Providencia_stuartii on suckling calves. Am, J. vet.
Res., 35: 515-6.

‘Wallis, C.; Melnick, J.L. (1962): Cationic stabilisation - a new
property of enteroviruses. Virology 16: 50L4-6.

Wallis, C.; Melnick, J.L. (19682): Mechanism of enhancement of virus
plaques by cationic polymers. J. Virol., 2: 267-7k.

Wallis, C.; Melnick, J.L. (1968b): Mechanism of plaque inhibition of
poliovirus possessing the "d" marker. J. gen. Virol., 3:
3L9-57.

Wallis, C.; Morales, F.; Pcwell, J.; Melnick, J.L. (19662):

Plaque enhancement of enteroviruses by magnesium chloride,
cysteine and pancreatin. J. Bact., 91: 1932-5.

Wallis, C.; Melnick, J.L.; Rapp, F. (1966b): Effects of pancreatin

on the growth of reovirus. J. Bact., 92: 155-66.



140

Wezllis, C.;Smith, K.D.;Melnick:J.L.(196L): Reovirus activation by
heating and inactivation by cooling in MgCl
22: 608-19,

> solution. Virology.

Watanabe, H. (19?1}: Fiuorescent antibody technique in cultured cells
irfected with porcine enteroviruses Jap. J. vet., Res. 19:1-6.

Webeter, R.C.; Marktelew, B.W.: (1959): Sume observations on bovine
rhirotracheitis in New Zealend. N.Z2. vet. J., 7: 14 5-8.

Welch, A.B. (1S71): Purificaticn, morphology and particl character-
izaticn of a reovirus-like agent associsted with neonatal calf
dierrhea. Can. J. comp. Med., 35: 195-202.

Welch, A.R.; Thompson. T.L. (1973%): Physicockerical character-
ization of a neonatal calf diarrhoea virus., Can. J. comp. Med.,
37: 295-301,

Weleh, A.B.; Twichaus, M.J. (4S73): Cell culture studies of a neo-
natal calf diarrhbea virus. Can. J. comp. Med., 37: 287-94.

Wermer, H.A. (1962): Problems in working with enteroviruses. Ann. N.V,
Acad, Sci., 101: 343-56.

Wcode, G.N. (4S74): Calf diarrhoea: virus survey. Veit. Rec. L4128,

Weode G.N.: Bridger, J.C. (1975): Viral enteritis of calves. Vet.
Rec., 96: 85-88.

Woede, G.N.: Bridger, J.C.; Hall, G.; Dennis, M.J. (1974): The
isolation of a reovirus-like agent associzted with dierrhoee in
colostrum-deprived calves in Great Britein. Res. vet. Sci.,

16: 102-5.

Yasumure, Y.: Kawszkite, K. (%963): Studies on the SV40 virus and
tissue cultures. Jap. J. clin. Med., 21: 1201-1219.

York, C.J., (1968): Infections bovine rhinotracteitis. J. Am. vet med

Ass, 152: 758-61.

'



141
APPENDIX 1

List of abbreviations

apd Average pore diameter

ATV Antibiotic-trypsin-versaene solution
BEK 1 Bovine embryonic kidney cell line
BUDR 5 - Bromo - 2 deoxyuridine

BVD Bovine viral diarrhoea

CPE Cytopathic et'fect

DEAE Diethyl aminoethyl

DNA Deoxyribonucleic acid

FBK Foztal bovine kidney

FBL Foetal bovine lung

FITC Fluorescein isothiocyanate

g Gram

G Force of gravity

Henk's AB Hanik's buffered salt solution with 2000 units per ml

of penicillin and 2000 /ug/ml of streptomycin

HA Haemagglutination

HAU Haemagglutinating unit

HI Haemagglutination inhibition

IBR Infectious bovine rhinotracheitis
Kc/sacond Kilocycles per second

log1O Logarithm to the base of 10

M Molar

MDBK Madin-Darby bovine kidney cell line
mg Milligram

ml Millilitre

mm Millimetre

mM Millimolar

Mouse L cell Mouse fibroblast cell line

Ve Micron = 10_6 Tgtre

/ug Microgram = 10 gram

nm Nanometre = 10_9 metre

PEG Polyethylene glycol

PBS Phosphate buffered saline (calcium and magnesium free)

PFU . Plaque forming unit
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PI3 Parainfluenza 3

PTA Phosphotungstic acid

RDE Receptor destroying enzyme (Neuraminidase)

RNA Ribonucleic acid

SDL Sodium deoxycholate

SNT Serum neutralisation test

TCID5O 50% tissue culture infective dose

Vero Continuous line of African green monkey kidney cells
w/v Weight for volume

w/w Weight for weight
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ATFPENDIX 2

Preparation O0f Media And Solutions.

Lear o

verlay for cell culturs monolayers

A,

Prepare double strengbh cell culture medium 199 (Wellcome).
Store at 4°C.
Before use, warm in water bath to AEOC af'ter addition of

required final amount of sterile serwn and antibiotics.

Noble Agar (Difco) or Seaplague Agarose (Marinz Colloids Inc).
fater (distilled deionised) 48 ml

Autoclave at 10 1lbs pressure for 10 minutes,

Store at AOC.

Belore use, melt in boiling water bath, and then cool to

ASOC, if using agar, or to 3700 1 using asgarose,

Pour contents cf A into B, mix well, 2and dispense required
annount over mouolayer,

For staining, add further monolayer incorporating 0.01%

neutral red solution,

Antibiotics

Make these up as a x100 concentrate in P2S.

Drug Working Strength
Benzyl Penicillin 100 units/ ml
Streptomycin sulphate 100 /ug / ml
Kanamycin sulphate 100 Jue / ml
Gentamycin 200 /ug / ml

Sterilise by filtration (220 nm apd)
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Antibiotic-trvpsin-versene (ATV)

(Reference: Madin and Darby, 1958)

Trypsin 0.5 g
Versene 0.2 g

NaCl 8.0 g

KCL O.4 g
Dextrose 1.0 g

NaliCo; 0.58 55
Penicillin 2 x 107 units
Streptomycin 100 mg
Phenol Red 0.02 g

Make up to 1,000 ml with water (distilled deionised).
Sterilise by filtration (220 nn apd).
Store at —ZOOC in 20 ml aliquots.

Buffers
Unless otherwise stated, all buffers wers prepzred according

to the tables drawvn up by Gomeri (1955).

Celloidin (collodion) solution for electron microscony grids

Celloidin 0.5 gm
Amyl Acetate 100 ml

Eagles minimal essential medium (MEM)

Eagles minimal essential medium (Viellcore) 10 g
Deionised water 950 ml
NaHCO3 (4.4% solution) ' 50 ml

Mix as above and sterilise by filtration (220 nm apd) under
pressure,
)
Store at 4 C,

Add antibiotics and serum as required.
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Earles balanced salt solution (without bicarbonate)

NaCl 6.8 g
KC1 Ok &
M@%;ﬂEO 0.2 g
NaH2P04.2H20 0.163 g
Dextrose 1.0 g
Phenol Red 0.02 g
Cac1, (anhydrous) 0.2 g
Deionised water to 1000 ml

Sterilise by filtration (220 nm apd).
Store at AOC.

Earles lactalbumin hydrolysate solution (LLA)

Earles balanced salt solution 845 ml
Lactalbumin hydrclsate solution 1CO ml
Yeast extract 5 ml
Sodium bicarbonate (4.4 solution) 50 ml

Sterlise by filtration (220 nm apd) under pressure.
Store at AOC.

Add antibiotics and serwn as required.

Formvar solution flor electron microscopy grids

Formvar (poly vinyl formol) 0.5 g

Ethylene dichloride 100 ml
Glutaraldehyde

Glutaraldehyde 2.5 g

0.1 M phosphate buffer pH 7.2 100 ml
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Hanl!s balanced salt sclution {without bicarbonate)

Solution A (x10 stock solution)

NaCl 80 g
KC1 4.0 g
Y . H O -
M0,  TH, 2.0 g
CaCl2 (anhydrous) 1.4 8

Malce up to 1000 ml with water,

Solution B (x10 stock solution)

Na,zHPOLL (anhydrous) 0.6 g
hHQPOA 0.6 g
Dextrose 10.0 g
Phenol Red 0.2 g

Malke up to 1020 ml with weter.
Mix 100 ml of Solution A and 100 ml of Solution B, and meke up
to 1000 ml with water,
Sterilise by filtration (220 nm apd) or by autoclaving for 10
minutes at 10 1bs pressure,

Store at room temperature.

Hank's lactalbumin solution (HLA)

Ilank's basic salt solution 845 ml
Lactalbumin hydrolysate solution 100 ml
Yeast extract solution 5 ml

Sodium bicarbonate (L4.4% solution) 50 ml

Sterlise by filtration (220 nm apd).
Store at 4°C.

Add antibiotics and serum as required.
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Lactzalbunin hydrolysc e solution (LAR)

Lactalbumin hydrolysate (Difco) 50.0 g
NaCl 8.0 g
KC1 0.2 g
NC‘?POJI. 1015 g
KHQPOL 0.2 g

+

Make up to 1,000 il with water and autoclave at 10 1lbs
pressure for 10 minutes. Store at -ZOOC. Discard

precirpitate, if aony, before use.

Lead Citrate

(Reference: Venable and Coggeshall, 1965)

Lead citrate 0.02 g
Watcr 10 ml

Add 0,1 ml of 10 N NaOH to dissolve.
Filter through membrane filter (450 nm apd).

Stere in stoppered bottle,

Medium 199

Medium 199 dried powder (Wellcome) 10 g
Dcionised water 950 ml
Tricine (Calbiochem) 1.8 g
NaHCO3 1.5 8

Mix as above, adjust volume to 1,000 ml with deionised
water and sterilise by filtration (220 nm apd) under
pressure,

Store at 4 C.

Add antibtiotics and serum as required.

N.R. Tricine is uvsed as a buffer and to control mycoplasma

contaminants (reference: Spendlove et al,, 1971).
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Metliyl cellulose over’ ay for cell culture monclayers

Methyl cellulose powder (Hopkins aid Williams Ltd.) 3.0 g
Watexr 100 ml

Suspend with vigourous mixing the methyl cellulose powder in
boiling water, and autoclave at 15 1bs pressure for 15 minutes,
(W.B. Emerges opzque from autoclave.)

Cool to 4°C, when liquifies znd clears.

Store at —ZOOC.

z m o o . o
This medium gels at 37 C, and reliquifiies if returned to 4 C.
For use, add to equal volume of double strength cell culture
medium incorporating required amount of serum and antibiotic,

at temperature of AOC. Then overlay cells,

Nevtral red scluticn

Neutral red powder 1 g

Phosphate Buffered Saline to 100 ml

Sterilise by filtration (22C nm apd).

Store at 4°C.

N.B. This solution has a photodynamic action on cells if

exposed to light.

Csmium tetro:zide

OSO4 0.5 g
0.1 M Phosphate buffer, pH 7.2 50 ml
. ++ +4
Phosphate buffered soline (PBS) (Ca ~ and Mgy~ free)
NaCl 8.0 g
KC1 0.2 g
N3.2HPO}T 1a15 g
XH, PO 0.2 g
277,
Water to 1000 mi

Sterilise by autoclaving (15 1bs for 15 minutes).
Final pH 7.2-7.4



Phosphotungstic acid
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Potassium phosphotungstate 2 g
Water 100 ml
Adjust to pH7with N KOH.
Trypan blue solution
Trypan blue 0.2 g
Phosphate buffered saline 100 ml
Filter through filter paper.
Dispense in 1.8 ml quantities,
Store at 4 C.
Trypsin solution
Trypsin (Difco 1:250) 2.5 g
Hanks Basic Salt Solution to 1000 ml
Penicillin 2 x 105 units
Streptomycin 100 mg
Phenol Red 0.02 g

Adjust pH to 7.6 with Na-HCO5 solution.
Sterilise by filtration (220 nm apd).
Store at -20°C.

Uranyl acetate

Prepare saturated solution in 50% ethanol.

Store shielded from light,

Yeast extract solution
Bacto yeast extract (Difco) 5.0
Phosphate buffered saline 250 ml

Dispense into 5,0 ml volumes and store frozen.
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APPENDIX 3

Preparation And Use Of Fixwitives And Stains

Acridine orange stain

Adapted from Mayer and Diwaen, (1961).

1. Rinse in PBS - 1-2 seconds.

2, Wash in Carnoy's fixitive - 1-2 minutes.

3, Wash in 100% ethanol - 2-5 seconds.

L. Wash in 70% ethanol - 2-5 seconds,

5. Wash ineetate buffer pi 4,0 - 5 seconds.

6. Stain with 0,019 acridine orange (or acridine orange R)(Gurr)
in pH L acetate buffer - 10-15 minutes.

7. Wash in two changes of acetate buffer pH 4 - 2 minutes,

8. Mount in buffer.

9. Ixamine under UV or blue light.

Results: Double strended nuclecic acid stains yellow/green.

Single stranded nucleic acid stains red-browm,
N.B. Monolayers may be satisfactorily fixed in Bouin's

fixitive, provided they are adequately weshed afterwards.

Bouin's fixitive

Picric acid (saturated aqueous solution) 75 ml
Formalin 25 ml
Glacial acetic acid 5 ml

Fix monolayers for 5-10 seconds, and tissues for 1 hour. Wash
of f excess picric acid with several chenges of 80% ethanol or

water.,

Carnoy's fixitive

Good fixitive for nucleic acids,

Ethanol ' 60 ml
Chloroform 30 ml
Glacial acztic acid 10 ml

Fix monolayers for 1-2 minutes, and tissues for 1 hour. Wash

in 100% ethanol, and store in 70% ethanol until stained,



Coriphogpine O stain

Reference: Keeble and Jay (1962)

Coriphospine 0 stain (Gurr) 0.1 g

Acetate buffer pll 4.4 20 ml

Mix the above, and dilute to 1/10 in P3S for use.

1. Rinse in PRS - 1-2 seconds.

° ) .

O O N o v oW N
* .

Results:

N.B. (a)

(v)

T'ix in Carnoy's fixitive - 1-2 minutes.

Wash in 100% ethanol - 2-5 seconds.

Wash in 70% ethanol - 2-5 seconds.

Weash in PBS - 2-5 seconds.,

Stain in Coriphosphine 0 stain solution - 1-5 minutes.
Wash in P2S till excess stain removed.

Mount in PBS, glycerol or liquid paraffin.

Examine under UV or blue light.

Double stranded nucleic acid stains green,
Single stranded nucleic acid stains red-vprovm.
Monolayvers can be destained with ethancl and
restained,

Monolayers may be satisfactorily fixed in Bouin's
fixitive, provided they are adequately washed
af'terwvards,

If liquid paraffin is used as a mountent,

optical resolution is increased due to the

resultant dark background.
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Haematoxylin and eosin stain (Rapid)

For cell monolayers.

1. Rinse in PBS - 1-2 seconds.
2, Fix in Bouin's fixitive - 5 seconds.
3, Wash in 80 ethanol - 3 changes.
L, Stain in Mayer's Haematoxylin - 2-5 minutes.
5. Wash and "bJue" in tap water containing a few drops of
saturated lithium carbonate - 30 seconds.
. Stain in 0,1% eosin (agueous) - 30 seconds,
. Wash in 95% ethanol - 10 seconds.

6
5
8. Wash in 100% ethanol - 10 seconds.
9. Wash in xylol - 30 seconds.

0

. Mount in DFPX,

Uranyl acetate-lezd citrate stain for electron microscopy

A, Craig, Personaul Communication.

Stain sections by immersion in, or flozting on the

following solutions,

Uranyl acetate in 5C% ethanol 5 minutes
50% ethanol 3 washes
Distilled water 1 wash
Lead citrate solution 5 minutes
Distilled water 3 washes

Dry and examine.
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APPENDIX L.

Table A

h—

Titres of virus D74/18 in cells and medium during one step

-

growth curve

Time Titre in cells Titre in medium
(Lours) (10g10 ’l‘CIDSO/ 106 cells) (log1c; TC]’EO/ 106 cell s)

0 5.8 3.55

. 6.05 3.55

[ 5.8 3.05

2 6.8 3.55

3 8.05 3.8

L .55 L&

5 9:0F 5,5

6 9.55 5.8

8 9.05 6.8




Virus |Ccncentration Viral titres (log10 TCID../0.1 ml) at times (krs) :
BUDR ( ug/m1) 7 5 T 8 1 12 | 161 24 | 48 | 72 | 9%
. |
J
| !
D74/18 0 2.25 |3.25 3.5 - lus s - - |-
' 100 2.25 {2.75 13.25 | - 4.5 15.25| - - -
IER 0 1.25 | - = 0.75| - | 3.5 | 6.75] 6.75] -
100 0.75 | - - 0.75) - | 0.75 | 2.25| 4.75 | -
BVD 0 1.5 | - - 3.2&% - }3.75 | 8.5 |/5.5 Fi.5
100 1.25 | - - 2,750 - | 4.25 | 4.5 | 5.5 [4.25
{
= not tested

ddNg Jo o@oussqe
Pue souvsaad ayj UL SISNITA JAJ pue gl ‘QL/ﬁ[ﬁ JO YJmoas
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Thermal inactivation of enterovirus isoclates at 56 C

Table C

155

Virus Titres of viruses (10510 TCID, /0.1 ml) at times (hrs):
0 1 1 2 L

D7L/2 5.25 0.75 0.0 0.0 "

D74/18 5.75 0.75 an25 0.5 -

7L/ -

DLZé;it 475 1.5 0.5 1.25 0.25

D7L4/19A 5.75 2.25 0.75 0.0 -

D7L/19B €.25 3.5 0.75 0.0 -

D7L/22-4 | 5.75 2.5 1.75 0.25 -

Table D

. . . . . o
Thermal inactivation of enterovirus isolates at 37 C

Virus Titres of viruses (log1o TC]DRO /0.1 ml) at times (deys):
0 2 B 7 1

D74 /2 5.25 2.25 0.5 0.0 0

D74/18 5.75 3.75 2.25 1.25 0.5

D74/19A 5.5 375 2.5 (X 0.0

D74/19B 4.75 1.5 0.25 0.0 0.0

D74 /22-) 4.75 2.75 0.5 0.25 0.0




Table E

Viral content and density of the verious fractions obtained by

S

.

cacsium chleride gredient

Frection Density Infectivity Ultramicroscopic
No. (¢/m1) (PFU/0.1 ml) exemination results
1 1.L25 X 1O2 NE

1.419 2 x102 NE

3 1.412 1 x 102 NI

) 1.407 L x 102 NE

5 1.399 2 x 10° NE

6 1.392 L x 107 NE

7 il. 5872 5} 5% 102 NE

8 1,382 3x 102 NE

9 1 eIl 1 x 103 N&

10 o S 3 x 1O3 NE
11 1.362 5 x ”03 NE
12 delctedt S x 10° -
13 deleted 2 X ‘.OL‘L -
1 1,352 5 x 1ct =
15 1.345 3 x 1O5 +
16 1.339 5 x 1C° ot
7 1.337 3 x 106 44

18 1.332 1 x 10° +44
19 1.328 9 x 1O5 +
20 1.32) 7 x 105 -
21 1.321 L x 1o5 -
22 1.318 7 x 101‘L NE
23 1.315 3 x 10 NE
24 1,31y 1 x 10* NE
25 1.314 1 x 10% NE
26 1.313 1 x 1OL‘L NE

27 1.313 1 x 1t NE
28 1.313 1 x 10& NE

29 1.313 1 x 104 NE

+, 4, 4+,

- = no viral particles seen,

= viral particles seen, graded according to frequency.

NE = not examined. +#

= see text.
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Teble F

Antigenic relationships of the enterovirus isolstes as

revealed by cross neutralisaticn tests

Virus Avisn antiscra
D7L/2 D74/1¢8 D74/19A  D7L/19B  D7L4/22-4

D74 /2 240" 140 20 40 &

D7L/18 - 1280 320 2,0 2,0
D74/19A 5 240 480 120 60
D7L/19B - €10 480 640 160
D7L/22-4 = 160 120 80 21,0

+ = reciprocal of dilution neutralising 100 TCIDRO of virus.

+4+ = no neutralisation at 1 in 1C dilution ef antiserum.

Antigenic reletionships of U.S. entercvirus serctyncs and

local enterovirus prototype strains

—

Virus Avisn antisere
BES I BES 1J BES 111 BES 1V BKS V BES VI BES VII D74/2 D7k 1t

BES T 320" 5 = - - - - - 20
BES T1 - 320 20 - - - - 20 60
BES I1I | - - 1,80 - - - 10 30 30
BES IV = = - 21,0 - - = - 10
BES V = = = 20 30 30 % - 40
BES VI = - - - 320 320 = - 10
BES VII | - . - - = = 240 - -
D74/2 20 = 60 15 - - 20 2,0 30
D74/18 30 ” - L0 - - - - 960
+ = reciprocel of dilution neutralising 1CO TCID of virus.

4

50

no neutralisation at 1 in 10 dilution of antiserum,
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