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AB3'I ·' AC'r 

This investigation 'Nas undcrtzJ::r:n to ir,olate and 

characterise a nu.TTJber of viruses f'ro1!1 dj_arrho�ic cr:d:; Lle faGces, 
an a prelimir1ary step in the syste:nat�.c i�vestigation of' viruses 
as possible caus3s of diarrhoea in ca'c��18_, EU1cl mo::::-e part:i.cuJ.arly 

calves . A further and important aitn was to r,aii1 further expe::::·i

ence in a number of virological pr·_;r.edures. 

Usi�g 3 pa.s::;ages of inocula icl. each of' second<try festal 

bovine kidney a.nd lung cells_, and monl�8Y kic.lney (Ve::·o) celJ:,, 7 
viruses were is':)lated :frof� 56 rc...eccs, 2 intestinal samples� and 1 
sp2_een, all f:r'om sc;ouriLg <m1.mals. Five o::' the isolates wer2 

ii 

fow-:d to :tJr::.;3uGo a ra.pi:'J and. conplet8 cy·topath:i.c eff'ect in 2. va·ciety 
of ce11 cultures, and tllr:,ir bio�O[d.cul anci phy:::iccchemical pror·ertj·cs 

were subsequently s-c.uCL:isd. jd som8 d�pth, One of these isol,.,,h,;; was 

.isolates were conclude<'i. to be bovitle enterovi:cousij�;, c.:1cl -c-:·�r-t:: :L"ouncl 

in furthe:!' stuuies to be separable into 2 types on the ba.s-l.s c:· 

in the prescmcc of' lov1 conce11tra.ti :ms o:" hydruxybcnzyl l.<:•n%:iKl.:.'i.s.?.ole. 
These 2 serryt.y:res on furthcl' cros:.;-r:cutralis3Li.on t·2:;t�; 'NS"c2 fow;d to 
be serolo�icalJy Llis·ci�l.ct from tho 7 U.S. standa:rJ [;erotypcs -:�!>.at 
w�re avc:d.l:tble • 

.A.notlH�r of the j solates WeiR found to cause a slow gruwinE 
2nd relati·;ely nonp��ogressiv8 type of c;ytopaLhi0 cf:f-sct i�1 only Vsro 

cells, cm.d was consr::q_uont1y harCJ.er to study. 0:1 t?1e b.?,sis of li:aitt:Jd 

stud.ie::=; of t�1:'Ls if;olate, it was conducled to be p1·o'oably a mecr:'cer of' 

the <liTJlornavj_rus e;rol:!p, possibly havj_ng some affinity with the ''reo
like11 virus�s. Furt!Hn· more precise stuiJ.es will be neecieci to coni'ii'!O. 

or refute this rel.::ttionship. 



The remainin g virus, which was isolated from tbe spleen, 

was identified as being bovine vi rct.l. d.iarrhoea (HVD) virus on the 

basis of its cytopathic efi'ect atd neut:·a.:U.sation by standard BVD 
antiserum. 

A limite<i sc;_·(�Joy for neutralising antibodies t o 

iii 

infectious bovine rhinotrashei tis and BVD vi ruses, a11d he.rJu.gglut
inating--inhibiting antibodies to parainflu?nza 3 virus and reoviruses 
1, 2, and 3 was u11dertaken. It showed that Q.fltibody to all the 
viruses was present in a conside1·able proportion of the North I sland 

cattle population. 

Tbis work ca...'1 Oi1ly be re t�e.rded e.s o. p!'eliminary study, as 
it is probable O::-\ the basit' o+> ov2rs·�as v1ork tha-: a !1c;mh·�r of other 
viruses r�.:nnain i.o be isolated fr0'1l di<E'rhoeic; cattle fa8ces. It is 
hop;:;d tc contirulfo this investie;at-i.on a11d tc• G ',cecd . . u.:L:Uy e�;te.-blish a 

better LD1derstanciing of the reL.:tionshipR ss1.vre;on vir•l:_;,_;s e:::d bov·ine 
gastrointestinal diseasco, :1.nd. mO''l.' part:i_r;·:JJ.crJ.y to esJ�;:_,b.Lis!-1 th�ir 
possible econ omic significance. 
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GENERAL INTRODUCTION. 

One important aim of this study was to gain further 

experience in a number of virological p:c·ocedure.:;, Consequently, 

a considerable range of tedmiques was utilised in arcler to 
achieve this objective . 

In recent years , a cons::..d.ere.l:lle number of newly 

d is c overed viruses have been incl'irninated overseas as causes of 
d isease in livest o ck , particularly in reference to the gastro

intestinal tract. In New Z ea land , past Jack of virological 

facilities and trained personnel has res:1l ted in little progress 

being made in the systematic in-'vE:stigation of diseases of pos sib le 

viral aet iology. Hence, other import <lnt ob jccti ves of this st udy 

were to investigate the role of' viruses in causing gast�l'Ointest.

inal disease in New Zealand cr1ttle, and a1.so the prevalen:�e of a 
number of viral agents in a representative sarnple of' these 

animal s . 

Whilst mos t of the thesis is conccn1ed v.:j 1;h th8 :\solation 
and characterisation of a nwnber of viruses isolated from diarrhoej_c 
cattle faeces, this should only be re F;arded as a preliminary imJost
igation . Considerable further work will be requ.i.red to isolate at1d 
characterise a number of other viruse s which are probably prcs•:>.nt 

in New Zealand, and mo:::·e particularly to est.ab1:Lsh th:3lr econor:1i.c 
significance t o  the livestock industry. 



LTIERATUR.E R1"VIEW 

2 

A considerable number of viruses have been associated with 

gastrointestinal disease syndror:1es in calve s  �:;-,_d. adult ca:ttle. Tt1ese 

include bovine viral diarrhoea (DVTJ) virus, infectious bovine rhino

tracheitis ( IBR) virus; reoviruses, "reo--1 i:<c�" virus�s, adenoviruses, 

coronavirusGs, parvoviruses, entero'riruses, a�.a also rinJerpest and 
foot and mouth disease viruses. It is not intended to cormnent on the 
l8�D� 2 viruses, as it is considered they Li['(j -beyond the scope cf this 

review, which is restrict-ed to tho se agents thought likely to "be en-

demic in New Zealand cattle and which have no-!:; been subjected to any 
detailed l o sal investigations relative t o  enteric disease. 

The literat ure on BVD vir al inf'ecticns is voluminous, and 

ha;3 been adequately :ceviewecl t.y Pri tchard ( 19��3), henc •) a ftlrl;her 

general review will not be atter3pted her·e. In New Zealar.G., th'= virus 
was first isolated by Jolly et al., ( i 3G7), and }13:3 since b .:;en isolat.eJ 

on a nwnber of occasions from ca1 ves end. ar:Tult ca-::tle wit}l d ia:.�J:'b::>ee 
or ulcerative disease oft t.e gastroi·-,tes�inal tract (Duri1.a:n, 

unpublished data) . SerologicalJ.y $ the virus ap}:>8a::.'s wj_des::_:;read in 

New Zealand, with ns'Jtralising titres being repo:rLea. ::.n 35�S of 178 
cattle ( Fa.stier aml Hm:Jen, 19G6), 66% of 60 cT�tle (:Fl_obir<r:on, 197-1) 

and 34% of 922 cattle dia::snostic sere_ (Durhem &"ld. :B'or-oe3-Faulkner, 

1975). The clinical disease has been describ-:;d :in local adult 
cattle by Salisbury �.l__al., ( 1961) and Ho--:-ner filld Buddlc ( 1970), but 

to date there have been no r eports of the virus ai'fectjng neonatal 

calves. 

'l'he literature on IBR virus is also extensi-ve, ana mostly 

rela-'Ges to c.iseases of systems otl:er than the alirar,mtary tract. It 

has been reviewed by T.lcKercher ( 1959), and more recently with 

particular reference to bovine abortion, by Durham. ( 1374). A few 
reports however do incri.minate the virus as a cause of 

disease. Diarrhoea w�J.s reported to o cca�ions.l1y. occur ·in- catt.lo _:with 
IBR infection by Chow et al., ( 1955), J ens en ( 1955), and Miller ( 1 955) • 

Necrotic lesions have been found to occur in the m•:)Uth, oesophagus a.'1d-



f o re s t omachs of' IBR infe cteli c al ve s by B ake r !:.!__§:± · ,  ( 1 960) and 

T horns on and S ava11 ( · 1 9G3) . Mo;>e re c ent ly , G r at z ek ( i 9G6) i s olated 

b oth IBR an'l B\TT..) vi ru s e s  f rom a c alf with c l ini cal e viden c e  of B'.JI) 

3 

inf e ct i on ,  and f ound that the li3R v i rus i s o J  at e was c an ab l e  of 

ind.ucing di arrho e a  upon int r avenous in o cul at i on in t o  6 t o  8 month 

old c alve s . C hennek at u  ( 1 966) , w o rkin g \\·i t h  the S aJ;le IBR v i ru s  

i s o l at e ,  al s o  f ound i t  t o  indu c e  diarrhoe a expe riment al:!.�' i r.  c alve s ,  

and on aut o psy f olli'1d ul ce rs in the ab omasum and rume n �  and a 

cat arrhal ent e rit i s . M i c r o s c opi c al ly ,  f o c al ne c r o si s and inflc.mmat ion 
was f oun.<l t o  be wide s p re ad. in the g ast r o :in t e s·� inal t ra.ct , ly;-nph oid 
t i s s ue s , adrenal glands , a nd to a l e s s e r  d.e g re e ,  the l un g .  Virus 
was al s o  shown t o  b e  r epl i c at in g  in the s e  t i s aue s .  Th e r e  has on ly 

been a s in gl e r e p o .�t. o;:· IBR vi rus bein g i s o l at ed f'ru;J f a ::, c e s  ( C :rancle l l ,  
1974-) , <md thi s was n o t  as s o ciat ed. wit h ent e ri c d.i s e e. s e . :r: C '.''2 V ·.:; l' , 
survival o f  the v i ru s  in f aL� c e s  i s  p r o�n,_b J y l imit ed. bJ the a.cti. on of 

b i l e  s alt s 0:1 the vi ral enve l ope , as thic has been Rhoc::n t o  be 
s en s i t ive t o  t he a c t i on o f  s od i um deoxych o l at e  (Durha:n , un_pub l i <>hE:d 

dat a) . 

Tho ugh IBR vi r'.l S has b e en i fl o l at ed f rom N 2w Z eala:.!d catt::'.. e 
on a numbe r of o ::: c as i ons (Web s t e r  aYJ.d M a.nkt e l ow ,  -1 959 ; !�l 9J""Jct � J  ow and 

H an s en , 4 9 61 ; F as t i e r  and S mith, 1 962 ; D urhan, ur.publ:i. �.he .J. cta:s a) , it 

_ h w  n e>� yet been l o c ally as s o d  at ed. with gastro i ntf'stinal dis e as e . 

Re ovirus - infe et i ons o f  c at t l e  have b een b ri. 3 f ly rev.i..cv:ed 

by L ::unont ( 1 968) , who co:nrn,2 nted on the dif'fi cuJ. t i e s  expe r i en c e d  in 

i s o l at i n g  th e viru s , due to the rather indi st inct and nonp r o gre s s i  ve 

natu:::-e of the cyt op athic eff e ct p roduc e d  in c el l  cult ure syst e!Ils . The 

repo r t  by Wallis e t  al . ,  ( 1 966)  that p an c re at in t re :;..-'.;ment of !'e o7iru s e s  

enhan c e s  vi r aJ. yie l ds and pl aque f o rmat ion may howeve r a s ::; i s t  i n  

i s o l at i on p ro cedure s . All marmnalian re o v i rus es i s o l at ed t o  d at e  have 

b e en shown to p o s s e s s  hae magglut inins ( E g ge rs et al . ,  1 962 ; · Lerner 
et al . ,  1 96.3 ;  Kur o gi ;:,i al. , 1 974) , and thi s has p roved t o  b e  a very 

usefu::!.. t o o l in s t udies on th e s e  agent s . Re o Tl.rus st r::1ins all p o s ;o e s s  

a cornmo.o c omplement-fixing ant i gen ( S abin , 1 959) , 3 b as i c  s e rotype s 



being des cribed by Rosen ( 1960) .• using the haemagglutination

inh:ibi t :i on test . 

The rel atio11ship of reovir u s e s  t o  enteric disease i s  still 

vagua , t houg,� some :L'1v8lvoraent in r e spirat ory d isease  syndrome s 

appears to be widely ac cept ed. . Re ovi rus e s  of all 3 main sP. rotypo s 

have als o  been i s ol ate:l f rom t he f rt.e c r� s  of cattle  ( Rosen an::l 
Abinant i ,  1960 ;  Ro sen et al . ,  1963) . However , those i solat e s  we re 

not as s o c i at e d  with ent eri c disease .  T r ain or  �t _al . , ( 1 966) found 

that in o culat i on of re ovirus ·: int o calves by the re spirat ory rout e 

induced a mild respirat o!'y cli sea::;e  syndr ome on ly . M o re re cent ly , 

Kurogi et  al . , ( 1974-) i s o l at e d  2 new serotypes of reo-riruse s  in 

J ap c:m , 1 of' t he s e  b eing from the faeces  of calves showing G.iarrhoea . 

Hovwver ,  the pathological s i gnifi c ance of t!1ese isulates  is yet t o  
be es t ablished. 

A numbe r  of st rains of adcnovi rus e s  hav e  been isolG.--: ecl 

from c att le , us ing a va-;:·iety of type s of ce :!_ l  cuU ure s an :i re 1ui:ci n g  
f r om 1 up t o  s eve ral pas s aga s b ef ore cyt opat h i c  ef':t'e ct was evident 

( C ole ,  1970 ; Moh cmty , 1971 ) .  Thoc1gh the maj o l'�_ty o� bovine ad.eno·

virus s ero'types have b een as s o ciated with r e s ;. i rat o ry di s •C? ase  
(Mohanty , 197 1 ) ,  a nwnb ::: r of report s al s o  in criminat e al:;no·; i ru s e s 

as cc::.us es  of pneumoent e r i c  di seas e .  Thus a.O.anovirus serotypes 4- and 

· 5 have been i s o l at e d  f r om calves -.dth pneumoenteric di.:;ease in 

Hungary ( Bart:ha. and Aldasy , 1966) anJ. were beliE:ved. by B::1rtha ( 1967 ) 

t o  be a major cause of t he disease syndrome . An acle!1o virus w as als o  

isolat ed from a bull w:.t l; pyr·e:x:ia an d  scft faeees by T anoJ..;:a et._sh . ,  
( 1 968) , and v;as shovm by the s ame authors t o  induce a similar 

syndrome in c al ve s expe rimentally . This i solat e  we.. s sub s e quently 
ident ified as se rotype �- by MatuiTIOt o et al . ,  ( � 969) . Ar.ot he r  st r ai n 

was i s olated f rom a cow wit h pneumoenteri c  diseas e  by Inab a  et al . ,  

4 

( 1 968) , this being identified as seroty pe 7 by Mat umot o et al . ,  ( 1970) . 

Adenovirus serotype 3 was c ons i stently isolated o Ye r· a number of years 

from · 1  to l1- week old calv e s  at a p rope rty in t he u , S  . A. by M at t s on 

( 1 97 3a and b ) , whe re it w as as sociat ecJ. with respi rat o ry and enteric 

dise as e .  This a.uth or sb ov1ecl t!1at t he disease was .repl'oducible in 
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calve s i...n 0 c ul at ed with t he virus by a numb e r  of rou.,_ e s .  Ade n o virus

ljjce part i cl e s  we re als o d. emon s t rat t�d by Bul me r 2,!;.22: . ,  ( 1 975 )  in t he 

int e s t in al epit h clilml of s c o �1ring c alve s .  In the U . K . , D artyshire 

et . .  al . ,  ( 1 966) hr-ts ab o d.e s cri bed the p:r·od-:.JCt i on of d i arrhoe a in 

calve s in c c ulat ea. ex1Js ri:nent 2.lly wit h s e r o ty pe 3 .  In New ?. e al a...nd , 

the re have as yet bee(! no rc p o r- � s  of &•Je • J() Ifiruses b e i • J g  .l. s o la L eJ f rom 
cat tle . 

A haemad s o rb in g  virus W8.s fi rst i s o l ated. f rom tf1e gast TO-· 

intestinal t ract of calve s by I\h inan t i  ancl W arfie 1 c1 ( 1 961 ) ,  who 
t e rmed i t  a haemad s o rb i n g ent e r i c  ( H.AtlSN ) vi rus , as it haemadso::-becl 
guinea p i g  e ryt hrocy� e s  ont o infe cted b o \rine emb ry on i c  kidney c e l l  

cultm"es . A numb e r  o :· the phy 3 i c o chemi c a1 p ::-ope c c ic; s  o :f.'  t he virus 

were re p o ::' t ed oy A"o :j �1s . ..r1 t i  and W arfiel d. ( 1 96 1 ) P .. nd t l:t' S e we re c onfi rn1ed 
and ext ended by S p ahn et _?:J� . ,  ( 1 9G6a) and B a8h;nan ( � 97 i ) .  TlJ O U _:;h the 
V..; rus '" " .._ n, o h.._ ·t o h � }  " "  1 -' l ·,"' p , ,,· i· · ·  '" b''  S a1·'- - ' -� l ( · ·� <6. r ' .... , , as u U [;  t .  . � -ia , c;  J_A . - a �-" ·• V..Lru,, " p .,. 1  _e.:...'-' .. _::::.-:;, • , . 1 -;, •.J � )  
who c las s ified i t  a s  'X.! ent e rovirus , tJYi ::> w a c,  n 0 1� c o r !'')�") O:'::>.t. =d by 
S t or z  a11.d W ar ren , (1 97J) c:?nd B ac!-nan ( '1 97 '1 ) ,  who �'on c J ..1d.en. t l 1a'c it 
was a DNA v"i. ru.s ;:mo. clas s i fied it a s  b ovine parvo·7�i J"us 1 .  The -v-L ru s  
w a s  sh own t o  b e  s e roJ. q ;i c <-ll ly w1re l at ed t o  p G-�'�.r o v l ·rus e s  o:' othr�y· 
spe c i e s of animal s by B achma11. ( 1 971 ) u.nd S t o:co� et _.;:� . , ( 1 372 ) . 

Parvovirus inf e ct i on s  of c alve s have b e 8 n  ;;:2 ll reviewed by S t orz ancl 
B at e s  ( 1 973) . 

I s ol8.t e s  of b ovine p ar-voviru ::; s s  lJ C::t.ve al s o  bGen re p o :c t ed 

from J ap0-n by In ab a -�l__al . ,  ( 1 97 3 ) , who c :L  t8u furth e r  is o 1ate ::; by 

Y ago et ��· , ( w1published dat a ) a.-1d S u gilmra et �:!:.· , ( unpubl:i. shed 
dat a) . The s e  is ol at e s were found t o  p o s s e s s  simi ::. =-cr phy s i c o ch e r;li c. a1 

prop � r t i e s t o  bovi:1e parvo 'r:. rus 1 ,  and ·we re e .. ll s e r o l o gically s imil ar 

t o  thi s  s train , ex c ept f' o c th at i s o l at e d  by Y ago et_<;:� . , ( lli'1pub :!.ished 
datn) , ·wh i ch appe ared to "be of a diffe rent s e rotype . 

'rhough foe t al b ovine kiO.ney cells have beer:. us e d  t 0 i s o l at e 

b ovine p arvovi rus e s  by mos t  w o rke rs , it w as found by B at e s  et a l . , 
( 1 972) that f oet al b crv.lne lung c e :i. l s  ''/ e re more sen s it ive f o r  i s ol at i on 



purp o s e s .  T he v irus · ·q_s fou11d t o  c au s e  r oundin g-up of cell s  with 

t he fo rmat i on of int r:ill.v. c l e ar inclus i on s , re s ul t in g  in the c vcntv.al 

d e st ruct ion of the ent i :::-e c 2 l l  s he et ·' ano al s o  appe ars to :r.. av e a 

s e l e ct i v e  ai'f in ity f o r  act ively divj d in g  cell s ( S t orz and W arren, 

1 970) . 

S er olo gic 8l ly ,  the virus apf·ear s t o  be w:idt; s p r e ad in t he 
cat t l e  populat ion of the U. S .  A. , wit h s i gr::\.fi cant h aenagghl tinat ion

inhi.b it in g ant ib o dy t it re s  t o  the vi ru s beinf, re p o rt ed in 86�& of t he 
c at t le po:ptl at i on by Ab in an t i  anC. W arfi eld ( 1 96� ) ,  83% by S p ei'L.YJ. et 

al . :  ( � 966b) And 65% by S t o rz et al . ,  ( 1 972) . An.t ib ody h as al s o  b een 

demon st r at e d  in foe t al b ovine s e rum l•y the l att ·2 r  au-thors . 

6 

The re l at i on ship of the vi r u s  t o  b ovin e cJ i seas8 h as n. ot been 
fully inv e s t i gat e d . T hough mo st is o l at e s  h ave been ob t ained f r oE1  

c alve s with ent e ri c  dise ase ( B at e s e�_ al . ,  1 972 ; Inab a  .£i.yl. , ·1 97 3 ;  

Yago et al . ,  unpub l i shed. d 8.t a) the i s o lat e obt a�_nod. by S u �;i;n<.lr8. g! a l . ,  

( tmpub l i sl·1ed dat a.) \'i as f rom an ab ort ed bovi ne f' oct u s . Ex p e r im.:ont ally , 

S pahn et al . ,  ( 1 966c) founc1 t h c.t in o ::uJ o.ti 0!1 of the vi:r:-us i n t o  2 t ee  
8 mont h old c a lves pe r o s  re s u l t e d  in the r:rc-G.�c:: i on of' d."i. e:.r rh o e: a  
whi l st virus given intran<:�.s al ly :i.ncluccd b oth d i ar rl1 0 e 0. and. rilil d  
r e s pi rat o ry di se ase . Vi rus was i s o l a.i. cd. fr or.·� f �"o c a s  e<.i'i:. e r  ino r::.ul at i on 

by b oth rout e s  and f r om n a s al svrab s  of '�Le int rerlas al ly in o cul ated 
c alves . A l l  c alvs s shoWE';o. a s e r ol o gi c al r e sp Ol1 S e  t o  the inf e ct i on ,  

as measured by the hacm a g gl ut in:;:.t i or:-inhib i t i on c:J:.d s e rum neut ral i s-

ati on t e st s ,  though t :;_tres w e re h i ghe r :i n  the in t ranas ally i n o culat e d  

grou p . Parvovi rus e s  have n o t  yet been i s o lat e d  f r om c att l e  in N ew 

Z e al and . 

A coron avirus-like agent was
· first rler.10n s t r at ad in c alf 

fae ce s  by electron micr o s e opy durin g exiJ e r iment s with " re o - l ike " 

vi ru s e s ,  a;:1d was sub ;:;c q_uGr,t ly fcund t o  be :pre s ent in d:i.arrhoc i c  f ae ce s  

f rom seve ral catt le herds (:W:ebus c-G �], . , 1 972 ) . The vl rus was f ocr .. d 

t o  produ c e  diarrh oe a  expe riment al ly following ino c u l at i on int o gnot o·

biot i c ,  c ol ost rum--deprived a'1d. c ol o st rurr.-f' e d  c alve s  using unpurif'ied 
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v i ru s  ( S tair e t  al . ,  ·' 172 ) ,  typ c i al v�_raJ. p art i c l e � b ein E d e m on ::- t ::·at ed 

in t he fa e ce s  of the se an.irr.al s .  T he s an>e au.tb o r 2  purif i ed and 

c oncent rat e d  the vi rus and s e ub s e q mm t J.y me a:·mrecl it s s i z e  and. d e n s ity . 

They c oncl ud ed it was a p rimary pat h o gen , as �t was c ap ab l e  of p r odu � i n ;;  

o.i arrhoe a  i n  the ab s en c e  o f  a b act e ri al mi c rof l o ra .  C o r onavi rus --l ike 

a gent s have a l s o  been s e en in the f ae c e s  or· s c ou rin g c alve s by W o ode 

et al . ,  ( 1 974 ) and 'N u o0.e and Brid ge r ( i 975 ) in the U. K. and by ivl c rin 

et a]: . ,  ( 1 973) in C anad a ,  in con jun ct i on with " re o- l ike " vi rus e s , It 

was sugt;e ; t e d that the 2 vi ru se s may act in G omb inat i on in t he p ro

duct i on of e nte ri c dise ase (M o rin e t  al . ,  ·1 97 3) . 

The c o r onav i rus was fi rst propat;at t.?.d in prirr.c-.ry and 

s e c ondary f o e t al bovine kidney c e l l s dc ri vec"'t f r orn the s ame f oet us by 
Mcbus eJ..; . a l . � ( 1973a ) , who :re port e d th at a s l i r;ht CPE w a s  s E- en iP.. the 
t hird p as s a.ge o f  t rJe vi 1 ·us , Th i s  C PE c cr, s i st ed o f  small nu.wb e rs of 

r ounded f l c at i n g  c e l l s  whi ch flu o re s c:Gd in t he prs s en ce o f  a flu ore s -· 
ein - c on j u gat ed anti s o :r'um t o  t h e  virus , The aYJ.t i s e rwn w a c:; d e l' tved in 
rabbit s f r om an ant i .�en p roduced f r om infe ct e d fae c e s  by u l  traccnt ri
fu gat i on ,  Imr:un of l u c• re s cent st eir:ed c el l s  2.howcc. f J �_.; o re s coP..t sy t o-· 
p l a smic er cmul e s in it i ::;lly , t h i s  l at e r  deve l opiiJ (; t o  ·.-1h0J e cyt O! Jl ei.�n�j_ e; 

f l u ore s c e-m e r� at the st age when the c e l l s det ached. . S yn cyt i a  we r e  al�J o  
seen aft e r  21+ vi r al p ::cs s e..ge s . R e c e n t ly �  Jnab a  ( cmpulJli sl: ed d at 8.) 
dE'monstrat c c. the p roc.uct ion of ar.t ob vi ous CPE :!.n a BEY 1 c e l l  l in e  

( Burees s ,  p e r s . c orn . ) . 

l�urther s t ;_._dies by :Me bus et al . ,  ( 1 97 3a, b ) in ne onat al 
calve s c onf.'i riJled the o.i s C< as e --produ.c:i.n g p o t en t i al of the agent a"ld 

showed cy iwmunof l u orc s c ent t e st s t hat the vi rus l o c al i s ed in the 

inte st in al epithelium, c ausing a chan ge in the epithelial morphol o gy 

from c olt.;n!n ar t o  cub oid al sh ap e , ano c e l l  ly s i s . The s e  change s  we re 

s een in l ar ge a"ld srr•.al l int e st ine , ar.d in th8 smal l ir:.t e s t ine 

c o l o s t rum did provi d e  s ome prot e ct ive effe ct , but did n ot pre vent t he 

di s e as e , wh i l s t. se rw11 ant ib ody appeared ineffe ct ive ir. prot e ct in g  

aGaj n s t. the d i se a s e . C e l l  cult ure -'itt enuat ed. vi rus w a s  sh own by 
t1kbus et D�. , ( 1973a) t o  prov:id.e p rot e ct i on again st ch&.l lenge with 



virulent virus , when gi ven by the oral route . 

A c o r onavi rus - l ike agent has b e e1e d emon st r·at e d  in the 
f ae c e s  of s c ouring adult c at t l e  in N ow Z e al a::-td (Horn e •� ,  pe r s .  c oro� , 

b ut it s re l at i on t o  the di s e as e  synCtrom2 i s  n ot c le ar . 
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A " rc c -like" virus v.ras d i s � ove re:d i n  the f ae. c e s  of n e onat al 

s c ou r inE; c al v e s  by Me bus et al . ,  ( 1 969a) ard. was t:r.ought by t h e s e  

authors t o  be a p os s ib le c au s e  o f  ne onat al calf cli &r:d:o e a  in t he U. S . A. 

They s:r. owed that it l o cal i sed in t he s rr,al l int e s t inal epi the l j  urn by 

me an s  of immunofluor·c s c e n ce t e chni qu e s . The anti se ru.rn was p roduced 
in rabb it s from an ant i ge n  de riv e d  f r om infe ct ive f ae c e s  'uy ultra
c ent rifut;at i on .  The v i ru s  was sub se quont ]_y demonst rat e d  t o  b e  

p re s ent i n  t he f ae c e s  o f  s c ouri n g  c al v e s j n  s eve ral st at e s  o f  t he 
U. S . A . by Mcbus et al. , ( 'i 969a, b ;  1 970) m:d Whi t e et al . ,  ( 1 970) , 

whi l st s imilar part i c le s  v-re re l at e r  dem onstrate(!. :in diarr·h o e i c  c alf 
f. e ce s  ' n  A st •> l ' a ( '1'  t l 1 rY7 3' I' •• r ..:l oo  � � -· -,. · ·=> t  " .  a - J. U - ru. l � urne r �- · , _; ) , ,J c ill i.l'.t<:... \ . - tO .. l!l .;; _ _:J. . , 
and the U . K . (Wo oC.e 5"" e.l . , 1 974) . l<.e c ept ]_y , a s im i l ar v i rtlD \Hi.S 

demon st rat e d  in di a rrho e i c  calf f ae c e s  in New /', e al arHJ. by Burge s c. ( p e rs . 

com , ) who showe d it t o  b e  s e r ol o gi c al ly re l at ed t o  tl; e  U . K .  i � o l e.t e  of 

Woocle et a l . , ( 1 974) . 

A numl.1e r  of physi c o chemi c al p1� op e rt ie s  of t h i s  " re o- l iken 
vi rus were det e rmined. by W e l ch ( 1 97 1 ) ,  F e rne l i us et .§1 . , ( 1 972 )  and. 
W e l ch and. Th omp s on ( 1 973) , it bein g suu;e s t ed by thE s e  aut h o r s  th at 

the vi rus had s ome affi nity with t he re c v i rus e s . Ho·;,'G '\'e r ,  B i shop 
et _ _§:� . , ( 1 974) c o mment ed on the det ailed ;no r phol o gical s imil arity of 

the n re o-J. i k e n  virus t o  ep i z o ot i c  diaarrhoea vi rus of mi ce , which was 

sh ovm by Much and Z a j ac ( 1 972 )  t o  p o s se n s 32 c aps orne re s ,  and thus 

the reo-l ike virus appears t o  re s emble o rb iv i rus e �--; mo re than re o 

v i rus e s . I t  was not e d. b y  W e l ch ar.d T h omp s on ( 1 97 3) that t he vi rus 

was the rmoh i l e  in t he pre s enc e of molar H gCJ.2 , whi ch was not 

c ons i st e nt with t he :prope rtie s of' kn O'.''n �·e ovi !.'lJf- e s ,  ar.d th::�t it was 

acid r e s i st ant , in cont rast t o  the o rb ivirus group . Fernelius et EJ . ,  

( 1 972 ) not e d  t hat the agent appe are d  serol o gi c al ly un:r.·e l at e d  t o  re o-



v i ru s e s and b l ue t on gue virus ,  and W e l ch and Tv;iehaus ( i 97 3) al s o  

rep o rt ed lack o f  r e l at i onsnip betwe en the " re o-like" virus and. re o

virus serotype s 1 and 3. Though W o ode ( 1 974) init i al J y t hout_;h the 
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v i rus wa� pr ob ably an o rb i  virus , � he l ack of ant i geni c  re l at i on s hip 

wit h t hi s  group ,  the ::> l i ght mo rph o l c gi c aJ d iffere n c e s  and the ac i d  

re s i s t ent n ature o f  the re o-like vi rus l ed Fl.:�wett .st a�.· , ( 1 974) t o  

s u g ge st the n ame r ot avirus f o r  thi s "re o · - l ike" .rirus and f o r  a simil a:r 
vi rus c ausj_ng di ar rh o e a  in chi ld ren . 

Though e a.:rli 3 r  s t ud i e s  of t he di sease were done u s ji1 g 

imn illl ofluor c s c en c e  t e chn i que s ,  t he f i r s t  rep o rt of c'J lt ivo.t i on of tl::; 
vi :cu s was t l1 aJ� of Me bus �l..-�l· , ( ·1 97 1 a) who d emon strat ed viral mult i

p l i c at i on in p ri:nary c e l l  culturo s of' b ovine l un g ,  t by r o :i_;l , k ii::.1ey 

and choroid. plex·us , us ing immunof luore s c e n c e  t o  dem on s t r at e  t'be vi ru s . 
The s e  autho:-s c. on c: luded. that the lunG c e l l s  we re the bG c-ri:; f o r  Cl�lturc: of 

1 i s o lat e  o� the virus , wl1i }. s t  kicb1ey c e i. l s  y :r·ov�d he s �� for an ot he r  
i s o l at e . Cyt opat hi c  effe ct was o n l y  ve ry s l i ght , x� t'ec; i;ecl c e l l s 
be coming 11 granul ar" in ap pe aran cCJ , and event ua:i_ ly det a cl1 i;:: g  a:" i:; e r  a 

pe ri o d  of.' s em i·-d.et acbnent in wh-i .ch t he,Y W·3re only he ld by a. s i n gl e  

c e l l  prl) C 8 8 S ,  The C FE  w a s  n o t e d.  t o  de c l ine B.ft o r- s ·?Vc:'o.l p as s a g8 s  o'�:' 

t he vi rus .  Farne lius �.-?.:!: · • ( 1 '97?.. ) al s o  �·epO l't ecl i .h(-, lJroc'Lt..: c t i on of 

a CPE in a pi g k id....,.wy c el l l ine , thi s e f f e c t  d.o vc lopi:--, g  at the til.i rc.l 
pa s s age l e vel a.'l.d c o nt inuin g up t i l l  the 95t h p as s :1.gc . CPE w:::.s al s o  

sh own t o  o c cu r  in a mouse L c e l l  J. ine and i n  pri.Lr.ary l amb kic1ney ce }.l s . 
Ai'fe cted c e l l s  were s een t o  swe l l  and " round -up" in th8 p i g  and 1 &-:Jb 

kidney c el l s ,  vvith event ual de t achmro n t , whil s  c in t he mouse L c e l l s  

aff e cted c a l l s  were not ed tc assu::rJe a " lG :J.the ry" appe aranc e . W e 1 ch 

and Twiehaus ( 1 973) de s cribed the product i on of' a C PE in b ovine 

embryonic kidney c e l l s  whi ch w as simi lar t o  t h at d e s c ribed by Mebus 
�al . ,  ( 1 97 1 a) b ut c omr�ente d t h at t he CPE did n ot p r o gre s s  t o  affe ct 

mo re than 50,1o of the c e l l s , e ven on p r o l on ged culture . They al s o  

noted the pre s ence o f  v a.c u o l at i on cll'Hi i n clusions :in t he cyt oplasm of 
affe cted ce l l s ,  t he n u c l e i  b e ing no":;ecl t o  b e c o!!le pyl m ot i c . Cyt o-

plasmic g:ca11uJ. e s  were al s o  s e en by M e  bus 8t _a] , ,  ( 1 9-/ 1 a) u s ing t he 

immunof lu o re s c en ce t e chni que . 



The only re po rt ed at te mpt at
, 

pl aquing with "re o-like 1 1  

viru s e s  is that by W e l ch and Twie haus 1 973) ,  who co mment e d  th at 

plaque s grown unde :::- at_ .r wcrr::: gene r al ly of mi:::: ros -:;opic size  a...v11i 
re quire d seve ral days c ul t ivat i on b e f o re they were s een .  

The d i s e ase produced by the viru� wG.s gene r al ly s e er< in 

1 0  

calv e s  le s s  than 7 d ay s  old , a..."ld w as manif' e f; t e d  by a p:::o:'uso y e l l o'N 

wat e :rJ d i arrhoe a a.."ld <leh�rdrat :L on (He b us �"t.--�� . ,  1 97 'i"b) with a mor·b idity 
rat e of up t o  1 OO% and a mort ality rat e  f r ow ne ar z e r o  up t o  5o%. The 

severity of the c l in i c al dis e as e  exp e riment al ly was g re atly in c re as e d  

i n  th e p re s ence o f  �� ch e r :L c h i e._ coli ( Me bus .£:.i._e.L , � 969a, 1 97 3b ) .  

W orkin g with calve s r e s is t ant t o  �vi�_?E..?��--s�ua��J:�-' W ald.halm e!_....§:;b.· , 
( 1 974) f ound that diar rh o e a w as only p r o d u c e d  in n e o::.1 at al c alves 

when ino cul at e d  ·nith a mixture of' .P.." _..§.iY..?-.It:i-_� and " r.:; u - l ik e "  ·1i rus . 

Those calves re ce ivin g vi rus al one re m ain·in g cl ini c ally no rmal , t hough 

virus was d emon st rated by irrmmwflu o :::e s cence in the int e s t inal e p i 

th e l i um .  T he s e  a'lth o r· s  t houg�1t t hat c o l o s t rum feel t o  c a.lve s provlo.ed 
suffi cient p rot e c t i on t o  p r-;jvent cii arrho ·:?- R  f rom the vi rus alcne , F r om 

the se re sult s , it wou lci ap11e ar that much of the dw.1age i s  

ac t ion of s e c ondayoy inv �.de rs . 
due t o  

I!Tll11Un oi' luore s c en c e  an rl rl -;_ s t o l o gi c al stuG.i e s  by M 8b �t:3 .9_!:__,�:1-.· ' 
( 1 97 1 b ) ind i c a t e d  that t�e v irus infe cted the smal l i nt e s � in al epit ncl-
i al cel ls . Inf e c t e d  c e l l s  migrat e d  up t o  t he int e s L i no.l vil Li int o t he; 
int e st: J nal J ume n , and we r e  re p l 3.c e c1 by c ub o i d al epi tl1e l i s.l c e l J  s ,  T he s e  

l at t e r  c o J. l s  were sh c·Nn t o  b e  re s i s t ant t o  che .. J l2 n ge with virul ent virus , 
E l e c t r on micr o s c opi c s tudi e s  by S t ai r 2.i.-��- · ,  ( 1 97 3) general ly agreed 

wi th t he ah ove f'ind ings and furthe r d emon st rat ed the p re sence of vi ru.3 

within memb ran e b ouc'1 .. i i nt racy t o1; l as mi c  s tru ctures of inf'e ct e d c e J J. s ,  

The repl ace ment e p it he l ium was n ot ed t o  b e  immature , and c on se quent ly 
not ful ly fun c t ion al , this pr ob ab ly contributed t o  fl uid l o0 s .  

O r al vac cinat i on of new born calve s was sh own by Mebus e t  

�· , ( 1 972) t o  provid e effe ctive c ontro l of the d i sease , usin g a c e l l  

cu lture at t entuate d v ac cine . 

r -. 
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Ent e r oviru s e s  have b e en rep o rt ed on nume rous o cc as ion s  t o  

b e  is o l at ed from calve s anc1 actu:!.t c at t le , "L :he s e  being t e e  nume r o u s  

for all t o  b e  individu&.lly list ed. . Whi h ;t many of t he re p o rt s  re f e r  

t o  is o l ati on fron:: fae c� s  of norma] ca2..ves ( Klei.'1 and E arley , 1957 ) ;  

Kunin ancl M in us a ,  1 96h ; M o s covi cj _§)_L ::tl . , 1 961 ; M cF e rran, 1 962a ;  

S p r adb row } 1 96 3 ,  1 961.;. ; M att s on a11rl Re e d. ,  1 974) _, oth e r  i s o lat e � have 

b een obt ainec1 f r om c:alve ::>. vvith r e spirat o ry di sease (l'toll end Finlayson,  
1 957 ; Moll and D o.vi s ,  1 959) o :c diarrhoea ( Ivi o l l  and D av i s ,  1 959 ; 

McFerran, 1 962a ;  S chi ott &"1d Hylde gaarct--J- cm::. cn ,  1 9 6 6 ; S t or z  .£!__ al . ,  

1 969) . In t he l att er rep o rt , the viru s v, as i::, o l e.t ed in c on j un ct i on 

with chlarnydi a . Ent eroviru s e s  have al s o  b e en i s o l a.t ed f rom ab ort e d 

b ovine foestus e s  by Moll  ar1d F inl ay s on ( 1 957 ) M o l l  a:1d D o.vi s  ( 1 959)  

and Mat t  son end Reed ( 1 974) . 'l'hsse and ot l; e r  rep o rt t� o ri ginat e  f rom 

a nwnb e r  of c ount ri e s � :L'l cl udin G J..1..est ral i a ,  I re l an d :  U . S . A . , J- apan and 
s svE:: ral c ount rle s in Et:crope . 

M o s t  i s o l at e s  of b ovine ent e r ov i r-us e s  havG been n:ad.e in 
f oe t al b ovin e kidney c e l l s  whe re a f o c al r.PE w as procl1:": �ed ::. n  1 or 2 
pas s age s , t hi s  p r o e;re c; sin g  r apidly to  ra ��u1t in the Cicstruct i on of 'L l11.� 
e,.-. +- ; re Cell �h e e+- ( '1 • -j'•' c · �r�"" 1 06 '1 � . S pr �d b r �'" 1 06 " -'I Q[ ! _ '\ A. f'l' e r_.+: : _ d .I. • ..., � u. V !\,�. '-' J._ • cu. J. ' I .) ... �"- c. ' (...,.. . , V Y\' ' I / _) :' :; U£..,- _I • ...... ..... V - .. 

cells  b e c ame r ou ndecl ,  the n u c l e i  e c c ent ri c in posit:� or, , and s c• rJ :G t :i_ ms :::: 

deve l oped e o s inophili c  in cl u s i o:r; s in t he- c;rt opl :::,sm ( S i"Yacib rc-Y; , 1 96 3 ,  
1961, ; R ov o z z o  _e t al . ,  1 965) 1 s imi l a r  t o  tho ::: e d e s critc:d f :) r  hmr.c1 

· ent e -::"ovi ru s e s  by Bc:.r.::>�ci ( 1 962) and Wenn e r  ( 1 962) . TJ:'l C·U DLl s ir>til ar 
char, ges  we l'e de s c ribed by othe::.' au-:ho rs , thoy d o  not CO!TIJUE:nt on t he 

pre s ence of inclu s i on s  in the cyt op l asm , ancl 1 repo r L  s pe c if i c a l ly 

states  that they we re not p re s ent ( S c:hi ott aad Hylcl e G a ard--J en s en , ·1 966 ) . 

S ome b ovine entE::: rovi ruse s h ave been s h own t o  be  c apP.b le of infecting a 

variety of h o s t  cell typ e s  (Moll and D avi s ,  1959 ; M o s covi ci et aJ. . , 

1 9G1 ; McFerran ,  ·J 962a) simil ar t o  the wide host rar.ge exhibited. ·oy 
some hurr:an ent e r ovi rus e s  (Melniek , '1 962) . M any of th:: bo vine en t e ro

vi rus e s  have been sh own to p o 3 s es s  haemagghlt inins f o r  guine a  p i g  and 

primate e rythro cyte s , e s pe cial ly f o r  th o s e of the monkey (M o s c ovi c i . 

et al . ,  1 96� ; L a  Placa et al . ,  1 965 ; S chiott a.1d Hylcle r,am··i-J ens en , 1 966 ; 

M att s on and Re ed , 1 974) . 



The p l aque f orming t)ehc.vioL:.r of a nu mb e r  of b ov ine ent c r o

vi ru s e s  was s t udied by M o s c o·v i ci e t  aL , ( i 961 ) ,  M cl<'8 rTarl ( 1 962a) , 
M o l l  c:md Ulricl'l ( 1 963) , G1·e.bek et ?.,l. } ( 1 967 ) ,  Va.n D e r  Maac en �nd 

Packer ( 1 967 ) and M at t  s on ano Re ed. ( 1 914-) . 'l'houe;h ths eff e c t  :)f 

vari ous chemi cal and. enzymat ic 8.d<'l it iv i e s  on p l a que fo rmat i rw has 
b een s t udieo. with human ent e r ovi:ru s e s ,  (Wallis et al. , 1 96 6s ; Wal li s  

an d  M e lnick ,  1 968) t he re appe ar t o  have been n o  equival ent s t urli e s  

with b ovjne ent e rovirus e s . 

The phys i c o chemi c al p rope rt ie s of b ovi ne ent e r ovirus e s  

have b e en st udied. by a numb e r  of aut ho:cs ( M c:F '.'H'!"'a.'1 1 962 a ;  �.�e l l  8Il d  

Ul rich 1 963 ; S pradbrow 1 963, 1 96�- ;  Rovoz z o  �t aJ , , ·; %5 ; V::m D e r  
M aat en and P acke r  i 967 ; M a.t t s on and Re eJ. 1 974-) who found the 
p :cope rt j  e s  t o  b e  s i milar t o  th o s e  de s c ribEd by M e ln i ck ( 1 962 ) f'c::' 
human ent e rovi rus e s . T he p rope rt ie s  of t he b o vine vi :::·us EJ.re b e �i; 
s ummari s e d  by D urme et al . ,  ( � S'74) . M c J  e. re cent l ;y , it w &.s f o-cm0. 
p os s ibl e t o  s ubd.ivi d e  b ovine ent e r ovi rt�t� e s  int o 2 s ub gronp s , d. ;:;pcn.d
in g on t he i r sus ceptib i l ity to hydr oxyb E:·m �y l h om; :; JT:�d 8.z ole (HB:i3) 
( Po 1 t o l en i  e t  .9:.� · ; 1 968) . 

In exce s s  of 6 .3  s e- retyp e s  o f  b ovine ent e r ovi rus h av e  b een 

d e s c ribed by v arious o.ut b o r s ,  mo s t ly 1y u s i:c: r: c ro s 3  neut :calj � at ion 

t e s t s  upon l i m�:..t ed numb e rs of' l o c al i s olE.t e s  ( Bary a .!:t��;. . .  1 967 ) . 

T ho s e st ud.::i. e s  have b e en of l imit eC. vc.lue be caus E:. of the �L r  re s t r i ct e d  

s c ope and be c aus e the ant i s e r .s. w e r e  u s ua. l 1y p roduced i n  the 1·ab b it , 

whi ch has b e en sh own by La ?l ac a et �! · , ( 1 S65) t o  b e  relat ive ly 

i..m suit able f1) :r  t he purp o s e . Mos c o vi c i  and La Pl .::;.c a ( ·1 9 6 1 ) p rcvided 

the mo st us eful s tudy of t hi s  type , idenb fy ing 7 group s  of ent e ro

vi rus from a t ot al of 1 5  st rain s ,  mai n ly bas ed on the c rit e r� a. of 

the c ro s s  ne utra.li s at i or: t e st . O ne of tho f.le grou p s  was tho ut;ht 

p o s s ib ly t o  b e  a re ovirus rathe r t h::m an en te r ovirus . M o l l  and. 
Ul r i ch ( � S•63) ic.e�t i:fisd 8 :3c rot;-,.-pc s f rom c.. t otal of 1 0  i s o l at es . 
A useful s t e p  fo rward was mad.o by L a  Pl c..c. a .�!.-�l· , ( 1 965)  who shov;ed 

a c o rrele.t i on b etwe en a.VJ.t i genic charact 8 r  and a.b i l Hy to h::wmag glut in
at e mon.key erythrocyt e s . '.fhese authorE di vided a l arge numb2r of 

b o vine ent e r·uvi rus e s  int o 2 g:r oup s , the f'i r s t  beinc; relat ively c l o s e ly 
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serolo gi cally re l c::.t ed and s h owin g haemagglutinating  act i v ity and the 

s e c ond group b e i n t; s e 1 0 1 o g:i. c aJ ly dt r.:. t in ct , s h owing ;;:. l e s f; e r  cle r.;re e 

of int e rnal re l at i on shi p ,  and exhi cit ing no hasn!8.ge;J.utin at in t; act i vity . 

A more p re ci se ty"))e of c ro s s neut ra12 s c:• L i �m t e s t was u::;eCi b:v B �..crya _et 

al. , ( 'I  967 ) t o  type ent e rovirus e s , u;.; in g  n Ifl8 a:3ure o� the o y-nami c s  
o f  t h e  r e act i on s .  T l::ey d e scrib ed 4 ::, e r otyp e s , nn d.  al s o  summari sed 
t he relat i onsh ips b etween a nuinb e r of e s.rlie!.' s t mlie s of s e rotype s . 

More re cently , Drmne et RJ� . , ( 1 974) ext ended t he s e  studies  

of previ ously e s t ab l j  shed s e rotype s , and gr ouped the "b ovj ne ent e ro-

vi ru::> e s  int o 7 s c r ot ype s . Be c ause of qu aran.U i1e re s t r i ct i or: s ,  the se 

were b ased or. U . S . i s o l at e s  only . Ho·t�evc r ,  s e r otype 1 had pre vi 01 .. :s l:y 
b e en shown by M cF e r r an  ( 1 962 a) t o  be c l o sely re l at e d  t o  a str,:;.i.n 
isolat e d in I re land . 

Apart f r om the r. e rotyping of i e oL.Lt c; s ,  l i -st l c  s e ro� .. o gi c 2.l 
work h as b e e n  don e with b o v in e  entu rovirusc s ,  p o s s �. b ly bGcau::: e of "Lhc 
presenc;;:; in b o vine s e r<J. of n onspe cific inhibit Grs o:f' b o·,: inc e nt e r o 
virus e 0  (McFe rran 1 962b ; KleiYl e t  a l. , 1 964) . Th c t> e  n c r0 f ot.: .. nd by 
t l1e sc aut h ors t o  "\:le wid e ly dist ribtc-Gcd in t h·?. c att l e  p o;·'.J lC:.t i c)�. . C:l 

t he b as i s  of g e l  filt rat i on behavi GG;r : ?vkF e- l'ran -��--�}:_. ,  ( 't 9cG) 
c on c l uded t h at the inhi b it o r s  w e re n on- an t i  b oc!y su bst a n c e s  of a s j  z c;  

similar to  albumin . They als o d.t:mon :::t -r:·at eo. t h e  ;:; rld ii; :i.�JD Etl pre s ence 

. of 7S and ·J 9S e:mtib ody to b ovine ent '3 rovi rus in su c;c} e d  c �-l vc s a'1d 

adult c att le . Tlle be:1 av i o u r  of the inl1 i b i t o :cs :in t:!:le prs � e n c e  of 

neuraminidas e , pe riodat e ,  o :r  othe r s t anG.ard s e ru:n t r<> abK�nt doe s n '.:-t 

appe ar yet t o  have been sat i sf act orily uet e nnin Bd . N e v·.;; :r.·tbole s s ,  M o l l  

an d  D avis ( 1 959) and S t o r z  et al . ,  ( 1 9G9) founcl a s e ro l o Gi cal re s p on s e  

in pai red sera to  b ovine ent e rovirus infe ct ion during expe riment al 

studie s . Durm e !:'_t al . ,  ( 1 97 3.) al s o  sh owed that I gM ant i.b odi e s  were 
prod.uced in foet al calve s ,  apparent J y  as a re sponse t o  int raut e rin e  

infection with ent erovi rus . 

Experiment al studie s  of the d i sease  produ c in g  potent ial 

of b ovine enieroviruses  &re f ew.  D iarrhoea wan fo1md t o  b e  ind.l.lced 



in y o :n1 1; c elves by M e: .:;rr.::n ( � 5 6 2 a) , VDrl Der  Mc:�c.te�-, end Packt: r ( � 967 )  

and DLL'1ne et al . ,  ( 197ll-) . In the lattc r report � t b  ough di3rrh o e a  

wcs pr oduced in b ot h  c0 l o 5t rum fed anr'i c ol o s t ru.ill dep rived e el v e s , 

it was more:: s evere in the animal s n ot ·fed c o l osb:·u.m . PE.ra.ly s i s  And 

de ath was fou.11d. t o  o c cur i:'l suclding mi ce by Kunin c..nd M:.nuse ( 1 958) , 
fo1l owing int rape rit one al ir-. o culat i on .  Moll and D av i s  ( i 959 ) 
report ed t h e  p roduct i on of' weak and st i1 J b orn off s prin g f r crr: in o cli.l at e d 

p re gnant guin e a. pig;s , and. of myo c ard i al ::.-lecro s i s  in c o rt i s one t r-e at e d. 

w e aned mi c e , f o l J  ow ine int r e.p e rit one al in o culat i on ,  E..'{pe riment nlly 

indu ced ab o rt i on was al s o  r ep o rt ed in pre gnant guin e a  pigs by M o l l 
( 1 961+)  and Van D e r  M aat en and Fc:.cke r ( 1 967) . S t udie s by Dwm e  _et a_l . , 

( 1 973 , 1 974) hu:ve al s o  Sl� g ge st ed the p o s s ib l e  r o l e  of ente rovlrus <O- s  

in caus in g b ovine ab o rt i on .  

The di s e a s e  p r odu cing p ot en t i al of b ovin e e�teroviru E e s  

s t i l 1  remain s ob s ct.:.re � bl�t i t  app8 o.rs c o.r: ce j_vab le t l l ut they m.:.y have 

s ome role in the prcdt!ct :i on of calf d i a r 1·ho8 a ,  ar.d pos .s ib J y  b oTir.e 
ab o rt i on .  



G-ENERAL �.L\TERI AI.S AND M��'!'HODS -·-·-- -·--· -·--·--� .... __. _ ___ . __ � -----.., 

G-l :::.sswa:r:·e was r ·)1_rtinely s oak8d ove rni rht in 2% D e c on 

75 or 0 . 5�/o Py 1·one r/ , brushe d ,  and. th��n washec� and :cL<1 s e d  ie1 a 

He ini eke Typh0011 gl as swas he 1) , b eing f inal ly r:Lnsed t w i c e  in 

dis t ill ed d.e i oni�ed wat e r .  Tbe gl as s\·,·a:ce was tb en st e ri l i z ed 

in an aut ocl ave at 1 5  lb s pre s s ure for 1 5  minut e s .  

1 

C ont a!Ilinat ed gle.s svrare was e itl:.er s o ake d. ovG r!l.i .gl 1 t  in 

n:J.' . o 1 - .J.. • it- J l r1 1 . +-o .  J/ G J.OClOp.l.OY' . S O .LU t... :L OD , 0� WaS <J.Ut: O c .  ave,c 3.S C1 J OV'3 ,  prJ. O i.� u O  
wo.::.hin g . 

Primar] cell c ult ure s VI":: re prr.;:p areJ. f' r'Ji!l f :••'� t <cl b o vine 
kidno:v· , l un g ,  t e s t e s  ancl thyl· oid . 

:B' oetus e s  apiJrox :i_r:mt ely 5 - 7 r-10nths old. V1 ::n· o  ob t ai•;;-d 
f r oin a l o cal free zing ·;;arks a.'l.d t "!:'Elnspol·ted. -�: u -t.he l c.o oro.·t C·r.Y 
inside an unopened ut e rus .  The foct m.l was t hc:1 :r::•w•J vo-:� fron it :s 
melnb ran e s  an d opened asept i c al ly t o  re tJ:)VG th2 d.c; s �.�·ed c:q_r,.:m ;:; . 
Prior t o  o:penin p; both ut e rus illl.d bod.J c:c.i:�-�y , t.h c inc i s i o n  sit ,'.l s  
we re swabbed. wit h 7CJ!0 e t hanol . 

U s in g  as ept i c t e 0hnique , t he kidney cort ex , lU.Ll(j and 

1 5  

thyroid t i s s ue s  we re finely minced u s in g  c:r:"o s s Gd s ca..lp el s . T e �t e s  
were c ut in half , the pulp exp re s s e d  by p re s s ure , and this thea 
minced simi l arly . 

-----· -·---·� 
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Cell fragrne"'.t s <-.;;.'1fi. re sidual c onnect i'.re t i s sue we re 

removed. from t he t ryps inisecl c el l s  by pas s :Lng t he suspensi on 

thront;h a s t erile st ainl G s s  s t eel s ieve ( L. o  rw s h  t o  t he i..'1.ch) . 
The suspen s i on was then cent r ifuged at 1 0JO G :Cor i O  minut es , 

and the t ot al  pa cked cell volume dete rmined f o :>.' each cell type . 

The f c o t al b o vine kidney , l un g  and t hy-:.'cid cellr. v;e ro 
suspended at a concent rat i on of 0. 5;( by vo lume , and t e s t e s  cel l s  
at 0 .  3% by volume , in HLA medium (Appe!ld:Lx 2 )  cont aining 1 o% 

bovine se rum .  These s u s p en s i ons WC: J.'�� then d i spe�1 s e cl  in t o  culture 
ve s se l s  us in g ab o ut 1 00 ml pe r Roux b ott l e ,  o r  50 ml pe r 500 ml 
flat b ott l e . B o t t l e s  were s3aled witll s c r�\V caps , or ·.vith 
sil i c on e  rubbGr sto ppe r s . 

was chc: .. nged. at 2 days . 0:-,r>.:: confluent 5 morJ o l ayt: c::o w s r e  
maint aiDwl :in EL.li. rr:ecliwn ( Appendix 2)  -:ri t h  216 -L, ovinG ::.e roo. , me :iiuL1. 
chan gin. g at weekly interv,oJ_ s .  

3. Pr oduc.:t i on .l\.ncl Me..intsn:�nce Of' S e c owl ar··  C e ll . t' Art3. CeLl. �-,:�r:,; s .  --------- --·- -----·--·--·---- - - - · - -�L..-----·- ---- -- - - --� -- ---� . '" 

S t o e:i:s cf :fl :::':;_;ne.ry c e l l ::;  were sub c ult 'J.l '8:1 oCJ.ce o r  i:;•:lic,_� 
only t o  p rovide sc; t::ondc.ry cel l s  f o r  t e st pu:cp o ::.e s .  ·r �·w c;8 1l 
line ::l were al s o  m.::d.nt ainccl , M ruli':l D .::..j·l.Jy b o vine kic1.;-.. ey (J'If0BK) 
(Madin and D ::1rby , 1 9�3) and Afri c an Green M onJ::ey ldd.n•JY (Vero) 

(Yasamura and Kanakit a, 1 96 3) . 

T o  s u.b cult ure the ab ove c ell s ,  !!!ed:ium v: as removed by 

aspi rat i on or cl.c c ru1t:iD. g ,  the monol aye r s washe d  t wice :in a smal l  

vo lume o f  PBS ( Appendix 2 ) , and the cel l s  t hen t reated with 

2 - 3 m1 of ATV ( Appendix 2 ) : rocking ge ntly to d i s t rib ut e  the 

flu:icl ove r thG c e l l s . The t ott; le s  of c el l s  w ere then in �u"h ated 
at 37:!) C ,  agit ating at int ervals unti l  &.11 cells  were det ached 
from the gl an s . The re sult i..11. g  cell nus}!snsion nas b rought t o  

1 0  ffi.l Esing gro>:rt :'l medium, and an al iquot w;;.s diluted 1 in 1 0  

in 0. 1 %  t rypan blue solut i on (Appendix 2 ) . This was nli .... '(_ecl end 

/ 
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t hen examin ed in a haemo cyt ome t er t o  det; e:::-min.e the ave r a t;3 

viab le ( unst ainGd) c e l l  c ount per :nl uf.' sunpGr"clecl c·:.:lls 
( H athaway e t  �1.· ,  1 96h) . The ave rage c our..t per l arge s g t�c.re 
was det e nilinecl ,  e ach c�ll of tnis c o unt t hen c" e>.preseEtin g 

r.:: 
1 x 1 0? c e l l s  per ml of c e l l  sus pens i on .  

T he c e l l s  we n'l then d i  hlt ed i rt fn rt h e r  er·o·,d·. i·J. 

medium t o  give a c on cent rat i on of.' 1 x ·i o5 c e l l s  per m1. ,. ex c apt 
f o r  Ve ro cel l s  wh i ch we re di lut ed t o  give .3 x 1 oh c 0 l l s  per rnL 
F o r  microt it re t e st s ,  these c oncent r at ions �arc t riple d .  

1 . 
With s ec onda:cy c o l l s , medi um 1 99 nith 1 Cf7';  s e rum i'iaB 

Us ed -"'.L Ol' o ""- '  pu .,...po � o "  r e "' u · " r :J' .L r, ?IJ"i " , .,.. , , ,.., -"' or · n � " l' J_ " ll " '·lC"' gr \7'/ L. rl . .J.. � - 0 '  u L; .L 1 6  v v  L-/0 .:;. t,j .l.. L..o...l ... l J.. . � L� .. ...L _ I.., � ... c-w.. ...;. ,. 
1 

l.IIDBK cel l s  wen� grovrr. :i n  J1£f:1l·i O l' rne o.i e.:11 1 99 ,  l'ii th sim:U. a r  s e rum 
c oncent r ;:tt i ons . lvi·�ditPil 1 �i9 was u::: ed for Ve PO cell 3 ,  11 u.J,� s e ru:n 
c on e ent r at i ons w e re re dueed t o  5% f or gro;.,t1·)., E:�d 2� for :,:P.in-
t onam: e . Who re c e l l s  were to be:; us .::d fo r t e s i� p;_trp o ::; e �3 v;it; !! 
b ovin? s pe c imen� or· i s ol o.t e s ,  G quirw to e  rum ':i':l;; r oL.lJcilJ, .:) J  .. y u�ed. in 
p refe ren c e  t o  b cvin e s e rwa . 

re qui rea. at t h.:; f o l l owin g  r.st e s : 

C onta:ine: r  

Eoux u ott le 
500 ml fl at b ot t le 

? 
50 ml plEts t i c  flask·-

V olume 

1 00 rrJ. 
50 ml 

6 ml 

nicrotit re plat e  ( fl at .3 
b ott omed) 0 . 05 mJ p e r  v:ell 

1 . . '"' ' 
ll l t l1-2noro �� we p a e 

t ub %  ( pyrex, s c rGVI cap , 1 6  x 1 50 mm) 5 

t ub e s >  w:it£1 flying c ovc l' s l ip 

i 
1 

2 

rnl pe r 
Id pe r 
ml per 

--- -------------------�-----
i Wellcome Re <'.gen c s  Vcli. , 3eckenham, Engla�'1d 

r18 l l  

wa J.l 

1 :ell 

2 F alcon fl ask . Be et on D i cken s un C o . , C al :i i' o rnia, l.!. S .  A. 
3 C o oke Enginee :r,:in g C c . , A.l exa"ldria, Vi rg . , U . S . A. 

4 Llnb r o  Dlsp osoT ray .  Linbro C hemical C: 0 . , Newhaven , U. S .A. 

5 K:iJnax: , JUmble Produ ct s Di,r . � O wens-·Illinoi s Inc. . ,  O hi o ,  U. S . .!\. 



S urplus c e l l s  t o  current n e eds vvc ::--G p rc; s e rved in 
frozen s t o rage . P-;.�imary c e l l s  '.'reJ.'8 su::> pendecl. at ·1 afo 
c oncent r at i on in a froe z i_n g medi um c: ons 5_s t in g  of medium 1 99 
with 1 Cf/'o dimethyl s n l phoxide m1.d 2C:(Z h ovi11e se rum. S 8 c�mr1 ary 

6 
c e l J. s  and cell l ine s w e re sus pended at ·1 t o  5 x 1 0  c ol l s  :p8r 
ml conc ent rat i on in th e s ame medium . 

S us p en s i ons were disp ens e d  in l� ml volurr.e s  int o small 

s c :::cn c ap c ontain e r .:; ,  or int o 1 ml a�1p oul e s wh:t cil ;vs re t he n  

sea1ed .  'rhese we re t �.en co o l ed sl owly ancJ. st ored at -8 0°C in 
an ult ra- d e ep f r ee z e ,  o r  in t he c a s e  of amp oul•3 3 �  we :ce c:J. r; c 
s t oJ..·c� ·i in liquid nit r o ge- n .  Re t arrlt=- d fre e z in t;  \/as achi8v�:>.d by 

wrappin g t he c e1 l c ont aine r s  in c o t t on w o o l  prior t 0  pH',c:;_n g 
in the ult ?:'a-deep fre e z e . 

Pri o r  t o  r o ut ine u s e  of :>t ored i'rcr; �'m.  c;_, � l t· a s r,rrp l e  

o :  c ac!1 l-12-t ch w as tha1·1ed rapicily i n  a 37 ° C  y;c:;� s :c  bat�'l ,  .:-.1 1::!. t b cn. 
dilut ed 1 in 1 0  in ero·;; t h  me d.iUi1l, l l3i Ylt� a p:j y) r� c c o .  Tile �ro_;J of 
c e l l  s uspen s i o n  romair;.i .ng in the pip e t J�; e wc:ts u s e cl  t o  ino :-: � 1J a�c: e 
a b ottle of' nut rient b r oth, ,.,·hi ch ,-;as t: ben :bcutat: r3d at 37°C t v  
c he ck f o r  co!J c ami nat i on . A y·l. a:) le c e l J. ceunt w a ;3  a1::: o c .?.rried. 

out on tha1·< e d  s e C\)ndary c e ll s a11.d cell l :'._nc s , and the reJa ainrle r 

was diluted t o  tbe ap propriat e  c o n c ent r at i on of vi ab :  e c e l l s  in 
growth medium a:.r1 d di s pe n s ed . T hawerl prims.ry ccJ.ls  w2re n•Jt 
r out ine ly c ount e d ,  but d i l ut ed 1 in 1 0  in growth md.iu::1 and 

dispen s e d .  R at e  of g r owth of cel1s was c!! e ckecl ,  e .. nc1. u secl t o  

guide the fut ure use of tl:.e cells . 

S t orage O f  Vir al I s olat e s 

F o l l owing first i s c l at j  on of a virus a..'1d succe ssful 
. 

repas sage t o  c onfi rm t he CPE, furt�1er st o cks of vi rt�.f:i \'le ::.�e 
0 

p repared, ar1d the se fro zen in wnp ouJ e s  at eit her -80 C i."l an 
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ult ra-de ep freez e ,  or in l iquid nit ro gen . S ome s t o cks were 
0 

al s o  h e ld fro z en at -20 C f o r  current U3e .  S amp le s of CJ.eep 

fr ozen s t o ck s  \Vere sub s e q uently t i t rat ed f or act ivity, 

f o l l owing rap id th awing ir. a 37 °G wat e r  b o.th .  

Vj ral 'r it r2.t i on Proced tE'e s 

S e ri al t enf o l cl  dil ut ion s of vi rus Wi3 re pre pared. by 

dilut in g 0 . 2  ml of virus suspe n s :'. on in 1 . 8  IT•l of maint enance 

med:'Lum, us ing a s epar at e  st e rile p ipette for e ach step . Up 

t o  s even d ilut i on st eps w e re u s ed rout 5ne1y e 

A 0 . 1  ml volume of e ach uilut i cn ':> :::.s i.noc1.<lateJ. int o 

Cl upl i c at e  t ube c e J.l culturas .  W ith mi c r o t lt Te t it ra c iorn , 0 . 05 
ml of each dilut ion \'!as aO.deCl t o  rlup l i c at e  '-' l'"ll s ,  m;.u tl1 e se y;e r<! 
then s eeded with c e l l  suspension .  Wj.th ei � hor p r o c e dure , s eve ral 
cult u re s  we :ce left as unino cul a t ed C ·3ll c o�1t rol s ,  'l' i • 3  C tJ.lt '.lre s 

were then s e aled a.r.d in cu1) at ed ai:: Yl °C unt. i. l t he C PE y; a=:. cel l 
de v e l o p ed . F o l l owin g ob s e rvat ion of the e n•J -poin t a  _, t :Lt r e s  

w e re C.ct c rm:L12d u:> ing t he me"chod of Reod a.:..;.U. :::uencl1 ( i ))G) , th8 
re sult s b e ing expres sed as median t i s sue c ulture infe ct ive d o s ,s 
(Tc:m50) pe r ino culwn volwne . 

With plaqu-:: t it rat ions , 0 . 1 ml of (! etCh ciil ut i on v<a<> 

added t o  dupli c at e mon olD.ye rs in J" inb ro pl9.t s s ,  left t o  ads c.rb 
at 37°C f o r  one hou r ,  anrl then ove rlaid with Et gar mediu:u . S ome 
cells we re left as Lmin o c ul at ed cell c ont rols . F o l l ov:in g 

f urt her inc ub at i on unt i l  plaque s  we re ade qug, l; e ly deve l op e d ,  t he 

average numb e r  of plaques was det e rmined at the l imit in g dilut i on 

end t he result exp r e s s e d  as pl aque f orming unit s ( PFU) per 0 . 1  ml . 

S e rum N e ut ral is at i on T est 

T hi s W/3.3 c arried o ut in duplicat e  by t he m i c rot it re 

procedure usL'1 g  a s imi1ar met hod t o  that -ie s cr:ibed by Ro s si and 
Kie s e l  ( 1 97 1 ) . 



S e ra were heat inact ivat ed at 56°C f o r  30 minut e s 

p ri o r  t o  t e st . D c ub lin g dilut i ons of s e rum w0re prc _t.�ared 
u s i n t;  0 . 05 ml " t ul ip11

1 dilut e rs . A s e r'J!P. c on t r o l wel l  was 

in c l '.lded ex cept with b ovin8 s e rum, wb e :ce:: previ o�s expe r:!_<)nc e  

ind.i c at e d  it w a s  not n s c e s 8 [1Ty . A 0 . 05 ml v o lume of ·viral 
. l ] t - t � . A 00 rn ,... rr V\1 !'1_ ,<:\ � dal "' d. i. : o al l s uspens l on e a  c u . a · ed o c on� aln ' � �  ; _ � - � � � _ 

� \.)  
wel l s  ex ce::_Jt s e rum c ont rol and c ell G ont rol w e l l s .  A v i rs.l 
c h e ck t it rAt i on was a l s o  c arried out usin g s e ri al t enfold 
dil ut ions ove r 5 d.ilut i o n  s t e p s . 

J<' o l l ovd n g  in cub at i on of the v � rt� s - �; e nun m ixt u re at 

0 37 C f o r  one hour,  0.05 ml of c e l l  suE' pen � j  on was added t o  al l 

we l l s . l<, o �_ l owing Re alin � ,  t he p l at e s  w e re i 1i cubated a.t 37 °C 
un t i J  the v i ral t i t rl'1t i on 5Lowc;d a we l l  d::-; ve l oped CPE . S ut j c ct 

t o the vi ral t it re provin g s �t i s f a o t ory ,  the s e rum c�d p o int s 

were c hen ob s e rved a.Yld the t i t re of anU_ :: e l'l lill cl et c l '• i1i;--,Gd us i;l c 
the me t h cd. of kecd a.n d Muench ( -� 938) . 'i' it l'e w e e,  ex p rc" s !'> ul a s  tn·::: 

re cip r o c al of the; hi ghe s t  dilut :!_ on p ro v icii n c  p:::·ot 5 ct i on ar,ai�1 !"-t 
v i r a l  C PE . 

B l o od was c o l l e ct c�ci int o E�od i f i cd Al s c ve r '  �� s o l ut i on 

( Appendix 2 ) , and st o r,_�o.. at 4 °C un t i l  u::oe within 2 ii C: C'k s . l)ri or 
. t o  us e  t h e  e rytb r o c;yt e s  were wa[' h e d  t h r�e tiJT,e s in ?1 ',3 £1.nd a 

0 .4% by v o lume s us pen s i on p repared. in PDS . 

The t e gt was c arried out in dup � i c at e  i n  V b ot t or,1ed 
1 

mi c rotit re ' 
t ray s ,  using 0 . 05 ml volume s .  The clilu5nt u s e d  was 

PBS pH7 . 2 ,  as re c orrJnended by Hi erh o l z e r  et al. ,  ( 1 %9) . D oub l � n g  

dilut i ons o f  virus w e re prepare d. ,  c omme n ci n g  f r o!l! a 1 in 1 0  di lut i on . 

A 0 . 05 ml volume of diluent was adde t'l. t o  aJ l welb ( t o  make t he 

20 

final v o lu.':!e t he s ame as tllat used in t he h aemagglut inat i on inhib it i cn 

t e et ) . 

1 C o oke Engin e e rin g C o . , AlexanCi.ri a ,  Virg . , U. S , A .  
-



A furt h e r  volume of 0 , 05 ml of e rythro cyt e s usuension was n ow 

aclcle d  t o  all well s ; s e ve ral ert h.e v cy h-!  c ons rol we lls  <vere al s o  

pre p are d  . .• using two v o lume s of d ilvent c::.nd one vc lu:-.18 of c el l  

suoSpension . The p l at e  W<,_s then e gi t at ed an cl  i:..1 c uh e.t ed. at the 

re quired temperat ure unt il th e; e r.;rt hr o c;yi; ;:; c ont r c l ::: h aC!. 
sett l ed. t o  a C. i st in ct " b u t t on" ; u:sually -.·:i�}l "Ln 1 to :::? t ou r s . 

The t i t r e  of t h e  t e s t  H<�s t a.l(Em f'oll owin� Re8 cl  and 

Muench ( 1 933)  analy s i s ,  as the h:i gl l a s t  diJ. u. t i cn of vi rc.s whi ch 
gave complet e aggl ut ino.t i on of the e ry t hro cJ-t e s , t hi s  c 8nt ainin g 

or; e  haemacclut inat in g  unit (BltU) of v'"irus p o ::., 0 . 05 ml . 

E rythr o cyt e ::::us pension;; 1:e re prC IJ <: r�0. as ::·or  t he HA 

t e st . The t e st was c ::;.n ied. out :'i n  J.upli c ,th:: in V l;ott u: · e el  

mi c r ot it re p l c:.t e s  u sinr, PBS as a diluent ::u-..d 0 . 05 r.C. ,- oJx;.:e s . 

S e r a  were s t.;.b j e ct ed t o  pre t e st t re atDC::nt s Rs ro q;_ti reJ 
for t he ind i viducl v Ll'US c oncerned , end thm·! sc�ri2.l. Cl o111.: ;_ -.:_t: ; 

dilut i on s  \\'ere mad.e c oi::nenc: i n g  f l'Oii� �: 1 in 1 0  Q.j_hri:; ie:J�' . G o�".t:!.·o:;. 
wel l s  were l e ft for e G.ch 3 e l'WT1 . h.. 0 . 05 U'� v o :2. uru o  o:::' ·.-i ·-_c;,,tc .cc:_<Lut -
in:in c ont ain..i.n g �- HAU was added. to e.J. l we l l s  c�: ce�jt  s o :c ur.. c ont r o J.. s ,  

- and the h aemaggll,.t inin v: c.s r'urt hor d oubly d i lut ed ever r-:� 5 st ep 

range us in g  s ome spare y1e ll s ,  t o  n:a'l�e a ch.) Gk t it nrl_. :.i. un .  T he 

mixt ure s we r e  then i ncub at e d  f o r  one ho ur at r o om t e:np e :;:> at ure . 

A 0 . 05 ml volu.11e of e rythro cyt e s us p8ns:j_ on \'.- w> then 
added to �; e l l s , and to s ome fnrtJ-. e r  c e l l  cont rol we l l s . '.rhe 

t e st was then :incub at ed at the re qui reft t empe r at ur8 for one t o  

two hour s , unt i l  t he cont rol c e l l s  had s e t t l e d  � o  a cis t inct 

b utt on . S ub je ct t o  a s at i sf ac t ory che d. t it l'at i on of the haema

g glut inin, the hi ghe st dilut i on s of' s e r a  nhi ch c ompl e t e ly or 

2 1  

al m o st c omplet e ly s uppre s s ed haer.1aEglut in at i on were then det e rmine d . 

The t i t re was dete rf!',ir. ed using Re ed and Musnch ( 1 938) analys i s , 

and ¥.TO.s expr:e s se d  as a re c i.p r o c A.l of the h i ghe st di l u t i ron .  



N egat ive S t aining Proce<l�re F o r  E l e c t r�:m ��:i.:_c r o s cop;r 

Ini'e cte d ce l l  c ult ure s were l1 a r \r·<J si..ec'� when t. he CPE 
wan we l l  adv anced, nnr3. c or..cent rat c d  vi ::.'al �;t.: spens ions ·,·re :!'.'0 

p re pared by ult racent rifu gat ion, cheru.i c al p .re c ipit at ion , o r  

m o re usually b y  lys i s  o f  infected c e l l s  a s  cle s c r�beo. by S p raclb :r:·o·;r 
a.ncl Fra.nci:� ,  ( 1 969 ) . 'rhe ;nethocl b r:i.8fly i s  as f o l l ov; ::. : 

C el l s  we re s c raped off t he waJ.ls of the ve s s e l  &"ld 

t he re sult in e s uspen s i on of cells c ent r i fuged at ab out 1 000 G 
f o r  1 0  minut e s . The s ediment ed ce l l s  we re G.rained free of f luicl , 

suspencled in a f ew drops of di s t ill e d  ·wat e r ,  and theY! fro z en &"ln 
t h.s.wcd on c e . 

A clrop of ly ;:; at e  w a s  placecl or; a c arb one d ,  f o r;uvar 
c oat ed elect ron rr�i cru::· c ope grid .• lef t; :for up to a m'i.mJ·s e ,  A.:.'l(.l 
the11 t he exce s :?  was removed. wit h filt e r  r: apr? r . A d.ror of' 2% 
p o "l; a s s i u.'TI pho sphot ungst at e  pH 7 . 0  ':fas th <::. t'l pl aced. on t !1e 13rid 

for ab out 30 s e c onds , an�l then al s o  re movc·d ·,·.ri'L h fil'h: r 1' <'-p e r . 

The spe c imen ':<9...s then exa::�.:i.n ed. in e. Phill :!.p :=> . .S:i 2 00 
e l e c t ron mi c r o s c 8pe , 

Inf e cted c e l l s  were h arve s t e d  viben t h8 CP:t: -.·;a�. Ymll 
advan c ed by s cr apin g the c e l l s  int o suspen s :l. ol1 a:� d then re .:: ovcn·in g 

t he;n by c ent rifugat i o�1. at. 1 000 G for 1 (l minut e s , 

S ub s e quent p r o c e dure s we re s:�rni lar t o  t ho:o e d.e s c rib ed 

by D o a.11.e et al . , ( 197�.) . The cells w e re re s us :pendecl in a f ew 

drops of me dium ,  fo rmed i�t o a pel let i� � c apil l ary t ub e  by 

mi crohaemat o crit cent ri:f'ugaJc ion > and then fixed :L'l. 2 . 5% glut 

araldehyde f o l lowed by 1 . CJ% os mimn t et roxida , with appropriat e  

washe s in pho sphat e  b uf'fer. F o l l owing d•':) hydrat i.on t hrotJ.gh a 
graded s e quen ce of a.c et one , the pel let '.'Ie.tl emb ed.de d ::n Ppon 
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gela.t ine c apsule . 

Doth rapid hlH1 3t andc:..rd pro(:O t; s in g time s  as cle s c :r.'ib eC:. 
by D o ane et, al . ,  ( ·i 97L�) , we; re used , S G.b 3 e q ueDUy t he epon 

r. a.radit e re s in vras polyr.1G :::·i s ed at 6 0  ·'c f'o r 36 h;;ur s ,  and the 
S purr 1  s medium v:as p o lyuc r i s e d  at c:i t:1e r 70°S f o r 18 hours , or 

0 
95 C f o r  1 hour. 

Aft e r  remova.l f r om the 1) olyrue rising JVEm. , the b l o cks 
v.'e re t rirr.;nGll and then ti c ct l onec1 on o.n ·<.llt ra;ni c :c·ot on�e . Pale 
golL1 se ct i on s  w e re f l o at e d  ont o c e rb oned f o r:;Tvar c o at ed. e .L e c·l. ron 

rri c ·� o s c ope e;rid. s and. stained. wit h  urany l ac: e t o.t e md l e ad c i t rat e 
(AppenC:.ix .3 ) , They ViG i"· c-; then ex alllined. in a Pl1illips EM ? CO 
elect ron wi c r o � c orJ e  v;l J :'t e h  w a s  pe r:i od i c ;� l ly C G.l i b rc:d. ed. using 

ne g0t ively s t ained c at c:.l::J.f •=· cryst al s .  

Un s :c aine<i o :r" l"J (te!:1at oxylin .:r.r.c\. e osin ti t ained fllonola:f<; rs 
we re ob s e l'ved. in a n  inv e 1 t ecl mi c 1·o s c oue <::t!ld. r;ho c o t:;:::"'aphed u s ing ;:;, 
t ungsten b alanced A gf u  ') 01 f ilm . 

ob s e rved. Ylit h a f l uo:!:'e s r. ent rni c ro s �� q:e usin g n. FY�' C 3 c�:>ccit at ion 
f i lt e r ,  a ;nat ching b a1· rie r :t'ilt e r ,  c;r.d. t ransmitted b l ue l i ght 
il luminat i on f o r  a guo.rt z hal o gen b ulb . ·n:: ey wo re ph ot o gr.:.phed. 
using a daylight b al an c e d  Kod ak Ekta.chr om.e 1 GC J:illA film. 

1 F luka A . G .  C hemi s che F ab ril<: B�:.ch�·. , S wit z e rland . 
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IS OLATION PROCEDURES 

Fifty nin e  s ample s  we re re ceived ::"' 1'·=':n c .::.lve B a:1c:. young 
adult catt le with hi st o rie s of dia.rr lJ ot: ct,  the a_'l"lililal s b e :i n t; 

l o cat ed in rridely s c dte r ed. aree.s n.C N ew ZP nl �·co.d. . Tbc s E:mples 
included 56 f:,;s ces , 2 int e stine s , e.nd 1 splosn . 

t ox i c  nat ure of the f ae c al I'latericl ,  S OJ:te pre limin e ry :L n-.�s s t :l . f;at ion.s 

were made of suit ab l e  p r o ce s s in g  1'e e; ir:1e s  to minirnise t cxir� ity and 
c ont c:minat i on problems npon ino culat i on of eel  l cuJ.tc:rc s .  

M at erial s And. Methods 

1� ?-e c al s e.mple s w:o;r8 su spenO.e d at CO!i C <:mt ro.t i or..s of ::f:' ro:1 

1 0  t o  50Jb ( w/v) in H anl'.: ' s b ufferE' ci. s alt s o} 1 1t:i. on (A·?pendi:z: 2 )  
c ont aining �� : OOU Lmit s/m1 of pen:i. c illin e1.1d 2. , 000 /ug/rnl of 
st rept omyc :ii1 (Hank' s AJ!,) . Foll m<in c; s or.lf i c Dt ion f o r  1 nin.t;.t8 
at 20 kc/ss c ond in a.n ult ra.s onie; d i s � nt e gr·::.t c-:;:·1 , th·� s wc.:::>J.e ::.,  ·,·;s re 
c ent rif uged f o r pe ri ods of .30 &'l d 60 minut e s  �1t Lh OUO G ,  in o.r. 
nngle r ot o r .  Vari ous cli lut i ons of t he c leri±,�ed s c··pe:C'l' e.t e:1t s \'W��e 

then in o cul at ed on'c 'J  s e c ondary foeto.l b ovine l<:ir..ney ( IBK) c e l l  

mon o l aye rs . Ads oi·pt i on of the i:::1o c ulun on 'to the c. e l 1 s  f o r  a 

pe riod of 1 hour at 37 °C fol l ov:ed. by repl c..e;ement y; j_th :f'resh 
· maint ennn c o  med.iwn, was a l s o  a.ttempt ed . 

F ae ce s  jn Harlli: ' s s olut i on "rere al s o  S 1�b j e c t o d.  t o  var:L o us 

periods of C·:::mt rifug o..t i on at 1+-, 000 G i n  t he p resence or ab sane& of 

t he hi gh leve l s  of aJ.'lt ib iot i c s  mentioned a·b ove . The l evels of 

re sidual v i able b act e ri a. we re t hEm d et e rmined .• by t itrat i on in 

nut rient b roth of· seri;;t.l t eni'old d.ilut ion s of al i quot s of the 

l t al  t · · P - 1  · · b t '  .L.. 37°"J fo 1· s amp e s  · cen a var1. 0U1: st at;es . � ·o..L ov:J.n g :u1cu a J. On a" " 

3 days , the nutrient b roths we re ex c.mined f o r  eviden ce of b act e ri a l  

growth. 

---- -- - -- ------- ,. 

1 .  S onip ro·::.-,e . D awe Int rument s Lt cl .  � London , England. 



Based on the f indir1 g s  cf the se expe riment s ,  t he 

f o l l owinG procedure \las ad opt ed f o r  the p r e p e:.rat i on and 
ino cul at i on of s amplGs ont o cell c ult ure �, : F ae c e ::- ue re 

s uspended at 1 a% c oncent l· .?,t i Ori. ( Y/v) i;;_ H.:::)ll\: 1 s AB r. olut i on ,  

s onifi e d a.t 20 kc/ seC OYtd f o r  ·j minut e ,  an u  then c e n t r j_f u ge d  

at h > OOO G f o r  30 mi_r , ,_·,t e ::  i1.1 en c=t:> . .c;le ro�; o :::' .  'l'he s ups rnatent 
was t hen i noc·:1lcrt ed :il•t o cell c ult ure s at a f inal conc ent rat i on 

of 0 . 25%. The s a1nple f> of int e s t ine s and spleen were ground up 

in a TenBroeck t i s sue t;r:i nde r :  using a small v o lume of He.nk' s 
AB s o l ut ion and t hen tre :Tt P-d. :i n  a simi l ar mrumer t o the fae ce s ,  

except t h at the s p l e en v.·3.s : in o cul at ecl t o  giv e  a final c onoen

t rd i on of 1 %  on t he c e l l s , 

E ach sample \'Jc .s j_;10 o ul e.terl irn, o dup l i c at e  rn on o l a.ye r  

c ult v.re s of f oet al b o•:iu� kidney_, l u:.:1 g  ( li'BL) e::n d Ve::o (_1\i'rican 
gre en :c::.onkey kiclney) cel l s  in tl.,b e s ,  or int o sin g l •;; moncl c;;.yc r�, 

of t he s e  cells in 50  r.;�L plast i c  flasks . ·rn o  o c c as i on al s P.;-,role 
giving prob18ms ·u:L th f'l.C t; 2.l o r  b act e ri e.i c orJ .. aninxc, i un of tho 
ce l l c ultures w:::..s filt e re<l th rou t::h a 220 :nrrt :::.:rei. E1cmc r r;ne filt. c: 1 ·1 , 
and then re :iJ1.ocul d eO. . Whe; re t oxlcity re rJC".iEcCi. a p r obl<�m, thE: 
s amp l e  Vl<.i£ O.�lu.ted furtlJ;:; r ,  811d then l'G inO (;U.J.et ed int o cell 
culture s . 

S amr l e s  were p at:; s .::.:.ged .) t imE� s at ,·:c e kly ilYc. c :rvals 
through e ach c e l l  type } us ir. g C .2 ml of :frozen and thi:J. •;ed. cell 

cult ure for rep a3 s agin g . On fir.c.l pas sac.;c , c overs l ip cult u re s  

were al s o  in o cul at ed .  

Al l cell cu lt ure s vm re exc-Jil_i..ne-:'. c:.a::Lly f'or evidence of' 
cyt op at hi c  effect ( G PE) . In addit i on ,  the final paH s age was 
t est ed afte r  7 d ays incub at i on f o r  eviu ej-�ce of hae;lio..G.. s o rpt:i.cm 

wit h  guinea pig e ryth:c <J cyt e s � and was fll rther exnm.i necl for cpe 

and vi ral in clus i ons usins the cove rsJ.ip cu lture s st a:i_ned 'Nitll 

------··-------

1 .  Mil lipo re C o rp . , Bedford , Mas ::J . , U. S . A .  
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haeJHat oxy l in aml e o s :L._ ( Appem1ix 3) . 'l'he haewnds o:::pt i on t est 
was carried. out u s i n g  s irr�i l 8.r t e chn� c1 ue t o  thrd.: cle s c ribec. l.Jy 

S he l okov -�t al . ,  ( 1 958) . The monoh .y e1· w as washed v:ith P:2S 
af·c e r  re mov al Md st orac:o of the med iur1 ,  ancL Has tbeYl ove rlaid 

with 1 ml of' 0 . 4%  washed guinea pi G e rythrocyt e s ,  p repared as 
f o r  the h a.emagc;lut inrrt i on t est ( Ge�1 8 r 3 l  ma. L e ri Etls me CJ.ethod s ) . 

Fol lowing incub.s.t i on at r o om t empe r2.t urP. f o r  ·j hour, i� he mon o
l aye r w a s  washecl t w i ce wit h PBS and cxdJl1:i.ned. for haemacls orpt ior, . 

Re sult s 

It was found that a 1 ctfc_ sus:plln s i Oi.l of f an ce s  in 

Ha•1L ' s AB s ol u t i on was a..i.e guat ely c· l ::trif:i.ed by 30 ;n inut e s 

cent rifugat i on at 4000 G. Hi gher c o:1 cerlt :-at i c1�s t o ck rr.uci� 
l on ge r  t o  d arify . 

The use of f inal ir.ocul mn c on c ent r e.t i on s  of 0 . �>;{ o r  

gre [:;.t e r  on cell culh:.l'C s r e s u l t e C.  i n  cor: sido rc.L le prcble1:-,s of 

within ?.4 h ours . 'i'hi s cff0 d w as m � ue l ly u:ucr�·.l. i sc (i ,  bd on 

o c c as i on was f o c e_l , s imul at :;,n g a vi :raJ. C PE .  'L'he effe ct Y!tl-5 n ot 

hmve ve r t ransmi s s ib l e . J�cls orpt i on of the in o cuJ.r!.ln ont o t !1o 
_ ce l l s  f o r  1 hou r ,  f o l l owed· by replacement wi. t b  frc" :: h  maj nt en ance 

medium, d.el ayed the onset  o f  t o:x:iei-ty , b ut did not. n.pprr) ci a.b ly 

aJ.t e r  the fincl out c ome . It was f o1.md t h at reduct i on of the 
final in ocultun c o�cent l'at i on t o  0. 25% re duced t ox i c ity t o  

n e gl i gible p ro p o rt i ons . When i t  nt i l l  o c curre d ,  s l i ght further 

diJ l�t i on alleviat e d  t he prob l em . 

Contamination of cell cultures by t he inocult.un was an 

o c c as i onal problem, mo :st ly due t o  funei ; it was re adily corre cted 

by f i J.t r at i on .  The studies on the l'e lat ive effect ivene s s  of 

cent r ifugat ion and ant i b i ot i c  t re at ment in c ont rol lin g  the l eve l s  

o r  vi ab l e  b act e ri e. in the in o cula showed that t he maj o :!.'ity of t he 
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effect wa.s due to  the infl uence of the ar.t ib iot. i c s ; c ent ri
fugat ion played a mino r  role in this re gard. , but waP. more of 

use in removing suspended d eb r i s , making for easier hand l in g .  

F o l l owing .o:xaminut i on o f  t he 59  sampls 0 ,  7 v i ru s e s  were 
is o l at e d . 'l' hree of t he se ( f'7Lf/1 8 ,  D{' ,+/1 9A" D7h/1 9B) c mr;e from the 
same property , but f'rc!r. d:.Lffe :cer.t anirr2.l s ,  ' Al l  v!ere re c o gnis e d  by 

t he CPE they prorlucecl . N o  l?.V:i d e n c e  of b a 8rna.dsorpt iml with guin e a  
pig erythrocytes  w a s  seen at thi rd pas s age , and no furt he r e viden c e  

of viral infe c t i on was seen on exc:mination of  h aeJl'at oxy l j n and 

e o s :in st ained monolayers .  Ai l isolat e s  were conf i rrricd ·oy rei s o
lation f rom the o ri ginal rnat eri&l. F rozen stocks were t hen 
pre pared and t it rat e d ,  

T he p att e :cn of :i s c1 at i.on of  t he v i rus e s in ��he vari ol) S  
cel ls  and pas s a fe s i s  s h own in T ab l e  1 .  

T ab le ·J 

------...,----- -�- -----,-- - ------- ---�-- --

S ample 1 st  2nd I ' rd 
Pas s c. ge in : P c:cs s a ge in : �:_c:�;;- E- age: in : 
't'l--:-1 ,-F��--�-r-f--v-,_-,_-.... -0·-1--'L,-"C--, T-_ r-1"��-���-r· o :.t,- r. _ r, I f,'�l-'1' r·�:,-�-:�---J.' .; ' t ..._ • ! \. � - - L' L ..... I ;....: ��  I \,;. ..L ·-� • J..: � � l ... - V  

-----+-+ --,..11 -
4 r--!.'1 -� --r' 

·---
1 -j--_-,1 2_ 

D74/2 (fae c e s ) ' 

D74/1 3-4 9 11 

2++ _) 2 1 1 ., D74/1 8 
D74/1 9A 

11  

11  
i ' 1 5  D7L�/1 9B 11 I 1 ! 6 I 2 

D/4/22-4 " 3 � - 1 j ' 

1 

1 

1 D74/25A I 1 - 4 I � ( s pleen�_j..__ 
_ _.__ _ __._j ___ ,__ ___ , _ . .  -L. _ ___.. __ 

+ Indi ce.t e s  no  CPE was seen by 7 days pos t  inoculat ion . 

1 

1 

++ Indicates  the number of days post inoculat i on when CPE was 
fi rst seen . 

1 

27 



D is cv.s s ion 

M o s t  worke rs refe r t o  the u s e  of a 1 q-{ c entrifur;e d 

f ae c al suspens i on f o r  inoculat i on :l.nt o eell cuJ:t•Jre s ,  b ut make 
no ment i on of the pre c i se in o culat i on procedu:::'e , s o  that the 
final con c ent rat i on j n  c ont act d. Lh the eel ls i s  left un speci

fi e <l . A s :.w mi11g that a furthe r d i l ut i on or' 1 in 1 0  would t ak e  

place on in o eulat i on , as i s  c orn111on p ract i c e , the final c on cen

t rat i on on -che cel l s  YJ0 1Jlcl be P.b out · ; '1. At th i s  leve l ,  m o s t  

worl:e r5 mn.ke n o  refG l'ence t o  to:x.ic it;r !Jro'u l cin s ,  t hougL S :p :;:- e dbrow 

( 1 965) d o e r; ment i on thd t ox i city vr2.s a p r ob l em with s o1:1e & roup s 

of calf f ae ces . 

It v1a:: f oUl1d :Ln thi s ser-ies  of fae c.:G.l s aLipJ e s  t hat 

t oxi city wc..s c. s e r i ous prob l em e ven u sin g a 0 .  5% fae c r.l 
suspen s i on on the ce l l s ,  md that reduc-c i cn t o  0 . 25% was 
ne c e s n ary for rout :Ln.e use to minimi s e  tha e f.fe ct . Why -� oxi c:i ty 

vras more of a p :r.'oc l em v:i i.h t he s e  s awp les i s  unc�rt c..in ; it: clici 

n ot appe a r  to be �·elated to 3JW p aJ.·ti c.:ular ''-f':e croup of � ·n:i mal >  
though s ome bat ches of f ilG c e s  ne :ce •7mrse thmJ. otlw r-s . S p rc>.c"b row 
( 1 965)  s u g ge st ed. on t b e  b as i s  of hi s expe r i Der.•t s the.t t he t ox i c  

su'o s t an c e  y;as a b a chn·i :::.l t oxj_n. _ I t  m ay  be th2..t variaU o r.  :i 11 
t ox i c ity :i. s  re l .:l.t e d  t o  0.i,;t ary f e.ct o:cs i!li'lue�1ci::1 e; the inte stinal 
b acterial f l o c-a, or t oxin p:::-odu c t i on .  

The u s e  of ads orpt i on t e c hni que s for ino cuJ at i on i s  

al s o  a fre q uent ly used lat orat ory p l'O c edure , part i c ul arly with 

t oxic s ub st an c e s , but did n ot appre c i ab ly reduce the t ox i c ity 

pr ob lem, only de l ayLn.g the on s et ol t he eff e ct �  I t  would. appe ar 

that t he t oxin ( o r  t oxins ) exert s it ' s  effe ct on cell me t ab olism 

re l at ive ly qui ckl_y ,  8..'1(1 that effect is to a l ar ge ext ent irre 

ve r s ibl e ,  as repla.c.:ellltnt wi tJ:1 fre::;h medium Oi.d n ot c o r  re et t he 

prob lem. 
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Three c e 1 l  vyp e s  we re ut i l i s e d  f o r  i s o l e�·C. :i. on purp o s e s , 

B ovine kidney w.d lun g c e l l ::>  we re cho s en in ac c o rc.: :c� ce with t h e  

re c on!rnendat ions of NwF e rran et al ._ , ( "1 572 ) : v1ho SU[;f:G S t sd that 

p rims:.ry c e l l s of the s c;me f.pe c i e s  as the t e �;t ruat f:n·ic.l r .. f�ere:Cl. 

t he b e st chan ce of' s u c c e s sf 1..1l vi ral :i. r: oJ. <1.t i on .  3 e c ond. c:.:cy c e l l: 3  

at e arly po.s s age v1·c rG howe ve r chosen :!:' or Jchis  s t uC::.y .  r 2.the r th,:,.:-.i 
p rimo.ry ce l l s , as of'fe ring a more ccns i�;t er.t 7;;rpe. o:f ;.!onolaye r 
of unifo rm appe aranc e ,  and h avin g s ome prn.ct i c al ad.v <:.nt age s f rom 

t he p o int of v iev: of p r oduct i on .  Lung c e l l s  vm rG ij' CJ.udad. 
e spe c i al ly b e c aus 0 of the ir s uit ab il it.·r f o r  t he i2 olo. b on of 
p arvovi rus e s ,  as B ;:;t e s  _et_Jg_. , ( 1 971 , "1 972) f om1.d they 0i�t ained. 
the hi ghe st rat e  <jf i n ol at i on of th e s e  v:i ru s e s  w:Lth t r; i s  ce l l  

type , M o nkey kirlney c e l l s  h ave b e en useCi. by a numb e r  of autho rs 

i s o l at i on of e nci s : ;udiss o n  re o·vL"us -2 s . C oc: e quently � .A:f':::i c r-.::; 
g:csen r:wnJ:ey kiOney c e ll s  (Vc ro) v-; e re cho sen :J.S Jell •:: tJ.--,i rd c e J. J .  

type t o  impr ove t h e  chan c e s  of d et e ct i on of th i s  EJ' O U.p ol vi J.'"C 2- C:: s .  

It WW'· de c id e d  t o  l imit t he �mr!l> e r  o f  p o..s s o...:; ; s  vf 
s amples in the ab ove c e l l s  t o 3 as bein :?; con::; : L st ent r;ith "t �1e 

avai l ab le re s our c e s  and yet s t i l l  offeri.nt� 2. re 3 s cm a.-D l G  c!:::m cs 
of i s ol a t j on of �ost of t he v i ru s o s  l ikely to be enc omrt e r ed . It 

- was re<:Ll i s od h owevE.- r ,  t hat c o ron:l·.:i rus e s  V!Ould. pro'c 2.b ly not b e  
det e ct e d  by thi �o; f yJc em, as t �1e CPE i s  rcpor·t ed by hl :;i1us e t  al. , 

( 1 973a) t o  b e  ve ry �. 1 i t;ht and. indef' init e at t he t h i rr;. pas s a ge in 
b ovine kidney cel l s .  

E quine serL'm was ch o s en f or s erou.5 enri cbme:nt of the 

ma:Ln.t enance med�_um a:::uc e r  in o culat i on , as it we.s con::; ide r e d  t o  

off e r  the l e ast cl-"cnc e  of int e rfe rence "'i t h  viral i s o l at i on . 

F o e t al u ovine senun .-�as c on s i o c reC!. uns u it ab J  e ,  as it  is  k..r1own 

to s omet ime s c ont ain a nt ib o d.i e s  t o  ent c rcvi ::::-u s e s  (D unne et al . ·--- ' 

1 97 3) and t o  b ovine vi r al  o.i a:uhoea virus ( Ho me r  e t  al . ,  "19?3) . 
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'rhe cxw:rrinat ion c:f haemat oxylin and e o ::> il1 st ained 

mon ol aye rs at the encl of the thi rd pas t; a t:;e WD.s d e s i gned as an 

adc.i t i onal che ck on t he pre sence of vi r al C PE 2nd m o re 

part i cularly on tl:e pr oduct i on o:::., int r enu c l e a.r and int rac,yt o -

p l asmi c inclusion s , pax·t icuJ. arly �;h o s e  :.'l ue . i; o  p arvov il'us es and 
re oviru s e s . Int r ac·1.uclear in slus ions hc:wc b e en reporh:d wit h 

b ovil1o p arvovi rus e s  by Sp.hn �� al . ,  ( -i s;6C) B at e s  et_,it l. ,  ( 1 972) 
and. Inab a  e t  al . ,  ( 1 S'7 3) .  Vlith re oviru� e s  int racyt oplasmi c 
inc lusion s  h ave ·b een report eel by S c:-.1 in ( � 355) ?lld G omat o s  _§;t al . ,  

( 1 962 ) .  

Parvovirusen  ars repo rted. t o  c.: aus .3 haemad sorpt ion of 

guinea p i g  md human type 0 e rthro cy t e s  ( Abin;:;.nt i a..n<i W arfie l d ,  

1 C: I' /. 
B ' t , 1 9'7 r, ) ')0 I ; Ll.T� f-3 5  �-S:�. � ' L � Hen ce gu:i.nec:� p i g  ertbro cyt es  w.sr2 

In ret r o s pe ct ,  s ome improYeP.!ent s can b e  s u ;:;c,s st e d . .in the 
p ro c .�d ure used i' o :c  i s olat i on . I t  nould t! C.V e  b e en acivi s able t o  

che clc the me dh;,n f rom the e n d  o f  t h e  t llir(\. :p <:·.s � c. ge ill Vero <>�l } s  
:f' O l' p re s ence of  rcovj  _ _ cu � haem.:J.gr;l ut ini ns w::.th 11wne.n i;y:pe 0 1:2d 
cell ::; ( Le l'ns r  et al . ,  ·1 963) . A :furtl:e r ::: l 1 3 ck f o r  Lacm,l.t:, [lut irlins 

t o  b ovine o rthro cyt e s  i11 tlle s ame mecUUR y: o ul d  al s C'l  have b e en 

- useful t o  c h e ck f o r  reoviru.s 3 ,  as the s e  e1·th:coey te s  a;")pear 
gen e r ally t o  b9 more re adily a g glut inat ed than hUJJ\aJl t.ype 0 c e l l s  
with thi s .se rvtype (E gge r s  � t  al . , '1 962 ) . 

C o riph o sphene 0 o r  acridi:·te o ran ge st ains c o ulcl have 

been us ed as an alt e rn at ive to h.:J.emat oxylin and e o 3 in s t ain , t o  
che ck f o r  viral inclus ion s . Their diff e rent L ll st o.ining 

prop e rt ie s  ·::it h re gard t o  s in gle ond doub l e  st rcnded nucl e i c  

.:J.cids vvould h ave made t h e  det e ct i on o f  parv ovirus and re ovirus 

inelusions s omewhat e as i e r .  If' n e e e s r:: ary , monolaye r s  t re ated 
w i t h  the s e f luo re s cent st ain s coul d  hs.ve b een de st aine d aft e r  . 
examinat i on , and re :::>t ained v:ith haoma.t oxylin ar1d e o s in ,  as 
sugge st ed by Ke eb le und. J e.y ( ·J 962 ) . 

30 



An :1 mr>"·o vemen t in t he rat e o:' i s o lation of v ir u s e s  

c ouJd. p rob ably hav e  been oi) t ained by the u s e  o f  c oncent rat i on 

t e chni que s  on the fae co s . Us in g cb fferc:mt ial c ent rifu gat i on ,  a 
pe l let of po s s ibl e v i :c aJ.  mat e r i aJ. co •..1ld h c.J.ve berm C J)) :; a.ined and 
used for ino culat l u :-J. .  Al t e rnat i v�ly , t he: f ;::, e c e s  could. h cwe b e en 
tre2.t ed wit h t ri fluorot rl clll o rethar1e f e D  :J �; e o  by pu lyethylene 
glycol G080, as suggo st e a  by Much .:::..:1d Z aj ac ( 1 972 )  c;:ld by Bi shop 
et a1_ . , ( ·1 974) , re su lt ing in a purifi ed. and c on cent rat ed p re p ar-

at i on for i n o culat ion .  

It Vic.s co-:1. s id e re d  th at th e u s e of 5 0  ml plas t i c 

fl asks f o r  i s olct't ion offe red s o ri:t::, advant a,r:;e �. ove :r tl:b e  cult u re �' ,  as 
they al l owed a s o mewhat l ar g e r  i·n o c ul at i o::1 s ample , ar,.d mor•� 
especially a1 1 ov.•cc. e o.s i e r  vi st.:c:J. i s at i on of' the mor.· o l aye r f o :c the 
det e ct i on of cm . 

'rh o u gh lu'l g c e l ls p ro·red t o  be the mo st p r odud: i v·:: 
of the thr8e c e l l  t ype s u n e d  fo r i s o l a� :i. on ,  kidney a"1d. Ve r o  0 s �.  L s  
neve rtl l 3 l e s s  e ach det e ct e d  a virus t ll::t t by the oth<: r 

ceJl s ,  de nto:-cst ra.ting t he valv·� of u s i n g  seve ral cell type s '-� h,-:: r ,  
s c re enin g mat e r.i al f o r  7irus CO!lt ent . 

F in ally , it i s  w o :cth n ot ing t h<:1t t he u ::; e  of' a t:bi:c-d. 
pass age v1it h these s amples  did ::-1 ct r·e sult in 2ny fu rthe1· isolations 

of vi ruse s .  F o r  ·r out ine p m�p o s e s ,  it i ;-; probable that 2 p as �. rc g :c s  

are ade quat e ,  all owin g mo re s a.'Iirl e s  t o  b e  s creen9d , ��x cept i ons 

would. he whe re s0 archin g for slower adapt ing virus es  such as 

c oron av irus e s , whe re s eve ral more p as s age s would be n -2 c e s s ary . 
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BIOLOGICN� CHJLFU\..CTERI:..� 1'ICS OI•' Tf:E ISO IJc'.I'ES 

Of the 7 virus e s  5 s oJ .g t; e d 1  one (D7!+/25A) 1.vas s uspe �t e d  

on the bA.s i �> of H '  s C PE in b ovine lun g  c t; J l s  o:f b f<� D0 "t> ovine 
vircl clia.rThoea ( !ND) virus . 1!p on c cmf:L:crro at ion cf this iclcnt � ty 

(Sc:rc, logical studi e s  of i s ol at 8 s ) , thi s v i rus W <.1S nut st udiecl in 
det ail . 

Fi,·e of the vinw e R  i s o l at ed (D74/2 , D7l1 /1 2 ,  D7�/1 9A, 

D7l�/1 9:3 , D7�/22-LJ-) were s ub s e quently iCJ.8n�; :i fied &s b e ine ent e r o-

viruses . Throu j·: 01x:; the rer:-:c-:.inder of the t ext , UceJ a.re 
c o l l e ct i v e ly r(:ferreo. t o  as -(; he er:t e ro viru s i s o l at e s .  The rer;-:ail' ing 
v i run (t·7!+/1 3-49 ) is �E:fO l'rcd t o  by it ' s  l aburat o l·y C..e s i f;D :i"c i on .  

The cyt ope.t h i c  ei'f o et s of' t l J c  i s ol.::.tc �' -.•1:.,; r':..! 
. ' . �A<:�·1J.rJ GCi :;_n 

c e l l  monolaye r�, . Tho entP. rcvi:cus i s o1 :ctes '.vere :o.i ;�;,i_i c: cl in !.lDJ31\ 
cell ::; ,  i :o> olc::.t e D7h/i 3-.VJ in Ve r a  c e l l s , ancl th2 BVD i 3 0 l at e  
(D74/25A) in f oet al b ov1.n e hm. g e e l ]  s .  

( b )  • A c ric1ir�e O l'' .::tn. 1;e st ej_l lin ;:; ---· "------ -- - �--.. -· .... ... �,., 

Thi s st a:i n  has b e en u s e d  under a varie ty of cond�_t :i. or• s  

of pH and c oncent rat i on by various au-::;h o rs . B e c au s e  of t his 
vari at i on ,  and t h e  emphas i s  l aid b y  s orN3 authors or. t he i�p o r-::; ance 

of c onc ent r at i on (S churnme lfede r ,  1958) ar1d pH ( A..n.cl<: rs on P.t al . ,  
1959) , it w ;:._s Cl e c::.d.ed t o  ex2rnine the effe ct of va�yin g the s t ai!:in g 

over a l imit ed pE range , us ing 2 c o n c en t r 2.t i ons of dye for varyin g 

pe ri oG.s of t ime . 

Unhwculated iWn oJ E.yers of MD P.K  ce lls w o r e  s t ained with 

acridine o range following the p r o cedu re de s cribed in Appencl:Lx ) 5  
but usine the dye at con cent r ?..t ions of' 0 . 05% aJ.1'l 0 . 0·1 % in acet at e  
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buffer at pH .3 , 3 . 5 _. !J. and 4 . 5 .  S t aining ti:n:; s were v aried 

f r om 5 to 30 minut e s . 

B c. s e d  on the re sult s of th6 2.b ove Gxpe r:i_rJer:t s ,  1\IDBK 
cel l - monola.yers ini'c:0tecl with entercv i:rus :!.s ol: : .t e s  n e ro examined 

ace:t at e  buf'fP. r  CJ.t pH 4- � f oll  owinc; th e p ro c ec' ur>e Ci.e s c r i  b ed. i:rt 
Appendi;� 3 . Vero ce ll :ncnol aye r s  iiii'e c-ted wit h reovirus 3 oncl 
un inf G ctecl 1\IDBJ\ and Verc cell c ulture s •.v e rc; used. as c ont ro l s . 

M: on o l ayers of MDBK c el l s  infr:<c:tcd v;i·C;h tj"J e cnt e l'ovirus 
i s o l at e s , Rnd Vcro c e l l s  infs ch· d  ;·.; i th i a o l L� e  D74/1 .>J ;.') , 'iJOre 

st ained using coripho f.; ph(,ne 0 st ain c. s  d e s c:r-ibco. i n  Afp 8l·.·.li:( 3 .  

C ontl ·o l  :prepare.t :i  on s we:ce the S 8Jl18 as �hat 1-'.!?. c:�d. J'o T  t l: o  .:.:.crid�. c;e 
o rallge st ain . 

Duplicate rr,onolcwers of :l o8t aJ. 1; 0v :i.nG t hyr o i d ,  t c st:i. s , 

3�5 

in o c u l ated with  1 00 T C  :U\. 0 of e ach of the en c e ..:' ovirus i s  oJ.s.t e s , a:c.ci 
]\. 

l· rlcubat "'.d at 7,· 7 °C . m l - 1 f' ' h  d 1 �  ,_ --' .t ne mono ayc rs 'NO re o t� s .s r-..Tsu. O :I'  c .e e ve up-
ment of cp e ,  a nd when thi s affe cted ao out 75j{, of the c G l :t s ,  t he 

affe ct ed culture s  were f ro z en and t hawe d 1  the dupl i c at e s  _;?ocl ed, 
an d  the t it re o f  virus sub se qu9nt ly dete rmined i� trip l i c at e  t �b e  

cultures or.., MDBK c e ll E.; ,  as des c rib e d  i n  the gene ral mat e rials and 

methods . F urther dupli cat e mO!l O l ayers of tb e s ame cell s w e re 
in o cul at ed. wit h  0 . 1 ml aliquot s of undilu t ed ,  f re e z e -thawed in

fe ctive cult ure fluid of i s ol ate  D71J1 3-�-3 , and with 1 00 T C ID 5 0  
of iso late D74/25A, aml ob s e rved f o r  the r1e v e J  o�,_,;en� 0 f  CP'C: . In 
additi on , 1 00 TC:m50 of' the ent erovirus i s o l at e s  was ino culat ed 

into c1up l i c at e  monolaye.r.s  of ne onat al canine kidney &ll.d lung c e l l s , 

and the s e  obse:t""ved for t he d e vel opment of C P�� . 



( e ) .  H aem.'lggl utinat hlg p rope rt i e s  o f  i s£.1 at e s  

The 7 i s o l at e s were t e st ed f o r  h :J.emagglut inat in g  

p r op e rt i·8 s a c c o rdin g t o  the pro cedure d e s c ribed i n  tlis  gene ral 

mat e ri al s  and me t hod s , u s j_n g dupl i c at e  t e st we l l s ,  an<l dilut i on s  

from 1 in 1 0  t o  1 in 1 2 8 0 .  E ach virus wao. t o st e d  ac;ai:J s t  huma..'l. 

type 0 ,  guine a p i g  and b ovine e ryth!:'o cyt e s , using in su')ation 
0 0 0 

t empe r ature s of 4 C ,  2 0  C and. 37 C .  T e st s  w e re reaC'. when t he 
e rythr ocyt e c on t r o l  c e l l s  had s et t led t o  a di s t inc::; b utt on . 

( f ) . Plaque prodl}r::t i on b;y: enterO'li rus i s o l at e �-; 

( i) C onfl uent dupli c at e  mono l ayo r s of MD BK c e lJ s in 

50  ml pl as t i c fl asks we re washed with PBS ar1d then ino c ;J.l at e d  

with 0. 1  ml ali quot s of t enfold di lut i on s  of the ent e r o�i rus 
0 

i s o l at e s .  F o l l owin g incub at i on at 37 C f o �:' 1 hour, t h e  mon o -

l ayers were ove r l aid with me d i um 1 99 cont c.in:i. n g 2% 8 '-� u.;_ '1 e  s e rum, 
ant ib i ot i c s  a'1d 1 %  a�ar , as de s crib e d  in Appendix 2 .  ? o l l ovri.n g 

s ol idifi c at i on of the overl ay at roor:. t emp e rat ure , the c- ult \..t:r'e �, 

we re incub at e d  at 37°C f o r  2 day s _, f o l .i onin g which �� hef we re 

given a furthe r ove rl ay of t h e  s run2 me rJ ·i_ .;m but a1 s o  c cnt ain i..'1 g 

0 . 01 %  of neut ral red dye . Aft e r a furt.l-19 r in cub at i on e,t 37 °C 
in the de,rk f o r 1 8  hou rs , the cul t ure s w3 ro ob s e rve �'J. f o r  plaque 
p roducti on . Pl aque c ount s in d up l i c at e  flasks at the hi ghe s t  
dilut i on c ont aining virus w e re e;·v-e r agecl , a'1d t he t it re expre s s ed 

as p l aque f o rmin g unit s (PFU) pe r  0 . 1 ml . 

(ii) F o l l owi:1g det e rminat i on of the t i t re s  of the st o ck s 

of the ent e rovirus i s olat e s , the pl aque t e st s  ·Ne re rep e at e d  in 

dupl i c at e  f l ask s ,  usin g  dilut i on s  of inoct�l a c al cul nt E:d t o  
c ont ain ab out 40 PF lJ p e r  0 . 1  ml . 'l'he p r o c edure varie d  from t hat 
de s crib ed ab ove i n  t h at aft e r the int i al ad s ':lrption pe ri od of 1 
hour, the mon o l ayers "Ne re wash e d  twi ce with Pm t o  remove 

unad.s orbed vi rus s o  as t o  rea.uce t he p:roduc t: i on of l ate devel o pin g 

plaque s .  One s et· of ent e rovirus inf e ct eel moaolaye rs w e re ove rlaid 

with the agar medium de s c ribed ab ove , a.'lc'l. the othe r s et was 
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ove r l ai d  with a s imil 'l.r medium in 
1 

whi ch 1%  s e aplague agar o s e  
0 

repl aced t he agar . C ulture s were hel d  at 1 �  C for 1 0  rninut e s  

t o  hast en s o lidifi cat i ml o f  t h e  agar o s e , c.rnd then in cub ated at 
0 

37 C f o r  � days , with a s e c ond ove rl:Jy inc o r p o 1·a.t in g 0, 1}1%  
neut r al r e d  dye b e in g adJ.ed at the .3rd d ay .  rcney we re then 

ob e. e rved f O :!:' plaque r ro.Juct i on 3IJ.d p�Ot 0 [:::!:'2.phe d .  

( c) T h e  pl aque t e st s we re al s o  rcj,le at c d  in 2J+-v1e J. l 

L ir:b r o  p lat e s ,  us i..YJ. g  rep l i c at e  !IID BY. c e l l  monol aye rs i.n:' e ct e d  with 

appr oximat ely 40 PFU of i s o l at e  D74/1 8 . O:n.e s et of we l l s  was 

ove r l aid with agar medium c ont air.ing 0, 1 ,  o :c 2% e quine s e rum, 

gnd the othe r set was ove rl aid with medium cont ainin g 2% met hyl 

ce l lulose inst e ad of agar , and the s am3 s e rur.1 c oncc.nt rat ions as 

ab ove . 'rhe mon o l aye rs we re. ob s erved mi c r o s c op i c al ly for plaque 

deve l opment ove r the next 3 days . 

( g) .  Effe ct of ac1dit�ve s 01]. ent e r ovi rus _£1!.2.�!_g_..£._:!:'�X�� �- ''�-� 

Purt he r re p l i c at e  mon o l aye rs of MlJBK ce l l s  in pl aBt i. c  
f l asks we re i..YJ.fe ct ecl y; ith app ro::dma1c e. ly 4-0 PI�u of cnt o t·oviru.s 
i s o l at e  D7L�/1 8 ,  and f o l l owin g ao. s o rpt i rm fo:c> � h0u:t' and 'Nashin t:T, 
wit h  PBS , we r e  ove r l aid wit h  agar or se apl a::rcw a�a::.'CJS'' :neclla 
p r e p ared as ab ove , but W-it h the furthe r in � ':.l:t'pt:>rat i on of' 
addit ive s as f o l l ows : 

diethyl aminoetrq l  dext ran (DEAE - dext ran) ( 25 t o  .:.oo/u�;/ml) 
p rot amine sulphat e ( 2 00 fu1d 400/ug/ml ) 
magn e s ium chl oride (30  nM) 

One cultur8 was us eel for e ach t re atment , ancl furt he r  

culture s we re left wit hout t he se acld :i. t i -rc s  as cont ro l s . All 
0 

cult ures we re incub at e d. at 37 C f o r  � days , with a s e c ond over-

lay cont ain i n g  0 . 01% n e ut r al red b e ing added. at. 3 day s . 'rhey 

were th.,;u ob s er"v �d for pl aque devel opment . 

------- ---- -·--· ---- - - - ---

1 Marine C ol l oids In c . , R o ckl ancl. ,  M a:i.ne >  U , .::; . A .  
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Repli c ate Vero c e l l  monolaye rs in Linb r o  24- we l l  plates  
were infected with ter,foirl diluti o:1s of isolate .  D74/1 3-1.; 9 ,  and 
after adsorpti on for 1 h our , were overlaid w ithou� iVa�,:-t ing v<it h 
me0.:tum 1 99 c o .lt &inin c; an.t ib i ot i c s , ·1 % s s aplaq·-1s a.ga:c o .::; ;:; ,  and 

further additives as fo1lows : 

( '  \ 1. ) 1 % e quine serum. 
r� ; \ ,·'--} 11 " 1 1  plus DEAE-dext ran ( 50 t o  400 /ug/�nl) .  

(:i±i} 11  1 1  1 1  11  protamine sulphate  ( 2 00 a11d 400 /ug/:nl) .  
(iv) If 11 11  1 1  magne s iuin c hl O:!:'i3.c; ( 30 ;n.M l I ' 

( v) 11  11  " " DEAE-de:x:t ran and magnesium chloride � as 
above . 

(vi) no serum . 

Cell control s and ino culat ed wel l s  sub jected t o  e ach 
0 t re atment were held at 4 C for 1 0  minut e s t o  s ol id.j_fy tht:: agaro se , 

0 
incubated at 37 C f o r  7 day s ,  and che cked dai ly f o -r plc::.�;ue 
production by micros c opic  ob servation.  

( i ) . Plag,ue_ ruri fi c at i on of' enterov i rus i s o l at e s  

MD BK c e l l  mono l ;;qe r s  i n  50 ml pl ast i c  flasks were 
inoculated_ with approximat e ly 2 0  PFU of e ach o t  t he ci> t o rov i rus 
i s olate s ,  ads orbed for about 1 hour , washed h1 :'L c e  with PES and 

then overlaid w::.th agar med_ilun as above , wit h no additive s . 
F ollowing s ol idif i c at i on at room t emperature , the cu} ture s were 
inverted and incubated at 37

°
C f o r  l� days . 

Plaques were l ocated with out s taining, ancl a s ingle 

is olated pl aque at least 1 cm dista11.t f rom it 1 s neare st neighbour 
was re moved fo r each i solate >  by a.spi:r:-at i 0� int o  a s t e Y':i le glas s 
tube .  The plug of' agar removed with the asscciated vi rus plaque 
was add.ed t o  a small v olwne of med:i. wn, <:m.rl then f ro zen and thawed ,  
t o  aia. dj_ffusion of t h e  virus f'rom the agar . A 0 . 1  ml volume of 

this medium was then used to inoculate a furthe r monolayer,  whi ch 
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was t re ated s imi l c:r ly . Th:; vi rus f rom the s econd pl aque was 
then grown up int o -v-i :cal st ocks , which we re frozen and. t it rat ed 

b efore use . 

Isolat e  D74/1 8 w as s e l e ct e d  for use with t hi s  proceclure , 

whi ch i s  based on that des c ribed by M attson et a � . ,  ( i 969) . 
( i ) A numb e r  of MDBK c e l l  mon o l aye r s  in t ube s we re prepared ,  ancl 
when co�1f luent , the ave r a ge cou:at of ceJ  l s  p e r  t ub e  v;a s  det e rmined 

by trypsinis at i on and c otm.t in g in a haor,,o cyt omet er . This vm :; 
5 . found t o  b E:: 5 x 1 0  cells pe r tube . 

J 
(i.i) The remainin g tube cell culture s v,'e:t'e inf e cted v; i. t h  a dose of 
virus cal culat ed. t o  give a tenfold mul"c ·Lpli city of infe cti on .  

(m) F o ll owin g a:i s o rp t i on f o r  30 minut s ,-, at 37 °C : t he monol aye r s  

we re washed 7 t illle s with PBS to r e mcN,? free virus , and then 
mai nt e n an c e  me•liwn was added . 

(h') Af't er e qui l ib rat i. on f o r  i 0 mirni� c: s , thG cu.l t ur e s  v:e re 
0 

inc �1b ute:d at .37 C ,  t hi s beii1 G t e:�;-en ::w t im3 z e ro f o r  the pu.cp o s P.  

o f  the ex p� riment . 

(v )  Culture s 1'-'f.'re harv':lst ed i n  c.upl ica;c o cct O ,  � '  i ,  2 ,  3 �  ! ,. ,  5 ,  
6 ,  E:.nd 8 hours , 

(vi) Cult ure med i a  fro:n dupJ:l. c at e  cell c·ul-::;ure s we r�.; pooled 
t ogether w�_t h the f l r st 2 washing;s fro:::1 t h-3 c 2l l  nto:J o1 'lyers 
b e l ow) , and cent rifu ged at 1 000 G fer 1 0  minutes . T he supernat�nt 
fluid was t hen s t o ::.'e c. f r o z en , and c.ny clop o s it ei c e l ls -.va.shed 3 
times in Pffi by cent :cifucation . 
(Vi� 'rhe c e l l  !!lO!!olaye rs f ron duplic :J.t e cult u :-o s  were washed 3 time s 
with J.=>B.') fo:· in ct:.b at i on time s u:p t c  2 hotlrs , a.Dcl 7 t ime s with 
ful 't he r  incubation up t o  8 hours . The first 2 we.shes we re added 
t o  the c ult ure merlium as ab o·/<.:l . 
cv.ll.9 A small. v ol ll!llO of mecli UJll w as aO..ded t o  e ach washed c e l l mon o

layer,  togethe r with re c ove red cells fro:n the o :-i ginal medium and 

washin gs , and th e cells then frozen a.>1d thawed. 3 t ime s . 
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(:ix) Re s idual c e l l  d eb voi s was w ashed off the t ub e  wal l s  w it h  a 

v o r L ex mix: e r ,  and the suspens i on of c e ll del.J ri s f rom dupli c ate 

t ub e s  p o o led t o get h e r  in a b ott le , t o ge t he r w ith a. furt he r sm.J.l l 

volume of medium used. t o  rin s e  the tube s .  
(x ) The ce l l  deb ri s and the culture med.:l um f r om each harv e s t  were 

t hen t :i.t l'at ed in t ripl i c at e  MD BK t ub <� cell c ulturr:) S , and the 
6 

re s t.;lt ing t it re ::; exp re s 3 ed. &s TCID50 p..:.; r ; o · cell s .  

Re s ult s 

( a). £yt opat hi c effe ct s of i s ::2_l at e� 

'.rhe ent erovirus i s ol at e s  (D74/2 , D74/1 8, D74/1 9A , D74/1 9B , 

D74/22-4) we re al l ch aract e rised by the e arly deve l oprnent of f o ci 

of round re fr act ile ce l l s . S e condary f' o d  s oon dc v8 l oped , and the 

effe ct spread r ap idly to involve the whole c e l l  she et . 

Aff e ct ed c ell s vw re n ote d t o  as sumG El. sp'.1er:� c aJ. s h ap<:: il.nd 

then to shri nk , fre quent ly le aving cyt oplasmi c st :::'anci.s att a ch•3d t o  

the gl a.s 3 in a d endrit i c  f ashion , The ce ll s s ub :>::: quent ly det ach ed 

and float ed free i n  t h e  medium . O c c a s i on al cel l s  v:ere n ot 0o. t o  

deve l op cyt opl as:ni c vacuol at i on d urin g t he de gene rnti on pro c es s .  

Haemat oxylin and e o sin s t aining reve c>.led that in 

additi on to t he ab ove cha1 ge s ,  t he nuc lei b e c ame pyk_n ot i c ,  

as su:ne d an e c cent ric p o sit i on in the cyt oplasm, a nd eventually 

f ragment e d .  Tl1e cyt opl asm was f re quently s een t o  devel Qp a p al e r  

st ainin g e o s in ophi l i c  cent r al are a  ins ide a more a'llphophi l i c  

s t ai:cd ... YJ.g · peripheral margin . F re quent ly t o o ,  a more int s n s e ly 

e o s inophi l i c  s pherical mas s was t o  b e  s e en ins id e  a vacuol at e d  

palP. c.ent ral are a .  

Isolate .  D74/1 3-49 differed from the ab o ve in t hat t he 

e arly f o ci.. of cpe were s o:newhat s J. o\·e r· t o  form, and though o t he r  
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D74-/1 8 

· D74-/1 9B 
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FIGURE -1 

This  shows the CPE induced in unst ai:wd monolayt:r�-; of ilillBK cells  
by the 5 ent erovirus isolat e s .  E arly CPE is shu'Nn by is olates  
D74/1 8 ,  D74/1 9A and D74/1 9B , and late CPE by i s olates  D74/2 and 

D74/22 -4. 
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Vero cell control 

FBL cell control 

Vero cells infected 
with is olate D74/13-49 

FBL cells infected 
with is olate D74/25A 



FIG URE 2 

D emonst r at e s  the CPE induced by i s o l at e s  D?J�-/i 3-49 anJ. D74/25A 

in comp ari s on with the i l' re sper..:t j_ve c e l l  c ont r0:� s . 
N ot e  t he diffuse nat ure of the CPE produced by i s olat e D74-/1 3-4-9 

in Ve ro ce l l s ,  and the s e l e ct ive affinity of i s olat e  D74/25A for 

f ibroblast i c  c e ll s , l e aving the epit he lial c e ll :: s land s re lat ively 

unt ouche d .  

4-0 



MDBK cell c ont r o l  D74/2 

D74/1 8 D74/1 9A 

D7h/1 9B 

Vero c e l l  con t r o l  D7l;/1 3-49 



FIC-UR:E 3 

Haemat oxylin-e o s in s t ained c e l l  mono l a.yers s h ow:i.ng the CPE 

induced by 6 of the vi ral i s o l.:..t e s . AlJ i s olat e s  are in MDBK 
c e l l s  exc e pt D74/1 3-49 whi ch i s  in V e r o  c e l l s . N ot e  the 

diffuse roundin g-up of ce l l s  p roduced by the l atte :c i s olat e ,  

and t he cell  sh owing cyt oplasmic vacuo l at i on .  
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D74/1 9B 



FIGURE 4 

H i ghe r magnificat io:1. of NillBK cells infe c t e d  v6th i s o l a t e  D74/1 9B . 
N ot e  t he e c cent ri c  pyk-not i c  nuc l e i  and the cent ral cyt op l asmi c 

inc l us i on b od i e s . 



f o c i  l at e r  d eve l oped. r ,  s ewhere on the cell she�t , the re was only 

slow pro gre s s ion .  At no st age we re mo re t han a small percent e.g·':l 

of the ce ll p opulat 1 on :3ffe ct8d .  Although thl� C PE oft en tended 

t o  h ave a focal dis t ribut ion , a c onsiclerabJ.c nurnb er cf:' affect ed 

ce l l s we re al s o  l oc at ed in c1ividually in a s c at t e red f ashi on . 

'l' he c Gl l s  were noted t o  as s ume a ro und refract ile 

appe arance and did not sh ow eviden c e of shrin}� age f' 'J r  so::1e 

oons :Ll.e rab l o  t i,ne . N o  cyi; ;:Jpl ::t.sr.rL c p r oc e s s e 0  we re s een, but 

cyt oplasmic vacuol at i on was o c cas ionally prs sent , though t hi s  

was al s o pre sent t o  a le s se r  de gree i n  uninf c c t e d  c ont rol cells . 

D e generatin g  cells were sl ow t o  det ach from the mon o l aye r .  

H aemat ox:;l:i_n a.<'1 i  e u :> in  s t aining showec1 o.J. s o  that t b e  

nuclei usually st ayed in a central po s it i on and showed l it t le 

change initia1ly . Eventually h owe ·1e r t hey b e c aine pykn ol. l c .  T he 

cyt oplasm sh owed sotne in c rease in st ainin r; int s n s ity and iil a 

small prop o r t i on of cel l s  cont ained i rre gularly shaped e o s in

ophili c in c lusion materi al , whi ch wo.s n ot s een in he a1:t hy cont rol 
c e l l s ,  alth ough smal le r sphe rical e o s in ophilie incl u s i or�s s or.1e 
t ime s we re . 

I s olat e  D74/25A, s ub se quently icl2nt ifi e d. .::l.S BVD virus , 

was only st udied in the un st ain,;d st at e  in fo et al b ovine lun g  

cel ls . I t  was s e en t o  c ause a foca.l C FE  whi_ch s oon sp read t o  

inv olve c on s i d e r able are as of the ce l l  s heet } aYld. was charact 

e ri s ed by the product ion of smal l round refractile ce ll s whi ch 

had a tenden cy t o  c.luste r  prior t o  det achment . Affe ct ed c e ll s  

s omet ime s showed cyt opl a.smi c vacuolat i on . The vi rus s e l e ct i vely 

af'fe ct ed f'ib r ob l ast i c  c e lls , epithe l i al cel l s  showin g l it tl e 

change . 

(b ) .  Acridine o range st a:!_D;ing 

It was found that varyin g the pH over t he t e sted 

43 

range made litt le difference in the final st ained appe arance . Li!:<:ew i se , 



the use  of 0 .25 and 0 , 01%  conc ent rations of  the dye result ed 

in very s imilar stainin g ,  t hough the l ower concent rat i on appe ared 

to give a s l i ghtly b ette r defin ed result . S t aining for 1 5  minut e s  

appeared t o  be  adequat e .  

As a c onse quence , the p r o c edure adopt ed invo lved a 

0, 01 % dye c oncent rat ion in acet ate  buffe r  of pH 4, usin g a 1 5 

minut e staining t ime (Appendix 3) . 

Ent e rovirus affe cted. cells  w e re all n ot ed t o  show a 

pat chy intensified s t a in in g  of the cyt oplasm . S ub se quent ly , the 

pe riphe ral cyt oplasm ( ex cept for  the dend.r-i t ic s t rands ) deve loped 

an even more intense �tain:L'1g ,  s:1rrcundin g & paler cent ral z one , 

which somet imes c ont ained a cent ral a.re a of inte� se oran ge colour . 

The chromat in of the nu cleus aclopt e d.  a ye l l ov: st ained appearance 
in contrast to  the nor-mal green c ol c:1;. r ,  BJl. d  eventually b e c ame a 

ye llow pykn otic mas s which final ly f ragmente�i .  
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The re ovirus  3 us e d  as a further st ain control - showed 

the production of well defined e;reen cyt opl a�mic  i.nc1u sions 

located aroWld the nucleus as d e s cribed by c; om at os et aL , ( 1 962) . 

S ome fading of fluore s cence with prol or: gt=o rJ exc it ation 

by b lue l i ght was ncted and c auseG. s o me prol_,lcLls  with ph ot o g :.·aphy . 

( c) . C orisphos_phene 0 s t ain ing 

Enterovirus infe cted MD BK cel l s  a"ld re oviru s  3 infect ed. 

Vero ce l l s all showed simi lar changes t o  t hose de s c ribe d  for 

acridine orange , except that t he cytoplasmic fluore s c en ce wit h t he 

ent erovirus infected  ce lls  appeared a st ronger red colonr than 

acridine orange . 

The i s olate D74/1 3-1.1 9 was al s o  examined with thi.s st ain . 

The cyt oplasm of affe ct ed cel l s  v:as noted  t o  show an int ensified 

red-brown stainin g ,  and the nucleus shov1ed a ye llow colourat ion 

of the chromat in, eventual ly b e c oming a yellow pyknotic mass . 



MD BK cell cult ure infected with 
enterovirus D74/1 8 ( Ac ridine orange 
st ain) . 

Vera cell culture infe cted with 
re ovirus 3. (Acridine orange st ain ) . 



FI GURE 5 

Ac ri di ne o ran ge s t ained :MDBK cells  inf e ct e d  with ent e rovirus 

i s o l at e  D74/1 8 .  The nu c l ei of infe c t e U.  cel l s  hn.v-e b e C; o • :te 
ye l l ow and pyknotic  ( in c ont ras t t o  t h e  norm'il green s t aining 

nuclei ne arby) , and al s o  s how i n c re ased int ensi ty of cyt opl asmi c 

st ainin g .  A re oviru s 3 infe ct ed Vero c e l l  cult ure i s  al s o  shown 

for c ont rol purpo s e s , and cle a rly de r:1onst rat e s the i rre t;ular 

cyt oplasmic in cl us i on s  obt ain ed with t hi s  vi rus . 
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MDBK cell cu lt ure infe c t e d.  "ll'ith 
ente rovi rus D74/� 8 ( coriphosrhene 
0 st ain) . 

• 

V e r6 cell cul.ture infe cted with 
re oviru s 3 ( C oriphospbenP. 0 :'3t. a:in ) • 

• 
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FIGTJnE 6 

C ori pho s rhene 0 st ained MDBK c e ll s infected v:ith ent e :r·ovi rus 

i s ol at e D7�/1 8 .  The nuc lei of inf e ct ed cel l s  have b e c ome 

ye l l ow and pykn ot i c ,  ( in c ont re �. t  t o  the n c: rrrnl g re e n  s t ain in g 

nuc lei ne aruy ) , and als o  sh ov; i n c re ased :int ens ity of CJt oplasrn:� c  
st ainir.g . A re ovi rus 3 infe cted Ve r o  cell culture i s  a l s o  sh own 

f o r  c ont rol purp o s e s ,  and cl ·? arly demon s t r at e s  the :i r r e g u l a r  

cyt opl asmic i n c lu s i on s  d ue t o  t b i s  vi ru s .  



Tw o type s of green cyt opl asmi c incl u s i ons w e j�e s e en .  One co!lsi sted 

of dis cret e sphe ri c al ob ject s of variab le s i z e  which we re: s e e n  

o c c c=.si onal ly in c on t r o l  Vero cells , but -;ve rt"; ;mJch m o r e  nume rous 

and occasion al ly multiple in :i.ni'e cted cell mono:Layc rs . 'l'he ot he r  

type appe ared t o  c ommenc e  a.s ar1 irre gu:ar gre en cyt oplasmi c are a 

with an indefi nite mar gin ; l at e r  tlc ve l opin g a ;no r r� di s r;ret e  

appe arance , t h ough remaL'1ing i rre gul ar in sh ape . The s e  were n ot 

s een in c ont rol V e ro cel l s .  

M onolaye r s  s t ained with t hi s  dy e appe ared t o  s how 

l ittle c o l our chan ge wit h prol on ged expo s ure t o  blue li ght . 

T ab l e  2 s hvw s the sus ceptit ili ty of the t e s t ed ce l l  

types t o  t he p r oduct i on o f  C PE b y  t l1 e  v ari ous virus i s o l at e s . The 

ent e rovirus t i t rat i on re suli;s in the 6 type s of c ·9Jls  whe re they 
p roduced. CFE are shown in T al1 le 3 .  

T able 2 

The EE�r!u ction of CP:S in vari ous cell  cultu��-b_.y tb..� 
L i �ol�t:_� 

Virus i s olat e  C e ll 

culture 

2 1 3-49 
D?l,jl D14/ 

-------------+--- -� 

-- , --- �-� . -,---�141 I ��lW ��:(_I ��;! 
F . B .  thyroid + + + + 

I F . B. t e st s + + + + 
F . B . kidney + + + + 
F .  B .  lWlg + + + + 
MD BK cells + + + + 
Vero c e l l s  + + + + + 
N .  C .  kidney N . T .  
N . C . lung N .  T .  
--------�---J..�---.L·---"'----

+ = CPE p rodu ced 
M = no CPE pr oduced 

N . T . 
N .  C .  
F . B .  

= n ot t e st ed 
= neonat al canine 
= foet al b ovine 

+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

N . T .  
N . T .  
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V e r o  cell culture s  infected with j_ s ol at e  
D74/1 3-·l.t-9 . ( C oriph :.s;Jhens 0 sta.i.n) , 



FIGUR1�� 7 

C oriphos phene 0 st ai ned Ve r a  c e l l  cult u r8 o  i nfe ct ed with 
i s o l at e  D71l/1 3-49 . N ot e  the twc type s of cyt oplasmi c  
inc lu s io n prod.uced , one a dis crete c; l obuJ aT b cly , c.nd the other 

i rre gul a.r and s omewhat d iffu s e . 
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F oetal bovine thyroid  cell control. 
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Foetal bovine thyroid cell culture 
infected with isolate D74/1 8 .  



FIGURE 8 

F oet al b ovine thyroid c e l l  cult ure inft:, ctec1 with ent e rovirus 

ic oJ.at e D74/1 8 ,  and 1m infe ct e d  c e l l  c ont::.· o l . 

�-9 



'f ab le 3 

The t i t r e s  of ent erovirus i s ol at e s in c ell cult m,e s 
in �£i:Ich th�__p_!oduced CPE--

·-------r--- � - --�------·----- ----------

C e l l  
cult ure 

T it re of ent e rovi rus is o l at e  ( l o u T C ID  /0 . 1  ml ) \ t>1 0 50 

D74/1 8 1. D7;:;1 9A I D7L,/1 3B I D7h/72 -�----

-------+----l--5 .-2-5--1--,:;;t�; 1 4 . 7: .. 
4.75  4 . 5  4 . 75  4 . 5 

D74/2 

MDBK cells 5. 7 5  

F . B .  kidney 5 . 25 

F . B . lung 5 . 75 5 . 5 5 . 25 5 ? !� . ' - ../ 5 . 25 

5 . 25 5 . 25 4. 75 

f5 
4. 25 3 . 75 4. 25 25 

5 . 25 4 . 5 4 . 75 5 

F . B .  te st i s 5 . 75 
F . B. thyro id 4 . 5  

Ve ro c e l l s  4. 75 

F . B . = foet al b ovine 

( e). Haemagglutinat in (i_pJ_:2�tie s <:2!--.i�� l at e s  

50 

The s eve!l i s ol at ed. virus e s  (D74/2 , D7L ,./i 3--�-9 , D74/1 5 ,  

D74/i 9A, D74/22-4, D7h/25A) al l appe ared at 1 in 1 0  ciluti on t o  

p o s s e s s  n o  haemagglutinins t o  hwnar.. type 0 ,  guine a p i g ,  o r  b ov ine 
0 0 0 

e rythrocyt e s  at 4 C ,  2 0  C ,  or 37 C .  

( f} P�L aqu� product i on by en t e r ovi ,_,u;; ,_i_:?_C?._�. at G s 

The re sult s of plhquin g the 5 e nt e rovin1s e s  i s o l at e s  

under agar a11d seaplaque agaro se medi a are shovm i n  T a.ble 4 .  
Ave ra ge p l aque s iz e s  we re obt aine i by estimation . 

Virus 
i s o l at e  

D7·'+/2 

D7�/1 8 

D74/1 9A 

D74/1 9B 

D74/22-4 

T able 4 

Pl aque devel omnent at Lf- d ays unde r 2..gar and s e apl e.que 
agar o s e  med i a  

S i z e s  of pl aque s under S i z e s  of p l aque s und e r  
agar medium (mm) s e apl aque agar o s e  

medium ( rmn) 
ranee avr.: r e.c;e rr.::.--:. ge I a·1s �,s.c;e 

-
1 -3  2 1 -3 2 

3:-5 4 2 -7 4 
' 

2-8 5 2-6 5 

0. 5-2 1 0 . 5-2 . 5  1 

2-8 5 3-9 7 
- ' 



D74/2 

D74/1 8 

D74/1 9A 

D74/22-4 



FIGURE 9 

Plaque development of 4 of the enterovirus isolates at 4 d�s 

under agarose. N ote the very small siz e of plaques with 

isolate D74/2 , and the large plaques with isolates D74/1 9A and 

D74/22-4.  
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C ons ide rable v ariation was noted in pl aque sizes  

within each vi ral is o l at e . Neverthele s s ,  di fferenc e s  in  ave rage 

pl aque siz e between the viral i s ol :o�.t e s  were e a s ily re .-:: o gni s ab l e . 

I s o l at e s  D7!J1 9A and. D74/22-�- b oth prod.uced l a r ge pl. a we s ,  i..'1 
c ont rast t o  t he smal l pl aque s of D74/2 a'1.d D74-/1 9B . 'J.'he p l aques 

of D74/1 8 were of an int e rl:led:i. at c; s i z e . Plaques we n: all of a 

circular type , with sh�rp edge s , and clear unstained cent re s . 

The mar gins o f  the plaque s  sho'Ned s ome increased aff'it:ity f o r  

the stain . 

Gone ra.lly, t he use of agar and s e a  plaque agar o s e  

re sult e d  in t he p ro du ct i on of s imi lar s i z e d  p laque s ,  v1i th t he 

exception of D74/22-Lf , whe re l arger plaque s wero p rodu c.:o d  unde r 

the agarose o ve rl ay .  C ompari s on o f  p laque numb e rs unde r eithe r  
ove:clay was n ot at··� empt ed ,  a s  t h e  rr.onolaye rs we re washed. after  

t he pe riod o f  ads orpt ion; t o  mc:k e s i:.udies J :!:, p J  aque m.0 rpb ol o gy  
an d  growth eas ier . 

The use  of met hyl c 2 llul o s e in the o v·2 rl ay with 

i sol ate D7!+/1 8 re s ult eu in a much sl owe r deve l opment of p 1 a<;ue s �  

b e in g only about ha1 d. the s :. z e  of p l a•?_'�e s grown_ unde r agar , 
Varying the concent rat i on of se ::.'un1 from O% t o  2% in eit he r  agar 

of met hyl cel lul o s (; ove rl ays made no diff e rence in rate of 

pl aque grow th . Be c ause of the poore r re sul t s ,  met hyl c e l lul o s e  

was not examined. furthe r a s  an ove :cl ay . 

( g) .  Effect of addi t ives on ent e r ovi r::!s pl aque pToduct_:i.:_£� 

The re sult s of using v ari01J3 addit ive s in t he 

overlay medium are shown in Table 5 .  

obt ained by e st imat i on . 

Ave rage plaque sizes  we re 
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T able 5 

Effe ct of addit i·:e s o · ent e rovi rus D7Lt-/� 8 pl aque prod£_ct i on 

at !± d.:.,y�:�sing ��'1.cl a�I_O.J?..�Y-.8.�)�� 

media 

Ad.dit ive 

n one 3-5 4 2-6 4 

DEAE -dex-l:; r-an 
25 /u g/ml NT NT 4-6 5 

50 /ug/ml NT NT 4-6 (T) 5 
1 00 1ug/ml 2 -7 4 (T ) ( 'r ) 
250 jug/ml 2- NT NT 
400

/
ug/ml 2-7 5 NT NT 

p rot amine 
s ul phat e  

200 /ug/ml NT NT 2-5 4 

400 /ug/ml 2-6 4 (T )  t T ·l \ I 

MgC12 . 30 mM 2-1 0 7 6-9 8 

_____ .,. ___ ___ ___ __ ......., .... . ___ - ------

NT = not te sted ( T ) =  t ox i e  ovs rlay 

(T ) 

D E.AE-dext rac1 cau sed a s.i.i ght in c:-eas e in plaque 

s ize in both agar and agar o s e  ove rl ay s . Thi s effe ct vvas s e en at 

l ow do s e s  of DE.AE-dext ra'l in a.g ar o s e  > b ut :re qu�red much hi ghe r 

d o s age in agar b ef ore the 
p o lymer of 50 

/
ug/ml and 

agar o s e  overlay . 

effect w as s een . C on cent rat i ons of t he 

ab ove we re t ox i c  t o  the cells und.•::: r 

Prot amine sulphat e  caus ed n o  effect on p l aque s iz e  

at t he concentrat i ons u s e d ,  thou gh t ox i c ity was not e <l a t  the 

hi gher d o s e  :cate in agar o s & . In c.:o1rL rast , magnes.i..Ulli c.:hl o l·iO.e at 

t he c on cent rat i on us ed , c au s e d  conside rab l e  enhanc ement of plaque 

grov<t h ,  t hi s  effe·ct be ing most evident in the agar o s e  over l ay . 
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N o  addit ive s 

400 
/ug/ml DEAE dext r an 

1+00 /
ug/ml Prot amine sulphat e  

30 mM MgCl2 



FI GURE 1 0  

Plaque development at 4 days of isolate D74/1 8 under agar, in 
the presence of the de signated additive s. Note the large r 

plaque s developed in the presence of MgCl2 • 

. u 
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(h) , Att empt s at plaque product ion with i s olat e  D74/1 3-49 

S ma l l  numbe rs of s c at t e re d  r ound ref L  .. c t i l e  c e l l s  
-2 

we re noted f o r  f o rm  at 1 0 d i lut i on of v:i rus b en8ath overlay s  
cont aining n o  s e ru;n, s e rum, and serurr, p lus p rot e;nine sulphat e . 
The s e  did n o t  appear t o  p ro c:;r e s s . Ve r o  ceJ. l s  ove rlaid with DEAE

dext ran at 50 /u g/rr.l st i l l  devel oped s ome t oxic c h sn ge s  aft e r  2 
day s ,  no CPE b eing re c o gnisab l e .  

The in c o rp o r at i on of magn e s i um chloriie in the 

overlay re sult ed. in the deve l opment uf f o c i  of r ound refract i l e  
-2 -3 ce l l s  at a dilut i on of  � 0  ar,d 1 0  of v i ru s .  This  eff e ct was 
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eve!! more evident in the ove rlay c ont ain in g a mixture of magne s ium

chl o ride and DEAE-dext :::-en . Howeve r,  although s ome progre s si on of 

the f o c i  was evident , it was t o o  s l ow t o  result in mac ro s c op i c  

pl aq ue f o rmat :i on .  

p rot amine sulplw t e  in t he ove rlay , It was f (lllYlG -l_: hat VP. ro  cells  
per s iste d i n  a mu ch healthi e r st a�, e when t hi s cherrLl. c o.l was in the 
overlay med.ium . A ::: mal l s id e  ex pe riment was made ueing tube 
culture s  of Ve r o  c e l l s  in maint eu a.n ce medh1rn c ont ai r,ing 400 /ug/ml 
of prot amine su lphat e a.YJ.� no s o l id ifyin g  a gent . Vero c e l l s  \'IC: Te 
st il l f' olmd t o  p e r s i st in a re l at ive ly he alt hy state  witt out 
mediun cha.."lge f o r up t

'
o 1 8  day s , '';hereas c ont rol  cG l l s vrlt h:m t the 

che mi c al c omme nced t o  de r;ene rate at about 7 d ay s .  

( i). p_laque .E.l!r:if�- c at i on of e nt e r o ·.•i rus i !? o l at:__<;:� 

TlJe met hod adopt ed f o r  d ouble p l a que pu rifi c at i on 

of the enterovi ru s i s o l at e s  posed no p a rt i cu lar p rob le�s , thou gh 

t he se cond purificat ion s t e p  had t o  be: :re peated at s l i &;ht d i lut i on 

f o r  2 vi rus e s , as the p l aque s we re t o o  n ume rous f o r  s e l e ct i on of 

well sp aced p laque s . 

( jl One step growth curve 

Tl:e re sult s cf the c-ne step growth c urve with 

i so l at e D74/1 8  are sho�m g raphi cally in Figu re 1 3  M ore detailed. 
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FIGURE 1 1  

V e r a  c e l l  culture infe cted with i s ol at e  D74-/1 3-4-9 , and non-infect ed 

cont rol cells , b oth overlaid with agaro se medium cont aining 

supplement al MgC l2 and DEAE dext ran .  Note the small mi croplaque s 

forming in t he inf e c t e d  culture . 

• 

5 6  



Ve r o  ce l l  culture at 1 5 day s , with 
prot amine sulphat e .  

Vero cell culture at '1 5 days with out 
p rot amine sulphat e . 



FIGURE 1 2  

Ve ro ce l l  cult ure s at 1 5  da.ys , v1i th a.nd w ith out prct auino su1 phat e  

i n  t h e  nut rient medium . N o t e  t h e  much be alt h:i e r  s t at e  of c e l J  s 

maint ained in the pre s c;n ce of p rot amine sulph;:�.te . 
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d at a  are p r e s ent ed in Appendix 4 ( T ab le A) . 

The e c l ipse phas e l asted about 1 hour , and was 

f o l l owed by a rapid in cre a s e  in cell as so ciat ed virus . The 
av e rage maturat i on t ime was f ound t o  b e  appr ox:.mat ely � h ours 
wit h maximal produ ct i on being re ache d at ab out 4.;- hours . 

Incre as e  in ext rac e l lu l ar v i rus was d.et e ct e d  at 

ab out 3 hours , being s omewh at s l owe r in it rat e  of de ve l o pment 

than c e l l  a s s o ciat ed v i ru s . Vi ral re l e ase was l e s s  t han 1 %  

c omplete at 8 hou rs aft e r  time zero . 

De spit e a t enf o ld mult ipli city of dof:e  r at e ,  t he 
tit re s of c e l l  as s o ci at ed vi ru s indi c at e  tha.t s l i f;ht ly l e s s  than 
1 OC/fo of the cells appe ar t o h ave be en i nfe ct ed du ring tr: e _30 

minut e a d s o rp t i on p e r i od , t h ou gh the exact pe rc e11.t a ge was n ot 
ab l e  t o  be det e rmined , due t o  the l i mi t at i o::l s  of' the t ripl i c at e  

t ub e  tit rat i on t e c hni que . N e v e rthe l e s s , t h e product i on o f  vi ru s  

was quit e hi gh ,  b e i n g  in the vi cinity of 2 000 Tcm50 pe r cel l . 

D i s cuss ion 
The cyt opat h i c  effe c t  produce d by the enterov i rus 

i so l at e s  in MDBK c e l l s  is s imilar t o  t h at de s c ribed by s e v e r al 

aut h o r s  st. udyin r, b oTine 

S prallbrow , 1 963 ,  1 964 ; 

viruses  (Wenne r , 1 962 ; 

e nt e rovi r u s e s  ( iVI u l l  and D avi s ,  1 959 : 

Rovoz z o  et_al . , 19G5) ar�d bu.rr.fL'1 e nt e ro
Melnick and Wenne r ,  1 969) . 

S imilar eosinophilic int r acyt opl as m:!. c inclusi on 

b odi e s  h ave b e e n  C OJJJTrent ed on by B arsk i  ( 1 962) 211J Melnick and 

Wer1ne r  ( ·1 969) wit h hwna.Yl poli ovi rus . Rifkind et a;h. , ( 1961) 
c onfirmed the presence of the s e  b odi e s  ele ct r on mi c r o s c o:p �_ c al ly 

and f ound them t o  be due to  the l oc al ised produ ct i on of u l t r a-
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micr o s c opi c ve s i c le s in the juxtnuc l e ar re gion .  Int ra cyt opl asmi c 

inclusion b o di e s  h ave a l s o  b e en described with bovj ne e nte rovi r u s e s  

by S pradbrow ( 1 963, 1 964-) and Rovoz z o  et al . , ( 1 965) , thou gh the 

l att e r  authors found them only with 2 out of their 3 i sol at e s , 

and t hen only inconst ant ly . 
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FIGURE 1 3  

One step curve with i s o l at e  D74/1 8 .  Vi r::Ll :::·e pli cat i o:1 

i s  s,een t o  o c cur in the c e l l  in app:.-oxi nat e ly 1 .  5 hours , 

but re leas e  of virus i nt o  the medium d oe s not c cmmen c e  

t il l  ab o ut 3 hours . 
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'l'he acridine s e rie s of dye s , v:hi ch includ e s  b ot h  

dye s uned i n  this s tudy ,  have been :c epo rt ed to diffe rent i al ly 

s t a:in doubl e  st randed and s :ingle s t :canJ.ed nucl e i c  acids (J awet z 

et al . ,  1 974) , pos sibly due to di st o rt i on of the aye moJ. e cule 
during it ' s  in corr o ::.·a.t i on betwe en the 2 sL:.··enrls of th e double 
s t r ar}ded nucl e i c  acid ( L e rman , 1 96�-) . Using the se c1ye!:� on 

enterovirus :infe ct ed ce l l s  sh owed some e arly l o c al i s e d  incre as e  

in cyt opl asmi c st ainin g ,  b ut did n ot differE'nt ially s-:; .s.in the 
in clus i on mat e rial ,  sug g e s t in G  that no d.ouble st randed ntw l e i c  

acids w e r e  p re s ent in the cyt opl asm. T h e  gr8 a.t e r s t abil ity of 

c ori sphospbene 0 uncle r b lue l i ght excit at i on compared with 
acridine o r ange as s e en in t hi s  study , was a1 s o  commente d up on 

by Keeble and J ay ( 1 9h2) , 

The rapid pr oduct i on and s pre ad of CPE with t he 

e nt e rovi rus i s ol at e f; , t o geth e r  with the i r  f' a:i l'ly v.'ide h o .s t  cell 

s p e ctrum , i s  in ac c o rd an ce w i t h  p re vi ou s ly pub li shed re po rt s  

(M o ll and D avi s ,  1 959 ; M o E:. c ovici _e t al, . ,  1 961 ) on b ovin e ent e ro-

virus e n . Th ough n o  CPE w as pr oduced in canine ce l l s ,  it was not 
dete rmined whethe r viral multipJ i ca.t i on heed t aken plaG8 . 

The lack of h c..emag gl ut inati on wit h  the 8Et e ro 

vi rus i s o l at e s  was not w1.e':<pe ct ed . Bovine ent e r ovirus -::; 3  have 

b een t e st e d  again st a wide ran ge of spe c i 0 n  of' e rythr o c_yt e s at 

v arious t empe rature s ,  fre quently with n o  su c c e s s ,  (Moll ana. 
Ul rich , 1 963 ; Rovoz z o  _et al . , 1 965) . Howe ve r ,  M o s c ovi c:i �-t al . ,  

( 1 961 ) and M at t s on and Re e d  ( 1 974) l'ep0rted haemagglut inat i on 

wit h  guinea p i g  and monkey e rythr o cyt e s  at 4 °C wit h . s ome of the i r  

i s o lat e s . L a Pl ac a et al . ,  ( 1 963) and S ehi ot t and. Hyl d::,aard

Jen sen ( 1 966)  als o  c onfi rmed h aemagglut in at i on of s ome i s o l at e s  

with monkey e rythro cyte s . O c ca.s i onal reacti ons t o  human type 0 
and b ovin e e ryth ro cyte s h ave als o  b een demon s t r at ed by Mo s c ov i c i  

et al . ,  ( 1 961 ) .  It was n ot re adi ly po s sib le t o  dete rmine whethe r  

t h e  viruses i s olated i n  thi s study were cap ab le o f  h aemagglut in

at in g monkey e ryth rocyt e s ,  though it would appear that the se are 

the red ce l l s  of' choi ce . J,a Placa �� · ,  ( 1 965)  used haemagglut 

ination with the se c e l l s t o  s ubdivide b ovine ente roviru s e s  int o 
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2 c l as se s ,  the se showin g  cl o s e  co rre l at i on with their anti genic 

charact ers . 

T he p ro:luct i on of pl aque s by b ovine ente rovirus e s  

has b een re c o rded by s evc�cal authors ( lv: o s  c o vici _e t al . ,  � 961 ; 

McF e rran� 1 962cc; Grat zek et al . ,  1 967) . Th e p 1 e que s prOC1J C.ed by 

the se  i s o l at e s  were all of a c i l ·cul ar type with sh arp e dge s and 

c l e ar c ent re s , s imil c;,r t o  s ome of' tho s e  de s cribed by M o sc ovi ci 
e t  al . ,  ( � 96 1 ) .  

T h e re was con s ide r ab le vari at i on in p l aq ue s i � e  

within e ach i s o l at e ,  t houeh t h i s  h a s  al s o  b een r e p o rt eel by 

1/i cF e rran ( 1 962a )wiU: be v ine eP..t e r ovir�s e s .  Even u s in t;  p l a que 

purified ent erovi rus e s ,  M os c ovici e"t2-l · ,  ( 1 961 ) s t i l l  found 

s ome vari ation i n  plasue s wit hin i s olat e s . De spl t e  t he ab ove 

ve.ri at i on ,  howev e r, th e re we re markeo. clifferen :.: C; s  in plaqu e 
s iz e s  between vi ral i s ol ate s ,  the s i z e s  bein� similar t o  tho s e  

a.e s c rib ed by Mc·s c ovi ci et al_ . , ( 1 961 ) .  

S ubstitut i on cf s e epl a q�e agG:roEe f o r  2.gar in t he 
ove rlay re mJ.lt e O.. in inc reased p l 2 que s i z e  witr, 1 i s c l 2.t e , 

D74-/22-4- .  Thi s e ffe ci.. has been c l e.irred t o  'ue due t o  t he l ow 

lev e l  of s ulph at cd muc opclys ac chari<les in t he puri fied. a ge.r o s e  � 

but more re cent ly it has been :m ge-c s t E d  by W ol1it'. and Melnick 

( 1 968a) that it i s  clue t o  the l ov1e r hyd r o een i on concent rat i on 

p re s ent in the agarose , as a c onsequence of the purificat i on 

procedure . 

The u se of met hyl c e l lul o s e  in the ov e r l a.y 

re r-ult e d  :'o..n the ret arded grov1t h of plaque s with i s o l at e  D74-/1 8 . 

Workin g wit]:--' human pol.io v:i.n1s , WalJ. i s  and Melni ck ( 1 968b ) al s o  
f ound that pl aque s grcvm uncl9 r met hyl c e llul ose ove rl ays were 

di mini shed i n  siz e and numb e r ,  a nd sugge st ed thi s i s  due to the 

more acid nature of this wedium. 

'rhe enhancement of plaque fomation by DE.AE
de.xt ran was rela1;ively small ,  but wc.e in e.ccordance vTi th the 
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findin gs of W allis et aJ. . ,  ( 1 9GC: a)ar.. d VhllJ is and Me lni ck ( 1 968a) , 

for s orr.e of t he i r' i s o l at e s .  The l ov1er l e ve l  of the DE.AE-dext ran 

n eeded t o  p roduce thi s eff e ct in aga r o s e  overJ.ays i s  p r o b ab ly due 

t o  t he l ow l evel of s ulphated mucop olys ac charides men.t i orre d  

p reviously .  Wallis and Meln i ck ( 1 96 8a,  t )  suggested t h e.t t he 

sulphat ed muc opolysac charide s pre s E-nt in ago.r b ind the maj o r  part 

of the DEAE - o ext r an ,  l e avin g litt le or none t o  enhar.. cc plaque 

growth . A s imilar me chani sm probab ly explains the difference in 

t oxicity in the 2 ove rlay me di a .  
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Prot amine sulph at e  dio. n ot enhance plaque f o rmat i on 

with t lJ e  single vi rus t e st e d ,  but did prove t oxic at t he hi ghe r  

concentrat i on in the ag.:;.ros e  ove rlay .  The diffe renc:e  i n  t oxi city 

in t he 2 media is p ror cb ly fo r t he s ame r e as on as wit h the DEAE -· 

dext ran ,  as W&l l i s  and. M e lni ck ( ·j 968a) a l s o  found. t h�.s l evel of 

the polymf: r t oxic in st e,rch gel and methyl c 8 l lul o s e  \)vo··lays , 
whi ch de not co nt ain any sulphc.t ed mocopoly saccharid e s . 

C or,s i o e rab l e  enhan c ement of p l ague grov;th w as s e en 

in the pre sence of 30 �.1 magn.:;sium chl o ride . T his effe ct we.s 

s omev>hat gre at e r  whE:n agarose was used , p o s sibly be c s.u s e  of the 

l ower hydr o e;er. i on. con centrat i on ment i oned p reviously . M nt;ne s ium 
chl o ride wa s al s o  f our:J. to enhance plaqt�e growt h wit h n:any b ovine 

ent e r oviruse s by We.l l i s  et al . ,  ( 1 966  a ) . 

T l1e vari at i on in the pl aque e nhancin g act ivity of 

the v ari ous additi ves appe ars t o  r el at e  to t he part i cu l ar st rair. 

of ent erovirus under t e st . W al l i s  et 1!_1 • •  , ( 1 96 6 a)fuund that 

magne s ium c hl oride enhanced the l ar ge st nwnber of st rain s of 

ente rovirus e s , whe re as DEAE -dext r an and prot amine sulph at e were 

much more re stri ct ed in the ir act i vity . I t  has been suggested by 

Wallis and Melnick ( 1 968a) that the enhc.ncin g acti on of the 

cat i oni c p o lyme rs DE.AE - clext ren and prot arnin e  s ulphat e  or. entero

virus pl aque produ ct j_ on is l argely re l ated to their pc s i  ti vely 

charged n at ure , r athe r than bein g a di re ct chemic al eff e ct . 



Pl aque purif'i cat ior.. of' the enterovin�se s  was 

carried out in an inverted posit i on ancl wi thout a furthe r  neut:r:·al 

red overle.y be cause o�" the rc c orr.m9nd.at i cm ::;  of Mosley and F;nders 

( 1 961 ) 1 so as to avoid c cnt ar.ri:1 et i on of the s ele cted plG.que by 

virus from a.'1otber  pl s.(j_ue . 'rwo purif'i ce.t. ion step5 we re conside J ·ed 

ade quate . 

The resul t s o f' the one s t e p  growth curve agree well 

with the re sult s obt c:.i:1ed for  a bovine ent e rovirus by Mcdt s on et  

al . ,  ( 1 969) , and shovred that viral repl i c ation took plHce ve ry 

rapidly . 'l'he rat e  of' virus rel ease w2.s s omewhat s l owe r than that 

re corded by thc:; s e  authors , but follows a s imilar pattern .  The 
yield of' ab out 2 � 000 T C ID  "' O  of virus pC:r cell i 1:. f' a.i rly hi gh ,  

./ 
compGred with the 800 PFLJ per cell rep o r� ecl by Me.ttson �.i...E.-1· .• 

( 1 969) . Hcrwever, hi elle r· yields of' up t o  5 ;1 00 Pl:'ll pe r c:.; ll  have 

been :ce port ed Vlith huncm poliovirus hy s ctwe :rclt ano. F o gh ( 1 957) . 

T h� CPE produced in Vcro c el l s  by isolat e  D 1'4-/l 3-1� 9 
was net ab le for it ' s  slow p rogress ion , cyt oplasrEic in clusions , ar,d 

lack of .int r<m u cl 8 a.r incJ usion s  an d syn eyt i a .  It sh cws s on·,E: 

similarity t o  the CPE produced by viruse- s  of the d.ipl crnavirus 

grol:.p , th ough the l ack of' h aemag glut inat in g act ivity w i t h  t he 

e rythr o cyt e s  test ed make s it less  J. ikely t o  bP. a re cv:Lr •J s , 

Be cause of' the s l ov; nature of the CP£ ,  it proved impos sible t o  
t it rat e this  virus by ordinary tube t it rat ion techni qw.� s . 

Att empt s at p l aque product i on wit h isolat e  D74/1 3-49 

were re lat ively unsucces sful , though the enhanced f' oce.l CPE 

p roduced :i_n the pre sence of' ma.gne siwn chl oride and DEJI...E-dextra.n 

suggest s  that further inve sti gation may re sult in a workable 

plaque tit ration system. T he apparently aCl.ditive effe ct of' the 

2 chemicals in E:nhancing t he development of' CPE has previously 

been report ed by F i ala a11.d Kenny ( 1 966) with rhinoYi rus pl aque s .  

It may aJ.s o  h e  of some relevance that magnesium chl oride has been 
reported by W al l : i s  et al . ,  ( 1 96L�) and S p endlove and S chaff' e r  ( 1 965) 

0 
t o  c ause act ivat i on of reov:i ruses f'ollowi.ng heat in g  t o  50 C. 



O the r sub stan ces whi 0h we 1·e n ot t rieC' . .  but whi ch 

de s e rve in ve s t i gat i on of the ir e ffe ct on plaque p rociuct ior.. and 

infe ct ivity wit h th i s vi rus , are p a."l c re atin and chymotryp :: in .  

The forme r enzyme has oe en re p o rt ed t o  i-r. d.uce pl aque production 

with reoviruses (W al l i s  et al . ,  1 966b ) whilst chymot ryps in was 

f ound by Spendl ove and S chaff e r  ( -1 965 ) to enr�ance re ovirus 

infe ct i vity. 

Isol at e  D74/25A, whi ch was s ub s e quent ly ident if i ed 

serologicaJ.ly as BVD virus , w a.s not examin ed in det ai l . However , 

t he rapid produ ction o f  CPE in lung c el l s ,  cou pl ed. with it 1 s n on-· 

cyt opathi c nature in kid.ney c e l l s , su gg3 st s that "'che use o f  f oet a l  

b ovine lung may L e  a us eful an d  s en sitive sys t em f o r  i s o lati on of 

thi s Vil'l.:t S ,  

'rhe mod.e of act i on of p rotamin8 !:>ulph at e  in 

p romot in g the hea.lthy maint enance of th e V8 r o  c e l l s  is un cert ain . 

Tytel l et al . ,  ( 1 %2 )  repo rt e d  that monolaye r s  of ce l l s  und e r  
agar overl ay s we re be tte r  maint ained in the p r c [.er; ce o f  thi s 
chemical a nd att ribut ed this t o  p rot amin e sulph e.t c  ov e rcomin f, t h12 

t oxi c ity of the agar • Ho·n eve r ,  thi s  appe ars t o  be an un l iLe ly 

exp l an a.t i on as the small s ide expe r-:. me nt ment i oned e arlier 
shov;ed tLat t he s ame effe ct st i l l  occurred in the ab s ;;n .:;e of an:,'· 

s o lidifyin g  agent . P rot amine sulphat e con ::. i ::. t s  l a.r gely of 

argin ine (W al li s  and Me lni ck , 1968a) and it may be that the re le as e  

of thi s sub stance f r om th e p rot amine sulp!"late by ce J.lular en zyme s 

prorr.ot e s the l onge r  and h ealth i e r  maint ena."lc e of Ve ro c e l l s . 



PHYS I CCCHEM ICAL PROPEFI' IES OF THE IS O LATES 

Me.terial s  And Mt=.:th.ods ---------- -

( i ) Undilu t e d  f r e e z e - thawed infe cted ce ll cul t '..lre 
fluids of each of t he enterovi rus is olates  we re f i l t e 1·eo thro�eh 

a 450 nm ( e.pd ) membrane filt e r ,  F rt:ez ro· - tha:�ied c e l l  cult ure 
f luids infe ct ed wl th vac cine strains  of j n fe c t i ou s  b ov:i ne rhi11 o--

1 2 tre.cheit i s  ( IBR) and b ovine vi ral diarrh oe a ( EVD )  viru::o e s  we �'e 

di lut ed i in 1 0, filt e r e d si mi larly, and u s e d  a s  virus controls . 

Ali quot s of each virus we re t nen filte red in 
s e quence through me mb rane fi lters of 2 2 0 ,  1 OC , and 5 0  nm ( apd) , 
ret ain in g sample s at e ach ste p .  Att empt s B t  filte rin g ti1 r o u gh 

a 25 nrr. ( 8pd) memb rane filter we re not succe ssful . Fi lt er s  wo :r e  
a l l  che cked for corre ct funct ion aft e r  use . 

The 200, 1 00 and 50  n m  filtrat e s  we re then tit rated 
f o r  viral c ont ent , usi n g  t ri plicate  t ubG e;·;l ture s cf :rv�D JJ\ e e l ] s 

for the ente royil·us is olat e s  artd IBR virus , and FBI_. c e l l s  for B\"1) 
vi rus . T i t re s we re de t e rmin ed aft e r  Reed and Muer:ch ( 1 938 ) 
analysis . 

(ii.) Undilut e d  fre e z e - thawed VP.ro cell c'J.lt ure s 

_ harv e st ed at 6 d ays followin g in oculation with D/'4/1 3-49 vir'..ls 
we re simil arly filtered t hrough 2 2 0 ,  1 00 ,  and 50 nm ( c.pd) memb ran e 

filters . Aliquot s of e a ch f i ltr at e  t o get h e :c with unfilt e red 
infe ctive culture fluid , were inocul ate<l int o duplic .�t e tu-o e cell 

cult ure s of V e ro ce l l s , B e c ause tit rat ion was not po s s iol e  wit h 
t his s l ow g rowin g virus , infe ct ivity of the inocul a was det e rmin e d  

by the p rodu ct ion of CPE at 5 d ay s . 

1 o Rhinovax , Tasman Vac cine L ab o r at orie s , Uppe r Hutt , N .  Z .  

2 .  Bovax . T asmen Vac cine Lab o r at orie s , Uppe r Hut t , N . Z .  
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( b) • S ens it ivitx__£f the is o l at e s  t o  b romodeoxyuridine_iE,m:·R ) 

( i) Rep l i c ate tub e  ce l l  culture s ,  with or  wit hout t he 

add i t i on of 1 00 lug pe r ml ( (; , 33 mM) of B1JD R  :i.n the maint enanc e 

media: w e re ino cul at ed wit h 1 00 'i'Cm50 of e ach of the eute rov i ru ::o  

is ol at e s , a..Dd of vac cine s t rain s of IBR 3.nd BVD viruse s . NID EK 
cells  were used for all virus e s  e xc ept BVD , whe re FJ-�L cell s we re 
used , 

D upli c ate cult ure s o f  eit h e r  t re atment of e ach 

virus were harve st e d at post i n o culat i on ifl t e rv&l s  as f ollows : 
i solate D7�/1 8 ,  at 1 ,  5 , 8 , 1 6 9 and 2l1- hours ; IBR virus at 1 ,  1 2 , 
24 ,  48 ,  a'1d 72 hou rs ; BVD vi rus at 1 ,  i 2 , 21+ ,  48 ,  72 , and 96 hon rs ; 
a.'ld the remaining 4 ent e rovirus i so l at e s at 24 hou rs . 

Following harve sting,  infected cell Cl� lt u re s w e re 

frozen , and subsequently tit rat ed in t ri p li c at e  tu1Je cell  culture s  
of c orrespondin g type t o  t he ab ove , and t i t re s  det ermined f' ol l owi:1 g  

Reed and Muen ch ( 1 938)  analysis . 

(ii) Be c au s e  of the s l ow growj_n g n a t ure of i s olate 
D7L�I1 3-49 , a different p ro ce du re wa s .:dopt ed . Repli c 2.t e b ott le s 

of Vero ceJ  ls were pre p are d ,  in maint enan ce m6clium wj th or vvithout 
the addit ion of 50 lug pe r ml of' BUDR . ( Previou::> w0rk indic2ted 
that 1 00 lug pe r ml of BUDR c aus ed s orr.e slight t ox i city t o  the 

Vero cel ls . ) 

A 0 .  ·1 ml volume of undilut ed stock of isolat e  

D74l1 3-�-9 was ino cul ated int o a set of cult ure s , wit h o r  without 
the addition of BUDR .  1 00 Tcm50 of re ovirus 1 and vac cinia 

virus we re inoculated similarly and used as  resistant and sus c e pt 

ib le vi ral contro l s .  

All 3 -.,rirus e s we re s erial ly pas s aged 3 time s at 

week ly int erval s through si mi l ar tre atment s , usir1 g 0. 1 ml of 

fre e z e-thawed culture fluid for reinoculat i on . Re sult s W 8 re 
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asse s sed 'cy t he p re ss. · :;e o r  ab s en c e  o f  CPE , culture s b ei n g  

ob s e rved every 2 t o  3 d ays . 

Chloroform se n s i  ti vi_!:,Y of the i f.> Cl l ate f'_ 

The ente rovirus iso l at e s a.nd i s ol ate  D71+/1 3-1+9 

were t e sted fo r chlorofo rm sensitivity usin [ the method of 

F e ldman a'1d W en g  ( 1 961 ) .  IBR and va c c in i a  vi rus G s  we re u s ed as 

c ont r0l s .  

Duplj c at 8  1 ml volumc: s o f  e ach virus were p repared , 

using � in 1 0  dilut i on s  of stocks  of e ach vi :rus ex cept vac c :i..nia, 

where und i lut ed stock was u s e d .  OEE:, sarr.ple  of e ach virus was 
t re at e d  with 0. 05 ml of chl orof o rm ,  mixed welJ. far ·j 0 mim<i. e 3  
at room t emper ature , <ID d.  then cent rit�uged t o gether v;i t h  it ' s  
unt re ated cont rol at � > OCO G f o r  1 0  minute s ,  t o  depr.1s .i t t he 
crJ. orof o rm . s upernatant fluids were renJ Ovod a.'1d f'ro 2 en . 

C hl o r of o rm t re at e d  and c ont r o l  s ampl e s  we re then 

t e st e d  for viral act :·Lvl ty as follows : the ente rovirus i s c l at s s  
and IBR virus s ample s  wc;; re tit rat ed in t ri pl. i c a.-l:".e t ub e  c eJ l  

culture s of MD BK cel l s ,  the vac cinia  s ampJ. e s  i n  t ripli cat e  V e r o  

c e J.l c ul t ur e s , and is o l ate D74/1 3-1+9 was inocul at ed. int o  dllplicate 

Ve ro cel l cult u re s and asses sed o n  the b a s i s  o f  de vG l op:n8:nt o f  

CPE . 

( a ) . Ether sensit ivity of the i solat e s  
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The enterovirus is o l at e s we re t ested for sensit ivity 

t o  diethyl ether following the method of' Andrewes and H o r stman 

( 1 949) , using IBR and vaccinia vi run e s  as cont ro l s . Two ml volurr-e s 

of 1 in 1 0  Q i lut ed st�cl::s of' the entc rovirtts i s olntss  9.1'ld of' IB� 

virus , and 2 ml volume s of undillJ.ted vaccinia virus sto ck ,  were 

t r eat ed wit h 0 . 5  ml of diethyl ethe r ,  le avin g furt he r replicate  

sample s as  unt :reated cont rol s .  S ampl e '3  we re then sealed and l eft 
0 

for 1 8  hou rs at L� C .  T he ethe r was s ubsequently removed by 



evaporation and al l sampl es we re then  frozen , pend i "' g  tit rati on. 

Vac c i ni a  . s ample s  we re t i t rated in t �dpli c at e  

tube culut re s  of V e ro cel ls , ana. the o t he r  s ample s in tripl icat e  

MD EK cell culture s .  Re s ult s we re as ses sed f oll owing Reed and 

Muench ( 1 938) analys i s .  

( e ) . S en s itiV:i.iY__E.f the i solat e s  t o  s odiurr_ de oxy:::hclat e 

The enterovi rus isolates ,  t o gethe r with IBR and 

vac cini a virus cont rols , we:re tested. a c co rding t o  the te chn i que 

of Theiler ( 1 957 ) , as mo dified by Calisher and Ma'less ( �i 973) . 

S olut ions of 0 .  2% bovine se rum albt:min in PES we re 

prep ared, with and without the addit ion of 1 in '1 , OOC d.Llut i or1 of 

s odium de oxy cholat e ,  and sterihsed by f i. lt ration .  .A.l iquot s of 
0 . 5  ml of each virus suspended in maint enance med ium vre re mixeo. 

with an e qual v o l ume of either solut ion , incub at ed in a 37 °C 

wat e r  b ath for  1 hour ,  and t hen tit rat ed. in triplicc:.te tub e  ct:ll 
culture s ,  usine; MDEK :::ells  for al l virus e s  except va.ecinia,  where 

Vero cel ls were used . 'I itrcs were determin ed fol lov, in g  R e ecl and 

Muench ( 1 938) an.alysis . 

( f ) . Acid s en s it iv ity of the ent e rovirus_ i s o l at e s. 

T he enterovirus isolat e s  were tested. for ac id 
sensit ivity using a modif i c at i on of the method. 'Jf' Mat t s on e t  .s.l_. , 
( 1 969) . IBR virus dilut ed. 1 in 1 0  from frozen stocks was used 

as a susceptible viral cont r ol , and enterovirus st ocks we re 

used undiluted . 

M&intGnar.'l.ce medi1::. of pH 2 . 5  x::d 9 . 2  ·.verc: p:r3pa.rsd. 

by ad justment with 1N  HCl and iN NaOE re spe ctively.  A 0 . 5 rnl 
volume of viral suspensi on was added t o  2 ml of maint enance me(lium 

pH 2 . 5 ,  t o  give a final pH of 3 . A similar v olume of virus was 

added t o  2 ml of normal maint enanee med.ium pH 7 . 2 . D uplicates  of 
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b oth t re at ment s were � ncubated :Ln a 37
°
C water b ath , harvestin g  

a set of e ach t re at ment at 1 and 3 hou.rs . Acid t r e at e d. viral 

s ampl es w e re then di lut ed vli Lh a.."l. equal vc-lume of alkaline 

maint enance med ium pH 9 . 2 ,  to gi\'e a final pH of 7 . 2 .  T he 

corre s pond in g cor.tro l s c:mple s w e re s imil ai.'J y dil uted j n  normal 

maintenance mediwn pH 7 .  2 . 

Acid t reated and cont ro l sampl es  we re then 

t itrat ed in t riplicat e  MDEK tub e  cell cu.lt ure s ,  and the titre 

d et ermin e d  foll owin e; R e e d  and Muen ch ( 1 938) analys i s .  

The enterovirus is olates  we r e  al l t e st ed for t he Y-mal 
0 0 

stability at 56 C awl 37 C .  11ep l i c at e  volume s  of each vil·us we re 

placed in bi joux b ott les , and incub at e d ,  using a 5G
°

C wat e r  bath 
0 

and a 37 C incubat or.  S o.:npJ.e s we re harvested f rom the w ater b ath  

at 0 ,  -&5 1 ,  2 ,  and 1,. hours ,  an d  from the incu-b at or at. 0 ,  2 , h ,  7 ,  
and 1 1+- days . 

FoJ  lowin g h 3.r v e st in e: ,  sarr.pl es were f ::::-ozcn rap id ly 

in a -80°C ult radeepfre e z e , u.nd th.::m t it rat ed. in trip l i c at e  t ube 
cu lture s of :MDBK c e ll s , tit re s  b e i n g  det e rlllinecl foll ovtin g Reecl 

and Muench ( 1 938 ) analysis . 

( h) .  C at ion i c  stabili s at i on of the ent e ro virus i s olates  

Tbe en t e rovirus i s o l at e s  we re t e sted for cat ionic 

st abil i s at i on at 50
°
C with molar MgCl2 s oluti on using a procedure 

similar t o  that d e s c r i b e d  by Wal li s  and Melni ck ( 1 962 ) . 

Viral st o cks vve re dHut ed ·1 in 1 0  and mixed with 

e qual v olume s of either sterile d.istilled wat e r  or sterile 2M Mg:C12 
in di stilled water . Following in cubation in a 50

°
C wat e r  bath 

f'or 0,  1 ,  and 3 hou r s , samp l e s  were harvested and ±':cozen rapidly , 

and sub ::> e quently t it rat ed in tripli cate MI:·:BK tube cell culture s ,  

using Reed and Muench ( 1 9.38 ) analysis t o  a s s e s s the end p oi..l'lt s . 
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Port olani ��L al . ,  ( 1 968) sh o;vc d ttat tbe re was a 

c o rrelat i on b etwe en ant i genic charact ere. of b ovine e nte rovi ruse s  

an d  their  ab i lity t o  multiply in the p re sence of 5 /ug pe r ml 

c on cent r ati on of HJ3B . The ent e rovirus i s o l at e s  were th e ref o r 

t e sted  f o r  thei r ab iJ i ty t o  grov; in the pre sence  of t hi s  concen

t rat i on of HEB , by inoculat ing 1 00 Tcm 50 of e ach vi rus int o 
dupli c at e  MDBK tube cell culture s maintained with o r  without 5 ,ug 

I 
per ml of HBB in the maintenan ce medium. Cultures  were harve st ed 

when viral CPE was fully deve loped in the unt rl� at e d  s ampl e s , the 

dupli cat e s  p o oled , a'1d the titres det ermined by t it r at i on in 

triplicate MD BK tube cel l  cultures ,  usin g Reed and Muench ( 1 938) 
analysis . 

( j) • Ent e_E_ovi rus c oncent r at i o}!. �o lvet_hylen3'JJ..�l-.. . (I�.0-. .£' oo_q 
:e_reciE\; t c:.t�.,2!2 

Polyetbylene glyccl  6 ,  000 he.s been · ... �. ::, e d  by a numb e r  

70 

of authG rs t o  p·urify 2nd c oncent rate  seve ral viruses ; u s i n g PEG 6 ,  000 

c oncent rat i ons of 6% (McS l:arry and Benzingo r ,  1 970) , 8% (D ella--Fort a 
and We st away , 1 972)  and 1 ofo  ( Panirw. and D eS imone , 1 973) . 

T o  det e rn,ine t he opt imal c oncent rat i on of PEG 6 ,  000 

f o r  c onc entrat ion of ent e rovirns e � , a vo lume of i s olat e Dl'l-1/1 8  was 

rende red cel l fre e  by c entrifugation at 2 , 000 G f o r  1 0  winu-Ges , 

and di spen s ed in 20 ml aliquot s .  'l' o the se , PEG 6 , 000 was t hen 

added and di ssolved t o  give fin al conc ent rat i on s  of 0 ,  2 , �.!. ' ' 6 ,  7 , 
8 ,  9 , and 1 C1fc' and they were left for 1 h our at 4°C fo r the 

pre cipitate t o  form .  Each ali quot , inc luding the unt r e at e d  con t rol ,  

was then cent rifuged at 3 , 000 G· f or 1 0 minut e s . The p re cipit at e s 

were suspended in 0 .4  ml of maintenanc e medium, and frozen , t o gethe r  

with t he unt reated control . 

T he c ontrol and t est s amples we re t hen t it rat ed in 

t riplicate MDBK t ube cell cultures and the tit re s determined by 



Reed and Muench ( 1 938) 8nalysis . 

Protarn:�ne sulphate has b e en used at 0 . 2)7� 
concenh'at i on by 'J' en?k a  .:-::t.....§-1. . ,  ( ·i 969)  t o  C DD C:C!1t rc:t e b ovine 
ephemeral f ever virus . T o  det ermine t he effe ctivene s s  of t hi s  

chemical in c onc ent rating ent eroviruse s , s t e rile s o l ut i on s  o f  0.  5 ,  
1 ,  1 . 5 ,  2 ,  and 2 . 5% protamine sulphat e  were p repared. in C. i st i 1l e 0. 

wate r . A ·v o lume of i s o l at e  D74/1 e. was reaclered c e l l  free by 

centrifugat i on at 2 , 000 G for 1 0  minutes , e�d dis pensed in 20 ml 

al iquot s . A 5 ml volurr.e of e act st r·engt ll  uf prot9JI!j n e  s ul p h ate 

was add.ed t o  e ach aliquot of virus , so  a E; t o  give final conc en
t ra.tions of 0 , 1 , 0 . 2 ,  0 . 3 ,  0 . 4. ,  and 0 . 5% prot 311line s ulph at e . 

F o l l owin g 2 hours at 4 ° C ,  the t re ated s arq:: l e s  and. cc1 untrcat�:.> cJ 
cont rol we re c en t r:ifl�ged at 3 , 000  G f o r  1 0  minute s . J.'hG re c o v c rec1• 
precipit at e s  we re dissolved in 1 ml of ma�.nt cuance 1:1eo.ium . Thee 
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supernat ent f'luj ds , the r e su spended viru s e s  and th0 'J..nt. re atc d. c or.! :!"'ol 
virus we re all t hen tit rat ed in t ripl i cat � MD BK t ube c e J l  cu ltm.'es 
and the t it re s  det e rmine d by Reed and Muen ch ( � 938) ana:'.y 5 i s a  

ArrT.J.oniL;m sul phat e has b e en wic1(; ly use:J. as a p rot ein 
precipitant in the pu rif'ic at i or. of the. globul in frci.ct i or1 of serc.:11 , 
( Hebert et al . ,  1 973) but has had much mo re limited use i n  the 

purifi c at i on and concen t ration of vi ral ant i gens and vi ruse s . T o  

determine the effe ctivene ss of this c he mi c al in con cent r at in g  

ente rovirus es , infe ctive cult ure f luid o f  i solate D74/1 8  was 
rendered c e l l  fre e by centrifugat i on at 2 , 000 G f'or 1 0  mirmt e s , 

dis pen sed in 2 0  ml al i quot s , and equal vol ume s of st el' i l e  am.monium 

s ulphat e  s o lut i on adde d ,  t o  give fin al c on c en t rat i on s  of the 
chemi cal of 2o%} 3Cf/o, !1-o% and 5C% s aturat ion at room t emperature . 
A furthe r  cel l al:i_quot v1as l eft untreated , as a cont ro l . 

Fol l owing 2 hours at 4 °C , samples we re al l centri
fuged at 3, 000 G f o:c i 5 minute s  a.r..d any pre cipit ate c o l l e ct ed and 



rediss olved in 0 . 4  ml of malnt en a."l ce medium . S upernatant f luid s , 

redi s s o lved pr o ci p i -G at; e ,  EUld unt reat ed c ont rol v i rus were then 

tit rat ed in t rip li c at e MDBK t ub e  l:e l l  c u lt ure � and t it re s 

d e t 8 rminerl f o l l oviing Reed and Mue n e; h  ( 1 9 _3:3 )  a11aly :: :i. s . 

The buoyant density of i s olat e  D-14/1 8 we. s deter
mined by is opycni c cent rifugat i on in a c ae s ium chl oride gradient 

u s ing t he met hod of R ow l aYJ.ds !:_t al :.._ , ( 1 9TI ) • 

( i) C ae s ium chl orid e was made up t o  �Slrr/c and 40% c onc ent rat i on s 

( w/w) in 0 . 04 M pho s phat e b uffe r ,  pH 7 . G .  Using an . .Abb� type 

ref r act omet e r  and pykn omet e r  b ot t l8 s ,  a st and ard c urve was 

pre pared of refract ive i nd.ex a gainst d e n r� ity for c ae s hun ch l oride 
s o lut i on s o f  s e v e r al st ren gt hs between jef/o and 4o%, b ein G corre cted  

f o r  phosph at e  b uff e r  conte nt . 

Cii) A con cent r at ed prep arat i on of i s ol a t e  D74/1 8 ':, as prepared 

by pre cipit at i on with 8% polyethylene gly c o l  6 , 000 , the 

pre c ipit at e  b e i n @:  redi s s o l v e d  in 1 ml of 3o% c ae s i um  chl oride j n  
pho s phat e  buff e r . 

(ii]) Three l ine ar gradient s of cae s iUTn c hl oride f r o m  3Cfo t o  MP/o 
we re t hen made u ::> i n g  a gradi ent makin g de vi ce ,  and 0 , 1 ml of 

conc ent rated vi ral preparat i on carefully overl aid on t op .  The 

remainder of e ach tube W 8IJ  f illed with l i quid paraffin and then 

sea] ed, and the tubes c ent ri f u ge d  i.."l a swing- o ut rot or at 90, 000 

G for  6 hours , using a Be ckman mode l 1 pre parat ive ult racent rifuge . 

(iv) F ollowing c ent rifugation ,  1 0  drop fracti ons we re c olle cted 

from each gradient by puncturing the b ctt om of each t ube , and the 

corre spondj ng fracti ons po oled t ogetbe r . 

( v) The dens ity of caesiwn chloride in each fraction was o.eter

mined from it ' s  refractive index , and the viral content dete rmined 
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by plaque tit ration in Linbro 24-well  plat e s ,  plaque numbers 

being assessed by microscopic observat i on .  Fract ions were als o 

examined in a Ph:i. ll ips  EM 200 ele ctron microscope , us ing a 

negat ive staining technique wit h  2% Pl'A <>S de s c ribe d  in t he 

gen eral mate rial s  and me thods , but al so  incorporatin g a cycle  

of  wa::?hin g i n  d istiJ. led  water: prior to  st aining) s o  as to remove 

t he caesium c hloride depo s it s .  

( n )  • Ultracent rifugat ion of is olat e  D73-L1 3-49 

Triple freeze-thawed distil led water lys at e s  of 

D74/1 3-49  infe cted Vero cell  culture s  harve sted at 6 day s )  were 

rendered cel l free by c ent rifugation at 3, 000 G for 1 5  minutes . 

They were then ct>nt rifuged at 1 00 , 000 G for 2 hours in an an gl e 
rot or in a B ecklnan model L p repa:cat ive uJ_ t r ac ent rifu ge , the 

pellet s dis s olV·3d in a smal l v o lume of dis-t i l led wat e r, and the se 

then examined unde r a Ph i l l ip s  EM 2 00 elect ron mi c roscope fol l ow

i ng ne gat ive s � ainin g with 2% PrA ( gene ral ma:t e rials  and met.horls ) . 

MD BK cell cultures infe cted with the en te rovi rus 

isolates  we re harve sted when ab out 75% of thG ce ll s shc:wed CPE 

end were prcp3.red for e l e c t ron mic:roscopic ex an.rLnat i on by t he 

ne gative staining techni que wit h  2% PTA, as de s c ri b ed in the 

general mat e rials  a:'ld methods.  They we re then excunined in a 

Phillip s EM 200 ele c t ron. mi crosc ope . Ve ro cel l cultures infected 

with isolat e  D74/1 3-l+-9 we re harvested at 6 days and examine d  in a 

s imilar mrumer . 

( p) . •  Ela ct��.£!'��c ex amination of_j;_h-Ln s e ctions of cel l  

culture s infe ct ed with the ente ro7irus is olates  and isolat e  

MDBK cell culture s infe cted wit h  the ente rovirus 

i solate s we re harvested when ap11roximat ely 6Wo of the ce lls 

showed CPE ,  and V e ro cells  infe cted wi th isolat e  D74/1 3-49 we re 
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h arve s t e d  at 6 days . They we re t hen pre p ared int o p e llet s ,  

s e c t i oned and st ained as de s c rib ed i n  t h e  gene ral m at e ri al s  

and met h o d s , a'1.d examined und·2 r a Phi l l i p s  EM 2 00 e l e c t ron 

mi c ro s c ope . 
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Result s 

( a ) . Filt r::Ltion studies of the isolat e s  --- -------

The re sult s of filtration studies  on the ent e rovirus 
i s olate s s  and on IBR and B\'D viral co :1tro�s , are s :hown in T able 6 .  

Typical CPE was fou...YJ.d t o  b e  produced in Vera  cells  
ino culat ed wit h  unfilte red culture f luid of  i s olate  D74-/1 3·-4-9 , and 
with 220 run and 1 00 nm filtrates  of this fluid . 'l'his effect was 
not seen in Vero cell  cont rols , nor in cells  inoculated with the 
50 nm filtrate . 

On the basis of the se  result s ,  the ente rovirus 
i s olates  would all appe ar to be smaller  than 50 nm diamet e r ,  

i solate D7L�/1 3-4-9 would be between 50 nm  and 1 OJ nm , and the 
maj ority of IBR viral particles would be between 1 OJ n11 <m d  220 
run .  The s i z e  of BllD virus is harder t o  det e rmine ; it would.. appe ar 
t o  be  between 50 nm and 1 00 nm diameter ,  but was al so  ret ained t o  
a co�siderable de gree by the 1 00 nm filter . 

T able 6 

Titres  of fi lt rates cf the ente rovir-us isolat e s  

-

Virus 

D74-/2 
D74-/1 8  
D74/1 9A 
D74-/1 9B 
D74-/22-4-
IBR 

BVD 

and of viral controJ s 

T itres of filt rates  
2 2 0  nm  
-
4- . 0  

5 .75 
5 . 5  

I 4-.75 
4- .75 
3 . 75 
2 .75 

-

· - - -· 

( log1 0  TCID 0 / 0. 1 ml) 
·---·-'------

1 00 n11 50 nm 

4- . 25 3 .75  
5 .75 5 . 5 
5 . 5 5 . 5  
4- .75 4- . 7 5  
4- . 5 3 .75  
o.  75  o . o 

1 .75 o . o  



( b J . S ensitivity of the i solat e s  t o  bromodeo�uridine (BUDR) 

( i) The growth c urve of an ente rovinls i solat e  (D7 J+/1 8 )  
an d  of  BVD and I BR viruse s  i n  the pre sence an d  absence o f  BUDR are 
shown in Figure 1 /+ . More detailed data are pre sented in Appendix 

4 (T ab le B) . 

The titres of the remaining I+ enterovirus isolat e s  
grown f o r  24 hours in the pre s ence and absence of BUDR are shown 
in T able 7. 

BVD virus and the ent erovirus iso lates  al l proved 
t o  b e  re sistent t o  the action of BUDR ,  in cont rast t o  IBR virus , 
which showed marked inhib it i on of viral multiplication . 

Table 7 

Growth '2.f.._it._..§.nt��.r.:�Lt..solat�� in___t_he p_r��� 
and absence of  BUDR 

�- -�--�-- - -----------.,...-.------ -----
Virus 

- D74./2 

D74/1 9A 

D74/1 9B 

D74/22-4 

BUDR concent ration Viral titre at 24  hours 

----- - - --- -·-- ----·---- ----

0 

1 00 

0 

1 00 

0 

1 00 

0 

1 00 

6 . 25 

6 . 25 

5 . 5  

5 . 75 

5 .75 

5 . 75 

5 .75 

6 . 25 

(ii) Cytopathic  effe ct deve loped normally in untreated 
cont rol cultures inoculat ed with isolate  D74/1 3-49 , reovirus 1 
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and vaccinia viruses , with all 3 serial p as s ages . It also developed 



8 
E 

0 6 --
0 

o"' 
u 
1-

0 
m 0 2 

Cl> .... 
1-" 

6 0 .... 
> 

5 

2 

5 

I B R 

2 0  

B V D  

2 0  

Co n t r o l  

1 0  

4 0  

40 
T i m e  ( h r )  

1 5 2 0  2 5  

6 0 8 0  

6 0---.------:-----
8 0  1 0 0  

B U  D R  _ _ _ _ _ _ _  _.. 



FIS-UR� 1 �-

Grovvth of ent e rovirus D74/1 8 ,  and IBR and BVD vimses  
in the presence and absence of  BUDR .  N ote the retarded 
growth of IBR virus in the presence of B1IDR . 
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normally in BUDR treated cul ture s inoculated with isolate 

D74/1 3-l1.9, and reovirus 1 viruse s ,  at al l 3 serial passage 

level s .  Vaccinia virus showe d compl ete suppres sion of CPE in 

BUD R tre ated cultures. 

(c). Chl oroform sensi tivity of th e isolates 

The results of chloroform s ensitivi ty testing of the 

various isolates are shown i n  Table 8. 

Table 8 

Effect of chlorofonn tre atm�nt on viral i nfectivit� 

Vi rus Viral infectivity 
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----·----------·------------- �----------------·-----------
Untreated control virus 

D74/2 3 . 7 5  

D74/18 4. 5 

D74/19A 4 . 75 

D74/19B 4 . 5 

D74/22-4 4 . 5 

D74/13-49 pos 

IBR 3. 2 5  

Vacci nia 3. 25 

+ 
= log10 Tcm 50 /0. 1  ml 

++ 
= CPE _ present . 

+ 

+ +  

Chloroform treate d virus 

3. 5 

4 . 75 

4 . 5  

4 . 5  

4 . 2 5  
+ +  po s 

o . o  

o . o 

The enterovirus is olates and isolate D74/1 3-49 all 

proved to be resi stant to the acti on of chloroform. Both IBR and 
vaccinia virus were inactivated by chloroform treatment. 

(d). Ethe r sensitivi ty of the isolates 

T he titres o f  the e nterovirus iso lates md of  IBR and 
vaccinia viruse s  � reated with and without 2Q% diethyl ether at 4°C 
are shown in T able 9. 



T able 9 

Effe ct of ethe r t reat ment at 4°c o� viral infe ctivity 

D74/2 
D74/1 8  
D74/1 9A 
D7h/1 9B 
D74/22-4 
IBR 
Vaccinia 

virus 

3. 75 
4 . 5 

4 .25  
4 .5  
3 .75  
3 . 5  
3 .25 

---------------

( l o g1 0 T CID
50 

/0 . 1  ml ) 

4 . 5  
3 . 75 
4 . 25 
o . o 
3 . 25 

The ent e rovi rus i solates  and vaccinia vi rus Vie re all 
0 

re sistent to the action of diethyl ethe r at 4 C ,  i.n c ont rast t o  
IBR virus , whi ch was inactivated . 

The t it res of vi ruse s t reated  with a11d vvithout 1 j n  

2 , 000 dilution of s o dium deoxycholate ( SDC ) are s hown in Table 1 0 . 

T able  1 0  

Effect of s odiu.c"'l de ox.zcholat e  on vi ral _ infe c t ivit.z 

Virus Tit re s  of vi rus ( log_1 O Tcm50 
/0 . 1  

,.-; 
ml) 

Untreated cont rol vlru.s SDC t reated virus 

D74/2 4.5 4 . 25 
D74/i 8 5 .75 5 .75 
D74/1 9A 6 . 0  6 . 5 
D74/1 9B 5. 25 4.75 
D74/22-4 5 .  75 5 . 75 
IBR 4. 75 o . o  

Vaccinia 4 . 25 3 .75 
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The enterovirus isolat e s  :and vaccinia virus were 

all f ound t o  b e  resis'- '3nt t o  the acti on of sodium de oxychl orat e ,  
i n  c ont rast t o  IBR virus whic h  was inactivated ,  

(£' )  • Ac id sen sit ivitv of the ente rovirus i s o lates  -� �;...__;;;;.;;.:;,.__;;=-::.�. 

T he titre s  of viruse s  following incub ation at 37 °C 
for  periods of 1 a'1d 3 hours at pH 7 . 2  and pH 3 are shown in 
T ab l e  1 1  . 

Table  1 1 

Effe c:;:L2f_ac:id _treatment.J.E.H 3) fo :r 1 and 3 hours at 

37°C on vi r�J-.. infe ct ivit,y 

----·--...-.---------·--------· 

Virus Titres of viruses ( lo g1 0  TCID50 /0 . 1  ml ) 

-- ------ ·------
Unt reat e d  c ont rol vi ru s Acid tre ated virus 

D74/2 
D74/1 8 
D74/1 9A 
D74/1 9B 
D74/22-4 

- IBR 

--��-------------- -------------�-------
1 hr 

4 . 25 
4 .75 

4. 25 
4 . 5  
4 . 5  
3 . 5 

3 hr 

4 . 5  

4 . 25 

4.25  
4 . 25 
4 . 25 
3 . 25 

1 hr 3 hr 
-----

4 . 25 4. 2 5  

4 . 5  1., . 25 
4 . 5  4 . 25  
4 . 25 4. 25 
4 .  75 4 . 2 5  
o . o  o . o  

The ente rovirus isolat e s  all proved t o  be  stable at 
pH 3 for up t o  3 ho'.lrs , in cont rast to  the IBR vi rw:; c ontrol which 
was inact ivat ed within 1 hour . 
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8 1  

( g) .  He at . S t a_b_i_l_
i
_t"""j'-' --o_f_the ente rovi rus isolates  

The  effe ct s of  incubati on at 5 6
°
C aJh '  37

°
C on  the 

infe ct ivities of the enterovirus i s olates  are shown graphi cal ly in 

Figures 1 5  and 1 G  re spe ctively t ogether with the corre sponding half 

live s .  More detailed re sults  are pre s ented in Appendix J.,_. (T able  C 
and D ) . Because of the anomalou s result s obtained with is olate 

D74/1 8 , t he p rocedure was repeat ed for thi s  virus , u sing alt er

native viral st ocks . 

All t he enterovi rus i s olat es showed a marke d drop 

in tit r e ,  within 30 minutes  at 56
°
C ,  and within 4 day s  at 37

°
C . 

Half l i  v0 s of the isolat e s  averaged ab out 3 minute s  at 56
°

C and 

about 7 hours at 37
°
C .  With the ex cept i on of isol ::rt e  D74/2 , all 

isolo:c e s  show�d an even.tual s lowin g of the inactiv9ti o:r, rat e  at 

b oth temperatures . Isolate D74/1 8 showe d the l onges t;  persisten ce 

at b oth temperatures ,  and was particul e.r ly notable for the s light 

resurgence in infe ctivity between 1 and 2 hours at 56°C .  

Toe effe ct s of incubat i n g  the ente rov irus i so lates  at 

50°C in the pre s �mce and abs ence  of mol ar magne sium chl oricie are 

shown in Table 1 2 . 

T able 1 2  

C atio�ic stabilisation of_�E.���ru�solat e s  £l.E2l ar 

�e sium chloride (Mg�l�� at 50��-

T it re s  of viruse s ( log1 0 TC�.2c/ 0 . 1  ml at time s  ( hrs ) : 
1--·-- -

Vi rus Unt reated. cont rol virus M olar MgC 12 t re at ed virus 

0 1 3 0 1 3 
D74/2 3 . 5  0 . 25 o . o  3 . 75 3 . 5 3 . 25  
D74/1 8  4. 25 1 . 25 0 . 5 4 . 5  4 . 25 4 . 25 
D74/1 9A 4 .  75 1 .75 0 . 5 4 . 75 4. 25 3 . 75 
D74/1 9B 3 . 5  0. 5  o . o 3 . 5  3 . 25 3 . 25 
D74/22 -4 4 . 5  1 . 25 0 .75 4. 25 .3 . 75 3 . 75 
- L -L. 

The enteroviru s isolat e s  were all s tabilised at 50
°
C 

by molar magnes ium chloride , in cont rast t o  u..YJ.tre ated  cont rol 

virus es .  
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F IGURE 1 5  

The rmal inact ivati on of enterovirus is olates  at 56°C . 
N ote the relat ive ly rapid rate of inactivat i on of 

is olat e  D7L�/2 , a.VJ.d the apparent react ivat i on of 

i s olat e  D74/1 8 on t he 2 occasions it was te sted . 

Init ial half lives of isolat es were as f ollows : -

D74/2 : 2 minutes  

D7i,-/1 8 :  2 " 

D74/1 8 :  3 " 

{ refeat ) 
D 74/ 9A : 3 " 

D7L�/1 9B : 3 " 

D74/22-4 :  3 " 
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FIGURE 1 6  

0 
The rmal inact ivat i on of ent erovirus i s olates  at 37 C .  

Note t he l owe r stability of i solat es D74/2 and D74/1 9B . 

Init ial half live s of isolat e s  we re as f ollows : 

D74/2 : 5 hoJrs 

D74/1 8 :  8 " 

D74/1 9A : 8 n 

D74/1 9B : 5 " 

D74/22 -4 :  7 " 
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( i ). S ens it i vit;y of' i s olat e s  t o  ... "t!Y..E...<?:C:zE.enz;yl ben zimidazole ( HB�) 

T he result s of growing the enterovirus i solat e s  in 
the p re sence and ab sence of HBB are shown in Tab le 1 3 . The growth 
of o�ly a sin gle  isolate (D74/2 )  was fow1d to be inhibited by the 
chemi c al .  

T able 1 3  
Growth of ent erovirus i s olates in th�re s-::mce nncl 

ab s en c e  of HBB 

Virus 

D71+/2 
D74/1 8  
D74/1 9A 
D74/1 9B 
D74/22-4 

Tit re s of �����e s ( l o g1 0 ·rc::n50 !_�� 1 ml_)_� 

Untreated cont rol virus HBB tre a-:;ed vi rus 
1----·---·------- -------------

4.  75 
4 . 5  
4 .75  
4 . 75 
5 . 25 

1 . 75 
4 . 75 
4 . 75 
5 . 25 
5 . 5  

( j) • Ent��i���'2_cent ration _bL...P..&�!.b-.Y�:.ene _gl;yco:�_jPE�) 
.§.: 000 prec ipitatior,?; 

T he result s of concentr at in g  isolat.e D74/1 8 by 
pre cipit at ion with various st rengths of PEG 6 , 000 are shown in 
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T able 1 4 . C oncentrat ions of PEG 6 , 000 of between 6% a."ld 8% appear 
t o  be adequate for  pre c ipit ation and c oncent ration of the vi rus ,  no 
further effe ct b ein g gained by hi gher c oncent ration s  of the chemi cal . 

' -



T ab le 1 4-

Ir£'!:.£.ti V:lli.2.L :;ir�L.££££�n t r...9.:t cs obt �:h:t]pd -�__E,E_E;_c_:i:]2i t ati on 
�ith :�ari ou s conc:entrat.,��'2�__9..f PE�-�000 

Untreat e d  virus t it re 
( log1 0 ·rcm50 /0 . 1 ml ) 

PEG 

(%, 

6 000 
w/v) 

�it re of viral c on centrat e  

I ( l o g1 0 TCID 50 /0 . 1  ml) 

·-r---
4- . 75 2 

4 
6 

7 
8 
9 

1 0 

1 4- . 5  

5 . 5 

5 . 75 

5 . 75 

6 . 25 

6 . 25 

6 . 25  

.__--------------+----------------------�·------

The re s ults of co0cent ro.t in g virus D74/1 8 by v ar:i. ous 

concentrations  of p rotamine sulph at e aro show:1. in T able 1 5 .  

All c on cent rat i on s of  the che mi cal appeared equally effective in 

conc ent ratin g t he vi rus . Alth ough it was ori ginally intended to 

- redis sol ve the precipit at e  in 0 . 4- ml of m aint en an ce medium: this 
proved impossible : as the pre cipit ate s  from the 0 . 4% and 0 .  5�S treat
ment s W ::J 1.lld not di s solve in thi s volu;ne . C ons equent ly , all pre cip
itat e s  were dis s o lved :i.n 1 ml of the mediwn, for the s ake of uniform
ity . 

T able  1 5 
Infe ctivity of viral con£ent���-��t ained by precipitat i.�� 

with various stre!:._gths__2f__:e.rotSl:JE_ine �.Qat� 

Unt reated vi ral tit re f Protamine S0 1  Tit re ( log1 0TCID5c/0. 1  
+ 

ml) of I ( log1 0 Tcm
50 / 0 . 1  ml ) cone . (%, w/v) c oncentrate  supernate nt I 

I 

0 . 1  6 . 5  3 . 5  

5 . 25 0 . 2  6 . 75 3. 2 5 

0 . 3  6 . 2 5 3 . 5  

0 . 4 6 . 5  3 . 25 
0 . 5  6 . 5  3 . 25 

- ---



86 

The use  of &�onium sulphate  c oncentrations at 2o% 
and 3afo final strengths resulted in no vi sib l e  pre cipit at e b eing 
formed .  T he infe cti vities  of the concentrat e s  p roduced from the 
use of \Cf%, and 5o% concent rations  of amJiOCJ.iu:n sulphate are s hown 

in Table 1 6  , moderate pre cipit at e s  bein g  formed. with b oth  
c oncent rat ions ,  though s lightly more profuse ly at the  highe r rate . 

T able 1 6  

Jnfe ctiv�:ti....£f viral c2nc_�nt rates ob tained b.z E£ecipit ation 
w:iJ;h 30% &'1.d J±..cf2-�'1!.<.?].1iUJ!_ S 'Jlphat e  

Untre at eo. viral titre cone . Titre ( log T C ID /0 . 1  ml • 1  0 50 of : 

,------------------1 
( lo g

1 0  
TciD5al 0 . 1  ml) (%, w/v) c oncentrate  • supernatent 

r-----------
1 4 .75 l ____ ---J_ 

40 

50 
5 . 5  
5 . 5  

( m) . �o,yant den s_i t,y dete:rnr�;lat i on of is olat e  D74/1 8 

2 . 7 5  
2 . 5  

The re s ult s of pl aque tit rat i ons  of th8 various 
fraction s , together with re sult s of elect r on microscopic examinat ions , 
are sho·ilffi graphi cal ly in Fi gure 1 7 More detailed dat a  are 

presented in Appendix 4 (T able E ) . Peak infectivity was found t o  
occur at a density of approxiH1aLely ·1 . 34 g/illl of caesiwu chloride 
solut ion . 

Two f raction s ,  numbers 1 2  and 1 3, were found t o  give 

anomalous refract ive index re sult s , and w e re disre garded . It is  

thought that traces of  water may have been in the b ottle s used for  
colle ctin g  these fract ions . 
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FIC.URE 1 7  

D en s i ty a�d infect ivity of c o l le cted f ract i ons of C sC l  gradient 

with i s olat e  D7�-/1 8 .  The hi s t o gram shows the re lat ive 

fre quency with which viral p art i cle s were s een on e l e ct ron 

micro s c op i c  examin at i on of n e gat ively st ained frac t i on s ,  t his 

b e in g  s e en to c oinc id e  with infe ctivity . 
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( n ) .  Ult r acent rifu gat i on of i s olat e  D7,+/1 3-h� 

Thou gh c onside rab le searchi!lg of grids w as und e r

taken , few viral partic les  were detected upon elect ron mi cro-

scopic examination o f  negati vely stained pre p ar at i on s  of the pel let s 

obt ained by ultracent rifugation .  

( o) • E le c t ron micros ::: opi c  examLJ.at i o!l of negat ive ly s t ai!led i s o l at e s 

E le c t ron mi crographs of the enterovirus i s olates  a...YJ.d 

is olat e  D74/1 3-49 are s,� own in Figure 1 8  . T �ough mo st of the 

enteroviruse s were f ound as single part i c l ·e s ,  D74/ 1 8  was al s o  

found a s  an aggre gate  encl osed in a memb rane b ound ve s i cl e . I s o lat e 
D74/1 3-49 posed. conside rab le problems in l o c ating re c ogni s able 

p art i c l e s , and. few mi crographs we re taken . 

The enterovirus i solat e s  wc;re all of a simi lar s iz <3 , 
of approximately 2 5  nm t o  :2 8 nm, while'::;t i solat e  D7�/1 3-·'+9 had a 

dia1net e r  of approximately 80 nm . Both c l as s e s  of virus po sses sed 

a sphe rie al to  hexago:1al shape and appe e.red to  s h ow cu1) i c  symet ry .  

( p )  • E l e ct ron mi c r o s c oni c exami':'lation of thi:'l s e c t i on s  of c e l l  

culture s inf e cted vvi t h  t h e  en: e rovirus i s o l at e s  and with 

B ot h  sho rt and l ong methods of pre p arat i on (D o ane 

et al . ,  1 974.) u s in g  epon-araldite and S purr '  s re sins were found t o  

be  s at isfact ory, thou gh the l atter emb eddin g medium proved much 

more c onvenient t o  handle , on account of it ' s  lower vi scosity . 

Whi l st a det ailed study of the ult ramicros c opic  

changes  was not made , it was  noted that cel ls infected with t he 

ente rovirus isolat e s  produced l arge numbe rs of smoo t h  surf ac ed 

vesicle s situated near t o  t he nucleus and als o  showed apparent l o s s  

of ground sub stance . Numerous ele ct ron dense granul e s , of s imilar  

s i z e  and density to  rib o s ome s ,  were to be f ound in t he cyt oplasm, 
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oft en in l ar ge a.ggr-e gP -l-; e s . With 3 of the ent ero-virl lS e s  large 
orde red array s 0f the s e  part i c l e s  w e re seen at 21+ hours p o s t 

inf e ct i on ,  th o ugh n o t  at 8 hours . T he dia'llet e r  o:f the den s e  

part i cles w as folmd t o  b e  b etween ·1 2 nm abd 1 4  n:n, wit h a cent re 
t o  cent re di s t ance in c l o s ::: --packed aggre gat e s  o f  about 2!+- nm. 

N o  c e ll s i n f e ct e d  V'ith i s o l al; e  D74/� _)-J�3 c ould be 

l o c at e d ,  p o s sibly b ec o.L<.s e  of t he l ow p r O:tJ O rt i on of infe cted. c e lls 

in inoculat e d  cell cultur e s . 

Ele ct ron mi c r o g r aph s of s omo of the s e ct i on s o f  

ent e rovirus infe cted c e l l s  are shovm :i.n F i gure 1 9 . 
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FIGURE 1 3  

Elect ron micro graphs of ne gat ively st ained ent erovi rus 

isolat e s  (D74/2 , A74/1 8 ,  D74/1 9A, D ?4/1 9B , D74/22-4) and 

possible  diplornavi rus D74/1 3-1+9 . 

N ote the memb rane en closing viral part icles with i s olat e  

D74/1 8 .  E:vl X 200 000 . 
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FIGURE 1 9  

Elect ron micrographs of thin sections of cell culture s  

infe cted with s ome o f  the ent erovirus i s olat e s . Note 

t he l arge aggre gates  of dense viral part icles and t he 

cyt oplas:nic v3.cuolat ion .  

Uranyl acetat e  - lead citrat e st ain . EM x 39000 . 
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D is cus si on 

The re sult s of the filtr at i on studies with  the 
enterovirus i s olat e s  sugge st s  they hl l  have a size of les s  than 

50 nm . Using the d'lta  of Elford ( 1 933) on f iltrat ion behaviour 
of small particle s ,  sizes  of 25 nm or les s  are indicated . These  
result s sho·w good agreement with publi shed report s ,  whi ch suggest 

a size of between 2 3  nm and 28 nm (McFerran, 1 962a; Va'1. D e r  M aat en 

and Packer, 1 967 ; M attson ���. ,  1 969)  or  of less  than 50  nm 

( Rovo z z o  et �1. , 1 965) . 

I s olate D74/1 3-49 would appear to h ave a size of 

between 50 nm and 1 00 nm, j ud ging by it ' s  filtrat i on behaviour,  

thou gh u s  Ln. g the fO Ntula of Black ( 1 958 )  relating fi lt rat ion 

behaviour t o  parti c le size , a di��eter of 48 nm is suggested . 
Howeve r ,  s iz e s obtained by fi lt rat ion c a11. only be regarded as 

approximate , preci se measurement requi ring othe r methods ( At oynat an 

and Hs .Lung ,  1 964) . 

The filt ratiot1 behaviour o:"' the IBR cont ro l virus 

is in ac co rdance with report s  by T ousimi s et a�. ,  ( 1 958) and 
Ar.ns t r on g  i:,t a�. , ( 1 961 ) ,  su gge sting a size  of be tween 1 00 nm an.d 

1 50 nm. 

C onsiderable variation exists in repo rt s of the 

size of BVD vi rus , varying f rom 22 nm t o  275 nm. It has been 
sugge sted by Fernelius ( 1 968) that BVD viruses  may be heterogeneous 
in size , and th at noncyt opath.Lc  st rains may show a higher de gre e  of 
cel l  associat i on tha"l cyt opathic strains , resulting in differences 
in filtration b ehaviour . Howeve r,  most re cent report s sugge st a 

size of between 50 nm �'l.d 1 00 nm, bas ed on filtration b ehaviour 
(Taylor et al . ,  1 963 ;  C ast rucci �t al . ,  1 968 ; Fernelius 1 968)  o r  
on ele ctr on microscopic st udies ( Rit chie and Fernelius 1 969 ; Mae s s  

an d  Meczko ,  1 970) . The filt ration behaviou� o f  the cont rol BVD 

virus in this experiment shows good agreement with these  report s .  
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BUDR has b een used to indicate whether  DNA i s  

synthes ized during viral replic ation .  It act s b y  inhibitin g  DNA 

synthesis , due t o  it 1 s inc orp orat i o'1. int o D)! A in place of 

t hymidine ,  result ing in the pro:luct i o:1 of f aulty nuc leic acid 

( Smith et al . ,  1 960) . Though this methoi has s ome limitations 

wit h re gard to those ente roviruses re quiring DNA synthe sis  as 

part of their replic at io:1 cy cle , �"� neverth eL e ss p :covide s a useful 

indication of the nucleic acid type of virus . The re sult s 

obtained he re sugge st that the e nt e roviru s  i s o l ates  al l contain 

RNA, whi ch is  con si stent wit h  previous report s on the sensitivity 

of b ovine e nt erovi ruses  to b oth :BUDR and iodo:le oxyuridine 

(S pradb row , 1 964 ; Rovoz z o  et al . ,  1 965 ; S chiot t and Hylde gaard

J ensen, 1 966 ; Mat t s on and Re ed , 1 974) and als o agre es  with re sult s 

obtained by enzyme di gostion studies by Mat t  son  �al . ,  ( 1 969) . 

Is olat e  D74/1 3-49 als o appe ared t o  cont ain Rl'JA ,  on the basis of 

it 1 s behav i o ur with BUDR .  

The c ontrol viruses behaved acc ording to published 

rep orts .  Inhibit ion of IBR repl ication by BUDR. has  been rep orted  

by S t evens and Groma.'l ( 1 961+) . 'rhe repli cat ion of  BV'D vi rus i s  

reported b y  Cast rucci  et al . ,  ( 1 968)  t o  be  unaffe ct ed by this 

chemi cal .  Be cause t hese viral cont rols we re -used , it w as 

conside red unnece s s ary t o  f urthe r confirm t he re sults obt ained 

using thymidine reve rsal of inhibit ion as shown by S mith et al . , 

( 1 960) and He rrmann ( 1 961 ) .  
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The re sults of the chloroform a.'1d e the r sens it ivity 

t e st s  suggest that the ente rovirus i solat e s  all l acked an envel ope 

of e s s ential lipid material . This agrees  with previous report s on 

b ovine entcroviruse s  (Moll and D avis , 1 959 ; Spradb row , 1 964 ; 

Rovozz o et al . ,  1 965 ; S chi ott and Hylde gaard-J ensen, 1 966 ; Mat t s on 

and Reeli , 1 974) . Behaviour in the pre sence of sodium de oxycholat e  

was s imilar t o  that rep orted by McFerran ( 1 962a), and furthe r sugge sts  

the l ack of an awe lop e . The original re port by Theile r ( 1 957) 

menti oned that several s trains of Coxs ackie and poliovirus were 



re sista,."1t t o  t re atment with this chemi cal , and in f '-0t s omet imes 

showed slight incre ase in tit re in it ' s  presence . It is  of 

inte rest t o  note that one ente rovirus i s olat e  (D74/1 9A) al s o  

· showed a nild incre ase in t it re aft er  t re atment . This may b e  due 

t o  dis aggregation of viral par t icles  from host material s  by the 

chemical . 

The control  viruses behaved with the se lipid 

s olvent s in accordance with  their  known. nature . IBR virus has 

b een report ed t o  be ethe r s ensitive by M cKe rcher ( 1 959 ) and 

Armst rong �t a!_ . , ( 1 961 ) .  Vaccinia vi rus  has als o  been report ed 

t o  be chloro::'orm sensitive ( Hamperian et al . ,  1 963) , but i s  eth e r  
0 

re sis·sent at 4 C (Andrewes and H o r s tman , 1 949) and re sistant t o  

t reatment with bile salt s ( Smith, 1 939) . The respo::1so  o�t ained 

wit h s orlium de oxych o l at e  i s in ag re ement wit h  the l atter 

behaviour . 

T.tle ent e rovirus i solates  all proved t o  be a cid 

re s i stant s whi eh agrees  with ptlb li shed report s (S p racl�J row s 1 96Lf ; 

R ·)voz z o  et al • · , 1 9 rS5 ; S chiott and Hyld·3 gaard-.Jensen , 1 9 -56 ;  

M att son et al . ,  1 969 ; Mat tson ancl Reed,  1 974) . This property 

separate s  them from t he rhin oviruse s ,  whi ch are acid sen s itive 

(Tyrrell and S hanock , 1 963) . Tne acid s ensitive nature of IBR 
virus has been reported by McKe rcher ( 1 959) . 

The rapid rate of inact ivat ion o:' the ent e rovirus 
0 

i solates  at 56  C has b een previo;J.sly reported with bovine entero- · 

viruses by S pradbrow ( 1 964) an.d Rovozzo  et al . ,  ( 1 965) . One 

feature seen with 4 of the enterovirus isolat e s  whi ch was not 

reported by these  authors was the l onger pers istence at l ow tit re 

of a more heat st able f raction of the viruse s . Isolat e  D74/1 8 

also  behaved in an anomalous manner,  showing evidence of incre ased 

infe ctivity afte r  1 t o  2 hours at this tempe rature . Thi s phenomenon 

may be due t o  dis.aggre gation of groups of viral particle s whi ch were 

previously b ound by host mate rial s . 
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T he ent e rovi ru s i s o l at e s  we re much mo-re st able at 
0 

37 C ,  and the h�lf-lives obt ained are similar t o  that re p o rted by 

M cF erran ( 1 962a ) . In c o!lt rast , Mat t s o-:1. et al . ,  ( 1 969) rep o rt ed 

c on s iderab ly l on Ge r half-lives of ab out 39 hours . 'I'he variat i o:'.'l 

i s  prob ably due t o  diffe rent s t rains of virus varying in the i r  

he at s t ab ility . O n c e  a gain , 4 of t h e  ent e rovirus is o l at e s  sh owe d 

pers i s t ence at l ow t i t re s  o f  a more he at st ab le fract i on of vi rus , 

t his n ot being r e p o rt ed by e it he r  of the above two at;.th ors , t hoJgh 
it was c ommented. 0:1. by BEcC'ya e t ._ al . ,  1 91)7 . 

It i s  int ere s t ing to n ot e  the similarity in 
b ehavi our of the vi ral i s olat e s  at b oth t e mpe rature s .  I s o l at e  

D74/2 showed a unif o rm r at e  of degradat ion at both t e mpe rat ure s ,  

wit h l itt le e vidence of pe rs i st ence o f  more heat st �b le fract i ons 

of v i r us ,  whil st t he remaining ent e rovirus i s o l at e s  al l sh owed 

s ome e vidence oi' l on ge r  s urvival at l ow t it re . 

T he ent e rovirus i s o l at e s  w e re al l s t ab il is ed. 
0 

against the rmal inact ivat ion at 5 0  C by molar rYJagne sium chl o r ide , 

in ac c ordance w ith pub l i shed rep ort s on b ovine en t e rovirus e s  

(S pr adb rov: ,  1 96 3 ,  1 964 ; Rovo z z o _£t al . ,  1 965 ; Van D e r Maat en and 

Packe r ,  1 967 ;  Mat t s on et al. , 1 969) . This i s  re garded as a bas i c  

pr ope rty o f  ent e r oviruses by Wallis ru1d Melnick ( 1 962 ) . 

S ensit ivity t o  a c oncentrat i on of 5 /u g .  ml of HBB 

has b een sh o\m by Port ol aDi e t  al . , ( 1 968) t o  s eparate the ent e ro

v i ruses  int o 2 group s ,  whi ch co rre s pond t o  the 2 s er ologi c al groups 

e s t abli shed by L aPlaca et al . ,  ( 1 965 ) . Though a diffe rent pro

cedure was u s e d  in t he se expe r iment s t o  that d e s c rib ed by P o rt ol ani 

et al . ,  ( 1 968) , the concent r at i on of chemic al w as  the same , and 

the re sult s s hould b e  c o rre s p ondingly valid . The re sul t s  obt ained 

would indicat e  that both g r oups are re present ed amongst the ent ero� 

virus i s o l at e s . 

Pre cipit at ion of the ent e rovirus i so l at e s  with PEG 
6 000 ,  prot amine sulphat e ,  and ammoni um sulphate re sult e d  in 

inc re ased viral t it re s on re suspen s i on .  PEG 6 000 at 8% 
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con cent r at ion gave up t o  a 30 f o l d  incre as e in titre with t he 

volume s us ed ,  and would no d oub t have given even l arger increas e s  

i n  t it re had a l arger reduc t i on in volume b een use d .  T hi s  agre e s  

wel l  wit h  t he report by McS harry an d  Benzin ge r  ( 1 970) , who used 

this chemi c al t o  con cent rat e  ve s i c ular st omat it i s  v i rus . 

Prot amine sulpha t e at 0 . 2% c oncent r at i on al s o  gave 

a 30 f old increase in t it re ,  and appe ared almo st as effe c t ive 

usin g a 0 . 1 %  conc ent rat i on of t he chemic al . Thi s c ont ras t s  with 

the 0 . 2 51� onc ent rat i on used by T anaka et al . ,  ( 1 968) to purify 

b ovine epheme ral fever virus . Using the l owe r c on cent r at i on of 

p rot amine sulphat e  may al l ow a l ar ge r  re du c ti on in the v o lu::ne of 

the vi ral su spensi o:-J. and hence al l o'N hi ghe r  concent r at i on s  of 

virus to be obt ained . At 0 . 4% and hi ghe r c o:-:1cent rat i ons of the 

chemi c al , n o  furthe r inc re ase i n  t i t re c ould be expe ct e d  be c au s e  

o f  s ol ub i l i ty p ro�l ems . 

AlTcJ.on ium sulphat e  gave s omewhat infe rio r re sult s 

t o  the ab ove 2 chemi c al s ,  usin g  b oth 4o% &"ld 5o% st ren r;th s . Use 
of t he 5o% c o:-J.cent r at i on of the c hemi cal di d. n ot in cre as e the 

yield . 

The purif i c at i on aspe ct o f  t re at in g  the vi rus wit h 

the se chemi c al s  w as not inve sti gat ed . H owev e r ,  t he u s e  of the 

l owest c oncentrat i on of PEG 6 000 which gave optimal c on c ent rat i on 

of the virus was reported t o  r e sult in ve ry hi gh eff i c i e n cy of 

re cove ry of virus , an:l t o  give re l at ive ly l ow level s  of re c ove ry 

of nonv i r al mat e ria ls . (M cS harry and Ben z inger, 1 97 0) . Thi s 

principle may e qually apply t o  t r e atment w it h  the othe r 2 

chemi c al s . C e rt ainly , althou gh heavie r pre c ipit at e s  we r e  obta ined 

96 

at the hi ghe r c oncent rat i ons o f  prot amine s ulphat e and ammonium 

sulphate , no further incre ase in viral c on ce nt rat i on re s ult ed , 

sugge s t in g that the ext ra pre cipit at e  c on s i st ed of n onviral mat e ri al . 

The buoyant den s ity of th e i s olat e  D74/1 8 was f ound 

t o  b e  1 . 34 g/ml in caesium chl o ride , whi c h  i s  in agree ment with t he 

result s obt ained by Martin e t  a�. ,  ( 1 970) and Rowl ands e t  al . , 



( 1 971 ) with other b ovine enterovirus e s . In exce s s  of  99% of 

viral act ivity was concentr ated in t he vicinity of this dens ity 

in t he gradient , whi ch was also whe re the highe st concent rat i on 

of viral part i cle s we re seen unde r the e le ctron mi cros cope . 

The morphol o gy  a."1.d s iz e  of the ent erovirus i s o l at e s  

in negatively st ained p reparati o:J. s were a.ll si!!li l ar t o  t he b ovine 

ent e rovi rus e s  s een by Van D e r  Maat en and Packe r ( 1 967 ) a..YJ.d M att s on 

et a� . ,  ( 1 969 ) , the s e  all shoNing a s phe ri cal t o  hexagoYJ al shape , 

a si z e  of abo·Jt 25 nm, and a sugge st i on of c ubi c symmet ry j n  the 

caps omere s . I s olat e  D74/1 3-49 had a size and shape more su-gge s t i ve 

of a dipl ornavirus or adenovirus ,  but because of the l imit ed 

numb e r  of part i cle s de tected, det ai led  studies of it 1 s morph o l o gy  

c ould not b e  made . The aiffi culty i n  l o c ating particles  of this  

virus probably relat e s  to  the app arent l ow t it re s  obt ain ed in 

culture . 

T hough not stud.i ed i n  det ail , cellc, affe cted wi t h  

the ente rovi ru s  i s o l at e s  showed chan ge s  s imil a r t o  tho se c.e s crib ed 

by Matt s on and Reed ( 1 974) with b ovine ent e rovi rus e s , and by 

Rifkind �al. , ( 1 961 ) with hu:na'l ent e roviru s e s . Both r eports  

found that s mo oth surfaced vacuo l e s  devel oped i n  the cy t o;:>las m .  

Rifkind et al . ,  ( 1 961 ) co:r1cluded thes e c o r .r:·c s�cmdecl: t o  t he 

eosinophi l i c  cyto;:>lasmic inclusions seen with li ght mi cro s c opy . 

Loss  of groQnd sub stance was reported by Rifkind et al . ,  ( 1 96 1 ) 

t o  o c cur in the l at e  st age s of p o l i o virus infe cti on . 

O rderly arrays of vi ral particles we re al s o  f ound 

by Rifkind et al . ,  ( 1 961 ) and Matt s o::r1 and Reed ( 1 974) , t hough t he 

latter autho r s  corrunented that these we re only rarely ob s e rved and 

then only aft e r  1 2  or mo re hours p o st infe ct i on .  Rifkind �! al . ,  

( 1 961 ) refer red to the l o c at ion of the se orde rly arrays of viral 

particles up on fine cyt oplasmi c fib ril s ,  but t hese we re not . seen 

in t he pre sent study . In st ead , the arrays tended t o  show more 

resemblance t o  the cryst alline type of array reported by M att s on 

and Reed ( 1 97+) . The s i z e  of the viral part i cle s s een in the 
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pre s ent study i s  simil ar t o  t he s i z e  r e p o rted by Rifkind et al . ,  

( 1 961 ) with human enteroviru s  type 9 .  It was not p o s s ib le t o  

di s c e rn t�e out e r  mem� ra�e re po rted by these authors . 
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SE"R.OLOGIC.AL STUDIES OF THE IS OL.AT�S 

M at e r i P-l s  And Met h o d s  

( a) . An t i s�rum £EOdu c t i on 

( i) I s ol ate D74/1 8  was grown in MDBK c e l l s  u s in g  a maint enance 

me dium c ont ainin g 0. 2% b ovine se rum alb u:nin ins t e ad of s e rum, and 
was h arve sted when 75% of the cells sh owe d CPE . C ul t ure s we r e  then 

f r o z en and thawed on c e ,  and the virus was p r e c ipitat ed using 8% 
po lyethylene gly c o l  6 000 f o r  2 hour s at 4 °C .  F o l l owin g c en t ri

fugat i on at 3 , 000 G f o r  1 0  minut e s ,  the p re cipitat e  was re s us pe nded 

t o  2% of the ori gin al volume in medium 1 99 .  

Two rabbi t s  were b le d , and then ino cul at e d with 1 ml 

v olwne s of t he vi rus con cent rat e ,  using a c ourse of 3 in je ct i on s . 

The f i r s t  in j e ct i on was given int ramu s cul arly int o 2 s it e s ,  as a 
1 

50% wat e r  in oil e mu l s i on u s in g  F r e und r s compl e t e  acl juvant , t he 

s� ab i l ity of the emul s i on b e in g  t e s t ed on w a t e r . The s e c ond 

in j e ct i on was given by t he int rap e ri t oCJ. e al rout e 4 weeks l at e r ,  

9 9  

� 
u s in g  a 50% wat e r  in oil emul s i on wit h F re un d t  s inc ompl e t e  ad j uvant

'
. 

T he final in je ct i on was given 7 d ays l at e r  v i a  t he int r aven ous 

r out e ,  using vi ral c on c ent rat e  only . Aft e r  a furth e r  2 week s , b l ood 

was t a�en and se rum separat e d . 

(:ii) Al l 5 ente rovirus i s o l at e s  we re g rown in :tv1DBK c e l l s  in 

a mainten an ce me dium cont ainin g 0 . 2% of' b ovine s e rum albumin 

inst e ad of s e rum . T he vi rus e s  were harve s t ed when approxi mat e ly 

75% of the cel l s  s howed CPE , t he cult u re s we re f ro z en and thawed , 

and t hen cent rifuged at 3 , 000 G fo r 1 0  minut e s  t o  re move p art i c u l at e  

c e l l  deb ri s .  

Foll owing preino culat i on b l eedin g ,  chi cken s  were in o cu l at e d  

int ravenously wit h  t he cult ure f luids u s i n g  the f o l l owin g s chedule 

of in j e ct i on s ,  whi ch is s imi l ar to that de s cribed by B arya et a l . ,  

1 .  D if c o  L ab o rat o rie s ,  D et roit , Mi chi gan, U. S . A. 



( 1 967 ) . The animals were then bled a fortni ght lat e r, and the 

s e rum separat ed.  

Time Ino culum dose ---------
D ay 1 1 ml 

" 4 2 ml 
" 7 3 ml 
" 1 1  4 ml 
" 1 4  5 rnl 

( b ). Titration of antisera 

Preino culat i on and postinocul ation s e ra we re titrat ed 

in duplicate for activity against their homolo gous viruses , 

ac cording t o  the previously described mi c rotitre procedure 

( Gene ral materials  and methods) .  Doubling di lut ions of serum 

from 1 in 1 0  t o  1 in 1 280 were used and t itre s were asse s sed  

following Reed and Muench ( � 933) analysis . 

In additi on ,  a vi ral tit ration was carried. out with 

isolate D74/1 8 ,  in t he p re s ence of doub l ing e quine se rum concen

trations from 1 in 2 t o  1 in 256 , t o  det e rmine if se rum concent ra

t i on had any influence on the endpoint of the t itration . Re sult s 

were dete rmined following Reed and Muench ( 1 938 ) analysis . 

( c ) . Cross  neutralisatio� tests  with the ente rovirus isolat e s  

1 00 

C ross  neut r alisat ion test s  were car ried out with e ach 

enterovirus isolat e ,  following the previously des cribed micro

titre neut ralisat ion t e st method ( General mat e ri al s  and methods ) . 

S erum dilutions us ed we re from 1 in 1 0  t o  1 in 1 280.  The challenge 

virus does was 1 00  TCID50, and the cell s used were MDBK.  

The pro.cedure adopted was similar t o  that des c ribed by 

Moscovici et al . ,  ( 1 96 1 ) and Dunne et al . ,  ( 1 971 ) ,  except for the 

mi crotit re adaptation . T it res  were dete rmined afte r  Reed ar� 
Muench ( 1 938) analysi s . 



(d) . C ro s s  n e ut ralis 3.t i on t e :::. t s  wit h Ame r i c an ent e r ov i rus s e r o 

t,y:pe s a.YJd l o c al el'!"��rovi ru s prot otype s 

T h e s e  were c arri e d  o ut in a simi lar manne r t o  the ab ove 

c ro s s  neut rali s at i on t e st s ,  us in g  7 U. S .  b o-rine e n t e r o 7i rus s e ra

types ( BES I to VII) as de s c r i_bed by Dunne et al . ,  ( 1 974) and 2 

ent e r o v i rus i s olat e s  (D74/2 and D7+/1 8 )  which had b een s e l e ct ed 

as l o c al p rot otype s t r ai n s . 

( e) • Ident i f i c at i on of i s o l at e  DZ.!:t/25A 

1 01 

F o l l o'Nin g  suspe n s i ons o n  t he basis of it ' s  CPE that 

i s o l at e  D74/25A was b ovine vi r aJ. d i ar rhoea ( BVD )  v i rus , the cult ure 

f l uid f r om t he s e c ond pas s a ge of the i s o l ate i n  FBL c e l l s  w as 
1 

mixed wi t h  an e qual v o l wne of undi luted s t a.'l rd ant i s e rwn against 

BVD and left at ro om t e mpe rat ure for 1 ho:.1r t o  re ac t . A 0. 3 ml 

v o lwne of a vac cine s t r ain of BVD virus cont u.i nin g 1 x 1 o4 
T C ]J)  50 

p e r  m l  w as t re at ed s imi l arly . Af t e r  inC Llb 3.t i o n ,  0 . 2  m l  of e a c h  

mixture w as in o 8ulated int o duplic at e  FBL c ulture tub e s and th e s·2 
0 

i n cub at ed at 37 C f o r  3 day s . A 0 . 1 ml v o lume of the s Gme st re n gths 

of t e s t virus and vac cine st rain of B� was ino c'J. l at e cl int o 
d up li c at e  FBL tub e s  and incub ::1t ed similarly , t o  che c::.C inf e ct ivity . 

( f) . Fluore s cent afJ.t ib od.y ..12roiu ct io.� 

An ant i s e rum against ente rovirus i s o lat e D7it./1 8 was 

p r oduced in a chi cken as de s c ribe d e arlie r ,  and t e s t ed for s uit ab l e  

re act ivity using t he s e rum neut r al i s at i on t e s t . ( General mat e rial s 

and me thois ) . The glo� u l in f r act i on was then re c o ve re d  f r om the 
an t i s erQm by the us e of a t r iple p r e c ipit at ion p r o c ed ure with a.YJ 
e qual volume of 7o% s at u r at e d  ammonium sulphat e s o lut i on as 

de s c ribed by Heb er t ( 1 974) . T he f inal pre cipit at e  was re s u spended 

in dist i l l e d  water and di alysed against 4 chan ge s of PES unt i l  f ree 

o f  sulphat e  radic al s ,  as shown by t e st ing t he d ialysing f luiU. with 

b aritun chl o ride s o lut i on . 

1 .  S upplied by Wall acevi l l e Animal H e alth Refe ren ce Lab o rat o ry ,  
Upper Hut t , N .  z .  



1 02 

The concentration of protein was then determined by 
measuring the opt ical density o:f' a 1 in 40 dilution of the globulin 
p re p ar at ion at 2 80 nrn t�avelength in a spe ct rophot omete r , an.d c ompar

ing this result with a st andard graph derived from b ovine '{ gl obulin . 

The globulin was t hen conjugated at pH 9 . 5  with fluore s cein 
i s ot hi ocynate 1 i s omer 1 ,  fol lowing i;he p ro cedure des cr ibed by 
N airn ( 1 968) . The crude conjugat e  was t hen purified in a similar 
manner t o  that de s c ribed by Goldman. ( 1 968) . Unc onju gat ed dye was 

removed by ge l filt rat i on in a S ephedex G252 column, using 0 . 01 75 M 
pho sphat e  buffer ,  pH 6 . 3 .  The product obt ained was then fract i on 

ated in a D3.4E cel lulose3 column, and 3 f ract i on s  c o l l e cted using 
( a) the above buffer,  (b) the ab ove buffe r  in 0 . 1 25 M N aC l ,  and 
( c ) t he above buffer in 0 .250  M N aC J. . 

Each f r action was re duced t o  a c onvenient volume by 
dialys ing against polyethylene glycol 20 000 , and then d i aly s e d  

against 2 chan ge s o f  PBS , pH7 . 2 , t o  Adjus t t h e  pH . The f ract i on s  

we re p reserved with 1 in 5000 me rthi olate , and st o red f r o z en . 

( g) .  T e st i ng of co2..l1Ylat ed anti�e r.um 

The 3 f ract i on s  o�t ai ned we re t e sted for activity 

agains t  Ve ra and MDBK c e l l s  infe cted with i s o lat e D74/1 8 ,  u sin g 
c on jugat e  dilutions  of 1 in 2 t o  1 in 1 0 ,  an d  f o l lo Ning t he 

s t aining p ro cedure described as foll ows : 
( i ) W ash monolay e r  with PBS . 
( ii )  W ash mon o l aye r with 4 changes o:f' acetone , and let 

( iii) 
fix f o r  1 0  t o  1 5  minut es  at room t emp�rature . . Air dry . 
S t ain for 30 minut es  at room t empe r at ure in a moist 
chamb e r ,  using a suitable dilution of conjugated  
anti se rum . 

( iv) W ash f o r  1 0  minutes  with PBS . 
( v) Rinse the monolayer with distilled w ater .  
( vi) Mount in 9Wo glycerol , pH 8 . 6  and examine under 

b lue light . 

1 .  S chwarz and Mann , Divi sion of Bect on Dickinson C o . , O rangeburg, 
New York , U. S • A. 

2 • .  Pharmac ia Fine Chem i cal s AB ,  Upps a1 a, Sweden . 
3 .  Whatman DE 52 . ;  W . R. B al ston Ltd . , Maidst one , Kent , U . K. 



Unst ained infe ct ed Bn<l s t ain uninf' e ct ed mon o l ayers y· � re al s o  

examined a s  c o nt ro l s .  

Varo c e l l  mon olaye rs w e re infe ct ed wit h e a ch of the 

ent e r o v i ru s  i 5 o l at e s  an d wi Lh :ce o vir us 3, ancl left t o  in cub at e  
at 37 °C until showin g ob vi ou s  CPE . T hey were then s t a ined as 

ab ove wit h the opt imal st re n gth o f  con j ugat e d  a�t ib ody again st 
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isolate  D 74/1 8  and e x runined f o r  spe c ifi c f luore s c e n c e .  In addit ion , 
uninf e ct ed Vero c e l l  mon ol aye r s  were s imi l arly s t ained and examined, 

to furt he r check fo r n onsp e cifi c fluore s cen c e ,  and uninfe c t e d  

un s t ained cell mon o l aye rs w e r e  examin ed t o  ch e ck f o r  aut ofluore s cen ce . 

Re s ult s 

One rabbit died afte r t h e  t hi rd in j e c t i o� of v i rus , 

apparently of anaphyll act i c  sh o c k .  'l'he remainin g  r ab bit was u s e d  

t o  pr ovide 20 ml o f  ru1t i s e rum .  T en ml o f  ant i s e r urn  w as t ak en f rom 

e ach chi cken.  

( b ) . T it rat i on o� ant i s e ra 

The prein o culat i on s e r a  obt ained from t he chi ckens sho·Ned 

no e vidence of inhibi t o ry act i vity at 1 i n  1 0  dilut ion again st the 

c o rre s p onding vi rus e s . T he p re inoc ul at i on s e rum from the survivin g 

rabbit showed inhib i t o ry activity up t o  a dilut i on of 1 in 1 6 . 

Post ino culat i on s e ra from the chickens and the survivin g 

rabbit ·were all f ound t o  show re act ivity against the i r  homol o gous 
vi rus e s  as shown in T ab le 1 7 .  T he ant is e ra produ c ed a mild pre

cipit at i on and s ome cell de gener at i on when t i t rat ed in MDBK ce l l s . 

This was only mild at the 1 in 1 0  dilut i on of the chicken ant i s e ra, 

and did n ot int e rfere with t h e  t e st ,  but with the r abbit aDt i s e rum, 



the effe ct was noted up t o  a 1 in 40 dilut ion . Becaus e of this 

degenerative effect and the lower level of activity against t he 

virus , the rabbit ant iserum was no-l:; utilised a...Yly furthe r . 

T ab le 1 7  

Tit res o f  ant i s era agains t  t he i r  ho;nol og£�_;0�£Y.�82_ 
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ChicKen antisera rRabbit 
ant iserum 

Identificat i on D74/2 �74/1 8  D74/1 9A D74/1 9B I D7�./2 2-4 

+ I 
Titre 32 0 960 480 � 280 J 320 

-

+ reciprocal of hi ghe st dilution neut ralising 1 00 TCID
50 of 

homologous virus 

D7h/1 8 

1 60 

The viral t it ration c arried out in t he pre s ence of ve>.rious 

concent rat i ons of equine serum showed that t he serum c oncent rat i on 

had no inf luence on t he endpoint of the t e st .  

( c� C ross  neut ralisat i on test s v:i t h  t he enterovi rus i s o l at e s  

The result s of the cr os s neut ralis at ion test s are shown in 

Tab le 1 8  which expre s ses  the re act ions as percentage s of the homo

l ogous tit re s ,  t o  aid. compari s on .  D etailed result s are shown in 

Appendix 4 ( T ab le F) . 

T ab le 1 8  

Antigenic relationships of the ente rovi rus i s o l at e s  

a s  revealed � c ro s s  neut ralisation tests  

Virus Avian aYlti sera 
D74/2 D74/1 8 D74/1 9A D74/1 9B D74/22-4 

D74/2 1 00  3 . 1 + 4. 1  6 . 2 -

D74/1 8 ++ 1 00  66 . 6  37 . 5  1 00 -

D74/1 9A - 18 . 7 1 00 1 8 . 7  25 

D7l+/1 9B - 50 1 00 1 00 6 6 . 6  

D74/22-4 - 1 2 . 5  25 1 2 � 5  1 00 

+ = titre s  expre ssed  as a per  cent re acti on of homo l ogous serum t it re 

++ = no react i on obtained at 1 in 1 0  dilution of s eru.'Il 
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Based on t hl re sult s of the tit ration, viruses D74/2 and 

D74/1 8 were s el e ct ed as l o c al prot otype enterovirus st rains . 

( d) .  C ross  neutralisation tests  with American ent erovirus s erot,ype s  

and local ent erovirus prot otype s  

The results o f  cros s neut rali sation test s  vvith t he 2 

selected local prot otype s st rains of ent erovi rus and of 7 ent e ro

vi rus se rotype s of  U . S . ori gin ( Bovine ente rovirus serotypes I t o  

VII )  are shown in Tab le 1 9 .  Titre s  are expre s sed for  comparat ive 

purposes as per cent reacti ons of the c orre sponding homologous 

se rum tit re . Det ailed re sult s are shown in Appendix 4 ( T ab le G ) . 

T able  1 9 

Antigeni c re } ation ships of U. S .  ent_<:E.ovi rus serotyp�l?_ 

aflCl local ent erovi rus prototype s t rai n s  

_,....--·----�- - -·- ----·-·-·- - --- ------- ----- ---

Vj rus 

BES I 
BES II 

BES Ill 

BES IV 

BES V 

BES VI 

BES VII 
D74/2 

D7��/1 8 

Antisera of U, S .  origin 
1----r-----:-----·-----: -- - · - ,- ----..,--------- -- , - ·- --�� 

B;<::J I BE3 II �BES II� BES I'� BES V � BES VI [BES VII! D7I�/2 iD74/1 8 
+ . I "' . iT ·t- -- I 

1 00 - - - L ,. O  
1 1 oo 4 . 1  + +  8 .  3 6 .  2 

i 
i 
I -

1 -
, 
i -
1 

1 00 

1 00 

8 . 3  

I -
i 

1 6 . 6  1 2 . 5 3 . 1  

1 .  0 

1 00 9 . 3  4 . 1 

1 00 1 .  0 

6 . 2 1 - 1 1 ; . 5  
! -
i 

6 . 2  I 
I 

1 00 

8 . 3  1 00 3 . 1 
I 

9 . 3  I - I 1 6 . 6  

I 
1 00 

--
+ = n o  reacti on o·b t ainr-d at 1 in 1 0 dilut i on of s ::J ru:n 
++ = tit re s  expres sed as per cent re action of houolo gous s e rum t it re 

BES = b ovine enterovirus serotype 



( e ) . I dent i f i c at i on of i s o lat e  D74/25� 

The CPE of is olat e  D74/25A and of t he known BVD vi r·u.s 

was c ompl et ely ne ut ral i s ecl by t he BVD ant i s e rum , whi l e  t he CPE 

devel o p e d  n o rmal ly at 2 d ays in t he FBL c e l l s ino culat e d with the 

t e st virus and cont r o l  vi rus . It was c on c luded t hat the i s o l at e d  

vi rus w a s  a st rain o f  b ovine vi ral di arrh o e a  virus . 

( f � Fluo r e s cent ant ib o dy produ ct i on 
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The quant ity of e;l obulin obt ain e d  by the t ri p l e  ammonium 

sulphat e  p r o c edure was s omewhat l owe r  th a.YJ. exp e e:t ed ,  b ut was 

suff i c i ent for the p r o cedure s  requi red . T he s e c ond f r a c t i on 

obt ain ed f r o m  t h e DEAE c e l l ul o s e  c o lumn w as f ow1d t o  sh ow m o de r at e  

c o l ourat i on wi th th e fluo re s c ent dye , tho u gh lit t l e  was seen in the 

f i r st f ract i o n . 

( g ) . T e st ing of con jugat ed ant i s e rum 

T he s e c o nd f ract i on of c on j ugat e d  ant i s e rum w as f o wtd t o  

p o s se s s  optimal re ac t ivit y ,  us in g  a di luti on cf 1 in 2 t c  1 in 4 . 
MDBK c e l l s  we re f ound t o  b e  un sui t ab l e  b e c ause of react ivity 

again s t  the m  by t he c on ju gat ed ant i s e rum . Ve ro c e l l s  p r o v e d  t o  be 

s at i s f ac t o ry ani al l owe d spe c if i c  f l u o re s c ence to b e  s e e n . Aut o 

f luore s c ence w a s  n ot f oW1d t o  b e  a p roblem . 

S pe cifi c f l uore s c ence w as f ound t o  b e  p r e se n t  when the 

c on ju g at ed ant i s e rum ae;ainst i s o l at e  D7.'+/1 8 was t e s t e d  a gain s t  Ve r o  

c e l l s  inf e c t ed with i s o lat e s  D74/1 8 ,  D74/1 9A, D74/1 9B , an d  D7-�/22-4 .  
It was n o t s eeD. vihen t o ::t e c  .s gainst i s o l at e  D74/2 o r  re ovi ru s  3 . 



D74/22-J� 

Reoviru s  .3 



FIGURE 2 0  

Ve ro cell  culture s infe cted with s ome ente rovirus  i s ol e.t e s ,  

and reovi rus 3 ,  a..11.d subsequent ly s t ained with flu ore s cein

con ju gat ed D74/1 8 antiserur:l . N o t e  the lack of fluorescent 

l ab elling with i s o late D7L�/2 and re ovi rus  3 ,  in c ontre.st t o  

the other  labelled enteroviruses . 
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Di ::; cus sion 

The pre sen ce in rabbit sera of inhibitory sub stances t o  

bovine ent eroviruses has been previously re po rted by McFerran ( 1 962 ) ,  

La Placa �al . , ( 1 965 ) and Barya et al . , ( 1 967) . T he inhibit or 

was found. b y  Kle i n  et al . ,  ( 1 9 64.) ;:md La  Placa  et al . ,  ( 1 964) t o  b e  

a non-ant ib ody pro i>-; in . Ir1llib itory subst ance s  have also  been 

iden l;ified in the s era of many a.•1.imal s ,  which are active against  

poliovirus ( B ar.tell  and Klein ,  1 955)  m1d b ovine enteroviruses  

(McFerra.n , 1 962b ; Klein et  al . ,  1 964) . Chi cken sera, on  the other 

hand , have  been reported t o  cont ain lo·N levels  of inhibit ory sub

stances a gains·t bo··vine ente rovi ruses (l-11 cF e rran ,  1 962b ; La Placa et al . ,  

1 965 ; B arya ��� · ,  1 967) .  

Becaus e of the pre sence of these inhibit ors , the rabbit 

has been found by La Placa _et al . ,  ( 1 965)  t o  be an infe ri or ani mal 

t o  the chi cken fo !' the product ion of an ti sera to the b ovine ent e ro

viruse s .  Thi s  is  ap parent ly be c aus e the inhib it OljT s uo stances in 
the rabbit re sult in the rapid removal o·:' mos t of the inoculat ed 

viral ant i gen from the blood stre am ( Klein &'ld DeFore st , 1 964) , 

leaving little re sidual virus fo:::· anti geni c challenge . The se ro

logical re sult s obt ained in the s e  expe riment s generally support the 

ab ove findin gs . 

The re l atively high l evel of re act ivity against MDBK cel l s  

in the rabbit ant ise rum prob ab ly rel at e s  t o  the u s e  of a l onge r  

immunis at i on schedule involving the use of F rew1d ' s adjuvant s .  Though 

the level of MDBK cell  derived anti gens inj e ct ed int o the rabbit 

would b e  l ow as a cons e quence of the PEG 6000 purifi cati on step , there 

was still suffi cient to re sult in conside rab le s erolo gi cal re spons e . 

In c ontrast , the chi cken anti serum produced by a short immunis at i on 

s chedule of unpurifie d  viral inoculum re sult ed in a much l ower leve l 

of re activity against  MDBK cells . It has been stat ed by Herbert 

( 1 973)  that the us e of long immunisation s chedules and of  adjuvant s 

in the pr oduct ion of antisera, results  in the production of l e s s  

spe cific  antibodies ,  and more parti cularly, i n  t h e  production of more 

antibodie s t o  minor c omponent s of the anti genic mixture . 
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The choice of the des cribed c ross  neutralisat i on t e st 

p rocedure as used by M os c ovici et al . ,  ( 1 961 ) ,  Mos covici and L a  

Pl ac a  ( 1 962 ) ,  and Dunne e t  al . ,  ( 1 971 ) was bas ed on  it ' s  s implicity . 

A number of othe r  methods have been used by variJus authors working 

wit h  bovine ente roviruse s .  V<m Der  Maaten and Packe r ( 1 967) 

prefe rred to use a c on st an t serum-v::J.ry.ing virus procedure , wh:i. ch 

was c laimed to show great e r  sensit ivity t o  min o ::.." anti geni c  cor.1p::m-

ent s .  The pl aque reJ.uct io1:.. test was used by Matt s on and Reed ( 1 974) , 

thi s me thoc. bein g st ate d  by Wenner ( 1 962) t o  be more sensitive thaE 

the conventi onal neut rali s at ion test . A rr:ore invoJ ved procedure 

was used by B arya et �.1 · ,  ( 1 )67 ) , wh o stLdie d  the k:!..rJ et i c s  of 

neut rali s ation of a nur:1b e r  of ent erovi ruse s . Thi s mettoO. inv o J ved 
pl aque ti tr;:;.ti on of infecti vity of vi rt:. s-serum UJix h<re s at various 

time int e rvc.l s .  F rcm the re sults  obt ained ,  a rot e of reaction was 

de rived whi ch was characte ri sti c of e ach virus-c:nt isarum reaction . 

Thi::; J:J.ctLcd wa�; c1ai.. mecl 'u::,r the auth nrs t "  b A  the mo st sensit ive 

and rel iab le o£' procedurA s  avai l ab lA . 

In the cro s s  neut rali sation tests  with l o c al ente roviruse s ,  

i so lat e D74/2 was fo'.lnd t o  behave quite diffe rent ly serologic ally 

to the othe r isolat e s ,  s ho-:Jing litt le evidence of c ro s s  re activity . 

In contrast , the othe r 4 ente rovirus i so lates  showed a considerab le 

de gree of cross  reactivity , and would appe ar t o  be  s e rol ogi c ally 

re lated .  It was concluded therefor that 2 s e  rotypes  of enterovirus 

had been i s olated,  iso l at e s  D74/2 and D74/1 8 being s ele cted as the 

prot otype strains . I solat e  D74/22-4 diffe red s l i ghtly f rom the other 

3 members of it ' s  serotype in that the re act i on was predominant ly 

of the " oe1e way" type . I t  CO'.l lcl possibly be  re g arded as a prime 

variant of the serotype , b ased on the definit ion of Melni ck and 

Wenner ( 1 969) , who st ated  that prime st rains are po orly neutralised 

by anti sera t o  the prot otype strain , but induce t he product ion of 

antib ody whi ch neut:!:'ali ses  the pr:Lme strain a.."ld p rot otype strain 

equ ally wel l .  It i R  releva.Dt t hat t he 3 is ol at e s  D74/1 8 ,  D74/1 9A, 

and D74/1 9B all c ame from the s ame property, thou gh from diffe rent 

animal s . 



The cros s ne ' ltralis at ion te st s  c omparing the 2 l o cal 
prot otvoes with the 7 enterovirus serotypes  of U. S .  origin sho""Ned 
lit t le evidence o f  cross  re act ivity . I s o l at e  D 74/2 was fm.md t o  
show a low de gree of re lation ship with BES Ill ,  whilst  D74/1 8 

appeared t o  have s ome affinity with BES I and :s:s::; rv , though the 
latter only s howed as a " o�e way" rc act iol1 .  It v\ras concluied that 
the 2 

· lacal prot otype strains are p r ob ab ly diffe rent f rom the u. s .  
s erotype s . It may be  relevent t o  not e  that the anti sera t o  the 
2 local prot otype st rains s howed a broader type of re activity than 
the antisera t o  the U . S . se rotypes ; thi s  is pos s ibly due t o  the 
use of w1purified virus for  the p roduct ion of ant i serum, t hou g.l-J. 
plaque purified viruses were used for the actual cross  n cut ral 
ati on te sts . 
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Most  st rains of mTD virus isolated t o  date in New Ze aland 
have been cyt op ath ogenic in b ovine kidney c el l s ,  though thi s is 

probably a res ult. of the l i mi t at i on s of tb'-' me thods U!'\ed f or 
i s olation .  'l'hou.gh pro cedurR s ar"' no-,; bein g  i1Y1proved t o  in c lude 

methods c apab l e  of detecting  st rains noncytopatho genic in bovine  
kidney ce lls ,  ( such as  immw1oflu.orescence an d  gel precipit ation) 
the u s e  of FBL cells  may provide a sensit ive alte rnative cell  
system to  b ovine kidney . 

The fluores cein c onjugated antiserum t o  i s o l at e  D74/1 8 

showed considerable  re acti v lty against MD BK cells , probab ly b e c au s e  

of the lli1.purified nature of t he antigen used for the produ ction of 
the antiserm1 . It would be  preferable to  purify the anti gen t o  
nvcj d thi s problem. However , re a ctivity agains t Vero  cells  was 
minimal , and all owed s atisfactory fluore � cent antib ody tests  t o  b e  
c arried out . 

The re sults  of the fluore s cent ant ill ody tests  confirmed 

that isolat e s  D74/1 8 ,  D74/1 9A, D74/1 9B and D7L�/22-4 were s ero

l ogi cal ly relat ed ,  and that is olat e  D74/2 was of a different s ero

type . The use of this procedure may h ave s ome me rit for the r apid 

provisional s er otyping  of enterovirus i s o lates . 
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A SEROLOGICAL S URVE Y OF S OME EN DEJ..UC VIRUSES ------- -

. Materials And Methods 

One hundred adult bovine sera were obt ained from 20 
propert ies wide ly dist ributed ove r  the North Island of New Z e aland , 
5 sera being t aken f rom each prope rty . These  sera we re sub jected 

to the s e rum neut ral i s ation t e st ( SN'l') for IBR and BVD virus e s , a11.d 

t o  the haemagglut inat i on inhibit ion ( HI )  t e st for parainfluenza 3 
( Pr3

) vi rus and re oviruse s  ·1 , 2 ,  and 3 .  

0 
S e ra f'or the SNT were he at inactivated at 56 C for 30 

minutes , prior to the test . S e ra for the PI
3

-Hr t e st were s irr:i l arly 

heat inact ivated,  with and wit hout treatment with recept or dest royin g 

enzyme 1 ( RDE) . This  ;vas carri ed out accord in g  to  the ma<1ufacturer 1  s 
instruct ions , using a 1 in 5 dilution o:' s e rum in RDE solution ,  

incubat ing at 37 °G overni ght , and then he at inact ivat ing as ab ove . 

S e ra for  the reovirus HI test  were ad.sorbed  with kaolin as des cribed 

by M a:.'1n �al . , ( 1 967) . If they shov:ed  evidence of suffi cier-1t 

natural haemagelutini.ns t o  int erfe re with t he r e �clin g of the HI t e st , 

the test was repe ated  fol lowing a pe riod of acisorpt i on of Ui'.) sera 

with the releva'1t e rythrocyte s ,  as des cribed by Hierholz t< �· .et al . ,  
( 1 969) . 

The SNT for IBR and BVD viru�e s  was carr 'Led out ac co rding 

t o  the previously de s c ribed microtit re procedure ( General mat e rial s 

and methods) . S e rum dilut i ons used were from 1 in 2 t o  1 in 256 , 

and no  s erum cont rols were included.,  as previ ous experience indicat ed 

that bovine sera are only rarely t oxic t o  cell s .  Vir�l doses  of 1 00 

T c m 50 of vaccine st rains of IBR and BVD virus es were used , the dose  

being confirmed by a check tit ration c arried out at the t ime of the 

test . 

Haemagglutinins for t he HI te st were prepared from freeze-· 

thawed Vero cell  culture s  harvested at 6 days  following infe cti on with 

1 Wellcome Reagent s Ltd . , Be ckenham, U. K.  



t he re levant virus . � he s e  were t it rated f o r  haemagglut inat in g  
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act ivity at 37 °C as des cribed ( G ene ral materials  and met hods ) ,  using 

guinea pie erythrocyte s  f o r  the PI3 test , human type " O "  erythrocytes  

for  the reovirus test s ,  and als o ,  b ovine e rythrocyt e s  for  the reovirus 

3 t e st . Whilst satisfact o ry haemagglutinins we re produced wit h  PI3 
an.d reovirus 2 viruses ,  this was not the case with the othe r  2 

reovi rus e s .  C onsequently , these latter haemagglut inins were s oni

cated at 20 000 Kc/se c ond for 2 minute s  and then retit rated fo r 

haemagglutinat in g activity . 

0 0 T he HI test s we re then carrJ_ed out at 37 as de s cribed 

( General material s  aYJ.d met hod s )  us ing a vi ral dose of 4 haema

gglut inat in g  tmits ( HAU) , s erum dilut ions of' 1 in 1 0  t o  1 in 640, 

and using s e rum cont rols , Guinea pig erythrocyte s we re used f or the 
PI3 test s ,  human type " O "  e ryt hrocytes for the test s vvith reoviruses 

1 and 2,  and b ovine erythrocyt es for t he re ovirus 3 t est . 

Re sult s - -

Haemagglut inin tit res obt ained for PI3 vi rus and re ovirus 

2 were 1 in 1 6  and 1 in 24, respectively pe r 0 . 05 ml . Reovirus 1 

only produced a low haemagglut inin titre , but on s onication thi s  

- doubled t o  1 in 1 6 .  Reovirus 3 gave a 1 in 4 tit re with humaYJ. type 

"O"  erythrocytes ,  and 1 in 8 with b ovine e ry throcytes . Thi s l atter 

figure rose to  1 in 1 6  on soni cat i on .  

T he result s of the tests  are summarised in T able 2 0 , 

which als o  shows the dilut ions at which the re sults  are re ad . 

Re actions t o  1 or more serotype s of re ovirus we re found in 87% 

of the s e ra . 
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T able 2 0  

T he prevalenc e of . �nt ib 0rri e s  t o  s om��nd emi?.�iru� 

---·---- --
T e st IBR BVD (��� Reovirus 1 R e ov i ru s  2 Reovi ru s  

( SNT ) ( SNT) ( HI )  ( HI )  ( HI)  
---· --1---· 

S e rum 
dilut i on 1 /2 1 /8 1 /20 1 /1 0  1 /1 0  1 /1 0  

Per cent 
p o s i t ive 53 33 77 58 29 70 

----

T he f re quency d i s t ribut i on of t it re s  for each vi rus i s  

shown in F i g'�re s 2 1 and 22 . 

3 

--

Vi ith t he PI3 t e s t , RDE t re atment made no d iffe ren 8 e  t o  the 

ove rall re act i on r at e ,  though a few s e r a  showed a t i t r e  i n c re a s e  o r  
de c r e a s e  over 1 di lut ion s t ep . O nly 1 0  s e ra p o s s e s s e d  nat u ral h aema

g glut j  n at in g  act i v ity again st guinea pi g e ryt hro cyt e s ,  but t h2 s e  

we re all t race r e acti ons only at the 1 in  1 0  dilut i on and d i d  n o t  

int e rf e re with t he t e st re su lt s . 

W ith the reovi ru s  HI t e s t , it was f ou,'1.d t h at 44-% of the 

s e ra posse s sed n at ur al a gg l ut inins to human type " O "  e ryt h r o cyt e s ,  

and 26% t o  b ovine e ryt hr o cyt e s . T e s t s  wit h these s e r a  had t o  b e  

re p e at ed f o l l owing ad s orpt i on w i t h  the re levant e ryt hrocyt e s ,  

ex c e pt for 5 sera with the re o vi rus 3 t e st , whe re t he s e r o l o gi c al 

t it re s  were con s idered s uff i ci ent ly gre at t o  be un inf luenced by the 

nat ural haemagglut inin tit re . 

D i s cu s s i on 

O pinions differ on the need foT pretre atment of b ovine 

se ra pri or t o  the HI t e st f o :t· PI
3 

virus . Re i s in ge r  .:: t, al . ,  ( 1 959) and. 

H-orner eta1, ( 1 973)  re porte d t hat s ome b ovine s e ra p os s e s sed non

spe cifi c inhibit ors of Pr3 virus , and that the s e  inhib i t ors c ould 

be r e duced or  e li minated by RDE t reat ment . On the other h and ,  

Ket ler e t  al . ,  ( 1 961 ) ,  D aw s on ( 1 963) , and Ro s si and K ie s e l  ( 1 97 1 ) 

con clude d that non spe cif i c inhibit ors are eithe r ab s ent or inf re quent 
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FIGURE 2 1  

Dist ribution of ant ib ody t it re s  to  IBR, BVD , and PI
3 

viruse s . 
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FIGURE 22 

Dist ributi on of antib ody titres  t o  3 serotypes  of re ovirus . 



1 1 6  

in b ovine sera .  The result s obt aine d with the 1 00 s era would t end 

t o  s uppo rt the lat ter conclusio:1,  th ough it would be desirable that 

a l arger number of sera b e  examined before RDE tre atment i s  

rout inely dis c ontinued .  The results  als o  su gge s t;  t hat roatine 

ads orption of b ovine sera w iti.1 e rythrocytes prior t o the t e st i s  

prob ably not es sent ial , provided. se rw11 cont rols are used .  Whe re 

s e ra are found t o  pos se s s  n atural haemagglut inins , t he t e st c ould 

be repeat ed following a peri od of ads orpt io:'l. wit h e rythrocyte s . 

Kaolin pretreatme nt of sera has been rout inely us ed with 

the HI test for a numbe r of viruse s , and is thought t o  remove lipo-

protein ass o ciat ed n onspe cific inhibitors o f  reovirus haema- · 

gglut ination (Ma1·m et a! . , 1 9 67) . Whether these inhibit ors  exist in 

N ew Z ealand cattle sera has not been determined . H owever , it would 

appe ar worthwhile that N ew Zealand catt l e  sera be adsorbed with 

appropri at e  e rythrocyt e s  p ri o r  t o  the re ovirus HI t e st , as the 

numb er of sera showing natural ha<?rnagglut inins to  h1J.J.J1ar1 type " O "  

and bovine e rythro cytes  w a s  quite high . 

'rhe choice of a s creening dilution at vvhi ch a serol o gical 

t e st is  con sidered po sitive o r  negat ive i s  so:nev;hat arbitrary . 

B e c ause the SNT for IBR virus i s  re garded as being of low sensit ivity , 

a positive react ion at a di lution of 1 :i.n 2 is  consid e red s i gnific ant 

- (Y o rk ,  1 968) . Tit re s  with BVD vi rus are gene rally s o:newhat hi ghe r 

than with IBR vi rus and s li ghtly highe r s creening dilut i ons are 

c ommonly used . Malmquist ( 1 968 ) considered that a re action at a 

dilution of 1 in l+ of se rum is indicat ive of exposure t o  BVD virus , 

and this dilut ion was a l s o  us ed by Ros s i  and Kie s e l  ( 1 971 ) .  In 

N ew Zealand , a slightly higher · serum diluti on of 1 in 8 has been 

used (Fastier and Hans en , 1 966 ; Robins on , 1 971  ; D urham and Forbes

F aulkner,  1 97 5 ) . To aid compari s on with local re sult s ,  this dilution 

was used in T able 20 . 

Abinanti et al . , ( 1 961 ) and Rossi and Kie se l  ( 1 971 )  

re c ommended that a re acti on at 1 in 20 or great e r  serum diluti on 

should be c onsidered positive with t he HI t e st f o r  PI
3 

vi�us . The 

l at ter authors based the ir opinion on comparat ive studie s with t he 



SNJ' f o r  Piy Thi s  d L . -1ti on w as c on s equent ly us ed f o r  T ab le 20 

A s cre ening s e rwn d.ilutio:-1 o f  1 i n  1 0  w a s  c h o s en f o r  the 

HI t e st with the r e ovirus e s ,  as it h as b e en c orrL'Tionly u s e d  by othe r 

inve s t i gat o rs ( Rosen ,  1 960 ; R o sen ancl Ab inant :i , 1 960 ; R o sen e t  al . ,  

1 962 ) . T he s pe cifity of the r e s ult s should b e  t re at e d  w it h  :o ome 

c aut i o n ,  as th e re oviru s e s  have been n o t e d  t o  produce a het e r o 

typi c s e r o l o gi c al r e s p on s e  i n  s ome ani mal s . 

The t it r-es of haemag gl ut inin p r o duced w e re gen e r ally 

rathe r l ow . D iffi culty in produc in g  s at i sf ac t o ry  h aemag glut inin 

t it re s has al s o  b e en rep o rt e d  previously by Ro sen ( 1 960) and C o ok 
( 1 963) , part i cularly with r e o vi rus e s  1 and 3 ,  whi ch i s  in ac c o rd

ance wit h  the re sult s obt ained in these st udie s . l ! owe ve r ,  it was 
f ound t h at a b rief p e r i od o f  s onicat i on was effective in doub l :in g  

t he h ae magg lutinin t i tre with t he s e vi ru s e s , p re swaably by 
d i s a g gre g at in g the vi ral p art i c l e s ,  as founc1 by H:=: rm o d s  so::-1 ( 1 960) 
with parainfluen z a  virus . 

B o vine e ryth ro cyt e s  w ere u se d  f o r  te s t in g with re ovi.-:'us 

3 ,  as they p roved to give s up e r i or haemag E,;lut inat i on ,  whi ch i s  in 

agre e mGnt wit h t he f indin gs by E g ge r s  �t al . , ( 1 962 ) ,  wh o f ound 

that b ov ine e rythr o cyt e s  gave b et t e r  and m o re con s i st ent r e s ul t s 

. with re ovirus 3 t han did hwnan type " O "  c e lls . 

Furthe r c om�ent on the s er o l o g i c al re su lt s i s  left t o  

t he gen e r al di s cu s s i on s e ct i o n .  

( 
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GENERAL DISCUSSION ---

As stated in the introduc t ion, an important ob ject ive of 

t hese studies was to gain some expert ise in the use of a number of 

virological p rocedures .  The isolates  obt ained. proved t o  be ve ry 

suit able fo r this purpose  in that they allowed a considerable  number 

of technique s to be  successfully att empted . A further ob jectiv·3 was 

t o  initiat e  studies on the possible aetiological role of viruses in 

gastrointe stinal disease in youn g  cattle in New Zealand . Whilst 

some pro gres s  was ruade in this re gard, it is  realised that much more 

work remains t o  be  done , a.'1d consequently it is  hoped to extend these 

investi gations considerably in the future , particularly in relat ion 

t o  diarrhoea in neonat al calves .  

Five of the isolates (D74/2 , D74/1 8 ,  D7LI-/1 9A, D74/1 9B , 

D74/22-4) were clas sified as ent eroviruse s  on the b asis of their  

characteristic  CPE , small size  o:' about 26 nm, t.m.inhibited growth 

in the presence of BUD R ,  lac� of sensitivity t o  lipid s olvent s ,  
0 acid stability , and their stabili s at ion at 50 C by molar M gC l2 . T he 

b uoya'1t den sity of 1 .  34 g/ml in C sC l  of i solate D74/i 8 was als o  

consistent with thi s  c l as sificati on . 

Enterovi ruses  have b een mainly :::;ubclas sified on the b asis  

of  their  reactions in  cross  neut ralisation t e st s ,  the main problems 

being the vari ation in the levels of  sensitivity of the various t e st 

procedures and the existence of s ome ent erovirus strains sho·Ning a 

b roader anti genicity than others .  A furthe r compliccrt ion has been 

the effect of pas saging the various viruse s in different types of 

host cel l s ,  re sulting in selection for diffe rent characteristics  

(Moscovici ·�� · , 1 961 ) .  Neve rtheles s ,  the result s of  cro s s  neut ral

isation test s with these  5 isolates  were reas onably clear ,  in that 

isolate D7�/2 was serologically dist inct fro:n the other 4 entero-

virus i solat e s . This finding was supported by the results of the 

fluores cent antib ody t est using fluores cein-conjugat ed ant iserum t o  

isolate  D74/1 8 ,  which al so showed that i s olat e  D74/2 was of a different 

serolo gical group . This  latter procedure has not been previously 
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rep o rted as bein g  used f o r  the serotyping of b ovine :!nteroviruse s ,  

but has been us ed t o  clas sify huma."'l C oxs ackie and polioviruses  

(S haw ��:!:_. ,  1 961 ) an:l porcine enteroviruses  (Wat anab e ,  1 971 ) . All 

5 ent erovirus is o l ates  appe ared to  be serological ly unrelat ed t o  the 

7 U. S .  se rotypes  wh i c h were avai lable for c ompari s on ,  though s ome 

minor  degrees of anti �enic s imilarity we r e  seen.  

The s eparat i on o f  the enterovi rus is olat e s  int o 2 se ra

type s is furthe r s upported by the ir behavi our in the presence of HB3 , 
whi ch indi c at e d  on the basis  of the fin•lings of Port ola11i et al . ,  

( 1 968) that i solate  D74/2 prob ably belongs to  group 1 in t he classi

fi cation of  L a  Pl aca et  al . ,  ( 1 965) , whi l s t  t he othe r 4 ent erovirus 

isolates probab ly b elong  to group 2 .  O n  t hi s  b as i s ,  althollgh n o  

haemagglutinins were demonst rated with b ovine , guine a pi g and human 
type 0 erythro cyte s  with any of the i s olat e s ,  it would appe ar l ikely 

that is olate D74/2 sho uld show hae magglut inat in g  act ivity with monkey 
e rythrocyte s ,  thi s being  a bas ic property o:' g roup 1 enterovi ruse s 

( La Placa et al . , 1 965 ) . 

I mm'..lrlofluore s cent st aining with fluore s cein- conjugated  

ant i s erum to  i s ol ate D74/1 8  al s o  sh owed that viral a..Ylt i gens were 

c onfined to  the cyt oplasm during replic ation in the c e l l ,  and th i s  

was furthe r supported by t h e  re sult s of s t aining with acridine o ran ge 

and co riphosphene 0 dye s ,  which showed an inten::; ification of n o rmal 

cyt oplasmic stainin g only . Thi s l atte r f indin g i s  c on s i s t ent wit h 

the lmown single-stranded nature of ente roviruses ( Andrewe s and 

Pereira, 1 972 ) . Thoug."l all of the ent e rovirus i s ol .s.tes were 

re lat ively he at s t able , i s olates  D74/2 and D74/1 9B were f ound t o  have 

comparatively sho rter  half-lives at 37
°

C .  These s ame 2 i solat e s  were 

al s o  notable  fo r the small size of plaque s produced at thi s s ame 

temperature . This  correlat i on may be  due t o  their l ower he at st ability 

causin g  a more rapid inactivation of ext racel lular virus , le ading 

to a decreased rate of infection of ad jacent cells and hence a sl ower 

rate of growth of vi ral plaques . I solat e s  D74/2 had the short e st 

half-life at 56°C ,  this further emphasi z ing it ' s  biological di stinct 

ne s s  from the other 4 ent e rovirus i s ol at e s . 



The product i on of l arge plaque s has been � ound t o  be  

as so ciat ed with inc re ased virulen ce in animals for a numb er of' 

viruses , incl uding human C oxsackie and pol i oviruses (Vogt �t al . ,  

1 957) and foot and mouth di s e as e  virus ( C ottral et al . ,  1 966) . 
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In thi s re gard it i s  interes ting t o  spe culat e  on the pos sible  increased 

virulence  of isolat e s  D7l,/1 9A and D74/22-4, as the se b oth  produced 

c onside rably larger pl aques . 

The pathological significance of the 5 enterovirus i s o

lates  i s  unce rt ain , though all were obt ained from the fae ce s  of 

s couring animal s .  Whilst  b ovine ente roviruse s ha •Je been shO'Nn t o  be 

capable of inducin6 diarrhoea in c alves (McFe rran , 1 962 a ;  Van D er 

Maaten and Packe r ,  1 967 ) ,  myocardit is and paralysis in mice ( Kui1in 

an·i Minuse , i 958 ; Moll  and Davis ,  1 959) and ab ort ion a'1d st illb i rt h  

in pre gna:.'lt guine a p i gs (Moll a.'1d D avis , 1 959 ; Moll , 1 961+- ; Va:n. D e r  

Ma:rten and Packe r,  1 967) , the remaining evidence of p at h o ge n i c ity i s  
largely circums·� a:.'1t ial . Thus , conside rable  levels of antib oiy t o  

bovine ent erovi r:.lse s  have b0en de;no�s s rated  in the body fluid s of 

ab orted bovine foetus e s ,  apparently as a result of active foetal · 

infecti o·n i����ro ,  and le d D uetne �t a�. · , ( 1 97 3) t o  sugge st ente ro

vi ruses  as pos sib l e  important caus 8s  of bovine ab o rtion . E:!tero

vi ruses have als o  been is olated  from ab orted  bovine foetuses (Moll  

and Finlayson,  1 957 ; Moll  and D avis , 1 959 ; M attsoD an d  Reed,  1 974) 

and f rom faeces a.nd nasal swab s  of adult c at t le and calves with 

diar rhoea, re spirat or-y di sease and ab ort i on ( Moll and D avis , 1 959 ; 

M cFerran, 1 962a ;  M ol l  and Ul rich , 1 963 ; S chiott and Hylde gaard

Jensen, 1 966 ; M att s on and Reed,  1 974) . The significar1ce  of the s e  

latter is olates  is  t o  some ext ent reduced b y  the fre quent i solat i on 

of ent e r ovirus e s  f rom normal c attle ( Kun in and Minuse , 1 957 ; M cFerran, 

1 962a) . 

N eve rt he l e s s ,  ent eroviruses  of man , mic e ,  p i g s  and chickens 

have al l b e en wel l  do cument ed as cause s of a vari ety of di s e ase 

syndr ome s in the s e  spe cie s ( And rewe s and Pe reira, 1 972) , a'ld it would 

be rathe r unexpe cted if b ovine ent e rovi ru s e s  we re all incapab le of 



s imilar patho genic beh avi our OYJ. oc casion , e specie.l1:-: in youn g cal ve s . 
Though colostrum a.eprivat i on may be  ne cessary in calves bef ore patho
genicity can be elicit ed,  t hi s  situation may not be that uncommon, 
as Bailey and McLea."l ( 1 972)  showed in a survey that 1 8% of Friesian 
c alves at 1 week of age we re hypogl obulinaemi c ,  apparent ly as a 

result of management e rro r s . 

Thus , further inve sti gat i on of t he rol e  of erit e roviruses  
in  causing di sease  in  youn g  cattle would appear we ll  worthwh ile , 
part icularly in relat ion t o  ne onatal c alf diarrhoea and b ovine 
ab ort ion .  

I s olate D74/1 3-4 9 was found t o  b e  more diffi cult t o  study 
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b e c aus'?. of its s l ow cmd relatively non-pro gressive type of CPE , which 
was only evident in Ve ro cells , Be cause of thi s ,  it proved impos sible 
to tit rate  the virus on the basi s of it ' s  C PE ,  as de �enerat i ve chan ge s 

in the cells mirr.:i. cked the vi ral CPE at low tit re . Att empt s at 
devel oping a p laque t it rat i on system we re only partially succe ssful , 
as it proved p c:· ssible only to devel ope micropl aq·Jes ,  and then only 

when supplemental magnesium chloride and DEAE-dext ra.'1 we re included. 

in the overlay medium . It  is pos sible that with further worx ,  a 
p r actical pl aque titration method may be developed ,  part i cularly 
as a number  of other chemi cal addit ives remain t o  be  t ried in the 

overlay me dilli�, s�ch as p ancreatin and chymot ryps in , these  havin g 
been found useful t o  enhance plaque d evel opment vfi th reoviruses  
(Wallis ��!· , 1 966b ) . An alternat ive me th od would be  t o  develop 
a t it rat ion system based on immunofluores cence as an indicat or of 
vi ral activity, as has been used with a number  of othe r viruse s . It 
is hoped to  proceed with work on this system in the near future . 

The propertie s of  isolat e  D74/1 3-49 are app arently s imil ar 
t o  those G.o s cribed for viruses of t he diplornavir-us group (Mel nick,  

1 973) in that it  appeared to  show cubic syrnnetry ,  a size of  ab out 8 0  
.;, 

nm ,  and was re sistant t o  the acti on of BUDR and c hloroform .  The 
developmE?nt of cyt oplasmic inclusions of apparently doub le-st randed 
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nucleic  acid, as shown by c oriph o ::>phene 0 st ainin g · f infe cted cells , 

support s thi s provi s ional clas s ifi cation .  Once suit ab l e  titrat i on 

procedures have been d eveloped the physicochemical t e s t s  should be 

repe ated  in a more pre cise manne r t o  corroborate the ab ove findings . 

The fur ther clas s ifi cati on of this isolat e  int o 1 of th e 

3 prob abl e sub gr oups of the diplornavirus e s will re qui re furt her 

det ai led study of the prope rt i e s  of the virus . In parti cular , a 

study should be made of it s the rmal st ability at 50°C in the 

presence of molar MgC l
2 

and it s acid s en sitivity , as the se properties  

will se rve to dis tin gui sh b etween reoviruse s ,  " reo-l ike" virus e s  and 

orbi viruses . In wldit ion ,  a much mo re det ailed study of the viral 

morphology i s  re quired unde r the ele ct ron microsc ope , s o  as to  

determine the capsid struct ure and the number and n g_t ure of t h e  cap

some re s .  Howeve r ,  t he apparent l ack o� haemag glut inat in g activity 

of this i solat e t o get he r with i t ' s  production of di s crete cyt o

plasmic inc lusion s  suggests  i t  may h ave s i mi l ar p rop e r t ie s to  the 

" reo-like"  viruses (W e l ch a.'ld Thomps on, 1 97 3 ) . 

As i so l at e  D 74/1 3-49 was isolat ed. from a s c ouring calf at 
a property where ne onatal c alf s c ours had been a problem for several 

years , and has s hown some aff inity with t he " reo-like " virus group, 

it woul d  appear wel l wort hwhi le fer furt he r  investic;ati ons  to b e  made 

of it s prope rtie s ,  p art i cularly in relat i on to it ' s  p o s s ible  patho

genic effe ct in neonat al calve s . 

The small serolo gical survey of North I sl a•1.d catt le  was 

carried out as a pilot survey , as it is  int ended that more exten sive 

surveys wiJ.l be c arried out in the near future so as to better define 

the prevalence of a number of vi ruses in the farm animal p opulat i on 

of New Z e aland, 

Fastier and Hansen ( 1 966) reported that 81 . 6% of 1 1 8  North 

Island c attle from he rds with re spirat ory disease problems pos s e s sed 

ant ibodies t o  IBR virus , in cont rast to 36% of 60 catt l e  from herds 
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where respirat ory disease was not a problem . More recently , D urham 
ru1d F orbes-Faulkner ( 1 975 ) found that l1-1 % of 669 diagnostic  sera 
from N o rt h  I sland cattle posses sed IBR antib o'lie s ,  a much l ower 
figure of 1 9% of 472 diagnostic  sera being  obt ained for S outh I sland 
cattle . The re sult obt ained in this pil ot survey of' 53% of 1 00 

N o rth Isla:.11d cattle of unknown dise ase status ·.vas somewhat hi gher 
than expe cted ,  but may reflect the small size  of the s ample popu
lation . It neverthele s s  confirms the widespread nature of the virus 
in the cattle  populat i on ,  

Fastie r  and Han.sen ( 1 966)  als o  rep orted that 4 1 %  of N o rth 
I sland cat t l e  f rom herds with r e s pi rat o ry di sease problems pos s e s s ed 
BVD antib odi e s ,  in c o nt r ast to 25% of 60 apparently normal catt le . 
A similar figure of 31 % of 507 diagnostic  sera from N o r t h  I sland 
cattle , an d  of 39% of S outh I sland catt le was obtained by D urharn 
ru1d Forbe s-Faulkner ( 1 975) .  The result obtained here of 3J% is in 
cl ose agreement with t he above d :1.t a . 

T he re has only been 1 re p o rt of the prevalence of ant i
bodie s t o  PI 

3 
vi rus �-n the New Z eal a.rld. cattl e  population ,  be ing  that 

of Fastier and H a.nsen ( 1 966 ) , who four�d that 98% of 1 1 8  N orth I s land 
cattle f r om respiratory disease problem herds posse s sed antibodies 
t o  the viru s ,  this comparing with  a rate of 58% of 60 apparently 
normal cattle . The leve l  found in thi s survey of 77% of 1 00 N o rth 
I sland cat t le is in re asonable agreement with the above d at a  an.d 

The role of PI emphasizes  the wide spread nature of the a gent . 
3 

virus in causing disease in c att l e  was briefly reviewed by J olly 
( 1 967 ) who stated that there was little inf ormation t o  sugge st PI3 
virus was an import a.nt cause of dis ease in N ew Zealand cat t le , 
Neve rthele s s ,  the lack of information on the role of thi s virus in 
cont ributing to calf re spirat ory di s ease is partly cl ue to the past 
lack of virological f acilities  in N ew 7.ealand., ana it i s  c onside red. 
therefore that the virus should not be d ismi s sed as unimportant at 
this st age . Recent report s by S att ar et  al . ,  ( 1 965 , 1 967 ) ,  Swift 
and Kennedy ( 1 972)  and Dunne et al . ,  ( 1 973) as soci at ing the virus 



with bovine abortion al so sugge st that a more careful apprais al of 
the pathological s i gnifica�ce of PI

3 
virus may be warranted . 
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There i s  no publi shed dat a  on the prevalence of antib odies 
t o  t he 3 main se rotypes of re oviruse s  in New Zeal and c attl e ,  and 
little  has been report ed overseas . One of the problems in int e rpret
ing such data  is the development of heterologous reactions following 
infection with a reovirus s erotype ( Rosen et al . ,  1 963) , particularly 
with s erotypes 1 and 2 .  Reports  by Ro sen �al . ,  ( 1 963) and La�ont 
( 1 968)  indicat e  that reoviruses  1 and 3 are the serological type s 
most commonly i s olated from cases  of re s piratory dise ase and diar
rhoea, and the hi gher prevalence of s erotypes 1 and 3 is support ed 
by s ome serological data (Ros en et al . ,  1 963) . Stanley and Leal<: 
( 1 963) found in a small survey in Aust ralia that 43%, 43% and 62% of 
bovine sera pos s e s sed antib oiies to reovi ruses 1 ,  2 an.d 3 respec.tively ,  
an d  that multiple infections appe ared corrunon . The level s  o f  58% , 
29% and 7afo found for the corresponding 3 serotypes in this  survey 
als o  confirm the wide spre ad dist ribut ion o:' the se viruse s  in N ew 
Zealand. 

Although s ome progres s  has re cently been ma:le in the study 
of vi ral infe cti ons  of livest ock in New Zeala.l'ld, a c onsiderable  
amount of  work still remains to  be  attempted before the e conomic 
si gnificance of viral infe ctions can b e  properly evaluat ed . 
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apd 

ATV 

BEK 1 

BUDR 

BVD 

CPE 

DEAE 

DNA 

FBK 

FBL 

FITC 

g 

G 

Hank ' s AB 

HA 

H.AU 
HI 

IBR 

Kc/s a c ond 

l o g1 0 
M 

MDBK 

mg 

ml 

mm 
mM 
Mouse 1 cell 

/u 

/ug 

nm 
PEG 

PBS 

PFU 

.flJJ PEND IX 1 

List of abbreviat i on s  

Average pore diame t e r  

Ant ib i ot i c - t ryp s in-ve r sene s o lut i on 

B ovine embryonic kidney c e l l  line 

5 - Bromo - 2 de oxyuridine 

B ovine vi r al diarrhoe a  

Cyt opat hi c  eff e ct 

D iethyl amin oethy1 
D e oxyrib onu c lei c  acid 

F oe t al b ovine kidney 

F oe t al b ovine lung 

Fluore s ce i n  i s ot hi o cy a�at e  

G ram · 

F o rce of gr avity 
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Han�<: ' s b uffe red s alt s o lu"c i Ol1 wit h 2 000 uni t s  p e r  m1 

of penicil lin and 2 000 /u g/ml of st rcpt o'Tiy c in 

Haemagglut in at i on 

H aemaggl ut inat ing un it 

H aema g gl ut inat i on inhib i t i on 

Infe ct i o� s  b ovine rhi n o : rache iti s 

Ki l o cy cl e s  p e r  s e c ond 

Lo garithm t o  the b as e of 1 0  

Molar 

Madin -D arby b ovine k idney ce ll l ine 

Milli gram 

Millilit re 

Millimet re 

Millimolar 

Mous e fib r oblast cell line 
-6 

Micron = 1 0  met re 

Microgram = 1 0-6 gram 

N anomet re = 1 0-9 
met re 

Polyethylene glycol 

Phosphat e  buffered s al ine ( calcium and magne s ium free )  

Plaque forming unit 



RDE 

R.Til"A 

SDL 

SNT 

T C :m
50 

Vero 

w/v 

w/w 

Pa:rainfluen z a  3 

Pho s photun g s t i c  acid 

Rc c ept o r  de st roy in g  enzyme (N euraminidase) 
Rib onuc l e i c  acid 

S o dium de oxycho l at e  

S e rum neut ral i s at i on t e s t 

5Q% t i s sue cult u re infe ct ive d o s e  
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C ont inuous l ine of .Al�r i c an  green m onkey kidney c e l l s  

W e i ght f o r  volume 

Wei ght f or w e i ght 



APIDIDIX 2 

AI'J.a!' ove rl [\'L f o r  _£el1_ _ _  c u:l,"!�_ura L'!o:n.ol aye rs 
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A. Prep are double s t rength c e l l  culture medium 1 99 (Wellcome ) . 
0 '  

S t ore at Lf- c .  
0 

Before u s e , warm in wat e r  b ath t o  43 C after  addit ion of 

re quired final amount of sterile serwn and antibiot ic s .  

B .  N oble Agar (Difco)  o r  S e apl aque Agarose (Marine C o ll o ids Inc) . 

W at er ( d i s t il l ed dei onised) Lf-8 ml 
Aut oclave at 1 0  lb s p re s sure f o r  1 0  minute s . 

0 
St ore at L:- C .  

Before use , welt in b oilin g  wat e r  b ath , and then cool t o  
43

°
C:: , if using agar , or t o  37 °C if using agarose . 

Pour contr.::nt s cf A int o B ,  mix wel l , a.YJ.cl di spense r e quired 

ru_notmt ove r mo�.1olaye r .  
F o r  s t a�_ni·,1g ,  adC.. furthe r mon o l ayer incorporatin g  0 . 01 %  

n eut ral r e el s olut i on .  

Ant ibiot i c s  

M ake the s e  up as a x 1  00  concentrate in PBS . 

Benzyl Penicillin 
Strept omycin sulphat e 

Kanamycin s ulphate 
Gentamycin 

Sterilise  by filt rat i on ( 220  nm apd) 

Workin g S t rength 

1 00 unit s/ ml 
1 00 /ug / ml 
1 00 /ug / ml 
200 /ug / ml 



Antibiot i c-t�y�in-versene (ATV) 

( Reference : Madin and D arby,  1 958) 

T rypsin 

Versene 

NaC l  

KCl 

D ext rose 

NaHco3 
Penicillin 

S trept omycin 

Phenol Red 

0 . 5  g 

0. 2 g 
8 . 0  g 
0 . 4 g 

1 . 0 g 
0 . 58 g 
2 Jt 1 o5 

1 00 mg 

0 . 02 g 

unit s 

M ake up t o  1 , 000 ml with water ( distilled deioni sed) . 

S t erilise by filt ration ( 220 �� apd) . 

St ore at -20°C in 20 ml al iquot s .  

Bui'fers 

Unl ess  othe rwise stated,  all buffers wers prep:::.red 2.ccordinr, 
t o  the t ables  drar·m up by Gomori ( 1 955 ) . 

C elloidin 

Amyl Acet at e  

0 . 5  gm 
1 00 ml 

E agl e s  minif!!al e s s epj; ial mecli� _ _{MEM) 

E ar,les minimal es  senti a.l medium (Vi ell  coDe) 

D eionisecl wat er 

N aHco3 ( 4 . 4% s o lut ion) 

1 0  g 

950 ml 
50 ml 

Mix as ab ove and sterilis e by filt rat ion ( 220 nm apd) under  
pressure . 

0 St ore at 4 C .  

Add antibiotics end se rum as requi re d . 
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N aC l  

KC l 

M gS 04 • 7H
2

o 

N aH
2

PO 4 • 2H
2 

0 
D ext r o s e  

Phenol Red 

c ac 1
2 

( anhydrous ) 

D e i onis ed wat e r  t o  

S t e ri l i s e  by filt rat ion ( 220 nm apd) . 
0 

S t o re at 4 C .  

E arle s b alanced s alt so lut ion 

L act alb umin hydr o l s at e  s o lut ion 

Y e ast ext ract 

6 . 8  g 

0 . 4  g 

0 . 2  g 

0 . 1 63 g 

1 . 0 g 

0 . 02 g 

0 . 2  g 

1 000 ml 

845 1711 
� 00 ml 

5 lP� 
50 rnl S od.ium b i c arb onat e ( 4 . 4%  s o lut ion) 

S te rl i s e  by f i lt rat ion ( 220 nm apd) und8 r 
0 

p r e s sure . 

S t ore at 4 C .  

Add ant ib iot i c s  and s e rwn as r e qui red . 

Formvar s olution f o r  e l e ct ron rni c ros c opy erids 

F o rmvar ( p oly vinyl f o rmal) 
Ethylene dichl o r ide 

Glutaraldehyde 

Glutaraldehyde 

0 . 1  M pho sphat e  b uffe r pH 7 . 2 

0 . 5  g 

1 00 ml 

2 . 5  g 

1 00 ml 
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Hank's b alanced :::; alt s o lut i on (without b i c arb onat e )  

§_£1ut i on __-!1  ( x1 0 st ock s o lut i on) 

NaC l  
KC l 

7li 0 MgS04. -· 2 

CaC l  ( aDhydrous )  2 . 

MaJ.::e up t o  1 000 ml with w at e r .  

S olut i on B ( x1 0  s t o ck s ol ut i on) 

N a2HPO 4 ( anhydrous ) 

KH2Po4 
D ext r o s e  

Phenol Red 

M ake up to 1 000 ml wit h Vve.t e r . 

80 g 

4 . 0  g 
2 . 0  g 
1 . 4 g 

o . 6  e 
0 . 6 g 

1 o . o  g 
0 . 2 g 

Mix 1 00 ml of S ol ut i on A and 1 00 ml of S elut i on B ,  and maK:e up 

t o  1 000 ml wit h wat e r ,  

S t e r i l i s e  by f i l t rat i on ( 22 0  nm apd) o r  by aut o c l Qvjn g f o r  1 0  

minut e s  at 1 0  lb s pre s s ure . 
S t o r e  at r o om t e mpe r at ure . 

_H_�l-\.1s_l§:C t §!;l:_b_�ir!.__s_o_l_l!_J:....c i:....o;.;.n�(.:..:HL=A) 

Hank's b as i c  s alt s ol ut i on 

Lact albumin hydroly s at e  s ol ut i on 

Ye ast ex t r act s ol ut i on 

S odium b i c arb onat e  ( 4 . L�% s olut i on) 

S t e rl i s e  by filt rat i on ( 22 0 nm apd) . 
0 S t o re at 4 C .  

Add ant ib i o t i c s  and s e rum a s  requi re d .  

845 ml 
1 00 ml 

5 ml  

50 ml 
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Lactolbumin hydr<?)):_� < · e solution �J-I) 

Lact albumin hydrolysate (Difco)  

N aCl 
KCl 

50 . 0  g 

8 . 0  g 

0 .2  g 

1 . 1 5 g 

0 . 2  g 

Make up t o  1 , 000 ml wit h water  and aut oclave at 1 0  lb s 
0 

pre ssure f o r  1 0  minutes . Store at -20 C .  D is card 

precipit at e ,  if an.y, before use . 

Lead C it rat e 
( Reference : Venable and C oggeshall , 1 965) 

Le ad cit rat e  

WatE:r  

Acld 0 . 1 ml of  1 0 N N aOH t o  diss olve . 

0. 02 g 

1 0  ml 

Filt e r  through memb rane filter ( 4-50 nm apd) . 

Store in st oppered b ottle . 

Medium 1 99 dried powde r (Wel l c ome) 
Doionised wat e r  

Tricine ( C albi ochem) 
NaHC03 

1 0  g 

950 ml 
1 . 8 g 

1 . 5 g 

Mix as ab ove , adjust volume t o  1 , 000 ml with deionised 

water  and sterili s e  by filt ration ( 220 nm apd) under 

pres s ure . 
0 

St ore at 4- C .  

Add antib iotics  nnd serum as re qui red . 

N .  B. T ri cine i s t1sed as a buffer and t o  cont rol mycopl asma 

cont aminant s ( reference :  S pendl ove et al . ,  1 971 ) .  
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Methyl cellul ose over� o.y f o r  c e l l ._9t.:.lt ure monolnye rs 

Methyl cellul os e  powder (Eopkins and Williw.ns Ltd . ) 3 . 0  g 

W at e r  1 00 ml 

S uspend with vigourous mixing the methyl cel lul o s e  powder in 

b oi l ing  wat e r ,  and aut o c l ave at 1 5  lb s p re s sure for  1 5  minute s .  

(N . B .  Emerges opaque from aut oclave . ) 
0 

C oo l  t o  4 C ,  when liquifies and clears . 
0 

St ore at -20 C .  

0 0 Thi s medium gel s  at 37 C ,  and re l iquifie s if returned. t o  4 C .  

For use , add t o  equal volwne of double s t rength cell cult ure 

medium incorp o r;;.t ing re qui red amount of serum and ant ibiot i c ,  
0 

at t empe rature of 4 C .  Then overl ay c e l l s . 

NeGtral rod s o lut i on 

N e ut ral red powder 

Phosphat e Bufferecl S al::.ne t o  

1 g 

1 00 ml 

S t e riJ.ise  by filt rat i on ( 220 nm apd) . 
0 

S t ore at 4 C .  

N . B . This solut i on has a phot odynamic a ct i on on cells if 

exposed to l i ght . 

O f>mium t et ro::cide 

O so4 
0 . 1 M Phosphate buffe r ,  pH 7 . 2 

0 . 5  g 

50 ml 

Phosphat e buffered sc..l i ne (PUS) ( C a
++ and Mg

++ free) 

NaC l  8 .0  g 

KC l 0 . 2  g 

Na2HP0
4 

1 . 1 5  g 
KH2

PO 
L� 0 . 2  g 

Water t o  1 000 ml 

Sterilise by ·aut ocla.ving ( 1 5  lb s for 1 5  minute s) . 
Fina1 pH 7 . 2-7 . 4  
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Phosphotungstic acid 
Potas s ium phosphotun gst ate 
Water  

Adjust t o  pH7 nith N KOH .  

!.E;zean b lue sol�tion 
T r'Jpan blue 
Phosphat e  buffered s aline 

Filter t hrough filt er pape r .  
D ispens e in 1 . 8 ml  quantitie s .  

0 S tore at 4- C .  

Trypsin s olut i on 
Tryps in (Difco 1 : 250) 
Hanks Basic  S alt S olution to 

2 g 
1 00 ml 

0 . 2  g 
1 00 ml 

2 . 5  g 
1 000 ml 

Penicillin 
S trept omycin 
Phenol Red. 

2 x 1 o5 unit s 
1 00 mg 

Adjust pH to 7 . 6  with N��co3 s olution . 
S terilis e  by filtration ( 220 nm apd) . 

0 Store at -20 C .  

Uranyl acet at� 

0 . 02 g 

Prepare saturated solution in 5Q% ethanol . 
S t ore shielded f rom light . 

Yeast extract soluti on 
Bacto yeast extract ( Difco)  
Pho sphate buffered saline 

5 . 0  
250 ml 

D i spense into 5 . 0  ml volumes and s t ore f rozen . 

\ 
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APPENDIX 3 

Preparat ion_And U s e  Of F ix it ives An:l S tains 

Ac�£_�"2£.e st ain 

Adaptecl from Maye r and D i11a.YJ. , ( 1 961 ) .  
1 .  Rin se in PBS - 1 -2 s e c ond s .  

2 . Wash in C arnoy '  s fixit ive - 1 -2 minut e s , 

3 .  Wash in 1 Oo% etha.YJ. ol - 2-5 s e c ond s .  

4 .  Wash in 7a% ethanol - 2-5 s e c ond s . 

5 .  V! ash in ccet at e  buffer pH L1- . 0  - 5 s e c ond s , 

1 50 

6 .  S t ain 1iJi th 0 .  01 % acridine o r an e;e ( or  acridin e  o re..nge R) ( G urr ) 
in pH 4 ac et at e buffe r - 1 0-1 5 minut e s . 

7 .  Wash in two cha11ge s o:f acet at e  buffer pH L1- - 2 minut es . 

8 .  M onnt in bui'fer . 

9 .  Ex u.nLi_ne nnde r u-v o r  blue li ght . 

Re sult s : D ouble st r<:mded nuc l e i c  acid stain �. yel l ow/ gre en . 

S int;le s t r an ded nuclei c ac id st ain s red -b r o'::!l . 
N . B . M onolD.ye r s  may be s at i s fact o r ily fixed in B o uin ' s 

fixit i ve , provided they are ade quat ely Yr ashe d  afte rwarcls . 

Bouin ' s fix it ive 
Picric acid ( s at urat e l  aqueous s olut i on) 
F o rmalin 
Glacial acetic acid 

75 P1l 

25 ml 

5 ml 

F'ix monolayers for 5-1 0 s e c onds , ani t is sues  for 1 hour . Wash 

off excess  pi cric acid with s everal change s of 8a/c ethanol o r  

water.  

Carnoy' s fix:itivc 

Good fixit ive for nucleic acids . 

Ethanol 

Chl oroform 

Glacial acet i c  a c id 

60 ml 

30 ml 
1 0  ml 

Fix monolaye rs for 1 -2 minut e s ,  and tissues for 1 hour. W ash 

in 1 OO% ethanol , and s t o re in 7o% ethanol nntil st ained . 



C oripho spine 0 stain 

Refe rence :  Keeb le  and J ay ( 1 962 ) 

C oriphospine 0 s t ain ( Gurr) 
Acetat e  b uffe r pH 4.4  

0 . 1  g 
20 ml 

Mix t he ab ove , and dilut e t o  1 /1 0  in P:SS f or use . 
1 .  Rins e in PBS - 1 -2 s e c onds . 
2 .  Fix in C arnoy ' s fixit ive - 1 -2 minutes . 
3 .  Wash in ·1 00% ethanol - 2-5 s e c onds . 

4 .  Wash in 7C!/o ethanol - 2-5 s e c onds . 

5 . Wash in PBS 2-5 s e c onds . 
6 .  S t ain in C oriphosphine 0 st ain s olution - 1 -5 minut e s . 
7 .  

8 .  

9 . 

Wash in PBS t il l  ex ces s st ain removed . 
Mount in PBS , glycerol o r  l i quid p arai'fin . 
Examine w1de r  UV or blue light . 

Re sulJc s : D ouhlc st randed nuc l e i c  acid stains ereen . 
S i11 gle st randed nuc l e ic acid sta:i....r1s re d-"t.J rov-m . 

N .  B .  ( a) Monolay e �s ccm be d e s t ain ed with e th�ol and. 
rest aine d .  

( h) Monolaye rs may b e  s at is fact orily fixed in Bouin ' s 
fi.xit ive ,  provided. t hey are adequately washed 
aft erv:ard s . 

( c ) If l iquid paraffin is  used. as a mount ant , 
optical resolut i on i s  increased due t o  t he 
resultant dark background . 
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H aemat �ylin and e o s in st ain (Rapid) 
F o r  c e l l  monolaye r s . 

1 • Rin s e  in PBS - 1 -2 s e c ond s . 

2 .  F ix in B ouin ' s f ix it ive - 5 s e c ond s . 

3 .  W ash in 80% ethanol - 3 chan�e s .  

4 .  S t ain in M aye r ' s Haemat oxyl in - 2-5 minut e s . 

5 .  Wash and " b l ue" in t ap wat e r  c ont ainine; a few d ro p s  of 

s aturat e d  lithium c arb onate - 30 s e c onds . 

6 .  S t ain in 0 . 1 %  e o s in ( aque ous ) - 30 s e c ond s , 

7 .  Wash in 95% ethanol 1 0  s e c onds . 

8 .  W ash in 1 00% ethanol - 1 0  s e c ond s . 

9 .  W ash in xyl ol - 30 s e c onds . 

1 0 . M ount in D PX . 

Uranyl a.cet at e - l e .?.d.  c it r�t e _�t aj n  f o r  e l e ct ron m i c r o s c o& 

A. C rai g ,  Pe r s o� al C o�un i c at i on . 

S t ain s e c t i on s  by imme r s ion in ,  o r  f l o at in g  on t he 

f ol l owing s olut i on s . 

Ur anyl ace t ate in 50% ethanol 

50% etha'1 o l  

D i s t il l ed ·wat e r  

L e ad cit r at e s o l ut i on 

D i stil led w at e r  

D ry  and ex amine . 

5 

3 
1 

5 

3 

minut e s  

washe s 

wash 

minut e s  

washe s 
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APPENDIX 4 

Table A 

T it res  of vir�_RJYJJ!.. . .i-P. c e l l s  and medi�-du�� n g_._one_��..E 
gro"'1!l..�� 

'.Cime T it re in cells Titre in med i um 

( h ours ) ( log1 0 'I.' CID sc/ 1 0 6 ce lls)  ( l og1 0  TC1D5c1 1 06 

·---

0 5 . 8  3 . 55 
1 6 . 05 3 . 55 2 
i 5 . 8 3 . 05 

2 6 . 8  3 . 55 

3 8 . 05 3 . 8  

4 9 . 55 4. 8 
5 9 . 05 5 . 05 

6 9 . 55 5 . 8 

8 9 . 05 6 . 8 
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Virus Concent ration 

Bl1D R , ( /ug/ml) 

D74/1 8 0 
1 00 

IER 0 
1 00 

BVD 0 

1 00 

= not t e st ed 

Viral t it re s  ( l o g  
0 

TCIDhr/0 . 1 ml) at times ( hrs) : 
1 ' v  

1 

2 . 25 

2 . 25 

1 . 25 
0 . 75 

1 . 5 
1 . 25 

5 I 8 ' 1 2 I 1 6  24 48 I I ! 
i \ 

! I ' 
3 . 25 i 3 . 5  - ! 4 . 5  5 . 25  -

l ; 
2 . 75 : 3 . 25 - ! 4 . 5 ' 5 . 25 -

' J ! 

- --· ·  

- -- -----r· 
- - 0 . 75 1 - 3 . 5  1 6 .75 
- -

- -

- -

o .  751 - o . 75 1 2 . 25  
i 

p+--, 
5 ! - 3 .  75 

. I 51 - 4 . 25 I 
I 
I 

4 . 5  

4 . 5  

72 96 

- -

- -

! 

6 .:: 1 -
4 . 7"" 

I
-

_L_ ___ 

5 . 5  . L1- . 5 

5 . 5 4 . 25 

___l ___ 

.. 

• 
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T able C 

0 
Thermal inactivat i on of ente rovi rus isolat e s  at 56 C 

-----.----------·----� 

1 55 

Virus T it res  of viruses ( l o g1 0  T C ID 5 0  /0 . 1  ml ) at t imes ( hrs) : 

0 I 1 2 I '2 
�---------------------------------

4 �- --·---

D74/2 5 . 25 o .  75 o . o  o. o 
D74/1 8  5 .  75  '0 . 75  2 . 25 0. 5 

D74/1 8 
( repeat )  4 .75 1 . 5 0 . 5  1 . 25  

D74/1 9A 5 .75  2 . 2 5  o .  75 o . o  
D74/1 9B 6 . 25 3 . 5  o .  7 5  o. o 
D/'4/22-4 5 .75 2 . 5 1 .75  0 . 25 

I ' 

T able D 

h t at 37
o
_q_ T e mal ine.ctiva ion of ent ero\·irus i sol at_:?.;;;..s.....;;...'--"'-·'-'--- -""--

-

0 . 25 

Virus T it re s  of viruse s  ( T C ID '0 1 l o g1 o �;o I • 
m1) at t ime s 

D74/2 

D74/1 

D74/1 

D74./1 

D74/2 

8 

9A 

9B 

2 -4 

0 2 

5 . 25 2 . 25 

5 .75  3 . 75 

5 . 5  3 .  75  

4 . 75 1 . 5 

4 .75  2 .  75 

./ 

1.� 7
--fi "  

0 . 5  o . o  0 

2 . 25  1 . 25 0 . 5 

2 . 5 1 . 5 o . o 
0 . 25 0. 0 o . o  
0 . 5  0 . 25 o . o  

( cl<::ys)  



T ab l e  E 

Vira.,L_22!_1tent ... ?P._<:!-�ign stt:.Y:.. ..?f_j;b£..�!'-�2Y..E frc_;9t i.2E.�-2Et ai�2:-E..Y 
i s oJ?yn i c  centr�f.�a1i�.!.!......?f j.�latf-U?f'luJ§ in a contin� 
cac sium chl oride greD.::.ent -- - - --·--� --.. -w -�'""""""-·--"""' -

--· .... ..... -
Frc..ct i on 

N o . 

1 
2 

3 

1 1 
5 
6 
7 

8 
9 

1 0  
1 1  
1 2  
1 3 
1 4  
1 5 
1 6  
1 7  
1 8  
1 9  
20 
21  
22 
23 
24 
25 
26 
. 27 
28 
29 

D en s ity Infectivity Ult rami c r o s c op i c  

·-c --�---
( r/ml ) _ _( PFll/0 . 1  ml ) ·f exa.rnin at. :i.on re s ult s 

1 . 425 3 X 1 o2 NE 
1 . 41 9 2 X 1 o2 

NE 

1 .41 2 X 1 0  2 NE 

1 . L�07 4 X 
') 

1 o'- NE 

1 . 399 2 X 1 o2 NE 
1 .  392 4 X 1 o2 

NE 

1 .  387 5 X 1 o2 N E  
1 .  382 3 X 1 o2 

NE 

1 . 377 1 X 1 o3 NE 
1 • . 37 1 3 X 1 o3 

NE 

1 .  362 5 X 1 o3 NE 
t 0 3 deJ E:t ed ./ X 1 0  

deleted 2 X 1 o4 
1 . 352 5 X 1 c4 

1 . 345 3 X 1 o5 + 
1 . 339 5 X 1 o5 ++ 
1 . 337 3 X 1 o6 + + +  
1 . 332 1 X 1 o6 + + +  
1 . 328 9 X 1 o5 + 

1 . 324 7 X 1 05 

1 . 321 4 X 1 o5 

1 . 31 8  7 X 1 04 NE 
1 . 31 5 3 X 1 04 NE 
1 .  31 4 1 X 1 04 NE 
1 . 31 4 1 X 1 04 NE 

1 . 31 3 1 X 1 04 NE 
1 . 31 3 1 X 1 04 NE 
1 0 31 3 1 X 1 04 NE 
1 . 31 3 1 X 1 04 NE 

+ ,  + + , +++ , = viral particles seen, graded according t o  fre quency . 
- = no viral particles seen . NE = not examirl ed . * = see  t ext . 

1 56 
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T eb le F 

AntJ:t�Ei c re lat_�C>!JShips of the ente r<;>�j. rus i s olat e s� 

!:.��1J-2§._1J_,y_croc. s  neut ralJ s at i cn test s 

D7�/1 8  + +  1 280 320 2!+0 
D74/1 9A 240 480 1 20 
D74/1 9B 640 480 640 
D74/22-4 1 60 1 20 80 

.... ..._ ... _..__ 

2L1-0 
60 

1 60 
240 

+ = re cipro cal of di J ut i on neut r ali s i n g  1 00 TCID of v i rus . 50 
+ +  = no ne ut rali s at i on at 1 i n  1 0  dilut i on of anti serc.m . 

T a.ble  G 

A.11t i_g�l1i e . re:J�?�ti_on_sh_:i . .£_s _ _  of_ . .Y..::.§_.•.--�.n.�_<E�:..\J-X��.:�.2.S . .tY.l'2.:?.2-E.d 
l o c Dl .. e nt erovj:2:_l��Jot� strc:2.E.:.� 

�----,----
Vi rus Avi an ant i s e re. 

1 57 

----�·- - -
BES I BES IJ  m:s II I BES IV BJ<"S V BES VI BES VII D/'4/2 D71�/1 � 

--!------- - -- ----
BES I 
BES II 

BES IJ I 
BES IV 
BES V 
BES VI 

BE3 VII 
D74/2 
D74/1 8 

20 
30 

320 2 0  
4-80 

60  

ll-0 
240 

20 30 30 
320 320 

240 

1 5 20  
40 

+ = recip r o c al of d i l ut i on neutralisin g  1 00 Tcm 50 of virus . 

++ = no neut raJ i s  at ion at 1 in 1 0  dilut ion o f  ant i s e rum .  

20 
2 0  60 

30 30 
1 0  
40 
1 0  

240 30 
960 
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