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ABSTRACT 

A pr e l imi nary s tudy of various orf v i rus i s o l ates i n  

New Z ea l and is pre s e nted . A me thod o f  i s o l ating and 

pur i fy i ng the v i r u s  from s c ab mater ial i� de s c r i b ed . 

Thi r teen orf v i ru s  i s o late s were compared by DNA 

r e s tr i c t ion endonuc lea s e  analysi s . There was ext e n s ive 

heterogene i ty in the EcoR
1 

r e s t r i c t i on patterns , however ,  

two o f  the i so l ate s were s imi lar. 

Propagat i on o f  the virus .{. V!.  v-<.tJL o w a s  a l so at temp t ed . F i ve 

of the i s olat e s  w e r e  s uc ce s s fu l ly adapted to growth in l amb 

te s t i s  c e l l s  and two o f  these w e re p l aque -pur i f i ed tw i c e . 

The c haracter i s t i c  cytopath i c  e f f e c t  o f  c e l l - adapted virus 

i s  e a r ly rounding and c l umpi ng toge ther o f  i n f e c ted c e lls . 

Th i s  c e l l  round ing cou ld be seen a s  e a r ly a s  two hours 

po s t- i n f e c tion a nd could be inhibi ted by cyclohexamide . 

Ther e  were two typ e s  o f  p laque� exh i b i ted by the i s o l at e� 

i n  l amb t e s t i s  ce l l  mono layer s ,  the " open " and " c lo s e d "  

type s . I nc l u s i o n  bod i e s  w e r e  a l s o  s e e n  i n  s ta i n ed i n f e c ted 

mono layers . 

3 2
P- labe l l ing o f  a plaque-pur i fied i s o late was s u c ce s s f u l ly 

pe r formed . Low pas s ag e  ( 2 3  p a s s ag es) in c e l l  cu l tu r e  o f  

p laqu e-pur i f i e d  i so late No . 2 d i d  not a l ter the E coR
1

, 

Barn H- I or H i nd I I I  patterns o f  the DNA when compared w i th 

the o r i g in a l  v i r a l  DNA from s c ab mater i al . 
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INTRODUCTION 

Orf i s  common among s he ep i n  New Z e a l and and the i nc i dence 

in man appears to be incre a s ing . Th ere i s  a v ac c i ne 

avai la b l e  for sheep . A l though the v a c c i ne prote c t s  l amb s 

from the d i s e ase i t  perpe tu ate s the v iru s i n  the· 

e nv i ronment . There i s  a n e ed for a l ternative vacci nation 

m e t hod s . 

I t  i s  the a im of thi s project to deve lop me thods o f  

i so l a t i ng , propagating a n d  pur i f y i n g  orf v i r u s  i n  c e l l  

cul t ure an d ident i f y i n g  i solates by re s tri c t ion endonuc l e a s e  

a na l y s i s  i n  preparation for vaccine s tudi e s . 
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CHAPTER ONE 

REVIEW OF LITERATURE 

CONTAGIOUS ECTHYMA IN SHEEP, GOATS AND HAN 

C on t a gious  e c thyma � s  a poxv i ru s  d i s ea s e  o f  sheep , goat s and 

man. It i s  a l s o known by o ther name s . In s h eep , In Eng l and , 

i t  1s  c a l l ed contagious  pus tu l ar de rmat i t i s  ( G l over , 1 928) ; 

1n Sco t l and , o r f  (Mar t i n- S co t t , 1 9 5 5  as  c i t e d  by Truebloo d  

and Chow , 1 9 6 3 )  from the Saxon f o r  c a t t l e  (Hod gs on-Jone s ,  

1 9? 1 ) .  I t  i s  common l y  knmvn a s  s c abb y mouth i n  Au st ra l i a  

( Ohman, 1 9 4 1 ; S u the r l and and Mou l e , undat e d ) wh i l e  in the 

Un i ted  S tat e s , i t  is c a l l ed s or emou th , infe c t i ous  derma t i t i s  

o r  c onta giou s ve s i cu lo-pu s t u l a r  derma t i t i s  ( S chm idt and 

Hardy , 1 9 3 2; Trueb l o o d  and Chow, 1 9 6 3 ) . In New Z e a l and , the 

d i sea s e  i s  known as s c abby mou th to the farmer and e cthyma 

c on t ag i o sum or cont a g i o u s  pu s tu l ar dermat it i s  t o  v e t e r inar i ans 

( Pu r dy , 1 9 5 5 ) . In human me d i c ine , i t  i s  mor e  popu l ar ly 

r e f e r r e d  t o  a s  o r f ( Purdy , 1 9 5 5 ; B e ck and T ay l o r , 1 9 7 4 ) . 

The d i s e a s e  i s  preva l en t  i n  sheep-r a i s ing c oun tr i e s . I t  

o c c u r s  at any t ime o f  th e year but i s  more c on�on during 

s p r i n g  and s ummer ma i n l y  amon g l amb s and k i d s  ( G l over , 1 9 2 8 ; 

S chmi dt and Hardy , 1 9 3 2 ) . O l der  anima l s  a r e  mor e  r e s i s tant 

due  to  immun i ty from e i th e r  vac c ina t i on or p a s t i n f e ct i on 

( Brune r and G i l l e s p i e , 1 973 ) . Morb i d i ty c a n  b e  v e ry h i gh 

a p p r o a ch ing 1 00 %  ( S chmi d t  and Hardy , 1 9 3 2 )  bu t morta l i ty 

r a t e  in unc omp l i c a t e d  c a s e s  r a r e l y  exc e e d s  one p e r c en t  

(Na t ion a l  Ve t .  Me d .  Pub l . ,  1 944 a s  c i ted  b y  Hodgs on-Jone s ,  

1 9 5 1 ) . W i th s e c ondary comp l i c at ion s , mor t a l i ty r a t e  may 

range f r om 2 0 - 5 0 %  (Aynaud ,  1 9 23 and Jac o to t ,  1 9 2 4  as c i t e d  

b y  Howa r th , 1 9 2 9 ) . Lo s s e s  f r om s c abby mou th in l amb s a r e  

d u e  t o  the l e s i ons  o n  t h e  l ips and mou th wh i ch in t e r f e r e  

w i th f e e d in g , o r  r e fu s a l  o f  ewe s w i th infe c t e d  t e a t s  t o  

nur s e  the ir youn g , s ub s equen t ly a f f e c t ing g rowth r a t e s  

(Howa r th ,  1 9 2 9; Bruner a n d  G i l l e s p ie, 1 9 7 3 ) . Dea th s  a r e  
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u s u a l l y due t o  comp l i c a t i o n s  caus e d  b y , for ins t anc e , the 

inv a s i on o f  the l e s ions by the s c rewworm fly Coc.hR...<.omy..<.a. 

a.mvL..<.c.a.na. ( Bough ton and Hardy , 1 9 3 5 )  o r  the n e c r oba c i  l lu s  

SphvwphoJtM ne.c..�tophoJtM ( Ne'ivs om and Cro s s ,  1 9 3 1  and 1 9 34 a ) . 

A c a s e  o f  s c abby mou th a s s o c i a t e d  wi t h  Ve.Jtma-tophiltu., c.ongoR.e.M-i.-6 

h a s  b e en r e p o r t e d  in New Z e a l and (Co o p e r  e t  a l . ,  1 9 7 0 ) . The 

au thors a l s o  c i t e d  a c a s e  o f  s e c ondary c omp l i c a t ion s wi th 

S tr e p to t r i cho s i s  among s h e e p  in Kenya . 

Th e v1rus  enters  the h o s t through abras ions on  the s k in o f  

the l i p s  and fac e . Such ab ras ions a r e  cau s e d  by th i s t l e s , 

h a r d  s tubb l e s  or p r i ck l e s  o f  red-bur r  o r  s im i l ar p l an t s . 

The v i r u s  c an a l s o  b e  t ransmi t ted  t o  the udder  o f  ewe s b y  

s u c k l ing l amb s . The incub a t ion p e r i o d  o f  t h e  d i s e a s e  1 s  

abou t 7 2  hours ( Su th e r l and and Mou l� und a t e d ) .  

The v1rus  1 s  h i gh l y  ep i th e l io trop i c  (Beck and Tay l o r , 1 9 7 4 )  

and the l e sion s produ c e d  a r e  ubua l l y  s een o n  the no s t r i l s  

and c ommi sure s o f  the l ip s . In mor.e s e r io u s  c a s e s  i t  may 

e x t end to o ther par t s  o f  the b ody , for  examp l e  the th i gh , 

axi l l a , c o r one t , vu lva o r  cornea ( G l over , 1 9 2 8; Howa r th , 

1 9 2 9; S chm i d t  and Hardy , 1 9 3 2 ) ;  r o o f  o f  the mou th , t on gu e , 

gums ( G l ove r , 1 9 2 8; Howa r th ,  1 9 2 9 ;  Va l der e t  a l . ,  197 9 ) ;  

v i s c e r a l  o r gans ( News on and Cro s s , 1 9 3 1 ) . Th e l a s t men t i oned  

c omp l i c a t ions were  due t o  Ac.tirto1nyc.e.J.> (Sphe.JtophoJtM) ne.c..�tophoJtM. 

A gener a l i s ed c a s e  o f  the d i s ea s e  wa s repo r t e d  among sheep  

i n  Ken t by Darbysh i r e  ( 1 96 1 ) . The i n f e c t i on per s i s t e d  in 

t h e  a c u t e  form for two mon th s invo l v in g  the gas tro-in t e s t inal  

t ra c t and l e s ions e x t end ing t o  the  lungs  and hea r t . An 

average mo r ta li t y  ra t e  o f  1 8 %  wa s r e c orded . Bac t e r i a l  

o r gan i sms were i s o  l a  t e d  b u t none wa s Sphe.JtophoJtUJ.J ne.c.JtophoJtU-6. 

A s e r 1ous ou tb reak o c cu r r e d  in Germany a f fe c t ing b o th l amb s 

and sheep . H i gh mor t a l i ty wa s no t e d  among the youn g . In 

a d d i t i on t o  foo t and g en i t a l  l e s i o n s , d e e p  u l c er a t ive 

s toma t i t i s , pharyn g i t i s  and o e s ophagi t i s wer e  ob s erved . 

Many o f  the a f fec t e d  l amb s deve l o p e d  l amen e s s and l o s t  the i r  
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hooves ( Va l der e t  a l . ,  1 9 7 9 ) . No secondary in fec t ion wa s 

men t i oned. 

Gro s s l y ,  the les ion s  in sheep s ta r t  as  d i s crete , red dened 

swe l l ings  on t he l i p s  f o l l owed by papu les , ves i c l e s , 

pu s tu les and u l cer forma t i on in three t o  four d a ys . In 

unc omp l i c a ted c a ses , the d i sease i s  sel f- l imi t in g . Scab 

forma t i on o c c u r s  wi thin one week and peel s o f f  t he s k in 

w i th in th ree t o  four week s , leav ing no s c ar (G l over , 1 9 2 8; 

Howa r th , 1 9 2 9; Schmid t  and Hardy , 1 9 3 2; Su the r l and and 

Mou le , unda ted ) . Some t imes c on t inued pro l i fera t i on o f  the 

ep i thel ium o c curs  and a dense war t-l ike ou t growths appea r , 

res emb l in g  p ap i l l oma (Gl over , 1 9 2 8 ; Se lbie , 1 94 4 ) . The 

ma l i gnan t form repor ted b y  V a l der e t  a l . ,  ( 1 9 7 9 )  p r o du ced 

cau l i f l ower- l ike grm..; ths in the o r a l  muc o s a . W i th secondary 

c omp l i c a t ion s1 les ions bec ome u l c era t ive and nec r o t i c  wi thou t 

s c ab f orma t i on ( Newson and Cro s s , 1 9 3 1 ; Darbyshire , 1 9 6 1) .  

The mi c r o s c o p i c  appear ance o f  s k in les ion s w a s  des c r ibed by 

G l over ( 1 9 2 8 )  fo l l owing a r t i f i c i a l  ino cu l a t ion of  l amb s . 

He d iv i ded the d i sease p r o ces s i n t o  three s ta ge s . The f i r s t 

s ta ge ,  o r  p a pu l o-ve s i c le s ta ge , wa s chara c ter i sed by 

p r o l i fe ra t ion of  the cel l s  of  the re te Ma l p i gh i . The 

ves i c le s  a r o s e  be tween the more s uper f i c i a l  cel l s  imme d i a te l y  

beneath the s t ra tum l u c i dum a n d  were represen ted b y  

c o l lec t ions o f  p o l ymor phonu c lear leu c oc y tes . In the second 

s ta ge ,  or  ves i ca-pu s t u le , there wa s fur ther degenera t ion o f  

c e l l s  f orming an i r regu l ar ne two rk resemb l in g  the 

" ba l l on i s an te" s ta ge o f  va c c in i a . The ves i c le s  bec ame 

en l ar ged and deve l o ped i n t o  pus t u les  and f ina l ly rup tured 

t h r ough the s tr a tum l u c i dum . Crus t s  then f ormed from 

ce l lu l ar deb r i s ,  f i b r i n  and p o r tion s o f  the s tra t um luc i dum 

lead ing to the th i rd s ta ge , s cab forma t ion . Benea th the 

c ru s t ,  the ep i thel ium regenera ted and hea l in g  o c curred . 

A more de t a i led des c r i p t ion 1-va s g iven by Whee ler and Ca\vley 

( 1 9 5 6 )  a l s o  ba sed on exper iment a l  inocu l a t i o n  o f  s heep . 

There wa s no  evi den t ch ange on the four t h  d a y  p o s t-inocu l a t i o n . 
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The e a r l ie s t chan g e s  were " b a l l oon ing " degene ra t i on o f  the 

u ppermo s t  l ayer of pri ck l e  c e l l s  s een on the 4 th and 6 th 

days and wa s a lmo s t c omp l e t e  b y  the 7 th and 8 th days . Th e 

r ema in ing c e l l  wa l l s  produ c e d  a "ba ske t -weave " a p p earanc e . 

This r e s u l t e d  in mu l t i l oc u l a t e d  s uperf i c ial l y  p l a c e d  

v es i c l e s  a nd pus tules . B e  t\¥een the 1 1 th and 1 7 th days , there 

was marked p s eudo-ep i th e l i omat ou s  hype r p l a s i a  and granu l oma 

forma t ion wh i ch l e d  t o  a p ap i l loma pha s e . Th i s  fea ture wa s 

a lso d e s cribed b y  Se l b i e  ( 1 944) in na t u r a l ly o c cu r r in g  

d ise a s e  in l amb s , bu t \va s  n o t  des c r ib e d  b y  G l ov e r  ( 1 9 2 8 ) . 

B etwe e n  th e 2 2nd and 40 th d a y s, l e s ions gr adua l ly invo l u te d . 

The p ap i l l oma appea rance d i s appeared , derma l i n f i l t r a t e s  

gradu a l ly r e s o l ve d , and r e genera t ion o c curr e d . The r e  was 

only s l i gh t  c onnec t ive t i s s u e  pr o l i fera t i on and thu s the 

h ea l e d  l e s ions d i d  no t l eave s c a r s . In c lu s i o n  b o d i e s  were 

n ot d e s cri b e d  in the s e  exp e r imen t s  but wer e  d e s c r i b e d  by 

Abdu s s a l am ( 1 9 5 7 a ) . He d e s c r ib e d  inc l u s i on b o d i e s  tha t  

measure d  4 t o  8 mic rons  i n  d i ame t e r  and app e a r e d  in the 

c yto p l a sm of ep iderma l ce l l s . The ma in micro s c o p i c  fea tur e  

h e  s aw was p ro l i fera t ion and re t i cu l ar de gener a t ion o f  

e p i d e rma l c e l l s  l e ad ing t o  n e c r o s i s . Th i s  was a c c ompan i e d  

b y  t h e  i n f i l t r a t ion o f  t h e  cor ium wi th po l ymo r ph onu c l ear 

and mononuc l ear in f l amma t ory ce l l s . I n  con t r a s t  t o  o th e r  

au t h o r s , he d i d  no t o b s erve "ba l l oon ing" d e genera t i on , bu t 

h e  d id o b s erve the mu l t i l o cu l ar f e a ture of v e s i c l e s . 

The gener a l i s ed cas e s  r e p o r t e d  b y  Darbysh i r e  ( 1 9 6 1 ) showe d 

c a r d iac , pulmonary and g a s t r o - in t e s t in a l  i nvo lvemen t .  Th i s  

i n c l u d ed myo card i a l  haemo r rhage s ,  acu t e  myo c ar d i t i s , 

h aemorrh a g i c  pneumon i a  w i th ne cro t i c  f o c i  i n  the ap i c a l  

l ob e s  o f  the lungs , t r ache i t i s , gener a l i s ed d e gener a t i on 

o f  t h e  l iver and in f l amma t ory chan g e s  in the ga s tr o ­

i n t e s t in a l  trac t . The s e  l e s ions w e r e  ma i n l y  d u e  t o  s e condary 

c omp l i c a t i ons . 
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As d i s cu s s e d  b r iE· f l y  above , or f i s  a l s o a zoono s � s . 

Human o r f  u su a l l y fo l l ows  c o n t a c t wi th in fe c t ed sheep  

(Ho d g s on-Jone s ,  1 9 5 1 )  and  i s  thu s  an  o c cupa t i on a l  dis e a s e  

o f  farme r s , s h e e p  shear e r s , f r e ezing wo rkers  and o c c a s iona l l y  

ve t er inar i an s  ( Purdy , 195 5 ) .  It h a s , howev e r , b e en s e en in 

peop l e no t d i r e c t ly invo lve d with hand l ing s h e e p  and goa t s  

(Kewi sh , 1 9 5 1 ) . The s e  in fe c t ions  p robab ly  a ro s e  from 

fomi t e s  s u ch a s  sheepya r d  r a i l s ,  wo o l  h ooks and c l oth ing . 

No man t o  man t r ansmi s s ion h a s  b e en repo r t e d  (Moor e , 1 9 7 3; 

Leave l l , 1 9 6 8 )  bu t the r e  i s  no  the o r e t i c a l  r e a s on why i t  

c ou l d  no t occu r . P r e s en c e  o f  woun d s  and ab r a s i o n s  on the 

a rms and han d s  inc rea s e s  r i s k o f  infec t ion ( P a s k  e t  a1 . ,  

1 9 5 1  a s  c i ted b y  P l a t t , 1 9 5 8 ) . 

The d i s e a s e  in  man h a s  b e en repor t e d  and de s c r ib e d  in 

d e t a i l  by many workers (New s om and C r o ss , 1 9 34b; Mu ir , 

1 9 5 1; Pur dy , 1 95 5; Hod g s on-Jon e s , 1 9 5 1; Naging t on and 
Wh i t t l� ,  1 96 1 ) . The incub a t i on p e r iod ran g e s  f r om three 

days  ( C a rne e t  a l . , 1 94 6; Ho d g s on-Jone s ,  1 95 1 ;  Muir , 

1 9 5 1 )  t o  s even days (Hodgs on-Jone s ,  1 9 51; Mu i r , 1 95 1 ) . 

I t  o c cu r s  mo s t  c ommon l y  a s  a s in g l e  l e s ion on the arm o r  

h and . Le s ion s app ear a s  d i s c r e t e , ra i s ed , c i r c u l a r , 

purp l i sh-red papu l e s  ( C arne e t  a l . ,  1 9 4 6 )  abou t 1 -3 cm . �n 

d iame t e r  �arne e t  a l . ,  194 6; Ho d g s on-Jone s ,  1 9 5 1 ). O f t en ,  

the c e n t r e  b e c ome s u l c e r a t e d  and surround e d  b y  d e a d , whi t e  

" s o ggy"  s k in wh ich g ive s a g ranu l oma- l ike a p p e a ran c e  

(Ho d g s on-Jone s ,  1 9 5 1 )  and i s  s ome t ime s de s c r ib e d  a s  

" c igare t t e  burn" l e s ion .  In th e e a r l y  s t a g e s , the l e s i on 

i s  p a in l e s s  b u t  l a t e r  b e c ome s s ens i t ive to touch and in 

unc omp l i c a t e d  c a s e s  has r e s o lv e d  5-8 weeks a f te r  

i n fe c t ion ( Ho d g s on-Jone s ,  1 9 5 1 ) . 

A mor e  s eve r e  form o f  the  d i s e a s e  may s ome t ime s o c cu r . 

Kew i s h  ( 1 9 5 1 )  repor t e d  me t a s t a t i c  l e s ions on th e fa c e , 

arm s  and trunk a c c omp an i e d  b y  a c u t e  febr i l e  r e a c t i o n s  

( S t evens -John s t on Syndrome?).  A s im i l a r  c a s e  wa s r e po r t e d  

b y  Moore  ( 1 9 7 3) and E r i c k s on e t  a l . ( 1 9 7 5 ) . B l akemo r e  

e t  a l . ,  ( 1 9 48 as c i te d  b y  P l a t t ,  1 9 5 8 )  d e s c r ib e d  an 
e r y thema-mu l t i forme t y p e  o f  r e a c t i on .  An unu s u a l  
c omp l i c a t i on w a s  r ep o r t e d  b y  Roy e r  e t  a l . ( 1 9 7 0 ) . Ex tens ive 
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ves i cu la- p u s tu l a r  eruption s  were seen on the p a t ien t ' s  

f o rearms , h and s , fee t and legs . There wa s s we l l ing o f  

reg iona l  l ymph g l and s , and thromb os i s  o f  the ven t r a l  

re t in a l  ve in oc curred wh i ch re s u l ted i n  permanen t b l indnes s 

o f  the r i gh t  eye . These c omp l i c a t i on s  are , h owever , rare . 

There are on ly  a few rep o r t s  o f  h i s t o l o g i c a l  examina t i on 

o f  les i on s  in man . Wheeler and Cawley ( 1 9 5 6 )  des c r ibed 

"ba l l o onin g "  degenera t ion o f  the p r i ck le cel l l ayer in 

the e a r l y  s tages o f  the d i sease wh i ch led to ves i cu l a t i on 

and s ome t imes changes a s s o c i a ted wi th a chron i c  granu l oma . 

The m i cro s c op i c  p i c ture wa s c on s i s ten t  wi th the appearance 

o f  the gro s s  les ions �¥h i ch are o f ten mu 1 t i l o cu l a ted 

ve s i c le s  and a t  o ther t ime s re semb le pyogen i c  granu l omu 

(Wheeler and Ca�¥ley , 1 9 5 6 ) .  Inc l u s ions ma y be seen 

( B l akemore et  a l . ,  1 9 48 , a s  c i ted by Wheel e r  and Cmvley , 

1 9 5 6 ) .  

ORF IN OTHER HOSTS E XPERIMENTAL ANIMALS 

Al though o r f  i s  reg arded a s  a d i s e a se p r ima r i l y o f  domes t i c  

sheep and goa t s , i t  h a s  a l s o  been repo r ted a s  o c curring 

na tura l l y in  o ther anima l s . The d i sea se h a s  been rep o r ted 

in the mu s k  ox (Kummenej e  and Kro g s rud , 1 9 7 8 ) , reindeer s 

( Kumn1enej e  and Kro g s ru d , 1 9 7 9 ) , and a l s o in b i ghorn sheep , 

chamo i s  and thars  ( Dav i s  e t  a l . ,  1 9 7 0 as  c i ted by Beck and 

Tay l or , 1 9 74 ) . The se i n fec t i ons  were bel ieved to be o f  

ovine o r  capr ine in o r igin . There i s  a l s o  an unu sua l c a se 

in d o g s  reported by W i l k in s on e t  a l . ,  ( 1 9 7 0 ) .  The dogs  

c ou l d  h ave been in fec ted a f ter being fed w i th unskinned 

s heep c a r c a s ses . 

In the mu sk ox , les ion s  were chara c teri sed by caul i f l ower­

l ike pap i l l omas on the l i p s , mu z z le ,  neck , eye l i d s , ches t 

and per i an a l  reg i on . Gro s s l y a·nd h i s topa tho l og i c a l l y , 

these p ap i l l oma s resemb led c ommon \va r t s  ( Kummenej e  and 

Kro g s rud , 1 9 7 8 ) .  The les i on s  seen in the d o g s  were 

e s sen t i a l ly the s ame a s  tho s e  found in s heep . The 
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predel iction s ite wa s a r ound th e head . The l e s i o n s  took 

the form o f  c i rcu l ar areas  o f  acute mo i st dermat it i s  with 

u l c e rat ion and s c ab format i on . H i st o l o g i c a l l y  th e r e  wa s 

"ba l l o on ing" degene rat i on o f  th e p r i ck l e  c e l l l ay e r  g iv ing 

r i s e  to sma l l  areas  o f  a canth o l y s i s  and intra-ep ide rma l 

ve s i c l e  f o rmat i on .  In s ome a r e a s , th ere wa s r et i c u lar 

de gene r at i on o f  the pr i c k l e  c e l l s  with sub-cornea l ve s i c l e  

fo rmat i on . In s ome foc i ,  the s e  d e generated c e l l s  h a d  b e en 

in f i ltr ate d  with p o lymo rphonu c l ea r  l euco cyte giving r i s e  to 

a s pong i form pus tu l e . The ' b a s k et-\veave " appearance du e to 

vacuo 1 i s at i on o f  the c e l l s  o f  th e stratum c o rneum wa s 

ob s e rve d in s ome areas . The r e  was u l cerat i on and l o s s  o f  

e p idermi s . Heavy neutroph ili c  i n f i ltration i n  th e upper  

d e rmi s and  pu stu l e s  with i n  s ome o f  the h a i r  f o l l i c l e s  wa s 

a l s o  s e en . 

The s ituat ion a s  r e gards  c att l e  i s  l e s s  un c e rta in . Or f i s  

not s een i n  c att l e  that are run with infected sheep , and 

Howarth ( 1 9 2 9 )  f a i l e d to rep roduce  the d i s e a s e  in a cow . 

However , Bennet et a l . ,  ( 1 9 4 4 )  r e p o rte d s u s c e ptib i l ity o f  

c a lves to exp e r imenta l i n fection . 

Many attempt s have been mad e  to exp e r imenta l l y in f e ct other  
an ima l s . The s e  exper iments h ave p roduced var i ab l e  r e s u lts . 

G l over ( 1 9 2 8 ) , Newsom and C ro s s  ( 1 9 34 a ) , B ou ghton and 

Hardy ( 193 5 ) , Gre i g  ( 1 9 5 6 ) , P l owr i ght et a l . ( 1 9 5 9 )  and 
s eve r a l  oth e r s  c ited by Ab du s s a l am ( 1 9 5 7 b )  fa i l ed to in fect 

rabb it s . Abdu s s a l am ,  howeve r , c l a imed s u c c e s s fu l  

inocul at i on o f  r abbit s  b y  s c a r i fying the s k in with ma s s �ve 

d o s e  o f  the v i ru s , and Darb y sh i re ( 1 9 6 1 ) p r o du c e d  l e s ions 

in the rabb it b y  mu lt i p l e  inj ections of  0 . 1  ml  o f  v i ru s  

inocu l um . Se l b i e  ( 1 9 4 4 )  and Hh ee ler and C awl ey ( 1 9 5 6 )  

a l s o d e s c r ib e d  l e s ions  in r abb its a rt i f i c i a l ly i n f e cted 

w ith o r f v i ru s . Se l b i e  ( 1 9 4 4 )  at the t ime o f  wr iting 

c l a imed the virus had unde rgone 1 9  p a s s a g e s  in r ab b its . 
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The infe c t i on i n  rabb� t s  was r e p o r t e d  as  a m i l d  d i s o r d e r . 

Whe e l e r  and Caw l ey ( 1 9 5 6 )  ob s e rv e d  an incub a tion p e r i o d  o f  

s even to  n ine days wh i le S e lb i e  (1944 ) r epor t e d  20  days  

wh i ch vJa s  reduced  to s even days  on the f i fth p a s s age . 

Ab du s s a 1 am ( 1 957b ) s aH f i r s t s ign of infec t i on on the 4 th 

and 5 th days . Th e f i r s t ind ica t i on o f· infe c t ion wa s s e en 

a s  t iny ( 1-2  mm), e r y th ema tou s ma cul opapu l e s  and th e d i s e a s e  

ran a c ou r s e  o f  th r e e  t o  five d a y s  (Hh e e 1 e r  and Cawl ey , 

1 9 5 6 ) . Ab du s s al am ( 1 9 5 7b )  o b s erved e ry thema and papu l a t i on 

on the 4 th day . The papu l a t i o n  b e c ame mor e  mark e d  and 

showed a we l l  de fined margin o f  c onge s t ion on the b o r d e r  o f  

th e l e s i on .  On the 5 th day , the papu l e s  b e c ame covered 

w i th a d u l l ,  ye l l o�.;ri sh-wh i t e  s ca l y  s c ab . In c on f luen t 

l e s i on s , c e n t r a l  par t s  c on t a ined a s e rous o r  h a emo r rha gic 

e xudate  \.vh i ch wa s ab s en t  in d i s c r e t e  l e s ions . Scab s p e e l e d  

o f f  on th e 6 th day . The d i s e a s e  ran a cou r s e  o f  about t en 

days . S e l b i e  ( 1 9 44 ) ob s e rv e d  e s s en t i a l ly the s ame l e s ions 
but  gave emph a s i s  to th e appe arance of  s c a l in e s s  o f  the 

l e s i on .  The ma in m i c ro s c o p i c  f e a ture of  the in f e c t i on �n 

r abb i t s  \va s  mi l d  chron i c  in f l amma tory change s and l ack o f  

the "b a l l oon ing • •  degene ra t i on and the granu l oma tous  and 

p ro l i fe ra t iv e  chara c t e r  o f  the d i s e a s e  in s h e ep ( S e l b i e , 

1 9 44 ; Whee l e r and Cawl ey , 1 9 5 6 ;  Ab du s s a l am ,  1 9 5 7a ) . A 

r e t i cu l a r  type o f  de genera t i on o f  the ep i d e rma l c e l l s , a s  

i n  sheep , ( Ab du s s a l am ,  1 9 5 7 a )  �a s ob s e rved bu t no 

c y t op l a sm i c  or nu c l e ar inc l u s ions were s een . 

Un l ike the o r thopoxv i ru s e s , wh i ch r e ad i ly grow on ch i ck 

embryo s ,  o r f  virus d o e s  n o t s e em t o  b e  ea s i l y  propaga t e d  

in e g g s  ( News om and Cros s ,  1 9 3 4 a ; Greig , 1 9 5 6 ; Web s t e r , 
1 9 5 8 ; Darbysh i r e , 1 9 6 1 ) . Con t rary to  th i s , Ab du s s a l am 

( 1 9 5 7 b )  r e p o r t e d  a s u c c e s s fu l  a t temp t , bu t l e s ions 

r e gr es s e d  and eventu a l l y  d i s ap p e a r e d  a f t e r  the four th 

p a s s age . G rowth and mu l t i p l i c a t i on in  the chor i o a l l an t o i c  

memb rane o f  deve l o p in g  emb r yo s 
·
wa s repo r t e d  ( S awhney , 1 9 6 6 a  

a s  c i t e d  b y  B e c k  and Tay l o� 1 974 ) and l a t e r  d emon s t r a t e d  b y  

e l e c t r on micro s copy ( Sawhn e y  and S p a s ova , 1 9 7 3 ) .  



M i c e  and �u �nea p � gs we r e  found r e fra c tory t o  in fec tion . 

( Howa r th ,  1 9 2 9 ; News om and C r o s s ,  1 9 3 4a ; Greig , 1 9 56 ; 

Ab du s s a 1 am ,  1 9 5 7b; Darbysh i r e , 1 96 1 ) . New s om and Cro s s  

( 1 9 34a)  a l s o  fai l e d  t o  in fe c t pigs.  
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In summa ry , i t  i s  evident that sheep and goa t s  r ema�n the 

mo s t  sus c e p tib l e  and the mo s t  sui t ab l e anima l s  for 

experimen t a l  pu rpo s e s . Howev e r , r abbi t s  cou l d  be u s ed to 

r a i s e  neu t rali s in g  an tib o d i e s  a gains t orf v i ru s  by s t andard 

me tho d s  ( Ab du s s a l am ,  1 9 5 7 b ) . 

S CABBY HOUTH IN NEhT ZEALAND 

Al though the dis e a se  i s  r e ga rde d a s  common �n thi s c oun t ry , 

there i s  no pub lishe d d a t a  t o  show the exten t o f  the 

p rob l em .  The inc idence in she ep  and the ec onomic l o s s e s  

incu rred by the in fec tion have no t b e en d e t e rmine d .  

The r e  i s , howeve r ,  s ome d a t a  en the p reva l en c e  of s c abby 

mou th a f fe c ted l amb s b e ing p r e s en t ed  for s l au gh t e r  a t  

New Z e a l and free z ing works . Be l ow are the r e su l t s  o f  a 

pil o t  survey done in two Nor th I s l and s and one S ou th 

I s l and works . The s e  figure s have be en derived f r om the 

produ c t  o f  the average line size  and the aver a ge numb er o f  

a f fec t e d  anima l s  in a f f e c ted l ine s ( Robin s on , 1 9 8 0 ) . 

Mon th Au ckland Long burn Oamaru 

Oc tober  0 4 9  0 

Novemb e r  0 1 46 2 9 3  

D e c ember 0 65 9 1 464 

January 0 342 1 464 

February 4 9  1 2 2  7 56 

Mar-::h 0 1 2 2  5 86 

Ap r i l  0 1 2 2  

Al though i t  s eems t o  o c cur throughou t the year , i t  �s mor e  

preva l e n t  during the s umme r  mon ths p r obab l y  d u e  t o  the 

s e a s ona l na ture o f  l amb ing . I t  i s  no t norma l l y  a s er � ous  

or  deva s ta t ing d i s ea s e  and can be  con tro l l e d by v a c c ina t i on . 

The ava i l ab i l i ty and u s e  o f  chea p  bu t e f fe c t ive vac c �n e s  

masks the r i sk o f  i n f e c t i on from na tura l l y  o c cu r in g  o r  



re s i dua l v a c c 1ne v 1 ru s  a s  l ong a s  vac c ina t i on 1 s  done 

annu a l l y . 

] 0 . 

The impor t an c e  o f  the d i s ea s e  c an a l s o  be me a suLed b y  i t s  

e f f e c t  in man . . The f ir s t human c a s e s  in New Z e a l and were 

repor ted b y  Mu ir  and Pu rdy in 1 9 5 1  and 1 9 5 5  r e s pec t ive ly . 

Mo re  r e c en t l y , ba s e d on a rep o r t by the Ac c i dent Compens a t ion 

Commi s s i on , there we re  increa s ing numb ers  o f  human c a s e s  

repor ted , f r om two i n  1 9 7 5  t o  1 4 3  i n  1 9 7 9 . Comp ens a t i on 

c l a ims for o r f  1n man from 1 9 74 - 1 9 7 8  have amount e d  t o  

$ 7 5 , 000 . Al s o , from th i s  d a t a , freezing worker s comp r i s e d  

9 0 %  o f  the c ompen s a t ion c l a iman t s , t h e  rema in ing p ro pcr t i on 

inc luded farme r s , farm hands , sheare r s , b a l e  p re s s  

o p e ra t or s , f o o d  p acker s  and r e t a i l  bu t cher s . 

DIAGNOS I S  

The pr o l i fer a t ive l e s i ons  are  charac t e r i s t i c  for o r f  b11t 

shou l d  be d i f feren t i a t e d  from o th e r  infec t i ons such a s  

sheep  pox , goa t  pox and u l c er a t ive d e rma to s i s . 

Lab or a t o ry c o n f i rma t ion can b e  ach i eved by one o f  s ever a l  

diagno s t i c t e chnique s .  Ves i cu l ar f l u i d s  from human 

pa t i en t  o r  s c ab l e s i on from s h e e p  c an be ino c u l a t e d  on t o  

sheep  ( Na g ing ton , 1 9 68 ) , o r  on t o  c e l l  cul ture s ( Gr e i g , 

1 9 5 7; P l owr i gh t  e t  a l . ,  1 9 5 8; S awhney , 1 9 6 6 c; Trueb l o o d  

a n d  Ch ow , 1 9 6 3; Naging t on , 1 9 6 8 )  f o r  fluor e s c en t  ant ib ody 

t e s t  (Er i ck s on e t  a l . ,  1 9 7 5 ) . Agar- g e l  p r e c ip i ta t ion t e s t 

c an a l s o  b e  e1np l oyed when u s ing o r f  l e s ions t o  de tec t 

an t i gen bu t the t e chni que i s  no t s en s i t ive 1n de t e c t ing 

ant ibod i e s  from conva l e s cent  s er a  ( S awhney e t  a l . ,  1 9 7 3 ) . 

S tud i e s  from expe rimen t a l  and n a t u r a l  cas e s  i n  s h e e p  have 

s hown tha t the c omp l ement- f ixa t i on t e s t i s  the mo s t  

s ens i t ive for de tec t in g  ant i gen ( Romero-Mer c ad o  e t  a l . ,  

l9 7 3 a  & b ) . Ac c o r d ing t o  the s ame au thors  c omp l emen t­

f ix ing an t i gen p e r s i s t s  in l e s ions or c l in i c a l  ma t e r ia l  

f o r  6 t o  7 days o r  mor e  whe r e a s  i f  b y  e l e c t r on micro s c opy , 

v i r i on s  may b e  masked b y  hyp e rp l a s t i c  ep i th e l ium and 



t i s sue  deb r i s  i n  sub acu te  and chron i c  c a s e s . However , 

Harkn e s s  e t  a l . ,  ( 1 9 7 7 )  d e s c r ib e d  a me thod to ob t a in a 

maxima l numb e r  o f  v i ru s par t i c l es from s c ab mater i a l s  to  

ove r c ome s ome d i f f i cu l t i e s  in r e c ov er ing viru s par t ic l e s  

e s pec i a l l y  from o l d  l e s ions wh en e l e c t ron micr o s c opy i s  

emp l oyed in t h e  rap i d  d i a gno s i s  o f  or£ . E l e c t ron 

m i c r o s copy is p robab l y  the most r a pid me ans o f  d i a gno s i s . 

TREATMENT AND CONTROL 

1 1 . 

Trea tmen t o f  o r £  l e s ions ln sheep  i s  u s ua l l y  un s a t i s fac tory 

and imp rac t i c a l  excep t wh ere s e c ondary infe c t i on i s  

o c cu r ing . Ho"l:.vever , th ere  are  a numb er o f  s u g ge s t e d  

trea tmen t s  and th e s e  cou ld b e  o f  v a l u e  i f  on l y  a few 

an ima l s  are  invo l ved . A 5 %  c o p p e r  s u l ph a t e  s o l u t i on can be 

app l i e d  to the skin wi th a swab a f ter  removal o f  the s c ab 

( Su the r l and and Moul e,unda t e d ) . Other med ic a t ions tha t 

have been u s e d  are 7 %  i o d ine , c r e o s o t e d i p , and 3 %  ph eDol 

in vas e l ine ( Beck and Tay l o r , 1 9 7 4 ) . L i th i um an t imony 

th ioma l a te (6% ) a l s o  known a s  anth ioma l ineR (May and Baker )  

c an b e  u s ed ( S an d e r s on , 1 9 76) . Where prob l ems o f  s c r ew­

worm f l i e s  o c cur , approp r i a t e  r e p e l l an t s  o r  l a rv i c i d e s  are 

r e c ommend ed  (Merck Ve t .  Manu a l ,  1 9 7 3 ) . 

Con t r o l  i s  p r e fe rab l e  t o  tr e a tmen t and va c c lne s a r e  

ava i l ab l e  wh i ch produce a good  immuni ty ( G l ove r , 1 9 2 8 ; 

Howa r th , 1 9 2 9; S chmi d t  and Hardy , 1 9 3 2 ; Bough t on and 

Hardy , 1 9 3 5 ) . Immun i ty cou l d  l a s t  for as  l on g  a s  two year s . 

Al s o , i t  h a s  b e en no t e d  tha t va c c ina t i on o f  a l r e a dy a f fe c t e d  

l amb s r e duc e s  the cour s e  a n d  s ever i ty o f  the d i s e a s e  

( Bough ton and Hardy , 1 9 3 5 ) . V a c c ine s are a lso s a fe t o  u s e  

i n  · suck l ing l amb s (Kerry and P owe l l , 1 9 71 ) . Recur renc e o f  
th e d i s e a s e  i n  vacc ina t e d  an ima l s  wa s ob s e rved b y  Trueb lood  

et  a l . ,  ( 1 963 ) and  Beck and  T ay l or ( 1 9 74)  but  wh e th e r  th i s  

wa s due t o  a d i f feren t s t r a i n  o f  v i ru s , o r  p o o r  v a c c ina t ion 

t e chni qu e  wa s no t d e t e rmine d . 
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. V a c c ines curren t ly u sed c ons i s t  o f  a su s pen s 1 on o f  l ive 

v i ru s  p repared from ves i ca-pu s tu l ar lesion s  p r o du ced an 

the s k i n  o f  hea l thy , 4 t o  6 mon t h s  old l amb s . The l ambs 

are k i l led and b led abou t the 5 th day p o s t--inocu l a tion and 

the ep i derma l pu l p  is removed and gr ound up wi th a mo r ta r  

and pes t le . The groun d-up les ions c an ei ther be d r ied 

and kep t a t  l ow tempera tu re or made into a 1 0% s u s pens ion 

in a s u i t ab le bu f fer . Bu f fe r s  u sed are Mc l lva ine's 

c i t r i c  a c i d  and d i s od ium hyd r o gen pho s pha t e  s o lu t ion 

(pH 7 . 2 ) o r  a s o l u t ion cons i s t ing o f  M/50 p ota s s ium 

d ihydrogen pho s ph a te s o lu t i on ,  M / 5 0  d i s o d i um hydr o gen 

ph o s ph a te ( pH 7 . 2 ) and 1 /10 volume anaes the t i c  e ther . 

Wi th the l a t ter bu f fer the s u s pens i on i s  incuba ted a t  

2 ° to  4° C for  1 2  t o  2 4  hou r s . The e ther i s  then removed 

by bubb l ing wi th f i l tered air . The su spen s i on , p repa red 

1n  e i ther bu f fer , i s  s to red a t  - 2 0 ° to - 7 0 °C ,  tes ted for 

p o tency and d i l u ted t o  1 : 5 0 0  wi th n1 ix ture of 7 . 5  p a r t s  

bu f fer and 2 . 5  par t s  glycerin and ch l o ro f orm a s  a 

p re serv a t ive (Br i t i sh Ve t .  Codex , 1 953 ) . In  lamb s , the 

vacc ine i s  mo s t  c ommonl y  a dmin i s tered by the app l ic a t i on 

o f  the s u s pens ion to the s c ar i f ied skin on the ins i de o f  

the h ind  leg . HoweveG a lterna t ive va cc ina t ion s i tes c an 

be u sed . The ven t r o- l a teral  s u r fa ce o f  the t a i l  o r  non­

woo led area pos ter i o r  to the ax i l l a  have been u sed in 

pregnan t or l a c ta t ing ewes ( Beck and Tay l o r , 1 9 7 4 ) . S uch 

v a c c ines produce a s o l i d  immun i ty bu t a t  the s ame t ime the 

s c ab s p r oduced by vac c ina t ion c on t a in l ive v i ru s  p a r tic les . 

At temp t s  t o  use t i s s ue cu l tu re-der ived v 1 r u s  as  va c c 1ne a s  

an a l tern a t ive t o  the v a c c i ne p repared a s  des c r ibed ab ove , 

have been repo r ted . Ramyar ( 1 9 7 3 )  sugges ted u s in g  v 1rus 

p a s s a ged in p r ima ry l amb k i dney cel l s  for  vac c ine 

produ c t ion . The pro tec t ion con ferred by s u ch a vac c ine 

again s t chal lenge wi th f ie l d  v i ru s  wa s les s than a year . 

E c thyma v i ru s  p a s s a ged 2 8  t ime s in c a l f k i dney cel l s  

proved t o  be o f  l ow v i ru lence and immun i sed l amb s for s 1x 

mon th s ( E rgin and Kok l u , 1 9 7 7 ) . A s tra in o f  the v i ru s  

grown i n  avian cel l s  wa s repor ted t o  h ave l o s t  i t s  ab i l i ty 
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t o  produce skin l e s ion s  in lamb s and rabb i t s , hmvev e r , i t s  

immunogenic proper t i e s  \ve re n o t  te sted . Zach (19 7 9 )  

r e p o r t e d  produc ing a s a fe and e f fe c t ive vac c ine from v i ru s  

c on t inuou s l y p a s s a ged ove r  a hund r e d  t imes i n  sheep  c e l l s . 

Howeve r ,  no cha l l en ge t e s t had b e en per formed in h i s  

exp e r iment s even though a r e t ro s p e c t ive tr i a l  �a s 

encourag ing . A t i s sue  c u l ture- derived vac c ine  c on t a ining 

inter feron indu c e r  was a l s o  r e p o r ted by Va l d e r  et  a l . ,  

( 1 97 9 )  but the r e  was n o t  s u f f i c ien t da ta to a l l ow a 

c r i t i c a l  eva l u a t ion o f  the e f fe c t ivene s s  o f  the va c c ine . 

I t  ha s b e en sugge s t ed  tha t p a s s a ge in human amn 1on c e l l s  

( Na g in g t on and vJh i t t l e , 1 96 1 )  and HeLa c e l l s  ( S aHhney and 

Toschkov , 1 9 7 1 )  ha s an a t tenu a t ing e f fe c t  on the v i ru s  

a s  d e t e rm ined b y  l amb inocu l a t ion b u t  again the s e  c l a ims 

have n o t  b e en suppor ted by pub l i shed d a ta . 

L ive v1rus  vac c ine ss p repared f r om s c ab ma t e r i a l  a r e  very 

e f fe c t ive b u t  have s ome d i s a dvan t a ge s . T i s s ue c u l ture­

der ived va c c in e s  have g iven p r omi s ing  resu l t s  b u t  the i r  

c ommerc i a l  app l i c a t i on h a s  no t b een adequa t e l y  asse s s e d  and ,  

a s  shown by two \vorke r s , immun i ty may b e  o f  sh o r t  durat i on . 

Ki l l ed v i ru s  vacc ine s d o  no t s e em to be o f  va lue a s  

immuni s ing agen t s . 

Knowl e d g e  o f  the me chan i sm o f  immun i ty to o r £  v 1 r u s  

in fe c t ion may be  u s e fu l  in the s e ar ch for a l t e rna t ive 

vac c 1ne s . The r e  are o n l y  a f ew r e po r t s  o f  inves t i g a t i on 

i n t o  the me chan i sm o f  immun i ty t o  o r £ viru s i n f e c t i on . 

I t  has b e en s t a ted  tha t or £ v i ru s  i s  h i gh l y  ep i the l io trop i c  

thu s indu c ing • • skin  immun i ty • •  (Aynau d , 1 9 2 3  a s  c i t ed  by 

Trueb l o oJ e t  a l , 1 9 63; G l ov e r , 1 9 2 8; Bough ton and Hardy , 

1 9 3 5; Darbyshir e , 1 96 1 ) . I n  the context  o f  c u r r en t 

immuno l o g i c a l  unde r s t an d ing , s u ch s ta temen t s  a r e  unhe l p fu l . 

Ther e  have , howeve r ,  b e en s ome ob s e rvat ions made  whi ch are 

he l p fu l  f r om the prac t i c a l  p o i nt o f  view and may g ive s ome 

ins i gh t  i n t o  the type o f  i��un i ty induc ed  by o r f  v 1 ru s . 

For examp l e , the s u s c ep t ib i l i ty to  infec t ion o f  l amb s , 
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7 2  h ou r s  a f ter b i r th , b o rn t o  in�une ewes , p roves th a t  no 

p r o tec t ive immun i ty is der ived from the p l a cen t a  o r  

c o l o s t rum (Bou gh ton and Hardy , 193 5; Rich ter and Jan sen 

19 68 ) . Th is  impl ies  tha t an t ibody , i f  produced , in the 

a f fec ted a n ima l is e i th e r  o f  a c l as s which does no t p a s s  

th rough the p l a c en t a  o r  in t o  the c o l o s t rum , o r  i t  i s  no t 

p r o tec t ive .  I t  i s  s t a ted ln Bux ton and Fraser ( 1 9 7 7 )  tha t 

sera f r om immun i sed sheep con t a in p rec ip i ta t in g  and 

c omp l imen t - f ixing a n t i b o d ies  to or£ v i ru s  bu t the produc t i on 

o f  neu tr a l i s ing  an t ibodies i s  va r i ab le .  Naging ton and 

Wh i t t le (19 6 1 )  rep o r ted de tec t in g  s i gn i f i c an t leve l s  o f  

neu tr a l i s ing  an t ibodies in c onva le s cen t sheep and human 

p a t ient's sera . On the o ther hand , Trueb l o o d  e t  a l , ( 1 9 6 3 )  

f a i led t o  demon s tra te s i gn i f i can t  level o f  neu t r a l i s ing 

an t ib o d ies in immune sheep sera . No inves t i ga t i ons  i n t o  

ce l lu l ar immun i ty indu c e d  b y  or f v i ru s  infec t ion have been 

rep o r ted . 

More i s  known abou t immun i ty to or thop oxvi ruses . In v.(vo 

and .(n v.(tko s tu dies w i th vacc i n ia and rabb i t  pox showed 

tha t two forms o f  v i ru s  a re produ ced du r ing in fec t ion . 

Ab ou t 9 0 %  o f  the v i ru s  p r o geny rema ins  in t r a ce l lu l a r ly and 

1 0 %  a re released from the cel l s , the ex t ra cell. u l a r  forms 

( B ou l ter and App leyard , 1 9 7 3 ) . These two fo rms o f  Vlru ses 

a c t  as  separa te an t i gen s and ir1�un i ty to one does not 

c o n fer p r o tec t ion to the o ther , and th i s  may be t r ue in 

o ther p ox v i ru ses , e . g .  o r f .  Where the ex t r acel l u l ar f o rm 

i s  inva s ive a s  in sys t em i c  poxv i ru s i n fec t i ons , re s i s tance 

to i n fec t i on wou l d  be an i n terp l ay o f  b o th humor a l  and 

cel l u l a r  types o f  immun i ty .  The humo r a l  immun i ty i s  

d i rec ted t owards re leased v i ru s  and the cel l u l ar immun i ty 

a t tacks  the i n fec ted cel l s . An t ib o d ies  aga inst the 

released v i ru s  p l ay a maJor r o le in the p reven t i on o f  the 

s p read o f  in fec t ion ( Bo u l ter and App leyard , 1 9 7 3 ) . Th i s  

a s pec t has no t been inve s t i ga ted f o r  o r f  v i ru s  and i t  may 

be o f  v a l ue to l ook i n t o  these two f o rms o f  v i ru s  in 

rel a t i on t o  the imn1un i ty deve l o ped . Howeve r , a s  o r f i s  

no t a sys temic d i sea se ,  an t ibody d i rec ted a ga in s t v iru s 



par t i c l e s  may b e  o f  l i t t l e  s i gn i ficance i n  the p r o t e c t i on 

from o r  p a thogene s i s o f  the d i s e as e . Ra ther , c e l l u l ar 

iwnun i ty may b e  invo l ve d . 

1 5 . 

The r e  a r e  seve r a l  s p e cu l a t ions on the mechan i sm o f  c e l lu l ar 

immun i ty t o  poxv i ru s  i n f e c t i ons . Cyto toxic i ty o r  d i re c t 

a t t a c k  on the in fec t e d  c e l l s  i s  a func t i on o f  the  s ens i ti s e d  

T-c e l l s  tha t r e c o gni s e  an t i gens expres s e d  e a r l y  o n  the 

sur fac e  o f  the c e l l s  ( B l anden , e t  a l, ,  1 9 7 7 ) . D i r e ct 

a t tack on the c e l l s  by T- c e l l s  i s  s ome t imes b l o cked by th e 

p r e s en c e  o f  low c oncen t r a t i on o f  IgG an t ibod i e s  on the 

sur f a c e  o f  the c e l l s . Howeve r ,  the s e  a n t ibody- c o a t ed ce l l s  

c an b e  d e s troyed by a me c h an i sm t e rme d ant ibody- d e p enden t 

c e l l -med i ated c y t o toxi c i ty ( ADCC ) . Th i s  l a t t e r  me chan i sm 

may b e  exh ibi t e d  by b o th pha go cy t i c  and non-phago cy t i c  

mye l o i d  ce l l s  and b y  weak l y  g l a s s -adhe rent  c e l l s  wi th Fe 

r e c e pto r s  kno\vn a s  "K-c e l l s " . Fur thermore , in t e r f e r on 

produ c e d  b y  e i th e r  the s en s i t ised T-ce l ls o r  the l ymph ok ine­

s t imu l a t e d  ma c rophage s mi gh t  p r even t th e inte r c e l l u l ar 

t r an s f e r  o f  v i ru s  par t i c l e s  ( Ro i t t , 1 9 7 7 ) . 

PHYS ICO-CHEMICAL PROPERTI E S  OF THE V IRUS 

Con t a g i ou s  e c thyma i s  cau s ed b y  a v i ru s  b e l onging t o  the 

fami l y  p oxvi r i d a e . I t  h a s  b e en grouped wi th p a pu l ar 

s toma t i t i s  v i ru s  in the genu s  Parapoxv i ru s  ( In te rna t i ona l 

Cown i t t e e  on Taxonomy o f  V i ru s e s , 1 9 7 9 ) . I t s  s 1 z e  1 s  

approx ima t e l y  2 60 x 1 6 0  nm wi th an axi s  ra t i o o f  1 . 6  

(Nag i n g t on and Wh i t t l e , 1 9 6 1 ) . E l e c tron mi c r o s c opy o f  the 

v iru s par t i c l e s  s ta ined w i th pho s ph o tungs t a te r evea l s  two 

in t e r ch angeab l e  forms ( N a g in g t on and H o rne , 1 9 6 2 ) . Th e 

type 1 o r  M (Mu lberry)  f o rms show the char a c t e r i st i c  "b a l l  

o f  woo l "  app e a r anc e .  The t y p e  2 o r  C ( c l e a r )  f o rms a r e  

pho s pho tungs t ate p e rmeab l e .  The "ba l l  o f  woo l "  appea r anc e 

o f  the type 1 f o rms i s  due t o  the c r i s s - c r o s s ing pa t terns  

of  the tubular p r o t e i n  thre a d s  on the  s ur fa c e  o f  the 

v i r i on s  (Naging t on and H o rne , 1 9 6 2; Nagin g ton e t  a l . ,  1 9 6 4 ) . 



By anal o gy wi th vac c �n � a  v�rus  (We s tood e t  a l . ,  1 9 64 )  the 

type 2 forms are  damaged type 1 v i r i ons wh i ch a l l ow 

pene t r a t ion o f  s ta in . Th e o r £  v i r ion conta ins a doub l e  

s trande d  l inear DNA wi th a mo l e c u l ar we i gh t  o f  8 9  x 1 0 6 

(A . J .  Rob in s on , p e r s . c omm . ) .  

1 6 . 

The v i r u s  i s  very the rmo s tab l e  and r e s i s tan t t o  chan g e s  in 

pH .  I t  i s  c omp l e te l y  inac t iva t e d  a t  60°C for 30 minu t e s  

bu t r e t a ins  s ome in fec t iv i ty when h e l d  a t  5 5 °C f o r  30 

minu t e s  ( S mvhney , 1 9 7 2 ; Bux t on and F r a s e r , 1 9 7 7 ) . 

In fe c t iv i ty i s  redu c e d  by 1 . 5  - 2 l o g 1 0  TCID5 0  wh en the 

virus wa s k e p t at 3 6° C � o . 5 °C for one week ( P l owr i gh t  

e t  a l . ,  1 9 5 9; S awhney , 1 9 7 2 ) . S cab s d r i e d  over s u l fu r i c  

a c i d , p owd e r e d  and s to r e d  i n  we l l-s toppered  s e a l e d  g l as s 

tub e s  in i c e  box r e t a ined i t s  p o t ency for a t  l e a s t 3 2  

mon th s ( Bough ton and Hardy , 1 935 ) . In ano th e r  exp e r imen t 

by the s ame authors , i n fe c t i o u s  d r i e d  s c ab ma t e r i a l  wa s 

d iv ided into th r e e  por tions and s to r e d  in s t o p p e r e d  g l a s s  

bo t t l e s  i n  th e dark a t  83°F .  One o f  the thr e e  s amp l e s  l o s t 

in fec t iv i ty wi th in 54 days , ano ther wi th in 64 days , and the  

th ird w i th in 1 2 0 days . S c ab ma t e r i a l  a l s o  d r i e d  over  

su l fur i c  a c i d , s tored in amb e r  b o t t l e  in  the r e fr i ge r a tor  

a t  45 °F re t a ined i n f e ct iv i ty  for  2 2  year s , 8 mon th s 

( L ivin g s t on and Hardy , 1 9 6 0) .  F r e eze- thaw ing d o e s n o t  

a f fe c t t h e  t i t r e  o f  t h e  v i ru s , ins t e ad , a f te r  th e 4 th 

f r e e z ing- thawing cy c l e , the t i t r e  i s  increa s e d . Th i s  may b e  

d u e  t o  the d i s ru p t i on o f  v i r a l  aggrega t e s  and r e l e a s e  o f  

virus  f rom c e l l s  ( P l owr i gh t  e t  a l. ,  1 9 5 9 ; S awhney 1 9 7 2 ) . 

When expo s ed t o  the s umme r  h e a t in Texas , s cab s r ema in e d  

i n f e c tiou s on l y  f o r  f e'" mon th s bu t when l e f t  o n  the ground 

in shaded a r e a s , re ta ined in fe c t ious  par t i c l e s  f o r  y e a r s  

( Bough t on and Hardy , 1 935 ) . A t  room t emp e r a t u r e  in t h e  

l abora t ory , o r £  virus  c an b e  i� fec t ive for  a s  l o n g  a s  

1 5  y e a r s  ( Bu x t on and F ra s e r , 1 9 7 7 ) . I t  i s  onl y  s l i gh t l y  

s ens i t ive t o  e ther  and f l u o r o c a rb on ( Trueb l o o d  and Chow , 

1 9 63 )  bu t inac t iv a t e d  by ch l o r o form ( Buxton and F r a s e r , 
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1 9 7 7 ) . I t  l S  a l s o  r e s i s tant t o  g l y c e r o l  ( Sawhney , 1 9 7 2 ) . 

In sun@ary , i t  i s  eviden t  th a t  o r f  V l ru s  l S  typ i c a l  o f  the 

p oxv l ru s  group , be ing ve ry s tab l e  und e r  norma l env i ronmen t a l  

c ond i t ions . 

MULTIPLICITY OF STRAINS 

I t  has l ong b e en r e gard e d  tha t the r e  i s  on l y  one s tr a in o f  

o r f  v irus  and tha t s trains  f r om a l l  over the wor l d  a r e  

an t i gen i c a l l y  s imi l ar . Cro s s -pro t e c t ion te s t s i n  s h e e p  and 

s e r o l o g i c a l  s tu d i e s  by s everal  au tho r s  supp o r t th i s  v i ew .  

S eddon and McGr a th ( 1 9 3 1  as  c i t e d  by  Bough t on and Hardy , 

1 9 3 5 )  found tha t the Eng l i sh and Au s t ra l ian s tr a i n s  sh owe d 

c r o s s -pro t e c t ion . G l over ( 1 9 3 2 - 3 3  as  c i ted by Hor gan and 

Ha s s eb , 1 9 4 7 ) o b s e rved tha t v i r u s  i s o l a tes  o f  ovine o r i g in 

from Engl and , F ranc e  and Ca l i forn i a  con formed t o  a s in g l e  

type . A capr ine i s o l a t e  from Tan gan yika wa s iden t i c a l  wi th 

the Eng l i sh i s o l a t e  bu t comp a r i s on b e twe en the c a p r ine 

i s o l a t e  from Cyprus and the En g l i s h  i s o l a t e  was  inconc lus ive . 

Horgan and Ha s s eb ( 1 9 4 7 ) again by  c r o s s -pro t e c t ion t e s t s ln 

sheep shmved tha t  s ever a l  o f  th e i r  i s o l a tes  were immuno­

l o g i c a l l y  ind i s t in gu i shab l e  ·wh i l e  o th e r s  w·e r e  c l o s e l y  

r e l a t e d . They de s c r ib e d  the d i f fe r en c e  o f  the r e a c t i on s  

a s  b e ing p a r t i a l  t o  c omp l e te b u t exp l a ined th e s e  d i f ferent  

reac t ions  a s  quan t i t a t ive d i f fe r e n c e s in an t i gen or  

an t i gens . Howeve r ,  they did  no t exc lude the  p o s s ib i l i ty tha t 

the s e  mino r d i f fe r en c e s  were du e t o  an expr e s s ion o f  s t r a in 

var l anc e . 

Trueb l oo d  e t  a l . , ( 1 9 6 3 ) we r e  o f  th e op lnlon tha t  s tr a in 

var i an c e  had n o t  b een f u l ly inve s t i ga t ed . The o c cu r r en c e  

o f  the d i s e a s e  in vac c ina t e d  anima l s  l ed them t o  d oub t the 

monova l en c e  o f  th e v i ru s . S awhney ( 1 9 6 6b )  c i t e d  S a rwar 

and Barya ( 1 9 6 1 )  as having i s o l a t e d  a virus c au s i n g  

d e rma t i t i s  in s h e e p  i n  P ak i s tan \vh i ch d i f fe red  in s ome 

r e s p e c t wi th the c l a s s i c a l  e c thyma v i ru s . A l s o  c i t e d  wa s 
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B r a ga z z i  ( 1 9 5 9 )  who o b s erved ou tb reak s w i th mo r ta l i ty r a t e  

o f  a s  h i gh a s  3 0 %  and a s  l ow a s  1 %  wh i ch ind i c a ted  the 

p o s s ib i l i ty o f  d i f fe rent s t ra ins . Howeve r ,  a l though , the s e  

pap e r s  have not b een c i ted  by the au tho r , th e p o s s ib l e  

c on fu s ion wi th o th e r  d i s e a s e s showing s imi l a r  l e s ions s u ch 

a s  s h e ep pox c ou l d  a c c oun t for s u ch l arge  d i f ference in 

v iru l ence . Val der e t  a l . ( 1 9 7 9 )  a l s o  de s c r i b e d  an ou tb r eak 

o f  o r £  wi th c l ini c a l  p i c ture tha t  d i f fered from u s u a l  c a s e s . 

They d e s c r ib e d  th i s  a s  a ma l i gnan t form , and c ou l d  b e  due 

to  a d i f feren t s t r a i n  o f  the v i ru s . 

From the res u l t s  o f  s e rum--neu t r a l  i s  a t i ou and c ro s s p ro t c .:  t i on 

t e s t s , Smvhney ( l 9 6 6 b )  conc luded  tha t  there wa s a mu l t i -­

p l i c i ty o f  s tr a in s  o f  c on t a g i ou s  e c thyma v i ru s . He 

ten t a t ively  c l a s s i f i ed Bu l ga r i an B2 i s o l a t e and the 

Eng l i sh i s o l a t e  in one an t igen i c  group and the Ruman i an 

and S l ovak i an i s o l a t e s  in ano the r . He fur ther showe d th a t  

an I ranian i s o l a t e r e s emb l ed the En g l i sh i s o l a t e . Howeve r ,  

Bu l ga r i an i s o l a t e B l  d i f fe re d  from the B2 i s o l a t e . He 

s ta t e d  fur th e r  th a t  al though the s e  s t ra ins d i d  no t d i f fe r  

in t h e  type o f  Cy topath i c  e f fe c t  they p rodu c e d  in c e l l  

c u l ture , t i t r e s  o f  the Ruman i an and S l ovak i_ an i s o l a t e s  were  

a lways c ompara t ive l y  l ower than tho s e  of  the  Bu l ga r i an and 

Eng l i sh i s o l a t e s  ( S awhney , 1 9 6 6 c ) . 

Ano ther a t t emp t t o  show s t r a in var i a t i on wa s repor t e d  by  

P r e c au s ta and S t e l lman ( 1 9 7 3 ) . The f ive i s o l a t e s  s tu d i e d  

wer e  s im i l a r  i n  the i r phys i c o-chemi c a l  char a c t e r i s t i c s , 

however , they showed an t i genic  d i f ference s . B a s e d  on the 

neu tral i s a t i on t i t r e s  and i nd i c e s ,  they p l a c ed four o f  the  

i s o l a te s  und e r  one  an t i gen i c  s ub type and  the  o th e r  in 

ano ther sub type a l though the l a t te r  wa s very c l o s e l y  r e l a ted  

t o  the  o ther fou r . Wi t t ek e t  a l . ( 1 9 8 0 )  in a c omp a r i s on o f  

e i gh t p s eudo c owp ox v i ru s  i s o l a te s  and thr ee o r £  v i ru s  

i s o l a t e s  demon s tra t e d  d i f fe r enc e s  i n  the r e s t r i c t i on endo­

nuc l ea s e  p a t t ern s o f  the s e  three o r £  v iru s DNAs . 



I t  appears  l ike l y  tha t  s t r a in var i a t i on d o e s  exi s t  ln o r f 

v i r u s  as  d e t e rmined by s erum-neu tra l i s a t ion and c r o s s ­

p r o te c t i on t e s t s . Howeve r ,  none o f  the s e  s tu d i e s  are 

c on c l u s ive and the de f in i t ive exp e r imen t s  have ye t to  be  

d one us ing p l aque-pur i f i ed v i r u s . 

GROWTH OF ORF VIRUS IN CELL CULTURE S 

S in c e  Gre i g  ( 1 9 5 7 )  repo r ted  the f i r s t s u c ces s fu l  a t temp t 

1 9 . 

t o  grow o r f  v i r u s  in c e l l c u l ture s , in vi tro s tu d i e s o f  th e 

v i ru s  have b e en o f t en r ep o r te d . G r e i g  ( 1 95 7 )  and Web s t er 

( 1 9 5 8 )  u s e d  p r imary emb ryon i c  s k in c e l l s  bu t th e l a t t e r  d id 

no t ob s e rve c y t opa th i c  e f fe c t  ( CPE ) wi th a New Zea l and 

v a c c ine s t r a in of v i rus. The r e  wa s however , v i r a l  mu l t i­

p l i c a t ion . P l owr i gh t  e t  a l , ( 1 9 5 9 )  wa s ab l e  to  p r o p a ga t e  

a v i r u s  s t r a in i n  p r imary t e s t i s  an d k i dney c e l l s  o f  ovine 

and bovine o r i g i n . S imi l a r  r e s u l t s  we re ob t a ined  by  

Nag iug ton and  Hh i t t l e  ( 1 9 6 1 ) , Ha cDona l d  and B e l l  ( 1 9 6 1 )  and 

Trueb l ood and Chow ( 1 9 6 3 ) . P r imary human amn ion c e l l s  

c ou l d  a l s o  b e  u s ed to  p ropaga t e  the v i ru s  ( Na g in g ton and 

Wh i t t l e , 1 9 6 1 ; Ma cDona l d  and B e l l , 1 9 6 1 ) . N a g i n g t on and 

\\Th i t t l e  ( 1 9 6 1 )  a l s o  u s e d  monke y  k i dney ce l l s  'vi th su c c e s s  

bu t fai l e d  t o  g row the virus  i n  HeLa , HK2 and AM9 c e l l l ines . 

O ther  suc c e s s fu l  a t temp t s  to  p ro p a ga t e  the v i r u s  i n  c e l l  

c u l  tu:...·e s  've r e  repor t e d  b y  S awhney and Tos chkov ( 1 9  7 1 , 1 9 7  2 )  

i n  HeLa and l amb t e s t i s  c e l l s; Ramyar ( 1 9 7 3 )  and P r e c au s ta 

and S t e l lman ( 1 9 7 3 )  in p r ima ry l amb k i dney c e l l s; and 

Ro s s i  ( 1 9 7 3 )  i n  c h i c k  and duck emb ryo f ibrob l a s t s . Th e s e  

f ind ings show tha t  c e l l cu l ture-adap ted  or f v i ru s  c a n  b e  

p ropaga t e d  in a w i d e  r ange o f  c e l l  typ e s . 

The r e  a r e  d ivergent v i ews on th e c y t o p a thogen i c  e f fe c t  o f  

o r f v i r u s  on mono l ayer c u l t u r e s .  A s  men t ioned e ar l i e r  

Web s t e r  ( 1 9 5 8 )  d i d  no t ob s e rve CPE  w i th a N . Z. vac c lne 

s tr a in o f  the virus  ino cu l a te d  onto emb ryon i c  sheep s k in 

c e l l s . However ,  he c ou l d  demon s t r a t e  viru s  mu l t i p l i c a t i on .  
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The au th o r s  tha t d i d  ob s erve a CPE repor t e d  a wide range 

1n the t ime int erva l be twe en inocu l a t i on and i t s  appe aranc e 

a s  we l l  a s  the c omp l e t ion o f  CPE . F o r  examp l e ,  ear l y  s i gn s  

o f  CPE \ve re s een a t  1 8  h ou r s  ( Naging t on and Hh i t t l e , 1 9 6 1 ; 

S awhney and T o s chkov , 1 9 7 2 ) a t  2 0  hou r s  ( Ramya r , 1 9 73 ;  

P r e c au s t a  and S t e l lman , 1 9 73 )  o r  a s  l a te as 3 6  hours  (Gre i g ,  

1 9 5 7 ; Ro s s i ,  1 9 73 ) , and t·'\\70 days ( S mvhney , 1 9 6 6 c ) . 

Ob s erva t i on o f  comp l e te CPE a l s o  var i e d  from 2 4  hou r s  to  

2 8  days . Th i s  wide  var i a t i on cou l d  b e  due t o  the s i ze  o f  

ino c u l um ,  type and ba tch o f  ce l l s  and  age o f  cu l ture 

( N a g ing t on , 1 9 6 8 ) . Youn g  and rap i d l y  mu l t i p l y ing c e l l s  a r e  

mo r e  s en s i t i ve t o  v i ru s  in fe c t i on than o l de r  c u l tur e s . 

O th e r  fa c to r s  th a t  migh t  a f fe c t p r o duc t ion o f  CPE a r e  

p a s s age a n d  s t r a in o f  v i ru s  ( S a� 1ney , l 9 6 6c ) a n d  t h e  o r i g in 

o f  the s erum u s e d  in th e cu l ture me d i um (Naging ton , 1 9 6 8 ; 

Zebrows k i  e t  a l . ,  1 9 74 ) . 

Inc lv s i on b o d i e s  were s e en and d e s c r ibed by s ome o f  the 

au tho r s  c i t e d  ab ove . P l owr i gh t  et a l . ( 1 9 5 9 ) ob s erved 

in tracy top l a smic e o s inoph i l i c  ma s se s at  twe lve hour s p o s t­

inocu l a t i on .  The s e  ma s s e s  we r e  o f t en t ime s s u r r ounded by 

an i l l - d e f ined h a l o . S awhney and T o s chkov ( 1 9 7 1 , 1 9 7 2 )  

and Ro s s i  ( 1 9 73 )  s aw s im i l ar inc l u s ions a t  two days p o s t­

inocu la t i on ,  the former u s ing H e L a  and l amb t e s t i s  c e l i s  

and t�e l a t t e r , av i an c e l l s . Eo s i no ph i l i c inc l u s ions 

usua l ly paranu c l ear we r e  a l s o s e en by Nagin g t o n  ( 1 9 68 )  and 

Zeb rowski  e t  a l . ( 1 9 7 4 ) . The behav iour  o f  o r f  v i ru s  1n  

c e l l  cu l tur e s  a s  o b s erved by the  above au th o r s  i s  

s umma r i s e d  i n  Tab l e  I .  

The V JTus s eems t o  shmv a p r e fe renc e for p r 1mary c e l l s  o f  

sheep  o r  human o r i g in ,  n o t mo re than four d a y s  o l d , and 

in the 1 s t  to l O th s ub c u l ture pas s a g e s  (Naging t on , 1 9 6 8 ) . 
N a g i ngton (1 9 68 )  ob s e rved tha t  or£ v i ru s f r om sheep \vou l d  grrnv 
in i t i a l ly on sheep c e l l s  o n l y . However , h e  found tha t th i s  

s p e c i f i c i ty wa s l o s t on s ub s e q uen t p a s s a g e s  o r  i f  the 



TABLE I :  

C e l l  

Type 

Embryon i c  
l amb s k i n  

Su spended 

sheep s k in 

Sheep 

tes t i s  

S heep 

embryon i c  

k idney 

C a l f  

k idney 

Goat 

k idney 

CYTOPATH I C  E F F E CT OF ORF VIRUS AS D E S CR I B ED BY D I FF ERENT AUTHORS 

V i r u s  
T ime o f  

S t r a i n  
CPE Appe a r ance Type of CPE 

o f  CPE 

2 isolates En l a rgement rounding o f  cell s .  rr.cr eased g r anu-

f r om C anada + 3 - 4  days l ar i ty o f  cytopl asm w i t h  even tual f r agmentat ion . 
1 isolate f rom Some c e l l s  de tached f rom g l a s s , o t h e r  c e l l s  
S a s t r atchewan c l umped toge th e r . Complete C PE in 7 days . 

N . Z .  vacc ine l no C PE obs e r ved bu t w i t h  pos s i ble r epl i ca t ion 
-

S t r a i n  

Welcome nonspec i f ic r eact ion on f i r s t  day . Med ium was 

S t r a i n  
+ 

changed . S h r i n k age and round ing o f  r ema i n i n g  
cel l s .  Complete CPE i n  4 days . Next p a s s ag e , 
CPE comp l e te i n  7 days . CPE complete i n  2 - 3  
days on s•1bseque n t  passag e s . A l so ment ioned 

d E t achment bu t d i d  not mention clump i ng o f  cel l s . 

P 3  f r om 
W i t h i n  

Compl e t e  CPE i n  4 8  hou r s .  Subsequent passag e s , 

tes t i s  + 
2 4  h r s  

Compl e te CPE between 2 - 4  days . 

c e l l s  

P 3  f r om + Wi t h i n  Rap id C P E  8 0 - 9 0 %  cell i n fect ion b y  4 th day 

tes t i s  + 2 4  h r s  next p a s s age , s t i l l  some normal cel l - i s l e t s  on 

c e l l s  7 th day . Su bsequ e n t  passages showed s i m i l a r  
extent t i l l  4 th day . 

P 4  f r om Almost complete CPE on 2nd and t h i r d  day , 

tes t i s  + centr ipe tal spread of i n fect ion . S im i l a r  
c e l l s  changes on subsequent p a s s ag e s . 

P4  f rom 

sheep + S im i l a r  a s  i n  sheep k i dney 

k i dney 
---- - ----------------- -- --

Au thor 

G r e i g  

( 1 9 5 7 ) 

Web s t e r  

( 1 9 5 8 ) 

Plowr i gh t  e t  a l  

( 1 9 5 9 )  

! 

N 
I-' 



TABLE I :  

C e l l  

Type 

Lamb 
embryonic 
k idney 

Human 
embryon i c  
kidney 

( cont inued ) 

I 
Vir us 
S traiP 

" S to c k  S train" 
from Aberdeen 
Un ive r s i ty 

Human amnion! P 3  from lamb 
Human 
er.iliryonic 
l iver 

kidney 

1
° 

Human I 2 Human 
amnion i so l a t e s  

20 Monkey 
kidney 

Cell l i ve s : 
He La 
MK2 
AM9 

Bovine 
fe tal Fort Dodge 
kidney, skin, l vacc ine 
mus c l e  ( US A )  
Ovine fetal 
kidney 

CPE 

I + 

+ 

+ 

+ 

Tox i c  �f f e ct 

" 

+ 

+ 

Time of 
Appearance 

o f  CPE 

3 days 

Type of CPE 

Early rounding ( time not spe c i f ied ) and swe l l ing o f  
c e l l s  fol lowed by c l umping . Us ing heavy inocul a  
CPE s e e n  in 2 4  hour s . Almos t  compl ete CPE i n  
3 days . 

S imilar CPE as above . 

I so late # l - rounded granular c e l l s  after 18 hrs , 
no f ur ther change until 15 days later . Then 
mono layer showed holes at the edge of the she e t . 
Marginal c e l l s  be come re fractile and in some the 
cytoplasm be come s granular . I solate # 2 produced 
CPE more rapidly , 5 days . Good inclus ion bodies 
are rare . In monkey c e l l s , ho le formation was l e s s  
marked b u t  more rounded c e l ls . 

l Did no t describe type o f  CPE 

, CPE comp l ete in 6 days 

Author 

MacDonald 
& B e l l  ( 19 6 1 )  

Nagington & 
Wh i t tle ( 19 6 1 )  

Trueblood & 
Chow ( 1 9 6 3 ) 

N 
N 



TABLE 1 :  

C e l l  

Type 

1° l amb 
testi s  

1° lamb 
k idney 

10 c a l f  
te s tis 

10 c a l f  
kidney 

10 pig 
k idney 

Bovine 
t e s t i s  

Sheep 
tes tis 

Human 
amnion 

He la 

Lamb 
t e s t i s  

( continued ) 

Virus 
S train 

Bulgarian B
2 

CPE 

!=omp lete 

Czecho s lovakian! Never 
bompl ete 

United 
Kingdom 

Rumanian 

German 
I r an i an 

ORF 
Moneciwin 

ORAFLAM 
vac cine 

Field s tr a in 

Bulgarian 
strain ( P S  
from l amb 
te s ti s )  

Bulgar ian 
strain 

�omp l e te 

Never 
pomp lete 

Not 
nention 

nter­
�edia·te 

+ 

+ 

+ 

T ime o f  

Appearance 
o f  CPE 

2 - 10 
days 

48 hr s 

18 hrs 

Type of CPE 

F i r s t  s i gn . Lo s s  o f  c e l l ular boundary c e l l s , 
round ing of the c e l l s  fol lowed by appearance o f  
gaps o n  ho l e s  i n  the monolayer , c e l l s  be come more 
re fa c tory be fore lys i s . Inclus ions seen in 
Eng l i sh and Bulgarian B2 isolates only . 

Rounding o f  c e l ls with highly repactile 
cytop lasm and appearance o f  ho les in t he mono layer . 
Produced " open typ e "  p laque s 

Los s  o f  c e l lular boundary in 4 8 - 7 2  hour s . 
Pyk no s i s  o f  nuc le i , granulation o f  cytopla sm and 
appear anc e of vacuo le s . Almo s t  comp l ete CPE in 
6 days . Observed somewhat attenuating e f f e c t  on 
�irulence . 

Cytotoxic e f f e c t  in 2 4  hour s . At 4 2  hours 6 0 - 9 0 %  
c e l l s  lost normal shape . GaL's and ho l e s  appear in 
monolaye r .  The re is cell rounding . Complete 
CPE in 4 - 5  days . Inclusions s e en . 

Author 

S awhney 
( 1 9 6 6 ) 

Nagington 
t l 9 6 8 ) 

S awhney and 
Tos chkov 
( 1 9 7 1 )  

Sawhney and 
Tos chkov 
( 1 9 7 2 )  N 

w 



TABLE I :  ( continued ) 

C e l l  Virus I Time o f  
Type Strain 

CPE 
Appearance 

I o f  CPE 

1° l amb Loc a l  i s o l ate + 
k idney 4 vac cine 2 4  hours 

s tr a in + 

Duck Not spe c i f ied + 3 6  hour s 
embryo 
fibroblasts 
Chick 
embryo I 
f ibr obla s t s  

1° l a  mb Sheep i so l a te + w/in 2 4  hr s 
kidney 

1° bovine Fresh i so late 
3 - 4  days + 

c e l l s  from sheep 

Capr ine Scab ma teri al 
3 days + 

t e s ti s from goats 
cel l s  

------ -----·- ---

Type o f  CPE 

Comp lete CPE in 3 days . Did not d e s cr ibe CPE 

I 
I 

F i r s t  s ign was c e l lular pyknos i s , lateral 
d i splacement o f  the nuc l i us , enlargement o f  
c e l lular body , vacuola tion a long cytoplasmi c I membrane . I n c l u s i on bod i e s  seen at 4 8 th hour , 
Ce l l s  are round ed and swo l len . Ly s i s  occurred 
in some c e l l s . Comp l e t e  CPE in 9 6  hour s . 
Virus showed l o s s  of pathogenic a c t ivity . 

l Rounded c e l l s  with pykno s i s . P roduced " open type " 
. pl aque s . P laque s - c e l l ular lys i s  bordered by I pyknot i c  c e l l s  seen in 24 hours .

2 
A mul t ip l i c i ty 

I o f  i n fe c tion of 1 0 7 
TC I D S 0 / 7 5  cm flash produced 

I CPE in 4 8  hour s . 

I CPE in 3 - l l  days . Mo r e pronoun ced in te s t i s  c e l l s . 
· I rregular results in other ceel typ e s . 

Inc reased refracti vene s s  and rounding o f  c e l l s  by 
3rd day , with 7 0  - 9 0 9o CPE by 5 th day . By 5 th 
pas sage CPE was seen in 2 4  ho • 1r s . 

' 

Author 

Ramyar 
( 1 9 7 3 )  

Ro s s i  
( 1 9 7 3 )  

Precausta & 
St e l lman 
( 1 9 7 3 ) 

Zebrowski e t  al l 
( 1 9 7 4 )  I j 

' 
Renshaw and ! Dodd 

! ( 19 7 8 ) 
' 

I 

N 
+' 
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v 1 ru s  i s o l a t e  wa s from a human c a s e .  In c on t r a s t ,  

Zebrows k i  e t  a l . ( 1 9 7 4 )  u s e d  p r imary b ov ine c e l l s  f o r  

i s o l a t io n  o f  the v i ru s  from s c ab ma t e r i a l . lvh i l e they 

c l a ime d a s uc c e s s fu l  a t t emp t a t  i s o l a t i on in t e s t i s  c e l l s , 

they po i n t ed ou t tha t r e s u l t s  in the o ther  c e l l type s we r e  

var i ab l e  o r  n o  c y t o pa th i c  e f fe c t s  w e r e  ob s e rved . They a l s o  

o b s e rved tha t  the v i ru s  app eared  t o  pre fer f ib r ob l a s t i c  

r a ther  than e p i th e l i o i d  type o f  c e l l s . Th i s  i s  i n  agree­

men t wi th the f indings o f  P l owr i gh t  et  al  ( 1 9 5 9 )  and 

Sawhney ( l 9 6 6 c )  in tha t fibrob l a s t i c  te s t i s  c e l l s  we r e  

super 1 o r  to  ep i the l i o i d  kidney c e l l s . 

There a r e  only a few wo rker s  wh o have a t temp t e d  t o  quan t i t a t e  

the y i e l d s  o f  o r f v i r u s  in c e l l  cu l tures . I n  l amb t e s t i s  

c e l l s , P l owr i gh t  e t  a l . ( 1 9 5 9 )  o b s erved the p e ak o f  virus  

mu l t ip l i c a t ion at  th e 54 th hour p o s t- incou l a t i on . Th e 

c e l l -a s s o c i a ted  v i rus gave a t i t re o f  1 09 TCID5 0 ; 8 0mm2 

Car r e l  f l ask . The f r e e  v i ru s  � a s  0 . 4  to  1 l o g  un i t  l owe r . 

In k i dney c e  1 1  s ,  th e t i tre  \¥a s s ome\vha t l mve r . The peak 

o f  mu l t i p l i c a t i on \va s ob s e rved  a t  48 hou r s  p o s t- in fec t i on . 

Th e c e l l-as s o c ia ted  v i ru s h a d  a t i tre  o f  1 08 TCin5 0 ; 801mr2 

f l ask  and the free  v i ru s , o f  0 . 2  t o  1 l o g  un i t  l owe r . 

They ob s e rved tha t f r e e z ing and thawing the cu l t u r e  s everal  

t ime s r e s u l t e d  in  h i gh e r  t i t r e  p rob ab ly due  to  the  

d i s p e r s i on o f  viral  aggrega t e s  &nd d i s ru p t i on o f  c e l l s  

r e l e a s ing more v i ru s p ar t i c l e s . MacDona l d  and B e l l ( 1 9 6 1 ) 

ob t a in e d  1 0 6 TC in50 p e r  0 . 1  m l  on r ep e a t ed p a s s a g e  o f  the 

v iru s in  embryoni c  l amb k i dney . 

S awhney ( 1 9 6 6 c ) o b s e rved tha t  th e r e  wa s a d i f fe rence  in  the 

t i tr e  d e p end ing on  the s t r a in o £  the v irus , c e l l  typ e s  and 

p a s s ag e  oi the virus  bu t the r e  wa s a tendency o f  the v i r u s  

t o  s tab i l i s e  a f te r  t h e  1 2 th p a s s age . The t i t r e s  h e  ob t a ined 

�ar i e d  f r om 2 . 5  - 4 . 8  l o g 1 0  _TCID5 0  p e r  0 . 2ml a t  the 

4 th p a s s age to 3 . 2  - 7 . 2  l o g 1 0  TCin5 0 per o . 2m l  a t  the 

1 2 th p a s s age . V i ru s  c u l tured  in l amb t e s t i s  c e l l s  gave 

h i gh e r  t i t r e s  than tho s e· g rown in  l amb k idney c e l l s , exc e p t 
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for one I r an i an s t ra in and the Bu l gar i an GM5 3  s t r a in wh i ch 

g r ew e qua l ly we l l  in b o th c e l l  type s . U s ing p r ima ry l amb 

k i dney c e l l s , Precau s ta and S t e l lman repo r te d  a t i tre  o f  

1 0 6 · 5 t o  1 0 7 · 5 TC ID5 0  p e r  ml . 

Renshaw and Dodd ( 1 9 7 8 )  o b t a ined a t i t r e  o f  1 0 3 t o  1 0 5 

TCID5 0 /ml o f  o r f  v i ru s  grown in c apr ine t e s t i cu l ar c e l l s . 

In  av i an c e l l s , v i ru s mu l t ip l i c a t i on a t t a in e d  i t s max imum 

b e twe en the 7 2nd to 9 6 th hour p o s t - inocu l a t i on wi th a 

t i t r e  o f  1 0 7 · 8 p fu s /ml ( Ro s s i , 1 9 73 ) . Ne i ther au thor  

h owever  men t i oned the  p a s s age numb e r  o r  i n i t ia l  s i z e  o f  

v i ru s  inocu lum . 

The d i f f erenc e s  b e tween the s e  r e s u l t s  d o  no t c onc lude  tha t 

one me thod  o f  quan t i fy in g  v i ru s t i t r e  1 s  sup e r 1 o r  to the 

o the r , nor tha t  one v i ru s  s tr a in i s  mo r e  v i r u l e n t  than th e 

o the r , f o r  the r e  i s  no s tandard b a s i s  o f  compa r 1 s on . The 

mo s t  imp o r tan t c r i t e r i a  for  co�par i s on wou l d  b e  the ini t i � l  

s i z e  o f  inocu lum ( or mu l t ip l i c i ty o f  in fe c t ion ) , the numb e r  

o f  c e l l s  in f e c t e d  and th e t e chn ique f o r  a s s aying v i ru s  

t i t r e . Such fac t o r s  a r e  a d s orpt i on t ime and d i luen t u s � d  

i n  a d s orb ing v i ru s m i gh t  a l s o  a f f e c t  t i t r e s . Al s o , a s  

shown w i th o ther v i ru s e s , u s e  o f  ove r l ay ad d i t ive s may 

enhan c e  the numb e r  and s 1 z e  o f  p l aqu e s  in the p l aqu e  a s s ay s  

for  v i ru s e s  ( Tob i ta e t  a l . ,  1 9 7 5; G i l -F e rnande z e t  a l . ,  1 9 7 6 ) . 
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CHAPTt:R THO 

MATER I ALS AND METHODS 

Thi r teen s amp l e s  c ons i s t i ng of poo led 

s c ab mater i a l  were e a c h  ta ken from a l in e  o f  l ambs awa i t ing 

s l aughter . The s amp l e s  were sent from a numbe r  o f  meatworks 

thro ughout N ew Z ea l and ( s e e  Table I I ) . The s amp l e s  were 

kept at - 7 0
°

C un t i l  proc e s s ed . 

S amples were pro c e s s e d  three at a time . Five g ram s of s c ab 

materi o l f r om each s am p l e  were wei ghed and ground in a 

mortar and p e s t l e  in 5 0  m l s .  o f  l OnM Tr i s - H C l  pH 7 . 5 .  A 

sma l l  amoun t  of carborund am was added to a i d d i s ruption o f  

th� s c ab . The su spen s ion wa s p l aced in a 3 0  m l - s crewcap 

centi f uge t ube and centri fuged at 5 0 0 0  RPM ( 3 0 2 0 g )  for 3 0  

m inutes in the S S 3 4 rotar at 4 °C i n  the S orv a l l  RC 5 

centri fuge . A second c en t r i fugat ion a t  thi s  s pe e d  was s ome­

time s nece s s ary . The s upern a t ant was then c o l l e c ted and 

2 5  m l s . w a s  l ayered over 5 m l s . of 3 6 %  sucr o s e  in O . l x ET 

buf f er . Th i s  was centri fuged at 2 2 , 0 0 0  RPM ( 5 0 , 0 0 0 g )  for 

30  minute s a t  4
°

C in the B c ckman Mode l  L u l t r a c entri fuge 

u s i ng Sw 2 5 . 1  rotor . The supernat an t  was di s c a rded and the 

remainder of the samp l e  was proc e s s ed i n  the s ame manner 

u s ing the s ame c entr i fuge tube s t i l l  containing the f i r s t  

pe l l e t . The r e sult ing pe l l e t  conta ining the v i r u s  w a s  

r e su spended w i th l m l . o f  O . lx E T  buf fer and was layered 

on to a 2 5 - 5 0 %  s odium d i at r i z oate gradien t . The prepa r a t i on 

o f  t h e  aryl grad ien t s  was a s  fol lows . Sodium d i atri zoate 

s o lu t i ons , 2 5  and 5 0 %  ( w/v ) were prepared in O . l x ET bu f fe r . 

Ten m l s . e ac h  o f  the s o l u t i on were p l a ced i n to each of the 

c y l inders of the gradi en t  mak er wi th a mixer in s er ted into one . 

The s olutions were pumped s low ly into a l "  d i a . x 3 "  c e l lu l o s e  

n i tr a t e  tub e . Ten m l s . o f  1 0 %  Dextran T l O  i n  O . lx ET bu f fe r  

w a s  l ayered over the gradien t . 



TABLE I I : O R I G I N  OF SAMP LES 

S am p l e  
No . 

Own e r / F a rm 

l N . S .  Cha t f i e l d 

2 S . E .  H i l l 

3 Ni t sk e  

7 A .  Reeves 

8 Tr e l l inoe 
S t a t i on 

9 J . N .  Br i ant 

1 0  I O k e r e  Corp . 

I 
l l  I T . B .  McCon e  

I 
1 2  W . J .  Jones ton 

1 3  M .  I .  F r anc i s  

1 4  Add ing ton 
S a l e y a rd s 

1 8  J . S .  Rober t s on 
& SOES 

1 9  E . D .  N i c ho l son 

Loc a t i on 

R . D .  2 , 
D a n n e v i r k e  

- --- -·-

R . D .  2 I 

Dannev i r k e  
· -

R . D .  2 f 

D annevi r ke 

R . D .  l f H i ne rua , 
Ong a Onga 

-
Tepohue 

P . O .  B o x  3 1 

Hatmv a i  

P . O .  Box 4 5 6 1 
RotO Y: Ll Cl 

1 3  R .  D .  I rr apui 1 

O a.m a r u  

F i v e f or k s ,  
1 6  R . D .  I O amaru 

D u n t roon 1 5 R . D .  
O amaru 

C adrona 1 l Rd . ,  
Wan aka 

3 R . D .  
A l exandra 

2 8 . 

F r e e z i n g  
I 

wo rks/sender � 
I 

Lon g  bu rn Fr e e z ing 
l'Jo r k s 

Long burn F r e e z i n g  
'\tlo rk s 

i 

Long burn F r e e z i n g  
Wo rk s 

N e l s on N . Z .  L td , 
Ha s ting s 

-
N e l s on N .  Z .  L td . , 

H a s t ing s 

AFF eo . ,  Rang iuru 

AFF Co . 1 Rang iuru I I 
Wai tak i  Re f r i g . Ltd . 

Oamaru 

Wa i t ak i Re f r :l.g . L td . 
O amaru 

Wa i. t ak i Refr i g . Ltd . 
O am a r u  

MA F  I I s l ington 

C . F . M . CO • 1 P ar e or a 
S th . C anterbury 

C . F . M .  C o . 1 Pareroa 
S th . C an t erbury 
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For grad i e n t s  s u i tab le f or the B e ckman Sw 5 0 . 1  

ro tor , 2 ml s .  each o f  th e 2 5  and 5 0% sod ium d i a t r i z o a t e  and 

0 . 8  ml . o f  DT1 0 we r e  u s e d  u1 a � " d i a . x 2�"  c e l lu l o s e  

n i t r a t e  tub e s .  

The grad i en t  w i th the p a r t i a l l y  p u r i f i ed v�rus was 

c en t r i fuged overnigh t a t  22 , 0 0 0  RPM ( 5 0 , 0 0 0 g )  u s ing the 

Sw 25 . 1  r o t o r . The v i ru s , i f  any , \va s v i s ib l e  as a \vh i t e  

band � n  t h e  m i d d l e  o f  t h e  gra d i en t . ( F i g . 1 ) . Th e v i ru s  

band wa s c o l l e c t ed  wi th t h e  u s e  o f  a per i s t al t i c  pump . 

The v i ru s  s u s pens ion wa s d i l u t e d  "�;vi th 0. 1 X ET bu f fe r  a t  1 : 1 .  

Th i s  wa s l ayered over 1 ml . s u c r o s e  c u s h ion and c en t r i fuged 

at  2 2 , 00 0  RPM ( 3 0 , 0 0 0 g )  u s ing the Sw 5 0 . 1  ro t o r  f o r  30  

minu t e s . The pe l l e t  wa s r e s u s p ended wi th 1 ml . o f  0 . 1 X ET 

bu f fer . Any r e s idua l s o d ium d i a t r i z o a t e  wa s r emove d  by 

exhau s t ive d i a l ys i s  for  thr e e  days  a ga ins t O . l x ET bu f fer 

pH 8-9 , wi th frequen t change s o f  the bu f fe r . Remova l o f  

the l a s t t r a c e s  o f  d i a t r i z o a t e  wa s e s sen t i al a s  i t  

in t e r f e r e s  wi th sub s e quent  s pe c t �opho tome t r i c  ana l y s i s . 
Every s t ep  wa s done on i c e  o r 4°C a s  appropr i a t e . 

Par t i c l e  c oun t ing 

wa s done by the  me th od of Ba cku s and Wi l l iams ( 1 9 5 0 ) . To 

1 5 -30  u l  o f  the  v i ru s  su s p e n s i on ( e i ther nea t o r  d i lu t e d  

1 : 1 0 d e p ending o n  t h e  c oncen t r a t ion o f  th e v i ru s  a s  

d e t ermined b y  eye ) , 1 0  u l  o f  0 . 5 % b ovine s erum a l bumi.n ( BSA) , 

50  u l  o f  2 %  pho s pho tun gs ta t e  pH 7 . 2  and 1 0  u l  o f  1 : 1 00 

l a tex b e a d s  we r e  added . The vo l ume wa s mad e up t o  1 00 u l  

wi th d e i on i s ed d i s t i l l ed wa t e r  and 5 0  u l  o f  the s o l u t ion wa s 

s prayed onto  a formva r  carbon- c o a ted Cu gr i d  u s in g  a s pr ay 

gun . Th i s  wa s done in s i de a b i oha zard  hood . Th e g r i d s  were 

examined under the e l e c tron m i c r o s c ope . At  l ea s t e i gh t 

pho tog raph r o f  s u i tab l e  d r op l e t s  f r om each s amp l e  were taken 

( F i g . 2 ) . Ave rage c oun t s  o f  or f par t i c l e s  and l a tex beads  
wer e  t aken . A 1 : 1 0 0  d i lu t i on o f  l a t ex beads  (Dow , 91  nm 

average d iame t e r )  in TE bu f fe r  f rom a s tock o f  1 0% s o l i d s  

s o lu t i on r e p re s en t s  2 . 4 2 x 1 0 1 0  beads  p e r  1 0  u l . Th i s  wa s 

b a s e d  on t h e  a s sump t ion th a t  the dens i ty o f  l a t e x  i s  1 . 05 2 .  
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Th e number o f  par ti c l e s  i n  the or i g i n a l  virus s u s pe n s i on was 

then determ ined by a s imp l e  c a l c u l at ion . 

The d e n s i ty 

relative to . water of each grad i e n t  fract i on was me a s ur e d . 

Fractions were col l e c te d  f rom the bottom o f  the c e n tr i fuge 

tube by p a s s i ng a tube f rom the top o f  the grad i e n t  to the 

bot tom . The grad ient m a te r i a l  w a s  dr awn through the tube s 

by a per i s ta l t i c  pump and equ a l  f r a c t ions were c o l l ected . 

An a liquot of each fraction w a s  drawn i n to a l O O  u l  

capi l lary tube , unti l f i l led and weighed . Two m e a s ur ements 

were tak e n  for each f r a c t i o n . T ube s were r i n s ed w i th 

d i s t i l l ed water and dr i ed w i th a c e tone i n  b e twe e n  s ampl i ng . 

To c a l c u l a t e  r e l ative d e n s i ty , the weight of each f r ac t i on 

was compared with the w e i g h t  o f  an iden t i c a l  vo l ume o f  water . 

DNA e.xtlr.ac.tion. 

To th e v i r u s  s u spens i on , l / 1 0  vo lum e s  1 0  mg/m l  prona s e  was 

added a n d  i ncubated f o r  3 0  m i nu t e s  at 3 7 °C .  Then l/1 0 

volum e  5 %  SDS i n  4 5 %  e thanol w a s  added and i n cuba·ted for 

a further 3 0  mi nute s a t  3 7 °c .  Two to thr e e  vo l um e s  of 

pheno l equi librated w i th S TE b u f f e r  was added , m i xed gently 

for 2 - 5  m i nute s .  Th e mixture was c entri fuged a t  2 0 0 0  RPM 

for f ive m i nu t e s . The aqueou s ph a s e  wa s c a r e f u l l y  r emoved 

a nd phenol extr a c tion was r epeated twi c e . The extracted 

DNA wa s transf erred i nto a d i a lys i s  tub ing and d i a ly s ed 

exhau s tive ly again s t  TE bu f f e r . The DNA concentration o f  

e a c h  s ol u t ion was c a l cu lated f rom the abs orban c e  i n  a l cm 

light p a t. h  quartz g l a s s  c e l l  a t  a w ave - l ength o f  2 6 0  nrn in a 

Mod e l  S P  5 0 0  s er i e s  2 spec trophotometer . An a b s orbance o f  

1 . 0 w a s  t aken t o  b e  5 0  ug DNA/m l . 
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o 6  M 6  vvw.� DNA 
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A 5 0  u l  d i ge s t ,  c on ta in ing 0 . 5  ug DNA , 1 0  ul  o f  5 x  R1 bu f fe r , 

1 u l  o f  EcoR 1 and wa ter  wa s incub a t ed f o r  an hour a t  3 7 °C .  
The d i ge s t e d  DNA wa s p re c i p i t a t e d  wi th e thano l a s  fo l l ows : -

Ethanol p.tr.e.c...i.p..i.ta.Uon. , To the d i ge s t  wa s added 1 / 1 0  vo lume 

5M NaC l , two volume s 9 5 %  e thano l , mixed we l l  and incub a t e d 

a t  - 20°C for  a t  l e a s t 3 0  minu t e s . The mixture wa s th en 

c en tr i fuged for  5 minu t e s  in a m i c ro fuge . The e thano l wa s 

t ip p e d  o f f and the  p re c i p i ta t e  wa s wa s h e d  gen t l y w i. th c o l d  

7 0 %  e thano l . A f t e r  d ry ing for  1 5 - 3 0  minu te s , the  p re c ip i t a t e  

wa s r e s u s p ended  wi th 5 0  u l  TE bu f fe r . 

Th e d i ge s t e d  DNAs we r e  sub j e c ted t o  e l e c t ropho re s i s  in a 

0 . 7 % a garo s e  s l ab ge l c on t a ining e th i d ium brom i d e  ( 0 . 5  u g /ml ) . 

E l e c t rophore s i s  wa s d one for  4-5 h ou r s  a t  4 vo l t s / cm o f  s l ab 

ge l .  The ge l wa s p l a c e d  on a f i l t e r  p l a te me a s ur i ng 1 5  x 1 5  

cm in a l i gh t  box . The pa t tern o f  DNA band s wa s v i s ua l i s e d 

by i l l umina t ion f rom b e l ow wi th 2 5 4 nM wave l eng th · U . V .  l i gh t 

and pho t ograph e d  wi th a 4 "  x 5 "  f orma t p l a t e  c ame ra through a 

wr a t t en 2 3A f i l t e r  onto  Kodak Tr i-X f i lm .  

C u.f tu.tr. e. M e. d ..i.u m . Med ium 1 9 9 ( Tr i c ine  b u f f e r e d )  c on t a ining 

2 0 , 1 0  or 2%  foe t a l  b ov ine  s e rum ( F B S )  as  requi red  and 1 00 

I . U .  p eni c i l l in ,  1 0 0  ug S tr e p t omy c in and 1 00 u g  Kanamyc in 
p e r  ml. 

Ce..U Cu.ftu.tr.e.-6 .  Lm.v p a s sage l amb t e s t i s , foe t a l  ov�ne t e s t i s  

and b ov ine l ung c e l l s; ROK ( ov ine k idney c e l l s  tha t  h a d  

und e rgone30 o r  m o r e  p a s s a ge s )  a n d  RK 13 ( rabb i t  k idney c e l l  

l in e ) . P r imary c e l l s  were p r e p a r e d  by  s tand a r d  me tho d s  

( Fe r r i s  and P l owr i gh t ,  1 9 5 8; He s s  e t  a l . ,  1 9 63 ) . C e l l s  
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were  s tored in 1 ml g l a s s  amp ou l e s  in l i qu i d  n i t ro gen a t  a 

c onc e n t r a t ion o f  abou t 40 x 1 0 6 ce l l s  p e r  ampou l e  in Tl 9 9  

c on t a ining 20% FBS  and 1 0 %  DMS O .  F o r  max �mum r e c overy o f  

viab l e  c e l l s  f r om f r o z en s to ck s , thawed c e l l s  r e qu i red 

gradu a l  redu c t i on o f  the DMSO concen t ra t ion . Th i s  wa s d one 

by p ro gre s s ive d i lu t ion of  the ce l l s w i th 1 ml . me d ium a t  

1 m inu te in t e rva l s  for  3-8  d i lu t ion s t e p s . Ce l l s  we re  f ina l l y 

d i l u t e d  t o  the d e s i r e d  c oncen t ra t i on in growth me d ium . 

Us ing th i s  me thod , 9 0 - 1 0 0 %  o f  the c e l l s  rema ined v i ab l e  a s  

d e t e rmined b y  t rypan b l ue exc l u s ion . 

Ve.te.c.tion o6  v.W..b.te. c.e.lli by .:Ur..ypa.n b.tue. e.xc..tM.<.on . One ml . o f  

thawe d s tock c e l l s  o r  t ryp s in i s e d ce l l s  we re r e c on s t i tu t e d  

wi th 9 ml s .  o f  grow th med ium . 0 . 2  ml . o f  the s u s p ens i on 

wa s d i lu t ed wi th 1 . 8  ml s .  o f  0 . 2 % t rypan b lue in PBS . A 

sma l l  drop o f  the above wa s p l a c e d  in t o  each o f  the two 

haemo cytome t e r  c oun t ing chamb er s . V i a b l e  ce l l s  d i d  no t 

t ak e  up the s t a in wh i l e  dead c e l l s  we r e  s tained b lue . 

Viab l e  c e l l s  were c oun t e d  on e i gh t  c orner s quare s o f  the 

chamb er and the ave rage coun t for one s quare was c a l cu l a t e d . 

Th i s  coun t mu l t i p l i e d  by 1 0 5 rep r e s en t ed the n umb e r  o f  

v i ab l e  c e l l s  p e r  mi l l i l i t re o f  th e o r i g inal s u s p ens i on . 

PJLopa.9a.tion o 6  c.e.lli .<.n c.u.ttuJLe.. Ce l l  mono l ayer s for  virus  

ino c u l a t ion \ve re  grown e i th e r  in L inb r o  trays , 3 5mm x l Omm 

p l a s t i c  d i she s , o r  2 5  cm2 o r  7 5  cm2 p l a s t i c  f l a s k s . I f  

p l a s t i c  d i sh e s  wer e  u s e d , c e l l s  we re  incub a t e d  a t  3 7 °C in 

an a tmo s ph e r e  o f  5%  co2 . Mono l ay e r s  were u s ua l l y  c on f lu e n t  

in 1 - 2 d a y s  i f  the c e l l s  were s ee d e d  a t  1 . 5  - 2 x 1 0 5 

c e l l s /ml . W i th l amb t e s t i s  c e l l s , on l y  ce l l s  up t o  th e 5 th 

sub cul ture p a s s age we re u s e d . Such c e l l s  were  d i f f i cu l t 

t o  ma in t a in a f t e r  the f i f th pa s s a g e . Ce l l s  were sub c u l tured 

a t  c on f luen c e  by  t ryp s in i s a t ion . 
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V..UZ.LI.-6 J.n.oc.u£a.U.on. o6  c.e..U c.L�Lt.w1.e/.J . A s tandard p r o c e d u re o f  v�  ru s 

i n fe c t i on o f  c e l l  mono l aye r s  wa s fol l owed . Wh en mono l aye r s  

b e c ame con f l uen t , they were  washed a t  l e a s t once  wi th 

pho s pha te-bu f fered  s a l ine . The v irus  inocu lum in T l 9 9  wa s 

a l l owed t o  ad s orb for an h ou r  a t  37 °C wi th t i l t ing every 1 5  

minu t e s . A f t e r  ad s o r p t i on , the med ium wa s r e p l a c e d  wi th 

ma i n t enan c e  med ium c on t a in ing 2 %  FBS . In fec t e d  mono l ayer s 

\ve r e  incub a t e d  a t  3 7 °C and examined every 24 hou r s  o r  a s  

o f t en a s  ne c e s s ary for a t  l e a s t 1 4  day s or  un t i l  c omp l e te CPE 

wa s obs erved , a f t e r  \vh i ch they Here f r o z en a t  - 7 0°C .  

D i f f e r en t  ino cu l a  and d i f fe r ent  me tho d s  o f  s e r i a l  p a s s a ge o f  

in f e c t e d  mon o l ayers  He r e  t r i ed . 

Plaqu.e.-pwz.-i.6,[c.a;U.on. o fi  v..UZ.LI.-6 JAoJ!.a..;ttv.J .  A t t emp t s  a t  p l a que­

pur i f i c a t i on we re made H i th the ten th pas s age o f  i s o l a te s  

numb er 2 ,  3 ,  9 ,  1 0  and 1 2 . Each o f  the s e  v i r u s  p r epara t ions  

we r e  der ived from s o d im d i a t r i z o a t e-pur i f i e d  v i ru s  r a ther 

than d i r e c t l y  from d i l u t e d s c ab m a t e r i a l . S e r i a l  ten- fo l d  

d i lu t i on s  o f  each i s o l a t e  were prepared in T l 9 9  wi thou t 

s erum . Lamb t e s t i s  ce l l s  grm.vn in l Omm x 3 5mm d i sh e s  Here 

ino c u l a t e d  w i th 400ul o f  e ach d i l u t ion in dup l i c a t e . The 

virus H a s  a l l oHed to a ds o rb for  one hour a t  3 7 ° C .  A f t er 

a d s orp t i on , exc e s s ino cu l um wa s removed by s u c t i on .  Each 

d i sh Ha s then over l ayed H i th 2 ml s .  o f  equ a l  quan t i t i e s  o f  

doub l e  s tr e n g th T l 9 9  (con t a in ing 4 %  FBS and an t ib i o t i c s )  and 
2% s e a-p l aque agaro s e . ��1 en the ove r l ay h a d  ge l l ed , th e 

d i sh e s  wer e  incub a t e d  in an inve r t ed p o s i t ion in a co2 
chamb e r  a t  3 7 °C for a week . F ive p l aqu e s  f rom each i s o l a t e  

were p i cked w i th a p a s t e u r  p ippe te  and r e s u s p ended i n  5 0 0  u l  

o f  med ium wi thou t s e rum . A f t e r  f r e e z ing and thawing two o r  

th r e e  t ime s , 2 5 0  u l  \va s  inocu l a t e d  into  a 1 0  x 3 5  nun d i sh 

c on t a in in g  l amb t e s t i s  c e l l s . E ach p l aque wa s p a s s a ged four 

t ime s b e f o r e  a s e c ond p l a q ue-pu r i f i c a t i on a t t emp t . 
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Cu.L:twu? .. me..di..um .  Pho s pha te- free me d ium u s ing Du 1 b e c o ' s 

Mod i f i e d  Eag l e s  Me d i um formu l a t i on \va s p r e pare d . HEPE S a t  

2 0  mM concen t r a t ion , 2 %  FBS  and an t ib i o t i c s  we r e  added j u s t 

be f o r e  u s e . 

I s o l a t e  No . 2 wa s u s ed in rad i o i s o t ope l abe l l ing exper imen t s . 

Lab e l l ing wa s done a f t e r  the f i r s t and s e c ond p l aque­

pur i f i c a t i on . A c oncen t r a t e d  v irus  s u s p ension wa s ob t a ined 

from two 7 5 cm2 flasks  o f  in f e c t e d  l amb t e s t i s  c e l l s . Th e 

v i r u s  wa s r e l e a s e d  by f r e e z ing and thawing th e mono laye r s  

s ev e r a l  t ime s and s oni c a t in g  f o r  1 minu t e . The c e l l  debr i s  

wa s r emoved by  low s p e e d  cen t i fugation for 1 5  minu t e s . Th e 

s u p e rna tan t was l aye r e d  over a s u c ro s e  cush i on in a U . V .  
l i gh t- s t er i l i s ed c e l l u l o s e  n i t r a t e  tube . Th i s  �va s cen t r i fu ged 
at 2 2 , 0 0 0  RPM ( 5 0 , 0 0 0 g )  for  3 0  minu t e s . The p e l l e t  wa s 

r e su s pend ed  in a pho s ph a te- free med i um wi th o u t s e rum . 

Ano ther me thod o f  p rep a r in g  v i ru s  for c oncen t r a t ion was  done 

by p e l l e t in g  the c e l l s a t  l ow s p eed and grinding or c r u s h ing 

the ce l l s  in a Ten b r o e ck t i s s u e  gr inde r . Th i s  and the 

i n f e c t ed f l u i d  from l ow speed c en t r i fu ga t ion was  c on c en t r a ted 

by c en t r i fuga t ion a s  d e s c r i b e d  above . 

F o r  l ab e l l in g , LT mono l ay e r s  were g r mvn in 7 5  cm2 f l a s k s . 

When the mono l ayer s  we r e  c on f luen t , they we r e  s tarved o f  

pho s phorus  overn i gh t b y  s ub s t i tu t in g  the grow th med ium for 

a pho s pha t e - free med ium .  The fo l l owing day the med ium wa s 

r emoved by  suc t ion and the mono layer washed twi c e  wi th 

pho s pha t e - free med ium wi thou t s erum . The inocu lum wh i ch \va s 

a l s o  re s u s p ended in pho s pha te- free me d ium wa s a l l owed t o  

a ds o rb t o  e ach mon o l ayer for a n  h o u r  a t  3 7 ° C .  A f t e r  
a ds o rp t i on , exc e s s inocu lum wa s r emoved a n d  r e p l ac e d  wi th 

pho s ph a t e- free me d ium con ta ining 2% FBS , P S K  and 0 . 5  mC i 3 2 P 

( Or thoph o s ph o r i c  ac i d )  p e r  f l ask . Th e mono l ay e r s  we r e  

incuba t e d  a t  37 °C .  When c omp l e te CPE wa s o b s e rved , u su a l l y  

a f t e r  two days , the mono l ay e r s  wer e  f r o z en and thawe d 

s evera l  t ime s and s on i c a t e d . The 3 2P- l ab e l l ed virus  wa s 
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c oncen t ra t e d  a s  d e s c r ib e d  e ar l i e r . The c oncen t r a t ed v 1 ru s wa s 

wa s l ay ered  onto  a 5 � s o d ium d i a tr i z o a t e  gra d i e n t  and 

cen t r i fu ged  a t  2 2 , 00 0  RPM overn i gh t .  

The grad i en t was frac t i ona t e d  d r o pwi s e  ( 1 2  drop s p e r  

frac t io n )  and each fra c t i on wa s a s s ayed f o r  rad io-ac t iv i ty  

in  a l i qu id s c i n t i l l a t ion c oun t e r . The frac t ion s c onta ining 

the pe ak o f  rad ioac t iv i t y we r e  p o o l ed ) d i l u t ed  wi th 0 . 1  x 

ET bu f fe r , and c en t r i fuged a t  2 2 , 00 0  RPM for 3 0  rninu te s over 

a s u c ro s e  cush ion . The p e l l e t e d  rad i o- i s o tope- l ab e l led  

v1rus wa s r e s u s p ended in O . lx E T  bu f fe r  and d i a l y s e d  in  

O . lx ET  pH 8 - 9 . 

DNA wa s e x t r a c t e d  e s s en t i a l l y  the same a s  d e s c r ib e d  for 

un l ab e l l e d DNA exc ep t tha t 1 ul o f  10 mg/ml yea s t RNA wa s 

u s ed a s  c a r r i e r  to max imi z e  r e c overy . Th e DNA wa s e th ano l ­

prec i p i t a t e d  f o l lowing pheno l extrac t ion and r e s u s p end ed  in 

1 0 0  u l  TE bu f fe r . Ab ou t 2 5 0 0  c pm ( coun t s  per minu te , 

Cerenkov ) o f  rad i o l ab e l l e d  DNA wa s u s e d for  each r e s t r i c t i on 

endonu c l ea s e  d i se s t .  E c oRl , B arn HI and Hind I l l  were each 

u s e d  in the ana lys i s . Un l ab e l l ed DNA ob ta ined from a 

propo r t ion o f  the or i g in a l  i s o l a t e  wa s inc l u d e d  in each 

d i ge s t t o  enab l e  compar i s on t o  be  made  wi th the 3 2P- l ab e l l e d 

DNA. The d i ge s ted DNA wa s e l e c t roph o r e s e d  in 0 . 7 % s l ab ge l 

c on t a ining e th id ium bromi d e . To l o c a t e  th e un l ab e l l e d  

DNA , the g e l  wa s i l lumin a t e d  f rom be l ow wi th 2 5 4nM U . V .  

l i gh t and the DNA p a t t e rn s  pho t o graphed . The g e l  wa s then 

re t u rned to the gl a s s  p l a t e  and c ove r e d  wi th 3MM pap e r , a 

h a l f - inch th i ck l ay e r  o f  p a p e r  t owe l s  and a we i gh t  t o  dry 

the gel  d own overn i gh t . The dr i e d  gel  wa s c ov e r ed wi th a 

th in  p l a s t i c  f i lm ( G l adwrap ) . Two X-r ay f i lms were p l ac e d  

b e tween t h e  ge l and ano the r  g l a s s  p l a t e ,  c l i p p e d  toge the � and 

wrapp e d  in b l ack p l a s t i c  b a g. In one exp e r imen t ,  a f a s t 

tun g s t a t e  X-ray i n t en s i fying s c reen was u s e d  and au t o r a d i o ­

graphy wa s done a t  - 7 0°C .  
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E 6 6 ect o 6  cyctohexrun�de on o� CPE 

The v�rus  u s e d  in th i s  exp e r imen t was a c on c en t r a t ed 

prepara t i on o f  i s o l a t e  N o . 1 0  o f  the tenth p a s s a g e  f r om two 

7 5  cm2 f l a s k s  a s  d e s c r i b e d  ab ove . One concen t r a t e  wa s 

r e s u s p ended wi th T l 9 9  c on t a in in g  3 0 0  ug /ml cyc l oh e xami de , 

the o th e r  wi th T l 9 9  med ium a l one . 

Four 2 5  cm2 f l ask s o f  l amb t e s t i s c e l l s  we r e  t r e a t e d  as  

fol l ows . One  f l a s k wa s i n f e c t e d  wi th a v i rus  s u s p en s ion 

c on t a in in g  cyc loh exami d e , ano ther wi th a virus  s u s p en s ion 

wi thou t cyc l o h examide , a th i r d  wi th cyc l oh exam i � e  P l ane and 

the fou r th wi th med ium a l one . A f t e r  a d s o r p t i on , med ium wa s 

changed t o  th e c o rre s p ond ing ma i n t enance med ium wi th or 

wi thou t c y c l ohexamide . In th e s ame exp er imen t ,  cyc l ohexamide 

wa s r emoved 5 hour s p o s t- ino c u l a t ion and rep l a c e d  w i th 

ma {n t enanc e me d i um .  

G l a s s  c over s l ip s  wer e  wash e d  in d i s t i l l ed wa t e r  and au to­

c l aved b e fo r e  u s e .  Mono l ay e r s  were grown in L in b r o  trays 

w i th a g l a s s c over s l i p in e a ch we l l . Wh en mono l ay e r s  wer e  

con f l u en t , each we l l  w a s  in f e c t ed w i th 200  u l  o f  v i ru s , 

c on c e n t r a t e d  by  c en t r i fuga t i on as  d e s c r ibed . Dup l i c a t e  

c over s l ip s  we r e  removed a t  1 ,  3 ,  6 ,  9 ,  and 2 4  h ou r s  p o s t­

ino cu l a t ion , and un in f e c t e d  c over s l i p s  for c o n t ro l . The 

c over s l i p s  were f ixed in ab s o l u t e  a l c oh o l  and s t a ined w i th 

May-Grunwa ld-G iems a .  

May -GJtuvtwald -G�e11l-6a. .oWn. The f o l l owing p r o c ed u r e  wa s adop t e d . 

1 .  F ix i n  ab s o l u t e  me thano l f o r  a t  l ea s t 5 minu t e s . 

2 .  F l o o d  s l id e  wi th May-Grunwa l d  s ta in and t h en mix �n 
= 

e qu a l  vo l ume o f  P04 b u f f er e d  wa t e r  pH 6 . 6- 6 . 9 .  Hix 

by  b l owing gen t ly on the surface . Al t e rna t ive l y , mix 

s o l u t ion s  be f o r e  f l o o d ing s l id e . S ta in for 1 5  minu t e s . 

3 .  Wa sh wi th bu f fe r e d  wa t e r . Do no t t i p  o f f  s ta in b e f o r e  



wa shing t o  avo i d  p r e c ip i ta tion o f  s ta in . 

4 .  F l oo d  wi th aqueous  working s t r en g th G iems a  s ta i n  for 

20 minu t e s . 

5 .  F l o o d  o f f  s ta in wi th bu f fe r e d  wa t e r . 

6 .  Ai r dry . Dip  in xy l o l . 

7 .  Moun t in Depex /xy l o l . 

3 7 . 
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CHAPTER THREE 

RESULTS 

��1en par t i a l l y pur i f i e d  s c ab ma t e r i a l  was c en t r i fu g e d  in a 

2 5 - 5 0 %  s o d ium d i a t r i zo a t e  grad ien t , a band o f  v i ru s  appeared  

in  the  m i dd l e  of  the  g r a d i en t . ( s e e  F i g . 1 ) . Th e fr a c t i on 

con ta in in g  t h e  v i ru s b and had a r e l a t ive dens i ty o f  1 . 2 3 .  A 

l e s s  d i s t inc t b and wa s s ome t ime s s e en b e l ow the ma in b and . 

The ma in b and c ons i s ted  ma i n l y  o f  typ e 1 or  H fo ·.rms Hh i l e  

the mi n o r  band wa s p r e dominan t l y  o f  the type 2 o r  C f o rms . 

On ly  the maj or  b and wa s u s e d  f o r  DNA and i s o l a t ion s tu d ie s . 

I t  \va s  ob s erved tha t  v i ru s aggrega ted  wh en d i a l y s e d  a t  a 

pH o f  6 - 7 .  Th i s  a ggregat ion wa s no t ob s e rved wh en a Tr i s ­

HC l bu f fe r  wi th a pH b e tween 8 - 9  wa s u s e d . 

Re su l t s  o f  the s p ray drop l e t  c oun t in g  o f  ind ividu a l  v i ru s  

prepar a t ions are shmvn i n  Tab l e  I l l . B e t�veen 0 . 0 7 t o  1 0 1 1  

p ar t i c l e s  can b e  r e c overed f r om one gram o f  s c ab ma t e r i a l  

and 0 . 7 4 t o  1 7  u g  o f  DNA c an b e  r e c overed from th e v i ru s . 

Al s o  shmm i s  the theore t i c a l  DNA c on t ent o f  e a ch v i r u s  

prepara t ion e s t ima t e d  u s in g  the mo l e cu l ar we i gh t  o f  

8 9  x 1 0 6 for  o r f  DNA . 

The DNAs o f  the th ir t e en o r f  v irus  i s o l a t e s  w e r e  d i g e s ted  

wi th E coRl . When the d i g e s t ed DNAs were sub j e c t e d  t o  

e l e c tropho re s i s  i n  a 0 . 7 % agaro s e  s l ab ge l ,  t h e y  sh owed 

varying f r a gmen t p a t t e rn s  a s  sho� in F i g . 3 .  



FIGURE 1 :  Na  me t r i zoa te  ( l e f t )  and Na 
d ia t r i z o a t e  ( r i gh t )  grad i en t s  c on t a in ing 
v i rus band s . A minor band wh i ch i s  mo re 
d i s t inc t in Na me t r i z oate  is s e en b e l ow 
the main b an d . 



F IGURE 2 :  A s pray d r o p l e t  con t a ining o r f  v�rus  
p a r t i c l e s  and l a tex b e a d s . X 2 1 , 00 0  



l 1 2 3 7 8 9 10 1 1  12 1 3  14 18 19  }... 

FIGURE 3 :  Agarose gel electrophores is of thirteen 
orf virus DNAs diges ted with EcoR1 res triction 
endonuclease . Electrophoresis was on a 0 . 7% 
agarose slab gel for 4 hours at 80V . Lambda DNA 
was used as control . 
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TABLE I I I  RECOVERY OF ORF VIRUS AND ORF DNA FROM SCAB HATERIAL 

\'/ei ght o f  Tot a l  E s t imated To tal DNA I 
Samp l e  s c ab p a r ti c l e s  DNA content r e covered 
number mater i a l 

l O l l ) ( g )  ( x  �g ) (pg ) 

l 3 not done 4 . 5  

2 5 0 . 9 8 l l . 9 7  1 4 . 9  

3 5 5 . 0 0 I 6 4 . 3 0 6 8 . 5  

7 5 0 . 5 8 7 . 0 0 7 . 5  

8 4 l .  0 0  1 5 . 2 0 8 . 2 3 

9 5 1 . 5 7 1 6 . 7 0 1 2 . 9  

l o  5 1 . 7 4 2 1 . 3 0 2 5 . 8  

l l  5 0 . 3 7 5 . 4 9 3 . 8 � 

1 2  5 0 . 4 3 6 . 4 0 6 . 6  

1 3  5 0 . 4 7 7 . 0 0 4 . 2  

1 4  5 0 . 4 0 5 . 8 0  3 . 7  

1 8  5 0 . 7 1 1 0 . 5 0 9 . 2  

1 9  5 0 .  7 8 l l . 7 0  1 8 . 9  
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When 3 2P- l ab e l l e d  i s o l a t e  No . 2 DNA '\va s d i ge s ted  '\vi th E c oR1 , 

Barn H- I and Hind I l l , the r e s u l t ing p atterns  d i d  no t d i f fe r  

from th e p a t terns produ c e d  f r om the v i r a l  DNA d e r ived from 

the o r i g in a l  s c ab ma t e r i a l  ( F i g . 4 ) . I s o l a t e No . 2 had 

under gone two p l aque-pur i f i c a t ion s t e p s  and 2 3  p a s s a ge s 1n 

l amb t e s t i s  c e l l s  b e fo r e  l ab e l l ing  w i th 3 2P .  

Ex.peA-<.me.1tt 1 :  One m l . o f  a 1 i n  1 0 , 00 0  d i lu t ion o f  v 1 r u s  from 

s c ab p o o l  pur i f i e d  as  d e s c r ib e d  in me thods  wa s u s ed t o  

ino c u l a te 7 5  cm2 f l a s k  o f  f o e tal  ovine t e s t i s  c e l l s . Th i s  

• 1 0 6 • 1 2 r l wa s approx1ma t e  y 2 x 1 0  p ar t 1 c _ e s  p e r  2 5  cm r ask . On l y  

i s o l a te No . 3 was u s e d . Th e infec t e d  mono l ay e r  was 

incub a te d  for  a we ek and then b l ind p a s s aged at week l y  

in t er va l s  u s 1ng l ml . o f  t h e  prev ious  pas s age a s  inocu luffi . 

F o r  t h e  th i r d  and subs equen t pas s a g e s , l amb t e s t i s  ce l l s  

w e r e  u s e d . Th i s  i s o l a t e was  p a s s a ge d  ten t imes  in l amb 

te s t i s  c e l l s  and a f t er the l O th p a s s age , u s e d  f o r  a t t emp t s  

a t  p l aqu e-pur i f i c a t ion . 

Ex.peA-<.me.n.t 2 :  S o d ium d i a t r i zoa te-pur i f i e d  v 1 ru s  s c ab p o o l  

N o s . 2 ,  3 ,  7 ,  8 ,  9 ,  1 0  and 1 1  \.ve r e  inocu l a t e d  o n t o  l amb 

t e s t i s  c e l l s  grown in 2 5  cm2 f l a s k s  a t  a mu l t i p l i c i ty o f  

1 0  x 1 0 6  p ar t i c l e s  p e r  f l a sk . In f e c t ed mono l ay e r s  wer e  

exam in e d  f o r  1 4  day s  o r  un t i l  c omp l e t e  CPE wa s ob s erve d , 

a f t e r  wh i ch they were fro z en and thmved twi c e . In sub s e qu e n t  

p a s s age s , 1 ml . o f  the p revious  pa s s age wa s u s ed a s  inocu l um . 

On l y  one v i ru s  was i s o l a te d  and p r o p aga ted� o f  the ini t ia l  

s even poo l s . Th i s  was  f r om s c ab p o o l  No . 1 0  and i t  was  

s ub s equen t l y p l aque-pu r i f ied  twi c e . 

Ex.peA.tlne.nt 3 :  Lamb t e s t i s  c e l l s wer e  ino c u l a t e d  a t  a 

mu l t ip l i c i ty o f  1 0 0  x 1 0 6  p ar t i c l e s / 2 5  cm2 f l a s k . 

Sub s e quen t p a s s age s we r e  done a s  in th e above expe r imen t s . 

I s o l a te s  were given a t  l eas t f ive pas sage s . Al l i s o l a t e s  

exc e p t i s o l a te No . 1 we r e  t r i e d  i n  th i s  exp e r imen t . Th r e e  



1 2 3 1 2 3 

A B 

F IGURE 4 :  Agar o s e  ge l e l e c trophor e s i s  o f  i s o l a t e  
No . 2 .  E l ec t ropho re s i s wa s on a 0 . 7 % agaro s e  
s l ab ge l for 4 hour s  a t  80V . (A) Lan e s  c on t a in 
v i rus  DNAs d e r ived f r om o r i g inal  s cab l e s ions 
d i g e s ted  wi th Ec oR l ( l ) , Barn H- 1 ( 2 )  and H ind 
I I I ( 3 ) . ( B )  Lan e s  show an au t orad i o gr aph o f  
the s ame ge l c on t a in in g  corres pond ing 3 2 p­
l ab e l l e d  DNA d i ge s t s d e r ived from a p l aque­
pur i f i e d  virus pa s s a g e d  2 3  t ime s in l amb t e s t i s  
c e l l s . 



o f  the  V l r u s  i no cu l a , No s . 2 ,  9 and 1 2 ,  adap t e d  t o  c e l l  

cul tu r e s  and p l a que-pur i f i c a t ion was a t t emp t e d  on the s e . 

I s o l a t e No . 2 had  under gone p l a que-pur i f i c a t ion twi c e  a t  

t h e  t ime o f  wr i t ing . 

4 1 . 

Expe./[.Dne.n.t 1 :  Two hund red m i l l i grams o f  e ach o f  twe lve s c ab 

� o l s  ( exc l u d in g  i s o l a t e No . 1 )  wer e  s u s p ended in two m l s .  

T1 9 9  c on t a ining an t ib i o t i c s . A 1 in 1 0  d i lu t ion o f  the 

tr i tu r a t ed s c ab ma t e r i a l  v1a s f i  1 t e r e d  th r ough 0 .  4 5  u 

mi l l i p o r e  f i l t e r , and again d i l u t e d  1 in 1 0 . On e ml . o f  

th i s  1 : 1 0 0  f in a l  d i lu t i on o f  s c ab ma t e r i a l  wa s inocu l a te d  

on t o  a 2 5  crn2 f l a s k  o f  L T  c e l l s . Hh en comp l e t e CPE wa s 

ob s e rved , in f e c t e d  mono l ay e r s  wer e fro z en and th awed twi c e . 

Fre sh LT mono l ay e r s  wer e in f e c ted wi th one ml . o f  th i s  

cul t u r e  and incub a t e d for  ano ther week . Sub s e quen t  sub­

c u l tu r e s  were p e r formed in s im i l a r  manner . No v i ru s  

i s o l a t ion s wer e  made by th i s  me thod even though c omp l e t e 

de s t ru c t i on o f  the c e l l  shee t s  ( CPE ? )  wa s s een in the f i r s t 

pa s s age . No CPE was ob s e rved in th e succeed ing p a s s a g e s . 

ExpVL.Zme.n.t Z :  Th e rema ln ln g  c e  1 1  l y s a  t e s  from p a s  s a g e  one 

f r om the above exp e r imen t we r e  fro z en and thawed a ga in and 

each c u l ture was  s on i c a t e d  for 1 minu t e in E /MC u l t r a s on i c  

c l e an e r . Ce l l  deb r i s  wa s p e l l e t ed  by c en t r i fug a t ion a t  

2 0 0 0  RPM for  1 5  minu t e s  and the V l ru s  wa s concen tr a t e d  in 

th e s ame manne r  as de s c r ib e d  ln me tho d s . The concen t r a t e d  

v i ru s  wa s r e s u s pended i n  0 . 5  mi l l i l i t r e  T 1 9 9  w i th PSK and 

u s e d  to i n fe c t  25 cm2 f l a s k  o f  LT c e l l s . By f o l l owing th i s  

p r o ced u re  a c y topa th i c  e f fe c t wa s ob s erved ln s even o f  the 

i n i t i a l  1 2  inocu l a  up t o  the 5 th p a s s a ge . At  the f i f th 

p a s s a g e  the c u l tur e s  wer e  frozen a t  - 7 0°C and s to r e d  f o r  

fu ture  r e ferenc e . 
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In s ummary , f ive  succ e s s fu l  i s o l a t i ons v.rere ma d e  from s o d ium 

d ia t r i zo a t e-pur i f i ed v i ru s  and s even from s c ab ma t e r ia l . 

( S e e  Tab l e · IVa ) 

Lamb t e s t i s  adap ted  V l ru s  v.ra s ab l e  to  b e  propa ga t e d  and 

show e d  a char ac t e r i s t i c c y topa th i c  e f f e c t in ROK and fo e ta l  

bov i n e  l ung c e l l s . One a t t emp t a t  propaga t ion o f  p l aque­

pur i f i e d  i s o l a te No . 2 on RK 1 3  c e l l s  v.ra s made . A 

c y t o p a t h i c  e f fe c t  wa s ob s erved in  the f i r s t pa s s age  bu t ln  

the  s ub s e qu en t  p a s s age s no change s w e r e  s e en even though V l ru s 

wa s con c en tra t e d  by c en t r i fu g a t ion from the p r e v i ous  i n f e c t e d  

f lu i d  and c e l l  l y s a t e . 

Cy:topa:th.i..c. e.6  6e.c.:t ( CPE ) on. Ce..U Cu.Lt.wl.e. 

Lamb t e s t i s  c e l l s  we re  u s e d  for  the i s o l a t i on and propaga t i on 

o f  o r f  v i rus . In the f i r s t p a s s a ge a c y t opa th i c  e f fe c t  v.ra s 

s ee n  a s  e a r l y  a s  four hou r s  a f te r  ad s o r p t ion . Th i s  c on s i s t e d  

o f  r ound ing o f  c e l l s  �vh i ch wou l d  even tua l l y d e tach from the 

f l a s k . I f  the inoculum wa s grea t e r  than 1 0  x 1 0 6 par t i c l e s / 

f l a s k  c omp l e t e  d e s t ru c t i on o f  the c e l l  she e t s  o f t en o c cur r e d  

v.r i  t h in  2 4  hour s .  \m en t h e  inocu lum u s e d  v.ra s 1 0  x 1 0 6 or  

20  x 1 0 6 par t i c l e s / 2 5  cm2 f l a s k , the  d eve l opmen t o f  CPE wa s 

s l ow e r  and c omp l e te CPE wa s never a t t a ined . F o r  mo s t  o f  the  

samp l e s , fewe r and fewer c e l l s  s h owed CPE on s u b s eque n t  

pa s s age un t i l  no CPE c ou l d  b e  ob s erved . For i s o l a t e s  tha t  

di d adap t t o  c e l l s  ( No . 3 and No . 1 0 ) , howeve r ,  CPE b e c ame 

mor e  rap i d  by the th i r d  p a s s a ge and wa s c omp l e t e in 6 to 7 
days  a f t e r  ino cu l a t i on . Such cu l tur e s  showed a mor e  rap i d l y  

deve l o p in g  CPE wi th each p a s s a ge un t i l  c omp l e t e  CPE wa s 

a t t a in e d  in 1 - 2  day s . N o  fur th e r  changes  wer e  n o t e d  in 

sub s e qu en t  p a s s age s . A t  h i gh er in fe c t ive  d o s e s  ( s e e  Tab l e  

IVb ) c omp l e t e c e l l  d e s t ru c t ion v.ra s rap i d  in the in i t ia l  

in f e c t ion . In the next  few p a s sages  CPE was s l ower in 

deve l o p in g  un t i l  in sub s e quent  p a s s a ge s , a rap i d  CPE wa s 

a g a ln ob s e rv e d  in i s o l a t e s  tha t  d i d  adap t t o  th e c e l l s . A 

rapid CPE was a l so s e e n  when the virus was c o n c e ntrated i n  

b e tween pa s sage s . ( Tab l e  IVc ) . 
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TABLE IVa : S UYWffiRY OF V I RU S  ISOLATES GROWN AND P ROPAGATED IN LAMB TES T I S  CELL CULTURE 

I n i ti a l  Inoculum 
( virus par t ic l e s ) 

N a  d i at i z oate - pur i f ied virus 
1 .  

2 .  

3 . 

6 2 1 0 . 1 0  / 2 5  cm f l a s k  
6 2 2 0 . 1 0 / 2 5  cm f l ask 
6 2 1 0 0 . 1 0 / 2 5  cm f l a s k  

S cab-der ived virus 
Pl = 1 : 1 0 0  d i lut ion of s c ab 

1 .  P 2  = 1 : 5  d i lution o f  P l  

2 .  P 2  = conce ntrated P l  

No . o f  virus 
P oo l s  pro c e s s e d  

7 

1 

' 1 2  

1 2  

1 2  

Pool s howi ng No . o f  ce l l  
Culture pas s ag e s  CPE a f ter 5 th Obtained pas s age a s  o f  1 . 1 2 . 8 0 

1 2 3  

1 1 0  

3 1 0 + 

0 

7 5 

I 

+' 
w 



TABLE IVb : GROWTH OF Na D IATRI ZOATE -PURIF IED VI RUS IN LT CELLS 

D ay s  to Deve lop CPE I so late I n i ti a l  I noculum ' 

No . ( virus par t i c le s )  P l  P 2 P 3 P 4  

1 0  1 0 . 1 0
6

/ 2 5 cm 2 
+++ ( 1 6 )  ++ ( 1 0 )  ++++ ( 6 )  ++++ ( 4 ) * 

3 2 0 . 1 0
6

/ 2 5 cm 2 
++ ( 6 )  + ( 1 4 ) ++++ ( 6 )  ++++ ( 6 ) * 

2 
6 

1 0 0 . 1 0 / 2 5  cm 2 
++++ ( 4 )  ++++ ( 6 )  +++ ( 3 ) * ++++ ( 3 )  

9 11 ++++ ( 4 )  ++++ ( 6 )  ++ ( 1 4 ) ++ ( 2 1 )  

1 2  11  ++++ ( 4 )  ++++ ( 6 )  +++ ( 2 1 )  +++ ( 1 0 )  

* C e l l  r ounding and c lump i ng 

+ - < 5 0 %  CPE at time o f  pas s age 
< 7 5 %  CPE 1 1  

++ -

< 9 0 % CPE 1 1  
+++ -

9 0 - 1 0 0 %  CPE " 
++++ -

No . in parenthe s i s  repr e s ents no . o f  days to attain comp l ete CPE 

P S  P 6 

++++ ( 2 )  ++++ ( 1 )  

++++ ( 5 )  ++++ ( 5 )  

++++ ( 4 )  ++++ ( 2 )  

+ ( 2 0 )  + ( 1 6 ) 

++++ ( 3 ) * +++ ( 3 )  

P l O 

++++ ( 2 )  

++++ ( 3 )  

++++ ( 3 )  

++++ ( 3 )  

++++ ( 2 )  

I 

i 

I 

__I +-­
+--



TABLE IVc : GROWTH OF S CAB-DERIVED VIRUS I N  LM�B TES T I S  CELL CULTURE 

I s o late Number Days to Deve l op CPE 

3 

8 

9 

1 1  

1 4  

1 8  

1 9  

P l  I P 2 I P 3  

++++ ( 2 )  ++++ ( l )  ++++ ( 2 )  

++++ ( l ) ++++ ( 2 )  ++++ ( 5 )  

++++ ( 1 )  ++++ ( 1 )  +++ ( 5 )  

++++ ( 2 )  ++++ ( 2 )  ++++ ( 5 )  

++++ ( 2 )  ++++ ( 2 )  ++++ ( 5 )  

++++ ( 2 ) I ++++ ( 2 )  ++++ ( 5 )  

++++ ( 2 )  I ++++ ( 4 )  ++ ( 9 )  

I n i t i a l  i noculum = l ml o f  1 : 1 0 0  o f  s c ab poo l 
S ubs equent pas s age = concen trated c e l l  lys ate 

i 
i P 4 I P S  

++ ( 6 )  ++++ ( 4 )  

+ ( 6 )  ++ ( 8 )  

+ ( 6 )  ++ ( 8 )  

++ ( 5 ) ++++ ( 4 )  

++ ( 5 )  ++ ( 8 )  
I 
I 

++++ ( 5 )  ++++ ( 4 )  

++++ ( 5 ) * ++++ ( 2 )  

j 

* c e l l  round ing and c lump i ng No . in par enthe s i s  repr e s ents no . o f  

+ 5 0 %  CPE a t  t ime o f  p a s s age 
++ 7 5 %  CPE 

+++ 9 0 %  CPE 
++++ 9 0 - 1 0 0 %  CPE 

" 

" 

day s to attain comp lete CPE 

' 

I 

+"" 
\.)1 



4 6 . 

The d i s t ingu i sh ing f e a ture  o f  adap t a t ion o f  th e Vlrus  to the 

c e l l  cu l tur e  \-las  c l ump ing o f  round e d  c e l l s . C l ump ing \va s  no t 

a f e a tu r e  o f  the c y t o p a th k  e f fe c t  s e en in  cu l tu r e s  inocu l a t e d  

w i th  f i r s t p a s s age virus . In the LT- ad a p t e d  v i ru s , e a r l y  

roun d in g  o f  in f e c t e d  c e l l s  we r e  s ee n  two hou r s  p o s t­

a ds or p t i on d epending on th e in f e c t ive do s e .  Round ing o f  

c e l l s  b e c ame mo re  genera l i s ed f ive hou r s  a f t e r  ad s o r p t ion 

and r ound e d  c e l l s  s tar t e d  to  group toge ther bu t c lump ing 

b e came mor e  ev ident  in 2 4  h ou r s  ( s e e  F i g . 6-8 ) . O th e r  c e ] l s  

i n  the cu l ture th a t  r ema ined  a t tached t o  the f l a s k  o f ten 

b e c ame mo r e  e p i th e l i o i d  and enlarged but wou l d  eventua l l y 

r ound u p . 

Ano th e r  type o f  c e l l u l ar r e s po n s e  o b s e rved was the induc t i on 

o f  rounded c e l l s  wi th nume rous t iny p r o j e c t ions on the 

s u r  fac e . ( S e e  F i g . 9 )  . The s e  c e l l s  \>Je r e  s e e n  in th e s o d ium 

d ia tr i zoa t e-der ive d v i r u s  c u l tur e s  in  LT and FBL c e l l s  b u t  

s e em more c ormnon l n  s o  !Tie i s o  l a  t e s  d e r ived f r om the s c ab 

ma t e r i a l . In i s o l a t e No . 1 9  o f  the s c ab der ived v iru s , th e s e  

c e l l s  we r e  s e en a s  e a r l y  a s  one hour p o s t-ab s o r p t ion and 

t h e y  d e tached e a r l y  f r om the f l a sk . 

The l amb t e s t i s  adap t e d  V l ru s  \.vhen inocu l a te d  on to  ROK c e l l s  

s h owed ch a r a c t er i s t i c  roun d i n g  and c lump ing o f  c e l l s . 

I n f e c t e d  FBL c e l l s  wi th LT-adap t e d  v i ru s  a l s o  showed CPE . 

Ce l l s roun d e d  up and many b e c ame surrounded w i th t iny 

p r o c e s s e s  bu t the s e  round e d  c e l l s  appeared  mu ch sma l l e r  than 

tho s e  s een ln LT c e l l s . C l ump ing o f  rounded c e l l s  as s e e n  

i n  LT ce l l s  wa s unc ommon . C e l l s  tha t r ema in e d  a t tach e d  to  

the f l a s k  for  s ome t ime b e came s p in d l e - shap e d . C e l l s w i th 

roun d e d  c e n t r a l  p o r t ions a t tached t o  th e f l a s k  by t\vo p o i n t e d  

pro c e s s e s  a t  oppo s i te p o l e s  wer e  fr equen t l y  s een . ( s e e  

F i g . 1 0- 1 2 ) . 



F I GURE 5 :  Un inocu l a ted c on t r o l  l amb te s t i s  mono l aye r . 
X 134 

F IGURE 6 :  Lamb t e s t i s  mon o l ayer 2 �  hour s a f te r  i n fe c t i on 
wi th o r f no . 1 0P 1 0  showing e a r l y  c e l l  round ing . X 134 



• 

F IGU RE 7 :  A mo re gene ra l i s e d  ce l l  round ing s e en 5 hou r s  
a f t e r  in fec t i on ,  l amb t e s t i s  c e l l s . X 1 3 4 

• • 

• 

F IGURE 8 a : LT , 48 hou r s  p o s t - in fe c t ion . Mo s t  c e l l s  have 
d e t a ch e d  from the f l a sk . X 1 3 4 



F IGURE 8b : LT , 48 hou r s  p . i .  s h owing c lump s o f  rounded 
up c e l l s . No t e  tha t s ome c e l l s  h ave b e c ome en l arged 
and e p i th e l i o i d . X 5 0 0  

F IGURE 9 :  LT mono l ay e r  in fe c t e d  wi th s c ab-der ived 
v i ru s  i s o l a t e No . 1 9 P4 . No t e  tha t s ome c e l l s  have 
nume r o u s  t iny c e l lu l ar p r o c e s s e s . X 5 0 0  



F IGURE 1 0 : Un inocu l a t ed c on t r o l  foe t a l  b ovine lung 
mon o l ayer ( FBL) . X 1 3 4 

F IGURE l l : FBL , 5 hou r s  a f te r  in f e c t ion wi th s c ab - d e r ived 
i s o l a te no . l 2P 5 , showing r ounde d  c e l l s  w i th t iny 
p r o c e s s e s . X 5 0 0  



• 

• 

I 

F IGURE 1 2 a : FBL , 24 hours a f t e r  infec t i on .  No t e  th a t  
the r e  i s  l e s s  c l ump ing o f  roun d e d  c e l l s  and c e l l s  tha t 
rema i n e d  a t t a ched  to th e f l a s k  b e c ome s p ind l e - shape d . 
X 1 34 .  

F IGURE 1 2b :  FBL , 24  hours  p o s t - i n f e c t i on showing 
c l ump ing of rounded up c e l l s . X 5 0 0  
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The p l aque s  produ c e d  by t h e  f ive  i s o l a t e s  t e s ted  cou l d  b e  

e a s i l y  d e t e c t ed only b y  mic ro s c op i c  examina t i on .  Two typ e s  

o f  p l aque s  wer e ob s e rve d . One type app e a r e d  a s  an emp ty 

s p a c e  sur rounded by round e d  c e l l s . Some t ime s th i s  type o f  

p l aque  c o u l d  b e  s e en a s  a group o f  rounded  c e l l s  tha t c lump ed 

t o g e th e r  c r e a t ing s p a c e s  in th e p l aque . ( F i g . 1 3a ) . 

Whe r e a s , the o ther type \va s charac te r i s ed by  a ggrega t e s  o f  

r e f r a c t i l e  c e l l s  in an o th e rwi s e  n o rma l mono l aye r . ( F i g . 

1 3b ) . A t  the t ime o f  th i s  wr i t ing only i s o l a t e s  No . 2 and 

1 0  had b e en suc c e s s fu l ly p l a qu e -pur i f i e d  twi c e . I s o l a t e s  

No . 3 ,  9 and 1 2  we r e  p l a que-pu r i f i ed once . O th e r  i s o l a t e s  

shou l d  a l s o  b e  amenab l e  to  p l a que-pu r i f i c a t i on . 

A t t emp t s  were mad e  to  enh anc e  the numb e r  and s � z e  o f  

p l a qu e s . I ncorpora t i on o f  add i t ive s in  the ove r l ay and u s e  

o f  o th e r  ove r l ays  s u ch a s  me thy l c e l lu l o s e  were t r i e d . Such 

a d d i t ive s as  tryp s in and DEAE-dex t ran ( Tob i ta e t  a l . ,  1 9 7 5 )  

wer e  al s o  t r i e d  b u t  d i d  no t enhan c e  p l aqu e forma t ion . 

Tryp s in a t  a conce n t ra t i on o f  2 ug /ml cau s e d  d e tachme n t  o f  

l amb t e s t i s  ce l l s  from the p l a s t i c  d i sh e s . P re l iminary 

p l a que t i t ra t ion o f  v i ru s  in in fec t e d  c u l ture s were  und e r­

t aken . T i t r e s  o f  1 04 t o  1 0 6  p fus /ml we r e  ob s e rved u s 1ng 

d i f feren t pas s a g e s  o f  LT-adap t e d  i s o l a t e N o . 1 0 . 

The r e  were no ev i d e n t  change s s e en in  mono l ay e r s  s ta ined one 

hour p o s t- inocu l a t i on .  A t  3 hou r s  few r ounded up c e l l s  wer e  

s ee n . Cu l tu res  s ta in e d  s ix hours  po s t  .. in fe c t ion showed tha t  

mo s t  o f  the ce l l s  had rounde d  up and were s ta in ing mor e  

i n t en s e l y than in t h e  u n i n fe c t e d  c u l tu r e s . Some c e l l s  

c on t a in e d  inclu s i on b o d i e s  s u r roun d e d  b y  a h a l o . Th e s e  

inc lu s ions  are in t r a cy top l a smic . and appeared  b lu e  wi th 

May-Grunwa ld-Giems a s t a in .  Mono l ay e r s  s t a in e d  nine and 

2 4  hour s  a f t e r  i n fe c t ion showed the ch a r a c te r i s t i c  c lump ing 

o f  the rounded up  c e l l s .  Inc l u s i on b o d i e s  c ou l d  a l s o  b e  

s ee n  i n  s ome c e l l s  a t  th i s  t ime ( F i g . 1 4- 1 9 ) . Ce l l s  

c o n  r a in ing a few nuc l e i  ( syncy t ia 7) wer e  a l s o  s een ( F i g . 20 ) . 



F IGURE 1 3 a : Open type o f  p l aque in LT monol ayer s even 
days p o s t- inocu l a t ion wi th i s o l a t e no . 1 0  ( s e c ond 
p l aque-pu r i f i c a t i on ) . X 1 3 4 .  

F IGURE 1 3b :  C l o s e d  type o f  p l aque in LT mono l ay e r  
s even d a y s  a f te r  inocu l a t i on w i th i s o l a t e no . 1 2P l l  

( f i r s t p l aque-pur i f i c a t ion ) . X 1 34 .  
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I t  h a s  b e en shown tha t  e a r l y  c e l l  round ing indu c e d  b y  

vac c in i a  v i ru s can b e  inh i b i t e d  by cyc l ohexamide ( B ab l an i an 

e t  a l . ,  1 9 7 8 a and b ) . Hhen c y c l ohc.xam i d e  \va s p r e s en t  dur i n g  

v i rus  ab s o rp t ion a n d  sub s equen t incub a t i on o f  the c u l tu r e , 

c e l l  r ound ing indu c e d  b y  o r £  w a s  a l s o  inh ib i t e d . C e l l  

r ound ing , howeve r ,  wa s evi den t wi th in an hour a f t e r  w i th ­

drawa l o f  the cyc l oh e xami d e , f ive h o u r s  a f t e r  i n f e c t i on . 
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CHAPTER FOU R 

D I SCUSS I ON 

The r e  are  no pub l i s h e d  proc edur e s  for  the pu r i f i c a t i on o f  

o r £  v i ru s  from s h e e p  s cab ma t e r i a l . The me thod de s c r ib e d  

h e r e , howeve r ,  p r oved very � a t i s fac t ory . I n  par t i c u l ar , i t  

wa s found tha t  s o d i um d ia tr i zo a te wa s very u s e fu l . I t  i s  

p r e f e r ab l e  to s o d ium me t r i zo a t e  due t o  i t s  l ow co s t . I t  

i s  a l s o  pre ferab l e  t o  ceas i um ch l o r i d e  o r  sucro s e  1 n  wh i ch 

the v i r u s  has a t end ency to aggrega t e . 

V i ru s  p a r t i c l e s  pur i f i ed in s o d ium d i a t r i zo a t e  grad i en t s  we r e  

intac t a s  d e termined by e l e c t ron m i c r o s co py . S ome 

p r e p ar a t ions d i d , howeve r , con ta ined amorphou s ma t e r i a l  ( s e e  

F ig . 2 )  bu t th i s  d i d  n o t  appear t o  a f fe c t  sub s equen t 

extrac t ion and ana l y s i s o f  th e v i r a l  DNA . · Fu r ther 

p ur i f i c a t i on may be ne c e s s ary i f  o th e r  proper t i e s  of the 

v 1 ru s , such as p r o t e in componen t s , wer e  be ing inve s t i ga t e d . 

There was a Hide  range in the numb e r  o f  v 1 ru s p ar t i c l e s  

o b tained  from a g iven we i gh t  o f  s c ab m a t e r ia l . Th i s  may 

h ave b e en due to l o s s e s  o f  virus  dur in g  th e pu r i f i c a t ion 

p ro c e s s  ( Jok l ik ,  1 9 6 2 )  b u t  mo re  l ik e l y  was re l a t ed to the 

inhe ren t var iab i l i ty in th e c oupo s i t i on of the s c ab ma t e r ia l . 

However , s u f f i c i en t  v i ru s cou l d  b e  ob ta ined from mo s t  o f  

s cab s amp l e s  s ubmi t t ed t o  enab l e  endonu c l e a s e  ana lys i s  on 

e x t rac ted DNA . The r e  wa s l i t t l e  d i f f e r ence  be twe en the 

the o r e t i c a l  and a c tual  content  o f  DNA r e c overed . 

D i ge s t ion o f  the DNAs from th ir t e en d i f feren t i s o l a t e s  wi t h  

EcoR1 , showe d th e r e  wa s cons i d erab l e  h e tero gene i ty in the 

f r a gmen t p a t t e rn s  b e twe en d i f ferent  i s o l a te s . However , 

i s o l a t e s  No . 1 and 3 appeared i�en t i c a l  'ivh i l e  i s o l a t e s  No . 

9 and 1 1  and 1 3  and 1 4  showed c lo s e  s im i l a r i ty  in pa t t ern . 

The d i f ferenc e b e twe en th e l a s t two p a i r s  i s  probab l y  the 

ga in o r  l o s s in one E c oR1 c l eavage s i te .  Compar i s on s 



so . 

b e tween the o th e r  i s o l a t e s  shmved extens ive var i a t ion wh i ch 

c ou l d  n o t  b e  exp l a ined  by  g a in o r  l o s s  o f  one r e s t r i c t ion 

endonu c l e a s e  s i t e .  Wi t t ek e t  a l . ,  ( 1 9 8 0 )  have c ompared  

thre e  o r f  i s o l a t e s  and  h ave ob s e rved var i a t ion s in the  DNA 

p a t terns when d i ge s t e d  wi th e i th e r  E coR1 , Hind I l l , Kpn I ,  

Kho I o r  S a l  1 .  I t  i s  a l s o  i n t e r e s t ing  t o  no t e  tha t  the 

E c oR 1 p a t t erns o f  the Ge rman s tr a ins  do  n o t  s e em to  c l o s e l y  

r e s emb l e  any o f  the th i r t e en i s o l a t e s  ana l y s e d  h e re . 

Howev e r , a compar i s on i s  d i f f i c u l t a s  no mo l e cu l a r  we i gh t s  

wer e  g iven for the fragmen t s  gen e r a t e d  from the German s tr a i n s . 

In  the i r  s tud i e s  wi th p apu l a r  s t oma t i t i s  viru s , they a l s o  

ob s e rved var i a t ion b e tween s t r a in s . I n  f ive i s o l a t e s  

s tu d i e d  they found thre e  d i s t inc t p a t terns  i n  the E c oR 1 and 

H ind I l l  d i ge s t s . In c on tr a s t ,  endnuc l e a s e  p a t t ern s o f  the 

DNAs o f  o r tho poxv i rus e s  and in p a r t i cu l a r , va c c i n i a  and 

sma l l p ox ,  i s o l a t e s  do n o t  show th i s  degree  o f  var i a t i on 

( E s p o s i to e t  a l . ,  1 9 7 8 ) . Al s o , o n l y  minor var i a t ions  we r e  

ob s e rved when c ompa r ing d i f feren t i s o l a t e s  o f  herp e s  s iup l ex 

virus  ( Buchman et  a l . ,  1 9 7 8 ) . 

S ome i s o l a t e s , for  examp l e ,  Nos . 7 ,  8 and 1 4 , showed 

f r a gmen t s  th a t  app e a r e d  t o  b e  r e p r e s e n t e d  in submo l a r  

amoun t s . Th i s  \11a s probab ly  due to  th e p r e s en c e  o f  two o r  

mo re v i r u s  typ e s  i n  th e s c ab ma t e r ia l . Th i s  cou l d  p o s s ib ly 

have b e en due to  a change �n v i ru s  type dur i ng th e c our s e  

o f  the d i s e a s e  o r  p e rhap s to  a mixed in f e c t ion wi th in a 

l in e  o f  l amb s . Ana ly s is  o f  v i ru s  r e c overed from a numb e r  

o f  p l a qu e s  produ c e d  i n  c e l l  c u l ture f r om th e o r i g in a l  

ma ter i a l  wou l d  d e c ide wh e ther  s u ch d i ge s t s a r e  d e r ived from 

a m i x tu r e  o f  v i ru s  types . 

Lamb t e s t i s  ce l l s  wer e  found very s u i t ab l e  for the i s o l a t i on 

and p ropaga t ion o f  o r f v�rus . Th i s  i s  in  a gr e emen t wi th 

f indings  o f  P l owr i gh t  et a l . ,  ( 1 9 5 9 )  and Smvhney ( 1 9 6 6 c ) . 

O th e r  c e l l  c u l t u r e s  s u ch a s  ROK and FBL c e l l s  wer e  found 

c ap ab l e  o f  suppor t ing growth o f  LT-ada p ted virus . The i r  

s u i tab i l i ty for  p r imary i s o l a t ion o f  o r f  v i ru s  i s  ye t t o  b e  
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e s t ab l i sh e d . I t  i s  p roQab l e  tha t any o r f  v1rus  i s o l a te c ou l d  

b e  p e rmanen t ly adap t e d  t o  c e l l  cul ture i f  the me thod o f  

concen t r ai ing the v i ru s  inoculum p a r t i c u l a r l y  be tween e a ch 

ear l y  pa s s age i s  emp l oy ed . Chara c t e r i s t i c  cy topath i c  e f fec t 

was ob s e rved wh i ch i s  i n  c o n t ras t t o  the p revi ous f ind ings o f  

Web s t er  ( 1 9 5 8 )  on h i s  work on a New Z e a l and vac c ine s t r a in . 

The re wer e  no  app a r en t  d i f ferenc e s  b e twe en th e i s o l a t e s  1n 

the i r b ehaviour in LT c e l l s , excep t p e rhaps in the t ime o f  

app earanc e and comp l e t i on o f  CPE and e a s e  o f  adap t a t i on o f  

th e v i ru s  to ce l l  cu l ture . However , th i s  d i f fe renc e cou l d  

b e  exp l a ined o n  the b a s i s  o f  mu l t i p l i c i ty o f  infec t i on 

(m . o . i . ) .  CPE ob s e rved in the f i r s t  f ew pas s a ges  wa s 

s im i l ar to  the f ind ings ob s e rve d by P l owr igh t  e t  a l . ,  ( 1 9 5 9 )  

and Sawhney and T o s chkov ( 1 9 7 2 ) . I t  was no t e d  however , 

tha t  wh en h i gh t i t r e d  ino c u l a  were u s e d  a rap i d  CPE 

deve l o p e d  wi th in thr e e  hours of infe c t ion , on l y  in th e f i r s t 

two p a s s a ge s . In sub s equent  pas s ag e s  no CPE wa s s e en o r  

deve l o p e d  only a f t e r  a p e r i o d  o f  s ome days . Three po s s ib l e  

exp l ana t i ons can b e  g i ven for th i s  ob s e rva t i on . F i r s t l y , 
the CPE cou l d  have b e en due t o  de fe c t ive v i ru s . S e cond l y , 

mo s t  v i ru s  p rodu c e d  in the f i r s t few p a s s ages  could  have 

b e e n  d e fec t ive . Th i r d ly , a c y t o toxic e f fe c t  o f  a h i gh 

t i t red  inocu lum m i gh t  have b een inh ib i t ing p r o duc t ive  

in f e c t i on in ear l y  p a s sage s . 

To expand on the f i r s t p o s s ib i l i ty ,  the ini t i a l  ino cu lum , 

m i gh t  c on ta in on l y  a sma l l  propor t ion o f  non-de fec t ive 

v 1 rus c apab l e  o f  produc ing pro geny virus . Mo s t  o f  the 

v 1 rus p ar t i c l e s  in  the d e fec t ive popu l a t i on may be capab l e  

o f  some v i r a l  fun c t i on s , p o s s ib l y  e a r l y  pro t e in exp r e s s ion , 

inc lu d ing c e l l  round ing bu t going n o  fur the r .  Thu s , even 

though e a r l y  c e l l  r ound ing is s een in mo s t  c e l l s  on l y  a 

f ew c e l l s  go on t o  make v i ru s . Th i s  wou l d  exp l a in why 

s e cond and sub s e qu en t pas s ages app ear  t o  con t a in l i t t l e  o r  

n o  in f e c t ious virus . I t  m i gh t  b e  tha t no t un t i l  enough 



in f e c t i o u s  v 1 ru s  1 s  bui l t  u p  by p a s s age th a t  p e rman e n t  

e s t ab l i shmen t o f  v i ru s  i s  s e en . Th i s  m i gh t  a l s o  exp l a in 

why c onc en t r a t ion o f  the v i ru s b e twe en p a s s age s h e l p  to  

e s tab l i sh v i ru s in  cu l ture . 
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Ano th e r  p o s s ib l e  r e a s on for the d i f f i cu l ty in e s tab l i sh in g  

t h e  v i ru s  i n  c e l l cu l tu r e  may be  th a t  v i ru s  pro geny i s  no t 

r e l e a s ed from an i n fe c t e d  c e l l  un t i l  tha t c e l l d e gene ra t e s . 

Th i s  i s  p o s s ib l y -vvhy p l aqu e s  are  d i f f i cu l t  to ob t a i n  in  c e l l  

c u l ture . I f  th i s  we r e  the ca s e , the r e  wou l d  b e  no a dvan tage , 

when a t t emp t ing i s o l a t ion , in incub a t ing  cu l tu r e s  f o r  l onger  

than the t ime taken f o r  one  v i ru s cyc l e . In the c a s e  o f  

va c c in i a  v i ru s , th i s  i s  abou t 1 2  h our s . Theor e t i ca l l y th en , 

p a s s age a t  twe lve-hour i n t e rva l s  w i th a freeze- thaw cyc l e  

b e twe en p a s s a g e s  shou l d  b e  a s  e f fec t ive a s  week l y  p a s s a ge 

f o r  rap i d l y  adap t ing  s u ch a v i ru s  to  c e l l cul ture . 

A numt e r  o f  exper imen t s  cou l d  b e  d e s i gn e d  tha t  mi gh t  exp l a i n  

the behav i ou r  in c u l tur e  o f  ear l y  p a s s age o r f  v 1 ru s . An 

exp e r imen t compar ing th e e f fe c t  o f  i n c r e a s ing d o s e s  o f  U . V .  

l i gh t  on v irus  y i e l d  and e a r l y  c e l l  rounding ( CP E )  wou l d  

d e t e rmine i f  c e l l  roun d in g  was mo r e  re s i s tan t t o  U . V .  than 

wa s y i e l d . I f  c e l l  round ing wa s mo r e  r e s i s tan t th en a 
popu l a t ion o f  d e f e c t ive v i ru s  c ou l d  g ive r i s e  t o  CPE be t 

l i t t l e  p r o geny v i ru s . Th i s  s i tua t i on wou l d  b e  ana l o gou s to  

\vha t is  o b s e rved wi th e a r ly  p a s s age  v 1 ru s . 

Ano th e r  wor thwh i l e  exp e r imen t wou l d  b e  t o  de f ine  h mv mu ch 

v 1 ru s  i s  c e l l - a s s o c i a t ed and how much i s  r e l e a s e d . Th i s  

m i gh t  ind i c a t e whe th e r  a sho r t  i n t e rv a l  b e tween p a s s a ge s 

wou l d  b e  pre ferab l e  t o  a l ong  in t e rva l . 

E a r l y  c e l l  roun d i ng o r  CPE m i gh t  b e  mu l t i p l i c i ty dependen t . 

Thu s , i t  wou l d  b e  o f  i n t e r e s t to  de f in e  mu l t ip l i c i ty o f  

i n f e c t ion mo re c l o s e l y . I t  may b e  tha t  a c e l l  h a s  t o  b e  

in f e c t e d  wi th s ay 1 0 +  v i ru s  p a r t ic l e s  t o  produce e a r l y  c e l l 

roun d in g . The tenden c y  o f  poxv i ru s  p ar t i c l e s  to c l ump , 

h owever ,  m i gh t  c omp l i ca t e  any mu l t i p l i c i ty o f  i n f e c t i on 
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e xp e r imen t s . Th i s  v i ral  aggrega t i on c an h owev e r , b e  t re a t e d  

b y  s on i c a t i on wi th the  u s e  o f  a p r o b e  d i s in t egra tor o r  an 

u l t r a s on i c  c l eaner . E i th e r  m2 thod wa s found s a t i s fa c tory in 

d i s ru p t in g  vaccinia and sma l l pox v i ru s aggr e ga t e s  (Muh l e r , 

1 9 7 6 ) . However , i t  was s u gge s t e d  by Muh l e r  ( 1 9 7 6 )  tha t 

u l t ra s on i c  c l ean e r  was  p r e fe rab l e  t o  the u s e  o f  a probe  

d i s in t e g r a t o r . Th e u s e fu l ne s s  of  s on i c a t i on on or f v i ru s 

c ou l d  b e  a s s ayed by the fo l l owing s imp l e  exper imen t . A 

s amp l e  o f  o r f  virus  s u s pens 1 on 1 s  a l l owed  t o  a ggrega t e  by 

l ong s t and i ng and s ub j ec t e d  to s on i c a t i on for one minu t e . 

By p l aque- t i t r a t ion t e chn i qu e , t i tre s o f  th e s u s p ens ion 

b e fo r e  and a f ter  s on i c a t ion wou l d  then be compared . Al s o , 

the app e a r ance o f  the v i rus in s u s pen s i on b e fo r e  and a f t e r  

u l t r a s on i c  t r ea tmen t  c an b e  compared  b y  e l e c t ron mi c r o s c opy 

( E . M . ) .  

Onc e  the v 1 r u s  h a s  e s t a b l i sh e d  i t s e l f in c e l l  c u l tur e , th e 

char a c t e r i s t i c  CPE s e en i s  c l umv ing o f  rounded  c e l l s . Th i s  

f e a ture wa s a l s o  d e s c r ib e d  by G r e i g  ( 1 9 5 7 )  an d Ma cDona l d  

and Be l l  ( 1 9 6 1 ) . I t  wa s a l s o  s e en in av 1 an f ib rob l a s t s  

( Ro s s i , 1 9 7 3 )  and p r imary lamb k i dney c e l l s  ( P r e c au s t a  and 

S te l lman , 1 9 73 )  in fec t e d  w i th o r f  v i r u s . 

I t  was n o t i c ed tha t th e CPE produ c e d  by  s c ab - d e r ived  v 1 ru s  

showed more ce l l s  wi th minu t e  s u r f a c e  pro j ec t ions  thb n d i d  

N a  d i a t r i zo a t e  d e r ived  v i ru s . One exp l ana t ion for th i s  1 s  

tha t  the  l a t t e r  v i r u s  s u s pen s ion con t a ined a s e l e c t ive 

popu l a t i on o f  a lmo s t  a l l  type 1 form , whe rea s , the s c ab 

s u s pens ion wou l d  c on t a in b o th typ e s  1 and 2 fo rms in mo re 

e q u a l  propo r t i on s . Al t erna t ive l y , i t  may b e  tha t , s ince  

virus  inoculum in  the sub cu l tur e s  of  s c ab-der ived v i ru s  i s  

a c o n c en t r � t e d  v i ru s  from the p r ev i ou s p a s s age , mo r e  v i ru s  

p ar t i c l e s migh t  b e  infec t ing a s ingl e c e l l ,  l eadin g  t o  

th i s  type  o f  r e a c t i on .  The s ame m i gh t  h o l d  t rue i n  FBL 

c e l l s  where  virus  ino culum for pa s s aee wa s c oncen t r a t e d  b y  

c e t r i fuga t i on . I t  wou l d  b e  in t e re s t ing t o  s ee i f  th i s  

d i f fe renc e  wa s ma i n t a ine d in h i gh p a s s ag e  c u l ture s .  
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I t  i s  wor th men t ioning tha t \vh en u n in fe c t e d  c e l l s  a r e  

r emove d  f rom the ir p l a s t i c sur fa c e  b y  t ryps in s ome o f  th e s e  

c e l l s  s h mv c e l lu l a r  p r o j e c t ions wh i ch a p p  e a r. s imi l ar to  tho s e  

d e s c r i b e d  in the in f e c t e d  cul ture s .  I t  c ou l d b e  tha t 

d e t achmen t  o f  c e l l s  from the f l a s k  as indu ced by v1rus  

infe c t i on i s  su f f i c i e n t  to p r oduc e  the c e l l p r o c e s s e s 

ob s e rved in inf ec t e d  c u l ture s . The appea r anc e o f  s u ch c e l l s  

the r e f o r e  may n o t  b e  p e cu l i a r  t o  vi�us  infec t e d  c e l l s . 

I t  ha s b e en shown tha t  parapoxv i ru s e s  p roduce two typ e s  o f  

p l a qu e s  in c e l l c u l tur e . Na g ing t on ( 1 9 68 )  ob s e rved th a t  o r f  

v i rus i s o l a t e s  p r o d u c <3 d  th<3 "open"  type o f  p l aqu e s  on l y  wh i l e  

the b ov ine papu l ar s toma t i t i s  v i ru s  p ro duced  ma inly th e 

" c l o s e d "  type 1vi th fe1v exh i b i t ing b o th o r  in t e rme d i a t e  type . 

He sugge s t e d tha t the s e  p l aques c ou l d  b e  a d i s t ingu i sh ing 

fea tu r e  b e tween th e two g r oup s . I t  wa s a l s o shown by th e 

works o f  P r e c aus t a  and S t e l lman ( 1 9 7 3 )  tha t  or f v i ru s  

p r o du c e d  t h e  open typ e o f  p l a que s .  However , i n  th i s  s tu iy , 

b o th typ e s  were ob s erved in th e o r £  v i rus i s o l a t e s . In the 

f iv e  i s o l a t e s  p l aqued , thr e e  showed the • • op e n "  type and t-.;..ro 

produ c ed the • • c  l o s ed 1 1  typ e . I t  may b e  tha t  th i s  char a c t e r­

i s t i c i s  more us e fu l  in d i f fe r en t i a t ing b e tween i s o l a t e s  

w i th in r a th e r  than b e tween the two group s . Mo re s tud i e s  

shou l d  b e  under t ak en t o  show i f  each i s o l a t e  ma i n t a in s  th i s  

f e a t u r e  a f t er  s u b c u l ture . 

Ana l y s i s  o f  DNA f r a gmen t s  produced  from v1rus  p l aque­

pur i f i e d  from i s o l a t e  No . 2 ,  u s ing E c oR1 , B arn H-I and Hind 

Ill showe d no d i f fe r enc � b e twe en i t  and DNA p a t t e rn d e r ived 

from v i rus pur i f i e d  f r om the  o r i g in a l  s c ab ma te r i a l . Th i s  

means tha t p a s s age o f  the v i ru s  in c e l l  cu l ture ( 2 3 pa s s a ge s )  

d o e s n o t  d e t e c t ab l y  a l t e r  the DNA s truc ture . W i t t ek e t  a l . ,  

( 1 9 8 0 ) howeve r ,  h a s  r e po r t e d  that  1 3 7  p a s s a g e s  o f  p l aque­

pur i fi e d  o r f  v i ru s  p ro du c e d  a mino r change in r e s t r i c t i on 

endonu c l e a s e  p a t t e rn when c omp a r e d  wi th the v i ru s a t  p a s s a g e  

8 .  Fur th e r  pa s s a g e s  o f  v i ru s  No . 2 m i gh t  a l s o  a l te r  the 

DNA s truc ture . The l a t t e r  au thor s  h oweve r , d i d  n o t  c omp a r e  

th e i r  pas s aged  v i ru s  wi th the o r i g in a l  s c ab ma t e r i a l  from 
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\vh i ch the v�ru s  \va s  d e r ived . Thu s  th e e xp e r imen t s  d e s c r ib e d  

h e r e  r e p r e s en t  t h e  f i r s t repo r t  o f  t h e  c omp a r i son o f  c e l l  

cu l tur e - adap ted  v i rus  w i th the v iru s p r e s en t  i n  the l e s i on 

f r om v.rh i ch i t  Has d e r ived . I t  i s  encou r a g ing t o  n o t e  tha t  

n o  change s can b e  d e t e c ted  a l be i t  u s in g  on l y  thr e e  r e s t r i c t i on 

endonu c l e a s e s  in the c ompar i s on . Wh e th er such a r e s u l t sh ows 

tha t  o ther  viru s - c e l l  cu l ture adap t e d  s y s t ems do no t a l t e r  

th e v i ru s  genome in e a r l y  p a s s age  c anno t b e  s t a t ed  w i th 

c e r t a i n ty . HoHever , i t  indi c a t e s  th a t  th i s  migh t  b e  the 

c a s e . Unfor tuna t e l y , mo s t  vira l l e s i on s  do not y i e l d  

s u f f i c i e n t  virus f o r  th i s  exper imen t t o  b e  done . 



F IGURE 1 4 : Un inocu l a ted c on t r o l  LT mono l aye r . }lay­
G runwa l d-G i ems a , X 1 2 5 

F IGURE l 5 a : LT , one hour po s t- inocu l a t ion wi th no . l OP l O . 
May-Grunwa l d-Giems a , X 1 2 5  



F IGURE 1 5 b : LT , one hour po s t - i n fe c t i on a t  h i gh e r  
magn i f i c a t ion . May-G runwa l d-G i ems a , X 3 1 0 . 

F I GURE 1 6 : LT , three h ou r s  a f t e r  inocul a t i on ,  s h owing 
the appearance  of a few round e d  up c e l l s . May­
Grunwa l d-G i ems a ,  X 3 1 0 . 



F I GURE 1 7 a :  LT , 6 h ou r s  p o s t - i n o c u l a t i on .  No t e  tha t 
mo s t  o f  the  c e l l s  have round e d  u p  and s t a i n e d  mo r e  
i n t e n s e l y  t h a n  t h e  c on t r  1 .  May -Grunwa ld-G i ems a , X 1 2 5 

• 

F IGURE 1 7 b :  H i gh e r  magn i f i c a t i on o f  the  above . X 3 1 0  



F IGURE 1 8a :  LT , 2 4  h ou r s  a f t e r  i n fe c t i on , s howi n g  
c l ump i n g  o f  roun d e d  u p  c l l s . M a y-Grunwa l d-G i ems a , 
X 1 2 5 

F IGURE 1 8b : H i gh e r  magn i f i c a t i on o f  the above . X 3 1 0 



F I GURE 1 9 : LT , 2 4  h ou r s  a f t e r  i n f e c t ion . I t  c an b e  
s e en tha t s ome c e l l s con t a i n p a r anu c l ea r  inc l u s i on 
b o d i s s u r rounded by a "h a l o " . May-Grumva l d- G i ems a , 
X 3 1 0  

F IGURE 2 0 : LT , 24  hou r s  p . i .  s h owing an en l ar ge d  c e l l  
( X )  c on t a i n in g  s ever a l  nuc l e i  ( a  s yn c y t ium? ) .  May­
Grunwa l d- G i ems a ,  X 3 1 0  
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CHAPTER F I VE 

Th i r t e en o r £  V l rus  i s o l a t 2 s  w e r e  pu ri f i e d  from s c a b  ma t e r i a l  

and i d en t i f i e d  by re s t r i c t ion end onu c l ea s e  ana l y s i s . Mo s t  

o f  the i s o l a t e s  showed c on s i d e r ab l e  d i f ferenc e s  in the i r  

DNA p a t t erns  wh i l e  t�,_ro we re i den t i c a l .  

The o r £  v 1 r u s  i s o l a te s  c o u l d  a l s o b e  grown in c e l l  c u l tu r e . 

F ive o f  th e s e  i s o l a t e s  were g rown and p ropaga t e d  i n  l amb 

t e s t i s  c e l l s . Th e y  showed l i t t l e  d i f ference i n  th e i r 

behav i ou r  in c e l l cul ture . F o e t a l b ov ine lung c e l l s  and 

ROK c e l l s  c ou l d  a l s o  b e  u s e d to grow o r f  viru s . Bo th 

" open " and " c l o s e d "  typ e s  of p l a que s i n  LT c e l l s  were s e en . 

Ea r l y  round ing o f  in f e c t e d  c e l l s  c o u l d  b e  inh ib i t e d  by  

cyc l ohexami d e . Inc l u s i on b o d i e s  we re  a l s o  s e en i n  i n fe c t e d  

c e l l s  s ta i ne d  �v i th May-Grumva l d-Giems a .  

An i s o l a t e  t h a t  had b een p a s s a g e d  an d p l a qu e - pu r i f i e d  1 n  

LT c e l l  c u l t u r e  showe d DNA ' ' f in g e rp r in t s "  i den t i c a l  t o  

the o r i g i n a l  DNA wlt en d i ge s t e d  w i th E c oR1 , B arn H- I and 

Hind I I I . Th i s  s h ows th a t  23 p a s s age s i n  c e l l c u l ture d i d  

no t a l t e r  t h e  r e s t r i c t i on p a t t e rn s . I t  i s  s u g g e s t e d  th a t  

DNA " f in g e r p r i n t ing"  c an b e  u s ed in inununo l o g i c a l  and 

e p i demi o l o g i c a l  s tu d i e s  to mo r e  c l o s e l y d e f in e  the s t r a i n  

o f  v i r u s  b e ing  u s e d . 
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APPEND I X  1 

L I ST OF MATER I ALS 

C HEM I Cl\.LS 

Ag ar o s e  - E le c trophores i s  
pur i ty reage n t , S td . 
low mr 

Agar o s e  - Sea p l aque 

Cyc lohexamide 

Cry s ta l l i n e  Tryp s i n  

Dextran T l O  

Di s o d ::.um hydrogen 
pho s phate , anhydrous 

Dimethyl s u l foxide ( DMSO ) 
low spec tropho tome try 

' E thy l ene d i ami n e  tetr a ­
a c e t i c  a c id , d i s od i um 
s al t s  mw 3 3 6 . 2  

Mw 3 7 2 . 2 4 

HEPES ( N
2

- hydroxye thy l 

p i p e r a z i ne N
2

-ethane 

s u l f o n i c  ac i d )  mw 2 3 8 . 3  

P h e no l  

SOURCE AND ADDRE S S  

B i o - Rad Labo rato r i e s  
3 2 nd & Gr i f f i n , 
Ri chmond , C a . 9 4 8 0 4  U . S . A .  

H c i  B i omedi c a l  
P . O .  Box 7 4 8  
Ro c h l and , Maine 

S i gma Chem i c a l  Co 
P . O .  Box 1 4 5 0 8 , 
S t . Lou i s , Mo . 

S i gma Chem i c a l  Co . 

P h armu c i a  F i ne Chemi c a l s  
UPP SALA , Sv1eden 

BDH B i o chem i c a l s  Ltd 
Poo l e , Eng land 

BDH B i ochemi c a l s  Ltd 

S i gma Chem i c a l  Co 

BDH B i o chem i c a l s  Ltd 

S i gma C hemi c a l  Co 

BDH B i ochemi c a l s  Ltd 



CHEMI CALS CONT ' D  

Prona s e  B-grade 

Pota s s ium d i hydrogen 
phos phate 

Sodiu� d i ati z o a t e , 
s od i um s a l t s  

Sod i um ch lor id e , A . R .  

Sod i um dode cyl s u l f ate 
( s od i um l aury l s u l f a te ) 

Sucro s e  - Anal ar 

Tr i s  S igma 7 - 9  

Tryp s i n  ( D i f c o 1 : 2 5 0 )  

S TAINS 

G i em s a  P owder 

May Grwnwald P owder 

Trypa n  bl ue CI 2 3 8 5 0 

CULTURE ME D IA 

Med i um 1 9 9  Powder 

Dulbeco ' s  Mod i f i ed Eag l e s  
Med i um ( P h o s ph ate-free ) 

Foe t a l  Bovi n e  S erum 

SOURCE AND ADD RES S 

Ca l b i o c h em 
S a n  D i ego , Ca . 

BDH B i o chemi c a l s  Ltd 

S i g1na Chemicetl Co . 

BDH B i o c hem i c a l s  L td 

BDH B i ochemica l s  Ltd 

BDH B i ochemi c a l s  Ltd 

S i gma Chemi c a l  C o  

D i f c o  Labor ator i e s  
D e t roi t ,  M i c h i g a n  

George T .  Gur r L t d  
London , S . W .  6 ,  Eng l and 

E dward Gurr Ltd 
4 2  Upper R i c hmond Road , 
W e s t  London , S . W .  1 4  

BDH B i ochemi c a l s  Ltd 
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Wel come Re s e a r c h  Laboratory 
B eckenharn , E ng l and 

S e l f - compounded 

Laboratory S e rvi ce s  Ltd 
Au ckland , New Z e a l and 



M I S CELLANEOUS 

Re s t r i c t io n  Endonu cleas e s  
( E coR l ; B arn H I ; H i nd I I I )  

3 2p ( O r thopho sphor i c  acid ) 

X - r ay f i lm - K odak 
( X-Omat RPH- 1 )  

X - r a y  i n t e s i f y i ng s creen 
( Cawo f in-rap i d ) 

Tr i - X  pan prof e s s ional f i lm 
E s tar th ick b a s e  4 x 5 i n . 

L a tex beads ( DO\.V ) 

S OURCE AND ADDRESS 

New Engla nd B i o l ab 
2 8 3  Cabot S tree t , 
B ever l y ,  HA .  

New Eng l a nd Nu c l e ar 
Bos ton , Ha s s . 

60 . 

Kodak ( Au s tra l a s i a )  P ty Ltd 
Melbour n e , Aus tr a l i a  

Cawo 
We s t  Germ any 

E a s trnan Kodak C o  
Roches ter , N e w  Y o r k  1 4 6 5 0  

S i grna Chem i c a l  Co . 



APPEND I X  I I  

EQU I PMENT AND APPARATUS 

EQU I PHENT & AP PARATUS 

Be ckman Mo d e l  L P repara t iv e  
Ul t r a c en t r i fu g e ; Sw 2 5 . 1 ,  
S\v . 5 0 . 1 ro t o r s  

B ioha z a rd B i o l o g i c a l  Hood 

co2 chamb e r s  

E l e c t r on M i c ro s c ope  -
EM 2 0 0  Ph i l l i p s  

Laminar F l ow Cab ine t 

L iq u i d  S c in t i l l a t i on 
C oun t er LS 7 0 0  

M i c r o fuge 

P er i s t a l t i c pump 

S p r·ay gun 

S o rva l l  RC S Re f r i ge r a t e d  
C en t r i fug e  ( S S  3 4  r o t o r )  

}1AKER O R  S UPPLIER 

B e ckman Ins trumen t s  
S p in c o  D iv i s ion 
P a l o  A l t o , Ca . 

E nv i rc o  
A lbu qu e r q u e ,  Mex i o  

B i l l u p s - Roth enb e r g  In c . , 
Box 9 7 7 , d e l  Ma r , Ca . 

P h i l l ip s  
Ho l l and 

Ge lman C l emc o P ty . L t d  
Ar t a rmon , New S o u th Wa l e s  

Be ckman Ins trume n t s  

Be ckman In s t r umen t s  

Buch l e r Ins t r umen t s  
F o r t L e e , N . J .  

Cu s t om bu i l t , D S IR  a f t e r  
B a cku s  and Wi l l i ams ( 1 9 5 0 )  

Dupo n t  Ins trumen t s  
Ne"l.v tovvn , CT . 

PYE Un i c am L t d  

6 1 . 

S pe c t roph o t ome t e r  
Un i c am S P S O O  S e r i e s  2 York S t . , Camb r i d g e , En g l and 

T i s s u e  C u l tur e  M i c r o s c o p e  
(Wi l d )  

Hoe r b rugg , Swi t z e r l and 



EQU I PMENT & APPARATUS 

U . V .  Lamp ( ge rmi c i da l , 1 5 -w )  

F i l t e r  p l a te 

C e l l u l o s e  N i t r a t e  tub e s  

E l ec t ropho r e s i s b o x  

Grad i e n t  Maker  

M i c r o fu ge tub e s  -
Eppend o r f 

M i c r o p i p p e t e  ( G i l s on )  

M i c rop i r? e t e  t i p s  

T i s s u e  C u l ture v e s s e s l  
L i nb r o  

Nunc 

Fa l co n  

MAKER OR SUPPLI E R  

Ph i l l i p s  
E indhoven , Ho l l and 

U l t av i o l e t  Produ c t s  
S an Gab r i e l ,  C a  9 1 7 7 8 , USA 

B e ckman Ins trumen t s  

Cu s tom b u i l t  

Cus tom bu i l t  

2 Hamburg 6 3  
He s t  Germany 

V i l l i e r s -Le-Be l 
Fran c e , 9 5 4 0 0  

V i l l i e r s -Le-B e l  

L inb r o  D iv i s i on 
F l ow Lab ora t o r i e s  Inc 
Hamd en , C onne c i tu t 

In t e r  He d 

6 2 . 

P o s tbox 2 8 0 , Kan s trup DK-400  
Ro s k i l d e , Denmark 

B e c t on , D i ck in s on & C o  
Oxna r d , C a . 9 3 0 3 0  
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APPEND I X  I l l  

COMPOS I T I ON OF BUFFERS AND SOLUT I ON 

An t i b i o t i c-Tryps in-V e r s ene ( ATV ) 

0 . 5  gm Tryp s in ( D i  f c o  1 : 2 5 0 )  

0 . 2  gm Ver s ene (EDTA S e qu e s tr i c  a c id )  

8 . 0  gm NaC l 

0 . 4  gm KC l 

1 . 0 gm D e x t r o s e  

0 . 5 8 gm NaHC03 
2 X 1 0 5 IU  Pen i c i l l in 

1 00 . 0  mo-C> S t rep tomyc i n  

0 . 0 2 gm Pheno l r e d  

Made up  to  1 1 'v i th de i o n i s e d  d i s t i l l ed wa t e r . S t e r i l i s e  bv .I 

f i l tra t ion . 

B am H- I b u f fer  ( l X )  

5 0 . 0  mM NaC 1 

6 . 0  mH MgC 1 2 
6 . 0  mH T r i s-HC l 

1 00 . 0  mg /ml Bovine 

Pho s pha t e  Buf f e r e d  Wa t e r  

NaH2 P04H2 0 ( 9 . 2 g / l )  

o r  KH2 Po
4 ( 9 . 0 8 g / l )  

P H  un i t s  

6 . 6  
6 . 7  
6 . 8  
6 . 9  

pH 7 . 4 

s er um 

m l s 

6 3 . 0  
5 6 . 6  
5 0 . 8  
44 . 8  

a l bumin 

Na2HP04 ( anhydrou s )  ( 9 . 5  g / 1 )  

m l s 

3 7 . 0  
4 3 . 4  
49 . 2  
5 5 . 2  

Th i s  bu f f e r  1 s  working s t r en g th - 0 . 05 M ( Rememb e r  t o  check 

PH o f  f in a l working s tren g th b u f fer  if  mak ing up  from h i gh 
mo l ar i ty s o lu t ions . A 0 . 5  M P04

- b u f fer  PH 6 . 6  r i s e s  t o  

6 . 9  i f  d i lu t e d  t o  0 . 0 5M a n d  r i s e s  t o  7 . 1  i f  d i lu t e d t o  

0 . 00 5 H) . 



E .  bu f f e r  ( l Ox )  

9 6 . 8 8 gm Tr i s  7 - 9  

7 . 44 gm EDTA (m\v 3 7 2 . 2 )  

8 . 2 0 gm s o d ium a c e t a t e  

64 . 

q . s . ad 21 d e i oni s e d  d i s t i l l e d  wa t e r , pH ad j u s t e d  t o  7 . 5  w i th 

g l a c i a l  a c e t i c  ac i d . 

E .  bu f f e r  (working s o lu t i o n )  

1 5 0 . 0  ml l Ox E bu f fe r  

300 . 0 0 u l  e th i d ium b r omide 2 . 5  mg /ml 

q . s . ad 1 �1 d e i on i s ed d i s t i l l e d  wa t e r . 

ET  bu f fe r  ( l O x )  

0 . 2 5 M 

0 . 1 0 M 

T r i s -HC 1 pH 7 . 7  

EDTA 

Hind Il l bu f fe r  ( IX)  

6 0 . 0  mH NaC l 

1 0 . 0  mH Tr i s -H 6 1  pH 7 . 4  

7 . 0  mH HgC 1 2 
1 0 0 . 00 mg /ml B SA 

P en i c i l l in ,  S tr e p t omy c in , Kanamy c in ( P SK) 

1 0 . 0  gm S trep tomy c i n  

1 0 . 0  1 -me ga v i a l  P en i c l l in 

1 0 . 0  gm Kanamy c in 

Ha de u p  t o  1 1 P B S . S t er i l i s e  

Pho s pha t e  Bu f fe r e d  S a l ine ( PB S )  

8 . 0  gm NaC 1 

0 .  2 gm KC 1 

1 .  1 5  gm Na/1Po4 

b y  f i l tra t ion . 

q . s . ad 1 1 w i th d e i on i s ed d i s t i l l e d  H2o .  S te r i l i s e d  by 
au t o c l av ing ( 1 5 lb s  for 15  minu t e s ) Final  pH 7 . 2 - 7 . 4 .  



Phenol  

Re d i s t i l l e d  und e r  n i t r o gen and  s t o r e d  1n the dark a t 
0 -

- 2 0  C under n i t r o gen . 

P r ona s e  

1 0  mg /ml ( aqueous  s o l u t ion)  

R l Bu f fer  ( l X)  

1 00 . 0  mN T r i s -HC 1 pH 7 . 5  

5 0 . 0  mN NaC 1 

5 . 0  ml'-1 mgC l 2 
l O O  mg /ml  BSA 

S u c r o s e  Cush ion 

3 G% w / v  in  O . l X ET bu f fe r  

S TE bu f fe r  

0 . 1 5 M NaC l 

0 . 0 1 M Tr i s -HC l pH 7 . 5  

0 . 00 1  H EDTA (mw 3 3 6 . 2 ) 

S o d ium d o d e c y l  su l fa t e  ( SD S )  

5 %  w / v  in  4 5 %  e thano l 

Tr i s -HC l pH 7 . 5 

1 M in  aqueous  s o lu t ion 

TE bu f fer  

0 . 0 1 M T r i s -HC l pH  7 . 5  

O . O O lH EDTA 

Yea s t  RNA 1 0  m g /ml ( aqueou s s o lu t ion ) 
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STAINS 

Trypan b lue 

0 . 2  gm Trypan b lu e  powde r  

1 0 0 . 0  m l  P B S  

d i p en s e  i n  1 . 8  ml s 

G i ems a S ta in ( S t o ck )  

1 .  0 gm G i ems a Po\vder  

6 6 . 0  ml G l y c e r in 

Hea t a t  60 ° C over 2 h r s  

Ad d 6 6  ml s . me thanol  

G i em s a  - (work ing s o lu t i on)  

1 . 0  ml G i emsa s to c k  s o l u t ion 

1 9 . 0  ml b u f fer ed wa t e r  pH 6 . 6  

May-Grunwa l d  S ta in ( S t o ck s o lu t ion)  

0 . 3  gm powd e r  

1 00 . 0  ml me thano l 

May-Grunwa l d  S t a in (working s o l u t ion)  

50  p a r t s  s tock s o l u t i on 

50  p a r t s  bu f fe r e d  wa t e r  

CULTURE 1-'lED IA 

T r i c ine bu f fe r e d  1 9 9  

1 0 . 0  gm Powdered  med i a  

1 .  8 gm Tr i c in e  

1 . 5  gm NaHC03 ( c l o s e d  ve s s e l )  

1 x 1 0 5 ru P en i c i l l in 

1 0 0 . 00 mg S tr e p tomyc in 

Mad e  up  to  1 L wi th d e ion i s ed d i s t i l l ed H2 o . 

6 6 . 

S t e r i l i s e d  by 
Con t ' d . .  



f i l t r a t ion . S to r e d  a t  -4°C . 

Mod i f i e d  E a g l e s  Med i um ( Ph o s ph a t e- fr e e )  

( Re f e r ence : Grand I s l and B io l o g i c a l C ompany , 

Grand I s l and , New Y o rk ) . 

6 7 . 



ABDUS SALAM , M .  

Con t ag iou s 

h i s t o l o gy . 

2 1 7 - 2 2 1 . 

ABDUSSALAH , H .  

B I BL I OGRAPHY 

( 1 9 5 7 a )  

pu s tu l a r  d e rma t i t i s . I I . P a th o l o g i c a l  

Journ a l  o f  Compa r a t ive P a th o l ogy ,  6 7 : 

( 1 9 5 7b ) 

C on tagious  pu s tu l ar d e rma t i t i s . I l l . Exp e r imen t a l  

in f e c t i on .  Ib i d . , 6 7 : 3 0 5 - 3 1 9 . 

AYNAUD , M .  ( 1 9 2 3 )  

6 8 . 

La s toma t i te pus tu l eu s e  c on t a g i eu s e  des  ovlnes  ( chan c r e  

d u  mu t ton) . Anna l e s d e  l ' ins t i tu t e  d e  P a s t eur , 3 7 : 

4 9 8 - 5 2 7 . 

BABLANIAN , R . , E s t eb an , M . , Baxt , B . , and S onnab end , J . A ,  
( 1 9 7 8a )  

S tu d i e s  o n  the  me chan i sms o f  v a c c in ia v i ru s cy topa th i c  

e f fe c t .  1 .  Inh i b i t i on o f  pro t e in s yn th e s i s  i n  infe c t ed 

c e l l s  i s  a s s o c ia t ed w i th v i ru s - induced RNA syn th e s i s . 

Journal o f  Gene ra l V i r o l ogy ,  3 9 : 3 9 1 -4 0 2 . 

BABLAN IAN , R . , Bax t , B . , S onn ab end , J . A .  & E s teban H ( l 9 7 8 b )  

S tu d i e s  o n  the  me chan i sms o f  va c c in i a  v i r u s  cy t o p a th i c  

e f f e c t s . I I . E a r l y  c e l l  round ing i s  a s s oc i a t e d  w t ih 

v i rus p o l yp e p t i d e  syn the s i s . Ib id . , 3 9 : 4 0 3 -4 1 3 . 

BACKU S , R . C . and W i l l iams , R . C .  ( 1 9 5 0 )  

Th e u s e  o f  s p ray ing me tho d s  and o f  vo l a t i l e  s u s p end ing 

me d ia in the  p repa r a t ion o f  s p e c imens f o r  e l e c tron 

m l c ro s c opy . Journ a l  o f  Appl i e d  Phys i o l ogy ,  2 1 : 1 1 . 

BECK , C . C .  and Tayl or , W . B .  ( 1 9 7 4 )  

ORF : i t ' s  a�vr fu t!  V e t e r inary He d i c ine / Sma l l  An ima l 

C l inic i an , 6 9 : 1 4 1 3 - 1 4 1 6 .  



BENNETT , S . C . J . , Horgan , E . S .  & Ha s s eb , M . A .  ( 1 944)  

Th e p o x  d i s ea s e s  of  sh e ep and goa t s . Journ a l  o f  

C ompa ra t ive Pa tho l ogy ,  5 4 : 1 3 1 - 1 6 7 . 

BLAKEMORE , F . , Ab du s s a l am ,  M .  & G o l d smi th . H . N .  ( 1 948 ) 

B r i t i sh Journ a l  o f  De�ma t o l ogy , 6 0 : 404 . 

BLANDEN , R . V . , Pan g , T . E .  & Dun l op , M . B . C .  ( 1 9 7 7 )  

6 9 . 

T- c e l l recogn i t i on o f  v i ru s - in fe c t e d  c e l l s . In " V i ru s  

In f e c t ion and t h e  C e l l  Sur fa c e " , C e l l  Sur fa c e  Rev iews , 

2 :  2 49-2 9 0 . 

B OUGHTON , I . B .  and Hardy , W . T .  ( 1 9 3 5 )  

Immun i z a t i on o f  she ep and goa t s  again s t s o remou th 

( c on ta g ious e c thyma ) . Texa s Agr i c u l tu r a l  Expe r iment:_ 

S t a t ion Bu l l e t in No . 5 0 4  1 6  p .  

B OULTER , E . A . and App l eya rd , G .  ( 1 9 7 3 )  

D i f f er ence  be twe en e x t r a c e l lu l ar and in t ra c e l lu l a r  

forms o f  poxv i r u s  a n d  the i r  imp l i c a t i ons . Progr e s s  

i n  Me d i c a l  V i r o l ogy ,  1 6 :  8 6 - 1 0 8 . 

BRAGAZ Z I , G .  ( 1 9 5 9 )  

Zoopr o f i l i a s s i , 1 4 : 1 7 7  

BRI T I SH VETERINARY CODEX ( 1 9 5 3 )  

Coun c i l  o f  th e Pha rma c eu t i c a l  S o c i e ty o f  Grea t Br i t a in . 

The Pha rma c eu t i c a l  Pre s s , London . pp . 4 5 3-454 . 

BRUNER , D . W .  and G i l l e s p i e , J . H .  ( 1 9 7 3 )  

Hagan ' s  In f e c t i ou s  D i s e a s e s  o f  Dome s t i c  An ima l s . 

Corne l l  Un ive r s i ty P r e s s , I tha c a , N ew York , 6 th e d . 
pp . 9 3 6-9 3 9 . 

BUCHMAN , T . G . , Ro i zman , B . , Adams , G .  and S t over , J . H . ( 1 9 7 8 )  

Re s tr i c t i on endonu c l e a s e  f ir:- gerpr in t in g  o f  HVl.pe/.J .J.>-tmpf.e.x 
v i r u s  DNA : A nove l ep i d emio l o g i c a l t o o l  app l ie d  t o  a 

n o s o c omi c a l  ou tb r eak . Journal  o f  In fe c t i o u s  D i s e a s e s . 

1 3 8 : 488 . 



BUXTON , A .  and Fras er , G .  ( 1 9 7 7 )  

An ima l }1i c rob i o l o gy v .  2 .  B l ackwe l l  S c i e n t i f i c  

Pub l i c a t i ons , Ox ford , London , E d inburgh , Me lbourne . 

pp . 690 - 6 9 1 0 

CARNE , H . R . , Wickham , N . , Hh i t t en , W . K .  and Lock l e y , R . P .  
( 1 9 L� 6 )  

7 0 . 

In f e c t ion o f  men by the  v i ru s  o f  c on t agious  pu s tu l ar 

d e rma t i t i s of sheep . Th e Au s t r a l i a n  Journa l o f  S c ienc e , 

9 :  7 3 - 7 4 . 

C OOPER , B . S . , Lynch , R . E .  and Ma rsha l l , P . M .  ( 1 9 7 0 )  

An ou tbreak o f  c o n ta g ious pus tu l ar derma t i t i s  a s s o c i a t e d  

w i th VVLma.toph� con.go!e.�U>i!.> i n  f e e t  i on . New Z e a l and 

Ve t er inary Journa l ,  1 8 : 1 9 9 - 2 0 1 . 

DARBYSHIRE , J . H .  ( 1 9 6 1 ) 

· A  f a t a l  u l c e ra t ive muc o s a l  c ond i t ions o f  s h e ep a s s o c i a t e d  

wi th th e virus  o f  c on t a g i o u s  pu s tu l ar d e rma t i t i s . 

Br i t i sh V e t e r inary Journa l , 1 1 7 : 9 7 - 1 0 5 . 

DAV I S , J . W .  e t  a l . ( 1 9 7 0 )  

In f e c t ious  D i s e a s e s  o f  Wi l d  }lamma l s . I owa S ta t e P r e s s ,  

Ame s , I m,;�a . 

ERICKSON , G . A . , Carbrey , E . A .  and Gu s ta f s on , G . A .  ( 1 9 7 5 )  

Genera l i z ed con t a giou s e c thyma i n  sheep ranch e r : 

D i a gno s t i c  c on s i d e r a t i on s . Journa l o f  Ame r i c an Ve t e r in a ry 

Me d i c a l  As s oc i a t ion . 1 6 6 : 2 6 2 - 2 6 3 . 

ERGIN , H .  and Kok lu , A .  ( 1 9 7 7 )  

Pas s a g e  o f  P end i k  c on ta g ious  e c thyma v � ru s s t r a in , 

vacc ine prepara t ion and immunogen i c i t y  o f  the vacc ine . 

Pendik Ve t e r iner Bak t e r iyo l o j i  v e  S e ro l oj i  E n s t i tu su 

D e rgi s i ,  9 :  7 5-84 . 

E S POS ITO , J . J . , Ob i j e sk i , J . F .  and Nakano , J . H .  ( 1 9 7 8 )  

O r thopoxvi ru s DNA : S tr a in d i f f e r en t i a t i o n  b y  e l ec tro­

phor e s i s o f  r e s t r i c t ion endonu c l ease f r a gmen t e d  v i r ion 

DNA , V i ro l ogy ,  8 9 : 5 3 . 
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FERRI S ,  R . D .  and P l owr i gh t , W .  ( 1 9 5 8 )  

S imp l i f i ed me thod for the pro d u c t i on o f  mon o l a y e r s  o f  

t e s t i s  c e l l s  from d ome s t i c  an ima l s , and [or the s e r i a l  
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G IL-FERNANDE Z ,  C . , Garc i a-Gancedo , A .  and V i J. a s -M inondo , P .  
( 1 9 7 6 )  

P l aque- f o rma t ion b y  Af r i c an S\J i n e  fever v i ru s i n  chick 

emb ryo f ib r ob l a s t s  in the  ab s ence of  co2 a tmo s ph e r e . 

Arch i.ve s o f  V i r o l ogy ,  5 2 : 2 0 7 -2 1 6 . 

GLOVER , R . E .  ( 1 9 2 8 )  

C on t a g i o u s  p u s tu l ar de rma t i t i s o f  the sheep . Journa l o f  

C ompa r a t iv e  P a tho l ogy and Th e r ar: e u t i c s , 4 1 : 3 1 8 - 3 4 0 . 

GLOVER , R . E .  ( 1 9 3 2 -3 3 )  

C on t ag i ou s pu s tu l a r  d e rma t i t i s : C ro s s - immun i ty 

exp e r i men t s w i th var iou s s t r a i n s  and s e r o l o g i c a l  t e s t s . 

Repo r t  t o  the D i r e c t o.E_ ,  In s t i tu t e  o f  Anima l Pa th o l o gy , 

Un i v e r s i ty o f  Cambr i d ge , 1 2  p .  

GRE IG , A .  S . ( 1 9  5 6 )  

Con tagiou s e c thyma o f  s h e ep . I .  A t t emp t s  t o  i n f e c t 

o th e r  ho s t s . Cana d i a n  Journa l o f  C ompara�ive Me d i c ine . 
2 0 : 448-45 2 . 

GRE I G , A .  S . ( 1 9 5 7 )  

C on t a g i o u s  e c thyma o f  s h e e p . I I . I n  v �tk o c u l t iva t i on 

o f  th e v i rus . Canad i an Journa l o f  Comp a ra t iv e  

Med i c ine and Ve t e r inary S c i ence , 2 1 : 3 04- 3 08 . 

HARKNE S S , J . W . , S c o t t , A . C .  and Herb e r t , C . N .  ( 1 9 7 7 )  

E l e c t ron mi c r o s c opy  in the rap i d  d i agno s i s  o f  or f .  

Br i t i sh Ve t e r inary Journa l ,  1 3 3 : 8 1 - 8 7 . 
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HE S S  , H . R . , Hay , H . J . and P a t t y , R . E . ( 1 9  6 3 )  

S e r i a l  cu J. ture s o f  l amb t e s t i cu l ar c e l l s  and the i r  u s e  

i n  v i ru s  s tu d ie s . Ame r i c an Journ a l  o f  Ve t e r inary 

Re s e arc:h , 24 : 5 9 - 64 . 

HODGS ON-JONE S ,  I . S .  ( 1 9 5 1 )  
Or f in London . B r i t i s h  �1�d i c a l  Jou rn� .. L 1 :  7 9 5 - 7 9 6 . 

HORGAN , E . S .  and Ha s s eb , M . A .  ( 1 9 4 7 ) 

The immuno l o g i c a l  r e l a t i o n sh i p s  o f  s trains o f  

c on t a gious  pu s tu l ar derma t i t i s  v i r u s . Journa l o f  
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HOHARTH , J . A .  ( 1 9 2 9 )  

In fec t ious  pu s tu l a r  d erma t i t i s  o f  s h e e p  and goa t s . 
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V i r o l ogy ,  1 8 : 9 - 1 8 . 
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S h e ep s h e a re r s  ge t o r f .  B r i t i sh Med i c a l  Journa l ,  1 :  
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MART IN-- S COTT , I .  ( 1 Y 5 5 )  
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MERCK VETERINARY MANUAL ( 1 9 7 3 )  

Me r ck and C o . Inc . , Ra thway , N . J .  4 th ed . p p  2 9 0 - 2 9 2 .  
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Human or £ i n  the Un i t e d  S ta t e s , 1 9 7 2 . Journa l o f  

I n fe c t i o u s  D i s e a s e s , 1 2 7 : 6 :  7 3 1 - 7 3 2 . 

MUHLER ,  G .  ( 1 9 7 6 )  
D i s a g gr e g a t i on o f  va c c ln l a  V l r u s  wi th u l t ra s on i c  

c l e aner s , b r i e f repor t . Ar ch ive s o f  V i r o l ogy ,  5 1 : 

3 6 5- 3 6 7 . 

MUI R , A . D .  ( 1 9 5 1 )  

Or £ : Repo r t  o f  a c a s e  ln New Z e a l and . New Z e a l and 

Me d i c a l  J ourna l , 5 0 : 5 0 9 - 5 1 0 . 



NAG INGTON , J .  ( 1 9 68 )  

The g r ow th o f  parava c c in i a  v 1 ru s e s  1n t i s su e  c u l t u r e . 

V e t 2 r i nary Re c ord , 8 2 : 44 7 - 4 8 2 . 

NAG INGTON , J .  and Horne , R . H .  ( 1 9 6 l- )  

Morph o l o g i c a l  s tud i e s  o f  o r f  and va c c 1n 1 a  v 1 ru s . 

V i r o l ogy ,  1 6 : 248 . 

NAG INGTON , J . , Newt on , A . A .  and Horne , R . W .  ( 1 9 64)  

The s t ru c ture  o f  orf  viru s . V i r o l ogy, 2 3 : 46 1 -4 7 2 . 

NAG INGTON , J .  and vJh i t t l e , C . H .  ( 1 9 6 1 )  

Human o r f : I s o l a t i on o f  the v i r u s  by t i s s u e  c u l ture . 

B r i t i sh Med i c a l  Journa l , 1 3 2 4 - 1 3 2 6 .  
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Repor t on D i s e a s e s  o f  Farm L i v e s t o ck , 6 :  3 9 . 

NEWSOM , I . E .  and Cro s s , F .  ( 1 9 3 1 )  

Some c omp l i c a t ions o f  s o r emou th 1n  l amb s . Journa l o f  
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PASK , I . M . , Ma ckerra s , I . M . , S u th e r l and , A . K .  and S immon s , 
G . C .  ( 1 9 5 1 )  

Tran smi s s ion o f  c on t agious  e c thyma from sheep  t o  man . 
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S e r o l o g i c  and c ro s s - immuni ty s tud i e s  \vi th c on ta g i ou s  
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