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SIMMART.

The th e s i s  r e p o r ts  th e  i s o l a t i o n  o f a h e rp e sv iru s  from 

tifjo o u tb reak s  o f  d ise a se  among ra c in g  p igeons in  th e  West o f Scotland*. 

In  bo th  o u tb reak s  th e  in f e c t io n  seemed to  be e n s o o tic  and m s  p robab ly  

m ain ta ined  by h e a lth y  a d u lt  c a r r i e r s ,  Thus^ a lth o u g h  each f lo c k  

was s e lf-c o n ta in e d *  th e  d is e a se  recu rred  annua lly  in  both l o f t s  

o ver s e v e ra l y e a rs  and on ly  invo lved  b ird s  o f  f iv e  to  s ix  weeks o f  

age. C l in ic a l  s ig n s  in c lu d ed  serous c o n ju n c t iv i t i s  and r h in i t i s *  

weakness and g e n e ra l m a la ise . Some b ird s  were dyspnoeic* p robab ly

due to  th e  p resen ce  o f  sm all d ip h th e r i t i c  p a tch es  on th e  mucous 

membrane o f  th e  la ry n x , The most co n s tan t post-m ortem  f in d in g  was 

fo c a l h e p a tic  n e c ro s is ,  b u t re n a l n e c ro s is  was a lso  no ted  in  some 

b ird s*  B a so p h ilic  o r  s l i g h t ly  e o s in o p h ilic  in t r a n u c le a r  in c lu s io n s  

were found in  parenchym al cel. I s  ad jace n t to  th e  n e c ro t ic  fo c i  and 

were a lso  no ted  o c c a s io n a lly  in  e p i th e l i a l  c e l l s  a d ja c e n t to  ex u d a te - 

coated  u lc e r s  in  th e  pharynx and la ry n x .

Exam inations f o r  th e  o rn i th o s is  agent proved n e g a tiv e , 

b u t sm all w h itish -c ream  pocks were produced on th e  c h o r io - a l la n to ic  

membranes o f  te n -d a y  embryonated hens* eggs in o c u la te d  w ith  t i s s u e  

suspensions from s ix  b i rd s  and w ith  a th ro a t  swab from a seven th . 

Embryos became .sluggish and o f te n  d ied  about th e  f i f t h  day,

The pocks produced by a l l  i s o l a t e s  g e n e ra lly  a t ta in e d



a maximum d iam ete r o f  X mm, on th e  fo u r th  day, ‘but d e n d r i t i c  

ex ten o io n e  were oometimee p re e o n t. In t r a n u c le a r  in c lu s lo n a*  ty p ic a l  c 

thoee  produced by h e rp e e v iru se e , were prom inent in  ectoderm al c e l lo  

on th e  aocond day* b u t d im in ished  in  number t h e r e a f t e r  and* by th e  

f i f t h  day* were alm ost e n t i r e ly  a b se n t. Foci o f  nooroaiG  in  th e  

embxyonic l i v e r  could  o f te n  bo a p p re c ia te d  m acro sco p io a lly  by th e  

fo u r th  day* In t r a n u c le a r  in c lu s io n s  were p re s e n t in  h e p a tic  c e l l s  

a d ja c e n t to  th o se  foci*  H epatic n e c ro s ic  was a r e g u la r  f in d in g  in  

embryos in o c u la te d  by th e  y o lk -sa c  ro u te  and a lso  sometimes o ccu rred  

in  embryos in f e c te d  am n io tio a lly *  b u t th e  v iru s  could  n o t be 

p rop ag ated  by a l l a n to ic  in o c u la t io n .

A ll i s o l a t e s  were cy topathogen ic  in  whole chick-em bryo 

c u ltu re s*  th e  oytopathogonio  e f f e c t  ( C , P , F * )  b e in g  c h a ra c te r is e d  by 

th e  appearance o f f o c i  o f  round* r e f r a c t iv e  c e l ls *  some o f  which 

were c o n s id e ra b ly  sTjollen, With co n cen tra ted  inocu la*  th e  C,P®îi)« 

appeared w ith in  24 hours and th e  monolayer was co m p le te ly  d estro y ed  

by tho  f o u r th  o r  f i f t h  dgy w ith  r e le a s e  o f  v iru s  in to  th e  c u l tu r e -  

f lu id  s ,  The agen t was oytopathop;onio in  c u l tu re s  o f  chiok-embryo 

kidney* chiok^-embryo l iv e r*  ohiokon k idney  and p igeon  k idney  b u t d id  

no t m u ltip ly  in  HeLa c o lls*  in  S tr a in  L c e l l s  o r  in  primai\y c u l tu re s  

o f  dog o r  c a l f  M dney. The O . P , E *  was e s s e n t i a l l y  th e  same in  a l l  

av ian  c u l tu re e  employed. In  c o n tra s t  to  th e  above f in d in g s * a s t r a i n  

o f  in f e c t io u s  la ry n g o - t r a o h e i t io  ) v iru s  was found to  produoe

sm all sy n c y tia  in  th e  e p i t h e l i a l  component o f  whole-embryo c u l tu re s



b u t no 0,P,B* In  f lb rd b la a ta *  In to rm ed la ta  in  i t s  e f f e c t s  was tho  

P-5 s t r a i n  o f  p igeon  v iru s  i s o la te d  by Smadel ©t al* in  1945#

T his s tr a in *  k in d ly  su p p lied  to  th e  w rite r*  produced sm all sy n c y tia  

in  th e  e p i t h e l i a l  component o f  wîiole-embryo c u l tu re s  and rounding 

o f  th e  f i b r o b l a s t s .

A ll i s o l a t e s  produced p laq u es In  whole-embryo c u l tu re s  

m ain ta ined  under an ag a r overlay* These appeared on th e  second ox̂  

th i r d  day and by th e  fo u r th  day* v a r ie d  in  d iam ete r from 0,fj mm, to  

2 mm, though th e  la r g e s t  d id  n o t in c re a se  in  s i s e  th e re a f te r*

Although M qmall-plaque" v a r ia n ts  were found to  be p resen t*  much o f  th e  

v a r ia t io n  in  p la q u e-d iam e to r was shown to  be n o n -g en e tio  in  c h a ra c te r ,  

A l i n e a r  r e la t io n s h ip  was found to  e x i s t  between p laq u e-o o u n t and 

v iru s  in p u t and ev idence was o b ta in ed  to  in d ic a te  th a t  th e  d i s t r i b 

u tio n  o f  p laq u es fo llo w s th e  P o isson  equation* R e p lic a te  a ssay s  o f  

s to ck  v iru s  gave app5X)%imately th e  same t i t r e  in  c u l tu re s  o f  d i f f e r e n t  

batches» The r a t io  o f  plaq,uo-fox*aiing to  poolc-forminp: u n i t s  was found 

to  be aroxtnd 1*5 to  1, P laq u es wore a lso  fo m ed  under m othyloeX luloso 

th e  r e la t io n s h ip  between p laq u e-co u n t and r e l a t iv e  v ir u s  c o n c e n tra tio n  

again  being  l i n e a r ,  The p la t in g - s f f io io n o y  under m e th y lo e llu lo se  

was app rox im ate ly  double th a t  under agar» About ^0 p e r  cen t o f  th e  

v iru s  a tta c h e d  to  m onolayers o f  whole-emb3?yo c e l l s  in  95 m inutes b u t 

ad so rp tio n  was n o t com plete b e fo re  th e  end o f  th e  s ix th  hour*

The DBA n a tu re  o f  th e  v iru s  was dem onstrated  by in h ib i t io n



w ith  bromo- and lodo-deoxy iirid ines*  By moans o f  th e  n e g a tiv e  s ta in in g  

tech n iq u e  o f  e le c t ro n  m icroscopy, th e  v ir io n  was shown to  be ty p ic a l  

o f  th a t  o f  th e  h e rp e s v iru s  group. The v iru s  was o th e r - s e n s i t iv e  

and was d es tro y ed  by exposure to  a pH o f  4*0* I t  was q u ick ly  

d es tro y ed  a t  $6 C, b u t was r e l a t i v e l y  s ta b le  a t  /\? C* Antiserum  

p rep ared  in  r a b b i ts  a g a in s t  one o f  th e  àuthop*s i s o l a t e s  was found 

to  n e u t r a l i s e  th e  American P-5 s t r a i n  as w ell as th re e  s t r a i n s  o f 

v iru s  from th e  U nited Kingdom, The v iru s  appeared to  be s e ro lo g ic a l ly  

d i s t i n c t  from th a t  o f  Î*L*T*
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FffirFACE*

The pu rpose  o f  t h i s  th e s i s  i s  th r e e f o ld s  ( l )  to  r e p o r t  

th e  i s o l a t i o n  o f  a  v iru s*  h i th e r to  m-irocogniaocl in  th e  U n ited  

Kingdom* from ra c in g  p ig eo n s  w ith  a d is e a s e  which* b o th  in  c l i n i c a l  

s ig n s  and in  post-m ortem  fe a tu re s *  b o re  a q u i te  s t r i k i n g  resem 

b la n c e  to  o rn i th o s is *  (2 ) to  d e s c r ib e  th e  means by which th e  vd rus 

may be p ro p ag a ted  in  th e  la b o ra to ry  and i t s  i n f a c t i v i t y  m easured 

and ( 3 ) to  d em o n stra te  t h a t  th e  ag en t b e lo n g s to  th e  h e rp e s v iru s  

group*

The v i r u s  was d isc o v e red  d u r in g  an in v e s t ig a t io n  in to  

th e  a e t io lo g y  o f  two o u tb re a k s  o f  d is e a s e  in  which th e  a f f e c te d  

b i r d s  were d u ll*  a n o r e c t ic  and d is in c l in e d  to  move and sometim es 

showed sm all d ip h th e r i a - l ik e  le s io n s  i n  th e  mouth o r  a s l i g h t  

s e ro u s  d is c h a rg e  from th e  oyos and nares*  Dyspnoea o c c a s io n a l ly  

o c c u rre d  a s  a r e s u l t  o f  p a r t i a l  o c c lu s io n  o f  th e  la ry n x  by a 

d i p h t h e r i t i c  membrane* At autopsy* however* h e p a t i t i s  was 

g e n e ra l ly  found to  be th e  main le s io n *  though i t  v a r ie d  v e ry  con

s id e ra b ly  i n  s e v e r ity *  In  b o th  lo f ts *  th e  d is e a s e  re c u r re d  

an n u a lly  and p r in c ip a l ly  a f f e c te d  b i rd s  o f  f iv e  to  s ix  weeks o f  ago*

To th o se  in  m ed ica l o r  v e te r in a r y  v i r o lo g io a l  

l a b o r a to r i e s  who o c c a s io n a l ly  examine p ig eo n s i n  an a tte m p t to  

t r a c e  p o s s ib le  so u rce s  o f  human p s i t t a c o s i s  in fe c t io n *  th e  fo llo w in g  

com m unication may n o t be w ith o u t re levance*



HISTORICAL IHTRODUOTIOm,

In  1943* an u n u su a l o u tb re a k  o f  o r n i th o s i s  was d e s

c r ib e d  In  p ig eo n s  i n  How York S ta te  (Smadel ^  a l » )# SIok b i r d s  

p re s e n te d  s ig n s  o f  e n t e r i t i s  and* in  some in s ta n c e s*  o f  r e s p i r a to r y  

involvem ent# S ix  o f  them wore s u b je c te d  to  d e t a i l e d  p a th o lo g ic a l  

and m ic ro b io lo g ic a l  exam ination* The a b n o rm a lit ie s  en co u n te red  

a t  au to p sy  v a r ie d  co n s id e rab ly #  In  two o f  th o  b ird s*  f lo c k s  o f  

f i b r i n  were found on th e  peritoneum  and th e  l i v e r  was en larged*  

b u t q u i te  th e  most s t r i k i n g  a b n o rm a lity  was f o c a l  p a n c r e a t i t i s  

w ith  opaque, ch a lk y  a re a s  which resem bled  th e  lé s io n s  o f  f a t  no0370s i s  

o f  th o  human pancreas#  In  a f u r th e r  case* tho  l i v e r  and sp le e n  

were e n la rg e d  and m ottled*  th e  lu n g s  were co n g ested  and oedeinatous 

and th e  p e r i to n e a l  c a v i ty  co n ta in e d  s o r o -g e la t in o id  ex u d a te  which 

in  p la c e s  adhered  to  th o  v isc e ra #

H Is to p a th o lo g ic a l  exam ina tion  re v e a le d  t h a t  th e  l i v e r  

o f  a l l  s ix  b i r d s  co n ta in e d  f o c i  which c o n s is te d  o f  la rg e  mono

n u c le a r  c e l l s  and lym phocytes and lA ich  o c c u rre d  m ain ly  i n  th e  

p e r ip o r t a l  c o n n e c tiv e  t i s s u e  although* in  some p la ce s*  th ey  a lso  

ex tended  in to  th e  parenchyma where th e y  re p la c e d  h e p a t ic  cord  c e l l s  

th a t  had undergone n e c ro b io s is#  F oca l no care s i s  was p re s e n t  i n  th e  

l i v e r  o f  each  o f  th e  b ird s*  th e  fo o l b e in g  d i s t r i b u t e d  randomly 

w ith in  th e  lo b u le s#  In  f iv e  o f  th e  b ird s*  th e  sp le e n  a ls o  showed



a re a s  o f  c e l l u l a r  d e s t r u c t io n  which v a r ie d  in  b o th  s i s e  and number. 

V asc u la r  congestion*  haemorrhage* e n d o th e l ia l  h y p e rp la s ia  and 

d i f f u s e  i n f i l t r a t i o n s  o f  la rg e  m ononuclear c e l l s  were a ls o  re c o rd e d , 

P a n c re a t ic  n e c ro s is  was found o n ly  in  th e  t%m o ases  which showed 

g ro s s  le s io n s  o f  th e  o rg an  and, i n  one o f  them, th e  le s io n s  

appeared  to  be r e c e n t  s in c e  th e  c e l l u l a r  o u t l i n e s  were s t i l l  d i s 

c e rn ib le  and le u c o c y te s  were quit©  absen t#  In  th© o th e r  in s ta n c e ,  

a re a s  o f  com plete d e s t r u c t io n  a l te r n a te d  w ith  th o se  o f  n e o ro b io tio  

change and m ononuclear a s  w e ll a s  polymox*phonuolear le u c o c y te s  were 

p re s e n t  in  th e  o ld e r  f o c i ,

E lem en tary  b o d ie s , c lo s e ly  s im i la r  to  th o se  seen  in  

s e c t io n s  o f  t i s s u e  f3X>m b i r d s  in f e c te d  w ith  th e  ag en t o f  p s i t t a c o s i s ,  

were found in  th e  l i v e r  o f  f iv e  o f  th e  p ig e o n s , in  th e  sp le e n  o f  

s ix  and in  th© p an c re a s  from th e  two c a se s  which showed n e c ro s is  o f  

th a t  organ# Both parenohym atous c e l l s  and m ononuolear le u c o c y te s  

were th e r e in  in v o lv e d .

An u n u su a l f e a tu r e  o f  th e  d is e a s e  was th e  p re sen ce  o f  

l a r g e ,  e o s in o p h i l i c ,  i n t r a n u c le a r  in c lu s io n s  o f  th e  h e r p e t ic  ty p e  

in  one o r  more o rg an s o f  a l l  s ix  c a s e s . In  th e  l i v e r  o f  one o f  th e  

b i r d s ,  th e y  were so n u m ero u s^ th a t, in  some f i e l d s ,  p r a c t i c a l l y  ev e ry  

i n t a c t  c e l l  co n ta in e d  o n e . Most o f  them o c c u rre d  i n  parenchym atous 

o o l ls  b u t o c c a s io n a l ly  th e y  were to  be found in  th e  e p i t h e l i a l  c e l l s  

l i n i n g  th e  sm all b il©  d u c ts  and , r a r e ly ,  th e y  were ap p a re n t in  

la rg o  m ononuclear le u c o c y te s . In  th e  sp le e n , in c lu s io n s  were



p re s o n t i n  th e  c o l l s  o f  th e  pu lp  and in  th o se  o f  th e  M alp igh ian  

b o d ie s , w h ile  in  th e  p an c reas  th e y  were v i s i b l e  more o f te n  in  th e  

i s l e t s  o f  L angerhans th a n  in  th e  a c in a r  c e lls #

P rim ary  in tx ’a c e r e b ra l  in o c u la t io n  in to  mice o f  t i s s u e  

su sp en s io n s  from f iv e  o f  th e  b i r d s  produced an i l l n e s s  th a t  g e n e ra l ly  

te rm in a te d  f a t a l ly *  A f te r  a few in t r a o e r e b r a l  p a ssa g e s  in  m ice, 

th e  ag en t r e s p o n s ib le  f o r  t h a t  d is e a s e  became so e x a l te d  i n  v iru le n c e  

th a t  th e  in o c u la te d  mice d ie d  i n  from two to  fo u r  days* In  sm ears 

mad© from th© m eninges, e lem en ta ry  b o d ie s  were d em o n strab le  by 

M a c h ia v e llo ’ s method o f  s t a in in g .  A lthough I n t r a p e r i to n e a l  In o c u la t io n  

o f  in f e c t iv e  m a te r ia l  f a i l e d  to  produoe d e a th  in  m ice , ty p ic a l  L#C*L, 

b o d ie s  were to  be found in  th e  p e r i to n e a l  exudate#

The tlB sue-sU B pensiouB  whioh p.i*oved I n f e c t io u s  f o r  

mice a ls o  produced  pooks on th e  c h o r io - a l l a n to io  membranes o f  1 0 - 

d a y -o ld  erabryonated eggs» On th e  second o r  t h i r d  day a f t e r  

in o c u la t io n ,  th e  le s io n s  were v i s i b l e  a s  t i n y  dew -drop s t r u c tu r e s  

and, by th e  f i f t h  day, had become l a r g e r  and opaque. They co n ta in e d  

many c e l l s  r i c h  in  e lem en ta ry  bodies*  P re p a ra t io n s  from th e  l i v e r  

and sp le e n  o f  th e  rem ain in g  b i r d  a lso  gave r i s e  to  s im i la r  c h o r io 

a l l a n t o i c  changes b u t were in c a p a b le  o f  e s t a b l i s h in g  d is e a s e  in  

mice* M oreover, a lth o u g h  e lem en ta ry  b o d ie s  were to  be found in  

th e  l a t t e r  p o ck s , ogg-passag©  m a te r ia l  p roved  to  b© n o n -p a th o g en ic  

f o r  mice#



ÏÏXBtol o g i c a l l y , th e  membranes ahowod fo c a l  a re a s  o f  

ec to d erm al h y p e rp la s ia  to g e th e r  w ith  i n f i l t r a t i o n  o f  polymorpho

n u c le a r  and m onom iolear le u c o c y te s  in to  th e  u n d e r ly in g  mesoderm* 

Large in t r a n u c le a r  in c lu s io n s  o f  th e  h e r p e t ic  ty p e  were p r e s e n t  in  

th e  ec to d erm al c e l l s  o f  a l l  membranes in f e c te d  w ith  e i t h e r  p igeon  

o r  eg g -p assag e  m a te r ia l  b u t were d i f f i c u l t  to  f in d  in  membranes 

in o c u la te d  w ith  i n f e c t iv e  mouse t is s u e *

Two rau tually -oxelusive^  hypo theses were x?ut fo rw ard  to  

accoun t f o r  th o se  f in d in g s ,  namely : (a )  c e r t a in  s t r a i n s  o f  th e  

o r n i th o s i s  ag en t a re  c h a r a c te r i s e d  by t h e i r  a b i l i t y  to  produce 

in t r a n u c le a r  in c lu s io n s  i n  in f e c te d  t i s s u e  u n d er a p p ro p r ia te  con

d i t io n s  o r  (b ) th e  d is e a s e  was caused by a m ix tu re  o f  two agents*

In  1 9 4 5 , a. s im i la r  o u tb rea k  was d e s c r ib e d  i n  American 

army p ig eo n s (Smadel ^  al#  )* D uring th e  s p r in g  o f  I 9 4 2 » th e  b i r d s  

concerned had been a p p a re n tly  norm al bu t e a r ly  in  th e  summer th ey  

were jo in e d  by 200 o th e r s  from a n e ig h b o u rin g  s ta te *  A number o f  

th e  newcomers were found to  be e ic k  and s e v e ra l  were dead on 

a r r iv a l#  I l l n e s s  co n tin u ed  among tho  new p ig eo n s b u t d id  n o t ap p ear 

in  th e  o r ig in a l  ©took u n t i l  a month l a t e r  tfhon in f e c t io n  sp rea d  

r a p id ly  th ro u g h o u t th e  flock*  Many o f  th e  in f e c te d  b i r d s  reco v ered  

b u t some 3OO succumbed d u r in g  th e  simmer and autumn* The e p is o o t io  

d im in ish ed  in  i n t e n s i t y  i n  November and, by th e  end o f  th e  y e a r , 

th e  number o f  b i r d s  shotting' d is e a s e  o f  any k in d  had f a l l e n  ÿd f3?om



15 to  20* Q u aran tin e  was th en  l i f t e d  and an e x te n s iv e  in te rc h a n g e  

o f  pigeon© w ith  o th e r  c o n tin g e n ts  to o k  p lace*  Over a p e r io d  o f 

s e v e ra l  m onths, most o f  th e  t r a in e d  b i r d s  were s e n t  to  o th e r  u n i t s  

and re p la c e d  by s e v e ra l  thousand  a d o le sc e n t o r  youyig a d u l t  "birds 

from B r i t i s h  sources#  The in c id e n c e  o f  i n f e c t io n  co n tin u ed  a t  a 

low rat©  th ro u g h o u t th e  f i r s t  e ig h t  months o f  1 9 4 3 , d u rin g  which 

p e r io d , as  a r u le ,  on© o r  tV70 dozen b ir d s  were in v o lv ed  a t  any one 

tim e . By th e n  th e  d is e a s e  was l im ite d  a lm ost e n t i r e l y  to  young 

b ir d s  fi'om six. weeks to  th r e e  months o f  ago* In  A ugust, 1943, th e  

V irus D iv is io n  o f  th e  U nited  S ta te s  Army was asked  to  in v e s t ig a te  

th e  n a tu re  o f  th e  d is e a s e  which had become © nsoo tic  i n  th e  f lo c k .  

E leven  s ic k  p ig eo n s  were su b m itted  f o r  f u l l  in v e s t ig a t io n .

C l in ic a l  s ig n s  in c lu d ed  c o n j u n c t i v i t i s ,  dyspnoea, 

d ia r rh o e a , d e h y d ra tio n  and em ac ia tio n  b u t bo c o n s id e ra b le  was th e  

v a r i a t io n  t h a t  a c h a r a c t e r i s t i c  c l i n i c a l  p ic tu r e  was n o t d e f in a b le .  

The post-m ortem  ap p earan ces were e q u a lly  v a r ie d  and d id  n o t in c lu d e  

any f e a tu r e  common to  a l l  eases#  The s o le  p o in t  o f  s p e c ia l  

i n t e r e s t  was th© p re sen ce  o f  fo c a l  n e c ro s is  in  th e  p a n c re a s  o f  one 

b ird *

I s o la t io n  o f  v i r u s  was a ttem p ted  from th e  l i v e r  and 

sp le e n  o f  a l l  e lev en  c a s e s , Th© t i s s u e  su sp e n s io n s  were in o c u la te d  

on to  th e  o h o id o -a l la n to ic  membrane o f  erabryonated eggs and in to  

mice by th e  in t r a o e r e b r a l  ro u te#  H is to p a th o lo g ic a l  s tu d io s  o f



l i v e r ,  s p le e n , p a n c re a s , p e c to r a l  m uscle and ld.dnoy wore a ls o  made*

The r e s u l t s  o f  th e  mouse in o c u la t io n  t e s t a  showed th a t  

fo u r  o f  th e  b i r d s  had become in f e c te d  by th e  o r n i th o s i s  agent* 

T issu e  su sp e n s io n s  from two o f  th o se  fo u r  c a se s  produced pocks on 

th e  o h o r io - a l la n to lo  membrane, as d id  s im i la r  au sp en s io n s  from a 

f i f t h  bizTlg shown to  b© f r e e  o f  ornit.ho^sis* H ietox> atho log ical 

ex am in a tio n  o f  th e  membranes re v e a le d  th e  p re se n c e  o f  I n t r a n u c le a r  

in c lu s io n s  w ith in  th e  le s io n s#  S uspensions from th e  o th e r  two 

o r n i th o s i s  o ases  d id  n o t evoke fo rm a tio n  o f  pocks* C onverse ly , 

th e  p o ck -fo rm ing  ag en t was n o n -p a th o g en ic  f o r  m ice by th e  i n t r a 

c e re b ra l  I'oute# I t  was concluded , th e r e f o r e ,  t h a t  two m icro

organism s ware p re s e n t  i n  th e  f lo c k  and th e  on© re s p o n s ib le  f o r  th e  

pocks was a h i th e r to  unrecognijaed v iru s*  The, l a t t e r  was c a l le d  

th e  p ig eo n  in t r a n u c le a r  in c lu s io n  (I+H #!*) v iru s*

The v i r u s  appeared  to  b© more c lo s e ly  a s s o c ia te d

w ith  le s io n s  th a n  d id  th e  o r n i th o s i s  agent* Thus, h e p a tic  n e c ro s is  

was found o n ly  in  th o  th ro e  e a se s  from which th e  V iru s  had been 

is o la te d *  R e s p ira to ry  a b n o rm a lit ie s  were n o t p re s e n t  in  e i t h e r  o f  

th e  o ases  o f  p u re  o r n i th o s i s  in f e c t io n  b u t one o f  th© ea ses  o f  

mixed in f e c t io n  showed c o n ju n c t i v i t i s  and dyspnoea* The l a t t e r  

was th e  main c l i n i c a l  s ig n  in  th© b i r d  which was s o le ly  in f e c te d  

w ith  th e  v i r u s  and* a t  post-m ortem  ex am in a tio n , t r a c h e i t i s  was 

found to  be th e  p r in c ip a l  le s io n *  I n t r a n u c le a r  in c lu s io n s  o f  th e  

h o rp o tic  ty p e  wore p r e s e n t  in  th e  l i v e r  o f  one and in  th e  l i v e r ,
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S pleen  and p an c re a s  o f  two o f  th e  ca se s  from which th e  v i r u s  had 

been is o la te d *

In  a d d i t io n  to  th e  la rg e  yollov?ish  pooka on th e  c h o r io 

a l l a n t o i c  membranes o f  10-day ombryonated h e n s ’ eg g s , th e  

v i r u s  p roduced y e llo w -g rey  a re a s  o f  fo c a l  n eo ro o io  in  th o  l i v e r  o f  

th e  embryo* I n t r a p e r i to n e a l  in o c u la t io n  in to  x>igoons d id  n o t evoke 

any s ig n  o f  d is e a s e  b u t, a f t e r  in t r a o e r e b r a l  a d m in is t r a t io n ,  two 

b i r d s  d ie d  and a t h i r d  became i l l *  A ttem pts to  produce d is e a s e  in  

r a b b i t s  and g u in e a -p ig s  were u n s u c c e s s fu l .

Two y e a rs  l a t e r  an o u tb re a k  o f  o r n i th o s i s  in  j^igoono 

was d e s c r ib e d  in  B e rk s h ire , England (Hughes, 1947)# The f lo c k  was 

a s e l f - c o n ta in e d  one founded on s to c k  im ported  from America*

A ffe c te d  b i r d s  d id  n o t m a n ife s t any d e f i n i t i v e  c l i n i c a l  s ig n s  b u t ,  

a t  po8t-rao3?tem ex am in a tio n , f o c a l  n e c ro s is  was consp icuous in  th e  

l i v e r  and sp le e n  and in t r a n u c le a r  In c lu s io n  b o d ie s  were to  be found 

a t  th e  edges o f  th e s e  le s io n s*  The X.H.Ï# v i r u s  was b e lie v e d  to  

be p re s e n t  i n  th e  f lo c k  a lo n g  w ith  th e  cx v iith o s ls  ag en t b u t a tte m p ts  

to  i s o l a t e  i t  were no t made*

F u r th e r  r e p o r ts  o f  I*H *I. v i r u s  in f e c t io n  d id  n o t 

ap p ear u n t i l  1966 when M arthedal and J y l l i n g  d e s c r ib e d  a d is e a s e  

o f  p ig eo n s  which was su b se q u e n tly  shown to  be caused  by th e  I*H*X. 

vix’ue  ( j y l l i n g  1967)* The c o n d itio n  was f i r s t  re c o g n ise d  in  1950 

and accoun ted  f o r  th r e e  p e r  ce n t o f  a l l  c a se s  o f  p ig eo n  d is e a s e
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in v e s t ig a te d  by th e  Royal V e te r in a ry  and A g r ic u l tu r a l  C o lleg e , 

Copenhagen, d u r in g  th o  su c ce e d in g  15 y e a r s .  I n i t i a l l y ,  th e  i n 

f e c t io n  seemed to  he l im i te d  to  th e  mouth, pharynx  and oesophagus, 

h u t i t  was l a t e r  found to  in v o lv e  th e  l i v e r  and o th e r  I n te r n a l  

o rg a n s . The d is e a s e  was g e n e ra l ly  seen  in  b i r d s  o f  from one to  

s ix  months o f  age and seldom  o cc u rred  In  o ld e r  p igeons* The 

c l i n i c a l  m a n ife s ta t io n s  v a r ie d  c o n s id e ra b ly  in  s e v e r i t y ,  some b i r d s  

m erely  show ing c o ry z a - l ik e  s ig n s  w h ile , in  o th e r  in s t a n c e s ,  

dyspnoea and s n o r in g  ro sp iî? a to iy  n o is e s  wore p ronounced . D ia rrh o ea  

and lo s s  o f  c o n d i t io n  a ls o  o c c u rre d . M o r ta l i ty  ranged  from an 

i n s i g n i f i c a n t  le v e l  in  some f lo c k s  to  above go p e r  c e n t i n  o th e r s ,  

th e  av e rag e  am ounting to  betw een 10 and 15 p e r  c e n t o f  th e  t o t a l  

number o f  b i r d s  h a tch ed  w ith in  one se aso n . The d u ra t io n  o f  c l i n i c a l  

s ig n s  v a r ie d  fx^om s e v e r a l  days to  s e v e ra l  w eeks.

E xam ination  o f  th e  o r a l  c a v i ty  and pharynx re v e a le d  th e  

p re se n ce  o f  g re y is h -y e llo w  mucoid exudate  b u t th e  changes con

s id e re d  most c h a r a c t e r i s t i c  o f  th e  d is e a s e  o c c u rre d  i n  th e  

oesophagus, where g re y is h -y e llo w  o r  g re y is h -g re e n  p a tc h e s  o f  

d ip h th e ro id  n a tu re  V7ere g e n e ra l ly  p re s e n t  and o f te n  in v o lv e d  la rg o  

a re a s  o f  th e  m ucosa. S im ila r  b u t s m a lle r  l e s io n s  were re co rd ed  in  

th e  mouth and pharynx  o f  a h ig h  p ro p o r t io n  o f  c a s e s . Sm all g rey  

f o c i  -  p in -h e a d  i n  s iz e  -  were som etim es n o ted  in  th e  l i v e r  w h ile  

t r a c h e i t i s  ae w e ll a s  e n t e r i t i s  was o f te n  o b se rv ed .

The h is to p a th o lo g y  o f  th e  above d is e a s e  was d e s c r ib e d
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by J y l l l n g  (1967)# The e a r l i e s t  le s io n  i n  th e  oeeophague was a 

b a l lo o n in g  and h y d ro p ic  d e g e n e ra tio n  o f  c e l l s  in  th e  s tra tu m  

M c lp ig h ii , i n t r a n u c le a r  in c lu s io n s  sometim es b e in g  re c o g n iz a b le  

th e re in *  Such n e c r o s is  r e s u l t e d  in  th e  fo rm a tio n  o f  u lc e r s  which 

o f te n  became covered  by f ib r in o u s  and p u ru le n t  ex u d a te s  as 

secondary  b a c t e r i a l  i n f e c t io n  was e s ta b lis h e d *  The l i v e r  c o n ta in e d  

nuraorous f o c i  o f  n e c ro s is  o f  e o s in o p h i l ic  c h a r a c te r  w ith  v a s c u la r  

co n g e s tio n  and haem orrhage a ls o  conspiouous* I n t r a n u c le a r  

in c lu s io n s  were p re s e n t  in  b o th  von K u p ffa r c e l l s  and in  h e p a tic  

parenchym a though th e y  were m ost numerous i n  a re a s  im m ed ia te ly  

a d ja c e n t to  th e  n e c r o t ic  fo c i*  A c a ta r r h a l ,  croupous t r a c h e i t i s ,  

in  which f o c a l  n e c ro s is  in v o lv e d  p r im a r i ly  th e  g la n d u la r  p a r t s  o f  

th e  o rg an , was a ls o  o b se rv ed  and ty p ic a l  in c lu s io n  b o d ie s  were to  

be d e te c te d  in  a s s o c ia t io n  w ith  th a t  le s io n *  I n  th e  lu n g s , th e  

p a th o lo g ic a l  p ic tu r e  was c h a ra c te r iz e d  by an i n t e r s t i t i a l  pneumonia 

in  which p r o l i f e r a t i o n  o f  a lv e o la r  e p ith e liu m  was accom panied by 

i n f i l t r a t i o n  o f  lym phocytes in to  th e  in te r s t i t iu m *  Numerous f o c i  

o f  n e c ro s is  were p re s e n t  in  th e  sp le e n  w h ile  h y p e rp la s ia  o f  th e  

r e t i c u l a r  c e l l s  was n o ted  in  lo c a l i s e d  areas*  D eg en era tiv e  

changeB, to g e th e r  w ith  in t r a n u c le a r  in c lu s io n s ,  were to  be found 

in  th e  e p i t h e l i a l  c e l l s  o f  th© r e n a l  tu b u le s  and lym phocy tic  

i n f i l t r a t i o n  was to  b© seen  a lso*

In  a d d i t io n  to  t h e i r  p re se n ce  in  th e  t i s s u e s  a lre a d y  

m en tioned , in c lu s io n  b o d ie s  were d e sc r ib e d  a s  o c c u r r in g  in  a lv e o la r
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and b ro n c h ia l  e p ith e liu m  a s  w ell a s  In  c e l l s  o f  u n sp e c ife d  type- 

in  th e  sp le e n  and pancreas#  They were o f  th e  Cowdry Type A p a t t e r n ,  

e o s in o p h i l ic  i n  n a tu re  and su rrounded  by a c l e a r  ”h a lo “# The 

n u c le o lu s  was g e n e ra l ly  pushed a s id e  a g a in s t  th e  n u c le a r  membrane 

to  which beads o f  ch rom atin  were som etim es a tta c h ed *  R a re ly , 

in c lu s io n s  were found in  m u lt in u c le a te d  g ia n t  c e l l s  i n  th e  l i v e r  

and lung* A ttem pts to  d em o n stra te  th e  p re se n c e  o f  th e  ag en t o f  

o r n i th o s i s  by means o f  th o  com plom on t-fixa tion  t o s t  were a l l  

n e g a t iv e , b u t v i r u s  was i s o l a t e d  In  em bryonated eggs in o c u la te d  

w ith  a su sp e n s io n  o f  l i v e r  from an u n s p e c if ie d  number o f  oases*

Pocks appeared  on th e  o h o r io - a l la n to ic  membrane and fo c a l  n e c ro s is  

was to  be foim d in  th e  l i v e r  and sp le e n  o f  th e  embryo. M icroscop ic  

ex am in a tio n  o f  th o se  le s io n s  re v e a le d  th e  p re se n c e  o f  in t r a n u c le a r  

in c lu s io n s  i d e n t i c a l  w ith  th o se  observed  in  th e  p igeon  t is s u e s *

Lehnor e t  a l»  (1967) d e s c r ib e d  a s im i la r  d is e a s e  i n  

p ig eo n s  o f  from s ix  weeks to  fo u r  months o f  age* Out o f  a t o t a l  

o f  295 b i r d s  b red  on th e  p re m ise s , 31 died* C l in ic a l  a b n o rm a lit ie s  

were n o t d e te c te d  in  a l l  o f  th o se  o ases  b u t some b i r d s  were in a c t iv e  

and a n o r e c t ic  f o r  ap p ro x im a te ly  one week p r i o r  to  death* P o s t

mortem and h is to p a th o lo g ic a l  exam ina tions were c a r r ie d  o u t on 14 

o a s e s , i n  e ig h t  o f  which th e  m orbid p ro c e s s  was found to  be 

c h a ra c te r iz e d  by fo c a l  n e c ro s is  in  th e  l i v e r ,  sp le e n  and p an c re as  

accom panied by in t r a n u c le a r  in c lu s io n s#

The l i v e r  le s io n s  v a r ie d  from m u l t ip le ,  d i s c r e t e ,  sm all
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f o c i  o f  ooBix'iophllio c e l l u l a r  d e b r is  to  q u i te  m aeaive a re a s  o f  

iieo ro s isp  u s u a l ly  haem orrhagio# Parenobyraal c e l l e  a t  th e  p e r ip h e ry  

o f  th e  n e c r o t ic  f o c i  ae w e ll a s  th e  o c c a s io n a l i n t a c t  c e l l  w ith in  

th o  l é s io n  c o n ta in e d  e o e in o p h ll io  in t r a n u c le a r  in c lu s io n s .  In  

some c e l l s ,  th e  in o lu c lo a  body scorned to  f i l l  th o  e n t i r e  n u c leu s  

h u t ,  in  th o  m a jo r i ty  o f  thorn, th e r e  was a c l e a r  ’halo* betw een th e

in c lu s io n  and th e  n u c le a r  membrane» Four o f  th e  b i r d s  had f o c a l

n e c ro s is  o f  th e  p an c re a s  and one had s im i la r  lesiox%c i n  th e  sp leen*

AB in  th e  l i v e r ,  th e  n e c r o t ic  f o c i  were a s s o c ia te d  w ith  e o s in o p h i l ic  

I n t r a n u c le a r  in c lu s io n s *  A lthough th e  p re se n ce  o f  th e  l a t t e r  

s t r u c tu r e s  in d ic a te d  t h a t  th e  d is e a s e  was caused  by a v i r u s ,  a t te m p ts

to  i s o l a t e  th e  a g e n t ware n o t made.

C oncu rren t w ith  th e  s tu d io s  o f  J y l l l n g  (1967) and Lehnor 

e t  a l * (1 9 6 7 ) wore two in v e s t ig a t io n s  in to  a s im i la r  d is e a s e  p re 

v a le n t  isi th e  U nited  Kingdom, Dr# J* B* M oFerran o f  th e  V e te r in a ry  

R esearch  D iv is io n  o f  th e  N o rth ern  I r e la n d  M in is try  o f  A g r ic u ltu re  

i s o l a t e d  a v i r u s  from th e  pharynx o f  a p igeon  w ith  d ip h th e ro id  

le s io n s  (p e rso n a l com m unication)» The a g e n t, which gave r i s e  to  

in t r a n u c le a r  in c lu s io n s  and pocks on th e  o h o r lo -a lX a n to ic  memhrano o f  

10-day em bryonated eg g s , was su p p lie d  to  th e  w r i t e r  ifho d e s ig n a te d  i t  

Stx^ain B-1 and c a r r ie d  o u t f u r th e r  ex am in a tio n  o f  i t ,  th e  r e s u l t s  o f  

which w i l l  be d e s c r ib e d  in  su cceed in g  pages o f  t h i s  t h e s i s .  P a r t  o f  

th e  a u th o r ’ s own in v e s t ig a t io n s ,  which form th e  b u lk  o f  th e  t h e s i s ,  

have a lre a d y  been  b r i e f l y  re p o r te d  (C ornw ell e t  ,u,l » q 1967)#
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PART I .  AJ5TI0L0GT AID PATHOLOGY*

SBCTIOI la  lATUBAL DISEASE*

(1 ) IITHODUOTXOI*

Two o u tb re a k s  o f  disoaoG were s tu d ie d ,  one in  Renfrew** 

s h i r e  (b ird s  o f  th e  *H* s e r i e s )  and th© o th e r  i n  D u n b arto n sh ire  

( b i r d s  o f  th e  ’M* s e r ie s ) *  Doth ooourred  d u r in g  th© smtimer o f  I 9 6 4 , 

c h ie f ly  in v o lv e d  p ig eo n s  o f  from one to  th ro e  m onths o f  age and 

l a s t e d  f o r  abou t ti-jo months* In  each l o f t ,  b i r d s  m a n ife s te d  

g e n e ra l m a la is e , d u l ln e s s  and inappetonc© , wore r e lu c ta n t  to  move 

and ten d ed  to  peroh  huddled  to g e th e r*  The s o l i t a r y  c l i n i c a l  s ig n  

common to  th e  m a jo r i ty  o f  o ases  was a m ild  se ro u s  c o n ju n c t i v i t i s  

th ough , in  b o th  f lo c k s ,  a m in o r ity  o f  a f f e c te d  b i r d s  p o sse sse d  

sm all d ip h th e ro id  p a tc h e s  i n  th© mouth o r  pharynx*

In  b o th  l o f t s ,  th© d is e a s e  seemed to  b© e n z o o tic , 

r e c u r r in g  a n n u a lly  i n  th© young stock*. In  th o  f i r s t  f lo c k ,  th© 

o r ig in a l  so u rce  o f  th© in f e c t io n  was unknown b u t i n  th o  second , i t  

was t r a c e d  back to  th e  accommodation o f  a s t r a y  pigeon* On th e  

day a f t e r  a r r i v a l ,  th e  l a t t e r  was found to  have d iaz’rhoea  and was 

im m ed ia te ly  k i l l e d  b u t ,  w ith in  two weeks, co ry za -lik ©  s ig n s  

developed  among th© ©took and a f f e c te d  b i r d s  o f  a l l  ag e s . S ince 

th e n  th e  d is e a s e  h as  co n tin u ed  to  ap p ea r i n  young o f f s p r in g  b red  

on th e  p rem ises  as  w ell as  i n  b i r d s  o f  any age t h a t  wore b ro u g h t 

in* B ecause o f  th© l a t t e r  a f te rm a th , th© o w e r  e v e n tu a l ly
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abandoned th© p r a c t ic e  o f  buy ing  in  b i r d s  f o r  b re e d in g . I t  i s  

p ro b a b le , t h e r e f o r e ,  t h a t  a r e s e r v o i r  o f  i n f e c t io n  I s  m a in ta in ed  

by th o  p re se n c e  o f  a d u l t  c a r r ie r s *  P o s s ib ly ,  m a te rn a l an tib o d y  

may be conveyed to  th e  young to  a f fo rd  d efen ce  f o r  some weeks b u t ,  

by th e  tim e t h a t  b i r d s  a re  fo u r  to  f iv e  weeks o ld ,  such  p r o te c t io n  

may have so waned t h a t  i n f e c t io n  ac q u ired  fxrom a d u l t  c a r r i e r s  i s  

beyond r e s t r a in t*

(2) MATERIALS AID METHODS,

(a )  P a th o lo g y .
(b ) B a c te r io lo g y .

(o) V iro lo g y ,
(d) E xam ination  f o r  th e  ag en t o f  o r n i th o s i s .

A lto g e th e r , in v e s t ig a t io n  was made o f 5

(a )  F our oax^oases o f  b i r d s  which d ie d  a f t e r  s e r io u s  i l l n e s s  (ifos, M-1 

M-g, M-3 and M-4 ) ,

(B) One l i v i n g  b i r d  w ith  se v e re  dyspnoea (Ho* H -1 ),

(c )  F our c a rc a s e s  (H o b * M—g , M-6, M-7 ^nd M-8) o f  b i r d s  whloh had 

been k i l l e d  by th e  owner because th e y  seemed unw ell though 

th e  c l i n i c a l  d e t a i l s  were n o t recorded*

(D) Seven l i v i n g  b i r d s  w ith  m ild  se ro u s  c o n j u n c t i v i t i s  o r  r h i n i t i s  

a s s o c ia te d  w ith  s l i g h t  m a la ise  (Eos* H-2, H -3, h**5> ,

H-7 and I i-8 ) ,

(e ) T h ro a t swabs from two b i r d s  showing sm all amounts o f  c l e a r  

o o u lo -n a s a l  d is c h a rg e  and s l i g h t  hyperaem ia o f  th e  pharynx
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(Hos, HS-1 and H S-2).

(? )  C e r ta in  t i s s u e s ,  f ix e d  in  form al s a l i n e ,  from a b i r d  (Ho, G -l)

from ÇamlïridgQShire which had a marked c o j w i o t i v i t i 8 as  w ell 

as I n d ic a t io n s  o f  sy s tem ic  u p s e t»

(a )  Pathology* Complete au to p sy  was conducted in  a l l  a p p ro p r ia te  

o a se s , and , f o r  th e  puz*poses o f  h is to p a th o lo g ic a l  s tu d y , p o r t io n s

o f  la ry n x , t r a c h e a ,  lu n g , h e a r t ,  l i v e r ,  s p le e n , oesophagus, p a n c re a s , 

sm all I n t e s t i n e ,  b r a in  and k id n ey  were f ix e d  in  c o rro s iv e -fo rm o l 

and embedded in  p a r a f f in  wax. A ll subsequen t s e c t io n s  wore s ta in e d  

by haen jatoxy lin  and e o s in ,

(b) B ac te rio lo g y *  B a c te r io lo g ic a l  ex am in a tio n  was c a r r ie d  o u t on 

f r e s h ly  k i l l e d  b ird s*  B lood^agar and McioConkey p la te s  p rep a red  

from th e  t r a c h e a ,  lu n g s , h e a r t^ b lo o d , l i v e r ,  sp le e n  and i n t e s t i n e  

were in c u b a te d  a e r o b ic a l ly  and a n a e ro b ic a l ly ,  a s  w e ll a s  under 

c o n d itio n s  o f  in c re a s e d  te n s io n  o f  ca rb o n ^ d io x id e .

E xam ination  was made a lso  f o r  th e  p re se n c e  o f  ly o o «  

pXasmata, f o r  which purpose p la t e s  o f  Edward’s medium and tu b a s  o f  

s lo p p y  a g a r  were in o c u la te d  w ith  m a te r ia l  from th e  tra c h e a  and lu n g s 

and in c u b a te d  f o r  f iv e  days a t  37*G, T h e re a f te r ,  th e  p la te s  wore 

examined f o r  th e  p resen ce  o f  c o lo n ie s  c h a r a c t e r i s t i c  o f  M ycoplasmata 

and th e  c o n te n ts  o f  th e  tu b e s  t r a n s f e r r e d  to  f u r t h e r  p l a t e s  o f  

E dw ard 's medium, which were in cu b a ted  f o r  f iv e  days and examined 

a s  b e fo re .
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(e )  V irology* In  th e  e a r l i e r  p a r t  o f  th e  work, v i r o lo g lo a l  

in v e s t ig a t io n  was l im ite d  to  exam ination  o f  su sp e n s io n s  p rep a red  

from th e  lu n g s  and t r a c h e a  b u t ,  i n  eomo c a s e s , h e p a t ic  suapenslono

a ls o  were in v e s tig a te d *  h a te r  a com posite su sp e n s io n  was p rep a red

from th e  t r a c h e a ,  lu n g s , l i v e r  and sp le e n  o f  each  case*

T is su e s  were m acera ted  i n  a m o rta r  and p e s t l e  w ith  th e

a id  o f  s t e r i l e  sand# S t e r i l e  norm al s a l in e  s o lu t io n  was added to  

y ie ld  a 10 p e r  c e n t su sp en s io n  which was th e n  admixed w ith  

p e n i c i l l i n  and s tre p to ia y c in  to  a f i n a l  c o n c e n tra t io n  o f  200 u n i t s  

and 200 pg /m l# , re s p e c tiv e ly #  Each su sp en sio n  was in o c u la te d  onto 

th e  dropped ohorlo-^aX la n te io  membrane o f  tv?o 10«day om bryonated 

eggs i n  an amoimt o f  0#2 ml# p e r  egg# The te c h n iq u e  used  was th a t

d e s c r ib e d  by B urnet and P a r i s  (1942)• The in o c u la te d  eggs were
<0

in c u b a te d  f o r  fo u r  days a t  39*5 0 , ,  and th e  membranes were th e n  

examined# I n  a l l  c a s e s , f u r th e r  p assag e  was e f f e c te d  by use o f  a 

10 p e r  c e n t su sp en s io n  o f  th e  membranes from th e  f i r s t  passage*

I f  th e  membranes o f  th e  second passag e  were no rm al, th e  r e s u l t  was 

reco rd ed  as n e g a tiv e  b u t ,  i f  any su g g e s tio n  o f  a b n o rm a lity  was 

p r e s e n t ,  f u r t h e r  p assag e s  were made u n t i l  th e  r e s u l t  was 

in d is p u ta b le *

T hroa t-sw abs were o b ta in e d  by d i r e c t  a p p l ic a t io n  to  th e  

p a la te  o f  th e  b i r d  whereby as much muous was removed from th e  

re g io n  a s  p o s s ib le *  The swab was th e n  p la ced  in to  a vacuum f l a s k ,  

packed w ith  "dry-^ ioe", and t r a n s p o r te d  to  th e  la b o ra to ry  where i t
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was Im m ediate ly  t r a n s f e r r e d  to  th e  b a r r e l  o f  a 10 ml* sy r in g e  a lo n g  

w ith  1 ml* o f  s t e r i l e  norm al s a l in e  s o lu t io n  t h a t  co n ta in e d  th e  

u su a l c o n c e n tra t io n  o f  a n t ib io t i c s *  The s a l in e  s o lu t io n  was th e n  

r e p e a te d ly  e x p e lle d  from and a s p i r a te d  in to  th e  s y r in g e  a s  p re s s u re  

T7as a p p lie d  to  th e  ootton^w ool by th e  p is to n  o f  th e  sy ringe*  In  

t h a t  way, th e  swab was th o ro u g h ly  washed w ith  th e  s a l i n e ,  which 

l a t t e r  was th e n  used  f o r  th e  in o c u la t io n  o f  th e  dropped c h o r io 

a l l a n t o i c  membrane o f  two 10-d^y em bryonated eg g s , to  an amount 

o f  0*3 ml* p e r  egg* Those membranes found to  have l e s io n s  were 

f ix e d  i n  c o r ro s iv e  form ol f o r  24 h o u rs , f o r  which pu rpose  each  

membrane was c o i le d  round a sm all g la s s  rod  to  which i t  was h e ld  

by means o f  f in e  th read *  When th e  p r e p a ra t io n  had been embedded 

i n  p a ra f f in -w a x , th e  g la s s  rod  was w ith d ra w  and t h e r e a f t e r  

s e c t io n s  were c u t and s ta in e d  by haem atoxy lin  and eosin#

(d) E xam ination  f o r  th e  ag en t o f  o rn i th o s is *  A 10 p e r  cen t su s 

p e n s io n  o f  t r a c h e a ,  lu n g , l i v e r  and sp le en  was p re p a re d  in  s t e r i l e  

norm al s a l in e  s o lu t io n  c o n ta in in g  200 pg* o f  s tre p to m y c in  p e r  m l.

The te c h n iq u e  used  f o r  d e m o n stra tio n  o f  th e  p re se n c e  o f  th e  ag en t was 

a m o d if ic a t io n  o f  t h a t  d e s c r ib e d  by G r is t  and McLean ( I 9 6 4 )* Six 

young a d u l t  m ice were in o c u la te d  w ith  th e  su sp e n s io n , o f  which 

0*05  ml# was g iv en  in tx ^ a c e re b ra lly  and 0*5 i&l# in t r a p e r i to n e a l ly *

Ten days a f te rw a rd s ,  th e  m ice were s a c r i f i c e d  and th e  b r a in  and 

sp le e n  x'omoved to  p ro v id e  sm ears which were th e n  s ta in e d  by th e  

dem ier-G iom sa method and by M ao o h iav e llo *s te c h n iq u e  and examined
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f o r  th e  p re se n c e  o f  e lem en ta ry  bodies*  At th e  same tim e , a 10 p e r  

c e n t su sp e n s io n  was p re p a re d  from th e  above o rg an s  and in o c u la te d  

in to  a f u r t h e r  s ix  mice by th e  I n t r a o o ro b ra l  and in t r a p e r i t o n e a l  

r o u te s .  A f te r  a f u r t h e r  10 d ays, th e  b r a in  and sp le e n  were removed 

and sm ears examined in  th e  manner j u s t  d esc rib ed *  A n e g a tiv e  

d ia g n o s is  was reco rd ed  i f  ev id en ce  o f  i n f e c t io n  d id  n o t eraorgo a f t e r  

th e  second passage*

(3) RESULTS*

(a )  Pathology#
(b ) V irology#
(e )  O th er m ic ro b io lo g ic a l  exam inations*

E vidence o f  v i r u s  in f e c t io n  was found in  a t o t a l  o f  n in e  

c a s e s , two i s o l a t i o n s  b e in g  made from b i r d s  o f  th e  H -s e r lo s  and f iv e  

from th o se  o f  th e  M -s e r le s , w ith , i n  two o ases  (Bob# 0^1 and M -2), 

a d ia g n o s is  t h a t  r e s te d  e n t i r e l y  on th e  r e s u l t s  o f  h is to p a th o lo g ic a l  

exam ination* The fo llo w in g  accoun t d e s c r ib e s  th e  f in d in g s  in  th o se  

n in e  cases#

(a )  Pathology# The s i t u a t i o n s  p r in c ip a l ly  a f f e c te d  were th e  l i v e r ,  

th e  k id n ey s  and th e  u p p er r e s p i r a to r y  t r a c t  b u t ca se  Ho# M-4 

p re s e n te d  a se v e re  p e r i t o n i t i s  t h a t  in v o lv ed  a lm o st th e  whole o f  

th e  abdom inal c a v i ty  and t h a t  was a tte n d e d  by ad h es io n s  betw een th e  

l i v e r ,  th e  a i r - s a c s  and th e  abdom inal w all*



Figaro 1* Advanced hepatic ncoroalB* x  1$0,

P ig u ro  2* E a r ly  h e p a t ic  n e c ro s is  w ith  c r e s c e n t ic  f r a g 

ment 0 o f  n u c le a r  membrane# x  1 *5 0 0 *
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The most common le s io n ,  p re s e n t  in  s ix  b i r d e ,  was a f o c a l  

n e o r o t l s in g  h e p a t i t i s ,  th e  s e v e r i ty  o f  which v a r ie d  c o n s id e ra b ly  from 

case  to  ease* The f o c i  found in  p ig eo n  Ho* E*»4 were s c a t te r e d  th ro u g h 

o u t th e  o rg an  and were g e n e ra l ly  c i r c u l a r  In  o u t l i n e ,  up to  1 cm# in  

d ia m e te r , ye llow  In  c o lo u r  and s o f t  and cb?y in  co n s is te n c e #  H is to -  

p a th o lo g ic a l  ex am in a tio n  re v e a le d  th a t  th e y  were composed m ain ly  o f  

homogenous e o s in o p h i l ic  m a te r ia l  (F ig u re  l ) ,  a lth o u g h  th e  o u t l i n e s  o f  

h i le - d u o ts  and o f  m ajor b lood  v e s s e ls  were som etim es d i s c e r n ib le  

am idst th e  mass o f  n e c r o t ic  t is s u e #  Also p re s e n t  were sm a ll fo o l  o f  

n e c ro s is  th a t  co n ta in e d  consp icuous b lo o m  frag m en ts  o f  n u c le a r  mem

b ran es  (F ig u re  2)* O th er d e g e n e ra tin g  n u c le i  showed what was p ro b ab ly  

an e a r l i e r  s ta g e  o f  th e  same p ro c e s s , nam ely, accu m u la tio n  o f  ch rom atin  

a t  one s e c to r ,  and a lm ost t o t a l  lo s s  o f  s t a in in g  a f f i n i t y  o f  th e  r e 

m ainder o f  th e  n u c le a r  membrane# H e te ro p h il le u c o c y te s  and m acro- 

phages were p r e s e n t  a t  th e  m argin  o f  l e s io n s ,  th e  fo rm er b e in g  some

tim es  numerous# The b i le - d u o t s  co n ta in e d  much c e l l  d e b r is  w h ile  th e  

c a p su le  o f  th e  l i v e r  was covered  w ith  f i b r i n  c o n ta in in g  many h e te ro 

p h i l  c o rp u s c le s  a s  w ell a s  s m a lle r  numbers o f  macrophages#

I n t r a n u c le a r  in c lu s io n  b o d ie s  were to  be found in  

h e p a t ic  c e l l s  w idely  th ro u g h o u t th e  o rgan  b u t were m ost numerous 

a t  th e  p e r ip h e ry  o f  th e  s m a lle r  n e c r o t ic  foo l*  I n  s t a in in g  

r e a c t io n ,  th e y  v a r ie d  c o n s id e ra b ly , some b e in g  p a le  p in k , o th e r s  

a d u l l  p u r p le - r e d ,  and a few alm ost as b a s o p h i l ic  as  th e  n u c le a r  

membrane (F ig u re  3)^ I n  most o f  th e  a f fo c to d  c e l l s ,  th e  cytoplasm



F ig u re  3 * B a& ophilio  and o o s in o p h i l ic  in tran u c lo aa?  

in c lu s io n s  i n  l iv o r*  x  1 , 5 0 0 +

F ig iiro  4 * Largo b a s o p h i l ic  in c lu s io n s  occupy ing  th o  

whole o f  h e p a t ic  n u c le i#  x  1 , 2 0 0 +
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appeared  norm al and th e  nucleuo  rem ained v e s ic u la r  w ith  th e  

nucleo luB  pushed a g a in s t  th e  n u c le a r  membrane where th e re  was a leo  

some accu m u la tio n  o f  chrom atin* O c c a s io n a lly  th e  n u c le i  were 

shrunken and e x h ib i te d  marked m a rg in a tio n  o f  ch ro m a tin , w h ile  th e  

cy top lasm  was in te n s e ly  b a s o p h ilic #  In  th o se  o a se s , th e  in c lu s io n  

body occu p ied  alm ost th e  whole o f  th e  n u c leu s  when i t  was stirrounded  

by a narrow  o r  in co m p le te  ‘halo**

The l i v e r  o f  case  Ho* M-2 was a ls o  e x te n s iv e ly  in v o lv e d , 

though th e  d i s t r i b u t i o n  o f  le s io n s  was q u i te  d i f f e r e n t*  Sm all sem i- 

c o n f lu e n t f o c i  o f  n e c ro s is  -  each  g e n e ra l ly  a f f e c t i n g  a mere h a l f  

dosen c e l l s  -  were s c a t t e r e d  th ro u g h o u t th e  e n t i r e  organ* T h ere , 

to o , c r e s c e n t ic  n u c le a r  frag m en ts  were consp icuous w h ile  v e ry  

la rg e  lum bers o f  in t r a n u c le a r  in o lu s io n s  were p r e s e n t  th ro u g h o u t 

th e  whole o f  th e  s u rv iv in g  parenchyma# G e n e ra lly , th e  in c lu s io n s  

were d a rk ly  b a s o p h i l ic  and o n ly  th e  s m a lle s t  ones were s ta in e d  a 

p u rp le  co lour*  The l a r g e s t  in c lu s io n s  were im p o ss ib le  to  d i s t in g u is h  

from th e  n u c le a r  membrane and th e  n u c leu s  th e n  ap p eared  as a  dense 

b a s o p h i l ic ,  o ro n a ted  mass t h a t  p ro je c te d  in to  th e  cy toplasm  a t  

many p o in ts  (F ig u re  4)# Meet in c lu s io n  b o d ie s , how ever, were o f  

smooth o u t l in e  and wore s e p a ra te d  from th e  n u c le a r  membrane by a 

d i s t i n c t  *halo*#

A consp icuous f e a tu r e  a s s o c ia te d  w ith  th e  d e s t r u c t io n  

o f  h e p a t ic  parenchyma was h y p e rp la s ia  o f  th e  e p ith e liu m  o f  th e



F ig u re  5f H y p e rp la s ia  o f  b i le - d u o t  ep ith e liu m *  x  IgO*

F ig u re  6* F ocal h e p a tic  necroB ic* x  15O,
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M lo -d u o tB  (F ig u re  5 )* In  some p la c e s ,  th e  newly formed d u c ts  were 

'p a te n t b u t ,  e lsew h e re , s o l id  m asses o f  e p i t h e l i a l  c e l l s  wore p r e s e n t .  

A lthough th e  s in u s o id s  were sometim es m arkedly c o n g e s te d , le u c o -  

o y tio  a c t i v i t y  was l im i te d  to  th e  accum ulation  o f  sm a ll numbers o f  

h e te r o p h i l  le u c o c y te s  a t  th e  m argin  o f  n e c r o t ic  foo l#

F ocal h e p a t ic  n e c ro s is  was found In  p ig eo n s  Hos# G -l ,

M-1 , M- 3  and M- 7  b u t n o t i n  any o f  th e s e  in s ta n c e s  were th e  changes 

com parable in  s e v e r i ty  w ith  th o se  o f  th e  two p re c e d in g  c a s e s . In  

b i r d  Ho, C - I9 such le s io n s  were m m eious b u t sm a ll and had n o t 

advanced to  th e  amorphous s ta g e  (F ig u re  6 ) ,  In  p ig eo n  Ho, M-3, 

a f f e c te d  f o c i  v a r ie d  i n  s i s e  and s t r u c tu r e  from homogenous 

e o s in o p h i l ic  a re a s  t h a t  in v o lv e d  s e v e ra l  lo b u le s  to  em ail i n t r a 

lo b u la r  f o c i  c o n s is t in g  o f  c e l l s  in  v a r io u s  s ta g e s  o f  d i s i n te g r a t io n .  

In  cas© Ho, M-1, th e  g r e a t e r  p a r t  o f  a lo b u le  was o c c a s io n a l ly  

In v o lv ed  and th e re  were sm all c ircu m jac en t f o c i  p re s e n t  su rro u n d in g  

i t  b u t ,  a s  a r u l e ,  th e  l é s io n s  were sm all and w idely  spaced* The 

f o c i  i n  b i r d  Ho, M-7 were l ik e w is e  m inute and s c a t t e r e d ,  De

g e n e ra tiv e  changes found in  th e  le s io n s  o f  a l l  f o u r  b i r d s  were 

s im i la r  to  th o se  a lre a d y  d e s c r ib e d . I n t r a n u c le a r  in c lu s io n s  were 

p re s e n t  in  th e  l i v e r  o f  each  b i r d  b u t were r a r e  i n  e a se  No, M-7+

M u ltip le  cream -co loured  fo c i  -  ap p ro x im a te ly  2 ma* i n  

d ia m e te r  -  were p re s e n t  in  th e  re n a l  c o r te x  o f  c a se s  N o b ,  M-1 and 

M-3# H ls to p a th o lo g io a l ex am in a tio n  showed th o se  le s io n s  to  be



Figura 7# Advamaad ranaî neoroale» % ISO.

Figura 0# Barly ranal nqorogi#* - % 330#
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a re a s  o f  tu b u la r  n e c ro s is  in  which com plete d i s i n t e g r a t i o n  o f  th e  

re n a l  s t r u c t u r e  was accom panied by haem orrhage from n e c ro t ic  

b lo o d -v e s s e ls  as  w e ll as  by i n f i l t r a t i o n  o f  lym phocytes and o f  

s m a lle r  numbers o f  h e te r o p h i l  le u c o c y te s  (F ig u re  7 ) ,  The In flam 

m atory c e l l s  were c o n c e n tra te d  m ain ly  a t  th e  b o rd e rs  o f  th e  n e c r o t ic  

f o c i  where* a l s o ,  s u rv iv in g  tu b u le s  were found to  c o n ta in  o a s ts  

o f  o o l l - d e b r is a  F ib r o b la s ts  a ls o  were p re s e n t  a t  th e  m argin o f  

some le s io n s ,  a f in d in g  p ro b ab ly  in d ic a t iv e  o f  th e  o n s e t o f  

o rgani% ation*  Q?ho p re se n c e  o f  s m a lle r  fo o l  c o n s is t in g  o f  de

g e n e ra t in g  r e n a l  c e l l e ,  m acrophages and lym phocytes was a ls o  r e 

v e a le d  by h is to p a th o lo g ic a l  exam ina tion  (F ig u re  8 ) , I n t r a n u c le a r  

in c lu s io n s *  s im i la r  to  th o se  a lre a d y  d e s c r ib e d , wore found in  

tu b u le s  a t  th e  m argin  o f  n e c r o t ic  fo o l  (F ig u re  9)# A lthough th e  

number o f  nephrons so a f f e c te d  was sm a ll, in c lu s io n s  were o f te n  

p re s e n t  in  most o f  th e  c e l l s  th e re in *

A lthough e x c e ss iv e  la c r im a t io n  was a consp icuous 

c l i n i c a l  f e a tu r e  in  most o f  th e  b i r d s  and m ild  se ro u s  r h i n i t i s  was 

a ls o  som etim es p r e s e n t ,  o v e r t  le s io n s  were found in  th e  r e s p i r a to r y  

system  o f  o n ly  f iv e  cases* The o u ts ta n d in g  c l i n i c a l  s ig n  in. 

p igeon  Ho, H-1 was se v e re  dyspnoea* The b ir d  s to o d  crouched tz ith  

th e  neck ex tended  and th e  beak open* R e s p ir a t io n  was fo rc e d  and 

was accom panied by a t e r to r i o u s  gasping* At post-m ortem  ex am in a tio n .



Figure 9# IntramioXoex* incXviBionB tn rewaX 
tu b u le s » X 1 , 5 0 0 .

Figure 10. Larŷ igoal ulcer* % 150<
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th e  mucosa o f  th e  la ry n x  was found to  he co a ted  hy a d i p h th e r i t i c  

membrane which caused  p a r t i a l  o c c lu s io n  o f  th e  lim en o f  th e  o rgan  

(F ig u re  10)# Sm all u lc e r s  co a ted  w ith  a d h e re n t ye 11ow-brmwn caseous 

m a te r ia l  o c c u rre d  a ls o  i n  th e  pharynx and la ry n x  o f  c a se s  Nos* M-2 

and th-lp H is to p a th o lo g ic a l  exam ination  o f  th e  le s io n s  in  th o se  

thro© b i r d s  re v e a le d  com plete d e s t ru c t io n  o f  th e  e p ith e liu m  to g e th e r  

w ith  v a s c u la r  engorgem ent and m ononuclear i n f i l t r a t i o n  o f  th e  sub

ja c e n t  o o n n e c tiv o - tie su o *  The s u r fa c e  o f  th e  u l c e r  was covered 

w ith  exuda te  c o n ta in in g  c e l l  d e b r is  and sm all numbers o f  m acrophages* 

In  case  No# M-3, f a i n t l y  e o s in o p h i l ic  in t rm m o le a r  in c lu s io n s  were 

d isc o v e re d  in  ep id erm al c e l l s  a t  th e  edge o f  th e  l e s io n ,  p a r t i c u l a r l y  

th o se  o f  th e  b a s a l  la y e rs#

A m o d era te ly  se v e re  t r a c h e i t i s  was p re s e n t  in  ca se  Bo* 14-1 

(F ig u re  1 1 ), though in c lu s io n  b o d ie s  were n o t d e te c ta b le *  In  p la c e s ,  

lo s s  o f  c i l i a  was a s s o c ia te d  w ith  s l i g h t  e p i t h e l i a l  h y p e rp la s ia ,  

w h ile  h e te r o p h i l  le u c o c y te s  were v i s i b l e  betw een in d iv id u a l  

e p i t h e l i a l  c e l l s  a s  w ell a s  w ith in  th e  lumen o f  th e  tube* The 

mt\ouB-glands were a lm ost t o t a l l y  d e s tro y e d  and th e  g r e a t ly  

th ic k e n e d  mucosa co n ta in e d  ac 'c im u la tio n s  o f  m acrophages and lympho

cy tes*  S im ila r  changes were found in  th e  b ro n ch i o f  case  Ho* C-1*

(b ) V irology* The r e s u l t s  o f  v i r o lo g ic a l  ex am in a tio n s  were a s  

f o l lo w s 5



w m m i p ig eo n
Figure 11#

U^mv% t r a o h e i t i e ,  o&uq # *  B#i*
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Case number# V iru s  i s o l a t e d  from 3

H -l Composite o f  la ry n x , t r a c h e a  and lungs#

HS-2 T h ro a t swab»

M-1 Composite o f  t r a c h e a  and lu n g e .

M~3)

M-4)

M-7)

Com posite o f  t r a c h e a ,  lu n g s , l i v e r  and

Spleen*
M-8

D e sp ite  th e  p reso n o e  o f  la rg o  numbers o f  in c lu s io n s  in  

th e  l i v e r  o f  cas© Mo* M-*2ÿ a l l  a t te m p ts  a t  th e  i s o l a t i o n  o f  v i r u s  

from t h a t  b i r d  proved im suooessfu lj, b o th  v ia  em bryonated eggs and 

by way o f  two young pigeons* The l a t t e r  were in o c u la te d  i n t r a -  

p o r i to n e a l ly  w ith  th e  poo led  t i s s u e  su sp en s io n  b u t n e i th e r  in c lu s io n s  

n o r  l e s io n s  were found when th e  c r e a tu r e s  were s a c r i f i c e d  s ix  days 

la te r *

Humorous pooks appeared  on c h o r io - a l l a n to io  membranes 

In o c u la te d  w ith  th e  t i s s u e - s u s p e n s io n s  from c a se s  Noe* M**I, M-3,

M*-4 and M*8 a s  w e ll as  w ith  th e  e x t r a c t  from th e  th r o a t  swab 

ta k en  from case  No* H8*,2* A c e n t r a l  a re a  o f  th ic k e n in g  and o p a c i ty  

developed  in  th e  case  o f  membranes th a t  re c e iv e d  su sp e n s io n s  from 

o ases  Kos. H-1 and M-7 b u t ,  when a second s e r i a l  p assag e  was 

e f f e c t e d ,  d i s c r e t e  pocks were produced* Embryonic d e a th  o f te n  

o cc u rre d  abou t th e  f i f t h  day a f t e r  in f e c t io n  and y e llo w  f o c i  o f



f ig ü ro  %2* Pooka o.n ohorio*^allm ntolo  membmm# % %*

F ig u re  13# Pooka ori o h o rio + ^a llan to lo  membrane# % 2#

Ilo te  th e  l i n e a r  foim  o f  some o f  th e  la e lo n e#
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n ecro B is  were p e r c e p t ib le  i n  th e  l i v e r  o f  s lu g g is h  o r  o f  dead 

embryos#

The pocks v a r ie d  in  morphology from d i s c r e t e  c i r c u l a r  

y e llo w ish -w h ite  f o o l ,  t h a t  reached  a siejo o f  abou t 2 mm# by th o  

fo u r th  day , to  o v a l o r  l i n e a r  le s io n s  which o f te n  co a lesced  to  

p roduce y e llo w ish  a re a s  o f  com aa-like  o r  i r r e g u l a r  shape ( f ig u r e s  12 

and 1 3 )* They were d i s t i n c t l y  e le v a te d  above th e  s u r fa c e  o f  th e  

membrane and a c e n t r a l  c r a t e r  was d i s c e r n ib le  i n  many o f  them*

In  membranes f ix e d  and s ta in e d  on th e  f o u r th  day a f t e r  

i n f e c t io n ,  sm a ll numbers o f  weakly e o s in o p h i l ic  in c lu s io n s  were 

n o ted  In  e p i t h e l i a l  c e l l s  a t  th e  p e r ip h e ry  o f  le s io n s  and were 

s im i la r  i n  appearance  to  th o se  i l l u s t r a t e d  by Smadel ^  a l * {1945) 

i n  t h e i r  d e s c r ip t io n  o f  th e  p ig eo n  1*1.1* v iru s*  N e v e r th e le s s , a l 

though th e  number o f  pocks in c re a s e d  on p a s sa g e , th e  in c lu s io n s  wore 

n e v e r  numerous i n  fo u r  o r  f iv e -d a y  o ld  le s io n s  and were som etim es dis* 

e e rn ib le  o n ly  a f t e r  p ro lo n g ed  search* They s ta in e d  p a lo  p in k  o r  d u l l  

p u rp le  b u t were n e v e r  b r ig h t ly  e o s in o p h i l ic  (F ig u re  14)* M arg ina l 

accu m u la tio n  o f  ch rom atin  was n o t ic e a b le  o n ly  in  n u c le i  which 

co n ta in e d  p u rp le -c o lo u re d  in c lu s io n s *  B a s o p h ilic  in t r a n u c le a r  

in c lu s io n  b o d ie s  were a ls o  to  be found In  parenchym atous c e l l s  a t  

th e  p e r ip h e ry  o f  n e c r o t ic  f o c i  in  th e  em bryonic l iv e r#

(e )  O th er m ic ro b io lo g ic a l  exam inations*  E xam inations f o r  

m yopplasm ata and f o r  th e  ag en t o f  o r n i th o s i s  p roved  n e g a tiv e  in



Figure %4m Intrenuoleay i n  tW
membmae# x  ##000*
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a l l  th e  eaven teon  h ird a  a tu d iad »  C u l tu ra l  ex am in a tio n  o o c a e lo n a lly  

y ie ld e d  a few o a lo n ie e  o f  v a r io u e  h a o to ria #  e*_£» B. op 11# a non - 

h aem o ly tio  h a n c e f ie lâ -n e g a t iv e  etx 'optoooooue and a sm a ll non- 

m o ti le  03?am-negativo o o o c o -b a o illu e  which f a i l e d  to  gazow on 

MaoConkey^B meclim# d id  n o t s p l i t  u re a  and d id  n o t foH aent g lu co se  

o r  l a c to s e ,  h u t th e r e  ware n o t any un ifo rm  h a o te r io lo g io a l  f in d in g s*

(4 ) BISCTSBIOB*

V iru s  was i s o l a t e d  from seven o u t o f  a t o t a l  o f  iB 

oases* ^fypioal In o lu s io n  h o d ie a  were en co im tered  in  th e  t i s s u e s  o f  

o n ly  fo u r  o f  th e  b i r d s  ( I ob* M-1# and 1-^7) from which th e

v i r u s  was recovered*  Binoe a l l  s t r a i n s  produced s im i la r  in c lu s io n s  

in  th e  o h o r io - a l l a n to i0 membrane o f  em bryonated eggs# i t  seemed 

p ro b ab le  t h a t  th e  v isais r e s p o n s ib le  f o r  th e  in c lu s io n s  in  vivo 

was th e  same a s  t h a t  grot-m in  ombryonated eggs*

I n  th e  more se v e re  c a s e s , v i r u s  was d isc o v e re d  in  

o rg an s  which showed o b v io u s le s io n s  o r  to  which o u ts ta n d in g  c l i n i c a l  

s ig n s  were r e la te d *  % u s , ca se  Ho# ïM  was s e v e re ly  dyspnoolo  and 

v i r u s  was i s o l a t e d  from a **pool '̂ o f  la ry n x , lim g and trach ea*

Gases Hoe* IW2, M**3 and Mw]. had a m oderate to  se v e re  h e p a t i t i s  and 

in d u B lo ii  b o d ie s  were p re s e n t  in  th e  l i v e r  o f  each  o f  them*

I n c lu s io n s  wore a ls o  to  be observed  in  th e  k id n e y s  o f  o ases  Hos* M-1 

and E-3 in  a s s o c ia t io n  w ith  f o c i  o f  n e c ro s is*  I t  i s  d i f f i c u l t  to  

avo id  th e  c o n c lu s io n  t h a t  th e  v i r u s  was r e s p o n s ib le  f o r  th o se  le s io n s*
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A ll a tte m p ts  a t  th e  I s o l a t i o n  o f  th e  agon t o f  o m lth o o ia  

were m isu ccessfu l*  none o f  th e  mice in o c u la te d  i n t r a -

c e r e b r a l ly  w ith  t i s a n e  su sp e n s io n s  from th e  d is e a s e d  p ig eo n s developed  

Big]ns o f  i l l n e s s  and, when th e y  ware s a c r i f i c e d  te n  days a f te rw a rd s  

and sm ears o f  b r a in  were examined* e lem en tary  b o d ie s  were n o t 

found* S im i la r ly ,  s ig n s  o f  i l l n e s s  d id  n o t a t te n d  p assag e  and 

p r e p a ra t io n s  o f  b r a in  were a g a in  n eg a tiv e*  By c o n t r a s t ,  Smadel 

a l * (1 9 4 3 ) found t h a t  p rim ary  in t r a o e ro b r # !  in o c u la t io n  o f  th e  

agen t o f  o r n i th o s i s  produced i l l n e s s  th a t  g e n e ra l ly  te rm in a te d  

f a t a l l y  and, a f t e r  a  few p a s sa g e s , v iru le n c e  was so e x a l te d  t h a t  

in o c u la te d  m ice d ie d  in  from two to  fo u r  d ay s . M oreover, th e  s&mie 

w orkers d em o n stra ted  e lem en ta ry  b o d ie s  in  th e  t i s s u e s  o f  th e  

d is e a se d  %)igeons as w ell a s  i n  th o se  o f  th e  in o c u la te d  mice w hereas, 

i n  th e  p r e s e n t  s tu d y , e lem en ta ry  b o d ie s  proved to  be a b sen t from 

b o th  s p e c ie s  o f  anim als# T hat any f a l s e  n e g a tiv e  r e s u l t  o b ta in e d  

is*  th e r e f o r e ,  u n lik e ly #

The c l i n i c a l  s ig n s  and post-m ortem  f e a tu r e s  e x h ib ite d  

by a f f e c te d  b i r d s  c lo s e ly  resem bled th o se  d e s c r ib e d  f o r  o r n i th o s i s  

by C oles (1940)* Meyer ^  al® (1942), van V lo ton  (1954)* D avis 

( 1955)9  F rit& so h e  et^ a l  * (1956) and Jan sen  ( 1 9 5 9 )<* Thus * in  b o th  

d is e a s e s ,  c o n j u n c t i v i t i s  end r e s p i r a to r y  sounds have been m a n ife s t 

c l i n i c a l l y  and h e p a t i t i s  found a t  au to p sy  so t h a t  i t  i s  im p o ss ib le  

to  d i f f e r e n t i a t e  th e  t w  in f e c t io n s  on th e  gr^.)unds o f  e i t h e r  

c l i n i c a l  m a n ife s ta t io n s  o r  m orbid anatomy* The s ta te m e n t by COI00
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( 1 9 4 0 ) and by Jan een  (1959) t h a t ,  whenever a p ig eo n  shows Gvidonoo 

o f  c o n j u n c t i v i t i s ,  a c a u sa l a s s o c ia t io n  v d th  th e  ag en t o f  o r n i th o s i s  

shou ld  a t  onoG bo suspected*  must now bo ex tended  to  in c lu d e  th e  

vii^uB as w ell*  A lthough d i f f e r e n t i a l  d ia g n o s is  may be 

e f f e c te d  by m ic ro b io lo g ic a l  o r  by s e r o lo g ic a l  ex a m in a tio n , con

f i rm a tio n  by h is to p a th o lo g ic a l  p ro ced u re  i s  e s s e n t i a l  s in c e  b ir d s  

may c a r ry  th e  ag en t o f  o r n i th o s i s  and no t show any le s io n  o th e r  

th a n  s l i g h t  sp lenom egaly  (M eyer, 1965)*

C e r ta in  r e s u l t s  o f  th e  p re s e n t  i n v e s t ig a t io n  wore c lo s e ly  

s im i la r  to  th o se  o b ta in e d  by Smadol e t  a i*  (1945)* T hus, in  th e  

one case  o f  p u re  in t r a n u c le a r  v iru s  in f e c t io n  d e s c r ib e d  by th e  

l a t t e r  w o rk e rs , dyspnoea and d ip h th e ro id  le s io n s  p f  th e  pharynx 

were a p p a re n t a t  c l i n i c a l  ex am in a tio n  and t r a c h e i t i s  and fo c a l  

h e p a t ic  n e c ro s is  were consp icuous a t  autopsy* C o n ju n c t iv i t i s ,  

dyspnoea, f ib r in o u s  p e r i t o n i t i s  and h e p a tic  n e c ro s is  were found in  

one o f  th e  two o ases  o f  d u a l in f e c t io n  (l*H*I* v i r u s  and o r n i th o s i s )  

d e s c r ib e d  by th e  same a u th o rs ,  and f ib r in o u s  p e r i t o n i t i s  and h e p a tic  

and r e n a l  n e c ro s is  were p re s e n t  in  th e  o th e r*  Bach o f  th o se  

a b n o rm a lit ie s  was n o ted  in  a t  l e a s t  one b i r d  o f  th e  p re s e n t  s e r ie s *  

O ther s i m i l a r i t i e s  la y  i n  th e  morphology and s t a in in g  r e a c t io n  o f  

th e  in c lu s io n s ,  in  th e  n o n -p a th o g o n ic ity  f o r  mice o f  th e  A)i)erioan 

and B r i t i s h  s t r a i n s  o f  v i r u s  and in  th e  a b i l i t y  o f  each  s t r a i n  to  

p roduce  pooks on th e  c h o r io - a l l a n to ic  membrane o f  em bryonated eggs 

as w ell a s  y e llo w ish  fo c i  o f  n e c ro s is  in  th e  l i v e r  o f  th e  embryo*
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The o n ly  le s io n  d e s c r ib e d  by Bmadol ©t aX# * which was n o t o b serv ed  

in  th e  p re s e n t  I n v e s t ig a t io n  was fo c a l  p a n c re a t ic  n e c ro s is#

The d is e a s e  d e s c r ib e d  by th e  w r i t e r  a ls o  resem bles th e  

c o n d itio n s  r e p o r te d  by MarthedaX and J y l l i n g  (1 9 6 6 ), Jy lX in g  (1967) 

and Lehner e t  a l#  (196?)* The D anish w orkers , however* found 

oeso p h ag ea l d i p h t h e r i t i c  membranes i n  a h ig h  p ro p o r t io n  o f  t h e i r  

c a s e s , a f in d in g  unconfiarmed by o th e r  au tho rs#  In  th e  p re s e n t  

in v e s t ig a t io n ,  d ip h th e ro id  le s io n s  were to  bo o b se rv ed  in  th e  la ry n x  

o f  th r e e  ca se s  (H -l, M-2 and 3) and in  th e  pharynx o f  two b i r d s  

(M-2 and M -3), in c lu s io n s  b e in g  a s s o c ia te d  w ith  th e  n e c r o t ic  

e p ith e liu m  in  one o f  them# J y l l i n g  (1967) likeidLse n o ted  th e  

o cc u rren c e  o f  in c lu s io n s  i n  e a r ly  le s io n s  o f  th e  oesophagus and 

M eFerran ( lo o , o i t # ) i s o l a t e d  th e  B-1 s t r a i n  from p h ary n g ea l 

d i p h t h e r i t i c  membranes# I t  i s  p ro b a b le , t h e r e f o r e ,  t h a t  th e  

v i r u s  i s  cap ab le  o f  p ro d u c in g  d ip h th e r i a - l ik e  changes in  th e  

s t r a t i f i e d  squamous e p ith e liu m  o f  th e  la ry n x  and u p p er a lim e n ta ry  

system . P r i o r  to  th e  in v e s t ig a t io n s  o f  th e  above worke3?B, th e  

c a u s a tio n  o f  such  le s io n s  was conmonly a s c r ib e d  to  Trichom onas ̂ iwm wWi|I»I 'W

gaX linae o r  to  p lgeon-pox  v iru s*  L esbouyrios (1935)* who examined 

a t o t a l  o f  7*226  p ig eo n s  and found d i p h th e r i t i c  membranes in  no 

lo s s  th a n  2 ,534 o f  them , b e l ie v e d  th a t  Trichom onas was re s p o n s ib le  

f o r  m ost, i f  n o t a l l ,  d is e a s e  o f  t h a t  type# T hat th e  p ro to zo an  may 

be a s s o c ia te d  w ith  such le s io n s  i n  th e  absence o f  th e  v i r u s

has b©on e s ta b l i s h e d  by th e  w r i te r  (u n p u b lish ed  o b s e rv a t io n s ) b u t ,
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c l e a r ly ,  th e  converse  i s  e q u a lly  t r u e  sluco* in  th e  p re s e n t  i n 

v e s t ig a t io n ,  ex am in a tio n  o f  sm ears f o r  th e  p re se n ce  o f  m o tile  

triohom onacle was n eg a tiv e#

A lthough s e r o lo g ic a l  com parison o f  a l l  th e  s t r a i n s  o f  

v i r u s  so f a r  i s o l a t e d  has n o t y e t  boon made, i t  i s  l i k e l y  

t h a t  th e  in f e c t io n  d e s c r ib e d  in  th e  U nited  S ta te s ,  th e  B r i t i s h  I s l e s  

and Denmark i s  caused  by th e  same v iru s  o r  by s e v e ra l  o lo s e ly - r e la te d  

v i r u s e s .  The c o n d it io n  may, th e r e f o r e ,  be d e f in e d  a s  a s p e c i f i c  

colum bine d is e a s e  which v a r ie s  b o th  in  s e v e r i ty  and i n  th e  d i s t r i b u t i o n  

o f  le s io n s  b u t w hich, i n  g ra v e s t  form , i s  c h a ra c te r i s e d  by n e c ro s is  

o f  th e  l i v e r ,  k id n e y s , p an c re a s  and sp le e n , by c o n j u n c t i v i t i s ,  by 

d ip h th e ro id  l e s io n s  o f  th e  p h a ry n g o -la ry n g ea l lo c a t io n  and , p o s s ib ly ,  

by in flam m ato ry  changes in  o th e r  p a r t s  o f  th e  r e s p i r a t o r y  system .

The i s o l a t i o n  o f  v i r u s  from , o r  th e  d em o n s tra tio n  o f  ty p ic a l  in c lu s io n  

b o d ie s  i n ,  p ig e o n s  o b ta in e d  from C am bridgesh ire , H o rth e m  I r e la n d  

and two c o u n tie s  i n  th e  West o f  S co tlan d  su g g e s ts  t h a t  i n f e c t io n  i s  

w idely  d i s t r i b u t e d  in  th e  U nited  Kingdom*

F in a l ly ,  m ention  must be made o f  o th e r  a v ia n  v i ru s e s  

p ro d u c tiv e  o f  e o s in o p h i l ic  in t r a n u c le a r  in c lu s io n s  and pocks on th e  

o h o r io - a l la n to io  membrane o f  oinbryonatod eggs and concerned w ith  

d is e a s e  o f  th e  r e s p i r a to r y  system  o r  l i v e r ,  The most im p o rta n t i s  

th e  v i r u s  o f  in f e c t io u s  l a r y n g o - t r a c h e i t i s  ( l . h . T . )  which p r im a r i ly  

a t ta c k s  th e  r e s p i r a to r y  system  o f  th e  dom estic  fow l and pheasan t*
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Boaoh ( 1931)9  how ever, found sm all amounts o f  th e  i n f e c t iv e  agen t 

to  o eou r i n  th e  l i v e r  and sp le e n  o f  a f f o o t e d  b i r d s  w h ile  Thorp and 

Graham (1934) d e s c r ib e d  th e  p re se n ce  o f  m ic ro sco p ic  le s io n s  in  th e  

l i v e r  and kidneys#  Holmboldt and F r a s i e r  (1963) d e s c r ib e d  i n t r a 

n u c le a r  in c lu s io n s  i n  th e  l i v e r  o f  ch ick en s which were s u f f e r in g  

from la ry n g o - tra o h e i t iB #  By u se  o f  th e  n e g a t iv e - s t a in in g  te ch n iq u e  

o f  e l e c t r o n  m icroscopy a s  d e sc r ib e d  by B ren n er and Horne (1959)* 

C ruiokshank e t  a l ,  (1963) and W atraoh e t  a l#  (1963) d is c lo s e d  th a t#  

m o rp h o lo g ica lly #  th e  v i r u s  was c lo s e ly  s im i la r  to  t h a t  o f  h e rp es  

sim plex#

Andrewss ( I 9 6 4 ) has auggestod  t h a t , a lth o u g h  c o n firm a tio n  

has y e t  to  be re c e iv e d  from e le c t ro n  m icroscopy , v a r io u s  o th e r  av ian  

v i r u s e s  may b e lo n g  to  th e  h e rp e s v iru s  group s in c e  th e y  produce pocks 

in  em bryonated eggs and in t r a n u c le a r  in c lu s io n s  s im i la r  to  th o se  o f  

1#Ij#T# While one o f  th o se  a g e n ts  was i s o l a t e d  by F rench  (Androwes# 

1 9 6 4 ) from th e  b lood  o f  a seem ingly  norm al p ie d  corm orant (P h a la o ro -  

00rax  m elano lencos)#  th e  o th e r s  have been o b ta in e d  from ca ses  o f  

h e p a t i t i s  i n  v a r io u s  av ian  sp ec ies*  Pacheco (1930, 1931) d e s c r ib e d  

a d is e a s e  ç f  p a r r o t s  which was c l i n i c a l l y  s im i la r  to  p s i t t a c o s i s »  

B e e ro tio  fo o l wore found in  th e  l i v e r  and sp le e n  o f  in f e c te d  b ird s#  

H iv ers  and Bohwentker (1932) l a t e r  showed th e  v i r u s  in  q u e s tio n  to  

be p ro d u c tiv e  o f  e o s in o p h i l ic  in t r a n u c le a r  in c lu s io n s #  A d is e a s e  

w ith  a s im i la r  p a th o lo g ic a l  appearance was n o ted  by th e  p re s e n t  

w r i t e r  (u n p u b lish ed  o b s e rv â tio n s )  in  r e c e n tly - im p o r te d  p a ra k e e tb  in



40

th e  West o f  S cotland#  Green and S h i l l in g o r  (1936) re p o r te d  a f a t a l  

d is e a s e  in  w ild  horned ow ls (Bubo v lrg ln la n u B ) which was a lso  

o h a ra c te x ls e d  by th e  p re se n c e  o f  f o c a l  h e p a t ic  n o o ro a is  and e o s in o 

p h i l i c  in t r a n u c le a r  in c lu s io n s *  More re c e n tly #  D u rteo h cr (1965) 

s tu d ie d  a s im i la r  c o n d itio n  o f  owls which he texTüod h e p a to o p lG n itis  

in fe c t io B a  a trig o ru m  (H#S*I*B#)* V irus was i s o l a t e d  from th r e e  

oases and in t r a n u c le a r  in c lu s io n s  were found in  a s s o c ia t io n  w ith  

n e c r o t io  a re a s  in  th e  l i v e r  and sp le e n  o f  a f u r t h e r  e lev en  b ird s*  

D ip h th e ro id  le s io n s  o r  f o c i  o f  n e c ro s is  were a ls o  o b served  in  th e  

mouth# pharynx# oesophagus# g la n d u la r  stomach# in te s t in e s #  larynx#  

lu n g s and k id n ey s  b u t in c lu s io n s  were n o t d e te c te d  a t  any o f  th o se  

s i te s *

The i n t e r - r e l a t i o n s h i p  o f  th e  p ig eo n  I*E*I* v i r u s  w ith  

th e  above-m entioned a g e n ts  i s  n o t c le a r*  Beach (1931) in o c u la te d  

I*b#T@ v ir u s  I n t r a t r a o h e e i l ly  in to  n in e  p ig eo n s  b u t was u n ab le  to  

produce any s ig n s .o f  d ise ase*  S im ila r  f a i l u r e  to  d em o n stra te  

p a th o g e n ic i ty  on th e  p a r t  o f  t h a t  v i ru s  for* th e  p ig eo n  was ex p e rien ced  

by B ran d ly  and B u ah n ell (1934) and Sedclon and H art (1936)* F rench  

(Andreweo# 1964) f a i l e d  to  in f o o t  c h ic k s , p ig eo n s o r  p a r r o ts  w ith  

h i s  corm orant v iru s*  At f i r s t  g lance# th e re fo re #  i t  would seem 

t h a t  each  o f  th o s e  v i r u s e s  has a narrow  h o s t range# which view i s  

su p p o rted  by th e  f in d in g  o f  G reen and S h l l l i n g e r  (1936) th a t  t h e i r  

owl v i r u s  was t r a n s m is s ib le  to  a sc re e c h  owl (O tus) b u t n o t to  a 

b a r re d  owl (S tr ix )*  On th e  o th e r  hand# s in c e  th e  immune s t a t u s  o f
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th e  ex p é rim en ta l b i r d s  wae n o t in v e s t ig a te d  p r i o r  to  ex p e rim en ta l 

in fe c t io n *  i t  may w ell b© th a t  th e  n on -appearance  o f  lé s io n s  in  

a n o th e r  s p e c ie s  was duo to  immimity r e s u l t i n g  from p re v io u s  in f e c t io n .

As Andrewes (1964) has rem arked, th e  a b i l i t y  o f  th e  

p ig eo n  XftHtX* v i r u s  to  produoe pooks i n  eiabryonated eggs and i n t r a 

n u c le a r  in c lu s io n s  ty p ic a l  o f  th e  h e rp e s v iru s  group su g g e s ts  th a t  

i t s  p ro v is io n a l  in c o rp o ra t io n  w ith in  th a t  group may n o t be i n 

a p p r o p r ia te ,  b u t in fo rm a tio n  conoorn ing  i t s  m orphology and n u c le ic  

a o ld  com position  i s  e s s e n t i a l  b e fo re  i t s  p la c e  i s  u l t im a te ly  

d e term in ab le*  Of more im m ediate im port# how ever, i s  p ro o f  o f  th e  

p a th o g e n ic i ty  o f  th e  v i r u s  f o r  th e  p ig eo n  to g e th e r  w ith  an accoun t 

o f  th e  la b o ra to ry  methods a v a i la b le  f o r  i t s  grow th and a s sa y .
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SBCTIOH IX 8 EXPEHIMSHTAL B1SÎ3ASE,

(1 ) IHTOOBHCÏIOIî.

In  o rd e r  to  f u l f i l l  th e  th i r d  o f  K ooh'a P o s tu la te s ,  

r e s o r t  waa had to  i u t r a p e r i t o n e a l  in o c u la t io n  o f  th e  v i r u s  in to  

young p ig eo n s  and d ay -o ld  c h io k e , T h e r e a f te r ,  th e  f lu o re s c e n t  

an tib o d y  te ch n iq u e  was employed to  d e te rm in e  w h eth e r, o r  n o t ,  th e  

d i s t r i b u t i o n  o f  v i r u s  a n tig e n  corresponded  w ith  t h a t  o f  any le s io n s  

fo rth co m in g  in  th e  e x p e rim en ta l p igeons*

A supp lem en tary  experim ent in v o lv ed  d i r e c t  in t r o d u c t io n  

o f  v i r u s  in to  th e  la ry n x  o f  p ig eo n s w ith  th e  o b je c t  o f  p ro v in g  th a t  

i t  was cap ab le  o f  evok ing  n e c ro s is  and u lc e r a t io n  o f  s t r a t i f i e d  

e p ith e liu m  and o th e r  le s io n s  in  th e  r e s p i r a to r y  system ,

(2) MATERIALS AND MBTH033S*

n in e te e n  p ig e o n s , about e ig h t weeks o f  ago, were i n 

o c u la te d  i n t r a p e r i t o n e a l l y  w ith  ap p ro x im a te ly  lo 5  p ,F ,U , o f  th e  M-3 

s t r a i n  o f  virus®  The l a t t e r  had been th r i c e  p assaged  in  em bryonated 

eggs and f iv e  tim es in  c e l l  c u l tu re s  p rep a re d  from whole c h ic k -  

embryos (see  P a r t  T h re e ) , E ig h t more p ig eo n s fi-om th e  same sou rce  

wore k ep t as  co n tro ls*  A d d it io n a l ly ,  s ix  t^/hito Leghorn c h ick s  were 

in o c u la te d  i n t r a p e r i t o n e a l l y  w ith  a s im i la r  dose o f  v i r u s  idLthin 

tw elve  hours o f  h a tc h in g , w h ile  fo u r  more from th e  same b a tc h  o f  

eggs wore m a in ta in ed  as c o n tro ls*
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In o c u la te d  p ig eo n s and ch iek e  were k i l l e d  by c e rv ic a l  d i s 

lo c a t io n  a t  th r o e ,  f o u r ,  b±x and seven days a f t e r  in o c u la tio n *  C o n tro l 

b i rd s  were s a c r i f i c e d  on each occasion*  P o r t io n s  o f  t i s s u e  ta k en  from 

a l l  p ig eo n s were f ix e d  in  m e rcu ric  e h lo r id e - f o m o l  and p a ra ff in -w a x  

s e c t io n s ,  ou t a t  s ix  m ic ro n s , were s ta in e d  by haemalum and e o s in .

Im m unofluorescence s tu d ie s  were c a r r ie d  o u t on th e  p ig eo n  

t i s s u e s  by moans o f  hyperiimmne serm i to  th e  M-3 s t r a i n  o f  I#H *I, 

v i r u s  p re p a re d  in  a r a b b i t  by th e  method to  be d e s c r ib e d  in  P a r t  T hree . 

The p rep a red  serum se rv e d  to  p ro v id e  th e  f i r s t  l a y e r  o f  th e  i n d i r e c t  

method o f  th e  f lu o re s c e n t  an tib o d y  te ch n iq u e  (Coons e t  a l » 9 1 9 4 2 ) 

w h ile  th e  second la y e r  c o n s is te d  o f  g o a t a n t i - r a b b i t  g lo b u lin  con

ju g a te d  w ith  f lu o r e s c e in  is o t ii io o y a n a te  (D ifo o ) . B efo re  u s e , th e  

co n ju g a te  was adso rbed  f o r  two hours a t  4°C* w ith  100  mg. o f  p igeon  

l i v e r  t i s s u e  powder p e r  1 ml* o f  con jugate*

Sm all p o r t io n s  o f  l i v e r  and p an c re a s  were p la ce d  on th e  

s id e s  o f  Pyrex t e s t - t u b e s ,  r a p id ly  frossen in  a d r y - ic e  a lc o h o l 

m ix tu re  a t  -70^ 0# and s to re d  a t  - 30  ̂G* f o r  l a t e r  u s e . The b lo c k s  

were removed from th e  tu b e s  when r e q u ire d , p la c e d  on chucks i n  a 

P e a rse  c r y o s ta t  and cu t a t  -2 (f  C* in to  s e c t io n s  th ic k *  The

s e c t io n s  were f ix e d  in  ace to n e  f o r  15 m inu tes and exposed to  

th e  an tise ru m  f o r  30 m inu tes in  a m oist chamber a t  room te m p e ra tu re . 

They were th e n  washed i n  p h o sp h a te -b u ffe re d  s a l in e  (P*B*S*, 

pH 7 *1 ) f o r  to n  m in u tes and , f i n a l l y ,  washed a g a in  in  P.B*S.

The s ta in e d  s e c t io n s  were th e n  mounted in  p h o sp h a te -b u ffe re d  s a l in e  and
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examined u n d er a Relohearb f lu o re sc e n c e  m icroscope

equipx>ed w ith  e x c i t e r  f i l t e r  U G l/l.5  b a r r i e r  f i l t e r  GG9 /1  mm*

and a darkground condenser* C o n tro l s e c t io n s  com prised (a )  s e c t io n s  

o f  t i s s u e s  from u n in fe c te d  p ig eo n s s ta in e d  as above, and (b) in f e c te d  

t i s s u e s  exposed to  norm al r a b b i t  sexum in  p la c e  o f  th e  hyper

immune serum*

For f lu o re s c e n c e  photom icrography# a ♦*High-Speed 

Ektachrom e" (l60ASâ) c o lo u r  f ilm  was used* B lack and wW te p r i n t s  

were o b ta in e d  from th e  c o lo u r  tra n sp a re n c ie s*

I n  th e  supp lem en tary  ex p e rim en t, f lv o  f e r a l  p ig e o n s , 

o f  unknown ago and immune s t a t u s ,  were in o c u la te d  by th e  i n t r a -
"5

la ry n g e a l ro u te  w ith  ap p ro x im ate ly  10^ P#F*U# o f  s t r a i n  HS-2*

The l a t t e r  had been th r i e o  passag ed  in  em bryonated eggs and e ig h t 

tim es i n  t iB s u e -c u l tu re *  A ll f iv e  b i r d s  were s a c r i f i c e d  on th e  

s ix th  day a lo n g  w ith  to n  c o n tro l  b i rd s  o b ta in e d  from th e  same 

source® The larynx#  trac h ea#  lungs and l i v e r  were f ix e d ,  s ta in e d  

w ith  haemalum and e o s in  and examined as  p re v io u s ly  d e s c r ib e d .

( 3 ) RESULTS.

The main post-m ortem  changes were found in  th e  pancreas#  

l i v e r  and m esen tery  and c o n s is te d  o f  d i s c r e te  w h ite  f o c a l  le s io n s  

lo c a te d  in  th e  p an c reas  and l i v e r  to g e th e r  w ith  a d e p o s it  o f  f i b r i n  

on th e  p e r i to n e a l  s u r f a c e s .



4 + 4 4 4 , 1 4 + + 4 4  + + 4 4 4 4 4m ^  #  mi !«î $5j riài m

A
I $ 4 4 4  I < 4# ÎÎSÎ it$i isg

I
Ik

+ 1 i • I + I I t I I f + I I + I + +

f  • * ‘ * # + *  # * # # f

fr* *3
04

tû

8^®W

4. 4* 4+ # 4 » $ 4 . 4 * ^ ^ 4 » 4 + ^ 4 * 4 + 4 .

m
4»

# # # # # # $  i # » $ $ # # $ #  f f  f

#g W
I? . § €> m m m

4. 4* I I f f #

.1

r t  «  ^  « J+. «  «n g  3  ^  JI5 Uj v  ̂^  g  oj

45



46

H ls to lo g ù o a l a b n o rm a lit ie s  a re  summari%od in  T able 1 , 

from which i t  may be seen  t h a t  th e  conimonQBt le s io n  was an a c u te  

p a n c r e a t i t i s *  The l a t t e r  v a r ie d  fi'ora s l i g h t  m ononuclear i n f i l t r a t i o n  

to  a re a s  o f  fraràc n e c a ^ s is  a s s o c ia te d  w ith  marked ac cu m u la tio n  o f  

n e u t ro p h i ls  and m acrophages (F ig u re  15)* These l e s io n s  were 

e s p e c ia l ly  p rom inen t in  th e  s u b -c a p s u la r  re g io n  o f  th e  o rg an . Large 

e o s in o p h i l ic  in t r a n u c le a r  I n c lu s io n s  were found i n  a c in a r  c o l le  

a d ja c e n t  to  th e  a r e a s  o f  n e c ro s is  (F ig u re  16)* E vidence o f  p an c rea 

t i t i s  was som etim es found i n  p ig eo n s  which d id  n o t m a n ife s t any 

le s io n s  a t  a u to p sy .

H ep a tic  l e s i o n s , c o n s is t in g  o f  f o c a l  n e c r o s i s , were 

p re s e n t  in  o n ly  th ro e  birds®  In  th o se  anim als# and in  th r e e  o th e r  

c a se s  as  w ell#  in tra n u o le a r r  in c lu s io n s  were en c o u n te red  i n  th e  

parenchym al c e l ls *

P e r i to n e a l  changes were c h a ra e te r iB e d  by th e  p resen ce  

o f  a f ib r in o u s  exuda te  w ith  nutBcious m ononuclear and h e te r o p h i l i c  

le u c o c y te s . Lymphoid h y p e rp la s ia  was e v id e n t b o th  in  th e  sp le e n  

and th e  i n t e s t i n e  b u t s i g n i f i c a n t  a l t e r a t i o n s  were n o t d e te c ta b le  

in  th e  o th e r  o rg an s o f  th e  body* By means o f  im m unofluorescence, 

s p e c i f i c  v j .r a l  a n tig e n  was d em o n stra ted  in  many o f  th e  n u c le i  o f  

p a n c re a t ic  a c in a r  c e l l s  and a ls o  in  th o se  o f  a fww h e p a t ic  c e l ls *  

A n tigen  was lo c a te d  e i t h e r  on th e  n u c le a r  m argin o r  u n ifo rm ly  

thx'oughout th e  n u c leu s  (F ig u re  l 7 ) ,  b u t was no t to  be found in  any 

o f  th e  c o n tro l  b ird s#



F lg u ro  15* P a n o r e a t iè  iio c r o s iB  aitcl p o r i to l î i i t lé . .  % 75*
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G ross and ia is to p a th o lo g ic a l  a b n o rm a lit ie s  xmve n o t 

p re s e n t in  any o f  th e  in o c u la te d  o r  c o n tro l  ch icks*

M u lt ip le  m ic ro sco p ic  fo o l  o f  e p i t h e l i a l  n e c ro s is  were 

d e te c ta b le  In  th e  la ry n x  o f  two o f  th e  f iv e  p ig eo n s  k i l l e d  s ix  days 

a f t e r  in t r a l a r y n g e a l  in o c u la t io n  o f  th e  v i r u s .  Some fo o l ex tended  

from th e  s tra tu m  germ inatlvura in to  th e  u n d e r ly in g  c o n n e c tiv e -  

t is s u e *  Both e o s in o p h i l ic  and b a s o p h il ic  in t r a n u c le a r  in c lu s io n s  

were e v id e n t th ro u g h o u t a l l  la y e r s  o f  th e  e p ith e liu m  (F ig u re  l8  )* 

I n t r a n u c le a r  in c lu s io n s  were to  be found in  th e  l i v e r  o f  one o f  

th e s e  b i r d s  b u t n o t in  th e  lu n g s where# hoimver# p e r iv a s c u la r  

accum ulation  o f  m acrophages and lym phocytes was prom inent* One 

la rg e  v e s s e l  showed a n e c r o t ic  v a s c u l i t i s #  w ith  in v a s io n  o f  th e  

tu n io a  media by macrophages* and p e r iv a s c u la r  " c u f f in g "  was some

tim es consp icuous even around th e  s m a lle r  a r to r io le s *  S im ila r  

changes# a g a in  o c c u r r in g  in  th e  absence o f  in c lu s io n s *  were found 

in  th e  lu n g s  o f  one o f  th e  th re e  In o c u la te d  b i r d s  which d id  n o t 

develop  la ry n g e a l le s io n s*  The r e s p i r a to r y  system  o f  a l l  te n  

c o n tro l  b i r d s  rem ained normal*

(4 ) DISCUSSION,

The r e s u l t s  p re se n te d  proved th a t  th e  M-3 s t r a i n  o f  

v iru s  was p a th o g e n ic  f o r  p ig eo n s a f t e r  a d m in is t r a t io n  by th e  i n t r a -  

p e r i to n e a l  and in t r a l a r y n g e a l  ro u tes*  The main f e a tu r e s  o f  th e  

ex p e rim en ta l d is e a s e  were p a n c r e a t i t i s *  p e r i t o n i t i s  and* in  some 

oases* h e p a t ic  n e c ro s is*  E o s in o p h il ic  in t r a n u c le a r  in c lu s io n  b o d ie s



F ig u re  16 ♦ ïn t r a n u o le a r  in a lu B io n s  in  th e  pauoreaa* n  3L#500 .#

Fi{.îur© 114 V ira l a n t ig e n  in  th e  panoreaSé x  1 , 5 00*
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and s p e c i f i c  v i r a l  a n t ig e n  were dem o n stra ted  in# and a d ja c e n t to# 

th o se  n o o ro t ic  aroas*  f in d in g s  which th e  w r i te r  c o n s id e re d  to  ho 

o f  g r e a t e r  s ig n i f ic a n c e  th a n  would have been a t ta c h a b le  to  r e — 

i s o l a t i o n  o f  th e  v i r u s  from  th e  e x p e r im e n ta lly  in f e c te d  b ird s#

P a n c re a t ic  n e c ro s is  was n o t o b served  In  th e  spon taneous 

d is e a s e  a l re a d y  d e s c r ib e d  b u t was a p rom inen t f e a tu r e  in  th e  ex

p e r im e n ta l d is e a s e  now u n d er ropox't# as i t  had been  in  s e v e ra l  o f  

th e  n a tu r a l  o ases  d e s c r ib e d  by Smadol e t  a l ® (1945) and by Lelm er 

e t  a l#  (1967)0  A lthough p a n c r e a t i t i s  has been re c o rd e d  in  la b o ra to ry  

an im als e x p e r im e n ta lly  I n f e c te d  w ith  th e  via?UB o f  fo o t-an d -m o u th  

d is e a s e  (P la t t#  1956s1958) a s  w e ll as o c c a s io n a l ly  i n  n a tu r a l  d is e a s e  

(V enezuelan eq u in e  e n c e p h a l i t i s ,  K iso lin g  a t  a X# 1 9 5 6 )# th e  

o c c u rre n c e  o f  th e  l e s io n  i s  uncommon» The prom inence o f  le s io n s  on 

th e  s u r fa c e  o f  th e  p an c re a s  In  th e  p re s e n t  in v e s t ig a t io n  su g g es ted  

d i r e c t  p e n e t r a t io n  o f  th e  o rgan  by vixuB from th e  abdom inal cav ity #  

Tho view  t h a t  a  s im i la r  se:quencc o f  e v e n ts  o c c u rre d  in  m ice i n 

o c u la te d  i n t m p c r i t o n c a l l y  w ith  th e  v i r u s  o f  h e rp e s  sim plex  has 

a lre a d y  been advanced by Basw ick (1958)*

I n t r a n u c le a r  in c lu s io n s  wore mimorous i n  p a r t s  o f  th e  

e p ith e l iu m  a d ja c e n t  to  th e  la ry n g e a l  le s io n s  p r e s e n t  i n  two o u t o f  

th e  f iv e  p ig eo n s  employed in  th e  supp lem en tary  ex p e rim en t# T hat 

th e  le s io n s  were produced  by th e  p igeon  v i r u s  th u s  seems

c e r t a in .  T h e ir  m ic ro sco p ic  s iz e  su g g ested  t h a t  th e y  were o f  re c e n t



18# Intrnnuolear inoiuBioEB in the larymc# % l#2D8i
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o r ig in *  Moreover* i n  view o f  th e  t o t a l  absence o f  s im i la r  l e s io n s  

in  te n  c o n t ro l  p ig e o n s  o b ta in e d  from th e  same so u rce  * th e y  p ro b ab ly  

r e s u l t e d  from th e  in t r a l a r y n g e a l  in tr o d u c t io n  o f  v i r u s  s ix  days 

p rev io u s ly #  I f  t h a t  su rm ise  i s  c o r r e c t ,  i t  may be concluded th a t  

th e  v i r u s  i s  cap ab le  o f  e s t a b l i s h in g  le s io n s  a f t e r  to p ic a l  

a p p l ic a t io n  as w ell as a f t e r  d i r e c t  in o c u la t io n  in to  t is s u e s #

S im ila r ly ,  th e  p re se n ce  o f  in t r a n u c le a r  in c lu s io n s  i n  th e  l i v e r  o f  

one o f  th e se  e x p e r im e n ta lly  in f e c te d  b i r d s  in d ic a te s  t h a t  d is s e m in a tio n  

o f  v i r u s  may fo llo w  in f e c t io n  o f  r e s p i r a to r y  o r  a l im e n ta ry  e p ith e l iu m .
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PABÏ I t  SWîAEY AED COIJCLUSIOHS.

Bvldenc© o f  v iru s  in f e c t io n  wae found in  n in e

p ig eo n s s u f f e r in g  from an i l l n e s s  c l i n i c a l l y  s im i la r  to  o r n i th o s i s ,

The v i r u s  was i s o l a te d  from seven o f  th e  b i r d s  by way o f  th e  c h o r io 

a l l a n t o i c  membrane o f  em bryonated hens* eg g s , where i t  produced 

s m a ll , y e l lo w is h -w h ite , c r a te r i fo rm  pocks, H ls to p a th o lo g ic a l  

ex am in a tio n  o f  th o se  le s io n s  and o f  fo o l o f  n e c ro s is  i n  th e  em bryonic 

l i v e r  re v e a le d  th e  p re se n c e  o f  in t r a n u c le a r  in c lu s io n  b o d ie s  

i d e n t i c a l  to  th o s e  seen  in  t i s s u e s  o f  th e  a f f e c te d  b i r d s .  I n c lu s io n s  

were fom ul in  th e  l i v e r  o f  two f u r th e r  c a se s  from which th e  v i r u s

was n o t i s o l a t e d .  A ll  a t te m p ts  a t  th e  d em o n s tra tio n  o f  th e  ag en t o f

o r n i th o s i s  were u n s u c c e s s fu l ,

The m ain changes found in  th e  n a tu r a l ly - in f e c t e d  p ig eo n s 

were h e p a t ic  and r e n a l  n e c r o s is ,  p e r i t o n i t i s  and d ip h th e ro id  fo c i  

in  th e  pharynx and larynx*  ‘E x p e rim e n ta lly , th e  v i r u s  produced pan

c r e a t i c  a s  w e ll a s  h e p a t ic  n e c ro s is  and p e r i t o n i t i s  when a d m in is te re d  

i n t r a p e r i t o n e a l l y ,  and n e c ro s is  o f  th e  s t r a t i f i e d  squamous e p ith e liu m

o f  th e  la ry n x  in  b i r d s  in f e c te d  by th e  in t r a l a r y n g e a l  x*oute. By

moans o f  im m unofluorescence, v i r u s  a n tig e n  was re v e a le d  in  n e c r o t ic  

fo o l w ith in  th e  p an c re a s  o f  e x p e r im e n ta l ly - in fe c te d  p ig e o n s , a f in d in g  

which c l e a r ly  d em o n stra te s  tho  p a th o g e n !c ity  o f  th e  v i r u s  f o r

th a t  s p e c ie s .  By c o n t r a s t ,  th o  ag en t f a i l e d  to  p roduce le s io n s  in  

d a y -o ld  c h ic k s , T hat i t  may p la y  a p a r t  in  d is e a s e  o f  tho  dom estic

fo w l, th e r e f o r e ,  seams h ig h ly  u n l ik e ly .
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PART 2^ GROKTH ABO ABSAT OF 
VIRUS IE  FMBHYONATKÎ) EOGS^

(1 ) miiOBUCTlOH-

The paixeity  o f  incIU Biono In  c h o r io -^ a lla n to ic  momUranes 

h a rv e s te d  fo u r  days a f t e r  In o c u la t io n  su g g ested  t h a t  h ig h e r  y ie ld s  

o f  v i r u s  m ight he o b ta in a b le  a t  an e a r l i e r  s ta g e  o f  th e  in fe c tio n *  

A cco rd in g ly , s e r i a l  s tu d ie s  on th e  developm ent o f  th e  poohs were 

undertaken*  At th e  same tim e , in o c u la t io n  v ia  th e  am nion, th e  

a l l a n t o i s  and th e  yo lk^aao  was in v e s t ig a te d  in  an e f f o r t  to  e s t a b l i s h  

th e  most e f f e c t i v e  ro u te  o f  in o c u la t io n  and th e  o p tim a l tim e f o r  

h a rv e s tin g *

The in v e s t ig a t io n  a lso  p ro v id ed  th e  means f o r  com parison 

o f  th e  pocks produced  by th e  p igeon  I*E*I* v i r u s  w ith  th o se  formed 

by th e  v i r u s e s  o f  pigeon~po% and aVien in f e c t io u s  la r y n g o ^ t r a c h e i t i s  

( l* L iT * ) s in c e  i t  was f e l t  t h a t  th e  m orphology o f  th e  le s io n s  m ight 

prove a u s e fu l  f e a tu r e  in  th e  d i f f e r e n t i a t i o n  o f  th e  th r e e  v iru se s*

A f u r t h e r  aim x\ras to  de te rm in e  w hether o r  n o t v i ru s  

could  he a c c u ra te ly  t i t r a t e d  by means o f  an en um eration  a s say  based 

on th e  number o f  pocks formed on th e  c h o r io - a l l a n to io  membrane*

(2) MATFFJALS AHI) MF.THODS*

A ll th e  f e r t i l e  eggs used  in  th e  in v e s t ig a t io n  were 

o b ta in e d  from a s in g le  f lo c k  o f  White Leghorn hens#
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(a )  Methods o f  I n o c u la t io n .  The o h o r io - a l la n to ic  membranes o f  

l2 -d a y  em bryonated eggs were in o c u la te d  w ith  th e  H-1, HS^2,

M-*4, p -5  and B-*l s t r a i n s  o f  p ig eo n  v iru s#

The P*«5 s t r a i n  was o b ta in e d  by c o u r te s y  o f  D r, B# B, 

Ja c k so n , fo rm e rly  o f  Dr. Smadel*s team , and was c o n ta in e d  in  m a te r ia l  

c o n s is t in g  o f  a f r e e s e ^ d r ie d  su sp e n s io n  o f  in f e c te d  ohorio^^-allan to ic  

membranes from  th e  64 t h  egg-^paseage, which had been h e ld  a t  *20*0. f o r  

13 y e a r s .  The B*1 s t r a i n  x-ras I s o la t e d  and s u p p lie d  by D r, J* B. 

M oFerran o f  th e  V e te r in a ry  R esearch  D iv is io n  o f  th e  N o rth e rn  I r e la n d  

M in is try  o f  A g r ic u ltu re  and has a lre a d y  been m entioned  in  P a r t  One.

F o r com p ara tiv e  p u rp o se s , eggs o f  th e  same age were in*,

o o u la te d  w ith  th e  102nd. eg g -passago  o f  th e  B.E.B* s t r a i n  o f  av ia n  

I.L .T *  v i r u s ,  k in d ly  su p p lie d  by Dr, F . T . If. Jo rd a n  o f  th e  U n iv e rs ity  

o f  L iv e rp o o l V e te r in a ry  School a s  w ell a s  w ith  a t i s s u e - c u l t u r e  

ad ap ted  s t r a i n  o f  p igeon-pox  v i r u s  p ro v id ed  by Mr* ¥* B axendale o f  

th e  Wellcome R esearch  L ab o ra to rie s*

The method used  f o r  th e  in o c u la t io n  o f  th e  c h o r io 

a l l a n t o i c  membrane xms t h a t  recommended by Westwood e t  a l» (1957)

s in c e  th o se  w orkers c la im ed  t h a t  t h a t  te c h n iq u e  produced  th e  minimum 

o f  damage to  th e  em bryonic and ex tra -em b ry o n ic  t i s s u e s ,  and hence 

p ro v id ed  g r e a t e r  u n ifo rm ity  o f  r e s u l t s .  The main f e a tu r e s  o f  th e  

method may be summ arised as  f o l lo w s : -

(1 ) The eggs a re  used  on th e  tw e l f th  day o f  in c u b a tio n *
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(2) One in ô ia io n  i s  made in  th e  s h e l l  f o r  th e  pu rpose  o f  d ro p p in g

th e  membrane and a second f o r  in tro d u c in g  th e  inoculum*

( 3 ) The membranes a r e  dropped w ith  th e  a id  o f  M c llv a in e 's

c i t r i c  a c id  /  d i-so d iu m  phosphate  b u f fe re d  d i s t i l l e d  

w a te r , 0*004 M*, pH 7*2, (C la rk e , 1 9 2 8 ) ,  h ea ted  to  $0*C#

(4 ) A f te r  th e  membrane has been dropped , eggs showing s ig n s  o f 

haem orrhage a re  d is c a rd e d  and th e  rem ainder re p la c e d  i n  th e  

in c u b a to r  a t  37*0* f o r  one to  f o u r  h o u rs  p r i o r  to  in o c u la t io n ,

(9 ) The v i r u s  i s  suspended in  M oX lvaine’ s b u f f e r  a t  r e f r i g e r a t o r

te m p e ra tu re  and w ith o u t th e  a d d i t io n  o f  serum#

A m niotio in o c u la t io n  o f  1 4 - to  15-day  om bryonated eggs 

lias c a r r i e d  o u t w ith  p ig eo n  I#H*1* s t r a i n s  HS-2, M-3» M-4 and M-7> 

th e  method used  b e in g  t h a t  d e s c r ib e d  by Busby e t  a l*  (1 9 6 4 )*

The a l l a n t o i c  c a v i ty  o f  10-day eggs and th e  y o lk -s a c  o f  

sev en -d ay  embryos wore in o c u la te d  w ith  s t r a i n  1 - 3 ,  a g a in  a c c o rd in g  

to  th e  m ethods advocated  by Busby e t  a l*  (1964 ).

I n  a l l  o a s e s , th e  v i r u s  s u b je c te d  to  s tu d y  had been 

passag ed  th ro u g h  c h ic k  embryo t i s s u e - o u l tu r e  a s  d e s c r ib e d  in  P a r t  

T h ree , th e  number o f  p a ssag e s  v a ry in g  from th r e e  to  f i f te e n *

(2 ) E xam ination  o f  in o c u la te d  eggs. The embryos to g e th e r  w ith  th e  

a s s o c ia te d  membranes were removed from in f e c te d  eggs a t  d a i ly  

i n t e r v a l s  from  th e  f i r s t  to  th e  fo u r th  day fo llo w in g  in o c u la t io n  

by th e  c h o r io - a l l a n to io  ro u te  and were f ix e d  in  m e ro u r io -c h lo r id e -
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form ol f o r  one clay* H o p ro sen ta tiv o  b lo ck s  wer© embedded in  p a ra f f in *  

wax and s e c t io n s  were s ta in e d  w ith  haoinalurn and 0 0 s in  a s  d e s c r ib e d  

in  P a r t  One*

Tt70 c h o r io - a l l a n to io  membranes, in o c u la te d  w ith  

s u f f i c i e n t  o f  th e  HS-2 s t r a i n  o f  v i r u s  to  p roduce c o n f lu e n t pocks 

and o f  u n lfo n a  s i s e  and appearance  as  w e ll a s  devo id  o f  n o n - s p e c if ic  

le s io n s ,  were h a rv e s te d  a t  d a i ly  i n t e r v a l s  from th e  f i r s t  to  th e  

fo u r th  day a f t e r  in o c u la t io n  and s to re d  a t  -40^0# f o r  one to  two 

w eeks# The v i r u s  c o n te n t o f  th e  membranes was th e n  t i t r a t e d  by th e  

p la q u e -a se a y  method d e s c r ib e d  i n  P a r t  Three*

S im ila r  p ro ced u res  v:ere c a r r ie d  o u t in  eggs in o c u la te d  

w ith  th e  1 -3  s t r a i n  v ia  th e  am nion, th e  a l l a n t o i s  and th e  y o lk - s a e ,  

th e  d e t a i l s  b e in g  a s  f o l lo w s ; -

T is su e s  f o r
Route o f  in o c u la t io n #  T is s u e s  f o r  h ls to p a th o lo g y *  v iin is  t i t r a t i o n *

A m niotio  Embryo A m niotio f l u i d .

A l la n to ic  C h o r io - a l la n to io  membrane. A l la n to ic  f lu id *

Y o lk -sac  Embiyo Y o lk -sac  w all*

In  th e  case  o f  eggs in o c u la te d  by th e  am n io tio  and 

a l l a n t o i c  r o u te s ,  p re l im in a ry  ex p erim en ts  were d es ig n ed  to  d e te rm in e  

th e  e f f e c t  o f  th e  v i ru s  on th e  embryo and th e  c o n te n t o f  v i r u s  in  

th e  f l u i d s  was n o t a s c e r ta in e d *  In  l a t e r  s t u d i e s ,  h is to p a th o lo g ic a l  

ex am in a tio n s  were accom panied by t i t r a t i o n s  o f  v iru s*  E num eration
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aBsayB, Meecl on th e  mmiber o f  pocks p roduced , were s e t  up w ith  

f o u r f o ld  and 0*5 d i lu t i o n s  o f  s t r a i n s  H-1 and B-1* The co u n ts

were c a r r ie d  o u t on th e  t h i r d  day o f  in c u b a tio n  in  o rd e r  to  m inim ise 

e r r o r  r e s u l t i n g  from th e  appearance  o f  secondary  f o o l .

(3 ) RESULTS*

A ll s t r a i n s  o f  p ig eo n  I,R *Io  v i r u s  produced  id e n t i c a l  

pocks* M inute w h ite  f o c i  appeared  on th e  f i r s t  and second day and 

r a p id ly  in c re a s e d  in  si%e and m m ber u n t i l  th e  f o u r th  day , by which 

tim e th e y  ap p eared  a s  sm a ll, r a i s e d ,  w h itish -c re am  pooks (0*5-1 mm* 

in  d ia m e te r ) ,  o f te n  w ith  a c e n t r a l  c r a t e r ,  o r  a s  l i n e a r  e x te n s io n s  

o f  l a r g e r  c ream -co lo u red  p laq u es  which p ro b ab ly  r e s u l t e d  from 

c o a le sce n c e  o f  s m a lle r  le s io n s*  Those changes were accom panied by 

th ic k e n in g  and o p a c i ty  o f  th e  u n in fe c te d  p o r t io n s  o f  th e  membrane*

By th e  t h i r d  day th e  embryos had g e n e ra l ly  become s lu g g is h ,  and 

d e a th  o f te n  supervened  on th e  f o u r th  day*

Pocks a ls o  appeared  two days a f t e r  i n f e c t io n  w ith  I .L .T *  

and p ig eo n -p o x  v iru se s *  Those produced by th e  fo rm er ag en t reach ed  

a sisse o f  6 -8  mm* by th e  f o u r th  day , when th e y  o c c u rre d  a s  l a r g e ,  

c i r c u l a r ,  f l a t ,  g r e y is h  u l c e r s  t h a t  were sh a rp ly  dem arcated  from 

th e  su rro u n d in g  u n in fe c te d  t is s u e *  The p igoon-pox  l e s io n s ,  on th e  

o th e r  hand, wore d i s t i n c t l y  e le v a te d  above th e  s u r fa c e  o f  th e  

mombrane and wore n o t u lc e ra te d *  They p o sse sse d  opaque w h ite  c e n tr e s  

which ex ten d ed  ou tw ards th ro u g h  v a r io u s  shades o f  w h it is h -g re y  to



F lg u ro  Ig# I n t r a n u o lo a r  in c lu s io n s  end e o to d s m a l  

loypoTplasiUf % 530*



59



60

Jtiorgo w ith  th e  norm al t i s s u e *  They wore c i r c u l a r  i n  shape and 

f a i r l y  un ifo rm  in  s i s e ,  ap p ro x im a te ly  2^3 mm* In  d ia m e te r  by th e  

f o u r th  day* Embryonic d e a th s  were n o t observ ed  in  eggs in f e c te d  

w ith  e i t h e r  v iru s*

H is to p a th o lo g io a l  exam ination  o f  c h o r io - a l l a n to io  mem

b ra n e s , in f e c te d  24 h o u rs  e a r l i e r  w ith  th e  p ig eo n  v i r u s ,

r e v e a le d  f o c i  o f  ec to d e rm a l p r o l i f e r a t i o n  i n  w hich in t r a n u c le a r  

in c lu s io n s  wore p rom inen t in  a f f e c te d  e p i th e l iu m , w hich ranged  from 

s ix  to  e ig h t  c e l l s  i n  d ep th  ( f ig u r e  19)* Most o f  th e  in c lu s io n s

were o f  b a s o p h i l ic  ty p e  and o ccu p ied  th e  whole o f  th e  n u c le u s , th e

ch rom atin  b e in g  g a th e re d  in to  em ail clumps a t  th e  n u c le a r  membrane 

( f ig u r e  20)* O ther in c lu s io n s  were s ta in e d  re d d is h -p u rp le  and were 

su rrounded  by d i s t i n c t  'h a lo s * ,  th e  n u c le o lu s  g e n e ra l ly  b e in g  

lo c a te d  on th e  n u c le a r  membrane ( f ig u r e  21)* Such le s io n s  wore 

unaccom panied by n e c r o s is  b u t ,  below  some o f  them , th e r e  was a  sone 

o f  s im i la r  th ic k n e s s  c o n s is t in g  o f  m acrophages, f i b r o b l a s t s  and 

h e te r o p h i l  le u co c y te s#  In c lu s io n  b o d ie s  were n o t to  be found in  

th o se  a re a s  and hyperaem ia was n o t e v id e n t ,  though h e te r o p h i l  le u c o 

c y te s  were som etim es d i f f u s e ly  s c a t t e r e d  in  th e  mesenchyme n e a r  th e  

le s io n s *  The endodorm showed s l i g h t  h y p e rp la s ia  i n  § re a s  im m ed ia te ly  

below  th e  eo to d erraa l f o o l  where th e  c e l l s  were e lo n g a te d  w ith  th e  

lo n g  a x is  a t  r i g h t  a n g le s  to  th e  s u r fa c e  ; i n  m ost in s t a n c e s ,  th o se

h y p e r p la s t ic  aones were from two to  fo u r  c e l l s  i n  th ic k n e ss#

I n c lu s io n s  were n e v e r  d e te c ta b le  i n  endoderm al c e l ls *



F ig u re  20* BasopM X ic in t r a n u c le a r  in c lu s io n ©  occupy ing  

th e  whole o f  th e  nucleus#  % 1,200#

F ig u re  21* E o s in o p h il ic  Type A in c lu s io n s #   ̂x  1,200*
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S im ila r  changes were p re s e n t  48  ho u rs a f t e r  in f e c t io n  

and were accompanied by sm all fo o l  o f  n e c ro s is  a t  th e  c e n tre  o f  

most o f  th e  pocks as w ell as by some degree o f  s e p a ra t io n  o f  th e  

h y p e r p la s t ic  ectoderm  from th e  u n d e r ly in g  meeenohyme (F ig u re  22)* 

In c lu s io n  bodies, wore numerous* By th e  72nd, h o u r, pocks o f  th re e  

d i f f e r e n t  s ta g e s  o f  developm ent were r e 00g n isab le#  In  th e  most 

advanced form , th e re  was com plete lo s s  o f  ectoderm  o v e r la rg e  a re a s  

and th e  n e c ro s is  had ex tended  in to  th e  mesenchyme where th e  i n 

flam m atory son© c o n ta in in g  h e te ro p h i l  le u c o c y te s  and m acrophages 

merged im p e rc e p tib ly  w ith  e ry th ro c y te s  from damaged b lo o d -v e s s e ls  

and d e b r is  d e r iv e d  from n e c ro t ic  mesenchymal c e l l s  and leu co cy tes#  

I n t r a n u c le a r  in c lu s io n s  were p re s e n t  a t  a l l  l e v e l s  o f  th e  mesenchyme, 

th e  e o s in o p h i l ic  ty p e  w ith  'h a l o s ’ b e in g  th e  most p ro m in en t. The 

mesoderm was congested  and th e  endodorm h y p e rp la s tic #  The l a t t e r  

o c c a s io n a lly  reach ed  ap p ro x im a te ly  48  c e l l s  in  th ic k n e s s  b u t ,  i n  

most in s ta n c e s ,  was l im ite d  to  a dep th  o f  fo u r  to  e ig h t  c e l l s 5 

in c lu s io n s  were a b s e n t.

In  l e s s  m ature pooks, b o th  p r o l i f e r a t i v e  and n e c r o t ic  

changes war© p r e s e n t ,  th e  le s io n  c o n s is t in g  o f  a c e n t r a l  o r a to r  

surït>undod by a gone o f  h y p e r p la s t ic  ectoderm . In c lu s io n s ,  l a r g e ly  

o f  th e  e o s in o p h i l ic  ty p e , were p re s e n t  i n  th e  e p i t h e l i a l  c e l l s  

b o rd e r in g  th e  u l c e r  and n e c ro s is  o f te n  ex tended  in to  th e  su p e r

f i c i a l  p a r t  o f  th e  mesoderm where i t  g ra d u a lly  b len d ed  w ith  a 

h ig h ly  c e l l u l a r  p o r t io n  c o n s is t in g  o f  m acrophages, h e te ro p h i l



22 * • Eoorosia o f ootoderm at contra of pock# In

f iltra tio n  of leiicôoytes into the moGOdorm*

X 150#

Figure 23# Foorooio extending into meooderm and blending 

with cellu lar infiltration# IToto absence of 

capillary "lino", % IgO*
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leu eo o y tea  and mesenohymal c e l l s  ( f ig u re  23)* The rem ainder o f  th e  

mesoderm was congested  and th e  endodorm a t ta in e d  th r e e  o r  fo u r  c e l l s  

i n  th ic k n e ss»  The most Immature pocks were s im i la r  to  th o se  seen  

d u r in g  th e  24^4^ hou r p e r io d  § th e  ectoderm  was h y p e r p la s t ic  and 

co n ta in ed  in c lu s io n s ,  m o stly  o f  th e  b a s o p h il ic  ty p e , w h ile  m inor 

d eg rees  o f  v a c u o la t io n  and n e c ro s is  were p re s e n t  a t  th e  s u r fa c e .

By 96 h o u rs , th e  g re a t  m a jo r i ty  o f  th e  le s io n s  showed 

e x te n s iv e  ec toderm al n e c ro s is  and in c lu s io n s  were l e s s  numerous*

The n e c r o t l s in g  p ro c e s s  co n tin u ed  u n t i l ,  a t  120-144 h o u rs , th e  

membrane had been reduced to  a h y p e rp la s t ic  endodorm, a mesenchyme 

h e a v ily  i n f i l t r a t e d  w ith  le u c o c y te s  and sm all rem nants o f  ectoderm#

At t h a t  s ta g e ,  In c lu s io n  b o d ie s  were to  be found o n ly  w ith  d i f f i c u l t y  

and were a lm o st e n t i r e l y  o f  th e  e o s in o p h il ic  ty p e , w e ll dem arcated 

from th e  n u c le a r  membrane by a c l e a r  ’h a lo * ,

A few , sm a ll, m uX tlnuoleated  s y n c y t ia ,  c o n ta in in g  

in c lu s io n s  and aocompaniod by s l i g h t  p r o l i f e r a t i v e  and d e g e n e ra tiv e  

changes, were p re s e n t  i n  th e  ectoderm  o f  o h o r io - a l la n to ic  membranes 

in o c u la te d  24 h o u rs  e a r l i e r  w ith  1,L*T, v i r u s  b u t ,  by th e  4 8 t h  h o u r, 

n e c ro s is  and in flam m atio n  were advanced* At th e  l a t t e r  tim e , th e re  

was l i t t l e  ev idence  o f  ec toderm al h y p e rp la s ia*  In d eed , in  some p la c e s ,  

th e  e p ith e liu m  had e n t i r e l y  d isap p ea red  and , i n  o th e r s ,  I t  had been 

reduced to  a mass o f  n e c r o t ic  t i s s u e  c o n ta in in g  m acrophages, 

numerous h e te ro p h i l  le u c o c y te s  and a few e p i t h e l i a l  c e l l s .  In  l e s s



F ig u re  24# Syncytium  in  ectoderm  o f  c h o r io - a l l a n to io

mambrenç in fected  with virue* % 1*200*

F ig u re  25# C h o r io - a l la n to io  membrane in f e c te d  w ith  I*b*T$

virus* Koto fib ro b la sts  at surfaoo and remnants 

o f  syncytia below* % 150*
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advaiiôod l e s io n s ,  th e  ectoderm  was s t i l l  l a r g e ly  i n t a c t  b u t showed 

v é s ic u la t io n  and i n f i l t r a t i o n  by h e te r o p h i l  le u co cy te s*  M u lti— 

n u c le a te d  c e l l s ,  in  which a l l  n u c le i  co n ta in e d  in c lu s io n s ,  were 

a ls o  som etim es p re s e n t  in  th o se  p a r t s  o f  th e  e p ith e liu m  (F ig u re  2 4 )# 

A ll in c lu s io n s  in  each syncytium  wore g e n e ra l ly  o f  th e  same ty p e , 

e i t h e r  th e  la rg e  b a s o p h i l ic  p a t t e r n  occupy ing  th e  whole n u c leu s  o r  

th e  s m a lle r ,  d i s c r e t e ,  e o s in o p h i l ic  form#

R e a c tiv e  changes in  th e  raosonohymo u n d e r ly in g  th e  

u lc e r a te d  o r  n e c r o t ic  ectoderm  o cc u rred  a s  e a r ly  a s  th e  4 8 t h  hour 

and were a consp icuous f e a tu r e  o f  I*L#T# in fe c t io n #  A la y e r  o f  

f i b r o b l a s t s ,  occupy ing  up to  ap p ro x im a te ly  tw o - f i f th s  o f  th e  d ep th  

o f  th e  mesoderm, la y  im m ed ia te ly  below th e  n e c r o t ic  e p i t h e l i a l  m ass, 

th e  o u te rm o st c e l l s  b e in g  o r ie n ta te d  p a r a l l e l  w ith  th e  s u r fa c e  

(F ig u re  2 5 )# The f i b r o b l a s t i c  t i s s u e  was s e p a ra te d  from th e  

rem ain d er o f  th e  mesoderm by a w e ll-d e f in e d  s tra tu m  which c o n s is te d  

o f  budd ing  c a p i l l a r i e s ,  f ib ro b la s t©  and m acrophages (F ig u re  2 6 )#

In some areas, large numbers o f fib ro b la sts , arranged perpendicularly  

to the surface, were seen to extend upwards from the cap illary  loops# 

Apart f3?om the presence o f small numbers o f widely scattered  

heterophil leu cocytes, the portion o f the mesoderm below the 

ca p illa r ie s  appeared normal# The endodorm was s l ig h t ly  hyperplastic  

and varied from two to ten c e l ls  in  depth# Inclusions were not 

detectable in  any tissu e  other than ectoderm# Sim ilar changes were 

present in  ch orio-a llan to io  membranes inoculated three to f iv e  days



F ig a ro  2 6 r. C h o r io -a l la n to io  mombrano in f e c te d  w ith

v iru s#  Koto com plote d e s t r u c t io n  o f  th e  o o to -  

dorm and d em arca tio n  o f  norm al mesoderm by a 

w e ll-d e f in e d  c a p i l l a r y  '’lino^U x  1 1 0 ,
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p re v io u s ly  w ith  X*L*T* v i r u s  b u t ,  a s  d e s t r u c t io n  o f  ectoderm  

advanced, th e  muaher o f  in c lu s io n s  d im in ish ed .

E ctoderm al h y p e rp la s ia  was th e  o u ts ta n d in g  f e a tu r e  o f  

c h o r io - a l l a n to i c  membranes in o c u la te d  w ith  p igeon -pox  v i r u s  and, 

by' th e  72nd . h o u r a f t e r  i n f e c t io n ,  d e g e n e ra tiv e  changes had a ls o  

ap p ea red . At th a t  tim e , th e  ectoderm  was up to  20 c e l l s  in  th ic k 

n ess  and many o f  th o se  e lem en ts  e x h ib ite d  ’b a llo o n *  d e g e n e ra tio n  

whereby th e  s u r fa c e  o f  th e  e p ith e liu m  became u n d u la te  (F ig u re  2 7 ) , 

Numerous sw o lle n , round , e p i t h e l i a l  c o l l s  were p a r t l y  o r  w holly  

d e tach ed  from th e  rem ainder o f  th e  ectoderm  w hich , i n  p la c e s ,  was 

i t s e l f  s e p a ra te d  from th e  u n d e r ly in g  mesenchyme. In  some a r e a s ,  th e  

o u te rm o st p o r t io n  o f  th e  mesoderm was se p a ra te d  from th e  rem ainder 

by a l i n e  o f  budd ing  c a p i l l a r i e s  and f i b r o b l a s t s  (F ig u re  2 8 ) , 

though t h a t  f e a tu r e  wae l e s s  w e ll-d ev e lo p e d  th a n  i t  was in  membranes 

in f e c te d  w ith  X*L,T« v i r u s .  The endodorm was s l i g h t l y  h y p e r p la s t ic  

and v a r ie d  from th r e e  to  f iv e  c e l l s  i n  depth*

Embryonic d e a th s  were n o ted  o n ly  in  eggs in f e c te d  w ith  

th e  p ig eo n  I . K . I ,  v i r u s  and n ev e r o cc u rred  b e fo re  th e  f o u r th  day . 

H is to p a th o lo g ic a l  ex am ina tion  o f  embryos l lk e iz is e  re v e a le d  le s io n s  

o n ly  in  th o se  eggs which had been in o c u la te d  w ith  t h a t  a g e n t.

Changes were l im i te d  to  th e  l i v e r  and sp le e n  which u s u a l ly  c o n ta in e d  

s e v e ra l  m in u te , c ream -co lou red  fo c i  t h a t ,  m ic ro s c o p ic a l ly , c lo s e ly  

resem bled  th e  n e c r o t ic  le s io n s  to  be seen  in  th e  o rg an s  o f  p igeons



Fxguro 27# C h o r io - a l la n to io  membrane in f e c to d  w ith  p ig e o n -  

pox virUB* H y p e rp la s tio  ectoderm  w ith  u n d u la te  

o u t l in e  caused  by '’’ballooning*» o f  c e l ls *  x  150*

F ig u re  20* C h o r io - a l la n to io  membrane in f e c te d  w ith  pigeon* 

pox v iru s*  Note c a p i l l a r y  " lin o " *  x  110*
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B u ffe r in g  from n a tu r a l  I .N .I»  in fe c t io n *  In  h e p a t ic  c e l l s  tow ard 

th e  p e r ip h e ry  o f  th e  l e s io n s ,  b a s o p h il ic  and e o s in o p h i l ic  in c lu s io n  

b o d ie s  wore p re s e n t  and were g e n e ra l ly  dem arcated  by c l e a r  'h a lo s * .

The t i t r e s  o f  p ig eo n  v ir u s  ( s t r a i n  H S-2),

o b ta in e d  from c h o r io - a l l a n to io  laembranes in o c u la te d  w ith  s u f f i c i e n t  

o f  th e  ag en t to  p roduce se m i-c o n flu e n t le s io n s  by th e  f o u r th  day, 

were a s  fo llow s*

Pay One 6 ,4  % 10^ P,F*U, p e r  membrane.

Day Two 6 ,7  % 10^ P*F*U, do. ,

Day T hree 1*9 z 10^ do, ,

Day Four 1 ,0  % 10^ do «

The r e s u l t s  o f  am n io tio  in o c u la t io n s  were in c o n c lu s iv e*  

P re lim in a ry  viork w ith  fo u r  s t r a i n s  o f  p ig eo n  v i r u s  (M-3 , M-4;

M**8 , HB-2 ) su g g ested  th a t  th e  method m ight be u s e f u l ,  i n  so much as  

each s t r a i n  o f  v i r u s  p roduced  h e p a t ic  n e c ro s is  b u t i n  o n ly  one o u t 

o f  th r e e  eggs in o c u la te d . T y p ica l in c lu s io n s  were en co u n te red  in  

lo c a l i s e d  a re a s  w ith in  th e  t r a c h e a l  e p ith e liu m  o f  one o f  th e se  

embryos b u t ,  i n  th e  o th e r  th r e e  in s ta n c e s ,  th e y  were d is c o v e ra b le  

o n ly  in  a s s o c ia t io n  w ith  th e  f o o l  o f  h e p a tic  n e c r o s is ,  ¥h©n, 

how ever, th e  experim en t was re p e a te d  w ith  12 eggs in o c u la te d  w ith  

10^ P ,F ,U , o f  th e  M-3 s t r a i n  o f  v i r u s ,  h e p a t ic  n e c ro s is  was n o t to  

be found in  any o f  th e  em bryos, and am nio tio  f l u i d  h a rv e s te d  on th e  

th i r d  and fo u r th  days p roved  devoid  o f  in f e c t iv e  v iru s*
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A lla n to ic  in o c u la t io n  o f  th e  s t r a i n  o f  v i r u s

a ls o  le d  to  v a ry in g  r e s u l t s ,  S p e c i f ic  a b n o rm a li t ie s  were n o t 

d e te c te d  in  th e  c h o r io - a l l a n to io  membrane though p r o l i f e r a t i o n  o f  

th e  endoderm was o c c a s io n a l ly  noted# Out o f  n in e  in f e c te d  eg g s , 

on ly  one embryo showed h e p a t ic  n e c ro s is  on th e  f o u r th  day and th e  

t i t r a  o f  v i r u s  i n  th e  a l l a n t o i c  f l u i d  was b u t 5 % 10^ P.F.U* p e r  ml# 

The p o o led  a l l a n t o i c  f l u i d  from th e  rem ain ing  e ig h t  in o c u la te d  eggs 

c o n ta in e d  ^  10 P#F#U# o f  v i r u s  on th e  f o u r th  day#

F oci o f  n o c ro s is  appeared  in  th e  l i v e r  o f  embryoe on th e  

s ix th  day fo llo w in g  in o c u la t io n  o f  th e  y o lk - s a c  w ith  s t r a i n  M- 3  

and m inu te  pooka were p re s e n t  on th e  o h o r io - a l la u to io  membrane on 

th e  se v e n th  day# L esio n s were n o t d e te c te d  i n  th e  w a ll o f  th e  y o lk -  

eac though sm a ll numbers o f  in t r a n u c le a r  in c lu s io n s  were re c o g n iz a b le  

th e r e in  from th e  fo u r th  day onwards* T i t r a t i o n  o f  v i r u s  p r e s e n t  in  

th e  l a t t e r  s t r u c t u r e  y ie ld e d  th e  fo llo w in g  r e s u l t s * -  

Day T hree 4*7 x 108  P#F#U* p e r  y o lk -sac#

Bay n v e  1 .0 % 10^ do.

Day Seven 2 .1 x 10^ do.

% en  a tte m p ts  were made to  e s t a b l i s h  an a s sa y  b ased  on 

th e  r e l a t io n s h ip  betw een th e  pock co u n ts  and th e  r e l a t i v e  con

c e n t r a t io n s  o f  v i r u s  em ployed, i t  was found t h a t  v e ry  c o n s id e ra b le  

v a r i a t io n  e x i s te d  from egg to  egg in  th e  number o f  le s io n s  produced  

by a s in g le  d i l u t i o n  o f  v iru s#  TifO exam ples may bo c i t e d s -
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'VirUB d i lu t io n *  Ho# o f  oggs# p o o k -o o tm ts . Mean pook- O ooffioiont
CO Wit a# o f  V a r ia t io n ,

10-**^ 11 35$ 7 , 54, 29,
10 , 5, 28 , n, 2 0 ,4  72,4#
19, 15, 5 ,

10'“^ 10 4 , 0 , 2 , 8 , 11 ,
3, 0 , 22 , 3, 5* 5,'S 128 , 4#

The s ta n d a rd  d e v ia t io n  was som ettoea too  g r e a t  to  su p p o rt th e

V alid ity  o f the mean and) for that reason# i t  was im possible to

determine whether or not a lin ear  relationsh ip  ex isted  between the

mean pook-co im t and th e  r e l a t i v e  v i r u s  co n c e n tra tio n *

(4 ) DISCUSSION*

When c h o r io - a l l a n to io  membranes were in o c u la te d  w ith  

s u f f i c i e n t  p ig eo n  v i r u s  to  p roduce c o n f lu e n t le s io n s  by th e

f o u r th  day# th e  number o f  in c lu s io n s  reach ed  a maximal le v e l  on 

th e  second and t h i r d  days a f t e r  in fe c t io n *  T h e re a f te r#  th e  îum ber 

g ra d u a l ly  d e c lin e d  as p ro g re s s iv e ly  l e s s  ectoderm  rem ained  to  su p p o rt 

f u r th e r  c y c le s  o f  v i r u s  m u lt ip l ic a t io n *  Those f in d in g s  e x p la in e d  

th e  p a u c i ty  o f  in c lu s io n s  in  membrane© removed on  th e  f i f t h  day 

( to  w hich e x p e rie n c e  r e fe re n c e  was made i n  P a r t  One) and su g g ested  

t h a t  th e  o p tim a l tim e f o r  h a r v e s t in g  m ight be on th e  second o r  t h i r d  

day* T hat h y p o th e s is  was confirm ed  by th e  r é s u l t a  o f  v i r u s  t i t r a t i o n  

which showed th a t  th e  g r e a t e s t  y ie ld  o f  v i r u s  (6*7 x 10^ P*F*ü*)

was o b ta in a b le  from membranes p ro cu red  on th e  secoftd day and t h a t  

t h e r e a f t e r  th e  c o n c e n tr a t io n  o f  v i r u s  d im in ished*
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FolloH âng in o c u la t io n  in to  th e  am n io tic  and a l l a n to ic  

caoBp th e  vxrua soeraed to  he capab le  o f  in v ad in g  th e  embryo and 

e s ta b l i s h in g  a f o c a l  h e p a t i t i s  though o n ly  in  a  sm a ll p ro p o r tio n  o f  

oggss The t r i f l i n g  amounts o f  v iru s  p re s e n t in  th e  a l l a n to i c  f l u i d  

and th e  absence o f  in c lu s io n s  i n  th e  endodermal c e l l s  b o th  su g g est 

th a t  th e  a l l a n t o i s  i s  h ig h ly  r e s i s t a n t  to  th e  v i r u s  and t h a t ,  

th e r e f o r e ,  a tte m p ts  to  in f e c t  th e  embryo by th e  a l l a n t o i c  ro u te  a re  

u n l ik e ly  to  succeed . The s o l i t a r y  s u c c e s s fu l endeavour may be 

ex p la in e d  by co n tam in a tio n  o f  th e  ectoderm  by th e  n ee d le  o f  th e  

s y r in g e , though i t  i s  p o s s ib le  th a t  th e  endoderm may be p a r t i a l l y  

s u s c e p t ib le  in  a sm all p ro p o r tio n  o f  eggs. C o n sid e rab le  f lu c tu a t io n  

in  th e  y ie ld  o f  I .L .T .  v i ru s  r e le a s e d  in to  th e  a l l a n t o i c  f lu id  was 

re p o r te d  by B everidge and B urnet (1946). The reaso n  f o r  th e  v a r ia b le  

r e s u l t s  o b ta in e d  by am n io tie  in o c u la t io n  i s  d i f f i c u l t  to  account f o r  

s a t i s f a c t o r i l y .  The f in d in g  o f  in c lu s io n s  in  th e  tr a c h e a  o f  one 

embryo su g g e s ts  t h a t  in f e c t io n  o cc u rs  d i r e c t l y  from th e  am n io tic  

f l u i d ,  r a th e r  th a n  by a c c id e n ta l  co n tam in a tio n  o f  th e  cho rion  in  th e  

a c t  o f  in o c u la t io n .  I f  th ^ t  surmise  bo c o r r e c t ,  th e  ap p a re n t 

r e s is ta n c e  o f  some eggs may be e x p la in ed  by th e  r e s i s ta n c e  o f  th e  

r e s p i r a to r y  e p ith e liu m  to  th e  v i r u s .  B urnet and P o ley  (1941) found 

t h a t  1 *1 , T, v i ru s  grew in  th e  r e s p i r a to r y  system  o f  some embryos 

b u t n o t in  th a t  o f  o th e r s  and s im i la r  v a r ia t io n  in  th e  s u s c e p t i b i l i t y  

o f  e p ith e liu m  may have o b ta in e d  in  th e  p re se n t in v e s t ig a t io n *  The 

o n ly  g e n e ra l co n c lu s io n  to  bo drawn i s  th a t  n e i th e r  a l l a n t o i c  n o r
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am n io tic  in o c u la t io n  o f f e r s  a s a t i s f a c t o r y  method f o r  th e  p ro p a g a tio n  

o f  th e  v i r u s .

The r e s u l t s  o f  th e  in v e s t ig a t io n  u n d er r e p o r t  d i f f e r  

s l i g h t l y  from th o se  o f  dyX ling  (1967)* The l a t t e r  a u th o r  s t a t e d  

t h a t  in o c u la t io n  by th e  a l l a n t o i c  ro u te  produced th e  same changes 

a s  were seen  f o l lo m n g  i n f e c t io n  o f  th e  c h o r io - a l l a n to ic  membrane 

and d e s c r ib e d  f o c a l  n e c ro s is  o f  th e  lu n g e , k id n e y s , g ia a a r d ,  I n t e s t i n e ,  

and h e a r t  a s  w e ll a s  p la q u e s  in  th e  slcln , none o f  which f in d in g s  were 

ob se rv ed  by th e  p r e s e n t  i r r i te r*  The d i f f e r e n c e  in  th e  d i s t r i b u t i o n  

o f  th e  n e c r o t ic  f o c i  i s  p ro b ab ly  u n im p o rtan t s in c e  d y l l l n g  reco rd ed  

t h a t  th e  embryos u s u a l ly  d ie d  In  from s ix  to  n in e  days a f t e r  

in o c u la t io n  w hereas, i n  th e  work u n d er re p o rt*  embryos were seldom 

examined a f t e r  th e  f i f t h  day. F u r th e r  d i f f i c u l t y  a t te n d s  com parison 

o f  th e  pocks produced  by th e  s t r a i n s  i s o l a t e d  i n  th e  two c o u n tr ie s  

f o r  J y l l i n g  gave b u t th e  b a r e s t  o f  d e t a i l s  on th e  h is to p a th o lo g y  o f  

th e  le s io n s*  However, i t  w u ld  seem t h a t ,  in  b o th  in s t a n c e s ,  a 

c h a r a c t e r i s t i c  f e a tu r e  o f  th e  pocks was th e  p re se n c e  o f  n e c ro s is  

and in flam m ato ry  changes i n  th e  mesoderm*

The changes produced  by th e  p igeon  v i r u s  a re

s t r i k i n g l y  s im i la r  to  th o s e  caused  by Pacheco*s p a r r o t  v i r u s .  T hus, 

H iv ers  and Bchwontker (1932) r e p o r te d  th a t  th e  embryos o f  eggs 

in o c u la te d  w ith  th e  l a t t e r  ag en t d ied  i n  th r e e  to  f iv e  days and th a t  

sm a ll w h ite  f o c i  o f  n e c ro s is  were v i s i b l e  in  th e  l i v e r ,  s p le e n  and
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kidneys* H ie to lo g io a l  exam ination  re v e a le d  p r o l i f e r a t i o n  and 

n e c ro s is  o f  th e  e p ith e liu m  o f  th e  ch o rio n  togethex^ w ith  i n f i l t r a t i o n  

o f  th e  mesoderm w ith  leu co cy tes*  I n t r a n u c le a r  in c lu s io n s  were 

p re s e n t  in  th e  ec toderm al c e l l s  o f  th e  pocks, i n  some o f  th e  leu co 

c y te s  i n  th e  u n d e r ly in g  mesoderm and in  f o c i  o f  n e c ro s is  found in  

th e  v is c e r a  o f  th e  embryo,

The morphology o f  th e  packs in c i t e d  on th e  c h o rio 

a l l a n t o i c  membrane by th e  th re e  v i ru s e s  employed in  th e  p re s e n t  

in v e s t ig a t io n  se rved  to  p ro v id e  a ready  means o f  d i s t in g u is h in g  

betw een them. The le s io n s  produced by 1 * 1 ,T, v i r u s  were much l a r g e r  

and appeared  as sh a rp ly  dem arcated , g rey  u lc e rs*  Those a s s o c ia te d  

w ith  th e  two colum bine v iru s e s  were cream -co loured  and d i s t i n c t l y  

e le v a te d  b u t ,  in  th e  case  o f  pox in f e c t io n ,  wore d is t in g u is h e d  by 

th e  absence o f  c r a t e r s  and o f  e lo n g a te d  f o c i .  In  r e s p e c t  o f  th e  

embryo, a b n o rm a lit ie s  were observed  o n ly  in  eggs in o c u la te d  w ith  th e  

p igeon  v i r u s .

H ia to p a th o lo g ic a l ly ,  th e  pocks a s s o c ia te d  w ith  th e  th ro e  

v ir u s e s  a lso  d i f f e r e d  W .dely. The two in t r a n u c le a r  a g e n ts  produced 

e a r ly  n e c ro s is  but* whereas i n  th e  case  o f  th e  ag en t o f  X.L.T* th e  

e x te n t o f  t h a t  p ro c e s s  was con fined  to  th e  ectoderm  and was bounded 

by g ra m ila t io n - t ls B u e , th e  fo c i  o f  d e s t ru c t io n  caused by th e  p igeon  

I .H .I*  v i r u s  were n o t so dem arcated b u t ex tended  in to  th e  d eep er 

p a r t s  o f  th e  mesoderm. Thus? In c lu s io n s  were ab sen t from th e
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mesoderm in  the former case hut were numerous in  the la tter*  Pigeon- 

pox virus gave r ise  to foo l characterised hy massive ectodermal 

hyperplasia, the iJroliforative changes being succeeded by ’balloon* 

degeneration which seemed to occur simultaneously throughout the 

affected  parts o f the epithelium* G ranulation-tissue was present 

immediately beneath the ectoderm but was much le s s  conspicuous than 

that observed in  le s io n s o f I.L .T . Multlnucloatod c e l ls  were found 

in  the membranes in fected  by virus but not in  those inoculated

with e ith er  o f the other ttio agents* Both intranuclear viruses  

produced id en tica l in clu sion s which varied from basophilic to 

eosin op h ilic  in  type.

Tho g ro ss  and m ic ro sco p ic  changes produced by 

and by p igeon-pox  v ir u s e s  were c lo s e ly  s im i la r  to  th o se  d e sc r ib e d  

by o th e r  w orkers* Thus, B urnet (1934) re p o r te d  t h a t  th e  pocks formed 

by XmL.T* v i r u s  appeared  to  p r im a r i ly  r e p re s e n t  th e  resp o n se  o f  th e  

ec to d erm al e p ith e liu m  to  th e  p re sen ce  o f  v i r u s ,  w ith  th e  developm ent 

o f  seco n d ary  changes In  o th e r  la y e rs*  I n i t i a l  h y p e rp la s ia  was 

succeeded  by n e c ro s is  so th a t*  by th e  fo u r th  day* th e  ectoderm  had 

l a r g e ly  d isa p p e a re d  and had been re p la c e d  by oedom atous in flam m ato ry  

t is s u e *  B urnet (193&) and G lover (1939) em phasised th e  p r o l i f e r a t i v e  

n a tu re  o f  th e  pocks caused  by p igeon-pox  v i r u s 5 a lth o u g h  th e  e c to 

derm was o f te n  f iv e  to  s ix  tim es  th e  norm al th ic k n e ss*  a b n o rm a lit ie s  

were n o t found in  th e  em bryos, most o f  which h a tch ed  norm ally*
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The ease  w ith  which th e  p ig eo n  v ir u s  could  he

p ro p ag a ted  in  ernhxypnatecl eggs su g g ested  th a t  an enum eration  a s s a y , 

"based on th e  number o f  pocks found on in f e c te d  o h o r io - a l la n to ic  

m em branesjm ight prove a u s e fu l  and © ta t i s t i c a l ly - a o c e p ta b le  method 

o f  t i t r a t i o n .  When, how ever, th e  m a tte r  was I n v e s t ig a te d ,  i t  was 

found t h a t  th e  c o e f f i c i e n t  o f  v a r ia t io n  f o r  th e  p o o k -co u n ts  produced 

by* a g iv e n  v i r u s  d i l u t i o n  was v e ry  l a r g e ,  g e n e ra l ly  o v e r  60 p e r  c e n t .  

T hat f in d in g  i s  in  accordance  w ith  th e  r e s u l t s  o b ta in e d  by some 

a u th o rs ,  s tu d y in g  c e r t a in  o th e r  v i r u s e s .  Thus, F enner and M cIn tyre 

(1 9 5 6 ) ,  w orking w ith  th e  r a b b i t  myxoma v i r u s ,  a c c e p te d  a wide 

c o e f f i c i e n t  o f  v a r i a t io n  (up to  110 p e r  c e n t)  a s  an i n t r i n s i c  d e fe c t  

o f  th e  p o c k -a ssa y . A rm itage (1997) c a r r ie d  o u t a d e ta i l e d  s t a t i s t i c a l  

a n a ly s is  o f  th e  r e s u l t s ,  b o th  p u b lish e d  and u n p u b lish e d , o b ta in e d  by- 

o th e r  w orkers and concluded t h a t ,  i n  a l l  o a s e s , th e  v a r ia n c e  i n  th e  

poolc-count p roduced  by a g iv en  v i r u s  d i l u t i o n  was c o n s id e ra b ly  

g r e a t e r  th a n  t h a t  ex p ec ted  i f  th e  d i s t r i b u t i o n  o f  v i r u s  p a r t i c l e s  

was o f  th e  P o isso n  form . Westwood e t  a l .  (1957)» how ever, found th a t  

v a r i a t io n  in  th e  number o f  pocks produced by v a c c in ia  v i r u s  cou ld  be 

reduced  to  a l e v e l  ap p ro ach in g  th a t  expected  from th e  P o isso n  e q u a tio n  

by an im proved method o f  in o c u la t io n .  In  th e  hands o f  th e  p re s e n t  

a u th o r , how ever, th e  l a t t e r  te ch n iq u e  d id  n o t seem to  encourage 

u n ifo rm ity  in  th e  number o f  pocks formed by th e  p ig eo n  I .H . I .  v i r u s .  

The v a r i a t io n  ex p e rien ce d  was n o t due to  a g g re g a tio n  o f  v i r u s  

p a r t i c l e s  s in c e ,  as w i l l  be r e la te d  in  P a r t  T h ree , th e  same v i r u s
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d i lu t i o n s  produced p la q u e s  in  c e l l - c u l t u r e  which were d i s t r ib u t e d  

betw een c u l tu r e - v e s s o ls  a c c o rd in g  to  th e  P o isso n  e q u a tio n . P o s s ib ly  

r e la te d  to  th e  h ig h  v a r ia n c e  p e r ta in in g  to  a s sa y s  c a r r ie d  o u t on th e  

c h o r io - a l l a n to ic  membrane was th e  o b s e rv a tio n  t h a t  some o f  th e  le s io n s  

were o f  l i n e a r  o r  comma-shaped appearance* a phenomenon which 

su g g ested  t h a t  th e y  m ight have been d e r iv e d  from more th an  one v i r u s  

p a r t ic le *  I t  was, th e r e f o r e ,  concluded t h a t ,  a lth o u g h  th e  em bryonated 

egg was s a t i s f a c to r y  f o r  p rim ary  i s o l a t i o n  and p ro p a g a tio n  o f  th e  

v i r u s ,  th e  p r e c i s io n  o f  th e  p o ck -a ssay  was i n s u f f i c i e n t  to  a llo w  

p ro p e r  t i t r a t i o n  o f  th e  v iru s*

(5 )  SÜÎMAHY ABD COHCLUSXOHS*

Inoculation o f the chorion-allantoic membrane was found 

to be a sa tis fa cto ry  method o f propagating the pigeon v iru s,

and optimal y ie ld s  wore obtained on the second day. Smaller amounts 

o f virus were procurable by in fectio n  o f the yolk-sac but other 

routes o f inocu lation  proved u nreliab le. The morphology and h is to -  

pathology o f the pocks allowed a sharp d ist in c tio n  to be made between 

the pigeon vimis and the agents o f I.L .T . and pigeon-pox.

The precision  o f the pock-assay was found to be too low to allow  

proper t itr a t io n  o f the virus*
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PAlVr 3 . GROWTH AHD ASSAY OF VIRUS IB  TISSUE-COMURE,

IHTROBUCTIOI.

Although the embryonated egg had been found to provide 

a sa tis fa c to ry  medium for  the iso la t io n  of the agent from diseased  

birds, the inherent su periority  o f tissu e-ou ltu re  for  more refined  

stu d ies , together with i t s  greater convenience, led  to early  in 

vestig a tio n  o f i t s  s u ita b il i ty  for study o f the virus*

The p re l im in a ry  aim o f  th e  p re s e n t  p a r t  o f  th e  t h e s i s  

was to  f in d  a system  o f  c e l l - o u l t u r e  i n  which th e  p ig eo n  I #11*1 * 

v i r u s  m ight p ro p a g a te  w ith  th e  p ro d u c tio n  o f  an  e a s ily - re c o g n ia a b lG  

o y to p a th o g en ic  e f f e c t  (C*P*E*)* I f  t h a t  end were r e a l i s e d ,  th e  

fo llo w in g  s tu d ie s  were in te n d e d  to  e n s u e j-

1) Com parison o f  th e  c y to p a th o g e n ic i ty  o f  th e  a u th o r ’s s t r a i n s  

w ith  t h a t  o f  o th e r s  en co u n te red  in  th e  B r i t i s h  I s l e s  and in  

th e  U n ited  S ta te s  o f  Am erloa.

2) I n v e s t ig a t io n  in to  th e  range o f  c e l l s  s u s c e p t ib le  to  th e  v i r u s  

i n  o rd e r  to  d e te rm in e  th e  com parative  s e n s i t i v i t y  o f  c e r t a in  

ty p e s  o f  a v ia n  c e l l  and to  a s c e r t a in  w h eth e r, o r  n o t ,  th e  

v i r u s  was a b le  to  m u lt ip ly  in  r e p r e s e n ta t iv e  mammalian c e l l s .

3 ) With s p e c ia l  r e fe re n c e  to  taxonomy and d i f f e r e n t i a l  d ia g n o s is ,  

a com parison o f  th e  G .P.B , o f  th e  colum bine v i r u s  w ith  t h a t  o f  

a v ia n  v i r u s e s  r e le v a n t  to  th e  work u n d e r r e p o r t , i.»jo«,

virus by v irtu e o f i t s  a b ility  to produce in tranuclear in c lu sion s,
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and p igeon-pox  v ir u s  because o f  i t s  p o s s ib le  a s s o c ia t io n  id .th  

la ry n g e a l  p s e u d o -d ip h th e r i t ic  membranes*

The fo re g o in g  s tu d ie s ,  co n s id e red  in  S e c tio n  One, i n f r a ,  

wore hoped n o t o n ly  to  a s s i s t  d i f f e r e n t i a l  d ia g n o s is  and d e f in e  a 

method most s u i te d  to  p ro p a g a tio n  o f  th e  v iru s  b u t a ls o  to  le a d  to  

th e  developm ent o f  a p ro ced u re  o f  a s say  o f  th e  v i r u s ,  a n e c e ssa ry  

p r e - r e q u i s i t e  f o r  f u r th e r  in v e s t ig a t io n *  S e c tio n  Tto i s  concerned 

w ith  th e  e s ta b lish m e n t o f  such a p rocedu re  and w ith  th e  c o n d itio n s  

which govern i t s  use*
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(1 ) MATERIALS AND METHODS.

(T)
(c
(d

(0
( f
(g
(h

( i
( j
(k

C u ltu re  v e sse ls*
Who1e«ohi ok-emhryo mono1a y e rs  * 
Chiok-embryo k idney  c u l tu r e s ,  
Ghlok-embryo l i v e r  c u ltu re s*  
Chicken k id n ey  c u l tu r e s .  
P igeon  k id n ey  c u ltu re s*  
Mammalian c e l l  c u ltu re s*

Media*
Virus strains*
C y to lo g lo a l s tu d ie s .  
I n f e c t i v i t y  t i t r a t i o n s .

(a )  C u ltu re  v e s se ls*  C e lls  were grown in  4**o^* f l a t  m edicine b o t t l e s  

f o r  p r e p a ra t io n  o f  v i ru s  s to c k s , i n  L eigh ton  tu b e s  w ith  c o v e r - s l ip s  

f o r  c y to lo g io a l  s tu d ie s ,  and in  r o l l e r  tu b es  i n  s ta t io n a r y  rack s

f o r  t i t r a t i o n  o f  v i r u s ,

(b ) whole-ohiclc-ombryo m onolayers. C u ltu re s  were p re p a red  fa?om 10/12- 

d ay -o ld  eggs by a method based  upon th e  te ch n iq u e  o f  Dulbeooo ( 1 9 5 2 ) 

as  m o d ified  by P o s t le th w a ite  ( i9 6 0 ) .  A f te r  rem oval o f  th e  embryo

th e  heads were d isc a rd e d  and th e  rem ain ing  p o r t io n s  f in e ly  minced*

The t i s s u e  frag m en ts  were th e n  th o ro u g h ly  washed w ith  F*B*S,, f r e e  

o f  calcium  and magnesium io n s , and t r a n s f e r r e d  to  a f l a s k  o f  warm 

t r y p s in  s o lu t io n  which was p la c e d  on a m agnetic s t i r r e r  in  an i n -  

o u b a to r a t  37*" C* A fte r  te n  m in u tes , th e  crude c e l l  su sp en sio n  was
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d ie  carded  and re p la c e d  by f r e s h  p re -h e a t  eel t r y p s in  s o lu t io n .  A f te r  

45  m in u tes  more a t  37* c , ,  th e  c e l l  su sp en s io n  was c o l le c te d  and 

p la ced  in  a r e f r ig e r a to r *  F u r th e r  t r y p s in  s o lu t io n  added to  th e  

t i s s u e  frag m en ts  was c o l le c te d  a f t e r  30 m inu tas in c u b a t io n . The tvjo 

c e l l  su sp e n s io n s  were poo led  and c e n tr ifu g e d  a t  800  r*p*m* f o r  te n  

m in u te s . The sed im ent was washed once w ith  m ain tenance medium and 

th e n  reSUSPended in  grow th medium, A v ia b le  c e l l  count was perform ed 

by means o f  0 ,1  p e r  ce n t try p a n  b lu e  and th e  c e l l  su sp e n sio n  d i lu te d  

to  p ro v id e  th e  re q u ire d  c o n c e n tra t io n  o f  c e l l s .  Tubes were seeded 

w ith  1 X 10^ c e l l s  i n  1 m l, o f  grow th medium and b o t t l e s  w ith  1 ,8  x  

10^ c e l l s  i n  12 m l, o f  medium,

(o) Chick-embryo k id n ey  c u ltu re s#  The k id n ey s  were removed from 19- 

day embryos and? a f t e r  m incing? were washed th o ro u g h ly  w ith  P,B,S# 

F o llow ing  a f i n a l  wash i n  try p s in ?  th e  t i s s u e  frag m en ts  were suspended 

i n  a f l a s k  o f  t r y p s in  s o lu t io n  which had been warmed to  3?*C, The 

f l a s k  was th e n  immersed in  a  w ater-^bath a t  th e  same te m p era tu re  and 

th e  frag m en ts  k ep t i n  m otion by a g i t a t i o n .  The r e s u l t a n t  c e l l  su s 

p en s io n  was c o l le c te d  a t  th e  end o f  5 -1 0  m inu tes and p la ced  in  th e  

r e f r ig e r a to r #  F re sh  h ea ted  t r y p s in  s o lu t io n  was th e n  added to  th e  

frag m en ts and th e  p ro c e s s  re p e a te d , Normally? th r e e  ru n s  o f  5-10 

m in u tes  each were s u f f i c i e n t  to  b reak  down th e  t i s s u e  and r e le a s e  th e  

c e l ls *  The f i r s t  su sp en s io n  c o l le c te d  if as  d is c a rd e d  i f  i t  co n ta in ed  

a h ig h  p ro p o r t io n  o f  e ry th ro c y te s .  O th e rw ise? a l l  c e l l  su sp en s io n s  

were po o led  and c e n tr ifu g e d  a t  500 r,p*m# f o r  f iv e  m in u te s . The c e l l s
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wore resTAspendod i n  m ain tenance medium? sed im en ted  a g a in  a t  th e  same 

speed and f i n a l l y  d i lu t e d  in  grow th medium* A v ia b le  c e l l  count 

was th e n  perform ed? and th e  c e l l  c o n c e n tra t io n  a d ju s te d  to  p ro v id e  

10 oeXlB p e r  0 ,5  m l. 1 m l, amounts were th e n  d isp e n se d  in to  L eigh ton  

tu b e s  c o n ta in in g  o o v e r s l ip s ,

(d ) Chick-em bryo l i v e r  c u l tu r e s .  Such p r e p a r a t io n s  were made by a 

m o d if ic a t io n  o f  th e  method d e s c r ib e d  by K a e b e r l^  Drake and Hanson 

(1 9 6 1 ) ,  The l i v e r s  were removed from 17-day ch ic k  embryos and 

t r y p s in i s e d  by th e  same method a s  th a t  employed i n  th e  p r e p a ra t io n  o f  

em bryonic k id n e y  c u l tu r e s , The c e l l  su sp e n s io n s  wero poo led  and 

c e n tr i fu g e d  a t  5OO r,p ,m * f o r  f iv e  m in u te s . The c e l l s  were th e n  

washed once i n  m ain tenance  medium? sedim ented  a g a in  i n  a g ra d u a ted  

tu b e  and resuspended  in  an amount o f  grow th medium eq u a l to  100  tim es  

th e  packed c e l l  volume* The c e l l  su sp e n s io n  was d i s t r i b u t e d  in to  

L eig h to n  tu b es?  to  a volume o f  1 m l, p e r  tu b e .

(o ) Chioken k id n ey  c u ltu re s *  The method employed was th a t  d e s c r ib e d  

by C h u rc h il l  (1965)* K idneys from  a fo u r-w eek -o ld  ch ick en  were 

f i n e l y  m inced and th e  frag m en ts  washed th r e e  tim es  w ith  

Twenty m l, o f  t r y p s in  s o lu t io n ?  p re h e a te d  to  37^0»? were added to  th e  

t i s s u e  and d is a g g re g a tio n  a llow ed  to  p roceed  f o r  f iv e  m in u tes a t  th e  

same tem p era tu re*  The s o lu t io n  ims th e n  removed from th e  f la s k ?  

mixed w ith  1 m l, o f  c a l f  serum and p la c e d  in  a r e f r i g e r a t o r .  The 

p ro c e s s  was re p e a te d  f iv e  o r  s ix  tim e s . A f te r  c e n t r i f u g a t io n  o f  th e



84

c o ll Buspensions at 500 r*p*m* for f iv e  minutes? the aedimented c e l ls  

were resUBi>©nded in  growth medium and a viab le c e l l  count carried out. 

The concentration was then adjusted to provide 4 x 10^ c e l ls  per ml. 

Tubes were inoculated with 1 ml, and b a ttle s  with 12 ml» o f the 

su sp e n s io n .

( f )  Pigeon kidney cu ltures. Kidneys were removed from young 

birds and cultures prepared by the method used for  the chicken 

kidneys.

(g) MaromaXian. c e l l  cultures* Primary cultures o f  dog and c a lf  kidney 

c e l l s  were prepared according to the method described by Cornwell e t  

a l , (1965)* HeLa and Strain L c e l l s ,  routinely maintained in  the 

department? were also exarained for th e ir  a b il i ty  to support growth o f  

the v irus,

(h) Media. For chick-embryo kidney and whole-chick-embryo cultures?  

growth medium consisted o f Hank’s balanced sa lt  so lu tion  (B,B®S.) 

supplemented with 0*25 Por cent laotalbumin hydrolysate and 10 per 

cent in activated  c a lf  sérum* Bugle * s basal medium with 10 per cent 

tryptOso phosphate broth? f iv e  per cent chick-embryo extract and 3O 

pex‘ cent inactivated  c a lf  serum was used for  the cu ltiva tion  o f chick- 

embryo l iv e r  ce lls?  while the same medium minus chicle-embryo extract 

and A'lith only 10 per cent o f c a lf  serum su fficed  for establishment

o f chicken kidney and pigeon kidney monolayers*
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Hank’s B.S.S# w ith  0*25 cen t X actalhum in hydro lysat©  

was employed f o r  th e  m aintenance o f c u l tu re s  a f t e r  in o c u la tio n *

F or d is a g g re g a tio n  o f t i s s u e s ?  0*25 p e r  c e n t t r y p s in  

( l  ? 2 5 0 ? "Difoo^*? c e r t i f i e d )  i n  p h o sp h a te -b u ffe re d  s a l in e  (P*B#S*)? 

f r e e  o f  calcium  and magnesium ions?  was used* A ll embryos were 

o b ta in e d  fx^om White Leghorn eggs o f  th e  same s t r a in *

( i )  V iru s  s t r a in s #  T h ird -  o r  fo u r th -e g g  p assag e s  o f  s t r a i n s  H-l? 

HB^2? M-4f M-8 and 3*1, and th e  66 th  egg p assag e  o f  Sm adel’s

P*5 s t r a i n  were s e le c te d  f o r  in o c u la t io n  in to  t i s s u e - c u l t u r e .  In  

each case? th e  o h o r io - a l la n to ic  membranes from th e  l a s t  egg passag e  

were m acera ted  in  a G r i f f i t h ’s  tu b e  w ith  m ain tenance medium to  

produce a 20 p e r  cen t suspension*  A f te r  c l a r i f i c a t i o n  by c e n t r i 

fu g a tio n ?  3 ml* amounts o f  each su sp en sio n  were in o c u la te d  onto  

m onolayers o f  w hole-ohiok-em bryo c e l l s  grown i n  b o t t l e s *  A f te r  

th r e e  hours a t  37*0*? th e  inoculum  was removed? th e  c e l l s  washed txfioo 

w ith  P.B .S# and f r e s h  m ain tenance medium added* A ll c u l tu re s  were 

in c u b a te d  a t  37*0*

From th e  second o r  th i r d  passage  onwards? th e  v i r u s  was 

h a rv e s te d  when th e  C*P*F# in v o lv ed  appro3;im ately o n e - th i r d  to  o n e - 

h a l f  o f  th e  monolayer* The c e l l s  were sc rap ed  from th e  g la s s  

su rfa ce ?  resuspended  in  t h e i r  own m aintenance medium and m acerated  

i n  a G r i f f i t h ’s tube* A 1 in  10 d i lu t io n  o f  th a t  f l u i d  was employed 

f o r  passage* O c c a s io n a lly  t r a n s f e r s  wore made w ith  in f e c te d  c u l tu re
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f l u id s  only# A d so rp tio n  tim e v a r ie d  from two and one h a l f  to  fo u r  

hours#

V iru s from th e  e le v e n th  p assage  o f  s t r a i n  M-3 in  w hole- 

ch ick -em hrjo  m onolayers was t r a n s f e r r e d  to  c u l tu r e s  o f  ch icken  

k id n ey , chiok-em bryo-kidnoy and ohick-em bryo l i v e r .  V iru s from th e  

fo u r th  p assag e  o f  s t r a i n  M-4 was in o c u la te d  in to  c u l tu r e s  o f  p ig e o n -  

k idney  and chiok-em bryo l i v e r .  M onolayers o f  p lg e o n -k ld n ey  were 

a lso  in f e c te d  w ith  th e  f o u r th  passag e  o f  Bmadel’s s t r a i n

A ll mammalian c u l tu re s  employed in  th e  in v e s t ig a t io n  ware 

In o c u la te d  w ith  th e  e le v e n th  passag e  o f  s t r a i n  M-3 and th e r e a f t e r  

examined d a i ly  f o r  a p e r io d  o f  one to  two weeks. In  each  ca se , an 

in o c u la te d  c u l tu r e  was h a rv e s te d  on th e  t h i r d  day and m acerated  in  

a G r i f f i t h ’s tu b e . The r e s u l t a n t  su sp e n s io n , c l a r i f i e d  by c e n t r i 

fu g a tio n , was th en  t r a n s f e r r e d  to  c u l tu re s  o f  w hole-ohick-em bryo 

c e l l s  which were m a in ta in ed  un d er o b se rv a tio n  f o r  seven  days fox* th e  

developm ent o f  a ty p ic a l  cy to p a th o g en io  e f fe c t*

The 102nd egg passage  o f  th e  B.BJIB, s t r a i n  o f  I .b .T ,  v i r u s ,  

k in d ly  su p p lie d  by Dr* F* T* W, Jo rd an  o f  th e  U n iv e r s i ty  o f  L iv e r

poo l V e te r in a ry  S choo l, was in o c u la te d  in to  c u l tu r e s  o f  w iio le -o h ick - 

embryo c e l l s  and th en ce  d i r e c t l y  in to  m onolayers o f  chick-em bryo 

k id n ey , chick-em bryo l i v e r ,  ohioken k idney  and p igeon  kidney*

F or com parative  p u rp o ses , c u l tu re s  o f  w hole-ohick-em biyo
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c e l l s  were a ls o  in o c u la te d  w ith  th e  Burroughs-W ellcom e s t r a i n  o f  

p igeon -pox  vlrixB, which i s  com m ercially  a v a i la b le  f o r  th e  p r o te c t io n  

o f  p o u l t r y  a g a in s t  fowl-pox*

( j )  C y to lo g ic a l s tu d i e s ,  G o v o rs lip  c u l tu r e s  from L eig h to n  tu b e s  

were washed In  p h y s io lo g ic a l  s a l i n e ,  f ix e d  i n  m e rc u ric  c h lo r id e -  

form ol f o r  th r e e  ho u rs and s ta in e d  by haom atoxy lin  and 0 0 sin*

(k ) X n fe c t iv i ty  t i t r a t i o n s #  T e n -fo ld  d i lu t io n s  o f  v i ru s  were 

px'epared in  Hanlc’s B*B*S* Each d i lu t i o n  was in o c u la te d  in to  a 

minimum o f  s ix  r o l l e r - t u b e  c u l tu re s ?  0*5 ml* p e r  tu b e , 50 p e r  ce n t 

e n d -p o in ts  were o a lo u là te d  a c c o rd in g  to  th e  method o f  K arber (1931)*

(2 ) HESULTS,

(a )  Growth o f  th e  v i r u s  in  whole—chiok-am bryo c e l l s  and 
com parison o f  th e  cy to p a th o g e n ic  e f f e c t  produced by 

d i f f e r e n t  s t r a in s #
(b ) Com parison o f  th e  grow th and c y to p a th o g e n ic i ty  o f  th e  

v i r u s  in  d i f f e r e n t  ty p o s o f  ce ll**ou ltu re«
(c )  C om parative s tu d ie s  w ith  X,L,T# and p igeon-pox  v i r u s e s ,

(a )  Growth o f  th e  v i r u s  i n  who 1 e-chick-emb5?yo c e l l s  and com parison 

o f  th e  cy to p a th o g e n io  e f f e c t  produced by d i f f e r e n t  s t r a i n s .

A ll s t r a i n s  i s o l a t e d  by th e  a u th o r  grew w ell in  w hole- 

ehick-erabryo c u l tu r e s  and gave r i s e  to  th e  same h ig h ly  c h a r a c t e r i s t i c  

f o c a l  cytopathogG B io e f f e c t*
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The e a r l i e s t  change to  ho seen  I n  m onolayers in o c u la te d  

w ith  su sp e n s io n s  o f  in f e c te d  cho3?lo- a l l a n t o io  membranes xms th e  

appearance? on th e  t h i r d  o r  f o u r th  day a f t e r  in o c u la t io n ,  o f  a few 

sm all c l u s t e r s  o f  round, r e f r a o t l l a  c e lls *  Mien f r e s h  m onolayers 

were in f e c te d  w ith  su sp en s io n s  p rep a red  from th o se  c u l tu re s ?  a fo c a l  

o y to p a th o g en ic  e f f e c t  developed  on th e  second day . The f o c i  en

la rg e d  and in c re a s e d  in  number so t h a t ,  by th e  fo u r th  day, many had 

reach ed  a s i s e  o f  1 rnnu i n  d ia m e te r  and appeared  as c i r c u l a r ,  opaque, 

g re y ish -w h ite  p la q u es  when viewed by o b liq u e  i l lu m in a tio n #  In  

subsequen t p a ssag e s  i n i t i a t e d  w ith  u n d ilu te d  in o c u la ,  th e  cy to 

p a th o g en io  e f f e c t  was v i s i b l e  x fith ln  24 -  48  h o u rs  and in v o lv e d  th e  

whole o f  th e  m onolayer by th e  th i r d  o r  f o u r th  day b u t ,  when h ig h  

(10“*̂  o r  X0**"5) d i lu t io n s  o f  v i r u s  wore em ployed, th e  changes rem ained 

fo c a l  i n  c h a ra c te r#

The o y to p a th o g en ic  e f f e c t  xias c h a r a c te r i s e d  by th e  

o ccu rren ce  o f  c l u s t e r s  o f  round, r e f r a c t i l e  c e l l s  (F ig u re  29)? th e  

l a t t e r  v a ry in g  c o n s id e ra b ly  i n  s i z e ,  th e  la rg ;o s t h av in g  a d ia m e te r  o f  

ap p ro x im a te ly  two to  th r e e  tim es th a t  o f  th e  sm a lle s t#  As each  fo cu s  

e n la rg e d , i t  g ra d u a l ly  l o s t  i t s  compact c l u s t e r - l i k e  morphology#

The r e f r a c t i l e  c e l l s  th e n  formed th e  o u tw ard ly -ex p an d in g  rim  o f  th e  

l e s io n ,  th e  i n t e r n a l  p o r t io n  c o n s is t in g  m ain ly  o f  shrunken c e l l s  and 

g ra n u la r  d e b r is  (F ig u re  30)* With f u r th e r  en la rg em en t, a c l e a r  space 

som etim es developed  i n  th e  c e n tre  o f  th e  p laq u e  b u t th e  granular* 

d e b r is ,  which gave th e  a f f e c te d  a re a  an amber hue, u s u a l ly  rem ained



Figure 29* Early foca l oytopathogonic e f fe c t  in  wholes 

ohiok-embryo cultures* % 320#

Figure 30* Late focus con sistin g  mainly o f granular 

debris# z  380*
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ad h e re n t to  th e  g la s s  f o r  s e v e ra l  days# I n  one in s ta n c e ,  an in f e c te d  

c u ltu re ?  i n  which th e  o y to p a th o g en ic  e f f e c t  had ap p eared  on th e  

seoond day? was k e p t u n d er o b s e rv a tio n  f o r  14 days w ith o u t m acro- 

s o o p ic a l ly - v l s ib le  sp aces  b e in g  form ed. M ic ro sco p ic a l exam ina tion  

o f  t h a t  specim en re v e a le d  th e  p re se n ce  o f  a few f ib r o b la s t s ?  i n t e r 

m ingled w ith  a sm all number o f  g ra n u la r  round c e l l s  and a la rg e  

amount o f  amorphous d eb ris*

O b se rv a tio n  o f  d ev e lo p in g  fo c i  showed t h a t  th e  fo llo w in g  

o y to lo g ic a l  e v e n ts  took  p lace*  The e a r l i e s t  change was s w e llin g  o f  

th e  in f e c te d  f i b r o b l a s t  whereby th e  l a t t e r  became n a v ic u la r  and 

r e f r a c t i l e *  R e tr a c t io n  o f  th e  cytoplasm  a t  one o r  b o th  p o le s  

ren d ered  th e  c e l l  p y rifo rm  o r  le a f - l ik e *  Very f in e  s t r a n d s  o f  

cytoplasm  were som etim es seen  to  p ro tru d e  from th e  p o lo s  o f  a f f e c te d  

c e lls *  As th e  p ro c e s s  con tinued? th e  c e l l  became e n t i r e l y  s p h e r ic a l  

and appeared  b r ig h t?  homogenous and r e f r a c t i l e *  L a te r?  however? 

th e  l a t t e r  c o n d itio n  was l o s t  as th e  c e l l  became in c r e a s in g ly  

shrunlcen and g r a n u la r .

In  s ta in e d  p re p a ra t io n s ?  in t r a n u c le a r  in c lu s io n s  were 

to  be no ted  in  c e l l s  o f  norm al shape (F ig u re  31) as  w ell as  i n  some 

rounded ones and were o f  th e  same tx^o ty p e s  v i s i b l e  i n  em bryonated 

eggs? namely? th e  b a s o p h i l ic  o r  am phophilic  mass occupy ing  th e  x-jhole 

o f  th e  n u c leu s  and th e  weolcly e o s in o p h i l ic  Cowdry Type A in c lu s io n ?  

su rrounded  by a c l e a r  ’halo*? th e  l a t t e r  form g e n e ra l ly  b e in g  in  th e



Figuro 31* Intranuclear in clu sion s in  in fected  'whole, 

ohick-smbryo cultures* x  3%000,

Figure 32* Syncytia In whole-ohick-embryo cultures  

in fected  with stra in  % 32O*
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m ajo rity #  In  most o f  th e  round c o lls *  p a r t i c u l a r l y  th e  s m a lle r  ones* 

th e  n u c le i  were p y k n o tlc  and in c lu s io n  h o d le s  were n o t d is t in g u is h a b le #  

Many o f  th e  c o l l s  seemed to  be b in u o le a te  and some o f  th e  la rg e  

round ones n o ted  in  u n s ta in e d  c u l tu r e s  were found to  p o sse ss  th r e e  

o r  fo u r  n u c le i#  O th ers  co n ta in e d  a s in g le  n u c le u s  p a r t i a l l y  d iv id e d  

in to  two lo b e s  by a t r a n s v e r s e  r e s t r i c t io n #  In  such n u o le i, d iv i s io n  

o f  th e  in c lu s io n  body was e v id e n t on r a r e  o c c a s io n s #

I s la n d s  o f  e p i t h e l i a l  c e l l s  were o f te n  consp icuous in  

whole-embryo c u l tu r e s  b u t th e y  seldom became in v o lv e d  in  th e  o y to -  

p a th ic  p ro c e s s  u n t i l  f o c i  were w ell e s ta b l i s h e d  among th e  f i b r o 

b l a s t s .  Once in fe c te d *  however* th e y  m a n ife s te d  th e  same c y to -  

lo g ic a l  changes a s  d id  th e  l a t t e r  c e l l s .

The i n f e c t i v i t y  t i t r e s  m easured betw een th e  second and 

th e  f o u r th  days g e n e ra l ly  ranged from 10 ^̂ to  10^ TClDgg /  ml*

V iru s  seemed to  be r e a d i ly  r e le a s e d  from th e  c e l l s  and t r a n s f e r  was 

e a s i l y  acco m p lish ab le  w ith  medium from in f e c te d  c u ltu re s #  F o r 

example* cu ltu re-m edium  c o l le c te d  on th e  second day from th e  t h i r d  

p assag e  o f  s t r a i n  M-4 co n ta in e d  104#9 TClDgq o f  v i r u s  p e r  m l. 

compared xd.th 105*6  in  th e  case  o f  c e l l s .

I n  o rd e r  to  id e n t i f y  th e  o y to p a th o g en ic  a g e n ts  w ith  th e  

v i r u s  s t r a i n s  i s o l a t e d  in  eggs* medium from in f e c te d  c u l tu re s  was 

in o c u la te d  on to  t h e ' e h o r io - a l l a n to ic  membranes o f  em bryonated gggs# 

D if fe re n t  p assag e  le v e ls  o f  th e  v a r io u s  s t r a i n s  were examined in
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t h a t  way* f i r s t ,  th ird *  s ix th  and n in th  o f  s t r a i n  H-1 and

th ird *  s ix th  and e le v e n th  o f  s t r a i n  M-3) and* in  a l l  oases* ty p ic a l  

poclcs appeared  on th e  membranes and h e p a t ic  n e c r o s is  was found in  th e  

embryo# H is to lo g ic a l  ex am in a tio n  o f  tw o -d ay -o ld  pooks and o f  l i v e r  

le s io n s  re v e a le d  th e  p re se n c e  o f  numerous c h a r a c t e r i s t i c  in c lu s io n s .  

S u sp en sio n s o f  norm al c h o r io - a l l a n to i c  membranes and o f  w h o le -ch io k - 

embryo c u l tu r e s  f a i l e d  to  produce any o y to p a th o g en ic  e f f e c t  i n  t i s s u e  

c u ltu re *

M oFerran’s B-1 s t r a i n  and Smadol’s P -5  s t r a i n  b o th  

produced changes i d e n t i c a l  w ith  th o se  d e s c r ib e d  above* The l a t t e r  

v iru s*  however* gave r i s e  to  an a d d i t io n a l  e f f e c t  which c l e a r ly  

d is t in g u is h e d  i t  from s t r a i n s  i s o l a t e d  in  th e  B r i t i s h  I s l e s .  Large* 

i r r e g u la r ly - s h a p e d  a re a s  o f  cy top lasm  wore som etim es p re s e n t  n e a r  

th e  c e n tre  o f  a fo cu s  and m oderate numbers o f  ex tre m e ly  la rgo*  round 

c e l l s  xmre consp icuous a t  th e  m argins o f  th e  fo c i*  w h ile  o th e r s  were 

to  be found f l o a t i n g  in  th e  medium* In  u n s ta in e d  m onolayers* th e  

d e tach ed  c e l l s  wore soon to  c o n s is t  o f  a s p h e r ic a l*  g r a n u la r  body 

embedded in  a c l e a r  r o f r a o t i l o  mass o f  cy top lasm . In  s ta in e d  

p re p a ra t io n s *  th e  la rg e  s p h e r ic a l  c e l l s  proved to  be sm a ll s y n c y tia  

c o n ta in in g  12 to  15 n u c le i ,  w ith in  whioh l a t t e r  b a s o p h i l ic  o r  

e o s in o p h i l ic  in c lu s io n s  were p re se n t*  The i r r e g u la r ly - s h a p e d  a re a s  

o f  cy top lasm  xmre a ls o  found to  bo sm all s y n c y tia  b u t w ith  p y k n o tlc  

n u c l e i .  T’îh o th e r  th o se  s t r u c t u r e s  had been d e r iv e d  from f ib r o b l a s t s  

o r  from  e p i t h e l i a l  c e l l s  was n o t alw ays easy  to  e s t a b l i s h  but* i n
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some casas*  th e y  ware o b v io u s ly  o f  l a t t e r  o r ig in  (F ig u re  32)*

O tiltu re  medium c o l le c te d  on th e  second day from th e  fo u r th  paaeage 

co n ta in e d  lO^*? TOXBjq o f  v i r u s  p e r  ml** compared w ith  10^*^ TOIBjo 

p e r  ml* in  th e  c a se  o f  c e l ls *  As w ith  th e  o th e r  i s o la te s *  th e  o y to -  

pathogen ! <5 ag en t produced ty p ic a l  pooks and in c lu s io n  b o d ie s  i n  

em bryonated eggs*

(h ) Com parison o f  th e  grow th and c y to p a th o g e n ic i ty  o f  th e  v i r u s  i n  

d i f f e r e n t  ty p e s  o f  o e l l - c u l tu r e *

The v i r u s  xmB found to  he o y to p a th o g en ic  i n  a l l  o f  th e  

aVian c u l tu r e s  examined h u t d id  n o t giow in  any o f  th e  mammalian 

c e l l s  employed in  th e  in v e s t ig a t io n *  The d i f f e r e n t  t^ p e s  o f  a v ia n  

c e l l  seemed to  v a ry  in  s u s c e p t i b i l i t y  to  th e  v i r u s  h u t th e  o y to -  

p a th o lo g y  was e s s e n t i a l l y  th e  same i n  a l l#

N om al c u l tu r e s  o f  chick-em hryo l i v e r  c o n s is te d  o f  la r g e  

i s l a n d s  o f  e p i t h e l i a l  c e l l s  se p a ra te d  from each  o th e r  by a netw ork  

o f  f ih ro h la s ta *  The fo rm er sp read  slo w ly  o v e r  th e  g la s s  s u r fa c e  

and were m m ie rio a lly  p redom inant d u r in g  th e  f i r s t  two days but* by 

th e  fo u r th  day , a v ig o ro u s  grow th o f  f i b r o b l a s t s  h a l te d  f u r th e r  

e x te n s io n  (F ig u re  33)* W ith in  24 h o u rs  o f  th e  in o c u la t io n  o f  v i r u s ,  

a c h a r a c t e r i s t i c  ro u n d in g  o f  e p i t h e l i a l  c e l l s  was o b se rv a b le  and a 

few f i b r o b l a s t s  were a ls o  Involved* In  s ta in e d  p r e p a r a t io n s ,  

m oderate numbers o f  t y p i c a l ,  e o s in o p h i l ic  Cowdry Type A 

in c lu s io n s  wore to  bo found in  e p i t h e l i a l  c e l l s  o f  norm al sh ap e ,



F ig u re  33# HormaX ohlok*^m1)ryo l i v e r  o u itu ro ^  

unstainod^ x 150*

figure 34# Infected chiok^mbr;yo liver culture* 
stained# x 150*
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35)* The cytoplasm  o f  th e  rounded e p i t h e l i a l  c e l l e  ime 

in te n s e ly  byperohrom ati o and th e  m io le i were obruaken and p y la io tio  

or* in  some eases* reduced  to  b a so p h llio  fra#% ente# T y p ica l 

in o lu e io n  b o d ie s  were n o t to  be bbqu i n  th o se  c e l l s  b u t wore p re s e n t  

i n  s w l l e n  f ib z 'o b la s ts*

By 48  h o u rs  a f t e r  in o c u la tio n *  l i t t l e  rem ained o f  th e  

e p i t h e l i a l  1elands*  I n  some p la ces*  e p i t h e l i a l  c e l l s  o f  norm al 

shape* w ith  c l a s s i c a l  Type A In c lu s io n s*  were s t i l l  d is t in g u is h a b le  

b u t wore g e n e ra l ly  embedded in  a mass o f  e o s in o p h i l ic  c e l l^ d o b r io  

a lo n g  w ith  sm all mimbers o f  round c e l ls *  Many o f  th e  i s l a n d s  had 

l a r g e ly  d isa p p e a re d  and roun d in g  o f  f i b r o b l a s t s  was now prom inent 

(F ig u re  34)* E xam ination  c a r r ie d  o u t betw een th e  t h i r d  and s ix th  

days re v e a le d  w idespread  involvem ent o f  f i b r o b l a s t s  and* ra re ly *  

t r a c e s  o f  e p i t h e l i a l  is la n d s*  The g e n e ra l appearance  was v e ry  s im i la r  

to  t h a t  soon d u r in g  th e  l a t e r  s ta g e  o f  i n f e c t io n  in  whoIe*-emb3?yo oui#, 

tu r c s  when th e  h ig h ly  g r a n u la r  ooll#*sheot* w ith  much c e l l  d e b r is  

s t i l l  a d h e re n t to  th e  g la ss*  e x h ib ite d  few o lo a r  spaces*

In  ohiclM m bryo k id n ey  c u ltu re s *  th e  o y topa thogon lo  

e f f e c t  was c h a ra c te r i s e d  by th e  appearance o f  round* r e f r a c t i l e  c e l l s  

c o n c e n tra te d  round th e  edges o f  th e  c e l l - s h e e t  and d i s t r i b u t e d  s in g ly  

o r  i n  sm all o lu e te r s  e lsew h ere  (Figux»o 3 6 )# Many o f  th o se  c e l l s  

oorrosponded in  s i s e  w ith  th e  la rg e  round c e l l s  seen  in  In fe c te d  

vrhole^.embryo c u l tu r e s .  I n t r a n u c le a r  in c lu s io n s  wore to  be n o ted  in



Fif^uro 35* Intranuclear inclusions in  infeotecl #ic%:# 

embryo liv er  culture* x 1*500*

Figure 36# Oytopathogonio effect in  ohick-embryo 

kidney culture# % 1,200*
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o e l le  o f  ao iiaa l shape b u t were n o t o b se rv a b le  t n  th e  round o o l l s ,  

th e  n u c le i  o f  whloh t?ero p y to o tio #  A lthough sm all fo o l  o f  suoh c e l l s  

r e g u la r ly  appeared  w ith in  24 hou rs o f  In o c u la t io n ,  few er eecondary  

fo o l  seemed to  be ps*0 duoed i n  th e s e  m onolayers th a n  ooourroci in  

whole-emhryo c u ltu re s*  th e  r a t e  o f  p ro g re s s io n  o f  th e  o y to p a th o g en ic  

e f f e c t  b e in g  n o t ic e a b ly  slower#

S t r a in  M#-4 showed th e  same cy to  p a t  ho g en i o i ty  in  p igeon  

k id n ey  c u l tu r e s  a s  I t  d id  in  ohloken k idney  c u l tu r e s  h u t appeared  

to  sp read  more q u ic k ly  i n  th e  former* In  b o th  ty p e s  o f  m onolayer, 

a c h a r a c t e r i s t i c  round ing  o f  c e l l s  was o b se rv a b le  w ith in  24 hou rs o f  

in fe c tio n #  As in  th e  c a se  o f  tfhole***emhryo c u l tu r e s ,  th e  round c o l l s  

V aried  c o n s id e ra b ly  in  s i s e  b u t a  h ig h e r  p ro p o r t io n  were o f  v ery  

la rg e  ty^pe* Many aocux^rod s in g ly  b u t ,  o c c a s io n a l ly ,  th ey  %mro 

px'ement i n  a c l u s t e r  ro m ln isc e n t o f  a bunch o f  grapes*  By th e  th i r d  

day , sm a ll c i r c u l a r  p la q u e s  w ith  c l e a r  c e n tre s  wore d is t in g u is h a b le  

r i t h  th e  nakod-eye# M ic ro sco p ic a l ©xaJtaination a t  t h a t  tim e re v e a le d  

th e  p re se n ce  o f  clumps o f  s tjo llo h s  r e f r a o t i l e  c e l l s  su rro u n d in g  th e

c l e a r  spaces* By th e  n in th  day , v i r t u a l l y  a l l  th e  c e l l s  o f  th e
, 'V  '• ■

m onolayer had become I n fe c te d  a'hd *t#ro d e tach ed  from th e  g la ss*

E xam ination  o f  s ta in e d  c u l tu r e s  showed t h a t  th e  round 

c o l l s  g e n e ra l ly  co n ta in e d  one o r  two n u c le i ,  r a r e l y  th ro e  o r  four* 

There was n o t any r e la t io n s h ip  betw een th e  sl%e o f  a c e l l  and th e  

nwabor o f  n u c le i  which i t  con tained#  Thus, some o f  th e  l a r g e s t  c e l l s
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co n ta in e d  o n ly  one n u c leu s  w hereas some o f  th e  s m a lle r  ones 

p o sse sse d  two» I n t r a n u c le a r  in c lu s io n s  were som etim es v i s i b l e  and 

o c c a s io n a lly  wex’© c l e a r ly  dem arcated  by a wide *halo* b u t ,  mo.ro 

o f te n ,  c lo s e ly  im pinged on th e  n u c le a r  membrane* In  m ost o a se s , 

th e  n u c le o lu s  was pushed a s id e  a g a in s t  th e  l a t t e r  b u t sometim es was 

embedded w ith in  th e  in c lu s io n *  M arg in a tio n  o f  ch ro m a tin , som etim es 

o c c u rr in g  ev en ly  and* a t  o th e r s ,  i r r e g u l a r l y  a lo n g  th e  n u c le a r  

membrane, was a c o n s ta n t f e a tu r e  w h ile  sm a ll, round , shrunken n u c le i  

a s  w e ll as  th o se  o f  c la v a to  and o th e r  i r r e g u l a r  form , were o f te n  to  

be seen* F a th e r  g r a n u la r ,  e o s in o p h i l ic ,  i n t r a n u c le a r  in c lu s io n s  

were found in  c e l l s  o f  nax*mal shape*

In  p igeon  k id n ey  c u l tu r e s ,  s t r a i n  P -5 produced a c y to -  

p a th o g en ic  e f f e c t  s im i la r  to  t h a t  induced  by s t r a i n  M-4, b u t ,  

p o s s ib ly  due to  p ro lo n g ed  p assag e  i n  em bryonated eggs, th e  r a t e  o f  

sp read  th ro u g h  th e  m onolayer was n o t ic e a b ly  slower*

P a r a l l e l  t i t r a t i o n  o f  s t r a i n  c a r r ie d  o u t in  w hole-

embryo c u l tu r e s ,  c h ic k -e m b ry o -liv e r  c u l tu r e s  and ch ick en  k id n ey

c u l tu r e s  by means o f  th e  method o f  p la q u e -a ssa y  d e s c r ib e d  in  S e c tio n

Two y ie ld e d  th e  fo llo w in g  r e s u l t s î

W hole-ch iok- Chick-eBibryo Chicken k id n ey
embryo c e l l s .  l i v e r  c e l ls *  c e l l s .

I n f e o t i v i t y
t i t r e .  P .P .U ,/  105*2 10^*5 102»4
ml* o f  viirus»

M onolayers o f  HeLa c e l l s ,  s t r a i n  L c e l l s  and p rim ary
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r e n a l  c u l tu r e s  d e r iv e d  f3X/m th e  c a l f  and th e  dog rem ained morpho

lo g ic a l ly  norm al a f t e r  in o c u la t io n  and a tte m p ts  to  e x t r a c t  in f e c t iv e  

v i r u s  were u n su c cessfu l*

(c )  Com parative s tu d ie s  w ith  X*L*T# and p igeon -pox  v i r u s e s .

Both above v iru s e s  produced a cy to p a th o g en io  e f f e c t  

which was r e a d i ly  d is t in g u is h a b le  from th a t  caused hy th e  colum bine 

agent#

I n  p re lim in a ry  work w ith  I,h*T* v i r u s ,  a cy to p a th o g en ic  

e f f e c t  was o b se rv ed  in  w hole-chick-em hryo c u l tu r e s  in o c u la te d  24 

hours e a r l i e r  w ith  a 1 i n  gO d i l u t i o n  o f  m acera ted  c h o r io - a l l a n to ic  

membranes whioh had shown c o n f lu e n t pocks* The c h a r a c t e r i s t i c  

f e a tu r e  was th e  developm ent, w ith in  sm all e p i t h e l i a l  i s l a n d s ,  o f  

m u lt in u c le a te d  sy n c y tia  w hich, in  u n s ta in e d  m ono layers, were d i s 

t in g u is h a b le  by a h ig h ly  ....refract l i e  c e l l  membrane o f  un iform  c i r c u l a r ,  

o r  o v o id , co n to u r  (F ig u re  37)* I n  acme c a s e s , th e  n u c le i  were seen  

to  be a rran g ed  in  a r in g  o r  h o reo -sh o e  p a t t e r n  o r  huddled  to g e th e r .

By th e  second day , d e tach ed  s y n c y tia  wore m a n ife s t f l o a t i n g  in  th e  

c u l tu r e  f lu id *

I n t r a n u c le a r  in c lu s io n s  were found in  s ta in e d  m onolayers 

and v a r ie d  c o n s id e ra b ly  i n  s i# e  and in  t i n c t o r i a l  r e a c t io n ,  Borne 

were o f  c l a s s i c a l ,  e o s in o p h i l ic  Cowdry Type A p a t t e r n ;  o th e r s  were 

am phoph ilic  ox' b a s o p h i l ic  and o ccup ied  alm ost th e  whole o f  th e  

n u c le u s  iv ithou t any su rro u n d in g  h a lo . The in c lu s io n s  o f  in d iv id u a l



Figure 3 7 # Bynoytia in  wliole-ohick-ombryo culture 

infected with I#L#Tt virus* x 150*

3 8 * Bynoytia in  ohlok-embryo liv er  oultut# 

infooted with I#h*T, Virus# x 1 *2 0 0#
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ay n o y tia  were g e n e ra l ly  o f  th e  same typo a lth o u g h  wide d i f f e r e n c e s ,  

ra n g in g  from h ig h ly  e o s in o p h il ic  Type A to  sm a ll, d en se ly  b a s o p h il ic  

s t r u c t u r e s ,  were som etim es recorded# Each syncytium  p o sse ssed  from 

12 to  40  n u c le i ,  depending  on th e  s ia e  o f  th e  e p i t h e l i a l  is lan d *

By th e  f o u r th  o r  f i f t h  day a f t e r  in f e c t io n ,  most o f  th e  sy n c y tia  had 

d isa p p e a re d , though a few were sometimes to  he found as l a t e  a s  th e  

e ig h th  day .

D esp ite  th e  fo rm a tio n  o f  sy n c y tia  i n  e p i t h e l i a l  c e l l  

i s l a n d s ,  a cy to p a th o g en io  e f f e c t  was n ev e r to  he o b serv ed  i n  fihro*» 

b la s ts *  Thus, on th e  s ix th  day , c u l tu re s  c o n s is te d  o f  dense s h e e ts  

o f  a p p a re n tly  norm al f ib ro b la s ts *  On p a ssag e , th e  same changes 

appeared  i n  th e  e p i t h e l i a l  i s l a n d s  b u t a 0*P*K* in  f i b r o b l a s t s  was 

n ev e r ap p rec iab le*

I*L*T* v ir u s  h a rv e s te d  on th e  t h i r d  day o f  i t s  f i r s t  

passag e  in  w hole-chlck '-em biyo c u l tu re s  was employed f o r  in f e c t io n  o f  

m onolayers o f  chiok-^embryo l iv e r*  M u ltin u c lo a te d  sy n o y tia  appeared  

i n  th e  e p i t h e l i a l  i s l a n d s  on th e  day a f t e r  in f e c t io n  and were o f  

two m ain p a t te rn s *  The f i r s t  was g e n e ra l ly  h ig h ly  v a c u o la te d , had 

an i n d i s t i n c t  b o rd e r  and co n ta in ed  up to  ap p ro x im a te ly  100 n u c le i ,  

th e  m a jo r i ty  o f  whioh co n ta in e d  e o s in o p h il ic  I n c lu s io n s  (F ig u re  3 8 )* 

The second s y n c y t ia l  ty p e  was sm a lle r  w ith  about 20 n u c le i ,  o f te n  

a rran g ed  in  a r in g ,  a more hyperchro raatic  cy top lasm , le s s  v a o u o la tio a , 

a d i s t i n c t  membrane and a rounded o r  ovoid  contour*
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Ob th e  second day, most p f  th e  s y n c y tia  appeared  de

g e n e ra te , th e  n u c le i  b e in g  shrunken and p y k n o tic  and in c lu s io n s  

d i f f i c u l t  to  see* By th e  t h i r d  day, a l l  t h a t  rem ained o f  th e  

e p i t h e l i a l  i s l a n d s  was a shrunken e o s in o p h i l ic  m ass, devo id  o f  a l l  

m o rp h o lo g ica l d e ta i l*  The p la c e  o f  th e  sy n c y tia  was occup ied  hy 

f i b r o b l a s t s  and , by th e  f i f t h  day , th e  c u l tu r e s  c o n s is te d  o f  dense 

s h e e ts  o f  norm al f i b r o b l a s t s  w ith  o c c a s io n a l s y n c y t ia l  rem nants,

A ey to p a th o g en io  e f f e c t  was n o t o b se rv a b le  i n  th e  f i b r o b l a s t s  a t  

any tim e .

Largo m u ltin u c lo a te d  sy n c y tia  wore formed i n  ch icken  

k idney  c u l tu r e s  in f e c te d  w ith  I*L ,T , v i r u s .  They appeared  w ith in  

24-^|8 ho u rs o f  in o c u la t io n  and d i f f e r e d  from th o se  observed  in  

chick-em bryo l i v e r  c u l tu r e s  i n  t h a t  th ey  were s t e l l a t e ,  w ith  numerous 

e lo n g a te d  b ran ch es  which im p arted  a la o e - l ik e  appearance  to  a f f e c te d  

p a r t s  o f  th e  m onolayer. By th e  fo u r th  day , many la rg e  sp aces  w ith  

ragged edges had formed w h ile , d u r in g  th e  su c ceed in g  two o r  th re e  

d ay s , m ost o f  th e  rem ain ing  c e l l s  were d e s tro y e d .

In  chick-em bryo k idney  c u l tu r e s  in f e c te d  w ith  I#L#T, 

v i r u s ,  ty p ic a l  s y n c y tia  were a g a in  produced b u t th e  ey to p a th o g en io  

e f f e c t  d i f f e r e d  from th a t  n o ted  in  th e  fo re g o in g  c u l tu r e s  i n  th a t  i t  

sp read  much more s lo w ly , A few s t e l l a t e  s y n c y tia  (F ig u re  39) wore 

to  be seen  on th e  second day b u t ,  even by th e  f i f t h  day , l i t t l e  

f u r th e r  advancem ent had o c c u rre d , A ey to p a th o g en io  e f f e c t  was n o t



F ig u r e  3 9 # S t e l l a t e  s y n o y t iw  i n  k id n e y  c u ltu r e

in fe c te d  w ith I*L*T4 v irus#  z
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o bserv ed  in  p ig eo n -k id n ey  c u l tu re s  in o c u la te d  w ith  l.L*T* v iru s»

P igeon-pox  v ir u s  gave r i s e  to  s w e llin g  and zcund ing  o f  

c e l l s  i n  whole-embryo c u l tu r e s  b u t th e  ey to p a th o g en io  e f f e c t  was 

r e a d i ly  d is t in g u is h e d  from th a t  caused by v i r u s  by th e  much

sm a lle r  number o f  c e l l s  in v o lv e d  a t  any one tim e# I n f e c t io n  sp read  

slow ly  th ro u g h  th e  m onolayer and spaces were formed a s  a r e s u l t  o f  

c e l l - d e a th  b u t ,  even as  l a t e  a s  th e  e ig h th  day , ap p ro x im a te ly  gO p e r  

cen t o f  th e  c e l l s  looked normal# The la r g e ,  sw o llen  c o l l s ,  so 

c h a r a c t e r i s t i c  o f  th e  ey to p a th o g en io  e f f e c t  caused  by I#H*I# v i r u s ,  

were n ev e r observed# I n fe c te d  c e l l s  were shx*unlcen and d id  n o t 

o cc u r  i n  w e ll-d e f in e d  c l u s t e r s  and n e i th e r  in t r a n u c le a r  n o r  cy to 

p la sm ic  in c lu s io n s  were d e te c ta b le  in  s ta in e d  m onolayers» The n u c le i  

o f  th e  round c e l l s  were g e n e ra l ly  reduced to  b a s o p h i l ic  fragm ents*

(3 )  IDISeUBSIOH#

A ll s t r a i n s  o f  p ig eo n  v i r u s  i s o l a t e d  in  eggs were

o y to p a th o g en ic  in  t i s s u e - c u l tu r e »  In  each c a se , th e  ey to p a th o g en io  

ag en t was cap ab le  o f  p ro d u c in g  le s io n s  i n  em bryonated eg g s , even 

a f t e r  11 p a ssa g e s  in  c e l l  cu ltu re *  C on v erse ly , a 20 p e r  cen t 

su sp en s io n  o f  o h o r io - a l la n to ic  membranes from u n in o o u la te d  eggs was 

n o n -cy to p a th o g en ic  fo ,r whole-embryo t i s s u e  c u l tu r e s  and e x t r a c t s  o f  

norm al m onolayers d id  n o t g iv e  r i s e  to  pocks# In c lu s io n  b o d ie s  o f  

s im i la r  appearance  were found in  in f e c te d  c u l tu r e s ,  in f e c te d  eggs 

and in  th e  o rg an s  removed from d ise a se d  pigeons* F in a l ly ,  th e  c y to -
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p a th o g en ic  ag en t produced ty p ic a l  changes in  s h e e ts  o f  p igeon  c e l l s ,  

w hereas ï*L#To v ir u s  had n o t any such e f f e c t # Those f in d in g s  s t ro n g ly  

su g g e s t t h a t  th e  agen t grown in  c e l l - c u l t u r e  was d e r iv e d  fI'om th a t  

p re s e n t  in  th e  o r ig in a l  p igeon  t is s u e s #

A ll s t r a i n s  o f  v i r u s  i s o l a te d  in  th e  B r i t i s h  I s l e s  

produced th e  same fo c a l  ey to p a th o g en io  e f f e c t ,  c h a ra c te r i s e d  hy 

s w e llin g  and round ing  o f  c e l ls *  Smadel^s P -5 s t r a i n ,  however, caused 

th e  fo rm a tio n  o f  m u ltin u o le a te d  sy n c y tia  in  th e  e p i t h e l i a l  i s la n d s  

o f  whole-omhryo c u l tu re s  in  a d d i t io n  to  e l i c i t i n g  th e  form er change 

in  in d iv id u a l  f ib ro b la s ts *  T hat phenomenon, how ever, must n o t be 

assumed to  s ig n i f y  fundam ental taxonom ic d if f e r e n c e  betw een th e  

i s o la te s *  Both ty p e s  o f  e f f e c t  a re  ty p ic a l  o f  th a  h e rp e s v iru s  group* 

The v ir u s e s  o f  bov ine m a lig n an t c a ta r r h  (P lo w rig h t ^  a l # I9 6 0 ), o f  

bov ine raam m illitis  (? la r tin  e t  al# I 9 6 6 ) ,  and o f  ( c h u r o h i l l ,

1 9 6 5 ) a re  cap ab le  o f  p ro d u c in g  la rg e  sy n c y tia  ( c o n ta in in g  20-100 

n u c le i )  w hereas cy to m eg a lo v iru ses  (Sm ith , 1959) and can ine  h erp es  

v iru s  (C ornw ell e t  a l # , 1966) cause round ing  o f  in d iv id u a l  c e l ls *  

M oreover, a c le a r - o u t  d iv id in g  l in e  cannot be draim  betw een th o se  

members o f  th e  group which provoke one e f f e c t  and th o se  which g iv e  

r i s e  to  th e  o th e r*  Both ty p e s  o f  change may be seen  i n  m onolayers 

in f e c te d  w ith  h e rp es  sim plex v iru s  (C ra n d a ll, 1959)> h erp es  B v iru s  

(R e is s ig  and M alnlok, 1955)> p seu d o ra b ie s  v i r u s e s  (Tokumaru, 1957) 

D if fe re n c e s  in  cy to p a th o lo g y  may be dependent upon f a c to r s  such  as 

th e  e x is te n c e  o f  v a r i a n t s ,  th e  amount o f  v i r u s  p re s e n t  i n  th e
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iHOculiiîn o r  th e  p a s s a g e ^ h is to ry  o f  th e  v iru s*  Thus, a s t a b le  v a r ia n t  

o f  h e rp es  sim plex  v i r u s ,  c h a ra c te r is e d  hy i t s  In c re a s e d  c a p a c ity  to  

p roduce s y n c y t ia ,  was s e p a ra te d  from i t s  p a re n t  s t r a i n  hy Hoggan and 

Roisman (1959a )  w h ile  Tokumaru (1 9 5 7 ) d e s c r ib e d  a g ra d u a l in c re a s e  

i n  c a p a b i l i ty  o f  th e  peeudor a b ie s  v i r u s  to  p roduce s y n c y tia  d u r in g  

th e  co u rse  o f  s e r i a l  p ro p a g a tio n  in  mon)^ey-Mdney c e l ls *  A cco rd in g ly , 

i n  th e  p r e s e n t  in v e s t ig a t io n ,  th e  c a p a c ity  o f  s t r a i n  P-9 to  form 

s y n c y tia  p o s s ib ly  a ro se  a s  a r e s u l t  o f  s e le c t io n  o f  a v a r ia n t  d u r in g  

p ro lo n g ed  p assag e  in  th e  o h o r io - a l la n to ic  membrane*

The req u irem en ts  o f  th e  v iru s  wore n o t r e s t r i c t e d  to  one 

p a r t i c u l a r  ty p e  o f  av ian  c e ll*  Growth o cc u rred  in  f i b r o b l a s t s  and 

in  d i f f e r e n t  ty p e s  o f  e p i t h e l i a l  c e l l  d e r iv e d  from th e  dom estic  fow l 

o r  th e  chiok-om bryo as w e ll as i n  e p i t h e l i a l  c e l l s  p ro cu red  from th e  

n a tu r a l  host*  The cy to p a th o lo g y  o f  th e  i n f e c t io n  was e s s e n t i a l l y  th e  

same in  a l l  th o se  c u l tu r e s ,  th e  d i f f e r e n c e s  b e in g  q u a n t i t a t iv e  r a th e r  

th a n  q u a l i ta t iv e *  The c e l l s  found to  be m ost s e n s i t i v e  to  th e  v i r u s  

were f i b r o b l a s t s  d e r iv e d  from th e  w hole-chlck-em bryo* H ep a tic  

e p i t h e l i a l  c e l l s  from th e  chick-em bryo were a lm ost as  s u s c e p t ib le  b u t 

ch icken  k idney  c e l l s  were much more r e s i s t a n t ,  Thus, when t i t r a t i o n s  

were c a r r ie d  o u t i n  p a r a l l e l  in  th e  th r e e  d i f f e r e n t  ty p e s  o f  c u l tu r e ,  

th e  v i r u s  su sp e n s io n  employed was found to  have a  t i t r e  o f  lo5*2 

/  ml* in  whole-embryo c e l l s ,  10^*5 p.pyu* /  ml* i n  m onolayers o f  

chiok-em bryo l i v e r  b u t o n ly  102*4 j  ml* in  ch ick en  k id n ey  c e l ls *
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The o y to p a th o g e n ic ity  o f  IoL*T, v i ru s  c o n tra s te d  m arkedly 

Tfitli t h a t  o f  th e  colurahlne a g e n t, With th e  e x c e p tio n  o f  s t r a i n  P—5? 

th e  l a t t e r  n ev e r produced th e  la rg e  s y n c y tia  so c h a r a c t e r i s t i c  o f  

in fe c t io n *  C onverse ly , v i r u s  vme n o n -p a th o g en ic  f o r

f i b r o b l a s t s .  Those d i f f e r e n c e s  were most marked in  c u l tu r e s  o f  chi ok- 

embryo l i v e r  which co n ta in ed  la rg e  numbers o f  b o th  e p i t h e l i a l  c e l l s  

and f ib r o b la s ts *  The p igeon  v iru s  produced an e a r ly  round ing  o f  

e p i t h e l i a l  c e l l s  and f i b r o b l a s t s  and caused e x te n s iv e  damage to  b o th  

c e l l u l a r  components w ith in  two days* I n f e c t io n  w ith  I.1,*T* v iru .s , 

on th e  o th e r  haud^ r a p id ly  r e s u l te d  in  th e  fo rm a tio n  o f  m assive 

e p i t h e l i a l  s y n c y tia  which q u ic k ly  d eg en era ted  b u t th e  f i b r o b l a s t s  

rem ained norm al and co n tin u ed  to  grow u n t i l  th ey  occup ied  th e  sp aces 

l e f t  by d e tach ed  sy n cy tia#  The a b i l i t y  o f  X*L*T* v ir u s  to  produce 

s y n c y tia  in  ohiok-em bryo k idney  and in  ch ick en  k id n ey  c u l tu r e s  has 

a lre a d y  been re p o r te d  by W atraoh and Hanson ( I 9 6 3 ) and by C h u rc h ill  

(1965)9  re s p e c tiv e ly *  The s p e c i f i c i t y  o f  X*L*T* v im s  in  i t s  

req u irem en t f o r  e p i t h e l i a l  c o l l s  may, p o s s ib ly ,  be c o r r e la te d  w ith  i t s  

i n a b i l i t y  to  i n f e c t  th e  mesoderm o f  th e  c h o r io - a l l a n to ic  membrane* 

C h u rc h ill  (1965) commented on th e  u n s u i t a b i l i t y  o f  f i b r o b l a s t s  f o r  

th e  grow th o f  I*b,T* v i r u s  b u t th e  p re s e n t  in v e s t ig a t io n  showed th a t  

whole-embryo c u l tu r e s  may be employed f o r  th e  p ro p a g a tio n  o f  th e  v i r u s  

p ro v id ed  th a t  th e y  c o n ta in  m oderate numbers o f  e p i t h e l i a l  Is lan d s#

The ey to p a th o g en io  e f f e c t  o f  th e  p ig eo n  I ,k # I*  v i r u s  was 

found to  be v ery  s im i la r  to  th a t  produced by th e  cy tom egalov iruses#
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Thus, Smith (1956), em ploying c u l tu re s  o f  human f i b r o b l a s t s  f o r  th a  

p ro p a g a tio n  o f  th e  s a l iv a ry -g la n d  v iru s  o f  man, d e s c r ib e d  th e  

developm ent o f  sm a ll , c ircu lar*  f o c i  in  which th e  c e l l s  were en

la rg e d , rounded o r  ovoid and more r a f r a e t l l e  th a n  normal* The fo c i  

slow ly  in c re a s e d  in  si%c and number, en largem ent o f  a fo cu s b e in g  

fo llo w ed  by d e g e n e ra tio n  a t  th e  cen tre*  The d e g e n e ra tin g  c e l l s  

became g r a n u la r  and d i s in te g r a te d ,  le a v in g  m asses o f  dense r e f r a c t i l e  

g ran u les*  S im ila r  r e s u l t s  a tte n d e d  th e  in v e s t ig a t io n s  o f  Sm ith (1954), 

H a rtle y  e t  a l*  (1957), B lack  e t  a l * (1963) and H a r tle y  and Done (1963) 

in to  c u l t iv a t io n  o f  s a l iv a ry -g la n d  v iru s e s  from th e  mouse, th e  

g u in e a -p ig , th e  A fric a n  g reen  monkey and th e  sh eep , re s p e c tiv e ly *  

However, a lth o u g h  th e  p ig eo n  v iru s  resem bles th e  cytom egalo

v ir u s e s  in  i t s  o y to p a th o g e n le lty  f o r  f i b r o b l a s t s ,  i t  d i f f e r s  from 

them in  i t s  a b i l i t y  to  m u lt ip ly  in  e p i t h e l i a l  c e l ls *  Lack o f  o y to -  

p a th o g e n ie i ty  f o r  c e l l s  o f  th e  l a t t e r  type  i s  a reoogni%ed f e a tu r e  

o f  s a l i v a ry -g lan d  v ir u s e s  (Plummer, 1967), though in c lu s io n s  have 

been no ted  by Rowe e t  al*  (1956) and W eller e t  al*  (1957) 1̂  ̂

e p i t h e l i a l  c e l l s  ly in g  a d ja c e n t to  in f e c te d  f ib r o b la s ts *

The c y to p a th o g e n io ity  o f  th e  p ig eo n  v ir u s  a lso

b e a rs  some rosem blanco to  t h a t  o f  v a r i c e l l a  v iru s*  The l a t t e r  

p roduces fo c i  o f  sw o llen , rounded, r e f r a c t i l e  c e l l s  in  e p i t h e l i a l  

a s  w a ll as  i n  f i b r o b l a s t i c  c u l tu r e s ,  though s y n c y tia  may a lso  d ev e lo p , 

p a r t i c u l a r l y  in  m onolayers o f  e p i t h e l i a l  c e l l s  (W elle r , 1964)* The 

m icro -ep idem io logy  o f  v a r i c e l l a  in f e c t io n ,  howevex*, d i f f e r s  from
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t h a t  found i n  c u l tu r e s  in f e c te d  w ith  th e  colum bine ag en t in  th a t  

in f e c t iv e  v i r u s  p a r t i c l e s  a re  re le a s e d  f:eom th e  c e l l  o n ly  In  th e  

most m inu te  q u a n t i t i e s  (W elle r, I 9 6 4 )* In  th e  p re s e n t  in v e s t ig a t io n ,  

th e  T iru s  was found to  he r e le a s e d  in to  th e  c u l tu r e  medium in  

m o d era te ly  la rg e  amounts* Thus, a t i t r e  o f  lo4*9  tcID ^q  /  ml# was 

found In  th e  f l u i d  h a rv e s te d  from c u l tu re s  in f e c te d  w ith  th e  th i r d  

p assag e  o f  s t r a i n  H-4*

In  c o n c lu s io n , th e  colum bine ag en t may he s a id  to  behave 

in  c e l l-o T iltu re  in  a manner c o n s is te n t  w ith  th e  id e a  th a t  i t  i s  a 

h e rp es  v i r u s  b u t no t i n  such  a way as  to  su g g e s t t h a t  i t  has a 

s p e c ia l  r e la t io n s h ip  w ith  any s in g le  member o f  th e  h o rp e s v iru s  group*

(4) SUMARY ADD OOWCLIISICWS*

A ll s t r a i n s  o f  p ig eo n  v i iu s  i s o l a t e d  i n  th e  B r i t i s h

I s l e s  p roduced th e  same fo c a l  ey to p a th o g en io  e f f e c t  in  a v a r i e ty  o f  

a v ia n  c u l tu r e s .  Who1e-ch ick-em bryo  c u l tu r e s ,  c o n s is t in g  la r g e ly  o f  

f i b r o b l a s t s ,  appeared  to  be much more s u s c e p t ib le  th a n  m onolayers o f  

r e n a l  e p ith e liu m  b u t wore o n ly  s l i g h t l y  more s e n s i t iv e  th a n  c u l tu r e s  

o f  h e p a t ic  e p i t h e l i a l  c o l l s .  Smadol*s P«*5 s t r a i n  produced sm all 

s y n c y tia  i n  th e  e p i t h e l i a l  component o f  whole-embryo c u l tu r e s  and 

caused ro und ing  o f  in d iv id u a l  f i b r o b l a s t s ,  a p a t t e r n  o f  b eh av io u r 

e x h ib ite d  a lso  by v a r i c e l l a  v i r u s .  U nlike  th e  l a t t e r ,  how ever, a l l  

s t r a i n s  o f  th e  colum bine ag en t were re le a s e d  in to  th e  c u l tu r e  f l u id s  

i n  i n f e c t iv e  fo rau  The v i r u s  o f  I .L .T *  was r e a d i ly  d i s t in g u is h a b le
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s in c e  i t  formed la rg o  s y n c y tia  i n  e p i t h e l i a l  c e l l s  h u t f a i l e d  to  

grow i n  f ib r o b la s t s #  P igeon-pox  v i r u s  was reoogniEsahle by reaso n  o f  

i t s  low er c y to p a th o g e n ic i ty  and by th e  absence o f  in t r a n u c le a r  

in c lu s io n s*
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SECTION THOî THE PLAQUE ASSAY#

(X) INTRODUCTION*

Sinoo th e  e y to p a th o g en io  e f f e c t  was found to  be o f  f o c a l  

d i s t r i b u t i o n  a f t e r  m onolayers had been in f e c te d  w ith  h ig h  d i lu t i o n s  

o f  p ig eo n  I*N #I. v i r u s  and m a in ta in ed  un d er l i q u id  m edia, p la q u es  

produced u n d e r an  a g a r  o v e r la y  seemed to  a f fo rd  a co n v en ien t method 

f o r  th e  a s sa y  o f  th e  i n f e o t i v i t y  o f  v i r u s  su sp en sio n s*

The f i r s t  p laq u e  a s sa y  i n  anim al v iro lo g y  was in tro d u c e d  

by Dulbecoo (1952) and th e  method has s in c e  been  a p p l ie d  to  th e  

s tu d y  o f  a wide range o f  mammalian and a v ia n  v iru se s *  The g e n e ra l  

a s p e c ts  o f  th e  te c h n iq u e  and th e  v a r io u s  f a c t o r s  e s s e n t i a l  to  i t s  

u se  have been  rev iew ed in  d e t a i l  by Cooper (1961a) and need n o t h e re  

bo d iscu ssed *

The advan tage  o f  th e  %)laq u e  a s sa y  o v e r  th e  en d -p o in t 

d i l u t i o n  method i s  la r g e ly  on© o f  economy* At th e  5^ p e r  c e n t end

p o in t ,  an av e rag e  o f  two c u l tu r e s  a re  re q u ire d  to  d e te c t  one i n 

f e c t iv e  p a r t i c le *  H a lf th e  c u l tu r e s  do n o t r e c e iv e  any b u t ,  p u re ly  

a s  a r e s u l t  o f  chance , some o f  th e  o th e r s  r e c e iv e  more th an  one 

in f e c t iv e  u n it*  From th e  P o is so n ia n  d i s t r i b u t i o n  o f  p a r t i c l e s ,  i t  

has been  c a lc u la te d  t h a t  th e  in f e c te d  m onolayers a c q u ir e ,  on av e ra g e , 

1*)8 p a r t i c l e s  each* Thus, ta k in g  n q n - in fe e te d  as w e ll as  in f e c te d  

c u l tu r e s  in to  c o n s id e r a t io n ,  th e  average  number o f  p a r t i c l e s  which
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each one r e c e iv e s  i s  0#6g, One hundred c u l tu r e s ,  th e r e f o r e ,  a re  

n e c e s s a ry  f o r  th e  d e te c t io n  o f  69  i n f e c t io u s  u n i t s  o f  v i r u s ,  i f  each  

i s  in o c u la te d  w ith  an av e rag e  o f  1 TOIDgo# S ince  69  p la q u e s  a re  

a c c u r a te ly  c o u n ta b le  i n  one o v e r la y  c u l tu r e ,  th e  l a t t e r  may be 

re g a rd e d  a s  s t a t i s t i c a l l y  e q u iv a le n t  to  100 tu b e  c u l tu r e s ,  in o c u la te d  

w ith  l im i t i n g  d i lu t i o n s  and m a in ta in e d  u n d er l i q u i d  media* By th o se  

arg u m en ts, Dulbeoco and Vogt (1954) c a lc u la te d  t h a t  one moiikoy k id n ey  

would y ie ld  I 5 - 3O P e t r i  d is h  c u l tu r e s ,  s t a t i s t i c a l l y  e q u iv a le n t  to  

1 , 200- 2 ,4 0 0  r o l l e r  tubes*  Thus, to  a t t a i n  s im i l a r  e x a c t i tu d e ,  th e  

p la q u e  method i s  ranch more econom ical i n  b o th  c e l l s  and labour*

The fo rm a tio n  o f  p la q u e s  u n d er an  o v e r la y  o f  s o l id  medium 

i s  a ls o  o f  im p o rtan ce  i n  s tu d ie s  on v i r a l  g e n e t i c s ,  s in c e  a  c lo n e  o f  

v i r u s  i s  th e re b y  o b ta in a b le  from a s in g le  p la q u e , M oreover, s in c e  

p la q u e s  o f  p a r t i c u l a r  ap p earan ce  may bo a s s o c ia te d  w ith  c e r t a in  o th e r  

g e n e t ic  m a rk e rs , p laq u e  m orphology has been  u sed  a s  a  c r i t e r i o n  In  

th e  c h a r a c t e r i s a t i o n  and d i f f e r e n t i a t i o n  o f  a number o f  v i r u s e s .

T hus, Bohi e t  a l*  ( I 96O) showed t h a t  f iv e  s o r o lo g lo a l ly - d l s t i n o t  

p o rc in e  e n te r o v iru s e s  caused  th e  fo rm a tio n  o f  f o u r  d i f f e r e n t  ty p e s  

o f  p la q u e s  i n  m onolayers o f  p ig -k id n e y  c e l ls *

B ecause o f  th e  above a d v a n ta g e s , i n v e s t ig a t io n s  were 

c a r r ie d  o u t i n  o rd e r  to  e s t a b l i s h  a s a t i s f a c t o r y  system  o f  p la q u e -  

a s sa y  f o r  th e  p ig eo n  I*N*I* v iru s*
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(2 ) MAWRIAIiB AID lOTHODB#

(a )  P e t r i  dislieB#
(b ) C e ll system*
(c )  I n f e c t io n  o f  cu ltu re a #

(d ) Agar overlay #
(e )  M e th y lc e llu lo se  overlay#
( f )  D e te c tio n  o f  p laques#

(g ) Measurement o f  p laque siso#

(a )  P e t r i  d ish es#  gO mm# g la s s - p la te a  (Anumbra) and gO mm* p l a s t i c  

d is h e s  ( f a lc o n ,  B t e r i l i n  and E sco , Grade M ) were employed*

(*b) C e ll  system# M holo-ohiok-emhryo c u l tu r e s  wore p rep a red  from 

10-day  em bryonated eggs a s  has been  d e sc r ib e d  i n  th e  p re v io u s  s e c tio n , 

Seven m i l l io n  c e l l s ,  suspended in  5 iiil# o f  grow th medium, were 

p iï)C tted  in to  eaoh P e t r i  d ish*  M onolayers were com plete w ith in  24 

ho u rs  and wore used  w ith o u t f u r th e r  delay# M onolayers o f  c h id e -  

embryo l i v e r  and chick-em bryo k id n e y , p re p a red  as  re co rd ed  i n  th e  

p re c e d in g  s e c t io n ,  were a ls o  employed#

(o ) I n f e c t io n  o f  c u ltu re s #  A f te r  rem oval o f  th e  grow th mediuia, th e  

c e l l e  were washed once w ith  P#B#B# p r i o r  to  in o c u la t io n #  V iru s  

d i l u t i o n s  were made up in  Hank * s  B#S#S# The volume o f  inoculum  added 

to  each  p l a t e  was 0#5 Ril* To prom ote a ttach m en t o f  v i r u s ,  p l a t e s  

were in c u b a te d  a t  37^G« f o r  f o u r  hou rs i n  an atm osphere o f  f iv e  p e r  

ce n t carbon  d iox ide#

(d ) A gar o v erlay #  FollOTd.ng a d s o rp tio n  o f  v i r u s ,  th e  Inoculum  was
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removed and th e  oeXls washed onoe w ith  The o v e r la y  was

p rep a red  by m ixing 1*8 p e r  c e n t a g a r  (î)i.fco -B ac to ) i n  d e io n ise d  w ate r 

w ith  an eq u a l voXumie o f  d o u b le -s tre n g th  E a r le s s  B#8*S* c o n ta in in g  

Oo25 p e r  cen t la o ta lb u m in  h y d ro ly sa te  and f iv e  p e r  c e n t in a c t iv a te d  

c a l f  serum* The volume o f  o v e r la y  added to  each p l a t e  was 4 ml*

(e ) M e th y lc e llu lo se  overlay*  The method used f o r  th e  p re p a ra t io n  o f  

th e  o v e r la y  was t h a t  d e s c r ib e d  by Rapp e t  à l$ ( l9 5 9 )*  though th e  

m e th y lc e llu lo s e  was n o t washed w ith  a lc o h o l p r i o r  to  use* One gr^m 

o f  th e  compound was suspended in  40 ml* o f  b o i l i n g  w a te r , au to s la v e d  

and cooled  to  40^0# An eq u a l volume o f  d o u b le -s tre n g th  E agle*s 

medium, c o n ta in in g  th e  u s u a l a n t i b i o t i c s ,  and 20 ml* o f  h o rse  serum 

were th en  added* The r e s u l t a n t  su sp en sio n  was employed in  p r e c i s e ly  

th e  same way a s  th e  a g a r  overlay*

( f )  D e te c tio n  o f  p laques*  P la te s  were in c u b a te d  a t  37*0* i n  an 

atm osphere o f  f iv e  p e r  c e n t carbon d io x id e  in  a i r  f o r  fo u r  days* 

I n i t i a l l y ,  1 ml* o f  o v e r la y , cohtEdning a 1 in  20 ,000  d i lu t io n  o f  

n e u t r a l  re d , was added to  each p la te  on th e  t h i r d  day* A lthough 

th a t  p ro ced u re  g e n e ra l ly  proved s a t i s f a c to r y ,  to x ic  e f f e c t s  sometimes 

o cc u rred  and r e s u l t s  were th u s  n u l l i f i e d *  The method was, th e re fo re *  

abandoned and re p la c e d  by a co n v e n tio n a l te c h n iq u e  o f  f i x a t i o n  and 

s ta in in g *  as  fo llo w s ; 3 ml* o f  m ercu rio -fo rm o1 were added to  each 

p l a t e  on th e  f o u r th  day* A f te r  5-24 hours* th e  f i x a t i v e  was d ecan ted  

and th e  a g a r  s e p a ra te d  from th e  s id e s  o f  th e  d is h  by moans o f  a f in e
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iieedXep fo llo w in g  which th e  o v e r la y  wao reinovahlo in  one p ie c e  

w ith o u t damage to  th e  c o ll^ e h e e t#  The m onolayers wore th e n  washed 

i n  m ethyl a lc o h o l and s ta in e d  by Ii©lshman*s method*

(g) M easurement o f  p laq u e  sisse* A p l a s t i c  b lo ck s w ith  a p e r tu re  j u s t  

T'dde enough to  a llo w  in s e r t i o n  o f  a P e t r i  d is h ,  was secu red  to  th e  

m eta l p l a t e  lo c a te d  im m edia te ly  beh ind  th e  le n a  c a s in g  o f  a Kershaw 

'D a y l ig h t* s t r i p  p r o je c to r ,  th e  s lid o -« h o ld e r f i r s t  b e in g  removed*

In  t h a t  way, s ta in e d  raonolayers wore p ro je c te d  o n to  a sc re e n  which 

c o n s is te d  o f  s e v e ra l  la rg e  p ie c e s  o f  g raph  p a p e r , which were d iv id e d  

in to  sq u a re  in c h e s ,  each sub-d iv ided , in to  sm all sq u a re s  l / lO  ins*  i n  

len g th *  A P e t r i  d is h  w ith  a 1 cm* square  marked o u t o f  th e  c e l l -  

sh e e t was th e n  in s e r t e d  in to  th e  p r o je c to r  and th e  p o s i t io n  o f  th e  

l a t t e r  a d ju s te d  u n t i l  th e  Image o f  th e  1 cm* l i n e  on th e  d is h  

occup ied  e ig h t  in c h e s  on th e  screen* The d ia m e te rs  o f  th e  p la q u e s , 

one a t  r ig h t  a n g le s  to  th e  o th e r ,  were thon  rec o rd ed  in  term s o f  th e  

number o f  sm all sq u a re s  covered* The r e a l  d im ensions o f  th e  p laq u e  

were th e n  c a lc u la te d ,  on th e  b a s i s  o f  e ig h t  em ail sq u a re s  on th e  

sc re e n  b e in g  e q u iv a le n t to  1 mm* M is c a lc u la tio n  o f  one sm all sq u a re  

In tro d u c e d  an e r r o r  o f  o n ly  0*125 mm* in  th e  f i n a l  c a lc u la t io n  o f  

th e  p laq u e  d iam eter#
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(3) EXPERIMENTAL PROCEDURES AND RESULTS#

EXPERIMENT ONE: P ro d u o tio n  o f  P laq u es u n d er Agar*

Tho aim o f  t h i s  experim ent was to  d e term in e  w hether 

p laq u es  %mre p ro d u c ib le  under an a g a r  o v e r la y  and, i f  so , to  s tu d y  

t h e i r  m orphology, s i s e  and r a t e  o f  development*

F o r th e  above p u rp o se s , whole-embryo c u l tu r e s  were 

in o c u la te d  w ith  teii^-fold  d i lu t io n s  o f  s t r a i n s  o f  t is s u e -* o u ltu re -  

ad ap ted  p ig eo n  v i r u s ,  Nos* H -l, HS-2, M-3, !W( and P -5 j w h ile

m onolayers o f  chick-em bryo l i v e r  and chick-em bryo k id n ey  c e l l s  were 

in f e c te d  ^-dth d i lu t io n s  o f  s t r a i n  1 —3* O verlays o f  a g a r  were added 

and th e  p l a t e s  in c u b a te d  a s  a lre a d y  d escribed*

Mac5?osGOplc p la q u es  g e n e ra l ly  appeared  i n  whole-embryo 

c u l tu r e s  on th e  t h i r d  day b u t were r a r e ly  a p p re c ia b le  on th e  second 

day# The l a r g e r  ones were d is t in g u is h a b le  w ith o u t th e  a id  o f  n e u t r a l  

red  o r  o th e r  s t a i n  and appeared  as g re y is h , opaque, c i r c u l a r  fo c i  

when viewed w ith  o b liq u e  i l lu m in a t io n  a g a in s t  a d a rk  back-ground#

The p la q u es  wore c i r c u l a r  o r  © lig h tly  ovo id  i n  shape and, 

p r i o r  to  th e  f i f t h  day, were alw ays s h a rp ly  dem arcated  by a narrow  

band o f  round o r  sw o llen  c e l l s  which s ta in e d  v ery  d eep ly  w ith  b o th  

n e u t r a l  red  and Leishm an’ s s t a i n  (F ig u re  #0)* I n  some in s ta n c e s ,  

th e  i n t e r i o r  was e n t i r e ly  c l e a r  so t h a t  th e  p la q u es  had a "punched- 

ou t"  appearance b u t ,  u s u a l ly ,  c e l l  d e b r is  rem ained and was d i s t r ib u t e d



Figure 4 0 . Plague^formatlon under agar* x 8*4*

Figure 41. Plaques o f "target-toard" appearanoe* % W*
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i n  a v a r i e ty  o f  ways# Thue, i n  th e  s m a lle r  p la q u e s , th e  d e b r i s ,  

com prised o f  c o l l s  a t  v a r io u s  s ta g e s  o f  d i s s o lu t io n  and s ta in e d  p a le  

l i l a c  w ith  L olshm an 'e s t a i n ,  o ccu p ied  th e  whole o f  th e  a re a  w ith in  

a d e e p ly -c o lo u re d  p e r ip h e r a l  ring#  In  l a r g e r  p la q u e s , th e  c e n tre  

was o f te n  c l e a r  b u t th e  l a r g e s t  ones o c c a s io n a l ly  resem bled  a  t a r g e t -  

b o a rd , w ith  a o e n t r a l  co re  o f  d e b r is  su rrounded  by  a  c l e a r  son© 

which was e n c i r c le d  by a n o th e r  band o f  d e b r is  t h a t  was en c lo sed  by 

a h y p erch ro m atio  b o rd e r  (F ig u re  41)*

P laq u e s  produced  u nder a g a r  i n  c u l tu r e s  o f  chick-em bryo 

l i v e r  and ohiok-em bryo k id n ey  conformed in  s iz e  and morphology Tjith 

th o se  o b se rv ed  i n  m onolayers o f  whole-embryo c e l l s  though , owing to  

th e  s t ro n g  a f f i n i t y  o f  th e  h e p a t ic  e p i t h e l i a l  c e l l s  f o r  L oishm an 's 

s t a i n ,  th e  h y p erch ro m atio  b o rd e r  was l e s s  co nsp icuous i n  th e  l i v e r  

c u ltu re s *  â  sm all number o f  p la q u e s  had c l e a r  c e n tr e s  w ith  con

seq u en t "punch ed -o u t"  app earan ce  b u t th e  g r e a t  m a jo r i ty  co n ta in e d  

d e b r is  which was lo o s e ly  s c a t t e r e d  in  th e  c e n t r a l  a re a  b u t more 

com pactly  d isp o se d  im m ed ia te ly  in s id e  th e  h y p erch ro m a tic  rim*

The p r in c ip a l  d isa d v an ta g e  o f  c u l tu r e s  o f  em bryonic l i v e r  

o v e r  th o se  o f  th e  whole-embryo was th a t  a  much s m a lle r  number o f  

c u l tu r e s  was o b ta in e d  from th e  same q u a n t i ty  o f  eggs* A second 

m ajo r drtufback was t h a t  two ty p e s  o f  c e l l  wore alw ays p r e s e n t ,  th e  

p ro p o r t io n  o f  e p i t h e l i a l  c e l l e  som etim es v a ry in g  c o n s id e ra b ly  among 

d i f f e r e n t  b a tc h e s  o f  c u ltu re s *  The i s l a n d s  o f  f i b r o b l a s t s  s ta in e d
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v ery  weakly and, a lth o u g h  e a s i ly  d i f f e r e n t i a b l e  from th e  l a r g e r  

p la q u e s , were sometimes to  be oonfusod, w ith  th e  s m a lle r  ones u n le s s  

a co lony m icroscope was used# Sine© c u l tu re s  o f  chick-em bryo k id n ey  

were n o t p ro d u c ib le  in  b u lk  and , as  re p o r te d  in  S e c tio n  One, seemed 

l e s s  s u s c e p t ib le  th a n  m onolayers o f  whole-embryo c e l l s ,  th e  d e c is io n  

was made to  s ta n d a rd is e  th e  l a t t e r  ty p e  o f  c u l tu r e  f o r  a l l  subsequen t 

work#

When i t  became c l e a r  th a t  a l l  th e  s t r a i n s  o f  v i r u s  

employed in  th e  in v e s t ig a t io n  gave r i s e  to  p la q u e s , a f u r th e r  30 

p la te s  o f  whole-embryo c u l tu r e s  were each in o c u la te d  w ith  ap p ro x im ate ly  

50  P*F#Uo o f  s t r a i n  M-3 and o v e r la id  w ith  ag q r i n  o rd e r  to  s tu d y  th e  

rat©  o f  grow th o f  th e  p laques*  The p l a t e s  were examined on th e  

t h i r d ,  f o u r th  and f i f t h  days o f  in c u b a tio n , te n  b e in g  d e a l t  w ith  

p a r  day# The number o f  p laq u es  observed  was reco rd ed  and t h e i r  s iz e  

on th e  t h i r d  and fo u r th  days th e n  m easured, f o r  which purpose one 

p la t e  was s ta in e d  on each occasion#

The p la q u e -o o u n ts  on su c c e s s iv e  days a re  shown in  T able 2# 

The number o f  p la q u e s  counted  on th e  fo u r th  day was about 50 p e r  

cen t h ig h e r  th a n  th a t  reco rd ed  on th e  p rece d in g  day, i # e , , on th e  

t h i r d  day , abou t o n e - th i r d  o f  th e  p la q u es  were o f  m ic ro sco p ic  s iz e  

b u t ,  by th e  fo lio iz in g  day , th e y  had e n la rg ed  s u f f i c i e n t l y  to  be seen 

w ith  th e  naked eye# On th e  f i f t h  day , however, a d i f fu s e  non

s p e c i f i c  d e g e n e ra tio n , a phenomenon o c c a s io n a l ly  en co u n tered  in
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ŒAEta 2 

PLAQUE OOTOJ T PEH MY 

Strain 1-3 , iw lf t h  passage In celX-cuXtur©

Day
Number

of
plates

Plague ootttïts Moaa Varianoe Standard
deviation

Coeffic
ient o f  
variation

3 10 26, 28, 41 ,
24, 50, 29 ,
25, 50 , 50, 

56

29.9 26.55 3.15 17.85#

4 10 57, 61, 42, 
59, 47, 48 , 
53, 37, 48 ,  

41

45.4 85.58 9.25 20.58#

5 10 40, 35, 56, 
51*, 29*, 55*, 
50*, 50*, 36*, 

59

53.9 ## m

plates showed a considerable lo ss  In staining affin ity#  

I#B# .Momg the 20 plates examined on the third and fourth days, 

in only fiv e  do the individual counts d iffer  from the mean 

by more than the standard deviation and none exceeds or 

fa l ls  short of the mean by a value greater than twice the 

standard deviation so that both means are a ta tis t io a lly  

acceptable# When the "t" te s t  i s  applied, the difference 

between the t?fO means i s  found to be highly sign ificant 

C’t" r: 4*63, P ■=>< .001) .
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c u l tu r e s  m a in ta in ed  u n d er a g a r  f o r  more th a n  fo u r  o r  f iv e  days and 

r e s u l t i n g  in  lo s s  o f  c o n t r a s t  betw een th e  p la q u es  and th e  l i g h t l y -  

s t a in in g  d e g e n e ra te  m onolayer, p rev en ted  th e  making o f  an i^oourate 

count*

The s iz e s  reached  by th e  p la q u es  on th e  t h i r d  and fo u r th  

days a re  shown i n  T able 3# The l a r g e s t  p laq u e  o b se rv a b le  on th e  

t h i r d  day was 1#25  mm# i n  d ia m e te r , th e  s m a lle s t  0#5 mm# and th e  

o v e r a l l  average  d ia m e te r 0*84 mm. On th e  f o u r th  day , ap p ro x im ate ly  

38 p e r  ce n t o f  th e  p la q u es  were l a r g e r  th a n  th e  maximum reco rd ed  on 

th e  p re v io u s  day, th e  l a r g e s t  re a c h in g  2 mm# in  d ia m e te r , o r  four-, 

tim es th e  w id th  o f  th e  sm a lle s t#  The mean o v e r a l l  d ia m e te r  was 

1*11 mm*

In  s iz e  and r a t e  o f  grow th, th e  p la q u e s  d e sc r ib e d  c lo s e ly  

resem ble th o se  produced by h e rp es  sim plex v iru s#  Thus, Kaplan (1957) 

found th a t  th e  p la q u es  formed by th e  l a t t e r  v i r u s  in  r a b b i t  k idney  

c u l tu r e s  appeared  on th e  second day b u t d id  n o t re a c h  maximal s iz e  

o r  number u n t i l  th e  f o u r th  o r  s ix th  day# By th e  fo u r th  day , most 

o f  th e  h e rp es  p la q u es  had a t ta in e d  a d ia m e te r  o f  1-2  mm. b u t ,  u n lik e  

th e  p laq u es  produced by p o lio  v i r u s ,  d id  n o t co n tin u e  to  in c re a s e  in  

s iz e  th e r e a f te r #  Not a l l  h e rp e s v iru s e s ,  how ever, behave in  th a t  

manner# Thus, K aplan and V e tte r  (1959) re p o r te d  t h a t  p se u d o ra b ie s  

v i r u s  fonaed much l a r g e r  p la q u e s , 5-10 mm., i n  r a b b i t  k idney  c e l l s  

by th e  th i r d  day*
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SABLE 3 

PLAQBE SIZE PER BAT 

Strain M»5p W elfth passage In oell-*oulture

P'Xaquo dl&mete# 
in mm.

Knmbcr of plagues 
Bay 3 Day 4

1.000

1.375

^l^otal 20
Hoan plaqne diamater in mi. 0.84 1.11
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The l& rg ee t number o f  p laq u es  a llo w a b le  f o r  a ssay  p u rp o ses 

in  a s in g le  P e t r i  cllsh has been c a lc u la te d  by Bulbecoo and Vogt 

(1 9 3 4 ) from th e  average p laq u e  s i s e  and. th e  a re a  o f  th e  c u l tu r e -  

v esse l*  The maximum number o f  n o n -o v e rlap p in g  c i r c l e s  (n ) which can 

be acGoramodatod on th e  s u r fa c e  o f  a d is c  o f  a re a  A i s  g iven  by th e  

e q u a tio n ;

K H  è ------
0.866d2

where d i s  th e  ro o t mean sq u a re  o f  th e  d ia m e te r  o f  th e  c i r c le s #  I f  

t h a t  fo rm ula i s  a p p lie d  to  th e  r e s u l t s  o f  th e  p r e s e n t  in v e s t ig a t io n  

where d « 1 .16  mm# and th e  d ia m e te r  o f  th e  P e t r i  p l a t e  i s  gO mm*,

If i s  e q u iv a le n t to  I 685 . As th e  amount o f  v i r u s  (V) added to  a 

p l a t e  i s  in c re a s e d , th e  p ro p o r tio n  o f  p laq u es  formed from two o r  

more in f e c te d  c e l l s  in  th e  same v i c in i ty  a ls o  r i s e s ,  so th a t  th e  

h ig h e r  th e  v a lu e  o f  V, th e  g r e a t e r  w i l l  be th e  d i f f e r e n c e  betw een 

th e  number o f  p laq u es  i n i t i a t e d  and th e  number o f  o b se rv a b le  p la q u es  

(P)c The q u a n t i ty  P i s  g iv en  by th e  e q u a tio n ;

V
P « H(1 -  e"* f )  ( i )

where e i s  th e  b ase  o f  n a tu r a l  lo g a rith m s  and II and V a re  a s  p re v io u s ly  

defined*

From e q u a tio n  ( i ) ,  P « ÎÎ -  2  .

( i i )

I f  d e 1 . 1 6 , th en  II « I 6 8 5 , as  p re v io u s ly  c a lc u lâ t  ad* I f  3OO p la q u e -  

form ing  u n i t s  (P*F*U«) o f  v iru s  a re  used to  i n f e c t  a $0 mm* p l a t e ,



then ? !» 1685
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1685

2 .7 1 8 2 6  

1685

•  -  î f i l j

1689  ** 1410

« 275.

Thus, 300  P*F«Ü# o f  v i r u s  would g iv e  a count o f  275 p la q u e s , th e  

erroi? due to  o v e r la p p in g  b e in g  o r  6 .3 3  poT c e n t .  S im ila r ly ,  i f  

200 P . F . Ü é  were em ployed, th e  number o f  p la q u es  observ ed  would be 

I 8 9 , an e r r o r  o f  f iv e  p e r  c e n t ,  and i f  100 P . F . U *  were u t i l i s e d ,  th e  

count would be 97> and th e  e r r o r  th re e  p e r  c e n t.  From th o se  f ig u r e s ,  

i t  may be concluded t h a t ,  i f  th e  r e s u l t s  o f  an a s sa y  a re  read  on th e  

f o u r th  day , th e  tim e a t  which th e  mean p laque d ia m e te r  i s  around

1*1 mm#, and i f  th e  e r r o r  due to  o v e r la p p in g  i s  to  be k e p t to  f iv e

p e r  c e n t,  th e  maximal p laq u e  count i n  a $0 mm, p l a t e  shou ld  n o t 

exceed ap p ro x im a te ly  200,
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EiXFBÎlïMEOT TWO s A ttem pted I s o la t io n  o f  V iru s  from P laq u es  and from

Agar*

C e r ta in  c r i t e r i a ,  review ed by Cooper (1 961), a re  e s s e n t i a l  

to  th e  e s ta b lish m e n t o f  a s t a t i s t ! c a l l y - v a l l d  a s s a y -s y s te m ;-

(1) M onolayers shou ld  rem ain norm al i n  th e  absence o f  v i r u s ,

(2 ) The v i r u s  must be is o la b lo  from a p laq u e  in  f a r  h ig h e r
c o n c e n tra t io n  th a n  from d i s t a n t  a reas*

(3) A l i n e a r  r e la t io n s h ip  must e x i s t  betw een th e  p laq u e  count
and th e  amount o f  v i ru s  used  to  i n f e c t  th e  c u l tu r e ,

(4) P laq u es  should  be a l lo c a te d  among c u l tu r e s  o f  one b a tc h
ac co rd in g  to  th e  P o isso n  d i s t r i b u t i o n ,  and th e  c o e f f ic ie n t  
o f  v a r i a t io n  o f  d u p l ic a te  a ssay s  shou ld  approxim ate to  th e  
t h e o r e t i c a l  v a lu e  expected  from th e  t o t a l  number o f  p laq u es  
co u n ted ,

(5 ) P laq u e  fo rm a tio n  shou ld  be in h ib i te d  by low c o n c e n tra t io n s
o f  s p e c i f i c  an tise ru m  b u t n o t by norm al serum ,

(6) R epeated a ssay s  o f  a v i r u s  stooic shou ld  g iv e  th e  same t i t r e
w ith  c u l tu r e s  o f  d i f f e r e n t  b a tc h e s .

The aim o f  th e  p re s e n t  and o f  succeed ing  ex p erim en ts  was to  demon

s t r a t e  t h a t ,  when th e  p ig eo n  1 ,1 .1 ,  v i ru s  i s  t i t r a t e d  by means o f  a 

p la q u e -a s s a y , th e  above c r i t e r i a  a re  f u l f i l l e d ,

B a rly  ex perim en ts  in d ic a te d  t h a t  p la q u es  were n o t produced 

in  th e  abseiioe o f  v i r u s .  In  o rd e r  to  confirm  th e  co n v e rse <> a tte m p ts  

wore made in  th e  p re s e n t  experim ent to  i s o l a t e  in f e c t iv e  v i r u s  from 

a number o f  p la q u e s  o f  v a ry in g  s la e .  By means o f  a P a s te u r  p ip e t t e ,
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a c y lin d e rs  ta k e n  from th e  a g a r  above a p laque a c c o rd in g  to  th e  method 

d e s c r ib e d  by Bulbecoo and Vogt (1954)? was e x p re s se d  in to  2 m l. o f  

Hank^ s B#S,S. and th e  p i p e t t e  xmshod w ith  th e  same s o lu t io n ,  The 

f l u i d  was f ro s e n  to  - 40  ̂G*  ̂ thawed o u t and in o c u la te d  in to  a tu b e -  

c u l tu r e  which xms k e p t u n d e r  o b s e rv a tio n  f o r  th e  ap p earan ce  o f  th e  

s p e c i f i c  c y to p a th o g e n ic  e f f e c t*  P ro v id ed  t h a t  th e  p la q u e s  examined 

were l a r g e r  th a n  ap p ro x im a te ly  1 mm* in  d ia m e te r , m ost a t te m p ts  a t  

th e  re c o v e ry  o f  v i r u s  from them xfsre s u c c e s s fu l ,  b u t d i f f i c u l t y  was 

o f te n  ex p e rie n c e d  in  th e  i s o l a t i o n  o f  v i r u s  from th e  s m a lle r  p la q u e s , 

p>resumably b ecau se  o f  th e  l e s s e r  amount o f  v i r u s  p r e s e n t  th e r e in  

to g e th e r  w ith  th e  problem  o f  a l ig n in g  th e  p i p e t t e  c o r r e c t ly  o v e r  

such  a sm a ll area*

I n  o rd e r  to  d e te rm in e  w hether o r  n o t th e  v i r u s  was 

cap ab le  o f  d i f f u s in g  th ro u g h  th e  a g a r ,  c y l in d e r s  were removed th e r e 

from a t  d is ta i io e s  o f  tx?o, f o u r  and s ix  mm* from th e  n e a r e s t  p laq u e  

and exam ined f o r  th e  p re se n c e  o f  v iru s#  A sm all p o r t io n  o f  a g a r  was 

a ls o  x'oiBoved from  th e  s u r fa c e  o f  th e  o v e r la y  (d ep th  » 4 mm* ) 

im m ed ia te ly  above a p laq u e  and t e s t e d  i n  th e  same manner* In  a l l  

th o s e  in s t a n c e s ,  how ever, re co v e ry  o f  v i r u s  was u n su c c e ss fu l*  I t  

may be co n c lu d ed , th e r e f o r e ,  t h a t  th e  p r e s e n t  ex p erim en t n o t o n ly  

se rv ed  to  prove t h a t  p la q u e s  were produced by th e  v i r u s  b u t a l s o ,  

by showing t h a t  th e  v i r u s  xms u n ab le  to  d i f f u s e  th ro u g h  th e  a g a r , 

d em o n stra ted  th e  e f f e c t iv e n e s s  o f  th e  l a t t e r  i n  p re v e n t in g  th e  

ap p earan ce  o f  secondary  p laq u es#
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EXPBRXMEHT THEBE; L in e a r i ty  o f  th e  R e la t io n s h ip  betw een P la q u e -

Count and V iru s  C o n cen tra tio n *

The demonetx*ation o f  a l i n e a r  r e l a t io n s h i p  betw een th e  

amount o f  v i r u s  employed and th e  number o f  p la q u e s  produced  i s  

e s s e n t i a l  f o r  th e  e s ta b lis h m e n t o f  a  p la q u e -a s s a y  s in c e  i t  o f f e r s  

e x p e rim e n ta l su p p o rt f o r  th e  h y p o th e s is  t h a t  one p a r t i c l e  i s  s u f f i c i e n t  

f o r  th e  i n f e c t io n  o f  a c e l l  and th e r e f o r e  p ro v id e s  a  v a l id  method f o r  

th e  co m p u ta tio n  o f  i n f e c t iv i t y *  Thus, Bulbecoo and Vogt (1954) 

showed t h a t  th e  number o f  p la q u e s  form ed by p o l io v i r u s  i n  monkey- 

k id n ey  c e l l s  was d i r e c t l y  p ro p o r t io n a l  to  th e  q u a n t i ty  o f  v i r u s  i n  

th e  inoculum  and t h a t  th e  sum© r e la t io n s h ip  T'lould n o t o b ta in  i f  more 

th a n  one p a r t i c l e  was n e c e s s a ry  f o r  th e  c r e a t io n  o f  a  p laque*

The o b je c t  o f  th e  p r e s e n t  experim ent was to  d e te rm in e  

w h e th e r, o r  n o t ,  th e  number o f  p la q u e s  produced by th e  p ig eo n  I*H *I. 

v i r u s  was p r o p o r t io n a l  to  th e  v i ru s  c o n c e n tr a t io n  employed* I n i t i a l l y ,  

p l a t e s  o f  whole-em bryo c e l l s  were in f e c te d  w ith  t e n - f o ld  d i l u t i o n s  

o f  s t r a i n  H-1 ( s ix th  p assag e  i n  c e l l  c u l tu re )*  T h e r e a f te r ,  tx-jo-fold 

d i l u t i o n s ,  ra n g in g  from ap p ro x im a te ly  100 P*F*U* to  1 P*P*U*, were 

employed* S im ila r  ex p e rim en ts  were conducted  w ith  s t r a i n  M-3 

(e le v e n th  p assag e  in  c e l l  c u l tu re )*

The r e s u l t s  o f  th e  f i r s t  t i t r a t i o n ,  i n  which te n - f o ld  

d i l u t i o n s  o f  s t r a i n  H-1 were u se d , a r e  s h o w  i n  T ab le  4* As f a r  as  

th e  rang© o f  d i l u t i o n s  a l lo w s , th e  f ig u r e s  in d ic a t e  t h a t  th e  d o se -
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re sp o n se  r e la t io n s h ip  i s  l in e a r*  The r e s u l t s  o f  t i t r a t i o n s  

eïïi3? lo y in g  tw o-fo ld , d i lu t io n s  o f  v i r u s  a rc  reco rd ed  in  T ab les 5 and 6# 

The l i n e a r i t y  o f  th e  r e la t io n s h ip  i s  i l l u s t r a t e d  i n  F ig u re  42 which 

has been  c o n s tru o to d  from th e  d a ta  su p p lie d  i n  th e  l a t t e r  two ta b le s*  

T able 7 shows th e  numbers o f  p laq u es  produced by tw o -fo ld  d i lu t io n s  

o f  s t r a i n  M-3* A gain, th e  d o se -re sp o n se  r e la t io n s h i j i  i s  ap p ro x im ate ly  

l i n e a r  o v e r  th e  range o f  i n f e c t i v i t y  employed* The mean p laq u e  -  

co u n ts  re co rd ed  in  T ab les  5^7 a re  s t a t i s t ! o a l l y - v a l i d  s in c e  

ap p ro x im a te ly  70  p o r  cen t o f  th e  in d iv id u a l  co u n ts  d i f f e r  from them 

by l e s s  th a n  th e  s ta n d a rd  d e v ia t io n  and o n ly  th ro e  (2*6 p e r  c a n t)  

d e v ia te  by more th a n  tw ice  th e  l a t t e r  value*

Thus, i n  fo u r  t i t r a t i o n s ,  a l i n e a r  r e la t io n s h ip  betw een 

p laq u o -co u n t and v i r u s  in p u t  was ob ta ined*  That f in d in g ,  confirm ed 

by Bubsoquant ex p e rien ce  i n  a s sa y s  based  on two o r  more d i lu t i o n s ,  

d em o n stra te s  th e  v a l i d i t y  o f  th e  system  f o r  th e  measurement o f  

i n f a c t iv i t y *
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L<Hiiü»lwnI»W1

2s 12

I s 12

6 , 2 , 7 ,
3, 5, 8 , 
5, 3 , 6 ,
7, 16, 8

1, 4 , 1,
4, 1, 8 ,
2, 0, 2, 
2 , 4, 1

6.33 13.15 3.63 57.26#

2 .0 1.82 1.35 67.45



132

LINEARITY of DOSE-RESPONSE RELATIONSHIP

130

120

H 110
Z
3  100

90

80

70

60

50

40

30

20

RELATIVE VIRUS CONCENTRATION



133

» Y
ïimSIOS! (W SÏRARÎ IW Bî îfflASS 03? W-3?0t» BÎI.TOOÎÎS 

Elevom# paDoege in  oe%]L#onIttwa
*j # u# Il *11# (

Mtmboy
o f

p ia to 0

Stanflaa?d
deviation

8*54

JWII anew mWiim' m

Ooofflc«* 
le n t  o f  
v a r ia t io n

R e la tiv e  
virue oon^ 
cen tra tio n

B2K

4z

2%

10

10

of loan 
pla<|U00

imwKWyffWmpTif*"

47# 58» 57, 46.3 
44# 44# 38#

81, 26, 23, 
as# 26# 17,
87, 33, 85# 
80

13, 18, 14# 
16, 9, 14, 
16, 11, 18, 
10

6# 10, 4#
6 , 12, 6,
5#
8

5, 6,

5, 3, i f
2, 1# 3f

84#5

.3.3

7 .0

VarlaBGG

73.0

19.44

8.23

6.28

4.41

2.67

11—

2.49

18.45?

. 18.37?^

21.57??

35.63??

1% 2.6 1.95 !.. 43.35S^

3



134

EXPERIMBira FOlffi» The P o isso n  D is t r lh n t io n  o f  P la q u e s .

The experim en t im der r e p o r t  was In ten d e d  to  r e v e a l  th e  

d eg ree  to  which th e  a l lo c a t io n  o f  p la q u es  “between P e t r i  d ish e s  

confoxmed w ith  t h a t  ex p ec ted  from th e  P o isso n  d is t r ih u t io n *  The 

I'Tork com prised a s tu d y  o f  th e  r e la t io n s h ip  betw een th e  a c tu a l  and 

th e  t h e o r e t i c a l  d i s t r i b u t i o n  o f  p la q u es  when (a )  a la rg e  numher o f  

p l a t e s  was in o c u la te d  w ith  l im i t in g  d i lu t io n s  o f  v i r u s  and (h ) when 

th e  q u a n t i ty  o f  cultux^os employed was r e s t r i c t e d  to  th e  amount moot 

l i k e l y  to  he used  r o u t in e ly  i n  th e  la b o ra to ry ,  i$e*  betw een fo u r  and 

12 p e r  v i r u s  d i lu t io n *  Thus, i t  was hoped t h a t  th e  fa v o u ra b le  

s t a t i s t i c a l  c o n d i tio n s  p ro v id ed  i n  th e  fo rm er p a r t  o f  th e  in v e s t ig a t io n  

would demonsty^ate th e  f ro q u a n o y -^ d is tr ih u tio n  o f  p la q u e s  to  be o f  th e  

P o isso n  form , w h ile  th e  l a t t e r  p o r t io n  would show t h a t ,  when th e  

r e s u l t s  o f  a s ig n i f i c a n t  number o f  t i t r a t i o n s  a r e  a n a ly se d , most o f  

th e  c o e f f i c i e n t s  o f  v a r i a t io n  found to  o b ta in  b ro a d ly  co rresp o n d  

w ith  th o se  ex p ec ted  from theory*

In  o rd e r  to  o b ta in  a curve o f  th e  f re q u en o y « » d is tr ib u tio n  o f  

p la q u e s , gO p l a t e s  were in o c u la te d  w ith  a l im i t in g  d i lu t i o n  o f  s t r a i n  

î M ,  th e  mean c o n c e n tra t io n  o f  v i ru s  b e in g  ap p ro x im a te ly  5 P*F*Ü* p e r  

p la te *  The r e s u l t s  a re  shown i n  T able 8 and may be an a ly sed  i n  th e  

fo lio T jin g  manner* I f  100 p l a t e s  a re  in o c u la te d  w ith  an average  o f  

m P*F*U* o f  v i r u s ,  th e  number o f  p l a t e s  (P r)  ex p ec ted  to  b e a r  x 

p la q u es  i s  g iv en  by th e  P o isso n  d i s t r i b u t i o n  as  follow s*-*
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„-in s
Pr = ~— 12- X 100 or Pr =  ------  X 100

e“  xJ

S u b s t i tu t in g  th e  f ig u r e s  reco rd ed  i n  T able 8 , where th e  mean p laq u e  

count i n  50 p l a t e s  I 0 4*94, th e  number o f  p l a t e s  ex p ec ted  to  have 

fo u r  p la q u e s  would be s -

^  ■ 1 5 5 7̂^  "  “ “  ■

e number o f  p l a t e s  ex p ec ted  to  have 0 , 1 , 2 , 3 , e tc*  p la q u es  may 

be s im i la r ly  c a lc u la te d  and, i n  th a t  way, a h is to g ram  (F ig u re  43) 

o b ta in ed *  tlhen th e  a c tu a l  d i s t r i b u t i o n  o f  p la q u e s  i s  compared w ith  

th e  t h e o r e t i c a l  a l lo c a t io n , ! ! ;  i s  found th a t  th e  fo rm er approx im ates 

to  th e  l a t t e r ,  i , e *, th e  a l lo c a t io n  o f  p la q u e s  betw een P e t r i  p l a t e s  

fo llo w s  th e  P o isso n  equation*

The c o e f f i c i e n t  o f  v a r ia t io n  i s  g iv e n  by th e  e x p re s s io n
a/V 100  where V i s  th e  v a r ia n c e  and m th e  mean* As I s a a c s  (1957) 

h as  shoxÿn, when d i s t r i b u t i o n  o f  in d iv id u a ls  fo llo w s  th e  P o isso n  fom i, 

th e  v a r ia n c e  i s  e q u iv a le n t to  th e  mean. The ex p ec ted  c o e f f ic ie n t  o f  

V a r ia t io n  in  a P o isso n  d i s t r i b u t i o n ,  th e r e f o r e ,  i s  g iv en  by th e  

e x p re s s io n  X 100* Thus, from any mean, i t  i s  p o s s ib le  to  c a lc u la te  

th e  c o e f f i c ie n t  o f  v a r ia t io n  to  be exp ec ted  i f  th e  a l lo c a t io n  o f  

p la q u e s  was P o isso n ian *  In  t h a t  way, a g raph  r e l a t i n g  th e  t h e o r e t i c a l  

c o e f f ic ie n t  to  th e  mean p laque count may be drawn*

In  th e  second p a r t  o f  th e  ex p erim en t, th o  a c tu a l  c o e f f ic ie n ts
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THEORETICAL DISTRIBUTION OF PLAQUES IN 50 PLATES
M E A N  PLAQUE C O U N T  4 . 9 4

NUMBER OF P L A T E S  4

NUMB E R  OF P L A Q U E S 10  11 12

ACTUAL DISTRIBUTION OF PLA Q U ES IN 50  PLATES
ME A N  P L A Q U E  C O U N T  4 . 9 4

NUMBER OF P L A T E S  4

I

N U M B E R  OF  P L A Q U E S 10  11 12
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o f  v a r ia t io n  were c a lc u la te d  from th e  in d iv id u a l  plaq,ue*-counts 

produced 43 d i f f e r e n t  d i lu t io n s  o f  v i r u s  ( th e  average  nuinhor o f  

p l a t e s  used  f o r  each one b e in g  8*5) and p lo t t e d  on a graph (F ig u re  44) 

c o n s tru c te d  from th e  t h e o r e t i c a l  v a lu e s  as d e s c r ib e d  above* 

A pproxim ately  19 p e r  cen t o f  th e  r e s u l t s  shown in  t h a t  f ig u re  f a l l  

on th e  curve drawn from th e  th e o r e t i c a l  c o e f f i c i e n t s ,  w hile  23 p e r  

c en t f a l l  s h o r t  by a f a c t o r  o f  l e s s  th an  0 .2 5  and a n o th e r  14 p e r  

ce n t exceed by a f a c t o r  o f  l e s s  th an  1*25* # e n  p l a t e s  were in f e c te d  

w ith  more th a n  abou t 40 P,P#U* o f  v i r u s ,  th o  a c tu a l  c o e f f ic ie n t  o f  

v a r ia t io n  ten d ed  to  su rp a ss  th e  t h e o r e t i c a l  w hereas, w ith  s m a lle r  

amounts o f  v i r u s ,  i t  was g e n e ra l ly  lower# In  view  o f  th e  sm all 

number o f  P e t r i  d is h e s  sometim es employed, th e  deg ree  of co rresp o n d  

dence i s  s a t i s f a c to r y #  Had th e  number o f  c u l tu r e s  su p p o r tin g  each 

mean been g r e a t e r ,  th e  a c tu a l  c o e f f ic ie n t s  a re  l i k e ly  to  have 

approached the  t h e o r e t i c a l  more c lo se ly #  % u s , a s  has been shox-m, 

when 50 p l a t e s  were in f e c te d  (T able 8 ) ,  th e  moan and th e  v a r ia n c e  

were alm ost i d e n t i c a l  (4*94 and 4*9# r e s p e c t iv e ly ) ,  th o  c o e f f ic ie n t  

o f  v a r ia t io n  th u s  co rre sp o n d in g  to  th e  t h e o r e t i c a l  v a lu e  exp ected  

from th e  P o isso n  d is t r ib u t io n *
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EXPERIMENT FIVE? I n h ib i t i o n  o f  P lag u o -fo rm a tio n  by S p e c if ic  to tie e ru m -

Aa a f u r t h e r  t e s t  o f  th e  s p e c i f i c i t y  o f  th e  p la q u e s , 

a t te m p ts  were made to  d e te rm in e  w hether, o r  n o t ,  t h e i r  fo rm a tio n  

could  be p rev en ted  by in c u b a tio n  o f  th e  v iru s  w ith  homologous a n t i 

serum p r i o r  to  in o c u la t io n  o f  th e  c u ltu re s*

A ntieerura was produced i n  a r a b b i t  by th e  fo llo w in g  

prooeedure* A f te r  80 mlo o f  b lood  had been c o l le c te d  to  se rv e  as a 

c o n tro l  i n  su b seq u en t n e u tra l!g s a tio n  t e s t s ,  th e  anim al was in o c u la te d  

in tra v e n e o u s ly  w ith  1 ml* o f  a su sp en sio n  o f  th e  M-3 s t r a i n  o f  v i r u s ,  

p rep a red  as fo llow s*  V iru s was r e le a s e d  from th e  c e l l s  by tre a tm e n t 

i n  an M«S*E* u l t r a s o n ic  d i s i n t e g r a t o r  and was found to  have an i n -  

f e e t i v i t y  t i t r a  o f  8 x 10^ F*F*U* p e r  ml* A f te r  c l a r i f i c a t i o n  by 

c e n t r i f u g a t io n ,  th e  su sp en sio n  was d i s t r ib u t e d  in to  am poules which 

were s to re d  a t  -4 9 ^G# In tra v e n o u s  in o c u la t io n  o f  1 ml* was re p e a te d  

a t  ap p ro x im a te ly  weekly i n t e r v a l s  f o r  s ix  weeks* Ten days a f t e r  th e  

f i n a l  i n j e c t i o n ,  20 ml* o f  b lood  were removed and th e  serum sep ara ted *

To d e te rm in e  w hether, o r  n o t ,  a n t i - c e l l  an tib o d y  was 

p re s e n t  i n  th e  serum , p X a te -c u ltu re s  o f  w hole-chiok-em bryo c e l l s  were 

in o c u la te d  w ith  p r e - in o c u la t io n  serum and o th e r s  w ith  p o s t - in o c u la t io n  

serum , th e  volume in  b o th  o ases  b e in g  0*3 ml* p e r  p la te *  A f te r  th r e e  

hou rs in c u b a tio n  a t  37^0*, th e  serum was removed and th e  c e l l s  

washed s ix  tim es  w ith  P*B#8* The c u l tu r e s  were th e n  ch a lle n g ed  w ith  

to n - f o ld  d i lu t i o n s  o f  th e  11-3 s t r a i n  o f  v iru s  and, a f t e r  th e  la p s e
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Of fo u r  hou rs to  p e rm it a ttach m en t o f  v i r u s ,  p r e p a ra t io n s  were 

covered  w ith  a g a r  o v e r la y  in  th e  manner a lre a d y  d escrib ed *  The 

p laq u es  were counted  a f t e r  fo u r  days o f  in c u b a tio n  and th e  numbers 

compared, The r e s u l t s  were a s  fo llo w s i

P re - in o c u la t io n  serum* P o s t- in o o u la t io n  serum*

V irus Huraber o f  P laque lim b e r  o f  P laque
d ilu t io n *  p la te s *  counts* p la te s *  counts#

10-3 5 25 , 60 , 64 , 3 40 , 41 , 51 .
56 , 68*

lO'^ 5 7» 6, T, 7, 2. 4 3, 5, 5, 4 .

T i t r e  c a lc u la te d
from both 1*1 x 105 p .p ,U ,/m l. 8 ,6  x 104 p.p.O./ml*
d ilu t io n s #

In  view  o f  th e  p o s s i b i l i t y  th a t  sm all t r a c e s  o f  a n t i v i r a l  an tib o d y  

rem ained d e s p i te  w ashing o f  th e  c e l l s ?  th e  d i f f e r e n c e  in  t i t r e  i s  

sm all# I t  may be concluded , th e re fo re ?  t h a t  th e  serum d id  n o t have 

any s i g n i f i c a n t l y  d e le te r io u s  e f f e c t  on th e  c a p a c ity  o f  c e l l s  to  

adso rb  v i ru s  o r  to  produce a new g e n e ra tio n  o f  f u l l y - i n f e o t i v e  

p a r t ic le s *

N e u t r a l i s a t io n  t e s t s  were th en  c a r r ie d  o u t w ith  th e  M-3 

s t r a i n  o f  v iru s*  The s e ra  were in a c t iv a te d  a t  f o r  30 m inu tes

p r i o r  to  u se . T en -fo ld  d i lu t io n s  o f  v i r u s  s t r a i n  M-3 were mixed 

w ith  eq u a l volumes o f  a 1 i n  10 d i lu t io n  o f  p o s t - in o c u la t io n  serum 

acco rd in g  to  th e  ^ 'co n stan t serum -  v a r ia b le  v iru s "  method# The same 

p ro ced u re  was fo llo w ed  w ith  th e  p re - i im u n ic a t io n  serum* The
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c o n s t i t u e n t s  o f  t h e  m i x t u r e s  w ore a l lo w e d  t o  r e a c t  f o r  on© h o u r  a t  

room t e m p e r a t u r e  (23*C , ) f o l l o w e d  by  18 h o u r s  a t  4*0* E ach  m ix t u r e  

was t h e n  i n o c u l a t e d  i n t o  a  num ber o f  p l a t e - c u l t u r o s  o f  w h o lo - c h io k — 

embryo c o l l s ,  0*5  rnl# p e r  p l a t e « D e t a i l s  o f  a t t a c h m e n t  t i m e ,  a g a r  

o v e r l a y ,  e t c . ,  w ere  a s  a l r e a d y  d e s c r i b e d  b u t  t h e  c o l l s  w ere  w ashed  

t w i c e  w i t h  P*B#S# a f t e r  re m o v a l  o f  t h e  Inocu lum *  R e s u l t s  w ere  a s  

f o l l o w s  5

V i r u s  and  p r a - ' l n o o u l a t i o n  
serum*

V i r u s  and  p o s t - i n o c u l a t i o n  
serum#

V i r u s
d i l u t i o n #

10'

10 *

‘1

10-3

10~4

Number o f  
p l a t e s *

3

4

3

4

T i t r e  from  
two d i l u t i o n s  
P ,F .U ./0 » 5  m l.

T i t r e  i n  log^j^Q 
P .P .U ./0 .5  m l.

î la q u o
c o u n ts #

A l l  c o n f l u e n t»

A l l  N*P*0.

24s 34 j 29#

4 , Gj 4 g 4#

3 .8  X 104 

4 .5 7 .

l u m b e r  o f  
p l à t e s *

2

4

5

P la q u e
c o u n ts#

4 0 , 27#

2 , 2 , 2 , 2*

0 , 0 , 0 , 0 , 0< 

0, 0, 0, 0#

2 .45  X 10%

2.38

The n e u t r a l i s a t i o n  i n d e x ,  t h e  d i f f e r e n c e  b e tw e e n  t h e  two t i t r e s ,  was 

t h e r e f o r e  2*19  i n  r e s p e c t  o f  t h e  1 i n  10 d i l u t i o n  o f  p o s t - i n o c u l a t i o n  

serum*

The abo v e  f i n d i n g s  showed t h a t  a n t i s e r u m  t o  t h e  p ig e o n  

I#N #I* v i r u s ,  f r e e  o f  d e m o n s t r a b le  a n t i - c e l l  a n t i b o d y ,  was p r o d u c i b l e  

i n  t h e  r a b b i t *  The r e s u l t s  a l s o  s a t i s f i e d  t h e  f i f t h  o f  t h e  s i x
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c r i t e r i a  m entioned p re v io u s ly  inasmuch as p la q u es  d id  n o t ap p ear when 

th e  v i r u s  was in cu b a ted  w ith  homologous an tise ru jîi p r i o r  to  in o c u la t io n  

b u t d id  develop  when th e  v i r u s  was mixed w ith  seruin ta k en  from th e  

anim al b e fo re  immxmiaation#
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EXPERIMENT BIX; R e p ro d u c ib i l i ty  o f  R esu lts*

% en  ex p e rim en ts  a re  b e in g  conducted  which n e c e s s i t a t e  

th e  t i t r a t i o n  o f  a V iru s  eu sp en eio n  a t  i n t e r v a l s  o f  a week o r  m ore, 

and hence in v o lv e  th e  u se  o f  c u l tu r e s  d e r iv e d  from  d i f f e r e n t  i n 

d iv id u a ls  o r  g roups o f  in d iv id u a l s ,  i t  i s  c l e a r l y  n e c e s s a ry  to  know 

t h a t  such  m onolayers a re  un ifo rm  in  s u s c e p t ib i l i t y #  The aim o f  th e  

p r e s e n t  ex p erim en t was, th e r e f o r e ,  to  compare th e  r e s u l t s  o b ta in e d  

when s to c k s  o f  p ig eo n  1*1*1# v i r u s  wore t i t r a t e d  i n  c u l tu r e s  o f  

d i f f e r e n t  b a tch es#

R e p lic a te  t i t r a t i o n s  o f  s t r a i n s  H-1 and M-3 were c a r r ie d  

o u t in  c u l tu r e s  o f  d i f f e r e n t  l o t s  and , f o r  co m p ara tiv e  p u rp o se s , i n  

ones o f  th e  same batch*  I n  a l l  c a s e s , d i l u t i o n s  o f  s to c k  v i r u s  

were made up a f r e s h  f o r  each  t i t r a t i o n *  The I n f e c t i v i t y  t i t r e s  

o b ta in e d  a re  re co rd e d  in  T ab le  9? from which i t  may be seen  t h a t ,  

i f  any v a r i a t i o n  e x is te d  i n  th e  s u s c e p t i b i l i t y  o f  c u l tu r e s  o f  

d i f f e r e n t  g ro u p s , th e  c o rre sp o n d in g  d iv e rg e n ce  i n  t i t r e  i s  u n l ik e ly  

to  exceed  t h a t  a r i s i n g  from e r r o r s  o f  d i lu t io n *
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9

REmCATO !PÏSRâïIOSJS

( l )  T itration  o f virus in  ouXturos o f d ifferen t batehea

?irua stra in Titre from f ir s t  aaeay 
Fof *0# per ml*

Sitrô from sooond aeaay 
P.P.TT. per ml.

H-2 l.a a  X 10^ 1.36 X 10^

1^3 1.87 X 10® 1.61 X 10^

H*3 1 .7 2  X 10^ 1.84 X 10®

(2) fitra tio E  o f virus im ou ltw ea of the same batoli

firu s  B t m i n F irat aaaay 
per ml.

Second aoeajr 
P.P.U* per nâ.

Tîidrd aaaay 
F.F.ÏÏ. per ml.

IW 2.68  s  10® 2.44 X  10® 2,03 X 10®

m#5 8*24 X 10^ 1,10 % 10® 1,06 X 10®



146

EXPERIMENT SEVEN5 l a que-fo rm a tio n  un d er M ethy loellu loB e*

The experim entB  a l re a d y  re p o r te d  showed t h a t ,  when a g a r  

was employed a s  th e  o v e r la y ,  th e  p la q u o -a ssa y  method p ro v id ed  a 

co n v en ien t and s t a t i s t i c a l l y - v a l i d  means o f  t i t r a t i n g  v iru s*  The 

o n ly  d isa d v a n ta g e  i n  th e  te c h n iq u e  was t h a t  n o n - s p e c i f i c  d e g e n e ra tio n  

o f  c e l l s  som etim es occu rred*  The p r e s e n t  ex p erim en t was, th e r e f o r e ,  

in te n d e d  to  r e v e a l  w h e th e r, o r  n o t ,  e q u iv a le n t o r  b e t t e r  r e s u l t s  

were o b ta in a b le  when m e th y lc e l lu lo s e  was used  i n  p la c e  o f  a g a r .

P re lim in a ry  s tu d i e s ,  c a r r ie d  o u t w ith  s t r a i n s  B-1 and 

M--3 ? showed t h a t  m acro sco p ic  p la q u e s  g e n e ra l ly  ap p eared  on th e  second 

day and co n tin u ed  to  in c r e a s e  i n  si#© u n t i l ,  a t  l e a s t ,  th e  se v e n th  

day when many had reach ed  a d ia m e te r  o f  4 mm* As w e ll a s  e n la rg in g  

more r a p id ly  th a n  th o se  form ed un d er a g a r , th e y  a ls o  d i f f e r e d  in  

p o s s e s s in g  a  d i s t i n c t l y  t e s s e l a t e d  border*  N o n -in fo c te d  c u l tu r e s  

m a in ta in ed  u n d e r  m e th y lc e l lu lo s e  rem ained f r e e  o f  n o n - s p e c i f ic  

d e g e n e ra tio n  f o r  a t  l e a s t  a week.

To d e te rm in e  w h eth er th e  d o sa -re sp o n se  r e l a t io n s h i p  was 

l i n e a r  when m e th y lc e l lu lo s e  was employed i n  p la c e  o f  a g a r ,  p l a t e s  

o f  whole-em bryo c o l l s  wero in f e c te d  w ith  tw o -fo ld  d i lu t i o n s  o f  

s t r a i n  M-3 and o v e r la id  w ith  th e  f o m e r  m a te r ia l .  The in f e c te d  

c u l tu r e s  were in c u b a te d  f o r  f o u r  days and th e  p la q u e s  th e n  counted# 

The r e s u l t s  a re  shown i n  T ab le 10, from which i t  w i l l  be seen  t h a t  

th e  mean p la q u e -o o u n ts  w ere ap p ro x im a te ly  p ro p o r t io n a l  to  th e



147

s x m m o H  o r  e

ÏA1LB 10
ÏJÎ M-*3 BY rmm m ramLCjiiiimosB

Standnifd
d©vietion

A ll H.p»e m **

67.0

27.4

19* 12 
19# 29 
23» 22 
17» 19

4.93

6.41
12, 10 10, 10

3 .4

H.P.C. M îîot pOBsibl© to count.
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(q u a n tit ie s  o f  v i r u s  i n  th e  in o c u la  and t h a t  th e  c o e f f i c i e n t s  o f  

v a r i a t i o n  co rresp o n d ed  H e l l  n i t h  th o se  ex p ec ted  from  th e  P o isso n  

d i  s t  x'ihution^.

'Phe ahove f in d in g s  in d ic a te d  t h a t  a p laque«-assay  system , 

based  on th e  use  o f  m ethyl c e l l u lo s e ,  could  p ro v id e  a co n v e n ien t and 

s t a t i s t i o a l l y ^ v a l i d  means o f  t i t r a t i n g  th e  p ig eo n  v iru s*

N e v e rth e le s s?  duo to  f e a r  t h a t  v ib r a t io n  m ight som etim es a llo H  

lo o a l ia e d  d is s e m in a tio n  o f  vix 'us th ro u g h  th e  l i q u i d  o v e rla y ?  th e  

a u th o r  c o n s id e re d  t h a t  i t  would he s a f e r  to  ad o p t th e  a g a r  o v e r la y  

f o r  a l l  f u tu r e  in v e s t ig a t io n s *  A n o n - l in e a r  d o se -re sp o n a e  r e l a t i o n -  

eliip  h as  been  o b ta in e d  w ith  m e th y lc e l lu lo s e  by Rapp ot^ ml© (1959) 

who found t h a t  th e  number o f  f o c i  produced  by m easle s  v i r u s  i n  Hep-2 

c e l l s  ro se  more r a p id ly  w ith  in c re a s e  in  v i r u s  c o n c e n tra t io n  th a n  

wae to  be ex p ec ted  from  th e  s i n g l e - p a r t i o l e  h y p o th e s is*
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BIXPEEIMEHT BIGHT» R elative S e n s it iv ity  o f DiffsTOnt MetHode o f  Assay.

Th© p u rp o se  o f  th e  experim en t u n d er r e p o r t  was to  com

p a re  th e  r e l a t i v e  s e n s i t i v i t y  o f  th e  fo llo w in g  m ethods o f  t i t r a t i o n s -

(1 ) P la q u e -a s sa y  w ith  a g a r  overlay*

(2 ) P la q u e -a e sa y  w ith  o v e r la y  o f  m e th y lc e llu lo se *

( 3 ) Q uantal (50  p e r  cen t e n d -p o in t)  method perfo rm ed  w ith  
tu h e -c u ltx ire S f

(4 ) Pock-assay*

F or com parison o f  th e  p l a t i n g  e f f i c ie n c y  u n d er th e  two 

d i f f e r e n t  ty p e s  o f  o v e r la y , f o u r  p l a t e s  o f  whole-embryo c e l l s  were 

in f e c te d  t d t h  a 10"*^ d i l u t i o n  o f  s t r a i n  M-3 and , a f t e r  rem oval o f  th e  

inoculum  f o u r  h o u rs  l a t e r *  were covered  w ith  m ethy l c e l lu lo s e *  Four 

f u r t h e r  p la te s *  in f e c te d  w ith  th e  same d i l u t i o n  o f  v i r u s  i n  i d e n t i c a l  

m anner, were o v e r la id  w ith  a g a r , The number o f  p la q u e s  p r e s e n t  a f t e r  

fo u r  days o f  in c u b a tio n  were a s  fo l lo w s ? -

O verlay* Number o f  p l a t e s .  P laque c o u n t. Mean p la q u e
count*

Agar 4 27 , 29, 29 , 33* 29*5

M e th y lc e llu lo s e  4 6 1 » 72* 50$ 63* 61*5

Those r e s u l t s  su g g e s t t h a t ,  p o s s ib ly  duo to  u n fa v o u ra b le  m ic ro -  

en v iro n m en ta l c o n d it io n s  o b ta in in g  u n d er a s o l id  o v erlay *  some o f  

th e  in f e c te d  c e l l s  a re  u n ab le  to  i n i t i a t e  th e  fo rm a tio n  o f  p la q u es  

when covered  by agar*

F o r com parison o f  th e  TCID50. a s  d e te rm in ed  by means o f
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ttib e^ -cu ltu res?  w ith  th e  t e n - f o ld  d i l u t i o n s  o f  a stoolc o f

s t r a i n  M-3 (ra n g in g  from lO^'^ to  10**^) were in o c u la te d  in to  tu b e s  o f  

whole-embryo c e l l s ,  n in e  tu b e s  b e in g  used  f o r  each  d i l u t i o n  and th e  

volume o f  inoculum  b e in g  0*5 ml* p e r  tube* D ilu t io n s  o f  10*^ and 

10™  ̂ were employed f o r  th e  i n f e c t io n  o f  c e l l s  grown i n  p la te s ?  f iv e  

o f  th e  l a t t e r  b e in g  used  f o r  each  d i l u t i o n ,  th e  inoculum  a g a in  b e in g  

0*5 ml# An a ttach m en t tim e o f  fo u r  houx^s was a llo w ed  f o r  b o th  tu b e s  

and p la tes©  A f te r  rem oval o f  th e  inoculum , b o th  ty p e s  o f  c u l tu r e  

were washed tw ic e  w ith  P#B#S# b e fo re  th e  a d d i t io n  o f  m ain tenance 

medium and a g a r  o v e r la y , r e s p e c tiv e ly #  From th e  t h i r d  to  th e  s ix th  

day , a l l  tu b e s  were examined every  24 ho u rs  and th e  numbers o f  th o se  

showing C*P#E# were recorded#  In  th e  case  o f  th e  p la q u e  assay# 

however# th e  co u n ts  were made on th e  f i f t h  day*

The tim e a t  which th e  0*P*F* was f i r s t  d e te c te d  in  

in o c u la te d  tu b e s  i s  shown in  T ab le  11# w h ile  th e  p la q u e -o o u n ts  

p roduced  by th e  same d i lu t i o n s  o f  v i r u s  a re  g iv en  i n  T ab le  12$ I t  

i s  h ig h ly  p ro b a b le  th a t  a l l  in f e c te d  tu b e s  c o n ta in e d  f o c i  by th e  

f o u r th  day ; th o s e  which wore p o s i t iv e  on th e  f i f t h  o r  s ix th  d ay s , 

b u t seem ing ly  n e g a tiv e  e a r l i e r *  may have eo n ta in o d  a s in g le  fo cu s  on 

th e  f o u r th  day which escaped  d e te c t io n  a t  t h a t  tim e* Tubes found to  

be p o s i t i v e  edx days a f t e r  in o c u la t io n  w ith  d i l u t i o n s  o f  10“"7 and 

10**  ̂ c o n ta in e d  one fo cu s  only* The t i t r e  p e r  0*5 ml* was 

TCIDtjo w hereas t h a t  g iv en  by th e  p laq u e  a s sa y  was 4*57 3C 10^ P*F*U** 

th e  r a t i o  betw een th e  two b e in g  3*21 to  1* S ince  th e  p l a t i n g -
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o ffic ie n o ^ r  in  tube*«ctiltiiroB mâ * d i f f e r  from th a t  i n  p la te s ^  i t  i s  

im p o s s ib le  to  a s c e r t a in  th e  e x te n t  to  which th e  o b se rv e d  r a t i o  

betw een th e  two u n i t s  o f  in fe c t iv i t^ y  depended upon th e  i n a b i l i t y  o f  

in f e c te d  c e l l s  to  produoe p la q u e s  u n d e r a^ar« F o r s t a t i s t i c a l  

re a so n s  alonep  t i t r e s  e x p re ssed  in  ‘fCIDr^o sh o u ld  ’be 1 ,44  tim es h ig h e r  

th a n  th o se  g iv e n  i n  P#F#U, s i t io e g a s  was s t a t e d  i n  th e  in t r o d u c t io n  

to  th e  p r e s e n t  s e c t io n ,  a t  th e  50 p e r  ce n t e n d -p o in t ,  th e  average  

number o f  p a r t i c l e s  p e r  c u l tu r e  (n o n - in fe c to d  in c lu d e d )  i s  0 ,6 9 , 

i«.04 1 TClDgo i s  e q u iv a le n t  to  0*69 P*F*lî,

To compare th e  p la q u e -fo rm in g  u n i t  w ith  th e  pocîc-fo lu iing  

u n i t ,  th e  dropped o h o r io -e i l la n to io  membranes o f  10 -day  em bryonated 

eggs were in o c u la te d  w ith  t e n - f o ld  d i l u t i o n s  o f  s t r a i n  M-^3, p re p a re d  

from th e  e le v e n th  p assag e  i n  c o l l - o u l t u r e ,  th e  method o f  in o c u la t io n  

b e in g  t h a t  o f  B evoridg’c and B urnet (194^)<* P e t r i  p l a t e s  o f  w ho le- 

embryo c e l l s  were in o c u la te d  w ith  a s in g le  d i l u t i o n  o f  v iz u s  

su sp e n s io n . The same volume o f  inoculum  (0*5 m l*) was u sed  f o r  eggs 

and p la te s *  The in f e c te d  c u l tu r e s  were n o t m sh e d  b e fo re  th e  a d d i t io n  

o f  th e  o v e r la y  b u t i n  o th e r  r e s p e c ts  were h an d led  as  b e fo re .  In  

o rd e r  to  le s s e n  th e  xdak o f  c o u n tin g  secondary  p o c k s , th r e e  days o f  

in c u b a t io n  were a llow ed  fo r  b o th  ty p e s  o f  a s s a y , a f t e r  which tim e 

th e  p la q u e s  were co u n ted , th e  membranes removed from  th e  eggs and 

th e  number o f  pocks d e te rm in ed .

The r e s u l t s  o f  th e  l a t t e r  i n v e s t ig a t io n  a r e  reco rd e d  i n
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T a tlo  1 3 o Com parison o f  th e  ntunber o f  pooka p roduced  hy th r e e  te n 

f o ld  d lX u tio n e  o f  v i r u s  r e v e a ls  a s l i g h t  d e v ia t io n  from l i n e a r i t y ,  

h u t th e  t i t r e  o f  v i r u s ,  a s  m easured hy th e  p o o k -co u n tin g  m ethod, 

c l e a r ly  t?as o f  th e  o rd e r  o f  2 x 104 ?o*F*U« p e r  ml^ The t i t r e  

c a lc u la te d  from th e  p la q u e -a s s a y  ifas 3 ,24 2c X04 p*F*n* p e r  m l , ,  o r  

ap p ro x im a te ly  1*5 tim e s  g r e a t e r  th a n  t h a t  d e te rm in a b le  by th e  pock-^ 

co u n tin g  m ethod0 Had th e  r e s u l t s  been  read  on th e  f o u r th  day , th e  

number o f  p la q u e s  would have been  h ig h e r  b u t i t  i s  p o s s ib le  t h a t  th e  

q u a n t i ty  o f  pocks m ight a ls o  have been g re a te r*

I t  may be co n c lu d ed , th e r e f o r e ,  t h a t  c a lc u la t io n  o f  th e  

50  p e r  cen t encW polnt i n  tu b e - c u l tu r e s  and plaque*“-fo rm ation  u n d er 

în e th y lc e l lu lo s e  each  p ro v id e s  a s l i g h t l y  more s e n s i t i v e  means o f  

t i t r a t i o n  th a n  does th e  s ta n d a rd  p la q u e ^ a s se y  method adop ted  by th e  

autho:e« As w e ll as som etim es cau s in g  d e g e n e ra tio n  o f  th e  m ono layer, 

th e  a g a r  o v e r la y  seem ing ly  i n t e r f e r e d  td th  th e  a b i l i t y  o f  some 

in f e c te d  c e l l s  to  i n i t i a t e  p laques*  S im ila r  r e s u l t s  have o c c a s io n a l ly  

been re p o r te d  by o th e r  r iv e rs , he v in e  and S h a rp le s s  (1 9 5 9 ), f o r  

exam ple, found t h a t  th e  t i t r e  o f  GAl v i r u s ,  a s  m easured by th e  p la q u e -  

a s s a y , ims o n ly  IO -5O p e r  c e n t o f  t h a t  d e te rm in ed  by th e  q u a n ta l 

method* * N e v e r th e le s s ,  d e s p i te  th e s e  dxm jbaoks, th e  a g a r  o v e r la y  was 

deemed to  p ro v id e  th e  m ost a c c e p ta b le  method o f  a s sa y  in  th e  p r e s e n t  

i n v e s t i g a t io n  s in c e ,  i n  a d d i t io n  to  b e in g  more r e l i a b l e  th a n  m e th y l-  

c e l lu lo s e  a s  a moans o f  e l im in a t in g  d i f f u s io n  o f  v i r u s ,  i t  p re v e n te d  

sloughing* o f  th e  m ono layer, an even t which o c c u rre d  n o t in f r e q u e n t ly
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i n  c u l tu r e s  m a in ta in ed  u n d er l iq u i d  media* The i>oclc-assay was 

s u b je c t  to  g r e a t e r  v a r i a t i o n  th a n  e i t h e r  typo  o f  p lac iu e-aasey  and 

was I n f e r i o r  to  b o th  i n  i t s  s e n s i t i v i t y  to  th e  v iru s*
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EXH'îRIMjüOT Hlîfï!! Rate o f  Attachment o f Virus.

I n  p re v io u s  e x p e rim en ts , th e  tim e a llo w ed  f o r  th e  

a ttac h m en t o f  v i r u s  was around fo u r  h o u rs , which p e r io d  was co n s id e re d  

ample f o r  a d s o rp t io n  o f  m ost, I f  n o t a l l ,  o f  th e  v i r u s  p a r t i c l e s #

To d e te rm in e  th e  o p tim a l a tta c h m e n t- tim e  and , th e re b y , e s t a b l i s h  a 

s ta n d a rd  p ro c e d u re  f o r  f u tu r e  a s s a y s ,  i t  was deemed e s s e n t i a l  to  

e s t im a te  th e  a d s o r p t io n - r a te  o f  th e  v iru s#  Four e x p e rim e n ts , each 

w ith  a d i f f e r e n t  c o n c e n tr a t io n  o f  s t r a i n  M-3, w ere , th e r e f o r e ,  

c a r r i e d  o u t to  a s c e r t a in  th e  amount o f  v i r u s  w hich would a t t a c h  to  

m onolayers o f  c e l l s  i n  a  g iv e n  tim e*

In  th e  f i r s t  ex p e rim en t, th e  i n t e n t io n  was to  employ 

ap p ro x im a te ly  200 P*F#U# o f  v lx u s  p e r  p l a t e  i n  o r d e r  to  produoe 

B t a t i s t i o a l ly - o p t im a l  numbers o f  p la q u e s  in  th o se  P e t r i  d is h e s  i n 

cu b a ted  f o r  m inim al p e r io d s  p r i o r  to  rem oval o f  th e  inoculum# P la te s  

o f  whole-em bryo c e l l s  wore in o c u la te d  id th  th e  v i r u s  a s  r a p id ly  as 

p o s s ib le  and s u b je c te d  to  in c u b a tio n  a t  37*^0#, u n d e r gu idance  by an 

a u to m a tic  tim er#  A f te r  f i v e ,  15, 30, 60 and gO m in u tes  and tw o, 

th r e e  and fo u r  h o u rs  o f  in c u b a t io n ,  f iv e  to  seven  p l a t e s  wore ta k e n  

o u t o f  th e  in c u b a to r  and d ra in e d  o f  f lu id #  To red u ce  e r r o r  from th e  

s h o r t  d e la y  betw een  in o c u la t io n  and th e  commencement o f  in c u b a t io n ,  

th e  p l a t e s  removed a f t e r  f iv e  m in u tes  wore th e  l a s t  i n f e c t e d , th o se  

ta k e n  o u t a f t e r  15 m in u tes  were th e  p e n u ltim a te  in o c u la te d ,  and b o  - 

on* F o llo w in g  w ith d raw al o f  th e  f l u i d ,  th e  c e l l s  wero washed t^Tioe
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w ith  PtB*S* b e fo re  b e in g  o v e r la id  w ith  a g a r  and in c u b a te d  f o r  f o u r  

days#

As may be seen  from T ab le  14, th e  mean p la q u e -c o u n t 

p roduced  by an  a t t a o t a e n t - t im e  o f  fo u r  ho u rs  was ap p ro x im a te ly  SgO 

in s te a d  o f  th e  ex p ec ted  200* Loss o f  p la q u e s  due to  o v e r la p p in g , 

th e r e f o r e ,  a lm o st c e r t a i n l y  o ccu rred#  The nurabers o f  p la q u e s  l i k e l y  

to  have o b ta in e d  i n  th e  absence  o f  o v e r la p p in g  a r e  reco rd ed  i n  T ab le  

14 , th e  a d ju s tm e n ts  b e in g  made a c c o rd in g  to  th e  method d e s c r ib e d  in  

E xperim ent One on th e  assu m p tio n  t h a t  th e  mean p la q u e -d ia m e te r  was 

around 1*1 mm* I n i t i a l l y ,  th e  p i  ag u e-co u n t in c re a s e d  v e ry  r a p id ly  

b u t ,  a f t e r  abou t 15 m in u te s , th e  r a t e  o f  grow th slow ed dotm and th e n  

p ro ceed ed  a t  a un ifo rm  v e lo c i ty  u n t i l  th e  end o f  two to  two and one 

h a l f  hours* T h e r e a f te r ,  grow th d ec re ase d  d u r in g  each  su c c e s s iv e  hou r 

th o u g h , even a t  th e  end o f  th e  f o u r th  h o u r, i t  was c o n tin u in g  slow ly#

^hen th e  ex p erim en t was re p e a te d  w ith  o n ly  ap p ro x im a te ly  

30 P#F*U* o f  v i r u s  p e r  p l a t e ,  s im i la r  r e s u l t s  were o b ta in e d  (T ab le  Ig )*  

D uring  th e  second hour o f  in c u b a t io n ,  th e  p ro p o r t io n  o f  v i r u s  

a t ta c h in g  to  th e  c e l l s  (i*© * th e  f r a c t i o n  o f  t h a t  p r e s e n t  a t  th e  

s t a r t  o f  th e  second h o u r)  was c lo s e ly  s im i la r  to  t h a t  a d so rb in g  

d u r in g  th e  f i r s t  h o u r, a  f in d in g  w hich s u g g e s ts  t h a t  th e  r a t e  o f  

a t t o cim ent was ex p o n e n tia l#  F ig u re  4 5 , c o n s tru c te d  from th e  d a ta  

g iv en  i n  T ab le s  14 and 15, im p lie s  t h a t  th e  rat©  o f  a ttac h m en t i s  

in d ep en d en t o f  v iru B -o o n c e n tra t io n  though , s in c e  th e  p la q u e -c o u n ts
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a re  ex p re ssed  n o t as a b s o lu te  v a lu e s  b u t a s  p e rc e n ta g e s  o f  th o se  

rec o rd ed  a f t e r  an a d so rp tio n -tlm o  o f  o n ly  fo u r  h o u rs , th e  ap p a ren t 

s i m i l a r i t y  betw een th e  r a t e s  o f  a ttach m en t f o r  th e  two d i f f e r e n t  

v i r u s - c o n o e n tra t io n s  may n o t be e n t i r e ly  v a lid #  I’/hon th e  experim ent 

was re p e a te d  on t%fO f u r th e r  o c c a s io n s , w ith  m easurem ents made a t  t w ,  

th r o e ,  f o u r ,  f iv e  and s ix  h o u rs , i t  was found t h a t , i n  th e  f i r s t  o f  

th o se  in v e s t ig a t io n s ,  th e  p la q u e -c o u n ts  produced by a ttac h m en t-tim o s  

o f  fo u r  and f iv e  ho u rs  were 82  and $2 p e r  cen t o f  th e  t o t a l  count 

e f f e c te d  by an exposure  o f  s ix  h o u rs , w h ile  i n  th e  second , th e  f ig u re s  

wore 89  and 97 p e r  c e n t re sp e o tiv e ly *

K aplan (1957) has shown th a t  th e  a t ta o h m e n t- ra te  o f  h e rp es  

sim plex  v i r u s  to  ra b b it- le id n e y  c o l l s  i s  in d ep en d en t o f  v iru s  con

c e n t r a t io n ,  th e  curve o f  th e  a ttach m en t r a t e  f o r  S5 P#F*U# c o in c id in g  

w ith  t h a t  f o r  100 ?*F#U# The r e s u l t s  o f  th e  p r e s e n t  s tu d y  p o in t  to  

a s im i la r  c o n c lu s io n  in  r e s p e c t  o f  p igeon  v i r u s ,  The curve

o f  v i r u s  a d s o rp tio n  o b ta in e d  in  th e  p re s e n t  in v e s t ig a t io n  i s  s im i la r  

i n  shape to  th o se  p u b lish e d  by K aplan (1957) f o r  h e rp e s  sim plex  v i ru s  

in  r a b b it-k id n e y  c u l tu r e s ,  by Toungner ( 195#) f o r  v a c c in ia  and 

p o l io m y e l i t i s  v i ru s e s  i n  m onkey-kidney c u l tu r e s  and by Rubin ^

(1 9 5 7 ) f o r  W ewoastle d is e a s e  v i r u s  in  ohiolc em bryonic lu n g  c u ltu re s#  

K aplan , f o r  exam ple, found th a t  50  p e r  c e n t o f  h e rp es  sim plex v i ru s  

a t ta c h e d  w ith in  90 m in u te s , w h ile  Youngner r e p o r te d  t h a t  an 

a d s o rp tio n  p e r io d  o f  a t  l e a s t  s ix  hours was re q u ire d  f o r  com plete 

a ttach m en t o f  v a c c in ia  v iru s#  In  th e  p re s e n t  in v e s t ig a t io n ,  an
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alm ost ana logo tis  x^ate was found to  o t^ a in *  T hus, gO p e r  c e n t o f  

p ig eo n  v i r u s  r e q u ir e d  ap p ro x im a te ly  95 m in u tes  f o r  ad so rp tio n ^

b u t a ttac h m en t o f  th e  rem a in d er was in co m p le te  u n t i l ^  a t  l e a s t > th e  

end o f  th e  s i x t h  h o u r. Hence| an a d s o rp tio n  tim e o f  n o t l e s s  th a n  

s ix  h o u rs  i s  e s s e n t i a l  when a c c u ra te  m easurem ent o f  i n f e o t l v l t y  i s  

re q u ire d ^  o»g , i n  th e  d e te rm in a t io n  o f  th e  p a r t i c l e i l n f e o t l v i t y  

r a t i o  o r  i n  ex p e rim en ts  in v o lv in g  com parison betw een i r x f a c t iv i ty  and 

o th e r  p r o p e r t i e s  o f  th e  v iru s*  Mien th e  i n f e o t i v i t y  o f  two 

su sp e n s io n s  i s  u n d e r  c o n t r a s t ;  an a ttac h m en t p e r io d  a s  s h o r t  a s  f o u r  

ho u rs  sh o u ld  s u f f ic e *



164

EXPERXMliOT 'I’EBs K ffe c t o f  H ashing th e  M onolayer b e fo re  and a f t e r

In o c u la tio n *

I n  th e  p re v io u s  ex p e rim en ts ; c u l tu r e s  wore washed once , 

o r  tw ioe* w ith  P*B*8* im m ed ia te ly  b e fo re  in o c u la t io n  and once a f t e r  

rem oval o f  th e  inoculum* The o b je c t  o f  th e  p r e s e n t  in v e s t ig a t io n  was 

to  d e te rm in e  th e  e x te n t  to  which th o se  p ro ced u re s  In f lu e n c e d  th e  

plaque'^cotu it *

A t o t a l  o f  23  p l a t  ap icu ltu re s  o f  whole-embryo c e l l s  were 

employed* A f te r  th e  grow th medium had been removed; s ix  c u l tu r e s  

were washed tvzioe w ith  P*B*B* and th e n  in f e c te d  T ilth ap p ro x im a te ly  

60  P*F*U. o f  s t r a i n  M—3* 0?he rem ain in g  I 7 c u l tu r e s  were in o c u la te d  

w ith  th e  same q u a n t i ty  o f  v i r u s  w ith o u t p r i o r  washing# A f te r  

in c u b a tio n  a t  37^0# f o r  fo u r  h o u rs  ; th e  inoculum  was w ithdraw n from 

a l l  o f  th e  p la te s *  S ix  o f  th e  sev en teen  c u l tu r e s  m entioned above 

wore th e n  washed tw ic e  w ith  F*B*3* b e fo re  th e y  were covered  td .th

a g a r  and th e  rem ain d er were s im i la r ly  o v e r la id  w ith o u t p re lim in a ry

tre a tm e n t w ith  P*B*S* A f te r  fo u r  days in c u b a t io n ;  th e  number o f  

p la q u es  was coun ted  and th e  r e s u l t s  compared*

As w i l l  be seen  from f a b le  16; th e  mean p la q u e -o o u n t was

h ig h e s t  i n  th e  group o f  p l a t e s  which had been washed b e fo re  

in o c u la t io n  and was lo w est in  th e  b a tc h  s im i la r ly  t r e a t e d  a f t e r  

rem oval o f  th e  inoculum* That r e s u l t  acco rd s  w ith  th e o ry  s in c e  

w ashing o f  th e  m onolayer p r i o r  to  in o c u la t io n  removes dead o r
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u n a tta c h e d  c e l l s  to  whloh th e  v i r u s  m ight o th e ru is o  adsorh^ t ;h i le  

w ashing o f  th e  c o l l s  a f t e r  w ith d raw al o f  th e  Inoculum  may lo o se n  

v i r u s  a f f ix e d  to  th e  ce ll-m em hrane* 0?he fo rm er p ro ced u re^  thei*efore> 

i s  l i k e l y  to  he a s s o c ia te d  i^dth a h ig h  plaquo-^oount w h ile  th e  l a t t e r  

tre a tm e n t may le a d  to  a lo w er count th a n  t h a t  en c o u n te re d  w ith  un

washed p la te s *  S e l l a r s  and S tew art (1959)? f o r  exam plej found t h a t  

w ashing c u l tu r e - v e s s e la  b e fo re  in o c u la t io n  doub led  th e  p l a t i n g -  

e f f i c ie n c y  o f  foot^and*t.mouth d is e a s e  v iru s#

î'/hen th e  " t "  t o s t  was a p p l ie d  to  th e  r e c u i t s  o f  th e  

p r e s e n t  experim en t^  th e  'e f f e c t  o f  w ashing was n o t c l e a r ly  sub

s ta n t ia te d #  T husy when th e  p la q u e -c o u n ts  from  p l a t e s  washed b e fo re  

in o c u la t io n  were compared v d th  th o se  from unwashed v e s s e l s j  " t "  was 

found to  be and P g r e a t e r  th a n  Q#10 b u t l e s s  th a n  0#20j a

f ig u r e  o f  m inor s t a t i s t i c a l  s ig n if ic a n c e #  S im i la r ly ,  com parison o f  

th e  co u n ts  from  d is h e s  washed a f t e r  rem oval o f  th e  inoculum  w ith  

th o se  from  unwashed p l a t e s  re v e a le d  ^"t" to  be 0#8$8 and P g r e a t e r  

th a n  0*20 b u t l e s s  th a n  0 *5 0 ) i»© # a d i f f e r e n c e  a g a in  e t a t i s t i o a l l y  

in d e f in i t e *

From th e  above r e s u l t s ,  s l i g h t  in c r e a s e  o f  p laque-coxm t 

may o c c u r  i f  a p l a t e  i s  washed b e fo re  in o c u la t io n  b u t s im i la r  

t r e a tm e n t a f t e r  rem oval o f  th e  inoculum  h as l i t t l e ,  i f  any , in f lu e n c e  

on th e  count# Hence, i n  f u tu r e  in v e s t i g a t io n s ,  w ashing  was r e s t r i c t e d  

to  d e te rm in a tio n  o f  th e  a b s o lu te  t i t r e  o f  v i r u s  p r e s e n t  i n  a eu e - 

p e n s io n  and wao exc luded  from  com parative  t e s t s  o f  in f e o t iv i ty #
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FXFBEBCTT ELETOIs V a r ia t io n  in  th e  Sis© o f  P la q u e s  produced  by a

V ir a l  Clone*

# ie n  m io ro -en v llO n m en ta l c o n d i tio n s  a re  Icopt c o n s ta n t ,  

p la q u e  m orphology a s s o c ia te d  w ith  a p a r t i c u l a r  s t r a i n  o f  v i r u s  

g e n e ra l ly  rem ains uniform # A c l e a r  e x c e p tio n  to  th e  g e n e t ic  s t a b i l i t y  

o f  th e  p la q u e—c h a r a c te r s  s p e c i f i c  to  a g iv en  s t r a i n  o f  v i r u s ,  how ever, 

i s  th e  wide v a r i a t i o n  o f  sis;© som etim es e x p e r ie n c e d , which ten d en cy  

i s  n o t a l t e r a b l e  by th e  employment o f  s e le c te d  v i r a l  c lones#  Such 

non«g© netic v a r i a t i o n  has been d e s c r ib e d  by Dulbocco and Vogt (1954) t  

Hsituig and Me I n i  ok (1957) and Cooper (1961b) i n  r e l a t i o n  to  v a r io u s  

e n te r o v i ru s e s  and B u th a la  (19^0) and M aopherson ( i9 6 0 )  apropos o f  

GAL v iru s*

In  E xperim ent One o f  th e  p re s e n t  i n v e s t i g a t io n ,  p la q u e s  

m easured on th e  f o u r th  day o f  in c u b a tio n  were found  to  be from 

0*5 mm* to  2*0 mm* in  diam otex^ Such v a r i a t i o n  may have been  duo 

to  th e  e x is te n c e  o f  v a r i a n t s  o f  d iv e r s e  r a t e  o f  g row th  o r  may have 

been o f  th e  n o n -g e n e tio  ty p e  m entioned above* I n  q u e s t o f  th e  

l a t t e r  p o s s i b i l i t y ,  th e  c u r r e n t  oxperim ont was d es ig n ed  to  s tu d y  

v a r i a t i o n  in  p la q u e -s is©  p roduced  by a s in g le  c lo n e  o f  v iru s*

P la t  © -c u ltu re s  o f  whole-embryo c e l l s  wo 3?© in o c u la te d  

w ith  l im i t i n g  d i lu t i o n s  o f  s t r a i n  M##3* A f te r  in c u b a t io n  a t  37^0* f o r  

fo u r  h o u rs , th e  inoculum  was rem oved, th e  c e l l s  washed th r e e  tim es  

w ith  P*B*S* and a g a r  o v e r la y  added* I n  one p la t© , a s in g le  p la q u e ,
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ap p ro x im ate ly  0*8 im . in  d iam o to r, appeared  on th e  t h i r d  day and 

from i t  v iru s  was e x t r a c te d  a s  deB crihed in  E xperim ent One and 

in o c u la te d  in to  a tu h e -o u ltu re *  In  th e  l a t t e r ,  a t y p i c a l ly  fo c a l  

C*P#B* was e v id e n t on th e  second day o f  in c u b a tio n  and th e  new v iru s  

s to c k  so p ro cu red  was d e s ig n a te d  "Clone lA"* The p ro ceea  o f  c lo n in g  

wuB th e n  re p e a te d  b u t ,  on t h i s  o c c a s io n , a l l  p l a t e s  in o c u la te d  w ith  

l im i t in g  d i lu t io n s  o f  c lone "lA" were found to  p roduce two o r  more 

p laques*  A cco rd in g ly , "C lone IB" was p rep a red  from a v e s s e l  w ith  

two p la q u e s , th e  one s e le c te d  f o r  i s o l a t i o n  b e in g  ap p ro x im ate ly  2 cm* 

d i s t a n t  from th e  o th e r*  A number o f  p l a t e - c u l t u r e s  were th en  

in o c u la te d  w ith  50 P#F*U* o f  "Clone IB*** At d a i ly  i n t e r v a l s  from 

th e  second to  th e  eev en th  day a f t e r  i n f e c t io n ,  one c u l tu r e  was 

removed from th e  in c u b a to r ,  f ix e d  and s ta in e d  by Loishman*s method*

The d im ensions o f  th e  p la q u e s  were th en  m easured as  p re v io u s ly  

d escrib ed *

P laque sisses betw een th e  second and se v en th  days a re  

reco rd ed  i n  T ab le 17 which shows t h a t ,  w hereas m inim al and maximal 

d im ensions v a r ie d  l i t t l e  a f t e r  th e  t h i r d  day, th e  mean d ia m e te r  d id  

n o t approach  i t s  maximum u n t i l  th e  f i f t h  day# I t  may, th e r e f o r e ,  be 

concluded th a t  a sm all number o f  p laq u es  a t ta in e d  maximum s i s e  on 

th e  fo u r th  day b u t t h a t  en largem ent d id  n o t co n tin u e  beyond th e  

f i f t h  day# The mean d ia m e te rs  encoun tered  on th e  th i r d  and fo u r th  

days were s l i g h t l y  g r e a t e r  th an  th o se  reco rd ed  w ith  uncloned  v ir u s  

i n  Experim ent One, w hile  th e  s ta n d a rd  d e v ia t io n  was low er e#g . 0*27 mm#
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a g a in s t  0*41 imn. on th e  f o u r th  day*

Th© r e s u l t s  o f  th e  p r e s e n t  ex p erim en t o le a r ly  d em o n stra te  

th e  e x i s to n 00 o f  c o n s id e ra b le  n o n -g e n e tio  v a r i a t i o n  in  p la q u e -  

d iam oter*  Com parison w ith  th o s e  reco rd ed  in  E xperim ent One a ls o  

su g g e s ts  t h a t  p a r t  o f  th e  v a r i a t io n  in  p la q u e - s i se e x p e rie n c e d  w ith  

uncloned  v i r u s  may bo g e n e t ic  i n  o r ig in *  The mean d ia m e te r  o f  

p la q u e s  p roduced  by c lo n ed  v i r u s  s l i g h t l y  exceeded t h a t  a s s o c ia te d  

w ith  unolonod s to c k ,  e#g* 1*25  mm* a g a in s t  1*11 mm* on th e  f o u r th  

day* I'&en th e  " t"  t e s t  i s  a p p l ie d  to  th e  f i g u r e s ,  th e  d i f f e r e n c e  i s  

found to  be o f  m oderate  s t a t i s t i c a l  s ig m ifio an o e  ( " t "  « 1 *9 1 ,

F «>0*05, P =,<0*10 )• An even more im p o rta n t d i s t i n c t i o n  i n  th e  

b e h a v io u r  o f  th e  c lo n ed  and o f  th e  unolonod v i r u s  l i e s  i n  th e  p a t t e r n  

o f  th e  f r o q u e n o y -d ls t r ib u t io n  f o r  th e  v a r io u s  s i s e s  o f  p laq u e  seen  

a t  any g iv en  tim e* In  th e  p re s e n t  ex p e rim en t, i t  was found t h a t ,  

when th e  p la q u e -d ia m e te rs  m easured on th e  f o u r th  day were p lo t t e d  

a g a in s t  th e  p ro p o r t io n  o f  p la q u e s  o f  each p a r t i c u l a r  s i s e ,  th e  curve 

o b ta in e d  had a s in g le  p eak , i* o * i t  in d ic a te d  t h a t  th e  r e l a t io n s h ip  

betw een number and si%@ fo llo w ed  a norm al d is t r ib u t io n *  In  

E xperim ent One, how ever, th e  c o rre sp o n d in g  g rap h  had two p ea k s , which 

c h a r a c t e r i s t i c  su g g e s ted  t h a t  th e  p o p u la tio n  o f  v i r u s  p a r t i c l e s  

c o n s is te d  o f  two ty p e s ,  one o f  f a s t  grow th and th e  o th e r  o f  slow  

developm ent*
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EXPEHIMEOT TM3LVE: The G en e tic  O rig in  o f  V a r ia t io n  i n  P laq u o -d iam e te ri

The o b jo o t o f  th e  p re s e n t  experim en t was to  d e te rm in e  

th e  e x i s te n c e ,  o r  o th e rw is e , o f  a v a r ia n t  p ro d u c tiv e  o f  p la q u e s  

s i g n i f i c a n t l y  s m a l le r  th a n  th o se  form ed hy o th e r  genotypes*

B ig h t c lo n es  o f  v i r u s  ( s t r a i n  B - l )  were p re p a re d  by th e  

m ethods d e s c r ib e d  I n  Bxperim en t Two* I n  a l l  in s t a n c e s ,  th e  p a re n t  

p laq u e  s e le c te d  was l e s s  th a n  0*8 mm* i n  d ia m e te r  and th e  v i r u s  

i s o l a t e d  from  i t  was re c lo n e d  a t  l e a s t  once p r i o r  to  study* P laq u es  

were m easured by means o f  a m icroscope f i t t e d  w ith  an o c u la r  m icro 

m e te r , w hich was c a l ib r a t e d  by u se  o f  a s ta g e -m lo ro m e te r  o f  

g r a t i o u l a r  le n g th  « 2 mm* P la t  e - c u l tu r e s  o f  whole-em bryo c o l l s  wore 

in f e c te d  if i th  ap p ro x im a te ly  I 50  P*F*U* o f  each c lo n e  and th e  

d ia m e te r  o f  p la q u e s  m easured a lo n g  two ax e s , one a t  xdght a n g le s  to  

th e  o th e r*  To av o id  b i a s ,  th e  s tu d y  was made o f  th e  f i r s t  $0-7$ 

p la q u e s  o b se rv ed  in  each  p la te *

Out o f  e ig h t  c lo n es  exam ined, seven  p roduced  p la q u e s  o f  

ap p ro x im a te ly  th e  same s i s e  a s  th o se  formed by u n c lo n ed  v i r u s  ( th e  

d im ensions o f  which were rec o rd ed  in  E xperim ent One)* The e ig h th  

("C lone X") gave r i s e  to  f o c i  which were s i g n i f i c a n t l y  sm a lle r*  The 

fo llo w in g  acco u n t com pares th e  p la q u es  produced by "C lone X" w ith  

th o se  form ed by "C lone , which l a t t e r  was r e p r e s e n ta t iv e  o f  th e  

seven  c lo n e s  r e f e r r e d  to  above*
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Both v a r ia n t s  were re -c lo n e d  tx^ioe. Baoh produced 

macroBcopic fo o l  u n d er l iq u id  medium when f i r s t  i s o l a t e d  f3?om th e  

r e s p e c t iv e  p a re n t p laq u e  h u t ,  w hereas th o se  formed hy "Clone wore 

e a s i ly  recogn iiaah le  w ith  th e  naked eye on th e  t h i r d  day , th o se  

induced  hy "C lone X" were b a re ly  d is o e r n ih le ,  even on th e  fo u r th  

day (F ig u re  4 6 )» The same r e s u l t  o b ta in e d  ( l )  when v i r u s  from th o se  

c u l tu r e s  provoked th e  fo i l la t io n  o f  p la q u es  u n d er an a g a r  o v e r la y ,

(2 ) when v i r u s  i s o l a t e d  from th e  l a t t e r  f o c i  was made to  i n f e c t  

o th e r  c u l tu r e s  m a in ta in ed  u nder a  l iq u id  medium, and ( 3 ) when v ir u s  

fiom th e  l a t t e r  c u l tu re s  p ro v id ed  f u r th e r  p la q u es  u n d er a g a r , th e  

dim ensions o f  which a re  reco rd ed  in  Table I 8 *

The s i s e s  o f  th e  p la q u e s  produced by "C lone were 

c lo s e ly  s im i la r  to  th o se  o f  th e  fo c i  e s ta b l i s h e d  by unoloned v i r u s ,  

th e  mean d ia m e te r  o f  each b e in g  0*08 mm# and 0*04  mm* r e s p e c t iv e ly ,  

on th e  t h i r d  day, and 1*12 and 1*11 ram* r e s p e c t iv e ly ,  on th e  f o u r th  

day* C orrespond ing  f ig u r e s  f o r  "Cion© X" xmre 0*52 mra* and 0*73 mm* 

s im i la r ly ,  th e  l a r g e s t  p la q u e s  p re s e n t  on th e  f o u r th  day were 2*08 mm̂ 

f o r  "Clone fr*, 2*00 mm* f o r  uncloned v i r u s  and o n ly  1*01 rm# f o r  

"C lone X"* The d i f f e r e n c e s  betw een th e  p 1aqu©-diam ©ters a s s o c ia te d  

w ith  each  c lone  i s  h ig h ly  s ig n i f i c a n t  s t a t i s t i c a l l y *  Thus, when th e  

d im ensions o f  th e  fo c i  p re s e n t  on th e  t h i r d  day a re  su b o rd in a ted  to  

th e  form ula f o r  th e  s ta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  betw een two

means ( J 4- inhere cr i s  th e  s ta n d a rd  e r r o r  o f  th e  mean

and N th e  number o f  m oasuram oiits), th e  s ta n d a rd  e r r o r  o f  th e  d if fe re n c e



Figure 4 6 * P laq U o -fo rraa tio n  by  clonoe’ Z  (uppor) and 

Z  (lower)* % 3#
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i s  foim d to  have a v a lu e  o f  0 ,1 9 3 9  d iv i s io n s  o f  th e  ra io ro m eter-o o a le#  

The oheerved  d if f e r e n o o j  a g a in  i n  d iv i s io n s  o f  t h a t  s c a l e 5 betw een 

th e  two means was 1 1 *4 6 ) i#_e» $9*1  tim es  g r e a t e r  th a n  th e  maximum 

d i f f e r e n c e  r e s u l t i n g  from chance# A n a ly s is  o f  l i k e  f ig u r e s  o b ta in e d  

on th e  f o u r th  day a ls o  d en o ted  t h a t  th e  d i s s i m i l a r i t y  i n  d im ensions 

was h ig h ly  s ig n i f ic a n t*  The fo re g o in g  r e s u l t s )  th e re fo re ^  in d ic a t e  

t h a t  V a r ia t io n  i n  th e  s i s e  o f  th e  p la q u e s  produced  by uncloned  

v i r u s  i s  p a r t l y  duo to  g e n e t ic  d i f f e r e n c e s  among v i r u s  p a r t i c l e s #
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(4 )  SütftîARY AMD COHCLUSIOHS.

A il © tra in s  o f  th e  v i r u s  p roduced s m a ll , round p la q u e s  

i n  c u l tu r e s  o f  x-zho lo - o h i  ok-embryo as  w ell a s  i n  m onolayers o f  c h i ok - 

embryo l i v e r  and chick-em bryo k id n ey  c e l ls #  About tx ro - th ird s  o f  

th e  f o c i  were c l e a r ly  v i s i b l e  to  th e  naked eye on th e  t h i r d  day#

The rem ain d er became ap p a re n t on th e  fo llo w in g  day , which x?as th e  

o p tim a l tim e f o r  c o u n tin g , x^hen p la q u o -s is e  ranged  from 0#5 ima# to  

2#00 mm# E nlargem ent g e n e ra l ly  te rm in a te d  abou t th e  f i f t h  day#

"S m al1-p laque" v a r i a n t s  e x is te d  b u t much o f  th e  v a r i a t i o n  in  s i s e  

was n o n -g e n e tic  i n  o r ig in #

A l i n e a r  r e la t io n s h ip  betw een th e  p la q u e -o o u n t and th e  

v i r u s  in p u t  was e s ta b lis h e d #  E vidence t h a t  th e  d i s t r i b u t i o n  o f  

p la q u e s  fo llo w s  th e  P o isso n  eq u a tio n  was o b ta in e d  by in o c u la t in g  $0 

p l a t e s  x-jith a s in g le  v i r u s  d i l u t i o n  and by oom parlng th e  a c tu a l  

c o e f f i c i e n t s  o f  v a r i a t io n  w ith  th e  t h e o r e t i c a l  ones i n  43 d i f f e r e n t  

" o n e -d i lu t io n "  t i t r a t i o n s #  The r e s u l t s  o f  th e  l a t t e r  s tu d y  su g g ested  

t h a t ,  when e ig h t  o r  n in e  p l a t e s  were used  f o r  each  d i l u t i o n ,  th e  

c o e f f i c i e n t  o f  v a r i a t i o n  approached  th e  le v e l  to  be ex p ec ted  from 

th e  P o isso n  d i s t r ib u t io n #  R e p lic a te  a s sa y s  o f  s to c k -v i ru s  gave 

ap p ro x im a te ly  th e  same t i t r e  i n  c u l tu r e s  o f  d i f f e r e n t  b a tches*  

P la q u e -fo rm a tio n  xjae in h ib i t e d  by a s p e c i f i c  a n tise ru m  p re p a re d  in  

a r a b b i t  b u t n o t by norm al r a b b i t  serum# Those r e s u l t s  in d ic a t e  t h a t  

p la q u e -a s s a y  p ro v id e s  a s t a t i s t i o a l l y - v a l i d  method f o r  th e  com putation
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Of v i r u s  I n f e o t iv i ty *  In  i t s  s e n s i t i v i t y  to  v i r u s ,  th e  system  was 

s u p e r io r  to  t h a t  b ased  on th e  pock-ooun t b u t was I n f e r i o r  to  th e  

50  pex' cen t e n d -p o in t method perform ed by means o f  tu b e -c u l tu re s *

When m ethyl c e l lu lo s e  xfas employed i n  p la c e  o f  a g a r , th e  

grow th o f  p la q u e s  o co u rred  more r a p id ly  and co n tin u ed  f o r  a lo n g e r  

p e r io d  o f  tim e . A l i n e a r  r e la t io n s h ip  e x is te d  betw een th e  p la q u e -  

count and th e  c o n c e n tra t io n  o f  v iru s#  The c o e f f i c i e n t s  o f  v a r i a t io n  

f o r  th e  p la q u e -o o u n ts  produced by d i f f e r e n t  d i l u t i o n s  o f  v i r u s  wore 

s im i la r  to  th o s e  to  bo ex p ec ted  from th e  P o isso n  d i s t r ib u t io n #  

P la t i n g - e f f i c i e n o y  was ap p ro x im a te ly  double t h a t  o f  p la q u e -a s s a y  

v d th  agar*

A pprox im ate ly  95 m in u tes  xmre re q u ire d  f o r  h a l f  o f  th e  

amount o f  v i r u s  p r e s e n t  i n  an inooultua to  a f f i x  to  c e l l s  b u t a t t a c h 

ment o f  th e  rem ain d er was n o t com plote u n t i l ,  a t  l e a s t ,  th e  end o f  

th e  s ix t h  hour# A s ta n d a rd  a d s o rp tio n  tim e o f  f o u r  h o u rs  a llow ed  

abou t 8$ p e r  c e n t o f  in o c u la te d  v i r u s  to  e n t e r  th e  c e l ls *  Investi**- 

g â t io n s  in to  th e  e f f e c t  o f  w ashing th e  o e l l - s h e e t  b e fo re  i n f e c t io n  

and p re v io u s  to  a d d i t io n  o f  th e  o v e r la y  proved  in c o n c lu s iv o  b u t 

s l i g h t  in c re a s e  o f  th e  p laq u o -co im t may ensue when u n a tta c h e d  c o l l s  

and p ie c e s  o f  o e l l u l a r  d e b r is  have boon removed from th e  c u l tu r e -  

v e s s o l  p r i o r  to  in o c u la t io n #
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VmS  4# CI'ÏAHACTEHÎZATIOH OF THE VIRUS#

(1 ) IFrROUUOTOH*

Th© fo rm a tio n  o f  Go'wdry Type A in t r a n u c l e a r  in c lu s io n s  

and th e  p ro d u c tio n  o f  a fo c a l ,  c y to p a th o g c n ic  e f f e c t  s im i la r  to  t h a t  

caused  by oytom ogaloviruB ea su g g e s ted  an a f f i n i t y  on th e  p a r t  o f  th e  

p ig eo n  I .U .Ï*  v i r u s  w ith  th e  berpesv ix 'u s group* The work abou t to  

be d e s c r ib e d  was d es ig n ed  to  e lu c id a te  th o se  p r o p e r t i e s  o f  th e  v i r u s  

which would a llo w  i t s  u n eq u iv o ca l in c o rp o ra t io n  w ith in  t h a t  group*

The system  o f  c l a s s i f i c a t i o n  ad o p ted  i n  th e  p r e s e n t  

in v e s t ig a t io n  i s  t h a t  o r i g i n a l l y  p3X)posed by Lw off, Homo and T o u rn le r  

(1 9 6 2 ) and l a t e r  recommended by th e  I n t e r n a t i o n a l  Subooim alttee on 

V iru s Homenolatux*e (l$63 )#  A ccord ing  to  t h a t  schem e, taxonomy shou ld  

r e s t  on?

(a )  The chem ical n a tu re  o f  th e  n u c le ic  a c id ,
(b ) The symmetry o f  th e  im olecoapsld*
(c )  The p re se n c e  o r  absence  o f  an envelope*
(d ) In  th e  ca se  o f  v i r u s e s  w ith  cu b ic  sym m etry, th e  number o f  

capsom ere8#

A d d itio n a l c h a r a c te r s  deemed d i s t i n c t i v e  o f  th e  v i r i o n  have been 

recommended f o r  c l a s s i f i c a t i o n  and a re  used  f o r  t h a t  purposo  i n  th e  

p r e s e n t  in v e s t ig a t io n *  They in c lu d e  th e  s e n s i t i v i t y  o f  th e  v i r u s  to  

e th e r  and i t s  s t a b i l i t y  ox* l a b i l i t y  u n d er a c id ic  c o n d i t io n s ,  b o th  o f  

which phenomena a re  g e n e t i c a l l y  s t a b le  (H am parian, H illem an  and K o t le r ,

1 9 6 3 )*
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I n  a d d i t io n  to  p ro v id in g  d a ta  o f  taxonom ic im p o rta n ce , 

th© in v e s t ig a t io n s  abou t to  b© d e s c r ib e d  wore in te n d e d  to  su p p ly  

in fo rm a tio n  on th e  th e rm o - re s is ta n c e  o f  th e  v i r u s  and on i t s  

s e r o lo g ic a l  r e l a t i o n s h i p  w ith  v iru s#  The o p p o r tu n i ty  a ls o

talcen to  d e te rm in e  w h e th e r, o r  n o t ,  th e  v ir-us x?as endowed w ith  

h a e m a g g lu tin a tin g  c a p a c i ty ,  though  i t  was re c o g n ise d  th a t  th e  l a t t e r  

c h a r a c t e r i e t i o  i s  n o t a f e a tu r e  o f  th e  h e rp e s v iru s  group#
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( 2 )  AHTIGKNIC lîBIiATIOÏÏSHIP OF Sl'HAIHS.

(1 ) IMTEOBUCTION,

The in fo rîïia tio B  a lre a d y  p ra e o n te d  re v e a le d  v ery  c I o b g  

s im i la r i t i e B  in  th e  p r o p e r t i e s  o f  th e  v a r io u s  I s o l a t e s ,  A ll form ed 

th e  ty p ic a l  Gowdry Typo A in t r a n u c le a r  in c lu s io n  and gave r i s e  to  

i d e n t i c a l  l e s io n s  i n  em hryonated eg g s . M oreover, a l l  produced th e  

same, h ig h ly - o h a r a c t e r i s t i c  ty p e  o f  cy to p a th o g o n io  e f f e c t  in  c e l l -  

c u ltu re *  Those f in d in g s  s t r o n g ly  su g g ested  t h a t  each  o f  th e  s t r a i n s  

"belonged to  one v i r a l  g en u s , though i t  was a p p re c ia te d  th a t  some 

a n t ig e n ic  d i f f e r e n c e s  m ight e x is t#

At th e  commencement o f  th e  p r e s e n t  p a r t  o f  th e  in v e s 

t i g a t i o n ,  th e  writex* r e a l i s e d  t h a t  a d e t a i l e d  s tu d y  o f  more th a n  one 

s t r a i n  o f  v i r u s  was n o t f e a s i b l e , At th e  same tim e , i t  was f e l t  t h a t  

i t  m ight p rove  ad v an tag eo u s, p u re ly  on grounds o f  tem p o rary  co n - 

v o n ien co , to  he i n  a p o s i t io n  to  c a r ry  o u t ex am in a tio n s  w ith  s t r a i n s  

o th e r  th a n  t h a t  ap p o in ted  a s  th e  " t y p e - s t r a i n " . The a u th o r  th e r e f o r e  

c o n s id e re d  t h a t  an  e s s e n t i a l  p ro - ro c iu is i to  to  th e  p u r s u i t  o f  taxonom ic 

s tu d ie s  would ho to  d em o n stra te  a s e r o lo g ic a l  r e l a t io n s id p  among 

th o se  s t r a i n s  o f  v i r u s  which he m ight w ish to  em ploy. As f a r  a s  ho 

i s  aw are, such  a r e la t io n s h ip  e x i s t s  o n ly  among v i r u s e s  which p o s se s s  

th e  same fundam enta l s t r u c t u r e .  Thus, in  s tu d io s  o f  th e  p iiy s io a l 

and chem ical s t r u c tu r e  o f  th e  v i r io n ,  i t  i s  p o s s ib le  to  s u b s t i t u t e  

one s t r i i n  o f  v i r u s  f o r  a n o th e r  i f  ev id en ce  o f  t h e i r  m utual s e ro lo g ic a l

1
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i d e n t i t y  has a lre a d y  been  o b ta in ed *

l# e n  two virusGB have a oolubl©  a n t ig e n  in  common, a s  in  

th e  ca se  o f  th e  G a n t ig e n  o f  th e  in f lu e n a a  A v i r u s e s  o r  th e  HP 

a n t ig e n  o f  th e  pox v i r u s e s ,  an a n t i  serum p re p a re d  a g a in s t  one o f  

them may g iv e  a p o s i t iv e  r é a c t io n  w ith  th e  o th e r  i n  com plem ent- 

f i x a t i o n  o r  p r e c i p i t a t i o n  t e s t s  b u t a n e g a tiv e  r e s u l t  i n  th e  

n e u t r a l i s a t i o n  to s t*  F or t h a t  re a s o n , th e  l a t t e r  s e r o lo g ic a l  

p ro ced u re  p ro v id e s  th e  most s e n s i t iv e  index  o f  a n t ig e n ic  s im i la r i ty *  

The p rim ary  aim o f  th e  p r e s e n t  experim en t was, th e r e f o r e ,  to  d e term in e  

w h e th e r, o r  n o t ,  an a n t i s e n m  cap ab le  o f  n e u t r a l i z i n g  th e  " ty p o -  

s t r a i n " ,  M-3, had a s im i la r  e f f e c t  on th e  HS-2, B-1 and P -5  s t r a i n s  

o f  v iru s*  C onfixm atory ev id en ce  was sought i n  f lu o r e s c e n t  an tib o d y  

t e s t s  c a r r i e d  o u t i n  ce11- c u l t u r e *

(2 ) MATERIALS AWB METHODS.

I n i t i a l  e f f o r t s  to  p roduce an a n t i s e rum in  c o c k e re ls  

hav in g  f a i l e d ,  an  a ttem p t was made to  p roduce a n tise ru m  i n  a r a b b i t ,  

which an im al xms presum ed to  be f r e e  o f  an tib o d y  to  th e  ag en t a s  

w e ll as  s u i t a b le  f o r  in tra v e n o u s  in o c u la t io n  and ea sy  reco v e ry  o f  

blood* The m ethods employed to  t h a t  end and th e  s a t i s f a c t o r y  deg ree  

o f  n e u t r a l i s a t i o n  o b se rv ed  m t h  th e  homologous v i r u s  ( s t r a i n  M-3) 

were d e s c r ib e d  i n  P a r t  T h re e , E xperim ent Five* C r o s s - n e u t r a l iz a t io n  

t e s t s  were th e n  c a r r i e d  o u t w ith  th e  P -$ , HS-2 and 33-1 s t r a i n s  o f  

v iru s*  In  each  c a s e , t e n - f o ld  d i lu t io n s  o f  v i r u s  xmre mixed w ith  a
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1 in  10 d i l u t i o n  o f  r a b b i t  immune serum and in c u b a te d  a t  37^8# f o r  

one h o u r fo llo w ed  by exposu re  a t  4^G# f o r  18 h o u rs  b e fo re  in o c u la t io n  

in to  p l a t e s  o f  whol e -ch iok-em bryo  c e l ls *  C o n tro ls  c o n s is te d  o f  th e  

same d i l u t i o n s  o f  v i r u s  in c u b a te d  w ith  a 1 i n  10 d i l u t i o n  o f  norm al 

r a b b i t  serum# D e ta i l s  o f  th e  a ttac h m en t tim e and p la q u e -a s s a y  wore 

a s  r e p o r te d  i n  F a r t  Three*

F o r f lu o re s o o n t  an tib o d y  s tu d i e s ,  c o v e r s l ip  c u l tu r e s  o f  

whole-embryo c e l l s  wore in f e c te d  w ith  a p p ro x im a te ly  lo 5  p*F#U# o f  

each  o f  th e  fo u r ' s t r a i n s  o f  v iru s*  24 h o u rs  a f t e r  in o c u la t io n ,  th e  

o o v e r s l ip s  were removed from  th e  L eigh ton  tu b e s ,  f ix e d  in  a c e to n e  

a t  4^G# f o r  10 m in u te s , and d iv id e d  in to  two l o t s ,  one o f  which was 

tIdeated  w ith  immune r a b b i t  serum and th e  o th e r  w ith  norm al serum , 

b o th  o f  which had boon ad so rb ed  o v e rn ig h t w ith  a tis su e -p o w d e r  

p re p a re d  fi'om a fo w l- l iv e r*  U n in fec ted  m onolayers were a ls o  s ta in e d  

Tfith each  o f  th e  se ra#  A f te r  30 m in u tes  i n  a m o is t chamber a t  37^0#, 

th e  c o v o r s l ip s  were washed th o ro u g h ly  in  P*B*£î*, s ta in e d  w ith  g o a t 

a n t i - r a b b i t  g lo b u l in  co n ju g a te d  w ith  f lu o r e s c e in  is o th io c y a n a te  

(D ifco  L a b o ra to r ie s ,  D e t r o i t ,  M ichigan) and exam ined by moans o f  a 

H e ic h e r t " gietopan " f lu o re s c e n c e  m ic ro sco p e , a s  d e s c r ib e d  in  P a r t  

One f o r  th e  ex am in a tio n  o f  t i e s u e - e e c t io n s  from e x p e r im e n ta l ly -  

in f e c te d  b ird s*

(3 ) RESULTS.

As re p o r te d  i n  P a r t  T h ree , E xperim ent F iv e , a 1 in  10
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d i l u t i o n  o f  th e  r a b b i t  M-3 an tiae ru m  had a n e u t r a l i z a t i o n  in d ex  o f  

2*19  a g a in s t  th e  homologous s t r a in *  A g ain st th e  o th e r  a t r a in a ,  th e  

n e u t r a l i z a t i o n  in d ic e s  were a s  fo llo w s?

P-5 2*01

B-1 1*94

HS-2 1 . 3 8 .

By th e  use  o f  M-3 a n t i s e rum in  th e  i n d i r e c t  f lu o re s c e n t  

an tib o d y  te c h n iq u e , v i r a l  a n tig e n  was d e te c te d  in  th e  n u c le i  o f  

c e l l s  in f e c te d  w ith  h e te ro lo g o u s  i s o l a t e s  (P -5 , B-1 and HB-2) as  

w e ll a s  w ith  th e  homologous s t r a i n .  F lu o reseen o e  was o f  two main 

ty p e s  though in te rm e d ia te  s ta g e s  were o f te n  to  be found . In  th e  f i r s t ,  

th e  s t a in in g  r e a c t io n  was in te n s e  th ro u g h o u t th e  whole o f  th e  n u c leu s  

(F ig u re  47) b u t ,  som etim es, th e  n u c le a r  membrane was a p p re c ia b le  by 

rea so n  o f  i t s  g r e a t e r  b r i l l i a n c e *  In  th e  second , f lu o re sc o n o o  was 

r e s t r i c t e d  to  th e  n u c lo a r  membrane (F ig u re  4 8 )* Both p a t t e r n s  o f  v i r a l  

d i s t r i b u t i o n  were found i n  a l l  in fo o te d  c u l tu r e s  b u t f lu o re sc o n c e  

was n o t m a n ife s t i n  in f e c te d  c u l tu r e s  s ta in e d  w ith  norm al serum o r  

in  u n in fe c te d  c u l tu r e s  t r e a t e d  w ith  immune serum .

(4 ) DISCÜSÎ3X0H.

M—3 a n t i  serum in  a  1 i n  10 d i l u t i o n  was found to  have 

m oderate  n e u t r a l i z i n g  a c t i v i t y  a g a in s t  th e  P -5  sind B-1 s t r a i n s  as  

w e ll a s  a g a in s t  th e  homologous v i r u s ,  th e  n e u t r a l i z a t i o n  in d ic e s  b e in g  

2 .0 1 , 1*94, and 2 .1 9 , re s p e c tiv e ly *  A lthough r e o ip r o c a l  c r o s s -



P ig iiro  47* Viriia a n t ig e n  s ta in e d  by  f lu o r é s  con t*^antit?ody in  

n u o lo u s o f  f i b r o b l a s t  i n  v i t r o *  x  PèOOO*

Alguro 4 8 , V iru s  a n t ig e n  co n o a n tra to d  m a in ly  a t  

rnombran©» x  8,000*
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n o u t r a i l  z a t  io n  te s t©  I'd tli B-1 and HS-2 a n t i  s e r a  were n o t

o a r r io d  o u t ,  th e  a u th o r  o o n s id e rs  th a t  th e  r e s u l t s  f u l f i l  th e  main 

pu rp o se  o f  th e  in v e s t ig a t io n  and confirm  th a t  th e  M-3s P-5 and B-1 

s t r a i n s  a re  v e ry  c lo s e ly  r e l a t e d .  Those a g e n ts  may, th e r e f o r e ,  he 

B u h s ti tu te d  fo r  each  o th e r  In  s tu d ie s  p e r ta in in g  to  th e  ty p e  o f  

n u c le ic  a c id ,  p a r t i c l e  m orphology, o th e r  s e n s i t i v i t y  and r e s i s t a n c e  

to  a c id  on th e  p a r t  o f  th e  v iru s*

The r e s u l t s  in d ic a te d  th a t  M-3 a n tise ru m  had a n o tio e a h ly  

low er n e u t r a l i z i n g  in d ex  a g a in s t  th e  HB-2 s t r a i n  th a n  a g a in s t  th e  

o th e r ' s t r a i n s ,  h u t d i f f e r e n c e s  i n  th e  d eg ree  o f  a n t ig e n ic  r e la t io n s h ip  

e x h ib i te d  by th e  fo u r  s t r a i n s  a re  n o t p ro p e r ly  a s o e a s a b le  by th e  

m ethods used  in  th e  p r e s e n t  in v e s t ig a t io n *  In  o r d e r  to  d em o n stra te  

f in e  a n t ig e n ic  d i f f e r e n c e s  betw een , f o r  exam ple, th© P-5 and M-3 

s t r a i n s ,  i t  vK)uld be n e c e s s a ry  to  compare e i t h e r  th e  r a t e  o f  

n e u t r a l i s a t i o n  o f  each s t r a i n  w ith  homologous and h e te ro lo g o u s  a n t i -  

serum o r  th e  n e u t r a l ! z a t i o n  s lo p e  c o n s tru c te d  from th e  serum t i t r e s  

o b ta in e d  from a number o f  " c o n s ta n t v iru s« "V ariab le  serum" t e s t s  

c a r r i e d  o u t w ith  d i f f e r e n t  c o n c e n tra t io n s  o f  v i r u s .  The fo rm er method 

was employed by McBxdde (1959) to  d i f f e r e n t i a t e  betw een m inor " w ith in -  

ty p e"  v a r i a n t s  o f  p o l io m y e l i t i s  v iru s#  C arm ichael ( 1 9 6 2 ) u sed  b o th  

p ro ce d u re s  to  d i s t in g u i s h  two s t r a i n s  o f  can in e  h e p a t i t i s  (ICH) v iru s#  

A ntiscrum  n e u t r a l iz e d  th e  homologous v i r u s  more q u ic k ly  th a n  i t  d id  

th e  h e te ro lo g o u s  one and th e  n e u t r a l i z a t i o n  s lo p e s  o f  th e  two s t r a i n s  

w ith  homologous a n t i s e r a  were q u i te  d i f f e r e n t ,  0#4 and 0 ,7# E xperim ents
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o f  t h a t  ty p e  a re  o le a r ly  re q u ire d  i f  th e  q u e s tio n  o f  m inor a n t ig e n ic  

d i f f e r e n c e s  among s t r a i n s  o f  p ig eo n  v i r u s  i a  to  be reso lv ed *
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(3 ) HÜCLSIC ACID CÔMFOSÎTIOM#

(1 ) INTRODUCTION*

S ince Cooper ( I 96 I 0 ) paropOBed t h a t  v i ru s e a  be d iv id e d  

in to  two main g roupa , th e  riboviruBGB and th e  d o o x y v iru se s» v a r io u s  

te c h n iq u e s  have been employed to  d e te m in e  th e  ty p e  o f  n u c le ic  a c id  

form ing  th e  co re  o f  th e  v iru s*  They in c lu d e  (a )  d ig e s t io n  o f  v i r u s  

p r e p a r a t io n s  w ith  r ib o n u o le a a e  and d eo x y rib o n u c lea se  (M c A llis te r  e t  

a l , # 1 9 6 3 )) (b ) t r e a tm e n t o f  in f e c te d  t i s s u e - o u l t u r e s  w ith  h a lo g en  

d e r iv a t iv e s  o f  d eo x y u rid in o  (Lam and A th e r to n , 1 9 6 3 ) ,  ( 0 ) o lo o tro n  

m icroscopy  o f  v i r u s  p a r t i c l e s  s ta in e d  w ith  u ra n y l a c e ta te  and lo a d  

hyd ro x id e  (Sm ith  and M ela iok , 1962) which re v e a l  DNA and RNA 

r e s p e c t iv e ly  and (d ) v a r io u s  h is to c h e m ic a l m ethods (M c A llis te r  e t  a l *» 

lo o * c i t * * Mayor and Biwan, 196 I ) ,  such  as  th e  F oulgen  method f o r  

DNA and ac rid in ©  orange f o r  RNA* On account o f  t h e i r  s im p l ic i ty ,  th e  

second and f o u r th  o f  th o se  m ethods wore chosen f o r  th e  p u rpose  o f  

th e  i n v e s t ig a t io n  u n d er r e p o r t .

I n h ib i t i o n  o f  th e  grow th o f  h e rp e s  s im plex  v i r u s  in  

HeLa c e l l s  by means o f  $ - f lu o ro -2  ^ -d eo x y u rld in e  (FUDR) was f i r s t  

dem o n stra ted  by Newton and Tamm (1959), Salzman ( i9 6 0 )  d em o n stra ted  

th a t  th e  same compound p re v e n te d  th e  git>wth o f  v a c c in ia  v i r u s ,  b u t 

i t  was soon reco g n iz ed  t h a t  th e  in h ib i to r y  e f f e c t  d id  n o t ex ten d  to  

th o  r e p l i c a t i o n  o f  RNA, v iru se s *  fio rrm ann(I96I ) ,  f o r  exam ple, re p o r te d  

t h a t ,  a lth o u g h  g - io d o -2 * -d e c x y u rid in e  (lUDR) and 5-brom o-2*-dooxy-
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u r id in e  (BUM) su p p ressed  p laq u e  fo rm a tio n  by v a o o in la  and h e rp e s  

v i r u s e s 5, th e y  uer© w ith o u t e f f e c t  on N ew castle d is e a s e  and West N ile  

v i r u s e s ÿ b o th  o f  which c o n ta in  RNA# More re c e n tly j, how ever, B ader 

(1 9 6 4 ) found t h a t  BUBE I n h ib i te d  th e  m u l t ip l i c a t i o n  o f  Rous sarcom a 

vâ.rus w hich , seem ing ly , 3̂ 0 qu i r e s  th e  p a r t i c i p a t i o n  o f  BNA a t  an e a r ly  

s ta g e  i n  th e  grow th cycle*  A lthough s im i la r  r e s u l t s  were o b ta in e d  

by ^horm ar (1965) f o r  V isna v i r u s ,  i t  i s  g e n e ra l ly  ag reed  t h a t  th e  

halogeneited  d e o s y u r id in e s  do n o t a d v e rs e ly  in f lu e n c e  th e  m u l t ip l i c a t i o n  

o f  ENA v i r u s e s  (A pployard , I 9 6 7 )* I t  may, th e r e f o r e ,  be s a f e ly  

concluded  t h a t  i n h ib i t i o n  by th o se  compounds i s  s t r o n g ly  su g g e s tiv e  

o f  th e  p re se n c e  o f  BHA in  th e  v i r u s  core* T hat c o n te n tio n  i s  

e s p e c ia l ly  t r u e  when th e  in h ib i to r y  e f f e c t  i s  w eighed in  c o n ju n c tio n  

w ith  o th e r  s i m i l a r i t i e s  betw een th e  agen t u n d er ex am in a tio n  and a 

v i r u s  known to  c o n ta in  DBA*

A lthough th e  Coxfdry Type A in c lu s io n  body i s  a re co g n ise d  

f e a tu r e  o f  h e rp e s v iru s  in f e c t io n ,  i t  r e p re s e n ts  m ere ly  a te rm in a l 

s ta g e  i n  th e  in f e c t iv e  p ro cess*  0ro u se  e t  ( 1 9 5 0 ) em phasised 

t h a t  th e  e a r l i e s t  in c lu s io n s  produced by h e rp e s  sim plex  v i r u s  in  

o h o rio -* a lla n to io  membranes d i f f e r e d  c o n s id e ra b ly  from th o se  o f  th e  

c l a s s i c a l  ty p e  A i n  t h a t  th e y  were b a s o p h i l ic ,  F o u lg e n -p o s i t iv e  and 

co m p le te ly  f i l l e d  th e  nucleus#  As th e  pocks d ev e lo p ed , th e  in c lu s io n s  

became e o s in o p h i l i c  and F o u lg e n -n e g a tiv e  and were s e p a ra te d  from th e  

n u c le a r  membrane by a c l e a r  'h a lo '*  A s im i la r  sequence o f  e v e n ts  

was d e s c r ib e d  by M atraoh and Hanson (1963) i n  s tu d ie s  on th e
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o y to p a th o lo g y  o f  I.IV T* v i r u s  in  ch iok-em bryo-k ld n ey  t l s s u e - o u l tu r e *  

Botwoen 12 and 36  h o u rs  a f t e r  I n f e c t io n ,  th o  n u c le i  o f  in f e c te d  c e l l s  

were f i l l e d  to  c a p a c i ty  w ith  b a s o p h i l ic  D M -c o n ta in in g  m a te r ia l  

which was in d i s t in g u is h a b le  from th e  n u c le a r  membrane* D uring th e  

su c ce e d in g  36 h o u rs , th e  in c lu s io n s  g ra d u a l ly  became s e p a ra te d  from 

th e  n u c le a r  mombrano by a c l e a r  son© and th e r e  was co n c u rre n t lo s s  o f  

b a s o p h i l ia  a s  w e ll a s  a re d u c t io n  in  th e  i n t e n s i t y  o f  th e  Foulgen 

r e a c t io n .  By th e  72nd, h o u r, many o f  th e  in c lu s io n s  were e o s in o 

p h i l i c  and F eu lg e n -n e g a tiv e *

The above changes may s ig n i f y  fundam en ta l p ro c e s s e s  

coimaon to  th e  grow th o f  a l l  h e rp e sv iru se s*  E a r ly  in c r e a s e  o f  n u c le a r  

DBA, a s  r e v e a le d  by th e  F eulgon  r e a c t io n ,  i s  most l i k e l y  to  be due 

to  th e  r e p l i c a t i o n  o f  v i r a l  DBA* C o n v erse ly , la c k  o f  s t a in in g  

a f f i n i t y  f o r  a o r ld in e  o ran g e  Im p lie s  th e  absence o f  HHA sy n th e s is#

The a s s o c ia t io n  o f  F e u lg o n -p o s i t iv c ,  a c r id ln e  o ra n g e -n e g a tiv G , n u c le a r  

m a te r ia l  w ith  b a s o p h i l ic  in c lu s io n s  occupy ing  th e  e n t i r e  n u c le u s , 

fo llo w ed  by th e  ap p earan ce  o f  F e u lg e n -n e g a tiv e  ty p e  A in c lu s io n s ,  

may be re g a rd e d  a s  s t ro n g  ev id en ce  o f  h e rp e s v iru s  m u lt ip l ic a t io n #

(2 ) MATERIALS AND METHODS#

XÜDR and BODE were o b ta in e d  from th e  Sigma Chem ical 

Company and th y m id in e  from B r i t i s h  Drug H ouses, Ltd# D i f f i c u l ty  was 

ex p e rie n c e d  in  d is s o lv in g  th e  d eo x y u rid in e s  b u t s a t i s f a c t o r y  r e s u l t s  

were e v e n tu a l ly  o b ta in e d  when th e  compound was added to  a sm a ll volume
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o f  mocllum, p re h e a te d  to  37^0*, and th o n  th o ro u g h ly  a g i ta t e d  in  an 

F.BB u l t r a s o n ic  d is in te g r a to r *

Th© e f f e c t  o f  lUDH and BUDE on th e  m u l t ip l i c a t i o n  o f  th e  

v i r u s  was in v e s t ig a te d  in  f iv e  ex p e rim en ts , th o  d e t a i l s  b e in g  as 

fo llo w s :

E xperim ent 1* To t e s t  th e  i n h ib i to r y  e f f ic a c y  o f  d eo x y u rid in e  on a 

known DBA v i r u s ,  c u l tu r e s  o f  c h ic k -e m b ry o - liv e r  c e l l s  were in f e c te d  

w ith  v i r u s  and, a f t e r  th e y  had been washed in  P ,B ,8# fo llo w in g

rem oval o f  th e  inoculum , were d iv id e d  in to  th ro e  g ro u p s , nam ely:

la  Those i n  which 20 pg# IU3)R/ml# was in c o rp o ra te d  in to  th e  
m ain tenance medium*

2* Those in  which th e  m ain tenance mediim c o n ta in e d  20 jug# 
lUBH/ml* ^ 200 ^g* tliy ra id lne/m l *

3* Those covered  by m ain tenance medium only*

The m edia were removed d a i ly  and re p la c e d  w ith  f r e s h  s o lu t io n s  o f  

a p p ro p r ia te  type* Those reco v e red  a t  48  h o u rs  a f t e r  i n f e c t io n  were 

assay ed  i n  whole-em biyo c u l tu r e s  f o r  t h e i r  v i ru s  co n ten t*

E xperim ent 2* The p ro ced u re  o f  Experim ent 1 was re p e a te d  x d th  th e  

M-3 s t r a i n  o f  p ig eo n  v i r u s ,  b u t w ith  th o  q u a n t i t i e s  o f  IITO

and th ym id ine  in c re a s e d  to  $0 pg/m l* and $00 r e s p e c t iv e ly  and

an amount o f  v i r u s  eq u a l to  1*8 x  10*̂  P,F*U# p e r  p la te - o u l tu r e *  At 

24) 48  and 72 h o u rs  a f t e r  i n f e c t io n ,  th e  c e l l u l a r  f r a c t i o n  o f  th e  

c u l tu r e s  was h a rv e s te d  and th e  v i ru s  c o n te n t t i t r a t e d  by th e  p la q u e -
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a ssay  method*

E xperim ent 3» In  t h i s  in v e s t ig a t io n ,  th ro e  p a r a l l e l  p la q u o -a ssa y s  

o f  s t r a i n  M-3 were c a r i i e d  o u t ,  th e  a g a r  i n  th e  f i r s t  c o n ta in in g  

50  jxg^ lUDR/ml*, t h a t  i n  th e  second in c o rp o ra t in g  50  jiig« lUDR/ml* 

and 500  thym idine/m l*. and t h a t  in  th e  t h i r d  b e in g  w ith o u t 

supplem ent*

E xperim ent 4« C u ltu re s  o f  whole-embryo c e l l s  w ere each  in f e c te d  w ith  

1#8 X 10^ P#E*U* o f  s t r a i n  M-3 and , a f t e r  rem oval o f  th o  inocu lum , 

wore washed th o ro u g h ly  i n  P#B*S# b e fo re  th e  a d d i t io n  o f  norm al 

m ain tenance medium# Tho l a t t e r  was removed f o r  v i r u s  a s sa y  24 h o u rs  

l a t e r  and re p la c e d  by XUM in  a c o n c e n tra t io n  o f  20 p g ./m l#  and lUDR 

p lu s  thym id ine  in  c o n c e n tra t io n s  o f  20 jag#/ml* and 200 ^ g ./m l* , 

r e s p e c tiv e ly #  A gain , c o n t ro l  c u l tu r e s  were m a in ta in ed  in  medium 

w ith o u t any supplem ent* At th e  4&th h o u r, th e  f l u i d s  wore w ithdraw n 

f o r  viîTiis assay*

E xperim ent 5« The I n h ib i to r y  e f f e c t  o f  BOM was s tu d ie d  in  c u l tu r e s  

in f e c te d  w ith  th e  s t r a i n  o f  v i r u s  and m a in ta in ed  in  th e  p re se n ce

o f  30 Ĵig* BUBH/ail* Those p r e p a ra t io n s  were examined d a i ly  f o r  tho  

p re se n c e  o f  CPE and h a rv e s te d  on th e  fo u r th  day f o r  a ssay  o f  v i ru s  

c o n te n t ( c e l l s  and f l u i d s  to g e th e r )*  U n tre a te d  in f e c te d  c u l tu r e s  

were s im i la r ly  in v e s t ig a te d  b u t r e v e r s a l  o f  i n h i b i t i o n  by u se  o f  

thym id ine was n o t attem pted*
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F or cy toohem ical s tu d ie s  o p v o rs lip —c u l tu r e s  o f  w hole-

embryo c e l l s  were in f e c te d  Trith th e  M-̂ -3 s t r a i n  o f  v iru s#  At 6 , 22

and 30 ho u rs  a f t e r  in o c u la t io n ,  media were removed and th e  m onolayers

washed s ix  tim es w ith  p re p a ra to ry  to  f i x a t i o n  in  c o r r o s iv e -

form ol f o r  iB—36 hours* The c u l tu r e s  were d iv id e d  in to  two g ro u p s ,

one o f  which was t r e a te d  w ith  DNAase# Both l o t s  were th e n  s ta in e d  
^ n d  examined u n d er a R e ic h e r t ' 2*etopan ' f lu o re s c e n c e  m icrosoone#
ujf iiuw j . j L u u V  i ' u u v z  v u j . t u u x  v a e w a r

and examined u n d er a R e ic h e r t ' 2*etopan ' f lu o re s c e n c e  m icroscope#

The same method was employed f o r  th e  s tu d y  o f  c h o r io - a l l a n to io  

membranes f ix e d  two days a f t e r  I n f e c t io n  w ith  th e  s t r a i n  o f  v i r u s .

(3 ) RESULTS.

T y p ic a l s y n c y tia  were p re s e n t  on th e  second day in  c h ic k -  

e m b ry o - liv e r  c u l tu r e s  in f e c te d  w ith  I .L .T *  v i r u s .  Tho changes were 

p ro g re s s iv e  and, by th e  fo u r th  day , had in v o lv e d  th e  whole o f  th e  

e p i t h e l i a l  component o f  th e  m onolayers. I d e n t i c a l  a l t e r a t i o n s ,  

p ro cee d in g  a t  th e  same r a t e ,  o c c u rre d  i n  In fe c te d  c u l tu r e s  m a in ta in ed  

in  th e  p re se n c e  o f  lUDR and thym idine* By c o n t r a s t ,  b o th  in f e c te d  

and u n in fe c te d  c u l tu r e s  t r e a te d  w ith  lUDR rem ained m o rp h o lo g ic a lly  

norm al o v e r  th e  fo u r-d a y  p e r io d  o f  o b s e rv a tio n . The q u a n t i t i e s  o f  

v i r u s  p r e s e n t  i n  th e  c u l tu r e  f l u id s  h a rv e s te d  on th e  second day were 

a s  fo llo w s ;

C ontent o f  medium T i t r e  o f  v i r u s  TGXD50 /O .5  ml#

V iru s  a lo n e  10^*75

XUDR 0
lUBR + thsnniaine
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Numerous o h a r& o te r ls t lo  fo o l were p r e s e n t  on th e  second 

day in  whole-embryo c u l tu r e s  in f e c te d  w ith  1*6 x  X03 p.FoU* o f  th e  

M-3 s t r a i n  o f  p ig eo n  v i r u s .  The changes were p ro g re s s iv e  and

th e  e n t i r e  m onolayer became in v o lv ed  by th e  f i f t h  day# I d e n t ic a l  

r e s u l t s  were o b ta in e d  w ith  in f e c te d  c u l tu r e s  m a in ta in e d  in  th e  

p re se n ce  o f  lUBR and th y m id in e , b u t m onolayers t r e a t e d  w ith  lUBR 

a lo n e  rem ained m o rp h o lo g ic a lly  normal* The q u a n t i ty  o f  v i r u s  p re s e n t 

i n  th e  c e l l s  on th e  f i r s t ,  second and th i r d  days a re  reco rd ed  in  

T ab le  19 and i l l u s t r a t e d  g r a p h ic a l ly  in  F ig u re  49»

In c o rp o ra t io n  o f  ITOR in  th e  a g a r  o v e r la y  reduced  th e  

number o f  m ature p la q u es  by o v e r  200 tim es (T ab le  20) b u t s e v e ra l  

hundred m in u te , p u n c tifo rm  f o c i  wore p re s e n t  i n  th e  10*1 d i lu t i o n  

and from 10 to  30 o c c u rre d  i n  th e  10*^  ̂ d i lu t io n *  The m inute s iz e  

( l e s s  th a n  0*4 mm* ) o f  th e  f o c i  made g ro ss  c o u n tin g  d i f f i c u l t  s in c e  

th ey  were g e n e ra l ly  im p o ss ib le  to  d i f f e r e n t i a t e  from c e l l  clumps*

Those examined un d er th e  m icroscope were seen  to  c o n s is t  o f  rounded 

o r  sw o llen  hyperohrom atio  c e l l s  and c e l l  d e b r is  and appeared  to  

r e p re s e n t  im m ature p laques#  They were e n t i r e l y  a b se n t in  c u l tu r e s  

in o c u la te d  w ith  h ig h e r  d i l u t i o n s  o f  th e  v iru s*

Numerous sm a ll f o c i  were p re s e n t  24 h o u rs  a f t e r  in o c u la t io n  

o f  c u l tu r e s  w ith  1*6 x 10^ P*F#U, o f  v iru s*  The a d d i t io n  o f  lUDR a t  

t h a t  tim e d id  n o t p re v e n t e x te n s io n  o f  th e  GPE to  v i r t u a l l y  th e  whole 

o f  th e  m onolayer by th e  4 6 t h  hour* The amount o f  v i r u s  p r e s e n t  i n  th e
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I n h i b i t i o n  O f  V i r a l  M u l t i p l i c a t i o n  By Use O f  lUDR
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was? how ver^  n o n s id e ra b ly  reduced "by th e  p ro ced u re , 

a s  may he seen  from T able 21 <»

l a  euXturoB in f e c te d  w ith  s t r a i n  IIH**2 and m a in ta in ed  in  

th e  p re se n ce  o f  BUDR, a CPE appeared  on th e  second day b u t c o n s is te d  

m erely  o f  a few w idely -^B oattered , round , r o f r a c t i l e  c e l ls *  The 

l a t t e r  in c re a s e d  in  number during- th e  su cceed in g  t-wo days b u t ,  i n  

most c a s e s , rem ained su rrounded  by nox^al f i b r o b l a s t s .  M u l t ic e l lu la r  

fo o l o f  in f e c t io n  wore few in  number and were com prised o n ly  o f  a 

sm all kno t o f  c e l ls *  In  c o n t r a s t ,  many fo c i  were p re s e n t  on th e  

t h i r d  day in  in f e c te d  ( c o n tr o l )  c u l tu r e s  and an e x te n s iv e , c o n f lu e n t 

CPE was m a n ife s t on th e  fo u r th  day* C u ltu re s  m a in ta in ed  under BUPR 

and h a rv e s te d  on th e  f o u r th  day co n ta in e d  2*6 x 10^ F,P*Ü« o f  v ix u s 

p e r  ml* w hereas i n  c o n tro l  c u l tu r e s  sampled a t  th e  same tim e ,

4*0 X 10^ P*F*U* o f  v i r u s  p e r  m l, ware found to  occur*

In fe c te d  c o v e rs l ip  c u l tu re s  s ta in e d  by th e  f lu o re s c e n t  

Peulg’en method co n ta in ed  v a ry in g  m m bers o f  c e l l s  w ith  b r ig h t ly  

f lu o re s c e n t  g o ld en -y e llo w  n u c le i*  They were o n ly  r a r e ly  to  be seen  

i n  c u l tu r e s  f ix e d  as  e a r ly  as s ix  hours a f t e r  i n f e c t io n  b u t were 

n m e ro u s  i n  th o se  examined a t  22 and 30 hours* The whole o f  th e  

n u c leu s  was in v o lv e d  and d i s c r e te  in c lu s io n  b o d ie s  were no t d e te c ta b le .  

As th e  f o c i  developed , th e  F e iilg o n -p o s itiv e  n u c le i  tended  to  o ccu r 

around th e  expanding  m argins and many o f  th e  rem ain ing  c e l l s  co n ta in ed  

d u l l  g reen  in t r a n u c le a r  in c lu s io n s ,  c l e a r ly  se p a ra te d  from th e  n u c le a r
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membrane. E xam ination  o f  fu rth ex ’* In fe c te d  c u l tu r e s  s ta in e d  by 

baem atoxy lin  and eo a in  su g g ested  th a t  th e  f lu o re s c e n t  golden  n u c le i  

re v e a le d  by th e  Foulgen method corresponded  w ith  th o se  which were 

alm ost e n t i r e l y  occup ied  by b a s o p h i l ic  m a te r ia l*  C onverse ly , th e  

non«*fluoreficent, g reen , I n t r a n u c le a r  in c lu s io n s  appeared  to  be 

i d e n t i c a l  w ith  th o se  s ta in e d  by eosin* The same im p ress io n  was 

g a in ed  from a s tu d y  o f  s e r i a l  s e c t io n s  o f  in f e c te d  o h o r io - a l la n to ic  

membrane, Thus, where sw o llen  b a s o p h i l ic  n u c le i  were numerous, la rg e  

f lu o re s c e n t  E e u lg e n -p o s it iv e  n u c le i  a lso  o cc u rred  w h ile , i n  th o se  

a re a s  where c l u s t e r s  o f  e o s in o p h i l ic  in c lu s io n s  were p r e s e n t ,  groups 

o f  F e u lg e n -n e g a tiv e  in c lu s io n  b o d ie s  were a ls o  to  be found#

In  in f e c te d  c o l l - o u l tu r e s  t r e a te d  w ith  DBAase, F eu lg en - 

p o s i t iv e  m a te r ia l  was n o t encountered#

(4) DISCUSSION.

The c o n c e n tra t io n s  o f  lUDR employed in  th e  p re s e n t i n 

v e s t ig a t io n  d id  n o t p roduce any m ic ro sco p ic a l ev id en ce  o f  c e l l u l a r  

damage and c o v e r s l ip - c u l tu r e s  s ta in e d  w ith  haem atoxy lin  and o o s in  

rem ained norm al i n  appearance* B u th a la  ( I 9 6 4 ) re p o r te d  th a t  g ro ss  

c e l l u l a r ,  n u c le a r  o r  m ito c h o n d ria l a l t e r a t i o n s  were no t to  be n o ted  

in  r a b b i t  k id n ey  c u l tu re s  when IUDR was used  in  c o n c e n tra t io n s  below  

100 yug*/mlo and th a t  ^ c y to to x ic i ty  was n o t a c u te  below  1000 ^g*/ml#® 

In  ex p erim en ts  w ith  I#L.T* and h a rp es  sim plex v i r u s e s  g ro ifing  in  

chiok-om bryo k id n ey  c u l tu r e s ,  Tannook ( 1 9 6 5 ) a p p lie d  IUDR in
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c o n c e n tra t io n s  o f  Vvp to  1000 b u t d id  n o t d e s c r ib e  any

ev idence o f  to x ic i ty *  In d eed , a f t e r  tre a tm e n t w ith  XllDR a t  l e v e ls  

o f  100 /m l , and 1000 ^ g ,/m lo  th o se  c u l tu r e s  e t i l l  seemed a b le  to  

su p p o rt th e  grow th o f  a m utant o f  h erpes sim plex  v i r u s ,  r e s i s t a n t  to  

th e  a c t io n  o f  I0DE# On th e  o th e r  hand, P orseoh ino  and O rfe i (19&5) 

.reported  t h a t ,  w hereas th e  use o f  100 o f  lOhR p e r  ml* le d  to  

v a c u o la t io n , to g e th e r  w ith  in c re a se d  g r a n u la r i ty  and some n u c le a r  

changes in  bov ine em bryonic k idney  c u l tu r e s ,  gO yug« p e r  ml* was non

to x ic*  The c o n c e n tra t io n s  o f  ItJhH employed in  th e  in v e s t ig a t io n  

under r e p o r t  were p ro b ab ly  n o t o f  an o rd e r  s u f f i c i e n t  to  derange th e  

m etabolism  o f  r e s t i n g  c e l ls *  In  th e  absence o f  t o x i c i t y  and in  view 

o f  th e  f in d in g  (B u th a la , 19^4 ) th a t  100 ^ g * /  ml* o f  lUDE d id  n o t 

com p le te ly  a r r e s t  m u l t ip l ic a t io n  o f  p seu d o ra b ies  and h e rp es  sim plex  

v i r u s e s ,  th e  l e v e l s  o f  i n h ib i t i o n  a t ta in e d  in  th e  p re s e n t  in v e s t ig a t io n  

f u rn is h  p rim a f a p ia  ev idence  th a t  th e  I n h ib i to r y  a c t io n  o f  th e  com

pounds was s e l e c t iv e ly  d i r e c te d  a g a in s t  r e p l i c a t i o n  o f  th e  v i r u s  

under exam ination#

The in v e s t ig a t io n s  under r e p o r t  showed t h a t  XUBR i n  con

c e n tr a t io n s  o f  20 and 50 ^ig/ml# p rev en ted  th e  fo rm a tio n  n o t o n ly  o f  

p igeon  v ir u s  b u t a lso  th a t  o f  v iru s»  S ince th e

in h ib i to r y  e f f e c t  o f  XU1)H on th e  growth o f th o  l a t t e r  m icrobe has 

a lre a d y  been dem onstra ted  (Tannook, 1965)9  i t  seems rea so n ab le  to  

conclude th a t  th e  colum bine ag en t should be c la s s e d  a s  a d e o x y v iru s*

In  Experim ent 2 , th e  in c o rp o ra t io n  o f  50 jag» o f  lUDR in to  each  ml* o f
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medium se rv ed  to  reduce th e  maximal t i t r e  o f  p ig eo n  v ir u s  from

6*10  log^Q to  1*72  lo ^ io  p e r  c u l tu r e ,  a d e c re a se  com**-

p a ra b le  w ith  th a t  o b ta in e d  by Tannook (1965) in  r e s p e c t  o f  X*L*T» 

v iru s*  The a d d i t io n  o f  thym idine c o u n te ra c te d  th e  e f f e c t  o f  IUDR to  

th e  e x te n t o f  a llo w in g  th e  raaximal t i t r e  o f  v iru s  to  reac h  4*97  lo&%o 

P.F+Ua p e r  c u l tu r e ,  i * e * 7*3  per- cen t o f  th a t  produced in  u n tre a te d  

c u ltu re s*  While th a t  f ig u r e  i s  low, co rresp o n d in g  m easurem ents made 

a t  o th e r  tim es  in  th e  m u l t i - s te p  grow th c y c le , such as 28 p e r  cen t 

a t  24 hours and 11*5  p e r  ce n t a t  72 h o u rs , b e a r  com parison td th  th e  

15 p e r  cen t reco rd ed  by Eoi^man e t  a l » (1963)* M oreover, th e  q u a n t i ty  

o f  v i r u s  p re s e n t  i n  c e l l s  m a in ta in ed  under XÜDR p lu s  thym idine and 

h a rv e s te d  a t  th e  end o f  48  hours was I 782 tim es  g r e a t e r  th an  th a t  

co n ta in e d  in  c e l l s  k ep t un d er IUDR alone* The e f f ic a c y  o f  thym idine 

in  r e v e r s in g  th e  e f f e c t  o f  lUPE in d ic a te s  th a t  th e  i n h ib i t i o n  b rough t 

about by th e  l a t t e r  su b s tan ce  r e s u l t e d  from i t s  a b i l i t y  to  s u b s t i t u t e  

f o r  thym id ine  and was n o t a t t r i b u t a b l e  to  g e n e tio  a l t e r a t i o n  o f  th e  

c e ll*  I n t e r e s t i n g ly  enough, u n d er an a g a r  overlay^ thym id ine seemed 

to  e n t i r e l y  a b o l is h  th e  in h ib i to r y  e f f e c t  (Experim ent 3 )*

A lthough th e  number Of ty p ic a l ,  m ature p laq u es  was reduced 

by in c o rp o ra t io n  o f  lUPB in to  th e  a g a r  o v e r la y  (Experim ent 3 ) ,  

numea:*ous f o c i  b a re ly  v i s i b l e  to  th e  naked ©ye vrore p re s e n t  in  th e  

10^^ d i lu t i o n  and m ic ro sco p ic  exam ination  showed them to  be p la q u e 

l ik e  i n  appearance* The view th a t  th e y  re p re s e n te d  p la q u es  was 

r e in fo rc e d  by th e  f in d in g  o f  id e n t i c a l  f o o l ,  to  abou t o n e - te n th  th e
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nujnber, i n  th e  10**  ̂ d i lu t io n *  H evertlio lesB , even i f  a llow ance lo  

made f o r  th o se  f o c i ,  i t  l a  c l e a r  th a t  th e  c o n c e n tra t io n  o f  XÜPR 

employed reduced th e  p laq u e -co u n t ae w ell ae t h j  mean p laq u e-d iam ete r*  

PerBochino and O rfe i (1965), w orking w ith  in f e c t io u s  bovine rh in o -  

t r a o h e i t i a  (X*B*K*) v i r u s  in  bovine em bryonic k id n ey  c u l tu re a ,  

re p o r te d  t h a t ,  wheroaa th e  use  o f  $0 o f  lU M  p e r  ml# com plete ly  

su p p ressed  p laq u e  fo rm a tio n , th e  a p p l ic a t io n  o f  th o  compound in  

c o n c e n tra t io n s  o f  10 and ?0 /m l# allow ed a sm all number o f  u u d e r-  

fslaed p la c u e s  to  developo B u th a la  (1964) reco rd ed  th a t  com plete 

suppreB sion  o f  p ia q u e -fo rm a tio n  by h erp es  sim plex  v i r u s  o ccu rred  under 

ag a r  c o n ta in in g  as l i t t l e  as  1 p.g  ̂ o f  XTJPR p e r  ml* and t h a t ,  when 

sm a lle r  amount© wore em ployed, p laq u es o f  reduced  s i s e  deve loped , th e  

mean d ia m e te r  d im in ish in g  in  p ro p o r tio n  v d th  in c re a s e  in  d rug  

c o n c en tra tio n »  While th e  r e s u l t s  o f  th e  p re s e n t in v e s t ig a t io n  a re  

q u a l i t a t i v e l y  s im i la r  to  th o se  o f  th e  above w orkers , th e  deg ree o f  

i n h ib i t i o n  ach iev ed  was c o n s id e ra b ly  le ss*

The developm ent o f  a sm all number o f  p laq u es  as la rg e  as 

1 mm# in  d ia m e te r  in  p la t e s  in f e c te d  w ith  th e  10**  ̂ d i l u t i o n  i s  

d i f f i c u l t  to  in te r p r e t#  The p o s s i b i l i t y  th a t  th e y  a ro se  from s e le c t io n  

o f  a m utant v i r u s  r e s i s t a n t  to  IUDR seems u n l ik e ly  because such d id  

n o t seem to  o ccu r u nder l iq u id  media* Thus, i n  Experim ent 2 , th e  

t i t r e  o f  in f e c t iv e  v i ru s  in  t r e a te d  c u l tu r e s  d e c lin e d  co n tin u o u s ly  

o v e r th e  th ree ^ d ay  p e r io d  o f  exam ination* That o n ly  a v ery  sm all 

p ro p o r tio n  o f  c a l l s  were ren d ered  in c a p a b le  o f  form ing new v iru s  a ls o
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a p p e a r s  im p r o b a b le ,  i f  o n l y  b e c a u s e  i n  E x p e r im e n t  2 ,  t h e  OPE was 

c o m p le te ly  p r e v e n te d  by  t h e  compound» M o re o v e r ,  i n  E x p e r im e n t  5 , 

BUDii seemed t o  h i n d e r  e x t e n s i o n  o f  t h e  CPE from  t h e  i n i t i a l l y  i n 

f e c t e d  c e l l s *  Hound (p re s im iab ly  i n f e c t e d )  c e l l s  O c c u r re d  s i n g l y  o r  

i n  V ery  s m a l l  c l u s t e r s  b u t  t y p i c a l  e x p a n d in g  f o c i  n e v e r  d ev e lo ped*

A s i m i l a r  o b s e r v a t i o n  was made by  Bawls e t  a i#  (1 9 6 4 )  i n  s t u d i o s  o f  

t h e  i n h i b i t i o n  o f  v a r i c e l l a *

The c y t o C hem ica l r e s u l t s  c o r r e s p o n d  w i th  t h o s e  o f  C rouse  

e t  a l # ( 1950 ) f o r  h e r p e s  s im p le x  and o f  W atrach  and Hanson ( 1963) 

f o r  B a s o p h i l i c  i n t r a n u c l e a r  i n c l u s i o n s ,  o c c u p y in g  th o  whole

o f  t h o  n u c l e u s ,  w are  p ro m in e n t  i n  s i t u a t i o n s  and  a t  t im e s  when t h e r e  

was a m arked i n c r e a s e  o f  W A  t h r o u g h o u t  t h e  n u c le u s *  C o n v e r s e ly ,  

e o s i n o p h i l i c  t y p e  A I n c l u s i o n s  w©i*a g e n e r a l l y  P e u lg e n - n e g a t lv e *  

th o u g h  i n t e z m e d i a t e  s t a g e s  w ere som etim es found* The round  c o l l s  

soo n  i n  i n f e c t e d  t i s s u e - e u l t u r e s  r a r e l y  c o n ta in e d  d e m o n s t r a b le  DMA*
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(4 ) MORPHOLOGY#

(1) INTRODUCTION,
The In fo rm a tio n  a lre a d y  p re se n te d  on th e  n u c le ic  a c id  

co m p o sitio n , th e  in c lu s io n  body developm ent and th e  c h a ra c te r  o f  th e  

CPE s tro n g ly  su g g ested  th a t  th e  p igeon  v i r u s  m ight b e lo n g  to

th e  h e rp e s v iru s  group* In  o rd e r ,  th e r e f o r e ,  to  p ro v id e  f u r th e r  

in fo rm a tio n  on th e  a g e n t’ s p la c e  i n  v i r a l  taxonomy, s tu d ie s  o f  th e  

m orphology o f  th e  v i r io n  wore undertaken*

By use o f  th e  n e g a tiv e  s ta in in g  te ch n iq u e  o f  e le c t ro n  

m icroscopy (B renner and Horne, 1959)» Wildy e t  a l » ( i9 6 0 ) showed 

th e  v i r u s  o f  h e rp es  sim plex  to  c o n s is t  o f  a p o ly h e d ra l c o re , a 

o ap s id  o f  ic o s a h e d ra l  shape composed o f  162 ho llow , e lo n g a te d , 

p o ly g o n a l capsom ores, and an envelope o f  v a ry in g  s ia e  and shape 

su rro u n d in g  th e  nuo leocapsid*  F o llow ing  th e  work o f  Wildy ^

( i 9 6 0 ) ,  a  number o f  v i ru s e s  o f  human and anim al o r ig in  have been 

a s s ig n ed  to  th o  h e rp e s v iru s  group on th e  b a s i s  o f  t h e i r  v ery  c lo s e  

s t r u c t u r a l  s i m i l a r i t y  w ith  h e rp es  sim plex v i r u s ,  th o se  most p e r t in e n t  

to  th e  p re s e n t  in v e s t ig a t io n  b e in g  th e  v i ru s  o f  a v ia n  I#L.T* (H atraoh 

e t  a l . 19635 C ru ickshank  ejb a l . 1963) and th e  human cy tom egalov iru s 

(sm ith  and Rasmussen, I 9 6 3 )#

(2 ) MATERIALS AM METHODS*

The M-3 s t r a i n s  o f  p igeon  I .N . I ,  v i r u s  was groxm in



205

whole-embryo o u l tu r e s  and h a rv e s te d  on th e  second day a f t e r  in fe c tio n *  

C u ltu re s  were f ro s e n  and thawed once to  remove th e  c e l l s  from th e  

w a lls  o f  th e  c o n ta in e r  and $00 ml* o f  th e  poo led  c e l l  su sp en sio n  

wore homogenised f o r  two m inu tes in  an HSF. u l t r a s o n ic  d i s i n te g r a t o r  

a t  an ejnperage o f  1*5* A f te r  c l a r i f i c a t i o n  o f  th e  crude su sp en sio n  

by c e n t r i f u g a t io n  a t  35^0 r*p*iu* f o r  30 m in u te s , th e  v i r u s  was 

c o n c e n tra te d  hy r o ta t i o n  a t  20,000 r.p .m * f o r  30 m inu tes in  a Bpinoo 

1)1 p r e p a ra t iv e  u l t r a o e n tr i fu g e *  A ll hu t on© o f  th e  p e l l e t s  were 

rosusponded in  an eq u a l volume o f  d i s t i l l e d  w a te r  and a lo o p fu l o f  

th e  su sp en s io n  t r a n s f e r r e d  to  a o arh o n -co a ted  copper g r id  which was 

th e n  in v e r te d  o v e r  a drop o f  2 p e r  cen t p h o sp h o tu n g s tio  a c id  a d ju s te d  

to  a pH o f  6*0 w ith  norm al p o tassiu m  hydroxide* A f te r  ap p ro x im ate ly  

f iv e  seco n d s, th e  g r id  was t r a n s f e r r e d  to  a  Siemens Blmiskop e le c t ro n  

m icroscope and examined a t  in s tru m e n ta l  m a g n if ic a t io n s  o f  4 0 ,0 0 0  w ith  

double condenser i l lu m in a tio n *  F or e s tim a tio n  o f  th e  p a r t i c l e /  

i n f o o t i v i t y  r a t i o ,  th e  o th e r  p e l l e t  was resuspended  in  2 ml# o f  Hank’s 

B*B*S* and 0*1 ml* o f  th e  p re p a ra t io n  mixed w ith  0*1 ml* o f  a 

su sp en sio n  o f  la te x  c o n ta in in g  1*2 x 10^ ©inheres p e r  m l*, 0*1 ml* o f  

a 2 p e r  c e n t s o lu t io n  o f  p h o sp h o tu n g s tio  a c id  and one drop o f  0*1 p e r  

c e n t bov ine serum albumen* The m ix tu re  was examined in  th e  e le c t ro n  

m icroscope a s  d e sc r ib e d  above and th e  number o f  v i r u s  p a r t i c l e s  

accompanying 60 l a t e x  sp h e re s  was counted* The i n f o o t i v i t y  o f  th e  

rem ainder o f  th e  v i r u s  su sp en sio n  was m easured by th e  p la q u e -a e sa y  

method#
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(3) RESULTS.

Humerons v i r u s  p a r t i c l e s  w ith , o r  w ith o u t, an envelope 

were o b se rv ed , th o se  o f  naked typo  b e in g  in  th e  m a jo rity *  A lthough 

th e  p r e p a ra t io n  co n ta in e d  a c o n s id e ra b le  amount o f  c e l l  d e b r is ,  th e  

c h a r a c t e r i s t i c  appearance o f  th e  v i r io n s  ren d ered  them e a s i ly  r e -  

c o g n isa b le , D e ta ile d  ex am in a tio n s were made from pho tographe o f  

fo u r te e n  p a r t i c l e s  ta k en  a t  random*

Three main s t r u c t u r a l  components were a p p re c ia te d , th e  

c o re , th o  o ap s id  and th e  en v e lo p e . The envelope was p re s e n t  i n  o n ly  

two o f  th e  14 p a r t i c l e s  pho tog raphed . One v i r io n  (F ig u re  $0) was 

devoid  o f  a cor© 1,© , "empty" and th re e  (F ig u re  5 I )  were p a r t i a l l y  

f i l l e d  w ith  p h o sp h o tu n g s tio  a c id ,  l , o , "sem i-em pty"*

The re g io n  no rm ally  occup ied  by tho  co re  was c l e a r ly  

dem arcated by th e  o ap sid  i n  th e  case  o f  th e  p a r t i c l e  e n t i r e ly  f i l l e d  

w ith  th e  p h o sp h o tu n g s ta te  (F ig u re  5 0 ) , I t  was hexagonal and m easured 

750 A betw een o p p o s ite  s id e s  and 875 A between o p p o s ite  angles*  

I d e n t ic a l  v a lu e s  were o b ta in e d  f o r  two o f  th e  "sem i-em pty" p a r t i c l e s  

b u t ,  i n  th e  in s ta n c e  o f  th e  t h i r d ,  th e  d is ta n c e  betw een o p p o s ite  s id e s  

was 825  A*

In most o a se s , th e  oapsid  appeared  h ex ag o n al, ©aoh edge 

m easuring  475 1 25 A* I t  had an o v e r a l l  d ia m e te r  o f  1000 A + 50 51

and c o n s is te d  o f  e lo n g a te d , hollow  and r©gula3?ly—d isp o sed  capsomeres* 

The d ia m e te r  o f  th e  l a t t e r  la y  betw een 75 and 100 A and th e  a x ia l  h o le



ïlguso 50. Îïiipty virion. % 240*000.

Ficjure 51. Saml-emiaty virion, x  240*060.
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■botweon 25 A and 40 A* At one b o rd e r  o f  th e  cap B id, th e  e lo n g a te d  

form o f  th e  capeom eres was som etim es more r e a d i ly  a p p re c ia b le  and 

t h e i r  le n g th  was found to  be betim en 100 A and 125 A* Many o f  them 

appeared  to  bo a n g u la r , a f e a tu r e  in d ic a t iv e  o f  p o ly g o n a l form*

They were s e p a ra te d  from each  o th e r  by a d is ta n c e  o f  ap p ro x im a te ly  

25 A*

The oapsom eres xmve a rran g ed  in  a h ig h ly  o rd e re d  p a tte rn #  

When o r i e n t a t i o n  was fa v o u ra b le , e q u i l a t e r a l  t r i a n g u l a r  f a c e t s  were 

c l e a r ly  re c o g n is a b le  on th e  s u r fa c e  o f  tho  o ap sid  (F ig u re  5 2 ) , a 

f e a tu r e  in d ic a t iv e  o f  th r o e - f o ld  symmetry. In  th e  l a t t e r  f ig u r e ,  

th e  o ap s id  i s  viewed a lo n g  an a x is  o f  tw o -fo ld  symmetry, so t h a t ,  

w hereas th e  two f a c e t s  s ta n d  o u t p ro m in en tly  w ith  t h e i r  capsom ores 

o n ly  d iv e rg in g  s l i g h t l y  from t h a t  a x i s ,  o th e r  f a c e t s  a re  sh a rp ly  

in c l in e d  to  th e  p la n e  o f  view  and , th u s ,  q u ic k ly  d is a p p e a r  from s ig h t .  

I t  was, th e r e f o r e ,  p o s s ib le  to  count th e  number o f  capsom eros around 

th e  p e r ip h e ry  o f  each f a c e t .  The t o t a l  -  12 in d ic a te d  t h a t  th e re  

were f iv e  oapsom eros a lo n g  each edge, i . e , sh a red  w ith  th e  a d jo in in g  

f a c e t .  The c e n t r a l  a re a  o f  each f a c e t  c o n ta in s  th ro e  capsomores* In  

F ig u re  53? a oapsomere i s  to  bo seen  en c lo sed  by f iv e  o th e rs*  Those 

f e a tu r e s  in d ic a te d  t h a t  th e  o ap s id  p o s se sse s  5*3*2 symmetry and ta k e s  

th e  form o f  an icosahedron*  From th e  fo rm u la , a p p l ic a b le  to  c a p s id s  

o f  th a t  ty p e  o f  symmetry, lO (n - l) ^  h- 2 , where n r e p r e s e n ts  th e  number 

o f  capsom eres a lo n g  each edge, th e  t o t a l  number o f  oapsom eres in  th e  

p a r t i c l e  i s  found to  bo 162#



Fifsure 52» CoraplQ-fca nuolcooapBlfl# x 400*000»
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Figura 53 .' Partiale shot»ing ©xis of flVe*fold‘ Bgrnmatry#

X 400 , 000 .
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yleuro 54 . Entire virion* x 400,000.
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S in ee  o n ly  two p ho tog raphs were ta k e n  o f  enveloped, 

p a r t i c l e s ,  i t  i s  im p o ss ib le  to  g iv e  a f u l l  d e s c r ip t io n  o f  th e  s i s e  

and s t r u c tu r e  o f  th e  en v e lo p e . In  one p a r t i c l e ,  th e  envelope was 

"ballooned '^  a t  one p o le  and d is ru p te d  a t  th e  other® Smooth in  o u t -
o

l i n e  and seem ingly  homogeneous in  s t r u c t u r e ,  i t  v a r ie d  from 4 OA to  

225A in  th ic k n e s s  and had a minumum d ia m e te r  o f  28OOA, That o f  th o  

second p a r t i c l e  (F ig u re  54) was more r e g u la r  i n  sh ap e , appeared  

h e te ro g en eo u s in  s t r u c tu r e  w ith  o c c a s io n a l f in e  p r o je c t io n s ,  v a r ie d  

in  th ic k n e s s  from gOA to  I 5OA and had a maximum d ia m e te r  o f  2300l$

The number o f  p a r t i c l e s  p re s e n t  in  1 ml® o f  th e  v i ru s

su sp en sio n  p re p a red  f o r  e s t im a tio n  o f  th e  p a r t i c l e / i n f e o t i v i t y  r a t i o
10was ap p ro x im a te ly  1 x  10' , A c o n s id e ra b le  amount o f  c e l l  d e b r is  was 

p re s e n t  whereby some o f  th e  v i r u s  p a r t i c l e s  may have been o b scu red .

I t  i s  u n l ik e ly ,  however, t h a t  th e  t r u e  number o f  v i r io n s  p re s e n t  

exceeded th e  reco rded  number by a f a c t o r  o f  more th a n  two* The i n -  

f e s t i v i t y  t i t r e  o f  th e  same su sp en sio n  was 9*9 x 10^ P*F.U* /  m l, ,  

so t h a t  th e  p a r t i o l e / i n f e c t i v i t y  r a t i o  was n o t l e s s  th a n  1000s i and, 

p ro b a b ly , n o t g r e a t e r  th a n  2000*1#

(4 ) DISCUSSION,

Tho p a r t i c l e s  re v e a le d  by e le c t r o n  m icroscopy were p re s e n t  

in  la rg e  numbers and were o f  h ig h ly  c h a r a c t e r i s t i c  ap p earan ce , e n t i r e l y  

c o n s is te n t  w ith  t h a t  o f  v i r io n s .  The cap sid  was made up o f  e q u i l a t e r a l  

t r i a n g u l a r  f a c e t s ,  a f e a tu r e  in d ic a t iv e  o f  a r e g u la r  p o ly h ed ro n .
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Mare p re c is e ly ?  th e  hexagonal p ro fil©  o f  th e  c a p s id  and th e  e x is te n c e  

o f  p o in ts  o f  f iv e - f o l d  eymiiaetry showed i t  to  be ioosaheclra l*  Where 

o r i e n ta t io n  was fa v o u ra b le , a group o f  th r e e  capsoiaores was seen  to  

occupy th e  c e n tre  o f  each  f a c e t .  I t  was a p p a re n t, th e r e f o r e ,  th a t  

f iv e  capsoraeres were p re s e n t  a lo n g  th e  edge sh a red  by a d jo in in g  

f a c e t s ,  and th a t  th e  t o t a l  number o f  oapsomereB in  th e  V irio n  was 

162 -  th e  number c h a r a c t e r i s t i c  o f  th e  h e rp e s v iru s  group* O ther 

c h a ra c te r s  d e n o tin g  membership o f  th a t  group were th e  p resen ce  o f  

en v e lo p es in  a m in o r ity  o f  p a r t i c l e s ,  th e  ho llow  and e lo n g a te d  form 

o f  tho  oapsom eres and th e  average  d ia m e te r o f  th e  c a p s id , 1000 + gOA 

as compared w ith  IO5O f  lo l. f o r  h e rp es  sim plex  v i r u s  (W ildy, ©t  g l , , 

i 9 6 0 ) and 1075  ^  25I  f o r  1*L.T* v iru s  (tfa trao h  e t  a l* ,  1963)#

O th er v i r u s - l i k e  p a r t i c l e s  wore n o t o b se rv ed  in  th e  

p re p a ra tio n *  Thus, a lth o u g h  homogenates o f  n o n - in fe o te d  t i s s u e  

c u l tu r e s  were n o t exam ined, th e  d em o n stra tio n  o f  la rg e  numbers o f  

ty p ic a l  h e rp e s v iru s  p a r t i c l e s  in  h ig h ly  in f e c t iv e  su sp e n s io n s  o f  a 

v i r u s ,  which alm ost c e r t a in ly  co n ta in e d  DNA and which was known to  

be o th e r - s e n s i t iv e  (see  l a t e r )  and cap ab le  o f  p ro d u c in g  c h a r a c t e r i s t i c  

h e r p e t ic  in c lu s io n s ,  may be reg a rd ed  as ev idence  s u f f i c i e n t  to  

i d e n t i f y  th e  p a r t i c l e s  w ith  t h a t  v iru s*

The aim o f  th e  p re s e n t  in v e s t ig a t io n  was to  confirm  th a t  

th e  p igeon  I*M #I, v i r u s  belonged  to  th e  h e rp e s v iru s  group r a th e r  

th a n  to  p ro v id e  a d e f i n i t i v e  d e s c r ip t io n  o f  th e  f in e  s t r u c tu r e s  o f
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the v ir ion , the number o f p a r tic le s  photographed being in su ff ic ie n t  

for the la t te r  purpose* N evertheless, within the lim ita tion s im

posed by tho small number o f p a r tic le s  measured, tho dimensions 

recorded for the various v ira l components are c lo se ly  sim ilar to 

those of tho corresponding constituents in  other members o f the 

group, as may be seen from Table 22* Dubiety does e x is t ,  ho wove 3?, 

as to the morphology o f the envelope* Mildy et al* a (196O) found 

that period ic protuberances, about 8O-IOOA in  length and spaced at
o

in terv a ls  o f about gOA, were present on the surface of the envelope 

of herpes simplex v irus, while Watrach e t a l* , (1963) described a 

ser ie s  o f sim ilar but sm aller projections in  I*L*T# v iru s. In

Figure 54 o f  the present in vestig a tio n , fin e  spikes appear to be

present on the surface o f the envelope but the c la r ity  o f the 

photograph does not allow a more precise description  o f the structures 

to be made.

Duo to tho presence of oe ll-d cb r is  which may have obscured 

some v ir io n s, the p a r tic le  counts were not precise* N evertheless, 

judging from tho re la tiv e  d istr ib u tion  o f eel 1-d eb ris and c lear ly  

v is ib le  virus p a r t ic le s , i t  seemed unlikely  that the count under

estimated the true value by a factor o f more than three* Px*obably

a lso , the in fe c t iv ity  tib re  was greater than that recorded sin ce , as

was related  in  Part 3 ? Section 2, the s e n s it iv ity  o f the standard 

plaque-assay i s  in fer io r  to that of other methods of t itr a t io n  in  

ce11- culture* I t  may be concluded, therefore, that the p a rtio le ;
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In fe o tlv lty  ratio  lay  around 3 loSio i t  waa almost certa in ly

mxeh. greater than 2 lo % Q  and considerably leas than 4 l ^ % o  nnito*

As such® i t  contraste sharply with that obtained by Bmith and 

RaemurjBon (1^63 ) fo r  human eytomod'alOTirus (6-8  log^q unite)* In  

the la t te r  case* the high ratio  correlated with the to ta l absonoo 

o f p a r tic lee  with complété corae whereas? in  the prosent in vestiga tion , 

virion s with complete cores proved to bo in  the majority* Smith 

( 1 9 6 4 ) found that envelopes arc e ssen tia l to the in fe c t iv ity  o f  

herpes simplex virus but* although the proportion o f enveloped 

p a r tic le s  was not high in  the work under report* i t  was not 

su ff ic ie n t ly  low to account for the fa ir ly  high p a r tic le  $ in f  a c t iv ity  

ratio*
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(5) RSSISTA'fîCS.

(1 )  INTRODUCTION.

Studies on th e .resistan ce  of the pigeon virus

to chemical and physical were designed f ir s t ly *  to provide

further information of taxonomic in terest and* secondly* to furnish  

particu lars o f value in  the storage and handling o f the virus in  

the laboratory*

The sign ifican ce o f e th e r -se n s it lv ity  and o f a c id - la h llity  

In the taxonomy of viruses has already been emphasised* Eamparian 

et a l» (1963) reported that herpes simplex and v a r ice lla  viruses as 

well as the human cytomegalovirus were inactivated  at pH 3*0 and 

were sen s it iv e  to ether* Similar resu lts  have been obtained with 

other herpesviruses* e*g* & that o f in fectiou s bovine rh inotracheitis  

(G riffin  et al** 1958) and that o f fe lin e  rh in otrach eitis (M iller 

and C'ranc.ell* 1962 )» I t  i s  apparent* however* that thermo'«resistance 

varies considerably within the groupa Thus, Kaplan and Tatter (1959) 

reported that* whereas 28 per cent of the in fe c t iv ity  o f a suspension 

of pseudorabies virus remained a fter  exposure to 44*G, for f iv e  

hours* only 0*014 per cent o f herpes simplex virus survived such 

treatment*

( 2 ) m a t e r i a l s  AND M 7TH0D3,

The method used for the study o f e t lie r -se n s it iv ity  was
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that desorlbed by Axidrowes and Horstmann (1949)* 0#] ml# o f pur©

anaesthetic ether (May and Baker, London), free from demonstrable 

peroxides and aldehydes, was mixed with 0#5 ml# o f the H-1  stra in  

of virus# The mixture was placed in  a screw-eap b o tt le , bound trlth 

adhesive tape to reduce evaporation and the v e sse l then held at 

4 0̂* for  24 hours along with another b o ttle  containing virus sus

pension only# At the end o f that period, the ether-treated  virus 

suspension was poured in to an open P etri dish and l e f t  at room 

temperature for  10 minutes to allow evaporation o f the ether# 

T itrations o f treated and control suspensions were then carried out 

in  whole-embryo cultures in  the manner previously reported*

Tests o f a c id - la b il ity  were oarii.ed out by the methods 

described by T yrrell and Chanoolc (1963)# The pH values obtained in  

the present in v estig a tio n , however, proved somewhat d ifferen t from 

those recorded by the above authors# Thus, whan 9 parts o f B agla's  

medium without sodium bicarbonate were mixed with 1 part o f virus 

suspension (stra in  M-3), the resultant pH was 4*0 instead o f 3*0 as 

expected# S im ilarly , when one part o f 0#1 M« sodium c itr a te  -  c i t r ic  

acid buffer at was mixed with an equal part o f the same virus

suspension, the pH obtained was 4*8 instead o f 9*0# A ll pH values 

were measured in  an M#B*B# pH meter and were checked with pH indicator  

papers (Whatman -  B#B*H#)# Controls consisted o f the follow ing  

mixtures I-

(a )  9 p a r t s  E a g le 's  medium w ith  b ic a rb o n a te  4- 1 p a r t  virus ; f i n a l
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pH«7 *6*

(b) I part 0«5M phosphate buffer + 1 part virus? f in a l pH«7*2*

A ll mixtures were held at room temperature for  three hours and then 

t itr a ted  in  the usual way*

The rate o f thermal in activation  was measured

follow ing con d ition ss-

Temperature* Time* Strain

56*0* 5 minutes M-3

50 'C* 30 minutes HS-2

37" C. 1» 2 , 3, 4» 5»
15 and 23 hours

3-1

4*0# 20B days HS-2

- 40 0̂ * 10 days HS-2

- 40^0 * 21 days 3-1

- 40*0 . 25 days M-3

Stocks o f virus employed for those studies wore grown in  whole- 

embryo c e l ls  maintained in  Hank's B*S*S* containing 0*25 per cent 

laotalbumin hydrolysate but without any sorum* The agent was re

leased from the c e l l s  by maceration in  a G r iff ith 's  tube and the 

resultant suspension was c la r if ie d  by centrifugation  at I 5OO r*p*m* 

for ten minutes and then dispensed into ampoules* A ll samples were 

t itr a te d  by means o f the plaque-aesay method immediately a fter  the 

respective period o f treatment*

To determine the e ffe c t  o f slow freoaing and thatdng,
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stra in  B-1 was subjected to three cycles o f that treatment* The 

virus suspension was divided in to four parts, one o f which was 

titr a te d  immediately and the remainder was placed in  a deep-freeae 

cabinet at Approximately 3O minutes was allowed for the

temperature of the three samples to reach - 40^0** whereupon they 

were removed and thawed out at room temperature* One was then 

t itr a te d  and the other t%fO returned to cold storage* Tho process 

was repeated u n til the la s t  sample had been f r o z e n  and thawed three 

times*

F in a lly , in  order to determine whether, or not, u ltra 

sonic treatment o f cultures would release virus fiom in fected  c e l ls  

without simultaneously in activa tin g  much o f the virus already present 

in  the culture f lu id , the follow ing procedure was carried out* A 

suspension o f c e l l s ,  in fected  with stra in  B-1  and containing a large  

amount o f ex tra ce llu la r  v iru s, was divided in to  f iv e  portions, one o f  

which was t itr a te d  immediately, and the remainder a fter  exposure to 

u ltrason ic waves in  an M*S*B* u ltrason ic d isin tegrator , reg isterin g  

a maximum current o f 1*5 amps*, for periods o f 3O seconds, one minute, 

two minutes and three minutes duration, respectively# The tubes 

containing the c e l l  suspensions were immersed in  ic e  to d iss ip a te  the 

heat generated by the u ltrason ic waves and so leave the virus un

impaired*
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(3 ) BESDLTS.

The v ir u s  xms found to  bo h ig h ly  s e n s i t iv e  to  e th e r ,  

i n f o c t i v i t y  f a l l i n g  from 5*8 % lo5  p,F*U ,/m l* to  5*5 % 10^ P #F .U ./m l, 

i n  24 hours a t  4  ̂C*

Tho e f f e c t s  o f  th r e e  hours exposure to  a c id  a t  4*0# were 

as  f o l lo w s ; -

S u s p e n s io n  T i t r e  i n  P , F # U * / m l *

pH 4*8 pH 7*6 pH 4*0 pH 7*2

1 2 .7 2  X 10^ 4 ,1 0  X 104

2 -  1 .2  % 10^ 2 .0 1  X 105

The r a t e s  o f  th e rm al i n a c t iv a t io n  a re  shotm in  T ab les  23 

and 24* V iru s  was r a p id ly  d e s tro y e d  a t  56*0* b u t had a h a l f - l i f e  o f  

ap p ro x im a te ly  15 ho u rs  a t  37*0* I t  was p re se rv e d  w e ll a t  4^0* b u t 

V ary ing  r e s u l t s  were o b ta in e d  a t  -40*0# Two c y c le s  o f  slow f r e o s in g  

and thaw ing  had l i t t l e  e f f e c t  on i n f e o t i v i t y ,  a s  th o  fo llo w in g  f ig u r e s  

dem onstrate*

I n i t i a l  t i t r e  R e s i d u a l  t i t r e

P*F*U ./m l#  F*F*U#/ml*

One c y c le  3*2 % lo 5  8*0 x 10^

Ti-m c y c le s  " 2 .0 4  % 10^

Three c y c le s  " 5*65 x 10^

When s u s p e n s io n s  o f  i n f o o t e d  c e l l s  w ere  e x p o se d  to  u l t r a -
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Temperature Virus
©train

Initial titre  
P*F,3,/ml.

Final titre  
P.F.U./ml. Time

56°e. 4*66 » 10^ 1*50 X 10^ 5 minute©

50°Q. H8«2 3,16 3c 1 0 ^ 9.65 X 10® 30 minutes

3?*̂ e, M. 4.95 * 10^ 1.6@ X 10® 23 hour©

4*̂ 0. ■HS*8 3 *16 X l é 1.30 K 10® 200 days

•4o“e. as-a 4*06 X lo'**' 3*16 X lO"̂ 3.0 days

« M-3 1.52 X 10^ 2.40 X 10^ 25 days

n B—i 4 *0 0  X 10® 9*90 X 10® 21 days
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î3onic 'Ç’îavoSÿ th e  c e l l e  were rap i& ly  broken, up and i n t r a c e l l u l a r  v i r u s  

r e le a s e d .  A f te r  ap p ro x im a te ly  h a l f  a m inute o f  such  t r e a tm e n ty 

how ever, th e  rat©  o f  i n a c t i v a t io n  o f  e x t r a c e l l u l a r  v i r u s  exceeded th e  

r a t e  o f  r e le a s e  and th e  t i t r e  f e l l .  The d e t a i l s  were as fo llow s*  

D u ra tio n  o f  tr e a tm e n t (m in u te s ) . T i t r e  i n  P*?VU,/m l,

0 1,2 X lo5

i- 8 .3  X lo 5

1 3 .6  X lo 5

2 2 ,4  X 105

3 6 ,6  X 10^

(4) DISCUSSION.

The ex p e rim en ts  re p o r te d  above showed t h a t  th e  v i r u s  was 

e t h e r - s e n s i t i v e  and a c i d - l a b i l e  and th u s  p ro v id ed  c o n f irm a tio n  o f  i t s  

membership o f  th e  h e rp e s v iru s  groups I n f e o t i v i t y  was o n ly  s l i g h t l y  

im p a ired  a t  pH~4*^s b u t was a lm ost t o t a l l y  d e s tro y e d  a t  pH«4*0,

The r e l a t io n s h ip  betw een pH and th e  r a t e  o f  i n a c t i v a t io n  o f  h e rp e s 

v ir u s e s  has n o t been o f te n  m entioned in  th e  a v a i la b le  l i t e r a t u r e  

b u t th e  v i r u s  seems to  be r a p id ly  d e s tro y e d  a t  a pH o f  4#0 and 

f a i r l y  s t a b le  a t  pH»6#0, G r i f f i n  ^  a l , (1 9 5 8 ), f o r  exam ple, found 

th a t  th e  t i t r e  o f  in f e c t io u s  b ov ine  r h i n o t r a c h e i t i s  (X ,B ,E ,) v i r u s  

f e l l  from 10^*5 -to 10^*^ in  te n  days a t  pH«4*4 and from 10^*^

10^*5 in  15 days a t  pH=5*0 b u t rem ained a t  th e  o r i g i n a l  l e v e l  a f t e r  

25 days a t  pH «6,0, The r e s u l t s  o f  th e  p re s e n t  in v e s t ig a t io n  su g g es t



225

th a t  th e  p ig eo n  I .N * ! , v i r u s  i s  l e s s  s e n s i t iv e  th a n  I.B .R * v ir u s  to  

pH«5*0 b u t th a t  b o th  ag e n ts  a re  e q u a lly  l a b i l e  a t  pH«4*0*

The work u nder r e p o r t  su g g ested  th a t  th e  v iru s  was amongst 

th e  most th e rm o s ta b le  o f  th e  h e rp e s v iru s  g roup . That o b s e rv a tio n  

may n o t be e n t i r e l y  v a l id  inasm uch as  th e  v iru s  su sp en s io n s  employed 

were u n d ilu te d  t i s s u e - o u l tu r e  p re p a ra t io n s  w hich, though c l a r i f i e d  

by c e n t r i f u g a t io n  and f r e e  o f  serum, alm ost c e r t a in ly  co n ta in e d  h o s t

c e l l  m a te r ia l  which may have e x e r te d  a  p r o te c t iv e  e f f e c t  on th e  

v iru s*  The rea so n  f o r  th e  p ro ced u re  adopted  i n  th e  p re s e n t  in 

v e s t ig a t io n  was th e  need to  o b ta in  in fo rm a tio n  on th e  s t a b i l i t y  o f  

th e  v ir u s  u n d er th e  c o n d itio n s  i n  which i t  was grown, h a rv e s te d  and 

p re se rv e d  in  th o  la b o ra to ry #  N e v e rth e le s s ; s in c e  s im i la r  methods 

have been employed by o th e r  w orkers , G r i f f in  e t  a l .  ( I 9 5 8 )* 

comment on th e  th e rm o s ta b i l i ty  o f  th e  p igeon  v i r u s  r e l a t i v e  to  th a t  

o f  o th e r  members o f  th o  h e rp es  group i s  n o t i t! th o u t value*

At 5 6 *0 * th e  t i t r e  f e l l  from 4*86  x 10^ P«?*U#/ml, to 

1*5 X 10^ P*F*U*/ml. in  f iv e  m in u tes , a r a t e  o f  d e s t r u c t io n  com parable 

w ith  th a t  which G r i f f in  ^  a l * (1958) found to  o b ta in  w ith  

v i r u s ,  in  which in s ta n c e  th e  t i t r e  dropped from 10^*5 tc IB ^q  "to 

10^*5 in  th r e e  m in u te s , th o  p ro p o r tio n  o f  v i r u s  in a c t iv a te d

b e in g  99*7 p e r  c e n t compared if i th  99*9 p e r  c e n t in  th e  p re s e n t  in 

v e s t ig a t io n *  At 5 0 *0 * th e  colum bine v iru s  was v e ry  much more s ta b le  

th a n  a t  5 8 *8 #, 30*6  p e r  cen t s u rv iv in g  an exposure  o f  30 m inu tes
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d u ra tio n *  Comparison o f  th o  th e rm o re e ls ta n c e  o f  th e  v iru s  w ith  th a t  

o f  o th e r  h e rp e s v iru s e s  a t  gO^C* i s  d i f f i c u l t ,  s in c e  few f ig u r e s  have 

been p u b lis h e d , b u t H ull and Hash ( i9 6 0 ) s ta te d  th a t  30 m inu tes 

exposure a t  t h a t  tem p e ra tu re  ” d id  n o t k i l l  '* h e rp e s  B v iru s*

At 37*C, th e  t i t r e  f o i l  by 23*8 p e r  c e n t d u r in g  th e  

second hour b u t rem ained a lm ost s t a t i c  f o r ,  a t  l e a s t ,  th e  n ex t th re e  

hours* A f te r  15 h o u rs , i t  had been reduced to  49 p e r  c en t o f  th a t  

o r i g i n a l l y  p re se n t*  The h a l f - l i f e  a t  37*0# would th e r e f o r e ,  seem 

to  be around 15 hours* By com parison, th e  h a l f - l i f e  o f  c e r t a in  o th e r  

h e rp e s v iru s e s  reco rd ed  in  th e  l i t e r a t u r e  l a  a s  fo llo w s?

X*B*R«

Canine h e rp es  v i r u s  

H erpes sim plex  v i r u s

37* C*

36® c. 

37*0.

Hum an cy 10 me g a lo  v i ru s  "

10 hours

5

3 "

1-1 "

1 hour

S tev en s and Groraan ( I 9 6 3 ) 

C arm ichael ^  a l * (1965) 

Farnham and Newton (1959) 

S c o tt  e t  al*  (1 9 6 1 )

Krugman and Goodh©art
( 1 9 6 4 )

P seu d o ru b les 44* C. 2& hours K aplan and V a tto r  (1959)

The in fo rm a tio n  a v a i l a b le ,  th e r e f o r e ,  would in d ic a t e  t h a t  th e  p igeon  

v i r u s  i s  amongst th e  most h e a t - r e s i s t a n t  o f  th e  h e rp e s v iru s e s  y e t 

encountered*

The shape o f  th e  curve o f  in a c t iv a t io n  a t  37^C. d i f f e r s  

from t h a t  re p o r te d  f o r  o th e r  h e rp e sv iru se s*  Farnham and Newton (1959) 

foimd th a t  th e  i n f o c t i v i t y  o f  h e rp es  sim plex  v i r u s  was d e s tro y e d



227

a c c o rd in g  to  a f i r s t - o r d e r  r e a c t io n  w hereas K aplan (195T) a s  w e ll 

as  Hoggan and Roiaman (1959b) found a pronounced s h o u ld e r  i n  th e  

curve* In  th e  p r e s e n t  in v e s t i g a t io n ,  th e  r a t e  o f  i n a c t i v a t i o n  was 

a p p re c ia b ly  g r e a t e r  d u r in g  th e  f i r s t  two h o u rs  th a n  a t  su b seq u en t 

tim e s  (F ig u re  55)* The re a so n  f o r  th e  e a r ly  d e c re a se  i n  t i t r e  i s  

unîmown b u t i t  was p o s s ib ly  due to  th e  e l im in a t io n  o f  h ig h ly -  

th e rm o la b ile  v a r i a n t s  o r  p a r t i c l e s  a lre a d y  p a r t i a l l y  damaged*

W elle r  and Hanshaw (1962) re p o r te d  t h a t  p o o ls  o f  human 

cy to m eg a lo v iru s  s to re d  i n  s e a le d  am poules i n  d ry - io e  v a r ie d  in  

s t a b i l i t y *  The p re s e n t  in v e s t ig a t io n  re v e a le d  t h a t  s t a b i l i t y  o f  th e
Û

colum bine v i r u s  a t  -4 0  G* l ik e w is e  v a r ie d  c o n s id e ra b ly  b u t ,  s in c e  

each  m easurem ent was made w ith  a d i f f e r e n t  s t r a i n  o f  v i r u s ,  th e  

p o s s i b i l i t y  t h a t  th e  v a r i a t io n s  were a t t r i b u t a b l e  to  s t r a i n  d i f f e r e n c e s  

oannot be ignored*  At -40^ 0# o n ly  2*5 p e r  c e n t o f  th e  i n f e o t i v i t y  o f  

s t r a i n  B-1 su rv iv e d  f o r  21 days w hereas up to  15 p e r  c e n t o f  th e  

i n f e o t i v i t y  o f  s t r a i n  M-3 rem ained a f t e r  25 days* The ap p a re n t 

i n s t a b i l i t y  o f  s t r a i n  B-1 a t  i s  n o t c o r r e l a t i v e  w ith  i t s

r e s i s t a n c e  a t  37*G* At 4*0#* th e  v i a b i l i t y  o f  th e  v i r u s  was w e ll 

m a in ta in e d  and s to ra g e  a t  t h a t  te m p e ra tu re  th u s  ap p e a rs  to  be a  more 

s a t i s f a c t o r y  method o f  p r e s e rv a t io n  th a n  does m ain tenance  a t  - 40^ C*

A somewhat s im i l a r  r e s u l t  was re p o r te d  by s to k e r  and Xioss (1958) who 

found t h a t  th e  HFEM s t r a i n  o f  h e rp e s  sim plex  v i r u s  rem ained s ta b le  

a t  4^0* f o r  one month w hereas s to ra g e  a t  -20*^0* reduced  i t s  i n f e c -  

t i v i t y  by more th a n  te n  tim es  in s id e  two weeks* By c o n t r a s t ,  Plummer
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and leTzla (3.9^5) ahoimd t h a t  th o  himan cytom ogaX ovirus vms v e ry  much 

l e s s  r e s i s t a n t  a t  4°C* th a n  a t  22^0*

A lthough Kreoh and LokXb (1954) re p o r te d  t h a t  sam ples o f  

h e rp e s  B v i r u s  f ro z e n  a t  and *70*c* l o s t  ap p ro x im a te ly  99 p e r

ce n t o f  t h e i r  i n f e o t i v i t y  a f t e r  one oycle  o f  f r e e z in g  and thaid .ng  

and Rowe e t  a l#  (195&) and W elle r ©t al#  (1957) re co rd ed  s im i la r  

f in d in g s  i n  r e s p e c t  o f  th e  human cy to m eg a lo v iru s , th e  r e s u l t s  o f  th e  

p re s e n t  in v e s t ig a t io n  in d ic a te d  t h a t  i n s t a b i l i t y  a t  -*4 0 ^C* was n o t 

due sim ply  to  t h a t  trea tm en t#  Thus, one exposure  to  slow  f r e e z in g  

and thaw ing  reduced  th e  t i t r e  by o n ly  fo u r  tim es  w h ile  a second c y c le  

in c re a s e d  th e  i n f e o t i v i t y  to  63#8  p e r  c e n t o f  th e  o r ig in a l#  That 

r i s e  was presum ed to  be due to  d i s r u p t io n  o f  in f e c te d  c e l l s  w ith  

r e s u l t a n t  r e le a s e  o f  v iru s#  A f te r  a t h i r d  c y c le ,  th e  t i t r ©  f e l l  to  

17*6  p e r  c e n t o f  t h a t  pi'© sent a t  th e  commencement o f  th e  ex p e rim en t, 

a much s m a lle r  re d u c t io n  th a n  t h a t  found to  o c c u r  in  v i r u s  su sp e n s io n s  

s to re d  a t  *"40*0#

A lthough t i t r a t i o n  o f  th e  i n f e o t i v i t y  o f  v i r u s  su sp e n s io n s  

b e fo r e ,  and a f t e r ,  ly o p h i l i s a t io n  was n o t c a r r ie d  o u t ,  th e  e f f ic a c y  

o f  th a t  method o f  p r e s e rv a t io n  was w e ll d em o n stra ted  by th e  d isc o v e ry  

re p o r te d  in  P a r t  One t h a t  ly o p h i l i s e d  v ir u s  o f  s t r a i n  P-»5 rem ained 

v ia b le  a f t e r  s to ra g e  a t  - 2 0 f o r  t h i r t e e n  years#

The p r e s e n t  i n v e s t ig a t io n  showed t h a t  th e  p ig eo n  I#R#I# 

v i r u s  was in a c t iv a te d  by u l t r a s o n ic  waves and t h a t  suoh d is r u p t io n
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o f  in f e c te d  c e l l s  must n o t be p ro lo n g ed  i f  v i r u s  b o  r e le a s e d  i s  to  

rem ain v ia b le *  S im ila r  r e s u l t s  were o b ta in e d  by K aplan (1957.) in  

r e s p e c t  o f  h e rp e s  sim plex  v iru s#  P ro v id ed  t h a t  th e  r a t e  o f  i n 

a c t iv a t io n  o f  c e l l - a s s o c ia t e d  v iru s  i s  minimal* i ^ e# v e ry  low 

compared w ith  th e  rat©  o f  re le a se *  th e  o p tim a l tim e  f o ï ‘ tre a tm e n t i s  

l i k e l y  to  depend upon th e  r a t i o  o f  i n t r a c e l l u l a r  to  e x t r a c e l l u l a r  

v ixus* where th e  p ro p o r t io n  o f  th e  l a t t e r  i s  a l re a d y  high* th o  amount 

o f  v i r u s  which can be r e le a s e d  from th e  c e l l s  i s  r e s t r i c t e d  and i n 

a c t iv a t io n  o f  f r e e  v i r u s  becomes th e  c r i t i c a l  f a c to r#  C o n v erse ly , 

when th e  p ro p o r t io n  o f  c o l l - a s s o c ia te d  v i r u s  i s  v e ry  high* u l t r a 

so n ic  d i s r u p t io n  may bo c o n s id e ra b ly  p r o t r a c te d  b e fo re  th e  amount 

o f  in a c t iv a te d  v i r u s  comes to  exceed th e  q u a n t i ty  r e le a s e d .
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(6) EAEMAaGLÜTïHATIOW.

(1 ) lOTRODümOH.

The f a i l u r e  o f  h e rp e e v iru se s  to  a g g lu t in a te  red  c e l l s  in  

th e  s ta n d a rd  h a e m ag g lu tln a tio n  t e s t  has lo n g  been reco g n ised  

(Androwee* 1964î K aplan , 1966). A number o f  r e p o r ts  from E a s te rn  

Europe, however, r e f e r  to  th e  o ccu rren ce  o f  h ao raag g lu tin a tio n  under 

c e r t a in  co n d itio n s»  Thus, Shubladso e t  al#  ( i 960 ) a s s e r te d  th a t  

some s t r a i n s  o f  h e rp es  sim plex  v i r u s  a g g lu t in a te d  goose e ry th ro c y te s  

p ro v id ed  t h a t  th e  pH la y  betw een 5*2 and 6*8, w h ile  S em erd jiev  (1962) 

d e s c r ib e d  a g g lu t in a t io n  o f  h o rse  and g u in e a -p ig  red  c e l l s  by th e  

v i r u s  o f  equ ine  rh in o p n eu m o n itis , p a r t i c u l a r l y  a f t e r  tre a tm e n t w ith  

fo rm a lin . Toktmiaru and S c o tt  (1964)i however, t e s t e d  40  s t r a i n s  o f  

h e rp es  sim plex  v i r u s  f o r  t h e i r  a b i l i t y  to  a g g lu t in a te  goose c e l l e  

bu t f a i l e d  to  f in d  any ev idence  o f  th a t  a c t iv i ty #  McCollum ^  a l . 

(1 9 5 6 ) found t h a t  h o rse  e ry th ro c y te s  were a g g lu t in a te d  by e x t r a c t s  

o f  h am ster t i s s u e s  in f e c te d  w ith  th e  v iru s  o f  equ ine  rh in o p n o u m o n itis . 

Suoh h a e m ag g lu tin a tio n  was n o t p rev en ted  by th e  serum o f  co n v a le scen t 

h o rse s  b u t was in h ib i te d  by th e  serum o f  h o rse s  hyperimraimised w ith  

in f e c te d  h am ster t i s s u e .

As f a r  as th e  w r i t e r  i s  aw are, th e  fo re g o in g  c la im s 

have n o t been confirm ed by o th e r  w orkers and tho  i n a b i l i t y  o f  a 

h e rp e s v iru s  to  h ao m ag g lu tin a te  co n tin u es  to  be reg a rd ed  as  a 

c h a r a c t e r i s t i c ,  i f  n e g a tiv e ,  f e a tu r e  o f  th e  group# The p re s e n t
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in v e s t ig a t io n  had th e  aim o f  d e te rm in in g  w hether, o r  n o t ,  haem- 

a g g lu t in a t io n  was to  he ach ieved  w ith  th e  p igeon  v iru s*

(2 ) MATB3IALS AKD METHODS.

T e s ts  wore c a r r ie d  o u t w ith  th e  B -1, M-3 and H-1 s t r a i n s  

o f  v i r u s ,  th e  i n f e o t i v i t y  t i t r e s  o f  which la y  betw een 5 and 6 log^Q 

P.FoU*/ml* Tw o-fold d i lu t io n s  o f  v i r a l  su sp en s io n s  wore made up 

w ith  in  p ersp ex  h aem u g g lu tin a tio n  p l a t e s ,  0#3 ml# p e r  cup*

1 p e r  ce n t su sp en s io n s  o f  p ig e o n , goose, fo w l, g u in e a -p ig , r a t ,  

r a b b i t  and h o rse  red  b lood  c e l l s  were p rep a re d  in  P*B*S*, and 0*3 ml, 

amounts d isp e n sed  in to  th e  cups c o n ta in in g  d i lu te d  v iru s*  The pH 

le v e ls  o f  th e  m ix tu re s  were m easured by moans o f  l i tm u s  p ap e rs  

(Whatman -  BBH) and wore found to  be betw een 6*7 and 7*0# Each t e s t  

was done in  t r i p l i c a t e  so t h a t  one p la te  was in c u b a te d  a t  37*0#, on© 

p la ced  i n  a r e f r i g e r a t o r  a t  4^0# and th e  t h i r d  m a in ta in ed  a t  room 

tem peratu re#  A ll p l a t e s  were examined a f t e r  30, 60 and 90 m inutes*

The experim en t was re p e a te d  w ith  goose red  c e l l s  su s

pended in  p h ospha te  b u f f e r  o f  pH«5#5* The f i n a l  pH, a c co rd in g  to  

tho  in d i c a t o r  p a p e r , was ap p ro x im ate ly  6*0*

( 3 ) RESULTS#

H aem agg lu tina tion  was n o t observed  w ith  any o f  th e  c e l l s  

o r  a t  any o f  th e  te m p e ra tu re s  employed* A u to -a g g lu tin a tio n  o f  r a t  

e ry th ro c y te s  o c c u rred  when th ey  were mixed w ith  v i r u s  d i lu t io n s  o f
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1 i n  16, o r  above*

(4) D isc u ss io n .

The work o f  Sem erdjlov  (1962) on equ ine  rh in o p n eu m o n itis  

v i r u s  and th a t  o f  Shuhladge ©t ojL* (I960) on a g g lu t in a t io n  o f  c e l l s  

by h e rp es  sim plex  v iru s  had su g g ested  th a t  h ae m ag g lu tin a tio n  m ight 

be ach ieved  w ith  th e  p ig eo n  Ï*ÎI#I# v i r u s  i f  colum bine o r  goose c e l l s  

were employed* The r e s u l t s ,  however, showed o th e rw ise*  Hence, th e  

o n ly  co n c lu s io n  to  be drawn i s  th a t  th e  i n a b i l i t y  o f  th e  v i ru s  to  

h ao m ag g lu tin a te  acco rd s  w ith  membership o f  th e  h e rp e s v iru s  group*
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(7) A:i'HGEWIC RELATIONSHIP WITH ILT VIRUS.

(1) INTROBUCTIOK.

The o b je c ts  o f  th e  work about to  be re p o r te d  were to

d isc o v e rs

(a )  I f  an tise ru m  to  th e  s t r a i n  o f  v i ru s  had any n e u tra lis in g ^  
a c t i v i t y  a g a in s t  th r e e  s t r a i n s  o f  I*L#T* v i r u s  and

(h) I f  antiseruna p rep a red  a g a in s t  two s t r a i n s  o f  I.L#T* v iru s  
had any s im i la r  c a p a c ity  a g a in s t  th e  s t r a i n  o f  p igeon  

v iru s*

E xperim ents if e re  c a r r ie d  o u t in  c o l la b o r a t io n  w ith  Mr# \U 

B axendale o f  th e  Wellcome Hose a rch  L ab o ra to rie s*

(2) MATERIALS AND METHODS.

C r o s s - n e u t r a l i s a t io n  t e s t s  were perform ed w ith  th e  M-3 

i s o l a t e  and w ith  th re e  s t r a i n s  o f  I*L»T* v iru s*  In  a l l  oases* th e  

" v a r ia b le  v i r u s  -  c o n s ta n t serum" method was employed*

In  th e  f i r s t  s e r i e s  o f  t e s t s j  a 1 in  10 d i lu t i o n  o f  r a b b i t  

an tise ru m  p re p a red  a g a in s t  s t r a i n  M-3 was mixed w ith  te n - f o ld  d i lu t io n s  

o f  th e  B*E*E* s t r a i n  o f  I*L*T* v iru s#  A fte r  in c u b a tio n  f o r  th r e e -  

q u a r te r s  o f  an hour a t  37*0* fo llow ed  by a s im i la r  p e r io d  o f  exposure 

a t  room tem peratu re*  th e  m ix tu re s  were in o c u la te d  in to  tu b e s  o f  w hole- 

chick-em bryo c e l ls *  fo u r  tu b e s  p e r  d i lu t io n  o f  v iru s*  The same p m -  

oedure was re p e a te d  tw ice* b u t ir i th  1 in  10 d i lu t i o n s  o f  nox’mal
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c a lf - s e ru ia  and an tise ru m  a g a in s t  th e  s t r a i n  o f  I .L .T .  v i r u s  i n

p la c e  o f  M-3 a n tise ru m . The B .E .E . an tiso ru ïn  was k in d ly  su p p lie d  by 

ï>Té F# T$ yu Jo rd an  o f  th e  U n iv e r s i ty  o f  L iv e rp o o l V e te r in a ry  S chool. 

The c r i t e r i o n  employed in  th e  assessm en t o f  th e  p re se n ce  o r  absence 

o f  i n f e c t iv e  v i r u s  i n  v iru s -se ru m  m ix tu re s  was th e  developm ent o f  

ty p ic a l*  m u lt in u c le a te d  s y n c y tia  in  e p i t h e l i a l  i s l a n d s  o f  th e  c u l tu r e s .

The n e u t r a l i s i n g  c a p a c ity  o f  th e  an tise ru m  a g a in s t

th e  M-3 s t r a i n  o f  p ig eo n  I .N . I .  v i r u s  was th en  exam ined. T en -fo ld  

d i l u t i o n s  o f  v i r u s  were mixed w ith  a 1 i n  10 d i l u t i o n  o f  th e  a n tise ru m . 

The tim e allow ed  f o r  n e u t r a l i s a t i o n  was th e  same as  i n  th e  t e s t s  w ith  

I .L .T *  v i r u s  b u t th e  m ix tu re s  were in o c u la te d  in to  p l a t e s  o f  w hole- 

embryo c o l l s  and s u rv iv in g  v i r u s  t i t r a t e d  by means o f  th e  s ta n d a rd  

p la q u o -a s sa y . The t e s t  was re p e a te d  w ith  a 1 i n  10 d i l u t i o n  o f  

norm al c a lf -so ru m  in  p la c e  o f  th e  I*L»T* a n tise ru m .

At th e  Wellcome R esearch  L a b o ra to r ie s*  s e v e r a l  young hens 

were in o c u la te d  w ith  th e  M-3 s t r a i n  o f  v i r u s  and* a lo n g  w ith  u n - 

in o c u la te d  c o n tro ls *  were c h a lle n g e d  th r e e  weeks l a t e r  w ith  a 

v i r u l e n t  s t r a i n  o f  I .L .T *  v iru s*  A ttem pts were a ls o  made to  produce 

an tib o d y  to  th e  colum bine ag en t by in t r a t r a c h e a l  i n j e c t i o n  o f  te n  

p u l l e t s  fo llo w ed  by in tra v e n o u s  in o c u la t io n  o f  f o u r  o f  them th re e  

and s ix  weeks l a t e r ,  When p la q u e - in h ib i t io n  t e a t s  were c a r r ie d  o u t 

i n  c u l tu r e s  o f  chick-em bryo l i v e r  c e l l s ,  i t  was found t h a t  serum 

from th r e e  o f  th e  hens g iv e n  m u lt ip le  in o c u la t io n s  o f  v i r u s  co n ta in e d
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an tib o d y , th e  n e u t r a l i s a t i o n  index  in  each case  b e in g  s l i g h t l y  g r e a te r  

th a n  1*4* P la q u e - in h ib i t io n  t e s t s  wore th en  perform ed w ith  one o f  

th e  M-3 a n tis o ra *  an a n t i  serum a g a in s t  I.L.O?* v i r u s  (X.L*T«—2 s t r a i n ) ,  

M-3 v i r u s  and two s t r a i n s  o f  I*L#T# v iru s  ( l .L a T .- l  and I,L»T #-2)*

The ag en ts  wore mixed and in c u b a te d  as a lre a d y  d e s c r ib e d  b u t c u l tu r e s  

o f  ohiclc-embryo l i v e r  c e l l s  were employed so th a t  b o th  v iru s e s  cou ld  

be t i t r a t e d  by th e  p la q u e -a sa a y  method* Bascondale (1966) re p o r te d  

th a t  h ig h e r  p la q u e -c o u n ta  were o b ta in e d  w ith  X*L*T* v i r u s  in  th o se  

c e l l s  th a n  in  c u l tu r e s  o f  ch icken  kidney*

(3) RESULTS.

C ro o s -n e u tra lie sa tio n  t e s t s  w ith  M-3 a n t i  serum and th e  

B*E*E* s t r a i n  o f  I*L*T* v i r u s  f a i l e d  to  d em o n stra te  any a n t ig e n ic  

s im i l a r i t y  betw een th e  ti^o v iru se s *  The t i t r e  o f  v i r u s  in  th e  t e s t  

em ploying a 1 in  10 d i lu t i o n  o f  I*L*T* a n t i  serum was 10^*5 tcXDjq /

0*5 m l. w h ile  th e  co rresp o n d in g  f ig u r e s  f o r  v i r u s  in c u b a te d  w ith  a 

1 in  10 d i lu t i o n  o f  norm al o a lf-se ru iu  and w ith  a l i k e  d i l u t i o n  o f  

M-3 an tise ru m  wore b o th  10'^*^5 TOIBço/0*5 ml* Work w ith  M-3 v i r u s  

and B*E$E* an tiso ru m  showed th a t  th e re  was l i t t l e ,  i f  any, n e u t r a l -  

is sa tio n  o f  th e  fo rm er by th e  l a t t e r ,  th e  t i t r e  o f  v i r u s  in c u b a te d  

w ith  th e  an tise ru m  b e in g  2*7 % 104 p*p#U*/0»5 ml* o f  v iru s -se ru m  

m ix tu re  compared i f i th  6*5 % 104 p,p#U*/0»5 m l, f o r  v i r u s  in c u b a te d  

w ith  norm al c a l f  serum*

B ird s  in o c u la te d  w ith  s t r a i n  M-3 a t  th e  Wellcome R esearch
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L a b o ra to r ie s  and c h a lle n g e d  w ith  I ,L # T , v i r u s  th r e e  weeks l a t e r  

developed  c l i n i c a l  s ig n s  o f  I#L*T# which were o f  s e v e r i ty  a k in  to  

th o se  shown by th e  c o n tro ls *  Three o f  th e  fo u r  b i r d s  g iv e n  m u lt ip le  

in o c u la t io n s  o f  s t r a i n  M-3 developed  a low l e v e l  o f  a n tib o d y  to  th e  

v i r u s  and saniplos o f  s e ra  p o sse sse d  n e u t r a l i s a t i o n  in d ic e s  o f  s l i g h t l y  

g r e a t e r  th a n  1*4* Normal fow l s e ra  d id  n o t have any n e u t r a l i s i n g  

a c t iv i ty *  One o f  th e  th r e e  s e ra  was th en  used  i n  a c r o s s -  

n e u t r a l i s a t i o n  t e s t ,  w ith  r e s u l t s  a s  fo llo w s  a

H e u t r a l i s a t io n  In d ic e s#

A n tise ru m , V iru s ,

M-3 ILT-1 ILT-2

M-3 1*2 0 .4 0*6

ILT-2 0 ,9 2*0 2 ,0

(4 )  DISCUSSIOH.

The f in d in g s  were in d ic a t iv e  o f  s l i g h t  c r o s s - r e a c t io n  

betw een th e  M-3 s t r a i n  o f  p ig eo n  v i r u s  and th e  Wellcome I*L ,T *-2

v i r u s  s in c e  th e  n e u t r a l i s a t i o n  in d ic e s  o f  I*L#T*-2 an tise ru m  were 

0*9 a g a in s t  th e  colum bine ag en t and 2*0 a g a in s t  th e  homologous v iru s#  

The d eg ree  o f  c r o s s - n e u t r a l i s a t i o n  e x h ib i te d  by th e  fow l M-3 a n t i -  

serum i s  d i f f i c u l t  to  a s s e s s  b e c a u se , a lth o u g h  i t  had a v e ry  low 

n e u t r a l i s a t i o n  Index  a g a in s t  I*L*T*-2 v i r u s  (0 * 6 ), t h a t  a g a in s t  th e  

homologous s t r a i n  was o n ly  1*2* S ince th e  n e u t r a l i s a t i o n  in d ex  o f  

norm al fow l serum was 0 i n  r e s p e c t  o f  a l l  th r e e  v i r u s e s ,  th o  above
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f ig u r e s  may ‘be reg a rd ed  as  ev id en ce  o f  a m inor a n t ig e n ic  r e la t io n s h ip »  

On th e  o th e r  hand , th e y  a re  n o t such a s  to  in v a l id a t e  p r e c i s e  d i s 

t in c t io n s *

The c r o s s - n e u t r a l i s a t i o n  t e s t  w ith  th e  B.li.B* s t r a i n  o f  

1 *1 , T. v i r u s  p ro v id ed  more d e f i n i t i v e  r e s u l t s *  â  1 i n  10 d i l u t i o n  

o f a n tise ru m  had th e  h ig h  n e u t r a l i s a t i o n  in d ex  o f  3*75  a g a in s t

th e  homologous v i r u s  h u t on© o f  o n ly  0 ,3 8  a g a in s t  s t r a i n  M-3 , 

S im i la r ly ,  M-3 a n tise ru m  had an in d ex  o f  0 a g a in s t  th e  B*E,E# s t r a i n  

compared w ith  t h a t  o f  2*19 a g a in s t  th e  homologous v3.rus* C le a r ly  

th e n , th e  two v iru s e s ,w e re  a n t ig e n io a l ly  u n re la te d *

S t r a in  M-3 seemed to  bo o f  low im m unogenicity  to  th e  

d o m estic  fowl* Only th r e e  o u t o f  f o u r  b i r d s  g iv en  th r e e  in o c u la t io n s  

o f  v i r u s  d ev e lo p ed  n e u t r a l i s i n g  a n tib o d y  and th e  t i t r e  in  a l l  c a se s  

was low* M oreover, s ix  b i r d s  i n  r e c e ip t  o f  a s in g le  i n t r a t r a c h e a l  

i n j e c t i o n  f a i l e d  to  pioduc© a n tib o d y , p o s s ib ly  b ecau se  v i r u s  wao 

u n ab le  to  r e p l ic a te *  The an tib o d y  le v e l s  o f  th e  in o c u la te d  b i r d s  

su b se q u e n tly  c h a lle n g e d  w ith  î,L*T* v i r u s  were n o t m easured b u t ,  from 

th e  o th e r  r e s u l t s ,  I t  seems u n l ik e ly  t h a t  th e  on© in o c u la t io n  o f  

s t r a i n  M- 3  was s u f f i c i e n t  to  have s t im u la te d  th e  p ro d u c tio n  o f  a n t i 

body* W hether o r  n o t b i r d s  which develop  a n tib o d y  a f t e r  m u lt ip le  

in o c u la t io n s  o f  th e  v i r u s  a re  ren d e red  r e s i s t a n t  to  c h a lle n g e  w ith  

I*L.T* v i r u s  has y e t  to  be d e te rm in ed . As i s  w ell-know n, p u p p ie s  

v a c c in a te d  w ith  m easle s  v i r u s  become r e s i s t a n t  to  th e  a n t ig e n io a l ly
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r e l a t e d  oan lno  d ie to m p er v i r u s  ( s l a t e r  and Murdock , I 9 6 3 ) ,  P re s e n t  

e v id e n c e , how ever, does n o t d en o te  an a s s o c ia t io n ,  a n t ig e n ic  and 

o th e rw is e , betw een th e  two av ian  h e rp e s  v i r u s e s  com parable w ith  t h a t  

which o b ta in s  betw een th e  v i r u s e s  o f  m easles and can in e  d is te m p e r.

Even i f  t h a t  r e l a t io n s h ip  d id  e x i s ts  th e  u s e fu ln e s s  o f  th e  colum bine 

ag en t as a h e te r o ty p ic  vaccin©  a g a in s t  would be s e v e re ly

l im i te d  by th e  need to  a d m in is te r  i t  by m u lt ip le  inoo tila tionB »

I t  must be em phasised t h a t  th e  ex p e rim en ts  reco rd ed  above 

were conducted  w ith  o n ly  on© s t r a i n  o f  p ig eo n  v iru s*  A lthough

M-3 an tise ru m  h as a l re a d y  been  shown to  n e u t r a l i s e  th e  B -1 , P -5  and 

HS^2 s t r a i n s  o f  colum bine a g e n t, i t  i s  p o s s ib le  t h a t  an tise ru m  

a g a in s t ,  f o r  exam ple, s t r a i n  B-1 m ight n o t n e u t r a l i s e  s t r a i n  M-3 *

The p re s e n t  i n v e s t ig a t io n  does n o t ,  th e r e f o r e ,  p u rp o r t  to  have 

ex p lo re d  th e  a n t ig e n ic  r e l a t io n s h ip  o f  I*L*T* v i r u s  w ith  th e  p ig eo n

v i r u s  b u t  o n ly  t h a t  o f  th o  fo rm er w ith  on© s t r a i n  o f  th© l a t t e r *
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(8 ) SUMMAHÏ m s  COHCLUSIOHS,

Inhibition of v iral m ultiplication "by deoxyuridlae and

d e m o n s tra tio n  by Feulgon s t a in in g  o f  an e a r ly  in c r e a s e  in  th e  amount 

o f  DWA in  th e  n u c le i  o f  in f e c te d  c e l l s  in d ic a te d  t h a t  th e  n u c le ic  

a c id  o f  th e  p ig eo n  v i r u s  e x is te d  in  th e  form  o f  DHA# The

n u o le o o ap s id  was io o s a h e d ra l  i n  sh ap e , w ith  a mean d ia m e te r  o f  100 m^#, 

p o sse sse d  162 h o llo w , e lo n g a te d  capsom eres and ime som etim es en

veloped* I n f e o t i v i t y  was d e s tro y e d  a t  a pH o f  4*0 and by tr e a tm e n t 

w ith  e th e r*  Those r e s u l t s  c l e a r ly  show th a t  th e  ag e n t b e lo n g s  to  th e  

h e rp o s v iru s  group* N e u t r a l i s a t io n  t e s t s  in d ic a te d  t h a t  th e  s t r a i n s  

examined by th e  a u th o r  were c lo s e ly  r e l a t e d  a n t ig e n io a l ly  b u t th e  

agen t was s e r o lo g ic a l ly  d is t in g u is h a b le  from I#L*T* v iru s#  A ll 

a t te m p ts  to  d em o n stra te  h ao m ag g lu tin a tio n  were u n su c cess fu l#
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FISAL DISCUSSION,

The handbook on o a g e -b ird a  p u b lis h e d  by th o  B r i t i s h  

V e te r in a ry  A sso c ia tio n  s t a t e s  th a t  i n s u f f i c i e n t  i s  known about 

8madol*s v i r u s  to  j u s t i f y  i t s  in c lu s io n  i n  th e  l i s t  o f  ag e n ts

a f f e c t in g  p ig eo n s  in  th e  U n ited  Kingdom* The p r e s e n t  c o n t r ib u t io n ,  

how ever, h as  re v e a le d  th e  e x is te n c e  o f  a  c lo s e ly  r e l a t e d  v i r u s  in  

v a r io u s  p a r t s  o f  th e  c o u n try  and has c l e a r ly  d em o n stra ted  i t s  

p a th o g e n ic i ty  f o r  th e  pigeon* L ab o ra to ry  m ethods s u i t a b l e  f o r  i t s  

grow th and a s sa y  have been  p re se n te d  and p ro o f  o f  i t s  p la c e  w ith in  

th e  h e rp e s v iru s  group has been  e s ta b lis h e d *

The in c id e n c e  o f  i n f e c t io n  i s  ae y e t  unknown and f u tu r e  

work w i l l  be r e q u ir e d  to  d e te rm in e  w hether th e  d is e a s e  i s  p r e v a le n t  

i n  f e r a l  a s  w e ll a s  i n  d o m e s tic a te d  pigeons* T here i s ,  how ever, 

some c i r c u m s ta n t ia l  ev id en ce  to  su g g es t t h a t  th e  v i r u s  may be w id e ly  

d is se m in a te d  i n  f lo c k s  o f  th e  l a t t e r  type* In  a  p e rs o n a l com m unication 

to  th e  a u th o r ,  Mr* H* II* Axworthy o f  th e  S tan d a rd  L ab o ra to iy  (P o u ltry  

D ia g n o s tic  L a b o ra to ry ) , H eading, s t a t e d  t h a t  h© had observod  a 

d is e a s e  o f  s im i la r  c l i n i c a l  and p a th o lo g ic a l  c h a ra c te r  on many 

o ccasio n s#  E xam ination  f o r  th e  ag en t o f  o r n i th o s i s  was c a r r ie d  o u t 

s e v e ra l  tim es b u t w ith  n e g a tiv e  r e s u l t s  in  each  case* A ccord ing  to  

th e  handbook r e f e r r e d  to  above, o u tb re a k s  o f  d is e a s e  o f  unknown 

a e t io lo g y  b u t  d is t in g u is h e d  by th e  appearance  o f  c o ry a a - l ik e  c l i n i c a l  

s ig n s  have o c c u rre d  i n  w id e ly -s e p a ra te d  p a r t s  o f  th e  co u n try  d u r in g
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th e  p a s t  decade , Th© c o n d it io n , to  which v a r io u s  names have been 

a p p l ie d , e , g * " e y e -c o ld " , "roup" and " c o ry sa " , a f f e c t s  p ig eo n s o f  

up to  one y e a r  o f  ago and i s  seem ingly  c o n ta g io u s . Once reco v e ry  

has ta k e n  p la c e ,  b i r d s  a re  seldom a f f e c te d  again* E n q u ir ie s  made by 

th e  a u th o r  i n  R en frew sh ire  and D u n b arto n sh ire  e l i c i t e d  th e  info3?mation 

th a t  " e y e -co ld "  i s  a common d is e a s e  o f  young b i r d s  which sometim es 

has a h ig h  m o r ta l i ty  and which may b© a s s o c ia te d  :d .th  th e  p re sen ce  o f  

sm a ll, y e llo w ish -b ro w n  e x c re sce n c e s  i n  th o  mouth and th ro a t#  S ince 

th o se  f e a tu r e s  were c h a r a c t e r i s t i c  o f  th e  d is e a s e  d e s c r ib e d  in  t h i s  

t h e s i s ,  th e  two c o n d itio n s  a r e  p o s s ib ly  synonymous* However, as  th e

ag en t o f  o r n i th o s i s  can be i s o l a t e d  from th e  o c u la r  d is c h a rg e  o f  

p ig eo n s  w ith  c o n j u n c t i v i t i s  (M onreal, 19$8) and th e  p ro to zo an  

Trichom onas g a llin a©  i s  known to  be p ro d u c tiv e  o f  d ip h t h e r i t i c  

membranes, f u r t h e r  in v e s t ig a t io n  i s  o b v io u s ly  r e q u ire d  b e fo re  th e  

r e l a t i v e  im p o rtan ce  o f  th e  th r e e  o rganism s in  th e  a e t io lo g y  o f  

p igeon  d is e a s e  can be p ro p e r ly  a s s e s s e d .

A part from th o se  b a s ic  p h y s ic a l  and chem ical c h a ra c te r s  

which den o te  membership o f  th e  h e rp e s v iru s  g roup , th e  th r e e  most 

d e f i n i t i v e  f e a tu r e s  o f  th e  p igeon  v i r u s  were i t s  a f f i n i t y  f o r

f i b r o b l a s t s ,  i t s  r e le a s e  from th o  in f e c te d  c e l l  ^  v i t r o  and th e  

r e l a t i v e l y  h ig h  d eg ree  o f  th e rm a l r e s i s ta n c e  which i t  e x h ib ite d *  In

r e s p e c t  o f  th e  f i r s t  o f  th o se  p r o p e r t i e s ,  i t  resem bled  th e  cy to 

m e g a lo v iru ses  though , s in c e  i t  grew w ell i n  e p i t h e l i a l  c e l l s  o f  

h e p a t ic  o r ig in  and, to  a l e s s o r  e x te n t ,  in  th o se  d e r iv e d  from re n a l
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c o r te x , th e  s i m i l a r i t y  was lim ite d *  Tho ag en t wae a k in  to  moot 

mombers o f  th e  h e rp e e v iru s  g roup , q ,g * h e rp e s  s im p lex  v i ru s  and m urine 

cy to m eg a lo v iru s , i n  b e in g  r e le a s e d  in to  th e  c u l t u r e - f l u i d  in  la rg o  

amounts and th u s  d i f f e r e d  from th o  c a u sa l organism  o f  h e rp es  p o s te r ,  

th e  h e rp e s v iru s  i s o l a t e d  by C h u rc h ill  (1957) from c a se s  o f  M arch 's  

d is e a s e  and th e  human cy to iiieg a lo v iru s , a l l  o f  w hich may be su c c e s s 

f u l l y  p assag ed  o n ly  by t r a n s f e r  o f  in f e c te d  c a l ls #

The colum bine a g e n t seemed to  d i f f e r  fu n d am e n ta lly  from 

1*L*T* v i r u s  i n  i t s  a b i l i t y  to  grow in  f i b r o b l a s t s  and in  i t s  g r e a t e r  

in v a s iv e n o se  b o th  v ivo  and ^  ovo* In  t le s u e - c u l tu r©  and i n  th e

c h o r io - a l l a n to i c  membrane, I#L*T* v i r u s  rem ained r e s t r i c t e d  to  

e p i t h e l i a l  c e l ls *  L im ita tio n  o f  tho  l a t t e r  a g e n t to  th e  r e s p i r a to r y  

system  o f  th e  dom estic  fow l may, th e r e f o r e ,  be c o r r e l a t iv e  w ith  i t s  

i n a b i l i t y  to  m u lt ip ly  i n  c o l l s  o f  m esodermal o r ig in #  I f  t h a t  su rm ise  

i s  c o r r e c t ,  th o se  o th e r  a v ia n  v i r u s e s  p ro d u c tiv e  o f  h e p a t ic  n e c ro s is  

and in t r a n u c le a r  in c lu s io n s  may be more c lo s e ly  r e l a t e d  to  th e  

colum bine ag en t th a n  to  X#L*T# v iru s*  In  th e  absence  o f  in fo rm a tio n  

on th e  o y to p a th o g e n io ity  o f  th o se  a g e n ts ,  s p e c u la t io n  i s  p rem atu re  

b u t i t  i s  c o n c e iv a b le  th a t  f u tu r e  work w i l l  a llo w  th o  d iv is io n  o f  th e  

av ian  h e rp e s v iru s e s  in to  t w  su b -g ro u p s , one co m p ris in g  I#L#T* v i r u s  

and th e  o th e r  c o n s is t in g  o f  a g e n ts  o ap ab le  o f  grOT-r&h in  c a l l s  o f  

d iv e r s e  o r ig in *

In  o rd e r  to  seek  o u t th o se  a s p e c ts  o f  p ig eo n  I*N*I* v ir u s
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i n f e c t io n  which cou ld  he e x p lo ite d  to  g r e a t e s t  advan tage  in  f u tu r e  

work, th e  p r e s e n t  in v e s t ig a t io n  was in te n d e d  to  co v er th e  s u b je c t  

on as b road  a b a s i s  as  p o ss ib le #  F05? th a t  re a s o n , p u r s u i t  o r  

e la b o ra t io n  o f  c e r t a in  f in d in g s  was n o t p o s s ib le  i n  th o  tim e a v a ils  

able# The ta s k  o f  f u tu r e  work w i l l  be n o t o n ly  to  f i l l  th e  gaps 

l o f t  by th e  p re s e n t  c o n t r ib u t io n ,  p a r t i c u l a r l y  w ith  re g a rd  to  th e  

in c id e n c e  o f  i n f e c t io n  and th e  s e ro lo g ic a l  r e la t io n s h ip  betw een 

s t r a i n s ,  b u t a ls o  to  ex ten d  th e  d ep th  o f  th e  in v e s t ig a t io n  by 

com parison o f  th e  b ase  r a t i o s  o f  th e  v i r a l  DBA w ith  th o se  o f  o th e r  

h e rp e s v iru s e s  and by ex am in a tio n  o f  V ira l c lo n e s  f o r  reduced  
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