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“There i s  noth ing f in a l  nor a b so lu te  in  the
d e sc r ip t io n  o f  d is e a s e *    Pathology cannot

reach beyond the l im it s  o f  knowledge in  the  

b a s ic  s c ie n c e s ,  and current id ea s  cannot escape  

the s c i e n t i f i c  c lim a te  o f  the tim e, nor exceed  

the bounds imposed by the immediate ru le  o f  

p h ilosop h y  or even o f  language*”

w,N. m m .
(G uy's H osp ita l R eports, 1958).
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GENERAL INTRODUCTION



The inuïïunolog i c s l  response a g a in s t  an in f e c t io u s  a gen t i s  n o t  

always b e n e f ic ia l  to  the h o s t  and indeed , may sometimes be in stru m en ta l 

in  ex a cerb a tin g  the d ise a se  p r o c e ss , A good example o f  t h is  type  o f  

im n u n o log ica lly  m ediated d ise a se  i s  the immune complex g lom eru lon ep h ritis  

which d evelop s during a number o f  p e r s is t e n t  v ir u s  in f e c t io n s .  In rec en t  

y e a r s , the p reva len ce o f  immune complex mediated g lom eru lon ep h ritis  in  

the dog has been in c r e a s in g ly  recogn ised ; however, the a n t ig e n ic  

components o f  such com plexes have y e t  to  be id e n t i f i e d .

The pu-rpose o f  the p resen t in v e s t ig a t io n  was to cari’y  o u t a 

d e ta ile d  study o f  the ren a l le s io n s  which occur during canine adeno

v ir u s  (CAV) in fe c t io n  and to determ ine the in f lu e n c e  o f  the immune 

response on the developm ent o f  these l e s i o n s .



THE ROLE OF VIRUSES IN RENAL DISEASE; A REVIEW

VIRUSES WHICH INDUCE LESIONS AS A RESULT 
OF REPLICATION IN RENAL TISSUE

VIRUSES ASSOCIATED WITH IMMUNE COMPLEX 
MEDIATED RENAL IESI0N3

Tables 1 and 2 .
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In  r e c e n t  y ea rs , a g rea t deal, o f  work has been devoted to  

in v e s t ig a t io n  o f  the r o le  o f  v ir u se s  in  ren a l d ise a se  o f  man and 

an im als. C onsiderable p rogress has been made towards id e n t i fy in g  the 

v ir u s e s  in v o lv ed  (see  e a r l ie r  review s by Smith and Aquino, 1971,

Jen sen , 1967, and Olds tone and D ixon, 1971a), but m ch  has s t i l l  to  

be e lu c id a te d  concerning the mechanisms by which v ir u se s  induce  

nephron damage.

Broadly sp ea k in g ,th ere  are tivo mechanisms whereby a v ir u s  may 

induce ren a l l e s io n s .  F i r s t l y ,  d ir e c t  in f e c t io n  o f  the c e l lu la r  

components o f  the k idney may r e s u l t  in  l y t i c  damage. I f  v ir u s  p e r s is t s  

w ith in  tubular e p i t h e l ia l  c e l l s , t h e n  the le s io n s  may become augmented 

by lymphoid c e l lu la r  in f i l t r a t i o n  in to  the in te r s t it iu m  surrounding  

those c e l l s .  Second ly , a system ic v ir u s  in fe c t io n  may r e s u l t  in  the 

d e p o s it io n  o f  v ir u s  an tig en -a n tib o d y  immune complexes w ith in  tlie I’en a l 

g lo m eru li, thus in d u cin g  immune complex g lo m eru lo n ep h r itis , Ttiis 

req u ires  the sim ultaneous p resen ce  o f  v ir u s  or v ir a l  a n tig en  and a n t i

v ir a l  antibody w ith in  the c ir c u la t io n  a n l i s  n o t dependent oh d ir e c t  

in f e c t io n  o f  the k idney by v ir u s .  These two mechanisms, however, are 

n o t m utually  e x c lu s iv e  and both may operate siniul-fcaneously during the 

same v ir u s  in f e c t io n .

The fo llo w in g  d is c u s s io n  review s the cu rren t knowledge o f  the 

r o le  o f  v ir u se s  in  r e n a l d ise a se  o f  man and a n im a ls ,w ith  p a r t ic u la r  

re feren ce  to the p a th ogen etic  mechanisms in v o lv e d .



VIRUSES WHICH HDüCE LESIONS AS A RESULT 

OF REPLICATION IN RENAL TISSUE

De8%)ite the numerous rep orts  in  the litera tL ir e  im p lic a tin g  v ir u se s  

in  ren a l d is e a s e , th ere are very  few w e ll documented accounts o f  ren a l 

p a t h o l o a s s o c i a t e d  w ith d ir e c t  in f e c t io n  o f  k idney t i s s u e .  Tltz (1974), 

in  h is  review  o f  v ir u r ia  in  man, reported  th a t , to d a te , 16 d if f e r e n t  

v ir u se s  had been is o la t e d  from human u r in e . These in clud ed  cozsack ie  

and ECHO id ru ses  (U tz, I 96O), m easles (G resser and Katz, I 96O; 

Llanep-Rodas and L ui, 1966), Biamps (Utz e t  a l . ,  195^; Utz and Szved, 

1962 ) ,  adenoviru.se8 (G resser and K ibrick , I 96O; G-.tekxmst and Heggae, 

1961 ) ,  cytom egalovirus (W eller and Hansha.w, 1962; Reynolds e t  ,

1973) and v a c c in ia  v iru s (H lattner e t  .y . , ,  I 964 ) .  M easles, adenoviruses  

and v a r ic e l la  have a lso  o c c a s io n a lly  been is o la t e d ,  in  t i s s u e  c u ltu r e ,  

from anparently  normal huma.n k id n eys, always from c h ild r en  l e s s  idian 

1 year o f  age (K lein  and Huang, 1963; Benyesli-M elnick and Rosenborg,

1974; M elnick e t  a l . ,  I 965 ) .  However, o f  a l l  tine so human v ir u s e s ,  

on ly  the en tero v iru se s  ( i . e .  coxaackie and ECHO v ir u se s )  and 

cytom egalovirus have been dem onstrated to  r e p l ic a te  in  ren a l t i s s u e .  

Moreover, dem onstration o f  a v ir u s  in  kidney t is s u e  i s ,  in  i t s e l f ,  

in s u f f i c i e n t  ev idence to im p lica te  th o t v iru s in  ren a l d is e a s e . Thus, 

human cytom egalovirus may o fte n  be d etected  in  d i s t a l  teb -ilar ep ith eliu m  

and ,although  m ild i n t e r s t i t i a l  i n f i l t r a t e s  o f  lymphoid c e l l s  have 

o c c a s io n a lly  been recorded (M edearis, 1957 ) , h isto lo g :tc .a l changes are 

u s u a lly  con fined  to the presence o f  intra:auclear in c lu s io n  bod ies in  

tubular c e l l s  (îteans a.nd Willj.ame, I 968 ) .  A number o f  v ir u se s  o f  other  

anim als, however, do produce severe p à th o lo g iea l changes due to  d ir e c t  

in fe c t io n  o f  ren a l t is su e *



Canine h erp esv iru s i s  a s so c ia te d  ii-th  a sporad ic acu te system ic  

d ise a se  which i s  con fin ed  to n eon ata l puppies (Canrdchael £ t  a l . ,  1964.; 

W right and C ornwell, 1968), Tb.e reason fo r  the r e s t r ic t io n  o f  the 

d ise a se  to t h is  age-group i s  -tliought to  be p a r t ly  due to the in a b i l i t y  

o f  n eon ata l puppies to r eg u la te  th e ir  ovm body tem perature (C righton,

1968 ) ,  a l l i e d  to the f a c t  th a t, in  v i t r o , canine h erp esv iru s appears 

to  r e p l ic a te  l e s s  e f f i c i e n t l y  a t  tem peratures above 37 C (Cornwell and 

W right, 1969 ) .  A lthough a d u lt  dogs are n o t su sc e p t ib le  to  the system ic  

d is e a s e , lo c a l is e d .  I n fe c t io n s  o f  the respirer to ry  and g e n ita l  tr a c ts  

have been reported  (Wi’ig h t  e t  a l . ,  1970; Poste and King, 1971),

System ic in fe c t io n  o f  n eon ata l puppies causes a fp n era lise d  d ise a se  in  

which there i s  in f e c t io n  o f  a wide range o f  organs r e s u lt in g  in  w idespread  

fo c a l  n e c r o t is in g  l e s i o n s ,  ïh.e k idneys co n ta in  f o c a l  areas o f  tubular  

n e c r o s is  in  which la r g e  numbers o f  v ir u s - in fe c te d  c e l l s  can be d e tec ted  

by means o f  iiranunofluorescence. These f o c i  are found m ainly  

in  the .co rtica l, reg io n s o f  the kidneys and g ive  r i s e  to the charactoristiU : 

m acroscopic appearance o f  m u ltip le  haemorrhagi.c f o c i  on the k idney  

s u r fa c e s .

Two subtypes o f  adenovirus occur in  the dog. The f i r s t  o f  th ese  

subtypes (CAVl). i s  a s so c ia te d  w ith  an acuto system ic d ise a se  in  dogs, 

ch a ra c te r ised  by severe h e p a t i t i s  and widespread v a scu la r  damage. The 

second subtype (CAV2) has never been shown to cause system ic d is e a s e .

Both v ir u se s  can l o c a l l y  i n f e c t  the re sp ir a to r y  t r a c t  and arc thought 

to  be im portant in  the a e t io lo g y  o f  “kennel cough" in  dogs (Wright 

e t  a l , ,  1972 ) .

Acute CAV1 in fe c t io n  was f i r s t  d escribed  in  da t a i l  by Hubarth 

(1947 ) ,  S in ce t h e n , i t  has been e x te n s iv e ly  s to d ie d  and a number o f  

review s have com prehensively d e a lt  w ith  the v ir o lo g y , ep idem iology  

and pe thole,gy o f  the d ise a se  (Cabasso, 1962; Cabasso and W ilner, I 9 6 9 ) .



In  the k idney, v ir u s  r e p l ic a t io n  occurs m ainly in  the g lom eru li where 

i t  produces l y t i c  c e l lu la r  dam a^. His to lo  gic^üLly, numerous c h a r a c te r is t ic  

b a so p h ilic  in tra ïiu c le a r  in c lu s io n  b od ies may be observed in  glom erular 

c e l l s  and,by inum inofluorescence, s p e c if ic  CAV an tigen  i s  observed as 

d is c r e te  f lu o r e s c in g  c e l l s  m ainly con fin ed  to the g lom eru li (Wright,

1967a ) .

In  a proportion  o f  dogs which recover from CAVl in f e c t io n ,  v iru s  

p e r s is t s  w ith in  f o c i  o f  tubular e p ith e l ia l ,  c e l l s  and th is  i s  a sso c ia te d  

w ith  the development o f  fo c a l  i n t e r s t i t i a l  n e p h r it is  (Ha.milton e.t a l . ,

1966 ) .  These in te r s t it ia J .  le s io n s  c o n s is t  o f  in f i l t r a t i o n  o f  a mixed 

pop u lation  o f  lyoiphoid c e l l s ,  plasma c e l l s  and macrophages in to  the 

.in terstitd .un  surrounding v ir u s - in fe c te d  tubules (Wright e.t 1 9 71 ).

P e r s is te n c e  o f  in f e c t io n  in  thi.s way r e s u lt s  in  in tern n itten t e x c r e t io n  

o f  v ir u s  in  toe u r in e , thus p rov id in g  a source ox in fe c t io n  fo r  o th er  

d ogs. AJIthou^ toe d u ration  o f  p e r s is te n c e  o f  toe i n t e r s t i t i a l  le s io n s  

i s  unknown, v iin is has been d etec ted  in  toe u rin e  o f  dogs up to 9 months 

a f te r  in fe c t io n  ’(Poppensiek and Baker, 1191; Baker e t .  a l . ,  1954 ).

Canine distem per v ir u s  may a lso  be dem onstrated in  the kidneys 

o f  dogs in fe c te d  w ith  the vir>as. Although in i'ec tio n  o f  the kidney i s  

n o t a prominent fea tu re  o f  the d is e a s e , the presence o f  in c lu s io n  

b od ies in  ren a l t ib u la i” ep ith e liu m  has o c c a s io n a lly  been recorded  

(Jubb and Kennedy, 1970; Lauder £ t  a l , ,  1 9 5 4 )« Appel ( I 969 ) ,  u s in g  

the imnranofluorGscence technique to  study the d is tr ib u t io n  o f  distem per  

v iru s in  e x p e r to e n ta lly - in fe c te d  dogs, was ab le to  d e te c t  v iru s  on ly  

in  toe p e lv ic  ep ith e liu m  o f  the k idney. Using the same -technique, the 

author and h is  c o lle a g u e s  have found la rg e  numbers o f  v i iu s  in fe c te d  

c e l l s  in  to.e Icidneys o f  a smalJL percentage o f  na-fcural ca ses  o f  distem per  

(Wright ej- a l . , unpublished  d a ta ) . In these anim.als, v ir u s  was p resen t  

in  tubular e p ith e l ia .l  c e l l s  and in  c e l l s  lyi.ng‘ in  the in te r s t i t iu m .



H is t o lo g ic a l ly ,  th is  was sometimes accompanied by m ild  i n t e r s t i t i a l  

i n f i l t r a t e s  c o n s is t in g  o f  lymphoid and plasma c e l l s .  The c l i n i c a l  

s ig n if ic a n c e  o f - th e s e  f in d in g s  has y e t  to  be f u l l y  in v e s t ig a te d .

Papadim itriou (19&9) has s-tid ied  the h i s t o lo g ic a l  and u l t r a - ’ 

stnac-tural changes in  the k idneys o f  n eon ata l mice fo llo w in g  experim ental 

in f e c t io n  w ith  reo v iru s -type 3 . Virus was shown to  m u lt ip ly  w ith in  

d is-ta l and c o l le c t in g  -tabules and, h i s t o lo g ic a l ly ,  a f f e c te d  -tubules 

showed m ild d egen era tive  changes wi"th o c c a s io n a l c e l lu la r  n e c r o s is .  

However, s in c e  mice were oi-ly  stu d ied  up u n t i l  9 days a f t e r  in f e c t io n ,  

i t  was n o t known i f  v ir u s  p e r s is te d  in  the k idney beyond the acu-te 

system ic  phase o f  in f e c t io n .  Glomerular h y p e r c e l lu la r ity  and c a p il la r y  

loop  th ick en in g  were a ls o  de tec'bed from 4  days onwards and u l t r a -  

s tr u c tu r a l s tu d ie s  dem onstrated the presence o f  m esangial and su te  

e n d o th e lia l e le c tr o n -d e n se  d e p o s it s .  A lthough Papadim itriou did n o t  

co n sid er  an immune complex mechanism o f  glom erular damage, "the f a c t  

th a t  v ir u s  was n o t de tec-ted in  the g lom eruli and -the f in d in g  o f  e le c tr o n -  

dense d e p o s its  su g g est  th a t  -fcliese ^omer.'f.ar le s io n s  may have resul-ted  

from immune complex d e p o s it io n ,

A number o f  o-üier v ir u ses ,w h ic h  are a s so c ia te d  w ith  immune complex 

m ediated glom erular changes, may a].so r e p l ic a te  in  r e n a l t is s u e  and 

produce d ir e c t  l y t i c  l e s i o n s .  These in f e c t io n s ,  wtiich are d iscu ssed  

in  the second p a r t o f  th is  rev iew , in c lu d e swine fe v e r , co x sa ck ie  and 

ECHO v ir u s  in f e c t io n s  in  mice and man and iX)lyoma v ir u s  in f e c t io n  in  

m ice .
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VIRUSES ASSOCIATED VlTfl IMîiUNE COMPLEX MEDIATED RENAL lESIOIE

E x te n s iv e  s tu d ie s  o f  experiinen-tally induced and n a ta r a lly  

occu rr in g  g lom eru lon ep h ritis  o f  man and an im als, have shown th a t  

d e p o s it io n  o f  a n t i gen -antibody immune com plexes p la y s  an im portant 

r o le  in  the p a th o g en esis  o f  'the d ise a se  (Dixon e t  a l  1969; McCluskey 

1971 ; Murray and W right 19 7 4 ). R ecent s-tudies have, th ere fo re , been  

aimed a t  tr y in g  "to id e n t i f y  the a n tig e n ic  components o f  such com plexes. 

S in ce  many in fe c t io u s  agen-ts, in c lu d in g  some v ir u s e s ,  were knoim to 

produce p e r s is t e n t  in f e c t io n s ,  i t  seemed probable th a t  -Uiese might 

provide a lo n g  terra source o f  c ir c u la t in g  an tigen  from which immune 

com plexes cou ld  be formed and su bseq u en tly  d ep o sited  in  the ren a l 

g lo m eru li. T h u s,s tu d ie s  in  r e c e n t  years have provided con v in cin g  

e'vldence th a t  such a mechanism o f  ren a l d ise a se  occurs during a number 

o f  v ir u s  in f e c t io n s ,  (Table 1 ) .

(a) V iruses known to be a s so c ia te d  w ith  immune complex g lom eru lon ep h ritis  

I t  i s  w e ll e s ta b lis h e d  tha't “the g lo m eru lon ep h ritis  accompanying 

lym phocytic c h o r io m e n in g it is , l a c t i c  dehydrogenase, and leukaem ia v i iu s  

in f e c t io n s  in  m ice, a le u t ia n  d ise a se  in  mink and equine in f e c t io u s  

an aem ia ,is  a s so c ia te d  w ith  d e p o s it io n  o f  v iru s  a n tig en -a n tib o d y  immune 

com plexes, S im ila r ly , there arc numerous w e ll  documented accounts o f  

g lo m eru lon ep h ritis  in  man accompanying in fe c t io n  w itti h e p a t it i .s  B v ir u s ,  

which i s  thought "to be -the ca u sa l agen t o f  variou s forms o f  h e p a t i t is  in  

man (Table 2 ) .  The h i s t o lo g ic a l  nature o f  the glom erular le s io n s  observed  

in  a l l  o f  tiiese  v ir u s  in f e c t io n s ,  w ith  the ex ce p tio n  o f  h e p a t i t i s  B 

v ir u s  in f e c t io n ,  i s  predom inantly a p r o l i f e r a t iv e  g lom eru lon ep h ritis  

c h a ra c te r ised  by m esangial expansion and h y p e r c e l lu la r ity  and varydng 

degrees o f  c a p i l la r y  lo o p  th ic k e n in g . The g lo m eru lon ep lir itls  observed  

in  a s s o c ia t io n  if ith  h e p a t i t i s  3 v ir u s  i s  u s u a lly  o f  the membranous o f



Table j Vi rus es  a s so c ia te d  with immune complex g lom eru lon ep hr it is

V iru ses laiovm to  be 
a sso c ia te d  vn,th Immune 
Complex G lom erulonephritis

M riW M Si n r v

Lymphocytic C horiom en ingitis V irus

L a c tic  Dehydrogenase V irus

Murine Leukaemia V iruses? Gross

Friend

Rancher

Moloney

A leu tia n  D isease  V irus

Equine I n fe c t io u s  Anaemia V irus 

H e p a t it is  B V irus

V iru ses  suspected  o f  producing Immune 

Complex G lom erulonephritis

Polyoma V irus

E nteroviru.ses ( C oxsackie B and ECHO)

Swine Fever V irus  

Other Leukaemia V iruses

M easles V irus 

Mumps V irus

Host

nouse

House

Mouse

Mink

Horse

Man

Mouse

Mouse

Man

P ig

Cat

Man

Man

îkiU

R eference

H otchin & C olling^ 1964 

O ldstone à  Dixon, 1967 

O ldstone & Dixon, 1971 

P o rter  & P o rte r , 1971 

Recker 1966

H irsch  o, 1969

O ldstone & Dizon,1972b

Henson f 1969

P o rter  e j t , 1969

Banks 9 1972

6'ombes 1971

Kowoslawski 197.'

T oniet t i  , 1970

Sun e t  a l . .  1967 and 1971

Mary Swallow,. 1970 

lu c e o g lo  e t_ a lo , 1966 

Bayatpour et^al,*, 1973 

C h e v ille  «, 1970

Anderson & J a r r e ttj  i9 7 i 

Dathan e t , a l « ,  19?^ 

Sutherland & Mardiney, 1977 

Sutherland £ t_a .lo , 'i97J 

Dayan & S tok es, 1972

Utz £ l ^ o ,  1964 

Hughes ü L j J,* i, 1966 

Thomas e t  a f* , 1960
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V irus

Evidence fo r  the r o le  o f  immune com plexes 
in  g lom eru lo n ep h r itis  a s so c ia te d  w ith  
v ir u s  in fe c t io n s*

Host . Glomerular d e p o s its  
0 f  immune g lo  h u lin , 
v ir a l  a n tigen  and 
complement

A n t i-v ir a l  
antibody  
e lu te d  from 
kidney

CJSMUHSiH aonfCzM«»iKoxnrjB3a.%uj n

C ircu la tin g  
v ir u s -  
a n ti body 
com plexes

L.CcHa Mouse 4- •f 4*

LoD.Va House + + 4"

Ku.LeVs, Mouse 4- 4- 4’

A.D. Mink + 4" 4"

E.I.Ao Hors© 4- 4”

H e p a tit is  B 
v ir u s .

Mao + m 4-

HR s* E lu tio n  s tu d ie s  
not reported
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m em braiioproliferative type, although, a few ca ses  o.f p r o l i f e r a t iv e  and 

one case o f  f o c a l  s c le r o s in g  g lom eru lon ep h ritis  have a ls o  been  

rep orted  (Brzosko e t  a l  1974; K nieser e t  a l  1974) # In  a l l  o f  th ese  

v ir u s  in fection s,in iiE u n oflu orescen ce s tu d ie s  have d em on strated ’ 

granular d e p o s its  o f  Imniunoglobulin, complement (C3) and v i r a l  a n tig en  

w ith in  the g lo m eru li. Kidney t i s s u e  from a l l ,  e x c e p tin g  h e p a t i t i s  B 

in f e c t io n  in  man, has been su b jec ted  to  e lu t io n  procedures an d ,in  each  

c a se , a n t i~ v ir a l  an tibody has been dem onstrated in  the r e n a l e lu a te s ,  

thus p rov id in g  d ir e c t  ev idence th a t the d ep o sited  im m unoglobulinris 

d ir e c te d  a g a in s t  v ir a l  a n tig e n s .

Lymphocytic C horiom en ingitis (LCM):~ Although IfJM v ir u s  can I n f e c t  a 

wide range o f  mammals in c lu d in g  man, exp erim en ta l s tu d ie s  have been  

c a rr ied  o u t a lm ost e x c lu s iv e ly  in  m ice. VJhen a d u lt  mice are in o cu la te d  

w ith  LCM v ir u s ,th e y  q u ic k ly  d ie  from an acute d ise a se  ch a ra c te r ised  

by widespread t is s u e  damage (Hotchin and Weigard, 1 9 6 1 ). However, 

in f e c t io n  o f  n eon a ta l mice produces a c a r r ie r  s ta t e  in  which v ir u s  

can be dem onstrated in  a range o f  t i s s u e s ,  p a r t ic u la r ly  tlie l i v e r ,  

brain  and kidney (Traub, 1935; Oldstone and D ixon, 19&9). Once in fe c te d ,  

th ese  anim als remain v iraem ic fo r  l i f e .  In a number o f  s t r a in s  o f  

m ice, th is  p e r s is t e n t  in f e c t io n  r e s u lt s  in  a c h a r a c te r is t ic  clironic  

d ise a se  c o n s is t in g  o f  g lo m eru lo îiep h r itis , fo c a l  h e p a tic  n e c r o s is  and 

■generalised p r o l i f e r a t io n  o f  lymphoid t is s u e s  with, widespread fo c a l  

i n f i l t r a t i o n  o f  lymphoid c e l l s  in to  many t is s u e s  (O ldstone and Dixon,

1 969 ) ,  T}.ie o n se t  and s e v e r ity  o f  th ese  le s io n s  v a r ie s  markedly between  

d if f e r e n t  s tr a in s  o f  m ice, some s tr a in s  having h i s t o lo g ic a l  evidence  

o f  gI.o me r u lo n e p h r it is  as e a r ly  as 2 months o f  age, whereas o th ers  show 

v ir t u a l ly  no ab n on 'aa lities  up to  2 years o f  age (O ldstone and D ixon, 

1968) ,  S in ce anti~LCM a n tib o d ie s  could  nob be d e tec ted  in  the serum 

o f  c h r o n ic a lly  in fe c te d  m ice, i t  was i n i t i a l l y  con sid ered  th a t  n eon ata l



1 2

mice Wei’S t e le  r en t to LCM v iru s  in fe c t io n  (D um et and Fenner, 1949). 

However, su b seq u en t s tu d ie s  have shorn th a t antibody i s  p resen t in  

the form o f  c ir c u la t in g  in fe c t io u s  v iru s-a n tib o d y  com plexes (Oldstone 

end D ixon, 1969 ). Furthermore, th ere i s  good ev idence tiia t  the  

g lo m elu lo n ep h r itis  observed in  chronicaU .y in fe c te d  mice i s  due to  

d e p o s it io n  o f  c ir c u la t in g  immune complexes co n ta in in g  v ir u s  a n tig en  

and a n t i - v ir a l  antibody (Hotctdn and C o llin g , 1964; O ldstone and Dixon,

1967 ) ,  In c o n tr a s t , t i s s u e  in ju ry  o th er  than g lo m em lo n ep h r itis  appears 

to  be, a t  l e a s t  par'fcly, due to in te r a c t io n  o f  fr e e  an tibody w ith  v iru s  

in fe c te d  c e l l s  (O ldstone and D ixon, 1970a). Farther s tu d ie s  ca rr ied  

o u t by O ldstone and Dixon (1970b) showed th a t mice ti*ansplac en t a l l y  

in fe c te d  w ith  LCM v ir u s  develop  more severe g lom eru lon ep h ritis  w hich, 

in  some an im a l.s ,is  l e t h a l  w ith in  two weeks o f  a g e . This was shovm to  

be due to  anti-.LCM antibody acquired from the m other's millk, ttius 

in c r e a s in g  the c ir c u la t in g  antibody in  the neonate and le a d in g  to  

form ation and subsequent d e p o s it io n  o f  grea ter  q u a n t it ie s  o f  v iru s  

an tig en -a n tib o d y  com plexes (O ldstone and D ixon, 1972).

L actic  Dehyorogenase Virus (LDV) Wiien in o cu la te d  in to  mice o f  any 

age, LDV produces a l i f e l o n g  asymptomatic in f e c t io n ;  thé v ir u s  m u lt ip lie s  

in  macrophages and produces w idespread lymphoid hyperpla,sia  and 

splenom egaly (R iley , I 964 ) .  As w ith  LCM in f e c t io n ,  th ere i s  p e r s is t e n t  

v ir a e m ia ,in  which in fe c t io u s  v ir u s  c ir c u la te s  a s  a complex w ith  h o s t  

IgG, N e u tr a lis in g  antibody to  JJDV can o r ly  be d e tec ted  in  serum • which 

has been pretreated, w ith  e i th e r  e th er  or u l t r a v i o le t  l i g h t  (Notkins 

e t  a l . , 1966 ), a lthough , by use o f  an in d ir e c t  im m unofluorescence t e s t ,  

P orter  and P orter (1971) w«re ab le  to  dem onstrate an ti-ID V  antibody in  

u n trea ted  serum. From an e a r ly  age, d e p o s its  o f  IgG, C3 and o c c a s io n a lly  

LDV a n tig en  are p resen t in  the g lom eruli o f  in fe c te d  mice and are 

a sso c ia te d  w ith  à m ild  p r o l i f e r a t iv e  g lo m eru lo n ep h r itis , Furthermore,
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e lu t io n  stu d ien  have sho;m th a t  d ep osited  IgG con ta in s an ti-ID V  antibody  

(O ldstone and D ixon, 1971b; P orter and P orter , 1971 ).

Murine Leukaemia V iruses (MuLVs)î- Wild type murine leukaem ia v iru s  

(Gross v ir u s )  and the la b o ra to ry  s t r a in s ,  Mol.oney, Friend and Raucher, 

a l l  produce prolonged in fe c t io n  and viraem ia when in o cu la te d  in to  

n eon ata l mice and, in  la t e r  l i f e ,  a proportion  o f  in fe c te d  mice develop  

leukaem ia. All. o f  th ese  v ir u se s  have been a s so c ia te d  w ith  glom erul

o n e p h r it is , in  which IgG, C3 and sometimes v iru s a n tig en  may be d e tec ted  

in  the g lom eruli by im m unofluorescence (Recker e t  .a l.,, 1966; E irsch  e t  

a l . , 19 6 9 ; O ldstone e t  a l . ,  1972a). However, m ost o f  the d e ta ile d  

s tu d ie s  o f  the ren a l le s io n s  have been ca rr ied  ou t in  AKR mice which  

are endemic a l l y  in fe c te d  w ith  Gross leukaem ia v ir u s .  Although i t  i s  

n o t p o s s ib le  to d e te c t  c ir c u la t in g  antibody to  Gross v ir u s , e lu a te s  

obtained  from k idneys o f  in fe c te d  mice have y ie ld e d  a n t i - v ir a l  a n t i

b o d ie s . These e lu te d  a n tib o d ie s  have been showi to  be d ir e c te d  a g a in s t  

a number o f  Gross v ir u s  a n tig en s; th u s,an tib od y  can r e a d ily  be d e tec ted  

to  group s p e c i f i c  arid in fe c te d  c e l l  su rface  an tig en s (Markham e t  a l . , 

1972; Oldstone e t  a l . , 1972b), w hile the d e te c t io n  o f  low  l e v e l s  o f  

antibody  d ir e c te d  a g a in s t  v ir a l  envelope (Yosbika e.t a l , ,  1974) and 

a g a in s t  RNA-dependent DNA polymerase (H o llis  e t  a l , ,  1974) has been  

rep o rted , O ldstone e t  a l , ,  (1972b) su ggested  th a t ttie in a b i l i t y  to  

dem onstrate a n tib o d ie s  in  the serum was probably due to  c ir c u la t in g  

a n tib o d ie s  b ein g  bound to  v ir u s  or v ir a l  a n tig en s and th a t  d e p o s it io n  

o f  th ese  complexes r e su lte d  in  the g lom eru lon ep h ritis  observed in  

in fe c te d  m ice. This con cep t i s  supported by the f a c t  th a t  in fe c t io u s  

v ir u s-a n tib o d y  complexes have been demonstrated in  the serum o f  mice 

n e o n a ta lly  in fe c te d  w ith  Moloney leukaem ia v i iu s  (H irsch e t  a l . ,  19&9). 

U ltr a s tr u e tu r a l s tu d ie s  o f  glom erular le s io n s  a s so c ia te d  w ith  Gross 

v ir u s  in f e c t io n  have demonstrated the presence o f  in t a c t  v ir u s  p a r t ic le s
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w itliin  some o f  the e le c tr o n  dense d e p o s its  observed to  the g lom eruli 

’(P asca l e t  a l . ,  1973; B atsing  and Hanna 1973). S im ila r  v ir u s  p a r t ic le s  

have been observed w ith in  and budding from the su rface  o f  m esangial 

c e l l s .  Bat z in g  and Hanna su ggested  th a t  the g lom eru lon ep h ritis  may 

have r e s u lte d  from c ir c u la t in g  antibody to "vd.ral- envelope f ix in g  to  

in t a c t  vi.ru8 p a r t ic le s  a lread y  p resen t w itliin  the g lo m eru li. However, 

Yoshika e t  ^ . , ( 1 9 7 4 )  have shovai th a t oni.y some d e p o s its  co n ta in  in t a c t  

v im s  p a r t ic le s  and o n ly  a sm all proportion  o f  antibody e lu te d  from 

g lom eruli i s  d ir e c te d  a g a in s t  v ir a l  en v e lo p e .

Gross leukaemi.a v im s  has a lso  been im p lica ted  in  the glomerul.ar 

le s io n s  o f  New 2daland b lack  (NZB) mice and th e ir  .FI hybrid NZl/VJ m ice. 

These mice s u f fe r  from a spontaneous d ise a se  which shows many s i m l a r i t i e s  

to  system ic lu p ic  erythem atosus (SLE) in  man and ch a ra c te r ised  by 

immune complex g lo m em lo n ep h r itis , haem olytic anaemia and tiae presence  

o f  a number o f  a u to -a n tib o d ie s  (M ollors e t  a l . ,  1965 ). NZB mice are 

a ls o  endem ilcally in fe c te d  w ith  Gross leukaem ia v im s  b u t, u n lik e  o th er  

s tr a in s  o f  m ice, they  produce d e te c ta b le  c ir c u la t in g  an tibody ( ïïe llo r s  

e t  a l . ,  1971 ) .  E x ten sive  imiTiunofluorescence and e lu t io n  s tu d ie s  have 

shown t lia t  both a n tin u c lea r  a u to -a n tib o d ie s  and a n tib o d ie s  to  Gross v im s ,  

a lon g  w ith  th e ir  corresponding a n tig e n s , are p resen t in  the g lo io em li 

o f  NZB and NZ^V/ mice (Mell.or3 e;fc a l . , 1971; Lambert and Dixon, I 968 ) .

In  c o n tr a s t  to o th er  s tr a in s  o f  m ice, the a n ti-G ross v ir u s  -antibodies  

d etec ted  in  the g lo m e m li o f  NZB and NZQ/W mice con ta in ed  la r g e  amounts 

o f  a n t i - v ir a l  envelope antibody (Y oshiki e t  a l . ,  1 9 7 4 ). Tiie r e s u lt s  

o f  q u a n tita t iv e  s tu d ie s  on ren a l e lu a te s ,c a r r ie d  o u t by Dixon e t  a l . ,

(1971 ) have in d ic a te d  th a t  a la r g e  proportion  o f  d ep o sited  immuno

g lo b u lin  c o n s is t s  o f  a n tin u c lea r  antibody and i t  was th erefo re  considered  

th a t , w hile  the d e p o s it io n  o f  Gross a n tigen -an tib od y  complexes 

co n tr ib u ted  to  the glom erular l e s i o n s , i t  was n o t the major con tr ib u  ta.ry 

fa c to r .  V/hether or n o t o th er  imrrn.mological a b n o rm a lities , in c lu d in g



the production  o f  a n tin u c lea i’ a n tib o d ie s , observed in  NZB and NZQ/W 

m ice ,are  r e la te d  to the presence o f  Gross leukaem ia v ir u s  or another  

u n id e n t if ie d  v ir u s , i s  c u rre n tly  the su b je c t  o f  in v e s t ig a t io n .  Thus, 

Croker _et a l . ,  (1974) r e c e n t ly  d escrib ed  a sy stem ic  lupus erythem atosus -  

l i k e  syndrome induced in  im m unologically  nornifxl (BALING % NZB)F1 mice 

by in fe c t io n  o f  neonates w ith  a murine leukaem ia v ir u s  (Scripps leukaem ia  

v ir u s)  is o la t e d  from NZB lym p h ob lasts.

A leu tia n  D isea se  Virus (ADV):- Tlie v ir u s  which cau ses a le u t ia n  d ise a se  

in  mink has o n ly  r e c e n t ly  been is o la t e d  (Kenyon e t  a l . , 1973; Cho and 

Ingi'am, 1973a), al.though i t  has been recogn ized  as a f i l t e r a b l e ,  

tran sm issab le  agen t s in c e  1962 (Karstad and Pridham, 1962 ), V e r tic a l  

or h o r iz o n ta l tran sm ission  o f  the v im s  can occur and,once mink become 

in fe c te d ,  they remain so fo r  l i f e  (Ingram and G^o, 1974)* V im s  

m u lt ip lie s  w ith in  macrophages in  the lynph nodes and sp le e n  and in  the 

Kuppfer c e l l s  o f  the l i v e r .  The d is e a s e ,  which i s  s lo w ly  pc o g r e s s iv e ,  

i s  ch a ra c te r ised  by w idespread plasrnocytcsi.s, h e p a t i t i s ,  g lom em lone

p h r i t i s  and a r t e r i t i s ,  'and death  may occur any time from 2 to  24  months 

a f t e r  in f e c t io n  (Henson e t  a l . ,  1966; Henson ej) a l . ,  196*8). G enetic 

fa c to r s  appear to  in flu e n c e  the s e v e r ity  o f  d is e a s e ;  thus,m ink which 

are homozygous r e c e s s iv e  fo r  the a le u t ia n  co a t co lo u r  gene (aa) develop  

a p a r t ic u lo t ly  severe d is e a s e .  The serum o f  infectc-îd mink shows m assive 

hypergaramaglobulinasmia which has been shown to be due m ainly to  

in creased  IgG production  (P orter e t  1965). High, l e v e l s  o f  a n t i-

ADV antibody have been d etec ted  in  semm by the in d ir e c t  immuno

f lu o resce n c e  t e s t ,  although thivS antibody was found to  be incapable  

o f  n e u tr a lis a t io n  (P orter a l . ,  1969 ), S ince P orter and Larsen (1967) 

dem onstrated in f e c t io u s  v im s  -  antibody complexes in  the semm o f  ADV 

in fe c te d  minlc, i t  has been considered  th a t some o f  the le s io n s  observed  

in  a le u t ia n  desease m ight be immune complex m ediated . Subsequent work 

has shown th a t both the glom em lar and a r t e r ia l  w a ll le s io n s  con "bain
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d e p o s its  o f  IgG and C3; .ADV a n tigen  has "been dem onstrated in  a r t e r ia l  

w a lls  fo llo w in g  a c id  e lu t io n  s tu d ie s  and anti-ADV antibody has been  

d etec ted  in  e lu a te s  ob tained  from a f fe c te d  ld.dneys (Henson ^  19&9;

P orter  e t  a l.^  1969; P orter  e t  a l . ,  1 9 7 3 ). Furtherm ore, tiie f in d in g  by 

Cho and Ingram (1973b) o f  IgG and C3 on the su rfa ce  o f  er^rthrocyt e s ,  

from which anti-ADV cou ld  be e lu te d , su g g ests  th a t  c ir c u la t in g  ADV 

an tigen -an tib od y-com p lement com plexes are absorbed on to  the su rface  

o f  e r y th r o c y te s .

Equine I n fe c t io u s  Anaemia (E IA ):- EIA v ir u s  produces p e r s is t e n t  viraem ia  

in  h orses  (Henson and McGuire, 1971). Most in fe c te d  h o rses  develop  an 

acute i l l n e s s  1 -2  weeks a f t e r  in f e c t io n  and ,a lthough  some anim als d ie  

e a r ly  in  taie course o f  d is e a s e ,  a la r g e  number recover  but subsequently  

s u f fe r  from recu rr in g  ep iso d es  o f  c l i n i c a l  i l l n e s s  from which death  

can r e s u l t  montüis or y ea rs  l a t e r .  Furthermore, a few In fe c te d  h o rses  

do n o t  develop  c l in ic a l  d ise a se  but become asymptomatic c a r r ie r s .

V irus r e p l ic a t io n  i s  thought to  occur loa ir ly  in  maorophages and,by the 

im m unofluorescence tec h n iq u e ,vd.rus can be d e te c te d  in  a wide range o f  

t i s s u e s  d.ncluding tlie k idneys (McGuire e t  1 9 7 1 ) . The d ise a se  i s

ch a ra c te r ised  by sev ere  haem olytic anaemia, g lo m eru lo n ep h r itis , 

h e p a t i t i s ,  w idespread ly m p h o p ro lifera tiv e  le s io n s  and hypergamma- 

globulinaeirda (Henson and McGuire, 1 9 71 ), D esp ite  the p e r s is te n c e  o f  

viraem ia , n e u tr a l i s in g  and complement f ix in g  a n tib o d ie s  have been  

d etec ted  in  the serum o f  in fe c te d  anim als (Kobayashl ^  & l,j 1 9 6 9 ;

McGuire e t  1971) and some o f  t h is  an tibody i s  p r e se n t in  the forjn

o f  c ir c u la t in g  in fe c t io u s  v ir u s-a n tib o d y  com plexes (McGuire e t  a l . ,

1972 ) .  R ecent s tu d ie s  by ^ono e t  , (1973) in d ic a te  th a t  p e r s is te n c e  

o f  v iraem ia in  the presence o f  c ir c u la t in g  an tibody may be r e la te d  to  

changes in  v ir u s  su rfa ce  a n tig en s  (a n tig en ic  d r i f t ) ,  w ith  d i f f e r e n t  

antibody resp on ses b e in g  mounted to each s u c c e s s iv e  a n t ig e n ic  variant»

There i s  good ev idence th a t  the g lom eru lon ep h ritis  i s  due to d e p o s it io n
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o f  v ir u s  a n tig en -a n tib o d y  com plexes, as d e p o s its  o f  IgG and C3 have been 

dem onstrated in  the g lom eru li o f  EIA in fe c te d  h o rses  and anti-E IA  a n t i

body has been d etec ted  in  e lu a te s  ob ta in ed  from a f fe c te d  r e n a l t is s u e  

(Banks e t  a l . ,  1 9 7 2 ). Furtherm ore,the haem olytic anaemia may a ls o  have 

an im m unological mechanism,as hypocomplementaemia (Perryman ^  a l . ,  1971) 

and 03 bound to  the su rface  o f  ery th ro c y te s  (McGuire e t  a l . ,  19&9) have 

been dem onstrated in  EIA in fe c te d  h o r se s .

H e p a t it is  B v ir u s : -  H e p a tit is  B v ir u s  an tig en  has been dem onstrated in  

the serum and l i v e r  t is s u e  from p a t ie n ts  s u f fe r in g  from acute and 

various forms o f  chron ic h e p a t i t i s  (W r i^ t  i t  a l . ,  19&9: G itn ick  e t  a l . , 

19&9; Howoslswski e t  1972 ). In a d d itio n , however, a sm all number

o f  app aren tly  h e a lt liy  humans carry  the v iru s in  th e ir  serum and, although  

v ir u s  a n tig en  may a ls o  be p resen t in  h ep a tic  t i s s u e ,  o n ly  in  a small, 

proportion  o f  ca ses  i s  t h is  a s so c ia te d  w ith  h d .s to lo g ic a l a b n orm alities  

(R einicke e t  , 1970; H adziyannis e t  a l , ,  1972 ), The antibody response  

to  h e p a t i t is  B v ir u s  appears to  be extrem ely  v a r ia b le ;  t h u s , l i t t l e  or  

no antibody i s  found in  asymptomatic c a r r ie r s  (Reed e t  a l . ,  1974), 

w h ils t ,  in  h e p a t i t i s  p a t ie n t s ,  antibody appears to be bound to an tig en  

in  the form o f  a n tig en -a n tib o d y  immune complexes and accompanied by 

vary ing  amounts o f  e i th e r  fr e e  a n tig en  or fr e e  an tibody  (Almeida and 

W atersan, 1969; Millman e t  T970). die presence o f  c ir c u la t in g

immune com plexes was f i r s t  su sp ected  when Schulman and Barker (1969) 

found th a t  95 per c e n t  o f  serum samples from p a t ie n ts  w ith  acute  

h e p a t i t i s  con tained  anti-com plem ent a c t iv i t y .  S u bsequently , complexes 

have been dem onstrated in  ttie serum o f  p a t ie n ts  w ith  acute and chronic  

h e p a t i t i s  u s in g  a number o f  d if f e r e n t  techn iques (Almeida and Waterson, 

1 9 6 9 ; Millman ^  a l , ,  1970; Brzosko e t  a l , ,  1971; Hydegger e t  e l . ,  1974)* 

G lo m eru lo n ep h r itis ,a sso c ia ted  w ith  h e p a t i t i s  B v i iu s  in fe c t io n ,w a s  f i r s t  

rep orted  by Combes e t  b± , ,  (1971) in  a p a t ie n t  who had su ffe r e d  from 

acute h e p a t i t i s .  S u b seq u en tly ,th ere  has been a number o f  o th er  rep o rts
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d e sc r ib in g  g lo m em lo n ep h r itis  in  a s so c ia t io n  w ith  va r io u s forms o f  

acute and chronic h e p a t i t i s  (Nowoslawski e t  a l , , 1972; Myers e t  a l . ,

1973; K nieser .e t ^ 1 . ,  1974; Kohler ^  1974; B laker and Thoenes,

1 9 7 4 ). In a l l  o f  th ese  c a s e s ,d e p o s it s  o f  IgG, 03 and h e p a t i t i s  B 

a n tig en  w ere dem onstrated in  the g lo m eiu li by im m unofluorescence.

I*ur thermo r e , g lom eru lon ep h ritis  a s so c ia te d  w ith  d e p o s it io n  o f

h e p a t i t i s  B a n tig en , IgG and 03 has a ls o  been rep orted  in  v ir u s  c a r r ie r s  .

showing no ev idence o f  l i v e r  d ise a se  (Brzosko ^  a l . ,  1974)*

A ll  o f  the above v ir u s  in f e c t io n s  have a number o f  gen era l 

fe a tu r e s  in  common which are o f  re levan ce  to  th e ir  a b i l i t y  to  induce  

g lo m eru lo n ep h r itis ,

( i )  They are a l l  p e r s is t e n t  in fe c t io n s  a n d ,d esp ite  the production  

o f  a n t iv ir a l  a n tib o d ie s  by th e ir  h o s ts ,  idiey a l l  e x h ib it  lon g

stan d in g  v iraem ia . This p e r s is te n c e  o f  c ir c u la t in g  v i iu s  i s  ttie 

c r u c ia l  fa c to r  which ensures a co n sta n t source o f  a n tig en  from which  

c ir c u la t in g  a n tig en -a n tib o d y  complexes canfbrm and su b seq u en tly  

become d ep o sited  in  the g lo m eru li,

( i i )  One d is t in c t iv e  property o f  v ir u se s  in  th is  group i s  th a t  they  

do n o t k i l l  the c e l l s  in  which th ey  r e p l ic a te  (A lliso n , 1972) and v iru s  

c a n ,th e r e fo r e , r e p l ic a te  to  h igh  t i t r e s  w ithout ca u sin g  severe t is s u e  

in ju r y  and acu te d is e a s e .  T issue le s io n s ,  however, do occur, s i  thou 

they  are n o t  con sid ered  to  be due to d ir e c t  v ir u s  induced damage but

to  an im m unological response a g a in s t  v ir u s  in fe c te d  c e l l s .  T h u s ,it  

has been shown th a t in  LCM, IiD and EIA, immunosuppression le a d s  to  a 

marked decrease in  s e v e r i ty  o f  d ise a se  (H offsten  and D ixon, 1973;

Gheema e t  a l . ,  1972; Henson and McGuire, 1971),

( i i i )  C ircu la tin g  v ir u s-a n tib o d y  immune com plexes have been d e tec ted  

in  a l l  o f  th ese  d is e a se s  and ,w ith  the ex cep tio n  o f  h e p a t i t i s  B v ir u s  

in f e c t io n  in  man, th ese  com plexes have been shown to  r e ta in  v ir u s
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i n f e c t i v i t y .  Uhether or n o t the presence o f  th ese  com plexes i s  d ir e c t ly  

r e la te d  to  the p a th ogen esis  o f  the g lom elu lonep lT ritis i s  u n c e r ta in .  

However, s in c e  in t a c t  vi.rus p a r t ic le s  are u s u a lly  n o t found in  glom erular 

d e p o s its  in  th ese  d is e a s e s ,  i t  would seem more l i k e l y  th a t the d ep o sited  

complexes co n ta in  v ir a l  component an tig en s ra th er than in t a c t  v i iu s  

p a r t ic l e s .  The c ir c u la t in g  in fe c t io u s  v ir u s-a n tib o d y  co m p lex e s ,th ere fo re , 

may m erely in d ica te , the h o s ts  in a b i l i t y  to  e lim in a te  tlie v ir u s .  In  LCM, 

Gross leukaem ia and in  some ca ses  o f  h e p a t i t is  B in f e c t io n ,  c ir c u la t in g  

an tib od y  can o n ly  be d e te c te d  a f t e r  d is s o c ia t io n  o f  v ir u s-a n tib o d y  

com plexes, w h i ls t ,  in  AD and EIA, h igh  le v e l s  o f  fr e e  a n t i - v ir a l  antibody  

can be d e tec ted  as v e i l  as v ir u s-a n tib o d y  c o m p le x e s T l i i s  v a r ia t io n  in  

antibody prod u ction  between tl'ie d if f e r e n t  d is e a s e s  su g g ests  th a t  there  

may e i th e r  be a q u a n tita t iv e  or a q u a lita t iv e  d e fe c t  in  ‘the immune 

response or perhaps a com bination o f  bo'th. D e ta ile d  s tu d ie s  on the 

fa te  o f  preformed immune com plexes when inocula-bed in to  experim ental 

anim als have shovm th a t  so lu b le  n ep h ritogen io  com plexes are on ly  

formed when th ere i s  r e la t iv e  a n tigen  ex ce ss  and th a t  com plexes formed 

in  an tibody  e x c e ss  are in s o lu b le  and r e a d ily  removed by the mononuclear 

p h agocytic  sys'bem. However, i f  the antibody has a low  a f f i n i t y  fo r  

a n tig e n ,th e n  so lu b le  immune complexes may be formed even i f  th ere i s  

an e x c e ss  j f  an tibody (Gerrrrath and R odrlgnez, 1973) , These experim ental 

si-buations may have a p a r a l le l  in  some p e r s is t e n t  v ir u s  in f e c t io n .

The glom erular le s io n s  observed in  LCM, LDV in fe c t io n  and AD a l l  show 

v a r ia t io n  in  s e v e r i ’ty between g e n e t ic a l ly  d i f f e r e n t  s t r a in s  o f  mice and 

mink r e s p e c t iv e ly .  8 0 0 t h i l l  and Steward (1971) have shown th a t  those  

s tr a in s  o f  mice most su sc e p t ib le  'to 'n e p h r itis  during LCM v ir u s  in fe c t io n  

were the s tr a in s  which, under normal circu m stan ces, produced antibody  

o f  lo w e s t  a f f i n i t y .  Another fa c to r  o f  impor"tance may be -the a b i l i t y  

o f  some o f  the viru.ses in  q u estio n  (LCM, LDV, AD and ELA) to r e p l ic a te  

in  macrophages. Thus, the normal process o f  removal o f  v ir u s-a n tib o d y



g

complexes by the mononuclear phagocytic sy ste m ,in  th ese  in f e c t io n s ,  

may le a d  to fu rth er  r e p l ic a t io n  and r e le a se  o f  v ir u s .  Moreover, 

s in c e  macrophages p la y  an im portant r o le  in  the immune response and 

s in c e  in  t e r - s t r a in  v a r ia t io n  o f  antibody a f f i n i t y  in  mice i s  thought 

to  be r e la te d  'to macrophage fh n ctio n  (P assw ell e t  a l . ,  1974), i t  i s  

q u ite  con cievab le  th a t  in f e c t io n  o f  "these c e l l s  by v ir u s  cou ld  n o t on ly  

le a d  to  a q u a n t i t a t iv e ,h i t  a ls o  quali" tative d e fe c t  in  -die .immune response  

Under such c ircu m sta n ce s ,v iru s  could  p e r s i s t  5n tlie c ir c u la t io n  and lea d  

to the form ation o f  nepl'ii'itoc^nic viru.s a n tig en -a n tib o d y  immune 

com plexes.

(b) V iruses su sn ected  o f  ureducing immune complex _glom eiu lonephriti3  

Ttie ^ om en ilo n ep h ri'tis  observed during "the course o f  se v e r a l  

o th er  v ir u s  'in fe c tio n s  i s  a ls o  thought 'to be m ediated by the  

d e p o s it io n  o f  v iru s a n tig en -a n tib o d y  immune com plexes, although f in a l  

proof i s  8 ti]fL la c k in g . Chronic swine fe v e r  and lo n g -s ta n d in g  polyoma, 

coxsack ie  B and ECHO -viius in fe c t io n s  in  mice are accompanied by a 

p ro lifera 'tr '/e  g lo m eiu lo n ep h r itis  in  which deposi'ts o f  immunoglobulin 

can be de tern; ted  in  "the gl.oineiuli by 'tiie im iaunofluorescence technique  

(T o n ie t t i  e t  a l . ,  1970; Bun e t  a l . ,  1967; Sun e t  a l ;  1971 ; C h e v ille  

e t  , 1970 ) ,  A3.'though f o c i  o f  'v ira l an tigen  have a ls o  been found 

in  the g lom eru li during Coxsackie B, ECHO,and swine fe v e r  v i iu s  

in f e c t io n s ,  they  appear to rep resen t de sc re to vd-ru-s-infecbed c e l l s  

ra"bher than gi’anular iimrune d e p o s it s .  The f in d in g  o f  glom erular 

d e p o s its  o f  imirfuîiog lo b u lin  in  th is  group o f  v i iu s  in f e c t io n s  c le a r ly  

su g g ests  an imimne complex mechanism; however^ u n t i l  e lu t io n  s tu d ie s  

are ca rr ied  ou t on a f fe c te d  ren a l t is s u e  and attem pts are made to  

d e te c t  c ir c u la t in g  immune co m p lex es ,it  remains u n c e r ta in  whether or  

n o t th ese  d e p o s its  con ta in  v i iu s  an tigen -a n tib o d y  com plexes, In  

a d d it io n ,th e se  v iru ses  have a l l  been shown to r e p l ic a te  in  ren a l t is s u e  

r e s u lt in g  in  d ir e c t  v ir u s  induced ren a l l e s i o n s .



Swine fe v e r  v ir u s  may i n f e c t  p ig s  o f  a l l  ages and in fe c t io n  

u s u a lly  r e s u lt s  in a i  acute d ise a se  le a d in g  to  death  w ith in  1 -2  w eeks. 

However, a sm all p rop ortion  o f  anim als su rv ive  the acu te phase o f  

the d is e a s e , remain c h r o n ic a lly  in fe c te d  and succumb a t  a l a t e r  s t a g e , 

During the acute d is e a s e ,th e r e  i s  w idespread in f e c t io n  o f  lympho-i.d 

t is s u e  and v a scu la r  endothelium  which, in  the k id n ey , i s  a s so c ia te d  

w ith  m u ltip le  sm all i n t e r s t i t i a l  haemorrhages (Harcato and B acchi, 1963), 

Ihirthermore, in  the l a t e r  s ta g e s  o f  the acute d is e a s e , v ir u s  invades 

tubular e p i t h e l ia l  c e l l s  r e s u lt in g  in  f o c i  o f  tab u lar n e c r o s is .  In  

anim ais which become c h r o n ic a lly  in fe c te d , there i s  e x te n s iv e  in v a s io n  

o f  tubular e p i t h e l ia l  c e l l s  w ith  subsequent developm ent o f  fo c a l  

in t e r s t i t i a l ,  n e p h r it is  ch a ra c te r ised  by accumi.ilations o f  lym phocytes 

and plasma c e l l s  (C h ev ille  and M engeling, 1969), During th is  chronic  

phase, g ].om eru loneph iitis a lso  develops and, w ith  in crea sed  duration  

o f  in f e c t io n ,  there i s  a p ro g ress iv e  in cr ea se  in  s e v e r i t y  o f  both  

glom erular and i n t e r s t i t i a l  l e s i o n s ,

L ev in th o l (1962) stu d ied  ü ie k idney le s io n s  fo llo w in g  experim ental 

in f e c t io n  o f  mice w ith  polyoma, v i i u s ,  A p rop ortion  o f  mice d ied  from 

an acu te system ic d is e a se  during whi.ch the v ir u s  lu fe c te d  ren a l tiab.ilar 

e p i t h e l ia l  c e l l s  r e s u lt in g  in  fo c a l  areas o f  tubular d eg en era tio n . In 

th ose  in fe c te d  anim als which d id  n o t develop  the acute fa ta l, d is e a s e ,  

■there was p e r s is te n c e  o f  v ir u s  w ith in  f o c i  o f  tubular ep ith e liu m  aaid 

t h is  was accompanied by i n f i l t r a t i o n  o f  mononuclear and plasma c e l l s  

in to  the surrounding in te r s t i t iu m . R ecent s h id ie s  have a ls o  demonstrated  

th n t mice c h r o n ic a lly  in fe c te d  w ith  polyoma v ir u s  d evelop  a m ild  

g lom eru lon ep h ritis  a s so c ia te d  w ith  the presence o f  .immunoglobulin 

d e p o s its  in  the g lom eruli (T o n ie t t i  a l . ,  1 9 70 ),

Mice experim entally  in fe c te d  w ith  C oxsackie B1, B4 and ECH09 

v ir u se s  develop  g lom eiv ilon sp h ritis  a s so c ia te d  w ith  in f e c t io n  o f  

glom erular c e l l s  and d e p o s it io n  o f  immunoglobulin w ith in  the g lom eruli



(Sun e t  a l , ,  19&7 and 1971)* Vliether o r  n o t d ir e c t  v ir u s  induced damage 

co n tr ib u tes  s ig n i f ic a n t ly  to th ese  ^om erular le s i o n s ,  however,rem ains 

u n c e r ta in . Coxsackie B4 and ECHO9 v ir u se s  have a lso  been shoivn to  

in f e c t  tubular e p i t h e l ia l  and i n t e r s t i t i a l  c e l l s  g iv in g  r i s e  to tubular  

n e c r o s is  a n d ,in  some in s t a n c e s ,f o c e l  i n t e r s t i t i a l  i n f i l t r a t e s  o f  

lymphoid c e l l s  (Burch and Sun, 1968 ; Burch e t  a l . * 1 9 6 8 ),

Tliere are numerous rep orts  in  the l i t e r a t u r e  a s s o c ia t in g  Coxsackie B 

and ECHO v ir u se s  w ith  ren a l le s io n s  in  man. These id r u se s  have been  

dem onstrated in  human u r in e , both by v ir u s  i s o la t io n  (U ts, I960;

Utz and Sbelokov, 1958) and b y -u sin g  im m unofluorescence teclm iques on 

u r in a iy  sedim ent (Hinuiaa e t  I 9 6 2 ) ,  Fiarthermore, Mary and Swallow

( 1970 ) showed tiia t ,d u r in g  an outbreak o f  ECHO type 9 in f e c t io n ,

50 per c e n t  o f  p a t ie n ts  developed haemiaturia and 10 per c e n t  had low  

l e v e l s  o f  p r o te in u r ia . In a s e r ie s  o f  rou tin e a u to p s ie s , Burch e t  

(1969 ) u s in g  im m unofluorescence, demonstrated in t r a c e l lu la r  Coxsackie B 

a n tig en  in  the k idneys o f  e lev en  p a t ie n ts ;  v ira i, a n tig en  was found in  

glom erular, tubular an.d i n t e r s t i t i a l  c e l l s .  Although most o f  tli.ese 

p a t ie n ts  d id  n ot d ie  as a r e s u l t  o f  ren a l d is e a s e ,th e y  a i l  showed 

h is to lo g ic a l-  ren a l ab n orm alities  c o n s is t in g  o f  vary ing  degrees o f  

p y e lo n e p h r it is  and, in  one c a se , glome rulone p l i r i t i s . In addi'tion,

Burch and C rlcolough (1969 ) reported  a case o f  Coxsackie v ir u s -  

a sso c ia te d  p a n c a r d it is  w ith  concurrent p y e lo n e p h r it is  and fo c a l  

g loraeru lon ep h ritis  in  which Coxsackie B a n tigen  was d e te c te d  a t  autopsy  

in  glom erular and i n t e r s t i t i a l  c e l l s .  I so la te d  ca ses  o f  glom erulone- 

p l ir i t is  have a ls o  been reported  in  a s so c ia t io n  w itli th ese  v irus in fe c t io n  

(Yuceoglo ^  s i . ,  19 6 6 ; Mary and Bwall.ow, 1970; Bayatpour e t  a l , ,  1973), 

a lth o u ^ i in  none o f  th ese  ca se s  have amimnofluorescencq ■ or v ir o lq g ic a l  

s tu d ie s  been performed on ren a l t i s s u o .  The p o s s ib i l i t y , t h e r e f o r e ,  

s t i l l  remains th a t  in f e c t io n  o f  man by th ese  v ir u se s  may o c c a s io n a lly  

r e s u l t  in  g lo m eru lo n ep h r itis , e i t l ie r  due to d ir e c t  in f e c t io n  o f
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glom erular c e l l s  o r , as r e s u lt s  o f  experim ents in  mice m ight su g g e st ,  

through the d e p o s it io n  o f  vD.rus a n tig en -a n tib o d y  immune com plexes.

G lom erulonep liritis has a ls o  been noted in  a s s o c ia t io n  w itii f e l i n e  

and human leukaem ia. Anderson and J a r r e t t  (1971) d escr ib ed  th ree  

c a se s  o f  membranous glomerulonephrr t i s  in  a s e r ie s  o f  tw enty-seven  

n a tu r a lly -o c c u r r in g  ca ses  o f  f e l in e  leukaem ia. G lom erulonephritis  

and n ep h rotic  syndrome have been reported  in  th ree human p a t ie n ts  

s u ffe r in g  from lym phocytic leukaem ia a n d ,in  tao o f  th ese  c a se s , immuno

g lo b u lin  and C3 were d e tec ted  in  the g lom eruli (Brodovsky e t  1968j

Da than e t  1974 ). Glomerular d e p o s its  o f  immuno ̂ o b u l in  and C3 

have a lso  been d e te c te d  a t  necropsy in  the k idneys o f  p a t ie n ts  w ith  

lymphoma and leukaem ia w ith ou t any evidence o f  c l i n i c a l  ren a l d ise a se  

(Sutherland and Mardiney, 1973; Sutherland e t  a l . ,  1 9 7 4 ). In two o f  

th ese  p a t ie n ts ,  Sutiierlan d  and Mardiney (1973), u s in g  im m unofluorescence 

and e lu t io n  ted h n iq ues, a lso  dem onstrated the presence o f  in te r s p e c ie s  

group s p e c i f i c  leukaem ia v ir u s  a n tig en  (g s-3 ) w ith in  the g lo m eru li. 

Although as y e t  a human leukaem ia v ir u s  has n o t been id e n t i f i e d ,  i t  i s  

tem pting to  draw a p a r a l le l  w ith  tlie s i tu a t io n  in  murine leukaem ia and 

sp ecu la te  th a t  ^ o m e iu lo n e p h r it is  may occur in  o th er  s p e c ie s  due to  

d e p o s it io n  o f  leukaem ia v i iu s  an tig en -a n tib o d y  com plexes.

Evidence o f  glom erular immune complex d e p o s it io n  during m easles  

in f e c t io n  has been ob tained  in  a s in g le  p a t ie n t  who d ied  from subacute  

s c le r o s in g  p a n en cep h a lit is  (Dayan and S'bokes, 1 9 7 2 ). Granular d e p o s its  

o f  im m uneglolxilin, m easles a n tig en  and complement were d e tec ted  in  the  

glom eru li o f  t h is  p a t ie n t  by im m unofluorescence; however no h i s t o lo g ic a l  

or c l i n i c a l  ren a l a b n orm alities  were found.

Although there are no rep o rts  o f  h i s t o lo g ic a l  o r  im m unofluorescence 

s tu d ie s  b ein g  ca rr ied  o u t on kidney t is s u e  from p a t ie n ts  w ith  mumps, 

a p rop ortion  o f  In fe c te d  in d iv id u a ls  have been showi to  develop  ren a l 

fu n c tio n a l ab n orm alities  c o n s is t in g  o f  m ild  p r o te in u r ia , haem aturia
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and s l i g h t l y  decreased  r a te s  o f  c r e a t in in e  c lea ra n ce  (Utz ^  a l . , 1964; 

Thomas e t  a l . , I 96 8 ) .  Indeed, severe f a t a l  mumps has been d escr ib ed  

in  2 ca se s  in  which mumps was diagnosed c l i n i c a l l y  (Hughes e t  a l , ,  I 966 ) .  

However, in  n e ith e r  case  was ren a l t is s u e  subjected, to  immunofluorescence 

o r  v ir o lo g ie a l  s tu d ie s  and ev idence fo r  th e ir  a s s o c ia t io n  w ith  mumps 

in f e c t io n  i s  Ü ierefore o n ly  c ir c u m sta n tia l.



THE VIRUS

EXPERBffiN'JCÂL ANIMALS 

NECROPSY PROCEDURES 

HISTOLOGICAL PROCEDURES 

ULTRASIRUG'TUmL PROCEDURES 

m-mOFLUORESCENCE PROCEDURES 

ELUTION PROCEDURES 

DETECTION OF ANTIBODY TO CAV 

Tab3,es 3 and 4; F igure 1 .



fi u

THE mus

The v ir u s  used  tlirougliout the experiment^], s tu d ie s  was a s t r a in  

o f  canine adenovirus (CAV) i s o la t e d  from the k idney o f  a dog w ith  v i.ra l 

in t e r s t i t i t f l -  n e p h r it is .  Virus p oo ls  were prepared by in f e c t in g  

monolayers o f  a continuous dog k idney c e l l  l in e  (MDCK, Madin and Darby 

Canine .Kidney, Flow Laboratory L td ., A yrsh ire) (Cornwell e t  a l . , 1 9 7 0 ), 

In fe c te d  c e l l s  were incubated  a t  37*̂ 0 u n t i l  the cytopa^dhic e f f e c t s  

were c o m p le te ,a t  which time the v ir u s  was hai'vasted by repeated

fr e e z in g  and thawing. The v ir u s  suspension  was then sto red  in

o T1cl1 al.iquotQ a t  -7 0  C u n t i l  req u ired . The ■td.tre o f  v i iu s  was 10

t is s u e  cu ltu re  in fe c t io u s  doses (TCID50) .

EXPZR.BÎENTAL ANIMA.'LS

For eacperj.mental s tu d ie s , farm-bred unvaccinated  p u pp ies, ranging  

from 8 to  I 4  weeks o f  age, were obtained  from a comme%'cial sou rce . On 

a r r iv a l , th e  puppies weiu is o la t e d  and serum sam ples were ob ta in ed  in  

order to  measure an tibody l e v e l s  to  CAV. A ll  puppies were housed  

indoors a t  an ambient temperature o f  20 C and were fed  on a commercial 

dog food  (" L a ss ie", P e t Foods L td ., M elton Mowbray, I ie ic .)  and 

r e c o n s t itu te d  d ried  mil.k.

During üie study, a.'ll experim ental procedures in v o lv in g  ilie  

in o c u la t io n  o f  dogs by the Intravenous route were ca rr ied  o u t under 

'"ImmobjJ.on "-induced n eu ro le p ta n a lg e s ia  ("Im vobilon", R eclr itt and 

ColiQan Pharm aceutical D iv is io n , H u ll .)  ,



NECROPSY PRECEDURES

Tliose anim als which d id  n o t succumb spontaneously  to  in f e c t io n  

were a n a esth e tised  by rapid  in travenous in je c t io n  o f  pentabaihi"bone 

sodium ("E uthatal" , May and Baker L td ., Dagenham) and exsanguinated  

by sev er in g  the ju gu lar  v e in s .  A ll  anim als were su b jec ted  to a 

comprehensive postmortem exam ination. Im m ediately on opening the 

abdominal c a v ity ,  the k idneys were removed and sm all p ie c e s  o f  k idney  

t is s u e  were taken fo r  u lt r a s  true tu r a l s tu d ie s  (see  b elow ). M u ltip le  

b lock s o f  k idney were a ls o  s e le c te d  fo r  h i s t o lo g ic a l  and. i.ramunofluorescence 

s tu d ie s .  In  a d d it io n , a range o f  o th er t i s s u e s ,  in c lu d in g  l i v e r ,  sp leen ,  

lymph nodes, thymus, t o n s i l ,  u r in ary  bladder and b ra in , were su b jected  

to  rou tin e  h i s t o lo g ic a l  exam ination,

HISTOLOGICAL PROCEDURES 

T issu es were f ix e d  in  mercuric ch lo r id e-fo rm o l fo r  72  hours,

' dehydrated in  an a lcohol^ am yl.acetate-ch loroform  s e r ie s  and embedded in  

p a r a ff in  wax. S ec tio n s .w er e  c u t a t  ô m icrons and s ta in e d  w ith  Mayer* s 

haeraalum and e c s in ;  s e le c te d  s e c t io n s  were a lso  s ta in e d  w ith  M artins 

S c a r le t  Blue (co lla g en  and f ib r in )  and p er io d ic  a c id -S c h lf f  s ta in s  

(basement membranes),

ULIRASIRUCTURAL PROCEDURES

(a) F ix a tio n

Sm all p ie c e s  o f  kidney were e x ise d  as soon as p o s s ib le  a f t e r  

eu thanasia  and p laced  in  drops o f  c h i l le d  f ix a t iv e  on a b lock  o f  

d en ta l wax. U sing a g r e a se -fr e e  razor b lad e, the t is s u e  was .f in e ly  

s l ic e d  in to  sm all b lock s approxim ately 0,5mm in  th ick n ess and 

■ tra n sferred  to g la s s  v ia l s  co n ta in in g  ch i.lled  f i x a t i v e .  T issue was 

f ix e d  a t  4^0, e i th e r  in  a 1 per c en t s o lu t io n  o f  osmium t e tro x id e
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fo r  1-g- hours or in .  a paraform aldehyde/glu te r  aldehyde m ixture (Kornovsky, 

1975 ) fo r  Ifg h ou rs. T issue f ix e d  in  the paraform aldehyde/glutarrJ.dehyde  

m ixture was r in se d  oveiTiigjit in  a cacod y la te  r in s in g  s o lu t io n  and teen  

p o s tf ix e d  fo r  one hour in  osmium t e tr o x id e .

Die f ix a t iv e s  were prepared as fo llo w s:»

( i )  Osmium te  tro x id e : 1 per c e n t  osmic a c id  (B'JH Cheminais L td ., 

P o o le , England,) was made up in  M illo n ig s  b u ffer  a t  pH 7 .2 - 7 .4 ,

( i i )  Paraform aldehyde/gl.utareildehyde: A. imiocture o f  '1*3 per c e n t  

paraformaldehyde and 1 .6  per c en t g lu teraldehyde was prepared in  

cacod y la te  b u ffe r  a t  pH 7 ,2 - 7 .4 .

The p rop ortion s were :-

Paraformaldehyde 2g

D i s t i l l e d  w ater 25m3,

1 N Sodium hydroxide 2-3  drops

25 c e n t gHutaraldehyde 10m].

C acodylate b u ffe r  11 pud

Anhydrous calcium  ch lo r id e  2$mg

The b u ffe r s  were prepared as fo l lo w s : -

( i )  M illo n ig s  phosphate b u ffer :

Sodium dihydrogen phosphate (2 .2 6  per cen t) 83ml

Sodium hydroxide (2 .5 2  per cent'' 1?ml

D i s t i l l e d  w ater 10ml

Sucrose 0 .5 4 g

F in a l pH 7 ,2 -7 .4 -

( i i )  C acodylate b u ffe r î th is  was prepared as a 0 .1  M s o lu t io n

o f  sodium cacod y la te  (21 * 4 g ^ litre ) and ad ju sted  to  pH 7 . Ç-7.6 by 

a d d itio n  o f  a few drops o f  concentrated  hydrochJoric a c id .



C acodylate r in s in g  so lu t io n :  sucrose was added 'to cacod ylate  

W ffe r  ( 3 4 .2 | / l i t r e )  r e s u lt in g  in  a 0,1  M s o lu t io n  o f  su crose  and the 

pH was ad ju sted  to  7 .2 - 7 .4 .

(b) Embedding

Fixed t is s u e  was dehydrated in  an ascend ing s e r ie s  o f  70 per cen t, 

90  per c e n t, and a b so lu te  a lc o h o l, fo llow ed  by r in s in g  in  propylene  

oxi.de. The t is s u e s  were then soaked fo r  1 hour in  an equal p arts  

m ixture o f  propylene ox id e and A ra ld ite  and l e f t  o v ern ig h t in  a 

m ixture co n ta in in g  80 per c en t A r a ld ite , T issue b lock s were then  

in d iv id u a lly  embedded in  A ra ld ite  con ta in ed  in  g e la t in  cap su les  and 

the r e s in  allowed, to polym erise a t  57^0 fo r  4B h ou rs.

A ra ld ite  (CIEA-Geigy (lJ ,K .)L te ,, Cambridge ) was prepared as 

fo l lo w s : -

Equal p arts  o f  A r a ld ite  r e s in  (CY212) and A ral.d ite hardener 

(HY9 6 4 ) were mixed by s t i r r in g  overn igh t and s to red  a t  4  8 ,  Before 

u se fo r  embedding, 0,6m l o f  a c c e le r a to r  (DYO64 ) and 2.4m l o f  d i-n -  

' b u ty l p h th a la te  were added to  57ml o f  the re s ir /h a rd en er  raixtere and 

the whole s t ir r e d  thoroughly fo r  30 m inutes,

(c) S ta in in g

S e c tio n s  approxim ately 1 micron in  th ick n ess  v/ere c u t on an 

LKB Mark I I I  u ltr a  tome u s in g  g la ss  kn ives and mounted on g la s s  s l i d e s .  

They were tiien s ta in e d  w ith  Mall-ory* s borax m ethylene b lue or to lu .id ine  

blue accord ing to the methods o f  R ichardson e t  , ( I 960 ) and Trump 

e t  a l . . (1961 ) ,  These s e c t io n s  were used  to  lo c a te  le s io n s  and s e l e c t  

■ p a r t ic u la r  f i e l d s  f o r  e le c tr o n  m icro sco p ica l exam ination .

U ltr a th in  s e c t io n s  were c u t  on the u ltratom e u s in g  g la s s  k n ives  

and mounted on uncoated Athene 483 copper specimen g c id s  (Sm etburst 

H i^ -L ig h t  L td ,, B olton , L a h c s .) , S e c tio n s  were stained fo r  20 minutes



w ith  uranyl a c e ta te  (Watson, 1958), r in sed  s u c c e s s iv e ly  in  m etlianol,

50 per cen t m ethyl a lc o h o l and d i s t i l l e d  w ater and d ried  on f i l t e r  

paper. They were then s te in e d  fo r  10 minutes w ith  le a d  c i t r a t e  

(R eynolds, 1963) and f i n a l l y  r in sed  w ith  0 .0 2  N sodium hydroxide and 

d is t i l l .e d  w ater b efore drying on f i l t e r  paper. The s e c t io n s  were 

examined u s in g  an AEI 6B e le c tr o n  m icroscope,

Die stc iin s were prepared as f o l lo w s ; -

( i )  üranyl a c e ta te :  a 20 per c en t so lu t io n  o f  u ran y l a c e ta te  

(May and Baker L td ., Dagenham, E ssex) was made up in  a b so lu te  m ethanol,

( i i )  Lead c i t r a t e :

Lead n itr a te  1 ,3 3 g 

Sodium c i t r a t e  1 .?6g

Each s a l t  was d is so lv e d  in  1 5ml o f  d i s t i l l e d  w ater and,when 

d is so lv e d  com p lete ly , mixed to g e th er . The resu lt6 in t p r e c ip ita te  o f  

lea d  c i t r a t e  was shaken fo r  1 minute and l e f t  to stand fo r  30 minutes 

w ith  p er io d ic  s t i r r i n g .  The p r é c ip ite ,te  was s o lu b i l i s e d  by adding Bml 

o f  1 N sodium hydroxide -and d ilu te d  to  50m3. w ith  d i s t i l l e d  w ater.

Die r e s u lta n t  lea d  c i t r a t e  s o lu t io n  had a pH o f  12 f  0 .1 .

BiMUNOFLaORESCEIICE PROCEDURES

(a) P reparation  o f  t is s u e

Sm all b locks o f  t is s u e  approxim ately 1cm x 1cm x 0,5om were p laced  

in  in d iv id u a l Pyrex co n ta in ers  and sn ap-frozen  by p la c in g  the co n ta in ers  

in to  a fr e e z in g  m ixture o f  s o l id  carbon d iox id e  and 2-m ethylbutane. Die 

b lock s were sto red  a t  -20^C u n t i l  requ ired  fo r  exam ination .
o

S e c t io n s  3 -4  m icrons in  th ick n ess  were ou t a t  -2 0  C on a S le e  

c r y o s ta t ,

(b) P reparation  o f  a n t ise r a

F lu o resce in  .iso ttiio c y a n a te  (FITO) la b e l le d  and un i.abelled  a n t is e r a ,
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prepared in  r a b b its  a g a in s t  canine ininunoglobulin ( I g ) ,  IgG and BIG 

g lo b u lin  (C3), and mouse IgG and BIG g lo b u lin  were obtained  from 

commercial sources (A nti-dog IgG :- Cappel L ab ora tories, Doiniingtoim, 

P ennsy lvan ia , USA; O th ers:- Sera S e r v ic e s  L td ., Maidenhead, B erk s).

F IT G -labelled  antiserum  to CAV was prepared as f o l lo w s : -

( i )  Production  o f  an tiseru m :- A 14-v;eek-old dog was in o cu la ted  

su bcutaneously  w ith  I ml o f  v i iu s  suspension  e m u ls if ie d  in  an equal 

volume o f  Freund* s .complete ad ju vant. A fu r th er  Iml dose o f  v ir u s  was 

adm in istered  in tra v en o u s ly  6 weeks la t e r  and, 10 days a f t e r  idle second  

in o c u la t io n , the dog was b led  under gen era l a n a e s th e s ia . The serum 

was found to  have an n e u tr a lis in g  antibody t i t r e  o f  1 :1 0 ,0 0 0  and an 

in d ir e c t  im m unofluorescence t i t r e  o f  1 :4 ,0 9 6 .

( i i )  F r a c t io n a t io n :-  Equal volumes o f  serum and sa tu ra ted

ammonium su lphate were thoroughly mixed and l e f t  fo r  10 minutées 
o

a t  4  0 .  The r e s u lta n t  p r e c ip ita te  co n ta in in g  the ^ o b u lin  fr a c t io n  

was s é p a r a by c e n tr ifu g a t io n  a t  ^ 0 and resuspended in  phosphate 

b u ffered  s a lin e  (PBS) pK 7 ,2  to  one th ird  o f  the o r ig in a l  volume o f  

serum. Die p r o te in  s o lu t io n  was then d ia ly se d  fo r  48  hours a t  /|^C 

a g a in s t  PBS to  remove ammonium io n s .

( i i i )  C on ju gation :- The g lo b u lin  fr a c t io n  was conjugated  a t  

4^C. w ith  10 per c e n t  FITO on c e l i t e  powder (Calbiochem, C a lifo r n ia ,

USA) as recommended by R inderknecht, (I 96 2 ) .  Ten mg o f  dry FITC was 

added to  a m:iocture o f  2ml o f  the g lo b u lin  s o lu t io n  and 2m]_ o f  carbonate/

b icarbonate b u ffer  pH 9 and the m ixte re was g e n t ly  s t ir r e d  in  an ic e

bath  fo r  5 m inutes. Free dye rem aining in  the s o lu t io n ; a f t e r  t h is



time was removed by p a ssin g  the conjugate thi'ough a column o f  Sephadex 

G25 f in e  g r a d e ,• (Pharmacia, Uppsala, Sw eden.). The conjugate was 

fu r th er  p u r if ie d  by absorption  fo r  3 hours a t  w ith  lOOmg o f  dog 

t is s u e  powder per 1ml o f  con ju g a te .

T issue powder was prepared from l i v e r  and k idney t is s u e  from 

young h ea lth y  d ogs. The t is s u e s  were homogenised in  a Waring blender  

and rep ea te d ly  washed in  is o to n ic  s a lin e  before washing s e v e r a l tiroes 

in  la r g e  volumes o f  a ce to n e . The supernatant wqs removed and. tiie  

m aterial, spread on f i l t e r  paper to be d ried  o v ern ig h t a t  37*0. I t  

was then gi’ound in  a m ortar, passed  through a s ie v e  to  remove course  

fib ro u s  m a ter ia l and sto red  in  a ir - t i g h t  co n ta in ers  a t

The optim al working d ilu t io n  o f  each conjugated  antiserum  was 

determ ined by s ta in in g  knovm p o s it iv e  m a ter ia l w ith  a range o f  d i lu t io n s  

o f  the appropriate antiserum . The d ilu t io n  a t  which there was a 

s u f f i c i e n t l y  low leva], o f  background s ta in in g  w ith ou t a d v erse ly  

a f f e c t in g  the in t e n s i t y  o f  s p e c i f i c  f lu o resce n c e  was then adopted as 

the working d i lu t io n .

C onsequently ,the FITC*“la b e l.led  a n tise r a  were used  a t  the 

fo llo v jin g  d ilu t io n s

Rab/Dog I g  1 :2 0  

Rat/Dog IgG 1110 

; Ral/Dog B1c 1 :5

A nti CAV 1:5

(c) S ta in in g  Procedures

In order to  determ ine which f ix a t io n  and w ashing'procedures gave 

optim al resu lts^  an in i t i a l ,  t r i a l  was ca rr ied  o u t u s in g  known p o s it iv e  

m a te r ia l. This .involved the u se  o f  7 d if f e r e n t  flocation  regim es,
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e i th e r  on unwashed se c t io n s  or on s e c t io n s  pre-washed fo r  30  

m inutes in  PBS or is o to n ic  su cro se . The in f lu en ce  o f  th ese  d if f e r e n t  

procedures on the r e s u l t s  obtained  when s ta in in g  fo r  CAV an tig en  and 

IgG was then a s se s s e d . S e r ia l  s e c t io n s  o f  k idney known to  con ta in  

la r g e  numbers o f  v ir u s  in fe c te d  c e l l s  were used  in  s ta in in g  

fo r  CAV a n tigen  and s e c t io n s  o f  k idney in  whi.ch the g lom eruli were 

known to  co n ta in  d if fu s e  d e p o s its  o f  IgG were used  fo r  the d e te c t io n  

o f  IgG. As c o n tr o l m a te r ia l,s e c t io n s  o f  Icidney from young h ea lth y  

dogs were su b jec ted  to  the same treatm ent. A com parative assessm en t  

o f  the in t e n s i t y  o f  s p e c i f i c  flu o resce n c e  and the degree o f  

n o n -sp e c if ic  background s ta in in g  was madë fo r  the d i f f e r e n t  regim es.

The r e s u lt s  are summarised in  Table 3 .

( i )  F ix a tio n : The most s a t is fa c to r y  r e s u lt s  were obtained  w ith  

u n fix ed  and acetone f ix e d  s e c t io n s .  In com parison,the o th er  f ix a t iv e s  

a l l  caused vary ing  degrees o f  red u ction  in  in t e n s i t y  o f  s p e c i f ic  

s ta in in g .

( i i )  Washing: Unwashed s e c t io n s  s ta in ed  fo r  IgG showed a h igh  

l e v e l  o f  n o n sp e c if ic  background s ta in in g .  This background was markedly 

reduced by pre-*washing, pa r t ic u la r ly  w ith PBS, a lthough  ‘there was a lso  

a s l i g h t  decrease in  the in t e n s i t y  o f  s p e c i f ic  s ta in in g .  In general 

term s, the d is t r ib u t io n  o f  IgG w ith in  the g lom eruli was a ls o  more r e a d ily  

d efin ed  in  washed than in  unwashed s e c t io n s .

In contrast^unwashed s e c t io n s  s ta in ed  fo r  CAV a n tig en  e x h ib ite d  

r e la t iv e l y  low  n o n -sp e c if ic  background s ta in in g  and, w hile  pre-w ashing  

caused fu r th er  red u ction  in  background, i t  a lso  produced a. marked 

decrease in  the in-tensi-ty u f s p e c i f i c  s ta in in g .

In view o f  th ese  f in d in g s  the fo llo w in g  procedures were decided

upon.

A ir  dried c r y o s ta t  s e c t io n s  were f ix e d  in  acetone fo r  10 minutes



b efore s ta in in g  fo r  CAV a n tig e n . S e c tio n s  b ein g  s ta in e d  fo r  the 

presence o f  serum p r o te in s  (Ig , IgG and BIG g lo b u lin ) were washed in  

PBS fo r  30  m inutes b efore f ix in g  in  a ceto n e .

In  a ll. c a s e s ,  f lu o r e s c e n t  s ta in  was la y ered  on to  f ix e d  s e c t io n s  

fo r  30  m inutes, during which time the s e c t io n s  were p laced  in  a m o ist  

chamber a t  room tem perature. A fter  thorough washing in  PBS fo r  30  

m inutes, s e c t io n s  were mounted in  PBS and examined by means o f  a 

L e itz  "Ortlioplan" f lu o r e sc e n c e  m icroscope equipped fo r  in c id e n t  l i g h t  

f lu o r e sc e n c e .

S p e c i f i c i t y  o f  s ta in in g  was dem onstrated on d u p lic a te  s e c t io n s  

by b lock in g  w ith  u n la b e lle d  antiserum  p r io r  to  s ta in in g  w ith  the  

corresponding F IT G -labelled  an tiserum .

S e le c te d  s e c t io n s  o f  k idney, in  which there was in  i n t e r s t i t i a l  

i n f i l t r a t e  co n ta in in g  plasma c e l l s ,  were examined u s in g  an in d ir e c t  

"sandwich" im m unofluorescence techinque in  order to  determ ine whether 

or n o t  the plasma c e l l s  con tained  anti-CAV an tib od y . This c o n s is te d  

o f  la y e r in g  a drop o f  v ir u s  su sp en sion  concentrated  by u ltr a c e n tr ifu g a t io n ,  

on to  c r y o s ta t  s e c t io n s  o f  k idney fo r  30  m inutes and, a f t e r  thorough  

washing in  PBS, the se c t io n s  were s ta in ed  w ith  FITC la b e l le d  anti-CAV  

serum fo r  a fu r th er  30 m inutes, A p o s it iv e  r e a c t io n  was in d ic a te d  by 

•the presence o f  c h a r a c te r is t ic  cytop lasm ic f lu o r e sc e n c e . As c o n tro l  

m a te r ia l, d u p lic a te  s e c t io n s  o f  k idney were exposed to u n in fec ted  

t is s u e  cu ltu re  f lu id  and fo llo w ed  by s ta in in g  w ith  FITC la b e l le d  a n t i -  

CAV serum.



Table The in f lu e n c e  o f  d if f e r e n t  washing and f ix a t io n  procedures  
on th e r e s u l t s  obta ined  fo llo w in g  imtaunofluo re scen es  
s ta in in g  fo r  canine IgG and CAV antigen*

« uawiifUiJWiu m m ijj

WASHING Aim FIXATION 
PROCEDURES _ IgG __ ___  .CAV .

I n te n s ity  o f  N o n sp ec ific  
staird.ng background

I n te n s ity  o f  
s ta in in g

N on sp ecific
background

Ao SECTIONS UNWASHED 
PRIOR"TO FIXATION

1 U nfixed High +“4 4 4 Low

2 Acetone 1 Grain « 4>5“4 4 (I

5 955̂  Ethanol lOaain 44' 4 fi

4 Ether-Ethanol 1 î1 6min 4 4 tt 4'4 II

5 Ether*»Sthsjfiol 4min 
Then 95^ Ethanol 4irdn

4- .  " f H

6 2 0̂ Formalin ^^in 4 4 t» 4 H

7 ^  G lutaraldehyde 6min t» —- II

B , SECTIONS PREWASHED IN 
n s j m _ 2 0 j a r n T E g _

1 U nfixed 4*i4* Very low 4 4 Verj’ luw

2 Acetone lOmin 4 + 4 13 4' tï

3 99^ Ethanol 10min 4 4 t) Trace t;

4 E ther-E thanol 1 î1 6min +d“ H Trace it

5 Ether-Ethanol 4min 
Then 95/  ̂ E thenol 4min

6 2^ Formalin Grain 4 M — II

7 2fo G lutaraldehyde 6min - M “ «

C.
I^SE IG _SU C R g.3E _^
20 MINUTES.■ ilium'lP iiijamiwiiaagc&j

1 U nfixed 'h44 Moderate 4 4 4 i'iOderat

2 Acetone lOmin 4 + 4 II 544 II

3 95^ Ethanol lOiain 4 4 (1 ' Trace II

4 Ether-Ethanol 1l1 6mln 4 4 II Trace It

5 Ether-Ethanol 4min 
Then 995̂  Ethanol 4®in

4 It Trace it

6 ^0 Formalin 6mia 4 II - n

7 2!fo G lutaraldehyde 6min ! 81 «
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ELUTION PROCEDURES 

In  an attem pt to  e x tr a c t  antibody d ep osited  in  the k id n eys, kidney  

t is s u e  from dogs used in  s e c t io n s  I I I  and V o f  H iis  study was 

su b jec ted  to  an e lu t io n  procedure s im ila r  to th a t d escr ib ed  by Lambert 

and Dixon, ( I9 68 ) ,  A whole k idney from each dog was minced, homogenised 

u s in g  a Waring b lender and washed rep ea ted ly  ;nLth PBS (pH 7 .2 )  to  

remove any serum p r o te in s .  The k idney t is s u e  was then e lu te d  w ith  

0 ,0 2  M c i t r a t e  b u ffe r  (pH 3 .2 )  fo r  90 m inutes a t  room temperature 

w ith  cons te n t  s t ir r in g ;  ten  volumes o f  b u ffe r  were used, to  e lu te  one 

volume o f  sedim ented k idney. At the end o f  th is  tim e, the kidney  

t is s u e  was removed by c e n tr ifu g a t io n  and the r e s u lta n t  supernatant 

d ia ly se d  a g a in s t  la r g e  volumes o f  PBS (pH 7 ,2 )  fo r  hours a t  2^C; the 

pH was then ad ju sted  to  7*2 by dropwise a d d itio n  o f  0.1 N NaOH, 'At 

t h is  s ta g e , the e lu a te s  were concentrated  tw en ty -fo ld  u s in g  Carbov/ax 

and any p r e c ip ita te  p resen t a t  the end o f  th is  procedure was removed 

by c e n tr ifu g a t io n ,

DETECTION OF ANTIBODY TO CAV 

Throughout the s tu d ie s ,  seium samples and ren a l e lu a te s  were 

examined fo r  the p io sen ce  o f  antibody to  CAV u s in g  an in d ir e c t  immuno

f lu o resce n c e  t e s t .  C ryosta t s e c t io n s  o f  Icnown p o s it iv e  in fe c te d  l i v e r  

from ca ses  o f  acu te system ic CAV in fe c t io n  were u sed . A ceten e-fix ed  

s e c t io n s  were exposed to  s e r ia l  tw o-fo ld  d i lu t io n s  o f  serum fo r  30  

m inutes and, a f t e r  thorough w ashing in  PBS fo r  1 hour, they  were s ta in ed  

w ith  FITC la b e l le d  r a b b it  a n ti-d o g  g lo b u lin . The s e c t io n s  were then  

washed and mounted in  PPS before exam ination w ith  the f lu o resce n c e  

m icroscope, A p o s it iv e  r e s u l t  was in d ica te d  by the presence o f  

c h a r a c te r is t ic  f lu o resce n c e  o f  h ep a tic  c e l l  n u c e li  (F ig , 1) and the 

antibody t i t r e 'was read as the r e c ip r o c a l o f  the h ig h e s t  d i lu t io n  a t  

which th is  s p e c i f i c  f lu o resce n c e  was s t i l l ,  p resen t.



As con ti’o l  m ateria l., d u p lica te  s e c t io n s  o f  l i v e r  were s ta in ed  w ith  

FITC la b e l le d  a n ti-d o g  g lo b u lin ,(n e g a t iv e  co n tro l) and anti-CAV (p o s it iv e  

c o n t r o l ) .

In order to a s s e s s  the s e n s i t i v i t y  o f  the in d ir e c t  immunofluorescence 

niettiod fo r  d e te c t in g  an tibody to CAV, a comparison was made w ith  the 

haem agglu tination  in h ib it io n  t e s t  (H/l- I  t e s t ) . A s e r ie s  o f  serum 

sam ples ob'bained from dogs used  in  s e c t io n  I I  o f  the p r e se n t  s ’cudy 

were su b jec ted  to anti-CAV antibody e stim a tio n s  u s in g  both t e s t s .

These sera  had antibody t i t r e s  ranging from zero to  g rea te r  than $12 

as measured by the in d ir e c t  iraraunofluorescence t e s t .

The HA.-1 t e s t  was based on procedures d escr ib ed  by Espmark and 

S a le n s te d t , ( I96 I ) .  Serum sam ples were in a c t iv a te d  a t  $6 G fo r  30 

m inutes and absorbed a t  room temperature w ith  equal volumes o f  25 per  

c e n t  lia o lin  (Flow L aboratories L td ., A y r sh ir e ) . S er ia l, te /o -fo ld  

d ilu t io n s  were added to  the w e lls  o f  perspex ha.eraagglutination p la te s  

and to each w e ll  was added L, haema gglu t in a  t in  g u n it s  o f  v ir u s . Serum 

and v ir u s  c o n tr o ls  were a ls o  used  to  ensure th a t  the serum alone did  

n o t a g g lu tin a te  red blood c e l l s  (RECs) and th a t the amount o f  v ir u s  

used in  the t e s t  was indeed L  liaema gglu tin a  t in g  u n i t s .  The serum- 

v ir u s  m ixtures were allow ed  to  stand a t  room temperatiare fo r  1 hour 

b efore adding a 1 per c e n t  suspension  o f  human type 0 e r y th r o c y te s ,

To exclude the p o s s ib i l ity -  o f  a u to a g g lu tin a tio n , an ery th ro cy te  p lu s  

s a l in e  co n tr o l was a ls o  u sed . The r e s u lt s  o f  the t e s t  were read a f t e r  

2 hours. The h ig h e s t  d i lu t io n  o f  serum a t  which com plete in h ib it io n  

o f  a g g lu t in a t io n  occurred (IOO per cen t en d -p o in t) was recorded as the  

an ti.bo dy t i  t r e ,

The in d ir e c t  im m unofluorescence (IF) and HA-I t i t r e s  o f  the senam 

samples are given in  Table 4» From th ese  r e s u l t s , i t  i s  apparent th a t
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the IF t e s t  was much more s e n s i t iv e  than the HA-I t e s t  in  d e te c t in g  

antibody to CAV. Vfliereas 23 o f  the 28 serum sam ples had antibody  

t i t r e s  ranging from 1 to g rea ter  than 512 as measured by the IF t e s t ,  

o n ly  10 sera  gave p o s it iv e  r e a c tio n s  ( t i t r e s  o f  4  more) w ith  the  

H/i~I t e a t .  This perhaps i s  n o t  su r p r is in g , s in c e ,  pre sums, b ly  o n ly  

antibody d ir e c te d  a g a in s t  the a n tig e n ic  components o f  the v ir u s  

which are re sp o n sib le  fo r  haem agglutination  i s  measured by tlie HA-1 t e s t ,  

whereas the IF t e s t  probably measures antibody to  a l l  a n t ig e n ic  components 

o f  the v ir u s .

The p o s it iv e  HA-I t i t r e s  ranged from 4  to 96  a n d ,in  gen era l 

term s,th ese  sera  a ls o  had h igh  t i t r e s  o f  antibody by the IF t e s t .

There was, however, a r e l a t iv e ly  poor c o r r e la t io n  between tlie t i t r e s  

obtained  by the t i- /o -te s ts . In r e tr o sp e c t , a comparison o f  the r e la t iv e  

s e n s i t i v i t i e s  o f  the IF t e s t  and the serum n e u tr a l is a t io n  t e s t  m ight 

have been more v a lid ;  however, in  comparison to the l a t t e r ,  the IF t e s t  

i s  much q u ick er and l e s s  exp en sive to  perform .



Tabl^ 4 * Anti-CAV antibody t i t r e s  o f  sera  measured by th e  in d ir e c t
im m unofluorescence t e s t  ( in d ir e c t  IF) and the 3  B
haem agglutination  in h ib it io n  t e s t  (H A -I).

Serum Sample In d ir e c t IF HA-I

42/1 0 <  4

42/2 0 < 4

44/1 0 < 4

44/2 0 <  4

4 8 /2 0 <  4

29/1 1 <  4

34/1 1 < 4

31/1 2 < 4

32/2 4 <  4

33/3 8 <  4

32/1 16 <  4

2 8 /l 32 < 4

27/1 32 4

28/2 32 8

27/2 64 <  4

43 /3 64 <  4

4 8 /3 64 <  4

45/4 256 <  4

18/5 256 48

4 8 /6 256 96

. 42/3 512 4

4 8 /4 512 4

30/2 512 32

31/2 <  512 4

3 4 /2 <  512 4

45/5 <  512 12

4 8 /7 <  512 48



Figo ! Anti -CAV antibody estim a tio n  u s in g  the in d ir e c t  

immunofluorescence t e s t s  Numerous h ep a tic  c e l l  

n u c le i show granular f lu o r e s c e n c e ,in d ic a t iv e  o f  

the presence o f  antibody in  the t e s t  serum* -

(im m unofluorescence X 500)



39



SECTION I  t EXPI'IRIMENTAL CAV NEPliRITIS : A STUDY OF RENAL 
CHMGSS DUllÎNCi ACUTE SYSTEMIC INFECTION

INTRODUCTION 

MATERIALS AND METHODS 

RESULTS

Tables 5 and 6 j F igu res 2 -1 7 .  

DISCUSSION



4  0

INTRODUCTION

In 1947 .. Rubartb. d escrib ed  in  d e t a i l  a n a tu r a lly  occu rr in g  acute  

f a t a l  d is e a se  o f 'd o g s , ch a ra cter ised  by h e p a t i t i s ,  w idespread p e te c h ia l  

liaemorrages and serou s e f fu s io n  in to  the body c a v i t i e s .  Under 

experim ental, c o n d it io n s , the d is e a se  could  be tran sm itted  to  o th er dogs 

u s in g  b a c te r ia - fr e e  f i l t r a t e s  obtained  from a ffe c te d  h e p a tic  or sp le n ic  

t i s s u e ;  Rubarth th erefo re  p o stu la ted  a v ira l, a e t io lo g y .  8ub8equentJ_y, 

o th er  workers have confirm ed Rubarth's ob serv a tio n s and ha^/e shorn the 

ca u sa tiv e  agent to  be a v ir u s  b elon g in g  to the adenovirus group 

(Sieden'topf and C arlson , 1949; Cabasso £ t  a l « ,  1954)» E xten sive s tu d ie s  

on the p a th ogen esis  o f  the d is e a se  have dem onstrated th a t  the main 

ta r g e t  s i t e s  fo r  v ir u s  r e p l ic a t io n  are h ep a tic  t is s u e  and. v a scu la r  

endothelium  a n d ,in  th ese  s i t e s ,c h a r a c t e r i s t i c  b a so p h ilic  in tra n u c le a r  

in c lu s io n  b od ies are o fte n  found (Rubarth, 1947; S tiin z i and Poppensiek, 

1952 ) .  One o.f the e x tr a -h e p a tic  s i t e s  v/hei-e in c lu s io n  b od ies are most 

c o n s is t e n t ly  observed i s  the ren a l glom erulus and, a s so c ia te d  w ith  t h i s ,  

v ir u r ia  and p r o te in u r ia  may be d e tec ted  (Hamilton £ t  , I9 6 6 ; Persson  

e t  a l . , 1961 ) .  The imnrano f lu o r é  sconce technique was f i r s t  a p p lied  to 

the stud y  o f  the k idney during acute CAV in fe c t io n  by W right, (1967a) 

who showed th a t  \d ru s r e p l ic a t io n  was indeed m ainly con fin ed  to  the 

g lo m eru li. As y e t ,  however, on ly  one b r ie f  account o f  tee  ren a l 

u lt r a s t r u c t e r a l  changes a s so c ia te d  w ith  acute CAV in f e c t io n  has 

appeared in  the l i t e r a t u r e  (Givan, 1968 ) .

The purpose o f  te e  f i r s t  s e c t io n  o f  thi.s d is s e r t a t io n  i s  to  

d escr ib e  a d e ta ile d  stu.dy o f  the h i s t o lo g ic a l  and u l t r a s  true tu r g l  

a lte r a t io n s  in  the k idneys o f  dogs su .ffer in g  from acu te  CAV in f e c t io n .

S in ce  tee  e x c r e t io n  o f  ren a l a n tigen s in  the u r in e  has been demonstrated  

in  a v a r ie ty  o f  n a tu ra l and ex p er im en ta lly  induced r en a l d is e a s e s  (Roseninann. 

e t  î t l . , 1971 ) ,  the p re se n t stud y  included  an exam ination o f  the u r in e  o f
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dogs w ith  acute CAV in fe c t io n  fo r  the presence o f  glom erular basement 

membrane (GBM) and tubular e p i t h e l ia l  (TE) a n tig e n s ,

MATERIALS AÎÎD METHODS

Experim ental Procedures

Ti,renty-six 12-week-old,CAV a n tib o d y -free  dogs w eighing  

approxim ately 6kg and com prising fou r  l i t t e r s  were u se d . Twenty-one 

o f  th ese  anim als were in o cu la te d  in tra v en o u sly  w ith  1ml o f  CAV 

su sp en sion ; the rem aining 5 dogs rece iv ed  1ml o f  u n in fec ted  t is s u e  

cu ltu re  suspension  in tra v en o u s ly  and were housed in  sep arate  accommodation. 

Two o f  the dogs were k i l l e d  one day a f t e r  r e c e iv in g  v ir u s .  With 

the ex cep tio n  o f  6 anim als which d ie d ,th e  rem aining in fe c te d  dogs were 

k i l l e d  when they  became c l i n i c a l l y  i l l  on the second, th ir d  and fou rth  

days a f t e r  in o c u la tio n  o f  v ir u s  (see  .Table 5 ) ,  The 5 c o n tr o l dogs 

were k i l l e d  on day 3 ,

H is to lo g ic a l  U ltr a s tr u e tu r a l and Iimminofluoresconce Procedures

These were ca rr ied  o u t as d escrib ed  in  the s e c t io n  on "m aterials  

and methods". As p a r t o f  the h is t o lo g ic a l  exam in ation , au attem pt was 

made to  a s s e s s  the degree o f  v iru s  in fe c t io n  in  the k idneys by 

c a lc u la t in g  the percentage o f  g lom eruli which conta ined  in c lu s io n  b od ies;  

th is  was done by exam ining 100glom eruli from each and.mal fo r  the presence  

o f  one or more in c lu s io n s .  L iver and k idney from a l l  anim als were 

examined by immunofluorescence fo r  the presence o f  CAV a n tig e n . With 

the ex cep tio n  o f  the 6 dogs which d ied , the k idneys o f  a l l  anim als 

we re sub j e c te d  to  u l  tra s  true tu r a l • examina t io n ,

P reparation  o f  GF>I and TS A ntigens

GM was prepared from the k idneys o f  normal dogs by tlie metliod 

o f  Krakov/er and Greenspon, (1951) .  The c o r t ic e s  were minced, washed 

rep ea te d ly  in  co ld  PBS and forced  through a f in e  s t a in le s s  s t e e l  s ie v e



4 ̂
(m esh-size -  150) ,  The r e s u lta n t  suspension  was c o l le c t e d  in  an ic e  

bg.th, cen tr ifu g ed  a t  500g fo r  3 m inutes and both the supernatant  

f lu id  (co n ta in in g  crude TE an tigen ) and the sedim ent c o l le c t e d .  The 

■sediment which con ta in ed  in t a c t  g lom eruli was washed rep ea te d ly  w ith  

co ld  PBS, allow ed to  s e t t l e  a f t e r  each wash and the supernatant, 

c o n ta in in g  c e l lu la r  d e b r is , d iscarded  « A fter  the f in a l  washing, the 

glom erular fr a c t io n  was cen tr ifu g ed  a t  $00g fo r  2 m inutes r.nd samples 

o f  the sedim ent s ta in e d  w ith  m eteylene b lue to  a s s e s s  'the number o f  

in t a c t  ^om eru li.; o n ly  fr a c t io n s  co n ta in in g  la r g e  numbers o f  g lom eruli 

were used  fo r  fu r th er  stu.dy. The harvested  ^ .o m eiu li were tbien u l t r a 

so n ica ted  fo r  1 minute to  d isr u p t Bowman's cap su le and to  r e le a se  

glomerulai; c e l l s  from the GM. A fter  c e n tr ifu g a t io n  a t  500g fo r  2 

minute 8 , the re suspended sedim ent was fu.rther u ltr a s o n ic a te d  fo r  5 

minixtes to d isr u p t the The r e s u lta n t  su sp en sion  was then
G»

ly o p h i l i s e d and stored  a t  -2 5  C, The crude TS an-bigen was fu rth er  

cen tr ifu g ed  a t  78 ,000g  fo r  45 m inutes and the r e s u lta n t  sed im ent, 

which con ta in ed  the n ep h ritogen ic  tubular e p i t h e l ia l  (TE)antigen  

(Edgingtôn e t  ^ a ll, 19&7), was then washed rep ea ted ly  w ith  

ly o p h i l i s e d and s to red  a t  -2 5  C,

Prepar a t io n  o f  Anti-GR! and A nti-TE Ant ib o d ie s

R abbits were in o cu la te d  subcutaneously  w ith  60rag o f  GBM o r  TE 

powder suspended in  s a l in e  and em u ls if ie d  in  an equal volume o f  Freund's 

com plete ad ju vant. A fter  a period  o f  8 weeks, fu r th e r  in o c u la t io n s  

o f  a n tigen  w ith ou t adjuvant were adminis-tered subcutaneously  and 

in tram u scu lar ly  a t  monthly in te r n a ls  fo r  3 months and the ra b b its  

were b led  iO days f 'f te r  tee  f in a l  in o c u la t io n . The pooled  anti-G BI 

serum was in a cti.v a ted  a t  56 C fo r  30  m inutes, absorbed tw ice  w ith  

f f e s h ly  h arvested  dog red blood c e l l s  and f i n a l l y  tw ice w ith  ly o p h il ls e d  

TE an tig en  (60mg per m l ) ,



4 3

The s p e c i f i c i t y  o f  the anti-GH-l serum was te s te d  by means o f  a.n 

in d ir e c t  im m unofluorescence t e s t .  Frozen s e c t io n s  o f  normal dog k idney  

were exposed to  absorbed anti-G M  serum fo r  30 m inutes and then , af'ter  

washteg fo r  1 hour in  PBS, were fu rth er  s ta in ed  w’ith . sheep a n t i-r a b b it  

g lo b u lin  conjugated w ith  FITC. The sharp l in e a r  flu o r e sc e n c e  o f  

glom erular and tubular' basement membranes showed th a t  the aiiti-GH4 

serum did  n o t co n ta in  a n tib o d ie s  which reacted  wd.th o'ther parte o f  

ren a l t i s s u e .

In a s im ila r  fa sh io n , pooled anti-TE serum was h ea t in a c t iv a te d ,  

absorbed tw ice w ith  dog red blood celJ.s and "teice w ith  GM powder 

(60mg^ml). The s p e c i f i c i t y  o f  the anti-TE seium was a ls o  te s te d  by 

in d ir e c t  f lu o r e sc e n c e . In c o n tr a s t  to anti-G Ili se r u m ,sp e c if ic  

flu o resce n c e  was con fin ed  to the a p ic a l  p ortio n s o f  the pi’oxim al 

tu b u les; th ere was no s ta in in g  o f  basement membranes. Having 

e s ta b lis h e d  the s p e c i f i c i t y  o f  anti-G M  and anti-TE se r a ,b o th  sera  

were f i n a l l y  absorbed tv/ice w ith  ly o p h il is e d  normal dog l i v e r  homogenate 

(60joig^ml), normal dog serum (60mg per ml) and normal dog u rin e  protei'"  

(lOmg per ml) î th ese  ab sorp tion s were ca rr ied  ou t to  remove any non

s p e c i f i c  r e a c tio n s  which m ight occur wibh serum or l i v e r  an tigen s  

le a k in g  through damaged g lo m eru li, Tbiere was no s p e c i f i c  s ta in in g  

when the absorbed anti-GBM or anti-TE serum conjugated  w ith  FITC was 

a p p lied  to  normal canine l i v e r ,  h e a r t m uscle, s k e le t a l  im iscle or sp leen  

in  the d ir e c t  immunofluorescence t e s t .

D e tec tio n  o f  Renal A ntigens in  Urine

Nhere p o s s ib le ,  u r in e  samples from in fe c te d  and c o n tr o l dogs were 

c o l le c t e d  a t  necropsy by a sp ir a t io n  from the bladder and cen tr ifu g ed  

to  remove any c e l lu la r  d e b r is ;  in  some an im als, in  p a r t ic u la r  those  

which had d ied , i n s u f f i c i e n t  u r in e  was p resen t in  the b ladder to  pea’in it
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exam ination fo r  ren a l a n t ig e n s . Both unconcentrated  u r in e  and u rin e  

con cen trated  10 tim es u s in g  Car bo wax (S ea r le , H i^  Wycombe, Backs.) 

were te s te d  by double d iffu s io n , in  agar g e l a g a in s t  anti-GH^Î and a n t i-  

TE serum. The d if fu s io n  p la te s  were incubated a t  room temperature and 

were r e ta in e d  up to 6 days before bein g  d iscarded  as n e g a t iv e .

RESULTS

C lin ic a l  F indings

The o n s e t  o f  c l i n i c a l  i l l n e s s  occurred in  a l l  in fe c te d  dogs from 

2 to  4  days a f t e r  in o c u la t io n  o f  v irus*  T y p ic a lly , an in fe c te d  

anim al would become a n o rex ic , d u ll and r e lu c ta n t  to move and,v;hen 

th ese  s ig n s  were f i r s t  n o t ic e d ,th e  anim al was k i l l e d ;  d e sp ite  regu lar  

ob servation ,how ever , 6 o f  the dogs were found dead w ith o u t c l i n i c a l  

i l l n e s s  h aving been d e te c te d .

M acioscooic F ind ings

A ll  anim als examined on the second, th ird  and fo u rth  days a f t e r  

in fe c t io n  showed m acroscopic changes c h a r a c te r is t ic  o f  acute CAV 

in f e c t io n .  There was ex ce ss  serosanguinous f lu id  in  the p e r ito n e a l  

c a v ity  and stranda o f  f ib r in  were commonly found on the su rface o f  

the l i v e r  and between the in t e s t in a l  lo o p s . The l i v e r  was en larged , 

p a le , and f in e ly  m ottled  in  appearance and oedema tou s th ick en in g  o f  the 

g a l l  b ladder w a ll was freq u en tly  observed . A l l  the lymph nodes were 

s l i g h t l y  en larged  and haemorrhagic and p e te c h ia l haemorrhages were 

observed in  a range o f  organs, being  most fr e q u e n tly  encountered in  

the thymus. Subcutaneous oedema o f  the submandibular and neck reg io n s  

was o c c a s io n a lly  found. The kidneys showed no m acroscopic ab n orm alities  

a t  th is  t im e ,



4 5

The co n tr o l animal.s and th ose  examined on idle f i r s t  day a f t e r  

in f e c t io n  showed no h i s t o lo g ic a l  a b n o rm a litie s . However, idie rem aining  

anim als a l l  had h is t o lo g ic a l  le s io n s  c h a r a c te r is t ic  o f  acute CAV 

in f e c t io n .  There was fo c a l  h ep a tic  n e c r o s is  accompanied by vary ing  

numbers o f  b a so p h ilic  in tra n u c le a r  in c lu s io n  bod ies in  h ep a tic  mid 

K upffer c e l l s  (F ig . 2 )  ̂ In many o f  the anim als examined on days 2 

and 3 ,h ep a tic  n e c r o s is  was confined  to  sm all c lu s te r s  o f  cel3,s (graded

1  Table 5) and, in d eed , some tim es f o c i  o f  o r ly  2 or 3 c e l l s  were in v o lv ed ;  

however, in  the l a t e r  s ta g e s ,  p a r t ic u la r ly  in  those anim als examined

on day 4 ,lar^ ^ r f o c i  o f  n e c r o s is  were observed . In a l l  o f  th ese  dogs, 

o c c a s io n a l in c lu s io n  b od ies  were a ls o  found in  v a scu la r  e n d o th e lia l  

c e l l s  in  a wide v a r ie ty  o f  organs.

In the k id n ey s, the most s t r ik in g  f in d in g  was s w e ll in g  o f  the 

glomerul.ar tu f t s  l i  wMch, sw ollen  and f in e ly  vacu olated  cytoplasm  o f  

glom erular e n d o th e lia l c e l l s  was freq u en tly  observed partj..y occ lu d in g  

the capil3-ary lo o p s  (F ig , 4 ) . Polymorphonuclear le u k o cy te s  were 

commonly observed lodg»3d w ith in  capihl.ary lo o p s  and granular c e l l  

d eb r is  was sometimes found in  the u r in a ry  sp a c e s . In tra n u clea r  CAV 

in c lu s io n  bod ies were found in  e n d o th e lia l and m esangial c e l l s  in  a l l  

anim als examined 2 to  4  days a f t e r  in f e c t io n  (F ig . 3 ) .  The number 

o f  in c lu s io n s  observed vai'ded, b ein g  most numerous in  th o se  anim als 

showing themoat severe  glom erular c y to lo g ic a l  changes. The number 

o f  0_om eruli in  which in c lu s io n s  were observed in  the p resen t s e r ie s  

o f  dogs ranged from 2 per c e n t  to  76 per cen t (see  Table 5) and no more 

than 4  in c lu s io n s  were observed in  a s in g le  glom erulus.

Elsewhere in  the k id n e y ,in  both co r te x  and m edulla, o c c a s io n a l  

sm all i n t e r s t i t i a l  haemorrhages were found. In a ll. anim als examined

2 to 4  days a f t e r  In fe c t io n y in c lu s io n  bod ies were found in  en d o tla e lia l 

c e l l s  o f  in te r lo b a r  and arcuate v e in s  and o c c a s io n a l i n t e r s t i t i a l  

c a p i l la r ie s  (P ig s . 5 and 6 ) .



(j

The tubular e p ith e lla ] . cytoplasm , e s p e c ia l ly  o f  the proxlra-al 

tu b u le s , appeared sw o llen  and f in e ly  vacuolated  a n d ,in  some c a s e s ,th e  

sw o llen  proxim al c e l l s  appeared- to  occlude the tubular lum ina.

Granular c e l l  d eb r is  was fr e q u e n tly  observed w ith in  the tu b u les and, 

in  some c a s e s ,  de squama tod c e l l s  were al.so found in  o c c a s io n a l c o l le c t in g  

tu b u le s . In one an im al,(N o, 9) tliere was n e c r o s is  o f  a few sc a tte r e d  

proxim al tu b u le s ,

lïïu-QUnofluorescence Findingrs

CAV a n tig en  was d e tec ted  as d is c r e te  granular f lu o r e s c in g  n u c le i  

in  the l i v e r  o f  a l l  in fe c te d  d ogs, VJhereas in  those animal.s which 

were examined on tlie f i r s t  day a f te r  in o c u la t io n ,o n ly  o c c a s io n a l  

in fe c te d  c e l l s  were found, numerous in fe c te d  h ep a tic  c e l l s  were p resen t  

in. dogs 2, 3 and 4  days a f t e r  in f e c t io n .  In  th ese  a n im a ls ,d isc r e te  

v i iu s - in f e c t e d  c e l l s  were a lso  found in  the ren a l g lom eru li (F ig . 7) 

and in  the vascu la r  endothelium  o f  la r g e  ren a l v e s s e ls  and o c c a s io n a l  

i n t e r s t i t i a l  c a p i l l a r i e s .  Many more f lu o r e s c in g  c e l l s  were p resen t  

in  the g lom eruli than was su ggested  by the number o f  in c lu s io n s  seen  

w ith  l i g h t  m icroscopy; in  mar.iy an im als, v ir tu a l ly  every  glom erulus was 

found to co n ta in  a t  l e a s t  1 in fe c te d  c e l l  and as many as 6 f lu o r e sc in g  

n u c le i were observed in  some in d iv id u a l g lo m eru li. A ntigen  was n o t  

d etec ted  in  the k idneys o f  anim als one day a f t e r  in f e c t io n  nor in  any 

o f  ‘che c o n tr o ls .
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Figo 2 î -  Acute CAV in f e c t io n 3 L iver from a clog examined 

3 clays a f t e r  in f e c t io n ,  showing la rg e  numbers 

o f  in tra n u c le a r  in c lu s io n s  in  h ep a tic  c e l ls *

(HE X 400)

Figp i s -  Acute CAV in fe c t io n s  Glomerulus, 2 days a f t e r

in fe c tio n ,sh o w in g  3 in tra n u c le a r  in c lu s io n  bodies*

(HE X 500)
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Figo 4 ï"  Acute CAV in fe c t io n !  Glom erulus, 3 days a f t e r  

in f e c t io n ,  showing sw e llin g  and v a cu o la tio n  o f  

e n d o th e lia l c e l l s  w ith  o c c lu s io n  o f  c a p il la r y  lumina* 

Polymorphonuclear leu k o cy tes  are a lso  p resen t in  the  

c a p il la r y  lo o p s ( la r g e  arrows)* T w o-in tranuclear  

in c lu s io n  b od ies  (sm a ll arrows) can be seen  in  

m esangial c e l l s *

(M a llo ry 's  borax m ethylene b lu e , 1 s e c t io n  X 1 200)
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Fig* 5* - Acute CAV in f e c t io n ,  2 days! S e c t io n  o f  m edulla, 

showing in c lu s io n  b od ies in  i n t e r s t i t i a l  c a p il la r y  

e n d o th e lia l c e l l s  (arrow s).

(HE X 400)

F ig , 6 s -  Acute CAV in fe c t io n ,  5 days? In c lu s io n  b o d ies  (arrow s) 

can be seen in  th e endothelium  o f  an in te r lo b a r  vein*

(HE X 400)
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Figo 7î*- Acute CAV in fe c t io n *  CAV a n tig en  in  a glom erulus  

2 days a f t e r  a d m in istra tio n  o f  v iru s*

(im m unofluorescence X 400)
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U ltra s  truc tu r a l F indings

The kidneys o f  the c o n tr o l anim als and dogs k i l l e d  on the f i r s t  

day a f t e r  in f e c t io n  d id  n o t show sny u lt r a s  true t u r s l  changes (F ig , 8 ) ,  

In fe c te d  dogs examined on the second, th ird  and fo u rth  days a f te r  

in o c u la t io n  o f  v ir u s  showed marked d egen erative  changes in  both  

g lom eruli and tu b u le s . Tiie s e v e r i ty  o f  th ese  changes v a ried  between  

d if f e r e n t  animaD.s, b e in g  p a r t ic u la r ly  severe  in  th ose anim als whose 

glom eruli con tained  la r g e  numbers o f  CAV in fe c te d  c e l l s .  Tiie most 

s t r ik in g  e f f e c t  in  the damaged g lom eruli was p a r t ia l  o c c lu s io n  o f  

c a p il la r y  lum ina by sw o llen  e n d o th e lia l c e l l .s  (F ig .9 ) ;  tiie cytoplasm  

o f  tiie se  c e l l s  con ta ined  numerous la r g e  vacu oles f i l l e d  w ith  f in e  

lo o s e  granular m a ter ia l w hile  th e ir  n u c le i showed vary ing  degrees o f  

p y k n o sis .

The t iiin  cytop lasm ic l in in g  o f  the p er ip h era l p o rtio n s  o f  the 

c a p i l la r i e s  was o f te n  frayed  a n d ,in  some c a se s , fragm ents o f  e n d o th e lia l  

cytoplasm  had detached from the basement membrane and were found fr e e  

in  the c a p il la r y  lum ina. The GHt was normal in  th ick n ess  and d e n s ity  

in  the m ajo r iiy  o f  c a se s  b u t ,in  a few in s ta n c e s , fo c a l  areas o f  sw e llin g  

and s p l i t t i n g  o f  the membrane were observed . In many a rea s , however, 

the e n d o th e lia l cytoplasm  was e le v a te d  from the u n d er ly in g  GR-l and 

th ese  su b e n d o th e lia l s i t e s  o fte n  contained  p ale  f in e l y  granular  

m a ter ia l which p rob ab ly .rep resen ted  oedema f lu id .  O ccasional po ly

morphonuclear le u k o cy tes  were found lodged  in  the ^ om eru lar c a p i l la r ie s  

(F ig , 1 0 ) , The co n ten ts  o f  the c a p i l la r ie s  showed a marked in crea se  

in  g ra n u la r ity  which was con sid ered  as ev idence o f  some degree o f  

v a scu la r  s t a s i s .

M esangial c e l l s  appeared more prominent and bulged o u t in to  

the a x ia l  reg io n  o f  the c a p i l la r ie s ;  sm all cytop lasm ic v acu o les were 

o fte n  seen  w ith in  m esangial cytoplasm . Tiie n u c le i o f  both v iscera l. 

and p a r ie ta l  e p ith e l ia l ,  c e l l s  showed varyd.ng degrees o f  pyknosis and
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th a ir  cytoplasm  was sometimes vacu o la ted  and sw o llen  r e s u lt in g  in  

p a r t ia l  o c c lu s io n  o f  the u r in ary  sp a c e s . In  the most s e v e r e ly  

a f fe c te d  ^ o m e r u li, fu s io n  o f  e p i t i i e l i a l  c e l l  f o o t  p r o c e sse s  was 

observed . Fragments o f  e p i t h e l ia l  c e l l  d eb r is  were o f te n  found w ith in  

the u r in a ry  s p a c e s ( F ig ,  1 1 ) .  There was no ev idence o f  c e l l  

p r o li f e r a t io n  o f  any o f  the c e l lu la r  components o f  the ^ o m e r o li .

CAV p a r t ic le s  were found in  the n u c le i o f  m esangia l and e n d o th e lia l  

c e l l s  (F ig s . 12 and 13) and o c c a s io n a lly  in  c e l l s  ly in g  fr e e  w ith in  

the c a p il la r y  lo o p s .  A t no time was v ir u s  d e tec ted  in  e p i t h e l ia l  

c e l l s  or w ith in  tiie GB4. Virus in fe c te d  c e l l s  were exfci’em ely sw o llen  

w ith  abundant p a le  and o fte n  vacu o la ted  cytoplasm . In  many in s ta n c e s ,  

the n u cleu s con ta in ed  a c e n tr a l area composed o f  f in e  granular  

m oderately e le c tr o n -d e n se  m a ter ia l surrounded by a p a le  z o n e ,o u ts id e  

which there was d i s t i n c t  n u clear m argination o f  chrom atin . Virus 

p a r t ic le s  were u s u a l ly  found sc a tte r e d  tiiroughout the n u cleu s, a lth o u ^  

in  a few in s ta n c e s  they  were la r g e ly  con fin ed  e i th e r  to  the c e n tr a l  

granular m i brix or the p a le  p er ip h era l zone. In  anim als examined 

3 and 4  days a f t e r  in o c u la t io n ,d is r u p t io n  o f  in fe c te d  c e l l s  was 

o c c a s io n a lly  observed; in  such c e l l s  i t  was no lo n g er  p o s s ib le  to  

d is t in g u is h  a d is c r e te  cytop lasm ic membrane, there was fo c a l  

d is in te g r a t io n  o f  Hie n u clear membrane and the n u clear  chrom atin had 

co a le sc ed  in to  la r g e  e lec tro n -d en se  clumps (F ig . I 4 ) .  N eighbouring  

in t a c t  m esangial c e l l s  were o c c a s io n a lly  observed phagocytosing  

fragm ents o f  th ese  d egen era tin g  in fe c te d  c e l l s .

D egenerative changes were a ls o  d e tec ted  e lsew h ere in  the k idney. 

Cytoplasm ic sw e llin g  and n u clear pyknosis were c o n sta n t fe a tu r e s  o f  

tubular ;;epi the l i a i ,  c e l l s  a t  a l l  l e v e l s  o f  the nephron. Proxim al and 

d i s t a l  tu b u les  showed the most severe damage w ith , in  many c a s e s ,  

marked in t r a c e l lu la r  oedema and d isp e r s io n  o f  m itochondria (F ig , I 5) ,



The a p ic a l p o rtio n s  o f  these c e l l s  showed p a r t ia l  l o s s  o f  m icro -'/llli 

and bulged ou t in to  the tubular lum en. P a r t ic le s  o f  c e l lu la r  d eb r is  

and sometimes whole desquamated c e l l .s  were noted in  mapy tu b u le s . 

Alttiough the tubular c y to lo g ic a l  changes were se v e r e ,v ir u s  p a r t ic le s  

were n o t d e tec ted  in  any tubular e p i t h e l ia l  ce.'JJLs*

In the in  te r  s t i  tium , the endothelium  o f  c a p i l la r i e s  was frayed  

and fragm ents had o fte n  detached in to  tlie lumen. D is t in c t  p e r ic a p il la r y  

oedema was a common f in d in g  and v iru s  p a r t ic le s  were o c c a s io n a lly  

found in  the n u c le i o f  sw o llen  e n d o th e lia l c e lle s . Polymorphonuclear 

leu k o cy tes  were o c c a s io n a lly  lodged  w ith in  the lumen o f  the 

i n t e r s t i t i a l  c a p i l l a r i e s .

D etec tio n  o f  U rinary Renal A ntigens

The r e s u lt s  o f  d e te c t io n  o f  ren a l an tigen s in  the u r in e  are 

summarised in  Table 6 ,

N either GPH nor TE a n tig en s were d e tec ted  by g e l d if fu s io n  in  

unooncentrated  u rin e  from any o f  the in o cu la te d  an im als. When the 

u rin e  was cone en tara ted  10 tim es, however, l in e s  o f  p rec ip ita td .cn  

in d ic a t iv e  o f  the presence o f  GEM and TE a n tig e n s , we re found in  u rin e  

o f  in fe c te d  dogs examined on the second, th ird  and fo u rth  days a f t e r  

the ad m in istra tio n  o f  v ir u s  (P ig s , 16 and 1 7 ) . In no in sta n ce  could  

an tig en  be d etec ted  in  the u r in e  o f  co n tr o l anim als, even  when 

con cen trated  17 tim es . The p r e c ip ita t io n  r e a c tio n s  were ab o lish ed  

when the anti-GBM serum was absorbed w ith  GBM a n tig en  or when anti-TE  

serum was absorbed w ith  TE a n tig en .
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Table 6.î-> Acute CAV in fe c t io n *  D etec tio n  
o f  ren a l a n tig en s  in  th e urine*

Dog Day Kidney A ntigens
Number Examined in  the u rin e

GBM TE

1 1 .m

2 1

3 2

' 4 2 4- +

5 2 *1"

6 2 -r +

7 2 •ir 4*

8 2 4" +

9 2 ND ND

10 2 + +

11 2 ( d) HD ND

12 5 + 4*

13 3 4* +

14 3 + •t

15 3 ND ND

16 3 (D) ÏÏD HD

17 3 ( b ) ND ND

18 4 (B) ND ND

19 4 4-

20 4 (b ) ND ND

21 4 (D) ND ND

22 3 co n tr o l *"

23 3 co n tr o l - —

24 3 c o n tro l ..1 « P

25 3 co n tro l «

26 3 co n tr o l « -»

D « Died HD == Hot done



Figo U ltr a s tr u c tu r a l appearance o f  normal g lom eiu lu s)

Two c a p il la r y  loop s can be seen  (* ) ;  th e  c a p il la r y  

w a ll i s  made up o f  a 3 layered  s tr u c tu r e , c o n s is t in g  

o f  a basement membrane sandwiched between an in n er  

tliin  la y e r  o f  e n d o th e lia l cytoplasm  and, on the  

ou ter  a sp e c t , th e  fo o t  p ro cesse s  o f  v i s c e r a l  e p i t h e l ia l  

c e l l s  (Ep)o

(E lectro n  m icroscopy X 10,000)
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ï-xgo 9 ( a ) î -  Acute QAV in f e c t io n ,  5 daysJ S ec tio n  o f  g lom erulus, 

showing sw e llin g  and v a cu o la tio n  o f  e n d o th e lia l  

cytoplasm  w ith  r e su lta n t  o c c lu s io n  o f  c a p il la r y  

loops* E — iündothelia l c e l l?  Ep -  E p ith e lia l  c e l l?  

M = M esangial c e l l*

(E lectron  m icroscopy X 6 ,000)

(h) ( I n s e r t )? -  A h igh er power view  o f  a c a p il la r y  w a ll

from the same glom erulus, showing areas o f  sub- 

e p i t h e l ia l  oedema (#)*

(E lectro n  m icroscopy X 12,000)
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Figo 1 0 ;- .  Acute GAY in f e c t io n ,  3 days; S ectio n  o f  a glom erulus, 

showing a polym orphonuclear leu k ocyte  in  a c a p il la r y  

loopo

(E lec tro n  m icroscopy X 15,000)

Pig* 11 Acute GAY in f e c t io n ,  5 days; S ectio n  o f  g lom erulus, 

showing fragm ents o f  cytop lasm ic d eb r is  th e

f i l t r a t i o n  space* B = Basement membrane o f  Boi-mans capsule; 

i‘}p ~ V isc e r a l e p i t h e l ia l  c e l lo

(E lectro n  m icroscopy X 10,000)
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Fig* 121- Acute GAV in f e c t io n ,  2 days? S ection  o f  glom erulus, 

showing a  v ir u s - in fe c te d  e n d o th e lia l c e l l o  Numerous 

v ir u s  p a r t ic l e s  can be seen  w ith in  the n u cleu s which 

i s  sw ollen  and shows d is t in c t  m argination o f  chrom atin? 

the cytoplasm  i s  a lso  markedly sw olleuo

(E lec tro n  m icroscopy X 10 ,000) .

Fig* 13%™ Acute GAV in f e c t io n ,  3 daysJ S ectio n  o f  g lom erulus, 

showing an in fe c te d  m esangial c e l l*  The n u cleu s i s  

sw ollen  and co n ta in s  a c e n tr a l f in e  granular m atrix  

surrounded by a p a le r  zon e in  which la r g e  numbers o f  v ir u s  

p a r t ic le s  can be seen*

(E lectro n  m icroscopy X 10,000)
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Pigo 1 4 s- Acute GAV in f e c t io n ,  4 days; S ectio n  o f  glom erulus, 

showing a d egen erating  v ir u s - in fe c te d  m esangial c e l l*  

T he'cytoplasm ic and n u clear membranes are d isru p ted  

and la r g e  numbers o f  v ir u s  p a r t ic le s  can be seen  ly in g  

among clumps o f  chromatin (arrow s), B = E n d oth elia l cel'.

(E lectro n  m icroscopy X 18,00«
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F ig , 15*™ Acute GAV in f e c t io n ,  5 days; s e c t io n  o f  proxim al

tv.bule, showing marked in t r a c e l lu la r  oedema ( * ) ,  lo s s  

o f m ic r o v i l l i  (Mv) and b u lg in g  o f  cytoplasm  (arrow s) 

in to  the tubular lumen*

(E lectro n  m icroscopy X 10 ,000)



6 2

.#
i W S T ktmitrj *3îfmsù

A
m



Figo I 6 s -  D etection  o f  GBH a n tig en s in  th e u r in e  by g e l  d if fu s io n ;

Thr c e n tr a l w e ll con ta in s anti-GBM serum and the ou ter w e lls  

con ta in  concentrated  u rin e  from 1 co n tro l and 3 in fe c te d  

dogSo Numbers correspond to days a f t e r  in o c u la t io n  

o f  v ir u s ;  G Control* L ines o f  p r e c ip ia t io i i  can 

be seen  w ith u r in e  from dogs examined on days 2 and 3*

P ig . 17* D etection  o f  TE an tigen  in  the u r in e  by g e l d if fu s io n ;

The c e n tr a l w e ll co n ta in s anti-G3M serum and the ou ter  

w e lls  con ta in  con cen trated  u rin e  from th e -same anim als 

as shown in  Fig* 16* L ines o f  p r e c ip ita t io n  can be seen  w ith  

uriuô from dogs examined on days 2 and 3*
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DISCUSSION

ïhe h i s t o lo g ic a l  and im im nofluoresconce f in d in g s  in  the p resen t  

stud y  confirm  and expand the r e s u lt s  obtained  by o th er  workers (Rubarih^ 

1947; S td n z i and Poppensiek, 1952; Wright, 1967a). In  the k idney, v iru s  

r e p l ic a t io n  occurred m ainly w ith in  “uhe glom eruli where c h a r a c te r is t ic  

b a so p h ilic  in tra n u c le a r  in c lu s io n  b od ies were observeai :ln a l l  anim als 

from the second day onwards. The number o f  g lom eruli in  which in c lu s io n s  

were observed varied  between in d iv id u a l animal.s; in  general, terms, 

however, those an m alo  in  which h ep a tic  in c lu s io n s  were most numerous 

al.so had the g r e a te s t  number o f  glom erular in c iu s io n s*  As fa r  as 

evidence o f  r e p l ic a t io n  o f  v ir u s  in  glom erular cel3.s was concerned, 

there was a good c o r r e la t io n  between the presence o f  in c lu s io n s  and 

the d e te c t io n  o f  in fe c te d  c e l l s  by im m unofluorescence, a lthough in  a l l  

anim als la r g e r  numbers o f  v ir u s  in fe c te d  c e l l s  were d e tec ted  by iimmno- 

flu o resce n c e  than cou ld  be determ ined by the presence o f  in c lu s io n  

b o d ie s .

With tlie a id  o f  e le c tr o n  m icroscopy, d egen erative  c e l lu la r  changes 

were observed a t  a l l  l e v e l s  o f  the nepliron. There was marked s w e llin g  

o f  a l l  the c e l lu la r  components o f  the glome;culi r e s u lt in g  in  varyi.ng 

degrees o f  o c c lu s io n  o f  the glom erular c a p i l la r ie s  and u rin ary  sp a ces .

.Ttie GFIi remained r e l a t iv e ly  normal in  th icloaess and dens le y , although  

areas o f  sep a ra tio n  from the o v er ly in g  endctlaelium were observed which 

wore intyerpreted as oedema o f  the c a p il la r y  w a l ls .  Virus was found 

w ith in  glom erular e n d o th e lia l and m esangial c e l l s  and o c c a s io n a lly  in  

c e l l s  ly in g  fr e e  w ith in  the c a p il la r y  lum ina. A lü io u ^  v iru s  was n ot  

found in  tubular e p i t h e l ia l  c e l ls ,d e g e n e r a t iv e  changes were p resen t  

in  the in b u les  a t  a l l  l e v e l s  but b ein g  p a r t ic u la r ly  severe  in  the  

proxim al 'tabu les.

Prom the p resen t study, i t  i s  c le a r  th a t n o t o n ly  does GAV
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produce l y s i s  o f  in fe c te d  glom erular c e l l s  but a lso  a range o f  non

s p e c i f i c  c y W lo g ic a l changes in  parts o f  the nephron where v iru s  

r e p l ic a t io n  does n o t occu r. These n o n -sp e c if ic  le s io n s  may sim ply  

r e s u l t  from anoxia  due to glom erular sw e llin g ;o r  they may be r e la te d  

to the bu ild -u p  o f  c y to to x ic  substances in  the bloodstream  as a r e s u l t  

o f  severe h ep a tic  damage, Papadim itriou, (1969) d escr ib ed  sim il.ar  

c e l lu la r  changes and su b -e n d o th e lia l le s io n s  in  the g lo m em li o f  

n eon ata l mice exp er im en ta lly  in fe c te d  w ith  reo v iru s  3? although he 

wgis unable to  dem onstrate '«rirus p a r t ic le s  w ith in  glomerultir c e l l s .

U rin a iy  e x c r e tio n  o f  ren a l a n tig en s has been dem onstrated in  a 

v a r ie ty  o f  n a tu ra l and ex p erim en ta lly  induced ren a l d is e a s e s  (Rosenraann 

e t  a l . . 1971 ) .  In the p resen t s trd y ,b o th  GRi and TE a n tig en s  were 

d etec ted  in  'the u rin e  o f  GAV in fe c te d  dogs on the second, th ird  and 

fo u rth  days fo llo w in g  in o c u la t io n  o f  v ir u s .  Thus, d e sp ite  the 

r e la t iv e l y  minor u ltr a s  true tural- changes observed in  the GBM, s u f f i c i e n t  

damage apparen'tLy occurred to  r e s u l t  in  the r e le a se  o f  da'tec ta b le  

l e v e l s  o f  GRl a n tig en s  in  the u r in e , The source o f  TE a n tig en s  found 

in  the u r in e  was probably r e la te d  to  damage to the ap ical, p ortion s o f  

'the proxim al tuU tlar ep ith e liu m .

In 'the d e te c t io n  o f  r e n a l an'bigens, i t  has p rev in u s ly  been poin'bed 

ou'b *that, because o f  a n tig e n ic  c r o s s -r e a c t io n s  w ith  o th er  t is s u e s ,  

care must be talœn in  the in-berpre "tation o f  iminuno d if fu s  io n  p r e c ip ita t io n  

l i n e s  (Roseniaann e t  19 7 1 ), This i s  p a r t ic u la r ly  so in  an acute

s y s tende d ise a se  such as th a t r e s u lt in g  from CAV in f e c t io n ,  s in c e ,  

a n tig en s d erived  from other organs, in  p a r t ic u la r  the l i v e r ,  may a lso  

be ex cre ted  in  the u r in e . However,in p lanning the p resen t exp erim en t, 

care was taken to  ensure s p e c i f i c i t y  o f  the a n t is e r a  used  in  the 

iinmunodiffusion, f a s t ;  'Ihese a n t is e r a  were absorbed w itli l i v e r  t is s u e  

and were checked by in d ir e c t  im irunofluorescence fo r  n o n -sp e c if ic  s ta in in g
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o f  a range o f  o th er  t i s s u e s .

P revious work has shown t lia t  botli GH*! and TE a n tig en  are 

p o t e n t ia l ly  n e p h r ito g e n ic , Thus, in o c u la t io n  o f  sheep w ith  h etero logou s  

CEM in  adjuvant r e s u l t s  in  a severe  acute exu d ative  g lom eru lon ep hritis  

due to  the production  and subsequent glom erular f ix a t io n  o f  anti-G BI 

antibody (S teb la y , 1962) • Immunisation o f  r a b b its  w ith  homologous 

TE a n tigen  in  adjuvant has a lso  been shown to  induce a chi'onic 

membranous g lom eru lon ep h ritis  due to  glom erular d e p o s it io n  o f  TE antigen- 

antibody immune com plexes (Edgington e t  a l . ,  19 6 7 ), Lerner and Dixon 

(196B) have p o in ted  o u t the p o s s ib le  s ig n if ic a n c e  o f  u r in a ry  e x c r e tio n  

o f  such n ep lir itogen ic  ren a l a n t ig e n s . They have su ggested  th a t the 

rea b so rp tio n ,b y  the tu b u les in to  the c ir c u la t io n ,o f  s u f f i c i e n t  

q u a n t it ie s  o f  ren a l a n tig en  m ight lea d  to an antibody response by the 

h o s t  viith the subsequent developm ent o f  g lo m eru lo n ep h r itis . In  the  

p resen t experim ent, a l l  the dogs d ied  or  were Ic ille d  b efore any such  

au to  antibody cou ld  d ev e lo p s . However, in  the subsequent s e c t io n s  o f  

t h is  study^. i t  i s  hoped to re so lv e  whether or n o t  such a sequence o f  

ev en ts  m ight occur in  dogs fo llo w in g  recovery  from CAV in f e c t io n .
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INTRODUCTION

S tu d ies  c a rr ied  o u t in  r e c e n t years have shown ttxat immune 

complex g lom eru lon ep h ritis  i s  a r e la t iv e ly  common d is e a s e  in  the dog 

(Kurtz e t  a l . ,  1972; Murray and W r i^ t , 1974). A lthough granular d e p o s its  

o f  immunoglobulin (m ainly IgG) have been dem onstrated in  the g lom eruli 

o f  a f fe c te d  an im als, as yet,n o n e  o f  the component a n tig en s  in vo lved  

in  the com plexes have been id e n t i f i e d .  A number o f  anim al v iru s  

. in f e c t io n s ,  in c lu d in g  lym phocytic ch o r io m en in g itis  in  m ice, s l.eu tia n  

d is e a se  o f  mink and equine in fe c t io u s  anaemia, are a s so c ia te d  w ith  

g lom eru lon ep h ritis  due to  d e p o s it io n  o f  v iru s  a n tig en -a n tib o d y  immune 

com plexes (O ldstone and D ixon, 1967; Henson e t  1969; Banks ^  a l . .

1972 ) ,  In  the f i r s t  s e c t io n  o f  t l i i s  Hie s i s  i t  w^s shown th a t , during  

system ic CAV in fe c t io n  and p r io r  to  production  o f  c ir c u la t in g  antibody, 

the v ir u s  i s  capable o f  in d u cin g  d ir e c t  l y t i c  damage in  the k id n ey .

However, l i t t 3 .e  i s  knoxm about the way in  which d ogs p o se ss in g  low  

l e v e l s  o f  c ir c u la t in g  antibody m ight respond to  heavy ch a llen g e  w ith  

CAV and whether or n ot,under s'uch c ir c u m sta n c e s ,c ir c u la t in g  iimiune 

com plexes m ight be produced and r e s u l t  in  immunologic a lly -m ed ia ted  

glom erular d is e a s e .

The purpose o f  the second p a r t o f  t l i is  study was to  su b jec t  

dogs, p o se ss in g  low le v e l s  o f  anti-CAV antibody, to  ch a llen g e  w ith  

CAV and th e r e a fte r  to examine th e ir  k idneys a t  varying  in te r n a ls .  Two 

groups o f  dogs were used  in  th is  stud y; the f i r s t  group c o n s is te d  o f  

puppies w ith  low l e v e l s  o f  m atern a lly  derived  antibody w hile  the second  

were CAV antibody fr e e  dogs which rec iev ed  a s in g le  dose o f  CAV 

hyperimmune serum p r io r  to  c h a lle n g e .
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■ MATERIALS AÎD METHODS 

Experimental. Froce dure s

Experiment 1: For the f i r s t  experim ental 5 S-w eek-old  c o l l i e - c r o s s  dogs 

were u sed . U t i l i s i n g  the in d ir e c t  immunofluorescence t e chniqxie; these  

anim als were .a l l  found to have low l e v e l s  o f  c ir c u la t in g  anti-CAV 

an tib o d y ,w ith  t i t r e s  ranging from 1 to  32 . Nine dogs r ec iev ed  1ml o f  

o f  CAV su sp en sion  in tra v en o u sly  and were k i l l e d  s e r i a l l y  from 1 to 1 5 

days a f te r  in o c u la t io n  (see  Table 7 ) .  Four anim als r e c ie v e d  a. s im ila r  

inoculum o f  u n in fec ted  t is s u e  cu ltu re  suspension  and were IcLlled 3 , 6 ,

9 and 12 days l a t e r ,  Tlie rem aining 2 dogs were k i l l e d  as norm al.c o n tr o ls  

in  order to  compare h i s t o lo g ic a l ,  imm unofluorescence and u ltr a s tr u c tu r a l  

f in d in g s .

Experiment 2 i  For the second experim ent,13 12-w eek-old  CAV antib ody- 

fr e e  dogs were u sed . Seven o f  th ese  anim als re c ie v e d  10ml o f  CAV 

hyiDerimmune serum ( in d ir e c t  immunofluorescencc an tibody t i t r e  > 4 096 ) 

by slow  in travenous in j e c t io n .  On the 1 s t ,  3rd and 7 th  days a f te r  

r e c ie v in g  hyperimmune serum and- a t  weekly in te r n a ls  th e r e a fte r , each  

o f  th ese  anim als r ec iev ed  Djntravenously 1ml o f  CAV su sp en sion  co n ta in in g  

lO^TCID^O . The dogs were then k i l l e d  s e r ia l ly  fiom  15 to 43 days a f te r  

the i n i t i a l  v ir u s  in o c u la t io n , each animal b ein g  k i l l e d  2 4  hours a f t e r  

r e c ie v in g  the l a s t  dose o f  /ir u s  (see  Ta.ble 8 ) .  As c o n tr o ls ,  4  dogs 

which rec iev ed  s im ila r  i n i t i a l  doses o f  hyperimmune serum were g iven  

rep eated  in o c u la t io n s  o f  u n in fec ted  t is s u e  c u lh ir e  f lu id  and k i l l e d  

a t  15gi 22, 36 and 43 d ays. The rem aining 2 dogs were k i l l e d  as normal 

c o n tr o ls .

H is to lo g ic a l  U .l tra s tru c tu ra l  and Immunofluorescence Procedures

A ll  anim els were su b jected  to a comprehensive m acroscopic and 

hi.stopa'bhological exam ination . Kidney t is s u e  was examined by e le c tr o n  

m icroscopy and by immunofluoz'escenes fo r  tlie presence o f  CAV an tig en ,
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IgG and BIG g lo b u lin  as d e sc rib ed  i n  the s e c t io n  on " m a te r ia ls  and 

m ethods".

Sero logy

Serum sam ples were ob tained  from a ll. anim als a t  the o n se t  o f  

the experim ent, from th ose in  experim ent 1 a t  the time o f  death and 

from anim als in  experim ent 2 a t  w eekly in te r v a ls  j u s t  p r io r  to  each  

v ir u s  in o c u la t io n . Antibody to  CAV in  th ese  sera  was measured u s in g  

the in d ir e c t  immunofluore sconce t e s t .

RESULTS■

C lin ic a l  and Macroscop ic  F indings

Throughout both experim ents none o f  the in o cu la te d  or c o n tro l 

anim als showed any c l in ic a l ,  a b n o rm a litie s . At necropsy , ap art from a 

few sm all w liite f o c i  1- 2rnm in  d iam eter, observed in  both  co rte x  and 

meduU.a o f  k idneys from 2 dogs in  experim ent 2 (Mos. 4̂ j. and 4 7 ) , a l l  

anim als appeared m a cro sco p ica lly  normal.

H is to lo g ic a l  F ind ings

The kidneys o f  2 anim als in  experim ent 2 (Nos* 44 ard 47) 

contained  a .few s c a t te r e d  f o c i  o f  tubular n e c r o s is  in  both c o r t i c a l  

and m edullary r e g io n s . In dog 44 th ese  n a c r o tic  f o c i  were surrounded 

by accum ulations o f  ploymorphonuclear leu k o cy tes  w h i ls t  in  dog 47 

i n t e r s t i t i a l  i n f i l t r a t e s  c o n s is t in g  o f  a mixed p op u la tion  o f  Ijmiphocyteo 

and macrophages were p r e se n t . In n e ith e r  anim al were in c lu s io n  bodies  

observed . Tne g lom en .ili in  both groups o f  dogs and the c o n tr o ls  

showed a normal h i s t o lo g ic a l  appearance. How ever,in comparison wi.th 

the g lom eruli o f  dogs in  experim ent 2 , many o f  which were 18 weeks o f  

age when examined, the glomer^.ili o f  the 8 week o ld  dogs in-B xperim ent 1 

were sm aller  and the v is c e r a l  e p i t h e l ia l  c e l l .s  around the periphery o f  

o f  the t i f t s  o fte n  appeared more prominent (F ig s , 18 and 1 9 ) .



Immunoflu orescence F ind ings

N eith er  CAV a n tig en  nor h o s t  complement were d e te c te d  in  the kidneys  

o f  any o f  the in o cu la te d  or co n tro l an im als. Sm all segm ental d e p o s its  

o f  IgG were, however, found in  approxim atetely  20-40 per c e n t  o f  the 

glom eru li in  11 o f  the 16 in o cu la ted  anim als, bein g  o f  equal in cid en ce  

in  both groups o f  dogs (F ig . 2 0 ) . However, id e n t ic a l  d e p o s its  were 

a ls o  found in  a s im ila r  proportion  o f  in o cu la ted  and u n in ocu la ted  c o n tr o l  

anim als from both groups. These d e p o s its  were always found in  the h i la r  

reg io n s  o f  the g lo m eru li.

U ltra s  true ta r a i F ind ings

The k idneys o f  a l l  in o cu la ted  and c o n tro l anim als showed a normal 

u lt r a s  true'bural appearance (F ig , 21 ) .  Evidence o f  glom erular inmiune 

complex d e p o s it io n , such as in creased  m esangial a c tiT /ity  and 'the 

presence o f  e le c tr o n -d e n se  d e p o s its , was n o t found in  any o f  the d ogs. 

P ieces  o f  k idney examined from dogs 44 aud 47 d id  n o t co n ta in  any f o c i  

o f  tubular n e c r o s is  or c e l lu la r  i n f i l t r a t io n .

S e r o lo g ic a l F indings

The re .su its  o f  anti-CAV antibody e s tim a tio n s  are p resen ted  in  

Tables 7 and 8 ,

Experiment 1 : Of the 9 anim als which rece iv ed  v ir u s , 5 showed an 

antibody response to  CAV. Three o f  th ese  anim als had antibody t i t r e s  

o f  512 or more when they  w e r e .k ille d  7 , 9 and 13 days a f t e r  in o c u la t io n .  

The rem aining 4 anim als showed no s ig n i f ic a n t  r i s e  in  t i t r e ;  2 o f  

th ese  dogs were examined 1 and 3 days a f t e r  in o c u la t io n  and th erefo re  

had in s u f f i c i e n t  time to mount an antibody resp o n se .

Experiment 2: A ll  o f  the anim als whicli rece ived  hyperimmune seium  

fo llow ed  by repeated in o c u la t io n  o f  v ir u s , developed an antibody response  

to the v ir u s .  However, antibody was n o t d e tec ted  u n t i l  2 weeks a f te r  

the i n i t i a l  dose o f  vi.ras a t  which time some dogs had developed h igh
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l e v e l s  o f  an tibody ( e .g .  dog 40 w ith  a t i t r e  o f  512), whereas o th ers  

had extrem ely  low l e v e l s  ( e .g .  dog 42 with, a t i t r e  o f  1 ) By 3 weeks, 

a l l  anim als had t i t r e s  o f  32 or more and from 4  weeks onwards a3J, had 

t i t r e s  o f  128 or more.



7 %

Table 7 î*̂  Experiment 1î C hallenge o f  d ogs, p o se ss in g  low le v e ls  
o f  m aternal an tib od y , w ith  CAV. Anti-CAV antibody  
t i t r e s ,  measured a t  the o n set o f  th e  experim ent and 
a t  the tim e o f  death , are given  fo r  each animal*

Dog No.

27
28

3 2  6 4

V irus ch a llen g e  
3 2  3 2

— X )( Dogs k i l l e d

3 0

31
32
33
34
35

2  512
. s r —   -----------— X

2 > 5 1 2
■»mr«mr»eciwei*K7*n*'»U5«*io«eeBir*»K wwuiwx-irifesfvr^^

16 4

18 8

\ > 5 1 2

8 6 4
t HwnmuFifli MiiwjiiB'aia -iwwwî ;^

I I I 1 I I I i I I I I I I I I I

0 I 2  3  4  5  G 7  8  9  10 M 12 13 14 15 >8

Days —---- 1»-
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Table 8 ; -  Experiment 2s A n tibody-free  dogs g iven  hyperimmune 
serum p r io r  to rep ea ted  ch a llen g e  w ith  CAV* A n ti-  
CAV an tibody  t i t r e s ,  measured a t  th e  o n se t o f th e  
experim ent and a t  weekly in te r v a ls  th e r e a f te r ,  a re  
given  fo r  each animal*

Dog No.
42 0 0 5!2 Hyperimmune serum

A A A ^ A V irus challen g e

43 0 0 64 64 Y Dogs k i l l e dA A A

44 0 0 1 16
1. Y

A A A

45 0 0 32 256 >5!2
A A A A A ^

46 0 0 8 32 128 512
'*^A % A A ' A

47 0 0 2 256 256 512 >512VA A " T " — z — A

48 0 0 64 512 256 256 >512. , ......  V
A A A ZT “~ z : — - A A"'-

1 1 4 1 1 i i i i i i i t 1 1 1 1 1 1 • > 1 1 1 1 a 1 t fc 5 10 15 20 25 30 35 40 45Days



Pig* 1 8 î- Glonienji.lus from 8 week o ld  dog in  experim ent 1, 

showing normal o e l lu la r i ty  and numerous p a te n t 

th in -w a lle d  c a p i l la r y  lo o p s,

(HE X 500)

Plgo 19*- Glomerulus from an 18 week o ld  dog in  experim ent 2î 

The glom erulus appears norm al,a lthough  i t  i s  la r g e r  

and th e  n u c le i  a re  le s s  prom inent than  in  th e  younger 

an im al,

(HB X 400)
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Pige, 2 0 s -  IgCi in  glom erulus o f  a dog examined 7 days a f t e r  

a d m in istra tio n  o f  v ir u s !  segm ental granular  

flu o r e sc e n c e  fo r  IgG can be seen  in  the h i la r  

reg ion  o f  the glom eruluso

(im m unofluorescence X 400)
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Pigo 21 î“ E lectron  micrograph o f  glom erulus from a dog 

#h ich  rec e iv ed  hyperimmune serum fo llo w ed  'by 

repeated in o c u la t io n s  o f  ÜAV: Note the normal

appearance o f  th<=‘ c a p il la r y  w a lls  and mesangium,

E = E n d oth e lia l c e l l ;  Ep ü ÿ i t h e l ia l  c e l l ;

M “ M esangial c e l lo

(E lec tro n  m icroscopy X lOjOOO)
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DISCUSSION ■

In a l l  in o cu la ted  ajid co n tro l dogs examined in  the above 

experim ents tlie g lom eru li showed a normal h i s t o lo g ic a l  and u lt r a s  true tu r a l

appearance. Sm all s e gnenta l d e p o s its  o f  IgG were d e tec ted  in  tb.e
<

g lo m eiiili o f  both in o cu la te d  and co n tro l d ogs. These d e p o s its  were 

considered  n o t to  be o f  s ig n if ic a n c e  in  r e la t io n  to  the experim ental 

procedures ca rr ied  ou t; they  may rep resen t the trapp ing  o f  sm all amounts 

Of immune com plexes formed in  the c ir c u la t io n  during tlie normal p rocesses  

o f  e lim in a tin g  fo r ie g n  a n tig e n s . R e su lts  obtained  in  the p resen t study^ 

therefore^indica'be th a t  ch a llen ge  o f  dogs, p o se ss in g  low l e v e l s  o f  a n t i -  

CAV antibody, vrith v ir u s  does n o t r e s u l t  in  s ig n i f ic a n t  glom erular 

d e p o s it io n  o f  v iru s  a n t i^ n -a n t ib o d y  immune com plexes. However, i t  must 

be p o in ted  ou t th a t ,s in c e  none o f  the dogs in  experim ent 2 were examined 

in  the f i r s t  I 4  days o f  the experim ent, i t  remains a p o s s i b i l i t y  th a t  

a tr a n s ie n t  d e p o s it io n  o f  immune complexes may have occurred in  these  

anim£Q.B,

I t  has been shown th a t  the form ation o f  p o t e n t ia l ly  n ep h ii to gen ic  

so lu b le  immune complexes in  the c ir c u la t io n  req u ires  the presence o f  

an ex ce ss  o f  a n tig en  in  r e la t io n  to antibody (Cermuiii and R odriguez,

1973 ) .  S ince many o f  the p resen t s e r ie s  o f  dogs mounted an antibody  

•response to  CAV,i't i s  probable -that the adminis'bered v ir u s  .was n o t  

im m ediately overwhelmed by c ir c u la t in g  an tibody. However, i t  i s  

u n lik e ly ,  even i f  there was an e x c e ss  o f  •viral a n tig en , th a t the q u a n t it ie s  

o f  v ir u s  which the dogs rec iev ed  were s u f f i c i e n t  to r e s u l t  in  the 

form ation o f  s ig n i f ic a n t  amoun^bs o f  immune com plexes. Other v ir u se s  

which are a s so c ia te d  v/ith  immune complex glomerulonephri"bis ( e .g ,  

lym phocytic ch o r io m en in g itis  v ir u s  and a le u t ia n  d ise a se  ■viius) produce 

chronic in f e c t io n s  w ith  prolonged h igh  le v e l s  o f  v iraem ia . In  •this way, 

a co n tin u a l source o f  c ir c u la t in g  a n tigen  i s  p resen t from which immiune
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com plexes can be formed and d ep o sited  the g lo m eru li, ConsequenU^y, 

i t  i s  un3.ikeü.y th a t CAV cou ld  r e s u l t  in  immune complex m ediated  

glom erular d ise a se  w itliou t a c t iv e  vi.rus r e p l ic a t io n  in  the h o s t  in  

the presence o f  c ir c u la t in g  an tib od y .

A number o f  in t e r e s t in g  fe a tu r e s  arose from the r e s u lt s  o f  a n t i-  

CAV antibody e s tim a tio n  ca rr ied  ou t p r io r  to  and fo llo w in g  ad m in istra tio n  

o f  v ir u s . In  experim ent 1 ( i . e .  those w ith  low  l e v e l s  o f  m aternal 

antibody), a li . ex cep t 2 o f  ü ie dogs examined from day 5 onwards 

developed a. r i s in g  antibody response to  CAV. I t  i s  o f  note tSiat the 

2 anim als (Nos, 32 and 33) which f a i l e d  to  respond had the h i p e s t  

i n i t i a l  p r e - in fe c t io n  antibody t i t r e s .  In the second group o f  dogs, 

which were in i . t i a l l y  a n tib o d y -fr e e , ad m in istra tio n  o f  CAV hypexdiranune 

serum s u c c e s s fh l ly  protected , them a g a in s t  su.bsequent repeated  chal3.enge 

w ith  v ir u s .  A ll  o f  th ese  d ogs, however, mounted an antibody response  

to CAV although  antibody was n o t d e tec ted  u n t i l  the second week a f te r  

the i n i t i a l  dose o f  v ir u s .  I t  i s  o f  note th a t  a l l  dogs were n eg a tiv e  

by the im m unofluorescence t e s t  fo r  anti-CAV antibody 7  days a f te r  

r e c ie v in g  hyperimniune serum and j u s t  p r io r  to  th e ir  th ir d  v ir u s  

c h a lle n g e . Indeed some o f  th ese  dogs were n o ta b ly  slow  to  produce 

h igh  t i t r e s  o f  anti-CAV antibody. 'This was p a r t ic u la r ly  e v id e n t in  dog 

N os. s-nd 46 whose t i t r e s  were I 6 and 32 r e s p e c t iv e ly  3 weeks a f te r  

i n i t i a l  ch a llen g e; in  c o n tr a s t ,d o g  No. 40 had an an tibody t i t r e  o f  

$12 a t  2 w eeks. This could  be exp la ined  by antibody com plexing w ith  

in o cu la te d  v ir u s , thus reducing the l e v e l s  o f  d e te c ta b le  c ir c u la t in g  

an tib od y . In t l i i s  s i tu a t io n  o f  antibody e x c e s s ,la r g e  in s o lu b le  complexes 

would be formed and th ese  would be taken up by tlie mononuclear 

p hagocytic  system  as opposed to b e in g  d ep osited  in  the g lo m eru li,

Al.though many o f  the p resen t s e r ie s  o f  dogs developed an antibody  

response to  CAV, i t  rem ains u n cer ta in  whether o r  n o t v i iu s  r e p l ic a t io n
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occurred in  the td.ssues o f  th ese  an im als. Indeed, f o c i  o f  i n t e r s t i t i a l  

n e p iir it is ,  which commonly occur in  dogs fo llo v d n g  recovery  from system ic  

CAV in fe c t io n  (W right, 1967b),w ere n o t found in  the k idneys o f  any o f  

the anim als in  e i th e r  experim ent. The kidneys o f  2 dogs in  experim ent 2 

conta ined  o c c a s io n a l f o c i  o f  tab u lar n e c r o s is  w ith  surrounding  

i n t e r s t i t i a l  c e l lu la r  i n f i l t r a t e s  ; however, in  n e ith e r  o f  th ese  dogs 

were CAV in c lu s io n s  observed nor was CAV a n tigen  d e tec ted  in  the kidneys  

by im m unofluorescence.

These r e s u l t s ,  th e r e fo r e , su g g est th a t  dogs p o se ss in g  extrem ely  low  

l e v e l s  o f  c ir c u la t in g  anti-CAV antibody may be r e s is t a n t  to  system ic  

in f e c t io n  w ith  CAV but are s t i l l  capable o f  mounting an antibody  

resp on se . Moreover, w ith  such lov/ l e v e l s  o f  antibody, i t  i s  probable 

t lia t  the l e v e l s  o f  v ir u s  ch a llen g e  are im portant in  determ ining whether 

or n o t an antibody response o ccu rs .
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PRODUCTION

■ I t  i s  w e ll  e s ta b lis h e d  th a tjfo llo v r in g  recovery  from acute CAY 

i n f  a c t io n , dogs may continue to  ex cr e te  v i iu s  in  the u r in e  fo r  periods  

up to 9 months (Poppensiek and Baker, 1951; Baker e_t a l , ,  1954)» This 

has been shown by a number o f  workers to r e s u l t  from lo c a l i s a t io n  o f  

v iru s  in  ren a l tulTular ep ith eliu m  as a seq u e l to the acute system ic  

in f e c t io n .  P e r s is te n c e  o f  v ir u s  i s  a sso c ia te d  w ith  c e l lu la r  i n f i l t r a t io n  

in to  the ren a l in te r s t it iu m  w ith  r e s u lta n t  fo c a l  in t e r s t i t id L  n e p h r it is  

(H artley , 1958; W right e t  a l . ,  1971). . Wright (1967a) demonstrated th a t  

70 per c e n t  o f  dogs reco v er in g  from experim ental CAV in f e c t io n  develop  

such le s io n s  and the same author d escrib ed  s im ila r  le s io n s  in  29 per 

c e n t  o f  n a tu r a lly  occu rr in g  ca ses  o f  CAV in fe c t io n  (W right, 196?b).

Although the h i s t o lo g ic a l  picbure o f  C AV-assoelated i n t e r s t i t i a l  

n e p h r it is  i s  w e ll  docum ented,there are no d etaü .ed  accounts o f  the 

u lt r a s t r u e tu r a l changes w ith in  the le s io n s .  S im ila r ly , the l i t e r a t u r e  

co n ta in s  no in form ation  concerning any glom erular changes during the 

e a r ly  s ta g es  o f  recovery  from acute CAV in f e c t io n .  As CAV a n tigen  i s ,  

presumably, b ein g  r e le a se d  in to  the c ir c u la t io n  in  la r g e  q u a n t it ie s  

from in fe c te d  h ep a tic  and e n d o th e lia l c e l l s ,  th is  would, t h e o r e t ic a l ly ,  

appear to provide an id e a l  s i tu a t io n  o f  an tigen  e x c e ss  in  which 

p o t e n t ia l ly  nep h r ito g en ic  so lu b le  immune complexes m ight be formed 

ip  the c ir c u la t io n  w ith  subsequent d ep o s it io n  in  the r e n a l g lom eru li,

Hie purpose o f  th is  p a rt o f  tlie sted y  was tw o fo ld . F ir s t ly ,  a 

d e ta ile d  h is t o lo g ic a l ,  immunofluorescence and u ltr a s tr u e tu r a l study  

o f  the ren a l le s io n s  which occurred in  dogs during and fo llo w in g  

recovery  from acute CAV in fe c t io n  was carr ied  o u t . P a r tic u la r  a tte n t io n  

was paid to  the study o f  glom erular and i n t e r s t i t i a l  le s io n s ,w it h  

s p e c ia l  emphasis p laced  on attem pting  to  e lu c id a te  the p ath ogen etic  

mechanisms. Secondly, an attem pt was made to  dem onstrate the presence
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o f  c ir c u la t in g  virus, a n t i  gen--antibody complexes in  in fe c te d  dogs by 

p a ss iv e  tr a n sfe r  o f  serum to m ice.

MATERIALS AND METHODS

(a) CAV in fe c te d  dogs

Experim ental Procedures

T h ir ty -s ix  16 - w eek-old , a n tib o d y -free  dogs w eigh ing appx'oximately 

6kg were u sed . In  an attem pt to produce severe c l in ic a l .  CAV in fe c t io n  

w ith  subsequent recover^^, 25 o f  th ese  dogs were in o cu la te d  witei d ilu te d  

CAV su sp en sion ; each animal r e c iev ed , in tra v en o u sly , 1ml co n ta in in g  

1(f TCID50 ( i.O i tee  o r ig in a l  sto ck  v ir u s  suspension  d ilu te d  1 :1 0 ,0 0 0 ) ,  

The tim es o f  exam ination o f  th ese  anim als,w hich  ranged from U to 27 

days a f t e r  in o c u la t io n , are g iven  in  Table 10 . A fu r  tee  r  3 dogs were 

k ep t in  the same accommodation, in  co n ta c t w ith  tee  in fe c te d  dogs and 

were k i l l e d  a t  "•C d ays. The rem aining S dogs were each in o cu la ted  

in tra v en o u sly  w ith  1ml o f  u n in fec ted  t is s u e  cu ltu re  su sp en sion , housed 

in  sep arate  accommodation and k i l l e d  on days 4 , 6 , 8 , 10, 12, I 4 , 18 

and 22 a f te r  in o c u la t io n .

His t o lo g i c a l ,  U ltr a s tr u c tu r a l and Immunofluore scence Procedures 

A ll  dogs were su b jec ted  to a comprehensive m acroscopic and 

h i s ’tep a th o lo g in a l exam ination as d escrib ed  in  tee  s e c t io n  on ^m aterials  

and m ethods” . As p a rt o f  tee  h is t o lo g ic a l  exam ination o f  the k id n eys, 

100 g lom eruli from each anima], were examined in  d e t a i l  and tee  number 

o f  g lom eru li in  which one or more in tra n u c lea r  in c lu s io n  bod ies were 

found was recorded . Samples o f  kidney were ob tained  fo r  u l t r a s  true tu r a l  

s tu d ie s  from a ll. ex ce p t 9 dogs which d ied  and whose t is s u e  was tee  r e f  ore 

u n su ita b le  fo r  e le c tr o n  m icroscopica]- exam ination, Th.e H dneys o f  a l l  

anim als were examined by inmiunOfluorescence fo r  the presence o f  canine 

IgG and BIG g lo b u lin  (C3) and CAV a n tig e n . L iver t is s u e  was a lso
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examined fo r  CAV a n tig e n . In  a d d it io n ,th e  k idneys o f  4  dogs (Nos, 74a 

7 6 , 77 and 7 8 ) ,  in  which there was an i n t e r s t i t i a l  i n f i l t r a t e  co n ta in in g  

plasma c e l l s ,  were examined u s in g  the in d ir e c t  "sandwich" flu o rescen ce  

tech n iq u e, as d escr ib ed  in  the s e c t io n  on "m aterials and methods", to  

determ ine i f  tlie immu no g lo b u lin  (IgG) produced by th ese  c e l l s  was 

a n t i - v ir a l  an tib od y .

B iochem istry

Where p o s s ib le ,  blood and serum samples were ob ta in ed  a t  necropsy. 

Urine was examined fo r  tlie presence o f  p ro te in  by the turbidom ebrie  

method u s in g  standard s u lp h o - s a l ic y l ic  a c id  |  b lood urea n itro g en  

l e v e l s  were measured by ttie Standard Teclmicon AA IX-1 method (Technicon  

Instrum ents C orp., Torrytown, New York),

E lu tio n  Procedures

One v/hole k idney from each o f  I 6 in fe c te d  and 6 c o n tr o l dogs 

was su b jec ted  to e lu t io n  procedures as d escrib ed  in  tlie general, 

"m aterials and methods'". A fu r th er  6 co n tro l kidneys were obtained  

from dogs used in  the experim ents d escr ib ed  in  s e c t io n  I I  and su b jec ted  

to  the same e lu t io n  procedure; th ese  anim als (Nos, 30 , 3 I , 34, 42, 45 

and 46 ) a l l  had liigh  l e v e l s  o f  c ir c u la t in g  anti-CAV antibody  (see  

Tables 7 and 8 ) .

S ero logy

Seru.m saraples taken before commencement o f  tlie experim ent and a t  

necropsy and a ls o  k idney e lu a te s  were examined fo r  the presence o f  

anti-CAV antibody by the in d ir e c t  imrnuiAOfluorescence t e s t .  In  a d d it io n ,  

e lu a te s  were te^sted fo r  antibody d ir e c te d  a g a in s t  k idney t is s u e  a n tig en s  

by an In d ir e c t  im m unofluorescence t e s t .  C ryosta t s e c tirons o f  normal 

dog k idney were exposed to the e lu a te  fo r  30  m inutes and, a f t e r  w asting



S 3

in  PBS, s ta in e d  \ l t h  FI TO conjugated  r a b b it  a n ti-d o g  ^ o b u lin  fo r  a 

fu r th e r  30  m in u tes,

(b) P assive  tr a n s fe r  o f  serum to mice

Experim ental Procedures

Serum from each  o f  6 CAV in fe c te d  dogs was in o cu la te d  in to  

groups o f  4  8 -10  week o ld  a lb in o  mice (Porton s t r a in ) .  The 6 serum 

samples were ob ta ined  from dogs examined 4; 5? 8 , 9  ̂ 10 and 14  days 

a f t e r  in o c u la t io n  o f  v ir u s  (Nos, 55, 57, 6 5 , 70 , 72 and 7 3 ) . Each 

mouse r e c iev ed  4  doses o f  O.^ml o f  serum by slow  in traven ou s in je c t io n  

a t  12 hour in te r v a ls  and was k i l l e d  6 hours a f t e r  tlie 4 th  d o se , A 

fu r th er  4  r ic e  rec iev ed  s im ila r  in o c u la tio n s  o f  serum from an u n in fec ted  

c o n tr o l dog; 4  mice were Id .lied  as normal, u n in ocu la ted  c o n tr o ls  in  

order to compare the h i s t o lo g ic a l ,  imm unofluorescence and u lt r a s  true tu r a l  

fe a tu r e s  o f  mice o f  the Porton s t r a in .

H is to lo g ic a l  U ltr a s t iu c tu r a l and Immunofluorescence Procedures

Postmortem exam ination o f  a l l  in o cu la ted  and c o n tr o l mice was 

con fin ed  to  the k id n ey s. General a n a esth e s ia  was induced u s in g  

T rich loroeth y len e  (" T rilene" , Im perial Chemical In d u str ie s  L td .,

C heshire ) ,  the anim als exsanguinated  by se v e r in g  the major v e s s e ls  in  

tlie neck and the k idneys removed from the abdomen. P ieces  o f  kidney  

taken fo r  h i .s to lo g ic a l ,  immunofluorescence and u ltr a s tr u e tu r a l  s tu d ie s  

were tr e a te d  in  the same manner as d escrib ed  fo r  canine ren a l t i s s u e .

The k idneys o f  a l l  mice were examined by im m unofluorescence fo r  the 

presence o f  canine IgG, mouse IgG and BIG ^ .o b u lin  and CAV a n tig en .
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RESULTS

(a) CAV infected dogs

C lin ic a l  F indings

Tlie 25 in o cu la te d  anim als remained c l i n i c a l l y  normal u n t i l  the

3rd day a f t e r  ad m in istra tio n  o f  v ir u s  when a l l  ex cep t N os. 74 , 75 and

79 developed p yrex ia  in  the reg io n  o f  104-106 F, On the fo llo w in g  day
o

the temperature o f  most anim als was below 104  F and throughout the 

remainder o f  the experim ent Nos, 74“79 showed no fu r th er  obvious  

c l i n i c a l  a b n o rm a litie s . However, the rem aining 19 d ogs,on  tiie 4 th  day, 

were d ep ressed , an orex ic and showed con sid erab le  re lu c ta n ce  to move 

about. There was co n g estio n  o f  the mucosae, s l i g h t  enlargem ent o f  

s u p e r f ic ia l  lymph nodes and,on p a lp a tio n , s ig n s  o f  a n te r io r  abdominal 

pain  were n o ted . Over the n ex t 5 d a y s ,th e  a f fe c te d  dogs remained 

extrem ely  depressed  and anorex ic , and jaundice became apparent on tlie  

6 th  day. On the 7 th , 8th  and 9 th  days jaundice became more pronounced, 

tJie dogs were extrem ely  dehydrated and there was more obvious enlargem ent 

o f  s u p e r f ic ia l  lymph nodes. An a d d it io n a l fea tu re  a t  thd.s s ta g e  was 

the presence o f  p e te c h ia l  haemorrhages on the gums, b u cca l mucosa and 

on the abdominal sk in  in  4  d ogs. Deaths occurred from 4  to  9 days a f t e r  

in f e c t io n  (see  Table 9) and during t h is  time a number o f  dogs were 

a ls o  k i l l e d  w h ile  in  a moribund s t a t e .  Only 2 dogs which were se v e r e ly  

i l l  su rv ived  beyond 9 days; on the 10th  day they  showed marked c l i n i c a l  

improvement w ith  retu rn  o f  a p p e tite  and gradual red u ctio n  o f  jaundice  

which in  dog 73 had d isappeared  by day 1 4 .

L iver fu n c tio n  t e s t e  were ca rr ied  o u t and albumen and g lo b u lin  

l e v e l s  measured in  serum sam ples obtained  from 2 dogs (Nos, 6? and 72) 

on day 6 , The r e s u lt s  obtained  serve to  i l l u s t r a t e  the s e v e r ity  o f  the 

d is e a s e .  Both anim als showed marked e le v a t io n  in  the l e v e l s  o f  serum
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transam inases, a lk a lin e  phosphatase and b il ir u b in  w h ile  albumen and 

g lo b u lin  l e v e l s  were both depressed  (see  Table 8 ) ,

No. 67 No. 72

Glutamic o x a lo -a c e t ic  transam inase 620 SF u n it s 515 SF u n its

Glutamic pyruvic transam inase 510 SF u n it s 705 SF u n it s

A llta lin e  phospliatase 62 KA u n it s 96  KA u n it s

B ilir u b in 5,1m g/100ml 2 . 8mg/100ml

Albumen 1 .6 ^ 1 00ml. 1,9g/100m l

G lobulin 2 .1 g /l0 0 m l 2 .8 g /l0 0 n -l

Table 9: R esu lts  o f  l i v e r  fu n c tio n t e s t s  ca rr ied ou t

on serum from 2 CAV in fe c te d  dogs 6 days a f te r  

in o c u la t io n  o f  v ir u s .

The 3 anim als whd.ch were kept in  co n ta c t w ith  teie in fe c te d  dogs 

remained c l i n i c a l l y  normal fo r  the f i r s t  8 days. On day 9 ,No. 81 

became depressed  and refu sed  food; the fo llo w in g  day, th a t  i s  the day 

on which th ey  were k i l l e d ,  a l l  3 dogs were d u ll  and a n o rex ic , Trirou^- 

ou t the study, the 8 c o n tr o l dogs, which were housed in  sep arate  

accommodation, showed no c l i n i c a l  a b n o rm a litie s .

M acroscopic Findings

The 17 dogs which d ied  or  were k i l l e d  up to  and in c lu d in g  day 9 

a l l  showed m acroscopic changes c h a r a c te r is t ic  o f  acute system ic adenovirus 

in f e c t io n ,  s im ila r  to  those d escr ib ed  in  s e c t io n  I ;  hepatom egaly, g a l l  

bladder w a ll oedema, se r o fib r in o u s  p e r i t o n i t i s ,  p etech ia l. th;>Tnic 

haem orrha^s (F ig , 22) and haemorrhagic lym phaden itis were the main 

f in d in g s . In  those anim als examined 7 , 8 and 9 days a f t e r  in fe c t io n ,  

se r o n s  e f fu s io n  was n o t so apparent,a lthough  stran ds o f  f i b r i n  were 

p resen t in  the abdominal c a v ity  and the su rface  o f  the in t e s t in e s  took  

on a d is t in c t iv e  f in e  granular appearance. At th is  s ta g e , the lymph



Figo 2 2 î“ GAV-infected dog examined 7 days a f t e r  in o c u la tio n  

o f  v ir u sI  The th o ra c ic  c a v ity  has been opened 

rev e a lin g  p e te c h ia l haemorrhage and oedema o f  the  

thymus ( la r g e  arrow)» On the r ig h t  o f  the p ic tu r e ,  

part o f  the l i v e r  (sm a ll arrow) can be seen; i t  i s  

somewhat p a le  and m ottled  in  appearance and the edges  

o f  th e  lo b es  are d i s t in c t ly  rounded»

F ig .  2 3 Î*» GAV“ in fe c te d  dog ex a m in e d  9 days a f t e r  in o c u la tio n  

o f  v ir u s !  The w a ll o f  th e  aorta  shows yellow  

d is c o lo r a t io n , in d ic a t iv e  o f  jaundice»
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Pîgo 2 4 î -  CAV in fe c te d  dog examined 8 days a f t e r  in o c u la tio n  

o f  v ir u s !  P e te c h ia l haemorrhages can be seen in  

th e sk in  o f  the in g u in a l region»

Pig* 2 5 :-  CAV in fe c te d  dog examined 8 days a f t e r  in o c u la t io n  

o f  v ir u s !  P e te c h ia l haemorrhages can be seen in  the  

buccal mucosa*
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P ie ,  2 6 î “ Kidney from OAV in fe c te d  dog examined 3 days a f te r

in o c u la tio n  o f  v ir u s :  Numerous p e te c h ia l haemorrhages

can be seen on th e kidney surface»

F ig . 21%"' Kidney from OAV in fe c te d  dog examined 14 days a f t e r

in o c u la tio n  o f  vii*usJ Haemorrhagic f o c i  are p a r t ic u la r ly  

numerous in  the kidney o f  th is  animal» . '
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nodes were extrem ely  en larged  and haemorrhagic and,on o c c a s io n ,  

echym otlc haemorrhages were found in  the card iac m uscle and in  the 

stomach or in t e s t in a l  w a lls .  In a d d it io n , p e te c h ia l  haemorrhages were 

noted  on tee abdominal sk in  and in  the o r a l and v a g in a l m cosa©  in  4  

dogs (P ig s , 24  and 2 5 ) .  Jaundice was raacroscopical3.y e v id e n t  in  a l l  

anim als examined from the 6 th  to the 10th day a f t e r  in o c u la t io n  o f  

v ir u s  (F ig , 2 3 ) . In  a d d it io n ,11 dogs showed m u ltip le  sm all p e te c h ia l  

r en a l haem orrhages,present m ainly in  the c o r t i c a l  r e g io n s;  th ese  le s io n s  

were recorded in  a l l  anim als examined 7 to  14 days a f t e r  in f e c t io n ,  

b ein g  p a r t ic u la r ly  numerous in  the dogs examined on days 10 end I 4  

(F ig s , 26 and 2 7 ) . In dogs examined from 14  days onwards,m acroscopic 

ab n orm alities  were con fin ed  to  the k id n ey s. M u ltip le  sm all w hite  f o c i  

1- 2mm in  diam eter were found in  the k idneys o f  dogs examined 17 to  

27 days a f t e r  v ir u s  in o c u la t io n . In the 3 dogs examined on days 17; - 

18 and 19^th ese  f o c i  had a c h a r a c te r is t ic  haemorrhagic m argin. On c u t  

s e c t io n ,  the le s io n s  cou ld  o fte n  be seen  as p a le  s tr e a k s  ex ten d in g  int-o 

the deep co r te x  and s im ila r  sm all w hite f o c i  were a ls o  observed in  the  

m edulla .

Tlie 3 in  c o n ta c t  c o n tr o l dogs which were k i l l e d  on day 10 a l l  

showed le s io n s  c h a r a c te r is t ic  o f  acu te system ic CAV in f e c t io n  as 

d escrib ed  e a r l ie r ;  one anim al (No. 81) a ls o  had a few sc a tte r e d  

p e te c h ia l  haemorrhages in  the k id n eys. The rem aining 8  c o n tr o l dogs 

showed no m acroscopic a b n o rm a litie s .

H is to lo g ic t e  F ind ings

Outivith the kidney, the most s t r ik in g  h is to lo g n .c te  changes were 

noted in  the l i v e r  and lymph nodes. A ll  dogs examined from 4  to 9 

days a f te r  in o c u la t io n  showed fo c a l h ep a tic  n e c r o s is ,  the e d te n t o f  

which v a ried  between in d iv id u a l an im als. In some d o g s ,o n ly  sm all 

clumps o f  necrosed  c e l l s  were in vo lved  (grade + Table 9) w hile  in  o th ers
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th ere were la r g e  c o a le sc in g  f o c i  o f  n e c r o s is  (grade ++++) ,

In th ose  anim als examined on days 7 , B and 9 , sm all accum ulations o f  

lymphoid c e U .s , .polymorphonuclear le u k o cy tes  and macrophages were 

observed w ith in  the f o c i  o f  n e c r o s is .  A ssocia ted  w ith  the h ep a tic  

n e c r o s is ,  in  the m ajo r ity  o f  anim als examined up to  day 7 , la r g e  numbers 

o f  CAV in c lu s io n  b od ies were found ; th e r e a fte r , in c lu s io n s  became l e s s  

numerous and, in  2  dogs examined on day 9 , in c lu s io n s  were n o t found 

d e sp ite  the presence o f  severe  h ep a tic  n e c r o s is .  On days 9 and 10 

there was ev idence o f  h ep a tic  regen era tio n  w ith  m ito t ic  f ig u r e s  

o c c a s io n a lly  encountered in  h e p a to c y ts s ; H epatic n e c r o s is  was n o t  

found in  any o f  the dogs examined from 10 days onwards.

The enla7.‘gement and haemorrhagic appearance o f  the lymph nodes 

a t  necropsy was m ainly due to  severe  haemorrhage in to  the lymphoid 

s in u s o id s .  In the e a r ly  s ta g e s  o f  the experim ent (days 4  and 5)> 

e ry th ro c y te s  were found in  the in te r s e p ta l  and o u ter  m edullary s in u se s ;  

however, a l l  anim als examined on days 6 , 7 , 8 and 9 showed m assive  

haemorrhage in to  a l l  o f  the m edullary s in u ses  r e s u lt in g  an d is te n s io n  

and enlargem ent o f  the lymph nodes» A sso c ia ted  w ith  the haemorrhage, 

th ere was e x te n s iv e  ery th rop h agocy tosis  by s in u so id a l macrophs.ges.

From day 10 onw ards,the haemorrhage had la r g e ly  d isa p p e a r e d ,a lth o u ^  

a t  th is  sta g e  th ere was marked im m unological a c t i v i t y  w ith in  the lym^'i 

nodes, w ith  numerous la r g e  germ inal f o l l i c l e s  p resen t in  the c o r t ic e s  

and la r g e  numbers o f  p lasm ab lasts and mature plasma c e l l s  appearing in  

the m edullary co rd s . From day 6 to  day 9, sm all haem orrhages were o fte n  

found in  a number o f  o th er  organs; they were most c o n s is t e n t ly  observed  

in  the thymic lo b u le s  but were a ls o  sometimes p r e se n t in  b ra in , card iac  

m uscle and submucosa o f  the g a s t r o - in t e s t in a l  t r a c t .  In dogs examined 

up to  8 days, in c lu s io n  b od ies  were fr e q u e n tly  found in  a v a r ie ty  o f  o th er  

organs, p a r t ic u la r ly  in  v a scu la r  endothelium  but sometimes a ls o  in
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p e r ito n e a l m ésoth élia l, c e l l s ,  t o n s i l la r  ep ith e liu m  and o c c a s io n a lly  

lyraph node s in u so id a l macrophages.

The main h is t o lo g ic a l  changes observed in  the k id n eys are 

summarised in  Table 10 . In  a l l  anim als examined up to  and in c lu d in g  

day 1 4 , d if fu s e  c y to lo g ic a l  changes were found in  the g lo m eru li. E arly  

in  the course o f  the experim ent (days 4 and 5) , the main fe a tu r e s  were 

s w e llin g  and v a cu o la tio n  o f  e n d o th e lia l and m esangial c e l l s  r e s u lt in g  

in  enlargem ent o f  the b i f t  and p a r t ia l  o c c lu s io n  o f  c a p i l la r y  lo o p s  

(F ig , 2 9 ) .  O ccasional polym orphonuclear le u k o cy te s  were found lodged  

in-the lo o p s  and granular d eb r is  was noted in  the f i l t r a t i o n  sp a ces .

From the 6 th  day onwards, ^ om eru lar cy t o lo g ic a l  changes became much 

more se v e r e . There was marked expansion  and in c r e a se d  c e l lu la r i t y  o f  

m esangial r eg io n s  which produced accentuated  lo b u la t io n  o f  ^ om eru lar  

t u f t s  (F ig . 3 0 ) .  This hyper c e l lu la r  i  ty  was fu rtiier  augmented by la rg e  

s c a le  in f i l t r a t i o n  o f  polymorphonuclear le u k o cy tes  in to  the g lom eru li.

A t the h e ig h t  o f  the d ise a se  on days 7 , 8 and 9 , some o f  th ese  c e l l s  had 

p en etra ted  the mesangium. A t thd.s s ta g e , s c a tte r e d  in d iv id u a l e n d o th e lia l  

and m esangial c e l l s  were observed in  various s ta g e s  o f  d egen eration  and. 

n e c r o s is .  In ad d ition ,som e g lom eruli showed c a p i l la r y  throm bosis 

r e s u lt in g  in  segm ental n e c r o s is  w ith  r e le a s e  o f  f ib r in  and es^ythrocytes 

in to  the v r in a ry  sp aces (F ig s . 32 and 3 3 ) .  Haemorrhage in to  tlie u r in ary  

sp aces, in  the absence o f  any apparent glom erular n e c r o s is ,a ls o  occurred  

r e s u lt in g  in  co n sid era b le  tubular haemorrhage; t l i i s ,t o g e t h e r  w ith  f o c i  o f  

i n t e r s t i t i a l  haemorrhage from damaged c a p i l la r i e s ,  c o n s t itu te d  the haemorrhagic 

l e s io n s  observed a t  n ecrop sy . In anim als examined on days 7 , 8 and 9 ,  

m ito t ic  c o n fig u r a tio n s  o f  e n d o th e lia l and m esangial c e l l s  were observed  

in  a few g lom eru li (F ig . 3 1 ) .

In c lu s io n  b od ies were found in  the g lom eruli o f  a l l  anim als up 

to  and in c lu d in g  d a y '9 . The number o f  in c lu s io n s  observed v a ried
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between in d iv id u a l anim als and between d if f e r e n t  ^ o m e r u li in  the same 

anim al. In 5 dogs examined between day 5 and day 8 , 90 per c e n t or  

more o f  the g lom eruli con tained  in c lu s io n s .  In  c o n t r a s t ,2 o f  tlie dogs 

examined on day 9 had in c lu s io n s  in  o n ly  6 and 26  per c e n t  o f  th e ir  

glom eruli r e s p e c t iv e ly .  The number o f  in c lu s io n s  per glom erulus 

u s u a l ly  d id  n o t exceed  6 , a lthough  in  a few in s ta n c e s  8 in c lu s io n s  were 

observed in  a s in g le  g lom erulus. In  th ese  a n im a ls ,sm a ll numbers o f  

in c lu s io n s  were found elsew here in  the k idney, in  the endothelium  o f  

i n t e r s t i t i a l  c a p i l la r i e s  and la r g e r  r e n a l blood v e s s e l s .

In  dogs 72 and 73 , which were examined on days 10 and 14  

r e s p e c t iv e ly  a f t e r  in o c u la t io n , the g lom eruli d id  n o t co n ta in  any 

. in c lu s io n s .  Furthermore, polym orphonuclear le u k o c y te s  were no lo n g er  

p r e se n t in  such la r g e  numbers a n d ,p a r t ic u la r ly  in  dog No. 73> the 

glom erular t u f t s  con ta ined  few er in d iv id u a l n e c r o t ic  c e l l s .  However, 

in  both anim als th ere was d if fu s e  m esangial expansion  and h y p e r c e l lu la r ity  

(F ig , 33) and in  some in s ta n c e s  ^ om eru lar lo o p  throm bosis w ith  segm ental 

glom erular n e c r o s is  waè a ls o  ob served . Haemorrhage in to  the u r in a ry  

sp aces and su bseq u en tly  the tu b u les was p a r t ic u la r ly  severe  in  both  o f  

th ese  anim als (F ig , 34) • The rem aining 6 dogs which were examined 

from 17 to  27 days a f t e r  in o c u la t io n  w ith  v ir u s  showed much l e s s  severe  

^ om eru la i changes; some but n o t  a l l  o f  the g lom eruli showed m ild  

expansion  o f  mesangium accompanied by segm ental m esangia l hyper

c e l l u l a r i t y .

F ocal areas o f  tubular n e c r o s is  were found in  the k idneys o f  one 

anim al examined on day 5 and in  a l l  anim als examined from uhe 7 th  day 

onwards. In  dogs examined 17 days and more a f t e r  in o c u la t io n ,th e s e  

n e c r o t ic  tu b u les were always found w ith in  f o c i  o f  i n t e r s t i t i a l  n e p h r it is  

which were observed randomly in  both co r te x  and m edulla and sometimes 

conta ined  in c lu s io n s .  However, in  the e a r l ie r  s ta g e s  o f  the experim ent 

the f o c i  o f  n e c r o s is  were con fin ed  to  the c o r te x , in v o lv in g  m ainly
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proxim al tu b u les  and were ap p aren tly  u n a sso c ia ted  w ith  the presence o f  

v ir u s  (F ig . 3 5 ) .  In the 2 dogs examined on days 10 and 14  (Nos, 72 

and 7 3 ) ; tubular n e c r o s is  was found w ith in  and ou tw ith  areas o f  

i n t e r s t i t i a l  n e p h r it is ;  in  dog No 73 th ese  f o c i  o f  n e c r o s is  were 

p a r t ic u la r ly  numerous.



F ig , 2 8 ;-  Glomerulus from u n in fec ted  co n tro l dog, showing normal 

c e l lu la r i t y  and p a ten t c a p il la r y  loops*

(Hd X 400)

Figo 29 Î”» Glomerulus from a OAY-infected dog examined

5 days a f t e r  a d m in istra tio n  o f v ir u s ;  There i s  

normal c e l lu la r i t y  but glom erular c e l l s  are sw o llen  

and th ere  i s  d i s t in c t  expansion o f m esangial reg io n s  

w ith  o c c lu s io n  o f  c a p il la r y  loops* A s in g le  in tra n u c le a r  

in c lu s io n  body can he seen in  th e cen tre  o f  the  

glomeiailuso

(HE X 400)
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P ig , 3 0 î -  Glomerulus from a CAY in fe c te d  dog examined 9 days a f t e r  

a d m in istra tio n  o f  v ir u s ï The t u f t  i s  sw o llen  and the  

c a p il la r y  loop s are c o lla p se d :  h y p e r c e l lu la r ity  i s

due to  i n f i l t r a t i o n  by polym orphonuclear leu k o cy tes  and 

an in cr ea se  in  the numbers o f  m esangial c e l l s *

(EE Z 400 )

Pig* 31 % ' Glomerulus from GAV in fe c te d  dog exarained 9 days a f t e r  

a d m in istra tio n  o f  v ir u s :  The glom erulus co n ta in s  2

m ito t ic  f ig u r e s  (arrows); an in c r e a se  in  polym orphonuclear 

le u k o cy tes  can a lso  be seen*

(M artins s c a r le t  b lue X 400)
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Fig* 3 2 J- GXoraerulus from GAV .in fec ted  dog examined 10 days 

a f t e r  ad m in istra tio n  o f  v ir u s ,  showing segm ental 

n e c r o s is  (arrow) o f a  c a p il la r y  loop*

(HE X 400)

Figo 33 î“ Oloraerulus from GAV in fe c te d  dog examined 9 days

a f t e r  a d m in istra tio n  o f  v ir u s 3 F ibrinous exudation  

( la r g e  arrows) and haemorrhage (sm all arrows) in to  the  

f i l t r a t i o n  space can be .seen*

(HE X 400)
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-Figo 34 î -  S ection  o f  kidney co rtex  from CAV-infected dog 

examined 14 days a f t e r  in o c u la tio n  o f  v ir u ss  

widespread tubular haemorrhage can be seen*

(HE X 100)

Figo 35*“ Glomerulus from GAV in fe c te d  dog examined 14 days 

a f t e r  ad m in istra tio n  o f  v ir u s , showing m esangial 

expansion and segm ental h y p e r c e llu la r ity *  Haemorrhage 

in to  the surrounding tu b u les  (sm a ll arrows) and tubular  

n e c r o s is  ( la r g e  arrow) can a lso  be seen*

(HE X 250)
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Sm all p o o r ly -d e fin e d  fo c a l  i n t e r s t i t i a l  i n f i l t r a t e s  c o n s is t in g  

o f  macrophages, la r g e  lymphoid c e l l s  and a few plasma c e l l s  were found 

in  "Uie k idneys o f  dogs examined on days 7 , 8 and 9* These were found in .  

the c o r te x , o fte n  in  c lo s e  a s s o c ia t io n  w ith  sm all b lood  v e s s e ls  and 

sometimes around c o l le c t in g  tubules in  the ou ter m edulla . Kiuaerous 

la r g e r  f o c i  o f  i n t e r s t i t i a l  n e p h r it is  were p resen t in  tl'ie k idneys o f  a l l  

dogs examined from the 10th day onwards. I n t e r s t i t i a l  f o c i  were found 

in  both co r te x  and m edulla (F ig s . 3^ and 3 7 ); the c o r t ic a l, le s io n s  

o fte n  appeared as strea k s  o f  c e l lu la r  in f i l t r a t io n ,  running from ou ter  

co r te x  towards the m ed u lla ,fo llo w in g  the course o f  one or more c o l le c t in g  

tu b u le s . The c e l lu la r  i n f i l t r a t e s  c o n s is te d  m ainly o f  la r g e  lymphoid 

c e l l s ,  macrophages and plasma c e l l s  (F ig , 0 )  and ,pai^t-icularly in  tiiose  

anim als examined on days 17, 18 and 19, th ese  c e l l s  showed a h igh  m ito t ic  

r a t e .  Tubules ly in g  wi.thin the le s io n s  showed, vary ing  degrees o f  

d egen era tion  and n e c r o s is  and in  5 an im als, in c lu s io n  b od ies were found 

in  tubular e p ith e l ia l ,  c e l l s  (F ig , 3 8 ) ,  Com pletely n e c r o t ic  tu b u les  

appeared as d eep ly  e o s in o p h ilic  clumps o f  co a le sc ed  cytoplasm  co n ta in in g  

remnants o f  pyla iotic n u c le i;  the c e l lu la r  i n f i l t r a t e s  surrounding such  

tu b u les con tained  la r g e  numbers o f  polymorphonuclear le u k o c y te s . In  

o th er  tu b u le s ,th e  e p i t h e l ia l  cytoplasm  was sw o llen , v a cu o la ted  and 

somewhat ragged in  appearance and n e c r o t ic  celD.u3.ar d e b r is  was o f te n  

found in  the lumen. In  a d d it io n , sm all lym phocytes and polymorphonuclear 

le u k o cy te s  were sometimes observed m igrating  through the tubular  

ep ith e liu m  and ly in g  fr e e  w ith in  the lumen (F ig , 3 9 ) ,  A sm all number 

o f  m ito t ic  f ig u r e s  were commonly observed in  surrounding in t a c t  tu b u le s .

In  gen era l term s, the m edullary c e l lu la r  le s io n s  conta ined  more 

numerous n e c r o t ic  tu b u les; a s so c ia te d  w ith  th e s e ,th e  surrounding  

c e l lu la r  i n f i l t r a t e s  were composed o f  gi^'eater numbers o f  polyviorphonuclear 

le u k o cy tes  and macrophages but few er plasma c e l l s  (F ig , 4 q) . V/hen the
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m edullary tu b u les  were observed in  tra n sverse  s e c t io n ,a  d is t in c t iv e  

o r ie n ta t io n  o f  the c e l l s  in  the i n t e r s t i t i a l  l e s io n s  cou ld  o f te n  be 

d iscern ed ; th is  c o n s is te d  o f  a c e n tr a l n e c r o t ic  tu b u le , in  which 

In c lu s io n s  were sometimes p r e se n t, surrounded by an in n er  zone o f  

polymorphonuclear le u k o c y te s  end an o u ter  zone composed la r g e ly  o f  

macrophages w ith  a few lymphoid c e l l s  and plasma c e l l s  (F ig . 4 2 ) .

N eighbouring tu b u les fr e q u e n tly  contained  abundant n e c r o t ic  c e l lu la r  

d eb r is  and in  some c a s e s ,in c lu s io n s  were seen  in  in t a c t  tubular  

ep ith e liu m  and in  c e l l s  ly in g  fr e e  w ith in  the tu b u les (F ig , 4 3 ) .

In  the 3 dogs examined 2^  m à. 27 days a f t e r  in o c u la t io n  w ith  

v ir u s ,  the c e l lu la r  i n f i l t r a t e s  in  both-, co r te x  and medulD.a conta ined  a 

much h i ^ e r  p rop ortion  o f  plasma c e l l s ,  th ere were few er n e c r o t ic  

tu b u les and polymorphonuclear le u k o cy te s  were n o t so numerous. In  

a d d it io n , some o f  the i n t e r s t i t i a l  f o c i  had become more sp a r se ly  

populated  w ith  c e l l s  but con tained  in crea sed  numbers o f  f ib r o b la s t s  and 

showed ev idence o f  e a r ly  i n t e r s t i t i a l  f ib r o s i s .  In  a l l  dogs examined 

from day 7 onwards, lo o s e  aggregates o f  lym phocytes, macrophages and 

polymorphonuclear le u k o cy te s  were a ls o  found in  the su b -p e lv ic  co n n ective  

t i s s u e ;  however, in c lu s io n s  were never found in  a s s o c ia t io n  w ith  th ese  

l e s i o n s .

The h is t o lo g ic a l  p ic tu r e  p resen ted  by the 3 in  c o n ta c t  co n tr o l  

dogs was s im ila r  to th a t  o f  in o cu la te d  anim als examined in  the e a r ly  

s ta g e s  o f  the experim ent. There was fo c a l  h ep a tic  n e c r o s is  w ith  

in c lu s io n  bod ies p r esen t in  the l i v e r  and v a scu la r  endothelium  o f  a 

v a r ie ty  o f  o th er  organ s. In the k id n eys, t ie r e  was s w e llin g  o f  the 

c e l lu la r  components o f  the g lom eruli and in c lu s io n  b o d ies  were found in  

m esangial and e n d o th e lia l c e l l s .  In  2 o f  the d o g s ,(N o s , 8 l and 82) 

there was a ls o  expansion  and in crea sed  ceDJLularity o f  the m esangial 

reg io n s  o f  the g lo m e n ili and m oderately in crea sed  numbers o f  polymorphonuclear
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le u k o c y te s  were p r e se n t  in  the c a p il la r y  lo o p s .

The 8 c o n tr o l dogs which rec e iv ed  u n in fec ted  t is s u e  cu ltu re  

su sp en sion  showed no h i s t o lo g ic a l  ab n orm alities  in  the k idney and 

e lsew h ere .



Figo 3 6 ; -  S ec tio n  o f  k idney from in fe c te d  dog examined

18 days a f t e r  a d m in istra tio n  o f v ir u s ;  A focu s  

o f  i n t e r s t i t i a l  n e p h r it is  can be seen  extend ing  

from deep co rtex  in to  th e  o u ter  medulla*

(Hii X 50)

Figo 37*- S ec tio n  o f  ren a l m edulla from in fe c te d  dog examined 

18 days a f t e r  a d m in istra tio n  o f  v irus*  The tu b u les  

are cu t tr a n sv e r se ly  showing numerous f o c i  o f  

i n t e r s t i t i a l  n e p h r it iso

(HE X 60 )
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Figo 383™ GAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r

ad m in istra tio n  o f v irus*  M ithin chis c o r t ic a l  

fo cu s, in c lu s io n  b od ies (arrow s) can be seen  

in  tubular e p i t h e l ia l  c e l ls *

(HE X 350 )

Figo 39*- OAV I n t e r s t i t i a l  n e p h r it is ,  17 days a f t e r  

ad m in istra tio n  o f  v ir u s  * In the cen tre  o f  

the photomicrograph, a lo n g itu d in a l s e c t io n  

o f  p art o f  a m edullary tu b u le  can be seen  

con ta in in g  lym phocytes and polymorphen u clear  

leu k o cy tes  ly in g  among n e c r o t ic  c e l lu la r  d eb iis*

(M allo ry * 3  borax m ethylene b lu e , 1̂ .̂ x 400)
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Figo 40*- GAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  a d m in istra tion  

o f  v'irus* This fo c u s , which i s  lo c a te d  in  the o u ter  

m edulla, i s  composed m ainly o f  macrophages and la r g e  

lymphoid c e l l s  w ith  on ly  a few sm all lym phocytes and 

plasma c e l ls *

(M a llo ry 's  borax m ethylene b lu e , 1p s e c t io n  X 300)

Figo 41*- GAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  ad m in istra tio n  

o f  v ir u s*  In t h is  c o r t ic a l  le s io n ,  the c e l lu la r  

i n f i l t r a t e  i s  composed m ainly o f  sm all lym phocytes 

and plasma c e l ls *

(M a llo ry 's  borax m ethylene b lu e , l^ s e c t io n  X 400)
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Fig* 4 2 î -  CAV i n t e r s t i t i a l  n e p h r it is ,  18 days a f t e r  a d m in istra tio n  

o f  v im s *  A c h a r a c te r is t ic  m edullary fo cu s  o f  

i n t e r s t i t i a l  n e p h r it is ,  cu t in  tra n sv erse  s e c t io n ,  shows a 

c e n tr a l n e c r o t ic  tu b u le  co n ta in in g  a few polym orphonuclear 

le u k o cy te s  surrounded by la r g e  accum ulations o f  macrophages*

(HE X 300 )

Figo 43*- CAV i n t e r s t i t i a l  n e p h r it is ,  18 days a f t e r  a d m in istra tio n  

o f  v iru s*  In tran u clear  in c lu s io n  bod ies (sm all arrows) , 

are p resen t in  the ep ith eliu m  o f  m edullary c o l le c t in g  

tu b u les; a n e c r o t ic  tu b ule ( la r g e  arrow) can a ls o  be seeut

(HE X 400 )
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Immunofluorescence F indings

The im m unofluorescence p a ttern s  are summarised in  Table 11. Using  

FITC la b e l le d  anii-CAV serum, numerous f lu o r e s c in g  v ir u s - in fe c te d  c e l l s  

were d e tec ted  in  the l i v e r  o f  dogs examined from the 4 tb  to  ttie 8 th  day 

fo llo w in g  in o c u la t io n  o f  v ir u s ;  o c c a s io n a l in fe c te d  c e l l .s  were a lso  

found in  the l i v e r  o f  1 animal examined on day 9 . When k idneys from 

in fe c te d  dogs were s ta in e d  fo r  the presence o f  CAV a n tig en ^ d iscre te  

f lu o r e s c in g  c e l l s  were d e tec ted  in  the glom eruli o f  a l l  dogs up to  9 

days a f te r  a d m in istra tio n  o f  v ir u s  (F ig , 44) î sm all number o f  f lu o r e s c in g  

c e l l s  were a lso  d e te c te d  in  ex tra -g lom eru lar v a scu la r  endothelium . This 

p a ttern  o f  f lu o r e sc e n c e , th e r e fo r e , corresponded to "(die d is t r ib u t io n  o f  

in c lu s io n s  on h i s t o lo g ic a l  ex a m in a tio n ,a lth o u g h ,in  gen era l term s, 

l a i ’ger numbers o f  v ir u s - in fe c te d  c e l l s  were d e tec ted  by im m unofluorescence. 

In a d d itio n ,h o w ev er ,f in e  granular d e p o s its  o f  CAV a n tig en  were d e tected  

in  the m esangial re g io n s  o f  the g lom eruli o f  dogs examined on days 7 ,

8,  9 and 10 (F ig . /|5 ) ,  In 6 o f  the c l in ic a l ly  recovered  dogs'exam ined  

from day 10 onwards, s p e c i f i c  a n tigen  f lu o resce n c e  was d e tec ted  in  

o c c a s io n a l s c a tte r e d  f o c i  o f  tubular e p i' th e lia l  c e l l s ;  th ese  f o c i  o f  

v ir u s  a n tig en  were found in  both c o r te x  and m edulla (F ig s , 50 and 51 ) .

' IgG was n o t  d e tec ted  in  the k idneys o f  the dog examined on day 4* 

However, in  a l l  anim als examined from day 5 to day 14 fo llo w in g  inocu] a '-ion 

o f  v ir u s ,d i f f u s e  granular d e p o s its  o f  IgG were d e tec ted  in  the m esangial 

re g io n s  o f  the g lo m eru li. In the e a r ly  s ta g e s  o f  the exîjerim ent, on 

days 5 and 6, the flu o r e sc e n c e  was f in e l y  granular (F ig , 4&); however, 

as the d ise a se  p r o g r e sse d ,d e p o s its  o f  IgG became more abundant and took  

on a course clumpy appearance (F ig s . 47 and 4 ^ ) .  In anim als examined 

on days 10 and 1 4 ,th ere  was red u ction  in  the amount o f  d ep o sited  IgG 

which once again  appeared f in e ly  granu lar. Apart from n o n -sp e c if ic  

segm ental h i la r  f lu o resce n c e  i n ’ some c a s e s ,  d e p o s it s  o f  IgG were n o t
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found in  the glom eruli o f  any o f  the anim als examined a f t e r  day I 4 .

A few i n t e r s t i t i a l  plasma c e l l s  a ls o  s ta in ed  fo r  IgG in  k idneys o f  dogs 

examined 7 , B and 9 days a f t e r  in o c u la t io n  o f  v ir u s .  From 10 days 

onwards, the k idneys o f  a l l  dogs were found to  co n ta in  la r g e r  i n t e r s t i t i a l  

accum ulations o f  IgG p o s it iv e  plasma ceDJLs (F ig . 52) • AD.thou^ these  

were found mairl.y in  the c o r t ic e s ,  a number o f  sm all f o c i  were a lso  

found in  the m edulla p a r t ic u la r ly  in  the dogs examined on days 25 and 

27 .

In the 4  anim als whose k idneys were examined by the in d ir e c t  

"sandwich" techn ique, p o s it iv e  f lu o rescen ce  was observed in  many o f  the  

i n t e r s t i t i a l  plasma c e l l s , t h u s  in d ic a t in g  the presence o f  anti-CAV  

antibody (F ig , 53) .

D ep o sits  o f  C3 were f i r s t  d e tec ted  in  thé g lom eruli on day 6 and 

were found in  the k idneys o f  a l l  anim als examined from 7 to  10 days 

a f te r  in o c u la t io n  (F ig . 49) ; the d e p o s it s ,  which appeared as f in e  granular 

f lu o resce n c e  in  the m esangial r e g io n s , were most abundant in  those  

anim als w ith  the h e a v ie s t  d e p o s its  o f  IgG.

Numerous CAV in fe c te d  c e l l s  were d e tec ted  in  the l i v e r  o f  the 3 

in  c o n ta c t co n tr o l dogs k i l l e d  on day 10 . D isc r e te  v ir u s  in fe c te d  

c e l l s  were a lso  found in  the g lom eruli o f  a l l  3 anim als and in  2 anim als 

(Nos. 81 and 8 2 ) f in e  granular d e p o s its  o f  v iru s  a n tig en  were d e tec ted  

in  the m esangial reg io n s  o f  the g lo m eru li. S im ila r  granular d e p o s its  

o f  IgG and, C3 were found in  the g lom eruli o f  th ese  2 an im als.

The k idneys o f  the rem aining 8 co n tr o l dogs showed no s p e c i f i c  

f lu o resce n c e  fo r  CAV a n tig en , IgG or C3,
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Pig* 44-i- CAV an tig en  in  glomem?_us o f  dog examined 5 days 

a f t e r  in o c u la tio n  o f v iru s*  Two d is c r e te  v ir u s -  

in fe c te d  c e l l s  can be seen  in  th e glom erulus*

(im m unofluorescence X 400)

Pig* 451- CAV a n tigen  in  glom erulus o f  dog examined 8 days 

a f t e r  in o c u la t io n  o f  v ir u s ;  Granular d e p o s its  o f  

v ir a l  an tigen  are p resen t throughout th e  m esangial 

reg io n s; one d is c r e te  f lu o r e s c in g  c e l l  can a lso  

be seen*

(im m unofluorescence X 400)
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Pig* 4 6 î -  Ig<T in  glom erulus o f  dog examined S days a f te r

in o c u la tio n  o f  viinasS f in e  granu les o f  f lu o resce n c e  

can be seen in  th e m esangial reg io n s o f  the glom erulus,

(im m unofluorescence X 400)

Figo 47*- IgG in  glom erulus o f  dog examined 9 days a f t e r

in o c u la tio n  o f  v irus*  Coarse granular f lu o resce n c e  

can be seen in  the m esangial regions*

(im m unofluorescence X 400)
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P ig , 4 6 î -  ïgG in  g lom eru li o f  dog examined 9 days a f t e r  in o c u la tio n  

o f  v i i u s î  granular d e p o s its  o f  IgG are found d i f f u s e ly  

in  a l l  glom eruli*

(im m unofluorescence X 400)

P ig , 4 9 Î- Complement (C3) in  glom erulus o f  dog examined 9 day: 

a f t e r  in o c u la t io n  o f  v ir u s ;  The d is tr ib u t io n  o f  

granular f lu o resce n c e  i s  the same as th a t observed  

fo r  IgG*

(Xmmunofluoresence X 400)
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Figo 5 0 î -  CAV an tigen  in  th e  kidney o f  a dog examined 19 days 

a f t e r  in o c u la tio n  o f v iru s*  A lo n g itu d in a l s e c t io n  

o f  part o f  a c o l le c t in g  tubule shows s p e c i f i c  

f lu o r e sc e n c e  fo r  v ir u s  antigen*

(im m unofluorescence X 400)

Figo 5 1 Transverse s e c t io n  o f  m edullary c o l le c t in g  tubule from 

the same anim al, showing s p e c i f ic  f lu o resce n c e  fo r  

v ir u s  an tigen  in  the tubular epithelium *

(im m unofluorescence X 600)
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Figo 525- CAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  a d m in istra tio n  

o f  v ir u s !  Numerous IgG s ta in in g  plasma c e l l s  can be 

seen in  c o r t ic a l  c e l lu la r  in f i l t r a t e s *

( Immunofluorescence X 250)

Pigo 55*- CAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  a d m in istra tio n  

o f  v ii'u s! S ection  c f  kidney sta in ed  by an in d ir e c t  

im m unofluorescence t e s t  fo r  th e presence o f  a n t i - v ir a l  

antibody; Cytoplasm ic flu o r e sc e n c e  can be seen  in  a focu s  

o f  plasma c e l ls *

(im m unofluorescence X 400)
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U ltr a s tr u c tu r a l F ind ings

Marked t i l t r a s tr u c tu r a l changes were observed in  the g lom eruli 

o f  a l l  anim als examined up to  14 days a f t e r  in o c u la t io n  o f  v ir u s .  In  

the e a r ly  s ta g e s  o f  the experim ent, on days 5 and 6 , th ere was marked 

sw e llin g  and v a cu o la tio n  o f  a l l  the glom erular c e l l  typ es r e s u lt in g  in  

p a r t ia l  or com plete o c c lu s io n  o f  the c a p il la r y  lum ina. The th in  

e n d o th e lia l l in in g  o f  c a p i l la r y  lo o p s  was frayed and o fte n  had p a r t ia l ly  

detached from the GHi. A few c a p i l la r y  lo o p s  contained  polymorphonuclear 

le u k o cy te s  or la r g e  mononuclear c e l l s .  Sw ollen  m esangia l c e l l s  bulged  

in to  the a x ia l  r e g io n s  o f  the lo o p s and,even a t  t h is  e a r ly  s ta g e ,th e r e  

was ev idence o f  expansion  o f  m esangial m atrix a n d ,in  some in s ta n c e s , an 

in cr ea se  in  the number o f  m esangial c e l l s .  Sm all e le c tr o n -d e n se  d e p o s its  

were found sc a tte r e d  throughout the m esangial m atrix; th ese  d e p o s its  

were n o t  observed in  su b e n d o th e lia l or s u b e p ith e lia l  s i t u a t io n s .  The 

f o o t  p ro cesse s  o f  sw o llen  e p i t h e l ia l  c e l l s  showed p a r t ia l  fu s io n  but a t  

t h is  sta g e  tlie G34 appeared normal.

From day 7 to  day 10 the g^Lomerular changes were much more severe  ̂

The main fe a tu r e  o f  a f fe c te d  glom eruli a t  th is  stage  was the presence  

o f  la r g e  ir r e g u la r  e le c tr o n -d e n se  d e p o s its  sc a tte r e d  throughout the 

m esangial reg io n s  (F ig , 5 4 ) . These d e p o s its  extended in to  the a x ia l  

reg io n s  o f  U o c a p i l la r y  lo o p s  and a t  th ese  s i t e s  sm a ller  d e p o s its  were 

o c c a s io n a lly  observed beneath sw o llen  endothelium . A sso c ia ted  w ith  the 

d e p o s it s ,th e r e  was a marked in cr ea se  in  m esangial c e l l u l a r i t y  and 

expansion  o f  m esangial m atrix which r e su lte d  in  a lm ost com plete  

o c c lu s io n  o f  many c a p il la r y  lo o p s  (F ig , 5 5 ) , A s t r ik in g  v a r ia t io n  in  

the morphology o f  m esangial c e l l s  was n o ted . Many appeared to  be in  

the p rocess o f  phagocytosing  surrounding d e p o s its ;  in  th ese  c e l l s , t h e  

n u c le i o f te n  showed accentuated  lo b u la t io n  and tiie cytoplasm  contained  

numerous m itochondria and abundant endoplasm ic reticu lu m . In a d d itio n , 

round homogenous e le c tr o n  dense granules and ir r e g u la r  granular clumps
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o f  n e c r o t ic  c e l l  d e b r is  were freq u en tly  observed in  m esangia l c e l l  

cytop lasm . Sometimes, a lo n g sid e  th ese  a c t iv e  m esangial c e l l s ,  o th er  

d is c r e te  c e l l s  w ith  p o o r ly  e le c tr o n  dense cytoplasm  co n ta in in g  fewer 

o r g a n e lle s , were found. Many m esangial c e l l s  showed ev id en ce  o f  d egen eration  

ranging  from m ild cy top lasm ic sw e llin g  and v a cu o la tio n  to , in  a few  

in s ta n c e s , frank c e l lu la r  n e c r o s is .  At t h is  s ta g e ,th e  glom erular  

endothelium  liad a ls o  undergone much more severe d egen era tive  changes; 

there was marked s w e llin g  and v a cu o la tio n  o f  e n d o th e lia l cytoplasm  and 

ir r e g u la r  e le c tr o n  dense n e c r o tic  c e l l s  were o fte n  observed p a r t ia l ly  

detached from the u n d e r -ly in g  GEM, A t such s i t e s ,  stran d s o f  f ib r in  

were sometimes p resen t w ith in  the c a p i l la r ie s  and o c c a s io n a lly  in  the 

f i l t r a t i o n  spaces (F ig , 5 7 ), In s e v e r e ly  a f fe c te d  g lo m eru li, ery th 

ro cy te s  were found in  the m esangial reg io n s and l e s s  fr e q u e n tly  in  the 

f i l t r a t i o n  sp a ces . The number o f  polymorphonuclear le u k o cy te s  found 

in  the gd.omeruli in crea sed  from day 7 onwards, rea ch in g  a peak on day 9 

a t  which time they  were d e tec ted  in  la r g e  numbers lodged  in  the glom erular 

c a p i l la r ie s  and o c c a s io n a lly  in  the mesangium (F ig , 5 6 ). Large mono

n u clear leu k o cy tes  were a ls o  observed w ith  r e la t iv e  frequency in  the 

c a p il la r y  lo o p s . The polym orhonuclear leu k o cy tes  were o fte n  a lte r e d  

in  appearance; th e ir  complement o f  cytop lasm ic granules was markedly 

reduced and the cytoplasm  was sometimes p a le , sw o llen  and v a cu o la ted .

The glom erular e p i t h e l ia l  c e l l s  showed an in cr ea se  in  cytop lasm ic  

o r g a n e lle s  and marked cytop lasm ic s w e llin g  o fte n  r e s u lte d  in  e x te n s iv e  

fu s io n  o f  fo o t  p r o c e sse s . In  anim als examined 9 and 10 days a f t e r  

in o c u la t io n , degen eration  o f  e p i t h e l ia l  c e l l s  was sometimes noted; such  

c e l l s  had extrem ely  pyknotic n u c le i and th e ir  cytoplasm  was shrunken 

and extrem ely  e le c tr o n  dense (F ig , 5&). M ito tic  f ig u r e s  were o c c a s io n a lly  

encountered in  e n d o th e lia l and m esangial c e l l s  o f  dogs examined on days 

8 , 9 and 10 (F ig . 5 9 ).
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Virus p a r t ic le s  were found in  the g lom eruli o f  a l l  dogs examined 

up to  and in c lu d in g  day 9 . On days 5 and 6, v ir u s  was d e tec ted  in  the 

n u c le i o f  m esangial c e l l s  and o c c a s io n a lly  e n d o th e lia l c e l l s  and in  

mononuclear c e l l s  ly in g  fr e e  w ith in  the c a p il la r y  lo o p s .  In the la t e r  

s ta g e s ,  from day 7 onwards, v ir u s  p a r t ic le s  were con fin ed  mainU.y to  

m esangial c e l l s  (F ig . 6 0 ) , In fe c te d  c e l l  n u c le i  were sw o llen  and o fte n  

contained  a c e n tr a l granu lar, m oderately e le c tr o n  dense area w itli a 

surrounding p a le  zo n e ,o u ts id e  which the chromatin had become raarginated 

to  a narrow e le c tr o n  dense band on the in n er a sp e c t o f  the n u clear  

membrane. The cytoplasm  was a ls o  markedly sw o llen , p o o r ly  e le c tr o n  

dense and sometimes v a cu o la ted . In such c e l l s ,  v ir u s  p a r t ic le s  were 

u s u a lly  found sc a tte r e d  throughout the n u c leu s . In dogs examined from 

day 7 onwards, many in fe c te d  c e l l  n u c le i  showed a d if fu s e  p a le  appearance 

and contained  o n ly  a very  sm all c e n tr a l m atrix; in  th ese  c e l l s ,  v ir u s  

p a r t ic le s  were found m ainly in  the periphery  o f  the n u cleu s beneath the 

n u clear membrane. In fe c ted  c e l l s  were fr e q u e n tly  observed in  various  

s ta g e s  o f  d egen era tion , showing d isru p tio n  o f  n u clear and cytop lasm ic  

membranes w ith  r e le a s e  o f  v ir u s  p a r t ic le s  in to  the cytoplasm  and 

surrounding t i s s u e .  Sm all pockets o f  v ir u s  p a r t ic le s  were sometimes 

found w ith in  membrane bound v e s ic le s  in  the cytoplasm  o f  o th erw ise  

ap p aren tly  u n in fec ted  m esangial c e l l s  (F ig , 6 1 ) ,  On a few o c c a s io n s ,  

an in t a c t  d egen era tin g  v ir u s  in fe c te d  c e l l  was observed w ith in  the 

cytoplasm  o f  another m esangial c e l l  (F ig , 6 2 ) .  Only on rare o cca sio n s  

were v ir u s  p a r t ic le s  lo c a te d  w ith in  e le c tr o n  dense d e p o s its  in  the 

m esangial m atrix  (F ig , 6 3 ) ,

In  dog No. 73, which was examined on day I 4 , the glom erular u l t r a -  

s tr u c tu r a l changes were much l e s s  s e v e r e . The c e l lu la r  components o f  

the g lom eru li no lo n g er  showed the same degree o f  s w e llin g  and on ly  

o c c a s io n a l polymorphonuclear le u k o cy tes  were found w ith in  the c a p il la r y
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lo o p s , many o f  which a t  t h is  stage  were f u l l y  p a te n t. The m esangial 

r e g io n s , however, s t i l l  showed ap p reciab le  h y p e r c e l lu la r ity  and in crea sed  

m atrix  and o c c a s io n a l sm all e le c tr o n  dense d e p o s its  cou ld  s t i l l  be 

seen  in  the m esangial m atrix . In  a d d it io n , e le c tr o n -d e n se  n e c r o t ic  

e n d o th e lia l c e l l s  were sometimes observed detached from the GH4 and 

b ein g  rep laced  by a d ja cen t h e a lth y  e n d o th e lia l c e l l s .  S im ila r  changes 

were a ls o  observed in  o c c a s io n a l v is c e r a l  e p i t h e l ia l  c e l l s .

The g lom eruli o f  a l l  dogs examined from day 17 to  the end o f  the 

experim ent, showed o n ly  minor u ltr a s tr u c tu r a l changes. There was some 

expansion o f  mesangd.al m atrix which impinged on many o f  the c a p il la r y  

lo o p s , cau sin g  s l i g h t  o c c lu s io n  o f  th e ir  lum ina; o c c a s io n a l f o c i  o f  

in crea sed  m esangial c e l l s  were a ls o  n o ted . However, in  none o f  th ese  

anim als were v ir u s  p a r t ic le s  or e le c tr o n  dense d e p o s its  found in  the 

g lo r a e m li,



Figo 54*"" S ectio n  o f  glom erulus f3.T>ra an in fe c te d  dog examined

9 days a f t e r  a d m in istra tio n  o f  v irus*  Numerous la r g e ,  

ir r e g u la r , e le c tr o n -d e n se  d e p o s its  (arrow s) can be seen  

in  th e m esangial reg ions*  M -  M esangial c e l l ;

Fp a E p ith e lia l  c e l l ;  S = E n d oth e lia l c e l l*

(E lectro n  m icroscopy % 10,000)
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Figo 5 3 î“ S ection  o f  glom erulus from an in fe c te d  dog examined 

3 days a f t e r  a d m in istra tio n  o f  v ir u s î Four m esangial 

c e l l s  ( h) can be seen  in  t h i s  h y p e r c e llu la r  m esangial 

focuso There i s  a ls o  fu s io n  (arrow s) o f  the e p i t h e l ia l  

c e l l  (Sp) fo o t  p rocesses*

(E lectron  m icroscopy X 10 ,000)
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Fig* 5 6 Sect i on o f glom erulus from an in fe c te d  dog examined

9 days a f t e r  ad m in istra tio n  o f  v irus*  A c a p il la r y  loop  

con ta in s a mononuclear leu k o cy te  (Mon) and a . 

polym orphonuclear leu k o cy te  (Pm); . the l a t t e r  has 

discharged  and i t s  cytoplasm  appears p a le  and vacu olated . 

There i s  a lso  d egen eration  o f  the c a p i l la r y  endothelium  

(arrow s) which appears e lec tro n -d en se  and v a cu o la ted *

(E lec tro n  m icroscopy X 6 ,000)

Figo 5 7 Î -  S ectio n  o f  glom erulus from an in fe c te d  dog examined 

10 days a f t e r  a d m in istra tio n  o f  v ir u s ,  showing strands  

o f  f ib r in  (arrow s) in  the lumen o f  a c a p il la r y  loop*

(E lec tro n  microscopy E 10,000)



1 2 2



Fiyo 58:" S ection  o f  glom erulus from an in fe c te d  dog examined 

10 days a f t e r  a d m in istra tio n  o f  v ir u s , showing a 

d egen eratin g , shrunken, e le c tr o n -d e n se  e p i t h e l ia l  

c e l l  (ilp)*

(E le c tro n  m icroscopy X 10,000)

Figo 59*™ Sec tion  of glomerulus from an in fe c te d  dog examined 

10 days a f t e r  a d m in is t r a t io n  o f  v i r u s ,  shovring an 

e n d o th e l ia l  c e l l  i n  th e  p rocess  o f  m i to t i c  d iv is io n *

(E lectro n  m icroscopy X 10,000)
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Figo 60 î~ S ection  o f  glom erulus from an in fe c te d  dog examined

7 days a f te r  a d m in istra tio n  o f  v irus*  V irus p a r t ic l e s  

can be seen w ith in  the p a le  sw ollen  n u cleu s o f  a 

m esangial c e l l  ( m) o Small e le c tr o n -d e n se  d e p o s its  

(arrow s) are a lso  p resen t in  the surrounding m esangial 

matrix* Sp = E p ith e lia l  c e l l*

(E lectro n  m icroscopy X 10,000)

Figo 61 Î- S ectio n  o f  glom erulus from an in fe c te d  dog eXarained 

0 days a f t e r  a d m in istra tio n  o f  v ir u s ;  Small clumps 

o f  v ir u s  p a r t ic l e s  (arrow s) can be seen w ith in  membrane- 

boiuid v e s ic l e s  in  the cytoplasm  o f  an o th erw ise  u n in fec ted  

m esangial c e l l  ( h ) o

E lectron  m icroscopy X 10,000)
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Figo 6 2 î -  S ec tio n  o f  glomei’u.lus from an in fe c te d  dog examined 

8 days a f t e r  a d m in istra tio n  o f  v iru s*  An e le c tr o n -  

dense, n e c r o t ic  c e l l  c o n ta in in g  ■’/i rus p a r t ic le s  (arrow s) 

can be seen e n t ir e ly  w ith in  the cytoplasm  o f  a m esangial 

c e l l  (I'O*

(E lec tro n  m icroscopy X 10 ,000)

Figo 653-  S ec tio n  o f  glom eiailus from an in fe c te d  dog examined 9 days 

a f t e r  a d m in istra tio n  o f  viru.s : Numerous v ir u s  p a r t ic l e s

can be seen among e lec tro n -d en se  d e p o s its  and. n e c r o t ic  

c e l lu la r  debris*

(E lectro n  m icroscopy X 15,000)
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Elsewhere in  the k idney, a l l  dogs examined up u n t i l  10 days 

showed sw e llin g  and sometimes v a cu o la tio n  o f  tlie tubular e p i t h e l ia l  

cytop lasm , Tliis r e s u lte d  in  d isp e r s io n  o f  m itochondria and p ro tru sion  

o f  e p i t h e l ia l  cytoplasm  in to  the tubular lumina which o fte n  contained  

fragm ents o f  c e l lu la r  d e b r is . In anim als in fe c te d  7 to  14 days, 

o c c a s io n a l n e c r o tic  tu b u les were encountered and numerous red blood  

c e l l s  were sometimes found in  the tubular lum ina.

F oci o f  i n t e r s t i t i a l  c e l lu la r  i n f i l t r a t io n  were lo c a te d  in  samples 

o f  k idney from the 6 dogs examined. 17 to 27 days a f t e r  in o c u la t io n  o f  

v in is  ; th ese  le s io n s  were found in  botli c o r t ic a l  and m edullary t i s s u e .

In  dogs examined on days 17, 1S and 19, the c o r t ic a l  i n f i l t r a t e s  

c o n s is te d  o f  a m ixture o f  c e l l  typ es composed m ainly o f  lym phocytes, 

plasma c e l l s ,  la r g e  monocytes and macrophages (F ig s , 64 and 65 ) .

O ccasional n e c r o t ic  tu b u les and remnants o f  n e c r o t ic  in d iv id u a l c e l l s  

were found w ith in  the le s io n s  and, in  th e ir  immediate v ic in i t y ,  f o c a l  

accum ulations o f  polymorphonuclear leu k o cy tes  and macrophages were 

u s u a lly  p r e se n t. Lymphocytes ranged in  appearance,from  c e l l s  p o sse s s in g  

moderate amounts o f  p a le  cytoplasm  w ith  few o r g a n e l le s ,to  c h a r a c te r is t ic  

sm all lym phocytes w ith  a round dense nucleus surrounded by sm all amounts 

o f  e le c tr o n -d e n se  cytop lasm . At t h is  s ta g e , numerous lym phocytes were 

observed in  variou s s ta g e s  o f  m ito t ic  d iv is io n .  Plasma celD.s o f  varying  

m atu rity  were found, ranging from e a r ly  p lasm ab lasts  w ith  a c e n tr a l  

n u cleu s and moderate amounts o f  rough surfaced  endoplasm ic re ticu lu m , 

to  mature plasma c e l l s  w ith  a round e c c e n tr ic a l ly  p laced  nucleus and 

cytoplasm  packed w ith  d isten d ed  endoplasm ic re ticu lu m .

L esions found in  the m edulla a t  th is  stage o f  in f e c t io n  contained  

more numerous n e c r o t ic  tu b u les and the a s so c ia te d  c e l lu la r  i n f i l t r a t e s  

conta ined  g rea ter  numbers o f  macrophages and polym orphonuclear le u k o c y te s .  

In many a rea s , the c e l l u l a r . in f i l t r a t e s  were composed alm ost e n t ir e ly  o f
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macrophages (F ig . 66) accompanied by a few polymorphonuclear le u k o cy tes , 

w hile  a t  o th er  s i t e s , t h e s e  c e l l  tjqpes were a lso  accompanied by lym phocytes 

and plasma c e l l s ,  Macrophages found w ith in  these le s io n s  showed evidence  

o f  a c t iv e  p h a g o cy to sis; they  were c h a r a c t e r is t ic a l ly  ir r e g u la r  in  shape 

w ith  a lobed  or bean-shaped nucleus and th e ir  cytoplasm  was vacuolated  

and contained  vary ing  numbers o f  round, e lec tro n -d en se  granules and a 

v a r ie ty  o f  c e l lu la r  d eb r is  w ith in  membrane bound v e s ic le s »

In both co r te x  and m edulla, many in t a c t  tu b u le s , ly in g  w ith in  the 

c e l lu la r  i n f i l t r a t e s ,  showed evidence o f  d egen erative changes; th e ir  

cytoplasm  appeared ragged, sw ollen  and vacu olated  and they  o fte n  contained  

n e c r o t ic  c e l lu la r  d eb r is  (F ig . 6 ? ) .  Virus p a r t ic le s  were o c c a s io n a lly  

found in  tubular e p i t h e l ia l  c e l l s  and sometimes in  desquamated c e l l s  

ly in g  fr e e  w ith in  the ‘tubular lumen (F ig s . 68 and 71 ) . In fe c te d  c e l l s  

found in  th ese  s i t e s  showed severe d egen erative  changes, o fte n  w ith  

disrupti.on  o f  n u clear  and cytop lasm ic membranes and r e le a s e  o f  v iru s  

p a r t ic le s  in to  the tubular lumen. On numerous o c c a s io n s , lyn p h ocytes  

and polym orphonuclear leu k o cy tes  were found migra'bin g through the -tubular 

ep ith eliu m  in to  the lumen o f  th ese  tubu les (F ig . 6 9 ) . Polymorphonuclear 

le u k o cy tes  found in  such s i t e s  sometimes appeared to  be phagocytosing  

n e c r o t ic  c e l lu la r  d eb r is  and th e ir  cytoplasm  was o fte n  p a le  and vacholated  

and showed a marked red u ction  in  co n ten t o f  lysosom al g ra n u les .

Phagocytosed clumps o f  v ir u s  p a r t ic le s  were a ls o  o c c a s io n a lly  found 

w ith in  the cytoplasm  o f  polymorphonuclear leu k o cy tes  in  th ese  s i t e s  (F ig . 

7 0 ) ,  I n ta c t  and d egen eratin g  v ir u s - in fe c te d  c e l l s  were sometimes found 

ou tw ith  the tu b u les , in  the i i .t e r s t i t iu m  (F ig , 72) i however, i t  was n o t  

p o s s ib le  to  determ ine whether th ese  were e p i t h e l ia l  c e l l s  which had been 

r e le a se d  from d isru p ted  tu b u les , or phagocytic c e l l s  which had become 

in fe c te d  by in g e s t io n  o f  v iru s  or v ir u s - in fe c te d  c e l lu la r  m a ter ia l.

Even a t  the 17 to I 9  day sta g e  o f  in f e c t io n ,  sm all numbers o f  f ib r o b la s ts
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were found ijd both c o r t i c a l  and m edullary le s io n s ;  they  appeared as 

ir r e g u la r  or e lon gated  c e l l s ,  the cytoplasm  o f  which contained  abundant 

d istended  endoplasm ic reticu lu m . A ssocia ted  w ith  th ese  f ib r o b la s t s ,  

e a r ly  c o lla g e n  d e p o s its  were found, p a r t ic u la r ly  around the periphery  

o f  some o f  the la r g e r  c e l lu la r  f o c i  (F ig . 7 3 ) .

In the 3 dogs examined on days 25 and 27 , the i n t e r s t i t i a l  le s io n s  

showed a number o f  d if fe r e n c e s  from th ose examined e a r l i e r .  The c e l lu la r  

in f i l t r a t e s  con tained  a much h igh er proportion  o f  plasma c e l l s  (F ig . 74) 

so th a t, even in  the m edulla, la rg e  numbers o f  mature plasma c e l l s  were 

o fte n  observed . However, many lym uhocytes, macrophages and la rg e  

mononuclear c e l l s  were a ls o  p r e se n t. Fewer n e c r o t ic  tu b u les were 

encountered and polymorphonuclear leu k o cy tes  were found in  much sm aller  

numbers than in  the e a r l ie r  s ta g es  o f  in f e c t io n .  Another n otab le  

fea tu re  was the in cr ea se  in  f ib r o b la s t  a c t iv i t y ,  w ith  numerous f ib r o 

b la s t s  and a s so c ia te d  f in e  bundles o f  c o lla g e n  f ib r e s  found interw oven  

among the c e l lu la r  i n f i l t r a t e s  in  both cortex  and m edulla. D esp ite  the 

f in d in g  o f  sm all numbers o f  v ir u s  in fe c te d  c e l l s  in  Nos, 77 and 78 by 

im m unofluorescence, v iru s  p a r t ic le s  were n o t found in  ren a l t is s u e  

from any o f  the 3 dogs examined a t  t l i i s  tim e.



F ig , 64 ( a ) î -  CAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  ad m in istra tio n  

o f  virusS  A s e c t io n  o f  c o r t ic a l  c e l lu la r  i n f i l t r a t e  

shows a m ixture o f  lym phocytes ( l ) and p lasm ab lasts  (P)o

(b) ( i n s e r t ) Î -  A lymphocyte from the same le s io n  can be 

seen  in  the p ro cess  o f  m ito t ic  d iv is io n o

(E lectron  m icroscopy X 6 ,000)
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F ig , 65 î” CAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  ad m in istra tio n  

o f  v ir u s  I A se c t io n  o f  c o r t ic a l  c e l lu la r  i n f i l t r a t e ,  

showing numerous macrophages ( * ) ,

(E lectron  m icroscopy X 6 ,000)
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P ig . 6 6 ;-  CAV i n t e r s t i t i a l  n e p h r it is ,  18 days a f t e r  a d m in istra tio n  

o f v ir u s ;  S ec tio n  o f  m edullary c e l lu la r  i n f i l t r a t e ,  

showing la r g e  numbers o f  macrophages ( * ) ;  th e ir  

cytoplasm  i s  v a cu o la ted  and con ta in s e le c tr o n -d e n se  

lysosom al granules and ir r e g u la r  clumps o f  phagocytosed  

m ateria l»

(E lec tro n  m icroscopy X 6 ,000)
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F ig , G7î“ CAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  ad m in istra tio n  

o f  /iru s*  S ec tio n  o f  the m edullary tu b u le  shown 

Figure 3 9 î The tubular lumen con ta in s abundant 

n e c r o t ic  c e l lu la r  d eb r is  among which can be seen 3 

polymorphonuclear le u k o cy tes:  one o f  th ese  c e l l s  ( s )

has d ischarged  and i t s  cytoplasm  i s  vacu o la ted  w h ile  

another ( i )  i s  n e c r o t ic  and appears shrunken and 

e le c tr o n -d e n se , T2 = Tubular ep ith e liu m ,

(E lectro n  m icroscopy X 6 ,000)

Figo 68 Î- D egenerating GAY in fe c te d  c e l l  found in  the lumen o f  the  

tubule shown in  F igure 67, Large accum ulations o f  vii*us 

p a r t ic l e s  can be seen  in  the nucleus which shows numerous 

d isru p tio n s  (arrow s) in  i t s  n u clear membrane,

(E lectro n  m icroscopy X 15?0CC)
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F ig , 69 s- GAV i n t e r s t i t i a l  n e p h r it is ,  18 aays a f t e r  ad m in istra tio n  

o f v ir u s Î S ectio n  o f  ren a l co r te x , showing a 

degenerating  v ir u s  in fe c te d  c e l l  (v ) in  the lumen o f  

a c o l le c t in g  tu b u le; sm all lym phocytes (L) can be seen  

in  the in te r s t it iu m  and p a ss in g  through th e tu b u lar  

ep ith eliu m  in to  th e lumen. Two larger^ lym phocytes (by) 

w ith  more abundant p a le  cytoplasm , can a ls o  be seen  

in  the in te r s t it iu m ,

(E lectro n  m icroscopy X 6 ,000)
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Figa 7 0 : -  CAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  ad m in istra tio n  

o f v ir u s :  V irus p a r t ic le s  (sm a ll arrows) can be seen

w ith in  the cytoplasm  o f  a polym orphonuclear leu k ocy te  

ly in g  in  the lumen o f  a c o l le c t in g  tu b u le î part o f  a 

degenerating  in fe c te d  tu b u lar e p i t h e l ia l  c e l l  (V) can 

a lso  be seen  and fr e e  v ir u s  p a r t ic le s  ( la r g e  arrows) 

are p resen t in  the tubular lumen,

(E lectron  m icroscopy X 15 ,000)

F ig , 7 1 Î- CAV i n t e r s t i t i a l  n e p h r it is ,  17 days a f t e r  ad m in istra tio n  

o f v ir u s :  S ection  o f  a c o l le c t in g  tu b ule con ta in in g

2 v ir u s - in fe c te d  e p i t h e l ia l  c e l l s ,  one o f  which (V l) 

shews n u clear m argination o f  chromatin and a coarse  

granular m atrix in  the cen tre  o f  the n u c leu sjw h ile  the  

second (V2) shows d isru p tio n  o f  cytop lasm ic end n u clear  

membraneso

(E lectron  m icroscopy,X  8 ,000 )
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Figo 72*- CAV i n t e r s t i t i a l  n e n h r it is ,  18 days a f t e r  ad m in istra tion  

o f  v i iu s ;  S ec tio n  o f  ren a l co r te x , showing 2 

degen erating  v ir u s  -  in fe c te d  c e l l s  (V) in  th e  

in te r s t it iu m ;  sm all e x tr a c e l lu la r  clumps o f  v ir u s  

p a r t ic l e s  (arrow s) can a lso  be seen ,

(E lectron  m icroscopy X 10,000)
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F ig . 7 3 ï -  OAV i n t e r s t i t i a l  n e p h r it is ,  19 days a f t e r  a d m in istra tio n

o f  v iiu sS  S ec tio n  o f  ren a l m edulla, showing ea r ly  c o lla g e n  

d e p o s its  (arrow s) in  c lo s e  proxim ity to  f ib r o b la s t s  ( f ) ,  A 

polymorphonuclear leu k ocy te  (Pm) and a macrophage (Mac) can 

a lso  be seen»

(E lectron  m icroscopy X 10,000)
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F ig . 7 4* - CAY i n t e r s t i t i a l  n e p h r it is ,  25 clays a f t e r  ad m in istra tio n  

o f  v irus*  S ec tio n  o f  c o r t ic a l  c e l lu la r  i n f i l t r a t e ,  

showing numerous plasma c e l l s  (P), Bands o f  c o lla g e n  (* )  

can a ls o  be seen  among the c e l lu la r  i n f i l t r a t e ,

(E le c tro n  m icroscopy X 6 ,000)
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B iochem ical F indings

The r e s u lt s  o f  u r in e  p r o te in  and blood urea n itro g en  e s tim a tio n s  

are p resen ted  in, Table 12 . U rine p ro te in  l e v e l s  were measured in  11 

dogs examined up to' 9 days fo llo w in g  in o c u la tio n  o f  v ir u s .  P ro te in u r ia  

in  e x c e ss  o f  5Cto&^100ml was observed in  9 o f  th ese  an im als, w ith  le v e ls  

up to 500mg/10OimL b ein g  d e te c te d . S ig n if ic a n t  p ro te in u r ia  was n o t  

found in  any o f  tlie dogs examined from day 10 onwards. One o f  the 3 in  

c o n ta c t  c o n tr o l dogs had a p ro te in u r ia  l e v e l  o f  270mg/ml.

O bviously e le v a te d  le v e l s  o f  blood urea were found in  on ly  3 

dogs which were examined on days 5̂  V and 9j however a numbei’ o f  o ther  

dogs (Nos, 6 3 , 73 and 76) had m arginally  e le v a te d  l e v e l s .

S e ro lo g ic a l F indings

The r e s u lt s  o f  CAV antibody e s tim a tio n  in  serum and ren a l e lu a te s  

are p resen ted  in  Table 12, A lthough IgG was d ep osited  in  the g lo m elu li 

as e a r ly  as 5 days p o s t - in fe c t io n ,  c ir c u la t in g  anti-CAV antibody was n ot  

d etec ted  u n t i l  day 7 . From day 7 to  day 9 on ly  low l e v e l s  o f  antibody  

were found; however, the anim al examined on day 10, which showed c l i n i c a l  

recovery , had an an tibody  t i t r e  of 512 and a l l  anim als examined th e r e a fte r  

had s im ila r ly  h igh  t i t r e s .

E leven o f  the 16 ren a l e lu a te s  examined were found to con ta in  

anti-CAV antibody; th ese  were a l l  from dogs examined between day 7 and 

day 19 and, although  one t i t r e  o f  128 was ob ta in ed , the l e v e l  o f  antibody  

d etec ted  in  the e lu a te s  was g e n e r a lly  low , Anti-CAV antibody was n ot  

d etec ted  in  ?ny o f  the e lu a te s  o f  normal c o n tr o l k id n e y s ,e ith e r  from 

a n tib o d y -free  dogs or from dogs w ith h igh  le v e l s  o f  c ir c u la t in g  an tibody . 

A n ti-k id n ey  antibody was n o t p resen t in  any o f  the e lu a te s .
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I l l

(b) P a ss iv e  tr a n s fe r  o f  serum to  mice 

C lin ic a l  and M acroscopic F indings

Over the sh o r t duration  o f  the experim ent, a l l  in o cu la te d  and 

co n tr o l mice appeared c l i n i c a l l y  normal. At necropsy , m acroscopic 

ab n orm alities  were n o t observed in  any o f  the m ice ,

H is to lo g ic a l  F ind ings

No s ig n i f ic a n t  d if fe r e n c e  was noted in  the h i s t o lo g ic a l  appearance 

o f  the g lom eruli o f  in o cu la te d  and c o n tr o l m ice. A ll  g lom eruli showed 

numerous th in  w a lled , p a ten t c a p il la r y  lo o p s and. there was no apparent 

in cr ea se  in  glom erular c e l lu la r i t y ,

3immunofluorescence F ind ings

The r e s u lt s  o f  im m unofluorescence s tu d ie s  are summarised in  Table 

1 3 . I n i t i a l l y ,  on s ta in in g  s e c t io n s  o f  co n tr o l mouse k idney w ith  r a b b it  

a n ti-d o g  IgG a t  a 1:10  d i lu t io n ,  there was s l i g h t  n o n -s p e c if ic  s ta in in g  

o f  the glom erular c a p i l la r y  w a lls  and mesangium. However, on u s in g  

the a n ti-d o g  conjugate a t  a 1:20 d i lu t io n ,  th is  n o n -sp e c if ic  s ta in in g  

was no lo n g er  p r e se n t . At t h is  d i lu t io n ,  f in e  granular d e p o s its  o f  

IgG were d e tec ted  in  the m esangial reg io n s o f  the g lom eruli in  mice 

in o cu la ted  w ith  serum from dog Nos, 65 and 70 ( ( i . e .  mouse Nos. M9-

Ml 6) (F ig . 7 5 ) .

D ep o sits  o f  IgG were n o t found in  any o f  the o th er  in o cu la ted  or 

c o n tr o l m ice, Two mice (Nos. M9 and Ml1) a lso  showed f in e  granular 

mesangj^al d e p o s its  o f  h o s t  complement. N eith er CAV a n tig en  nor h o s t  

IgG was d e tec ted  in  the g lom eruli o f  any o f  the in o cu la te d  or co n tro l 

m ice,



I d 2

U ltra stin jc tu ra l F ind ings

U ltra s  tru ctiJ.ral glom erular a lt e r a t io n s  were found o n ly  in  those  

mice in  which d e p o s its  o f  canine IgG were d e tec ted  by immunofluorescence 

(Nos, M9-MI6 ) ,  In th ese  an im als, there was an ap p reciab le  in crea se  in  

m esangial m atrix and m esangial c e l l  cytoplasm  o fte n  extended in to  the 

a x ia l  reg io n s o f  the c a p il la r y  lo o p s  where i t  impinged on the endothelium  

and caused p a r t ia l  o c c lu s io n  o f  the c a p il la r y  lumen. A fewf sm a ll, 

granular, e lec tro n -d en se  d e p o s its  were found sc a tte r e d  throughout the 

m esangial m atrix . O ccasional n e c r o tic  glom erular e n d o th e lia l c e l l s  

were observed; th ese  c e l l s  had pyknotic n u c le i ,  th e ir  cytoplasm  was 

extrem ely  e le c tr o n -d e n se , shrunken and sometimes vacu o la ted  and tiiey  

were o fte n  p a r t ia l ly  separated  from the u n d erly in g  GBM.



1 j g- T ransfer o f  serum from CAV in fe c te d  dogs to  mices 
Immunofluorescence fin d in g s*

Mouse Donor Dog     G lom eruli
Number Number Canine IgG CAV G3

Ml 55 M. « «

M2 55 - —

m 55 — •" -

m 55 - -  . -

M'3 57 - «

M6 57 — “ »

M7 57 - - “

M8 57 —

M9 65 'k ** 4-

M10 65 4" •S' — -

Mil 65 4" •*■ - 4-

Ml 2 65 •i* -

Ml 3 70 •4- — -

M14 70 + -

Ml 5 70 + -

M16 70 •i* — —

Ml 7 72 - - “

Ml 8 72 — -

Ml 9 72 •*

M20 72 « -

M21 73 " - -

M22 73 — —

M23 73 - - ~

M24 73 — - -

M25 83 — -

M26 83 « — —

M27 83 ” «

M28
■g'u:J)aiH‘Jï^irrMgwat,ai^ïa,«;»wv»«gyvii »

83 — —

Degree o f  f lu o resce n c e graded 4- to



Fig* 7 5 î -  P a ss iv e  tr a n s fe r  o f  com plexes to mice* Granular d e p o s its  

o f canine IgG are p resen t in  the m esangial reg io n s  o f  a 

glom erulus from a mouse which rec e iv ed  4 in o c u la tio n s  o f  

senna from dog No* 65o

(im m unofluorescence X 600)
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1 4 5
DISCUSSION

The r e s u lt s  obtained  in  t l i is  stud y  demonstrate th a t dogs may 

develop  acute g lom eru lon ep h ritis  as a r e s u l t  o f  system ic CAV in f e c t io n .  

N ineteen  d o ^  examined from 4  to I 4  days a f t e r  in o c u la t io n  o f  v iru s  

a l l  showed d if fu s e  glom erular le s io n s  o f  varying  s e v e r i t y .  The 

immunofluorescence and u ltr a s tr u c tu r a l f in d in g s  in d ic a te  th a t  Z 

mechanisms were in vo lved  in  the g en es is  o f  th ese  l e s i o n s .  F ir s t ly ,  

v ir u s  r e p l ic a t io n  in  glom erular e n d o th e lia l and m esangial c e l l s  occurred, 

r e s u lt in g  in  l y t i c  damage to  th ese  c e l l  ty p es . Secondly , the f in d in g  

o f  granular d e p o s its  o f  iimnunoglobulin, v ir a l  an tig en  and complement 

in  the glom eruli by immunofluorescence e s ta b lis h e s  an immune complex 

m ediated g lom em lar in ju r y . Such a d if fu s e  p a ttern  o f  granular  

f lu o r e sc e n c e , a lon g  w ith  the u ltr a  s tr u c tu r a l f in d in g  o f  e lec tro n -d en se  

d e p o s its  in  the g lom eru li, su g g est d e p o s it io n  o f  a n tig en -a n tib o d y  

complexes from the c ir c u la t io n , ra th er than sim ply f ix a t io n  o f  antibody  

on to v i iu s  a lread y  p resen t in  the g lom eru li. The m esangial d is tr ib u t io n  

o f  immune d e p o s its  i s  considered  c h a r a c te r is t ic  o f  th a t  produced by the 

form ation o f  r e la t iv e ly  la r g e  poorly  so lu b le  complexes in  the c ir c u la t io n  

(Gerrnuth and R odriguez, 1973). The siim la tan eou s presence o f  d if fu s e  

glom erular d e p o s its  o f  IgG and CAV an tigen  provides s tro n g  e\ddence  

th a t  the d ep o sited  complexes were composed o f  v ir u s  a n tig en  and a n t i

v ir a l  an tib od y . Further evidence th a t the immune g lo b u lin  was d ire c ted  

a g a in s t  v ir u s  a n tigen  was provided by the d e te c t io n  o f  anti-CAV  

antibody in  r en a l e lu a te s .  However, the t i t r e s  o f  antibody in  tlie 

e lu a te s  were perhaps n o t as h igh  as m ight have been expected; th is  may 

be exp la ined  i f ,  during the e lu t io n  procedure, v ir u s  an tig en  as w e ll  

as antibody was e x tra c te d  from th e .r e n a l t i s s u e .  On subsequently  

retu rn in g  to n eu tra l pH, th is  would have allow ed recom bination w ith  

antibody and thus a red u ction  in  the amount o f  fr e e  an tibody in  the
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e lu a te s .  I t  i s  o f  note th a t a n ti-k id n ey  antibody was n o t  found in  any 

o f  the e lu a te s  d e sp ite  the f a c t  th a t ren a l a n tig en s  are knov/n to  be 

re le a se d  during, a c t  te  CAV in fe c t io n ,  as shown in  s e c t io n  I .

D ep o sits  o f  IgG were f i r s t  d e tec ted  in  the g lom eruli 5 days a f te r  

in f e c t io n ,  whereas c ir c u la t in g  anti-CAV antibody was n o t d e tec ted  u n t i l  

day 7, a t  which time both  IgG and v ir u s  an tig en  were found in  the 

g lo m eru li. However, i t  i s  l i k e l y  th a t any an tibody produced before  

day 7 would im m ediately become bound to  v i iu s  an tig en  in  the c ir c u la t io n  

and th erefo re  n o t be d e te c ta b le  as fr e e  an tibody. H iis  may a ls o  account 

fo r  the r e l a t iv e l y  low l e v e l s  o f  c ir c u la t in g  an tibody found in  a l l  

dogs up to  day 9 .

Evidence fo r  the presence o f  c ir c u la t in g  immune com plexes in  

in fe c te d  dogs was obta.ined by p a s s iv e ly  tr a n s fe r r in g  dog serum -bo m ice, 

M esangial lo c a l i s a t io n  o f  canine IgG occurred in  mice r e c e iv in g  serum 

from 2 dogs; t h is  serum was ob tained  from 2 dogs examined cn days 8 

and 9> a t  which time heavy d e p o s its  o f  IgG.and v ir a l  a n tig en  were 

found in  the g lom eruli and o n ly  low l e v e l .8 o f  c ir c u la t in g  a iitibody  

were p r e se n t . T ransfer was n o t ach ieved  w ith  serum taken from dogs 

examined e a r l ie r  in  the d ise a se  when there was on ly  minor d e p o s it io n  

o f  IgG and no c ir c u la t in g  an tib od y , nor from dogs examined in  tiie la t e r  

s ta g e s  when 'there was h igh  l e v e l s  o f  c ir c u la t in g  an tib od y . Although  

the lo c a l i s a t io n  o f  IgG and complement in  the g lom eru li o f  r e c ip ie n t  

mice su g g ests  th a t immune complexes were p resen t in  the seium, f in a l  

p roof i s  s t i l l  la c k in g  th a t v ir a l  a n tigen  was p resen t as the a n tig en ic  

component o f  th ese  com plexes. However, the absence o f  s ta in in g  fo r  

a n tig en  may m erely in d ie  a'be th a t in s u f f i c i e n t  q u a n t it ie s  o f  com plexes 

were p resen t in  order to d e te c t  the a n tig en ; s in ce  many o f  the a n tig e n ic  

s i t e s  are covered by complexed an tibody , the a n tig e n ic  component o f  

dep osited  com plexes i s  l e s s  r e â d ily  d e tec ted  than an tibody and, p a r t ic u la r ly
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when r e la t iv e ly  sm all amounts o f  complexes are d e p o s ite d , o n ly  the  

antibody w i l l  be d e te c ta b le  by immunofluorescence^

Tiie nature o f  the glom erular le s io n s  was e s s e n t ia l l y  a p r o l i f 

e r a t iv e  g lo m eru lo n ep h r itis , ch a ra cte r ised  by an in cr ea se  in  m esangial 

c e l l s  and i n f i l t r a t i o n  o f  polymorphonuclear le u k o cy te s  and monocytes 

in to  the glom erular c a p i l l a r i e s .  Polymorphonuclear le u k o cy te s  were 

found in  g r e a te s t  numbers on days 8 and 9 , a t  which time the glom erul

o n e p h r it is  was most severe and there was hea' /̂y immune complex d e p o s it io n .  

The presence o f  polymorphonuclear leukocyt>es in  the g lom eruli a t  'this 

sta g e  was alm ost c e r ta in ly  r e la te d  to  complement f ix a t io n  by d ep o sited  

com plexes, a r e a c tio n  which i s  k.nov;n to be capable o f  r e le a s in g  

polymorphonuclear leu k o cy te  m ediators (Henson, 1971),

A t the h e ig h t  o f  the d is e a s e ,  the mes anginal c e l l s  showed a s t r ik in g  

v a r ia t io n  in  u ltr a s tr ijc tu r a l appearance. Many ceU .s w ith  ir r e g u la r  

cytoplasm  appeared to be engaged in  a c t iv e  p h ag o cy to sis  o f  immune d e p o s its  

w hile  o th er  c e l l s ,  w ith  d is c r e te  p a le  cytoplasm , resem bling c ir c u la t in g  

monocytes were found . Thus, w liile  there was a lm ost c e r ta in ly  an in crea se  

in  the number o f  m esanginl cehLs, th is  may have been augmented by- 

i n f i l t r a t i o n  in to  the mesangium o f  c ir c u la t in g  m onocytes. Expansion  

o f  m esangial reg io n s r e s u lte d  in  o c c lu s io n  o f  many o f  the glom erular  

c a p i l la r i e s ;  the e n d o th e lia l l in in g  s h e  c t  severe  d egen era tive  changes 

and in  some in s ta n c e s ,n e c r o s is  occurred le a d in g  to d isr u p tio n s  in  the 

c a p il la r y  w a lls  and haemorrhage in to  the f i l t r a t i o n  sp a c e s . A number 

o f  fa c to r s  may have co n tr ib u ted  to  th ese  cy to lo g j.c a l changes. F ir s t ly ,  

i t  i s  l i k e l y  th a t lo c a l  ischaem ia occurred w ith in  the g lom eru li due to  

o c c lu s io n  o f  c a p il la r y  lo o p s;  seco n d ly , severe l i v e r  damage over se v e r a l  

days may have r e su lte d  in  the b u ild -u p  o f  c y to to x ic  su bstan ces in  the 

c ir c u la t io n ;  th ir d ly , f ix a t io n  o f  complement by com plexes le a d in g  to  

accum ulation o f  polyiiiorphomiclear leu k o cy tes  and th e ir  subsequent r e le a se
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o f  enzjTiies a lm ost c e r ta in ly  produced lo c a l  t is s u e  damage w ith in  the 

g lo m eru li. F ou rth ly , v ir u s  a n tig en -a n tib o d y  com plexes may have exerted  

a d ir e c t  c y to to x ic  e f f e c t  independent o f  complement a c t iv a t io n .

A lthough the l a t t e r  mechanism has n o t been dem onstrated fo r  CAV-antibody 

com plexes, e x te n s iv e  in  v it r o  s tu d ie s  have shown th a t  v ir u s-a n tib o d y  

com plexes, prepared from human adenovi.rus e s ,  are c y to to x ic ,  in  the 

absence o f  complement, to normal t is s u e  cul'W re c e l l s  (KjeH.en and 

A nkerst, 1973a and b; A nkerst and K je lle n , 1973).

P ro te in u r ia  in  e x c e ss  o f  ^Omg/100ml was d etec ted  in  9 o f  the 

11 dogs whose u r in e  was examiLned 5-9 days a f t e r  v ir u s  in o c u la t io n .

A ll  dogs k i l l e d  from Hie 10th  day onwards had normal l e v e l s  o f  l e s s  

tlian 20mg/100ml. The p ro te in  lea k  was presumably glom erular in  o r ig in  

and, a lthough  the GBM appeared s tr u c tu r a lly  normal, the endothelium  

in  p la ce s  was frayed  and sometimes n e c r o tic  and there was pa’bchy 

fu s io n  o f  e p i t h e l ia l  f o o t  p r o c e sse s . Tubular haemorrhage probably  

a ls o  con trib u ted  to  the p r o te in u r ia .

A lthough immune complex mediated g lom eru lon ep h ritis  a s so c ia te d  

w ith  CAV in fe c t io n  has n o t p r e v io u s ly  been rec o g n ise d , c a r e fu l s c r u tin y  

o f  the l i t e r a t u r e  shows th a t , even in  the e a r ly  s tu d ie s  o f  the d is e a s e ,  

glom erular le s io n s  were o c c a s io n a lly  recorded . Thus Rubarth (1947) 

describ ed  one c a se , 7 days a f to r  experimen'bs.l in f e c t io n ,  in  which the 

"glom eruli showed an accum ulation o f  leu k o cy tes  w ith  consequent 

d egen era tive  changes in  th e ir  v e s s e ls "  a sso c ia  bed w ith  haemorrhage in to  

the f i l t r a t i o n  sp aces and tu b u le s . S t t o z i  and Poppensiek (1952) a ls o  

d escrib ed  fo c a l  g lo m eru lo n ep h r itis , w ith  album inuria and haem aturia, 

in  one Jaundiced case  o f  ex p er im en ta lly  induced acute CAV in fe c t io n .

D esp ite  th e ir  s e v e r i ty ,  the glom erular le s io n s  in  the p resen t s e r ie s  

o f  dogs appeared to be tr a n s ie n t  in  n a tu re , Thus, dogs examined from 

10 days onwards showed p r o g r e s s iv e ly  l e s s  sev ere  glom erular changes;
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however, i t  must be poin ted  ou t th a t , in  comparison w ith  the o th e r s ,  

the 6 dogs examined from day 17 onwards su ffe red  a much m ilder c l i n i c a l  

i l l n e s s  and con seq u en tly  may a lso  i n i t i a l l y  have had l e s s  severe  

glome ru la r  l e  si.ons j

I t  i s  now w e ll e s ta b lish e d  th a t a number o f  o th er  v ir u s e s ,  

in c lu d in g  lym phocytic ch o r io m en in g itis  v iru s  in  m ice, a le u t ia n  d isea se  

v ir u s  in  mink and equine in fe c t io u s  anaemia v ir u s , can indr-co an immune 

complex glom erulonephi’i t i s  in  which v ir a l  an tig en  and a n t i - v ir a l  antibody  

may be dem onstrated in  the glom erular d e p o s its  (O ldstone and Dixon, 1967; 

P orter e t  a l . ,  1973; Banl-rs e t  a l . . ,  1972), However', the glom eruloriephriids  

a sso c ia te d  w ith  GAV in fe c t io n  in  dogs d i f f e r s  from th a t  produced by 

th ese  v ir u s e s , in  th a t i t  i s  an acute tr a n s ie n t  le s io n  as opposed  

to  b ein g  chronic and p r o g r e ss iv e . In p a th o g en esis , th e r e fo r e , i t  

shows a s tr ik in g  resem blance to acute serum siclcness where the removal 

o f  la r g e  q u a n t it ie s  o f  fo r ie g n  a n tigen  by h o s t  an tibody le a d s  to th e  

form ation and glom erular d e p o s it io n  o f  so lu b le  immune com plexes, 

r e s u lt in g  in  glom erm lonephritis which subsequently  r e s o lv e s  fo llo w in g  

e lim in a tio n  o f  the a n tig en .

F oci o f  tubular n e c r o s is  m ainly a f f e c t in g  proxim al tu b u les were 

found in  a l l  dogs examined 7 -1 4  days af'ber in o c u la t io n  w ith  v ir u s .

S in ce th ese  le s io n s  were ap p aren ily  u n a sso cio ted  vri.th v ir u s  in fe c t io n  

o f  the tu b u le s , Hiey may have r e su lte d  from lo c a l  ischaem ia due to  

o c c lu s io n  o f  glom erular c a p i l la r i e s .  They were p a r t ic u la r ly  wide

spread in  the dog examined on day 14  and,, had th is  animal been allov;ed  

to  su r v iv e , r e s o lu t io n  o f  the le s io n s  could co n c iev a b ly  have r e su lte d  

in  r e l a t iv e ly  severe  i n t e r s t i t i a l  f i b r o s i s .

A ll  dogs examined from day 10 onwards showed fo c a l  i n t e r s t i t i a l  

n e p h r it is .  Virus was f i r s t  d e tec ted  in  tubular ep ith e liu m  on day 10 

and was found in  a l l  ex ce p t 2 dogs examined th e r e a fte r . The e x te n t  o f
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the i n t e r s t i t i a l  n e p h r it is  and the numbers o f  v ir u s  in fe c te d  tu b u les  

v a ried  markedly from one anim al to  an oth er. I n fe c t io n  o f  tubular  

ep ith e liu m  may have r e su lte d  e i th e r  from v ir u s  e sca p in g  in to  the u r in e  

from in fe c te d  glom erular c e l l s  or v ia  the in te r s t it iu m  from damaged 

in fe c te d  i n t e r s t i t i a l  c a p i l la r i e s .  C o lle c t in g  tu b u les were most o fte n  

in vo lved  and in fe c te d  tubular c e l l s  o fte n  appeared to  be extruded in to  

the lumen o f  the tu b u le s , so  th a t d egen era tin g  in fe c te d  c e l l s  were 

fr e q u e n tly  seen  w ith in  ap p aren tly  in t a c t  tu b u le s . In  th is  way, v iru s  

r e le a se d  from th ese  c e l l s  could  in f e c t  tubular ep ith e liu m  a t  low er  

l e v e l s  o f  the nephron; th is  accounted fo r  the d is tr ib u t io n  o f  many o f  

the i n t e r s t i t i a l  le s io n s  which were observed as s tr e a k s  ex ten d in g  from 

o u ter  co r te x  towards the m edu lla ,

The i n t e r s t i t i a l  i n f i l t r a t e s  a s so c ia te d  w ith  in fe c te d  tu lx iles  

c o n s is te d  o f  a mixed p op u la tion  o f  c e l l s  c o n ta in in g  lym phocytes, 

plasma c e l l s ,  macrophages, monocytes and in  some areas,poljanorphonuclear  

le u k o c y te s . Tlie presence o f  la r g e  numbers o f  Ig G -con ta in in g  plasma 

c o l l s  su ggested  a l o c a l  an tibody response and in d eed , by u s in g  an 

in d ir e c t  im m unofluorescence t e s t ,  many o f  the plasma c e l l s  were 

dem onstrated to co n ta in  a n t i - v ir a l  an tib od y . Furthermore, ren a l 

e lu a te s  ob ta ined  from 2 dogs in  which there were no immunoglobulin 

d e p o s its  in  the g lom eru li, con tained  a n t i - v ir a l  a n tib od y . The fa i lu r e  

to d e te c t  a n ti-k id n e y  a n tib o d ie s  in  these e lu a ted  excluded  the  

p o s s i b i l i t y  o f  a l o c a l  immune response to tubular a n t ig e n s .

The m orphologica l appearance o f  many o f  the m edullary le s io n s ,  

which showed, la r g e  accum ulations o f  macrophages surrounding n e c r o t ic  

in fe c te d  tu .bules, su ggested  th a t c e l l  mediated im m unological r e a c tio n s  

may a ls o  be in v o lv e d . Furtherm ore, i t  i s  tem pting to  sp ecu la te  th a t  

the lym phocytes observed m igratin g  in to  in fe c te d ' tu b u les m ight be 

. T c e l l s  s e n s i t i s e d  to  CAV, However, u n t i l  fu r th er  d e ta i le d  iramuno-



151
l o g i c a l  s tu d ie s  are ca rr ied  o u t, the r o le  o f  c e l l  m ediated immunitr r̂ 

in  the p a th ogen esis  o f  CAV i n t e r s t i t i a l  n e p h r it is  remains u n certa in .

P revious -shadies have shown th a t  dogs in fe c te d  w ith  CAV may continue  

to  ex c r e te  v ir u s  in  the u r in e  fo r  periods up to 9 months a f t e r  in f e c t io n  

(Baker ^  1954) » the p resen t stu d y , o n ly  o c c a s io n a l v iru s

in fe c te d  c e l l s  were found in  2 o f  the dogs examined in  the la t e r  

s ta g e s  o f  the experim ent, on days 25 and 27. In th ese  an im als, the 

i n t e r s t i t i a l  le s io n s  were l e s s  d en se ly  populated w ith  c e l l s  than in  

the e a r l ie r  s ta g e s  o f  in f e c t io n  and there was a lrea d y  m ild fo c a l  

i n t e r s t i t i a l  f i b r o s i s .  I t  i s  l i k e l y  th a t  the d u ration  o f  v iru s  

I n fe c t io n  in  the k idney depends on the i n i t i a l  e x te n t  o f  tubular 

in f e c t io n  and p o s s ib ly  a ls o  on in d iv id u a l v a r ia t io n  in  the a n t i - v ir a l  

immune resp o n se . Moreover, s in c e  p e r s is te n c e  o f  v ir u s  in  the k idney  

rep resen ts  a focu s o f  fo r ie g n  a n tig en , i t  i s  probable th a t  an 

i n t e r s t i t i a l  i n f i l t r a t e  w i l l  continue to  be p resen t u n t i l  the v iru s  

i s  e lim in a te d . U ltim a te ly  however, once com plete e lim in a tio n  o f  

v ir u s  i s  ach ieved , rep a ir  by f ib r o s i s  w i l l  occur and whether or n o t  

t h i s  r e s u lt s  in  any f a i lu r e  in  r en a l fu n c tio n  wilJ. probably depend on 

the e x te n t  and duration  o f  the le s i o n s .
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INTOODUCTIOW

In the p rev ious s e c t io n  o f  th is  t h e s is ,  i t  was shown th a t  dogs 

s u ffe r in g  from system ic CAV in f e c t io n ,  o f  more th a t 4  days duration  

po8tr -in o cu la tio n , developed severe  glom erular l e s i o n s ,  Tvjo pathogenic  

components co n tr ib u ted  to glom erular in ju ry ; f i r s t l y ,  the v ir u s  caused  

d ir e c t  l y t i c  damage to  the c e l lu la r  components o f  the ^ o m e r u li and 

se c o n d ly ,d e p o s it io n  o f  v ir u s  an tigen -a n tib o d y  com plexes occurred  

r e s u lt in g  in  p r o l i f e r a t iv e  and o c c lu s iv e  changes.

S tu d ies  ca rr ied  o u t by o th er  workers liave shown th a t  glom erul

o n e p h r it is  may develop  in  experim ental anim als fo llo w in g  the ad m in istra tion  

o f  so lu b le  a n tig en -a n tib o d y  imrau.ne complexes prepared in  v itr o  from 

bovine serum albumen o f  ovalbumen (McCluskey and B enacerraf, 1959;

Okumra e t  a l . ,  1 9 71 ). In  the p resen t s e c t io n , an a ttem pt was made to  

dem onstrate th a t CAV an tigen -a n tib o d y  immune com plexes prepared in  

v it r o  are capable o f  inducing g lom eru lon ep hritis  in  the absence o f  a c t iv e  

v ir u s  r e p l ic a t io n .  The study was ca rr ied  ou t in  2 s ta g es*  F ir s t ly ,  

because o f  the la r g e  q u a n t it ie s  o f  v ir u s  requ ired  fo r  the preparation  

o f  com plexes, a p relim in ary  experim ent was performed in  which a s e r ie s  

o f  mice rec e iv ed  d a i ly  in travenous in o c u la tio n s  o f  so lu b le  com plexes.

Having e s ta b lis h e d  th a t  such a procedure r e su lte d  in  merular le s io n s

in  m ice, a group o f  a n tib o d y -free  dogs were su b jected  to a s im ila r  

ro u tin e  o f  repeated  in o c u la t io n s  o f  preformed com plexes.
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MATERIALS AND METHODS

P reparation  o f  CAV p ro te in

Stock  CAV su sp en sion s were cen tr ifu g ed  a t  2500rev/id .n  fo r  20 

m inutes a t  4  C, to  remove t is s u e  cu ltu re  d e b r is , and v ir u s  was sub

seq u en tly  se  dimen ted by c e n tr ifu g a t io n  a t  25;000rey/ nn.n fo r  45 m in u tes,

The p e l le te d  v ir u s  was re suspended in  sm all volumes o f  PBS (pH 7 .2 )  and 

the vi.rus d isru p ted , w ith  r e le a s e  o f  v ir a l  p r o te in , by d ia ly s i s  a t  4 C 

f o r  5 days a g a in s t  carbonate/b icarbonate b u ffer  pH 1 0 .6  (W ilcox e t  , 

1963 ) .  This r e s u lte d  in  a s o lu t io n  o f  v ir a l  p r o te in , the pH o f  which 

was ad ju sted  to  7 .2  by d ia ly s i s  a g a in s t  fo r  a fu r th e r  2 days. 

C en tr ifu g a tio n  was performed a t  4000rey/m in fo r  1 5 m inutes to remove 

any in so lu b le  fragm ents and the v ir a l  p ro te in  so lu t io n  was then stored
o

a t  -2 5  C u n t i l  req u ired . The p ro te in  co n cen tra tio n , as measured by Hie

method o f  Lowry e t  (1951) was 0.25m g/m l,

Preparation  o f  Complexes

S o lu b le  v ir a l  an tigen -a n tib o d y  complexes were prepared according  

to  minor m o d ific a tio n s  o f  the method d escrib ed  by Okumura ejt a l . , (1971).

A p relim in ary  tube p r e c ip ita t io n  t e s t  was performed u s in g  f ix e d  volumes 

o f  anti-CAV hyperimmune serum, to  which was added a range o f  volumes o f  

v ir a l  p r o te in . In th is  way, the p o in t  o f  eq u iva len ce coui.d be determi.iica 

by v is u a l q u a n tita t io n  o f  the degree o f  p r e c ip ita t io n  * Vira], p ro to in  

and anti-CAV serum were then mixed a t  eq u iva len ce ( in  th is  case equal 

volumes) and l e f t  a t  4 °C fo r  48  hours, Tlie o p a le sc e n t com plexes so 

formed were s e dimented by c e n tr ifu g a t io n  a t  30C0rev/m in fo r  20 minutes 

a t  4* 0̂, washed tw ice in  co ld  PBS and resuspended in  5 tim es the o r ig in a l  

volume o f  v ir a l  p r o te in . S o lu b il is a t io n  o f  the com plexes was a tta in ed

by low erin g  the pH to  2 .4  by slow  dropwise a d d itio n  o f  0 ,1  N HCl a t  0*̂ 0

w ith  co n sta n t s t ir r in g .  The pH was then returned to n e u tr a l i ty  by
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blov/ly adding 0.1 N NaOH. Sm all amounts o f  p r e c ip ita te  s t i l l  rem aining  

a t  the end o f  t h is  procedure were removed by c e n tr ifu g a t io n  a t  SOOOreVmin 

fo r  15 m in u tes.

Experim ental procedures

(a) Mice

S eventy  8 -10  w eek-old a lb in o  mice (Forton s tr a in )  w eighing 20-25g  

were used fo r  the f i r s t  p a rt o f  the experim ent. F orty  o f  th ese  mice 

rece iv ed  d a i ly  in o c u la t io n s  o f  0.3m l o f  so lu b le  CAV p r o te in  immune 

com plexes by slow in traven ou s in je c t io n  in to  the t a i l  v e in . Groups 

o f  a t  l e a s t  3 mice were k i l l e d  d a i ly  a t  in te r v a ls  o f  1 -10  days a f t e r  

the i n i t i a l  in o c u la t io n , each mouse b ein g  k i l l e d  24  hours a f t e r  i t s  

l a s t  d ose . For the purposes o f  c o n tr o ls ,  2 groups o f  10 mice were g iven  

s im ila r  volumes o f  v ir a l  p rotein -an d  anti-CAV hyperimmune serum 

r e s p e c t iv e ly  and k i l l e d  d a ily  from 1 to  10 days. A fu r th e r  10 mice 

were k i l l e d  as normal u n in ocu la ted  c o n tr o ls  fo r  comparison o f  kidney  

h is to lo g y ,  u ltr a s tr u c tu r e  and im m unofluorescence,

(b) Dogs

For the second p a rt o f  the experim ent, 18 12 w eek-old  dogs, which 

were shown to  be anti-CAV a n tib o d y -free  by the in d ir e c t  inununofluorescence 

t e s t ,  were u sed , l\'jelve dogs rec iev ed  d a ily  in o c u la t io n s  o f  3ml o f  

so lu b le  CAV p ro te in  com plexes by slow  in travenous in j e c t io n  in to  the 

ju g u la r  v e in . The dogs were k i l l e d  a t  in te r v a ls  o f  2 -7  days a f t e r  the 

i n i t i a l  in o c u la t io n , each  dog bein g  k i l l e d  24  hours a f t e r  i t s  l a s t  d o se . 

Three dogs rec e iv ed  s im ila r  d a i ly  in travenous in o c u la t io n s  o f  CAV p ro te in  

and were k i l l e d  3 , 5 and 7 days l a t e r .  The rem aining 3 dogs were k i l l e d  

as normal u n in ocu la ted  c o n tr o ls .
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H is to lo g ic a l  Immunofluorescence and U ltr a s tr u e tu r a l Procedures

These were c a r r ie d  o u t as d escr ib ed  in  the s e c t io n  on "m aterials  

and methods". The k idneys from a l l  dogs and mice were su b jec ted  to  

u ltr a s tr u e tu r a l  exam ination . S e c t io n s  o f  mouse k idney were examined 

by imm unofluorescence fo r  the presence o f  canine IgG, CAV a n tig en  and 

mouse IgG and BIG g lo b u lin  (C3); l ik e w is e ,s e c t io n s  o f  dog k idney were 

examined fo r  the presence o f  canine IgG and B1C g lo b u lin  and CAV 

•a n tig en ,

RESULTS

(a) Mice

C lin ic a l  and M acroscopic Findings

Throughout the course o f  the experim ent, a l l  mice appeared 

c l i n i c a l l y  normal. At. necropsy , n e ith e r  in o cu la ted  nor c o n tr o l mice 

showed any m acroscopic a b n o rm a litie s .

H is to lo g ic a l  F ind ings

P r o l if e r a t iv e  g lom eru lon ep h ritis  was found in  14  o u t o f  Lfi mice 

(35 per cen t) in o cu la te d  w ith  v ir a l  immune com plexes. This change was 

f i r s t  d e tec ted  a f t e r  4  d a i ly  doses o f  complexes and was found in  50 per 

c e n t  o f  the mice examined from 4  to 10 days a f t e r  i n i t i a l  in o c u la t io n .  

In  a l l  14  m ice, the g lom eru li were a f fe c te d  to  more or l e s s  the same 

e x te n t .  There was expansion  and h y p e r c e l lu la r ity  o f  the m esangial 

reg io n s and many o f  the m esangial c e l l  n u c le i  appeared elongated, or  

bean-shaped (F ig . 7 7 ) .  These changes r e su lte d  in  d i s t i n c t  sweDJling o f  

the glom erular t u f t  and p a r t ia l  o c c lu s io n  o f  many c a p i l la r y  lo o p s .  

Polymorphonuclear le u k o cy te s  and la r g e  mononuclear c e l l s  were sometimes 

found lodged  in  the c a p il la r y  luraina. O ccasional p ro te in aceou s c a s ts  

were found in  the tu b u le s . In the rem aining in o cu la te d  and co n tro l 

a n im a ls ,th e  g lom eruli appeared h is t o lo g ic a l ly  normal (F ig . 7 6 ) ,
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Immunofluorescence F indings

The r e s u lt s  o f  im m unofluorescence s tu d ie s  on in o cu la te d  mice are 

summarised in  Table I 4 . The d is t r ib u t io n  o f  s p e c i f i c  f lu o resce n c e  in  

mouse g lom eruli was the same fo r  a n tig en , antibody and complement; on ly  

the frequency o f  appearance and in t e n s i t y  o f  flu o resce n c e  d if f e r e d .

F ine granular d e p o s its  o f  canine IgG were d e tec ted  in  the m esangial reg ion s  

o f  the g lom eru li in  a l l  mice r e c e iv in g  3 or more d oses o f  complexes 

(F ig , 78 ) , The in tensity»’ o f  f lu o resce n c e  varied  from anim al to  animal 

b u t ,in  gen era l term s, no r e a l  in cr ea se  in  in t e n s i iy  was noted  in  anim als 

r e c e iv in g  more th a t  4  in o c u la t io n s . F luorescence s ta in in g  fo r  CAV 

a n tig en  and complement a ls o  appeared on the 3rd day, was weaker than 

th a t  o f  IgG and was n o t d e tec ted  in  a ll. anim als (F ig s . 79 and 8 0 ) .

T w enty-five mice had glom erular d e p o s its  o f  CAV a n tig en  and 18 mice had 

d e p o s its  o f  complement. A l l  14 mice which showed p r o l i f e r a t iv e  

g lom eru lon ep h ritis  were p o s it iv e  fo r  IgG, v ir a l  a n tig en  and complement 

and, g e n e r a lly , there was a good c o r r e la t io n  between the degree o f  anti.gen  

f lu o rescen ce  and the s e v e r i ty  o f  glom erular h i s t o lo g ic a l  l e s i o n s .  Host 

(mouse) IgG was n o t  d e tec ted  in  the glom eruli o f  any o f  the in o cu la ted  

or c o n tr o l m ice. S im ila r ly , canine IgG, h o s t  complement and CAV an tigen  

were n o t found in  the g lom eruli o f  any o f  the in o c u la te d  or u n in ocu la ted  

c o n tr o l m ice.

U ltr a s tr u c tu r a l F indings

There was a wide range o f  u ltr a s tr u e tu r a l changes in  the g lom eru li, 

whether or n o t p r o l i f e r a t iv e  changes were d e tec ted  by l i g h t  m icroscopy.

The e a r l i e s t  change was d etected  a f t e r  3 doses o f  com plexes when there  

was expansion  o f  m esangial m atrix and e x ten s io n  o f  m esangial c e l l  

cytoplasm  in to  the a x ia l  reg io n s o f  the c a p i l la r i e s ,  o f te n  d isp la c in g  

sw ollen  e n d o th e lia l cytoplasm  a t  th ese  s i t e s .  A t t h is  tim e, sm all 

e le c tr o n  dense d e p o s its  were found in  the m esangial m atrix and, l e s s
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commonly, trapped between e n d o th e lia l cytoplasm  and mesangial, cytop lasm ic  

p r o je c tio n s  (F ig . 8 1 ) ,  A l l  o f  th ese  s tr u c tu r a l changes occurred to a 

vary ing  degi’ee in  a l l  mice r e c e iv in g  3 or more doses o f  com plexes.

Those mice which showed p r o l i f e r a t iv e  g lom eru lon ep h ritis  by l i g h t  

m icroscopy showed more severe glom erular u lt r a s tr u e tu r a l a l t e r a t io n s .

I n  th ese  an im als, there was much more pronounced expansion  o f  the 

m esangial reg io n s and a d i s t in c t  in cr ea se  in  m esangial c e l lu la r i t y  

(F ig , 82 ); the cytoplasm  o f  th ese  a c t iv e  m esangial c e l l s  contained  

in creased  amounts o f  endoplasm ic reticu lu m  and m itochondria and sometimes 

numerous la r g e  e le c tr o n  dense granules were p resen t. Large mononuclear 

leu k o cy tes  w ith  lobed  n u c le i and p a le  cytoplasm  were frequent].y  seen  

lodged w ith in  c a p il la r y  loop s and were o c c a s io n a lly  observed pushing  

through c a p il la r y  endothelium  in to  the mesangium (F ig . 8 3 ) .  S im ila r ly ,  

polymorphonuclear le u k o cy tes  were o fte n  p resen t in  the c a p il la r y  loop s  

(F ig . 8 4 ) and sometimes in  the mesangium; in  th is  s i t e ,  they  o fte n  showed 

a marked d ecrease in  co n ten t o f  cytop lasm ic g ran u les . The e p i t h e l ia l  

c e l l s  were sw o llen  r e s u lt in g  in  fo c a l  areas o f  fu s io n  o f  th e ir  fo o t  

p ro cesses  and there was o fte n  an in cr ea se  in  th e ir  co n ten t o f  cytop lasm ic  

o r g a n e lle s .  E lec tro n -d en se , dead or dying e n d o th e lia l c e l l s  were 

o c c a s io n a lly  observed (F ig , 8 5 ) w hile many o th er  e n d o th e lia l c e l l s  

showed sw e llin g  o f  th e ir  cytoplasm . A l l  these u lt r a s tr u e tu r a l  ab n orm alities  

p e r s is te d  to  a vary in g  e x te n t  up to tlie c lo se  o f  the experim ent on day 10, 

The kidneys o f  in o cu la ted  and u n in ocu la ted  c o n tr o l mice showed 

no u lt r a s tr u c tu r a l a b n o rm a litie s .



Table 141- Immunofluorescence p a tte r n s  and in c id e n c e  o f  
g lo m eru lo n ep h r itis  in  mice r e c e iv in g  d a ily  
d oses o f  preformed CAV immune com plexes.

15 8

Immuno flu o  rescence
Mouse Day
No, examined Canine IgG Mouse IgG CAV Mouse C3 Glomerulonephr i t  i  s

M33 1 - — — - —

M34 1 — - — - “

M35 1 — — — — -

H36 1 - — - - -

M37 2 - . — — - -

M38 2 - — — - -

M39 2 - — — - —

M40 3 + - - — —

H41 3 + - - — —

M42 3 + — — — —

M43 3 + - + —

M44 3 + — + “

M45 4 + - - - -

M46 4 + — — — —

M47 4 + - + 4" 4- +

M48 4 + - + 4" + 4-

K49 4 + - + - -

M50 5 + - 4" - "

M51 5 + + - + + + 4* 4*

M52 5 .{• + 4'' — + + 4-

K53 5 + + - 4- -

M54 6 + — + — -

M55 6 + + - + + ■ -

M56 6 + — 4* — -

M57 6 + + + - 4- 4- 4- 4- *r f

M5B 6 H- + - 4* •4’ 4- 4-

M59 7 — — —

Continued on next p a g e , ..........
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Table 14/continued
Mouse Day

examined

Immuno f lu o  re sc  ence

No* Canine IgG Mouse IgG CAV Mouse 0*3 G lom erulonephritis

M60 7 +  + - 4- 4- 4- 4*

M70 7 +  + 4 - - 4- + 4- 4 - 4 '

M71 7 + + - 4* - -

M72 8 + +  + - 4- 4- 4- 4* 4-

M73 8 + — 4* 4- 4* 4.

M74 8 4- + 4 " ~ 4" 4- •J* 4" 4*

M75 8 +  4- + — 4. + 4- 4-

M76 9 4- — 4" - -

M77 9 4* + - - - -

M78 9 4- 4- + - 4- 4- 4- 4* +

M79 10 4- 4* — 4* 4" 4*

M80 10 4" 4" - “• - -

M81 10 4- - 4- —

V arious param eters graded + to  ++++ according to s e v e r ity



Figo 7 6 î-  Glomerulus from a c o n tr o l mouse, showing normal c e l lu la r i t y  

and p a ten t c a p il la r y  loops*

(h e  J 400)

Figo 7 7 Î- P r o l i f e r a t iv e  g lo m eru lo n ep h r itis  in  a mouse which rec e iv ed  

7 d a ily  in o c u la t io n s  o f  CAV immune complexes^ There i s  

sw e llin g  o f  the t u f t ,  in crea sed  c e l lu la r i t y  w ith  

expansion o f m esangial areas,and  o c c lu s io n  o f  c a p il la r y  

loops*

( he X 400)
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P ig , 7 8 t“ Glomerulus o f  mouse which rec e iv ed  5 d a ily  in o c u la t io n s  

o f  CAV immune com plexes, showing granular d e p o s its  o f  

canine IgG in  the m esangial reg ion s*

* (im m unofluorescence X 400)

Pig 79*- Glomerulus o f  mouse which rece iv ed  7 d a ily  in o c u la t io n s  

o f  CAV immune com plexes, showing granular d e p o s its  o f  

CAV a n tig en  in  m esangial regions*

(im m unofluorescence X 400)

Pigo 8 0 Î- Glomerulus o f  mouse which rec e iv ed  7 d a ily  in o c u la t io n s  

o f  CAV immune com plexes, showing granular d e p o s its  o f  

mouse complement (C3) in  a s im ila r  d is tr ib u t io n  to  

antibody and antigen*

(im m unofluorescence X 400)
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F ig , 8 1 î -  S ec tio n  o f  glom erulus from mouse which rece iv ed  4 d a ily  

in o c u la t io n s  o f  GAV immune complexes* Small e le c tr o n -  

dense d e p o s its  (sm all arrows) are p resen t in  the m esangial 

m atrix and th ere  i s  ex ten sio n  o f  m esangial cytoplasm  

( la r g e  arrow) in to  the a x ia l  reg io n  o f  a c a p il la r y  

loop , where i t  has p a r t ia l ly  d isp la ced  the endotheliunio 

H = M esangial c e l l ;  S -  E n d oth e lia l c e l l?  Ep = E p ith e lia l  

c e l lo

(E lec tro n  m icroscopy X 15,000)
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Figa 82 ( a ) Î- S ec tio n  o f  glom erulus from a mouse which r e c e iv ed  5 

d a ily  in o c u la t io n s  o f  GAY immune complexes? There 

i s  marked expansion o f  mesangiura ( m) and p art o f  the  

cytoplasm  o f  a c e l l ,  lo c a te d  in  the mesangium, can 

be seen  extend ing in to  a c a p il la r y  loop  (arrow s)o  

There i s  a ls o  fu s io n  o f e p i t h e l ia l  c e l l  (Ep) fo o t  

p r o c e sse s ,

(E lectro n  m icroscopy X 14 ,000)

(b) ( i n s e r t ) : -  An e le c tr o n  dense d ep o s it  can be seen in

a su b -en d o th e lia l lo c a tio n  (Arrow), E « E n d oth e lia l 

c e l l ,

(E lectro n  m icroscopy X 6 ,000)
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F ig , 8 3 s -  S ectio n  o f  glom erulus from a mouse which rece iv ed  7 d a ily  

in o c u la t io n s  o f  GAV immune complexesS A la r g e  monocyte 

(Mon) can be seen  in  a c a p il la r y  loop? th ere  i s  a lso  

marked expansion o f  th e ad jacent mesangiura,

M -  M esangial c e l lo

(E lectron  m icroscopy X 10 ,000)
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F ig , 841“ S ection  o f  glom erulus from a mouse which rece iv ed  5 d a ily  

in o c u la t io n s  o f  CAV Immune com plexes, showing a 

polymorphonuclear leu k ocyte  lodged in  a c a p il la r y  lo o p ,

(E lectron  m icroscopy X 12,000)

F ig , 8 5 Î” S ec tio n  o f  glom erulus from a mouse which rece iv ed  7 d a ily  

in o c u la t io n s  o f  CAV immune com plexes: There i s  n e c r o s is

o f the glom erular endothelium  (arrow s) which appears 

e lec tro n -d en se  and, in  p la c e s ,  i s  p a r t ia l ly  detached from 

the GBHo

(E lectro n  m icroscopy X 12,000)
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(b) Dogs

C lin ic a l  and M acroscopic F indings

Throughout the course o f  the ex p er im en t,n e ith er  in o cu la te d  nor 

c o n tr o l dogs showed any c l i n i c a l  a b n o rm a litie s . A t necropsy , a l l  

in o cu la te d  and c o n tr o l dogs showed a normal m acroscopic appearance.

H is to lo g ic a l  F indings

M ild h i s t o lo g ic a l  changes were found in  the g lom eru li o f  a l l  dogs 

r e c e iv in g  or more doses o f  com plexes. A ffected  g lom eru li showed 

expansion o f  the m esangial reg io n s accompanied by segm ental m esangial 

h y p e r c e l lu la r ity  (F ig . 8 6 ) .  In 3 dogs (Nos, 9 6 , 99 and 1 02 ), the le s io n s  

were d i f f u s e ,  a f f e c t in g  a l l  o f  the g lom eru li, whereas in  the rem aining  

anim als they  were fo c a l  in  n atu re, as n o t a l l  g lom eruli were a f fe c te d .

The rem aining in o cu la te d  and co n tr o l dogs appeared h i s t o lo g ic a l ly  

norm al,

Immunofluorescence F ind ings

The r e s u lt s  o f  im m unofluorescence s tu d ie s  are summarised in  Table 

1 5 . D iffu se  granular d e p o s its  o f  IgCi were d e tec ted  in  the mesangia]. 

reg io n s  o f  the g lom eru li in  a l l  dogs r e c e iv in g  3 or more d oses o f  v ir u s  

a n tig en -a n tib o d y  com plexes (F ig . 8 7 ) .  The in t e n s i t y  o f  f lu o resce n c e  

varied  from one anim al to  anothei', a lthough , in  g en era l, h ea v ier  d e p o s its  

were found in  those dogs r e c e iv in g  5 or more doses o f  com plexes.

S im ila r  granular d e p o s its  o f  complement were found in  the glom eruli o f  

6 dogs, a l l  o f  which re c e iv e d  4  or more doses o f  com plexes, V iro l a n tig en , 

however, was n o t d e te c te d  in  the kidneys o f  any o f  the in o cu la ted  or  

c o n tr o l d ogs.
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U ltra  stru ctu ra  3- F indings

A ll  dogs r e c e iv in g  3 or more d oses o f  v ir u s  a n tig en -a n tib o d y  

com plexes showed glom erular u lt r a s tr u c tu r a l a l t e r a t io n s .  In gen era l, 

th ese  changes were m ild , bu t were most marked in  those dogs showing 

the most severe h i s t o lo g ic a l  l e s io n s .  There was an in cr ea se  in  m esangial 

m atrix and m esangial c e l l s  o fte n  showed marked cytop lasm ic a c t iv i t y  in  

the form o f  in crea sed  amounts o f  endoplasm ic reticu lu m  and m itochondria , 

M esangial cytop lasm ic p ro cesse s  extended in to  the a x ia l  reg io n s o f  the 

c a p il la r y  lo o p s  and sometimes between the endothelium  and tlie GB4; these  

changes r e s u lte d  in  d isp lacem ent o f  the endothelium  and a red u ction  in  

diam eter o f  many c a p i l la r y  lo o p s . Furthermore, in  the m ost s e v e r e ly  

a f fe c te d  g lo m eru li, e lec tro n -d en se  dead or dying e n d o th e lia l c e l l s  were 

found p a r t ia l ly  detached from the u n d erly in g  GH4 (F ig , 8 8 ) .  In most o f  

the d ogs, p oorly  e le c tr o n -d e n se  granular d e p o s its  were found in  

su b e n d o th e lia l lo c a t io n s  (F ig , 9 0 );  o c c a s io n a l e le c tr o n  dense d e p o s its  

were a ls o  found- in  the m esangial m atrix (F ig . 8 9 ) .

The g lom eruli o f  dogs examined a f t e r  2 doses o f  com plexes and 

c o n tr o l dogs showed no u lt r a s  true tu r a l a b n o rm a litie s .



Table 1 5 i-  Immunofluorescence f in d in g s  in  dogs
r e c e iv in g  preformed CAV immune com plexes.
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Dog Noo Number o f  d a ily  
d oses o f  complexes IgG

Glomerul i  
G'i CAV

niTi.' i l -s^g iwyn't’’ w ii I MW iwii T #i f n rT-vn^i—i w t t t  wtv w

91

92

93

94

95

96

97

98

99 

100 

101 

102

103

104

105

106

107

108

2
2
3

3

4

4

5

5

6 

6 

7 

7

n2m_GI0tein_
3

5

7

U ninoculated  Control

4-

+

• f  - f

+ -j- 

+

4* 4 +

4

4*

4* '4- +

+

4*

4*

4-

4* 4"

Degree o f  flu o r e sc e n c e  graded 4 to  'H-44'



F ig , 86*- Glomerulus from a dog which rec e iv ed  6 d a ily  in o c u la t io n s  

o f  GAY immune com plexes, showing expansion and segm ental 

h y p e r c e l lu la r ity  o f  the m esangial r e g io n s .

(M a llo ry 's  borax m ethylene b lu e , 1p X 400)

Figo 8 7 Î- IgG in  th e glom erulus o f  a dog which rec e iv ed  6 d a ily ,  in o c u la tio r  

o f CAV immune com plexesi D iffu se  granular f lu o r e sc e n c e  can 

be seen  in  the mesangiumo

(im m unofluorescence X 300)
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Pigo 8 8 : -  S ec tio n  o f  glom erulus from a dog which rec e iv ed  7 d a ily  

in o c u la tio n s  o f  CAV immune complexes* There i s  marked 

m esangial expansion; ex ten sio n  o f  m esangial cytop lasm ic  

p ro cesse s  (arrow s) beneath c a p il la r y  endothelium  has 

r e su lte d  in  d isp lacem ent o f  the l a t t e r  , The 

e n d o th e lia l n u c le i  are pyknotic  and th e ir  cytoplasm  

appears e lectron -d en se*  An in c r e a se  in  m esangial 

cytop lasm ic o r g a n e lle s  can a lso  be seen* M = M esangial 

c e l l ;  E = E n d oth e lia l ce lljH p  -  E p ith e lia l  c e l l*

(E lectro n  m icroscopy X 10,000)
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F ig . 89*- S ec tio n  o f  glom erulus from a dog which rece iv ed  7 d a ily  

in o c u la tio n s  o f  GAV immune complexes* An e le c tr o n  dense 

ie p o s it  (arrow s) can be seen  in  th e  mesangium*

M = M esangial c e l l ;  E = E n d oth e lia l c e l l ;  Ep = 

E p ith e l ia l  c e l l*

(E lectro n  m icroscopy X 10 ,000)

F ig . 90*“ S ection  o f  glom erulus from a dog which rec e iv ed  6 d a ily  

in o c u la tio n s  o f  CAV immune complexes* Small p oorly  

e le c tr o n  dense d e p o s its  (arrows) can be seen in  a sub-  

e p i t h e l ia l  lo ca tio n *  E = E h d oth e lia l c e l l ;  Ep = 

E p ith e lia l c e l l*

(E lectron  m icroscopy X 16,000)
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DISCUSSION

In the p resen t stu d y , repeated  in o c u la tio n  o f  preformed viinas 

an tigen -a n tib o d y  complexes r e su lte d  in  p r o li f e r a t iv e  g lom eru lon ep hritis  

in  37 per c e n t  o f  in o cu la te d  m ice. The glom erular changes were s im ila r ,  

but much l e s s  severe than those d escr ib ed  in  the p rev ious s e c t io n  o f  

th is  t h e s is  a s so c ia te d  w ith  exp erim en ta lly  induced CAV in fe c t io n  in  

d ogs.

By means o f  im m unofluorescence, d e p o s its  o f  canine IgG were 

demonstrated in  the g lom eruli o f  a l l  mice r e c e iv in g  3 or more d a ily  

doses o f  com plexes. As was the case w ith CAV in fe c te d  dogs, the immune 

d e p o s its  were m ainly con fin ed  to  the m esangial reg ion s o f  the g lom eru li, 

a d is tr ib u t io n  which i s  considered  c h a r a c te r is t ic  o f  the d e p o s it io n  o f  

r e la t iv e ly  la rg e  p oo r ly  so lu b le  complexes (Germuth and R odrigues, 19*’/3 ) .  

D ep osits  o f  v ir a l  a n tig en  and complement were a ls o  deted ted  from the 

3rd day onwards but were p resen t in  sm aller  amounts and were n o t found 

in  a l l  m ice. F a ilu re  to  d e te c t  v ir a l  a n tigen  in  some mice in  which 

canine IgG was dem onstrated, i s  probably r e la te d  to v a r ia t io n  betv-zeen 

in d iv id u a l mice in  the amounts o f  complexes d ep o sited  in  the glomei’u l i .  

Because many o f  the a n tig e n ic  s i t e s  in  the d ep o sited  complexes are 

covered by antibody, i t  i s  l i k e l y  th a t an tigen  w i l l  n o t  be d e te c ta b le  

when o n ly  smal.l amounts o f  complexes are d ep osited  in  the g lom eru li.

This would account fo r  the f in d in g  th a t those mice which showed the most 

severe glom erular h is t o lo g ic a l  changes had the h e a v ie s t  d e p o s its  o f  v ir a l  

a n tig en , as a sse sse d  by im m unofluorescence.

Under the e le c tr o n  microscope,numerous sm all e lec tro n -d en se  d e p o s its  

were f o u n d  in  the m esangial reg ion s o f  the g lom eru li and these were 

accompanied by expansion o f  m atrix and an in crea se  in  number o f  m esangial 

c e l l s .  In the most s e v e r e ly  a ffe c te d  m ice, polymorphonuclear and mono
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n u clear  leu k o cy tes  were a ls o  found lodged in  the c a p il la r y  lo o p s  and 

le a s  freq u en tly  in  the mesangium. S im ila r  glom erular le s io n s  were 

d escrib ed  by Olvumura e t  a l . ,  (1971) in  mice r e c e iv in g  preformed 

bovine serum albumen immune com plexes, a ltliough , in  the l a t t e r  experim ent, 

in o cu la ted  mice showed more severe  glom erular changes w ith  h ea v ier  

i n f i l t r a t e s  o f  polymorphonuclear and mononuclear le u k o c y te s .

As h etero logou s a n tig en s ( i . e .  CAV p r o te in  and canine derived  

anti-CAV antibody) were used  in  the in o c u la tio n  o f  the p resen t s e r ie s  

o f  m ice, i t  inight have been e x p e c te d , th a t  the h o s t  would respond by 

producing an im m unological response a g a in s t  th ese  a n tig e n s . Immuno

flu o resce n c e  s tu d ie s ,  however, f a i l e d  to  d e te c t  mouse IgG in  the glom eruli 

o f  any o f  the in o cu la ted  an im als.

Dogs in o cu la te d  w ith  preformed v ir u s  a n tig en -a n tib o d y  complexes 

developed much l e s s  sev ere  glom erular changes than were observed in  

m ice. A lth o u ^  a l l  dogs r e c e iv in g  3 or more d a i ly  doses o f  complexes 

c o n s is te n t ly  showed d if fu s e  m esangial d e p o s its  o f  IgG -ip the g lom eru li, 

i t  was n o t p o s s ib le  to  dem onstrate v ir a l  a n tig e n . D if fu se  h i s t o lo g ic a l  

changes c o n s is t in g  o f  m ild expansion  o f  mesang3.al m atrix  and segm ental 

h y p e r c e l lu la r ity ,  were found in  on ly  3 dogs. By means o f  e le c tr o n  

m icroscopy, is o la te d  e le c tr o n  dense d ep o s its  were found in  the mesangium 

and p oorly  ô^ ectron-dense d e p o s its  were som etim es.found in  su b en d o th e lia l 

s i t e s .  F a ilu re  to  produce severe glom erular changes in  dogs was aijnost 

c e r ta in ly  due to in s u f f i c i e n t  glom erular d e p o s it io n  o f  com plexes, which  

would a ls o  account fo r  the in a b i l i t y  to dem onstrate v ir a l  a n tigen  by 

im m unofluorescence. This m ight have been exp ected , s in c e ,  on a volume 

per body w eigh t b a s is ,  the doses o f  complexes which the dogs rece iv ed  

were much sm aller  than those adm in istered  to  m ice . However, o th er  

fa c to r s ,  such as the degree o f  an tig en  ex ce ss  and thus the s o lu b i l i t y  o f  

the com plexes and" the time in te r v a ls  between co n secu tiv e  d oses,p rob ab ly  

.a lso  in flu en ce d  the q u a n t it ie s  o f  complexes d ep o sited  in  the g lo m eru li.
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IN DÔG-S NATURALLY INFECTED WITH CAV

INTRODUCTION 

MATERIALS AND METHODS 

RESULTS

- Tables 16-18 ; F igu res 90 -1 1 3 . 

DISCUSSION



174
INTRODUCTION

The experim ental s tu d ie s  d escr ib ed  in  the p rev ious s e c t io n s  o f  

th is  t h e s is  have dem onstrated th a t CAV may induce r e n a l damage in  a 

number o f  d i f f e r e n t  ways. During acute system ic in f e c t io n ,  glom erular 

le s io n s  are a ttr ib u ta b le  to both d ir e c t  l y t i c  and immune complex mediated  

mechanisms, w h ile  recovered  anim als may develop  an im m unologically  

m ediated fo c a l  i n t e r s t i t i a l  n e p h r it is  as a seq u e l to p e r s is te n c e  o f  

v ir u s  in  the ren a l tu b u le s .

I n fe c t io n  o f  glom erular c e l l s  during n a tu r a lly  o ccu rr in g  acute  

system ic CAV in fe c t io n  has been recogn ised  s in c e  R ubarth's in i t i a l ,  

d e sc r ip t io n  o f  the d ise a se  in  194-7 ; s im ila r ly ,  i t  i s  w e ll e s ta b lish e d  

th a t dogs reco v er in g  from in fe c t io n  may develop  fo c a l  i n t e r s t i t i a l  

n e p h r it is  (H artley , 1958; W right, 1967b). However, immune complex 

m ediated glom erular le s io n s  have n o t been recorded in  a s s o c ia t io n  w ith  

n a tu r a lly  occu rrin g  CAV in f e c t io n .  Over the course o f  the l a s t  year o f  

t h is  study, a sm all survey o f  n a tu ra l ca se s  o f  CAV in fe c t io n  was ca rr ied  

o u t, in  order to  compare the ren a l le s io n s  occu rrin g  in  n a tu ra lly  

in fe c te d  dogs with, th ose which developed during experim ental in f e c t io n .

In th is  s e c t io n , an account i s  g iven  o f  the h is t o lo g ic a l ,  immunofluorescence 

and u ltr a s tr u c tu r a l f in d in g s  in  the k idneys o f  10 dogs which e i th e r  

d ied  or were in  variou s s ta g e s  o f  recovery  from acute CAV in f e c t io n .
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MATERDiLS AND METHODS

Animals

The 10 dogs were a l l  re ferred  fo r  c l i n i c a l  exam ination to the 

Department o f  V eterinary M edicine, U n iv e r s ity  o f  Glasgow and subsequently  

died  or were destroyed  by in travenous in je c t io n  o f  pentabarbitone  

sodium. E ig h t o f  th ese  dogs were n o t vaccin ated  a g a in s t  CAV,whl3.e the 

v a cc in a tio n  li is to r y  o f  the rem aining 2 anim als (Nos, 1 and 4) was 

unknoim. The age, breed and sex  o f  the dogs are g iven  in  Table 16,

Renal Bionsv Procedure

A ren a l b iop sy  was performed on Case Nos. 7 and 8 , 2 days a f t e r  

■ttie o n se t o f  c l i n i c a l  i l l n e s s .  The procedure was ca rr ied  o u t according  

to  a method d escr ib ed  by Osborne e t  a l . ,  (1967). Under general 

a n a esth e sia  induced by sodium thiopentone (" In traval" , May and Baker 

L td ., Dagenham),a sm all area o f  sk in  on the upper l e f t  fla n k  was sliaved 

and prepared fo r  su rgery . While the l e f t  k idney was im m obilised by 

abdominal p a lp a tio n , a sm all in c is io n  was made in  the sk in  and a 

d isp o sa b le  ren a l b iop sy  n eed le  (2N -27-02, Travenol L aboratories I n c . ,  

D e e r f ie ld , I l l i n o i s )  was in se r te d  through the abdominal sk in  and in to  

the k id n ey . The p iece  o f  ren a l t is s u e  thus obtained was d iv id ed  in to  

2 p o rtio n s  and examined h i s t o lo g ic a l ly  and by imm unofluorescence in  tfxe 

same manner as d escr ib ed  fo r  necropsy m a te r ia l.

H is to lo g ic a l  Immunofluorescence and U ltr a s tr u e tu r a l Procedures 

AIJl dogs were su b jected  to  a comprehensive m acroscopic and 

h is to p a th c lo g ic a l  exam ination as soon as p o s s ib le  a f t e r  death . With the 

the ex cep tio n  o f  3 dogs which d ied , p ie c e s  o f  k idney were su b jected  to  

u ltr a s tr u e tu r a l exam ination as d escrib ed  in  the s e c t io n  on "m aterials  

and methods". Kidney t is s u e  from a l l  dogs was examined by immuno

flu o resce n c e  fo r  the presence o f  IgG, BIG g lo b u lin  (C3) and CAV a n tig en .



1 7 6

In a d d itio n , the k idneys o f  2 dogs (Nos, 7 and 1 0 ), in  which there was 

e x te n s iv e  i n t e r s t i t i a l  i n f i l t r a t e s  co n ta in in g  plasma c e l l s ,  were 

examined by the in d ir e c t  "sandwich" flu o rescen ce  t e s t  in  order to  

determ ine whether or n o t the plasma c e l l s  contained  anti-CAV antibody.

B iochem istry

Where p o s s ib le ,  b lood and u rine samples were ob tained  a t  n ecrop sy . 

Urine was examined fo r  the presence o f  p ro te in  by the turbidom etric method 

u s in g  standard s u lp h o s a l ic y l ic  a c id  and blood urea n itro g en  l e v e l s  were 

measured by the Standard Technicon AAII-1 method,

E lu tia n  Procedures

Kidney t is s u e  from 6 dogs was su bjected  to  e lu t io n  procedures 

as d escrib ed  in  the s e c t io n  on "m aterials and methods".

Sero logy

Anti-CAV antibody l e v e l s  in  serum samples and ren a l e lu a te s  were 

estim ated  u s in g  the in d ir e c t  immunofluorescence tech n iq u e,

RESULTS

C lin ic a l  His to l'y and M acroscobic F indings

Case No. 1: This was a 3 year o3d C aim  te r r ie r  which d ied  36 hours

a f t e r  d evelop in g  an i l l n e s s  ch a ra c te r ised  by p ro g ress iv e  d ep ressio n , 

an orex ia , sh iv e r in g  and e v e n tu a lly  recumbancy, A more d e ta ile d  

exam ination showed p a llo r  and m ild jaundice o f  the mucous membranes, 

p e te c h ia t io n  o f  the gums and moderate enlargem ent o f  the s u p e r f ic ia l  

lymph nodes.

At necropsy , the carcase was jaundiced  and there were p e te c h ia l  

haemorrhages on the gams and v e n tr a l su rface o f  the tongue. Other 

f in d in g s  were c h a r a c te r is t ic  o f  acute system ic CAV in f e c t io n  i . e .  the 

presence o f  an en larged  p a le  m ottled l i v e r ,  oedema o f  the w a ll o f  the



Table 1 6 | Age* breed and sex o f  n a tu r a lly  
occu rrin g  ca ses  o f  GAV In fection ^

177

Dog Hoo Age Breed Sex

1 3 y ears Cairn t e r r ie r F

2 3 months C o llie  c r o ss F

3 8 months A lsa tia n M

4 5 months P a p illo n M

5 6 months Foxhound F

6 M le M

7 l« (» M

8 i: » M

9 » M

10 5 months Shetland c o l l i e M
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ga3J- b ladder, w idespread en larged  haemorrhagic ].}nmpb nodes and p e te c h ia l  

haemorrhages in  the thymus. In a d d itio n , however, there were m u ltip le  

smaDJL haemorrhages on the su rfa ces  o f  both k idneys (F ig , 9 1 ); these  

haemorrhages were p resen t tliroughout the kidney su b stan ce .

Case No. 2: This was a 3 month old  C o llie  cro ss  dog which was presented

w ith  d ep ressio n , fe v e r  (105 F) and a n orex ia . Over the n ex t 4  d a y s ,th e  

dog became p r o g r e s s iv e ly  more d ep ressed , dehydrated and r e lu c ta n t  to  

move. There vms enlargem ent o f  a ll. s u p e r f ic ia l  lymph nodes and, 

on abdominal p a lp a tio n , the anim al showed con sid erab le  d iscom fort. Mild 

jaundice o f  the mucous membranes was apparent on the 4th  d a y ,a t  which 

tim e, s in c e  the dog had become recumbent, eu thanasia  was ca rr ied  o u t.

Case No. 3: Tliis was an S month A lsa tia n  which developed c l i n i c a l

i l l n e s s  ch a ra c te r ised  by d ep ress io n , anorexia  and moderate enlargem ent 

o f  s u p e r f ic ia l  lymph nodes. By the 4th  day, there was l i t t l e  change 

ex cep t th a t jaundice had developed; however, 2 days la t e r  the animal 

was s l i g h t ly  b r ig h ter  and i t s  a p p e tite  was retu rn in g , a lth ou gh  j a u n d i c e  

was s t i l l  apparent. On the 8 th  day fo llo w in g  the o n se t  o f  c l i n i c a l  

i l l n e s s  th e  dog was p resen ted  fo r  eu th an asia .

A t necropsy, there was m oderately severe ja u n d ice , although  tlie 

l i v e r  appealed r e la t iv e ly  normal,. The on ly  o th er  n o tab le  fea tu re  was 

the presence o f  s e v e r a l f o c a l  haemorrhages in  both kidneys*

Case No. 4  ̂ This was a 5 month o ld  P a p illo n  which developed an orex ia , 

d ep ression  and mild ja u n d ice . A fter  3 days, the dog showed some 

improvement and corn ea l o p a c ity  developed in  the r ig h t  e y e . Subsequently , 

however, the anim al’ s co n d itio n  d e te r io r a te d  and i t  began to show vague 

s ig n s  o f  an a lim en tary  d istu rb an ce , namely an orex ia , marked d iscom fort  

on abdominal p a lp a tio n  end o cc a s io n a l vom iting . Death occurred 12 days 

a f t e r  the o n se t o f  c l i n i c a l  s ig n s .
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A t necropsy, a segment o f  d i s t a l  ileum , ĉm in  lerig'lli, was found 

to  be in fa r c te d  due to  the presence o f  a thrombus in  the ad jacen t  

m esenteric  v e s s e l .  P e te c h ia l haemorrhages were found in  the IcLdneys, 

though they  were n o t so numerous as in  Case No. 'U The o n ly  a d d itio n a l  

f in d in g  was d if fu s e  corn ea l o p a c ity  o f  the r ig h t  ey e .

Case Nos. 5-9: Tills was a l i t t e r  o f  6 month o ld  unvaccina tod Foxhound

p u pp ies. Case No. 5 d ied  fo llo w in g  a severe acute i l l n e s s  la s t in g  

3 6  h ou rs. During th is  p er io d ,th e  animal showed p ro g ress iv e  d u lln e ss  and 

inappetance and jaundice became apparent in  the term inal s ta g e s .  Tliere 

was enlargem ent o f  s u p e r f ic ia l  lymph nodes, p e te c h la t io n  o f  l i p s ,  gums 

and vu lva  and p u rp lish  d is c o lo r a t io n  o f  the abdominal s h in . T erm inally, 

the anim al became- redumbant, the h ea rt ra te  was markedly in creased  and 

the p u lse  became p r o g r e s s iv e ly  weaker.

A t necropsy, the carcase was jaundiced; there was p u rp lish  

d is c o lo r a t io n  o f  the abdominal sk in  and p e te c h ia l haemorrhages were 

found on the l i p s  and gums and in  the v u lv a l and v a g in a l mucosae. 

Haemorrhages, s im ila r  to  those seen  in  Case No, 1, were p resen t in  both  

k id n ey s. Other f in d in g s  were c h a r a c te r is t ic  o f  acute systeunic CAV 

in fe c t io n  (v id e supra) .

, Subsequently , the rem aining 4 dogs in  the l i t t e r  developed a mild  

i l l n e s s  ch a ra cter ised  by le th a r g y , pyrexia  (1Û3-104 C) and varying  

degrees o f  s u p e r f ic ia l  lymph node enlargem ent. Submandibular and 

b r is k e t  oedema was p resen t in  Case No, 6 . Two days la t e r ,  a l l  4  

anim als were showing marked c l i n i c a l  improvement; a t  th is  s ta g e , u n i la t e r a l  

c o m e a l o p a c ity  developed in  2 dogs (Nos. 6 and 7 ) .  Needle beopsy  

specim ens were obtained  from the k idney o f  2 o f  th ese  an im als, 2 days 

a f te r  the o n se t o f  c l i n i c a l  i l l n e s s .  The 4 dogs were then k i l l e d  a t  

vary ing  in te r v a ls  fo llo w in g  c l i n i c a l  recovery .

At the necropsy o f  Case No, 6 o cc a s io n a l sm all w hite f o c i  o f
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i n t e r s t i t i a l  n e p h r it is  were found in  the ren a l c o r t ic e s .  In a d d itio n ,

there was d if fu s e  corn ea l o p a c ity  o f  the r ig h t  e y e . Case Ko. 7 showed

more severe fo c a l i n t e r s t i t i a l  n e p h r it is  w ith  m u ltip le  sm all w hite f o c i  

1“2nim in  diam eter sc a tte r e d  throughout the co r te x  and medulla o f  both  

kidneys; on cu t s e c t io n ,  th ese  f o c i  were o fte n  seen  as narrow w hite  

strea k s  exten d in g  across the c o r t ic a l  w id th . In a d d it io n , the l e f t  

eye showed d if fu s e  corn ea l o p a c ity . Case Nos. B and 9 showed no 

m acroscopic a b n o rm a litie s .

Case No. 10: This was a 3 month o ld  Shetland  c o l l i e  which developed

a m ild tr a n s ie n t  i l l n e s s  ch a ra c te r ised  by anorexia  and d ep ress io n .

A fte r  3 d a y s ,th e  dog showed marked c l i n i c a l  improvement and a t  th is  

s ta g e ,u n i la t e r a l  c o m e a l o p a c ity  developed . Seventeen  days a f te r  the 

o n se t o f  c l i n i c a l  i l l n e s s ,  the dog was presen ted  fo r  eu th a n a sia . At 

the time o f  death , the on ly  apparent c l i n i c a l  abnorm ality was s l i g h t  

corn ea l o p a c ity  o f  the r ig h t  e y e .

A t necropsy, ap art from s l i g h t  u n i la t e r a l  corn ea l o p a c ity ,

m acroscopic a b n orm alities  were co fin ed  to the k idneys which showed a 

fo c a l  i n t e r s t i t i a l  n e p h r it is .  The su rfa ces  o f  both k idneys were 

studded w ith  numerous sm all w hite f o c i  1-3mm in  diam eter (F ig  9 2 ) ,  On 

c u t s e c t io n ,  many o f  th ese  f o c i  appeared as p a le  s trea k s  ex ten d in g  in to  

the deep co r te x ; s im ila r  sm all f o c i  o f  i n t e r s t i t i a l  n e p h r it is  were 

found in  the m edu lla ,

iIistelpM .cal__Findin

In 3 d ogs, (Nos, 1, 2 and $) the h i s t o lo g ic a l  p ic tu r e  was 

c h a r a c te r is t ic  o f  acu te CAV in f e c t io n .  There was fo c a l  h ep a tic  n e c r o s is ,  

haemorrhagi.c lym phaden itis and, in  the Iddneys, numerous In c lu s io n s  were 

found in  glom erular e n d o th e lia l and m esengial c e l l s .  The glom erular 

c e l l s  were a lso  sw o llen , there was m esengial h y p e r c e l lu lo r ity ,  and many
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glom eruli showed an in creased  co n ten t o f  polymorphonuclear le u k o cy tes  

(F ig , 9 3 ) .  In a d d it io n , 2 o f  these dogs (Nos. 1 and 5) showed 

o cc a s io n a l haemorrhage in to  the f i l t r a t i o n  spaces and s c a tte r e d  f o c i  

o f  tubular and i n t e r s t i t i a l  haemorrhage.

Apart from u n i la t e r a l  a n te r io r  u v e i t i s  in  4  anim als and n e c r o s is  

o f  a s'egment o f  bowel in  Case No, 4 , h is t o lo g ic a l  ab n orm alities  were 

confined  to the k idneys in  the rem aining 7 d o g s, In 4  o f  th ese  

an im als,(N os 3 , 4, 6 and 9) there was m esangial expansion  and segm ental 

h y ^ e r c e llu la r ity  a f f e c t in g  some, but n o t alJ. g lo m eiu li (F ig s , 94 and 

9 3 ) .  In a d d itio n , o c c a s io n a l in c lu s io n s  were found in  m esangial c e l l s  

in  Case No. 3; th is  anim al a ls o  showed a few sc a tte r e d  f o c i  o f  tubular  

haemorrha g e .

F oci o f  i n t e r s t i t i a l  n e p h r it is  were found in  5 d ogs. In 3 o f  

th ese  anim als (Nos. 1 , 4  and 6 ) ,  on ly  a few small, f o c a l  accum ulations 

o f  c e l l s  c o n s is t in g  o f  lym phocytes, macrophages and plasma c e l l s  were 

found. However, in  the rem aining 2 dogs (Nos. 7 and 1 0 ), numerous la rg e  

f o c i  o f  i n t e r s t i t i a l  c e l lu la r  in f i l t r a t i o n  were found in  both co r te x  

and m edulla. In both  an im als, in c lu s io n s  were fr e q u e n tly  encountered  

in  tubular e p i t h e l ia l  c e l l .s  and sometimes in  c e l l s  ly in g  fr e e  in  

tubular lumina w ith in  the c o r t ic a l  and m edullary f o c i  (F ig , 9 6 ) , The 

c o r t ic a l  c e l lu la r  i n f i l t r a  "tes, which showed a hlg)r ra te  o f  m ito t ic  

a c t iv i t y ,  c o n s is te d  m ainly o f  lym phocytes, la r g e  mononuclear c e l l s  and 

plasma c e l l s .  N ecro tic  tu b u les were found w ith in  the le s io n s ;  th ese  

sometimes contained  in c lu s io n s  and were  o ften  surrounded by accum ulations 

o f  macrophages and polymorphonuclear le u k o c y te s . Other in t a c t  tab u les  

showed cytop lasm ic sw e llin g  and v a cu o la tio n  and o fte n  contained  n e c r o tic  

c e l lu la r  d e b r is , among which lym phocytes and polymorphonuclear leu k o cy tes  

were sometimes found (F ig . 9 8 ) . In  comparison w ith  le s io n s  found in  

the c o r te x , those in  the m edulla contained  many more n e c r o t ic  tubu les  

and th ese  were c h a r a c t e r is t ic a l ly  surrounded by polymorphonuclear
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leu k o cy tes  and la r g e  numbers o f  macrophages, w ith  on ly  a few lymphocytes 

and plasma c e l l s  (F ig . 9 7 ) .  A notab le fea'bure o f  some o f  the c o r t ic a l  

and m edullary f o c i  in  both o f  tiiese dogs, was the presence o f  m u lti

n u clea ted  g ia n t c e l l s  which were p a r t ic u la r ly  numerous in  Case No, 10 

(F ig . 9 9 ) . Evidence o f  e a r ly  i n t e r s t i t i a l  f ib r o s i s  was p resen t in  

Case No, 10, p a r t ic u la r ly  around the margins o f  the la r g e r  c e l lu la r  

f o c i  where an in cr ea se  in  Hie number o f  i n t e r s t i t i a l  f ib r o b la s t s  was 

apparent.

Inm unofluoresconce F indings

The r e s u lt s  o f  the immunofluorescence s tu d ie s  are sumiaarised in  

Table 17. Granular d e p o s its  o f  IgG were d e tec ted  in  the m esangial 

reg ion s o f  Jie g lom eru li in  7 dogs (Nos. 1 -7 ) ,  In  6 o f  th ese  an im als, 

the d e p o s its  wei’e found d i f f u s e ly  in  a l l  the g lom eru li whereas, in  one 

dog (No. 7 ) ,  many contained  o n ly  segm ental d ep o s its  (F ig s , 100 and 1 0 1 ), 

The glom eruli o f  the rem aining 3 dogs, which were examined a t  17, 35 and 

49 days, con tained  no s p e c i f i c  d e p o s its  o f  IgG, Elsewhere in  the k idney, 

groups o f  f lu o r e s c in g  plasma c e l l s  were found in  5 dogs (F ig , 1 0 5 ). In  

2 o f  th ese  anim als (Nos. 1 and 4 )? they  were r e s t r ic t e d  to  a few is o la te d  

sm all f o c i ,  found m ainly in  the m edulla; the rem aining 3 dogs (Nos. 6 ,

7 and 10 ) showed la r g e r  accum ulations o f  s p e c i f ic  IgG f lu o r e s c in g  

plasma c e l l s  m ainly in  the c o r te x .

Complement (03) was d e tec ted  as d if fu s e  f in e  granular m esangial 

s ta in in g  in  the g lom eruli o f  4  dogs (Nos. I - 4 ) (F ig , 1 0 2 ).

VJhen s ta in ed  fo r  the presence o f  CAV a n tig en , d is c r e te  f lu o r e sc in g  

v ir u s - in fe c te d  c e l l s  were d e tec ted  in  the m ajority  o f  g lom eruli and in  

the endothelium  o f  i n t e r s t i t i a l  c a p i l la r ie s  in  the k idneys o f  3 dogs 

(Nos. 1, 2 and 5) .  A th ird  animal (No, 3) showed on ly  o cca s io n a l  

f lu o r e sc in g  glom erular c e l l s .  In a d d itio n , however, in  Case N os, 1 -5 , 

f in e  granular d e p o s its  o f  CAV an tigen  were found in  the m esangial reg ion s
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o f  a l l  g lom eru li, in  a s im ila r  p a ttern  to th a t observed fo r  IgG 

(F ig , 103 ) .  Virus a n tig en  was n o t d e tec ted  in  the ^ o m e in l i  o f  the  

rem aining $ dogs’. F o c i o f  f lu o r e s c in g  tubular e p i t h e l ia l  c e l l s  were 

d etec ted  in  both co r te x  and medulla in  5 dogs (Nos. 1, 4 , 6 , 7 and IO) 

and th ese  were p a r t ic u la r ly  numerous in  Cases Nos. 7 and 10 (F ig . IO4 ) .  

CAV a n tig en  was a ls o  found in  la rg e  amounts in  the l i v e r  o f  Case N os. 1,

2 and 4 .

Renal b iop sy  m a ter ia l from Case Nos, 7 and 8 exandned by immuno

flu o resce n c e  , each conta ined  2 g lom eru li. In both an im als, the glom eruli 

contained  d if fu s e  granular d e p o s its  o f  IgG but were n eg a tiv e  fo r  the 

presence o f  CAV an tig en  and complement.

Kidney s e c t io n s  from Case Nos. 7 and 10, which were s ta in ed  by 

the in d ir e c t  im m unofluorescence t e s t ,  contained  f o c i  o f  f lu o r e sc in g  

plasma c e l l s  in d ic a t in g  the presence o f  anti-CAV antibody (F ig . IO6 ) .

U ltra s  true tiaral F ind ings

Of the 7 dogs whose kidneys were examined by e le c tr o n  m icroscopy,

2 (Nos. 2 and 3) showed d if fu s e  glom erular u ltr a s tr u e tu r a l changes. In  

botil anim als numerous e le c tr o n  dense d e p o s its  were found sc a tte r e d  

throughout the m esangial reg ion s o f  the g lom eru li. T h is, tog eth er  w ith  

an in crea se  in  m atrix  and segm ental h y p e r c e l lu la r ity ,  r e su lte d  in  

expansion o f  m esangial reg ion s which impinged on e n d o th e lia l c e l l s  and 

caused p a r t ia l  c o lla p se  o f  many o f  the c a p il la r y  lo o p s . Many m esangial 

c e l l s  showed p hagocytic  a c t iv i t y  and th e ir  cytoplasm  o fte n  contained  

e le c tr o n  dense granules and in creased  amounts o f  endoplasm ic reticu lum  

(F ig , 107 ) .  Glomerular e n d o th e lia l and e p i t h e l ia l  c e l l s  were sw ollen  

and vacu olated  and, in  the case o f  e p i t h e l ia l  c e l l s ,  th is  o fte n  resu lted -  

in  areas o f  fu s io n  o f  the f o o t  p r o c e sse s . In Case No. 2 , which showed, 

the most severe u lt r a s tr u c tu r a l changes, moderate numbers o f  poly

morphonuclear leu k o cy tes  and la r g e  monocytes were a ls o  found lodged in



the ^'omerular c a p il la r y  lo o p s . In th is  anim al, v ir u s  p a r t ic le s  were 

found in  the nuclei o f  m esangial c e l l s  (F ig . 108) which were sometimes 

d isru p ted  w ith  r e le a se  o f  v ir u s  in to  the surrounding m esangial m atrix .

Sm all clumps o f  v ir u s  p a r t ic le s  were a ls o  o c c a s io n a lly  observed in  

membrane-bound v e s ic l e s  in  the cytoplasm  o f  oth erw ise u n in fec ted  

m esangial c e l l s .

Less severe  changes were found in  the glom eruli o f  a fu r th er  

2 dogs (Nos. 6 and 7 ) ,  In  th ese  an im als, there was m ild expansion  

o f  m esangial m atrix , o c c a s io n a lly  accompanied by granular e le c tr o n  dense 

d e p o s its  (F ig , 1 0 9 ). In Case No, 6 , th is  was a ls o ,  in  some ai'eas, 

a sso c ia te d  w ith  an in cr ea se  in  m esangial c e l l s .  In both  an im als, e le c tr o n -  

dense, V acuolated, dying e n d o th e lia l c e l] .s  were found (F ig . 110); these  

c e l l s  were sometimes p a r t ia l ly  detached from the GEM and were being  

rep laced  by ad jacen t h ea lth y  e n d o th e lia l c e l l s .

Glomeruli examined from the rem aining 3 dogs (Nos, 6 , 9 and 10) 

showed a normal u ltr a s tr u c tu r a l appearance.

F oci o f  i n t e r s t i t i a l  n e p h r it is  were lo c a te d  in  both co r te x  and 

m edulla in  2 dogs (Nos. 7 and 1 0 ), In these a n im a ls ,c o r t ic a l  le s io n s  

were composed o f  lym phocytes, plasma c e l l s ,  macrophages and la rg e  

monocytes and many m ito t ic  co n fig u ra tio n s  were observed (F ig . 1 1 1 ). 

M edullary i n f i l t r a t e s  contained  la r g e  numbers o f  macrophages, accompanied 

by fo c a l  accum ulations o f  polymorphonuclear leu k o cy tes  and on ly  a few  

lym phocytes and plasma c e l l s  (F ig . 1 1 2 ). N ecro tic  tu b u les were found 

more fr eq u en tly  in  the medulla and were u s u a lly  surrounded by a heavy  

i n f i l t r a t e  o f  macrophages and polymorphonuclear le u k o c y te s . In  both  

c o r te x  and m edulla, in t a c t  tu b ules found w ith in  the i n f i l t r a t e s  showed 

evidence o f  d egen erative  changes c o n s is t in g  o f  cytop lasm ic sw e llin g  

and v acu o la tion  and marked m itochondrial sw ellin g ."  O cca sio n a lly , v iru s  

in fe c te d  tubular e p i t h e l ia l  c e l l s  were observed in  th ese  tu b ules ; however,
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v ir u s  p a r t ic le s  were more o fte n  p resen t in  tubular lumina where they  

were found ly in g  among d egen erating  in fe c te d  c e l l s  and n e c r o t ic  

c e l lu la r  d eb r is  (Fig'. 1 13 ). In such 'tabules, lym phocytes and p o ly 

morphonuclear leu k o cy tes  were o fte n  observed m igrating  through the 

ep ith e liu m  and ly in g  among the n e c r o t ic  c e l lu la r  d eb r is  in  the lumen.

Virus p a r t ic le s  were a ls o  o c c a s io n a lly  found w ith in  in t a c t  or d egen erating  

c e l l s  ly in g  in  the in te r s t it iu m . E arly  f ib r o b la s t  a c t im t y  was noted , 

p a r t ic u la r ly  around the margins o f  the i n t e r s t i t i a l  f o c i ,  where 

'increased  numbers o f  f ib r o b la s t s  and e a r ly  c o lla g e n  d e p o s its  were found,

Biochem ical F indings

The r e s u lt s  o f  u r in e  p ro te in  and blood urea n itro g en  e stim a tio n s  

are presente d in  Table 17. The 5 dogs, in  which d if fu s e  gr-anular 

d e p o s its  o f  IgG and v ir a l  an tigen  were d e tec ted  in  the g lom eruli by 

im m unofluorescence, a l l  showed s ig n i f ic a n t ly  e lev a ted  l e v e l s  o f  p ro te in  

in  the u r in e  ( i . e .  >50m g/l00m l), ranging from 77 to  276mg^ 100ml. Only 

one dog (No. $) showed a s ig n i f ic a n t ly  e lev a ted  l e v e l  o f  blood urea  

n itr o g e n ,

S ero lo  g ica] Findi.ngs

The r e s u l t s  o f  anti-CAV antibody estim a tio n s  on serum and ren a l 

e lu a te s  sre  summarised in  Table 17 . Of the 5 dogs from which serum 

was ob ta in ed , 2 showed r i s in g  t i t r e s  o f  antibody to  CAV in. p a ired  serum 

samples and a l l  5 anim als had t i t r e s  o f  256 or more when they were k i l l e d ;  

th ese  were a l l  dogs which had shomi c l i n i c a l  recovery . Low le v e l s  o f  

anti-CAV antibody were d e tec ted  in  a l l  5 k idney e lu a te s .  In one o f  

th ese  dogs, d e p o s its  o f  immunoglobulin were n o t found in  the g lo m em li 

and the e lu te d  antibody was th e r e fo r e , presumably, d erived  from 

i n t e r s t i t i a l  plasma c e l l s .



Table 18a« N atu ra lly  occu rrin g  GAV in fe c t io n ?
B iochem ical and S e r o lo g ic a l f in d in g s ,

1 8 ?

Dog Noo
Time examined 
a f t e r  c l in i c a l  
o n set ,

Anti-CAV 

Sei'Uia S lu ate

U rine 
P ro te in  
mg/l 00ml

B Xood Ure; 
Nitrogen, 
mg/100ml

1

2

5

4

5

6

7

8

9

10

%) hours (d) 

4 days 

a days 

12 days (d) 

36 hours (d) 

7 days 

2 days#

21 days 

2 d ay s^

35 days 

49 days 

17 days

ND

ND

ND

ND

256

4

512

16

512

512

512

D " Died
.53 Renal b iopsy  

ND = Not done

ND

ND

ND

ND

8

77

94

162

102

276

0

10

32

ND

18

33

ND

83

41

28

21

18

37



Figo 91X" Kidney from Case Noo 1, showing m u ltip le  p e te c h ia l  

haemorrhages*

Fig* 92 Î ”  Kidney from Case NOo 10? showing m u ltip le  sm all w hite f o c i  

o f  i n t e r s t i t i a l  n ep h r itis*
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Pigo 93%- GIomeinAlus from Case No i î The glom erular c e l l s  are

sw ollen  and th ere  i s  an in c r e a se  in  m esangial c e l lu la r i t y  

r e s u lt in g  in  o c c lu s io n  o f  c a p il la r y  loops* S everal 

in tra n u c le a r  in c lu s io n  b od ies can a ls o  be seen*

(HE X 400)



18 9

iT



Figo 9 4 ï -  Glomerulus from Case No* 3 , shovring expansion and segm ental 

h y p e r c e llu la r ity  o f  m esangial regions»

(HE X 400)

Pig» 9 5 Î -  Another glom erulus from Case No» 3 shows a n om al 

h is t o lo g ic a l  appearance»

(HE X 400)
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Pig* 9 6 î -  CAV i n t e r s t i t i a l  n e p h r it is  in  Case No* I t  W ithin t h is  

c o r t ic a l  fo c u s , in tra n u c le a r  in c lu s io n  b od ies (arrow s) 

can be seen  in  tu b u lar e p i t h e l ia l  c e l ls »

(he X 300)

Fig* 9 7 CAV i n t e r s t i t i a l  n e p h r it is  in  Case No* 10S A tra n sv erse  

s e c t io n  o f  m edullary, tu b u les shows the remains o f  a 

n e c r o t ic  tubule surrounded by la rg e  numbers o f  macrophages 

and a few polym orphonuclear leuk ocytes»
(HE X 450)



19 1

A  <

i m

' ' . A %

î<î

fÿ



Figo 9 8 1- GAV i n t e r s t i t i a l  n e p h r it is  in  Case No lOs The c e l lu la r  

i n f i l t r a t e  i s  composed o f  a m ixture o f  lym phocytes, 

plasma c e l l s  and macrophages»

(N a ile r y 's  boras m ethylene blue» 1p, s e c t io n  X 400)

Pigo 99:™ GAV i n t e r s t i t i a l  n e p h r it is  in  Case No 10* This c e l lu la r  

fo cu s co n ta in s  numerous m u ltin u clea ted  g ia n t c e l ls »

(HH X 300)
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Figo 100ï™ IgG in  a glomerulus from Case Ho» 1 ; D iffuse  g ra n u la r  

f lu o rescen ce  can be seen in  th e  m esangial regions»

(immunofluorescence X 400)

Pigo 1013- IgG in  a glomerulus of Case No. 7 : Coarse g ra n u la r

f lu o rescen ce  i s  confined to segments o f  th e  glomerulus,

(immunofluorescence X 400)
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Figo 102î -  Complement in  a glomerulus from Case No, 2î D iffuse  

g ra n u la r  f lu o rescen ce  can be seen in  the  mesangial 

regions» •

(immunofluorescence X 400)

Figo 1033-  CAV a n tig en  in  a glomerulus from Case No* 2î Fine

g ra n u la r  f lu o rescen ce  i s  p re se n t  in  the  mesangial re g io n s |  

a d i s c r e t e  f lu o re s c in g  c e l l  can a lso  be seen*

(immunofluorescence X 400)
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Figo 104*“ S ectio n  o f  kidney from Case No. 7 s ta in ed  fo r  CAV an tig en !  

S p e c if ic  a n tigen  f lu o r e sc e n c e  can be seen  in  tubular  

e p i t h e l ia l  c e l ls o

(im m unofluorescence X 400)
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1051" GAV i n t e r s t i t i a l  n e p h r i t i s .  Case ÏÏOo 10: The c e l l u l a r

i n f i l t r a t e  co n ta in s  numerous IgG s t a in in g  plasma c e l l s*

(immunofluorescence X 250)

Figo 106;- GAV i n t e r s t i t i a l  n e p h r i t i s ,  case  Noq lOs A s e c t io n  o f  

kidney s ta in e d  by the  i n d i r e c t  immunofluorescence t e s t  

f o r  anti-CAV antibody shows a small group o f  f lu o r e s c in g  

plasma c e l l s*

( Immunofluorescence X 400)
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Figo 107*" S ec tion  o f  glomerulus from Case Noo 2J I r r e g u l a r  e lec tro n -  

dense d e p o s i t s  ( la rg e  arrows) a re  p re s e n t  in  the 

mosangiumj a mesangial c e l l  (w) can be seen co n ta in in g  

numerous l a r g e  e lec tro n -d en se  granulesc  There i s  a lso  

ex ten s iv e  fu s io n  (sm all arrows) o f  the  e p i t h e l i a l  c e l l  

(% )  fo o t  processes*

(E lec tro n  microscopy X î0,000)

F ig ,  1081-  S ec tion  o f  glomerulus from Case No. 2î V irus p a r t i c l e s

con be seen in  the  nuc leus  o f  a m esangial c e l l  (m) ; small 

e lec tro n -d en se  d e p o s i t s  (arrows) a re  a lso  p re se n t  in  the  

surrounding mesangial m a tr ix ,  Ep = E p i th e l i a l  c e l l*

(E lec tro n  microscopy X 15g000)



1 9 7

«! &



Figo 109?“ S ectio n  o f  glom erulus from Case No, 6 î E lectron -dense  

d e p o s its  (*) can be seen  in  the m esangial m atrix .

M = M esangial c e l l*

(E lectron  m icroscopy X 15^000)
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Igo  1103- S ec tio n  o f  gloE\e.rulus from Case No* 6j The glom erular  

endothelium  (arrow s) appears shrunken, e lec tro n -d en se  

and vacuolated* M = M esangial c e l l*

(E lectron  m icroscopy X 10 ,000)
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F i g o  111 ( a ) s- GAV i n t e r s t i t i a l  n e p h r it is .  Case No* 10* A s e c t io n  

o f  c o r t ic a l  c e l lu la r  i n f i l t r a t e  shows a m ixture o f  

lym phocytes ( l ) and p lasm ahlast (P)o

(E lectron  m icroscopy X 6 ,000)

(h) ( i n s e t ) I -  A lymphocyte from the same le s io n  can he 

seen undergoing' m ito t is ,

(E lectro n  m icroscopy X 6 ,000)
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Figo 112:- GAV i n t e r s t i t i a l  n e p h r ite . Case No. 10s S ectio n  o f

m edullary c e l lu la r  i n f i l t r a t e ,  showing numerous a c t iv e  

macropahges (îÊa)* A polymorphonuclear leu k ocy te  (Pm) 

can a ls o  be seen*

(E lectro n  m icroscopy)
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Fig* 1 15 ( a ) Ï - CAV i n t e r s t i t i a l  n e p h r it is .  Case No* 103 S ectio n  

o f  m edullary tubule concain ing  a lymphocyte (l ) 

and a d egenerating  v ir u s - in fe c te d  c e l l  (v) ly in g  

among n e c r o t ic  c e l lu la r  debris* TB] -  Tubular Epithelium .

(E lectron  m icroscopy X 6 ,000)

(b) ( in s e r t )  Part o f  the n u cleu s o f  an in fe c te d  c e l l  found

in  the" lumen o f  the same tu b u le , shovrlng v ir u s  p a r t ic le s  

escap in g  through th e  n u clear membrane (arrow ).

' (E lectron  m icroscopy X 16 ,000)



2 0 2

■ ----------------------



DISCUSSION ' 2 0  3

The r.?nge o f  ren a l le s io n s  found in  th e  p resen t s e r ie s  o f  dogs 

c lo s e ly  resem bled th a t  observed in  dogs ex p erim en ta lly  in fe c te d  w ith  

CAV̂  as described  in  s e c t io n s  I and I I I .  In those anim als which d ied  

during the sys'bemic phase, d ir e c t  in fe c t io n  o f glom erular c e l l s  r e s u l’ted 

DJi l y t i c  c e l lu la r  damage. Widespread f o c i  o f  in t e r s t i t i a l ,  n e p h r it is  

were a ls o  found in  2 o f  the c l i n i c a l l y  recovered dogs. In these an im als, 

the c e l lu la r  in f i l t r a - t e s ,  p a r t ic u la r ly  in  the cor'tex, contained la rg e  

numbers o f  lyn p h ocytes and plasma c e l l s  and, by means o f  an in d ir e c t  

iQM unofluorescence t e s t ,  lo c a l  anti-CAV antibody production  was demonstrated  

in  the plasma c e l l s .  In  o'bher s i t e s ,  however, the f in d in g  o f  la r g e  

p op u la tion s o f  macrophages and r e la t iv e ly  few plasma c e l l s  surrounding  

In fe c ted  tu b u les , was su g g estiv e  o f  a c e l l  mediated h y p e r s e n s it iv ity  

r e a c tio n . In a d d itio n  to the above le s io n s ,  a number o f  dogs showed 

■evidence o f  immune complex mediated glom erular d is e a s e .  Granular d ep o s its  

o f  immunoglobulin, v ir a l  an tig en  and complement were found in  the m esangial 

regt.o.ns o f  the g3.oineruli and th is  was a s so c ia te d  w ith  varying degrees  

o f  mesangial. expansion and c e l lu la r  p r o li f e r a t io n  and e le v a te d  le v e l s  

o f  p r o te in u r ia . These f in d in g s ,a lo n g  w ith  the d e te c t io n  o f  anti-CAV 

antibody in  ren a l e lu a te s ,  are in  agreement w ith  the r e s u lt s  obtained  

in  experim ental s tu d ie s  (see  S ec tio n  I I I )  and e s t a b l is h  th a t the 

glomeinilar changes are mediated by the d e p o s it io n  o f  v iru s  a n tig en -  

antibody com plexes, CAV i s ,  th e r e fo r e , the f i r s t  v ir a l  a n tig en , indeed  

an tigen  o f  any k ind , which has been shown to be in vo lved  in  immune complex 

mediated glom erular d ise a se  in  tiie dog. Moreover, the f in d in g  o f  l e s s  

severe h is t o lo g ic a l  changes and a gradual decrease in  the glom erular 

d e p o s its  o f  IgG in  those anim als examined a t  7 , 21 and 3 5 days a f te r  

c l i n i c a l  i l l n e s s ,  su g g ests  th a t the glom erular le s io n  i s  tr a n s ie n t  end 

u rl-ik o ly  t-o lead  to p ro g ress iv e  ren a l f a i lu r e .
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The r e s u lt s  o f  the p resen t study in d ic a te  th a t there are 3 major 

mechanisms by which CAV may i n f l i c t  ren a l in ju ry  (see  Table 1 9 ) : -

1 . During system ic in fe c t io n ,  Hie v ir u s  r e p l ic a te s  in  glom erular 

e n d o th e lia l and m esangial c e l l s  r e s u lt in g  in  c e l lu la r  d es iu p tio n  and 

r e le a se  o f  GBM a n tig en s in to  the u r in e .

2c In fe c ted  dogs, which su rv ive u n t i l  the stage  when antibody  

production commences, a ls o  develop a p r o li f e r a t iv e  g lo m eru lo n ep h r itis . 

Evidence was provided th a t th is  developed as a r e s u l t  o f  d e p o s it io n  o f  

c ir c u la t in g  v ir u s  an tig en -a n tib o d y  com plexes. In response to  these  

d e p o s its ,  there was p r o l i f e r a t io n  o f  m esangial c e l l s  and expansion o f  

m esangial m atrix r e su lti.n g  in  marked sw e llin g  o f  the glom erular tu f t s  

and o c c lu s io n  o f  c a p il la r y  lo o p s , , These changes were exacerbated  by 

I n f i l t r a t io n  o f  polymorphonculear leu k o cy tes  in to  the t u f t s ,  an ev en t  

which was probably r e la te d  to  f ix a t io n  o f  complement by d ep o sited  

com plexes. A t th is  s ta g e , s c a tte r e d  f o c i  o f  proxim al tubular n e c r o s is  

were a ls o  found; th ese  d id  n o t appear to  be a s so c ia te d  with, d ir e c t  

v i iu s  in f e c t io n  but were con sid ered  to  have developed secondary to  

glom erular ischaem ia.

F ollow ing  recovery  from system ic in fe c t io n ,  the glom erular le s io n s  

appear to  r e s o lv e . S in ce v ir u s  a n tigen  i s  ra p id ly  c lea red  from the 

c ir c u la t io n ,  immune complexes are no lo n g er  formed and the immune 

d e p o s its  which are a lread y  p resen t in  the glom eruli are grad u ally  

removed by m esangial c e l l s .  Thus, i t  would appear th a t , a lthough CAV 

i s  capable o f  inducing a r e la t iv e ly  severe g lom eru lon ep h ritis  accompanied 

by p ro te in u r ia  and haem aturia, because o f  the tr a n s ie n t  nature o f  the 

l e s io n ,  i t  i s  u n lik e ly  to  g iv e  r is e  to p ro g ressiv e  ren a l f a i lu r e .  I t  

i s ,  however, probable th a t , in  some c a s e s , f e c a l  i n t e r s t i t i a l  f ib r o s is  

w i l l  r e s u lt  from r e s o lu t io n  o f  n e c r o tic  tub :Jar f o c i .



3 . In a d d itio n  to the glom erular le s io n s  d escr ib ed  above, a 

percentage o f  dogs which recover from system ic in fe c t io n  develop  fo c a l  

i n t e r s t i t i a l  n e p h r it is  as a seq u el to p e r s is te n c e  o f  v iru s  in  h ibu lar  

ep ith e liu m . In a d d itio n  to  tab u lar n e c r o s is  produced by d ir e c t  l y s i s  

0{f in fected , c e l l s ,  t i s s u e  damage a].so undoubtedly r e s u lt s  from the 

i n f i l t r a t i o n  o f  c e l l s  in to  the surrounding in te r s t it iu m . That the 

presence o.f th ese  c e l l s  appears to  rep re se n t an iim ounological response  

to  the v ir u s , was supnorted by the dem onstration  o f  anti-vi.ra]_ antibody  

production  by plasma c e l l s  w ith in  the l e s i o n s .  H ow ever,other m orphologic 

fe a tu r e s  o f  the le s io n s  su g g est  th a t c e l l  m ediated h y p e r s e n s it iv ity  

r e a c tio n s  may a ls o  be in v o lv ed ; th is  i s  one a sp e c t o f  the d is e a se  which 

req u ires  .further in v e s t ig a t io n .  Once v ir u s  i s  s u c c e s s fu l ly  e lim in a ted  

from the k id n ey ,th e  i n t e r s t i t i a l  le s io n s  re so lv e  by f ib r o s i s .  A lthough, 

in  most c a se s , th is  i s  o f  no fu n c tio n a l s ig n if ic a n c e ,  i t  may be th a t in  

a few in d iv id u a ls  the r e s u lta n t  sca rr in g  i s  s u f f i c i e n t l y  severe to  

r e s u l t  in  ren a l f a i lu r e ;  t h i s ,  however, has y e t  to  be confirm ed.
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Table 1 9 : - THE RELATIONSHIP BETWEEN C A V  INFECTION
A N D  RENAL DISEASE

VIRAEMIA

INTERSTITIAL
CAPILLARIES

VIRUS IN 
TUBULAR 
EPITHELIUM

LYTIC 
GLOMERULAR 

DAMAGE

VIRUS 
SHED IN 
URINE

IMMUNE 
COMPLEX 

GLOMERULO
NEPHRITIS

ISCHAEMIA

>  8 DAYS

TUBULAR
NECROSIS
INTERSTITIAL
NEPHRITIS

CIRCULATING VIRUS 
ANTIGEN-ANTIBODY 
COMPLEXES >  5 DAYS

($>

INTERSTITIAL
FIBROSIS

COMPLEMENT FIXATION 
ATTRACTIW  OF POLYMORPHS

TUBULAR
NECROSIS

RESOLUTION WHEN 
VIRUS CLEARED 
FROM CIRCULATION

?
INTERSTITIAL

FIBROSIS?

PLASMA CELLS ~  PRODUCTION OF
ANTI-VIRA.L ANTIBCOY

LYMPHOCYTES

MACROPHAGES ]
CELL MEDIATED
HYPERSENSITIVITY
REACTION
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by
W illiam  Ivan Morrison 

SUMMARY

The purpose o f  the p resen t in v e s t ig a t io n  was to  carry out a d e ta ile d  

h is t o lo g ic a l ,  im m unofluorescence and u ltr a s tr u c tu r a l study o f  the ren a l le s io n s  

which occur during canine adenovirus (OAV) in fe c t io n *  An attem pt was made to  

d e fin e  th e mechanisms by which th e v ir u s  i n f l i c t s  ren a l in ju ry  and in  p a r t ic u la r ,  

to  determ ine th e  r o le  o f  th e  immune response in  th e development o f  ren a l le s io n s *  

I t  was shown th a t 3 main mechanisms o f  ren a l damage occurred in  both  

exp erim en ta lly  induced and n a tu r a lly  occu rrin g  CAV in fe c t io n s

1 * During acu te  sy stem ic  in f e c t io n ,  r e p l ic a t io n  o f  v ir u s  in  glom erular  

en d o th ia l and m esangial c e l l s  was shown to  r e s u lt  in  l y t i c  c e l lu la r  damage 

and r e le a s e  o f  g lom erular basement membrane a n tig en s  in to  th e u r in e

2* In dogs which su rv ived  to the s ta g e  when a n t i - v ir a l  antibody f i r s t  

appeared, th ere was a lso  d e p o s it io n  o f  immune complexes in  the g lom eru li which 

r e su lte d  in  a p r o l i f e r a t iv e  g lom eru lon ep hritis*  R esu lts  o f  im m unofluorescence 

and. e lu t io n  s tu d ie s  in d ic a te d  th a t th e d ep o sited  com plexes were composed o f  

v ir a l  a n tig en  and a n t i - v ir a l  antibody* Furthermore, repeated  in o c u la t io n  o f  

m ice and dogs w ith  v ir u s  a n tig en -a n tib o d y  complexes prepared in  v i t r o ,  r e su lte d  

in  s im ila r  but l e s s  sev ere  glom erular le s io n s*  In dogs reco v er in g  from system ic  

in f e c t io n ,  th ere  was a gradual red u ction  in  s e v e r ity  o f  g lom eru lon ep hritis*  At 

t h i s  s ta g e , due to  e lim in a tio n  o f  v ir u s  a n tig en , immune com plexes were no lon ger  

p resen t in  the c ir c u la t io n  and th ere  was removal by m esangial c e l l s  o f  immune 

d e p o s its  a lread y  p resen t in  the glom eruli*

3* However, a lthough  the glom erular le s io n s  appeared to  r e s o lv é , a 

percentage o f  dogs reco v er in g  from system ic in fe c t io n  developed fo c a l  i n t e r s t i t i a l



r
n e p h r it is  in  response to  p e r s is te n c e  o f  v ir u s  in  tubular ep ithelium * As ev idence  

th a t th e  i n t e r s t i t i a l  c e l lu la r  i n f i l t r a t e  rep resen ted  an im m unological response  

to th e  v ir u s ,  a n t i - v ir a l  antibody production  was dem onstrated in  plasma c e l l s  

found w ith in  the le s io n s *  However, the m orphological appearance o f  th e  le s io n s ,  

which o f te n  conta ined  la r g e  numbers o f  a c t iv e  macrophages surrounding v ir u s -  

in fec te d - tu b u le s , su ggested  th a t c e l l  m ediated h y p e r s e n s it iv ity  r e a c tio n s  may 

a ls o  be involved*


