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An A b s t r a c t

P a r t  I .  P a th o g e n ic i t y  o f  C orynebac te r lum  r e n a l e  f o r  R a b b i t s .

I n  o r d e r  t o  d e te rm in e  th e  e f f i c a c y  o f t h e  r a b b i t  a s  an  e x p e r im e n ta l  

a n im a l  f o r  u se  i n  t h e  s tu d y  o f  b o v in e  p y e l o n e p h r i t i s ,  w h i te  r a b b i t s  wore 

i n o c u l a t e d  i n t r a v e n o u s l y  w i th  a  su sp e n s io n  o f  C o ry n e b a c te r1urn r e n a l e  w hich 

had  b e en  grown on try n to s©  a g a r  (D ifc o )  a t  37° C f o r  ?U h o u r s .  These  

r a b b i t s  were necfcopsied a t  i n t e r v a l s  o f  o n e - h a l f  h o u r ,  one , two, t h r e e ,  

f o u r ,  f i v e ,  s i x ,  seven , n in e ,  e le v e n ,  e i g h te e n  and n i n e t e e n  days a f t e r  

i n o c u l a t i o n .  Hemoglobin d e te r m in a t io n s ,  t o t a l  l e u k o c y te  c o u n ts  and 

d i f f e r e n t i a l  l e u k o c y te  c o u n ts  were  made on a l t e r n a t e  days . The h e a r t  

b lo o d ,  lu n g s ,  l i v e r ,  s p le e n ,  k id n e y ,  s t e r n a l  bone  marrow and u r in e  were 

c u l t u r e d  on t r y p t o s e  a g a r .  F o r  m ic ro sco p ic  s tu d y ,  spec im ens o f  th e  lu n g ,  

l i v e r ,  s p le e n ,  k id n e y ,  u r e t e r s  and u r i n a r y  b l a d d e r  were f i x e d  i n  Z e n k e r 's  

f l u i d ;  n a r a f f i n  s e c t i o n s  p re p a re d ,  and s t a i n e d  w i th  h e m a to x y l in  and e o s in  

an d  by  th e  Qram-W eigert method f o r  s t a i n i n g  b a c t e r i a  i n  s e c t i o n s .

The e a r l i e s t  change i n  t h e  k id n ey  was t h e  a c c u m u la t io n  o f  n seu d o -  

e o s i n o p h i l s  i n  t h e  c a p i l l a r i e s  and c o l l e c t i n g  t u b u l e s  w i th  c o n g e s t io n  i n  

th e  p a p i l l a r y  r e g i o n  o f  th e  m ed u lla  on th e  second  day. F o l lo w in g  t h i s ,  a t  

t h r e e  and f o u r  days  a f t e r  i n o c u l a t i o n ,  n e c r o s i s  and e r o s io n  o f  t h e  p a p i l l a  

w ere  fou n d . M asses o f  b a c t e r i a  were found i n  t h e  re m a in s  o f  c a p i l l a r i e s  

and t u b u le s  and  i n  th e  d e b r i s  i n  th e  p e l v i s .  The p o ly m o rp h o n u c lea r  

le u k o c y te  ( p s e u d o e o s in o p h i l )  was th e  p red o m in an t  in f lam m a to ry  c e l l  found i n



t h e  e a r l y  l e s i o n .  On ahou t t h e  f o u r t h  day t h e  r e n a l  p e l v i c  mucosa a p p e a re d  

n e c r o t i c  and th e  p p r i p e l v i c  t i s s u e s  c o n ta in e d  s e r o u s  f l u i d ,  f i b r i n ,  e r y t h r o ­

c y t e s  and p s e u d o e o s in o p h i l s .  Lymphocytes a p p ea re d  on th e  s i x t h  day and 

m ononualear p h a g o c y te s  and a c t i v e  f i b r o b l a s t s  ap p ea re d  on th e  s e v e n th  day. 

T hese  l a t t e r  t h r e e  c e l l s  i n c r e a s e d  i n  number a s  tim e  p a s s e d  w h i le  t h e  p s e u d o -  

e o s i n o p h i l s  d e c r e a s e d  i n  number b u t  n e v e r  d is a p p e a re d  e n t i r e l y .  At 17 and  

IS days  t h e r e  were changes I n  t h e  c o r t e x  su ch  a s  an  i n c r e a s e  i n  i n t e r s t i t i a l  

c o n n e c t iv e  t i s s u e ,  d i l a t i o n  and c o n s t r i c t i o n  o f  t u b u l e s  and  a c c u m u la t io n s  

o f  lym phocyteg . The b lo o d  p i c t u r e  was one c h a r a c t e r i s t i c  o f  a c u te  i n f e c ­

t i o n s  and showed changes  such  a s  an  i n c r e a s e  i n  l e u c o c y te s  on th e  f o u r t h  

day and  an i n c r e a s e  i n  p e r c e n t  o f  p s e u d o e o s in o p h i l s  w i th  a d e c r e a s e  In  

p e r c e n t  o f  lym phocy tes  i n  t h e  d i f f e r e n t i a l  l e u k o c y te  c o u n t .

P a r t  I I .  P r o p e r t i e s  o f  Some C o lo n ia l  P h a se  V a r ia n t s  o f  C o ry n eb ac te r lu m  
r e n a l e .

P iv e  c u l t u r e s ,  r e p r e s e n t i n g  a t  l e a s t  t h r e e  d i f f e r e n t  co lo n y  ty p e s  

were chosen  from s to c k  c u l t u r e s  o f  C o ry n eb ac te r lu m  r e n a l e  f o r  s tu d y  i n  o r d e r  

t o  d e te rm in e  t h e i r  m o rp h o lo g ic a l ,  b io c h e m ic a l ,  s e r o l o g i c a l  and p a th o g e n ic  

r e l a t i  o n sh ip s .

One c u l t u r e  which m ight be  c l a s s i f i e d  a s  "sm ooth11 showed th e  w eakest  

a c t i o n  i n  th e  f e r m e n ta t io n  o f  g lu c o s e ,  d i g e s t i o n  o f  c a s e i n ,  showed th e  l e a s t  

r e s i s t a n c e  t o  th e  b a c t e r i c i d a l  a c t i o n  o f  b o v in e  p la sm a ,  and  was th e  l e a s t  

v i r u l e n t  f o r  r a b b i t s .

Two c u l t u r e s  which m ight be  ' c l a s s i f i e d  a s  " rough"  showed th e  most 

r e s i s t a n c e  to  th e  b a c t e r i c i d a l  a c t i o n  o f  b o v in e  p lasm a  and were th e  most 

v i r u l e n t  f o r  r a b b i t s .

The o t h e r  two c u l t u r e s  were I n t e r m e d i a t e  I n  raorpholoey and  p a th o g e n i ­

c i t y .

The r e s u l t s  o f  a g g l u t i n a t i o n  t e s t s  showed t h a t  t h e r e  were a n t l a e n i c



d i f f e r e n c e s  an d  s i m i l a r i t i e s  be tw een  t h e  d i f f e r e n t  c u l t u r e s  h u t  t h e r e  was 

l i t t l e  o r  no c o r r e l a t i o n  w i th  th e  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  o f  t h e  

c o l o n i e s .

M ajor P r o f e a
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INTRODUCTION

For many y e a rs  la b o ra to ry  an im als  have been 

c o n s id e re d  r e f r a c t o r y  to  i n f e c t io n  w ith  Corynebacterlum 

r e n a l e . The advantages of th e  use  of th e  small lab o ra ­

to ry  an im als  i n  th e  s tudy of d is e a s e  i s  obvious. A 

f o r t u i t o u s  c ircum stance  In  t h i s  l a b o ra to ry  p o in te d  to

f o n f ,  V i o o a 6 ? r \ o r [  + rs \ \ o  2 M 2 C S D ^  1 1 } ! .S  ^ 0

i n f e c t i o n  under c e r t a i n  c o n d i t io n s .  The f i r s t  p a r t  of 

t h i s  t h e s i s  i s  devoted to  a s tudy  of th e  p a th o g e n ic i ty  

of C. r e n a le  in  th e  r a b b i t .

The second p a r t  of t h i s  t h e s i s  i s  devoted to  

a s tudy  of th e  colony morphology of c u l tu r e s  of 

£• r e n a le  and th e  r e l a t i o n  of th e s e  m orphological 

c h a r a c t e r i s t i c s  to  th e  p a thogen ic  and a n t ig e n ic  

p r o p e r t i e s .



P a r t  I .  PATHOGPNICITY OF COIFHEBACTER ITJM RENALE FOR RABBITS

The advantages of th e  use of th e  small la b o ra to ry  animals in  the  

s tudy of th e  d isea ses  of la rg e  animals a r e  well known. This i s  p a r t i c u ­

l a r l y  t ru e  i f  a  s im i la r  d isea se  p ro cess  i s  evinced by th e  la b o ra to ry  

anim als. P rev ious to  19U6 , la b o ra to ry  anim als were conside red  to  be 

r e f r a c to r y  to  i n f e c t io n  by Corynebacterlum r e n a le .

Fnderlen  (1891) re p o r te d  t y p i c a l  re n a l  le s io n s  e ig h t  and e leven  

days a f t e r  in trav en o u s  in o c u la t io n  of an organism i s o l a t e d  from a case  

of bovine n y e lo n e p h r i t i s  in to  two r a b b i t s  w ith  l ig a te d  u r e t e r s .  This 

was repeated  by L o ll ( l^ L ? ) .  Jones and L i t t l e  ( 1936) re p o r te d  nega.tive 

r e s u l t s  a f t e r  u s in g  w hite  mice, guinea pirns and r a b b i t s .  L ovell ( 19^6 ) 

and Lovell and Cotchin ( 19^ 6 ) desc r ibe  experim ental p y e lo n e p h r i t i s  in  

mice which r e s u l t e d  from th e  in trav en o u s  in o c u la t io n  of 20 m il l io n  

organisms. The r e s u l t s  a f t e r  in trav en o u s  in o c u la t io n  of 60 m il l io n  

organisms i n t o  guinea p ig s  and r a b b i t s  they  re p o r t  p.g much l e s s  s a t i s ­

f a c to ry .  They a lso  d e sc r ib e  the  r e s u l t s  of in o c u la t io n  of C. r e n a le  

onto the  c h o r io - a l l a n to ic  membrane of n ine  day o ld  ch ick  embryos.

'’’he p a th o g en ic i ty  of C. ren a le  fo r  the  r a b b i t  was d iscovered  in

t h i s  la b o ra to ry  while a t tem p tin g  to produce immune se ra  in  r a b b i t s  fo r  

s ev e ra l  c o lo n ia l  phase v a r i a n t s  of C. r e n a le . A t o t a l  of nine r a b b i t s  

d ied  of the  21 s t a r t e d  on immune serum p ro d u c tio n . Experiments were 

then designed, to study the pa thogenes is  of experim ental p y e lo n e p h r i t i s  

in  r a b b i t s .

M a te r ia ls  and Methods 

F i f t e e n  r a b b i t s  (about 2 Kg each) were in o c u la te d  in trav e n o u s ly

w ith  approxim ate ly  fo u r  b i l l i o n  microorganisms each. The c u l tu re

(C ultu re  No. 2 , T hes is ,  P a r t  I I )  chosen fo r  in o c u la t io n  was from a cow
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w ith  a  t y p ic a l  case of p y e lo n e p h r i t i s ;  i t  s a t i s f i e d  a l l  morphological# 

c u l t u r a l  and b iochem ical requ irem ents  f o r  C. re n a le  (Bergey, 1939) s-n(l 

had proved pa thogen ic  f o r  sev e ra l  r a b b i t s .  The f i r s t  te n  r a b b i t s  were 

necropsied  o n e -h a lf  hour, one, two, th re e ,  fo u r ,  f i v e ,  s ix ,  seven, n ine  

and eleven days a f t e r  in o c u la t io n .  The rem aining f i v e  were allow ed to  

l i v e  f o r  18-19 days in  o rder to  determ ine th e  m o r ta l i ty  which p re v a i le d  

under the  c o n d i t io n s  of th e  experiment (one d ied a t  e ig h t  days). Blood 

samples were taken  on a l t e r n a t e  days to  a llow  d e te rm in a tio n  of any 

changes in  hemoglobin l e v e l s  (Cenco-Sheard-Sanford pho te lo m ete r ,  Hoffman 

method, 19Ul), numbers of leukocy tes ,  and d i f f e r e n t i a l  leucocy te  counts 

(100 c e l l s  counted on each s l id e ;  b r ig h t  s t a i n ) .  In  most cases  th e  h e a r t  

blood, lungs, l i v e r ,  sp leen ,  kidney, s t e r n a l  bone marrow and u r in e  were 

c u l tu re d  on try p to a e  agar (D ifco ) .  T issue  smears of lung , l i v e r ,  sp leen , 

kidney, u r in e  and bone marrow were made and s ta in ed  w ith  gram s ta i n .

Gross p a th o lo g ic a l  changes were recorded . For m icroscopic  s tudy, sp ec i­

mens of th e  lung , l i v e r ,  sp leen , k idney , u r e t e r s  and u r in a ry  b ladder  

were f ix e d  in  Z enker 's  f l u i d ;  p a r a f f i n  s e c t io n s  p re p a red , and s ta in e d  

w ith  hematoxylin and eosin  and by the  Gram-Weigert method f o r  s t a in in g  

b a c t e r i a  in  s e c t io n s .

A f te r  the  f i r s t  experiment was completed ano ther  was designed to 

in v e s t ig a te  more thoroughly  the  happenings of the  f i r s t ,  fo u r  days. F igh t 

r a b b i t s  ( s e r i e s  A) were used, one was k i l l e d  as  a  normal c o n tro l  a t  th e  

time the o th e r  seven were in o c u la ted  and th e se  were n ec ro p s ied  a t  the  

r a t e  of two a t  the  end o f one day, two days, and th re e  days, and one a t  

the  end of fo u r  days. The te ch n ic s  and p rocedures  were s im i la r  to  those  

employed i n  th e  f i r s t  experim ent.

Almost w ithout excep tio n  th e  l i v e r s  e x h ib i te d  l e s io n s  of 

c o c c id io s is .  These l e s io n s  were recorded  but w i l l  not be r e f e r r e d  to  in
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th e  in d iv id u a l  case r e p o r t s .  This c o n d i t io n  may e x p la in  th e  high 

i n i t i a l  leukocy te  counts o b ta ined  in  some cases ,  e s p e c ia l l y  in  the  

s e r i e s  A r a b b i t s .

O ccasionally , the  l e s io n s  r e p o r te d  in  the  g ross  examination 

were missed i n  se c t io n in g  th e  t i s s u e .  However, s u f f i c i e n t  l e s io n s  were 

found to  a l lo w  adequate d e s c r ip t io n s  of th e  m icroscopic changes.

R esu lts

Case r e p o r t s  of r a b b i t s  used in  th e  experiment fo llow . The 

r e s u l t s  of th e  study of th e  t i s s u e  smears so n ea r ly  p a r a l l e l e d  the  

r e s u l t s  of th e  c u l tu re  work th a t  they w i l l  not be f u r t h e r  re p o r te d .

Case 1

R abbit 1 was n ecrops ied  o n e -h a lf  hour a f t e r  in o c u la t io n .  

Organisms were c u l tu re d  from the  h e a r t  b lood , l i v e r ,  lune  and kidney.

No gross l e s i o n s  were found.

M icroscopic f in d in g s . D iph thero ids  were found in  th e  l a r g e r  

b lood  v e s s e l s  of the  l i v e r  and lung. The s e c t io n  of th e  lung showed 

conges tion , s l i g h t  serous exudation , and in  the  a lv e o la r  c a p i l l a r i e s  

were many nseu d o eo s in o p h ils ,  some of which appeared to  co n ta in  

d ip h th e ro id s .

Time Hb *TBC M L P B s

0 13-3 8,100 1 75 19 u 1

1/2  h r . 13-3 8,850 2 73 2U 1 0

(See next page f o r  key to  headings)
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Time -  I n t e r v a l  a f t e r  In o c u la t io n ;  0 “being j u s t  p r i o r  to  
in o c u la t io n .

Kb -  Hemoglobin in  grams p e r  100 ml blood.

WBC -  Leucocytes p e r  cubic mm.

M - Monocytes, p e rc e n t .

L -  Lymphocytes, p e rc en t .

P -  Polymorphonuclear leukocy tes  (pseudoeosinoph ils )  p e rc e n t .

B -  B asoph ils ,  p e rc e n t .

E -  E o s in o p h ils ,  p e rcen t .

Case 2

Rabbit 2 was necropsied  one day a f t e r  in o c u la t io n .  Organisms

Ciub'uTHU. ifOm tii« ll 've?  y.iiu. kidney* ffG v i s i u l e  le e io n a  were Oreeexi't 

except a  p o s s ib le  enlargement, of the  sp leen .

M icroscopic f i n d i n g s . The sp leen  was congested .

Time Hb WBC M L P B E

0 13.9 10,900 1 12 2U 3 0

1 day 11.8 8,800 3 H6 U9 2 0

Case 3

Rabbit 3 was necropsied  two days a f t e r  in o c u la t io n .  No organisms 

were c u l tu re d .  The sp leen  appeared s l i g h t l y  swollen.

M icroscopic f in d in g s . A s l i g h t  conges tion  of th e  sp leen , excess 

mucus in  th e  pulmonary b ro n ch i ,  and one focus (250 raicra d iam .) in  th e  

o u te r  medulla of the  kidney c o n s is t in g  of pseudoeos inoph ils  in  th e  th ic k  

limbs o f  H e n le '8 loops were the  only ap p aren t le s io n s .

Time Eb WBC M L P B E

o i o . i  8 ,900 l  79 i s  2 o

2 9 .0  U.650 5 63 30 2 0
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Case  U

Rabbit U was necropsied  th r e e  days a f t e r  In o c u la t io n .  Organisms were 

c u l tu re d  from th e  kidney and u r in e .  The sp leen  seemed s l i g h t l y  en la rg ed . 

The kidneys were congested and th e re  were s e v e ra l  long, s len d e r ,  r a d i a t i n g  

( toward th e  co r te x )  ab scesses  in  th e  medulla.

M icroscopic f in d in g s . The l i v e r  was somewhat foamy in  appear­

ance. There were sev e ra l  fo c i  (0 . 5-1 ™ i n  d iam .) in  th e  r e n a l  m edulla  

c o n s i s t in g  mainly of pseudoeosinoph ils  and n e c r o t ic  t i s s u e  d e b r is .  There 

were a l 90 many small l e s io n s  in  the  medulla which appeared  to  be the  

beg inn ings of th e  above mentioned fo c i  c o n s i s t in g  of n seudoeos inonh ils  in  

c a p i l l a r i e s  and tu b u les  (mainly th ic k  limbs and c o l l e c t in g  tu b u les )  and 

congestion  of the  c a p i l l a r i e s  in  the  a re a .  There were e ry th ro c y te s ,  

p seudoeos inoph ils  and t i s s u e  d e b r is  in  th e  p e lv i s .  The n n r t s  of the  t i n s  

o f  the  p a p i l l a e  found i n  th e  s ta in e d  s e c t io n s  showed s l i g h t  n e c ro s is .

Time Hb WBC M L P B E

0 11. U 8.550 1 73 1 1

?. days 9-5 g, 200 6 6o 2g 6 0

3  " 1 0 .g 15.900 5 57 37 1 0

Case 5

Rabbit 5 was necro p s ied  fo u r  days a f t e r  in o c u la t io n .  Organisms 

were c u l tu re d  from th e  kidney , u r in e  and h e a r t  blood. The kidneys were 

swollen and congested . There was p a p i l l a r y  n e c ro s is  w ith  r a d i a t i n g  

le s io n s  extend ing  through the  medulla toward the  c o r te x .  The u r in e  was 

b lood  t in g e d .

M icroscopic f in d in g s . The sp leen  e x h ib i te d  an in c re a s e  i n  pseudo­

e o s in o p h i ls  and much phagocy tos is  o f  b lood  pigment by th e  phagocytes. The 

u r e t e r s  were en larged , th e  ep ithe lium  was n e c r o t ic  and desquamated, h y a l in e



t o d ie s  were p re s e n t  In  th e  lamina p r o p r ia ,  and th e  lumens were f i l l e d  

w ith  e ry th ro c y te s ,  p seu d o eo s in o p h ils ,  f i b r i n ,  d ip h th e ro id s  and t i s s u e  

d e b r is .  A ll th e  s t r u c tu r e s  in  th e  re n a l  p a p i l l a e  i n  an a rea  about 1 mm 

th ic k  were n e c r o t ic .  Masses of b a c t e r i a  were p re sen t  in  what had been 

tubu les  and c a p i l l a r i e s .  P seudoeosinoph ils  were s c a t t e r e d  throughout th e  

l e s io n  and appeared  to  c o n ta in  d ip h th e ro id s .  Severa l c o l l e c t i n g  tu b u le s  

and c a p i l l a r i e s  in  the  in n e r  medulla were f i l l e d  w ith  pseudoeos inoph ils  

and c e l l u l a r  d e b r is .  There was a  n e c r o t ic  focus in  th e  p e lv ic  mucosa 

w ith  the  p re sen ce  of s e ro f ib r in o u s  exudate , congestion , hemorrhage and 

p seudoeos inoph ils .  There was a  s l i g h t  amount of cloudy sw elling  of th e  

oroximal convolu ted  tu b u le s .

Time Hb 'TBC M L p B E

0 11.8 5,300 1 69 30 0 0

2 days 10.1 6 ,6oo 5 55 32 8 0

U H 11.8 25.500 13 39 Ul 7 0

Case 6

Rabbit 6 was n ecro p s ied  f i v e  days a f t » r  in o c u la t io n .  This animal 

was a p regnan t female which d ied  s h o r t ly  b e fo re  necropsy. Organisms were 

c u l tu re d  from the  l i v e r ,  lung, sp leen , h e a r t  blood, bone marrow, k idney, 

p la c e n ta ,  f e t a l  f l u i d  and f e tu s .  The lung showed a  few hemorrhages. The 

sp leen  was s l i g h t l y  en la rg ed . The kidneys were much sw ollen  and con­

g es ted . The kidney p e lv es  were en larged  and f i l l e d  w ith  bloody f l u i d .

The p a p i l l a e  were n e c ro t ic  w ith  r a d i a t i n g  ab scesses  in  the  medulla. There 

were a lso  s e v e ra l  subcapsu lar  ab scesses .  The u r e t e r s  were en larged .

Microscopic f in d in g s . There were vacuo les  i n  the  h e p a t ic  c e l l s  

i n  c e n t r a l  p a r t  of the  lo b u le s  sugges tive  of f a t t y  Regenera tion . The 

lungs were s l i g h t l y  congested . The sp leen  was congested  and th e re  was
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phagocy tos is  of e ry th ro c y te s  end 'blood pigm ent. The u r e t e r s  were d i s ­

tended. w ith  "blood, t i s s u e  d eh rig , and "bacteria . Much o f th e  u r e t e r a l  

ep ithe lium  was n e c ro t ic  and th e  lamina p r o p r ia  was i n f i l t r a t e d  w ith  

p seu d o eo s in o p h ils .  The r e n a l  p a p i l l a e  were eroded, l a r g e  masses of 

b a c t e r i a  and c e l l u l a r  d e b r is  were observed i n  the  c o l l e c t i n g  tu b u le s  in  

th e  medulla, around th e  n e c r o t ic  a re a .  The p e lv ic  ep ithe lium  was n e c r o t ic  

and the  n e r ip e lv i c  connec tive  t i s s u e  co n ta ined  e ry th ro c y te s ,  f l u i d ,  

f i b r i n ,  and p seu d o eo s in o p h ils .  Some oroxim al convoluted tu b u le s  showed 

a 9l i f h t  amount of cloudy sw elling .

Time Hb WBC M L P B E

0 12.9 5.350 2 58 30 2 2

2 days 10.2 5,Hoo 7 1+5 ^7 1 0

U " 9.8 11,050 12 3H 1+7 1 0

Case 7

Rabbit 7 was necro p s ied  s ix  days a f t e r  in o c u la t io n .  Organisms 

were c u l tu re d  from the k idney  and u r in e .  The sp leen  appeared s l i g h t l y  

en la rged . The l e f t  k idney  showed e ro s io n  of p a p i l l a  and c o r t i c a l  and 

subcapsular a b sce sses .  The p a p i l l a  of the  r i g h t  kidney was normal, 

a l though  th e  c o r te x  c o n ta in ed  a  l a rg e  w hite  le s io n  which was cone shaped 

w ith  the  apex in  the  medulla. The u r e t e r s  were s l i g h t l y  congested, 

e s p e c ia l ly  n ear  th e  k idneys .

M icroscopic f in d in g s . The l i v e r  was s l i g h t l y  congested , th e  

c e n t r a l  v e in s  were en larged  and th e re  was a small (2 mm d iam .) abscess  

near the  su r fa c e .  The lumens of the  u r e t e r s  con ta ined  b a c t e r i a .  The 

r e n a l  medullae con ta ined  s c a t t e r e d  fo c i  which co n s is te d  o f  groups of 

p seudoeos inoph ils  and c e l l u l a r  d eb r is  and which were surrounded by an a re a  

of c a p i l l a r y  conges tion . The t i p  of th e  l e f t  r e n a l  p a p i l l a  was l o s t  from



th e  s ta in e d  s e c t io n s  hut th e  p e lv ic  mucosa opposite  th e  p a p i l l a  e x h ib i te d  

a n e c ro t ic  focus  w ith  i n f i l t r a t i o n  of th e  a re a  by serous  and f ib r in o u s  

exudates , p seudoeosinoph ils  and a few lymphocytes.

Time Hb WBC M L P B E

0 13*3 8,900 1 6U 33 2 0

2 days 11.1 7.350 5 62 29 H 0

U " 12.1 17,000 lU 52 33 1 0

6 " 12.7 1U.700 5 Ul U8 5 1

Ca39 8

Rabbit 8 was n ecrops ied  seven days a f t e r  in o c u la t io n .  This

, . i  „  «* v. a  a  i l l  i *    1  ~  .3 .   V m  v. A A^» —4 ^ M
ailJLIUSX I14LU. WU i l l  i U1 Ufcl̂y » MU.LL Wtl3  UiUi lUUliU* Vi e,d,u* DIUO

were c u l tu re d  from th e  kidney. The sp leen  appeared s l i g h t l y  en la rged .

The kidneys were much en larged , e x h ib i t in g  p a p i l l a r y  n e c ro s is  w ith  puru­

le n t  m a te r ia l  i n  th e  p e lv e s ,  and c o r t i c a l  and subcapsu lar ab scesses .  The 

u r e t e r s  were en larged  and congested. The b lad d e r  was f i l l e d  w ith  bloody 

u r in e .

M icroscopic f in d in g s . The l i v e r  c e l l s  showed cloudy sw e ll in g  and 

th e re  were vacuo les  in d ic a t in g  c e n t r a l  f a t t y  d egene ra tion . The pulmonary 

a lv e o la r  w a l ls  were th ick en ed  by an in c re a s e  of p seudoeos inoph ils  and 

e ry th ro c y te s .  The sp leen  was congested and showed some phagocy tos is  o f  

blood pigment. The u r in a ry  b ladder ep ith e l iu m  appeared s l i g h t l y  degener­

a te d  and the  lumen co n ta ined  b a c te r i a  and t i s s u e  d e b r is .  The u r e t e r s  

were en larged  and th e  ep ithe lium  was n e c r o t ic ;  b a c t e r i a  and t i s s u e  d e b r is  

were found in  th e  lumens. An abscess (1 x 1.5 nun) in  th e  r e n a l  medulla 

near the  p a p i l l a r y  t i p  co n ta ined  p seudoeos inoph ils  and t i s s u e  d e b r is  w ith  

b a c t e r i a  on the  border.  There was a  zone of n e c ro s is  a long  the  t i p  of 

th e  re n a l  p a p i l l a  about .25 mra to  1 .5  mm i n  th ick n ess  surrounded by congest!
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and an i n f i l t r a t i o n  w ith inflammatory c o l l 3. Severa l c o r t i c a l  ab sce sses  

woro p re sen t  and some of th e  convoluted tu b u le s  e x h ib i te d  the c h a r a c te r ­

i s t i c s  of cloudy sw elling . D iph thero ids  and pseudoeosinoph ils  were 

s c a t t e r e d  through the  t i s s u e  d eb r is  in  the  n e lv i s .  The p e lv ic  mucosa 

was n e c ro t ic  and the o s r ip e lv ic  t i s s u e  con ta ined  a s e ro f ib r in o u s  exudate , 

p seu d oeos inoph ils ,  lymphocytes, mononuclear phagocytes and a c t iv e  f i b r o ­

b l a s t s .  S eve ra l  a re a s  (b-10  mm diam. ) o f tu b u la r  degenera tion  and 

hemorrhage in  the  c o r t i c e s  and medullas appeared to  be hemorrhagic 

i n f a r c t s .

Time Hb WBC M L p B E

0 12.9 6,850 0 27 12 1 0

2 days 11. S 7, Hoc 0 36 39 18 0

H " 11. 8 10.U50 7 50 28 lH 1

6 " 11.8 15,600 21 32 U5 2 0

7 " . 10.0 i \ U 5 0 25 23 Uq 3 0

Case 9

Rabbit 9 was necro p s ied  nine days a f t e r  in o c u la t io n .  Organisms 

were c u l tu re d  from th e  kidney and u r in e .  The sp leen  appeared s l i g h t l y  

en la rged . The kidneys were v e ry  s l i g h t l y  en larged  and ex h ib ited  p a p i l l a r y  

n e c ro s is  and p y e l i t i s  (y e l lo w ish  le s io n  0.5  cm in  d iam e te r ) .  The r i g h t  

kidney a lso  had a small white c o r t i c a l  le s io n .

Microscopi c  t'iod.lngs. The pulmonary a lv e o la r  w a lls  were s l i g h t l y  

congested and con tained  an in c reased  number of p seudoeos inoph ils .  The 

sp leen  was congested  and e x h ib i te d  a  moderate phagocy tos is  of blood 

pigment. The u r e t e r a l  lumens con ta ined  some t i s s u e  d e b r is  and the e p i­

t h e l i a l  c e l l s  con ta ined  a few hy a lin e  bod ies  (cy to p lasm ic) .  The k idneys 

were congested and showed the c h a r a c t e r i s t i c  p a p i l l a r y  e ros ion  (p ro g re s s iv e  

n e c ro s is ,  masses of b a c t e r i a ,  i n f i l t r a . t i o n  w ith  p seu doeos inoph ils ,  and
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c o n g es tio n ) .  The p e lv i s  was f i l l e d  w ith  "blood, t i s s u e  d e b r is ,  b a c t e r i a  

and p seudoeos inoph ils :  th e  p e lv ic  mucosa was n s c r o t i c  and th e  p e r i p e lv i c  

t i s s u e s  were congested  and con ta ined  f i b r i n ,  lymphocytes, mononuclear 

phagocytes and p r o l i f e r a t i n g  f i b r o b l a s t s .  There were lymphocytic fo c i  

s c a t t e r e d  throughout the  c o r te x  and p e r ip e lv i c  t i s s u e .  The convolu ted  

tu b u le s  were s l i g h t l y  degenera ted  as  evidenced by th e  p resence  of cloudy 

sw elling .

Time Hb TOC M L P B S

0 12.3 5,600 0 73 22 5 0

2 days 10. u 8,250 0 69 25 5 1

U " 11.1 9.250 3 72 If? 7 0

6 ■ 11. 8 12.350 7 60 28 5 0

9 " 12.U 16,550 1 3? 55 12 0

Case 10

Rabbit 10 was necro p s ied  e leven  days a f t e r  in o c u la t io n .  Organisms 

were c u l tu re d  from the  kidney and u r in e .  The kidneys and u r e t e r s  seemed 

to  be of about average s i z e  and p re se n te d  no e x te rn a l  le s io n s .  The l e f t  

kidney  showed p a p i l l a r y  n e c ro s is  w ith  p u ru le n t  m a te r ia l  i n  the  p e lv i s .

M icroscopic f in d in g s . The lung  s e c t io n  showed a s l i g h t  conges­

t io n  of th e  a lv e o la r  w a l ls .  There was a s l i g h t  in c re a s e  in  the  number of 

pseudoeosinoph ils  in  the  sp leen . The u r in a ry  b lad d e r  e p i t h e l i a l  c e l l s  

con ta ined  a few h y a line  bod ies  (cy to p la sm ic ) .  A few s c a t t e r e d  c o l l e c t i n g  

tu b u les  of bo th  kidneys were f i l l e d  w ith  c e l l u l a r  d e b r is ,  a lso  both 

c o r t i c e s  e x h ib i te d  some cloudy sw e lling  and f a t t y  degenere tion . There 

was th e  c h a r a c t e r i s t i c  p a p i l l a r y  e ro s io n  of the  l e f t  k idney  w ith  e a r ly  

f i b r o b l a s t  p r o l i f e r a t i o n .  Also p re s e n t  was marked n e c r o s is  of the  p e lv ic  

mucosa and i n  th e  p e r ip e lv ic  t i s s u e  were found inflam m atory c e l l s  such as
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pa eudoeosinophils , lymphocytes, mononuclear phagocytes and p r o l i f e r a t i n g  

f i b r o b la s t s .

Time Hb WBC M L p B E

0 11 .g 7 . 75° 0 69 29 2 0

2 days 11.1 8,950 k 67 26 3 0

k  " 10.1 10,900 g 51

CVJ 9 0

6 " 11.6 12.550 H 53 3U 9 0

9 " 11.3 i3,Uoo H 50 U6 0 0

11 " 10. g 9,1*50 3 33 56 g 0

Case 11

T> . n-v M ±
sxs. u u i u •> i _______11 Wits . * __________i  « j  -u o u i ' u u s i i e a  »c?v<Su vSoIl A

u>-i,y a
-M » OOI» 4 ~

X 11'

Organisms were c u l tu re d  from th e  kidney and u r in e .  The ca rca ss  was 

r a th e r  em aciated. The kidneys were e n la rg ed  and d isp la y ed  la rg e  p a le  

a re a s  in  the  c o r t i c e s ,  p a p i l l a r y  n e c ro s is  and e ro s ion , and n e c ro t ic  

d eb r is  in  th e  p e lv e s .  The l e f t  u r e te r  was s l i g h t l y  en la rged .

M icroscopic f in d in g s . The sp leen  was congested  and showed phago­

c y to s i s  of b lood  pigment. One of the  u r e t e r s  e x h ib i te d  n e c ro s is  and 

desquamation of th e  ep ith e liu m . The mucosa was congested and i n f i l t r a t e d  

w ith  lymphocytes while th e  lumen co n ta ined  b a c t e r i a ,  p seu d o eo s in o p h ils  

and t i s s u e  d e b r is .  The re n a l  c o r t i c e s  showed a s l i g h t  in c re a s e  in  

a c t i v i t y  of i n t e r s t i t i a l  connec tive  t i s 3ue, c o n s t r i c t i o n  of masses of 

tu b u les  and d i l a t i o n  of o th e rs ,  n o tab ly  the  c o l l e c t i n g  tu b u le s ,  d i s t a l  

convoluted tu b u le s  and some few proxim al convoluted tu b u le s .  The medullae 

were congested. The p a p i l l a e  were eroded and the  l e s i o n s  were surrounded 

by a zone of ch ron ic  inflammatory p ro c e sse s .  The p e lv e s  were f i l l e d  w ith  

p seudoeos inoph ils ,  b a c t e r i a  and t i s s u e  d e b r is .  The p e lv ic  ep ith e liu m  was 

n e c ro t ic  and the  p e r ip e lv ic  t i s s u e s  co n ta in ed  serous f l u i d ,  p seu d o eo s in o p h ils ,
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lymphocytes, mononuclear phagocytes and p r o l i f e r a t i n g  f i b r o b l a - t s .  There 

were small fo c i  of lymphocytes s c a t t e r e d  throughout the  k idneys.

Time Hb WBC M L p B s

0 12.3 5,Hoo 2 50 Hi 6 1

2 days 11.6 7.590 9 H7 37 7 0

H " l l . l 28,650 9 51 33 7 0

6 h 12.3 7.850 11 31 50 6 2

9 n 13-3 52,200 15 38 U6 . 1 0

11 « 13.3 19,950 15 37 Hi 7 0

lH " 12.9 16,200 12 Hi Hi 6 0

17 » 13.5 9,Uoo 13 39 H6 l 1

Case 12

Rabbit 12 was necropsied  seventeen  days a f t e r  in o c u la t io n .  Wo 

organisms were c u l tu re d  from any of the  organs. There appeared to be 

organisms in  th e  s ta in ed  smears of th e  k idney  and u r in e .  The c a rc a s s  was 

in  good p h y s ic a l  c o n d i t io n .  The kidneys were of average s iz e  and e x h ib i te d  

p y e l i t i s ,  -pap il la ry  n e c ro s is  and accum ulation  of n e c r o t ic  d eb r is  i n  th e  

pe lves .

M icroscopic f in d in g s . The pulmonary a lv e o la r  w a lls  con ta in ed  a 

s l i g h t l y  in c re a s e d  number o f p seu d o eo s in o p h ils .  The u r e t e r a l  ep ithe lium  

was n e c ro t ic  and the  w a lls  were th ickened  w ith  edematous f l u i d ,  conges~ 

t io n ,  p seudoeos inoph ils ,  lymphocytes and mononuclear phagocytes . The 

kidneys e x h ib i te d  a  moderate amount of p a p i l l a r y  n e c ro s is  (250 micra 

th ic k )  and th e  c e l l s  of the  c o l le c t in g  tu b u le s  in  the  a re a s  co n ta ined  

hy a lin e  b o d ie s .  The ve ry  t i p s  of the  p a p i l l a e  were not in  the  s e c t io n s .

The c o r t i c e s  e x h ib i te d  a s l i g h t  in c re a se  i n  i n t e r s t i t i a l  connective  t i s s u e ,  

d i l a t i o n  of some tu b u le s  and c o n s t r i c t i o n  of o th e rs .  Some tu b u le s  showed
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evidance of d egenera tion  and a trophy . A few lymphocytic fo c i  were 

s c a t te r e d  throughout th e  k idneys. The p e lv e s  co n ta ined  pseudoeosino­

p h i l s  and t i s s u e  d e b r is .  The p e lv ic  mucosa was n e c r o t ic  in  some a re a s  

and h y p e rp la s t ic  in  o th e rs ,  and the  p e r ip e lv ic  t i s s u e  c o n ta in ed  in c re a s e d  

numbers of connec tive  t i s s u e  elem ents, lymphocytes and mononuclear phago­

c y tes .

Time Hb WBC M I p B E

0 12.9 10,150 0 79 16 5 0

2 days 13.1 11,000 u 65 2k 7 0

u n 11.1 2^,550 61 22 12 1

6 ft 12.3 iU,050 3 62 2U 10 1

9 It 13.8 15,650 2 70 25 3 0

11 It 12.5 25.UOO 6 57 32 5 0

lU II 1U.6 10,000 9 U5 32 lU 0

17 n 19.0 17.750 5 35 52 7 1

Case 15

Rabbit 13 was n ecrops ied  e ig h teen  days a f t e r  in o c u la t io n .  Oraan- 

isms were c u l tu re d  from th e  kidney and the  u r in e .  The c a rca ss  was i n  poor 

co nd ition . The kidneys were s l i g h t l y  en larged  and e x h ib i te d  white  c o r t i ­

c a l  le s io n s  caus ing  the  su r fa ce  to  appear m ottled , m edu lla r  ab sc e sse s ,  

p a p i l l a r y  e ro s io n ,  p y e l i t i s  and accum ulation  of p u ru le n t  f l u i d  in  the  

p e lves .

M icroscopic f i n d i n g s . The re n a l  c o r t i c e s  e x h ib i te d  an in c re a s e  

i n  i n t e r s t i t i a l  connective  t i s s u e ,  a re a s  of d i l a t i o n  and of c o n s t r i c t i o n ,  

and a lso  a trophy  and degenera tion  of some of the  tu b u le s .  One medulla 

con ta ined  an abscess c h a ra c te r iz e d  by t i s s u e  d e b r is ,  p seu d o eo s in o p h ils  

and mononuclear phagocytes. Severa l sm all fo c i  s im i la r  to the  above



abscess  were a l s o  p re s e n t .  There was d i l a t i o n  of the  p a p i l l a r y  ducts  

and s l ig h t  p a p i l l a r y  e ro s io n ;  the  dominant inflammatory c e l l  be ing  th e  

mononuclear phagocyte. There was much n e c r o s is  of the  p e lv ic  mucosa. 

The p e lv i s  co n ta ined  t i s s u e  d eb r is  and "bacteria , and in  th e  p e r ip e lv ic  

t i s s u e  p seu d o eo s in o p h ils ,  lymphocytes, mononuclear phagocytes and p ro ­

l i f e r a t i n g  f i b r o b l a s t s  were p re s e n t .

Time Hb WBC M L p B E

0 12.9 8, boo 0 80 16 3 1

2 days 11.85 10,130 3 b9 3̂ lb 0

b » 12.9 13.750 b bo bb 9 TJ

6 " 13.3 i s , 75° 2 *3 b5 9 1

9 " 13*7 16,350 10 bb U2 b 0

11 » lb . 2 2b, 100 U U7 b6 3 0

lb " 37,950 5 56 33 6 0

18 » lb . 8 10,650 1 52 35 9 3

Case lU

Rabbit lb  was necro p s ied  e igh teen  days a f t e r  in o c u la t io n .  Organ­

isms were c u l tu re d  from the  kidney and u r in e .  The k idneys were of average 

s iz e  and e x h ib i te d  s c a t t e r e d  white f o c i ,  e s p e c ia l ly  in  the  medullae. A 

n y e l i t i s  was p re sen t  i n  th e  l e f t  k idney.

M icroscopic f i n d in g s . The i n t e r s t i t i a l  connec tive  t i s s u e  was 

p re sen t  in  in c reased  amounts in  s c a t t e r e d  fo c i  in  bo th  k idneys, e s p e c i a l l y '  

i n  the c o r t i c e s .  The l e f t  kidney showed a s l i g h t  amount of desquamation 

of ep ithe lium  on the  t i p  o f  the  p a p i l l a  and a severe  p y e l i t i s  c h a r a c te r ­

iz e d  by n e c ro s is  of the  p e lv ic  mucosa and a  zone of ch ron ic  inflammatory 

changes such as  the  p resence  of lymphocytes, mononuclear phagocytes, 

a c t iv e  f i b r o b l a s t s  and a  few p seu d o eo s in o p h ils .  The p e l v i s  con tained
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b lo o d , t i s s u e  d e b r is  and "bacteria-

Time Hb WBC M L p B JD

0 12.5 11,200 0 go lU 6 0

2 days l l .U 13.550 g 70 13 9 0

U » 10. g l b ,  IhO lU U9 29 g 0

6 « 11.1 i h ,950 7 55 29 g 1

9 H 12.1 13,*50 6 59 31 3 1

11 " 12.6 lU ,150 3 6U 31 2 0

lU » l l .U lU.Roo 7 Ul Ul 10 1

lg  " 11.6 1U.350 9 U5 33 12 1

Case 15

R abbit 15 d ied  and was n e c ro p s ie d  e ig h t  days a f t e r  in o c u la t io n .

This  r a b b i t  had appeared  s ic k ly  on th e  day p re v io u s  to  d ea th .  Blood 

t in n e d  u r in e  had s ta in e d  th e  f u r  around th e  u r in a ry  opening . Organisms 

were c u l tu r e d  from the  k idney  and u r in e .  The k idneys were en la rg ed  and 

e x h ib i te d  s e v e r a l  su b ca p su la r  a b sc e sse s  (1 mm d iam -), - c a p i l la ry  e ro s io n  

and bloody mucous f l u i d  in  the  p e lv es .  The u r e t e r s  were en la rg ed .

M icroscop ic  f i n d i n g s . The l i v e r  was conges ted  and th e re  was a 

s l i g h t  c e n t r a l  f a t t y  d e g en e ra t io n .  The lung  wa3 m ild ly  conges ted  and 

many p seu d o eo s in o p h ile s  were p re s e n t  in  th e  a lv e o la r  w a l l s .  Th“ sp lee n  

was congested  and th e r e  was phn.£-ocytosis of b lood  p igm ent. B a c te r ia  were 

p re s e n t  i n  t i s s u e  d e b r is  in  th e  lumen of th e  u r in a ry  b la d d e r  and th e  

e p i th e l iu m  appeared  s l i g h t l y  degenera ted . The u r e t e r a l  mucosa was n e c r o t i c  

and b a c t e r i a  were p re s e n t  i n  t i s s u e  d e b r is  i n  th e  lumen. The k idneys  

e x h ib i te d  th e  c h a r a c t e r i s t i c  p a p i l l a r y  e ro s io n .  A bscesses  (1 x 1.5  mm) 

c h a r a c te r i z e d  by t i s s u e  d e b r i s ,  p seu d o e o s in o p h i ls  and b a c t e r i a  were p r e s e n t  

i n  the  m adullae . The p e lv e s  c o n ta in ed  t i s s u e  d e b r is ,  p seu d o e o s in o p h i ls
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and 'b ac te r ia -  The p e lv i c  mucosa was n e c r o t i c  and th e  p e r i p e l v i c  t i s s u e  

was i n f i l t r a t e d  w ith  p seu d o eo s in o p h ils  and f i b r i n .  There  were s c a t t e r e d  

fo c i  of lymphocytes, e s p e c i a l l y  i n  th e  c o r te x .  Some o f th e  p rox im al con­

v o lu te d  tu b u le s  e x h ib i te d  cloudy sw e ll in g .

Time Hb WBC M L P B E

0 13.9 7.050 0 78 18 u 0

2 days l l .U 3,800 3 U5 39 13 0

U « 11.3 6,200 7 Uo 3^ IS 1

6 « 12.9 23,050 10 26 59 u 1

Case l 6

R abbit 1A was necro p s ied  as  a  normal c o n t ro l  f o r  s e r i e s  (A) of 

seven r a b b i t s .  A ll  organs were normal excep t the  k idneys  which e x h ib i te d  

a few small w h ite  f o c i  i n  m edulla  and c o r te x .

M icroscopic  f i n d i n g s . There were a  few lym phocytic  fo c i  s c a t t e r e d  

throughout t h e  k idneys  and a few o f th e  c o l l e c t i n g  tu b u le s  co n ta in ed  c e l l u ­

l a r  d e b r is .

Time Hb WBC M L P B E

0 11.9  11 , 0*50 1 72 26 1 0

Case 17

R abbit 2A was n e c ro p s ie d  one day a f t e r  in o c u la t io n .  Ore-a.nisms 

were c u l tu r e d  from the  l i v e r ,  sp leen , k idney  and u r in e .  The sp leen  

appeared  sw ollen  and dark; the  o th e r  o rgans appeared  normal.

M icroscopic  f i n d i n g s . There was i n  in c re a s e  i n  p seu d o e o s in o p h ils  

and c o n g es tio n  of the  lu n g  and sp leen .  The ep ith e l iu m  on th e  t i p  o f  th e  

r e n a l  p a p i l l a e  appeared  s l i g h t l y  d eg en e ra ted .
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Time Hb WBC M L P B E

0 12.9 11,300 0 73 20 2 0

1 day 13-3 3,750 0 U5 51 U 0

Cane 18

R abbit 3A was n e c ro p s ie d  one day a f t e r  i n o c u la t i o n .  Organisms 

(v e ry  few) were c u l tu r e d  from the  sp leen  and h e a r t  b lo o d . A ll  o f  th e  

organs appeared  normal 9xcep t f o r  a sm all w hite  fo cu9 i n  one k idney .

M icroscopic  f i n d i ngs. The lung  and sp leen  were m ild ly  co nges ted  

and con ta in ed  an in c re a s e d  number of p s e u d o e o s in o p h i ls .  One r e n a l  m edulla  

e x h ib i te d  a few sm all fo c i  o f  p se u d o e o s in o p h i ls .

Time Hb whC M L P a js

0 11.5 lU .650 2 76 IS 3 l

1 day 11.8 17.350 0 61 36 3 0

Case 19

R abbit ^A was n e c ro p s ie d  two days a f t e r  i n o c u la t i o n .  No organism s

were c u l tu r e d  from any of th e  organs. No l e s i o n s  were a p p a ren t .

M icroscopic  f in d i n g s . There was a s l i g h t  in c r e a s e  i n  the  number 

o f  p seu d o eo s in o p h ils  in  th e  lung and a s l i g h t  c o n g es tio n  of th e  sp leen .

One s e c t io n  o f  the  k idney  co n ta in ed  a  focus  (100 x 125 mi e ra )  o f  pseudo­

e o s in o p h i ls  n ea r  th e  s id e  o f  th e  m edulla .

Time Hb WBC M L P B E

0 13.1 12,900 1 75 22 2 0

1 day 12.9 13.^50 1 HO 55 6 0

2 days 12.1 12,500 2 70 22 5 1

Case 20

R abbit 5A was n e c ro p s ie d  two days a f t e r  i n o c u la t io n .  Organisms
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wers c u l tu r e d  from th e  k idney . AH organs appeared  normal except one 

sm all w hite  focus  in  c o r t ic o -m e d u l la ry  re g io n  of one k id n ey .

M icroscopic f i n d i n g s . The lung  was conges ted , many pseudoeos ino -  

p h i l s  were p r e s e n t  and b a c t e r i a  were p r e s e n t  in  one of th e  l a r g e r  b lood  

v e s s e l s .  The sp leen  was conges ted . Both r e n a l  m edullas  co n ta in ed  sm all 

a b sc e sses  (200 mlcra d iam .) c h a r a c te r iz e d  by p s e u d o e o s in o p h i ls ,  t i s s u e  

d e b r is ,  and l o c a l  c o n g es tio n .

Time Hb WBC M L p B E

0 12.1 12,300 2 71 23 2 2

1 day ll.U 13.050 1 6? 35 2 0

2 days 10.3 12,100 1 U9 U6 U 0

Case 21

R abbit  6a was n ec ro p s ied  th re e  days a f t e r  i n o c u la t io n .  Organisms 

were c u l tu re d  from th e  sp lee n ,  kidney and u r in e .  The k idneys  were of 

normal s i z e  b u t  e x h ib i te d  w h ite  fo c i  in  th e  c o r t i c e s  and m edullas, m ed u lla r  

con g es tio n ,  and a n e c r o t i c  focus  on th e  t i p  of each r e n a l  p a p i l l a .

M icroscopic  f i n d i n g s . The lu n g  co n ta in ed  an in c r e a s e d  number of 

p seu d o e o s in o p h i ls .  The sp lee n  was co n g es ted  and showed in c re a se d  phago­

c y to s i s  o f  b lood  p igm ent. There were fo c i  i n  th e  u r in a r y  b la d d e r  mucosa 

which l i k e l y  r e p re s e n te d  e a r ly  l e s io n s  i n  th e  b la d d e r .  These were 

c h a r a c te r i z e d  by some desquamation and c a v i t y  fo rm ation  of th e  e p i th e l iu m , 

h y a l in e  b o d ie s  i n  some e p i t h e l i a l  c e l l s ,  co n g es t io n  of th e  mucosa and 

i n f i l t r a t i o n  w ith  se ro u s  f l u i d ,  f i b r i n  and p seu d o e o s in o p h i ls .  In  th e  

s e c t io n  of the  r i g h t  k idney  th e re  was a fo cu s  a t  th e  t i p  of the  p a p i l l a  

c h a r a c te r i z e d  by n e c r o s is ,  masses o f b a c t e r i a ,  c o n g es t io n ,  and i n f i l t r a t i o n  

by p seu d o e o s in o p h ils .  A lso p r e s e n t  i n  th e  medulla were s e v e r a l  sm all f o c i  

c h a r a c te r iz e d  by p seu d o eo s in o p h ils  i n  th e  tu b u le s  and co n g es tio n .
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Time Hb WBC M L P B E

0 12.9 13.350 1 60 31 g 0

1 day 12.9 15.850 2 22 69 7 0

2 days 11.1 11,100 7 52 35 6 0

3 " 11 .U 16,150 0 52 U2 5 1

Ca.3e 22

Rabbit 7A was n e c ro p s ie d  th r e e  days a f t e r  in o c u la t io n .  Organisms 

were c u l tu r e d  from th e  k idney  and u r in e .  The k idneys  were o f normal s iz e  

and e x h ib i te d  m edulla r c o n g es t io n  w ith  a n e c r o t i c  fo cu s  on th e  t i p  of 

each r e n a l  p a p i l l a .

M icroscopic  f in d i n g s . The lung  e x h ib i te d  m ild  c o n g es t io n  and 

edema w ith  an in c re a s e  in  p se u d o e o s in o p h i ls .  The sp lee n  was conges ted . 

The l e s io n s  a t  the  t i p s  of th e  r e n a l  p a p i l l a e  were v e ry  s im i l e r  to  th o se  

i n  r a b b i t  6a . The r e n a l  m edullas  were markedly co n g es ted  and c o n ta in e d  

s e v e ra l  f o c i  o f  p seu d o e o s in o p h i ls .  The p e l v i c  e p i th e l iu m  showed s l i g h t  

d eg en e ra t iv e  changes where i t  c o n tac te d  th e  p a n i l l a r  l e s i o n .

Time Hb WBC M L P B E

0 12.1 13,600 2 78 15 5 0

1 day 11.6 n .U oo 0 56 Ul 3 0

2 days 11.2 13,600 0 52 Uo g 0

3 " 11.0 11,1*50 2 69 26 3 0

Case 23

R abbit  Sa was n e c ro p s ie d  fo u r  days a f t e r  i n o c u la t i o n .  Organisms 

were c u l tu r e d  from the  l i v e r ,  h e a r t  b lood , kidne;/- and u r in e .  The sp leen  

appeared  s l i g h t l y  e n la rg ed . In  th e  h e a r t  was a small r e d  nodule on base  

o f  the  a o r t i c  v a lv e  and a sm all (1 mm x 2 mm) thrombus a t ta c h e d  to  th e  

base  of th e  l e f t  a t r i o v e n t r i c u l a r  v a lv e .  The k idneys were of average  s iz e
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and e x h ib i te d  a  n e c r o t ic  a r e a  on th e  t i p  o f  each r e n a l  p a p i l la *  The 

u r e t e r s  appeared  v e ry  s l i g h t l y  conges ted .

M icroscopic  f i n d i n g s . The lung  showed a  s l i g h t  c o n g es tio n  and 

edema. The b la d d e r  e p i th e l iu m  appeared s l i g h t l y  d eg en e ra ted .  The 

u r e t e r a l  e p i th e l iu m  appeared  d egenera ted  and th e  lumen con ta in ed  b lo o d  

and b a c t e r i a .  The l e s io n s  in  th e  r e n a l  p a p i l l a e  and m edallae  were s im i­

l a r  to  th o se  i n  r a b b i t  6A only  much more e x te n s iv e .  The t»elvic e p i ­

the lium  showed d eg en e ra t iv e  changes where i t  contacted, th e  p a p i l l a r  

l e s io n .  There was a  s l i g h t  i n f i l t r a t i o n  o f  f i b r i n  i n to  th e  p e r i p e l v i c  

t i s s u e  in  th e s e  p la c e s .

Time Hb WBC M L p B E

0 12.3 10,950 0 71 25 H 0

1 day 12.3 11,000 1 U5 51 3 0

2 days 10.5 13,850 0 36 56 7 1

3 " io . U 12,600 0 73 23 H 0

U " 11.8 20,750
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Table I

Summary of Kidney Les ions  and Cu l tu re  R e s u l t s

Rabbi t Time
Kidney
Lesions C u l tu re  (1 )

1 1 /2  h r . - + h b l ,  l v ,  1 , kd

2 1 clay - + Iv ,  kd

3 2 days + -

H 3 " + + kd, u r

5 U " + + h b l ,  kd, u r

6 (?) 5 " + + hb l ,  kd, s p l ,  bm,

7 6 " + + kd, u r

2 (3) 7 " + + kd

9 9 » + + kd, u r

10 11 » + + kd, u r

l i 17 " + + kd, u r

12 17 H + -

13 18 » + + kd, u r

lU 18 " + + kd, u r

13 (?) 8 » + + kd, u r

1A 0 -

2A 1 day - + s p l ,  l v ,  kd,  u r

3A 1 " - + h b l ,  so l

Ua 2 days - -

5A 2 11 + + kd

6a 3 " + + s p l ,  kd,  u r

7A 3 " + + kd, u r

3A U » + + h b l ,  l v ,  kd,  u r

(1 ) c u l t u r e s ;  1 
kd-k idney,

(2 )  Died

( 3 ) Moribund

- l u n g ,  l v - l i v e r ,  bm- 
u r - u r i n a r y  b la d d e r ,

■bone marrow, s p l - s p l e e n ,  
h b l - h e s r t  b lood .
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Tftble I I

Averages of Hemn t o l o g i c  R e s u l t s

rB (1) No. An (? ) Hb (3) 17BC (U) M.<51 L P B 1

0 15 12.6 7.893 0.8 ro • 23.3 3-5 o.U

2 13 11.0 7.927 U.5 56.2 31*7 7.5 0.1

u 11 11.3 15, 5^5 9.2 Hq.O 32.8 8.5 0.5

6 9 12.2 lU,S7? 7-3 H5. Uo. 6.H 0.8

9 6 12.7 21,366 6.3 U8.7 Hi. 3-8 0.2

11 5 12.7 I P , 610 6.2 U7.6 Hi. 2 5. 0

lU U 13.0 19,662 3-3 ^5. U 77. 9 - 0.3

17 2 1U.3 13.575 9.0 77. Hq. U. 1.0

IS 2 13.2 17,100 5-0 Uq. 3U. 10. 2.0

0 S 12.U 12,512 1.1 72.6 22.5 3-U O.U

1 7 12.3 13.050 0-7 ^7-3 Up . U. 0

2 5 11.0 12,630 2.0 51.8 39.8 6. O.U

3 3 10.8 13,016 0.7 65. 30.3 u. 0.3

U 1 11.8 20,750 - - - - -

( l) Lays a f t e r i n o c u l a t i o n .

(2) Number of an im als  i n the  group under  c o n s i d e r a t i on a t t h a t  t:

(3) Hemoglobin In  grams pe r  100 ml o f  "blood.

(U) Leucocytes  p e r  cu"bic mm.

(5) P e rc e n t  of  monocytes,  lymphocytes,  p seu d o e o s ln o o h i l s ,  "basophils 
and e o s in o p h i l s .
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DISCTJSSION

The l e s i o n s  of  exper im en ta l  p y e l o n e p h r i t i s  i n  t h e  r a h h i t  a r e  

v e ry  s i m i l a r  to  those  found i n  spontaneous cases  of p y e l o n e p h r i t i s  i n  

c a t t l e  a s  d e sc r ib e d  o r i g i n a l l y  by F r n s t  (1905) and l a t o r  by o th e r s  ( Jones  

and L i t t l e ,  1925; Thorp e t  a l ,  19U5). The l e s i o n s  a r e  a l s o  s i m i l a r  t o  

those  found i n  exper imenta l  p y e l o n e p h r i t i s  i n  mice by L o v e l l  and Cotchin  

(19H6).

The f a c t  t h a t  the  c o n d i t i o n  in  the  r a b b i t  wa.s produced by i n t r a ­

venous i n j e c t i o n  of £.  r e n a l e  should not be cons ide red  as  evidence  t h a t  

the  spontaneous d i s ea se  i n  c a t t l e  i s  of hematogenic o r i g i n .  The weight 

of evidence i n  th e  case  of the  cow would i n d i c a t e  t h a t  i t  i s  an ascend ing  

type  of  i n f e c t i o n  which may ga in  en t rance  by means of  v u lv a r  or u r e t h r a l  

con tam inat ion  (Jones  and L i t t l e ,  l l ? 6 ;  F e e n s t r a  and Thorp,  19hg).

F i s e n d ra th  and Schu l tz  (1917) have demonstra ted ,  ex p e r im en ta l ly  i n  r a b b i t s  

and dogs,  th e  p re sen ce  of  an anastomosing network of lynvnhatics i n  th e  

w a l l  of the  b la d d e r  and of the  u r e t e r  which communicates above w i th  a 

s i m i l a r  lymphat ic  network i n  the  r e n a l  r e l v i s  and -parenchyma and below 

with  the  lympha+ics of the  p e l v i c  s t r u c t u r e s  i n  bo th  th e  male and female .  

They sugges t  t h a t  t h i s  i s  th e  r o u t e  of an ascending  i n f e c t i o n  of  the  

u r i n a r y  t r a c t .

This  r e p o r t  should  not be tak en  as implying t h a t  only C. r e n a l e  

causes  l e s i o n s  of  p y e l o n e p h r i t i s  i n  the  r a b b i t .  Dudgeon and Goadby (1950) 

r e p o r t e d  t h a t  a  sup p u ra t iv e  p y e l o n e p h r i t i s  fo l lowed  the  in t r av e n o u s  in ocu­

l a t i o n  of Staphylococcus au reus  i n t o  r a b b i t s .

The f a t e  of the  organisms from the  t ime of i n j e c t i o n  u n t i l  t h e  

beg inn ing  of l e s i o n  fo rm at ion  i n  the  k idney  i s  of  i n t e r e s t .  The d a t a  i n  

Table  I would i n d i c a t e  t h a t ,  i n  g e n e r a l ,  th e  organisms were found i n i t i a l l y  

i n  the  lung ,  sp leen  and l i v e r  and l a t e r  i n  the  k idney  and u r i n e .  The
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i n t e r v a l  "between n e c ro p s ie s  wan too g r e a t  t o  o b ta in  a  more a c c u r a t e  p i c ­

t u r e  of t h e  r o u t e  o f  t h e  organisms th rough  th e  animal body. A s tudy  of  

the  r e s u l t s  o f  in t r av e n o u s  i n o c u l a t i o n  of o t h e r  organisms by v a r i o u s  

workers  may c a s t  more l i g h t  on the  p r o c e s s .  B u l l  (191*0 showed t h a t  

v i r u l e n t  s t r e p t o c o c c i  and pneumococci t ended  to  d i sap p ea r  from t h e  c i r c u ­

l a t i n g  b lood of r a b b i t s  i n  two t o  fo u r  hours  and to  r e a p n e a r  a t  f i v e  to  

s i x  hours and e v e n tu a l ly  cause death .  Less  v i r u l e n t  organisms may not 

reap p ea r  o r  may cauee a ch ron ic  i n f e c t i o n .  B a r t l e t  and Ozaki (1917) 

r e p o r t e d  t h a t  " j ' ic rococcus a u r e u s 11 i n j e c t e d  i n t o  the  l e f t  v e n t r i c l e  of 

dogs was a lmost immediately s to re d  i n  the  lung  c a p i l l a r i e s ,  b e in g  a t  

f i r s t  c h i e f l y  e x t r a c e l l u l a r  and then  r a p i d l y  in g e s t e d  by polymorohonuclear 

l eukocy tes .  S h o r t ly  a f t e r  i n j e c t i o n  the  cocc i in c r e a s e d  i n  number i n  th e  

l i v e r  and sp lee n  as  they d ecreased  i n  number i n  the  lung.  The b a c t e r i a  

comple te ly  d l s ao p ea red  from these  o rgans  w i th in  bg t o  72 hours .  The 

cocci  d id  not p r i m a r i l y  lodge i n  the  k idney  i n  any c o n s id e r a b l e  numbers, 

b u t  were s ec o n d a r i l y  d e p o s i t ed  th e r e  a f t e r  a r e r i o d  0f  a d a p t a t i o n  e l s e ­

where (cocc i  were found in  the  kidney a t  i f  hours  bu t  not a t  e ig h t  h o u r s ) .  

The i r  l o c a t i o n  here  was p robab ly  not embolic .  Hopkins and P a rk e r  (191?) 

showed t h a t  i n j e c t e d  hemolyt ic  s t r e p t o c o c c i  tended  to  d i s a p p e a r  from th e  

b lood  i n  about two hours  and to  re ap p ea r  i n  i n c r e a s i n g  numbers a f t e r  f o u r  

and one-ha l f  hours .  In  c a t s  and r a b b i t s  th e  organisms withdrawn from th e  

c i r c u l a t i o n  were found mainly i n  the  lung ,  sp leen  and k idney .  Nagao ( 1920) 

i n j e c t e d  k i l l e d  non-hemoly tic  s t r e p t o c o c c i  i n t o  guinea  p i g s  and observed 

t h a t  the  organisms accumulated almost immedia te ly  i n  th e  lung  c a p i l l a r i e s  

i n s i d e  polymorphonuclear l e u k o cy te s  and l a t e r  i n  the  r e t i c u l o - e n d o t h e l i a l  

c e l l s  of the  l i v e r  and s p lee n .  Dudgeon and Q-oadby ( 1971) r e n o r t e d  t h a t  

in t r a v e n o u s l y  i n j e c t e d  S taphylococcus  au reus  organisms were h e ld  i n  th e  

lungs  where they  were a c t i v e l y  phegocytosed by the  polymorphonuclear
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l e u k o cy te s  w i t h i n  f i v e  minutes .  Subsequent ly ,  the  cocc i  were d i s t r i b u t e d  

to  th e  o t h e r  organs such a s  th e  l i v e r  and s p leen  and to  th e  k idney. I t  

may be concluded  from s tudy  of th e  above mentioned r e s u l t s  t h a t ,  in  

g e n e r a l ,  t h e  b a c t e r i a  t r a v e l  f i r s t  to  th e  lung  and l a t e r  a r e  r e l e a s e d  to  

be p ick ed  up by the  l i v e r  and sp leen  and l a t e r  may be  found i n  the  k idney .

The mechanism o f  i n f e c t i o n  i n  t h e  kidney i s  of s p e c i a l  i n t e r e s t .  

Love l l  and Cotchin  (19*^6) have made o b s e r v a t io n s  on t h i s  p ro cess  i n  the  

mouse kidney.  They f i r s t  saw the  organisms i n  clumps i n  the c a o i l l e . r i e s  

between the  c o l l e c t i n g  tu b u le s  near the  apex of the  p a p i l l a .  This  was 

accompanied by l o c a l  d i l a t i o n  o f  c a p i l l a r i e s  w i th  an accumula t ion  of 

polymorphonuclear l e u k o cy te s  which l a t e r  p a s se d  through the  normal or 

n e c r o t i c  ep i th e l iu m  of the  c o l l e c t i n g  tu b u le s  i n t o  t h e i r  lumens. Small 

a b sc e sse s  developed in  the  p a p i l l a  o f t e n  j u s t  under t h e  v i s c e r a l  p e l v i c  

ep i the l ium .  Pus was found i n  the  r e n a l  p e l v i s  as e a r l y  a s  t h i r t y  hours .  

N ecros is  o f  the  p a p i l l a  extended toward the  c o r tex .  Large cluwos of  gram 

p o s i t i v e  b a c t e r i a  were seen i n  the  n e c r o t i c  m a t e r i a l  w i th  a  zone of  

p seu d o e o s in o p h i l s  a t  the  ex tending  edge of the  n e c r o t i c  a r e a .  Pseudo­

e o s in o p h i l s  were a l s o  found, i n  s t r e a k s  up th e  medulla toward and i n t o  th e  

c o r t e x .  The r e n a l  p e l v i s  was d i l a t e d  w i th  p u r u l e n t  m a t e r i a l .  The p e l v i c  

ep i the l ium  showed a cu te  inflammatory  changes  w i th  a b sc e ss  and u l c e r  forma­

t i o n .  The p a th o g e n e s i s  of  exper imenta l  p y e l o n e p h r i t i s  i n  the  r a b b i t ,  a s  

rep o r ted  i n  t h i s  paper  was e s s e n t i a l l y  s i m i l a r  to  t h a t  d e sc r ib e d  i n  th e  

case  of th e  mouse. The e a r l i e s t  change in  the  kidney was the  accumula­

t i o n  of p seu d o eo s in o p h i l s  i n  the  c a p i l l a r i e s  and c o l l e c t i n g  tu b u le s  w i th  

conges t ion  i n  the  p a p i l l a r y  r e g io n .  B a c t e r i a  may have been  p r e s e n t  i n  

th e se  p s e u d o e o s in o p h i l s  bu t  they could not b e  c l e a r l y  i d e n t i f i e d .  Follow­

in g  t h i s ,  a t  t h r e e  and fo u r  days a f t e r  i n o c u l a t i o n ,  n e c r o s i s  and e r o s io n  

o f  th e  p a p i l l a  were found. Masses of b a c t e r i a  were seen i n  the  remains
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o f  c a p i l l a r i e s  and tu b u le s ,  and in  t h e  d e b r i s  i n  th e  p e l v i s  a s  has been 

no ted  i n  t h e  s tudy of bovine  p y e l o n e p h r i t i s  ( P e e n s t r a  and  Thorp, 19U6). 

Psexido e o s i n o p h i l s  were numerous in a n d  a round the  n e c r o t i c  l e s i o n .  The 

p s eu d o e o s in o p h i l s  appeared,  i n  many c a s e s ,  to c o n ta i n  b a c t e r i a  b u t  t h e  

g r a n u l a r i t y  of  the c e l l s  and f a in t  s t a i n i n g  q u a l i t y  of any b a c t e r i a  

i n s i d e  them i n t e r f e r e d  with p re c i s e  o b s e r v a t io n s .  S t r e a k s  o f  pseudo­

e o s in o p h i l s  were found in  the  medulla  ex ten d in g  toward t h e  c o r tex .  At 

t h i s  s tage  (about  fo u r  days) the p e l v i c  mucosa appeared n e c r o t i c  and t h e  

p e r i p e l v i c  t i s s u e s  co n ta in ed  serous f l u i d ,  f i b r i n ,  e r y t h r o c y t e s  and 

p seu d o e o s in o p h i l s .  Lymphocytes s m e a r e d  on abcut  t h e  s i x t h  day and 

mononuclear phagocytes  and a c t iv e  f i b r o b l a s t s  appeared on the  seventh  

day. These l a t t e r  t h r e e  c e l l s  i n c re a s e d  i n  number a s  t ime passed  while  

th e  p seu d o eo s in o p h i l s  decreased in  number but never d i s ap p ea red  e n t i r e l y .  

L a t e r  (17 and  18 days) ,  changes in  t h e  c o r t e x  such a s  an in c r e a s e  in  

i n t e r s t i t i a l  connec t ive  t i s s u e ,  d i l a t i o n  and c o n s t r i c t i o n  of tu b u le s  and 

accumula t ion  of  lymphocytes were found.  I n  these  more ch ron ic  c ase s  th e  

p a p i l l a r y  e r o s i o n  seemed to  be p r o g r e s s i n g  v e r y  slowly i f  a t  a l l  but th e  

p y e l i t i s  appea red  to  be  in c reas in g  i n  s e v e r i t y .  N ec ro s i s  and inflammatory  

changes re sem bl ing  the  p y e l i t i s  to a  g r e a t  e x te n t  were found i n  the  u r e t e r s  

s h o r t l y  a f t e r  th e  appearance  of the  p y e l i t i s .

As may be expected i n  animal exp e r im en ta t io n ,  t h e r e  were i n d i ­

v i d u a l  v a r i a t i o n s  i n  r e a c t i o n  to i n o c u l a t i o n  and th e  r e a c t i o n  i n  s e r i e s  A 

was s l i g h t l y  d i f f e r e n t  from the o t h e r  group. For t h i s  r e a s o n  mice cou ld  

be used t o  advantage  because  there  i s  l e s s  c a r e  and expense connected 

w i th  the  use  o f  g r e a t e r  numbers.

As may be seen i n  Table I I  t h e r e  was a  s l i g h t  i n i t i a l  drop in  

th e  hemoglobin va lues  followed by a n  i n c r e a s e .  This co u ld  be  due to t h e  

f a c t  t h a t  d u r in g  the  f i r s t  week a f t e r  i n o c u l a t i o n  the  f u n c t i o n  o f  the
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bone marrow was concerned mainly with  p r o d u c t io n  of g r a n u la r  leu k o cy tes  

and thereby th e  p ro d u c t io n  of e r y t h r o c y te s  was hampered.

I n  b o t h  s e r i e s  of r a b b i t s  i t  was on the  f o u r t h  day t h a t  the  b lood  

leukocyte  count showed a  marked in c r e a s e .  The s l i g h t  i n i t i a l  drop i n  t h e  

numbers of leu k o cy tes  i s  l i k e l y  due t o  th e  f a c t  t h a t  many of them a re  

t e m p o ra r i ly  lodged i n  t h e  pulmonary c a p i l l a r i e s  and i n  o th e r  o rgans .

Ae might be  expected ,  t h e r e  was an in c r e a s e  i n  the  p e rc en ta g e  of 

p seu d o eo s in o p h i l s  i n  the  blood and a  d e c rea se  i n  the  p e rc e n ta g e  of  lympho­

c y te s .  In  th e  case  of the  p seu d o e o s in o p h i l s ,  immature forms were o f t e n  

seen a s  the  p e rc en ta g e  in c r e a s e d  but were no t  recorded  as  such because 

of  the  d i f f i c u l t y  i n  p r e c i s e  i d e n t i f i c a t i o n  of th e se  forms due to  th e  

b r i l l i a n t l y  r e d  s t a i n i n g  aranuJ.es p r e s e n t .  There was an i n c r e a s e  i n  th e  

p e rcen tage  of monocytes. Less expec ted  and not e a s i l y  e x p la i n a b le  was 

the  in c r e a s e  i n  p e rc en ta g e  of b a s o p h i l s .  The main d i f f i c u l t y  i s  t h a t  

l i t t l e  or  n o th in g  i s  known of the  f u n c t i o n  of the  b a s o p h i l .  There was 

not a s i g n i f i c a n t  or meaningful change i n  the  p e rc en ta g e  o f  e o s i n o p h i l s .

Summary

The p a th o g en es i s  of exper im en ta l  p y e l o n e p h r i t i s  i n  r a b b i t s  p ro ­

duced by in t r av e n o u s  i n o c u l a t i o n  of  Corynebacterlum r e n a l e  has been 

descr ibed  and d i scu ssed .  Host in o c u la t e d  r a b b i t s  showed kidney l e s i o n s  

and s e v e ra l  d ied .  The l e s i o n s  i n  the  k idney  c o n s i s t e d  of a p a p i l l i t i s  

and p y e l i t i s  c h a r a c t e r i z e d  by n e c r o s i s  and a c u te  inflammatory  changes 

e a r l y  i n  the  course  and by ch ron ic  in f lammatory  changes l a t e r  i n  the  

course .  B a c t e r i a  were p r e s e n t  mainly in  the  n e c r o t i c  d e b r i s  of th e  

l e s i o n s  and i n  the  p e l v i s .

The l e s i o n s  i n  the  r a b b i t  kidney were s im i l a r  to  those  found i n  

p y e l o n e p h r i t i s  i n  the cow. The fact, t h a t  the  ex p e r im en ta l  p y e l o n e p h r i t i s



- 29-

was of hematogenic o r i g i n  i n  no way n e g a te s  the  g e n e r a l l y  accep ted  th e o ry  

o f  an ascend ing  i n f e c t i o n  i n  the cow.

The r a b b i t  may be used, advan tageous ly ,  i n  the  s tudy of p y e lo -  

n e p h r i t i s  and a l s o  i n  the  s tudy of the  pa thogen ic  and a n t i g e n i c  p r o p e r t i e s  

of Corynebacterium r e n a l e .
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medul la  end e a r l y  mart i 11a ry  n e c r o s i s .





F i g .  6 .  R a b b i t  k i d n e y s ,  r e m o v e d  a t  d e a t h  s i x  d a y s  a f t e r  
i n o c u l a t i o n ,  g h o w in g  e n l a r g e m e n t ,  p a p i l l a r y  
n e c r o s i s  a n d  w h i t e  s t r e a k s  i n  t h e  m e d u l l a  a n d  
c o r t e x .





F i g .  7* R a b b i t  k i d n e y s ,  r e m o v e d  a t  d e a t h  s e v e n  d a y s  
a f t e r  i n o c u l a t i o n ,  s h o v i n g  e n l a r g e m e n t , 
p a p i l l a r y  n e c r o s i s  a n d  w h i t e  s t r e a k s  i n  t h e  
m e d u l l a  and  c o r t e x .

n B k





P i g .  S .  C r o s s  s e c t i o n  o f  k i d n e y  f r o m  r a ' b M t  w h i c h  
w as  n e c r o p s i e d  o n  t h e  s e c o n d  d a y  a ^ t e r  i n o c u ­
l a t i o n .  No l e s i o n s  a r e  e v i d e n t .  The p e l v i c  
m u c o s a  was  l o s t  f r o m  t h e  s p e c i m e n .  Gram— 
W e i g e r t  s t a i n .  X9.

k _



. Vi. J .

I u j S S - w a  _  *  .  _;

: * ^ H r  • ■ 4



P i g .  9* C r o s s  s e c t i o n  o f  k i d n e y  f r o m  r a b b i t  6a  w h i c h  
was n e c r o p s i e d  t h r e e  d a y s  a f t e r  i n o c u l a t i o n .  
A s l i g h t  am o u n t  o f  - n a p i l l s r y  n e c r o s i s  i s  
e v i d e n t .  F i ^ s .  l 6 a n d  23 show some o f  t h e s e  
c h a n g e s  i n  more  d e t a i l .  H e m a t o x y l i n  a n d  
e o s i n  s t a i n .  X9 -
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F i g .  1 0 .  O r o s s  s e c t i o n  o f  k i d n e y  ^ rom r a ^ h i t  w h i c h  wan
n e c r o p s i e d .  f o u r  d a y s  a f t e r  i n o c u l a t i o n .  P a p i l l a r y  
n e c r o s i s  a n d  e r o s i o n ,  a n d  t h e  h « f r i n n i n y  o*“ s t r e a k s  
( ■ D s e u d o e o s i n o o h i l s )  i n  t h e  m e d u l l a  a r e  e v i d e n t .  
F i y .  17  shows  some t h e s e  c h a n y e s  i n  m o re  d e t a i l
O-ram-Weisrert  s t a i n .  X9.





F i g .  1 1 .  S a g i t t a l  s e c t i o n  o f  k i d n e y  f ro m  r a b b i t  *A.
P a p i l l a r y  n e c r o s i s  a n d  e r o s i o n ,  a n d  a  s t r e a k  
o f  p s e u d o e o s i n o p h i l s  e x t e n d i n g  f r o m  t h e  
o a p i l l a  t o  t h e  c o r t e x  a r e  e v i d e n t .  Fig: .  18 
shows some o f  t h e s e  c h a n g e s  i n  m ore  d e t a i l .  
G-ram-Weiger t  s t a i n .  X9.
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F i g .  12 .  C r o s s  s e c t i o n  o f  a  k i d n e y  f r o m  a  r a ' b 'b l t  w i t h  a
c h r o n i c  f o r m  o f  - n y e l o n e p h r i t i  a .  T h i s  a n i m a l  h a d  
"been g i v e n  a  s e r i e s  o f  t e n  w e e k l y  i n o c u l a t i o n s  
w i t h  c u l t u r e  >To. 5 ( T h e s i s ,  P a r t  I I ) .  P y e l i t i s  
a n d  - p a p i l l i t i s  a r e  e v i d e n t .  F i a s .  15 ,  2 0  a n d  
show some o f  t h e s e  c h a n g e s  i n  g r e a t e r  d e t a i l .  
H e m a t o x y l i n  a n d  9 o s i n  s t a i n .  X9.





P i g .  1 3 . P y e l i t i s  a n d  D a p l l l i t i a  i n  t h e  k i d n e y  o f  r a b b i t  9 
■which was  n e c r o p s i e d  n i n e  d a y s  a f t e r  i n o c u l a t i o n .  
T h e  p a p i l l i t i s  s eem s  t o  b e  r e a r e s B i n i T  w h i l e  t h e  
m y e l i t i s  i s  s t i l l  v e r y  s e v e r e .  Gram -W eip-er t  s t a i n .  
X^5.





F i g .  lU .  P y e l i t i s  a n d  p a p i l l i t i s  i n  t h e  k i d n e y  o f  r a b b i t  10  
w h i c h  was  n e c r o p s i e d  e l e v e n  d a y s  a f t e r  i n o c u l a t i o n .  
The  d a r k  m a s s e s  i n  t h e  p e l v i s  a r e  made up  o f  
b a c t e r i a .  G r a m - W e i g e r t  s t a i n .  XU5 .
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F i g .  1 5 . C h r o n i c  f o r m  p y e l i t i s  a n d  n a p i l l i t i a .  F i g .  12 
i n c l u d e s  t h i s  f i e l d  a n d  F i g s .  20  a n d  25 show some 
o f  t h e s e  c h a n g e s  i n  more  d e t a i l .  H e m a t o x y l i n  a n d  
e o s i n  s t a i n .  X55.
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P i g .  16 .  P a p i l l i t i s .  The  d a r k  m a s s e s  a r e  made up o f
" b a c t e r i a .  P i g .  9 c o n t a i n s  t h i s  f i e l d .  P i e .  23  
shows  t h e  " b a c t e r i a  a n d  t u b u l e s  i n  more d e t a i l .  
G -ram-W eiger t  s t a i n .  X l6 0 .





P i g .  17 .  P a p i l l i t i s .  B a c t e r i a  may "bo s ° e n  i n  t h e  l o w e r  
h a l f  o f  t h i s  p h o t o m i c r o g r a p h  w h i l e  many p s e u d o ­
e o s i n o p h i l s  a r e  p r e s e n t  "between t h e  t u b u l e s  a n d  
i n  t h e  n e c r o t i c  d e b r i s .  P i g .  10  c o n t a i n s  t h i s  
f i e l d .  G r a m - W e i g e r t  s t a i n .  X l 6 o .





F i g .  IS* P a p i l l i t i s .  C o l l e c t i n g  t u b u l e s ,  n e c r o t i c  t i s s u e  
a n d  b a c t e r i a  may b e  s e e n .  F i g .  11 c o n t a i n s  t h i s  
f i e l d .  G-ram-W eiger t  s t a i n .  X l 6 0 .
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F i g .  1 9 .  P a p i l l i t i s  i n  k i d n e y  o f  r a b b i t  6 w h i c h  was
n e c r o p s i e d  f i v e  d a y s  a f t e r  i n o c u l a t i o n .  M a s s e s  
o f  b a c t e r i a  may b e  s e e n  i n  t h e  c a p i l l a r i e s  a n d  
c o l l e c t i n g  t u b u l e s .  G ram-VTeiger t  s t a i n .  X l 6 0 .
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P a p i l l i t i s ,  showing '  n e c r o s i s ,  a c c u m u l a t i o n  o f  
i n f l a m m a t o r y  c e l l s  a n d  f o r m a t i o n  o f  c r y s t a l s .  
P i g s .  12  a n d  15 c o n t a i n  t h i s  f i e l d .  P i g .  25 
sh o w s  t h e  c r y s t a l s  i n  g r e a t e r  d e t a i l .  
H e m a t o x y l i n  a n d  e o s i n  s t a i n .  X l 6 0 .





P i g .  21.  U r e t e r  f ro m  r a b b i t  6 w h ic h  was  n e c r o p s i e d  f i v e
d a y s  a f t e r  i n o c u l a t i o n .  N e c r o s i s  o f  t h e  m u c o sa ,  
i n f i l t r a t i o n  h y  p s e u d o e o s i n o p h i l s ,  edema a n d  
f i b r i n  a r e  i n  e v i d e n c e .  The lu m en  c o n t a i n s  
b a c t e r i a ,  c e l l u l a r  d e b r i s ,  f i b r i n  a n d  p s e u d o ­
e o s i n o p h i l s .  Gram-’V e i g e r t  s t a i n .  X l 6 o .





F i g .  22.  F o c u s  o f  p s e u d o e o s i n o p h i l s  i n  a n d  b e tw e e n  t h e  
c o l l e c t i n g  t u b u l e s .  R a b b i t  5» w h ic h  was 
n e c r o p s i e d  f o u r  days  a f t e r  i n o c u l a t i o n .  
Hemato :*ylin  and e o s i n  s t a i n .  X835*
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F ig .  23

&

B a c t e r i a ,  n e c r o t i c  d e b r i s ,  p g eu d o eo s}  n o p h i l s ,  a n d  
c o l l e c t i n g  t u b u l e g .  F i g g .  9 a a i  l 6  c o n t a i n  t h i s  
f i e l d .  G-ram-Waigert  a t a i n .  X885-





F i g .  2^-. C o l l e c t i n g  t u b u l e  show ing  h y a l i n e  "bodies i n  t h e  
c y t o p l a s m  o f  t h e  c e l l s .  R a b b i t  12  w h ic h  was 
n e c r o p s i e d  s e v e n t e e n  d a y s  a f t e r  i n o c u l a t i o n .  
G-ram-Weigert  s t a i n .
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F i g .  25 F o r m a t i o n  o f  c r y s t a l s  i n  n e c r o t i c  m a t e r i a l  a t  t h e  
edge  o f  t h e  r e n a l  p a p i l l a .  F i g s .  12,  15 a n d  20 
c o n t a i n  t h i s  f i e l d .  H e m a to x y l in  and  e o s i n  s t a i n .  
XS 8 5 .
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p a r t  I I .  PROPERTIES OE SOME COLONIAL PHASE 
MARI ARTS OE CORY1TEBACTERTTTH RENALE

I n  p r e v i o u s  work  ( F e e n s t r a ,  19UU) i t  had  b e e n  n o t e d  t h a t  t h e  

c h a r a c t e r i s t i c s  o f  t h e  Co r y n e b a c t e r l u m  r e n a l e  c u l t u r e s  i s o l a t e d  from 

c a s e s  of  "bovine p y e l o n e p h r i t i s  were ,  i n  g e n e r a l ,  i d e n t i c a l  w i t h  t h o s e  

d e s c r i b e d  "by Borgey  ( 1 9 3 9 )* "but o f t e n  p r o d u c e d  c o l o n i e s  w hich  e x h i b i t e d  

marked  d i s s e m b l a n c e .

The t e n d e n c y  o f  d i p h t h e r o i d s  t o  v a r y  i s  w e l l  known (M e rch a n t ,  

1 9 3 5 )* b u t  t h e  c o l o n i a l  p h a s e  v a r i a t i o n  o f  _c. r e n a l e  h a s  r e c e i v e d  s c a n t  

a t t e n t i o n  o r  p u b l i c i t y .

I n  t h i s  p r e l i m i n a r y  work a s u r v e y  o f  t h e  c o l o n i a l  p r o p e r t i e s  o f  

t h e  s t o c k  c u l t u r e s  o f  C. r e n a l e  was mads.  Inocu lum  was s t r e a k e d  c u t  o r  

t h i c k  t r y p t o s e  a g a r  ( D i f c o )  p l a t e s  so  t h a t  s e p a r a t e  c o l o n i e s  c o u ld  

d e v e lo p  t o  m a t u r i t y  ( 2 - 3  cm a p a r t ) .  C o l o n i e s  were  examined a s  t o  t e x t u r e  

b y  p r o b i n g  a n d  m o r p h o l o g i c a l l y  u n d e r  a  d i s s e c t i n g  m ic r o s c o p e  by means o f  

r e f l e c t e d  l i g h t  a n d  a l s o  b y  o b l i q u e  t r a n s m i t t e d  l i g h t  w h ich  was d i r e c t e d  

to w a r d  t h e  c o l o n i e s  from b e lo w  a t  a p p r o x i m a t e l y  a  U5 d e a r e e  a n g l e  by 

means o f  a  m i r r o r  and  a  m ic r o s c o p e  lamp (H u d d le so n ,  19ll6 ) .

F i v e  c u l t u r e s  were  c h o se n  a s  r e p r e s e n t i n g  a t  l e a s t  t h r e e  

d i f f e r e n t  c o l o n y  t y p e s  f o r  f u r t h e r  s t u d y  t o  d e t e r m i n e  t h e  b io c h e m ic a l*  

s e r o l o g i c a l  a n d  p a t h o g e n i c  p r o p e r t i e s  and  r e l a t i o n s h i p s .  The c o l o n i e s  

were  r o u g h l y  c l a s s i f i e d  i n t o  g ro u p s  by  means o f  t h e  f o l l o w i n g  key:

1.  Smooth,  s o f t  p a s t y  and  no marked  t e n d e n c y  t o  h o ld  shape  when

p r o b e d .

a .  C i r c u l a r ,  e n t i r e ,  convex ,  creamy w h i t e  w i t h  
g ro u n d  g l a s s  a p p e a r a n c e .

b .  I r r e g u l a r .

c .  Ye l low  t o  o ra n g e  c o l o r .

d.  Tend to  p r o d u c e  f l a t  s e c o n d a r y  g row th  upon a g in g .
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2. Only  s l i g h t l y  p a s t y ,  marked  t e n d e n c y  t o  h o l d  s h ap e  and  

f r a g m e n t  when p r o b e d .

a. C ircular, e n t ir e ,  convex, creamy white with  
ground g la s s  appearance.

b .  I r r e g u l a r .

c. Yellow to  orange co lor .

d. Tend t o  p r o d u c e  f l a t  s e c o n d a r y  g ro w th  upon  a g i n g .

The f i v e  c u l t u r e s  c h o s e n  f o r  p r e l i m i n a r y  s t u d y  were  c l a s s i f i e d  a s

f o l l o w s :

C u l t u r e  ITo. 1 I . e .

ii m 2 2 . b .

ii n 3 2 . b .

ii ii H 2 . a .  d.

it ii 5 2 . a .  d.

A g g l u t i n a t i o n  Re i s t i o n s h i p  

A g g l u t i n a t i o n  t e s t s  were  c a r r i e d ,  o u t  a s  s u g g e s t e d  i n  t h e  Manual  

o f  Methods f o r  P u r e  C u l t u r e  S tu d y  of  B a c t e r i a  (19^5)  w i t h  t h e  e x c e p t i o n  

t h a t  d i s t i l l e d  w a t e r  r a t h e r  t h a n  0 . £f> p e r c e n t  ITaCl s o l u t i o n  was u s e d  a s  

t h e  d i l u e n t  a n d  t e s t s  w ere  i n c u b a t e d  a t  3 7 ° f ° r  2U h o u r s .  A n t i g e n s  

were  p r e p a r e d  "by g ro w in g  t h e  o r g a n i s m s  i n  two p e r c e n t  t r y p t o s e  ( D i f c o ) ,  

i n  d i s t i l l e d  w a t e r ,  a t  a  pH o f  7 . 5  f o r  2^ h o u r s  a t  3 7 ° ^ . ;  c e n t r i f u g i n g ;  

w a sh in g  once  i n  O.B p e r c e n t  p h e n o l  s o l u t i o n  and t h r e e  t i m e s  i n  d i s t i l l e d  

w a t e r ;  a n d  a l l o w i n g  t o  r e m a i n  i n  d i s t i l l e d  w a t e r  i n  t h e  r e f r i g e r a t o r  

u n t i l  u s e d .  A s t a b l e  s u s p e n s i o n  was o b t a i n e d  by s u s p e n d i n g  t h e  o r g a n ­

ism s  i n  d i s t i l l e d  w a t e r ,  a l l o w i n g  one h o u r  f o r  s e d i m e n t a t i o n  o f  c lumps  

and  rem oving  a  p o r t i o n  o f  t h e  s u p e r n a t a n t  f o r  u s e .  These  s u s p e n s i o n s  

w e re  s t a n d a r d i z e d  by  means o f  a C e n c o - S h e a r d - S a n f o r d  p h o t e l o m e t e r  t o  

a p p r o x i m a t e l y  t h e  d e n s i t y  o f  t u b e  0*5 o f  M cF a r la n d ’ s n e p h e l o m e t e r .
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Antisera were prodxiced in  rabbitB by s ix  to ten intravenous in je c t io n s  

of a heavy d i s t i l l e d  water suspension of l i v in g  organisms at approxi­

mately weekly in t e r v a ls .  'Results of two t r i a l s  are given in  Table I .

^able I

Antigens Anti sera

1 2 3 h 5

1 1 s t 1-1280* 6ho 6U0 80 5120
2nd 1280 6ho 6ho 80 1280

2 160 320 1280 320 80
320 6ho 320 ho 320

3 160 6U0 1280 160 320
320 6ho 1280 160 320

U 80 so loO JLWU
ho 160 ho 80 ho

5 320 320 320 160 320
6ho 6ho 320 320 6ho

* I n d i c a t e s  h i g h e s t  d i l u t i o n  a t  which  c o m p le te  a g g l u t i n a t i o n  to o k  p l a c e .

S u s c e p t i b i l i t y  t o  t h e  B a c t e r i c i d a l  A c t io n  o f  Bov ine  P lasma 

V a r y i n g  numbers  of  o rg a n i s m s  were  ex p o sed  t o  a  c o n s t a n t  amount o f  

b o v i n e  p l a s m a  i n  an  a t t e m p t  t o  m easure  any  p o s s i b l e  d i f f e r e n c e  i n  a n t i ­

g e n i c  p r o p e r t i e s  o r  any  d i f f e r e n c e  i n  v i r u l e n c e .  The t e s t s  were  s e t  up 

a s  i n d i c a t e d  i n  t h e  p r o t o c o l  u s i n g  13 x 12*5 mm t u b e s  and were  i n c u b a t e d  

i n  a  w a t e r  b a t h  a t  37°C. The p la sm a  ( . 2  p e rc en t ,  sodium c i t r a t e )  u s e d  

was f rom  a n  i n f e c t e d  cow w h ic h  h a d  b e e n  e x p o se d  i n t r a u r e t h r a l l y  l h  months 

p r e v i o u s l y  w i t h  a  c u l t u r e  s u s p e n s i o n  o f  C5. r e n a l e . The a n t i g e n s  were 

s t a n d a r d i z e d  b y  means o f  a  C e n c o - S h e a r d - S a n f o r d  p h o t e l o m e t e r  t o  a p p r o x i ­

mate  t u b e  1 .5  o f  M c F a r l a n d 1 s n e p h e l o m e t e r .  S u b c u l t u r e s  o f  e ach  tu b o  were 

made a t  i n t e r v a l s  on t r y p t o s e  a g a r  p l a t e s  by  s t r e a k i n g  a  l o o o f u l  o f  

in o c u lu m  on a n  a r e a  a p p r o x i m a t e l y  2 x 3  cra*

The r e s u l t s  were  n o t  c o n c l u s i v e .  R e p e a t e d  t e s t s  showed t h a t
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c u l t u r e  No. 1 was m o s t  s u s c e p t i b l e  and  t h a t  c u l t u r e  No. 3 most 

r e s i s t a n t  t o  t h e  h a c t e r l e i  d e l  a c t i o n  o f  b o v i n e  p l a s m a .  The o t h e r  

t h r e e  c u l t u r e s  g a v e  somewhat v a r i a b l e  r e s u l t s  r a n g i n g  b e t w e e n  t h e  two 

c u l t u r e s  f i r s t  m e n t i o n e d .  The r e s u l t s  o f  a  t y p i c a l  t r i a l  a r e  g i v e n  

i n  T a b l e  I I .

P r o t o c o l  o f  B a c t e r i c i d a l  T e s t  

Tube 1 2 I  ]£ S  1  I  £

D i s t i l l e d  HaO 1 ^ 1  1 1 1 1 1 1

C u l t u r e  S u s p .  0 . 5  1 ^  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5 ^2 )

P l a s m a

D i l u t i o n  o f  
C u l t u r e

0 ^ 3 ) l  1 1 1 1 1 1

1-U  1-U  1 -1 2  I - 3 6  108 32U 9 7 2  2916

D i l u t i o n  o f
P l a s m a  0 1 - 2  1 - 2  1 - 2  1 - 2  1 - 2  1 -2  1 - 2

( 1 ) A H  q u a n t i t i e s  g i v e n  a r e  i n  ml .

(2.) D i s c a r d  0 . 5  ml-

( 3 ) 0 . 5  ml b r o t h  a d d e d  t o  t h e  c o n t r o l  t u b e .
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Ta b l e  I I  

R e s u l t s  o f  a  T y p i c a l  T r i a l

C ulture Time 1 2 3 u 1 6 I g
1 0 ++++<2 > ++++ ++++ +4-++ ++++ +++ ++ I t ■

2U +++ + ++++ +++ +++ + 4*4- + U7Ug ++++ ++++ 5 2 5 l 0 0
72 ++++ + n 3 1 0 0 2

2 0 +++ + ++++ ++++ ++++ ++++ ++++ ++ ++
2U ++++ ++++ ++++ ++++ ++++ ++++ 4-4*4" +-*-+
us +++ + ++++ ++++ ++++ ++++ ++++ 4-4“ ++
72 ++++ 13 15 12 13 n 2 +++

3 0 ++++ ++++ ++++ ++++ ++++ +++ ++ +
2U ++++ ++++ ++++ ++++ ++++ ++++ +++ +++
Ug ++++ ++++ 4-4“4-4- +4-++ +++ +++ ++
72 ++++ 4- +++ 4-4-4" 4*4- u lg 2

U 0 ++++ "1—r'r•T• i i i i_"Vf 1 'I -L. _L. A_I. ++++ 4-4-4-4- 4-++ 4-4-
2U •4-+++ 4■4■‘4*4" ++++ 4*4"4"4 ++++ +++ + +++ 4-4
Ug ++++ 4■4- + + 20 lU 2 5
72 ++++ 1 12 7 2 u 0 2

5 0 ++++ ++++ ++++ 4" 4-4—f- +++ ++ ++- +
2U ++++ +++ + ++++ 4-4*4-4 ++++ +++ ++ 4-
Ug ++++ +++ +++ 4-4-4- + ++ U U
72 ++++ ++ +++ 9 5 5 3 U

(1 )  Time i n  h o u r s .

( 2 )  I n d i c a t e s  amount o f  g r o w th ;  ( + )  i n d i c a t i n g  a r r o r o x i m a t e l y  50 
c o l o n i  e s .

( 3 ) tfumber o f  c o l o n i e s  p r e s e n t .

B i o c h e m i c a l  P r o p e r t i e s  

G l u c o s e  was f e r m e n t e d  w i t h  r e s u l t i n g  a c i d  p r o d u c t i o n  "by a l l  f i v e  

c u l t u r e s ,  h u t  t h e  a c t i o n  o f  c u l t u r e  Ho. 1 was  somewhat w e a k e r  t h a n  t h a t  

o f  t h e  o t h e r  f o u r  c u l t u r e s .

A s i m i l a r  s i t u a t i o n  r e s u l t e d  i n  t h e  s t u d y  o f  c a s e i n  d i g e s t i o n  i n  

t e n  p e r c e n t  sk im  m i l k  ae;ar ( t r y n t o s e ) ;  c u l t u r e  ITo. 1 l e e r e d  "behind t h e  

o t h e r s  i n  h a l o  p r o d u c t i o n .
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P a t h o g e n l c l t y  f o r  R a b b i t s  

I n  o r d e r  t o  o b t a i n  d a t a  c o n c e r n i n g  t h e  d i f f e r e n t i a l  v i r u l e n c e  

of  t h e  f i v e  c u l t u r e s  u n d e r  s t u d y ,  a p p r o x i m a t e l y  f o u r  h i  H i  on o r g a n i s m s  

( d i s t i l l e d  w a t e r  s u s p e n s i o n )  o f  e a c h  c u l t u r e  grown on t r y n t o s e  a g a r  f o r  

Rb h o u r s  a t  37° C. w e re  i n j e c t e d  i n t r a v e n o u s l y ,  e ac h  i n t o  two r a b b i t s .  

D e t e r m i n a t i o n  o f  t h e  body w e i g h t s ,  hem o g lo b in  l e v e l s  ( C en co -S h ea rd -  

S a n f o r d  p h o te lo m e + .e r ,  Hoffman method, l l U l ) ,  numbers  o f  l e u k o c y t e s  a n d  

d i f f e r e n t i a l  l e u k o c y t e  c o u n t s  were  made a t  i n t e r v a l s .  The r a b b i t s  w h ich  

d i d  n o t  d i e  w e re  s a c r i f i c e d  a t  n i n e  and t e n  days  a f t e r  i n o c u l a t i o n ,  

n e c r o p s i e d  a n d  t h e  l e s i o n s  r e c o r d e d .  The l u n e ,  l i v e r ,  s p l e e n ,  h e a r t  

b l o o d ,  bone  marrow, l e f t  k i d n e y  and  u r i n a r y  b l a d d e r  w e re  c u l t u r e d  on 

t r y o t o s e  a g a r .  T i s s u e s  f o r  m i c r o s c o p i c  e x a m i n a t i o n  ( l u n g ,  l i v e r ,  

s p l e e n ,  k i d n e y ,  u r i n a r y  b l a d d e r  and  u r e t e r s )  were  f i x e d  i n  Z e n k e r 1 s 

f l u i d  and  p a r a f f i n  s e c t i o n s  were  p r e p a r e d  and s t a i n e d  w i t h  h e m a t o x y l i n  

and  e o s i n  and  by  t h e  Gram-W eiger t  m ethod  f o r  s t a i n i n g  b a c t e r i a  i n  

s e c t i o n s .

A l l  t h e  r a b b i t s  h a d  grosG o r  m i c r o s c o p i c  l e s i o n s  o f  c o c c i d i o s i s  

i n  t h e  l i v e r .  T h i s  may a l s o  a c c o u n t  f o r  some o f  t h e  h i g h e r  t h a n  a v e r a g e  

i n i t i a l  l e u k o c y t e  c o u n t s  o b t a i n e d .  O t h e r  l e s i o n s  w i l l  b e  r e c o r d e d  s e p a ­

r a t e l y .  O c c a s i o n a l l y  t h e  l e s i o n s  r e p o r t e d  i n  t h e  g r o s 9 e x a m i n a t i o n  were  

m i s s e d  I n  s e c t i o n i n g  t h e  t i s s u e ,  b u t  t h e y  w ere  p r e s e n t  i n  a  s u f f i c i e n t  

number o f  c a s e s  t o  a l l o w  a d e q u a t e  d e s c r i p t i o n .  R e p o r t s  on I n d i v i d u a l  

r a b b i t s  f o l l o w .

C ases  1 and  2

R a b b i t s  l a  and  l b  were  i n o c u l a t e d  i n t r a v e n o u s l y  w i t h  c u l t u r e  

No. 1. None o f  t h e  o r g a n i s m s  were  r e c o v e r e d  by c u l t u r e  t e c h n i c  and  no 

g r o s s  o r  m i c r o s c o p i c  l e s i o n s  were  fo u n d .  What a p p e a r e d  t o  be  a clump o f
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o i d s  was s e e n  i n t h e  p e l v i s  o f  t h e  

R a b b i t  l a

r i  gh t k i d n e y o f r a b b i t

Time^1 ) Hb ^ wbc^3 ) m ^ ) L P B S * t <5)

0 12. U 1 3 ,6 0 0  3 60 35 1 1 202U

1 1 1 .0 1 1 ,1 5 0  3 U6 UU 6 1 -

3 1 1 .0 I I .U 50 2 U9 37 9 3 2010

3 n .5 1 2 ,3 5 0  2 5? 3? 6 2 2022

7 u . 5 15 ,^ 50  2 39 51 7 1 2002

9 1 1 . 2 1 1 .8 5 0  3 62 29 6 0 2030

Rabbit lb

0 11.6 12,750 2 62 31 u 1 1763

1 l i . l 5 ,850 1 H6 U2 9 2 -

3 10. U 13,850 u 53 33 7 3 19 lU

5 10. 8 10,900 2 52 38 6 2 1820

7 11.9 16,350 U U3 >+5 7 1 1S16

9 11.3 12,050 3 55 35 6 1 IgUg

(1) Time i n days  a f t e r i n o c u l a t i o n ;  0 i n d i c a , t i  ng th e

r t o i n o c u l a t i o n .

(2) Hemoglob in  i n  grams p e r 100 ml of b l o o d .

( 3 )  L e u k o c y te s  p e r  c u b i c  mm.

(k) Percent of monocytes ,  lymphocytes, pseudoeosinophils,  

basoph ils  and e o s in o p h ils .

( 5 )  Body w e ig h t  i n  grams.

Case 3

R a b b i t  2a  was i n o c u l a t e d  w i t h  c u l t u r e  No. 2. Organisms were  

c u l t u r e d  f rom  t h e  p e l v i s  o f  t h e  k i d n e y  a n d  from t h e  u r i n e .  The l u n g s
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wore s l i g h t l y  c o n g e s t e d .  The k i d n e y s  a p p e a r e d  no rm al  e x c e p t  f o r  t h e  

p r e s e n c e  o f  a  y e l l o w  c o n c r e t i o n  i n  t h e  p e l v i s  o f  t h e  l e f t  k i d n e y  a n d  a  

s l i g h t  p a p i l l a r y  n e c r o s i s  w h ic h  was a l s o  n o t i c e d  i n  t h e  m i c r o s c o p i c  

e x a m i n a t i  on.

Time Hb WBC M L p B E Wt.

0 1 2 .1 9 , 7 0 0 0 63 3b 1 2 2050

1 1 2 . 1 7 , 9 5 0 o U5 bj> 8 0 -

3 1 2 . 1 12 ,U00 H 52 b2 1 1 I 865

5 1 2 .9 2 6 ,5 0 0 3 b 6 30 17 U 1828

7 1 2 .7 1 1 ,1 0 0 3 b s U5 1 2 18 2U

9 1 2 .3 1 8 ,0 0 0 0 53 39 7 1 13 H6

Case ^

R a b b i t  2b was i n o c u l a t e d  w i t h  c u l t u r e  TTo. 2 and  d i e d  on t h e  

s e v e n t h  d ay .  O rg an ism s  w e re  c u l t u r e d  f rom  t h e  k i d n e y  p e l v i s  an d  c o r t e x  

a n d  f rom  t h e  u r i n e .  B o th  k i d n e y s  w ere  e n l a r g e d  and  e x h i b i t e d  c o n g e s t i o n ,  

c o r t i c a l  a b s c e s s e s ,  p a u i l l a r y  e r o s i o n ,  and  p u r u l e n t  b l o o d y  mucous 

m a t e r i a l  i n  t h e  p e l v e s ,  u r e t e r s  a n d  b l a d d e r .  The u r e t e r s  were  e n l a r g e d  

a n d  c o n g e s t e d .  Upon m i c r o s c o p i c  e x a m i n a t i o n  t h e  l i v e r  a n d  s p l e e n  

a p p e a r e d  c o n g e s t e d .  The k i d n e y s  showed edema, c o n g e s t i o n ,  h e m o r rh a g e ,  

d e g e n e r a t i o n  o f  t h e  c o n v o l u t e d  t u b u l e s ,  a b s c e s s e s  i n  t h e  c o r t i c e s  a n d  a t  

t h e  t i p s  o f  t h e  p a p i l l a e ,  a n d  b & c t e r i a l  m a s s e s  i n  t h e  c o l l e c t i n g  t u b u l e s  

a t  t h e  t i p s  o f  t h e  p a p i l l a e .  The p e l v i s  was f i l l e d  w i t h  b l o o d ,  t i s s u e  

d e b r i s  and d i p h t h e r o i d s .  The p e l v i c  e p i t h e l i u m  was n e c r o t i c  and *he  

p e r i p e l v i c  t i s s u e s  w ere  i n f i l t r a t e d  w i t h  f i b r i n ,  e r y t h r o c y t e s  a n d  s e r o u s  

f l u i d .
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Time Hb WBC M L P B X wt.

0 i n .  5 £ . 5 5 0 2 75 19 3 1 2128

1 1 3 .3 3 .7 0 0 1 U3 56 0 0 -

3 1 3 .7 7 , 9 5 0 7 >+9 U p 2 0 19^3

5 1U.8 2 8 ,5 5 0 16 39 33 11 1 1310

Case 5

R a b b i t  3a was i n o c u l a t e d  w i th  c u l t u r e  No. 3* Organisms were  

c u l t u r e d  f rom  t h e  k i d n e y  p e l v i s  and f rom  t h e  "b ladder .  The k i d n e y s  were 

s w o l l e n  and  p a l e  and  e x h i b i t e d  w h i t i s h  s t r e a k s  i n  t h e  m e d u l l a  r a d i a t i n g  

to w a r d  t h e  c o r t e x ,  p a p i l l a r y  n e c r o s i s ,  an d  y e l lo w  n e c r o t i c  f o c i  i n  t h e  

p e l v i c  mucosa .  The u r e t e r s  were s l i g h t l y  e n l a r g e d .  M i c r o s c o p i c a l l y ,  

t h e  k i d n e y s  showed d e g e n e r a t i o n  of  t h e  c o n v o l u t e d  t u b u l e s ,  p a p i l l a r y  

e r o s i o n  c h a r a c t e r i z e d  by  n e c r o s i s ,  c o n g e s t i o n ,  h e m orrhage ,  p s e u d o ­

e o s i n o p h i l s ,  an d  d i p h t h e r o i d s  i n  t h e  n e c r o t i c  d e b r i s  and  i n  s e v e r a l  

c o l l e c t i n g  t u b u l e s .  The p e l v i c  mucosa was n e c r o t i c  and  t h e  p e r i n e l v i e  

t i s s u e  was i n f i l t r a t e d  w i t h  s e r o u s  f l u i d ,  f i b r i n  and  p s e u d o e o s i n o p h i l s .

Ti me Hb WBC M L P B TP Wt.

0 13.3 12,650 1 79 12 2 6 2320

1 12.1 5,350 0 30 60 10 0 -

3 10. U 9,350 9 6U 21 5 1 2332

5 10. U 9 ,650 7 6s 22 2 1 2288

7 13.2 9 ,000 3 3? 62 1 2 225U

9 11.8 io,U 5o 3

Case 6

66 30 1 0 2282

R a b b i t 3b was i n o c u l a t e d w i t h c u l t u r e  No • 3- Organisms

c u l t u r e d  f rom  t h e  k i d n e y  p e l v i s  a n d  from  t h e  b l a d d e r .  No g r o s s  o r  m ic ro ­

s c o p i c  a l t e r a t i o n s  were  a p p a r e n t  b u t  d i p h t h e r o i d s  were  s e e n  i n  t h e
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b l a d d e r ,  u r e t e r and k i d n e y .  These c n r a n i  sr. s were v e r y  l i k e l y  d i f f e r e

from  t h e  ones  i n j e c t e d a 3 j u d g e d  from t h e i r c u l t u r a l c h a r a c t e r i  s t i c s .

Ti me Hb W3C y L P B •a T t .

0 11 .7 ? , 2 CO 3 70 2U 1 o opUO

1 11 . u 7 , 2 5 0 2 U7 50 0 1 tew

X 1 1 .1 1 1 ,0 5 0 6 50 31 3 3 233U

5 11 .8 ? , 300 x S3 32 1 1 ?xoo

7t 1 2 .1 ? ,  200 5 65 26 X 1 2U10

9 12 .3 300 6 59 XI 3 1 p s Uq

Case 7

Babb i  t Ll*. wag i n o c u l a t e d . w i th c u l t u r e  Ho. wi sf ST: S "** c I*S

c u l t u r e d  from t h e  <1 dney p e l v i s .  The k i d n e y s  v e r °  normal  i n  s i z e  and  

c o l o r  bu t  t h e  l e f t  k i d n e y  e x h i b i t e d  r a r i l l a r y  n e c r o s i s  a n 4 a b s c e s s  

f o r m a t i o n  and  t h e  r i g h t  k i d n e y  e x h i b i t e d  v e r y  s l i g h t  u a p i l l a r y  n e c r o s i s .  

S e c t i o n s  d i d  n o t  show t h e  t i n s  of th e  r e n a l  n a v i 11ae ,  h u t  t h e  r e l v i c  

e r o i t h e l i u a  showed s l i g h t  d e g e n e r a t i v e  changes  and t h e  p e r i p e l v i c  t i s s u e s  

c o n t a i n e d  some f i b r i n .  The re  was n e c r o t i c  t i s s u e  d e b r i s  i n  t h e  o e l v i s .

Time Hb 7T3C M L p 3 3 Wt.

0 ' i b . i 1 2 ,1 0 0 1 *3 10 3 3 2266

1 11 . S 3 .550 0 T7> ' 61 1 1 -

X 11 . u 22 ,3 0 0 rD 70 PX*— ̂ 0 1 2111

5 12 .5 1 1 ,6 5 0 5 7U 15 5 1 20X6

7 12 .9 1 6 , bnQ X 61 22 l b C 20X0

c> 13 .2 10 ,7 0 0 0

Case 5

6c XO •3 0 2176

B a b b i t hb wa3 i n o c u l a t e d w i t h c ti — t) u. r e  'To Ho organ!
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c u l t u r e d  f r o m  t h i s  r a h h i t .  The r i g h t  k i d n e y  e x h i b i t e d  a  r>atchy c o n g e s ­

t i o n  o f  t h e  c o r t e x ,  a  s m a l l  w h i t e  f o c u s  i n  t h e  m e d u l l a  a n d  c o n g e s t i o n  o f  

t h e  p a p i l l a .  I n  s t a i n e d  s e c t i o n s  t h e  r i g h t  k i d n e y  showed a  s m a l l  f i b r o t i c  

n o d u le  i n  t h e  i n n e r  m e d u l l a  and  t h e  e p i t h e l i u m  o f  t h e  c o l l e c t i n g  t u b u l e s  

i n  t h e  m e d u l l a  o f  t h e  l e f t  k i d n e y  a p p e a r e d  s l i g h t l y  d e g e n e r a t e d .

Time Hb TOC M L P B s wt.

0 1 2 .1 9 . 8 5 0 0 60 36 2 2 2U00

1 1 2 .5 6 ,5 0 0 2 30 66 1 1

3 1 3 .1 8 ,0 0 0 6 56 32 3 3 2396

5 1 3 .5 U.750 1 51 Hi 6 1 2308

7 1 3 . ? 3 , 2 5 0 1 55 36 7 1 2312

9 1 3 .7 1 0 ,1 0 0 2 U5 Us U l 2UU0

Case 9

R a b b i t  5 a  was i n o c u l a t e d  w i t h  c u l t u r e  No. 5* No o r g a n i s m s  were  

c u l t u r e d  f rom  t h i s  r a b b i t .  The o n ly  l e s i o n s  fo u n d  were  i n  t h e  s t a i n e d  

s e c t i o n s .  T h e r e  was a  s l i g h t  i n c r e a s e  o f  p s e u d o e o s i n o p h i l s  i n  t h e  l u n g ,  

a n d  a  s l i g h t  i n c r e a s e  o f  p h a g o c y t o s i s  o f  b l o o d  p ig m e n t  i n  t h e  s p l e e n .

Time Hb TOC M L P B E TTt.

0 11.8 3 ,950 2 65 30 2 1 2152

1 11.8 7 ,800 0 59 Uo 1 0 -

3 11.8 10,700 5 53 39 2 3 2162

5 12.3 12.750 U 62 28 5 1 2120

7 1U.6 16,800 u 59 3^ l 2 2182

9 12. k 9 ,250 5 US HU 3 0 223s

Case 10

R a b b i t  5b was i n o c u l a t e d  w i t h  c u l t u r e  Ho. 5- No o rg an ism s  were
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c u l t u r e d  from t h i s  r a b b i t .  No f r ross  o r  m i c r o s c o p i c  l e s i o n s  were  a p p a r e n t .

Time Hb WBC M L p B E w t .

0 11. U 9 ,2 5 0 1 76 13 3 2 2300

1 l i . i 5 , Uoo 0 UU 50 5 1 -

3 11 .6 1 3 .7 5 0 2 Ug U5 5 0 2230

5 12 .5 9 ,8 0 0 3 56 31 g 2 2282

7 12.9 1 1 ,050 3 U9 U2 5 1 2335

9 12.U 10,^50 1 5U Ul 2 p 2UUU

T ab le  I I I  

Summary o f  D a ta

TCidney^1  ̂ ( . Wt. o t  end Max.# i n c . ^ ^
C u l t u r e  R a b b i t  L e s i o n s  C u l t u r e  '  Wt. Loss  Comp, t o  Beedn i n  WBC

1 l a - - 22 +6 13

1 lb - - Rone +95 28

2 2a + + 225 - 20U 156

2 2b + + uoo -Uoo 23U

3 3a + + 66 -33 drop

3 313 - None +300 35

U Ua + + 233 -9 0 su

U Ub Hr - 92 +Uo 3

5 5a - - 32 +86 65

5 5b - - 20 +lUU U9

( 1 ) M icrosconic or erross le s io n s in  the ki dneys.

( 2 )  R eco v e ry  of  t h e  o r i g i n a l  o rg an ism  "by c u l t u r e  a t  n e c r o p sy .

( 3 )  Lowest  w e ig h t  r e c o r d e d  d u r in g  e x p e r im e n t  compared to  wele-ht a t  
t h e  b e g i n n i n g  (Grams) .

(U) Weight  a t  t h e  end o f  t h e  e x p e r im e n t  compared to  t h e  w e igh t  a t  
b e g i n n i n g  (Grams) .

( 5 ) The maximum p e r c e n t  i n c r e a s e  i n  t h e  l e u k o c y t e  c o u n t .
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D l s c u s s l o n

The r e s u l t s  o f  t h i s  p r e l i m i n a r y  work i n d i c a t e  t h a t  t h e r e  ware  

marked d i f f e r e n c e s  i n  t h e  m orphology  a n d  p r o p e r t i e s  o f  t h e  c o l o n i e s  

c h o se n  f o r  s t u d y  from s t o c k  c u l t u r e s  w h ich  were  o r i g i n a l l y  i s o l a t e d  from 

c a t t l e  h a v i n g  p y e l o n e p h r i t i s .  T h a t  a l l  t h e s e  v a r i a t i o n s  were  p r e s e n t  i n  

t h e  c u l t u r e s  a a  o r i g i n a l l y  i s o l a t e d  i a  v e r y  d o u b t f u l  and c o u l d  n o t  he  

m a i n t a i n e d .

As may "be n o t e d  "by e x a m i n a t i o n  o f  t h e  p h o t o g r a p h s  and t h e  

c l a s s i f i c a t i o n  o f  t h e  c o l o n i e s ,  t h e  g r e a t e s t  m o r p h o l o g i c a l  d i f f e r e n c e s  

were  b e tw ee n  c u l t u r e  No. 1 and t h e  o t h e r  f o u r  c u l t u r e s .  The m orpho logy  

o f  c u l t u r e s  No. 2 and No. 3 somewhat s i m i l a r  and  a l s o  t h a t  o f  c u l t u r e s  

No. U and  No. 5»

The s e r o l o g i c a l  r e a c t i o n s  o f  Q o ry n e b ac te r iu m  r e n a l e  a r e  a t  b e s t  

none t o o  s a t i s f a c t o r y .  The r e s u l t s  o f  t h e  a g g l u t i n a t i o n  t e s t s  show t h a t  

t h e r e  a r e  a n t i g e n i c  d i f f e r e n c e s  and s i m i l a r i t i e s  be tw een  t h e  d i f f e r e n t  

c u l t u r e s  b u t  t h e r e  i s  l i t t l e  o r  no c o r r e l a t i o n  w i t h  t h e  m o r p h o l o g ic a l  

c h a r a c t e r ! s t i e s  o f  t h e  c o l o n i e s .

The r e s u l t s  o f  t h e  b a c t e r i c i d a l  r e a c t i o n s  shew a f a i r l y  c l o s e  

c o r r e l a t i o n  w i t h  t h e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s .  C u l t u r e  No. 1 was 

t h e  most s u s c e p t i b l e ,  c u l t u r e e  No. 2 an d  No. 3 were t h e  l e a s t  s u s c e p t i b l e  

and  t h e  r e a c t i o n s  o f  c u l t u r e s  No. H and  No. 5 were  i n t e r m e d i a t e .  The 

plasma, u s e d  i n  t h i s  c a s e  v e r y  l i k e l y  c o n t a i n e d  some s p e c i f i c  a n t i b o d i e s  

b e c a u s e  t h i s  an im a l  had  b e en  exposed ,  i n t r a u r a t h r a . l l y ,  I 1' months b e f o r e  

an d  was s t i l l  p a s s i n g  o rg a n i s m s  i n  t h e  u r i n e .  O ther  t e s t s ,  n o t  r e c o r d e d  

h e r e ,  showed t h a t  t h e  p la sm a  from a  cow n o t  p a s s i n g  o rg a n ism s  was l e s s  

p o t e n t  i n  a c t i o n .

The p a t h o g e n i c i t y  t e s t ,  u s i n g  r a b b i t s ,  was o f  c o u r s e  w o e f u l l y  

i n a d e q u a t e  b e c a u s e  so few a n im a l s  were  u sed  to  t e s t  e ach  c u l t u r e .  The
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pflsnj.its ,  s s  summerized  i n  ma b l e  I I I ,  would i n d i c a t e  markeo d i f f e r e n c e s  i n  

p a t h o g e n i c i t y  o f  t h e  c u l t u r e ? .  The b a c t e r i o l o g y ,  p a t h o l o g y ,  end h e m a to lo g y  

of t h e  i n f e c t e d  r a b b i t s  w i l l  n o t  he  d.i s c u s s e d  h e r e  b e c a u s e  t h e s e  s u b j e c t s  

were c o v e r e d  c o r e  t h o r o u g h l y  i n  t h e  f i r s t  n a r t  of t h i s  t h e s i s  ( P a r t  I ) .

The w e i g h t s  o f  t h p s e  r a h h i t s  were  r e c o r d e d  a t  i n t e r v a l s  e ^ t e r  n o t i c i n g  i n  

p r e v i o u s  work t h a t  i n f e c t e d  r a h h i t s  l o s t  w e ig h t  during* t h e  c o u r s e  o f  t h e  

i n f e c t i o n .  I n  g e n e r a l ,  t h e  r a h h i t s  l o s t  w e ig h t  a f t e r  i n o c u l a t i o n  and  t h e  

i n f e c t e d  ones  c o n t i n u e d  to  l o s a w e igh t  w h e rea s  t h e  ones  which  d i d  n o t  

become i n f e c t e d  grained w e ig h t  a f t e r  t h e  i n i t 1**! s l i g h t  l o s s .

I t  i s  a p p a r e n t  t h a t  t h e  c u l t u r e s  which  would l i k e l y  h Q c l a s s e d  a s  

" r o u g h " ,  m o r p h o l o g i c a l l y ,  were  more p a t h o g e n i c  f o r  r a h h i t s  and  l e s s  s u s ­

c e p t i b l e  t o  t h e  h a s t  e r i  c l  d e l  a e t i  on o f  "bovine p lasma a n 4 t h e  c u l t u r e  t h a t  

would most l i k e l y  h e  c l a s s e d  a s  "smooth" was m arked ly  l e g s  p a t h o g e n i c  f o r  

r a h h i t s  and  s o r e  s u s c e p t i b l e  t o  th e  " b a c t e r i c i d a l  a c t i o n  o f  "bovine p la sm a .

I n  t h e  p a s t ,  s u c h  work h a s  b e e n  done on t h e  r e l a t i v e  v i r u l ° n c e  of 

b a c t e r i a l  v a r i a n t s .  I t  i s  n o t  c o n s i d e r e d  d e s i r a b l e  a t  t h i s  t ime  t o  r e v i e w  

t h e  l i t e r a t u r e  on t h i s  s u b j e c t .  Sample r e f e r e n c e s  to  such  work would 

i n c l u d e  D e Z r u i f  ( 1 9 5 1 ) ,  Hudd leson  e t  a l  ( l ? - - f ) ,  and I r w i n  and Teach  ( 1 9 ^ 9 ) .

i. b r i e f  p r e l i m i n a r y  s tu d y  and d i s c u s s i o n  of  t h e  morphology,  

a g g l u t i n a t i o n  r e l a t i o n s h i p s ,  r e a c t i o n  t o  th e  b a c t e r i c i d a l  a c t i o n  o f  

b o v i n e  plasm®., and th e  p a t h o g e n i c i t y  o '  s o r e  o f  th e  co lo n y  t y p e s  found  

ir . s t o c k  c u l t u r e s  o f  T c r m e h a c t e r i u r  r e n a l e  have been  p r e s e n t e d .

At p r e s e n t ,  i t  may be c o n c lu d e d  t h a t  t h e  " rough"  ty p e  of c u l t u r e  

i s  more o s t h c g e n i c  f o r  r a b b i t s  and  more r e s i s t a n t  to  t h e  b a c t e r i c i d a l  

a c t i o n  of b o v i n e  p lasm a  th a n  th e  smooth t y p e .
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