
DOC TORAL DISSERTATION SERIES

TITLE The Diseases Of New-Born
lam bs With Special Emphasis 

On ftacierio- Tafhology__
AUTHOR ChinqJiwi Cheng DATE ms
UNIVERSITY

DEGREE J L 2 PUBLICATION NO. 7QZ
m i n i 1111111 1111111

3

y UNIVERSITY MICROFILMS
H A N N  ARBOR ■ M I C H I G A N



THE DISEASES OE NEWBORN LAMBS WITH SPECIAL EMPHASIS
ON BACTERIOPATHOLOG-Y

Ching-tuan Cheng, T h esis  (Ph.B. )

F i f t y - f iv e  newborn lambs a f fe c te d  w ith  a v a r ie ty  o f d ise a se s  were 

in c lu d ed  in  t h i s  study and the problem was a tta ck ed  h em a to lo g ic a lly ,  

b a c t e r io lo g ic a l ly  and p a th o lo g ic a lly .

The h em ato log ica l in v e s t ig a t io n  c o n s is te d  o f  stu d y in g  the b lood  

from both normal sheep and p a th o lo g ic a l lam bs. The b lo o d  v a lu es  ob ta in ed  

from normal sheep served as a c o n tr o l. The r e s u lt s  were b r i e f ly  summarized 

in  th ree  ta b le s  and d iscu ssed  in  d e t a i l  in  con n ection  w ith  th e in d iv id u a l  

c a s e s .  The average b lood  v a lu e s  o f  normal lambs were -  red  b lood c e l l s

10 .UUU.2S6 per cram, hem oglobin 10 .9  gm. p er  100 cc» w h ite  b lood  c e l l s  

7 ,979  per cmra w ith  d i f f e r e n t ia l  count o f 28# n e u tr o p h ils , 70# lym phocytes,

1$  monocytes and 1# e o s in o p h ils ,  w h ile  th o se  o f  normal ewes were -  red  

b lood  c e l l s  8 , 607*000 per cmm, hemoglobin 10. D8 gm per 100 c c , w h ite  b lood  

c e l l s  8 ,263  w ith  d i f f e r e n t ia l  count o f 30$  n e u tr o p h ils , 65. 25# lym phocytes, 

.^.1# monocytes and U# e o s in o p h ils .     .. ............ ............  ..............  ....

In the b a c t e r i o l o c r 1 s tu d ie s , Ul c u ltu r e s  o f aerob es and J  

anerobes were i s o la t e d  from v a r io u s  c a se s . By means o f m orphological, 

b ioch em ica l, and p a th o g e n ic ity  t e s t s ,  th e se  c u ltu r e s  were id e n t i f i e d  and 

grouped under 9 genera. They were -  S taph ylococcu s, D ip lococcu s, N e is s e r ia ,  

E sch er ich ia , Bacterium , P a s te u r e lla , Corynebacterium, Actinom yces and 

C lostrid ium . Two cu ltu r e s  were undeterm ined. Twenty (U8 . 78# )  o f the U l 

o r ig in a l  a ero b ic  c u ltu r e s  were recovered  from in o c u la te d  m ice, 13 (31*7#) 

o f which were d e f in i t e ly  v ir u le n t .  R abbits were found to  b e  q u ite  r e s is t a n t  

to  the c u ltu r e s  and were not s u ita b le  fo r  p a th o g e n ic ity  t e s t s .

As. a r e s u lt  o f  p a th o lo g ic a l and b a c t e r io lo g ic a l  s tu d ie s ,  15 d if f e r e n t  

d ise a s e s  were diagnose<J> nam ely, w h ite  m uscle d ises-se , s ta p h y lo c o c c ic



in fe d t io n , n avel I n fe c t io n , docking in fe c t io n ,  c a s tr a t io n  wound, "broncho

pneumonia, p a s t e u r e l lo s is ,  enterotoxem ia, m e n in g it is , p e r i t o n i t i s ,  e n t e r i t i s ,  

g a s tr ic  u lc e r a t io n  and p e r fo r a tio n , d ie ta r y  d e f ic ie n c y , co n g en ita l anom alies, 

and an undetermined group. Most o f th ese  d ise a se s  were s tu d ied  more or l e s s  

in  d e t a i l  and a number o f co n d itio n s such as co n g en ita l i n t e r s t i t i a l  broncho

pneumonia, p a ten t ductus a r te r io su s , p a ten t foramen o v a le , g a s tr ic  u lc e r s  

and p e r fo r a tio n , and encephalom alacia were rep orted  fo r  th e  f i r s t  tim e.

The h isto p a th o lo g y  of w hite m uscle d ise a se  in  lambs was s tu d ied  in  

d e t a i l .  The f in d in g  o f  m uscle g ia n t c e l l s  ( s k e le t a l  and card iac) in  the  

c a ses  o f  w hite m uscle d ise a se  and th e ir  s ig n if ic a n c e  in  m yo-regeneration  

are considered  new to m edical sc ie n c e  and o f  v i t a l  im portance in  e x p la in in g  

th e p a th o lo g ic a l phenomena in v o lv ed . The s p e c i f i c  fu n c tio n  o f th e  muscle 

g ia n t c e l l s  and th e  modes o f th e ir  form ation  were f u l l y  d iscu ssed . Their 

fu n c tio n  i s  to  remove the dead m uscle f ib e r s ,  and they were formed e ith e r  

by fu s io n  or by n u clear p r o l i f e r a t io n  w ithout cytop lasm ic d iv is io n .

The ca rd ia c  m uscle was observed to  p o sse s s  the c a p a c ity  fo r  regenera

t io n ,  and t h is  i s  a lso  con sid ered  new to m edical s c ie n c e .

The nature and o r ig in  o f the s o -c a l le d  "anitschkow myocyCe" and 

"Aschoff c e l l* 1 were f u l ly  d iscu ssed  and ev id en ce was g iv en  bearing on th e  

p o s it io n  of th e se  c e l l s  in  th e myocardium. In sh o r t, "Anitschkow myocyte" 

was found to  s im u late  very  much the regen era tin g  card iac m uscle c e l l s  and 

th e "Aschoff c e l l"  the card iac muscle g ia n t  c e l l s .

The fa n cy  and p e c u lia r  terms such as "repair c lu b s of m uscle", 

"m ultinucleated  s y n c y tia l m asses", "large m u ltin u clea ted  p lasm atic  m asses", 

" sy n cy tia l sp rou ts w ith  m u ltip le  n u c le i" , "cytoplasm ic syncytium  w ith  a 

la rg e  number o f n u c le i" , and "m ultinucleated  c e l l s  in  muscle" were ex p la in ed  

and d esig n a ted  as synonyms o f  e ith e r  s k e le t a l  or card iac  m uscle g ia n t c e l l s .

The nature and th e o r ig in  of the s o -c a l le d  "m uskelzellenschlauche"  

o f Waldeyer was d iscu ssed  in  d e t a i l .  T his term d es ig n a te s  a group o f
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regen era tin g  s k e le ta l  muscle c e l l s  to g eth er  w ith  one or more muscle g ia n t  

c e l l s .

The nature and o r ig in  o f the s o -c a l le d  "Aschoff body" was d iscussed*  

This hody i s  probably a  mass o f regen era tin g  card iac m uscle c e l l s  to g eth er  

w ith  one or more card iac m uscle g ian t c e l l s .

A b r ie f  and co n c ise  statem ent was g iven  concerning the p a th o lo g ic a l  

p ro cesses  in v o lv ed  in  muscular d istu rb an ces. The p ro cesses  in v o lv ed  are  

d esign ated  a s  "myo-inflaramation and s c a r - t is s u e  repair"  for  t is s u e  r e a c t io n  

to  s severe in ju r y  and "myo-degeneration and m yo-regeneration" fo r  t i s s u e  

r e a c tio n  toward a mild in ju r y .

A new tech n ic  o f  opening the c r a n ia l c a v ity  fo r  b ra in  exam ination  

was d escr ib ed . T his was done by making a fr o n ta l s e c t io n  through an

im aginary l i n e ,  p a ss in g  through n asal c a v i t i e s ,  f lo o r  of o r b its  and about
d

h a lf  an in ch  above th e  e a rs  u n t i l  i t  reaches! th e  o c c ip i ta l  reg ion  o f th e  

s k u l l .  Then, by g e n t le  t ip p in g  and w ith  th e  h elp  o f th e  b lu n t t ip  o f  a 

p a ir  o f  s c is s o r s ,  a  g rea ter  p art o f th e  b ra in  (th e  e n t ir e  cerebrum) was 

s lip p ed  out o f th e  upper h a lf  o f  the s k u ll  and exposed, le a v in g  th e  

cerebellum  and m edulla ob longata  in  the low er h a lf .

The nature of the v a r io u s  d ise a se s  o f  newborn lambs was s tr e s s e d ,  

and su g g estio n s  were made f o r  th e  co n tro l o f some o f th e  more im portant 

co n d itio n s .
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The d i s e a s e s  o f  new-born  lambs w i t h  s p e c i a l  

emphas i s on b s c t e r i o - p a t h o l o g y

C h i n g - t u s n  Cheng

I • I n t r o d u c t i o n  

Former ly ,  i n  t h i s  c o u n t r y  as e l s e w h e r e ,  most  lambs 

were born i n  May on g r a s s  ( s o - c e l l e d  " g r a s s - l a m b i n g 11) 

and p r a c t i c a l l y  few,  i f  any,  d i s e a s e s  of  the  new-born  

were e n c o u n t e r e d .  Under t h e  p r e s e n t  c o n d i t i o n  o f  m a r k e t 

i n g  lambs e a r l y  i n  t h e  f a l l ,  11 s h ed - l a m b i n g "  d u r i n g  t h e  

e a r l y  s p r i n g  h a s  been p r a c t i c e d .  Of ten  as  a r e s u l t  o f  

i n c l e m e n t  w e a t h e r ,  u n s u i t a b l e  c o n d i t i o n s  and u n s a n i t a r y  

s u r r o u n d i n g s  i n  t h e  sheds  t o g e t h e r  w i t h  o v e r c r o w d i n g ,  t h e  

d i s e a s e s  of  new- born  lambs  have i n c r e a s e d  snd e x t e n s i v e  

l o s s e s  each y e a r  a r e  r e p o r t e d  by f a r m e r s ,  e x t e n s i o n  men, 

and v e t e r i n a r i a n s .  Under t h i s  type of  management ,  a 

number o f  i n t e r e s t i n g  d i s e a s e s  i n  n ew -bo rn  lambs a r e  

e n c o u n t e r e d  and u n f o r t u n a t e l y  not  much d e t a i l e d  work h as  

been  done i n  t h i s  p a r t i c u l a r  f i e l d .  In  o r d e r  t o  g e t  a 

b e t t e r  u n d e r s t a n d i n g  o f  t h e s e  d i s e a s e s  so as t o  form a. 

sound b a s i s  f o r  d i a g n o s i s ,  t r e a t m e n t ,  and c o n t r o l ,  t h e  

p r e s e n t  i n v e s t i g a t i o n  has  b een  u n d e r t a k e n  s i n c e  e a r l y  

s p r i n g  of 1944 and t he  r e s u l t s  a r e  h e r e w i t h  p r e s e n t e d .



I I . H i s t o r i c a l  rev iew

For a h i s t o r i c a l  r e v i e w  of  the d i s e a s e s  o f  new-born  

l ambs,  i t  seemed a d v i s a b l e  to d i v i d e  t h e  l i t e r a t u r e  i n t o  

s e p a r a t e  c a t e g o r i e s  so t h a t  a c l e a r e r  and b e t t e r  i d e a  

c o n c e r n i n g  i n d i v i d u a l  d i s e a s e s  might  be o b t a i n e d .  The 

f o l l o w i n g  c a t e g o r i e s  such a s :  d i s e a s e s  of  new-oorn  lambs

i n  g e n e r a l ,  a r t h r i t i s ,  e n t e r i t i s ,  e n t e r o t o x e m i a ,  pneumonia,  

w h i t e - m u s c l e  d i s e a s e ,  and m i s c e l l a n e o u s  d i s e a s e s  were 

f o l l o w e d .  Under each c a t e g o r y ,  a c h r o n o l o g i c a l  o r d e r  of

i l .  .  “I -i 4- ^  4* v-> ^  •-«»* >?-4- vv ^  n v i  r .  r i  rJs t-s n  -P 4 "F +
l> . l i t :  i i  u CJ- c . u u i  c  c* o  ±  u o  p p c ;  m i  p u  u u x  l a p ,  p o . o  u ±  ±  ± u j  j  u r u  o

w i l l  be o b s e r v e d .

1 • D i s e a s e s  o f  new-born lambs  i n  g e n e r a l  

In 1902,  C r a i g  and Bi t t ing* '* '  were p r o ba b l y  t h e  f i r s t  

i n  t h i s  c o u n t r y  t o  pay some a t t e n t i o n  t o  the  d i s e a s e s  of

s h ee p .  They d i s c u s s e d  such d i s e a s e s  as  wh i t e  s c o u r s  o f

lambs ,  p e r i t o n i t i s ,  e n c e p h a l i t i s ,  c e r e b r o s p i n a l  m e n i n g i t i s ,

and'" a r t h r i t i s .  ’ ' .... """"     "................ ”

G a l l a g h e r  1 s ’" f i r s t  work on " D i s e a s e s  of  Sheep" a p p e a r 

ed i n  1921 and i t  was r e v i s e d  l a t e r 1 by S choen i ng  i n  1933.

In t h i s  b u l l e t i n ,  a number of  d i s e a s e s  r e l a t e d  t o  young lambs 

were d i s c u s s e d  among which were :  n e c r o c a c i l l o s i s  o f  n a v e l s ,

w h i t e  s c o u r s ,  j o i n t  i l l ,  p e r i t o n i t i s ,  and m e n i n g i t i s .  They

b e l i e v e d  t h a t  Act inomyces  n e c r o p n o r u s  was t he  e t i o l o g i c a l

agen t  of n e c r o b a c i l l o s i s , b a c t e r i a  or  p a r a s i t e s  t h e  cau s es  

of  m e n i n g i t i s ,  and Bact e r i u m  c o l i  communis the  c a u s e  of  

w h i t e  s c o u r s .  They a l s o  m e n t i o ne d  t h a t  m e n i n g i t i s  was more

o f t e n  seen i n  l amos t h a n  i n  o l d e r  s h e e p .
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46
J u ng n e r r  end Welch 7 i n  1927,  r e p o r t e d  on lamb 

d i s e a s e s  from Montana.  Of t he  lamb d i s e a s e s  b r o u g h t  t o  

t h e i r  a t t e n t i o n  t h a t  y e a r ,  t h e  most i m p o r t a n t  by f a r  was 

d y s e n t e r y .  The o t h e r  t h r e e  d i s e a s e s — u m b i l i c a l  i n f e c t i o n ,  

c o c c i  d i e s i s ,  and t h e  bra  d s o t - l i k e  d i s e a s e —were a l s o  i n c l u d 

ed but were c o n s i d e r e d  t o  be o f  l e s s e r  i m p o r t a n c e .  They f e l t  

t h a t  the c o c c i  die. must be r e g a r d e d  as p o s s i b l y  p a t h o g e n i c  

f a c t o r s  i n  " s t i f f  lambs" and t h e  w h i t e  muscle  l e s i o n s  o f  a. 

d e g e n e r a t i v e  n a t u r e  were p r o b a b l y  s e c o n d a r y  i n  n a t u r e .

Vi b r i o n  s e p t i d u e  was t h o u g h t  t o  be the'  e t i o l o g y  of  t he  

b r a d s o t - l i k e  d i s e a s e .
4

In 1929,  b a k e r ’s book on "Sheep D i s e as es "  (2nd e d . ) 

was p u b l i s h e d .  In  t he  s e c t i o n  d e a l i n g  w i t h  the  d i s e a s e s  o f  

young lambs,  he ment ioned  t h e  f o l l o w i n g  c o n d i t i o n s :  c o n g e n i 

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

hemorrhage ,  s u f f o c a t i o n ) ,  p i n n i n g  ( r e t e n t i o n  o f  t h e  meconium),

•'•v- - -navei-i-H-j, white- scours*; - go-i-ter~,~ corntrpationy'-etc-^''' -A b r ie f  -

account  of  each d i s e a s e d  c o n d i t i o n  as  t o  i t s  c a u s e ,  symptoms,

end t r e a t m e n t  was g iv en .
59Mar sh (1929)  men t ioned  th e  c o n d i t i o n  of " s t i f f  l ambs" 

as one of  t n e  s e v e r a l  o b s c u r e  d i s e a s e s .  Accor d i ng  t o  him, a t  

l ea s t ,  t h r e e  s e p a r a t e  d i s e a s e s  were o r d i n a r i l y  r e g a r d e d  under

t h e  g e n e r a l  name " s t i f f  l a mb s" ,  and t h e y  were u m b i l i c a l

i n f e c t i o n ,  s t i f f  l ambs ,  and w h i t e - m u s c l e  d i s e a s e .
" 65Two y e a r s  l a t e r  ( 1 9 3 1 ) ,  Miessner  & Koser  ̂ r e p o r t e d  on 

lamb d i s e a s e s  i n  Germany: "About h a l f  o f  a l l  examined lambs

showed a s p e c i f i c  i n f e c t i o n  and,  of  t h e s e ,  i n f e c t i o u s
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pneumonia (B. b i  p o l e r e  ovi  s e p t i c a u m ) was t h e  most  p r e v a l e n t  

(43fo). Other  o r g a n i sm s  i s o l a t e d  f rom c a s e s  of  pneumonia,  were 

B. pyogenes ,  S t r e p t o c o c c i ,  and t he  b a c i l l u s  of  Darnmann-Freese.

B. Ooli was r a t h e r  common (23fo) w h i l e  a n a e r o b e s  were found t o  

a l e s s e r  e x t e n t .  Some of  t h e  n o n - o a c t e r i a l  d i s e a s e s  were
66

a s c r i b e d  t o  d i e t e t i c  e r r o r s . "  In t h e  same y e a r  ( 1 9 3 1 ) ,  M i l l s  

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

i n g  t h e  n a t u r e  and ad v ic e  as  t o  the  t r e a t m e n t :  w h i t e  s c o u r s ,

B. n ec r oph or us  i n f e c t i o n ,  and s p o t t e d  l i v e r  d i s e a s e .
' gQ
In 1932,  M a r s h ' s  a r t i c l e  on " P r e v e n t i o n  of  D i s e a s e s  in  

Young Lamos" was -publ i shed .  The a u t h o r  d e a l t  w i t h  t h i s  sub

j e c t  under  t h r e e  c a t e g o r i e s ,  namely,  d i s e a s e s  due t o  manage

ment of  t h e  ewe d u r i n g  p r e g n a n c y ,  i n f e c t i o u s  d i s e a s e s  

( n e c r o - b a c i l l o s i s ,  a r t h r i t i s ,  d y s e n t e r y ,  pneumonia. ) ,  and 

m i s c e l l a n e o u s  d i s e a s e s .  Under  t h e  l a s t  c a t e g o r y ,  he s p e c i 

f i c a l l y  d i s c u s s e d  s t i f f - l a m b s  or  w h i t e - m u s c l e  d i s e a s e .  The

w-h-i t-e- appearance-...-0 'f - . the- a f  f  ec.te-d...groups, of. .muscle ..f...i b a r s       .

was due t o  a d e p o s i t  of  t r i c a l c i u m  p h o s p h a t e ,  and t h e  d i s e a s e d  

c o n d i t i o n  was b r ou gh t  a b ou t  by a d i s t u r b a n c e  of  n o r m a l  

c a l c iu m and p h o s p h o r u s  b a l a n c e .

Tu rne r "^  i n  1932,  r e p o r t e d  a r a t h e r  l e n g t h y  a r t i c l e  on 

" F i e l d  and. E x p e r i m e n t a l  S t u d i e s  of  Sheep D i s e a s e s " .  He 

c o n s i d e r e d  j o i n t - i l l  (pyemic a r t h r i t i s )  o f  lambs as  a r e s u l t  

of  n a v e l  i n f e c t i o n ,  g o i t e r  a s  i o d i n e  d e f i c i e n c y ,  and s c o u r s  

as  b a c t e r i a l  i n f e c t i o n ,

Howerth (1934)  ' p u b l i s h e d  a b r i e f  account  on t h e  f o l l o w 

i n g  d i s e a s e s  o f  l ambs:  n a v e l  i l l ,  d y s e n t e r y ,  pneumonia ,
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hemor rhagic  s e p t i c e m i a  ( P a s t e u r e l l a  o v i s e p t i c u s ) ,  p o l y 

a r t h r i t i s ,  and w h i t e - m u s c l e  d i s e a s e .  Only g r o s s  l e s i o n s  were  

d e s c r i b e d  f o r  t h e  v?hite muscle  d i s e a s e .
on

In 1936,  Oppermann d e s c r i b e d  two mein d i s e a s e d  c o n d i 

t i o n s  found i n  t h e  l ambing  pen ,  namel y,  t he  p a r a l y t i c  d i s e a s e  

and hemor rhag i c  s e p t i c e m i a  o f  lambs.  The fo rmer  was c o n s i d e r 

ed t o  be c a u s ed  by n a v e l  i n f e c t i o n  and n u t r i t i o n a l  d i s t u r b a n c e ,  

w h i l e  the  l a t t e r  was c a u s e d  by P a s t e u r e l l a  b a c t e r i a  w i t h

d u s t y  hay ana l i t t e r  as  t h e  p r e d i s p o s i n g  f a c t o r s .
70

The Mon ban a. S t a t i o n  wo rke r s  (1937)  p u b l i s h e d  a summary 

of  p r a c t i c a l  i n f o r m a t i o n  d e a l i n g  w i t h  s h e d  s a n i t a t i o n ,  c a r e  

of p r eg nan t  ewes ,  n e c r o b a c i l l o s i s  of  t h e  l i v e r ,  j o i n t  

d i s e a s e ,  p a r a l y s i s ,  d i r t y  e a t i n g ,  w o o l - e a t i n g ,  lamb dysen

t e r y ,  pneumonia,  s o re  e y e s ,  s t i f f  l a m bs ,  and b l a c k l e g .
7 8Two y e a r s  l a t e r  ( 1 9 3 9 ) ,  t h e  Oregon S t a t i o n  p u b l i s h e d  

a p r e l i m i n a r y  r e p o r t  d e a l i n g  wi t h  t h e  c au se  of  f o u r  r ange  

d i s e a s e s  o f  s h e e p ,  such as  l u n g e r  d i s e a s e ,  s t i f f - l a m b s /  lamb 

d y s e n t e r y ,  and pregnancy d i s e a s e ,  b u t  no d e f i n i t e  c o n c l u s i o n s  

were made.
?3

In 1949,  Dyks t ra  e t  a l  s t a t e d  t h a t  " c o n t r o l  o f  sheep  

d i s e a s e s  i s  e s s e n t i a l l y  s  problem of  p r e v e n t i o n  r a t h e r  t h a n  

of  t r e a t m e n t " .  I n  d e a l i n g  w i t h  d i s e a s e s  o f  young l ambs ,  a 

s p e c i a l  d i s c u s s i o n  was g i v e n  t o  each of  t h e  f o l l o w i n g ,  

namely ,  s a n i t a t i o n  a t  l a m b i n g ,  s c o u r s ,  b l a c k l e g ,  c l e a n l i n e s s  

i n  dock i ng  and c a s t r a t i n g ,  m a l i g n a n t  edema,  p o l y a r t h r i t i s ,  

s t i f f  lamb d i s e a s e ,  n a v e l  i l l ,  e t c .  However,  t h e  a u t h o r s  had 

t h e  i d e a  t h a t  " p o l y a r t h r i t i s  and s t i f f  lamb d i s e a s e  were



sometime c l a s s e d  as  t h e  same d i s e a s e ,  b e c a u s e  t h e y  caus e  

i n f l a m m a t i o n  of  t h e  j o i n t s "

In t h e  same y e a r  ( 1 9 4 2 ) ,  an a r t i c l e  e n t i t l e d  " P r e v e n t i n g
98

Lamb Los ses"  was p r e p a r e d  by Thorp . In  t h i s  a r t i c l e ,  t h e  

i mp or t an ce  and means of  p r e v e n t i n g  l o s s e s  of lambs from 

d i s e a s e s  were c o n s i d e r e d .  The a u t h o r  e x p r e s s e d  h i s  i d e a  by 

s a y i n g :  " I t  h a s  been e s t i m a t e d  t h a t  m a r k e t i n g  o n l y  4 / 5  of

a Iamb c r op  means no p r o f i t  f o r  t h e  f a r m e r .  At l e a s t  3 /4  

of  t h i s  l o s s  o c c u r s  d u r i n g  t h e  f i r s t  p o r t i o n  of  t h e  l a m b ' s  

l i f e  and i s  l a r g e l y  p r e v e n t a b l e . "  Nine d i f f e r e n t  d i s e a s e d  

c o n d i t i o n s  such  as  n a v e l  i n f e c t i o n ,  s c o u r s  o r  d y s e n t e r y ,  

pneumonia,  " s t i f f  l ambs" ,  e t c .  , were m e n t i o ne d  and methods 

of  c o n t r o l  were  d i s c u s s e d .

Las t  y e a r  ( 1944) ,  t h e  N a t i o n a l  V e t e r i n a r y  A s s o c i a t i o n
35

of  G r e a t - B r i t a i n  and I r e l a n d  made a r e p o r t  i n  wh ich  some 

d i s e a s e s  of  new-oorn  lambs  were i n c l u d e d .  Among t h o s e  

ment i  r e d  wer e :  lamb d y s e n t e r y  ( Cl .  w e l c h i i ,  Type B),  pulpy

k i dney  d i s e a s e  ( £ 1 . w e l c h i i ,  Type D ) , pyemia ( S t a p h y l o c o c cus  

a u r e u s ) , j o i n t - i l l  ( S t r e p t o c o c c u s  of  L a n c e f i e l d ' s g r ou p  C . ) ,  

E r y s i p e l o t h r i x  i n f e c t i o n ,  and F u s i f o r m i s  n e c r o p h o r u s  i n f e c 

t i o n .  A b r i e f  accou nt  of  t h e  n a t u r e  o f  t h e  d i s e a s e ,  i t s  

d i a g n o s i s ,  symptoms,  p a t h o l o g y ,  t r e a t m e n t ,  and c o n t r o l  was 

g i ven  f o r  most of  t hese  c o n d i t i o n s .

P. A r t h r i t i s  ( p o l y a r t h r i t i s ,  j o i n t - i l l ,  l a m e n e s s ,  

s t i f f  l ambs ,  n a v e l - i l l ,  e r y s i p e l o t h r i x  i n f e c t i o n )

A number o f  d i f f e r e n t  t e r ms  have been u s e d  t o  d e s i g n a t e  

i n f l ammat i on  o f  j o i n t s  r e s u l t i n g  from i n f e c t i o n  such  as :  

a r t h r i t i s ,  p o l y a r t h r i t i s ,  j o i n t - i l l ,  n a v e l - i l l ,  l a m e n e s s ,
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" s t i f f - l a m b s " , and e r y s i p e l o t h r i x  i n f e c t i o n .  Some of  t h e s e  

t e rms  a re  v e r y  m i s l e a d i n g  and cause  a l o t  of  c o n f u s i o n .  For 

th e  sake of  u n i f o r m i t y ,  t h e  t e rm " a r t h r i t i s "  i s  r e - e m p h a s i z e d  

and used h e r e .

From the  l i t e r a t u r e ,  i t  i s  a p p a r e n t  t h a t  two forms of  

a r t h r i t i s  have been e n c o u n t e r e d  i n  l a m b s ,  namely,  t h e  acu t e  

and c h r o n i c  f o rms .  The a c u t e  form i s  n o n - s p e c i f i c  and i s  

a s s o c i a t e d  w i t h  pyogeni c  o r g an i sms  w h i l e  the  c h r o n i c  one i s

s p e c i f i c  and a s s o c i a t e d  w i t h  E r y s i p e l o t h r i x  r h u s i o p a t h i a e .
20

In 1925,  C o r n e l l  and Glover  r e p o r t e d  c a s e s  o f  a r t h r i t i s  

due e i t h e r  to  s t r e p t o c o c c i  or  swine e r y s i p e l a s .  I t  was s t a t e d  

t h a t  more o u t b r e a k s  were f o un d  t o  be c a u s e d  by s t r e p t o c o c c i .

On t he  o t h e r  h and ,  swine e r y s i p e l a s  was r e s p o n s i b l e  f o r  only

one ou t break  d u r i n g  t he  p e r i o d  of  t h e i r  i n v e s t i g a t i o n .
83

Seddon ("192S) made a g e n e r a l  r e v i e w  on t h e  s u b j e c t  of  

" lameness  in  l amb s" ,  and he p o i n t e d  o u t  t h a t  s e v e r a l  Qui te  

d i s t i n c t  a f f e c t i o n s  of  l am bs ,  d i f f e r e n t  i n  c a u s e ,  i n  symp

toms,  and in  age of  a n i m a l s  a f f e c t e d ,  were i n c l u d e d  under  

the term " l a m e n e s s " .
68

Two y e a r s  l a t e r  (1931)  , t he  Montana S t a t i o n  i n v e s t 

i g a t e d  the  same problem i n  lambs from two weeks t o  s e v e r a l  

months of age.  The caus e  of  t h i s  d i s e a s e  was shown t o  be 

an i n f e c t i o n  o f  a s p e c i f i c  b a c i l l u s  which  g a i n e d  e n t r a n c e  t o  

t h e  body t h r o u g h  t h e  n a v e l  c o r d  a t  b i r t h ,  or t h r o u g h  t he  

dock in g  wound. Loss  from t n i s  cause  c o u l d  be p r e v e n t e d  by 

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

by proper  d o ck i ng  t e c h n i c  u s i n g  a h o t  i r o n .  This  same



i n f o r m a t i o n  was l a t e r  p u b l i s h e d  f rom t h e  same S t a t i o n  i n
RQ ,

t h e  same y e a r  , w hi l e  t h e  e t i o l o g i c a l  a g e n t ,  ( swine  

e r y s i p e l a s )  was i d e n t i f i e d  and r e p o r t e d  s i r  y e a r s  l a t e r

(1937) ' .
7?

The Depar tment  of  A g r i c u l t u r e  of  hew South Wales  (1931) 

found two forms of  a r t h r i t i s  i n  lambs and young s h e e p ,  

namely,  a n o n - s u p p u r e t i v e  s p e c i f i c  i n f e c t i o n  (E. r h u s i o p a t h i a e  

and 8 n o n - s p e c i f i c  type a s s o c i a t e d  w i t h  p yogen i c  o rgan i sms

(B. pyogenes ) .
43

In 1933,  Howarth d e s c r i b e d  c a s e s  of  p o l y a r t h r i t i s  

which appear ed  i n  lambs a f t e r  dock in g  and c a s t r a t i n g .  A

s t r a i n  of E. r h u s i o p a t h i a e  was found t o  be t he  c a u s a l  a g e n t .

,  ̂ 89 In the  same y e a r  ( 1 9 3 3 ) ,  Seddon worked w i t h  a s p e c i f i c

a r t h r i t i s  in  s h e e p  which was d e f i n e d  as  a s y n o v i t i s  and o s t e o 

a r t h r i t i s  due t o  a s p e c i f i c  D a c i l l u s  ( r e s e m b l i n g  B. pyog e n e s ) ,  

and m a n i f e s t e d  by l am enes s .  I t  a f f e c t e d  sheep from four  weeks 

,.to-« . seventeen -mantJxs- of -age- .  • ^Attempts...  to-d:re-at  ""the' - c o n d i t i o n  

f a i l e d .

B l a k e m o r e ^  d e s c r i b e d  a d i s e a s e  ( j o i n t - i l l )  o f  lambs i n  

1939.  This  d i s e a s e  was c h a r a c t e r i s e d  by l a m e n e s s ,  r a p i d  

e m a c i a t i o n ,  s u p p u r a t i o n  of  j o i n t s ,  s y n o v i a l  b u r s a l  and tendon  

s h e a t h ,  out o t h e r  pyemic ch an ges  were v e r y  r a r e l y  o b s e r v e d .

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

L a n c e f i e l d ' s  Group C was i s o l a t e d  f rom the  a f f e c t e d  lambs 

and the  d i s e a s e  was e x p e r i m e n t a l l y  r e p r o d u c e d .  The a f f e c t e d  

lambs were t r e a t e d  wi t h  s e v e r a l  d a i l y  d o s e s  of  1 . 5  grams of  

s u l f a n i l a m i d e  and t h e  r e s u l t s  were very  s a t i s f a c t o r y .



3.  E n t e r i t i s

Only two r e f e r e n c e s  have  been n o t i c e d  i n  c o n n e c t i o n

w i t h  t h i s  d i s e a s e ,  end b o t h  h appened  t o  be p u b l i s h e d  i n  t h e  

same y e a r  ( 1 9 3 3 ) .  However ,  t he  e n t i t y  of  t h e s e  c a s e s  i s

d o u b t f u l .
17Car3 r e p o r t e d  t h a t  l ambs  14-30 days  old. s u f f e r e d  

from 8 d i s e a s e  i n  which t h e  a f f e c t e d  lambs showed s t i f f n e s s  

wi t h  muscle i n f l a m m a t i o n  and d e g e n e r a t i o n .  These l a m e s ,  

when f e d  on m i l k ,  r e c o v e r e d  c o m p l e t e l y  i n  2-3 d a y s .  He 

fciti upiuu"t6 u th e  c a u s e  ot  o h i s  uon&i oiou uo uiic iugfcisuion 01 

c o a r s e  food u n s u i t a b l e  f o r  a young lamb and e n t e r i t i s  r e s u l t e d .
I

J u d g i n g  .from t h i s  r e p o r t ,  Care might  have  been d e a l i n g  wi t h

a case  of w h i t e - m u s c l e  d i s e a s e .
39H e l l e r  found c a s e s  of i n f e c t i o u s  e n t e r i t i s  o f  young 

lambs i n  C a l i f o r n i a .  h e men t ioned  t h a t  " i t  a p p e a r s  t o  be o f  

t h e  e n t e r o t o x e m i a  type  of  i n f e c t i o n ,  as  i t  can r e g u l a r l y

" be thenWni t Ted‘' l jy ' o r a l  a d m i n i s t r a t i o n  oi  T i i T e r e d  i n t e s t i n a l

c o n t e n t s " .  However ,  t h e  a u t h o r  c o n s i d e r e d  t h a t  " i t  i s  h i g h l y  

i mprobable  t h a t  an anae r obe  c a us e s  t h e  d i s e a s e " ,  b e c a u s e  he 

was un ab le  t o  i s o l a t e  from such  c a s e s  any b a c t e r i a  o t h e r  t h a n  

c o l on  b a c i l l i  which would p r oduce  a p o i s o n  c a p a b l e  of  p r o 

d u c in g  i n f e c t i o u s  e n t e r i t i s .

4. E n t e r o t o x e mia (Pulpy  k i d n e y  d i s e a s e ,  

b r a d s o t - l i k e  d i s e a s e ,  e t c . )

This d i s e a s e  has  oeen i n v e s t i g a t e d  by q u i t e  a number 

o f  r e s e a r c h  w o r k e r s  and r e f e r e n c e s  were r e c e n t l y  c o l l e c t e d  

by t h e  w r i t e r .  In t n i s  a r t i c l e ,  however ,  only some of  the 

more i m p o r t a n t  works  a r e  p r e s e n t e d .



i n v e s t i g a t i o n s  c a r r i e d  ou t  upon t h e  e t i o l o g y  of  i n f e c t i o u s  

e n t e r o t o x e m i a  i n  A u s t r a l i a ,  and i t  was found t h a t  t h e  c a u s a l  

organism was a new s p e c i e s  of  anae r obe  c l o s e l y  r e l a t e d  t o  

Cl ,  w e l c h i i , t h e  lamb d y s e n t e r y  b a c i l l u s ,  and Cl ,  p a l u d i s . 

I n t e s t i n a l  s t a s i s  was t h o u g h t  to  be t h e  p r e d i s p o s i n g  f a c t o r  

which e n a b l e d  t h e  organi sm t o  p r o l i f e r a t e  i n  t h e  i n t e s t i n e  

and produce an e x o t o x i n .  Ac t i ve  i mm un i za t i o n  was r e p o r t e d  

t o  g i ve  p r o m i s i n g  r e s u l t s .

Four y e a r s  l a t e r  ( 1 9 3 6 ) ,  Bought on and Hardy1 1  r e p o r t e d  

o u t b r e a k s  of  t he  d i s e a s e  i n  Texas.  The c a u s a l  o rgan i sm was 

i d e n t i f i e d  as  Cl_, we lc h i i  Type D. Th i s  was the  f i r s t  t ime 

t h a t  t he  Cl .  w e l c h i i  Type D e n t e r o t o x e m i a  was r e p o r t e d  i n  

t h i s  c ou n t r y .
74

Newsom and Thorp , i n  1938,  were a b l e  t o  d e m o n s t r a t e  

t h a t  4-5fo i n t e s t i n a l  f i l t r a t e s  from 956 lambs dead of  ove r 

e a t i n g  were shown t o  be t o x i c  f o r  l a b o r a t o r y  a n i m a l s ,  and 

19 out  of 90 of  t h e  f i l t r a t e s  proved f a t a l  t o  s h e e p  when 

i n j e c t e d  i n  amounts  v a r y i n g  from 5 t o  50 c c .  H e a t i n g  the
o

f i l t r a t e s  t o  60 C. f o r  30 m in u t e s  r e n d e r e d  them a t o x i c .  

The t o x i n  was n e u t r a l i z e d ,  oy a n t i  s e r a  made from Cl .  w e l c h i i  

Types B and D, but  no t  by Types A and C. They c o n c l u d e d  

t h a t  "whi le o v e r e a t i n g  seems to  d i f f e r  f rom e n t e r o t o x e m i a  

on the  b a s i s  o f  symptoms end. l e s i o n s ,  t h e  i n t e s t i n a l  con

t e n t s  of  lambs dead of  t h e  two d i s e a s e s  c o n t a i n  t o x i c

s u b s t a n c e s  t h a t  seem t o  be i d e n t i c a l " .
84

In the  same y e a r  ( 1 9 3 8 ) ,  R o b e r t s  d e s c r i b e d  a s imple
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method by which s he ep  c o u l d  be made t o  succumb t o  e n t e r o 

toxemia  by i n g e s t i o n  of t h e  c a u s a l  o r g an i sm .  He employed 

bo t h  in  v i t r o  and i n  v i vo  e x p e r i m e n t s  by u s i n g  a  d e f i n i t e  

amount of Cl .  w e l c h i i  Type D and a v a r y i n g  amount o f  mi lk ,  

and was a b l e  to  produce  the  d i s e a s e  a t  w i l l .  In  c o n c l u s i o n ,  

he p o i n t e d  out  t h a t  the  l a r g e  amount o f  c a s e i n  p r e s e n t  a f t e r  

i n g e s t i o n  of  l a r g e  q u a n t i t i e s  of  mi lk  woul d  r ed uce  t he  ac id  

of  the abomasum f o r  a s u f f i c i e n t  l e n g t h  o f  t ime t o  a l low 

C l . w e l c h i i  Type D to  p r o p a g a t e  and p r oduce  enough t o x i n  t o  

c aus e  the  d i s e a s e .  For t h e  same r e a s o n ,  a. lamb t h a t  i n g e s t e d  

a s m a l l  amount 01 mi lk would have l e s s  c a s e i n  so t h a t  t h e  

f r e e  a c i d  of  t h e  abomasum would i n h i b i t  t h e  b a c t e r i a l  growth 

and c o n s e o u e n t l y  no d i s e a s e  would o c c u r .
90

The n e x t  y e a r  ( 1934) ,  Shaw, Muth,  and S e g h e t t i  r e p o r t 

ed on the  o c c u r r e n c e  of  " pu lpy  k i dney"  d i s e a s e  in  Oregon and 

C l . p e r f r i n g e n s  Type D was f o un d  t o  be t h e  c a u s e .  Methods 

of  p r e v e n t i o n  by t h e  us e  o f  a n t i t o x i n s  were t r i e d  and proved 

’s u c c e s s f u l .
IS

Boughton & Hardy , i n  1941,  gave a g e n e r a l  ac co u n t  of  

t h e  d i s e a s e  as i t  o c c u r r e d  i n  lambs and k i d s  of  Texas and 

t h e y  s t r e s s e d  as  c o n t r o l  m eas ures  e i t h e r  p a s s i v e  i mmuniza t ion  

of  s u s c e p t i b l e  an imal s  o r  r emova l  t o  r o u g h ,  h i l l y  and s p a r s e  

g r a s s  p a s t u r e  t o g e t h e r  w i t h  penn ing  t h e  an i mal s  o v e r n i g h t  

i n  a dry l o t .
7cj

In the same y e a r  ( 1 9 4 1 ) ,  Oregon S t a t i o n  w o r k e r s  " were 

a b l e  to  i s o l a t e  e l e v en  d i f f e r e n t  s t r a i n s  of  t h e  o rgan i sm 

r e s p o n s i b l e  f o r  "pulpy Kidney"  d i s e a s e .  Al l  t h e  s t r a i n s  

were found t o  be p o t e n t  t o x i n  p r o d u c e r s .
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14
Las t  y e a r  ( 1944) ,  B r i t t o n  and Cameron made a r e p o r t

of  t e n  o u t b r e a k s  of s o - c a l l e d  e n t e r o t o x e m i a  i n  C a l i f o r n i a ,

and they  f e l t  t h a t  " the t h e o r y  t h a t  i t  i s  due to  a b s o r p t i o n

of  t he  t o x i n  of  Cl .  w e l c h i i  Type D i s  i n a d e q u a t e " .  They

a p p a r e n t l y  b e l i e v e d  t h a t  t h e  c h i e f  e t i o l o g i c a l  f a c t o r  i n

t h e s e  o u t b r e a k s  was t he  q u a n t i t y  and q u a l i t y  of  t h e  r a t i o n

and the  mechanism i n  f a t a l  c a s e s  a p p e a r e d  s i m i l a r  t o  t h a t

o p e r a t i n g  i n  " i n h i b i t o r y  i l e u s "  of  human b e i n g s .  They

c a r r i e d  on some e x p e r i m e n t s  s i n c e  l a s t  y e a r  i n  o r d e r  t o

s u b s t a n t i a t e  t h i s  t h e o r y .  The r e s u l t s  were  p u b l i s h e d  t h i s  
l b

y e a r  and i n  summary, t h e y  c l a i med  t h a t  s o - c a l l e d  e n t e r o 

toxemia  was a  form of  a c u t e  i n d i g e s t i o n  r e s u l t i n g  from 

p r imary  i n t e s t i n a l  a tony .

6 - Pneumonia (bronchopneumonia ,  l a i k i p i s  l u n g  d i s e a s e ,

p l europneumoni  a.,)

95
In 1993,  Spray'  ' made a b a c t e r i o l o g i c a l  s t u d y  of

pneumonia i n  sheep.,. .Two t y p e s  of pneumonia. . jyere. . .s tudied,* —  -

namely,  a r a t h e r  edematous  t y p e  f r e q u e n t l y  o b s e r v e d  in  

s p r i n g  lambs and a p u r u l e n t  c h r o n i c  t y p e  found i n  o l d e r  sheep .  

He i s o l a t e d  P a s t e u r e l l a  o v i s e p t i c u m , a g r a m - p o s i t i v e  

d i p l o e o c c u s ,  and a g r a m - n e g a t i v e  d i p l o c o c c u s .  The P a s t e u r e l l a e  

were found h i g h l y  p a t h o g e n i c  f o r  mice ,  gu i nea  p i g s ,  and

r a b b i t s .

„  4 .4 . 63Mettam , i n  1930,  d e s c r i b e d  a d i s e a s e  known a s  " l a i k i p i a  

l u n g  d i s e a s e "  i n  sheep and lambs.  In  f a c t ,  t h i s  c o n d i t i o n  

i s  a p l eu ro -p ne umo n ia .  Th i s  d i s e a s e  r a n  an ac u t e  c o u r s e  i n  

lambs and y e a r l i n g s  bu t  was g e n e r a l l y  c h r o n i c  i n  a d u l t s .
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C e r t a i n  c o m p l i c a t i o n s  such as  a c u t e  a r t h r i t i s ,  n e c r o t i s  

l e s i o n s i n  t h e  mouth,  and a c u t e  o p h t h a l m i a  were a l s o  found.

The c a u s a l  o rg an i s m mas a p l eo mor ph i c  g r a m - n e g a t i v e  cocco-  

b a c i l l u s  which was p a t h o g e n i c  f o r  t h e  g u i n e a  p i g s ,  r a b b i t ,  

g o a t ,  sheep,  and c a t t l e ,  b u t  no t  f o r  p i g e o n s .

Two y e a r s  l a t e r  (193P), D e l p y ^  r e p o r t e d  c a s e s  of  pneumo

e n t e r i t i s  i n  s h e e p  from P e r s i a .  Accor d i ng  t o  t h e  pos t -mor tem 

l e s i o n s  t h r e e  c l i n i c a l  t y p e s  were d e s c r i b e d ,  namel y,  a 

pneumonic t y p e ,  a type c h a r a c t e r i z e d  by i n t e s t i n a l  c o n g e s t i o n ,  

and a t h i r d  t y p e  which p r e s e n t e d  l e s i o n s  s i m i l a r  t o  hemor rhag i c  

s e p t i c e m i a .  Two o r g a n i sm s ,  a P a s t e u r e l l a  and an u n d e t e r m i n e d  

g r a m- ne ga t i v e  r o d ,  were i s o l a t e d  from such c a s e s .  An immune 

serum was p r e p a r e d  from s h e e p  and a  f o r m a l i z e d  b a c t e r i n  was

p r e p a r e d  and e a c h  p roved  s a t i s f a c t o r y .
49

In  1939,  Koshelev made i n v e s t i g a t i o n s  on t h e  e t i o l o g y  

of  pneumonia i n  sheep  and lambs  i n  t h e  Crimea,  R u s s i a .  The

-  ■ - - c l i n i c a l ,  • pos t - raontem -f-in d in g s /  a n d : a t  iology* o f ‘ t h e  -d i sease* ' '

were d i s c u s s e d .  Var ious  b a c t e r i a  such as  Bac te r i um c o l i ,  

S a l mo ne l l a  p a r a t y p h i , Pseudomonas p y o g e n e s , and v a r i o u s  

c o c c i  were i s o l a t e d  from t h e  c a r c a s s e s  of  77 lambs  and 

5 sheep ,  but  t h e y  were a l l  c o n s i d e r e d  s econda ry  i n v a d e r s .  

Ex pe r im en t a l  t r a n s m i s s i o n  i n  l a b o r a t o r y  an i mal s  and lambs 

f a i l e d .  S p e c i f i c  t r e a t m e n t  w i t h  v a r i o u s  s e r a  was of  l i t t l e  

v a lu e  but  t he  improvement  o f  h y g i e n i c  c o n d i t i o n  was con

s i d e r e d  t o  be e f f e c t i v e .

Bes id es  t h e s e  s p e c i a l  r e f e r e n c e s ,  pneumonia of  lambs
11 65was a l s o  r e p o r t e d  or c o n s i d e r e d  by M ies sn er  and Koser
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70
Marsh60, H o w a r t h 4?, V e t e r i n a r y  R e se a r c h  L a b o r a t o r y ,  Montana ,

Q Q

end Thorp . These r e f e r e n c e s  were p r e v i o u s l y  men t i on ed  i n

t h i s  a r t i c l e .

6 . Whi te  Muscle d i s e a s e  ( " s t i f  f - l amb "  d i s e a s e )

White musc le  d i s e a s e  or  s o - c a l l e d  " s t i f  f - l amb"  d i s e a s e
64

was f i r s t  r e p o r t e d  and d e s c r i b e d  by Metzger  and Hagan i n  

19?7 from hew York.  I t  a f f e c t e d  lambs  f rom two t o  e i g h t  

weeks of age and was m a n i f e s t e d  c h i e f l y  by a d i s t u r b a n c e  of  

l ocomot ion  t h a t  u s u a l l y  became worse u n t i l  e i t h e r  t h e

I . . . .  j  _ . a. n  v - .  j - b  .  _ - I - ______________ — m u  _ _____a i u u i a i s  u i e u  or  wex'e uebt i*uy e a  uy uuc u m i c r ,  i u c  *juu—

d i t i o n  was due t o  mu scu l a r  c h an ge s ,  t h e  cause  o f  which was 

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

an i n f e c t i o n .  The l e s i o n s  of  the  s k e l e t a l  muscle  and h e a r t  

were b r i e f l y  d e s c r i b e d  b o t h  m a c r o s c o p i c s l l y  as w h i t i s h  

p a t c h e s  and m i c r o s c o p i c a l l y  as d e g e n e r a t i v e  and n o t  i n 

f lammatory i n  n a t u r e .  There was p r a c t i c a l l y  no c e l l

In f i ' l ' t rh t io n  byt;'pblymorphohucIear"‘?)r!hither wanderingfreTls

However,  an o c c a s i o n a l  p h a g o c y t i c  c e l l  was o b s e r v e d .

In t h e  same y e a r  ( 1 9 2 7 ) ,  t h i s  d i s e a s e  was r e p o r t e d  from
4- -o

Montana by J u n g h e r r  and Welch but  i t  was r e g a r d e d  as  

secondary  t o  c o c c i d i o s i s .
103Two y e a r s  l a t e r  ( 1 9 2 9 ) ,  Welch,  Marsh,  and T u n n i c l i f f  

r e p o r t e d  t h i s  d i s e a s e  a g a i n  in  Montana.  Tne d i s e a s e  o c c u r r e d  

l a r g e l y  in  lambs c o n f i n e d  t o  smal l  pens  and shed d u r i n g  t h e  

f i r s t  two or  t h r e e  weeks o f  t h e i r  l i f e ,  f o l l o w e d  by an 

u n u s u a l  amount of  e x e r c i s e  on p a s t u r e .
* 7 7

The f o l l o w i n g  y ea r  ( 1 9 3 0 ) ,  i t  was r e p o r t e d  f rom Oregon
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A chemica l  a n a l y s i s  of  t h e  w h i t e  muscle  from lambs was made 

and about  0 . 9  p e r  c e n t  o f  c a l c i u m  was found  as  compared t o

0 . 1 2  per  c e n t  c a l c i um  i n  t h e  normal  musc le  of  t h e  a n i m a l s .

In the  same y e a r ,  workers  a t  New York ( C o r n e l l )  S t a t i o n  

were a.ole t o  p r o d u c e  t h e  d i s e a s e  e x p e r i m e n t a l l y  by f e e d i n g  

t h e  p regnan t  ewes wi th  h i g h - p r o t e i n  g r a i n  r a t i o n  p l u s

a l f a l f a  hay combined wi t h  l i m i t e d  e x e r c i s e .
58In 1931,  Heath' '  r e p o r t e d  on t h e  o c c u r r e n c e  of  " s t i f f

d i s e a s e 11 o f  l ambs  i n  A l b e r t a ,  Canada,  and i s o l a t e d  an a c i d -

f a s t  b a c i l l u s .  I t  would seem t h a t  H e a t h ' s  work was n o t  done

on a t r u e  c a s e  of  w h i t e - m u s c l e  d i s e a s e .  The Montana
88

A g r i c u l t u r a l  E x p e r i m e n t a l  S t a t i o n  (1931)  c a r r i e d  on an 

exper iment  w i t h  lambs and p r oved  t h a t  l a c k  of  e x e r c i s e  and

s u n l i g h t  would n o t  produce s t i f f  lambs as  was s u s p e c t e d  two
10 4

y e a r s  b e f o r e .  M l l m e n  e t  a l  (1931) conf i rmed  t h e  e a r l i e r  

work i n  p r o du c i ng  t he  d i s e a s e  e x p e r i m e n t a l l y  by f e e d i n g  

p r e g n a n t  ewes h i g h  p r o t e i n  g r a i n  m i x t u r e s  t o g e t h e r  wi th  

a l f a l f a  or  c l o v e r  hay combined w i t h  a l a c k  of  e x e r c i s e .  In 

t h e  seme r e p o r t ,  t he  a u t h o r s  men t io ne d  t h a t  t h i s  d i s e a s e  

had been r e p o r t e d  from P e n n s y l v a n i a ,  Mary land ,  Ohio,  Michigan,

W i sc o ns in ,  Montana,  Oregon, and Nevada.
SO

Marsh , i n  1932,  m e n t i o n e d  t h a t  t h e  w r i t e  a p pe a r a nc e  of  

muscle f i b e r s  i n  " s t i f f  l ambs"  d i s e a s e  was due t o  a d e p o s i t  

of  t r i c a l c i u m  phos pha te  and c l a i med  t h a t  t h e r e  was a d i s t u r 

bance of  norma l  ca l c i um and phosphorus  ba lance  i n  t h e  

a f f e c t e d  lambs.

93
In 1934,  S l a g s v o l d  and Lund- Lar sen   ̂ d e s c r i b e d  a p e c u l i a r
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d i s e a s e  of  young lambs and c a l v e s  i n  Norway. The c h i e f  

l e s i o n s  c o n s i s t e d  of m us c u l a r  d e g e n e r a t i v e  chan ges ,  hav ing  

some s i m i l a r i t y  t o  h y a l i n e  d e g e n e r a t i o n  bu t  d i f f e r i n g  from 

it, by a more pronounced t end en cy  t o  d e p o s i t i o n  of  c a l c i u m .

No s p e c i f i c  o r gan i sm or  c o n d i t i o n  was d e m o n s t r a t e d  as  t h e  

c a u s e .  Adequate r a t i o n s  of  m i n e r a l s  and v i t a m i n s  g i v en  t o  

p r e g n a n t  ewes was c o n s i d e r e d  as  an e f f e c t i v e  p r e v e n t i v e  

measure .  A p p a r e n t l y ,  t h e  a u t h o r s  were d e a l i n g  w i t h  wh i t e  

muscle  d i s e a s e .
105

In t h e  same y e a r  ( 1 93 4) ,  wi l iman e t  a l  p u b l i s h e d  t h e  

r e s u l t s  of  f o u r  y e a r s '  work and gave a r a t h e r  e x t e n s i v e  

account  of  t h e  c au se  and h i s t o p a t h o l c g y  of  " s t i f f - l s m b "  

d i s e a s e .  They were a b l e  t o  produce t h i s  c o n d i t i o n  by f e e d 

i n g  th e  p r e g n a n t  ewes a r a t i o n  ( th e  " s t i f  f - l a m b '1 r a t i o n )  

c o n s i s t i n g  of  s e c o n d - c u t t i n g  a l f a l f a  hay and a m i x t u r e  of 

3 p a r t s  of o a t s ,  3 p a r t s  o f  b a r l e y ,  and 4 p a r t s  o f  c u l l  

beans ,  and p r o v e d  t h a t  n e i t h e r  e x e r c i s e  f o r  the  ewes d u r i n g  

the  w i n t e r  n o r  heavy f e e d i n g  of  c o n c e n t r a t e s  or  c r e e p - f e e d i n g

of  the lambs was t he  c h i e f  c a u s a l  f a c t o r .  They a g r e e d  wi th
84

Metzger  and H a g a n ' s  work i n  most r e s p e c t s  but  c l a i m e d  t h a t  

clumps of mononuclear  p h a g o c y t e s  and n e u t r o p h i l s  were found 

in the  l e s i o n s .

The n e x t  y e a r  (1935) ,  Lee and S c r i v n e r 1' made a. s tudy  of  

c a s e s  of " s t i f f - l a m b s "  i n  Wyoming. They found t h a t  t h e  g r o s s  

l e s i o n s  were somewhat v a r i a b l e  and c o n s i s t e d  of  a r t h r i t i s ,  

w h i t e  s k e l e t a l  muscle l e s i o n s ,  g r a y i s h  whi t e  a r e a s  and 

s t r e a k s  in  the  h e a r t  and i n  t h e  k i d n e y s .  M i c r os c o p i c  examina

t i o n  of t he  w h i t e  s k e l e t a l  muscle  l e s i o n s  showed d e g e n e r a t i o n ,
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c e l l u l a r  and c a l c i u m  s a l t  i n f i l t r a t i o n s . The h e a r t  and 

k i d n e y  l e s i o n s  were  found  t o  be a r e a s  of  c o a g u l a t i o n  

n e c r o s i s  and p u r u l e n t  f o c i .  Chemical  e x a m i n a t i o n  showed 

an i n c r e a s e  i n  c a l c i u m  and p h o s p h o r u s .  B e s i d e s ,  t h e  a u t h o r s  

were a b l e  t o  i s o l a t e  t h r e e  d i f f e r e n t  k i n d s  of  b a c t e r i a  

f rom h e a r t  b l o o d ,  namely ,  b i - p o l a r  r o d s ,  c o c c i ,  and 

n o n - s p o r e - f o r m i n g  r o d s ,  and t y p i c a l  l e s i o n s  were r e p r o d u c e d  

e x p e r i m e n t a l l y  i n  lambs and  r a ' b b i t s  by means o f  i n o c u l a t i o n  

w i t h  t h e s e  b a c t e r i a .  A p p a r e n t l y ,  Lee and S c r i v n e r  were 

d e a l i n g  w i t h  c a s e s  of  w h i t e  -muscle  d i s e a s e  c o m p l i c a t e d  by 

b a c t e r i a l  i n f e c t i o n .
10 6

Willman e t  a l  (193-5) sough t  t o  d e t e r m i n e  i f  t h e  

d i s e a s e  was c a u s e d  by a l a c k  of  v i t a m i n  C ( a s c o r b i c  a c i d ) .

They co u l d  n o t  p r e v e n t  t he  d i s e a s e  by t h e  a d d i t i o n  o f  a s c o r b i c  

a c i d  t o  t h e  n ew- born  l a m b s .  These l ambs  were f rom ewes f e d  

w i t h  " s t i f f  l amb" r a t i o n  as  l o n g  as  f i v e  weeks a f t e r  b i r t h .

The r e s u l t s  i n d i c a t e d  t h a t  t h e  d i s e a s e  was n o t  due t o  a 

v i t a m i n  C d e f i c i e n c y .
107

In 1936,  Wi l lman e t  a l  t r i e d  t o  t e s t  w h e t h e r  t h e  hay 

was th e  c au se  o f  t h e  t r o u b l e .  The s o - c a l l e d  " s t i f f - l a m b  

r a t i o n "  was f e d  t o  t h e  ewes cut  mixed c l o v e r  and t i m o t h y  hay 

was us e d  i n  p l a c e  of  a l f a l f a  h ey .  Ten of  t h e  19 l ambs  i n  

t h i s  l o t  became s t i f f ,  wh i ch  i n d i c a t e d  t h a t  t h e  c o n c e n t r a t e  

m i x t u r e  and n o t  the hay was t h e  p r i m a r y  cause  o f  t h e  d i s e a s e .

In 1937,  t h r e e  a r t i c l e s  d e a l i n g  w i t h  v a r i o u s  p h a s e s  o f  

w h i t e - m u s c l e  d i s e a s e  a p p e a r e d .  A n d e r s o n ' s  a r t i c l e  s t a t e d  

t h a t  "the c a l c i u m  of  t h e  serum of  l ames  a f f e c t e d  w i t h  s t i f f - i a m o
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d i s e a s e  was l ower  and the pho s ph o ru s  h i g h e r  t h a n  t h a t  of

normal  lambs.  Many of the  d i s e a s e d  lambs  showed h i g h e r

g l u c o s e  and. n o n - p r o t e i n  n i t r o g e n  v a l u e s ,  and l ower  c h l o r i d e

v a l u e s  t h an  n o rm a l  l ambs . "  The s econd  a r t i c l e  was from t h e
70

Montana V e t e r i n a r y  R es e a r c h  L a b o r a t o r y  which summarized

t he  e x t e n t  of  t h e  d i s e a s e  as  f o l l o w s :  "On some f a r ms  t he

l o s s e s  due t o  w h i t e - m u s l c e  d i s e a s e  r e a c h e d  30-  40$ and on

o t h e r s ,  5$ or  l e s s .  A t h i r d  of  them e v e n t u a l l y  r e c o v e r e d . "

The t h i r d  a r t i c l e  on " s t i f f - l a m b s "  was p u b l i s h e d  by t h e
114

Wyoming Depar tment  of V e t e r i n a r y  S c i e n c e  and a p a r a g r a p h  

of  i t  r e a d  as  f o l l o w s :  "A farm f l o c k  of  about  400 ewes

p ro du ced  about  1 0  per  c e n t  s t i f f  l ambs  one y e a r  w i t h o u t  

n a v e l  i n f e c t i o n  when fed  on r a t h e r  poor  w i n t e r  roughage  

supplemented  by n a t i v e  hay d u r i n g  s tormy w e a t h e r .  For  two 

y e a r s  f o l l o w i n g ,  when t he  r a t i o n  i n c l u d e d  a l f a l f a  n ay ,  g r a i n ,  

and a mi xt ure  o f  m i n e r a l s ,  on ly  1  p e r  c e n t  o f  l ambs  d eve l oped

symptoms of . . . s t i f fness-!! . . - ■JEhe-s.e. - r e s u l t s '  seemed t o  -be--qui te—■

c o n t r a d i c t o r y  t o  t h e  r e s u l t s  o b t a i n e d  by Wil lman and h i s  

a s s o c i a t e s .

n r i g g s  e t  a l  (1938)9 made an a t t e m p t  to s tu dy  t h e  cause

and cure  of " s t i f f  j o i n t s " .  They bought  12 ewes t h a t  had.

t y p i c a l  s t i f f  lambs a t  s i d e ,  and t h e s e  an i ma l s  were t h e n

p l a c e d  on s m a l l  wheat  p a s t u r e s .  The m o t h e r s  were f e d  n o t h i n g

in  a d d i t i o n  t o  the  abundant  wheat  p a s t u r e  but  a s i m p l e  m i n e r a l

m i x t u r e .  A heavy milk f low r e s u l t e d  from t h i s  f e e d .  The

a f f e c t e d  lambs n u r s e d  w e l l  and made n o t i c e a b l e  r e c o v e r i e s .
86In the same yea r  ( 1 9 3 8 ) ,  S c h o f i e l d  made a. s t ud y  of  t h e
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h i s t o - p a t h o l o g y  of  " s t i f f  lamb" d i s e a s e .  He found  d e g e n e r a 

t i o n  and f r a c t u r e  of t h e  muscle  f i b e r s  w i t h  c a l c a r e o u s  

i n f i l t r a t i o n  of  t h e  f r a g m e n t s .  C e l l u l a r  i n f i l t r a t i o n  was 

n o t  e x t e n s i v e  but  both po l ymo rp ho n uc le a r  and. round  c e l l s  

were p r e s e n t .  In  t h e  f i n a l  s t a g e s  t h e r e  was c e l l u l a r i t y  of  

th e  a f f e c t e d  m us c u l a r  t i s s u e s  due t o  p r o l i f e r a t i o n  of  

f i b r o b l a s t s  and m u l t i p l i c a t i o n  of t h e  n u c l e i  of  t h e  sarcolemma.  

There was mod er a t e  c e l l u l a r  i n f i l t r a t i o n  and numerous  p o r t i o n s  

of  damaged muscle  r em ai ne d  i n  the  c e l l u l a r  mass.  B e s i d e s ,  

t h e  l i v e r  was found to  have s ma l l  c l u s t e r s  of  1 0 - 2 0  po l y

morphonuc lear  c e l l s  and a d e f i n i t e  h y p e r p l a s i a  of  t h e

s e c r e t o r y  e p i t h e l i u m  was o b s e r v e d  i n  t h e  e n l a r g e d  t h y r o i d .
108

fl i l iman e t  a l  , i n  1938,  u n d e r t o o k  e x p e r i m e n t s  t o

d e t e c t  the e f f e c t  of  f e e d i n g  d a l l y  d o s e s  of cod l i v e r  o i l

t o  t h e  l a c t a t i n g  ewes and by s u p p l e m e n t i n g  the  " s t i f f - l a m b "

r a t i o n  wi th  d i - b a s i c  sodium p h o s p h a t e .  Since t h i s  work was

n o t  co mple t ed ,  no d e f i n i t e  c o n c l u s i o n  was drawn.
87

In 1939,  S c h o f i e l d  and Bain r e p o r t e d  t h a t  " s t i f f  lamb" 

d i s e a s e  was an. a p h o s p h o r o s i s  b ecau se  t h e y  found t h a t  a. smal l  

group  of  a f f e c t e d  lambs r e c o v e r e d  a f t e r  r e c e i v i n g :  d o se s  of 

d i l u t e  p h o s p h o r i c  ac id  i n  m i l k .  S no l l  i n  t h e  seme y e a r  

r e p o r t e d  the  o c c u r r e n c e  of  s t i f f - l a m e  d i s e a s e  i n  Michigan 

where l o s s e s  f rom the  a f f e c t i o n  were v e r y  heavy (30fc l o s s  on 

some f a r m s ) .  Blood c h e m i s t r y  d e t e r m i n a t i o n s  were made, and

low c r e a t i n i n e  and h i gh  n o n - p r o t e i n  n i t r o g e n  were found.
100

Vawter  and Rec ords  (1939) o bs er ved  "whi te musc le"  d i s e a s e  

of  lambs from ewes r e c e i v i n g  a l f a l f a  hay a lone  b u t  n o t  i n
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ewe b r e c e i v i n g  a l f a l f a  p l u s  r o l l e d  o a t s .  The a u t h o r s  had 

t h e  f e e l i n g  t h a t  the  d i s e a s e  might  be due t o  a phosphorus  

d e f i c i e n c y ,  b ec a u s e  t h e  a l f a l f a  hay i n  Reno,  Nevada ,  was 

somewhat low i n  phosphorus  whereas  r o l l e d  o a t s  was a good 

so urce  of p ho s p h o ru s .  B e s i d e s ,  t h e y  f e l t  t h a t  t h e  t e rm 

" s t i f f  lambs" was c o n f u s i n g  and s h o u l d  be s e p a r a t e d  from

t h e  t e rm "whi te  muscle"  d i s e a s e .
, \109Hi l lm an  e t  a l  (1939) c o n t i n u e d  t h e  work w i t h  the 

" s t i f f  lamb" r a t i o n  s up p le me n t ed  w i t h  p ho s ph or us ,  bu t  no 

si pni f  i c an t  r e s u l t s  were found  a f t e r  usinp'  t h i s  el a m e n t
• -  vj  o  *■

1 1 0
In 1940,  Hi l lman  e t  a l  summarized t h e  r e s u l t s  of  t h e  

t h r e e  p r e v i o u s  y e a r s  work.  The d i s e a s e  was of n u t r i t i o n a l  

o r i g i n  ana was n o t  p r e s e n t  a t  b i r t h .  The f e e d i n g  o f  maize 

s i l a g e ,  Done meal  or  sodium phospha te  t o  the  ewes f a i l e d  to  

p r e v e n t  the c o n d i t i o n ,  as  d i d  d r e n c h i n g  t h e  young lambs 

w i t h  the e q u i v a l e n t  o f  60-130 mgm. a s c o r b i c  a c i d  p e r  week. 

The i n c i d e n c e -  o f  - t h e - d i s e a s e  appeared  t o  'be marked ly  ' "reduced 

i n  a c o n t r o l l e d  exper i ment  i n  which u n e x t r a c t e d  whea t  germ 

meal  was added t o  the  b a s a l  m a t e r n a l  d i e t  of  o a t s ,  b a r l e y ,  

c u l l  beans  and l u c e r n e  hay .
67

In t he  same y e a r  ( 1 9 4 0 ) ,  M i l l s  c o n s i d e r e d  t h a t  the  

t e r m " s t i f f  lambs" r e f e r r e d  merely t o  a s i n g l e  symptom and 

no t  to any s p e c i a l  e n t i t y  and  he f e l t  t h a t  i t  was a d v i s a b l e  

t o  d i s c u s s  the  c o n d i t i o n s  u nd er  a h e a d i n g  which r e l a t e d  t o  

e t i o l o g y  r a t h e r  t h a n  t o  symptoms.  He r e c o g n i z e d  f o u r  cau s es  

of l ameness  i n  lambs,  t o  which t h e  t e rm " s t i f f  l ambs"  was 

commonly a p p l i e d ,  and t hey  were:  ( l )  E r y t h r o p e l o t h r i x



r h u s i o p a t h i a e i n f e c t i o n ,  (2)  t e t a n u s ,  (3)  " feed  a l l e r g y "  i n

o l d  lambs,  and (4)  "feed a l l e r g y "  i n  unweaned l a m bs .  The

al lergev;c s u b s t a n c e  a l s o  a p p e a r e d  t o  be p r e s e n t  i n  t h e  ewe ' s

m i l k .  A p p a r e n t l y ,  M i l l s  c o n s i d e r e d  " wh i t e  muscle"  disea.se

as  a symptom o f  " fe e d  a l l e r g y "  a l t h o u g h  he d i d  n o t  ment ion  i t .
I l l

Willraan e t  a l  i n  1941 c o n t i n u e d  e x p e r i m e n t s  on t h e  

" s t i f f  lamb" r a t i o n  w i t h  and w i t h o u t  t he  a d d i t i o n  of  un

e x t r a c t e d  whea t -ge rm mea l .  Wi th t he  ewes f e d  t h e  " s t i f f  

lamb" r a t i o n ,  e l e v e n  of  t w e n t y - s e v e n  lambs became s t i f f .

No s t i f f  lambs d ev e l op ed  i n  t h e  w hea t - ge r m supplemented,  l o t ,
79In  t h e  same y e a r  (1941) t h e  Oregon S t a t i o n  r e p o r t e d  the

o c c u r r e n c e  of " s t i f f  lambs" and s t a t e d  t h a t  no o r g a n i sm  was

found in. c o n n e c t i o n  wi t h  t h e  d i s e a s e .
62

In 1942,  Melass  c a r r i e d  out  f u r t h e r  i n v e s t i g a t i o n  on

t h e  cause  of  s t i f f  lamb d i s e a s e  and men t ioned  t h a t  s e v e r a l

p o s s i b l e  f a c t o r s  were r e s p o n s i b l e  f o r  t h e  c o n d i t i o n .  Of

t h e s e  f a c t o r s , _ h i g h  protein. .^content-  o f  t n e . . r a t i o n !, , J c y s t i n e  .

d e f i c i e n c y ) ,  p r e s e n c e  of  t o x i c  s u b s t a n c e  i n  t h e  r a t i o n ,  and

t h e  q u e s t i o n  of  m i n e r a l  i n b a l a n c e  were a l l  p o s s i b l e  b u t

n e eded  f u r t h e r  s t u d y .
. 35

S a l y i  (1942)  d e s c r i b e d  a d i s e a s e  i n  young lambs  which 

showed c a r d i a c  and s k e l e t a l  muscle  d y s t r o p h y .  The t e r m i n a 

t i o n  of t h e  d i s e a s e  was g e n e r a l l y  f a t a l ;  o ronchopneumonic ,  

a r t h r i t i c ,  and e n t e r i c  c o m p l i c a t i o n s  o f t e n  s u pe r v e n e d  b e f o r e  

d e a t h .  The g r o s s  l e s i o n s  were t y p i c a l  g rey  or  g r e y i s h - y e l l o w  

a r e a s  i n  the  h e a r t  and s k e l e t a l  m u s c u l a t u r e .  B a c t e r i o l o g i c a l  

i n v e s t i g a t i o n s  p r o v e d  n e g a t i v e ,  and n u t r i t i o n a l  d e f i c i e n c i e s
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were s u s p e c t e d .  Pr obab ly  S a l y i  was d e a l i n g  w i t h  t y p i c a l  

c a s e s  of  w h i t e  muscle d i s e a s e  c o m p l i c a t e d  by some o t h e r  

i n f e c t i o n s .
11?Willrnan e t  a l  (1944) c o n d u c t e d  an e xp e r i m e n t  wi th  

t h r e e  l o t s  each o f  ?4 ewes and t h e i r  lambs to d e t e r m i n e  

whe the r  or n o t  " s t i f f  lamb" d i s e a s e  c o u l d  be p r e v e n t e d  by 

f e e d i n g  s u pp le me n t s  of  v i t a m i n  E t o  a r a t i o n  ( c u l l  beans  

and a l f a l f a  hay)  t h a t  p r oduced  t he  d i s e a s e .  As a r e s u l t ,

36 of  38 lambs became s t i f f  when r a i s e d  by ewes f e d  t h i s

vi V' n o  O  n H  r> "♦* Vi V> o^inr> O r*. r>l A - r \  .J 4- ■? —i. o .j.i  w i i g  « u u n  *■ ts.a. w  a. 'w»- *-> y  o  »-» -l o  v-*- 4. .t i u u u i  v. ) a

two doses  weekly of  9 cc .  p e r  ewe of  an 8 .P5 pe r  c e n t

s o l u t i o n  of  mixed  t o c o p h e r o l s  i n  c o t t o n s e e d  o i l  t w e n t y - f o u r

days  b e f o r e  l am bi n g  or by t r e a t i n g  t h e  lambs w i t h  S c c .  of

an o l i v e  o i l  s o l u t i o n  of  140 mgm. o f  a l p h a - t o c o p h e r o l  a c e t a t e .

Trea tment  of  t h e  a f f e c t e d  lambs w i t h  100 mgm. of  w a t e r

s o l u b l e  d i sod ium s a l t  of  d.  1 - a l p h a  t o c o p h e r o l  p h o s p h o r i c

a e i d  -ester- was ■ f r i e d 1'" and: p r o v e d  q u l t e - ' e f l e c t l v e ^ l n  "un- "■  “ : .

c o m p l i c a t e d  c a s e s .

Bes ides  t h o s e  s p e c i a l  works j u s t  c i t e d ,  w h i t e  muscle
59 00  <̂1?

d i s e a s e  was a l s o  b r i e f l y  me nt ioned  by Marsh1/  * Howarth ,
(Q n  q

Montana V e t e r i n a r y  R e s e a r c h  L a b o r a t o r y  , Oregon S t a t i o n  

rv ■ 23  Qft '17
Dy k s t r a  e t  a l  , Thorp" , and Care u n d e r  the  h e a d i n g  

" d i s e a s e s  o f  new-born  lambs i n  g e n e r a l " .

7. M i s c e l l a n e o u s  D i s e a s e s

Bac te r i um c o l i  i n f e c t i o n .  Th i s  d i s e a s e d  c o n d i t i on

was r e p o r t e d  by Volkova i n 1933.  E i g h t e e n  n ew- bo rn  lambs
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d i e d  f o l l o w i n g  am i l l n e s s  l a s t i n g  f rom ?>0 m in u t es  t o  30 h o u rs

a f t e r  the  a p p e a r a n c e  of  i n i t i a l  symptoms of  t r e m b l i n g ,

s t u m b l i n g ,  and h i g h  t e m p e r a t u r e s  b u t  no d i a r r h e a .  In  each

c a s e ,  the  b a c t e r i o l o g i c a l  e x a m i n a t i o n  showed c u l t u r e s  o f

Bac te r ium c o l i  v i r u l e n t  b o t h  f o r  l a b o r a t o r y  a n i m al s  and f o r

a lamb when g i v e n  i n t r a v e n o u s l y .

(p) Dyse n t e r y . Lamb d y s e n t e r y  was r e p o r t e d  by Welch e t  a l  
10 3from Montana , 19P9. I t  was s t a t e d  t h a t  d y s e n t e r y  o c c u r r i n g  

in  Montana d i f f e r e d  i n  so many r e s p e c t s  from t h e  E n g l i s h  

Inmb dyRpptery t h a t  t h e  r e s u l t s  o b t a i n e d  in  ( t r ea t  B r i t a i n  

were of l i t t l e  o r  no v a l u e  i n  c o n t r o l l i n g  the d i s e a s e  i n  

Montana.  The a u t h o r s  c l a i m e d  t h a t  a c o m b i n a t i o n  of  c o l d ,  

wet weather  and t h e  p r e s e n c e  o f  s t r a i n s  of  i n t e s t i n a l  b a c t e r i a  

was r e s p o n s i b l e  f o r  such d i s e a s e d  c o n d i t i o n  r a t h e r  t h a n  a 

s p e c i f i c  p a t h o g e n i c  m i c r o - o r g a n i s m .
/ V 1 6(3 ) Navel  i n f e c t i o n . In  1934,  B u l l a r d  p u b l i s h e d  a

-o-as-e-neport^on-nav-el" i n f  e e l l o n  ' of-  a. ■ ■■■lamb'--. " -<Thev- e a u - s a l  agen t

W8S S t a p h y l o c o c c u s  a u r e u s and the  d i s e a s e  was s e p t i c e m i c  

and a s s o c i a t e d  w i t h  m e t a s t a t i c  a b s c e s s  f o r m a t i o n .

(4) N e c r o b a c i l l o s i s . As n o t e d  a bove ,  n e c r o b a c i l l o s i s

of  t h e  n a v e l  was men t io n ed  by G a l l a g h e r  and t h a t  o f  t he

70l i v e r  by t h e  Montana V e t e r i n a r y  R e s e a r c h  L a b o r a t o r y  and
6 6  61 

M i l l s  . In  19 44,  Marsh r e p o r t e d  on c a s e s  of  n e c r o 

b a c i l l o s i s  a f f e c t i n g  t he  rumen.  Marsh b e l i e v e d  t h a t  lamb 

l o s s e s  from n e c r o b a c i l l o s i s  might  o c c u r  as a r e s u l t  of  

pr imary  i n f e c t i o n  of rumen from which secondary  i n v a s i o n  of  

t h e  l i v e r  and somet imes  the  diaphragm and l u n g s  r e s u l t e d .
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In a l l  c a s e s ,  a c c o r d i n g  t o  Marsh,  F u s i f o r m i s  n e c r o p h o r u s  

was i s o l a t e d .
94

(5) P a r ap l e g i a . S n i e c k i e n e  , i n  1937,  r e p o r t e d  c a s e s  

o f  e n z o o t i c  p a r a p l e g i a  of  lambs from L i t h u a n i a .  The i l l n e s s  

was d e s c r i b e d  as  p r o g r e s s i v e  p e r a p l e g i a  and l a s t e d  f rom about  

f o u r  days t o  t h r e e  weeks .  The p os t  mortem f i n d i n g s  i n c l u d e d  

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

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

d i g e s t i v e  t r a c t s .  The c a us e  was unknown.

( 6 ) P a s t e u r e l l o s i s .  P a s t e u r e l l o s i s  was found  t o  occur
18

as an e p i z o o t i c  among A l g e r i a n  s heep  i n  1909 by Ca?e 

M ic r o - o rg an i sms  were found  i n  g r e a t  numbers  i n  t h e  b l o o d ,  

s p l e e n ,  l i v e r ,  l u n g s ,  and s u p r a - r e n a l s .

(?)  S e p t i c e m i c  i n f e c t i o n  by swine e r y s i p e l a s . I n  1919,
r . . 19u n r i s t i a n s e n  made a pos t - mor t em r e p o r t  on a lamb 38 hours  

o l d  which r e v e a l e d  h emo r r h a g i c  e n t e r i t i s ,  g r e a t  e n l a r g e m e n t  

-of m e s e n t e r i c  g l a n d s  * -degener.at i -ve '  eh-ang.es- i n  o t h e r -  organs-,"---""- 

and smal l  h emor rh ag es  u n d e r  t h e  e n d oc a r d iu m  and ep ica . rd ium.  

There  had been a h i g h  m o r t a l i t y  of  l ambs  i n  t h i s  f l o c k .

Swine e r y s i p e l a s  b a c i l l i  were i s o l a t e d  i n  pure c u l t u r e .

m • E x p e r i m e n t a l  s t u d i e s

1. M a t e r i a l s and methods  

( ! )  S ou r c e s  of  m a t e r i a l s .  The new-born  lamos u s e d  i n  

t h i s  s tudy  came from two s o u r c e s ,  name l y ,  f rcm t h e  f l o c k  a t  

Michigan S t a t e  Co l l e ge  and f rom farms  l o c a t e d  i n  t h e  S t a t e .  

Dur ing  an e n t i r e  l ambing  s e a s o n  e x t e n d i n g  from March t o  June



of  t h e  y e a r  1944 ,  more t h a n  a h und red  lambs were b r o u g h t  

t o  t h e  e x p e r i m e n t a l  barn or  l a b o r a t o r y  of  t h i s  Depar tment  

f o r  t r e a t m e n t  o r  a u t o ps y .  This  i s  a r e p o r t  of  55 c a s e s  which 

were a u t o p s i e d  and s t u d i e d  w i t h  t h e  i d e a  of  t r y i n g  t o  g e t  

a b e t t e r  u n d e r s t a n d i n g  of  t h e  d i s e a s e s  of  l ambs .  Of the  

55 c a s e s ,  37 came from t h e  c o l l e g e  f l o c k  whi le  18 came 

from farms i n  t h e  S t a t e .  B e s i d e s  t h e  55 p a t h o l o g i c a l  c a s e s ,  

16 h e a l t h y  or  nor ma l  a n i ma l s  from t h e  c o l l e g e  s heep  f l o c k  

were used i n  v a r i o u s  c o n t r o l  s t u d i e s ,  making a t o t a l  of  71.

/  O  \  h  a  a  /~>*P i«3t r
\  f-' j  n t  u o  o  u  x  o  o u  ixy  •

A• Methods f o r  s t u d y i n g  b l o o d  and b lood  c h e m i s t r y .

(a)  Blood s t u d i e s  o n  normal  a n i m a l s . Since  a s tudy  of  

t h i s  k i n d  i s  r a t h e r  new and d a t a  from o t h e r  w or ke r s  meager ,  

i t  was n e c e s s a r y  to  d e t e r m i n e  the  b lood p i c t u r e  end b l o o d  

c h e m i s t r y  of  n or ma l  lambs f o r  c o n t r o l  p u r p o s e s  and normal  

ewes as a c h e c k - g r o u p  b e f o r e  a t t e m p t i n g  t o  s t u d y  p a t h o -

‘loglcal 'cases r  :   ■' ' .... ..   ' ' -  '

A P- in ch  16-gauge  n e e d l e  or  3 - i n c h  15-ga.uge n e e d l e  

( t h e  s o - c a l l e d  " C a l i f o r n i a  b l e e d i n g  n e e d l e " )  was u s e d  t o  

draw 1.5 cc .  of  b l o o d  from t h e  j u g u l a r  v e i n  ( f rom e a ch  of 

8 normal  lambs and 8 no r ma l  ewes) i n t o  a t e s t - t u b e  c o n t a i n 

i n g  dry p o t a s s i u m  o x a l a t e  ( seven  d r ops  o f  a 33 per  c en t  

s o l u t i o n  d e l i v e r e d  from a 1 c c .  p i p e t t e  a f t e r  h a v i n g  been 

e v a p o r a t e d  to  d r y n e s s  i n  a ho t  oven) .  As soon as  enough 

b l ood  was o b t a i n e d  and the  n e e d l e  was l o o s e n e d  from t h e  v e i n ,  

a t  l e a s t  t h r e e  b l o o d  smears  were i m m e di a t e l y  made by t i p p i n g  

t ne  n ee d l e  and a l l o w i n g  a s m a l l  d r op  of  blood t o  c o l l e c t  on
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t h e  end of  t he  c l e a n  s l i d e s  a f t e r  which  each d r o p  was 

smooth ly  pushed f o r w a r d  by t h e  end of  a n o t h e r  c l e a n  s l i d e  

so as  t o  ge t  a u n i f o r m  smear .  The smear s  were i n s t a n t l y  

d r i e d  by waving  them i n  t h e  a i r  and t h e y  were t h e n  saved f o r  

d i f f e r e n t i a l  c o u n t s .  At t h e  same t i m e ,  t h e  b l o o d - s a m p l e  i n  

t h e  t e s t - t u b e  was c o n s t a n t l y  bu t  g e n t l y  r o t a t e d  i n  o r d e r  t o

p r e v e n t  the  b l o o d  from c l o t t i n g .  Each o f  t h e s e  b l o o d

s amples  was t o  be u s ed  f o r  t h e  c e l l u l a r  c o u n t ,  hemogl ob in  

d e t e r m i n a t i o n ,  and c h e m i c a l  a n a l y s i s .  The t ime  f o r  b l e e d -  

irio; such normal  s he ep  was p u r p o s e l y  a r r a n g e d  t o  c o v e r  a 

c o n s i d e r a b l e  l e n g t h  of  t i m e .  The n o r m a l  lames were  b l e d  

t w i c e ,  once on May 4, 1944,  and. a g a i n  on June 1,  1944,  each 

b l e e d i n g  be ing  c a r r i e d  out  on f o u r  a n i m a l s .  The ewes were 

b l e d  a t  f i v e  d i f f e r e n t  t i m e s ,  one e a ch  on A p r i l  4, A p r i l  6 ,

A p r i l  7, A p r i l  20,  and f o u r  on June 1 , 1944,

The c o u n t i n g  of b l o o d  was made as  soon as t h e  b l ood

-"'-""-Sample'S"' re-ach-e-d ■•4he-~l-abora*t0-ry-v- "The' ’©rdi-nary^me^hO'Clr. of--'" -•-.

b l o o d  c o u n t i n g  was employed so t h a t  t h e  d e t a i l e d  p r o c e d u r e  

w i l l  n o t  be m e n t i o n e d  h e r e .  Leake and Guy ' s  p l a t e l e t  d i l u 

t i o n  f l u i d  was u s e d  f o r  r e d  b l oo d  c e l l  c o u n t s .  The d i l u t i n g  

f l u i d  f o r  w h i t e  b l oo d  c e l l  c o u n t s  c o n s i s t e d  of  8 cc . 

d i s t i l l e d  w a t e r  i n  a s m a l l  v i a l  t o  which was added 4 drops  

of  Gram's c r y s t a l  v i o l e t .  Both  d i l u t i n g  f l u i d s  were  found 

t o  be q u i t e  s a t i s f a c t o r y .  For  mi xi ng  b lood c e l l s ,  t h e  

b l o o d  p i p e t t e  r o t o r  ( B r y a n - G e r r y ) was u s e d  and i t  seemed t o  

ue very  w e l l  a d a p t e d  t o  t h e  work.  I n  o r d e r  t o  c l e a n s e  the  

d i l u t i n g  p i p e t t e s ,  a s e t  o f  home-made s u c t i o n  b o t t l e s  with, t h e

*
Sold  oy A. 3.  Aloe Co. ,  S t .  L o u i s ,  M i s s o u r i .



a i d  of a r u b b e r  p i p e t t e  a d a p t o r  was f o u n d  to be Q u i t e  e f f i c i e n t .

For he mogl ob i n  d e t e r m i n a t i o n ,  S h e a r d - S a n f o r d 1 s method
40

was s t r i c t l y  f o l l o w e d  . The n e c e s s a r y  s o l u t i o n s  were a c c o r d 

i n g l y  p r e p a r e d ,  ana t he  r e a d i n g  was made by means o f  a 

C e n c o - S n e a r d - S a n f o r d  p h o t o l o m e t e r . The va lue  of  hemoglobin  

i n  t e r ms  of  gram per 1 0 0  c c .  of  b lood was d e t e r m i n e d  a c c o r d 

ing t o  the c a l i b r a t i o n  c h a r t  p r o v id e d  by t h e  C e n t r a l  S c i e n t i f i c  

C o., Chicago, 111 .

For c h e m i c a l  a n a l y s i s  o f  t h e  b lood ,  the  methods  of 
40

/< . S. Hoffman were f o l l o w e d  w i t h  the e x c e p t i o n  of  b l oo d

c h l o r i d e  d e t e r m i n a t i o n .  F ive  d i f f e r e n t  olood components  were

d e t e r m i n e d  by t h e s e  met hods ,  namely,  g l u c o s e ,  u r i c  a c i d ,

c r e a t i n i n e ,  n o n - p r o t e i n  n i t r o g e n  (N. P . M. ) ,  and u r e a - n i t r o g e n .
36

i V hi t eho r n 1 s method was u s e d  f o r  t h e  d e t e r m i n a t i o n  of  b l o o d  

c h l o r i d e .

The blood smears  were s t a i n e d  w i t h  W r i g h t ' s  s t a i n ,

etrieb"," ""and' Gounted-under"  the- ' -mncrnsoope- ly- l ihe-no-eal lehh-"" '  ■ :.
52

" b a t t l e m e n t "  o r  " pa l i s a d e  11 method.

The r e s u l t s  of  the  p r e l i m i n a r y  s t u d y  of b l ood  a r e  

summarized, and a r r a n g e d  i n  Tables  ( l )  and ( 2 ) .



T a b le  ( l )  Ti e b lo o d  p i c t u r e  o f  n o r m a l  Iambs e n d ewes

at i ’i e s  j 
No. | 

4

I o e n t i f i e  a -  i 
t i o n  No. |

Bre ed

i
L | 1 4 a - ? ? 3 S u r o o s h i r e  |
(J : ? ? - l 79 | !

? 7 - 4 6 9  1 H iIi'tr iI 3 0 - 9  79 | Ox fo r d
r, * ° i 9 43 |

I
B l a c k  Tpp 

D e l a i n e
5 1 9 AA ! n

i  i 9 4 5  1 n
3 i 9 50 jR a m o o u i l l e t|

----------- ------ ---------- h

Av e r a g e  o f  n o r m a l s t a n d a r d

---------------------------

_________________ _| ---------------- ----

"L 7 356E |b h i t e - f a c e
Gr ade

P 7358E (Hamp sh i re
3 7360E ( S h r o p s h i r e
4 7 39 3 E n
5 1 ? ii
C 13 ii
7 19 ii

i  8 P. 5 R e m D o u i l l e t

Age 
( D gys)

Do t  e 
Bled p e r  c.m.m.

Hb.
Gm. $

A £ * 5 / 4 / 4 4 19 g AH o oJ f is - ■' ■| ’ r'i  .i. . j

53 
7 3

11 . 9  50 , 0 ' );
1 9 . 9  80/= / I

i D7 1 / 4 4
9 , 0  7 0 , 0 0 0 1 O b  

1 0 , 3 7 0 , 0 0 0 '  I*  . 1

Aver  sere o r  n o r m a l  s t a n d a r d

59 » ! 10  „670 . 0  PO
64 " !1 0 730 looo
7? ii 1 0 , 550 , 0 0 0

P'or 7 1.arnbs 1
I

1 0 , 444 P 3 6 1

F o r 8  l ambs  | 1 0 , 457 , 800 
___

4 y r .

! 1 ! 1 i !

830 , 0 0 0
5 y r . 4 / 8 / 4 4 6 , 590 , 0 0 0
4 y r . J 4 / 7 / 4 4 3, 380 , 0 0 0
?, y r . 14/? 0 /  44 1 0 , 900 , o o q
b y r . ( 3 / 1 /  44 O  

> > ? 380 onHt  -  ■ •'

5 y r . 1 ' 490 n . o  o 
1 '  ■

9 y r . ! ft
!

7
i 7

390 . 0  0 0
4 y r . L n 1 0 , 900 , 0 0 0

! 3, 60? r t  r ' p
9 J J H

L r- . r  
1 1 . 8  
11.1

10 .9  ?

9 _
'l ?!
10
11

.10

. 0 0  
, 70 
4*3 
/JO 

, 4 5
> 5

N o t e :
ft. B. C..........................Red b l o o d  c e l l  c o u n t
K b ......................................H emo g l o b i n  v a l u e
1J. B. C ......................... W h i t e  o l oo d  c e l l  c o u n t
0 ........................................ K e u t r o p n i  I s
L ........................................ Lymph ocy t  e
M........................................ Monocy t  e
** Lamb 950 p r o b a b l y  ha d  some i n f e c t i  i n ,  and  i t  m 

oim t t e d ,  a l t h o u g h  t h e  a v e r a g e d  v a l u e s  o f  3 a n i  
c a l c u l a t e d  i n  t h e  t e b l e  f o r  r e f e r e n c e .

gh t  be 
me I s  we



id. e w e s .

TT7~BT“ CT
p e r  c . m m ,

Hb.  
Gm. *jo

W. B.  C.
u e r  c.mm

D i f f e r e n t i  a l  l e u c o c y t e  c o u n t ,
N L E B

1 0 . 3 4 0 . 0 0 0  
1 1 , 9  5 0 , 0 0 0
1 0 . 9 8 0 . 0 0 0

9 . 0 7 0 . 0 0 0
1 0 . 3 7 0 . 0 0 0

1 0 . 6 7 0 . 0 0 0
9 . 7 3 0 . 0 0 0

1 0 . 5 5 0 . 0 0 0

11 .0 
8 . 5  

1 9 . 5  
7 . 8  

1 9 . 1

1 9 . 5  
11 . 8 
11.1

1 0 , 4 4 4 , 2  8 6  1 0 . 9 0

" I

6 . 8 3 0 . 0 0 0
6 , 590. ,00 0 
3,  8 8 0 , 0 0  0

1 0 . 9 0 0 . 0 0 0
9 . 3 3 0 . 0 0 0
7,  4 9 0 , 0 0 0 '  
7 ,  3 9 0 , 0  00

1 0 . 9 0 0 . 0 0 0

8 , 6 0  7 , 0 0 0

10 .10

  9
1 8 . 7 ;  
1 0 . 4 ;  
1 1 . 4 0  

8 . 45 
9 . 9 0  
9 . 8 0

1 0  . 0 8

10 , 6  50 19 } 80
7 , 0  50 34 1 6 6
5,  400 2 0 | 77
5 ,  400 39 | 58
9 , 2 5 0 39 | 60

8 , 9 5 0 2 2 | 77
9 ,  150 2 1 I 75

1 9 , 0 0 0 58* * | 35

7 , 9 7 9

1

1
1

1

8 8 70 0 . 5 7 - 1

r<
2
1

1
3
7

1 .  3=1

! 1 0 . ^ 5 7  800I x j ,  . o r f a j j  l 0 > g p  9 , 3 5 6

5,  850

-.10,.45Q,.
5 ,  700 

1 5 , 4 0 0
5 ,  300 
7 , 1 5 0
6 , 450 
9 ,  800

31

8 , 8 6 3

80

13
4:0
38
38
93
88

66

30

76

-63
79
56
56
6 2
65

55 .25

0 . 5 - 1

2

1

0 . 3 7 - 1 '

2

2

8
4
6

6
7

•*1-

0

E o s i n o p h i l s
B a s o p h i l s

t  m i g h t  be  
a n i m a l s  w e r e



T a b l e  ( 2 ) .  Chem i c a l  a n a l y s i s o f  b l o o d  o f  n o r m a l  l a m b s  and, ewe s .

“ S e  I d e n - Date G l u c o s e U r i c C r e  C h l o -  | N . P . N U r e a -
r i e s t i f i c a - B l e d Mgm. Jo Aci  d a t i n i n e r i  de Mgm .jo N

N o . t i o n  No. Mgm . 'jo Mgm. jo Mgm. jo | Mgrn .jo

Lamb |
t
l

1  i 1 4a. -9 93 5 / 4 / 4 4 6 1 . 0 0 1 . 5 5 0 . 8 0 390 j 3 8 . 0 0 1 7 . 8
2  ! 2 2 - 1 7 9 ' ii 7 1 . 1 1 1 . 5 5  j 0 . 7 8 460 j 2 7 . 6 1 2 . 2

3 i 27—469 It 6 5 . 0 0 1 .  50 0 . 80  ! 410 3 2 . 8  j 1 2 . 2
! 4 3 2 - 9 7 9 " 80 . 0 0 1 .  55 1 .  40 440 3 5 . 6  j 1 3 . 0
l 5 9 4-3 6 / 1 / 4 4 5 7 .  50 1 . 9 0 1 . 2 0 460 2 7 . 0  I 1 5 . 8
! 6 9 44 ii 6 7 . 0 0 2 .  35 1 . 1 0 470 | 3 6 . 0 1 3 . 5
l 7 9 45 " 6 2 . 0 0 2 . 0 0 1 . 2 0 470 ! 3 6 . 0 1 4 . 9
! s  1

9 50* ti 5 5 .  50 1 .  30 1 . 0 0 420 2 6 . 0 1 3 . 0

! A v e r n e e d  v a l u e  o r .

1 N o r m a l  S t a n d a r d  
i

6 4 . 8 9 1 . 7 1 1 . 0 4 440 3 2 . 3 7 1 4 . 1 7

Ewe r ■

I 1 7 3 5 6 ( E ) 4 / 4 / 4 4 3 8 . 0 0 0  . 2 2 0 . 4 0 350 3 0 . 0 1 6 . 8
! 2 7 3 5 8 ( E ) ! 4 / 6 / 4 4 i 8 5 . 0 0 1 . 1 0 0 . 6 0 420 30 .0 7 . 5

3 7 3 6 2 ( E ) | 4 / 7 / 4 4 ! 30 . 71 ! 2 . 2 2 0 . 40 3 65 2 0 . 0 1 4 . 9
4 7 3 9 3 ( E ) j 4 / 2 0 / 4 4 5 1 . 8 2 1 . 6 5 0 . 8 0 | 4-60 2 4 .  5 1 1 . 2
5 1 2 S 6 / 1 / 4 4 1 4 3 . 3 0 2  . 1 0 1 . 2 0 380 4 1 . 0 ; 1 8 . 2  'r*o 13 | 3 7 . 0 0 1 . 9 0 1 . 1 0 440 4 1 . 0 2 1 . 8
7 19 i " ! 5 0 . 0 0 1 .  48 1 . 0 0 450 3 6 . 0 1 4 . 9
8 . ..... 25 ! » j 5 2 . 0 0 1 .9  5 ! . 2 0 4 fin dfi.O

Ii
. 1 . 5 . , 8 .

A v e r a g e d  v a l u e  o r
N o r m a l  S t a n d a r d 4 8 .  48 1 .  58 0 . 8 4 4 1 5 .  O r 3 1 . 3 1 1 5 . 1 4

N o t  e : *
The c h e m i c a l  a n a l y s i s  o f  b l o o d  o f  l a m b  No.  9 5 0  d i d  n o t  show a ny  
m a r k e d  d i f f e r e n c e  f r o m  t h e  o t h e r  n o r m a l  a n i m a l s  s o  t h a t  i t  was  
i n c l u d e d  i n  t h e  c a l c u l a t i o n  o f  a v e r a g e d  v a l u e  f o r  t h e  n o r m a l  
s t a n d a r d .  P r o b a b l y ,  t h i s  may b e  o n e  r e a s o n  t o  e x p l a i n  why t h i s  
l a m b  a p p e a r e d  n o r m a l  a t  t h e  t i m e  o f  b l e e d i n g  a l t h o u g h  i t s  b l o o d  
p i c t u r e  s h o w e d  some k i n d  o f  i n f e c t i o n  a s  m e n t i o n e d  abo ve  ( T a b l e  l ) .
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T a b l e  ( l )  s h o w s  t h e  a v e r a g e  b l o o d  c e l l  v a l u e  o f  8  n o r m a l  

l a m b s .  The a v e r a g e  e r y t h r o c y t e  c o u n t  w a s  1 0 , 4 4 4 , 2 8 6  p e r  

c . m m . ,  l e u k o c y t e  c o u n t  7 , 9 7 9  p e r  c . m m . ,  a n d  h e m o g l o b i n  

1 0 . S g r a m s  p e r  1 0 0  c c . o f  b l o o d .  The a v e r a g e  d i f f e r e n t i a l  

c o u n t  s h o w e d  2 8 n e u t r o p h i l s ,  7 0 L]o l y m p h o c y t e s ,  l fo m o n o c y t e ,  

a n d  vjo e o s i n o p h i l .  I f  t h e s e  v a l u e s  a r e  c o m p a t e d  w i t h  t h o s e  

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

r e d  b l o o d  c e l l  c o u n t  o f  n o r m a l  e w e s  ( 8 , 6 0 7 , 0 0 0  p e r  c . m m . )  

i s  d e c i d e l y  l o w e r  a n d  e o s i n o p h i l s  o f  t n e  same a n i m a l s  ( 4 $ )  

d e c i d e d l y  h i g h e r ,  t h e  r e m a i n i n g  f i g u r e s  w e r e  n e a r l y  t h e  sarnie.

From T a b l e  ( 2 )  a n d  r e f e r r i n g  t o  t h e  a v e r a g e  v a l u e s ,  

o n e  g e n e r a l i z a t i o n  c a n  b e  d r a w n ,  t h e  o l o o d  g l u c o s e  i n  n o r m a l  

l a m b s  i s  m uc h  h i g h e r  t h a n  t h a t  f o u n d  i n  n o r m a l  e w e s  ( 6 4 . 8 9  mg.  

p e r  1 0 0  c c . b l o o d  i n  l a m b s  a g a i n s t  4 8 . 4 8  mg.  p e r  1 0 0  c c .  

b l o o d  i n  e w e s ) ,  w h i l e  t h e  o t h e r  e l e m e n t s  i n  t h e  b l o o d  a p p r o x 

i m a t e  e a c h  o t h e r .

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

s t u d y  on b l o o d  w e r e  r a t h e r  c o n s t a n t  i n  s . l m o s t  e v e r y  r e s p e c t ,  

i t  s e e m e d  j u s t i f i a b l e  t o  u s e  t h e s e  v a l u e s  a s  a  n o r m a l  

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

( b )  B l o o d  s t u d i e s  o n  p a t h o l o g i c a l  c a s e s . The  b l o o d  

f r o m  p a t h o l o g ' i c a l  c a s e s  w a s  s t u d i e d  b y  u s i n g  t h e  s a m e  m e t h o d s  

e m p l o y e d  f o r  t h e  n o r m a l  a n i m a l s .  F o r  t h e  e n t i r e  l a m b i n g  

s e a s o n  o f  l a s t  y e a n ,  a  t o t a l  o f  1 2  p a t h o l o g i c a l  c a s e s  was  

a v a i l a b l e  f o r  b l o o d  s t u d y .  The r e s u l t s  a r e  h e r e w i t h  b r i e f l y  

s u m m a r i z e d  i n  T a b l e  ( 3 ) .  The  d e t a i l e d  a c c o u n t  o f  t h e  f i n d 

i n g s  w i l l  b e  p r e s e n t e d  i n  c o n n e c t i o n  w i t h  e a c h  i n d i v i d u a l  c a s e .
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Tao le  ( 3)  . A s u m m a r y  of  p i ood  s t u d i e s  on p a t h m ^ i n Bi Xarab_

* E x p l a n a t i o n  o f  t h e  a b b r e v l a t i  ons  :

9-  ^ ..................... Keci Dlood c e l l  c o u n t
H b ................................. Hem o g l  o b i  n

* V/. C.................... W h i t e  b l o o d  c e l l  c o u n t
L ....................................Ly mp h oc y t e s
M....................................Mono cy te s
E....................  E o s i n o i J h i l s
H....................................B s s o p h i  I s

s .............segment  eng
b .............b a n d s
.1.............j u v e n i l e s

 my e l o c y  t e  s

Case
lTo.

R . 5 . C. * 
p e r  c.mm.

Hb.
cm ' i

W. b . C . Di.f f e r e n t i a l  l e u c n r v + P count Chernies
I-------------

gill . jo pei  c . mm.
L

tie
s

?ut ro]
b

o h i l
i

s
P IP H !

7338 1 0 ,  4 0 0 , 0 0 0 1 1 . 4 1 2 , 1 5 0 1 2 «->c 79 3

Fi L il. I

4 1 . 6 6
7 3 4 3 5 , 3 1 0 , 0 0 0 6 . 3 14,  900 14 3 46 7 , 9 l 1 5 . 0 0

7344 8 , 9 9 0 , 0 0 0 1 1 . 4 800 7 4 8 8 4 6 2 8 . 0 0

7393
7 3 9 4

6  , 740 , 0  0 
8 , 7 1 0 , 0 0 0

6 . 8
1 2 . 0

2 3 , 9 0 0  
14 ,  600 18 7 3 7 2

7 5 .  5 5  
7 4 . 4 4

? 3dg
!

I P .  26'~' 9 . 8 1 1 ,  6 0 0 7 8 8 4 I 1 9 6 . 0 0
7 3 5 8 9 , 3 7 0 , 0 0 0 6 . 3 1 3 , 2  50 2 35 4 7 9 7 1 1 5 . 0 0

7362
7400

8 , 6 7 0 , 0 0 0  
1 0 , 0  7 0 , 0 0 0

9 . 8
1 0 . 3

9 , 9  50 
6 , 1 5 0

3 5
18

56
4-6

6
4

3
29 3

9 7 . 5 0
7 7 . 7 7

7406 1 0 , 3 9 0 , 0 0 0 1 0 . 3 1 , 7 0 0 6 5 4 3 24 2 2 2 0 0 . 0 0

7415 8 , 9 7 0 , 0 0 0 7 . 8 1 4 , 1 5 0 2 78 1 18 2 1 7 0 . 0 0

7 47 4 a. 9 , 0 70 , 000 1 0 . 8 2 ,  2 0 0 37 40 i l 8 8 . 7 5

G
U
C
c
N
U



Chemica l  a n a l y s i  s o f b l o o d . Mgm./100 cc ,

G U CE Cl N.P.N. UN.
E r y t h r o c y t e s D i a g n o s i s

4 1 . 6 6 o o 2 . 1 0 400 106. 00 55.30 Nor mocy t ic S t a p h y l o c o c c i c
i n f e c t i o n

1 5 . 0 0 0 . 1 2 0 . 2 0 480 2 5 . 0 0 2 0 . 0 0 Some p o i k i -  
l o c y t i c , 
h y p o c h r o m i c .

Navel  i n f e c t i o n

2  8 . 0 0 0 . 7 0 0 . 6 0 400 35.80 3 0 . 0 0 N o r m o c y t i c ; 
some n u c l e a t e d Navel  i n f e c t i o n ,  

e t c .
7 5 . 5 5 3 . 1 ? 0 . 8 0 5?Q 67.00 39.00 i i

7 4 . 4 4 1 . 1 0 0 . 8 0 460 1 6 . 0 0 1 1 . 2 0

1 08 . 00

N o r m o c y t i c ; 
few p o i k i l o c y t e s

i i

i o r  o na .  w  .  — 1 . 7 8 1 . 65 560 1 6 2 . 0 0 Whi te  musc l e  
d i s e a s e

1 1 5 . 0 0 4 . 1 6 3 . 7 6 550 118.  50 98 . 00 M i c r o c y t i c
h y p oc h r o mi a ;
p o i k i l o c y t i c

Whi te  musc l e  
d i s e a s e ,  e t c .

9 7 . 5 0 1 . 1 0 1 . 0 0 430 34.00 1 1 . 2 0 No rmocy t i c Docking i n f e c t i o n
7 7 . 77 0 . 5 0 0 . 7 0 380 15 .00 9 . 90 Some c r e n a t e d  & 

p o i k i l o c y t i c
Acute

M e n i n g i t i s
2 0 0 . 0 0 •

I—
1 1 . 6 5 420 2 1 . 0 0 o • -v

j o Marked
p o i k i l o c y t o s i s

Acute
p e r i t o n i t i s

1 7 0 . 0 0 S. 60 | 1 .30
I

460 41.00 28.30 M i c r o c y t i c  
h y po c hr o m ia ;  
some n u c l e a t e d

Bronchopneumonia  
& e n c e p h a l i t i s

3 8 . 7 5 ?.  60 j  1 . 1 5 350
L ,.

30 . 00 18.20 No rmocy t ic Bronchopneumonia 
, and,, c o n s t  I p a t i p n , :

G..............................Glucose
U............... ..........U r i c  a c i d
Ce ........................... C r e a t i n i n e
C l ........................... C h l o r i d e
N, P . N....................N o n - p r o t e i n  n i t r o g e n
UN........................... Ur e a -n  i  t  r  ogen
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B • B a n t e r  i  o l o g i  c a l  m e t  h o d s  .

( a ) Tec h n i c  o f  c u l t u r i n g  o r g a n s  a n d  i s o l a t i n g  b a c t e r i a . .

The l a m b  w a s  k i l l e d  ( o r  b r o u g h t  i n  a s  a. d e a d  c a r c a s s ) ,  

s k i n n e d  a n d  o p e n e d  a c c o r d i n g  t o  t h e  u s u a l  a u t o p s y  p r o c e d u r e  

w h i c h  w i l l  be d e s c r i b e d  l a t e r .  A c a r e f u l  e x a m i n a t i o n  o f  t h e  

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

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

m a d e  f o r  p r e l i m i n a r y  b a c t e r i a l  e x a m i n a t i o n  a s  a r o u t i n e .

I f  g r o s s  l e s i o n s  w e r e  p r e s e n t ,  t h e  m a t e r i a l  f r o m  t h e  l e s i o n s  

was  a l s o  c u l t u r e d  a n d  s m e a r s  m ad e .

I n  o r d e r  t o  make s u c h  c u l t u r e s  a n d  s m e a r s ,  a s i m p l e  b u t  

e f f e c t i v e  t e c h n i c  was  d e v i s e d  w h i c h  i s  s t a t e d  a s  f o l l o w s :  An

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

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

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

t h e  s p o t  w n i c h  h a d  b e e n  s e a r e d ,  a f t e r  w h i c h  i t  w a s  t w i s t e d  

a r o u n d  i n  o r d e r  t o  g e t  t h e  l i v e r  m a t e r i a l  a s  w e l l  a s  b l o o d .

Trie n e e d l e  w a s  w i t n d r a w n  a n d  im e d i a t e l y  s e v e r  1 s t i  t k s  w e r e  

made on  o n e - t h i r d  o f  a  b l o o d - a g a r  p l a t e .  The s m e a r  f r o m  t h e  

l i v e r  w a s  mad e  on  a t  l e a s t  t w o  c l e a n  s l i d e s ,  o n e  t o  b e  s t a i n e d  

w i t h  A r i g h t ' s  s t a i n  a n d  t h e  o t h e r  w i t h  G r a i n ' s  s t a i n .

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

s e a r e d ,  a  p a i r  o f  s t e r i l e  s c i s s o r s  a n d  f o r c e p s  w e r e  u sed ,  t o  

r e m o v e  a. s m a l l  p i e c e  o f  t i s s u e  a n d  a  d i r e c t  s m e a r  w a s  made 

on a n o t h e r  o n e - t h i r d  o f  t h e  same b l o o d - a g a r  p l a t e  u s e d  f o r  

t h e  l i v e r .  S m e a r s  f o r  p r e l i m i n a r y  b a c t e r i o l o g i c a l  e x a m i n a 

t i o n  w e r e  a l s o  p r e p a r e d .



The h e a r t - b l o o d  was  c u l t u r e d  u s i n g  t h e  f o l l o w i n g  t e c h n i c  

The v e n t r a l  s u r f a c e  o f  t h e  h e a r t  was  s e a r e d ,  a nd  a  s t e r i l e  

p i p e t t e  w i t h  a  p o i n t e d  e n d  w a s  p u s h e d  t h r o u g h  t h e  w a l l  o f  

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

an d  a  s m e a r  w a s  made on t h e  r e m a i n i n g  o n e - t h i r d ,  o f  t h e  same 

b l o o d - a g a r  p l a t e  ( l i v e r  a n d  s p l e e n ) .  At t h e  same t i m e ,  a 

d r o p  o f  b l o o d  w a s  lased t o  p r e p a r e  s m e a r s  on s l i d e s  and  

t h e s e  we r e  s t a i n e d  f o r  t h e  p r e l i m i n a r y  b a c t e r i o l o g i c a l  

e x a m i n a t i o n .

The g r o s s  l e s i o n s  w e r e  p r e p a r e d  f o r  c u l t u r i n g  by s e a r 

ing-  t h e  s u r f a c e .  A f t e r  t h a t ,  e i t h e r  a s t e r i l e  n e e d l e  was  

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

o r  a s c i s s o r s  a n d  f o r c e p s  w e r e  u s e d  t o  r e m o v e  a  s m a l l  p i e c e  

o f  t h e  a f f e c t e d  t i s s u e  i f  t h e  l e s i o n  w a s  f i r m .  S m e a r s  f ro m 

s u c h  m a t e r i a l s  w e r e  made on  o l o o d - a g a r  p l a t e s  a s  w e l l  a s  on 

c l e a n  g l a s s  s l i d e s .  F o r  c u l t u r i n g  a n a e r o b i c  m i c r o - o r g a n i s m s ,  

t h e  m a t e r i a l  f r o m  v a r i o u s  l e s i o n s  w a s  t r a n s f e r r e d  i n t o  d e e p  

b r a i n  b r o t h  w h i c h  h a d  b e e n  b o i l e d  f o r  f i f t e e n  m i n u t e s  and  

c o o l e d  w i t h o u t  a g i t a t i o n .

A f t e r  a i l  t h e  c u l t u r e s  w e r e  m a d e ,  t h e  b l o o d - a g a r  p l a t e s  

w e r e  i n c u b a t e d  a t  3 ? °C .  f o r  2 4—48 h o u r s  a n d  o b s e r v a t i o n s  

made d a i l y  f o r  v i s i b l e  b a c t e r i a l  g r o w t h  a f t e r  w h i c h  t h e y  

w e r e  l e f t  a t  r o o m  t e m p e r a t u r e  f o r  s e v e r a l  d a y s .

I n  o r d e r  t o  i s o l a . t e  b a c t e r i a  f r e e  f r o m  c o n t a m i n a t i o n ,  

t h e  f o l l o w i n g :  p r o c e d u r e  w a s  f o l l o w e d .  W h e n e v e r  v i s i b l e  

b a c t e r i a l  g r o w t h  was  o b s e r v e d  on t h e  b l o o d - a g a r  p l a t e s ,  

s m e a r s  f r o m  t h e  c o l o n i e s  w e r e  made a n d  s t a i n e d  w i t h  G r a m ' s
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s t a i n  i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e  c u l t u r e  was  

p u r e .  I f  t h e  c u l t u r e  w a s  p u r e  and n o t  c o n t a m i n a t e d ,  a  

s i n g l e  c o l o n y  w a s  t r a n s f e r r e d  o n t o  a  b l o o d - a g a r  s l a n t .  I f  

t h e  c u l t u r e  w a s  a  mixed. ,  a  s m a l l  p o r t i o n  was  d i l u t e d  w i t h  a 

few c u b i c  c e n t i m e t e r s  o f  s t e r i l e  n u t r i e n t  b r o t h  and. p l a t e d  

u n t i l  a  p u r e  c u l t u r e  w a s  o b t a i n e d .  I f  t h e  c u l t u r e  w a s  c o n 

t a m i n a t e d  a n d  w o r t h l e s s ,  t h e  o r i g i n a l  b l o o d - a g a r  p l a t e s  w e r e  

d i s c a r d e d .  The t r a n s f e r s  w e r e  i n c u b a t e d  a t  3 7 ° C .  f o r  2 4  

h o u r s ,  and. t h e  e x a m i n a t i o n  f o r  p u r e  c u l t u r e  was p e r f o r m e d  

a g a i n .  i f  t h e  c u l t u r e s  w e r e  f o u n d  t o  be  p u r e ,  t h e y  w e r e  k e p t  

i n  a r e f r i g e r a t o r  a s  s t o c k  c u l t u r e s .  I n  m a i n t a i n i n g  s uc h  

s t o c k  c u l t u r e s ,  a t r a n s f e r  was  made a n d  r e c h e c k e d  o n c e  f o r  

e v e r y  t h r e e  w e e k s  o r  s o m e t i m e s  t wo  w e e k s  f o r  t h o s e  w h i c h  

s h o w e d  s p a r s e  g r o w t h .

By u s i n g  t h e  m e t h o d s  a n d  t e c h n i c s  d e s c r i b e d ,  41 a e r o b i c  

c u l t u r e s  and 7 a n a e r o b i c  c u l t u r e s  w e r e  i s o l a t e d  f r o m  p a t h o l o g i c a l  

l a m b s  t h r o u g h o u t  t h e  p e r i o d  o f  t h i s  s t u d y .

( b ) B nc t ex i o l o g i c a l  t e s t s  .

s - Pr e p a r a t i o n  o f  m e d i a . Mos t  o f  t h e  m e d i a  we r e

p r e p a r e d  a c c o r d i n g ’ t o  t h e  M a n u a l  o f  M e t h o d s  f o r  P u r e  C u l t u r e  
„ - 2S t u d y  o i  b a c t e r i a  , M o d i f i c a t i o n s  of  media ,  p r e p a r a t i o n  w i l l  

ue d e s c r i b e d ,  l i ' c n  t h e  e x c e p t i o n  o f  l i t m u s  m i l k ,  d e x t r i n ,  

a n d  m a l t o s e ,  a l l  m e d i a  w e r e  s t e r i l i  <?ed i n  t h e  a u t o c l a v e  at.

15  p o u n d s  p r e s s u r e  ( l 2 l ° C . ) f o r  2 0  m i n u t e s ,  and  t h e  pH a d -

i u s t e d  t o  a p p r o x i m a t e l y  7 . 3 - 7 . 5  ( f e r m e n t a b l e  m e d i a  w i t h  

pH 7 . 0 - 7 . 1  a s  an e x c e p t i o n )  by m e an s  o f  Beckman p H - m e t e r .

i ’o r  s t e r i l i t y  t e s t s  o f  m e d i a ,  a t  l e a s t  one  " p i l o t "  was  s e l e c t -
0

e d  f r o m  e a c h  l o t  a n d  i n c u b a t e d  a t  37 C.  f o r  2 4  h o u r s .



Base],  f e r m e n t  a t  i  on medium.

F o r m u l a

B a c t o - t r y p t o s e . 
B e e f  e x t r a c t . . .
N a C l ...........................
D i s t i l l e d  w a t e r

2 . 0  p e r  c e n t  
0 . 7  11 11
0 . 5  " "
q . s . ( a m o u n t  f o r  c o m p l e t i o n )

P r o c e d u r e . The b a s a l  medium was u s e d  t o  p r e p a r e  a l l  t h e  

d i f f e r e n t  m e d i a  f o r  f e r m e n t a t i o n  t e s t s .  F i v e  l i t e r s  o f  

t h i s  medium we r e  p r e p a r e d  a t  one t i m e  by d i s s o l v i n g  t he  

n e c e s s a r y  i n g r e d i e n t s  i n  w a t e r  and a u t o c l a v i n g  a s  u s u a l  

and k e p t  a s  s t o c k  s o l u t i o n  f o r  l a t e r  u s e .

B l o o d - a g a r  p l a t e s .

P r o c e d u r e . S u f f i c i e n t  amount  o f  B a c t o - t r y p t o s e  a g a r  was 

s u s p e n d e d  i n  c o l d  d i s t i l l e d  w a t e r  a n d  h e a t e d  u n t i l  t h e  

a g a r  was  d i s s o l v e d .  I t  was  t h e n  a u t o c l a v e d .  and  c o o l e d  t o  

a o o u t  45°C.  The b l o o d  was  a d d e d  a n d  m i x e d  g e n t l y  by a  

w h e e l i n g  a c t i o n ,  and  t h e n  p o u r e d  s s e p t i c a l l y  i n t o  P e t r i  

d i s h e s .

B1 o o d - a g a r  s 1 a n t s . The B a c t o - t r y p t o s e  a g a r  was d i s s o l v e d ,  

t u b e d ,  a u t o c l a v e d ,  and c o o l e d  a s  f o r  t h e  p l a t e s .  The s h e e p  

b l o o d  was t h e n  p r o p o r t i o n a l l y  a d d e d  t o  e a c h  t u b e  by a s e p t i c  

m e t h o d s  and  m i x e d  so a s  t o  g e t  a. u n i f o r m  s l a n t .  A f t e r  t h e  

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

0 . 5  c c .  o f  n u t r i e n t  b r o t h  was a d d e d  t o  t h e  b a s e  o f  e a c h  s l a n t .

F o r m u l a

B a c t o - t r y p t o s e  a g e r . . . .
D i s t i l l e d  w a t e r .....................
D e f i b r i n s t e d  s h e e p  b l o o d

Q . s .
q . s .
5 . 0  p e r  c e n t



D e e p  b r a i n  me d i u m  ( f o r  a n a e r o b i c  c u l t u r e s )

F o r m u l a

S h e e p  o r e m .  . , . 
Di s t i l i e d  w a t e r  
P e p t o n e  ( D i f c o )
D e x t r o s e .................
N a C l ............................

1  p a r t
1 p a r t
2  p e r  c e n t  
0 . 1  p e r  c e n t
0 . 5 "

P r o c e d u r e . The D r a i n  was  f i n e l y  g r o u n d  i n  a. m o r t a r  w i t h  

an e q u a l  a m o u n t  o f  d i s t i l l e d  w a t e r  a n d  t h e  o t h e r  i n g r e d i e n t s  

a d d e d .  The m i x t u r e  was  t h e n  h e a t e d  u n t i l  t h e  p e p t o n e  was  

c o m p l e t e l y  d i s s o l v e d  a n d  t h e  pH w as  a d j u s t e d  t o  a p p r o x i -

F e r m e n t a b l e  m e d i a .  The b a s a l  medium w a s  u s e d  t o  p r e p a r e  

18  d i f f e r e n t  k i n d s  o f  f e r r n e n t a o l e  m e d i a .  They w e r e  a s  

f o l l o w s :  a r a D i n o s e ,  d e x t r i n ,  d u l c i t o l ,  f r u c t o s e ,  g a l a c t o s e ,  

g l u c o s e ,  g l y c e r o l ,  i n o s i t o l ,  i n u l i n ,  l a c t o s e ,  m a l t o s e ,  

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

 a n d  x y l o s e - .   Of  -t-ires-e 1-8 media- ,  S&~ o f  - them {d e x t r i n -  a n d  •-.

m a l t o s e )  w e r e  p r e p a r e d  s e p a r a t e l y  by c o l d  f i l t r a t i o n ,  

w h i l e  a l l  t h e  o t h e r s  w e r e  made  by a d d i n g  t h e  f e r m e n t a b l e  

s u b s t a n c e s  i n  a m o u n t s  o f  0 .1$>-0.5$> ( 1 . 1 %  f o r  t h e  r a r e  

s u b s t a n c e s ) t o  t h e  b a s a l  m e d i u m ,  t u b i n g ,  a nd  a u t o c l a v i n g  

a s  u s u a l  w i t h  brom c r e s o l  p u r p l e  a s  t h e  i n d i c a t o r .

S i n c e  d e x t r i n  a nd  m a l t o s e  a r e  c o m p l e x  c o m p o u n d s  w h i c h  

may be b r o k e n  down t o  s i m p l e r  f o r m s  by h i g h  t e m p e r a t u r e  i n  

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

b y  c o l d  f i l t r a t i o n .  The n e e d e d  a m o u n t  o f  f e r m e n t a b l e  

s u b s t a n c e  ( d e x t r i n  o r  m a l t o s e )  was  c a l c u l a t e d ,  d i s s o l v e d  i n

The LA ► -'V / '-A . O i l

u s u a l
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8 c e r t a i n  a m o u n t  o f  d i s t i l l e d  w a t e r  and  f i l t e r e d  t h r o u g h  

a s t e r i l e  B e r k e f e l d  f i l t e r .  The s t e r i l i t y  t e s t  w a s  p e r 

f o r m e d ,  a n d  a t  t h e  same t i m e  t h e  b a s a l  f e r m e n t a t i o n  

med ium w i t h  b r o m - c r e s o l  p u r p l e  i n d i c a t o r  was  t u b e d  a n d  

a u t o c l a v e d .  I f  t h e  s t e r i l i t y  t e s t  o f  t h e  f i l t r a t e  p r o v e d  

s a t i s f a c t o r y ,  i t  w a s  a d d e d  a s e p t i c a l l y  t o  t h e  s t e r i l e  

t u b e d  b a s a l  med i um t o  make a 0 . 5  p e r  c e n t  f i n a l  c o n c e n t r a 

t i o n  a f t e r  w h i c h  a n o t h e r  s t e r i l i t y  t e s t  was  m a de .

The f e r m e n t a b l e  s u b s t a n c e s  w e r e  u s e d  i n  t h e  f o l l o w i n g  

c o n c e n t r a t i  o n s :

A r a b i n o s e  . 1  p e r  c e n t  L a c t o s e  . 5  p e r  c e n t
D e x t r i n  . 5  " " M a l t o s e  . 5  " "
D u l c i t o l  . 1  " " M a n n i t o l  . 1  " "
F r u c t o s e  . 1  " 11 R a f f i n o s e  . 1  " "
G a l a c t o s e  . 1  11 " S a l i c i n  . 1  " 11
G l u c o s e  . 5  " " S o r b i t o l  . 1  " 11
G l y c e r o l  . 1  " " S u c r o s e  . 5  11 "
I n o s i t o l  . 1  " " T r e h a l o s e  . 1  " "
I n u l i n  . 1  " 11 X y l o s e  . 1  " "

L i t m u s  m i l k . L i t m u s  m i l k  w a s  p r e p a r e d  b y  a d d i n g  l i t m u s  p ow de r

t o  f r e s h l y - s e p a r a t e d  s k i m  m i l k  u n t i l  a  s u i t a b l e  c o l o r  was

o b t a i n e d .  The m i l k  was  t h e n  t u b e d  a n d  s t e r i l i s e d  oy 

p l a c i n g  t h e  med iu m i n  f l o w i n g  s t e a m  f o r  30 m i n u t e s  d a i l y  f o r

f o u r  d a y s .  D u r i n g ;  warm w e a t h e r ,  i t  was  n e c e s s a r y  t o  p l a c e

t h e  medium i n  t h e  r e f r i g e r a t o r  b e t w e e n  t h e  f i r s t  a n d  

s e c o n d  h e a t i n g .

G e l a t i n  m e d i u m .

F o r m u l a  ( f o r  400 c c . )

G e l a t i n ....................................................................2 . 0  g .
T r y p t o s e  ( B a c t o ) ............................................4 . 0  g .
N a ^ H P O ^ ...................  0 . 7 5  g .
G l u c o s e ...................................................................0 .  40 g .
S od i um t h i o g l y c o l l a t e ............................. 0 . 4 0  g .
B e e f  e x t r a c t .  .  .............................................0 . 8 0  g .
D i s t i l l e d  w a t e r .........................................4 0 0 . 0 0  c c .



P r o c e d u r e . The i n g r e d i e n t s  w e r e  d i s s o l v e d ,  t u b e d ,  e n d  

a u t o c l a v e d  a s  u s u a l .

Medium f o r  HpS p r o d u c t i o n .

F o r m u l a  ( f o r  400 c c . )

L i v e r  i n f u s i o n  ( H u d d l e s o n ,  1 9 3 4 )    POO c c .
■ D i s t i l l e d  w a t e r ........................................................................................POO c c .
W i t t e ' s  p e p t o n e ......................................................................................  4- g .
N a C l     P g .

P r o c e d u r e . The  l i v e r  i n f u s i o n  was  p r e p a r e d  f i r s t  by  

h e a t i n g  f o r  1 . 5  h o u r s  i n  f l o w i n g  s t e a m  1  l b .  o f  f r e s h  and  

g r e a s e  f r e e  b e e f  l i v e r  i n  500  c c .  o f  t a p  w a t e r  a n d  f i l t e r 

i n g  t h r o u g h  a. w i r e  s c r e e n .  POO c c .  o f  t h e  i n f u s i o n  w e r e  

m i x e d  w i t h  o t h e r  n e c e s s a r y  i n g r e d i e n t s  a n d  t h e  m i x t u r e  was  

d i s s o l v e d ,  t u b e d ,  and  s t e r i l i z e d .

Medium f o r  i n d o l e  f o r m a t i o n .

F o r m u l a  ( f o r  P50 c c . )

B a c t o - t r y p t  o n e ...................................................................... 5 . 0  g .
Wa^HPO^....................................... ...............................................0 . 5  g .
G l u c o s e ..........................................................................................0 . P 5  g .

/r. hr'-:".  r.or . rrf . ".""T' or. ; p:0  ;p5 gs-;
B e e f  e x t r a c t ............................................................................1 . 7 5  g .
D i s t i l l e d  w a t e r ...............................................   P 5 0 . 0 0  c c  .

P r o c e d u r e . Same a s  f o r  p r e p a r i n g  g e l a t i n  m e d i u m .

Med i u m  f o r  n i t r a t e  r e d u c t i o n .

F o r m u l a  ( f o r  500  c c . )

B a c t o - t r y p t o s e . . ............................................................  1 0 . 0  g .
NapHP04 ..................................................................................  1 . 0  g .
G l u c o s e . ............................................................................... ..  0 . 5  g .
A g a r ...................... .. ................................................................... 0  , 5 g .
O 0 3  ..........................................................................................  0 . 5  g .
B e e f  e x t r a c t .......................................................................  3 . 5  g .
D i s t i l l e d  w a t e r ................................................................ 5 0 0 . 0  c c  .

P r o c e d u r e . Same a s  f o r  p r e p a r i n g  g e l a t i n  me d i u m.



N u t r i e n t  b r o t h . The f o l l o w i n g  f o r m u l a  was  u s e d ,  a n d  t h e  

p r o c e d u r e  w a s  t h e  same a s  t h a t  u s e d  f o r  p r e p a r i n g  b a s a l  

f e r m e n t a t i o n  med i um.

B e e f  e x t r a c t ...............................................................0 . 5  p e r  c e n t
N a C l ................... .................................................................0 . 5  " "
P e p t o n e  ( D i f c o ) ...................................................... 1 . 0  " "
D i s t i l l e d  w a t e r  ................... ................................ o . s .

3<BP o t a t o  m e d i u m . G i l t n e r ' s  m e t h o d ' -  w a s  u s e d  f o r  p r e p a r i n g  

t h i s  m e d i u m .  S e v e r a l  g o o d - s i z e d  s o u n d  p o t a t o e s  w e r e  c a r e 

f u l l y  c l e a n e d ,  a n d  oy m e a n s  o f  a c o r k  b o r e r  t h e y  w e r e  c u t

i n t o  c y l i n d e r s ,  a b o u t  5 cm.  l o n g  and. 1 . ?  cm. i n  d i a m e t e r ,

f o l l o w e d  oy d i a g o n a l  c u t t i n g  e a c h  w i t h  a n  o r d i n a r y  k n i f e .  

T h e s e  s l a n t s  w e r e  t h e n  s o a k e d  i n  a d i l u t e  a q u e o u s  s o l u t i o n  

( 1 : 5 0 0 )  o f  N a p C o g f o r  30 m i n u t e s  a n d  w a s h e d  i n  s e v e r a l  

c h a n g e s  o f  d i s t i l l e d  w a t e r .  A g l a s s  r o d  ( 2  cm.  x 0 . 3  c m . )

w a s  p l a c e d  a t  t h e  b o t t o m  o f  e a c h  t e s t - t u b e ,  a n d  t h e

t r e a t e d  p o t a t o  s l a n t  w as  p l a c e d  i n t o  t h e  t e s t - t u b e  f o l l o w e d  

by t h e  a d d i t i o n  o f  a b o u t  1  c c .  o f  d i s t i l l e d  w a t e r .  T h e s e

  t u b e s ,  w e r e ,  i m m e d i  a t e l y . . . . p l u g g e d ,  wi  t h  . . . c o t t o n  st .e,r . i l i .ze. .d, '  ■,

i n  t h e  a u t o c l a v e .

S t  a r c h - a g a r  p l a t e s .

F or mul a ,  ( f o r  400 c c . )

B e e f  e x t r a c t   2 . 8  g .
P e p t o n e .................................................................................  2 . 0  g .
A g a r ......................................................................................... 6 . 0  g .
S t a r c h  ( s o l u b l e )   0 . 8  g .
D i s t i l l e d  w a t e r ............................................................ 4 0 0 . 0  c c .

P r o c e d u r e . The i n g r e d i e n t s  w e r e  d i s s o l v e d ,  a u t o c l a v e d  a s  

u s u a l ,  and. t h e  p l a t e s  p o u r e d .
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b .  B i o c h e m i c a l  t e s t s . F o r  a l l  b i o c h e m i c a l  t e s t s ,  t h e  

m e t h o d s  a s  r e c o m m e n d e d  i n  t h e  M a n u a l  o f  M e t h o d s  f o r  P u r e  

C u l t u r e  S t u d y  o f  B a c t e r i s . e  w e r e  g e n e r a l l y  used . .  The i n 

o c u l a t i o n s  w e r e  made d i r e c t l y  f ro m a  2 4  h o u r  n u t r i e n t  b r o t h  

c u l t u r e  i n  e a c h  c a s e  and  a n  u n i n o c u l a t e d  t u o e  o r  p l a t e  o f  

t h e  p a r t i c u l a r  medium i n v o l v e d  was  u s e d  a s  a  c o n t r o l  w h i c h  

was  s u b j e c t e d  t o  t h e  same t e c h n i c  a n d  t o  t h e  same c o n d i t i o n s  

a s  t h e  i n o c u l a t e d  o n e s .  T h e s e  i n o c u l a t e d  t u b e s  o r  p l a t e s  

w e r e  i n c u b a t e d  a t  3 7 ° C .  f o r  v a r y i n g '  l e n g t h s  o f  t i m e ,  and  t h e  

t e s t s  w e r e  a l w a y s  p e r f o r m e d  i n  d u p l i c a t e  a.nd s o m e t i m e s  i n  

t r i p l i c a t e .  The t e s t s  a x e  o u t l i n e d  a s  f o l l o w s :

M o t i l i t y  t e s t . N u t r i e n t  b r o t h  w a s  i n o c u l a t e d ,  a n d  i n 

c u b a t e d  f o r  1 P h o u r s .  A t  t h e  e n d  o f  t h e  i n c u b a t i o n  p e r i o d  

t h e  m o t i l i t y  o f  t h e  m i c r o - o r g a n i s m s  w a s  d e t e r m i n e d  by  

h a n g i n g - d r o p  m e t h o d .

Obse r v a t i o n  f o r  t u r b i d i t y ,  s e d i m e n t a t i o n , a n d  p e l l i c l e  

f o r m a t i o n . T h e s e  o b s e r v a t i o n s  w e r e  c h e c k e d  i n  n u t r i e n t  

o r o t h  c u l t u r e  a f t e r  i n c u b a t i o n  f o r  2 ^ ,  4 8 ,  and  7 2  h o u r s .

The d a i l y  r e a d i n g s  w e r e  r e c o r d e d  o u t  t h e  one  f o l l o w i n g  t h e  

43  h o u r  i n c u b a t i o n  p e r i o d  w i l l  be t h e  o n l y  one  p r e s e n t e d .

H e m o l y t i c  t e s t . P r o d u c t i o n  o f  h e m o l y s i n  was  d e t e r m i n e d  

oy  s t r e a k i n g  t h e  c u l t u r e s  on  b l o o d - a g a r  p l a t e s  a n d  r e a d i n g -  

a f t e r  i n c u b a t i o n  f o r  ? 4 ,  4 8 ,  end 7 2  h o u r s .

81:a r c h  h y d r o l y s i s . The a b i l i t y  o f  t h e  m i c r o - o r g a n i s m s  

t o  h y d r o l y z e  s t a r c h  w a s  d e t e c t e d  by g r o w i n g  t h e  c u l t u r e s  on 

s t a r c h - a g a r  p l a t e s  f o r  one  week  a nd  t h e n  c o v e r i n g  t h e  s u r f a c e  

w i t h  a  50°jo a l c o h o l i c  s o l u t i o n  s a t u r a t e d  w i t h  i o d i n e .
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G r o w t h  a n d  p i g m e n t - f o r m a t i o n  o n p o t a t o  m e d i u m . The 

a b i l i t y  t o  g r o w and t o  f o r m  p i g m e n t  on j j o t a t o  m e d i u m was  

c h e c k e d  by i n o c u l a t i n g  p o t a t o  s l a n t s  a nd  r e c o r d i n g  t h e  

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

d u r i n g  t h e  t w o  w e e k  i n c u b a t i o n  p e r i o d .

L i  d u e f  ac  t  i  on o f  g e 1 a t  i  n  . The i n o c u l a t e d  t u b e s  w e r e  

i n c u b a t e d  a t  3 ? ° C . f o r  two  w e e k s ,  a n d  d u r i n g  t h i s  p e r i o d  

t h e y  w e r e  e x a m i n e d  f o r  l i q u e f a c t i o n  a t  i n t e r v a l s  o f  48 t o  

7 2  h o u r s .  I n  m a k i n g  t h e  r e a d i n g s ,  t h e  t u b e s  w e r e  p l a c e d  i n  

t h e  r e f r i g e r a t o r  f o r  a d m i t  one  h o u r  u n t i l  t h e  g e l a t i n  

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

HpS d e t e r m i n a t i o n .  HpS p r o d u c t i o n  w a s  d e t e c t e d  by o b 

s e r v i n g  t h e  b l a c k e n i n g  o f  l e a . d - a c e t  a t e  p a p e r  s t r i p s  s u s p e n d e d  

o v e r  t h e  m ed iu m d u r i n g  a n  i n c u b s t i o n  p e r i o d  o f  t w o  w e e k s  

w i t h  t h e  r e a d i n g s  b e i n g  m a d e  a t  i n t e r v a l s  o f  48 t o  7 2  h o u r s .

I n d o l e  t e s t . I n d o l e  p r o d u c t i o n  w a s  d e t e r m i n e d  by t h e
q 7 i

    Thorp-ano. Tanner- " "--m-odi-f l e - a t io n  o f  ""the -m ore-- Technic: "In "which-  -■

s o l u t i o n  N o . 1  and  2 ( M a n u a l  o f  M e t h o d s  f o r  P u r e  C u l t u r e  

S t u d y  o f  B a c t e r i a ,  1 9 3 6 ,  u p  t o  c a t e  r e v i s i o n )  w e r e  a p p l i e d  

t o  n a r r o w  s t r i p s  o f  s t e r i l e  f i l t e r  p a p e r  i n s t e a d  o f  t o  

c o t t o n  p l u g s .  T h e s e  s t r i p s  w e r e  c a r e f u l l y  l a b e l e d ,  w i t h  

p e n c i l  a nd  s u s p e n d e d  o v e r  t h e  a p p r o p r i a t e  i n o c u l a t e d  medium 

w h i c h  ha d  c e e n  i n c u b a t e d  f o r  f o u r  d a y s .  The t u b e s  w e r e  t h e n  

p l a c e d  i n  a b o i l i n g  w a t e r - b a t h  f o r  1 5  m i n u t e s  a n d  t h e  r e s u l t s  

r e a d  a f t e r  r e m o v i n g  t h e  t u b e s  f r o m  t h e  b a t h .

Hi t r a t e r  e due t i  on . A f t e r  i n c u b a t i o n  f o r  f o u r  d a y s ,  t h e  

r e d u c t i o n  o f  n i t r a t e  w a s  d e t e r m i n e d  by u s i n g  s o l u t i o n s  o f



2
s u l p h s n i l i c  a c i d  a n d  a - n a p h t h y l a m i n e .

L i t m u s  m i l k . The r e a c t i o n  o f  m i c r o - o r g a n i s m s  i n  

l i t m u s  m i l k  w a s  c h e c k e d  by i n c u b a t i n g  t h e  m i l k  c u l t u r e s  f o r  

two w e e k s  and  r e a d i n g  a t  same i n t e r v a l s  o f  t i m e  a s  f o r  t h e  

f e r m e n t a t i o n  t e s t s .

F e r m e n t a t i o n  t e s t . The a b i l i t y  o f  t h e  m i c r o - o r g a n i s m s  

t o  r e a c t  u p on  v a r i o u s  f e r m e n t a b l e  m e d i a  ( i n c l u d i n g  1 2  c a r 

b o h y d r a t e s ,  5 a l c o h o l s  a n d  1  g l u c o s i d e )  w a s  d e t e r m i n e d  by 

i n o c u l a t i n g  t h e s e  m e d i a  a n d  i n c u b a t i n g  f o r  two w e e k s .  

R e a d i n g s  o f  t h e  r e a c t i o n s  w e r e  made a t  2 4  h o u r  i n t e r v a l s  f o r  

t h e  f i r s t  t h r e e  d a y s  an d  a t  48 h o u r  i n t e r v a l s  f o r  t h e  r e m a i n  

i n g  t i m e  w i t h  d o u b t f u l  c a s e s  b e i n g  c h e c k e d  w i t h  t h e  Beckman 

p H - m e t e r .

The r e s u l t s  o f  b i o c h e m i c a l  t e s t s . The r e s u l t s  o f  t h e  

b i o c h e m i c a l  t e s t s  w i l l  be b r i e f l y  g i v e n  i n  T a b l e  (4-) .
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E x p l a n a t i o n  o f  t he  f i g u r e s  u s e d  i n  Ta b l e  (4)

( l )  G e l a t i n  l i q u e f a c t i o n , i n d o l e  p r o d u c t i o n , m o t i l i t y  t e s t , 
p e l l i c l e  f o r m a t i o n , and s t a r c h  h y d r o l y s i s :

4  ....................... .. p o s i t i v e  t e s t
 - ..............................n e g a t i v e  t e s t

(p)  EpQ p r o d u c t i o n ,  h e m o l y s i n  p r o d u c t i o n ;

^  ..................mar ked
i  .............................. s l i g h t
* ..............................v e r y  s l i g h t
 - ............................. n e g a t i v e

( 3 ) Sedi  me n t  a. t i  o n , t u r b i d i t y  :
^ .............................. m ar ked
i  .............................. m o d e r a t e
T .............................. s l i g h t

t * / - .  v n r  ry ”1 4 4*• , . . «  s j  _i_x cl *.k u

(4)  Pot a t o  me d i u m :
B” .............................. g r o w t h  and brown p i gmen t
M ..............................  g r ow th  and c r e a m e r y  c o l o r
Y ................................g r o wt h  and y e l l o w i s h  p i g m e n t
- .............................. no  growth

(5)  L i t m u s  m i l k :
a ...............................a c i d
b ...............................b a s i c
c .............................. c o a g u l a t i o n
r  ............................... r e d u c t i o n
d .............................. d i g e s t i o n
g .............................. g a s  f o r m a t i o n

(o)  F e r m e n t a t i o n  t e s t s :
+ . . . . .  . c o m p l e t e  c ha ng e  t o  y e l l o w  c o l o r

(marked  a c i d )
i ...............................p a r t i a l  c h a n g e  t o  y e l l o w  c o l o r

( m o d e r a t e  a c i d )
z f ...............................s l i g h t l y  a c i d

(4)   mar ked  a c i d  w i t h  gas  p r o d u c t i o n
( 1 )  m od e r a t e  a c i d  w i t h  ga s  p r o d u c t i o n
( * '  ............................s l i g h t l y  a c i d  w i t h  g as  p r o d u c t i o n
H t > ............................ r e t u r n e d  t o  b a s i c  r e a c t i o n

B ............................b a s i c  r e a c t i o n

From Ta b le  ( 4 ) ,  i t  w i l l  be n o t e d  t h a t  41 c u l t u r e s  i s o l a t e d  

f r om  v a r i o u s  p a t h o l o g i c a l  c a s e s  were  s u b j e c t  t o  b i o c h e m i c a l  

t e s t s ,  and ,  a s  a r e s u l t ,  7 g e n e r a  o f  b a c t e r i a ,  were  i d e n t i f i e d  

an d  2 c u l t u r e s ,  were  u n d e t e r m i n e d .  Trie i d e n t i f i e d  g e n e r a  ( 7 )



i n c l u d e d :  S t a p h y l o c o c c u s ,  D i - * p l o c o c c u s , N e i s s e r i a ,

E s c h e r i c h i a . ,  B a c t e r i u m ,  P a s t e u . r e l l a ,  an d  C o r y n e b a c t e r i u m ,  

w h i l e  t h e  u n d e t e r m i n e d  o n es  were  a g r a m - p o s i t i v e  c o c c u s  and 

a g r a m - n e g a t i v e  c o c c o i d  c a c i l l u s .  I n  r e s p e c t  t o  t h e i r  

f r e q u e n c y ,  B a c t e r i u m  was i s o l a t e d  f rom 11 c a s e s  ( P 6 . 8$>), 

S t a p h y l o c o c c u s  f rom 8 c a s e s  ( 1 9 . Pfo), P a s t e u r e l l a  f ro m 6  c a s e s  

( 1 4 . ?fo), D i p i o c o e c u s  and C o r y n e b a c t  e r i u m  from 5 c a s e s  each 

( l P . P % ) ,  E s c h e r i c h i a  from 3 c a s e s  ( ? . 3 f o ) ,  N e i s s e r i a ,  gram 

p o s i t i v e  c o c c u s ,  and g r a m - n e g a t i v e  c o c c o i d  b a c i l l u s  from 

1 c a s e  each  (P

B e s i d e s  t h o s e  c u l t u r e s  . jus t  m e n t i o n e d ,  5 c u l t u r e s  o f  

A c t i n o m y c e s  n e c r o p h o r u s  and P c u l t u r e s  o f  C l o s t r i d i u m  

w e l c h i i  were  i s o l a t e d  f rom v a r i o u s  c a s e s  and c u l t i v a t e d  in  

dee p - b r a i n  b r o t h .



- 4 6 -

c • P a t h o g e n i c i t y  t e a t s  .

P r e p a r a t i o n  of  i n o c u l u m . The m i c r o - o r g a n i s m s  were  

i n o c u l a t e d  d i r e c t l y  f rom t h e  s t o c k  c u l t u r e s  i n t o  n u t r i e n t  

b r o t h  and i n c u b a t e d  a t  37°G.  f o r  24 h o u r s .  The b r o t h  c u l 

t u r e s  were t r a n s f e r r e d  t o  15  c .  c .  c e n t r i f u g e  t u b e s  and  

c e n t r i f u g e d  ( ^ o r v a l l  c e n t r i f u g e )  a t  41413 r . p . m .  f o r  20 

m i n u t e s  u n t i l  t h e  s u p e r n a t a n t  f l u i d  was c l e a r  and  c o u l d  be 

d i s c a r d e d  i n t o  a b e a k e r  by i n v e r t i n g ;  t h e  t u b e s  w i t h o u t  

d i s t u r b i n g  t h e  b a c t e r i a  c o l l e c t e d  a t  the  bo t t om.  The b a c t e r i a  

we r e  washed t w i c e  w i t h  s t e r i l e  s a l t  s o l u t i o n  ( 0 , 8 5 $  NaCl) 

and re—s u s p e n d e d  t o  g i v e  a t u r c i d i t y  t h e  same a s  t h e  s t a n d a r d  

t u D e - a n t i g e n  f o r  t h e  B r u c e l l a  a g g l u t i n a t i o n  t e s t .

I n o c u l a t i o n  of  e x p e r i m e n t a l  a n i m a l s . Both r a b b i t s  

and mice  wer e  u s e d  f o r  t h i s  t e s t .  They were  h o u s e d  i n  c l e a n  

w i r e - m a d e  c a g e s  and f e d  w i t h  o r d i n a r y  r a t i o n  w i t h  an ample 

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

one ,week b e f o r e  t h e  . t e s t ,  t he .  a n i m a l s  were  c h e c k e d  f o r  h ea l  t h  

and a l l  t h e  u n h e a l t h y  o ne s  were  d i s c a r d e d .

The mouse was h e l d  by t h e  t a i l  and h e a d  w i t h  t h e  a i d  

o f  an a s s i s t a n t .  The r i g h t  s i d e  o f  t h e  l o we r  abdomen was 

swabbed w i t h  7 0$  a l c o h o l  and  0 . 5  c . c .  o f  t h e  s u s p e n d e d  

i n o c u l u m  was i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  a. s t e r i l e

1 . 0  c c ,  h y p o d e r m i c  s y r i n g e  h a v i n g  a 26 g au ge  n e e d l e .  One 

mouse ou t  o f  e v e r y  f i v e  was i n j e c t e d  w i t h  0 . 5  c .  c .  o f  

s t e r i l e  0 . 8 5 $  NaCl  s o l u t i o n  t o  s e r v e  a s  a  c o n t r o l .  Two 

m ic e  were k e p t  i n  one c a g e  w i t h  one o f  them h a v i n g  t h e  t i p  o f
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one e a r  c l i p p e d  f o r  i d e n t i f i c a t i o n .  The cage  was c a r e f u l l y  

l a b e l e d  and a l l  t h e  mice  wer e  o b s e r v e d  t h r e e  t i m e s  d a i l y  

f o r  s i g n s  o f  i l l n e s s  o r  d e a t h .

The r a b b i t  t o  be i n j e c t e d  was c o n f i n e d  i n  a wooden box 

w i t h  t h e  h e a d  f r e e .  One o f  t h e  e a r s  was m o i s t e n e d  w i t h  

70 p er  c e n t  a l c o h o l  and  2 c . c .  o f  t h e  s u s p e n d e d  b a c t e r i a  

wer e  i n j e c t e d  i n t r a v e n o u s l y  i n t o  t h e  m a r g i n a l  e a r  v e i n .

Two r a b b i t s  wer e  put  t o g e t h e r  i n  one c a g e  w i t h  t h e  h a i r  on 

t h e  back o f  one o f  them c l i p p e d  t o  s e r v e  f o r  i d e n t i f i c a t i o n .  

The c ag e  was l a b e l e d  as  u s u a l  and t h e  o b s e r v a t i o n s  made 

u n d e r  t h e  same c o n d i t i o n  a s  f o r  t h e  m i c e .

T e c hn i c  o f  c u l t u r i n g  t i s s u e s  o f  e x p e r i m e n t a l  a n i m a l s .

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

t h e y  were k i l l e d  f i v e  days  a f t e r  i n o c u l a t i o n  by t h e  i n 

t r a v e n o u s  i n j e c t i o n  of  a i r  (30 c . c .  s y r i n g e )  t h r o u g h  t h e  

m a r g i n a l  e a r  v e i n ,  ^a.ch r a b b i t  was t h e n  a u t o p s i e d  and t h e  

t i s s u e s  c u l t u r e d  u s i n g  t h e  same t e c h n i c  as  empl oy ed  f o r  t h e  

l a m b s .  However ,  t h e  r a b b i t s  were  n o t  s k i n n e d .

I f  t h e  e x p e r i m e n t a l  m i c e  showed no symptoms and s u r 

v i v e d  t h e  p a t h o g e n i c i t y  t e s t s ,  t h ey  w er e  k i l l e d  f i v e  days  

a f t e r  i n o c u l a t i o n  by  g r a s p i n g  t h e  t a i l  o f  e ac h  mouse w i t h  

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

As soon as  t h e y  were  k i l l e d ,  each  was  s t r e t c h e d  on a p i e c e  

o f  wooden b o a r d  w i t h  t h e  a i d  of  f o u r  thumb t a c k s .  The mouse 

was t h e n  s k i n n e d ,  o p e n e d ,  and  c u l t u r e s  made f rom t h e  l i v e r

u s i n g  t he  same m et ho d  e m p l o ye d  f o r  c u l t u r i n g  t h e  t i s s u e s  o f  

p a t h o l o g i c a l  l a m b s .  However ,  i n  c u l t u r i n g  t h e  h e a r t - b l o o d .
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snci s p l e e n  o f  m i c e ,  t h e  f o l l o w i n g  p r o c e d u r e s  were f ou nd  to  

be more a p p l i c a b l e .  The v e n t r a l  s u r f a c e  o f  t h e  h e a r t  was 

s e a r e d  as  u s u a l .  A s t e r i l e  p a i r  o f  f o r c e p s  was u s e d  t o  

g r a s p  t h e  s i d e s  o f  t h e  h e a r t  and by s q u e e z i n g  t h e  f o r c e p s  

a d r o p  of  b l o o d  would u s u a l l y  ooze f rom a h o l e  made i n  t h e  

m i d d l e  o f  t h e  s e a r e d  s p o t  w i t h  the  a i d  o f  a s t e r i l e  n e e d l e  

h a v i n g  a s m a l l  and p o i n t e d  l o o p  a t  t h e  t i p .  soon as  t h e

b l o o d  was o o z i n g  o u t ,  t h e  n e e d l e  was i n t r o d u c e d -  i n t o  t h e  

h e a r t  i n  o r d e r  t o  g e t  a go od  s i z e d  d r o p  of  b l o o d  w i t h  which 

t o  smear  o v e r  1 / 3  o f  a b l o o d - a g s r  p l a t e .

The s p l e e n  was c u l t u r e d  by s e a r i n g  an a r e a  n e a r  e i t h e r  

end  ( p r e f e r a b l y  t h e  v e n t r a l  e n d ) .  A s t e r i l e  n e e d l e  ( t h e  

same n e e d l e  u s e d  f o r  c u l t u r i n g  h e a r t - b l o o d . )  was i n t r o d u c e d  

t h r o u g h  t h e  s e a r e d  a r e a  i n t o  the  s p l e e n  a l o n g  i t s  l o n g  

a x i s .  S i nce  t h e  s u o t e r m i n a l  p a r t  o f  t h e  s p l e e n  was s e a r e d  

and c o n s e q u e n t l y  weakened,  i t  was e a s y  t o  i n t r o d u c e  t h e

-s t-e r iI©  n e e d l e  "'through' th e -  w e-ak e n e d - s p o t  i n t o - t h e  spleen-'™--

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

T h i s  p r o c e d u r e  was f a c i l i t a t e d  by g r a s p i n g  t h e  e x t r e m e  end 

o f  t h e  s p l e e n  w i t h  a p a i r  o f  f o r c e p s .

I d e n t i f i c a t i o n  of  b a c t e r i a .  i s o l a t ed  f rom e x p e r i m e n t  a n i m a l s .

The b a c t e r i a  i s o l a t e d  f rom r a b b i t s  and mice  we r e  s t a i n e d  

and t h e  b i o c h e m i c a l  t e s t s  wer e  made w i t h  the  f o l l o w i n g  med i a :  

G l u c o s e ,  l a c t o s e ,  s u c r o s e ,  g l y c e r o l ,  NOg b r o t h ,  i n d o l e  

medium,  s t a r c h - a g a r  p l a t e ,  l i t m u s  m i l k ,  and g e l a t i n .  The r e 

a c t i o n s  of  t h e  m i c r o - o r g a n i s m s  i n  t h e s e  med ia  and t h e
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c h a r a c t e r i s t i c s  upon s t a i n i n g  were c o m p a r e d  t o  t h o s e  o f  t h e  

o r i g i n a l  c u l t u r e s  i n  o r d e r  t o  check  t h e i r  i d e n t i t y .

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

a r e  a r r a n g e d  i n  Ta o le  ( 5 ) .
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Ta.ble ( 5 ) .  R e s u l t s o f  P a t h o g e n i c i t y  T e s t s .

C u l - R e s u l t s b a c t e r i a Remarks
t u r e of T e s t R e c o v e r e d

Jio. Mouse "“R a b b it. f rom

730 8 *
7334 X H . L . S . Mouse d i e d  i n  15  h r .
7335 X X H . S . 11 " " P I  h r . , r a b b i t  i n  24
7336 X _ L . S . " v e r y  s i c k ,  k i l l e d  i n  40 h r .
7337 — S . ( c o n t a m -  

i n a t e d ) *
7 3 38 X H . L . S . Mouse d i e d  i n  30 h r .

X H, R a b b i t  d i e d  i n  P8  h r .
7 344 X — H. S . Mouse d i e d  i n  38 h r .
73 50 X _ H . L . S . Mouse d i e d  i n  60 h r .
73 51 X _ H . L . S , Mouse d i e d  i n  24 h r .
7353 X — H. *

7 3 5 8 a X - L. *

7 3 5 8b — - H*

7 353c — -
7 36 Pa — - *

7 3 6 ? b — *

7 36 Pc — — *

736 5 X H . L . S . *

7 3 71a X H . L . S . D ie d  i n  3 8 h r .
7 371b X X H.

S
*
*

737 Pa — X

7 379b X H . L . S . m

737 3a — X
7373  b X S. *
7 373c —

.739 3 a "*"X ... . '■'"L."S'." ™.............. .*. .. ' .....  ..■ ... " ■ "...  ................. .. ' *“
73 93b X — H . L . S . Mouse d i e d  i n  14 h r .
7 393c X — H . L . S . Mouse d i e d  i n  15 h r .
739 4a V — H . L . S . Mouse d i e d  i n  18 h r s .
7 39 4b — ★
7 400 — *
7 4 0 1 a X H . L . S . D i e d  i n  PP h r s .
7 401b — X

7 401c — *
7406 X — H . L . P . S . Mouse d i e d  i n  4 d a y s .
7 410 — L . S . ( c o n t a m 

i n a t e  d)
*

74 15 — *

7 443 —
7 460a - —
7 460b - - *

7 460c — —
L . S .  ( c o n t a m 

X

7 47 4 X

Tot  a l ; i n a t e d )
1 3 (mice  became v e r y  s i c k  or  d i e d41 2 0 x 3x 2 5( i n  e l u d i n g

c o n t a m i n a t e d w i t h i n  4 d a y s  a f t e r  i n o c u l t a i o n .
o n e s )

N o t e :  E x p l a n a t i o n  of  t a b l e .
x .................. * . p o s i t i v e  t e s t  H ..................... H e a r t  b l o o d  P. . . . P e r i t o n e a l
_ ........................n e g a t i v e  t e s t  L .....................L i v e r  f l u i d

.............. . . K i l l e d  i n  S . . .................S p l e e n
5 day s .
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T'ne r e s u l t s  o f  t h e  e x p e r i m e n t  i n  Ta b le  (5)  slowed t h a t  

PO (48.78%) o u t  o f  t h e  41 o r i g i n a l  c u l t u r e s  were  r e c o v e r e d  

f rom t h e  e x p e r i m e n t a l  m i c e ,  o f  whi ch  13 ( 3 1 . 7 fo) we r e  

d e f i n i t e l y  v i r u l e n t .  These  13 v i r u l e n t  c u l t u r e s  e i t h e r  

c a u s e d  t h e  d e a t h  o f  mi ce  or  made them s e r i o u s l y  i l l  w i t h i n  

f o u r  days  a f t e r  i n o c u l a t i o n ,  w h i l e  t h e  r e m a i n i n g  7 c u l t u r e s  

o f  t h e  PO p o s i t i v e  t e s t s  d i d  n o t  i n d u c e  any n o t i c e a b l e  

symptoms up  t o  f i v e  day s  a f t e r  i n o c u l a t i o n  a t  wh ic h  t ime  

t h e  mice  were  k i l l e d  f o r  e x a m i n a t i o n .  As f o r  t h e  r a b o i t s ,  

o n l y  3 p o s i t i v e  t e s t s  were  o b t a i n e d  f rom PP i n o c u l a t e d  

a n i m a l s  which  i n d i c a t e s  t h a t  r a b o i t s  w e r e  q u i t e  r e s i s t a n t  

t o  t h e  c u l t u r e s  i s o l a t e d  f rom  lambs  and were  n o t  s u i t a b l e  

f o r  such  w o r k .  I n c i d e n t a l l y ,  r a b b i t s  we r e  f i r s t  u s e d  as  

t h e  t e s t  a n i m a l  i n  t h i s  e x p e r i m e n t .  L a t e r  on,  when t h e y  

wer e  f o u n d  t o  oe r a t h e r  i n d i f f e r e n t  t o  t h e  c u l t u r e s ,  mice  

wer e  u s e d  i n s t e a d .

i



C. P a t h o l o g i c a l  M e t ho ds .
.. . — >1 , .. ...    . - .....................

( B■ T e c h n i c  u s e d  f o r  a u t o p s y .

The l a mbs  wer e  e i t h e r  b l e d  t o  d e a t h  o r  b r o u g h t  dead  t o  

t h e  l a b o r a t o r y  f o r  a u t o p s y .  I n  e i t h e r  c a s e ,  t h e y  wer e  

i m m e d i a t e l y  s k i n n e d  and c a r e f u l l y  e x a m i n e d  f o r  g r o s s  l e s i o n s  

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

n e r v e s ,  end s o m e t i m e s  t h e  s p i n a l  c o r d .  I n  o r d e r  t o  expose  

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

e x t e n d i n g :  a l o n g  an i m a g i n a r y  l i n e  j u s t  b e l o w  t h e  o r b i t s  and

^ ^  , ,  4-Vi loo  n o  n-f’ +V.n o *">Y» Q 11^+1 1 *1 + V* O C lp h p H  +"VlC5 n P P l  + 0 1
d ,  c /  u  V t /  l i i l U  WJ V / -fc. •-* U J . J .  u *  J .  A  •» V. w  —v -  —  Vv W  — A

r e g i o n .  Then,  by a g e n t l e  t i p p i n g  and w i t h  t he  h e l p  o f  t h e

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

( t h e  e n t i r e  c e r e b r u m )  was s l i p p e d  o u t  o f  t h e  u p p e r  h a l f  

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

o b l o n g a t a  i n  t h e  l o w e r  h a l f .  ( F i g .  1 ,  2)

( D) T e c h n i c s  f o r  p r e p a r i n g  p a t h o l o g i c a l  t i s s u e s .

 ‘ The t i s s u e s  were- f i x e d  i n  -Zenker  '-a f l u i d  an d  some- •  "

t i m e  i n  10$  f o r m o l  s a l i n e .  They were  t h e n  w a s h e d ,  dehy

d r a t e d ,  embedded and s e c t i o n e d  by o r d i n a r y  h i s t o l o g i c a l  

t e c h n i c s ,  and f i n a l l y  s t a i n e d  e i t h e r  w i t h  h e m s t o x y l i n - e o s i n ,  

G r a m - W e i g e r t ,  M a l l o r y ' s  a n i l i n - b l u e ,  o r  by e l l  t h r e e  methods
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P r e s e n t a t i o n  o f  c a s e s

Case 7 356 ( G r ad e ,  ma l e)

T n i s  was a t y p i c a l  c a s e  o f  w h i t e - r n u s c l e  d i s e a s e  o r  

s o - c a l l e d  11 s t  i  f  f - l a m b 11 d i s e a s e .

Hi s t o r y . T n i s  lamb was owned by Mr. Savage  of  A l b i o n ,

M i c h i g a n ,  and was d e l i v e r e d  t o  t h e  p a t h o l o g y  b a r n  on 4 / 3 / 4 4 .  

The lamb was showing  e v i d e n c e  of  w h i t  e - m u s c l e  d i s e a s e  and 

was u n a b l e  t o  r i s e .  The a n i m a l  made no p r o g r e s s  f o l l o w i n g

t h e  t ime  o f  d e l i v e r y  and on the  m o r n i n g  of  A p r i l  4 t h  

w o u l d  n o t  n u r s e .  I t  was t h e n  s a c r i f i c e d  and s t u d i e d .  The 

lamb was 5 weeks  o l d .

E t i o l o g y . U n d e t e r m i n e d .  No b a c t e r i a  were  i s o l a t e d  f rom 

t h i s  c a s e .

B l o o d  s t u d i e s .

( a ) Blood  p i c t u r e

E r y t h r o c y t e s  1 9 , 9 5 0 , 0 0 0  p e r  c.mm.
  " Le ucocy te s" .  . T.". ",'T  I T , 600'............... ..

H e m o g l o b i n ...............  9 . 8  g . / l O O  c c .
D i f f e r e n t i a l  c ou n t  (fo)
L y m p h o c y t e s   7
N e u t r o p h i l s . 93

s e g - n e n t e r s ( 8 8 )
b a n d s ( 4)

M o n o c y t e s . 1
0
0

E o s i n o p h i I s  
B a s o p h i I s . ,

( k)  Blood, c h e m i s t r y  (Mgm/100 c c .)

Gl u co s e 1 9 6 . 0 0
1 . 7 8
1 . 6 5

Ur i c  a c i d .  
C r e a t i n i n e  
C h l o r i d e . . 
N . P . N ...........

5 6 0 . 0 0
1 6 9 . 0 0
1 0 8 . 0 0Urea-N
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From t h e  r e s u l t s  o f  t h e  b l ood  s t u d i e s ,  i t  i s  i n t e r e s t 

i n g  t o  n o t e  t h a t  t h e  c h e m i c a l  a n a l y s i s  of  b l o o d  a s  w e l l  as  

t h e  blood,  p i c t u r e  of  t h i s  c a s e  r e s e m b l e d  q u i t e  c l o s e l y  t h a t  

o f  Case No. 735 8 .  A l l  b l o o d  e l e m e n t s  which  h a d  been  s t u d i e d  

were  d e c i d e d l y  i n c r e a s e d ,  and y e t  on t h e  o t h e r  h a n d  the  

number  of  l y m p h o c y t e s  was v e r y  much d e c r e a s e d .  The 

n e u t r o p h i l i a  was a l s o  v e r y  p r o n o u n c e d ,  b u t  i t  showed m o s t l y  

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

v a l u e  i n  c l o o d  e l e m e n t s  seemed t o  be Q u i t e  u n i q u e  f o r  

w n i t e - m u s c l e  d i s e a s e .  The e r y t h r o c y t e s  were more o r  l e s s  

n o r m a l ,  a l t h o u g h  a  few p o i k i l o c y t e s  wer e  o b s e r v e d .

G r o se  l e s i o n s .

Sk e l e t a l  m u s c l e s . The s k e l e t a l  m u s c u l a r i s  on b o t h  s i d e s  o f  

t h e  body we r e  i n v o l v e d ,  and  t h e  l e s i o n s  a p p e a r e d  a s  s u p e r 

f i c i a l  w h i t i s h  p a t c h e s  o r  s t r e a k s .

Li v e r . The l i v e r  showed some f a t t y  d e g e n e r a t i o n .

"'•""O t h e r  -organs - . •Apparently- '  n o r m a l .    ■■■■■■■■•.... .. .

M i c r o s c o p i c  l e s i o n s .

Li v e r  . The l i v e r  was v e r y  much c o n g e s t e d  and showed c l oud y  

s w e l l i n g  end f a t t y  d e g e n e r a t i o n .  Most  b l o o d  v e s s e l s  as  

w e l l  as  t h e  s i n u s o i d s  w e r e  d i s t e n d e d  w i t h  b l o o d .  The f a t t y  

d e g e n e r a t i o n  was r a t h e r  e x t e n s i v e  and d i f f u s e ,  b e g i n n i n g  

8 t  t h e  c e n t r a l  p a r t  o f  e a c h  l o b u l e  and  e x t e n d i n g  g r a d u a l l y  

i n  a  d i m i n i s h i n g  g r a d a t i o n  t o w a r d  -the p e r i p h e r y .  The 

a f f e c t e d  c e l l s  became g r a n u l a r  and v a c u o l a t e d  due t o  t h e  

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

were  e i t h e r  p u s h e d  t o  one s i d e  o r  were  p y k n o t i c .
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K i d n e y s . The k i d n e y s  we r e  r a t h e r  c o n g e s t e d  and showed 

e v i d e n c e  of  c l o u d y  s w e l l i n g ,  f a t t y  d e g e n e r a t i o n  and 

h e m o r r h a g e .  The c o n v o l u t e d  t u b u l e s  w e r e  g e n e r a l l y  some

what. d i l a t e d ,  and t h e  l u m i n a  t o g e t h e r  w i t h  t h e  s u b -  

c a p s u l a r  s p a c e s  were f i l l e d  w i t h  v a r y i n g  amounts  o f  

d e b r i s  and h y a l i n e  c a s t s .  The e p i t h e l i u m  of  some con

v o l u t e d  t u b u l e s  were a f f e c t e d  by m a r k e d  f a t t y  d e g e n e r a t i o n ,  

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

p o r t i o n  o f  t h e  p r o x i m a l  c o n v o l u t e d  t u b u l e s .  O c c a s i o n a l l y ,  

some i n t e r l o b u l a r  p e t a c h i a e  were o b s e r v e d  and some d i s 

i n t e g r a t e d  e r y t h r o c y t e s  wer e  p r e s e n t  i n  t h e  c o l l e c t i n g  

t u b u l e s .

S k e l e t a l  m u s c l e . I n  t h i s  c a s e ,  q u i t e  a numDer o f  s k e l e t a l  

m u s c l e s  were  more o r  l e s s  i n v o l v e d .  Seven b l o c k s  of  

musc l e  were t a k e n  from v a r i o u s  a r e a s  o v e r  t h e  Dody f o r  

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

-lesion,..were m o r e  o k - l e s s  the.. .,same.namely,,. . myodegenera-tion

f o l l o w e d  by e i t h e r  m y o - r e g e n e r a t i o n  o r  f i b r o s i s .  (See a l s o  

Case No. 7358)  . The d e g e n e r a t i v e  c h a n g e s  o f  t h e  m us c l e  

were c h a r a c t e r i z e d  by a d i f f u s e  and  f r a g m e n t a r y  n e c r o s i s  

w i t h  some f i b r o b l a s t i c  a c t i v i t y .  The a f f e c t e d  m u s c l e  

f i b e r s  g e n e r a l l y  became s w o l l e n  and wavy,  f o l l o w e d  by con

t r a c t i o n  o r  s h r i n k a g e  and c o n s e q u e n t l y  b r o k e  i n t o  s m a l l  

p i e c e s .  As soon  a s  t h e  musc l e  f i b e r s  b roke  i n t o  p i e c e s ,

some of  t h e  more s e v e r e l y  a f f e c t e d  o n e s  u n de r w e n t  h y a l i n e
13

or  Z e n k e r ' s  d e g e n e r a t i o n  . ( F i g .  3 , 4 ) These  d y i n g  

m u s c l e - f i  o e r s  l o s t  t h e i r  c h a r a c t e r i s t i c  s t r i a t i o n s  and
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n u c l e i  and became more o r  l e s s  c o a g u l a t e d .  They were  

s t a i n e d  e i t h e r  p i n k i s h  or  d a r k  p u r p l e  w i t h  h e m a t o x y l i n -  

e o s i n  and some o f  them a p p e a r e d  t o  c o n t a i n  a c e r t a i n  

k i n d  o f  d e p o s i t .  ( F i g .  4,  5,  6 ) .  I n  some i n s t a n c e s ,  

n owe ve r ,  t h e  d e s t r u c t i v e  p r o c e s s  was n o t  so s e v e r e  and 

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

w i t h  t h e  n u c l e i  was r o t  a f f e c t e d .

F o l l o w i n g  t h e  d e g e n e r a t i v e  c h a n g e s ,  a  r e g e n e r a t i v e  

p r o c e s s  was g o i n g  on .  In t h i s  r e g e n e r a t i v e  p r o c e s s , t h e  

mos t  s t r i k i n g  f e a t u r e  was  p r o l i f e r a t i o n  o f  t h e  f i b r o 

b l a s t i c  c e l l s  and t h e  n u c l e i  o f  u n a f f e c t e d  m u sc l e  f i b e r s  

o r  s a r c o l e m r n a e . O c c a s i o n a l l y ,  a few p o l y m o r p h o n u c l e a r  

l e u c o c y t e s  and p lasma c e l l s  were o b s e r v e d .  The f i b r o 

b l a s t i c  p r o l i f e r a t i o n  r e s u l t i n g  i n  f i o r o s i s  was t o  

s t r e n g t h e n  t h e  weakened  a r e a s .  The n e w l y - f o r m e d  n u c l e i  

f rom t h e  n o r m a l  m u s c l e  f i b e r s  or  s u r v i v i n g  s arco lemrnae

mi_gra;ted._ towards,.. ' the i n j u r e d  ends.  and. .each. u .arn led  „a ■ smal l -  ■

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

i n t o  musc le  g i a n t  c e l l s  o r  d i r e c t l y  i n t o  r e g e n e r a t i n g  

musc l e  f i o e r s . The n u c l e a r  p r o l i f e r a t i o n  and c e l l  d i v i s i o n  

wer e  so e x t e n s i v e  t h a t  i n  c e r t a i n  s p o t s  a g r e a t  mass  o f  

s u c h  n e w l y - f o r m e d  c e l l s  w e r e  p r e s e n t ,  ( F i g .  4,  9 ,  11,  i p )  ,

wh i ch  ha.ve b e e n  r e f e r r e d  t o  as" M u s k e l z e l l e n s c h l & u c h e "  o f
P7W a l d e y e r  ' . The f o r m a t i o n  of  such  s t r u c t u r e s  h a s  been  t h e

s u b j e c t  o f  much d i s c u s s i o n  s i n c e  e a r l y  h i s t o r y  o f  m e d i c a l
1 3 ,  2 6 ,  27 ,  28,  37 

s c i e n c e .  In  f a c t ,  some of  t h e s e  newly

fo rmed  c e l l s  wer e  r e g e n e r a t i n g  m u s c l e  f i b e r s  w h i l e  o t h e r s
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wer e  m u s c l e  g i a n t - c e l l s .  The f u n c t i o n  of  t h e  m u s c l e  g i a n t  

c e l l s  was t o  remove t h e  d e a d  m u sc l e  t i s s u e  and t h a t  o f  

t h e  r e g e n e r a t i n g  m u s c l e —f i b e r s  was t o  f i l l  t h e  g a p s  l e f t  

Dv t h e  d e a d  t i s s u e s .  I n  Q u i t e  a  number  o f  i n s t a n c e s ,  t h e  

w r i t e r  was a o l e  t o  d e m o n s t r a t e  a m u s c l e  g i a n t  c e l l  en

g u l f i n g  a  p i e c e  of  d e a d  musc l e  o f  c o n s i d e r a b l e  s i z e  

( F i g .  7,  7a., 8 ,  9 ) ,  w h i l e  i n  a n o t h e r  he f r e q u e n t l y  e n 

c o u n t e r e d  s e v e r a l  such  g i a n t - c e l l s  e a c h  c o n t a i n i n g  one or  

s e v e r a l  f o o d  v a c u o l e s  f i l l e d  w i t h  s m a l l  p i e c e s  o f  t i s s u e  

d e b r i s  ( F i g .  1 2 ,  1 0 ) .  T h e r e f o r e ,  i n  s uc h  c s E e s ,  t h e  

f u n c t i o n  o f  m u s c l e  g i a n t - c e l l s  was b e a u t i f u l l y  i l l u s t r a t e d .  

These  g i a n t - c e l l s  were so  a c t i v e  t h a t  t h e y  h a d  no d e f i n i t e  

s h a p e .  They somewhat  r e s e m b l e d  amebae and a c t e d  a l m o s t  

l i k e  them.  The c e l l s  u s u a l l y  t h r u s t  o u t  p a r t s  o f  t h e i r  

b o d i e s  i n  o r d e r  t o  e n g u l f  t h e  dead m u s c l e  t i s s u e  

( F i g .  7 ,  7 a ,  8 ,  9 ) .  As soon  as  t h e  d e a d  t i s s u e  was  s u r 

r o u n d e d ,  d i g e s t i o n  b e g a n .  G r a d u a l l y  t h e  p i e c e s  o f  dead  

m us c l e  f i b e r '  d i m i n i s h e d  i n  s i z e  u n t i l  t h e y  we r e  c o m p l e t e l y  

removed ,  l e a v i n g  fo od  v a c u o l e s  b e h i n d  ( F i g .  1 1 ) .  A f t e r  

t h e  dead t i s s u e  was c o m p l e t e l y  d i g e s t e d  and a b s o r b e d ,  t h e  

f o o d  v a c u o l e s  d i s a p p e a r e d  and t h e  g i a n t - c e l l s  w e r e  t h e n  

r e a d y  t o  r e p e a t  t he  amazing: p r o c e s s  ( F i g .  1 9 ) .

These m u s c l e  g i a n t - c e l l s  we r e  f o r m e d  e i t h e r  by f u s i o n  

o f  t h e  n e w l y - f o r m e d  r e g e n e r a t i n g  c e l l s  ( F i g .  1 3 ,  14) o r  by 

m i t o s i s  w i t h o u t  c y t o p l a s m i c  d i v i s i o n  ( F i g .  1 5 ) .  The 

i o r m e t i o n  o f  g i a n t —c e l l s  h a s  been a l s o  a p rob le m o f  g r e a t
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c o n t r o v e r s y  i n  the  m e d i c a l  f i e l d  end. q u i t e  a  number  o f  

07t h e o r i e s ' - h a v e  b een  f o r m u l a t e d .  Some w o r k e r s  t h o u g h t  

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

t a i n e d  t h a t  t h e y  were d e r i v e d  by m i t o s i s  w i t h o u t  c e l l  

d i v i s i o n ,  and s t i l l  o t h e r s  i n s i s t e d  t h a t  t h e y  came i n t o  

e x i s t e n c e  by b o t h  f u s i o n  and m i t o s i s .  S i n c e  t h e r e  was no 

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

much c o n f u s i o n  e x i s t e d .  From now o n ,  i t  i s  h o p e d  t h a t  t h e  

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

i n  t h e  cs.se o f  w r i t e — m u s c l e  d i s e a s e  o f  t r e  new—Dorn lambs  

may s e r v e  a s  a  sound b a s i s  f o r  f u r t h e r  i n v e s t i g a t i o n s  as  

t o  t h e  f o r m a t i o n  of  o t h e r  k i n d s  o f  g i a n t  c e l l s  and t h e  

c o n f u s i n g  c o n d i t i o n ,  wh i ch  i s  s t i l l  e x i s t i n g  i n  t h i s  

p a r t i c u l a r  f i e l d ,  may be u n r a v e l e d .

The s i n e  of  t h e  m u s c l e  g i a n t - c e l l s  was v a r i a b l e ;  one 

o f  t he  l a r g e s t  m e a s u r i n g  a b o u t  0 . 0  5 mm. X 0 . 0 7  mm. The

n u c l e i " '  were  e i t h e r  s p h e r i c a l ;n r  ' oval -  inr ' s h a p e , ' b h t " a i r '  were

p r o v i d e d  w i t h  a heavy d i s t i n c t  n u c l e a r  membrane,  f i n e  o r  

n e a r l y  c l e a r  n u c l e o p l a s m ,  and f rom one t o  t h r e e  w e l l  

d e f i n e d  n u c l e o l i .  The number  o f  n u c l e i  v a r i e d  and f rom 

two t o  t w e n t y - f i v e  were  o b s e r v e d  ( F i g .  7,  7a ,  9 ,  1 9 ) .

T h e i r  a r r a n g e m e n t  i n  t h e  c e l l  was i r r e g u l a r  and i n d e f i n i t e .

In  a s e c t i o n  s t a i n e d  w i t h  a n i l i n e - b l u e  end e o s i n ,  i t  

was o o s e r v e d  t h a t  t h e  n e c r o t i c  m u s c l e - f i b e r s  wer e  s t a i n e d  

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

r e d ,  t h e  f i b r o b l a s t i c  t i s s u e  b lue  w i t h  s m a l l  s p i n d l e - s h a p e d
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y e l l o w i s h  n u c l e i ,  and t h e  r e g e n e r a t i n g  m u s c l e - f i b e r s  and  

musc l e  g i a n t - c e l l s  g re y  w i t h  c l e a r  c o l o r l e s s  n u c l e i  con

t a i n i n g  y e l l o w i s h  n u c l e o l i  ( F i g .  6 , 7 ,  7 a ,  8 ) .  The 

r e g e n e r a t i n g  m u s c l e - f i b e r s  g e n e r a l l y  p o s s e s s e d  f a i n t  t o  

d i s t i n c t  f i b r i l s  and some of  them a l s o  c o n t a i n e d  c r o s s  

s t r i a t i o n s  ( F i g .  6 , 8 , 1 1 ) ,  w h i l e  t h e  musc l e  g i a n t - c e l l s  

were  more or  l e s s  homogeneous  i n  n a t u r e . By means  o f  

a n i l i n e - b l u e  and e o s i n  s t e i n ,  t h e  mo rpho l ogy  o f  n u c l e i  and 

t h e  s t a i n i n g  a f f i n i t y  o f  b o t h  g i a n t - c e l l s  and t h e  r e 

g e n e r a t i n g  m u s c l e - f i b e r s  we r e  e x a c t l y  t h e  same,  i n d i c a t i n g  

c l e a r l y  t h a t  t h e y  wer e  a l l  d e r i v e d  f rom t h e  same p a r e n t  

t i s s u e ,  i . e . ,  m u s c l e ,  and were  n o t  o f  e x t r a - m u s c u l a r  o r i g i n .

G e n e r a l l y  s p e a k i n g ,  i f  m y o d e g e n e r a t i o n  w e r e  n o t  t oo

s e v e r e  and m y o - r e g e n e r a t i o n  f o l l o w e d  a c o m p l e t e  o r  t o t a l

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

c a s e ,  t h e  m y o - r e g e n e r a t i o n  i s  c a r r i e d  o u t  by t h e  p r o c e s s  o f

n u c l e a r  p r o l i f e r a t i o n  f r o m  u n a f f e c t e d  m u s c l e - f i b e r s  or

sarcolemrnae  so  as  t o  f orm musc le  g i a n t - c e l l s  f o r  t h e  r e m o v a l

o f  d e v i t a l i z e d  t i s s u e  and r e g e n e r a t i n g  m u s c l e - f i b e r s  f o r

t h e  f i l l i n g  i n  the  g ap s  l e f t  by t h e  d e a d  t i s s u e .  The

f i b r o b l a s t i c  a c t i v i t y  i s  r e d u c e d  t o  a minimum. I n  o r d e r

t o  s u b s t a n t i a t e  t h e s e  f a c t s ,  a  lamb r e c o v e r e d  f rom "whi t e

m u s c l e "  d i s e a s e  was s l a u g h t e r e d  e a r l y  l e s t  f a l l  (1944)  and

no l e s i o n s  were  f o u n d  w h a t s o e v e r .  The lamb c h o p s  were

b o i l e d  or  f r i e d  end t a s t e d  j u s t  as  good and t e n d e r  as  t h o s e
PiQ <?'7

f rom norma l  l a m b s .  F o r b u s  " i n  h i s  s t u d y  on d e g e n e r a 

t i o n  and r e g e n e r a t i o n  o f  t h e  r e c t u s  abdominus  i n  human
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pneumoni a  a l s o  f o u n d  t h e  " t o t a l  r e s t o r a t i o n  o f  t h e  a f f e c t e d  

m u s c l e " .  I f  t h e  t o t a l  r e s t o r a t i o n  o f  t he  a f f e c t e d  musc l e  

i s  e f f e c t e d ,  a  q u e s t i o n  n a t u r a l l y  a r i s e s :  "How a b o u t  t h e

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

t h e i r  du t y  i n  r e mo v i n g  t h e  dead, t i s s u e ? "  R e g a r d i n g  t h i s ,  

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

mak i ng  a d e f i n i t e  s t a t e m e n t ,  b u t  he i s  i n c l i n e d  t o  f e e l  

t h a t  a f t e r  t h e  musc l e  g i a n t - c e l l s  h a v e  c o m p l e t e d  t h e i r  

t a s k ,  t h e y  may d i s i n t e g r a t e  and be r e mo ve d  or  t h e y  may be 

g r a d u a l l y  t r a n s f o r m e d  i n t o  r e g e n e r a t i n g  m u s c l e - f i b e r s .  

P r o b a b l y ,  t h e  l a t t e r  p r o c e s s  i s  t h e  a c t u a l  c a s e .

On t h e  o t h e r  h a n d ,  i f  m y o - d e g e n e r a t i o n  wer e  v e r y  

s e v e r e  and d e s t r u c t i v e  and  t h u s  l e s s  ch an ce  f o r  m y © - r e g e n e r a 

t i o n  were p r o v i d e d ,  t h e  f i b r o b l a s t i c  a c t i v i t y  w ou l d  be more 

p r o n o u n c e d  and t h e  gaps  l e f t  by t h e  dead  t i s s u e  w o u l d  be 

r e p l a c e d  by f i b r o u s  or  s o me t i me s  by a d i p o s e  t i s s u e s  and t h e  

c o a g u l a t e d  d e a d  mu sc l e  t i s s u e  w ou l d  r e m a i n  f o r  some t i m e .  

Q u i t e  a number  o f  such  i n s t a n c e s  were  o b s e r v e d ,  and  such 

musc l e  t i s s u e  would be a t r o p h i e d  a n d  t h e  a r e s  wa.s c o n s i d e r e d  

t o  be more s e r i o u s  t h a n  o r d i n a r y .

-Dj s c u s s i  on and summery.

1 . Th i s  was a  t y p i c a l  c a s e  o f  " w h i t e - m u s c l e " d i s e a s e  i n  w h i c h  

t h e  most  s t r i k i n g  f e a t u r e s  wer e  h e p a t i c  d i s o r d e r  and 

m y o - d e g e n e r a t i o n  f o l l o w e d  by m y o - r e g e n e r a t i o n .

2 .  A p r o n o u n c e d  l e u c o c y t o s i s  ( n e u t r o p h i l i a )  was o b s e r v e d ,  

t h e  c a u s e  o f  which  was  n o t  d e f i n i t e l y  known.



- 6 1 -

3 .  The d e h y d r a t e d  c o n d i t i o n  o f  t h e  a n i m a l ,  t h e  mar ked  

h e p a t i c  d i s o r d e r s ,  and t h e  e x t e n s i v e  d e s t r u c t i o n  o f  

s k e l e t a l  m u s c l e s  wo ul d  n a t u r a l l y  i n d u c e  t h e  p r e s e n c e  of  

h i g h  v a l u e  o f  a l l  s i x  b l o o d  c o n s t i t u e n t s  s t u d i e d .  Th i s  

p a r t i c u l a r  i n c r e a s e d  v a l u e  i n  blood,  c o n s t i t u e n t s  seemed 

t o  oe r a t h e r  u n i q u e  i n  t h e  c a s e  o f  " w h i t e - m u s c l e " 

d i s e a s e  and i t  was s u g g e s t e d  t h a t  i t  m i g h t  s e r v e  a s  a 

c r i t e r i o n  f o r  d i a g n o s i s .

4 .  The e x i s t e n c e  of  m u s c l e  g i a n t - c e l l s  was w e l l  i l l u s t r a t e d  

i n  t h i s  c a s e .  This  f i n d i n g  i s  c o n s i d e r e d  t o  be  new t o  

t h i s  p a r t i c u l a r  d i s e a s e  and  even new t o  m e d i c a l  s c i e n c e .

For a  more d e t a i l e d  d i s c u s s i o n  o f  t h i s  m a t t e r ,  r e f e r e n c e  

i s  made t o  t h e  g e n e r a l  d i s c u s s i o n  o f  t h i s  a r t i c l e .

5.  I t  i s  s u g g e s t e d  t h a t  " w h i t e - m u s c l e "  d i s e a s e  i s  a b e t t e r  

and more i l l u s t r a t i v e  t e r m  f o r  t h i s  d i s e a s e d  c o n d i t i o n  

t h a n  t h e  s o - c a l l e d .  " s t i f f - l a m b "  d i s e a s e ,  b e c a u s e  t h e

l a t t e r  may., .be . . confused .wi th  q u i t e  ...a ...number....of ....condi-.ti.ons. .

such as  a r t h r i t i s ,  l a . m i n i t i s ,  p a r a l y s i s ,  d o c k i n g  i n f e c t i o n ,  

e t c . ,  i n  which  c a s e s  a n i m a l s  would  a l s o  show a s t i f f  g a i t .



Case 7358 ( Ha mp s h i r e ,  ma l e)

Thi s  was a. c a s e  o f  w h i t e  m u sc l e  d i s e a s e  c o m p l i c a t e d  by 

a b s c e s s - f o r r a a t i o n  and a r t h r i t i s ,  t h e  l a t t e r  p r o b a b l y  t h e  

r e s u l t  o f  a p r e v i o u s  b a c t e r e m i a .

Hi s t o r y . The a n i m a l  showed u n i l a t e r a l  p a r a l y s i s  o f  t h e  r i g h t

and r e a r  l e g s  on 3 / 3 1 / 4 4 .  I t  was u n a b l e  t o  s t a n d  and n u r s e ,

b u t  by h o l d i n g  t h e  a n i m a l  u p  i t  wo ul d  s u c k  v i g o r o u s l y .  S i x

d a y s - l a t e r  when t h e  a n i m a l  was s n o u t  15 days  o l d ,  i t  was

b l e d  and k i l l e d .

E t i o l o g y . Thr ee  d i f f e r e n t  m i c r o - o r g a n i s m s  were i s o l a t e d ,

n am e l y ,  one c u l t u r e  o f  S t a p h y l o c o c c u s  and an u n d e t e r m i n e d

g r a m - p o s i t i v e  c o c c u s  f rom t h e  r i g h t  s t i f l e  j o i n t  and one

P i p l o c o c c u s  f rom t h e  p e r i c a r d i a l  s a c  ( Ta b l e  4: c u l t u r e

No. 7358 a , b , c . ) .

B l o o d  s t u d i e s .

( 8 ) Bl ood  p i c t u r e

E r y t h r o c y t e s   9 , 3 7 0 , 0 0 0  p e r  c.mm.
L e u c o c y t e s  ............    1 3 , 2 5 0  " "
Hemogl ob i n  ......................    6 . 3  g . / 1 0 Q  c c .
D i f f e r e n t i a l  c ount  ( fo)
Lymphocy t e s  .  ........................................................ 2
N e u t r o p h i l s  9 8

s e g m e n t e r s  
m y e l o c y t e s  
j u v e n i l e s  
b a n d s ...........

Monocyte s 0
E o s i n o p h i l s  
B a s o p h i l s  .

0
0

( D) Bl oo d  c h e m i s t r y  ( mgrn. / 1 0 0  c c . )

G l u c o s e . . . . 
U r i c  a c i d . .  
C r e a t i n i n e . 
C h l o r i d e . .  .
N . P . N .............
U r e a - N ............

115 . 00  
4 . 1 6  
3 . 7 6

550.00  
113.  50 

9 8 . 0 0



The b l o o d  p i c t u r e  o f  t h i s  lamb showed a low h e m og l o b i n  

ona a l e u c o c y t o s i s .  A s t a t e  o f  m ar k ed  n e u t r o p h i l i a  e x i s t e d  

t o g e t h e r  w i t h  an e x c e s s i v e  number o f  immature  f o r m s  and a 

g r e a t l y  r e d u c e d  number o f  l y m p h o c y t e s .  The e r y t h r o c y t e s  

e x h i b i t e d  c h a r a c t e r i s t i c s  o f  m i c r o c y t i c  anemia w i t h  marked 

p o i k i l o c y t o s i s .

S i m i l a r l y , t h e  b l o o d  c h e m i s t r y  o f  t h i s  c a s e  was a b n o r m a l .  

A l l  s i x  c om po n en t s  i n c l u d e d  i n  t n i s  s t u d y  w e r e  g r e a t l y  i n 

c r e a s e d ,  p r e s e n t i n g  a r a t h e r  u n i q u e  and i n t e r e s t i n g  f e a t u r e  

f o r  a c a s e  o f  w h i t s  m u s c l e  d i s e a s e  . ( Sp p  c a s e  $7 356)

The g l u c o s e  was ab ou t  t w i c e  as  h i g h  as  n o r m a l ,  u r i c  a c i d  

2 . 5  t i m e s ,  c r e a t i n i n e  3 t i m e s ,  N . P . N.  3 . 5  t i m e s ,  u r e a - N  

7 t i m e s ,  and t h e  c h l o r i d e  somewhat h i g h e r .

G r o s s l e s i o n s .

L i v e r . P o s s i u l y  showed some f a t t y  c h a n g e s .

S p l e e n . E n l a r g e d .

-K idneys.    B o t h  showed " y e l l o w i s h  r one-  I n  t h e  - e-xtr-a-me'duAleP-y ■

a r e a .

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

s t i f l e  j o i n t  o f  t he  r i g h t  r e a r  l e g  showed a c c u m u l a t i o n s  o f  

g r e e n i s h  c o l o r e d  s e r n i - c a s e s t e d  e x u d a t e .

S k e l e t a l  m u s c l e . Showed some p y o g e n i c  f o c i  and some w h i t i s h  

s t r e a k s  wnich  were s u s p e c t e d  of  b e i n g  w h i t e - m u s c l e  d i s e a s e .  

Lymph n o d e s . P r e s c a p u l a r ,  p o p l i t e a l ,  and d e e p - i n g u i n a l  

lymph n o d e s  were  g r e a t l y  e n l a r g e d  and e d e m a t o u s .

O t h e r  o r g a n s .  A p p a r e n t l y  n o r ma l .
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M i c r o s c o p i c  l e s i o n s .

L i v e r . The l i v e r  was r a t h e r  c o n g e s t e d  and showed e v i d e n c e  

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

K i d n e y s . The k i d n e y s  were  c o n g e s t e d  and some h y a l i n e  c a s t s  

were  f o u n d  a t  v a r i o u s  l e v e l s  from t h e  g l o m e r u l i  down t he  

convo lu te  1 t u b u l e s  i n t o  t h e  c o l l e c t i n g  t u b u l e s .  The c a s t s  

i n  the  l a r g e r  c o l l e c t i n g  t u b u l e s  were more abundant and 

p r o n o u n c e d  so t h a t  t h e y  might h ave  a p p e a r e d  as  a y e l l o w i s h  

7 one d u r i n g  m a c r o s c o p i c  e x a m in a t io n . Here and t h e r e ,  some 

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

t h e  c o r t e x ,  and a marked  c l o u d y  s w e l l i n g  was o b s e r v e d  i n  

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

J o i n t  c a p s u l e  o f  c a r p u s . The j o i n t  c a p s u l e  o f  t h e  r i g h t  

c a r p u s  was i n f l a m e d  and showed l e s i o n s  o f  r e c e n t  a b s c e s s  

f o r m a t i o n  w i t h  m ar k ed  p o l y m o r p h o n u c l e a r  l e u c o c y t i c  i n f i l t r a 

t i o n .

■ 'S k e 1 e t  h i  mu s c 1 e • The " " s k e l e t a l  'muscle  “p r e se n te d ” a very  

i n t e r e s t i n g  b u t  d i f f i c u l t  t o  e x p l a i n  s e r i e s  o f  l e s i o n s .

Some s e c t i o n s  o f  t h e  m u s c l e  a p p e a r e d  n o r m a l ,  w h i l e  o t h e r s  

showed two d i f f e r e n t  l e s i o n s .  These  l e s i o n s  were  ( l )  r e c e n t l y  

f o r m e d  a o s c e s s e s  and (2)  m y o d e g e n e r a t i o n  t o g e t h e r  w i t h  

m y o r e g e n e r e t i o n .  To e x p l a i n  t h i s  c o n d i t i o n ,  i t  s h o u l d  be 

remembered  t h a t  on a u t o p s y  o f  t h i s  l a m e ,  Doth p y o g e n i c  f o c i  

and  w h i t e - m u s c l e  d i s e a s e  were  r e v e a l e d .  C o n s e q u e n t l y ,  two 

d i f f e r e n t  k i n d s  o f  l e s i o n s  would be e x p e c t e d .

The a b s c e s s e s  ( F i g .  l 2 a )  were  l o c a l i z e d  i n  t h e  musc le  

and  each  was c h a r a c t e r i z e d  by v a r y i n g  amounts  o f  m u s c u l a r
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n e c r o s i s ,  m a r k e d  p o l y m o r p h o n u c l e a r  l e u c o c y t i c  i n f i l t r a t i o n  

and a bs e nc e  o f  l i m i t i n g  w a l l s .  The a v e r a g e  s i z e  o f  t h e s e  

a o s c e s s e s  was  a b ou t  0 . 6  mm. i n  d i a m e t e r .  The m u s c l e  f i b e r s  

a d j a c e n t  t o  e ac h  a b s c e s s  were g e n e r a l l y  b r o k e n  u p  i n t o  

s m a l l  p i e c e s  and  s e p a r a t e d  from t h e  r e m a i n i n g  n o r m a l  f i b e r s .  

They had  l o s t  t h e i r  s t r i a t i o n s ,  s t a i n e d  a c i d o p h i l i c ,  and 

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

The m y o d e g e n e r a t i o n  was ( F i g .  7,  1?) q u i t e  d i f f e r e n t  

f rom t h e  a o s c e s s a t i o n  j u s t  d e s c r i b e d  and a d e t a i l e d  a c c o u n t  

i s  g i v e n  f o r  c a s e  #7356 i n  which  s i m i l a r  l e s i o n s  were f o u n d .  

O t h e r  t i s s u e s .  Ot he r  t i s s u e s  such as  b r a i n ,  h e a r t ,  s p l e e n ,  

i n t e s t i n e ,  lymph n o d e s ,  e t c . ,  were a l s o  i n c l u d e d  i n  t h i s  

s t u d y ,  b u t  t h e y  were a l l  found  t o  be n o r m a l .

D i s c u s s i o n  and summary.

1 .  Th i s  l amb s u f f e r e d  f rom w h i t e  m u s c l e  d i s e a s e  and 

c o m p l i c a t e d  by a b s c e s s - f o r m a t i o n  a nd  a r t h r i t i s ,  t h e  

l a t t e r  two c o n d i t i o n s  u n d o u b t e d l y  t h e  r e s u l t  o f  a. 

p r e v i o u s  b a c t e r e m i a .

P.  The a n i m a l  was somewhat  anemic ,  p r o b a b l y  t h e  r e s u l t  o f  

b e i n g  u n a b l e  t o  s t a n d  and n u r s e  f o r  s e v e r a l  d ay s  b e f o r e  

i t  was k i l l e d .  I t  was due t o  t n i s  anemic c o n d i t i o n  t h a t  

t h e  b l o o d  c h l o r i d e  was c o n s i d e r a b l y  i n c r e a s e d .

3.  Tne r e s u l t s  o b t a i n e d  f rom b lo o d  s t u d i e s  r e v e a l e d  a

marked s t a t e  o f  n e u t r o p h i l i a  and h i g h  v a l u e s  i n  v a r i o u s  

o lood c o m p o n e n t s .  These  i n c r e a s e d  v a l u e s  i n  b l o o d  

comp onen t s  r e s e m b l e  1 q u i t e  c l o s e l y  t h o s e  f o u n d  i n  

c a s e  #7356 ( a  c a s e  o f  " w h i t e - m u s c l e 11 d i s e a s e ) ,  i n d i c a t i n g
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t h a t  t h e s e  f i n d i n g s  m i g h t  be o f  s i g n i f i c a n c e  i n  

d i a g n o s i n g  such a d i s e a s e ,  a l t h o u g h  t h i s  c a s e  ( c a s e  7358)  

was c o m p l i c a t e d  by b a c t e r e m i a  w i t h  a b s c e s s - f o r m a t i o n ,  

and a r t h r i t i s  which w o u l d  a l s o  i n d u c e  t h e  i n c r e a s e  i n  

p o l y m o r p h o n u c l e a r  l e u c o c y t e s  and u r i c  a c i d .
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Case 7337 ( R a m o o u i l l e t , male)

Th i s  was a n o t h e r  c a s e  o f  s t a p h y l o c o c c i c  i n f e c t i o n  lout 

i t  was n o t  so s e v e r e  as  t h a t  of  c a s e  7338 .

Hi s t o r y . T h i s  l amb was f rom a p a r a s i t e - f r e e  e x p e r i m e n t a l  

g r o u p .  I t  h a d  been g e t t i n g  weak f o r  a few d ay s  and d i ed  

d u r i n g  t h e  n i g h t  o f  3 / 2 6 / 4 4 .  The lamb was a b o u t  10 days o l d .  

E t i o l o g y . A c u l t u r e  o f  S t a p h y l o c o c c u s  was i s o l a t e d  from t h e  

l i v e r .  ( T a b l e  4:  c u l t u r e  No. 7337)

G r o s s  l e s i o n s . The s p l e e n  showed some p e t e c h i a l  h e m o r r h a g e s ,  

and t h e  m e s e n t e r i c  b l o o d - v e s s e l s  seemed t o  be somewhat  

c o n g e s t e d .  The l e f t  u p p e r  e y e l i d  showed marked c o n j u n c t i 

v i t i s ,  and t h e  n a s a l  t u r b i n a t e s  were  q u i t e  c o n g e s t e d .  No 

o t h e r  v i s i b l e  l e s i o n s  w e r e  o b s e r v e d .

M i c r o s c o p i c  l e s i o n s .

L i v e r . C o n g e s t i o n ,  c l o u d y  s w e l l i n g ,  and t i n y  n e c r o t i c  f o c i

  wiJh.. . ._pe.ll ' ' ' ' . infi, ltra.ti ,on w e r e  f o u n d  . in ,  t h e . . l i v e r ....... The., cpng.es- ,

t i o n  was g e n e r a l i z e d  and v e r y  m ar k ed .  The s i n u s o i d s  were 

v e r y  much d i l a t e d  and e n g o r g e d  w i t h  b lood  which p us h ed  t h e  

a d j a c e n t  h e p s t i c - c e l l  c h o r d s  f a r  a p a r t .  In  some p o r t i o n s  

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

f o r m i n g  a s m a l l ,  r o u n d e d  a r e a  f i l l e d  w i t h  b l o o d .  These 

a r e a s  wer e  l o c a t e d  i n  t h e  i n t e r m e d i a t e  zone o f  t h e  l o b u l e .

The h e p a t i c  c e l l s  were u n d e r g o i n g  v a r i o u s  d e g r e e s  of  

c l ou d y  s w e l l i n g  and n e c r o s i s .  The n e c r o t i c  f o c i  (somewhat  

s i m i l a r  t o  t h o s e  f ou nd  i n  c a s e  7333)  v a r i e d  i n  s i z e  f rom a
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t i n y  a r e a  a b o u t  0 . 0 5  mm. i n  d i a m e t e r  t o  a b o u t  0 . P5 mm. i n  

d i a m e t e r  and t h e y  were  u s u a l l y  l o c a t e d  i n  t h e  pa r enchyma 

o f  t h e  l o b u l e s .  Each o f  t h e  t i n y  n e c i - o t i c  f o c i  was 

c h a r a c t e r i z e d  by t h e  d e a t h  of  one or  s e v e r a l  h e p a t i c  c e l l s  

among which  was  a g r o u p  o f  a c t i v a t e d  K u p f f e r  c e l l s .  (Fig;.  16)  

O c c a s i o n a l l y ,  o a c t e r i a l  embol i  were  f o u n d  i n  t h e  m i d s t  

of  such  n e c r o t i c  s p o t s .  I n  t h e  l a r g e r  n e c r o t i c  f o c i ,  more 

l i v e r  c e l l s  we r e  i n v o l v e d  and a c t u a l  p h a g o c y t o s i s  o f  t h e  

dead  c e l l s  by i i u p f f e r - c e l l s  was r e s e r v e d  t o g e t h e r  w i t h  some 

p o l y m o r p h o n u c l e a r  l e u c o c y t i c  i r . f i l t r a t i  nn . The c v tnnl asm 

of  some of  t h e s e  d e a d  c e l l s  was a c i d o p h i l i c  and s t a i n e d  

l i g h t  r e d  i n  c o l o r  w i t h  h e m a t o x y l i n  and. e o s i n ,  w h i l e  t h a t  

o f  o t h e r s  s t a i n e d  a d e e p  p u r p l e  c o l o r .

S p l e e n . The s p l e e n  was g r e a t l y  damaged.  In  t h e  c e n t r a l  

p o r t i o n  o f  t h e  s p l e e n ,  q u i t e  e x t e n s i v e  h e m o r r h a g e s  were  

o b s e r v e d  i n  whi ch  most  o f  t h e  l y m p h o i d  t i s s u e  had b e e n  r e -

plac-ed, -by - r e d  b l  ood-cel ls- - .and. ,  on ly- - f ew.normal -  M a l p i g h i a r r , . . .

c o r p u s c l e s  were  o b s e r v e d .

Lung ' s . The l u n g s  were r a t h e r  c o n g e s t e d ,  o t h e r w i s e  t h e y  were  

n o t  a f f e c t e d .

K i d n e y s . The k i d n e y s  showed e v i d e n c e s  of  marked  c o n g e s t i o n ,  

i n v o l v i n g  m o s t l y  t h e  i n t e r s t i t i a l  t i s s u e s .  Some h em or rhage  

was p r e s e n t  i n  t h e  i n t e r s t i t i a l  t i s s u e .  The e p i t h e l i a l  

l i n i n g  o f  m os t  p o r t i o n s  o f  t h e  c o n v o l u t e d  t u b u l e s  had 

u n d e r g o n e  v a r y i n g  d e g r e e s  of  c l o u d y  s w e l l i n g  so t h a t  a l l  

t h e s e  c e l l s  d i d  n o t  a p p e a r  n o r m a l .

O t h e r  t i s s u e s . No a b n o r m a l i t i e s  were  found i n  o t h e r  t i s s u e s .



Case 7333 ( S h r o p s h i r e ,  f e m a l e )

This  was a  c a s e  of  s t a p h y l o c o c c i c  i n f e c t i o n ,  r e s u l t i n g  

i n  the  f o r m a t i o n  oi  s m a l l  n e c r o t i c  f o c i ,  a b s c e s s e s ,  and 

h e m o r r h a g e s  i n  many t i s s u e s  o f  t h e  b o d y .

Hi s t o r y .  Tni s lamb was b o r n  on 3 / ? 4 / 44 and was b r o u g h t  t o  

t h e  p a t h o l o g y  b a r n  t h r e e  days  l a t e r .  The lamb was q u i t e  

s t i f f  cut  s u c k l e d  as  u s u a l  r!nd a p p e a r e d  t o  be b r i g h t .  On 

t h e  morn i ng  o f  3 / P 8 / 4 4 ,  t h e  lamo r e f u s e d  t o  n u r s e  and a t  

1 1 : 3 0  i t  was k i l l e d .

E t i p l o g v . A h e m o l y t i c  S t a p h y l o c o c c u s  was  i s o l a t e d  f rom the  

n o d u l e - l i k e  a b s c e s s e s  o f  the  s k e l e t a l  musc le  and i t s  

p h y B i o l o g i c a l  c h a r a c t e r i s t i c s  a r e  r e f e r r e d  t o  i n  Ta b le  4 

( c u l t u r e  No. 7 333) .

B l o o d s t u o i e s .

( a )  Blood p i c t u r e

E r y t h r o c y t e s .   ...................... ...............  . 1 0 , 4 0 0 , 0 0 0  p e r  c . mm
 ' LeueMbytes '

H e m o g l o b i n ......................  .
O i f f e r e n t i s l  c o u n t  (%)
Lymphocytes    l  p,
N e u t r o p h i l s ...................................... 38

s e g m e n t e r s ........................................................ ( g)
b a n d s ...................................................................... ( 7 9 )

. " j u ve n i l e s    . . . ( 3)
M o n o c y t e s ..........................................  0
E o s i n o p h i l s ...................   0
B e . s o p n i l s   ......................... 0

( b ) B l o od c h e m i s t r y  ( H't ;m.. / 1 0 0  cc . )

iiy —-j g Q -  ■ ' ri-

1 1 ! 4  g . / l O O  c c .

G l u c o s e .............................................  4 1 . 3 6
U r i c  a c i c ...........................................  2 . 00
C r e s t i n i r  
C h l o r i d e .
H. P. H. . . .

h . i o
)Q.O' 

,106 .00
 .400 . 00
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As compared  w i t h  t h e  no r ma l  s t a n d a r d  ( T a u l e  l ) ,  t h e  

b l o o d  p i c t u r e  o f  t h i s  c a s e  showed m o d e r a t e  l e u c o c v t o s i s  

w i t h  an e o n o r m a l  i n c r e a s e  i n  t he  number  o f  i m ma tu re  c e l l s  

o f  t h e  n e u t r o p h i l i c  s e r i e s  and c o n s i d e r a b l e  d e c r e a s e  i n  

l y m p h o c y t i c  c e l l s .  ( F i g .  17) The v a l u e s  of  e r y t h r o c y t e s  

and h emog l ob in  were  a p p a r e n t l y  n o r m a l . R e g a r d i n g  b l ood  

c h e m i s t r y ,  t h e  g l u c o s e  and c h l o r i d e  were  somewhat  l o w er  

t h a n  n o r m a l ,  w h i l e  t h e  u r i c  a c i d , c r e a t i n i n e , N . P . N . ,  and 

u r e s - N  were  h i g h e r  t h a n  n o r m a l .

Gr o s s  l e s i o n s .

S k e l e t a l  m u s c l e .  Showed some s m a l l  n o d u l e s  t h a t  v a r i e d  i n

s i z e  from r i c e  g r a i n s  down t o  c i r c u m s c r i b e d  a r e a s  1 t o  2 mm. 

i n  d i a m e t e r ;  s u c h  n o d u l e s  were a l s o  f o un d  i n  t h e  d i a ph r ag m .  

( F i g .  18)

L u n g s . S e v e r a l  s m a l l  a b s c e s s e s  on d i a p h r a g m a t i c  l o b e s  which 

measured  f rom P t o  I f  mm. i n  d i a m e t e r , ( F i g .  18)

H e a r t .   P e r u ,  i dium ' ' "adherent  t o  ' h e a r t  w i t h  f i  u r i n o u s

e x u d a t e ; myocardium s t u d d e d  w i t h  n umer ous  a b s c e s s e s  v a r y i n g  

f rom 2 t o  10 mm. i n  d i a m e t e r ;  one a b s c e s s  a l m o s t  f i l l i n g  

t h e  l ower  part- of  t h e  l e f t  v e n t r i c l e .  ( F i g .  18)

Ki dney s . Showed many s u b c a p s u l a r  a b s c e s s e s  v a r y i n g  from

1 t o  3 mm. i n  d i a m e t e r .  On c r o s s  s e c t i o n ,  r i g h t  k i d n e y  

showed t h r e e  a b s c e s s e s  a t  t h e  j u n c t i o n  o f  t h e  c o r t e x  and 

m e d u l l a .  ( F i g .  18)

O t h e r  o r g a n s . Not v i s i b l y  a f f e c t e d .
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M i c r o s c o p i c  l e s i o n s .

L i v e r . Tne l e s i o n s  i n  t h e  l i v e r  c o n s i s t e d  o f  m o d e r a t e  

c o n g e s t i o n ,  c l o u d y  s w e l l i n g ,  moderate t o  marked f o c a l  

p o l y m o r p h o n u c l e a r  l e u c o c y t i c  i n f i l t r a t i o n ,  t i n y  n e c r o t i c  

f o c i  and h e m o r r h a g e .  The n e c r o t i c  f o c i  seemed t o  be of  

two d i f f e r e n t  k i n d s ,  i . e . ,  an o l d e r  l e s i o n  and a r e c e n t  

one ( F i g .  19 ,  9 0 ) ,  p o s s i b l y  due t o  t h e  s h o w e r i n g  o f  

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

s i n u s o i d s  and t h e  c l o ud y  s w e l l i n g  o f  h e p a t i c  c e l l s  were 

more ox* l e s s  i r e  same uiii'uug.uouo t h e  o r g a n .  Ccc a.si o n a l l y , 

s m a l l  a r e a s  o f  h em or rhage  were  o bserved .  ( F i g .  ?0) 

I n t e s t i n e . The i n t e s t i n e  showed l e s i o n s  of  e n t e r i t i s ,  

i n v o l v i n g  t h e  mucosa and submucosa .  The s u p e r f i c i a l  

o n e - f i f t h  o f  t h e  mucosa i s s  n e c r o t i c  and p a r t  o f  i t  was 

de s q u a ma t e d ,  w h i l e  t h e  r e m a i n i n g  p o r t i o n  was n o t  much 

damaged but  i n f i l t r a t e d  w i t h  an e x c e s s i v e  number o f  p o l y -  

m d r p h b n u b l e a r  l eucocyt e ' s - .  The submucos'a was T e t h e r '  con- ' "  

g e s t e d  and e v i d e n c e  o f  l y m p h a d e n i t i s  o f  t h e  F e v e r ' s  

p a t c h e s  were  n o t i c e d .  The m us c u l a r  c o a t  and s e r o s a  

a p p e a r e d  t o  be  n o r ma l .

L u n g s . The l u n g s  were  r a t h e r  c o n g e s t e d ,  as most  of  the  

a r t e r i e s  a s  w e l l  as  t h e  c a p i l l a r i e s  were  f i l l e d  w i t h  b l o o d .  

I n  some of  t h e  blood v e s s e l s ,  emool i  were o b s e r v e d .  There 

were  some s m a l l  a r e a s  o f  hemor rhage  i n  t h e  p e r i - b r o n c h i a l

r e g i o n ,  r e s u l t i n g  p r o b a b l y  from t h e  r u p t u r e  of  t h e  

c o n g e s t e d  c a p i l l a r i e s  i n  t h e  a l v e o l a r  w a l l s .
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Kic ineys . The k i d n e y s  showed c l o u d y  s w e l l i n g ,  c o n g e s t i o n ,  

some g l o m e r u l a r  h e m o r r h a g e ,  f o c a l  n e c r o s i s ,  and a b s c e s s  

f o r m a t i o n .  The c l ou dy  s w e l l i n g '  was r a t h e r  g e n e r a l i z e d .

The c a p i l l a r i e s  i n  t h e  i n t e r s t i t i a l  t i s s u e  were  v e r y  much 

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

somewhat  d i s t e n d e d .  In  some c a s e s ,  g l o m e r u l a r  h e m o r r h a g e  

o c c u r r e d .  Red Dlood c o r p u s c l e s  were  o b s e r v e d  i n  some of 

t h e  c a p s u l a r  s p a c e s  as  w e l l  as  i n  some o f  t h e  c o n v o l u t e d  

t u b u l e s .

The n e c r o t i c  a r e a s  were  l o c a l i z e d ,  and t h e y  b e a u t i f u l l y  

i l l u s t r a t e d  t h e  s t a p h y l o c o c c i c  i n f e c t i o n .  One o f  t h e  

n e c r o t i c  f o c i  was o b s e r v e d  t o  o r i g i n a t e  f rom an i n f e c t e d  

g l o m e r u l u s .  I n  t h i s  g l o m e r u l u s ,  t h e  m i c r o - o r g a n i s m s  

( S t a p h y l o c o c c i )  were f o u n d  i n  f i v e  m a s s e s  l o d g i n g  w i t h i n  

t h e  g l o m e r u l a r  t u f t  as  b a c t e r i a l  emo ol i  . Due t o  t h e  

p r e s e n c e  o f  S t a p h y l o c o c c i  and. t h e i r  t o x i n  i n  t h e  p a r t i c u l a r  

s p o t , a marked  c e l l  i n f i l t r a t i o n  was p r e s e n t . These  

m o b i l i z e d  c e l l s  c o n s i s t e d  m o s t l y  of  p o l y m o r p h o n u c l e a r  

l e u c o c y t e s ,  some r e t i c u l o - e n d o t h e l i a l  c e l l s ,  and a few 

f i b r o b l a s t s .  The b a c t e r i a l  t o x i n  seemed t o  be  so  s t r o n g  

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

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

i n t e r s t i t i a l  t i s s u e ,  i n v o l v i n g  an a r e a  abou t  0 . 5 5  mm. by

0 . 4 5  mrn. i n  d i a m e t e r .  The a f f e c t e d  c e l l s  showed a c i d o p h i l i c  

s t a i n i n g :  w i t h  p y k n o t i c  n u c l e i  o r  k a r y o l y s i s .  ( F i g .  ? l )  

An o t h e r  n e c r o t i c  f o c u s  was f o u n d  i n  t h e  i n t e r s t i t i a l  t i s s u e
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o f  t h e  c o r t e x  ou t  the  g l o m e r u l i  were  n o t  i n v o l v e d  end 

no b a c t e r i a l  f o rm s  c o u l d  be o b s e r v e d .  ( F i g .  22)

A c c o r d i n g  t o  t h e i r  l o c a t i o n ,  two k i n d s  o f  a b s c e s s e s  

were  found  i n  t h e  k i d n e y s ,  namely ,  t h e  s u b c a p s u l a r  

a b s c e s s e s  and c o r t i c o - r n e d u  1 l a r y  a b s c e s s e s .  The s u b c a p s u l a r  

a c s c e s s e s  ( F i g .  23) we r e  medium i n  s i z e  and i r r e g u l a r  i n  

s h a p e ,  i n v o l v i n g  b o t h  c o r t e x  and t h e  c a p s u l e .  They 

o r i g i n a t e d  i n  t h e  o u t e r  p a r t  of  t h e  c o r t e x  and as  t h e y  grew 

l a r g e r ,  t h e y  o f t e n  became a s s o c i a t e d  w i t h  t h e  c a p s u l e .

These  a n s c e s s e p  non! d be r e c o g n i z e d  by t h e  mar ked  c e l l  

i n f i l t r a t i o n  ( m o s t l y  p o l y - m o r p ’n o n u c l e a r  l e u c o c y t e s )  and. 

l i  c u e f a c t i o n  o f  n e c r o t i c  c e l l s  w i t h  t h e i r  o u t e r  s u r f a c e  

b e i n g  l i m i t e d  by t h e  t h i c k e n e d  and p a r t l y  d i s i n t e g r a t e d  

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

a b s c e s s e s  were, a l s o  damaged as  e v i d e n c e d  by t h e  d e f o rm ed  

s t r u c t u r e ,  a c i d o p h i l i c  c y t o p l a s m  and p y k n o t i c  n u c l e i . The

■cortieo-medullany ..absee e se  s. (Fig-.-.. 24 ,). ■ were l a r g e  and. each,.

o f  them c o u l d  be d i s t i n g u i s h e d  f rom t h e  o t h e r s  by t h e  

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

e x u d a t e  which, was  composed  o f  p o l y m o r p h o n u c l e a r  l e u c o c y t e s ,  

f i b r i n  and c lum ps  of  s t a p h y l o c o c c i . The t i s s u e  a d j a c e n t  

t o  t h e s e  a b s c e s s e s  was a l s o  a f f e c t e d  a s  i n d i c a t e d  by marked 

p o l y m o r p h o n u c l e a r  i n f i l t r a t i o n  and p r o l i f e r a t i o n  o f  f i b r o 

b l a s t s .  Clumps o f  S t a p h y l o c o c c i  were f o u n d  i n  mos t  o f  t h e  

l e s i o n s  and t h e y  were b e a u t i f u l l y  d e m o n s t r a t e d  by means o f  

Grsm-’A ' e i g e r t 1 s s t a i n  . ( F i g .  25)
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H e a r t .  I n  t h e  h e a r t ,  t h e  s t a p h y l o c o c c i c  i n f e c t i o n  r e s u l t e d  

i n  t h e  f o r m a t i o n  of  f o c a l  n e c r o t i c  a r e a s ,  marked c e l l  i n 

f i l t r a t i o n ,  f i b r o b l a s t i c  p r o l i f e r a t i o n ,  a b s c e s s e s ,  and 

some h e m o r rh ag e  u nd er  t h e  e n d o c a r d i u m .  The n e c r o t i c  areas 

and aDSces ees  v.ere m o s t l y  f o un d  i n  t h e  myocardium but  a 

few were a l s o  o b s e r v e d  i n  t h e  e p i c a r d i u m .  These l e s i o n s  

c o u l d  be d i v i d e d  i n t o  two k i n d s ,  o l d  and r e c e n t , which can 

p r o b a b l y  be a c c o u n t e d  f o r  by t h e  s h o w e r i n g  o f  s t a p h y l o c o c c i  

a s  n o t i c e d  i n  t h e  l i v e r . The l e s i o n s  were more wide  spread  

and i n v o l v e d  l a r g e r  end more i r r e g u l a r  a r e a s  t h e n  t h o s e  

found  i n  t h e  c o r t e x  of  k i d n e y s .  The o l d e r  l e s i o n s  were  

c h a r a c t e r i s e d  by f i o r o b l a s t i c  p r o l i f e r a t i o n  o r  f i b r o s i s  

w h e r e a s  t h e  r e c e n t  l e s i o n s  ( F i g .  ?■ 6) were d i s t i n g u i s h e d  

by more p o l y m o r p h o n u c l e a r  i n f i l t r a t i o n .  In  e i t h e r  c a s e ,  

no d e f i n i t e  l i m i t i n g  w a l l s  c ou ld  be o o s e r v e d .  The t i s s u e s  

a d j a c e n t  t o  t h e s e  l e s i o n s  showed l o s s  of  s t r i a t i o n s  w i t h

t h e  Th'.rcop i e s t r  s t - b i n i  n g  a c i d o p h i l i c  an-d t-h e - -nu e l  el -  w e r  e -

u n d e r g o i n g  p y k n o s i s ,  k a r y  o r r h e  x i s  , o r  k s r y o l y s i s  .

In some p a r t s  o f  t h e  e p i c a r d i u m ,  t h e  a d i p o s e  t i s s u e  

was g r e a t l y  t h i c k e n e d  and some a b s c e s s e s  were p r e s e n t .

Due t o  t h e  r u p t u r e  of  c e r t a i n  e pi  c a r d i a l  a b s c e s s e s , t h e  

p e r i c a r d i u m  became i n v o l v e d ,  and c o n s e q u e n t l y  a d h e r e d  t o  

t h e  e p i c a r d i u m  a t  v a r i o u s  poin t s - .

In  one a r e a  on t h e  e n d o c a r d i u m , t h e r e  was h e m o r r h a g e ,  

and t he  b l o o d  was e s c a p i n g  i n t o  t h e  h e a r t  c h a m o e r .
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S k e l e t e l  and d i a p h r a g m a t i c  m u s c l e s . In  the  s k e l e t a l  

m u s c l e s  and o i a p h r a g m , v a r y i n g  d e g r e e s  o f  n e c r o s i s  end 

two k i n d s  o f  e o s c e s s e s  were  o o s e r v e d . The m u s c u l a r  n e c r o s i s  

seemed t o  be i n i t i a t e d  by a p r e l i m i n a r y  s h r i n k i n g  o f  the  

m usc l e  f i o e r s  due t o  s t a p h y l o c o c c a l  t o x i n  f o l l o w e d  i n  

s e q u e n c e  by b r e a k i n g  up o f  t h e  f i b e r s ,  ny s i  i n  a t  i o n  o f  t h e  

s a r c  o p i  asm w i t h  'Loss o f  s t r i a t i o n s ,  and f i n a l l y  n u c l e a r  

p y k n o s i s  and k e r y o l y s i s .  The damaged c e l l s  had  an a c i d 

o p h i l i c  a f f i n i t y  so t h a t  t h e  s a r cop la s .m  was s t a i n e d  

e i t h e r  o r i g h t  pink, or  p a i t  y i n  c o 1 o r , Tne d i a p h r a g 

m a t i c  mu sc l e  seemed t o  be more s e n s i t i v e  t o  t h e  

s t a p h y l o c o c c a l  t o x i n  t h a n  t h e  s k e l e t a l  one ,  b e c a u s e  t h e  

t o x i c  e f f e c t  on t h e  d i a p h r a g m a t i c  m u sc l e  t e n d e d  t o  be 

d i f f u s e  as  w e l l  as  f o c a l .

Both o l d  and r e c e n t l y  formed a b s c e s s e s  were  p r e s e n t  

i n  t h e  s k e l e t a l  m u s c l e s  and d i a p h r a g m ,  and t h e  r e s p e c t i v e

 c h a r a c t e r ! s t i e s  r e s e m b l e d  - qu i t e  ‘-cion,el-y t h o s e  f o u n d  i n  t h e " - "

h e a r t . ( F i g .  27)

O t h e r  t i s s u e s . Othe r  t i s s u e s  showed no t h ing ;  a b n o r m a l .

Pi s c u s s i o n and s u mmary.

1 .  T h i s  was a c a s e  of  s t a p h y l o c o c c a l  i n f e c t i o n  t o g e t h e r

w i t h  l i D e r a t i o n  o f  e x o t o x i n  and t h e  s u b s e q u e n t  f o r m a t i o n  

o f  bo th  r e c e n t l y  f o r m e d  and o l d e r  l e s i o n s  i n  v a r i o u s  

t i s s u e s  o f  t h e  body,  e s p e c i a l l y  i n  t h e  l i v e r ,  h e a r t ,  

s k e l e t a l  m u s c l e s  and  d i a p h r a g m .



Due to  t h e  p r e s e n c e  o f  b a c t e r i a l  i n f e c t i o n ,  a  s t a t e  of  

l e u k o c y t o s i s  ( n e u t r o p h i l i a )  was f o u n d .

The h i g h  v a l u e s  o f  N . P . N . ,  u r e a - N ,  c r e a t i n i n e ,  and u r i c  

a c i d  i n  t h e  b l o o d  a p p a r e n t l y  r e s u l t e d  f rom t h e  d e s t r u c t i o n  

of  v a r i o u s  body t i s s u e s  by n e c r o t i c  p r o c e s s ,  a b s c e s s  

f o r m a t i o n  and r e n a l  s u p p r e s s i o n  by a c u t e  n e p h r i t i s ,  w h i l e  

t h e  h i g h  v a l u e  of  o l o o d  g l u c o s e  m i g h t  a l s o  be due t o  

t h e  n e p h r i t i s  a l o n e .  The olood c l o r i d e  was somewhat  

l ower  t h a n  t h e  n o r m a l ,  and t h a t  was a c c o u n t e d  f o r  by t h e  

e x i s t e n c e  o f  e n t e r i t i s .
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Case 7543 ( H a mp sh i re ,  male)

This  was a c a s e  of  r a v e l  i n f e c t i o n  due t o  Ac t inomyces  

n e c r o ph or us  w h i c h  was c o m p l i c a t e d  by b ro nc ho pn eu mo n ia  and a 

m i l d  c a t a r r h a l  e n t e r i t i s .

Hi s t o r y . T h i s  lamb was born a t  9 : 0 0  P.M. 3 / 1 4 / 44 and t h r e e  

(hays l a t e r  an u m b i l i c a l  i n f e c t i o n  was n o t i c e d .  I t  was 

b r o u g h t  t o  t h e  p a t h o l o g y  b a r n  3/ 1 7 /4 4  and immediately  

t r e a t e d  w i t h  pneumonia serum (15 c c . i  ntraper i t  on e a l l y ) 

and s u l f a t h i a z o l e ( l  c c .  i n f e c t e d  s u b c u t a n e o u s l y  i n  v i c i n i t y  

o f  navel)  . On the  same d a y , a milk f e e d in g  pro grain 

( c o n t a i n i n g  s u l f a t h i  a^ole in  e x c e s s ) a t  t h r e e  h o u r  i n t e r v a l s  

was s t a r t e d .  However ,  on 3 / 1 9 / 4 4 ,  t h e  lamb began to  n u r s e  

en Oxforb ewe t h a t  was i n  t h e  same p e n ,  so t h a t  t h e  a f t e r 

noon f e e d i n g s  were  cut o f f  i f  t h e  lamb re fused  to  d r in k .

On 3 / 9 1 / 4 4 ,  t he  c o n d it io n  of the 1 arnb seemed to  be improving  

and t he  n a v e l  l e s i o n  wf s ..almost h e a l e d .  On 3/ 26 / 4 4 , the  

lamb was somewhat o f i  f ee d  and the serum t h e r a p y  was 

r e p e a t e d .  The f o l lo w in g  two days  t h e  lamb d e c l i n e d  i n  

v i g o r  and was  k i l l e d  on 3 / 29/ 44 . At t h a t  t i m e ,  t h e  n a v e l  

was o u i t e  w e l l  h e a l e d  e x c e p t  f o r  a s m a l l  s c a b .

E t i o l o g y . A p l e o m o r p h i c  b ead ed  G r a m - n e g a t i v e  f i l a m e n t o u s  

m i c r o - o r g a n i s m  , m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from 

A c t i n o myces n e c r o p h o r u s , was i s o l a t e d  f rom t h e  l u n g e  and 

c u l t u r e d  i n  d e e p  b r a i n  b r o t h .  The same o r gan i sm was a l s o  

found i n  t h e  smear  made f rom l i v e r  a b s c e s s e s .



B lo o d  s t u d i e s .

{ a ) B l ood p i c t u r e

E r y t h r o c y t e s ................................................... 5,  310,000 p e r  c .mm.
L e u c o c y t e s   14 ,900 11 "
H e m o g l o b i n ...................................................... , 6 . 3  g . / l O O  c c .
D i f f e r e n t i a l  c o u n t  ( )
L y m p h o c y t e s ...........................................14
L e u t r o p h i  I s ...........................................85

s e g m e n t e r s ....................................................   . ( 3)
u an d s ...................................................................  (46)
j u v e n i l e s .........................................................  f '<)
m y e l o c y t e  s  ...................... ...................  (99)

M o n o c y t e s .......................................... .. 1
E o s i n o p h i l s .......................................... 0
be so phi I s . . . ........................................ 0

( b ) B l o o d c h e m i s t r y  ( Mem . / lOO cc .)

G l u c o s e .................................................... 1 5 . 0 0
Ur i c  a c i d ............................................. 0 . 1 9
C r e a t i n i n e . ........................................ 0 . 9 0
C h l o r i d e   .............................* • 480 .00
N . P . N .......................................................  9 5 . 0 0
Ur e a - N ........................................ 90 . 50

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

t h e  number o f  e r y t h r o c y t e s  was r e d u c e d  t o  a bou t  1 / 9  o f  t h e  

n o r m a l  s t a n d a r d  ( Tab l e  l ) ,  and h e m o g l o b i n  by 1 / 3 ,  w h i l e  t h e  

l e u c o c y t e s  i n c r e a s e  * n e a r l y  t w i c e  w i t h  many immat ure  

n e u t r o p h i l i c  c e l l s  and. a r e d u c e d  number  o f  l y m p h o c y t e s . Most 

o f  t h e  e r y t h r o c y t e s  were  h yp ochr omic  and p o i k i l o c y t i c  and 

some of  them were  n u c l e a t e d .  As t o  o l oo d  c h e m i s t r y ,  t h e  

g l u c o s e  was a bou t  l / 4  n o r m a l  ( Ta b l e  9 ) ,  u r i c  a c i d  l / l 3  n o r m a l ,  

and c r e a t i n i n e  l / 5  n o r m a l ,  wh e r e as  t h e  c h l o r i d e  ano urea-I ' I  

were  e l i t t l e  h i g h e r .

Gr o s s  l e s i o n s .

Lungs .  The l u n g s  showed l e s i o n s  o f  b r o n c h o p n e u m o n i a •and w e r e
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s t u d d e d  w i t h  l a r g e  a b s c e s s e s  which  v e r i e d  i n  s i z e  from

2 t o  I P  mm. i n  d i a m e t e r .  These a b s c e s s e s  were  somewhat  

c i r c u m s c r i b e d  and a d h e r e n t  t o  t he  p a r i e t a l  p l e u r a .  ( F i g .  28) 

R i b s . The r i b s  on t h e  r i g h t  s i d e  h ad  been  b r o k e n  a t  one 

t i m e  and bony  c a l l u s e s  wer e  p r e s e n t . There  were  a l s o  

c i r c u m s c r i b e d  abs ceso . e s  on t h e  p a r i e t a l  p l e u r a  c l o s e  t o  

t h e  bony c a l l u s e s .  ( F i g .  28)

L i v e r . L i v e r  was s t u d d e d  w i t h  l a r g e  p r o m i n e n t  c i r c u m 

s c r i b e d  a b s c e s s e s  wh i ch  c o n t a i n e d  a  g r e e n i s h - y e l l o w  pus .

( F i g .  28)

8 pi e e n . 8 p i e e n  WPs e n l a r g e d  Put  showed no v i s i b l e  a b 

n o r m a l i t i e s  .

O t h e r  o r g a n s . Ot her  o r g a n s  such  as  h e a r t ,  k i d n e y s ,  e t c . ,  

were  a p p a r e n t l y  n o r m a l .

M i c r o s c o p i c  l e s i o n s .

L i v e r . The l i v e r  was s e v e r e l y  damaged,  r e s u l t i n g  i n  t h e

f o r m a t i o n  .of  v e r y  i n t e r e s t i n g , , .  afe.scesse.s ..and ...other...tissue-   ■ ■ -■

r e a c t i o n s  c l o s e l y  a s s o c i a t e d  w i t h  t h em .  The a b s c e s s e s  

mi gh t  have  oeen  s t a r t e d  a s  a g r o u p  o f  s m e l l  a b s c e s s e s  and 

c o a l e s c e d  t o  form ' ' m u l t i p l e  a b s c e s s e s "  i n  one a r e s  o r  as 

a s i n g l e  s o l i t a r y  a b s c e s s  i n  a n o t h e r .  As t h e  s o l i t a r y  

a o s c e s s  grew l a r g e r ,  t h e y  assume a. a more or  l e s s  s p h e r i c a l  

s h a p e ,  w h i l e  t h e  m u l t i p l e  ones  were  i r r e g u l a r  due t o  the  

c r o w d i n g  e f f e c t  or  t h e  p r e s s u r e  e x e r t e d  by i n d i v i d u a l  

a b s c e s s e s  o f  t h e  g r o u p .  I n  one i n s t a n c e ,  i t  was observed,  

t h a t  t h e  m u l t i p l e  a b s c e s s e s  j o i n e d  t o g e t h e r  and c o a l e s c e d



t o  form a l a r g e  s i n g l e  o n e .  These a o s c e s s e s  ( F i g .  ?9) 

wer e  v a r i a b l e  i n  s i z e ,  r a n g i n g  f ro m a b o u t  P mm. t o  3 mm. 

i n  d i a m e t e r .  Eacn of  t h e s e  a o s c e s s e s  was s u r r o u n d e d  by a 

r a t h e r  t h i c k  f i b r o u s  w a l l  ( a b o u t  0 . 3  mm.) ,  a l a y e r  o f  

f i o r o b l a s t i c  c e l l s  i n f i l t r a t e d  w i t h  some l y m p h o c y t e s ,  

numerous  m a c r o p h a g e s ,  s few i n a c t i v e  o r  d y i n g  p o l y m o r p h o 

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

and  f i n a l l y  t h e  c h e es y  c e n t r a l  c o r e  . The c h e e s y  c e n t r a l  

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

o f  any r e c o g n i z a b l e  s t r u c t u r e .  These  a r e  t h e  c h i e f  

c h a r a c t e r i s t i c s  o f  a  n e c r o p h o r u s  a b s c e s s .  Due t o  t h e  

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

was a f f e c t e d .  The s i n u s o i d s  were much c o n g e s t e d  and t h e  

e n d o t h e l i a l  c e l l s  r a t h e r  a c t i v e , w h i l e  t h e  h e p a t i c  c e l l s  

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

s w e l l i n g :  and f a t t y  d e g e n e r a t i o n  t o g e t h e r  w i t h  e i t h e r  n o r ma l  

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

L u n g s . The l u n g s  were  a f f e c t e d  by m u l t i p l e  and a t  t h e  same 

t i m e  s p r e a d i n g  a o s c e s s e s ,  p r e s e n t i n g  a  more m e l i g n a n t  

p r o c e s s  t h a n  t h a t  found i n  t h e  l i v e r . I n  f a c t , a  c a s e  o f  

s u p p u r a t i v e  b ro nc ho pn eu mo n ia  a c t u a l l y  e x i s t e d .  Moreover ,  

i t  was c o m p l i c a t e d  by an s c u t e  o r o n c n o p n e u a o n i a . The 

a b s c e s s e s  w e r e  n o t  w e l l  l i m i t e d  and  t h i s  c o u l d  be  i n t e r 

p r e t e d  t o  t h a t  the  l e s i o n s  were  of  more r e c e n t  e x i s t e n c e  

t h a n  t h o s e  four . d  i n  t h e  l i v e r .  I t  i s  w e l l  t o  p o i n t  out  

t h a t  t h e  d i s e a s e  was i n i t i a t e d  by n a v e l  i n f e c t i o n  which



progressed inward through the u m b i l i c a l  ve in  to the l i v e r ,  

r e s u l t i n g  in the formation of  ab s ce s s e s  in that  organ f i r s t .  

From the l i v e r ,  the organisms were c a r r i e d  to  hear t  and 

f i n a l l y  to  lu n g s  through the  pulmonary c i r c u l a t i o n .  The 

a o sc e s se s  were s i m i la r  to  those found in the l i v e r ,  but 

the boundaries  were more i r r e g u l a r .  (Fig .  30) Due to the 

rupture of some of  the  a b sc e s se s  l o c a t e d  near the  surface  

of  the lungs and subsequent f i b r o b l a s t i c  a c t i v i t y ,  var ious  

parts  of  the lungs became adherent to  the p l eur a .  The ad

hes ion  was so ex ten s iv e  that  some par t s  of the thor ac i c  

muscle were a l s o  invo lved and damaged as shown by th e i r  

a c i d o p h i l i c  and n v a l i n a t e d  sercoplasm and pyknot ic  n u c l e i . 

Sple e n . The sp l een appeared to be in  a s t a t e  of  hyper

a c t i v i t y .  The s in use s  of  the red pulp were engorged with  

lymphocytes so that  the Malphigian c o rpu sc l e s  appeared as 

i f  they were abnormal.

I n . t e s t i n e . The i n t e s t i n e  snowed e v id en ces  of a mi ld  

ca tar rh a l  e n t e r i t i s ,  i n v o l v i n g  only the s u p e r f i c i a l  part  

o f  the mucosa where some e p i t h e l i a l  c e l l s  were desquamated 

and some polymorphonuclear l e u c o c y t i c  i n f i l t r a t i o n  was 

n o t i c e d .  ° c c a s i o n a l l y , a group of  n e c r o t i c  c e l l s  in the 

crypts  near the muscular!s  mucosae was observed.  Frooably,  

t h i s  i s  one reason why the lamb r e f u s e d  to drink for  the  

l a s t  few days during i t s  l i f e .

Kidneys . The kidneys showed a s l i g h t  degree of  cloudy  

s 'wel l ing , o tnerwise  they were normal.
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Other t i s s u e s . Other t i s s u e s  such as hear t ,  s k e l e t a l  

muscl es ,  e t c . ,  were a l s o  included in the study of  t h i s  

c a se ,  but no abnormal i t i e s  v?ere found.

Di scus s ion  and summery.

1. This lame was not v igorous  for the last,  few days of  i t s  

l i f e  and apperent ly did not ge t  enough food due to the 

presence o f  e n t e r i t i s , bronchopneumonia, and h e p a t i t i s .  

As a r e s u l t ,  the animal was r a th er  anemic and the va lues  

of blood g l ucose  and ur i c  acid were thus a l s o  g r e a t l y  

reduced.  The blood va lue  of  N .P .N . ,  urea-N,  and 

c re a t i n in e  were a l s o  qu i t e  low,  and that  was po s s ib ly  

due to  a.cute hepat ic  i n s u f f i c i e n c y  r e s u l t i n g  from the  

e x te ns iv e  de s t r uc t io n  of  l i v e r  t i s s u e  by ab s ce s s  

f ormat ion .

. The l e u k o c y t o s i s  ( n e u t r o p h i l i a )  was the usual  conse

quence of  a. b a c t e r i a l  i n f e c t i o n .

3. Both s o l i t a r y  and m ul t ip l e  ab s c e s s e s  were found in the  

l i v e r  as w e l l  as in the lungs and the c h a r a c t e r i s t i c  

f e a tu re s  of  such t y p i c a l  Actinomyces necrophorus  

a bsc e s se s we rc n o t i c e d .
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Case 7344 (O x fo rd ,  m a le )

This was a case of  nave l  i n f e c t i o n  compl icated by 

oronchopneurnonia and encephaloinalacia. .

Hi s t o r y . This lamb was Dorn on 3 / 1 9 / 4 4  and was n o t i c e d  to  be 

d u l l  and showed marked i n - c o o r d in a t io n  when about 11 days 

o l d .  Both ewe ana lamb were brought to the pathology barn,  

and the 1 amo was given ? 5  c c . pneumonia serum i n t r a -  

peri tone  a l l y . The next  morning, the lamb did not  nurse i t s  

mother and snowed i n c r e a s i n g  in - c oo rd in a t io n  and d u l ln e s s .  

I t  was k i l l e d  the seme morning at 10:30 .

Eti o l o g y . A gram-negat ive rod (Bact e r ium s o , ) was i s o l a t e d  

from the lungs  and i t s  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  are 

l i s t e d  in Table (4):  c u l tu r e  No. 7344.

B lood s t u d i e s .

( p) blood p i c t u r e

Erythrocytes .  .     8 , 990 ,010  per c.mm.
  '"'■■■-L'eukO'cyres'. ; . r. . . . .  . r. hr.......' ........' 800 ...............

hemoglobin....................... } ................  11 .4  g . / i l l  cc.
Pi -f f  e r e n t i  al  c oun t ( jo)
Lymphocytes.....................................74
Meutroph i l s .................................... 03

segmen t e r s  
m y e l o c y t e s  
j u v e n i l e  s . 
b a n d s ..........

( 6 )
( 4)

Monocyte s . . , .  
E o s i n o p h i l s . . 
basoph i l s 0

( b) Blood chemistry  (mgm./100 c c .)

G l u c o s e . , .  
u r i c  ac i  d . 
G r e a t i n i  n e  
C h l o r i d e . .  
N . P . 1 . . . . . 
U r e a - h . . . .

. 0 8 . 0 0  
1 . 70 
0 . 6 0  

400 . 00  
3 5 .8 0  
30 .0 0
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The o lood p i c ture  of  t h i s  lamb- i s  i n t e r e s t i n g .  Both 

ery throc y t e s  end l e u k o c y te s  were decreased in  number as 

compered with the normal, and a s t a t e  of l e u co p en ia  

apparent ly e x i s t e d .  The numoer of  l e u c o c y t e s  was reduced 

t o  about 1 / 1 0  of  the normal value and an exces s  o f  i nmature 

neutrophi l .es  were found. The e ry th r oc y t e s  looked rather  

normal m orpho log i ca l l y ,  al though a few nucl ea ted  c e l l s  

were p r e s e n t .

In chemical  a n a l y s i s  o f  blood,  the  g lucose  was found 

to  be about 1 / 2  normal, end u r ic  aci d and c r e a t i n i n e  were

a l s o  s o :n e wh a t lower.

Gr o s s  1es i o n s ,

Umbili c u s ,  hot com plete ly  healed  and a larg e  c i c a t r i c i a l  

area about 1 cm. by ?, cm. in  s i z e  was observed.

Lungs ,  hr on ch o pneum on i  b . inv o l v i n g  ap i c a l  and a n t e r io r  

cardiac  l o o e s  of  the r i g h t  lung.  Only s l i g h t  pneumonia on 

l e f t  s i d e .

Hi o s . Two r i  os broken on r i g h t  s i d e  o f  tne nody.

Brain.  Congested. Cloudy f lu id  present  oeneath the  

meninges in tne s u l c i ,  Tiber cut in t o  h a lv e s ,  a marked 

s o f t e n i n g  and t y p i c a l  l e s i o n s  of e n c e p n a l o n e la c i a were 

noted in the an ter ior  end of the cerebrum.

Other organs . Other organs appeared normal.

Mi croscopic  Ie s i  on s .

Liver .  Tne l i v e r  was only s l i g h t l y  damaged, and the l e s i o n s  

c o n s i s t e d  c f  moderate c o n g e s t i o n ,  s l i g h t  cloudy swell ing: end 

d i f f u s e  but mild, f a t t y  degenerat ion.
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Adr e n a l  g l a n d s . The adrenal  g lands were rather  conges ted ,  

e s p e c i a l l y  in  the zona f a s c i c u l a t a .  Due to c on g e s t i o n ,  

the glands were sonewhat en larged.

hl ings: The lun g s  showed a recent  and severe  broncho

pneumonia w ith  small  suppurat ive  f o c i ,  i n v o l v i n g  the  r i g h t  

a p i c a l  and c a rd ia c  l o r e s .  There was an i n t e n s e  inflamma

t i o n  of  the b r o n c h ia l  w a l l  with, i t s  lumen f i l l e d  with

0 y.u oat e. er.o sometimes de sQuanst c cl c e l l s .  These a f f e c t e d  

bronchi were each surrounded cy s r ing  of  a l v e o l i  f i l l e d  

with an in f l an n ot nr y  exudate  c o n s i s t i n g  e i t h e r  o f  po ly 

morphonuclear l euk oc y t e s  with smal l  amount of  f i c r i n ,  a 

l i t t l e  more f i b r i n  and. l e s s  polymorphonuclear l e u k o c y t e s ,  

or  edematous f l u i d  only.  A short d i s t a n c e  from the con

s o l i d a t e d  a r e a s , the a l v e o l i  conta ined  some macrophages and ; 

few dying polymerphonucleor l e u k o c y t e s  . These consol i .dated  

areas  wore in te r r u p te d  ov areas  of  c o n g e s t i o n ,  c o l l a p s e

and in the ca rd ia c  l or e  e s p e c i a l l y , compensatory emphysema.

1 ii the hi ght  dpi ' lobe 7 i t e r  l a y e r  of  p le i i r a l

co n n e c t iv e  t i s s u e  was in ju r e d  and s l i g h t l y  th i ckened ,  and 

a s e c t i on  of  i t  rad ruptured so tha t  tne inflammatory  

exudate from the pneumonia underneath, came out and c o l l e c t e d  

on tne su r fa c e  of  t h i s  par t  of  the lung .

Brai n .  The l e s i o n s  in the brain seemed to s t a r t  from 

the  cere ora l  meninges ana then extended gradua l ly  to the 

c er eb ra l  c o r t e x .  The c e r e b r a l  medu1 1 a. wee not i e v o l v e d .

The c e r e o r a l  meninges were very much congest ed  and in the  

a f f e c t e d  ar eas ,  most of  the c e l l u l a r  s t ruc ture  of  the pis  

mater was p e r t l y  d i s s o l v e d  and de tacher  from the  under ly ing



c er eb ra l  c o r t e x .  A t y p i c a l  purulent  exudate c o n s i s t i n g  of  

d o  t o  raacropnages and polymorphonuclear l e u k oc y t e s  was 

found and an a c t i v e  phago cy t os i s  was presen t .  This was 

evidence tha t  the acute purulent  m e n i n g i t i s  had been going  

on for  some t ime (Fig .  3 1 ) .  In the cerebra l  co r t ex  s 

l e s i o n  of  more rec en t  development was n o t i c e d ,  s i n c e  the  

predominat ing f e a tu r e s  were n e c r o s i s  of  c o r t i c a l  t i s s u e ,  

marked polymorphonuclear l eukocy te  i n f i l t r a t i o n , and, in 

some par t s ,  death of  brain t i s s u e .  No macrophages were 

fout!d in the l e s i o n  of  tn±s  art?#.* so i.hHu ibe u.eot,tx 01  

brain t i s s u e  must be at tr ibuted ,  to the  p r o t e o l y t i c  ac t i on  

of  polymorphonuclear l e u k o c y t e s .  In some parts  of  the more 

s e v er e l y  a f f e c t e d  brain,  the l e s i o n  extended q u i t e  deeply  

i n t o  the cere  oral  c o r t e x ,  i n v o l v i n g  the neuro g l i a  l a y er ,  

the  l a yer  of  smal l  pyramidal  c e l l s ,  the  l a y er  of  l arge  

pyramidal  c e l l s  and a smal l  outer  por t ion  of  the  l a y e r  o f

pQlyiini-’b. cus n e r v e  . c e l l s  'The'" sff-ecb-ed - n e r v e - c e l l s  became"

granular in appearance end a c i d o p h i l i c  in r e a c t i o n  with  

t h e i r  n u c l e i  undergoing pyknos is  and k e r y o l y s i e ,  whereas  

the  a f f e c t e d  ne uro g l i a  became lo osened  and broken and thus  

l o s t  the i r  f i b r o u s  c h a r a c t e r i s t i c s  (F ig .  31) .

Other  t i s s u e s . Other t i s s u e s  such as h e a r t ,  s p l e e n ,  i n t e s t i n  

s k e l e t a l  m us c l e s ,  e t c . ,  were not a f f e c t e d  and a p p e a r e d  normal  

Pi s cu s s ion  and summary.

1 . This was a case o f  na v e l  i n f e c t i o n  compl icated  by broncho

pneumonia and encephalomalsc ia .
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? .  A s t a t e  o f  marked l e u k o p e n i a  e x i s t e d .

3 .  S i n c e  t h e  a d r e n a l  g l a n d s  were r a t h e r  c o n g e s t e d ,  t h e

low v a l u e  o f  blond g l u c o s e  might,  be due t o  n y p o - a d r - e n a l i  sm.

4.  The low v a l u e s  of  o l o o d  c r e a t i n i n e  and u r i c  a c i d  

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

a l t h o u g h  t h e  l i v e r  damage was n o t  s e v e r e  when s u b j e c t e d  

t  o m i  c r  o s c o p i  c st.udy .
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Case 7372 ( S h r o p s h i r e ,  m a le )

Th i s  was a c a s e  o f  n a v e l  i n f e c t i o n  l e a d i n g  t o  a t y p i c a l  

a c u t e  s u p p u r a t i v e  bronchopneumonia ,  as  a r e s u l t  of  mixed 

i n f e c t i o n  w i t h  t h r e e  s p e c i e s  o f  b a c t e r i a  as  m e n t i o n e d  below 

u n d e r  e t i o l o g y .

Hi s t o r y . Th i s  l amb came f rom Cesor  F a r ms ,  New Hudson ,

Mi c h i  r a n , and was one of  a p a i r  of  t w i n s  born on 2 / 2 9 / 4 4 .

T h i s  a n i m a l  was n e v e r  a c t i v e  f rom t h e  t i m e  i t  was  born and 

had been d i s c h a r g i n g  w a t e r y  s e r o u s  e x u d a t e  f rom t h e  n o s e  

f o r  abou t  t h r e e  weeks .  The lamb d i e d  on A p r i l  1 1 t h .

S t i o l o g - y . One c u l t u r e  o f  P s s t e u r e l l a  and a n o t h e r  o f  D i p l o -  

c o c c u s  ( T a b l e  4: c u l t u r e  No.  7372 a ,  b . )  were i s o l a t e d  

f rom t h e  l u n g s  . In a d d i t i o n ,  a  m i c r o - o r g a n i s m  i n d i s t i n g u i s h 

a d e  from A c t i nomyces  n e c r o phor u s  was a l s o  i s o l a t e d  from 

t h e  l u n g s .

G r o s s  l e s i o n s . T y p i c a l  b r on ch o p n e u m o n i a  w i t h  n umer ou s  s m a l l  

a b s c e s s e s  ' s p r e a d '  t h r o u g h o u t ' t h e  l u n g s .  There  was a l a r g e  

a b s c e s s  ( a b o u t  1 cm. x ?■ cm. )  o f  c a s e a t e d .  pus on t h e  

a n t e r i o r  end o f  t h e  u r i n a r y  b l a d d e r ,  i n d i c a t i n g  t h a t  t he  

i n f e c t i o n  had  gone t h r o u g h  t h e  u r a c h u s  t o  t h e  b l a d d e r .

Ot h e r  o r g a n s  seemed t o  be n o r m a l .

M i c r o s c o p i c  l e s i o n s . Only l u n g  t i s s u e  was s a v e d  f o r  m i c r o 

s c o p i c  s t u d y  and an a c u t e  s u p p u r a t i v e  b r o nc hopn eum oni a  

w i t h  t y p i c a l  l e s i o n s  somewhat  l i k e  c a s e s  7401 end 7 4 1 0  was 

o b s e r v e d .  The pneumonia  was s t i l l  i n  t he  a c u t e  s t a g e  w i t h  

p o l y m o r p h o n u c l e a r  l e u c o c y t i c -  i n f i l t r a t i o n  as  t h e  p r e d o m i n a t i n g
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f e a t u r e ,  w h e r e a s  t h e  a o s c e s s e s  seemed t o  be i n  t h e  

b e g i n n i n g  s t a g e  a l t h o u g h  t h e  i n i t i a l  i n f e c t i o n  was 

u n d o u b t e d l y  t h e r e  s n o r t l y  a f t e r  b i r t h . ( F i g .  39)
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T,

Case 7593 ( S h r o p s h i r e ,  f e m a le )

This  was e c a s e  o f  n a v e l  i n f e c t i o n  r e s u l t i n g  i n  a b s c e s s  

f o r m a t i o n  i n  t h e  l u n g s ,  pneumon i a ,  h e m o r r h a g e  i n  l i v e r ,  

g l o m e r - u l o - n e p h r i t i s  and  a r t h r i t i s .

Hi s t o r y , The lamb was n o t i c e d  l a  ne f o r  s e v e r a l  days  o e f o r e

be i n n  b r o u g h t  t o  t h e  p a t h o l o g y  b a r n  on 4/17/4-4.  There  was

a mar iced e n l a r g e m e n t  o f  t h e  r i g h t  c a r p a l  j o i n t .  The lamb

was a l s o  lame i n  t h e  r i g h t  r e a r  l e g .  The a n i m a l  was k i l l e d

t h r e e  d ay s  l a t e r  when i t  was 96 days  o l d .

t i o l o g y . Two c u l t u r e s  o f  E s c h e r i c h i a  w er e  i s o l a t e d ,  one from

t h e  l u n g  and t h e  o t h e r  f rom t h e  r i g h t  c a r p a l  a b s c e s s ,  and

one s p e c i e s  o f  C o r y n e o a c t e r i u m was c u l t u r e d  f rom t h e  r o u n d

l i g a m e n t  o f  l i v e r  o f  t h i s  c a s e .  ( T a b l e  4: C u l t u r e  No. 7393 ,

a , b , c . )

Blood  S t u d i e s .

( a )  Blood p i c t u r e .

E r y t h r o c y t e s  6 , 7 4 0 , 0 1 0  p e r  c.mm.
L e u c o c y t e s ...................................... 9 3 , 9 0 0  " "
H e m o g l o b i n . ...................................  6 . 8  g . / l O O  c c .

( D) Blood c h e m i s t r y  ( Mgm. / 1 0 0  c c . )

G l u c o s e ............................................   75.  55
Ur i c  a c i d ......................   3 . 1 ?
C r e a t i n i n e ............................................   0 . BO
C h l o r i o  e  590 .00
N . P . N ...........................................   6 7 . 0 0
U r e a - N .......................................................  3 9 . 0 0

I n  c o m p a r i s o n  w i t h  t h e  n or ma l  s t a n d a r d  ( T a b l e  l ) , t h e

v a l u e s  o b t a i n e d  f o r  e r y t h r o c y t e s  and h em og l ob in  wer e  d e c i d e d l y
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l o w e r  and t h a t  f o r  l e u c o c y t e s  was d e c i d e d l y  h i g h e r .  The 

d i f f e r e n t i a l  c o u n t  was n o t  i n c l u d e d  i n  t h i s  s t u d y .  The 

v a l u e s  o f  a l l  b lood  c om po n en t s  s t u d i e d  were h i g h e r  t h a n  

n o r ma l  ( T a b l e  ?•) e x c e p t  t h a t  of  t h e  c r e a t i n i n e  w h i c h  was 

i n  t h e  l o w e r  n o rm a l  l i m i t .

G r o s s l e s i o n s .

S u b c u t a n e o u s  t i s s u e . There  was a s u b c u t a n e o u s  a o s c e s s  

p r e s e n t  a t  t h e  t e i l h e a d  and one i n  the. r e g i o n  of  t h e  i l i u m .  

Wave l . The n a v e l  was i n f e c t e d .  The r o u n d  l i g a m e n t  o f  t h e  

l i v e r  was a p p r o x i m a t e l y  1 cm. i n  t h i c k n e s s  and c o n t a i n e r )  

a  core  of  g r  e e n i s h , c h e e s y  pus .

Lungs . T h e re  were  l o c a l i z e d  a b s c e s s e s  i n  t h e  r i g h t  e p i c a l  

1 obe and t h e  l e f t  c a r d i a c  l o b e  o f  t h e  l u n g s .

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

w i t h  g r e e n i s h  p u s ,  and t h e  r i g h t  h i p  j o i n t  was  g r e a t l y  d i s 

t e n d e d  w i t h  t h e  same k i n d  of  e x u d a t e .

■ ... Of .fa er.,. or gan s  . .. ._̂ AppcU?en1f.ly,,_no.rin8l.    ........       ........ ...... - . ■>... ■ .

Mi c r o s c o p i c _1e s i  o n s .

Round l i g a m e n t  o f  l i v e r . The b a c t e r i a l  i n f e c t i o n  o f  t h e  

urnDil icum and i t s  e x t e n s i o n  a l o n g  t h e  r o u n d  l i g a m e n t  o f  

l i v e r  r e s u l t e d  i n  n e c r o s i s , s u p p u r a t i o n ,  e r o s i o n , and 

f i o r o s i s .  The i n n e r  p o r t i o n  of  t h e  l i g a m e n t  was f i r s t  

a t t a c k e d  and t h e  l e s i o n  g r a d u a l l y  s p r e a d  from t h e r e  ou t ward  

w i t h  a zone o f  c o a g u l a t e d  dead c e l l s ,  a zone o f  mac r ophages  

mi xed  w i t h  d y i n g  p o l y m o r p h o n u c l e a r  l e u c o c y t e s , a zone of  

dens e  f i b r o b l a s t i c  c e l l s ,  ma c r o ph ag es  and. p o l y m o r p h o n u c l e a r  

l e u c o c y t e s ,  a. zone of  l o o s e r  f i c r o c l a s t i c  c e l l s ,  .macrophages ,



p i  asm a  c e l l s  and l y m p h o c y t e s ,  and f i n a l l y  a zone o f  

f i b r o s i s .

L i v e r . The l i v e r  was somewhat  con ge s t e d  and showed c l oudy  

s w e l l i n g  and h e m o r r h a g e . The s i n u s o i d s  were m o d e r a t e l y  

d i l a t e d  and d i s t e n d e d  w i t h  an e x c e s s i v e  number o f  e r y t h r o 

c y t e s  and n e u t r o p h i l s . The c l o u dy  s w e l l i n g  was more o r  l e s s  

g e n e r a l i z e d ,  a l t h o u g h  i t  was m i ld  i n  n a t u r e .  S u r r o u n d i n g  

t h e  a r e a s  o f  h e m o r r h a g e , a. polymorphonuclear l e u c o c y t i c  

i n f i l t r a t i o n  was p r e s e n t .  The h e m o r r h a g e s  were  i r r e g u l a r  

in shape  and v a r i a b l e  i n  s i  ye. r a n g i n g  from a m i n u t e  un

l i m i t e d  area t o  t h o s e  of c o n s i d e r a b l e  s i z e  wnic-h wer e  

s u r r o u n d e d  by  e th in  f i b r o u s  w a l l .

Lungs . The l u n g s  showed l e s i o n s  o f  s u p p u r a t i v e  b r oncho 

p neu moni a .  The a r e a s  adjacent  t o  t h e  s u p p u r a t i v e  f o c i  

were i n f i l t r a t e d  w i t h  polymorphonuclear l e u c o c y t e s  w h i l e  

t h o s e  sway f ro m t h e  s u p p u r a t i v e  f o c i  showed a t e l e c t a s i s  o f  t h e

a l v e o l i ,  and - ..pr0 nch.opneum.oni.a-.wi t h  macrophage  i n f i l t r a t i o n . -   -

I n t e s t i n e . The b l o o d  v e s s e l s  o f  t h e  i n t e s t i n e  we r e  r a t h e r  

c o n g e s t e d  b u t  no o t h e r  l e s i o n s  were  a p p a r e n t .

K i d n e y s . Most  g l o m e r u l i  we r e  s w o l l e n  and s t u f f e d  w i t h  an 

e x c e s s i v e  numb er  o f  p r o l i f e r a t i v e  c e l l s  so t h a t  a c a s e  o f  

p r o l i f e r a t i v e  g lomeru lo -nephr i t i s  e x i s t e d .  The l u m i na  o f  

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

c o n s i d e r a b l e  amount  of  e de ma t ou s  f l u i d  m ixed  w i t h  some 

albuminous c a s t s .  Trie ep i the l ium o f  the c o n v o l u t e d  t u b u l e s  

showed v a r i o u s  d e g r e e s  o f  c l o u d y  s w e l l i n g  and some o f  t h e  

c e l l s  were d e s q u a m a t e d .
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H e a r t . J u s t  b e n e a t h  t h e  e n d o c a r d i u m ,  some f a t t y  d e g e n e r a 

t i o n  of  t he  myocardium was  n o t e d .

J o i n t  c a p s u l e . The j o i n t  c a p s u l e  o f  t h e  r i g h t  c a r p u s  

showed t y p i c a l  l e s i o n s  o f  an a c u t e  s u p p u r a t i v e  a r t h r i t i s .  

Ot h e r  t i s s u e s .  A p p a r e n t l y  n o r m a l ,

Sun many and d i  s c u s s i o n .

1 , The a n i m a l  s u f f e r e d  f rom n a v e l  i n f e c t i o n  r e s u l t i n g  i n  

s c s c e s s - f o r m s t i o n  end. b r on ch op neu mon ia  o f  t h e  l u n g e ,

h e m o r r h a g e s  i n  t h e  l i v e r ; gl o t iphi !  o—n p nh r i  t  i s  and 

a r t b r i t i s ,

P. Th i s  lamo was anemic as  r e v e a l e d  by t h e  low v a l u e  f o r  

r e d  o l ood  c e l l s  and h e m o g l o b i n .  S i n c e  t n i s  l amb  was 

a t t a c k e d ,  by a c u t e  a r t h r i t i s  and was  l ame ,  a p p a r e n t l y  

i t  d i d  n o t  g e t  enough f o o d  i n  o r d e r  t o  m a i n t a i n  i t s  

b inoo l e v e l .

--3. ■■■ .The-., l e u c o c y t e  s i s  .. c o u l d  be  t he ' . . r e  s u i t "  o.f ■ v a r i o u s ,  c o n d i - .

t i o n s  s uc h  as  a b s c e s s - f o r m a t i o n , n e p h r i t i s ,  a c u t e  

a r t h r i t i s ,  pneumonia  and  even  h e m o r r h a g e s  i n  t h e  l i v e r .  

Pro  Da. o l y , t h e  combined  e f f e c t  o f  e l l  t h e s e  c o n d i t i o n s  

was t he  r e e l  or  a c t u a l  c au se  of  s u c h  a marked l e u c o 

c y t e  s i s  i n  t h i s  e s s e .

4.  The h i g h  v a l u e s  o f  a l l  o l ood  c o m p o n e n t s  ( e x c e p t

c r e a t i n i n e ) were d i r e c t l y  r e l a t e d  t o  the r e n a l  s u p 

p r e s s i o n  clue t o  n e p h r i t i s ,  e l  t h o u g h  a c u t e  a r t h r i t i s  

would a l s o  c a l l  f o r t h  an i n c r e a s e  i n  b l o o d  u r i c  a c i d  

and anemia  mi gh t  s o me t i m es  i n d u c e  e h i g h  l e v e l  o f  b l o o d  

c h l o r i d e .
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Case 7 59 4 ( Gr a de , Ms l e  )

Th i s  was p ro Ds o l y  a n o t h e r  c a s e  o f  n a v e l  i n f e c t i o n  w i t h  

S t a p h y l o c o c c u s  s p . and a g r a m - n e g a t i v e  r od  r e s u l t i n g  i n  t h e  

f o r m a t i o n  o f  o v a r i e t y  o f  l e s i o n s  such  as  n e c r o s i s  i n  l i v e r ,  

a b s c e s s e s  i n  h e a r t ,  s k i n  and. s u o c u t a n e o u e  t i s s u e ,  and

a r t h r i t i s  i n  t h e  c a r p a l  . j o i n t .

H i s t o r y . Thi s  l ame was br  o u g h t  i n  by Mr. W o c e i i e l d ,  County 

A r e n t ,  on A/ l i / 4  4 . I t  was  t h e  s m a l l e r  o f  a t w i n  and t h e  

ewe had d i e d .  The lerno h a d  an e n l a r g e d  l e f t  c a r p a l  j o i n t  

and was Q u i t e  l a m e .  The a n im a l  became weaker ' ,  c o u l d  n o t  

g e t  up  ana was  k i l l e d  a t  3 : 0 0  P .M. ,  4 / ? 1 / 4 4  a t  t h e  age o f  

P0 d ay s .

E t i o l o g y . A h e m o l y t i c  S t a p h y l o c o c c u s  wrb i s o l a t e d  from l e f t  

c a r p a l  j o i n t  and a. g r a m - n e g a t i v e  r o d  ( Bact e r iu m s p . ) from 

h e a r t - c l o o d  ( Tab le  4: c u l t u r e  7394 a ,  p . )

, B1 o,o d.... s t u d i e s ».,             ........ ............ ............ ............ ............ ............ ............

( 9 ) -Blood p i c t u r e

E r y t h r o c y t e s ................................................. 8 , 710 , 009  p e r  c . mm.
L e u c o c y t e s    14 , 60 0  11
H e m o g l o b i n ...........................   IP g . / l Q O  cc .
D i f f e r e n t i a l  c o u n t  (-/o)
Ly.mphocyt es  .  ......................   .13
N e u t r o p h i l s .   ................................80

sc gme n t e r s ............................................... .. (73)
b a n d s ................................................................. . . ( 7)

M o n o c y t e s ........................................  ?,
E o s i n o p h i l s ...................................... 0
B a s o p h i l s ........................................  0

( o ) Blood c h e m i s t r y  (Mgrn . /  111 cc . )

G l u c o s e ............................................. 7 4 . 4 4
Uric  a c i d .    ..............................  1 . 1 0
C r e a t i n i n e . ...................................  0 . 3  0
C h l o r i n e ........................................ 461 .00
N.P.N.   .............................................. 1 5 . 0 0
U r e a - N ................................................. 1 1 .20



In c o m p e r i n g  t h e  r e s u l t s  of  b l o o d  s t u d i e s  i n  t h i s  

e s s e  w i t h  t h e  n o r m a l  s t a n d a r d  ( T a b l e s  1 & 2 ) ,  t h e  number

o f  e r y t h r o c y t e s  was somewhat  l o w e r ,  h em o g l o b i n  somewhat  

h i g h e r ,  and l e u k o c y t e s  d e c i d e d l y  h i g h e r  w i t h  n e u t r o p h i l s  

( 8 0 fo) p r e d o m i n a t i n g  o v e r  l y m p h o c y t e s  ( 13 fo) , The s t r u c t u r e  

o f  e r y t h r o c y t e s  was r a t h e r  n o r m a l , a l t h o u g h  a few 

p o i k i l o c y t e s  wer e  o c c a s i o n a l l y  o b s e r v e d .  In  r e s p e c t  t o  

b l o o d  c h e m i s t r y ,  the  v a l u e s  of  N . P . N .  and U r sa - K were  

r a t h e r  low w h i l e  t h e  v a l u e s  of  o t h e r  e l e m e n t s  seemed t o  

f a l l  w i t h i n  t h p  n or ma l  r a n g e .

G r o s s  l e s i o n s .

S uo cu t s . r eo us  t i s s u e . T h e r e  was an a b s c e s s  a b o u t  1 1 / 2  cm. 

i n  d i a m e t e r  i n  t h e  s u b c u t a n e o u s  t i s s u e s  n e a r  t h e  t h o r a c o 

a b d o m i n a l  w a l l .

J o i n t . The l e f t  c a r p a l  j o i n t  was s w o l l e n  and d i s t e n d e d  and 

t h e  j o i n t  c a p s u l e  was t h i c k e n e d  and t h e  c a v i t y  f i l l e d  w i t h

  c l o u d y . . f L o e c . u l e n t  . . . exuda t e ...... A...siae air.ina.de from .the-. , .exudate ■..

showed a c t i v e  p h a g o c y t o s i s .  ( F i g .  33) .

H e a r t . Numerous a b s c e s s e s  were  p r e s e n t  i n  t h e  h e a r t .  There  

was a marked  p e r i c a r d i t i s  and m y o c a r d i t i s ,  t h e  p e r c a r d i u m  

b e i n g  t i g h t l y  a dhe r ed  t o  t h e  m y o c a r d i u m . ( F i g .  34)

Other or g a n s . Apparently normal.

M i c r o s c o p i c  l e s i o n s .

L i v e r .  The l i v e r  showed e v i d e n c e s  o f  c o n g e s t i o n ,  c l o u d y  

s w e l l i n g ,  some d i f f u s e  f a t t y  d e g e n e r a t i o n ,  some h y d r o p i c  

d e g e n e r a t i o n ,  and n e c r o t i c  f o c i  w i t h  marked p o l y m e r p h o n u c l e e



I c u c o c y t i c  i n f i l t r a t i o n .  I n  g e n e r a l ,  t h e  v a r i o u s  l e s i o n s  

o f  l i v e r  i n  t n i s  c a s e  r e s e m b l e d  Q u i t e  c l o s e l y  t h o s e  found 

i n  Case #7337 w i t h  t h e  e x c e p t i o n  of  d i f f u s e  f a t t y  and 

h y d r o p i c  d e g e n e r a t i o n s  w h i c h  were n o t  fo und  i n  t h a t  c a s e .  

H e a r t . There  were numer ous  a b s c e s s e s  i n  t h e  h e a r t  and 

t h e y  were f o u n d  m o s t l y  i n  .myocardium and a few i n  t h e  

e p i c a r d i u m . Due t o  t h e  f a c t  t h a t  some of  t h e  e p i  c a r d i a l  

a o s e e s  s ee  r u p t u r e d  and t h e  i n f  lam.natox’y e x u d a t e  went  i n t o  

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

rt 1 t S l i l i j  |  ip C r J ^ t '  0-1 u \J pUI* ci b i  V t; HIy O U rU‘U j. I i  S , £ P 'i  C &X‘ 0 1 "t 1 S

and p e r i c a r d i t i s  a c t u a l l y  e x i s t e d . The a b s c e s s e s  were  

i r r e g u l a r  i n  s h a p e ,  v a r i a  o l e  i n  s i z e  ( 3 . 1 5  mm. X 0 . 1 2  mm.

t o  5 mm. X 4 mm.) ,  and w e r e  c h a r a c t e r i z e d  by m a r k e d  c e l l  

i n f i l t r a t i o n  ( ooth p o l y m o r p h o n u c l e a r  l e u c o c y t e s  and macro

p h a g e s )  s u r r o u n d e d  oy an e x t e n s i v e  f i o r o s i s  ( b i g .  55 ) .

The e nd o c a r d i u m ,  h o w e v e r , was n o t  a f f e c t e d .

"Jo in t " c a p s u l e '.  The “" j o i n t  "'"capsule "of " " l e f t  c a r  pus showed a

t y p i c a l  l e s i o n  of  an a c u t e  s u p p u r a t i v e  a r t h r i t i s  somewhat 

l i k e  t h a t  f ou nd  i n  Case #7393 .

Sk in  a b s c e s s . The s k i n  l e s i o n  was p a r t i a l l y  o pe ne d  out

p o s s e s s e d  a l l  t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  a t y p i c a l  

a o s c e s s .  Ex c ep t  a t  t he  p o i n t  where i t s  o p en i n g  was l o c a t e d ,  

t h e  a o s c e s s  was  rounded on i t s  o u t e r  s u r f a c e  by a t h i n  

l a y e r  of  e p i d e r m i s  t o g e t h e r  v i t a  a s m a l l  p o r t i o n  o f  o u t e r

cor ium ano on i t s  i n n e r  s u r f a c e  by a t h i c k  l a y e r  o f  f i b r o -

u l a s t i c  t i s s u e , which  e x t e n d e d  down t h e  musc l e  t i s s u e
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u n d e r n e a t h .  On t n i s  a c c o u n t ,  most  p a r t s  o f  t h e  i n n e r  

c o r i u m  and s t r a t u m  su'bcutsneurn h ad  b een  d e s t r o y e d  and 

r e p l a c e d  by f i b r o s i s .

O t h e r  t i s s u e s . Those t i s s u e s  such a s  i n t e s t i n e s ,  k i d n e y s ,  

e t c . ,  were a l s o  s t u d i e d ,  b u t  t hey  snowed no a b n o r m a l i t i e s .

Summar y  and d i s c u s s i o n .

1.  T h i s  lame was s m a l l  and weak due t o  t h e  p r e s e n c e  of  

n e c r o s i s  end h e m o r r h a g e s  i n  l i v e r ,  a b s c e s s e s  i n  h e a r t ,  

s k i n ,  s u b c u t a n e o u s  t i s s u e s ,  end a r t h r i t i s  i n  c a r p a l  . - joint .

2 .  Both b a c t e r i a l  i n f e c t i o n  and a . D s e e s s - f o r m a t i o n  r e s u l t e d  

i n  a marked  n e u t r o p h i  l i e .

3.  S i n c e  t h e  l i v e r  was damaged,  i t  a p p a r e n t l y  c o u l d  n o t  

p e r f o r m  i t s  f u n c t i o n s  p r o p e r l y  i n  . m a i n t a i n i n g  t h e  n o r ma l  

l e v e l  o f  o l o o d  u r e a  and n o n - p r o t e i n  n i t r o g e n .  These

v a 1u es  we r e  r a t h e r  low.
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Case No. 756?  ( S h r o p s h i r e ,  male)

T h i s  v;as a c a s e  o f  d o c k i n g  i n f e c t i o n  which r e s u l t e d  i n  

a b s c e s s - f o r m a  t  i  on of  t h e  s p i n a l  c o r d ,  m i l d  a s s o c i a t e d  

c o n d i t i o n s  were  an e n t e r i t i s ,  and some d i s t u r b a n c e s  i n  t h e  

l i v e r  and k i d n e y s .

Hi s t o r y . T h i s  l amb showed b i l a t e r a l  p a r a l y s i s  o f  t h e  r e a r  

l i m b s  on 3 / 5 1 / 4 4  and was b r o u g h t  t o  t he  p a t h o l o g y  b a r n  w i t h  

i t s  m o t h e r . The lamb was k e p t  u n d e r  o b s e r v a t i o n  f o r  an 

e n t i r e  ween and showed no i m p r o v e m e n t . The a n i m a l ,  

however ,  r e m a i n e d  v e r y  b r i g h t ,  n u r s e d  r e g u l a r l y ,  and i t  

seemed d o u b t f u l  w h e t h e r  t h i s  was " s t i f f - l a m b  d i s e a s e " .

On 4 / 7 / 4 4 ,  a t  t h e  age o f  9 d ays ,  t h e  l amb was b l e d  and

E f i o l o g y , One s p e c i e s  o f  u n d e t e r m i n e d  g r a . m - n e g a t i v e  c o c c o i d  

b a c i l l u s  was i s o l a t e d  f rom t h e  l i v e r  and two s p e c i e s  o f  

Cory-n e o r c t e r i u m were i s o l a t e d  f rom t h e  s p i n a l  c o r d .

k i l l e d .

u 1 t  u r  e ' N o . 7 3 8 *,  a

b l o o d  S t u d i e s .

( a ) Blood p i  c t u r e

E r y t h r o c y t e s . . 
L e u c o c y t e s  
H e m o g l o b i n . . . .

8 , 6 7 0 , 0 1 1  p e r  c.mm.
Q  C g g O  n  ii

9 . 8  g . / l O O  cc .

D i f f e r e n t i a l  c o u n t  {'jo)
Lymphocyte  s , 
N e u t r o p h i l s .

35

j u v e n i l e s  
m o n o c y t e s . .

s egment  e r s
oands

(56) 
( 6 ) 
( 3)

E o s i n o p h i l s  
B a s o p h i l s .  .

0
0
0
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( b ) Blood, c h e m i s t r y  ( Mgm/ 1 0 0  cc . )

G l u c o s e ................................................... 9 7 . 5 0
U r i c  a c i d .............................................  l . i O
C r e a t i n i n e ........................................... 1 . 0 0
C h l o r i d e ................................................. 430 . 0 0
N . P . N ........................................................ 3 4 . 0 0
U r e a - N .....................................................  1 1 . 9 0

Except  f o r  some l e u c o c y t o s i s  w i t h  i n c r e a s e d  n e u t r o p h i l s ,  

r e d u c e d  l y m p h o c y t e s ,  and  s l i g h t  i n c r e a s e  i n  g l u c o s e ,  t h e  

v a r i o u s  v a l u e s  o f  t h e  c!  >oo e l e m e n t s  o f  t n i s  lamb were  n o t

m n n n  n  i_ *f r  o n f  -fih tsn +. r, r\ R o o f ’ r . o f r n . n l  1 .3 Tib S .  T 'lC  rIi OV p i  H1 0  C' y

o f  e r y t h r o c y t e s  was n o r m a l .

G r o s s  l e s i o n s .

Sk e l e t a l  m u s c l e s .  Th er e  was some a t r o p h y  o f  t h e  m u s c l e s  o f  

t h e  r e a r  l i m e s .

T a i l - h e  a d . I n  t h e  r e g i o n  o f  t h e  t a i l n e a d  a t  the  clocking 

s i t e ,  a g r e e n i s h  c o l o r e d  pu s  was p r e s e n t . T h i s  s u p p u r a t i v e  

. J. e-si on e x t en de r s  int-c and  - i n v o l v e d - t h e .  s p i n a l  "Cord -as f a r  --as- 

t h e  c e n t e r  o f  t h e  lumbar'  a r e a .  ( F i g .  36)

Ot h e r  o r g a n s  . A op a r e n t ] ,  y h o r  :n a 1.  

h i  c r o s c o p i c  1 e s i  o n s .

Liver.* The l i v e r  saowec c o n g e s t i o n ,  c l o u d y  s w e l l i n g ,  

d i f f u s e  f a t t y  d e g e n e r a t i o n ,  and o c c a s i o n a l  t i n y  n e c r o t i c  

f o c i  w i t h  a p o l y m o r p h o n u c l e a r  leucoc-y t i c  i n f i l t r a t i o n .

The l e s i o n s  were  so mown at- s i m i l a r  t o  t h o s e  fou nd  in  t hp  

Liver  o f  Case #7356.
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I n t e s t i n e  . The i n t e s t i n e  showed l e s i o n s  of  a m i l d  e n t e r i t i s ,  

i n vo l v i n g :  p a r t i c u l a r l y  t h e  m i d - g u t .  There  was a  s u p e r f i c i a l  

n e c r o s i s  i n v o l v i n g  Doth t h e  e p i t h e l i u m  and l a m i n a  p r o p r i a  

w i t h  a m o d e r a t e  macrophage  r e a c t i o n  i n  t h e  s u b n e c r o t i c  z o n e . 

K i d n e y s . The k i d n e y s  were  s u s p e c t e d  o f  h a v i n g  a c o n g e n i t a l  

c y s t i c  c o n d i t i o n . Here and t h e r e , t h e  p r o x i m a l  c o n v o l u t e d  

t u o u l e s  were  d i l a t e d  t o  t h e  c y s t i c  s t a g e  w i t h  u r i n a r y  

e x c r e t i o n  and so me t imes  c o n t a i n e d  a l b u m i n o u s  c a s t s .  Some 

i i  oroi '  1 a s t i c  p r o l i f e r a t i o n  was a l s o  o b s e r v e d  i n  t h p s e  

a f f e c t e d  a r e a s . As t h e  a n i m a l  was you ng ,  t h i s  c o n d i t i o n  

whs b e l i e v e d  t o  have  d e v e l o p e d  i n  i n t r a - u t e r i n e  l i f e .  The 

e p i t h e l i u m  o f  t h e  c o n v o l u t e d  t u b u l e s  showed c l o u d y  s w e l l i n g ,  

and o c c a s i o n a l l y  small,  f o c i  of  l y m p h o c y t i c  i n f i l t r a t i o n  

were  n o t e d .

Br a i n . B r a i n  was s l i g h t l y  c o n g e s t e d , o t h e r w i s e  i t  seemed 

n o r m a l .

S p i n a l  c o r d . The spina] ,  c o r d  was s e v e r e l y  i n j u r e d  by t h e  

clocking i n f e c t i o n  which r e s u l t e d  i n  ab sc  e s s - f o r m  a t  i  on and 

f i  o r o s i s .  The t i s s u e  r e a c t i o n  seemed t o  s t a r t  i n  t h e  g r e y  

s u b s t a n c e  o f  t h e  cord, a l o n g  t h e  c e n t r a l  c a n a l  and t h e  

l e s i o n  g r a d u a l l y  s p r e a d  t o  t h e  s u r r o u n d i n g  a r e  a s . The e p i 

t h e l i a l  l i n i n g  of  t h e  c e n t r a l  c a n a l  was f i r s t  a t t a c k e d ,  and 

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

i n f i l t r a t i o n  took, p l a c e .  As t h e  p r o c e s s  d e v e l o p e d ,  more o f  

t h e  s u r r o u n d i n g  t i s s u e s  oecs.me i n v o l v e d  and more p o l y 

m o r p h o n u c l e a r  l e u c o c y t e s  m i g r a t e d  t o  the  a r e a .  In  some
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s e c t i o n s  o f  t he  a f f e c t e d  c o r d ,  Doth p e r i v a s c u l a r  p o l y 

m o r p h o n u c l e a r  l e u c o c y t i c  i n f i l t r a t i o n  and i n f i l t r a t i o n  

a l o n g  t h e  c o m m i s s u r e s  w e r e  r e a d i l y  o b s e r v e d .  When t h e s e  

a f f e c t e d  t i s s u e s  ’became n e c r o t i c  and p a r t l y  p h a g o e y t i z e d  

oy t h e  p o l y m o r p h o n u c l e a r  l e u c o c y t e s  o r  p a r t i a l l y  d i s 

s o l v e d  by t h e i r  p r o t e o l y t i c  enzyme,  a  s e m i - l i q u i d  a b s c e s s  

waa fo rmed .  In  g e n e r a l ,  a r e c e n t l y  f o rmed  a o s c e s s  ( F i g .  37 

end t h e  f o l J  owing c h a r a c t  e r i e t i  c s : a l i q u i  f i e  d c e n t e r

V-:ith some s e m i - s o l . i d  e x u d a t e , & z cne  of  d a r k - s t a i n e d  

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

. l e u c o c y t e s  end some f i b r i n ,  and a  zone  o f  a f f e c t e d  n e r v o u s  

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

The a f f e c t e d  nerve, c e l l s  end n e u r o g l i a  t o o k  e o s i n  s t a i n  

and t h e  n u c l e i  had  e i t h e r  d i s a p p e a r e d  o r  u n d e r g o n e  p y k n o s i s  

I n  t h e  more ad va nc ed  o r  o l o e r  l e s i o n ,  t h e  s p i n a l  

r- esc e s s  had  s l i g h t l y  d i f f e r e n t  m a n i f e s t a t i o n s .  B e s i d e s  a l l

t h e  c h a r a c t e r ! s t i e s  . .ment ioned,  p r e v i o u s l y ,  f o r  t h e  . .recently,. . .  •

fo rmed  a b s c e s s ,  two o t h e r  e l e m e n t s  were  o b s e r v e d ,  namely ,  

a n a r k ed  i n f i l t r a t i o n  o f  m ac r o p h a g e s  i n  t h e  3r d  l a y e r  and 

e p r o n o u n c e d  f i b r o s i s  i n  t h e  4 t h  l a y e r - . As a r e s u l t ,  

t h e r e  were  f i v e  d i f f e r e n t  zones  i n  t h e  o l d e r  a b s c e s s  i n s t e a  

o f  t h r e e  z o n e s  a s  were f o u n d  i n  t h e  more r e c e n t  o n e .  The 

e n d o t h e l i u m  o f  c a p i l l a r i e s  l o c a t e d  on t h e  w a l l s  o f  t h e  

o l d e r  a b s c e s s e s  was p r o l i f e r o t i n g  and showed e v i d e n c e  o f  

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

was  o b s e r v e d  i n  t h e  i n n e r  s ec on d  l a y e r  o f  t h e  a b s c e s s e s .

Other  t i s s u e s .  Other  t i s s u e s  were more o r  l e s s  n o r m a l .

Summary and d i s c u s s i o n :
}

1 . Th i s  was s  c a s e  o f  d o c k i n g  i n f e c t i o n  r e s u l t i n g  i n

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

and some d i s t u r b a n c e s  i n  t h e  l i v e r  and k i d n e y s .

?.  The a n i m a l  showed b i l a t e r i a . 1  p a r a l y s i s  i n  t h e  r e a r  l i m b s  

due t o  i n v o l v e m e n t  o f  t h e  l u m b o - s a c r a l  r e g i o n  o f  t h e  

s p i n a l  c o r d  by e o s c e s s - f c r m a t i o n  and n a t u r a l l y  t h e  

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

3 .  A b a c t e r i a l  i n f e c t i o n  o f  t h e  t a i l - h e a d  c a u s e d  t h e  m i l d  

n e u t r o p h i l i a .

4.  Bl ood  g l u c o s e  was s l i g h t l y  i n c r e a s e d .  The r e a s o n  f o r

t h a t  was p r o b a b l y  t h e  r e s u l t  o f  i m p a i re d ,  l i v e r  f u n c t i o n .

5.  The lamb r e m a i n e d  b r i g h t  t h r o u g h o u t  l i f e ,  w h i c h  i n d i c a t e d  

t h a t  t h e  m i l d  e n t e r i t i s  and  d i s t u r b a n c e s  i n  t h e  l i v e r  

and k i d n e y s  were r e c e n t  d e v e l o p m e n t s  and g e n e r a l  s y s t e m i c  

i n v o l v e m e n t  was n o t  a p p a r e n t .
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Case 7365 (H a m p sh i re ,  m ale)

This  was a c a s e  of  d o c k i n g  i n f e c t i o n  and somewhat  

r e s e m b l e d  Case #73 6? .  However ,  t h i s  c a s e  was more s c u t e  and 

s e r i o u s ,  s i n c e  i t  had a combi ned  i n f e c t i o n  o f  Ac t i nomyces  

n e c r o p h o r u s  and Co r yn eb s c t e r i u m  s p . ,  r e s u l t i n g  i n  t h e  forma

t i o n  of  a c s c e s s e s  a r oun d  t h e  c e n t r a l  c a n a l  o f  t h e  s p i n a l  

c o r d , h e m o r r h a g e s  i n  t h e  a r a c h n o i d  membrane of  t h e  m e n i n g e s ,  

and an a c u t e  v a l v u l a r  e n d o c a r d i t i s .

Hi s t o r y . Thi s  lamb was n o t i c e d  t o  h a ve  some p a r a l y s i s  o f  t h e  

r e a r  l i m b s  on t h e  m o r n i n g  of' 4 / 8 / 4 4 .  I t  n u r s e d  w e l l  when 

h e l d  u p  t o  t h e  m o th e r .  The lamb was f o u n d  dead  a t  8 :00  A.M. 

two days  l a t e r  when i t  was about  one month o l d .

E t i o l o g y . C o r y n e b a c t e r iu m s p . and Act inomyc e s  n e c r o p h o r us  

wer e  i s o l a t e d  f rom t h e  s p i n a l  c o r d .  A c t i n o myces n e c r o p h o r u s  

was c u l t u r e d  i n  deep  b r a i n  b r o t h ,  w h i l e  t he  g e n e r a l  

c h a r a c t e r i s t i c s  of  t h e  C o r y n e b s c t e r i u m  sp.  a r e  r e f e r r e d  t o  

i n  Tab le  4: C u l t u r e  No. 7365.

G r o s s  l e s i o n s .

U r i n a r y  b l a d d e r . The b l a d d e r  was d i s t e n d e d  t o  t h e  e x t e n t  

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

d u c i n g  a h y d r o n e p h r o s i s .  However,  t h e  u r e t h r a  was open.  

T a i l h e a d .  The d o c k i n g  wound was n o t  h e a l e d .  Th er e  was 

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

s p l i t t i n g  t h e  v e r t e b r a l  column,  e x u d a t e  was f o u n d  i n  t h e  

v i c i n i t y  o f  t h e  cauda  e q u i n e  and t h e  i n f l a m m a t o r y  p r o c e s s



- 1 3 4 -

e x t e n d e d  up  t h e  c e n t r a l  c a n a l  t o  a  p o i n t  l o c a t e d  a t  t h e  

p o s t e r i o r  p a r t  o f  t h e  l u m b a r  r e g i o n .  In  t h e  l u m b a r  r e g i o n ,  

t h e r e  was an e x t e n s i v e  h e m o r r h a g e  a r o u n d  t h e  s p i n a l  c o r d  

a p p r o x i m a t e l y  P . 5 cm. i n  l e n g t h .

B i c u s p i d  v a l v e . The b i c u s p i d ,  v a l v e  showed some a r e a s  o f  

i n f  l ammat i  o n .

O t h e r  o r g a n s .  No v i s i b l e  l e s i o n s  wer e  o b s e r v e d ,  

i c r o s c o p i c  l e s i o n s . - 

S p i r a l  cor d .  Hemorrhage  was r a t h e r  e x t e n s i v e  i n  t h e  

a r a c h n o i d  membrane.  I t  was  o b s e r v e d  t h a t  the b l o o d  f l o o d e d  

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

whole  d o r s a l  h a l f  o f  t h e  s p i n a l  c o r d .  The a b s c e s s  ( F i g .  38) 

a r o u n d  t h e  c e n t r a l  p o r t i o n  o f  t h e  c o r d  was r e c e n t l y  formed 

and i t  r e s e m b l e d  r a t h e r  c l o s e l y  t h a t  f o u n d  i n  Case  #736?.  

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

a b s c e s s - l i k e  s p o t s  l o c a t e d  i n  t h e  p e r i v a s c u l a r 1 a r e a s ,  two

on pach of, t h e  ..mix;e d, , la, t  e r . a l  , t r a c t . s  of, . C a j a l , In: f-act-y ■.

one of  t h e s e  f o u r  a r e a s  was  a l r e a d y  t r a n s f o r m e d  i n t o  a 

s m a l l  a b s c e s s .  In  t h e s e  l e s i o n s ,  t h e  c a p i l l a r i e s  were 

c o n s i d e r a b l y  d i l a t e d .  The e n d o t h e l i u m  was s w o l l e n ,  

l o o s e n e d ,  and p o l y m o r p h o n u c l e a r  l e u c o c y t e s  had  m i g r a t e d  

t h r o u g h  t h e  c a p i l l a r y  w a l l s .  The e n d o t h e l i a l  l a y e r  was 

s u r r o u n d e d  by a c l e a r 1 zone  f i l l e d  w i t h  e d e ma t ou s  f l u i d  and 

c e l l s  and l i m i t e d  by a d e l i c a t e  l a y e r  o f  f i b r o u s  t i s s u e  

which was i n  t u r n  s u r r b u n d e d  by a  c l e a r  s pace  o f  a b o u t  t h e  

same s i z e  as  t h e  p r e v i o u s  m e n t i o n e d  a r e a .  F i n a l l y ,  a den se  

l a y e r  o f  f i b r i n  was n o t i c e d  a t  t h e  o u t e r m o s t  l i m i t  o f  t h e
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l e s i o n .  The e t i o l o g i c a l  a g e n t s ,  C o r yne b a c t e r i u m  s p . and 

Act inomyc e s  n e c r o p h o r u s ,  were  o b s e r v e d  i n  t h e  e x u d a t e  of  

t h e  c e n t r a l  a b s c e s s ,  and i t  i n d i c a t e d  c l e a r l y  t h a t  t h i s  

c a s e  was one o f  mixed i n f e c t i o n  ( F i g .  3 9 ) .

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

h e a r t  c o n s i s t e d  of  h e m o r r h a g e ,  n e c r o s i s ,  and e marked 

p o l y m o r p h o n u c l e a r  l e u c o c y t i c  i n f i l t r a t i o n  mixed  w i t h  some 

f i b r i n .  A s h o r t  d i s t a n c e  f rom t h e  a f f e c t e d  a r e a ,  t h e  

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

d e f i n i t e  w a l l  s e g r e g a t i n g  t h e  i n f l a m e d  a r e  had  n o t  f o r me d .  

A c t u a l l y ,  t h e  l e s i o n  i n  t h e  b i c u s p i d  v a l v e  c o n s t i t u t e d  

what  i s  known as  a c u t e  v a l v u l a r  e n d o - c s r d i t i s .
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Case 7370 (G rade ,  male)

Tnis  lamb s u f f e r e d  f rom i n f e c t i o n  o f  t he  c a s t r a t i o n  wound.  

H i s t o r y . Th i s  a n i m a l  was c a s t r a t e d  a b o u t  t h r e e  weeks  b e f o r e  

d e a t h  which o c c u r r e d  on 4/10/4-4.  The lamb was n o t i c e d  t o  

be s t i f f  i n  t h e  l e f t  h i n d  l e g  on t h e  p r e v i o u s  d a y .  Upon 

t a l k i n g  w i t h  t h e  owner ,  i t  was f e l t  t h a t  t h i s  m i g h t  have  

b ee n  a e s s e  o f  " s t i f f - l a m b  d i s e a s e " .

G r o s s  p a t h o l o g y .  The s c r o t u m  had been  p a r t i a l l y  r emoved ,  an d  

i n  h e e l i n g ,  t he  wool  and s k i n  had t u r n e d  i n .  The wniiriri had 

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

t h e  s c r o t a l  r e g i o n  a l o n g  the  l e f t  a bd o m i n a l  w a l l  and as  

f a r  f o r w a r d  as  t h e  end of  t h e  p e n i a l  s h e a t h .  No o t h e r  

v i s i b l e  l e s i o n s  were o b s e r v e d  and a p p a r e n t l y  t h i s  was n o t  

a c a s e  of  w h i t  e - m u s c l e  d i s e a s e ,  s i n c e  no m u s c u l a r  l e s i o n s  

were o b s e r v e d .
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Case 7P8? (H a m p sh i re ,  mele)

Th i s  was a  c a s e  of  b r o n c h o p n e u m o n i a .

Hi s t o r y . Th i s  a n i m a l  was b o r n  on 2 / P 8 / 4 4 .  I t  was n o t i c e d  

t o  be d ro o py ,  c e a s e d  t o  s u c k l e ,  and o r ea t hed .  w i t h  d i f f i c u l t y  

a s  t ho ug h  i t  h a d  pneu mon ia .  I t  was t h e n  t r e a t e d  w i t h  

pneumonia  se rum and m i n e r a l  o i l .  The lamb d i e d  when i t  

was t h r e e  d a y s  of  age .

G r o s s  p a t h o l o g y

L u n g s . F r o t h y  muccue e x u d a t e  war. p r e s e n t  i n  t h e  t r a c h e a  

and b r o n c h i .  Some c o n g e s t i o n  o f  t h e  mucous membrane of 

t h e  lower  t r a c h e a  and b r o n c h i  was n o t i c e d .  Mo reo ve r ,  an 

a c u t e  f u l m i n a t i n g  and r a p i d l y - s p r e a d i n g  bronchopneumoni a  

was f ou n d  i n  t h e  a p i c a l ,  c a r d i a c  and a n t e r i o r  o n e - f o u r t h  

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

L i v e r . The re  were  s m a l l  w h i t e  f o c i  a b o u t  1 mm. i n  d i a m e t e r

throughout"" t h e  ■ ' l iver-." - Th e- l iv e r -  was ""friable- "and - s l i g h t l y -   - —

i n c r e a s e d  i n  s i z e .

O t h e r  o r g a n s . A p p a r e n t l y  n o r ma l .

B a c t e r i a l  c u l t u r e .  N e g a t i v e .
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Ca.se 730 8 (Southdown,  male)

This  was a  c a s e  of  p a s s i v e  hyperemia ,  r e s u l t i n g  from an 

o pen  d u c t u s  a r t e r i o s u s  and c o m p l i c a t e d  w i t h  bronchopneumonia . .

H i s t o r y . Thi s  lamb was b o r n  on P / 8 9 / 4 4 .  On 3 / 5 / 4 4 ,  t he  

lamb was n o t i c e d  b r e a t h i n g  h e a v i l y  and was g i v e n  20 c c .  

o f  pneumonia,  serum s u b c u t a n e o u s l y  . Two days  l a t e r ,  t h e  

same dose o f  serum was a g a i n  g i v e n .  A f t e r  e a c h  i n j e c t i o n ,  

t h e  lamb a p p e a r e 6 b r i g h t e r  and more a c t i v e .  However ,  i t  

was found, d eed  on 3 / 9 / 4 4 .

E t i o l o g y . A g r a m - n e g a t i v e  r o d  (Eae Lerium sp.  ) was i s o l a t e d  

f rom t h e  l u n g s .  See Table  4: c u l t u r e  No. 7308 f o r  i t s

g e n e r  a 1 c h a r a c t e r i s t i c s .

G r o s s  l e s i o n s .

L u n g s . There was a  marked  c o n g e s t i o n  of  the  l u n g s  w i t h  

some r e c e n t  pneumonia  on t h e  r i g h t  s i d e  i n v o l v i n g  t h e  

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

l o b e s .  .... ...................................... .... .■--■■■■■.   .....        ",..................... ............

L i v e r . The l i v e r  was v e r y  much c o n g e s t e d .  T h i s  o r ga n  was 

e n l a r g e d  by a t  l e a s t  o n e - t h i r d .

H e a r t .  The d u c t u s  a r t e r i o s u s  was open which a l l o w e d  t h e  

f r e e  p a s s a g e  of  b lood i n t o  t h e  a o r t a  f rom t h e  pu lmonary  

a r t e r y .

Othe r  or g a n s . A p p a r e n t l y  n o r ma l .

M i c r o s c o p i c  l e s i o n s .

Li v e r . The l i v e r  showed a c u t e  v e n o u s  c o n g e s t i o n  w i t h  marked  

d i f f u s e  f a t t y  d e g e n e r a t i o n  and n e c r o s i s .  Fa t  g l o b u l e s  were p r e s e n t



n o t  on l y  i n  c e l l s  l o c a t e d  a t  t h e  p e r i p h e r y  of  t h e  h e p a t i c  

l o b u l e  b u t  a l s o  i n  t h e  i n t e r m e d i a t e  and c e n t r a l  p a r t s  of  

t h e  l o b u l e .  A l m o s t  e v e r y  c e l l  i n  t h e  l o b u l e  was i n v o l v e d  

Some c e l l s  c o n t a i n e d  a number  o f  v a r i o u s  s i z e d  f a t  g l o b u l  

i n  which c a s e  t h e  n u c l e u s  was s t i l l  c e n t r a l l y  l o c a t e d ,  

w h i l e  o t h e r s  c o n t a i n e d  j u s t  one l a r g e  f a t  g l o b u l e  and t h e  

n u c l e u s  was p us hed  to one s i d e  of  t h e  c e l l  and f l a t t e n e d  

so t h a t  the  c e l l  r e s e m o l e d  t h o s e  o f  a d i p o s e  t i s s u e .  In 

some l o b u l e s ,  t h e  n e c r o s i s  had e x t e n d e d  a l m o s t  a r o u n d  the 

c e n t r a l  v e i n .  ( F i g .  40) The h y p e r e m i a  was g e n e r a l i z e d ,  

b u t  i n  some s p o t s  i t  was so e x t e n s i v e  t h a t  t h e  s i n u s o i d s  

h a d  r u p t u r e d  and c o n s e q u e n t l y  h e m o r r h a g e  o c c u r r e d .  

I n t e s t i n e . Due t o  a c u t e  p a s s i v e  h y p e r e m i a ,  t h e  i n t e s t i n e  

was a l s o  a f f e c t e d .  The i n t e s t i n a l  c a p i l l a r i e s  w er e  ve r y  

much c o n g e s t e d ,  and t h e r e  was some mucoid  d e g e n e r a t i o n  

o f  t h e  e p i t h e l i u m .

L u n g s . The l u n g s  were c o n g e s t e d  and  showed l e s i o n s  of  a 

t y p i c a l  b r on ch opn eu mon ia  o f  r e c e n t  d e v e l o p m e n t T h e  “po ly  

m o r p h o n u c l e a r  c e l l  i n f i l t r a t i o n  was t h e  p r e d o m i n a t i n g  

f e a t u r e  t h r o u g h o u t  t h e  pneumonic  a r e a s .

O t he r  t i s s u e s . Other  t i s s u e s  were more or  l e s s  n o r m a l .
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Case 7509 ( B la c k  Top D e l a i n e ,  f e m a le )

This  was a c ase  of i n t e r s t i t i a l  bronchopneumonia  wi th

marked p a s s i v e  c o n g e s t i o n  of  l i v e r  and k id n ey s .

H i s t o r y . Th i s  l amb was b o r n  on 5 / 2 1 / 4 4  and was f o u n d  dead  a t

7 : 3 0  A.M. o f  t h e  same d a y .

E t i o l o g y . No b a c t e r i a  were  i s o l a t e d  f rom t h i s  c a s e .

Cross  l e s i o n s .

L u n g s . No e v i d e n c e  t h a t  t h e  larnD h a d  e v e r  b r e a t h e d .

L i v e r . S l i g h t l y  m o t t l e d .

O t h e r  o r g a n s . A p p a r e n t l y  n o r m a l .

M i c r o s c o p i c  l e s i o n s .

Lungs . The l e s i o n s  i n  t h e  l ungs  were i n t e r e s t i n g .  I t  was 

a case  of  i n t e r s t i t i a l  bronchopneumonia  hav ing  deve loped  

d u r i n g  f e t a l  l i f e .  In  a d d i t i o n  t o  a l l  t hose  g e n e r a l  

c h a r a c t e r i s t i c s  found i n  a. t y p i c a l  bronchopneumonia ,  t h e r e  

was a marked l ymphocyt ic  i n f i l t r a t i o n .  These lymphoid 

c e l l s  were found mos t ly  i n  t he  a l v e o l a r  w a l l s ,  b u t  some 

of  them f e r e  a l s o  found i n  the  p e r i  b r o n c h i a l  and p e r i 

v a s c u l a r  r e g i o n s .  Here and t h e r e ,  g roups  of t h e s e  c e l l s  

were i n  a g g r e g a t e  f o rming  t u b e r c l e - l i k e  s t r u c t u r e s .

( F i g .  41,  42) The a l v e o l a r  w a l l s  were  t h i c k e n e d  w h i l e  

t h e  a l v e o l i  were  e i t h e r  i n f i l t r a t e d  w i t h  m a c r o p h a g e s  and 

a few p o l y m o r p h o n u c l e a r  l e u c o c y t e s  o r  d i s t e n d e d  w i t h  

edemat ous  f l u i d .  The b r o n c h i o l e s  c o n t a i n e d ,  i n f l a m m a t o r y  

e x u d a t e ,  c o n s i s t i n g  of  some mucous m a t e r i a l  m i x e d  w i t h



- I l l -

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

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

p r o l i f e r a t i o n  i n  t h e  a l v e o l a r  w a l l s  a s  w e l l  as  i n  t h e  

p e r i b r o n c h i a l  and p e r i v a s c u l a r  r e g i o n ,  w h i l e  i n  o t h e r s — -  

e s p e c i a l l y  i n  t h o s e  n e a r  t h e  b r o n c h i a l  w a l l s  q u i t e  a 

number  o f  p l a s m a  c e l l s  were  o b s e r v e d .  O c c a s i o n a l l y ,  

g i a n t  c e l l s  were  found  i n  c e r t a i n  a l v e o l i .  In  g e n e r a l ,  

t h e  a l v e o l i  were  more o r  l e s s  i n  an a c t e l e c t a t i c  c o n d i t i o n ,  

o u t  t n i s  c o n d i t i o n  was i n t e r r u p t e d  h e r e  and t h e r e  by a r e a s  

o f  c o m p e n s a t o r y  emphysema which  i n d i c a t e d  t h a t  t h e  lamb 

h ad  b r e a t h e d  f o r  some t i m e  a f t e r  b i r t h .

L i v e r  . The l i v e r  was e x c e e d i n g l y  c o n g e s t e d  and showed 

n a r k e d  f a t t y  d e g e n e r a t i o n .  The s i n u s o i d s  were  g r e a t l y  

e n l a r g e d  end f i l l e d  w i t h  an e x c e s s i v e  number o f  b l o o d  

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

i n v o l v i n g  p r a c t i c a l l y  e v e r y  h e p a t i c  c e l l  i n  t h e  l i v e r .

Most, h e p a t i c  c e l l s  . npnta lne .d , j ?ne  . to  ...several. l a r g e  fa.t  ......

g l o b u l e s  so t h a t  the  n u c l e i  e i t h e r  were  pushed  t o  t h e  

s i d e  of  t h e  c e l l  or  were d e p r i v e d  of  n u t r i t i o n  and  showed 

k a r y o l y s i s .

K i d n e y s . The k i d n e y s  snowed marked c o n g e s t i o n  and. 

h e m o r r h a g e ,  i n v o l v i n g  b o t h  pa r enchyma and. i n t e r s t i t i a l  

t i s s u e s .  Thr oughou t  the  c o r t e x  and m e d u l l a ,  an e x c e s s i v e  

number  of  e r y t h r o c y t e s  were  o b s e r v e d  w i t h i n  t h e  i n t e r 

l o b u l a r  c a p i l l a r i e s  and c a p i l l a r i e s  i n  the  m e d u l l a r y  a r e a .  

The g l o m e r u l i  were a l s o  r a t h e r  c o n g e s t e d  and a c a s e  of

g l o m e r u l a r  h em or rh ag e  a c t u a l l y  e x i s t e d  so t h a t  b l o o d  c e l l s
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were  found  i n s i d e  Q u i t e  a number o f  t h e  c o n v o l u t e d

t u b u l e s  as  w e l l  as i n  t h e  c o l l e c t i n g ;  t u b u l e s .

O t h e r  o r g a n s . Ot he r  o r g a n s  were n o t  a f f e c t e d  and  seemed 

n o r m a l .
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Cs se  7550 ( S h r o p s h i r e ,  f e m a l e )

T h i s  was a c a s e  o f  b r o n c h o p n e u m o n i a  w i t h  p r o b a b l y  

some o t h e r  c o m p l i c a t i o n .

Hi s t o r y . The l amb  was owned by A. E. H o l t f o r t h ,  F e n t o n ,  

M i c h i g a n .  I t  was  a l a r g e  w e l l - n o u r i s h e d  lamb a b o u t  t h r e e  

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

(3 /2 .5 /44 )  and  t h e  c a r c a s s  was b e g i n n i n g  t o  decompose  and was 

b a d l y  b l o a t e d  when Dr ough t  t o  t h e  l a b o r a t o r y  f o r  a u t o p s y .  

E t i o l o g y . A g r a m - n e g a t i v e  r o d  (B a c t e r i um s p . ) was  i s o l a t e d

^  4 -V. 1 ni-v- f ~  A • ^ , , , 1  d - , ,  y r _  O  rj  \
A  X. K J A l  u x i c -  i c i o j . 0  nr  « b U l U U I  c  I N U *  < *-A> /

G r o s s  p a t h o l o g y .

S t o m a c h . On t h e  l e s s e r  c u r v a t u r e  o f  t h e  s t o m a c h ,  t h e r e  

was a l a r g e  a r e a  of  h e m o r r h a g e  and e r o s i o n  of  t h e  mucous 

membrane .  S u r r o u n d i n g  t h i s  a r e a ,  t h e  f o l d s  o f  t h e  s tomach

w er e  t h i c k e n e d  t o  a b o u t  1 . 0  cm. and w e r e  v e r y  h a r d .

L u n g s . P n eu m on i a  was p r e s e n t  i n  t h e  r i g h t  a p i c a l  and

  c a r d ! a b '  T a b e s  The" pneumonia ;  did" not -  a p p e a r  ;' to"be""of"   ..

s u f f i c i e n t  e x t e n t  t o  c a u s e  d e a t h .

He a r t . T h e r e  was  an e x t e n s i o n  o f  t h e  i n f l a m m a t o r y  p r o c e s s  

t o  t he  p e r i c a r d i u m  w i t h  some h e m o r r h a g e  on t he  p e r i c a r d i u m  

and e x c e s s  o f  p e r i c a r d i a l  f l u i d .

Oth e r  o r g a n s . A p p a r e n 1 1 y n o r m a l .
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Case  7551 ( Shr  ops  h i  r  e m a l e )

Th i s  was  a n o t h e r  c a s e  o f  b r on ch o p n e u m o n i a  w i t h

p r o b a b l y  some o t h e r  c o m p l i c a t i o n .

Hi s t o r y . The l am b  was s m a l l  and weak and had n o t  b een  d o i n g  

w e l l  s i n c e  b i r t h .  The a n i m a l  came f rom t h e  same farm as  

Case #7350.  I t  d i e d  on 3 / 2 5 / 4 4  when i t  was a b o u t  one 

week o l d .

E t i o l o g y . A g r a m - n e g a t i v e  r o d  (Bacterium s p . ) was i s o l a t e d  

f rom t h e  l u n g s ,  and i t s  g e n e r a l  c h a r a c t e r i s t i c s  a r e  men- 

t i oned i n  Table 4 : c u l t u r e  h o .  7551 .

G r o s s p a t h o l o g y . There was  a  ve r y  s l i g h t  amount o f  p a t c h y  

p neu mon ia  i n  t h e  r i g h t  a p i c a l  l o b e .  B e s i d e s  t h i s ,  no 

o t h e r  l e s i o n s  we r e  o b s e r v e d .
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^ aSe 7353 ( S o u t hdo wn ,  f e m a l e )

T h i s  l amb s u f f e r e d  f ro m an a c u t e  h e m o r r h a g i c  b r o n c h o 

p n eu m o n i a .

Hi s t o r y . T h i s  a n i m a l  h a d  n o t  been a b l e  t o  s t a n d  on i t s  

f r o n t  l e g s  and  d i e d  i n  t h e  m o r n i n g  o f  4 / 1 / 4 4  when i t  

was  a b o u t  two d ay s  o l d .

E t i o l o g y . A g r a m - n e g a t i v e  r o d  ( B a c t e r i u m  s p . ) was i s o l a t e d  

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

t i c s  rvf t h i s  m i c r o - o r g a n i s m  a r e  g i v e n  i n  l a b l e  4:  c u l t u r e

No. 7353.

G r o s s  l e s i o n s .

T r a c h e a . C o n t a i n e d  f r o t h y  foam.

L u n g s . Showed r e d d e n e d  a r e a s  w h i c h  we r e  s o l i d i f i e d ,  

s u g g e s t i n g  e i t h e r  h e m o r r h a g e  or  b e g i n n i n g  b r o n c h o p n e u m o n i a .  

M e s e n t e r i c  l ymph n o d e s . C o n g e s t e d  and somewhat  e n l a r g e d .

■■■"■Other - - o r g a n s   No" v i s i b l e . '  l e s i o n s . ■ o b s e r v e d .      -   ■■■• ..

M i c r o s c o p i c  l e s i o n s .  The l u n g s  showed a v e r y  a c u t e  h e m o r r h a g i c  

t y p e  o f  b r o n c h o p n e u m o n i a .  I t  was t h e  most  s e v e r e  c a s e  of  

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

l a s t  y e a r .  The l u n g s  wer e  e x c e e d i n g l y  c o n g e s t e d  and 

h e m o r r h a g i c .  I n  f a c t ,  h e m o r r h a g e  was  t h e  most  p r e d o m i n a t i n g  

f e a t u r e  o f  t h e  l e s i o n ,  and. a l m o s t  e v e r y w h e r e  i n  t h e  l u n g  an 

e x c e s s i v e  numb er  o f  e r y t h r o c y t e s  we r e  o b s e r v e d .  The 

b r o n c h i o l e s  were  v e r y  b a d l y  i n f l a m e d  and t h e  lurnina.  a s  w e l l  

a s  t h e  s u r r o u n d i n g  a l v e o l i  were f i l l e d  w i t h  e i t h e r  i n f l a m 

m at o r y  c e l l s ,  f i o r i n ,  o r  e r y t h r o c y t e s .  ( F i g .  43) The c o n 

s o l i d a t e d  a r e a s  were  i n t e r r u p t e d  by a r e a s  o f  c o n g e s t i o n ,
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c o l l a p s e ,  and emphysema,  f o l l o w i n g  t h e  same p a t t e r n  as  

a t y p i c a l  c a s e  o f  b r o n c h o p n e u m o n i a .  The s e r o s a  was a l s o  

v e r y  much c o n g e s t e d  a nd  s w o l l e n .
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C a s e s  7371 & 7373 ( S h r o p s h i r e  f e m a l e  & male )

These two c a s e s  showed b r o n c h o p n e u m o n i a  c o m p l i c a t e d  w i t h

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

Hi s t o r y . Th e se  two l ambs  came f rom t h e  Cesor  Farm,  New Huds on ,  

M i c h i g a n .  One o f  them was b o r n  on P / 7 8 / 4 4 ,  w h i l e  t h e  o t h e r  

on 3 / 8 / 4 4 .  B o t h  were  g i v e n  serum t r e a t m e n t  f o r  p n eu m o n i a ,  

o u t  t h e y  d i e d  on t h e  seme day ( 4 /1 1 /4 - 4 )  i n  s p i t e  o f  t h e  

t r e  a t r n e n t .

E t i o l o g y . Two s p e c i e s  o f  b a c t e r i a  were  i s o l a t e d  f rom t h e  

l u n g s  and p e r i c a r d i a l  s a c  o f  c a s e  7371 ( T a b l e  4:  c u l t u r e

No.  7371 a ,  b)  and - t h r e e  f rom  t h e  l u n g s  o f  c a s e  7373 

( T a b l e  4:  c u l t u r e  No. 7373 a ,  o,  c ) .  A m i c r o - o r g a n i s m

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

i s o l a t e d  f rom t h e  l u n g s  o f  each c a s e  by  deep  b r a i n  b r o t h  

c u l t u r e .

G r o s s  p a t h o l o g y .

L u n g s . The l u n g s  were  g r e e n i s h  b r own in  c o l o r  a n d  t h e  

e x u d a t e  i n  t h e  l o w e r  t r a c h e a ,  was a l s o  g r e e n i s h  brown and 

h a d  a  p u t r i d  s m e l l .  Numerous  g r e e n i s h  c o l o r e d  a b s c e s s e s  

w e r e  p r e s e n t  t h r o u g h o u t  t h e  l u n g s  and t h e r e  were a d h e s i o n s  

o f  t h e  l u n g s  t o  t h e  r i b s .  I n  c a s e  7 3 7 1 ,  t h e r e  was  a. 

f i b r i n o u s  p e r i c a r d i t i s  i n  a d d i t i o n  t o  t h e  l u n g  l e s i o n s .
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Case 7401 ( S h r o p s h i r e ,  f e m a l e )

T h i s  was s. c a s e  o f  a c u t e  s u p p u r a t i v e  b r onchopneumonia .

c o m p l i c a t e d  by a  m i l d  e n t e r i t i s .

H i s t o r y . T h i s  l amo was 24 d a y s  o l d  and  was f o u n d  d e a d  a t  

9 : 0 0  A.M. 4 / ? 4 / 4 4 - .  The larnb had b e e n  n u r s i n g  a g o a t  and 

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

E t i o l o g y . T h r e e  d i f f e r e n t  k i n d s  o f  m i c r o - o r g a n i s m s  wer e  

i s o l a t e d  f rom t h i s  l amb,  n a m e l y ,  one f rom h e a r t  b l o o d  

( B a c t e r i u m  s n . ) end two f rom t h e  l u n g s  ( P a s t e u r e l l a  s p . 

and N e i s s e r i a  s p . ) .  T h e i r  g e n e r a l  c h a r a c t e r i s t i c s  a r e  

r e f e r r e d  t o  i n  Tab le  4:  c u l t u r e s  No. 7 401 a ,  d , c .

G r o s s  l e s i o n s . Upon r e m o v i n g  t h e  s k i n ,  t h e  c a r c a s s  was f o u n d  

t o  be r a t h e r  e m a c i a t e d  a n d  t h e  l amb h a d  a s e v e r e  d i a r r h e a .  

I n t e s t i n e . The re  was a s l i g h t  e n t e r i t i s  p r e s e n t  i n  t he  

i l e u m .  No f o r m e d  f e c e s  were  f o u n d  i n  t h e  r e c t u m .

 Lungs-. ■ ■... Bronchopneumonia . .  .w,&s,...present..., in..,_the . a p i c a l  and

c a r d i a c  l o b e s  o f  t h e  r i g h t  l u n g .  T he r e  was o n l y  s l i g h t  

i n v o l v e m e n t  o f  t he  l e f t  l u n g .  Trie p n eu mo ni a  woul d  n o t  

oe c o n s i d e r e d  s e v e r e  enough  to  be t h e  e n t i r e  c a u s e  o f  d e a t h .

M i c r o s c o p i c  l e s i o n s . Only l u n g  t i s s u e  was p r e s e r v e d  f o r  

s t u d y .  Bot h  t h e  pneu mon ia  and t h e  s u p p u r a t i v e  f o c i  were 

i n  b e g i n n i n g  a c t i v e  s t a g e s ,  and much l u n g  t i s s u e s  had  

o e e n  damage d e s p e c i a l l y  by t h e  s u p p u r a t i v e  p r o c e s s e s .  In  

one  i n s t a n c e ,  a r e l a t i v e l y  l a r g e  a r e a  o f  a b o u t  4 mm. by 

5  mm. was o c c u p i e d  and d e s t r o y e d ,  by a. s p r e a d i n g  a b s c e s s .



Case  7410 ( H a m p s h i r e ,  m a l e )

Thi s  was a c a s e  o f  a c u t e  s u p p u r a t i v e  b r o nc hop ne um on ia  

c o m p l i c a t e d  w i t h  e n t e r i t i s .

Hi s t o r y . The lamb showed m i l d  s c o u r i n g  on 4 / 2 7 / 4 4  and  was 

f o u n d  dead  t h e  n e x t  m o r n i n g .  I t  was  a b o u t  2 5  d a y s  o l d .  

E t i o l o g y . ^  g r a m - n e g a t i v e  r o d  (B a c t e r i u m  s p . ) was i s o l a t e d  

f rom t h e  l u n g .  ( T a b l e  4:  c u l t u r e  No. 7410)

G r o s s  l e s i o n s .

L u n g s . B r on c h o p n e u m o n i a  was  p r e s e n t  on b o t h  a p i c a l ,  

c a r d i a . c  a nd  a n t e r i o r  t h i r d  ox t h e  r i g h t  u i a  phi'-a g m « t  i  e 

l o b e s . The p ne um on i a  was  p r o g r e s s i v e  as  t h e r e  was  s 

m ar ked  zone o f  c o n g e s t i o n  be t ween  t h e  pneumonic  a r e a  and 

t h e  n o r m a l  l u n g .

I n t e s t i n e . T h e re  was s l i g h t  c o n g e s t i o n  o f  t h e  P e y e r ' s  

p a t c h e s  and t h e  mucosa  o f  t h e  s m a l l  i n t e s t i n e .  No formed, 

f e c e s  we r e  f o u n d  i n  t h e  c o l o n  o r  r e c t u m .

O t h e r  o r g a n s ' . ' Appa ren t ly"  n o r m a l .

M i c r o s c o p i c  l e s i o n s . I n  s t u d y i n g  t h e  s e c t i o n s  t a k e n  from 

r i g h t  a n t e r i o r  c a r d i a c  l o b e  and r i g h t  d i a p h r a g m a t i c  l o b e  

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

pneumonia.  was  n o t e d .  The b r o n c h i o l e s  wer e  s e v e r e l y  damaged 

and  t h e i r  l u m i n a  we r e  f i l l e d  w i t h  i n f l a m m a t o r y  e x u d a t e  

c o n s i s t i n g  m o s t l y  o f  p o l y m o r p h o n u c l e a r  l e u c o c y t e s  and. 

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

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

l e u c o c y t e s ,  i n d i c a t i n g  t h a t  t h e  c a s e  was s t i l l  i n  a c u t e  

s t a g e .  Here  and t h e r e ,  a b s c e s s e s  of  r e c e n t  d e v e l o p m e n t
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wer  e f o u n d .  F a r t h e r  o u t  f rom t h e  a f f e c t e d  a r e a s ,  a 

few m a c r o p h a g e s  mixed w i t h  some p o l y m o r p h o n u c l e a r  l e u c o 

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

be p r e d o m i n a t i n g ' .  The pneumoni c  a r e a s  were  s p r e a d i n g  

q u i t e  e x t e n s i v e l y  and w e r e  o n l y  o c c a s i o n a l l y  i n t e r r u p t e d  

by  a r e a s  o f  m a r k e d  c o n g e s t i o n ,  c o l l a p s e ,  and emphysema.
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Case 7415  ( H a mp sh i re ,  f e m a l e )

Th i s  was a c a s e  o f  b ron chopneumoni a ,  c o m p l i c a t e d  w i t h  

e n c e p h a l i t i s  ( p r o b a b l y  l i s t e r e l l o s i s ) and e n t e r i t i s .

Hi s t o r y . T h i s  larao was co r n  on 3 / 7 / 4 4  and i t s  t w i n  s i n t e r  

d i e d  a b o u t  t h r e e  days  l a t e r  (Case No. 7 3 1 0 ) .  On 5 / 3 / 4 4 ,  

t h e  a n i m a l  was  down on i t s  s i d e  w i t h  t he  heed  t h r own  back 

end t h e  f e e t  wer e  moving; a s  t hough  t h e  a n im a l  w e r e  r u n n i n g .  

The a n i m a l  was  t h e n  k i l l e d ,

Et j  ni p a y . A g r a m - n e g a t i v e  r o d  ( B a c t e r i u m  s j d . ) was  i s o l a t e d  

f rom t h e  l u n g s .  ( Ta b l e  4:  c u l t u r e  No. 741 5) .

B l o od s t u d i e s .

Blood p i c t u r e

E r y t h r o c y t e s .   8 , 9 7 0 , 0 0 0  p e r  c.ram.
L e u c o c y t e s .....................................................  1 4 , 1 50  " "
H e m o g l o b i n , . . . . ...........................   7 . 8  g . / 1 0 0  c c .

D i f f e r e n t i a l  c o u n t  ( $ )
L y m p h o c y t e s ...................................  2

-■  N e u t r o p h i l s . . . . „ * ■  ..... 9.§. ,.. ......... ... .„... ..... .
s e g m e n t e r s .......................................................(78)
b a n d s .................................................................... (18)

Monocyte s ...................................    8
E o s i n p h i l s   ........................  0
B a s o p h i l s ............................................0

( b) Bl oo d  c h e m i s t r y  (Mgm./IOQ c c .)

G l u c o s e .   .................................................1 70 . 00
U r i c  a c i d ....................... ................................  S . 60
C r e a t i n i n e .....................................................  1 . 3 0
C h l o r i d e .................   460 .00
N . P . N ..................................................................  4 1 . 0 0
U r e a - N ................................................................ S 3 .30

The blood,  p i c t u r e  o f  t h i s  c a s e  showed a m a rk ed  l e u c o -  

c y t o s i s  n e u t r o p h i l i a  w i t h  n e u t r o p h i l i c  c e l l s  ( 9 6 fo) g r e a t l y  

p r e d p m i n a t i n g  ove r  l y m p h o c y t e s  ( ? 1 ) .  Both h e m o g l o b i n  v a l u e
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nnci t h e  numb er  o f  e r y t h r o c y t e s  wer e  somewhat  l o w e r  t h e n  

t h e  n o r m a l  v a l u e s  ( T a b l e  l ) , and t h e r e  was s t r u c t u r e !  

e v i d e n c e  o f  m i c r o c y t i c  h y p o c h r o m i s  o f  t h e  e r y t h r o c y t e s  

w i t h  an o c c a s i o n a l  o c c u r r e n c e  of  n u c l e a t e d  y ou ng  c e l l s .

From t h e  r e s u l t s  o f  c h e m i c a l  a n a l y s i s  of  t h e  b l o o d ,  

t h e  g l u c o s e  was f o u n d  t o  be a b o u t  ? . S  t i m e s  h i g h e r  t h a n  

t h e  n o r m a l  s t a n d a r d  w h e r e a s  u r i c  a c i d ,  N , P . N . , end u r e a - N  

w e r e  e l l  somewhat  above  n o r m a l .

G r o s s  l e s i o n s .

L u n g s . Tiie r i g h t  e . p i c a l  end c a r d i a c  l o b e s  showed " c o l d  

pneumoni a"  and  t h e r e  seemed t o  be no r e c e n t  e x t e n s i o n  of

t h e  p r o c e s s .  I n  t h e  l e f t  d i a p h r a g m a t i c  l o b e ,  t h e r e  were  

some s p o t s  w h i c h  a p p e a r e d  t o  be h e m o r r h a g e s .

L i v e r . I t  showed what  a p p e a r e d  t o  be some c l o u d y  s w e l l i n g .  

B r a i n .  I t  s eemed  e d e m a t o u s  a l t h o u g h  i t  was q u i t e  f i r m  

o t h e r w i s e .

O t h e r  or g a n s . A p p a r e n t l y  n o r m a l .

M i c r o s c o p i c  l e s i o n s ,

L u n g s . I n  a s t u d y  o f  t h o s e  t i s s u e  s e c t i o n s  t a k e n  from t h e  

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

of' t y p i c a l  b r o n c h o p n e u m o n i a  o f  s e v e r a l  weeks d u r a t i o n  was 

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

m e t a p l a s i a  o f  t h e  s m a l l  b r o n c h i o l e s  and t h i c k e n i n g  of  t h e  

a l v e o l a r  w a l l s  a s  a  r e s u l t  o f  f i b r o b l a s t i c  a c t i v i t y .  In 

g e n e r a l ,  t h e  p ne umo n ia  was  i n  a s t a g e  o f  r e s o l u t i o n  w i t h  a 

p r e d o m i n a n c e  o f  m a c r o p h a g e s  c a r r y i n g  on a c t i v e  p h a g o c y t o s i s ,  

a l t h o u g h  g r o u p s  o f  p o l y m o r p h o n u c l e a r  l e u c o c y t e s  were
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o b s e r v e d  h e r e  and  t h e r e  i n  t h e  a l v e o l i  and b r o n c h i o l e s .

I n  a  s e c t i o n  t a k e n  f rom t h e  l e f t  d i a p h r a g m a t i c  l o b e ,  

h o we ve r ,  a d i f f e r e n t  pneumoni c  l e s i o n  was f o u n d .  There  

were  some h e m o r r h a g e s  i n  t h i s  p o r t i o n  o f  t h e  l u n g s  i n d i 

c a t i n g  t h a t  a. s t a t e  o f  hemor rhag i c-  b r o n c h o p n e u m o n i a  

a c t u a l l y  e x i s t e d .  T h i s  c o n d i t i o n  a p p e a r e d  t o  be t h e  

r e s u l t  o f  a  r e c e n t  e x t e n s i o n  of  t h e  o l d  pneumonic  l e s i o n .  

Th aim u s . I n  t h e  t h a l r n u s ,  q u i t e  a number  of  a c u t e  i n 

f l a m m a t o r y  f o c i  we r e  f o u n d .  These f o c i  were s c a t t e r e d  

t h r o u g h o u t  t h e  c o r t e x ,  e s p e c i a l l y  i n  t h e  p e r i v a s c u l a r  

a r e a s ,  and e a c h  was c h a r a c t e r i s e d  by a  marked f o c a l  i n 

f i l t r a t i o n  o f  b o t h  m o n o n u c l e a r  and p o l y m o r p h o n u c l e a r  

l e u c o c y t e s ,  c o n s t i t u t i n g  a  l e s i o n  commonly known a s  

" p e r i v a s c u l a r  c u f f i n g " .  ( F i g .  44) T h i s  l e s i o n  r e s e m b l e d  

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

n e r v o u s  t i s s u e ,  h o w e v e r ,  was n o t  g r e a t l y  damaged so t h a t  

. . u ndou bt ed l y  - t h i s  wAS^ja, ,case .of  b e g i n n i n g :  e n c e p h a l i t i s .

The b r a i n  was  n o t  c u l t u r e d .

L i v e r . The l i v e r  was o n l y  m o d e r a t e l y  c o n g e s t e d ,  b u t  i t  

showed a  m a r k e d  c l o u d y  s w e l l i n g  and some d i f f u s e  f a t t y  

d e g e n e r a t i  o n .

I n t e s t i n e . I n  t h e  s m a l l  i n t e s t i n e ,  w h i l e  b o t h  duodenum 

and t h e  l a s t  p o r t i o n  o f  i l e u m  n e a r  t h e  caecum w e r e  n o rma l  

a g r e a t e r  p a r t  o f  t h e  j e j u n u m  end i l e u m  were  s e v e r e l y  

a f f e c t e d  w i t h  a c u t e  e n t e r i t i s .  A g r e a t e r  p a r t  o f  t h e  

m u c o s a l  e p i t h e l i u m  was n e c r o t i c  and p a r t l y  d e s q u a m a t e d ,  

f i l l i n g  t h e  i n t e s t i n a l  l umen  w i t h  i n f l a m m a t o r y  e x u d a t e  

w n i c h  c o n s i s t e d  o f  dead  t i s s u e s  and some l e u c o c y t e s .
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Summe r y  and d i s c u s s i o n .

1 . S i n c e  t h i s  lamb e x h i b i t e d  b r o n c h o p n e u m o n i a ,  e n c e p h a l i t i s ,  

and e n t e r i t i s ,  t h e  c h a n c e  f o r  i t s  s u r v i v a l  was me ag e r .

2 .  The a n i m a l  was  s l i g h t l y  anemic a nd  some o f  t h e  v i t a l  

o r g a n s  ( l u n g s ,  b r a i n ,  l i v e r ,  and  i n t e s t i n e )  w e r e  d i s e a s e d .  

A p p a r e n t l y ,  t h e  a n i m a l  was u n d e r - n o u r i s h e d .  Due t o  t h e  

p r e s e n c e  o f  a n em i a ,  t h e  b l o o d  c h l o r i d e  was a l i t t l e  

h i g h e r  t h a n  n o r m a l .

3 .  The b l o o d  g l u c o s e ,  u r i c  a c i c ,  c r e a t i n i n e ,  N . P . N . ,  and 

Urea-N w e r e  a l l  h i g h e r  t h a n  n o r m a l ,  which  m i g h t  r e s u l t  

from t h e  h e p a t i c  d i s o r d e r  and p o s s i b l y  t h e  d e h y d r a t e d  

c o n d i t i o n .
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Caee 7443 ( S h r o p s h i r e ,  .male)

Th i s  was a n o t h e r  c a s e  o f  b r o n c h o p n e u m o n i a  c o m p l i c a t e d  

w i t h  A c t i n o m y c e s  n e c r o p h o r u s  i n f e c t i o n  i n  t h e  l u n g s .

H i s t o r y . Th i s  l amb  was a b o u t  64 d a y s  o l d .  I t  was n o t i c e d  

s i c k  on 5 / 1 1 / 4 4  and was b r o u g h t  t o  t h e  p a t h o l o g y  b a r n .  

The re  was m ar ked  a b d o m i n a l  b r e a t h i n g  and t h e  l amb -was 

q u i t e  i n a c t i v e .  The l am b  was t r e a t e d  w i t h  p neumoni a  serum 

f o r  two d a y s  b u t  no i m p r o ve me n t  was n o t e d .  The lamb d i e d  

on 5 / 1 3 / 4 4 .

E t i o l o g y . A g r a m - n e g a t i v e  r o d  ( B a c t e r i u m  s p . ) was  i s o l a t e d  

f rom t h e  l u n g s  ( T a b l e  4:  c u l t u r e  No.  7443)  and a m i c r o 

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

was  a l s o  i s o l a t e d  f rom t h e  l u n g  a b s c e s s e s .

G r o s s  p a t h o l o g y . There  was  a  marked  b r o n c h o p n e u m o n i a  i n 

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

d i a p h r a g m a t i c  g l o b e s . ,  _ The., r i g h t  a p i c a l , . ,  l o p e  c o n t a i n e d  many 

g r e e n i s h  a b s c e s s e s .
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Case 7474  ( O x fo r d ,  m a l e )

Thi s  a n i m a l  s u f f e r e d  f ro m b r o n c h o p n e u m o n i a  c o m p l i c a t e d  

by c e c a l  and c o l o n i c  c o n s t i p a t i o n .

Hi s t o r y . T h i s  a n i m a l  sho wed  s e v e r e  a b d o m i n a l  b r e a t h i n g  and 

was  b r o u g h t  t o  t h e  p a t h o l o g y  b a r n  on 4 / 2 8 / 4 4  an d  was 

t r e a t e d  w i t h  pneu mon ia  se rum and s u l f a t h i a ? o l e . The a n i m a l  

showed i m p r o v e m e n t  and b e g a n  t o  e a t  and n u r s e  w e l l  u n t i l  

5 / 2 1 .  On t h a t  day and f o r  t h e  f o u r  d a y s  f o l l o w i n g ,  deep  

a b d o m i n a l  b r e a t h i n g  was n o t e d  and t h e  abdomen b e g a n  t o  

b e  d i s t e n d e d .  The lamb was  k i l l e d  on 5 / 2 5 / 4 4  when i t  was 

a b o u t  7 w ee ks  o l d .

E t i o l o g y . A g r a m - n e g a t i v e  r o d  (B a c t e r i u m  s p . )  was  i s o l a t e d .

f rom t h e  l u n g s .  ( T a b l e  4:  c u l t u r e  No. 7474)

B l o o d  s t u d i e s .

( a ) B l o od  p i c t u r e

E r y t h r o c y t e s . . ....................... . . 9 , 0 7 0 , 0 0 0 .  p e r  c.mm.
   L e u c o c y t e s .  . )   . 7 .  ."7. . '7. 7 ; .  T '" 7 ,  200 - "  * ' “.....    ""

H e m o g l o b i n .............................................. 1 0 . 8  g . / l O O  c c .

D i f f e r e n t i a l  c o u n t  ( °J0)
L y m p h o c y t e s ................................ 37
N e u t r o p h i l s ..........................  61

b a n d s . . . .  
M o n o c y t e s . .  
E o s i n o p h i l s  
B a s o p h i I s . .

s e g m e n t e r s (40)
( 2 1 )

0
1
1

( b ) Blood c h e m i s t r y  ( Mgrn. / 1 0 0  c c . )

G l u c o s e . . . 
U r i c  a c i d .  
C r e a t i n i n e  
C h l o r i d e . .
N . P . N ...........
U r e a - N . . .  .

8 8 . 7 5  
2 . 6 0  
1  15 

3 50! 00 
3 0 . 0 0  
1 8 . 2 0
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The b l o o d  s t u d i e s  o f  t h i s  c a s e  r e v e a l e d  t h a t  e x c e p t  

f o r  a m o d e r a t e  l e u k o p e n i a  i n  which  t h e  p e r c e n t a g e  o f  

l y m p h o c y t e s  ( 3 7 fo) was o u t n u mb er e d  by t h a t  o f  n e u t r o p h i l s  

( 6 l fo) ,  t h e  o t h e r  c o n s t i t u e n t s  o f  t h e  b l o o d  d i d  n o t  seem 

t o  be a f f e c t e d  and d i d  n o t  d e v i a t e  c o n c e i v a b l y  f rom t h e  

n o r m a l  s t a n d a r d  ( T a b l e s  1 & 2 ) ,  M o r eo v er ,  t h e  e r y t h r o c y t e s  

were m o r p h o l o g i c a l l y  n o r m a l  and c o n t a i n e d  a  s u i t a b l e  amount  

o f  h e m o g l o b i n .

G r o s s  l e s i o n s .

L u n g s . A " c o l u  pneufuonia ,11 wa„s f o u n d  i n  t h e  a p i c a l ,  c a r d i a c  

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

r i g h t  and l e f t  s i d e s  of  t h e  l u n g s .  There  was no i n d i c a t i o n  

o f  a c u t e  p r o g r e s s i o n .  R e s o l u t i o n  was  t a k i n g  p l a c e .  

I n t e s t i n e s . The cecum and l a r g e  c o l o n  were d i s t e n d e d  

w i t h  s o l i d ,  d e h y d r a t e d  f e c e s ,  and t h e  mucosa was s l i g h t 

l y  e d e m a t o u s .  Due t o  c o n s t i p a t i o n ,  f l u i d  m a t e r i a l  had

" b a c k e d  tip so ' t h a t b a  c o n s i d e r a b l e - arnount“ o f  i t  was  p r e s e n t  "

i n  t h e  f o u r t h  s t o m a c h .

O t h e r  o r g a n s . The o t h e r  o r g a n s  we r e  a p p a r e n t l y  n o r m a l .

M i c r o s c o p i c  l e s i o n s .

L u n g s . A t y p i c a l  b r o n c h o p n e u m o n i a  was  p r e s e n t .  Most  o f  

t h e  pneumoni c  a r e a s  were  d o m i n a t e d  by m a c r o p h a g e s  and a 

few- p o l y m o r p h o n u c l e a r  l e u c o c y t e s  were  p r e s e n t ,  i n d i c a t i n g  

t h a t  r e s o l u t i o n  wias t a k i n g  p l a c e .  However ,  i n  some 

s m a l l e r  a r e a s  wh er e  t h e  p o l y m o r p h o n u c l e a r  l e u c o c y t e s  were  

s t i l l  q u i t e  n u m e r o u s ,  t h e r e  was some h e m or r h ag e  p r e s e n t .  

These a r e a s  o f  h e m o r r h a g e  mi gh t  a c c o u n t  f o r  some o f  t h e  

l a t e r  symptoms of  l a b o r e d  b r e a t h i n g  and  i n a c t i v i t y  b u t
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w h i c h  was u n d o u b t e d l y  c a u s e d  f o r  t h e  mos t  p a r t  by t h e  

c e c a l  and c o l o n i c  c o n s t i p a t i o n .

K i d n e y s . The k i d n e y s  w e r e  c o n g e s t e d ,  and some d a r k  brown 

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

t h e l i u m  o f  p a p i l l a e  j u s t  a d j a c e n t  t o  t h e  p e l v i s .

O t h e r  t i s s u e s . The o t h e r  t i s s u e s  w e r e  more o r  l e s s  n o r m a l .

Summary and d i s c u s s i o n .

1 . Th i s  was a  c a s e  of  b ron ch opn eu moni a ,  c o m p l i c a t e d  by 

c e c a l  and  c o l o n i c  c o n s t i p a t i o n .  The d y s p n ea  an d  

s e v e r e  a b d o m i n a l  b r e a t h i n g  i n d i c a t e d  such  a c o n d i t i o n .

2 .  The b l o o d  s t u d i e s  r e v e a l e d  some a b n o r m a l i t i e s  o f  t h e  

b l o o d  and t h e r e  was a m o d e r a t e  l e u k o p e n i a  w i t h  some 

i mm at ur e  f o r m s  o f  n e u t r o p h i l i c  l e u c o c y t e s  p r e s e n t .

5 .  The low v a l u e  o f  b l o o d  c h l o r i d e  was  d i r e c t l y  r e l a t e d  

t o  t h e  p neu mon ic  c o n d i t i o n .

4.  The l amb  m i g h t  have  been  s a v e d  i f  an enema h a d  been  

g i v e n  i n  o r d e r  t o  r e l i e v e  t h e  c e c a l  and c o l o n i c  

c o n s t i p a t i o n  and t h e  serum and s u l f a t h i a s o l e  t r e a t m e n t  

r e n e w e d  s o  a s  t o  c l e a r  u p  t h e  p n eu mo n ic  c o n d i t i o n .
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Case 7354 ( H a m p s h i r e ,  ms.le)

The l amb  s u f f e r e d  f rom b a c t e r e m i a  due t o  P a s t e u r e l l a .  

i n f e c t i o n .

Hi s t o r y . T h i s  c a s e  and t h e  n e x t  one (Case 7535)  h a d  t h e  

same h i s t o r y .  The l ambs  wer e  born  a s  t w i n s  a t  1 1 : 9 0  P .M. ,  

3 / 2 0 / 4 4 .  Bo t h  o f  t h e s e  l ambs  were v e r y  s t rong:  and  

a p p a r e n t l y  n o r m a l .  The ewe had p l e n t y  o f  m i l k  and t h e  

l ambs  s u c k l e d  v e r y  w e l l  e ven  up t o  3 : 0 0  P .M. ,  3 / 2 1 / 4 4 .

At 7 : 00  P.M. o f  t h e  same day ,  t h e s e  two l a me s  w e r e  found 

d e a d  i n  s l e e p i n g  p o s i t i o n .

E t i o l o g y . A c u l t u r e  o f  P a s t e u r e l l a  ( T a b l e  4: c u l t u r e

No. 7334) was  i s o l a t e d  f r o m  l i v e r ,  h e a r t - b l o o d ,  and s p l e e n .  

G r o s s  l e s i o n s .

S k i n . Subc u t aneous  hemor rhages  were  found  ove r  t h e  back 

r e g i o n .  These  hemor rhages  v a r i e d  from 2 to  10 mm. i n  

. . .diameter .

M u s c l e s and  f a s c i a e . L a r g e  b l o t c h y  h e m o r r h a g e s  we r e  found  

i n  t h e  s e m i t e n d i n o s u s  m u s c l e ,  and a l s o  i n  t h e  i n t e r c o s t a l  

m u s c l e s  on t h e  l e f t  s i d e  o f  t h e  b o d y .  Some h e m o r r h a g e s  

we r e  a l s o  n o t i c e d  i n  t h e  f a s c i a e  o v e r  t h e  i n t e r c o s t a l  

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

t h e  e lbow j o i n t s .

L i v e r . A few s u b c a p s u l a r  h e m o r r h a g e s  were  o b s e r v e d  i n  t h e  

l i v e r  and t h e  o r g a n  was c o v e r e d  by some w h i t i s h  f i b r i n .  

S m al l  i n t e s t i n e . The s m a l l  i n t e s t i n e s  were q u i t e  edematous  

and t h e  P a y e r ' s  p a t c h e s  wer e  m a r k e d l y  c o n g e s t e d  and 

e d e m a t o u s .  The edema was so s e v e r e  t h a t  t h e  P e y e r ' s  

p a t c h e s  r e s e m b l e d  b l e b s .



-1 3 0 -

Stomach and s p l e e n . P e t e c h i a l  and  e c c h y m o t i c  h e m o r r h a g e s  

were  f o u n d  i n  t h e  s tomach  w a l l  and  u n d e r  t h e  s e r o s a  a t  

t h e  l e s s e r  c u r v a t u r e  o f  s t o m a c h .  H e m or rh ag es  we r e  p r e s e n t  

i n  t h e  s u b c a p s u l a r  a r e a  o f  t h e  s p l e e n .

Omentum and p e r i - o r b i t a l  f a t . P e t e c h i a l  h e m o r r h a g e s  wer e  

r o t e d  i n  t h e s e  t i s s u e s .

■O t h e r  f e a t u r e s . There  was  an e x c e s s  o f  p l e u r a l ,  p e r i 

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

was a l m o s t  c l o s e d .  No h e m o r r h a g e s  we r e  o b s e r v e d  i n  t h e  

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

The h e a r t ,  l u n g s ,  and k i d n e y s  were  a p p a r e n t l y  n o r m a l .  

M i c r o s c o p i c  l e s i o n s .

L i v e r . The l i v e r  showed marked c o n g e s t i o n  w i t h  c e l l  i n 

f i l t r a t i o n  a n d  h e m o r r h a g e s .  The s i n u s o i d s  w e r e  v e r y  much 

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

l e u c o c y t i c  i n f i l t r a t i o n  was  r a t h e r  d i f f u s e ,  b u t  t h e y  were,  

more c o n c e h t r a t e d  a r o u n d  t h e  p o r t a l  t r i n i t i e s . '  The hem or-"'" 

r h a g e s  seemed t o  o r i g i n a t e  from t h e  p o r t a l  v e s s e l s  and 

s p r e a d  f rom t h e r e  t o  t h e  s u r r o u n d i n g  t i s s u e s  and g r a d u a l l y  

i n c r e a s e d  i n  s i z e .

S p l e e n . The l e s i o n  o f  t h e  s p l e e n  was  an i n t e r e s t i n g  one .  

There  was a marked  s e r o s a l  c o n g e s t i o n  and h e m o r r h a g e s  

w i t h o u t  o b s e r v a b l e  i n v o l v e m e n t  o f  t h e  M a l p i g h i a n  c o r p u s c l e s  

o r  s p l e n i c  p u l p .  I n  t h e  s e r o s a ,  t h e  c a p i l l a r i e s  i n  some 

p a r t s  were  c o n g e s t e d  w h i l e  i n  most  o f  t h e  o t h e r  p a r t s  t h e y  

were  e n o r m o u s l y  e n l a r g e d ,  o e i n g  a t  l e a s t  t h i r t y  t i m e s  as  

l a r g e  as  t h e  n o r m a l  o n e s .  ( P i g .  45) Hemorrhage  t o o k
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p l s c e  i n  t h e  a r e a s  where  t h e  e n g o r g e d  c a p i l l a r i e s  were 

l o c a t e d .  I n  t h e  i n n e r  p o r t i o n  o f  t h e  s p l e e n ,  b o t h  s p l e e n  

p u l p  and M a l p i g h i a n  c o r p u s c l e s  seemed t o  show b u t  l i t t l e  

i f  any c h a n g e s .

S k e l e t a l  m u s c l e s . The s k e l e t a l  m u s c l e s  showed m a rk ed  

c o n g e s t i o n  i n  some p a r t s ,  c e l l  i n f i l t r a t i o n  i n  o t h e r s ,  and 

i n  s t i l l  o t h e r s  n e c r o s i s  and  h e m o r r h a g e .  I n  t h e  a r e a s  of  

h e m o r r h a g e ,  t h e  b l o o d  was o b s e r v e d  e i t h e r  i n  b e t w e e n  t h e  

m u s c l e - f i b e r - s  or  i n  open s p a c e s  f o r m e d  by t h e  s e p a r a t e d  

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

l o s t  t h e  s t r i a t i o n s  and n u c l e i  and t o o k  a  l i g h t e r  s t a i n ,  

w h i l e  o t h e r s  h ad  b r o k e n  i n t o  s m a l l  i r r e g u l a r  p i e c e s .  In  

some o f  t h o s e  sh owi ng  a more  a d v a n c e d  s t a g e ,  t h e  p i e c e s  of  

d e a d  m u s c l e - f i b e r s  were  s h ru n k e n  and  c rowded  t o g e t h e r ,  

l e a v i n g  i r r e g u l a r  s p a c e s  wh i ch  were  r e p l a c e d  by c o n n e c t i v e  

t i s s u e  and a d i p o s e  c e l l s .  These s h r u n k  and c rowded  m a ss e s

• o f  dead-m uscle 'had. change d t h e ir  char, act  e r i s t i c s  and,.were...

s t a i n e d  b l u e  i n s t e a d  o f  p u r p l i s h  p i n k  w i t h  M a l l o r y ' s  

a n i l i n  b l u e .

K i d n e y s . The k i d n e y s  w e r e  r a t h e r  c o n g e s t e d ,  and some 

h y a l i n e  c a s t s  were  o b s e r v e d  f rom g l o m e r u l i  down t o  t h e  

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

t h e  g l o m e r u l a r  e n d o t h e l i u m .
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Case 7335  ( H a m p s h i r e ,  f e m a l e )

T h i s  a n i m a l  a l s o  s u f f e r e d  f rom a c u t e  b a c t e r e m i a ,  w i t h  

P a s t e u r e l l a  i n f e c t i o n  and t h e  c o n d i t i o n  was somewhat  s i m i l a r  

t o  c a s e  7334.

Hi s t o r y . Same a s  Cose 7 33 4 .

E t i o l o g y . A gra .m-nega . t ive  r o d  (P a s t e u r e l l a  s p . ) was i s o l a t e d  

f ro m l i v e r ,  h e a r t - b l o o d ,  and s p l e e n .  For  g e n e r a l  

c h a r a c t e r i s t i c s  of  t h e  e t i o l o g i c a l  a g e n t ,  s ee  T a b l e  4 : :  

c u l t u r e  Eo.  7 335 .

G r o s s  l e s i o n s . The g r o s s  l e s i o n s  w e r e  a l m o s t  t h e  same as 

f o r  t h o s e  r e c o r d e d  f o r  c a s e  7334 e x c e p t  t h a t  b l o t c h y  

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

M i c r o s c o p i c  l e s i o n s . Only a few p i e c e s  o f  t i s s u e s  were  

p r e s e r v e d  and s t u d i e d ,  ou t  most  o f  t h e  l e s i o n s  f o u n d  i n  

t h e  v a r i o u s  t i s s u e s  r e s e m b l e d  q u i t e  c l o s e l y  t h o s e  ob -  

. . , servqd in . . . case  7334..., _ __ _

S k e l e t a l  m u s c l e . Hemor rhage  was p r e s e n t  i n  t h e  s u b c u t a n e o u s  

c o n n e c t i v e  t i s s u e  and b e t w e e n  t h e  m u s c l e  f i b e r s .  The 

l e s i o n s  we r e  s i m i l a r  t o  t h o s e  f o u n d  i n  c a s e  7 3 3 4 .

Sk in  over  l o i n . The s k i n  over  l o i n  r e g i o n  was v e ry  much 

c o n g e s t e d  and some hemor rhages  were  p r e s e n t  i n  t h e  sub

c u t a n eo us  t i s s u e  and i n  t h e  muscle  j u s t  b e n e a t h .

L i v e r . The l i v e r  was s e v e r e l y  c o n g e s t e d  and s u ch  l e s i o n s  

a s  c l o u d y  s w e l l i n g ,  f a t t y  d e g e n e r a t i o n ,  n e c r o t i c  f o c i ,  

and  h e m o r r h a g e s  were p r e s e n t .  The s i n u s o i d s  were  g r e a t l y  

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



-1 3 3 -

o f  t h e  l i v e r  a s  w e l l  as  i n  t h e  s u b c e p s u l a r  r e g i o n .  The 

c l o u d y  s w e l l i n g  was d i f f u s e  out  i t  was  e s p e c i a l l y  p r o n ou nc ed  

i n  t h o s e  c e l l s  n o t  b e i n g  a f f e c t e d ,  w i t h  f a t t y  c h a n g e s .

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

t h o u g h  t h e y  wer e  more c o n s p i c u o u s  a r o u n d  t h e  c e n t r a l  v e i n  

o f  each  l o b u l e  t h a n  a r o u n d  t h e  p e r i p h e r y .  Here  and t h e r e  

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

and e a c h  o f  them c o n s i s t e d  of  a  s m a l l  g r o u p  o f  dead  

h e p a t i c  c e l l s  wh i ch  had  l o s t  t h e i r  n u c l e i  and n o r m a l  a r c h i 

t e c t u r e ,  and t o o k  a l i t t l e  d e e p e r  h e m a t o x y l i n  s t e i n  t h a n  

t h e  n o rma l  c e l l s .  The c e l l s  i n  c l o s e  c o n t a c t  w i t h  such 

f o c i  were  a l s o  a f f e c t e d  a s  t h e i r  c y t o p l a s m  showed an 

a f f i n i t y  f o r  e o s i n  s t e i n  and t h e  n u c l e i  showed p y k n o s i s .



- 1 3 4 -

Case 7399 ( S h r o p s h i r e ,  male)

T h i s  was a c a s e  o f  e n t e r o t o x e r n i a .

Hi s t o r y . T h i s  l amb was 34 d a y s  o l d  and  was found d e a d  on 

t h e  m o r n i n g  o f  4 /24/4-4 .  No p r e v i o u s  symptoms wer e  n o t e d .

E t i o l o g y . C l o s t r i d i u m  w e l c h i i , Type D.

G r o s s  l e s i o n s .

T h o r a c i c  c a v i t y . E x c e s s  o f  f l u i d  i n  t h e  p l e u r a l  c a v i t y ;  

edema of  t h e  l u n g s ;  e x c e s s i v e  p e r i c a r d i a l  f l u i d  w i t h  

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

on t h e  t h y m u s .

Abdomina l  c a v i t y . B l o t c h y  h e m o r r h a g e s  ( F i g .  46) on t h e  

j e j u n u m ,  i l e u m  and c o l o n ;  c o n g e s t i o n  o f  P e y e r ' s  p a t c h e s ;  

cecum and c o l o n  f i l l e d  w i t h  g r a y i s h  l i q u i d  i n g e s t a .  The 

f o u r t h  s t om ac h  was d i s t e n d e d  w i t h  g r o u n d  g r a i n  and 

c o a g u l a t e d  m i l k .  The k i d n e y s  we r e  s o f t  and m a r k e d l y  

c o n g e s t e d  i n  c e r t a i n  a r e a s .  There  was e x c e s s  o f  p e r i t o n e a l  

f l u i d .

M i c r o s c o p i c  l e s i o n s . S i n c e  t h i s  a n i m a l  was f o u n d  d ead  f o r  

some t ime  b e f o r e  a u t o p s y ,  t h e  o n l y  t i s s u e  t a k e n  f o r  m i c r o 

s c o p i c  s t u d y  was s m a l l  i n t e s t i n e .  From t h e  s e c t i o n s  wher e  

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

most  o f  t h e  h e m o r r h a g e s  were  c o n f i n e d  t o  t h e  s u b m u c o s a l  

a r e a .  The h e m o r r h a g e  was  r a t h e r  e x t e n s i v e  and i t  seemed 

t o  be i n i t i a t e d  by t h e  w e ak en ed  c o n g e s t e d  b l ood  v e s s e l s  i n  

t h a t  p a r t i c u l a r  r e g i o n .  Mo re ov e r ,  t h e  s o l i t a r y  lymph n o d u l e s  

i n  subrnucosa w e r e  g r e a t l y  e n l a r g e d  a nd  were i n f i l t r a t e d  by
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q u i t e  a  number  o f  m a c r o p h a g e s  end  some p o l y m o r p h o n u c l e a r

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

ment  o f  t h e  P e y e r ' s  p a t c h e s .  ( F i g .  47)
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Case 7426  ( O x f o r d  G r a d e ,  male)

T h i s  was a c a s e  of  e n t e r o - t o x e m i a .

H i s t o r y . T h i s  l amb came f ro m t h e  f a r m  owned by  Mar’ll W i l l i a m s o n ,  

L a p e e r ,  M i c h i g a n .  E i g h t  o r  t e n  of  t h e  l a r g e s t  a nd  f a t t e s t  

l a mbs  had  d i e d  and t h i s  was  one o f  t h e m .  One bunch o f  

35- 40  ewes and t h e i r  l ambs  i n  which  most  o f  t h e  d e a t h  

l o s s e s  h a d  o c c u r r e d  was f e d  a b ou t  3 / 4  b u .  o f  g r a i n  p e r  day,  

b u t  t h e y  a p p a r e n t l y  d i d  n o t  g e t  enough  e x e r c i s e .  Th i s  

lamb d i e d  a t  t h e  age o f  a b o u t  f i v e  w ee ks  w i t h o u t  n o t i c e a b l e  

s ymp to ms .

G r o s s  p a t h o l o g y .

C a r c a s s  i n  g e n e r a l . The c a r c a s s  was  w e l l - n o u r i s h e d .

Body f l u i d s . The re  was an  e x c e s s  o f  p e r i c a r d i a l ,  p l e u r a l ,  

and p e r i t o n e a l  f l u i d s .

S t o m a c h . The s tomach  and rumen c o n t a i n e d  da r k  c o l o r e d

- i n g e s t a .   Some m i l k  was.  f o u n d  i n  t h e  f o u r t h  s t o m a c h ,  t h e

mucous  membrane o f  wh ich  was b a d l y  c o n g e s t e d .

S m a l l  i n t e s t i n e . The P e y e r ' s  p a t c h e s  o f  the  s m a l l  i n t e s t i n e  

s t o o d  ou t  d i s t i n c t l y  and were s u r r o u n d e d  by a  ^one o f  

c o n g e s t i o n .

L u n g s . The l u n g s  were  r a t h e r  e d e m a t o u s .

O t h e r  o r g a n s . Other  o r g a n s  were n o r m a l .

C u l t u r e . Ne g a t  i v e .

C a s e s  7434- 13 5 - ' 3 6  ( B l a c k  Top D e l a i n e :  ma l e ,  f e m a l e ,  mole)

These t h r e e  c a s e s  we r e  c o n s i d e r e d  t o  be e n t e r - t o x e m i a  and 

t n e y  r e s em b le d ,  r a t h e r  c l o s e l y  c a s e  74P6.
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H i s t o r y . Th ese  t h r e e  l ambs  wer e  owned by G e r a l d  F l e m i n g  o f  

M u n i t h ,  M i c h i g a n ,  an d  w e r e  a b o u t  t h r e e  weeks  o l d  when 

b r o u g h t  t o  t h e  l a b o r a t o r y  f o r  a u t o p s y .  These l ambs  were 

t h e  l a r g e s t  o f  t h e  g r o u p  o f  t h e  same age  and d i e d  s u d d e n l y  

on 5 / 7 / 4 4 .  S h o r t l y  b e f o r e  d e a t h ,  t h e  a n i m a l s  w e n t  down 

on t h e i r  s i d e s  w i t h  t h e  head, t h r ow n b a c k  and k i c k e d  

v i o l e n t l y  and d i e d  w i t h i n  h a l f  an h o u r .  No p r e v i o u s  

symptoms w e r e  n o t i c e d .

G r o s s  p a t h o l o g y . The c a r c a s s e s  were n o t  exami ned  u n t i l  f o r  

a t  l e a s t  30-4-5 h o u r s  a f t e r  dea. th so t h e r e  was e v i d e n c e  o f  

p o s t - m o r t e m  c h a n g e .  I n  g e n e r a l ,  t h e  g r o s s  p a t h o l o g y  o f  

t h e s e  l ambs  r e s e m b l e d  q u i t e  c l o s e l y  t h a t  found  i n  c a s e  74P6 

e x c e p t  t h a t  t h e r e  were  some e x t e n s i v e  h e m o r r h a g e s  on t h e  

e nd o c a r d i u m  end on t h e  m u c o s a l  f o l d s  o f  t h e  f o u r t h  s t omach .
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Case 7400 ( Rain bou i l i e  t ,  ma l e)

T h i s  was a  c a s e  of  a c u t e  m e n i n g i t i s  i n v o l v i n g  m o s t l y  

t h e  c e r e ' o r a .1 m e n i n g e s .

Hi s t o r y . T h i s  l amb was b r o u g h t  t o  t h e  p a t h o l o g y  b a r n  on 

4 / 8 / 4 4  t o g e t h e r  w i t h  i t s  t w i n  and  m o t h e r .  The lamb 

showed o i l a t e r i a l  s t i f f n e s s  i n  t h e  r e a r  l e g s  and  was somewhat  

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

t h r o u g h o u t  t h e  o b s e r v a t i o n  p e r i o d  o f  s h o u t  two w e e k s .

I t  n e v e r  n u r s e d  v i g o r o u s l y .  On 4 / 2 4 / 4 4 ,  t h e  l amb was 

down snd k i c k i n g  i t s  l e g s  as  t h o u g h  i t  were  r u n n i n g .  I t  

wa.s k i l l e d  when a b o u t  43 days  o l d .

E t i o l o g y . A S t a p h y l o c o c c u s  was i s o l a t e d  from t h e  b r a i n  

l e s i o n .  ( T a b l e  4:  c u l t u r e  7 40 0 ) .

B l o o d  s t u d i e s .

( a ) Blood p i c t u r e

.... '.v. g r y t h r o c y  be s . . . . .  r  r e . u v .  -.-10-,-070 ,-GOO—p e r  ■ -c..mm."  
T  _ J-  C 1 KTl H 'IL e u c o c y t e s
Hemog lo b i n

6,150 " "
1 0 . 3  g . / l O O  cc .

D i f f e r e n t i a l  c o u n t  (%)
Lymphocy t es  
N e u t r o p h i I s

s e g m e n t e r s .
b a n d s .............
j u v e n i l e s . . 
m y e l o c y t e s .

Monocyte s 0
E o s i n o p h i I s  
B a s o p h i l s  . .

0
0

( b ) Blood c h e m i s t r y  ( Mgm. / 1 0 0  c c . )

G l u c o s e ................
U r i c  a c i d . . . 
C r e a t i n i n e  . . .  . 
C h l o r i d e ............

7 7 . 7 7
0 . 50 
0 . 7 0

N . P . N . .
Ur ea-N.

15 . 00
9 . 9 0
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The above  d a t a  showed t h a t  t h e r e  was a m a r k e d  n e u t r o 

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

f rom t h e  b l o o d  c o u n t s  a p p e a r e d  t o  be n o r m a l .  Some o f  t h e  

e r y t h r o c y t e s  w e r e  c r e n a t e d .  and p o i k i l o c y t i c , w h i l e  o t h e r s  

w e r e  more o r  l e s s  n o r m a l .  I n  t h i s  p a r t i c u l a r  i n s t a n c e ,  

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

was b r o u g h t  o u t .

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

whi ch  was j u s t  s l i t t l e  h i g h e r  t h a n  n o r m a l  ( T a b l e  ?,), e l l  

o t h e r  c o n s t i t u e n t s  were d e c i d e d l y  l o w e r ,  e s p e c i a l l y  t h e  

c r e a t i n i n e  and u r i c  a c i d .

G r o s s  l e s i o n s .

B r a i n .  The c e r e b r u m  sho wed  some w h i t i s h  a r e a s  b e n e a t h  t h e  

m e n i n g e s  i n  t h e  v a r i o u s  s u l c i .

L i v e r . L i v e r  showed, some f a t t y  d e g e n e r a t i o n .

O t h e r  t i s s u e s . A p p a r e n t l y  n o r m a l .

.Microscopic lesions.,,.     ....., ■    ..

C e r e b r u m . The c e r e b r u m was  v e r y  much c o n g e s t e d  and 

e s p e c i a l l y  s o  was t h e  c e r e b r a l  m e n i n g e s .  The m e n i n g e s  

were g r e a t l y  s w o l l e n  and i n f i l t r a t e d ,  w i t h  e x c e s s i v e  number  

o f  p o l y m o r p h o n u c l e a r  l e u c o c y t e s  and m a c r o p h a g e s .  I n  a  

number  o f  a r e a s  t h e  a f f e c t e d  m e n i n g e s  h a d  become d e t a c h e d  

f rom t h e  c e r e b r u m  and an a c t i v e  s u p p u r a t i v e  p r o c e s s  was 

g o i n g  on .  The e x u d a t e  o f  t h i s  s u p p u r a t i o n  c o n s i s t e d  

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

m e n i n g e s .  The g r o u n d  t i s s u e  o f  t h e  c e r e b r u m ,  h o w e v e r ,  

was n o t  much a f f e c t e d .  ( F i g .  48)



L i v e r . The l i v e r  showed some f a t t y  d e g e n e r a t i o n  of  t he  

d i f f u s e  t y p e .

S p i r a l  c o r d . The s p i n a l  c o r d  and o t h e r  t i s s u e s  w e r e  more 

o r  l e s s  n o r m a l .

O t h e r  t i s s u e s . Other  t i s s u e s  w e r e  more or  l e s s  n o r m a l .

Summary and  d i s c u s s i o n .

1 .  Th i s  lamb s u f f e r e d  f rom a c u t e  c e r e b r a l  m e n i n g i t i s  w i t h  

some h e p a t i c  d i s t u r b a n c e ,  

r  Th r  a rv irr .a l  w r e  r .p , , r T' o ^  + -i n o  anrt n o v o r '  m r i s o i i  v i  d t i t ' o i i r I  v

d u r i n g  i t s  l i f e ,  wh i ch  c o u l d  be  a c c o u n t e d  f o r  by t h e  

p r e s e n c e  o f  c e r e b r a l  m e n i n g i t i s .

3.  In  t h e  b l o o d  s t u d i e s ,  a  s t a t e  o f  n e u t r o p h i l i a  was f o u n d .  

Such a  n e u t r o p h i l i a  was p o s s i b l y  r e l a t e d  t o  t h e  men i ng

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

v a l u e  i n  b l o o d  c r e a t i n i n e ,  u r i c  a c i d ,  N . P . N . ,  and

■ ■ ■■■.■- -Urea-E, • m ig h  t ... 8.14 ■ .be ,e x p l  aine_d ■ p.n- 4  he.... h as  i s  ...of ......hepatic

d i s t u r b a n c e s  and i n a c t i v i t y .
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C ase 7406 ( R a m b o u i l l e t , male)

T h i s  was a  c a s e  o f  a c u t e  p e r i t o n i t i s  f o l l o w i n g  t h e  

p r e v i o u s l y  e x i s t i n g ;  b r o n c h o p n e u m o n i a .

Hi s t o r y . T h i s  l amb was a b o u t  45 d a y s  o l d .  The a n i m a l  had

been  s i c k  a b o u t  t h r e e  w e e k s  p r e v i o u s l y  and was g i v e n

pneumo ni a  s e r u m .  For t h r e e  d ay s  b e f o r e  i t  was k i l l e d ,

t h i s  lamb h ad  been  s h o w i n g  marked  a b d o m i n a l  b r e a t h i n g .  I t  

was  k i l l e d  on 4 / 2 5 / 4 4 .

E t i o l o g y .  A s p e c i e s  o f  Cory n e ' o a c t e r i  urn wss  i s o l a t e d  from t h e  

p e r i t o n e a l  f l u i d  and  i t s  g e n e r a l  c h a r a c t e r i s t i c s  a r e  r e 

f e r r e d  t o  T a b l e  4: C u l t u r e  740 6 .

B l o o d  s t u d i e s .

( a) Bl oo d  p i c t u r e

E r y t h r o c y t e s ..................................................1 0 , 3 9 0 , 0 0 0  p e r  c.mm.
L e u c o c y t e s ...................................................... 1 , 7 00  " 11
H e m o g l o b i n .....................................................  1 0 . 3  g . / l O O  c c .

-  -, Oi X X  e r e n t  La 1 c oun t  \ y o ,
Lymphocytes...................................6
N e u t r o p h i l s ................................ 94

se g m e n t e r s ..........................................................( 5)
ban ds ......................................................................(43)
j u v e n i l e s .................................................. .. (24)
m y e l o c y t e s .......................................................... (22)

M onocytes ....................................... 0
E o s i n o p h i l s .................................. 0
B a s o p h i l s ....................................... 0

( )  Blood chem is try  ( Mgm . /100  c c . )

G lu co se ................... ..................................................200 .00
Uric a c i d ................................................................. 1 . 4 4
C r e a t i n i n e ......................................   1 .6 5
C h lo r i d e ....................................................................4-20 .00
N.P.N........................................................................... 21.00
Urea-N........................................................................  20.70
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The r e s u l t s  o f  b l o o d  s t u d i e s  r e v e a l e d  t h a t  t h e  lamb 

h a d  a marked  l e u k o p e n i a  w i t h  young  n e u t r o p h i l i c  c e l l s  

( 8 9 fo) o v e r w h e l m i n g  the  l y m p h o c y t e s  ( 6 fo) . The s t r u c t u r e  

o f  e r y t h r o c y t e s  showed mar ked  p o i k i l o c y t o s i s . The v a l u e  

o f  g l u c o s e  was  a b o u t  t h r e e  t i m e s  h i g h e r  t h a n  t h a t  o f  t h e  

n o r m a l  ( T a b l e  2) and t h e  c r e a t i n i n e  was a l s o  a l i t t l e  h i g h .  

The h i g h  v a l u e  o f  u r e a - N  m i g h t  be due  t o  t e c h n i c a l  e r r o r .  

G r o s s  l e s i o n s .

L u n g s . P n eu m o n i a  was p r e s e n t  i n  t h e  a p i c a l ,  c a r d i a c  and

a n t e r i o r  f r i n g e  of  t h e  d i a p h r a g m a t i c  l o b e s .  T h i s  pneumonia

was  o f  t h e  s o - c a l l e d  " c o l d "  t y pe  an d  t h e r e  was no  a c u t e
o f

p r o g r e s s i v e  l i n e / d e m a r k a t i o n  b e t we en  t h e  pneumonic  a r e a  

and n or ma l  t i s s u e .  The b r o n c h i  l e a d i n g  t o  t h e  pneumonic  

l o b e s  were  b e i n g  c l e a r e d  of  e x u d a t e .

Abdominal  c a v i t y .  A m a r k e d  p e r i t o n i t i s  was p r e s e n t  t h r o u g h 

o u t  t he  a b d o m i n a l  c a v i t y .

I n t e s t i n e s . The i n t e s t i n e s  were  a d h e r e d  t o  e a c h  o t h e r  w i t h  

f i b r i n .  The v i s c e r a l  p e r i t o n e a l  w a l l s  and  a d j a c e n t  

s t r u c t u r e s  w e r e  q u i t e  e d e m a t o u s  and s w o l l e n .

K i d n e y s . The k i d n e y  c a p s u l e  was q u i t e  e dema t ous  a nd  b l a c k  

p i g m e n t  was p r e s e n t  i n  t h e  p e l v i s  o f  e ac h  k i d n e y .

O t h e r  o r g a n s . No v i s i b l e  l e s i o n s  w e r e  f ou n d  i n  t h e  o t h e r  

o r g a n s .

M i c r o s c o p i c  l e s i o n s .

L u n g s . The l u n g s  showed l e s i o n s  o f  a  t y p i c a l  b r o n c h o p n e u 

m o n i a  o f  s e v e r a l  weeks d u r a t i o n .  The b r o n c h i o l e s  were  o n l y
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s l i g h t l y  damaged and some o f  them showed e v i d e n c e  o f  

m e t a p l a s i a .  I n  t h e  a l v e o l a r  w a l l s ,  t h e r e  was  some 

f i b r o b l a s t i c  p r o l i f e r a t i o n  g o i n g  on .  I n  g e n e r a l ,  t h e  

pneumo ni a  o f  t h i s  lamb was  i n  a b e g i n n i n g  s t a g e  of  

r e s o l u t i o n  a n d  was n o t  v e r y  e x t e n s i v e ,  b e c a u s e  i t  was 

c o n f i n e d  t o  c e r t a i n  s m a l l  s p o t s .

I n t e s t i n e s . A marked an d  e x t e n s i v e  p e r i t o n i t i s  e x i s t e d  

on t h e  i n t e s t i n e s  w i t h  much i n v o l v e m e n t  o f  t h e  s e r o s a  and 

l e s s  so f o r  t h e  m u s c u l a r  c o a t .  The s e ro s a ,  was  g r e a t l y  

c o n g e s t e d ,  t h i c k e n e d ,  and became a d h e r e d  t o  t h e  m e s e n t e r y .  

( F i g .  49) These  a f f e c t e d  a r e a s  w e r e  i n f i l t r a t e d  by 

p o l y m o r p h o n u c l e a r  l e u c o c y t e s .  The m u s c u l a r  c o a t  o f  t h e  

i n t e s t i n e  was a l s o  t h i c k e n e d  and somewhat  s w o l l e n .  The 

su bmucos a  a n d  mucosa ,  h o w e v e r ,  were  n o t  much a f f e c t e d ,  

a l t h o u g h  some s e r o u s  e x u d a t e  was s e e n  i n  t h e  i n t e s t i n a l  

lumen j u s t  n e x t  t o  t h e  m u co sa .

L i v e r ' . The l i v e r  was r a t h e r  c o n g e s t e d ,  ' a M  a  r a t h e r  

m ar k ed  c l o u d y  s w e l l i n g  and  some f a t t y  d e g e n e r a t i o n  were  

p r e s e n t .  Along t h e  s u r f a c e  of  l i v e r ,  an a c t i v e  i n f l a m 

m a t o r y  p r o c e s s  and n e c r o s i s  were  in. p r o g r e s s ,  t h e  l i v e r  

c e l l s  w e r e  d e s t r o y e d  and we r e  b e i n g  r e p l a c e d  by c e l l  

i n f i l t r a t i o n  and  f i b r o s i s .  Some of  t h e  n e c r o t i c  p r o c e s s e s  

e x t e n d e d  d e e p l y  i n t o  t h e  pa r en ch yma  o f  t h e  l i v e r  and 

v a r i e d  i n  s i z e  f rom p i n - p o i n t  a r e a s  t o  t h o s e  a b o u t  0 . 3 - 0 . 5  

mm. i n  d i a m e t e r .  ( F i g .  50)

K i d n e y s . The c a p s u l e  o f  k i d n e y s  was s e v e r e l y  i n f l a m e d  and 

v e r y  much t h i c k e n e d .  The i n f l a m m a t o r y  e x u d a t e  was  more or
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l e s s  o r g a n i z e d  and m i xe d  w i t h  t h e  a d i p o s e  t i s s u e  and 

f i b r i n  so t h a t  t h e  c a p s u l e  became t i g h t l y  a d h e r e d  t o  t he  

k i d n e y  on one h a n d  and t h e  p e r i t o n e a l  membrane on the  

o t h e r .  The t h i c k e n e d  c a p s u l e  t o g e t h e r  w i t h  i t s  o r g a n i z e d  

i n f l a m m a t o r y  e x u d a t e  m e a s u r e d  a b o u t  4 -  5 mm. i n  some 

p a r t s .  The p a r e n c h y m a  o f  t h e  k i d n e y s ,  h o we ve r ,  seemed t o  

show l i t t l e  o r  no i n v o l v e m e n t ,  a l t h o u g h  t h e r e  was some 

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

t u b u l e s .

O t h e r  o r g a n s . Ot he r  o r g a n s  were  n o r m a l .

Summary and d i s c u s s i o n .

1.  T h i s  a n i m a l  s u f f e r e d  f rom an a c u t e  p e r i t o n i t i s  w i t h  

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

pneumoni  a .

The p r e s e n c e  o f  b r o n c h o p n e u m o n i a  and a c u t e  p e r i t o n i t i s  

were  r e s p o n s i b l e  f o r  t h e  l e u k o p e n i c  n e u t r o p h i l i a .  

l Aga i n ,  ' i t  l a s "  due “t o ' - t h e s e  c o n d i t i o r i s  t h a t  t h e  a n i m a l  " 

showed d y s p n e a  a t  f i r s t  a.nd m a r k e d  a bd o m i n a l  b r e a t h i n g  

l a t e r  on w h i l e  i t  was s t i l l  a l i v e .

3 .  The h i g h  v a l u e  i n  b l o o d  g l u c o s e  a nd  c r e a t i n i n e  was 

d i r e c t l y  r e l a t e d  t o  h e p a t i c  d i s t u r b a n c e s  as  t h e  l i v e r  

was r a t h e r  s e v e r e l y  i n f l a m e d  and n e c r o t i c ,  e s p e c i a l l y  

a l o n g  i t s  e n t i r e  s u r f a c e .

4.  The C o r y n e b a c t e r i u m  s p . i s o l a t e d  f rom t h e  p e r i t o n e a l  

f l u i d  was p a t h o g e n i c  f o r  a  mouse and  c a u s e d  t h e  same 

d i s e a s e d  c o n d i t i o n  ( a c u t e  p e r i t o n i t i s )  when t h e

o r g a n i s m  was  i n j e c t e d  i n t r - p e r i t o n e a l l y .
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Csse 7336 ( S h r o p s h i r e ,  f em a le )

Th i s  l amb  s u f f e r e d  f rom a c u t e  h e m o r r h a g i c  e n t e r i t i s

t o g e t h e r  w i t h  some p a s s i v e  c o n g e s t i o n .

Hi s t o r y . T h i s  l amb  was b o r n  a t  8 : 0 0  A.M. 3/24/4-4 and d i e d  

a t  8 :00  A.M. t h e  n e x t  d a y .  S h o r t l y  b e f o r e  d e a t h ,  t h e  

a n i m a l  was k i c k i n g  v i o l e n t l y  and t r e m b l i n g .

E t i o l o g y . A s p e c i e s  o f  E s c h e r i c h i a  was i s o l a t e d  f rom t he

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

o f  t h i s  m i c r o - o r g a n i s m  a r e  r e f e r r e d  t o  i n  T a b l e  4:  c u l t u r e

No.  7336.

G r o s s  l e s i o n s . A c o m p l e t e  a u t o p s y  was p e r f o r m e d ,  b u t  no 

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

much c o n g e s t e d  and an a c u t e  e n t e r i t i s  was s u s p e c t e d .

M icroscop ic  l e s i o n s .

L i v e r . The l i v e r  was r a t h e r  c o n g e s t e d  and showed some 

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

c l o u d y  s w e l l i n g  and some o f  them e x h i b i t e d  a  s l i g h t  

d e g r e e  o f  f a t t y  d e g e n e r a t i o n .

S p l e e n . T he r e  were  h e m o r r h a g e s  i n  t h e  s p l e e n  p u l p  and a  

m o d e r a t e  c o n g e s t i o n  o f  t h e  s e r o s a l  c a p i l l a r i e s .  I n  t h e  

a r e a s  o f  h e m o r r h a g e ,  t h e  lymphoid  t i s s u e  was l a r g e l y  r e 

p l a c e d  by r e d  b l o o d  c o r p u s c l e s  and t h e s e  a r e a s  a p p e a r e d  

d e e p  r e d  i n  c o l o r  w i t h  h e r n a t o x y l i n - e o s i n  s t a i n  i n  con

t r a s t  t o  t h e  l i g h t  y e l l o w  c o l o r  o f  t h e  n or ma l  p o r t i o n  of  

t h e  s p l e e n .  I n  t h e s e  a f f e c t e d  a r e a s ,  t h e  M a l p i g h i a n  

c o r p u s c l e s  w e r e  a l s o  i n v o l v e d .  Th er e  were o n l y  a few
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l y m p h o i d  c e l l s  l e f t  i n  e a c h  o f  t h e  c o r p u s c l e s  and  t h e  

c e n t r a l  a r t e r i o l e s  wer e  g r e a t l y  e n l a r g e d  and d i s t e n d e d  

w i t h  b l o o d .

S m a l l  i n t e s t i n e . T y p i c a l  l e s i o n s  o f  h e m o r r h a g i c  e n t e r i t i s  

were f o u n d  i n  t h e  s m a l l  i n t e s t i n e .  The mucosa  was  s e v e r e l y  

damaged and a  g r e a t e r  p a r t  o f  t h e  e p i t h e l i u m  was n e c r o t i c  

and desquama. t ed .  The c a p i l l a r i e s  w e r e  i n v o l v e d  and 

h e m o r r h a g e  r e s u l t e d .  I n  t h e  lurnen o f  i n t e s t i n e ,  an i n 

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

c e l l s ,  b l o o d  c e l l s  o f  v a r i o u s  t y p e s ,  end  a s m a l l  amount  

o f  f i b r i n  was p r e s e n t .  The su bmucos a  was a l s o  a f f e c t e d ,  

a nd  i t  showed m ar k ed  l e u c o c y t i c  i n f i l t r a t i o n  a n d  c o n g e s t i o n .  

The m u s c u l a r  c o a t s  and t h e  s e r o s a ,  h o w e v e r ,  we r e  n o t  

a f f e c t e d ,  a l t h o u g h  some c o n g e s t i o n  was n o t i c e d  i n  b o t h .

( F i g .  51)

Ki d n e y s . Hie k i d n e y s  s ho we d  e v i d e n c e  o f  some p a s s i v e

"hyp'ere'mi'a,"""'otherwi' 'se t h e y  "were more  o r  l e s s  i n " ' a - n o r m a l  "

c o n d i  t i  o n .

O t h e r  o r g a n s . Those o t h e r  t i s s u e s  i n c l u d e d  i n  t h i s  s t u d y  

wer e  a l l  n o r m a l .
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Case 7364 (H a m p sh i re ,  m a le )

T hi s  l amb s u f f e r e d  f r o m  a c u t e  e n t e r i t i s .

Hi s t o r y . The lamb was b o r n  on 3 / 1 6 / 4 4  and was f o u n d  dead a 

few h o u r s  l a t e r .  No v i s i b l e  symptoms were  o b s e r v e d .

G r o s s p a t h o l o g y . There was a mar ked  e n t e r i t i s  e x t e n d i n g  

a p p r o x i m a t e l y  two f e e t  f rom t h e  p y l o r u s  o f  t h e  s tomach  

t o  t h e  r e c t u m .  The rnucosa o f  t h e  e n t i r e  g u t  was c o n g e s t e d  

and t h e  P e y e r ' s  p a t c h e s  s t o o d  o u t  d i s t i n c t l y .  The c o n t e n t s  

o f  t h e  i n t e s t i n a l  t r a c t  wer e  l i q u i d .

There was  a p p r o x i m a t e l y  1 0 0  c c .  o f  t h e  p e r i t o n e a l

f l u i d  p r e s e n t .  Thi s  f l u i d  was s l i g h t l y  b lo o d  t i n g e d .

No o t h e r  v i s i b l e  l e s i o n s  were  o b s e r v e d  b e s i d e s  t h o s e  

m e n t i o n e d  a b o v e .

B a c t e r i a l  c u l t u r i n g . A h e m o l y t i c  g r a m - p o s i t i v e  a n a e r o b i c  

r o d  was i s o l a t e d  f rom t h e  i n t e s t i n a l  c o n t e n t s .
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Ce.se 7435 (Sou thdow n,  f e m a le )

Th i s  was a c a s e  o f  g a s t r i c  u l c e r s  and  p e r f o r a t i o n s .

H i s t o r y . The l amb  was a b o u t  two m on th s  o l d .  I t  d i e d  d u r i n g  

t h e  n i g h t  o f  5 / 8 / 4 4  w i t h o u t  showing  any p r e v i o u s  symptoms.

E t i o l o g y . Undetermined.

G r o s s  l e s i o n s . Upon s k i n n i n g  t h e  l a m b ,  a w e l l  n o u r i s h e d  

c a r c a s s  was f o u n d .  A c o m p l e t e  a u t o p s y  was d o n e ,  i n c l u d i n g  

b r a i n  e x a m i n a t i o n .  The o n l y  l e s i o n s  o b s e r v e d  w e r e  p e r 

f o r a t i o n  o f  t h e  s tomach  a n d  two d e e p  u l c e r s  a t  t h e  p y l o r u s .

M i c r o s c o p i c  l e s i o n s . The s tomach  rnucosa was f o u n d  v e r y  much 

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

o f  n e c r o s i s  on t h e  s u r f a c e .  Th i s  s l i g h t  n e c r o s i s  may 

h a ve  b e e n  due t o  p o s t - m o r t e m  c h a n g e s .  I n  t h e  u l c e r a t e d  

a r e a s ,  h o w e v e r ,  t he  e n t i r e  e p i t h e l i u m  t o g e t h e r  w i t h  t h e  

g a s t r i c  g l a n d s  was s e v e r e l y  damaged, and  h a d  u n d e r g o n e  

v a r y i n g  d e g r e e s  o f  n e c r o s i s .  As t h e  n e c r o t i c  f o c i  

e x t e n d e d  d e e p e r  and d e e p e r ,  the m u s c u l a r i s  mucosae  and 

submucosa  wer e  a l s o  i n v o l v e d .  At t h e  same t i m e ,  marked 

p o l y m o r p h o n u c l e a r  l e u c o c y t i c  i n f i l t r a t i o n  o c c u r r e d .  As 

t h e  l e s i o n  e x t e n d e d  t o  t h e  su bmucos a ,  i t  s p r e a d  s i d e w i s e  

more r a p i d l y  t h a n  t o w a r d  t h e  s e r o s a  so that ,  a  g r e a t e r  p a r t  

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

wer e  damaged,  r e s u l t i n g  i n  h e m o r r h a g e ,  t h e  c o n n e c t i v e  

t i s s u e  was c a l l e d  i n t o  a c t i o n ,  and an  a c t i v e  f i b r o s i s  was 

p r e s e n t .  As a  r e s u l t ,  t h e  n e c r o s i s  ( a s  i n  t h e  c a s e  o f  

g a s t r i c  u l c e r  i n  man) s t o p p e d  a t  t h e  sub mucos a ,  b u t  t he
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f i b r o s i s  e x t e n d e d  o u t w a r d  d e e p  i n t o  t h e  m u s c u l a r  l a y e r s  

where  m os t  o f  t h e  m u s c u l a r  b u n d l e s  wer e  p u s h e d  f a r  a p a r t  

and a  s t a t e  o f  f i b r o u s  h y p e r p l a s i a  e x i s t e d .  ( F i g .  5?)



Case 7 440 ( B la c k  Top D e l a i n e ,  ferna.le)

Thi s  was a  c a s e  o f  s t a r v a t i o n  and d i e t a r y  d e f i c i e n c y .

Hi s t o r y . Th i s  lamb was n o t i c e d  t o  be i n a c t i v e  and t h e

abdomen was q u i t e  d i s t e n d e d .  I t  l o o k e d  l i k e  a  " s k i m - m i l k  

f e d "  c a l f .  The a n i m a l  d i e d  i n  t h e  m o r n i n g  o f  5 / 1 0 / 4 4  

when 50 days  o f  age .

G r o s s  p a t h o l o g y .

S t o m a c h . The rumen was f i l l e d  w i t h  f i b r o u s  r o u g h a g e  b u t  

t h e  f o u r t h  s to m ac h  was empty  e x c e p t  f o r  a, s m a l l  h a i r —b a l l .  

K i d n e y s . The l e f t  k i d n e y  was s l i g h t l y  l a r g e r  t h a n  t h e  

r i g h t  one and  t h e  p e l v i s  o f  t h i s  k i d n e y  was s l i g h t l y  d i s 

t e n d e d .

Bones . The s k e l e t a l  b o n e s  o f  t h i s  a n i m a l  were  s m a l l e r  

t h a n  t h o s e  o f  n o r m a l  w e l l - f e d  lambs  o f  t h e  same a g e .  The 

r i b s  were  e a s i l y  b r o k e n .

 " C u l tu r e   Negative-*  - ■■■   ■ -      ------ -

Case ?537 ( R a m b o u i l l e t , ma le )

T h i s  was a l s o  a  c a s e  o f  n u t r i t i o n a l  d e f i c i e n c y ,  some

wha t  s i m i l a r  t o  c a s e  7440 .

Hi s t o r y . T h i s  a n i m a l  was n o t i c e d  " g o i n g  l i g h t "  a n d  showed 

some p a r a l y s i s  o f  t h e  l i m b s  f o r  a b o u t  one week b e f o r e  

d e a t h ,  which  o c c u r r e d  a b o u t  t h r e e  mo n t h s  of  a g e .

G r o s s  p a t h o 1 o g y . The lamb showed v e r y  l i t t l e  f a t  on t h e  

c a r c a s s .  The s k e l e t a l  m u s c l e s  were  s m a l l  and n o t  w e l l  

d e v e l o p e d .  The bones  were  s m a l l ,  e a s i l y  b e n t ,  a n d  c u t  

e a s i l y  w i t h  a  s c i s s o r s .  No o t h e r  v i s i b l e  l e s i o n s  were ob

s e r v e d ,  and t h e  b a c t e r i a l  c u l t u r e  was n e g a t i v e .
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Case 73PS ( R a m b o u i l l e t , m a le )

This was a ca se  o f  f a i l u r e  to  d e v e lo p  anal and u r e th r a l  

open in gs .

Hi s t o r y . The lamb was t h o u g h t  t o  be b l o a t e d  on 3 / 1 7 / 4 4 ,  b u t  

upon e x a m i n a t i o n  i t  was f ou nd  t o  h a v e  no a n a l  o p e n i n g  or  

u r e t h r a l  o p e n i n g .  An o p e r a t i o n  was per formed-  w h i c h  p r o 

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

c o u l d  n o t  be f o u n d .  Trie lamb d i e d  d u r i n g  t h e  n i g h t  of  

3 / 1 8 / 4 4  and. was  a u t o p s i e d  t h e  n e x t  m o r n i n g .

Gross pathology

I n t e s t i n a l  t r a c t . The i n t e s t i n a l  t r a c t  p o s t e r i o r  t o  the 

s tomach  was g r e a t l y  d i s t e n d e d  w i t h  g e l a t i n o u s  f e c a l  

m a t e r i a l .  A l t h o u g h  much o f  the  m a t e r i a l  h ad  p a s s e d  o u t ,  

a c o n s i d e r a b l e  amount  was s t i l l  r e t a i n e d .  A mar ked  a ton y  

and d i l a t a t i o n  o f  t h e  c o l o n  and r e c t u m  was n o t i c e d .

B l a d d e r  & g e n i t a l  o r g a n s . The u r i n a r y  b l a d d e r  and  g e n i t a l  

o r g a n s  wer e  n o r m a l ,  b u t  t h e  u r e t h r a  was b l i n d  due t o  

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

O t h e r  o r g a n s . No o t h e r  g r o s s  l e s i o n s  observed . .
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(-'SSe ?35? ( R a m b o u i l l e t ,  f e m a le )

Th i s  lamb s u f f e r e d  f rom a  p a t e n t  f o r ame n  o v a l e .

Hi s t o r y . The a n i m a l  was one o f  a  s e t  o f  t w i n s  b o r n  on

3 / ? 8 / 4 4  and was f ou nd  d e a d  a  few h o u r s  l a t e r  w i t h o u t

s h owi ng  any n o t i c e a b l e  symptoms.

G r o s s l e s i o n s .

Abdominal  c a v i t y . Upon o p e n i n g  t h e  a b d o m i n a l  c a v i t y ,  t h e  

b l o o d  v e s s e l s  w e r e  f o u n d  t o  be m a r k e d l y  d i s t e n d e d  which  

i n d i c a t e d  p a s s i v e  c o n g e s t i o n .

L i v e r . The l i v e r  was i n c r e a s e d  i n  s i z e  and  showed con

g e s t i o n .

S m a l l  i n t e s t i n e . The P e y e r ' s  p a t c h e s  were  q u i t e  c o n 

s p i c u o u s  and s u r r o u n d e d  by e n g o r g e d  b l o o d v e s s e l s .

^ e a r t . The f o ra m e n  o v a l e  was o pe n ,  a n d  an e c c h y m o t i c  

h e m o r r h a g e  was  l o c a t e d  i n  t h e  r e g i o n  o f  one o f  t h e  

semi  l u n a r  v a l v e s .

O t h e r  o r g a n s . A p p a r e n t l y  n o r m a l .

C u l t u r e . N e g a t i v e .
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Case 7 3 9 ?  ( O x fo r d ,  m ale)

Th i s  was s c a s e  o f  r u p t u r e d  l i v e r .

Hi s t o r y . The lamb was b o r n  d e a d  on 4-/90 /  44.

G r o s s  p a t h o l o g y .

L u n g s . The l u n g s  c o n t a i n e d  no a i r ,  i n d i c a t i n g  t h a t  t h e  

a n i m a l  was c o r n  and h a d  n e v e r  b r e a t h e d .

L i v e r . The r i g h t  s i d e  o f  t h e  l i v e r  was  r u p t u r e d ,  p r o b a b l y

✓S,  * r s  +  ^  o  v i - r i  1  n f i o  r l i ' V > n  r-i +  Vi *-> " ?  y t V i
V Ul V KJ l / .W i i U  A. 1 i i \^. _i_ C  ^ Vj C' *-< *-* ^  U- U *

Ot h e r  o r g a n s . A p p a r e n t l y  n o r m a l .

C u l t u r e . N e g a t i v e .
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In  t h e  p r e c e d i n g  p a g e s ,  a  t o t a l  o f  4? c a s e s  o f

d i s e a s e s  o f  t h e  n e w - b o r n  l ambs  h a s  b e e n  p r e s e n t e d .  B e s i d e s

t h e s e  4P c a s e s ,  t h e r e  wer e  13 more c a s e s  whose d i a g n o s e s  

c o u l d  n o t  oe made due e i t h e r  t o  l a c k  o f  symptoms o r  t o

i n s u f f i c i e n t  p a t h o l o g i c a l  f i n d i n g s .  No b a c t e r i a  were

i s o l a t e d  f rom t h e  i n t e r n a l  o r g a n s .  To f u r n i s h  some i n f o r m a 

t i o n  as  a b a s i s  f o r  f u r t h e r  i n v e s t i g a t i o n s ,  t h e  13 u n 

d e t e r m i n e d  c a s e s  a re  p r e s e n t e d  h e r e w i  t h  i n  Table  ( 6 ) .

Tab le  ( 6 )

C a s e s  o f  d i s e a s e s  of  t h e  n e w - b o r n  l a mb s  w i t h  u n d e t e r m i n e d
d i  a g n o s i s  .

Case  No, 

7303

730 4

730S

Hi s t o r y  of  t h e  c ase

Sou t hdown,  f e m a l e .  
Born on 3 / 7 / 4 4  and 
l i v e d  o n l y  f o r  a b o u t  
one h o u r .  I t  was 
b l o a t e d  when b o r n  
and r e m a i n e d  so 
d u r i n g  l i fe . . , , ....... .... ....

Sou t hdown,  f e m a l e .
The lamb h a d  t h e  
same h i s t o r y  a s  c a s e  
7303 but  l e s s  b l o a t  
i n  t h e  s to m a c h .

O x f o r d ,  m a l e .  T h i s  
lamb was a b o u t  two 
d a y s  o l d .  I t  showed 
no  symptoms and was 
t h e  most  v i g o r o u s  o f  
t h e  t r i p l e t ’ l a m b s . I t  
d i e d  on 3 / 9 / 4 4 .

G r o s s p a t h o l o g y

F o u r t h  s tomach  and a c c e s 
s a r y  s tomach wer e  d i s t e n d e d  
w i t h  g a s .  Th er e  seemed t o  
be no s t r i c t u r e  e i t h e r  i n  
t h e  i n l e t  o r  o u t l e t  o f  t h e  
s t o m a c h ,  and no  m o t i l e

...forma, or ba.c±er.i® w-err
o b s e r v 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  o f  t h e  s tomach  
c o n t e n t s .  A l l  o t h e r  
o r g a n s  were a p p a r e n t l y  
n o r m a l .  C u l t u r e — N e g a t i v e .

N o t h i n g  a b n o r m a l .

No l e s i o n s .
C u l t u r e — N e g a t i v e .



T a b le  (6) ( C o n t ' d )

C ase  No,

7310

7311

7321

73??

H i s t o r y  o f  t h e  c a s e

H a m p s h i r e ,  f e m a l e .  Th i s  
a n i m a l  was one o f  a s e t  
o f  t w i n s  w h i c h  was  b o rn  
on 3 / 7 / 4 4 .  The lamb 
a p p e a r e d  weak and d i e d  
a t  t h e  age o f  t h r e e  day s

H a m p s h i r e ,  m a l e , about  
3 d a y s  o l d .  The lamb 
was n o t i c e d  b r e a t h i n g  
h e a v i l y  and p neumo ni a  
was s u s p e c t e d .  I t  was 
t h e n  t r e a t e d  w i t h  p ne u
m o n i a  serum and s a l i n e  
an d  g l u c o s e  ( 5ejo) . I t  
d i e  d on 3 / 1 0 / 4 4 .

S o u t h s  own, m a l e , abou t  
24 h o u r s  o l d .  T h i s  
larnb was b o r n  b l o a t e d  
on 3 / 1 ? / 4 4  and l i v e d  
o n l y  f o r  a  few h o u r s .  
I t  h ad  a h i s t o r y  s i m i 
l a r  t o  c a s e s  7 3 0 3 - ' 0 4

O x f o r d ,  f e m a l e .  Thi s  
l amb  was  weak and. had  
b e e n  g i v e n  90 c c .  o f  
s a l i n e  and g l u c o s e  
( 5 fo) p r e v i o u s  t o  d e a t h  
I t  was fou nd  d e a d  on 
3 / 1 4 / 4 4  when s i x  days
O l d  .

G ro ss  p a t h o l o g y

Exc ep t  some p a r t i c l e s  
o f  f i b r i n  on t h e  s u r 
f a c e  o f  l i v e r ,  no 
o t h e r  l e s i o n s  were  
f ou nd .

E x t e n s i v e  s u b c u t a n e o u s  
h e m o r r h a g e s  wer e  found 
i n  t h e  v i c i n i t y  o f  
o o t h  h i n d  l e g s ,  and 
m ar k ed  h e m o r r h a g e  was 
found  i n  t h e  g a s t r o c 
n e m i u s  m u s c l e s .  The 
d u c t u s  a r t e r i o s u s  
showed a  s m a l l  o p e n i n g .  
Ot h e r  o r g a n s  were 
a p p a r e n t l y  n o r m a l .  
C u l t u r e — N e g a t i v e .

S u b c u t a n e o u s  hemor
r h a g e s  wer e  p r e s e n t  
a l o n g  t h e  l e f t  s i d e  
o f  t h e  b a c k  l i n e  from 
t h e  s h o u l d e r  t o  t h e  
t a i l  r e g i o n .  No f o od  
was p r e s e n t  i n  t h e
,s.t om a c h . Th e,, s tpmach
was d i s t e n d e d  w i t h  
g a s  t o  t h e  p o i n t  
whe r e  i t  r e a c h e d  t h e  
p u b i s .  No o t h e r  
v i s i b l e  l e s i o n s  were 
f o u n d .

No v i s i b l e  l e s i o n s  
were  o b s e r v e d .
C u l t u r e — N e g a t i v e .
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Case No.

73?5

7354

7367

7388

T a b le  (6)  ( C o n t ' d )

H i s t o r y  o f  t h e  c a s e

Sou t hdown,  m a l e .  T h i s  
l amb  was b o r n  a t  5 : 0 0  
A.M. ,  3 / 1 5 / 4 4 .  I t  was 
s t i f f  a t  b i r t h  and 
made no e f f o r t  t o  move.
80 c c .  o f  s a l i n e  g l u 
c o s e  (5/o) we r e  g i v e n  
s u b c - u t a n e o u s l y  and 
4 o z .  o f  c o l o s t r a !  milk, 
f r om  t h e  ewe o r a l l y .
The lamb d i e d  when i t  
was  ab ou t  two days  o l d .

R a m b n u i l l e t . . f e m a l e .
T h i s  lamb was b o r n  on 
3 / 1 4 / 4 4  and was g r a d e d  
as  l - A  a.t b i r t h ,  w i t h 
o u t  any n o t i c e a b l e  
symptoms,  t h e  a n i m a l  
d i e d  a t  t h e  age of  
a b o u t  PO d a y s .

S h r o p s h i r e ,  m a l e .  The 
lamb was b o r n  a s  one of  
a p a i r  o f  t w i n s  on 
4 / 9 / 44 . and was  found  
deed  s h o r t l y  a f t e r  

" b i r t h n - ' — ■■■■■ -  ■ ■...

S h r o p s h i r e ,  f e m a l e .  
Th i s  lamb was a b ou t  
f i v e  days  o l d  and 
d i e d  on 4 / 1 8 / 4 4  w i t h 
o u t  any n o t i c e a b l e  
sympt  oms.

Gros s  p a t h o l o g y

No v i s i b l e  l e s i o n s  
were  f o u n d  e x c e p t  a 
s l i g h t  edema o f  t h e  
s tomach w a l l .  
C u l t u r e — N e g a t i v e .

No g r o s s  l e s i o n s  
we r e  o b s e r v e d .  
C u l t u r e — N e g a t i v e .

S p l e e n . The s p l e e n  
showed many p e t e c h i a l  
h e m o r r h a g e s  u nde r  t h e  
c a p s u l e .
H e a r t . One p e t e c h i a l

■“hemorrhage- was found.- ■
u n d e r  t h e  e p i c a r d i u m .  
The d u c t u s  a r t e r i o s u s  
was open a s  would be  
e x p e c t e d .
L u n g s . Only  p a r t l y  
e x p a n d e d ,  i n d i c a t i n g  
t h a t  the l amb  l i v e d  
f o r  a v e r y  s h o r t  t i m e .  
S t o m a c h . A few 
p e t e c h i a l  h e m o r r h a g e s  
were p r e s e n t  on t h e  
f o l d s  o f  s t o m a c h .
Oth e r  o r g a n s . A p p a r e n t  
l y  n o r m a l .
C u l t u r e — Ne g a t i v e .

No o t h e r  v i s i b l e  l e s i o n  
were  o b s e r v e d  e x c e p t  
a  few s u b c u t a n e o u s  
h e m o r r h a g e s  i n  t h e  
v i c i n i t y  o f  t h e  t a i l -  
h e a d .
C u l t u r e - - N e g a t iv e .
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Case  No. 

7 ?83

7P04

T a b l e  ( 6 ) ( C o n t ’d)

H i s t o r y  o f  t h e  c a s e Gr oss  p a t h o l o g y

H a m p s h i r e ,  m a l e ,  about  
3 d ay s  o l d .  The lamb 
became d r o o p y  on t h e  
a f t e r n o o n  o f  3 / 1 / 4 4  and 
d i e d  t h e  n e x t  m o r n i n g .

3 hr  ops iii r e ,  f  e m a l e ,  
a b o u t  P4 h o u r s  o l d .
T h i s  lame was one of' a 
s e t  o f  t r i p l e t s .  I t  
was a s m a l l  l am b  and 
d i e d  on 3 / ? / 4 4  w i t h o u t  
any n o t i c e a b l e  symptoms

No g r o s s  l e s i o n s  were  
f o u n d .
C u l t u r e — N e g a t i v e .

No l e s i o n s  o f  t h e  
i n t e r n a l  o r g a n s  w e r e  
o b s e r v e d .
C u l t u r e — N e g a t i v e .



- 1 5 8 -

IV.  D i s c u s s i o n  o f  R e s u l t s  

F i f t y - f i v e  c a s e s  o f  n e w - b o r n  l ambs  a f f e c t e d ,  w i t h  a v a r i e t y  

o f  d i s e a s e s  w e r e  i n c l u d e d  i n  t h i s  s t u d y  and t h e  p r ob le m  was 

a t t a c k e d  h e m a t o l o g i c a l l y , b e c t e r i o l o g i c a l l y , and  p a t h o l o g i c a l l y .

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

t h e  b l o o d  f rom Doth n o r m a l  s h e e p  and p a t h o l o g i c a l  l a m bs .  The 

b l o o d  v a l u e s  o b t a i n e d  f rom n o rm a l  s h e e p  s e r v e d  as  a c o n t r o l .

The r e s u l t s  a r e  b r i e f l y  s u mm a r i s e d  i n  T a b l e s  ( 1 ,  2 ,  3) and 

d i s c u s s e d  i n  d e t a i l  i n  c o n n e c t i o n  w i t h  t h e  i n d i v i d u a l  c a s e s .

Fo r  t h e  s ake  o f  c o m p a r i s o n ,  t h e  r e s u l t s  r e c o r d e d  by a number
1 ?9 4^o f  o t h e r  w o r k e r s  such  a s  A l l c r o f t  , F r a s e r  ' , Holman

45 75 91
J o s i a n d  " ,  N o r r i s  and C h a m b e r l i n  , and S h e a r e r  and S t e w a r t "

were  c o n s u l t e d .  I n  g e n e r a l ,  t h e  r e s u l t s  o f  b lood s t u d i e s  

on n o rm a l  s h e e p  compare  f a i r l y  w e l l  w i t h  t h o s e  o f  o t h e r  

w o r k e r s  e x c e p t  some minor  d i f f e r e n c e s .  N o r r i s  and Ch a m b er l i n  

f o un d  t h e  t o t a l  a v e r a g e  o f  w h i t e  b l o o d  c o r p u s c l e s  f o r  l ambs 

t o  be  5, 5 1 0 ' p e r  c , rhm. ""'as''corn p a r e d  t o  "7, '979 "per'^'c .'mm'l for"

o ur  n o r ma l  l a m b s .  The n e u t r o p h i l s  w e r e  57 pe r  c e n t  as  com

p a r e d  t o  our  f i n d i n g  o f  30 p e r  c e n t  i n  s h e e p .  The b l o o d  

g l u c o s e  va . lues  f o r  s h e e p  we r e  h i g h  ( 7 5  mgm. fo as  comp ar ed  

t o  oui' 4 8 . 4 3  ragrn. fo )  . I n  F r a s e r ' s  wo rk ,  t h e  n e u t r o p h i l s  o f  

l amb s  were h i g h  ( 5 4 $  a s  c o m p e r e d  t o  our  r e c o r d  o f  78 fo )  .

T h i s  may be due t o  a l a c k  of  u n i f o r m i t y  among t h e  v a r i o u s  

w o r k e r s ,  i n  t h e  t e c h n i c s  u s e d ,  and t o  d i f f e r e n t  e n v i r o n m e n t a l  

c o n d i t i o n s .  R e g a r d i n g  t h e  s t u d y  o f  b l oo d  i n  d i s e a s e d  l amb s ,  

no p r e v i o u s  r e f e r e n c e s  were  a v a i l a b l e  f o r  mak i ng  a c o m p a r i s o n .

'■*!o r k  o f  t i i i s  k i n d  i s  c o m p a r a t i v e l y  new t o  t h e  f i e l d  o f  

v e t e r i n a r y  m e d i c i n e .
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I n  t h e  b a c t e r i o l o g i c a l  s t u d i e s ,  4-1 c u l t u r e s  o f  a e r o b e s  

and 7 a n a e r o b e s  wer e  i s o l a t e d  from v a r i o u s  c a s e s .  By means 

of  m o r p h o l o g i c a l ,  b i o c h e m i c a l ,  and p a t h o g e n i c i t y  t e s t s ,  

t h e s e  c u l t u r e s  w e r e  i d e n t i f i e d  and g r o u p e d  under  9  g e n e r a .

They w e r e :  S t a p h y l o c o c c u s ,  D i p l o c o c c u s ,  N e i s s e r i a ,

E s c h e r i c h i a ,  E a c t e r i u m ,  P a s t e u r e l l a ,  C o r y n e b a c t e r i u m ,  

Ac t inomyces  and C l o s t r i d i u m .  Two c u l t u r e s  were u n d e t e r m i n e d .  

B a c t e r i u m ,  S t a p h y l o c o c c u s ,  and  P a s t e u r e l l a  were  mos t  f r e 

q u e n t l y  e n c o u n t e r e d ,  w h i l e  N e i s s e r i a  and t h e  u n d e t e r m i n e d  

c u l t u r e s  were  e n c o u n t e r e d  t h e  l e a s t  number  o f  t i m e s .  ( T a b l e  4 ) .  

Twenty ( 4 8 . 7 8 'jo) o f  t h e  41 o r i g i n a l  a e r o b i c  c u l t u r e s  were  r e 

c o v e r e d  f rom i n o c u l a t e d  m i c e ,  13 ( 3 1 . 7/s) o f  which  were  

d e f i n i t e l y  v i r u l e n t .  R a b b i t s  were f o u n d  t o  be q u i t e  r e s i s t a n t  

t o  t h e  c u l t u r e s  i s o l a t e d  f rom l ambs  and were  n o t  s u i t a b l e  

f o r  p a t h o g e n i c i t y  t e s t s .

The p a t h o l o g i c a l  and b a c t e r i o l o g i c a l  s t u d i e s  r e v e a l e d  

15 d i f f e r e n t  t y p e s  o f  d i s e a s e s  among t h e  55 c a s e s .  They 

w e r e :  W h i t e - m u s c l e  d i s e a s e ,  s t a p h y l o c o c c i c  i n f e c t i o n ,  n a v e l

i n f e c t i o n ,  d o c k i n g  i n f e c t i o n ,  c a s t r a t i o n  wound,  b r o n c h o 

pneumonia ,  p a s t e u r e l l o s i s ,  e n t e r o t o x e m i a ,  m e n i n g i t i s ,  p e r i t o n 

i t i s ,  e n t e r i t i s ,  g a s t r i c  u l c e r s  end p e r f o r a t i o n ,  d i e t a r y  

d e f i c i e n c y ,  c o n g e n i t a l  a n o m a l i e s ,  and an u n d e t e r m i n e d  g r o u p .  

Most  o f  t h e s e  d i s e a s e s  we r e  s t u d i e d  more  o r  l e s s  i n  d e t a i l ,  

and t h e  f o l l o w i n g  d i s e a s e s  o r  c o n d i t i o n s  such  a s  c o n g e n i t a l  

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

p a t e n t  f o r am en  o v a l e ,  g a s t r i c  u l c e r s  and p e r f o r a t i o n ,  a-*<l
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e n c e p h a l o m a l a c i a  a r e  r e p o r t e d  f o r  t h e  f i r s t  t i m e .  The 

f i n d i n g  of  m u s c l e  g i a n t  c e l l s  i n  t h e  c a s e s  of  w h i t e - m u s c l e  

d i s e a s e  and t h e i r  s i g n i f i c a n c e  i n  m y o - r e g e n e r a t i o n  e r e  

c o n s i d e r e d  new t o  m e d i c a l  s c i e n c e  end o f  v i t a l  i m p o r t a n c e  

i n  e x p l a i n i n g  t h e  p a t h o l o g i c a l  phenomenon i n v o l v e d .  In  t h e  

f o l l o w i n g  p a r a g r a p h s ,  a  o r i e f  d i s c u s s i o n  o f  some o f  t h e  

more i m p o r t a n t  c a s e s  i s  g i v e n .

1 ■ C o n g e n i t a 1 i n t e r s t i t i a l  b r onchopneumoni a  {Case 7829) 

Th i s  c a s e  was found i n  a lamb bo r n  on 3 / ? ! / 4 4  and found 

dead a t  7 : 0 0  A.M. t h e  same day .  A p p a r e n t l y ,  t h e  pneumonic  

c o n d i t i o n  must  h a v e  d e v e l o p e d  d u r i n g  i n t r a - u t e r i n e  l i f e .

The h i s t o p a t h o l o g y  r e s e m b l e d  Q u i t e  c l o s e l y  t h a t  f o un d  i n
BP 9 6human c a s e s  r e p o r t e d  by Mac Cb .Hum" ' i n  1919 and S p r u n t ’ i n

1 83 8 .  I t  was a l s o  somewhat  s i m i l a r  t o  t h e  s o - c a l l e d
57 ,58

" p r o g r e s s i v e  p ne um on i a  i n  s h e e p  as  d e s c r i b e d  by Marsh
71

i n  1993 and r e p o r t e d  by t h e  Montana S t a t i o n  i n  19 37 .  This  

f i n d i n g "  woul d i nd i ca t e ' " '  t f l a t  more“ i n t e n s i v e  s t u d i e d  Should '  

be. made on t h e  e t i o l o g y  and e p i d e m i o l o g y  o f  Isrno pneumonia .  

2* P a t e n t  d u c t u s  ar t e r i o s u s  (Case 7308)

T h i s  was f o u n d  i n  a  l amb bo r n  on p / 9 9 / 4 4  and d i e d  on

3 / 9 / 4 4 .  The p a t e n c y  o f  d u c t u s  a r t e r i o s u s  was c o m p l i c a t e d

by b r on ch o p n e u m o n i a  and a  s p e c i e s  of  B a c t e r i u m  was i s o l a t e d

f rom t h e  l u n g s .  O r d i n a r i l y ,  as  r e p o r t e d  by B a r c l a y ,
5

B a n c r o f t ,  end B a r r o n  , t h e  c l o s u r e  o f  d u c t u s  a r t e r i o s u s  

and foramen o v a l e  i n  l ambs  o c c u r s  i n  a few m i n u t e s  a f t e r  

b i r t h .  S i n c e  t h i s  p a r t i c u l a r  d u c t  was n o t  c l o s e d ,  t h e  lamb
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s u f f e r e d  r a t h e r  s e v e r e l y  fro:n p a s s i v e  h y p e r e m i a  and pneu

mo n i a .  I n  human c a s e s  of  p a t e n t  d u c t u s  a r t e r i o s u s ,  Wilson  
113

<°nd Lubschez " (194?) c o n s i d e r e d  i t  as i n s i g n i f i c a n t  i n
48

c h i l d r e n  ( m o r t a l i t y  r a te  0 . 3 8 fo) , w h i l e  Keys and S h a p i r o  

( 1943)  r e g a r d e d  it .  as  a p r e d i s p o s i n g  f a c t o r  t o  v a r i o u s  

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

f a i l u r e ,  c a r d i a c  h y p e r t r o p h y ,  and p u l m o n a r y  d i l a t i o n .

3.  E n c e p h a l i t i s  o r  p r o p  a b l y  l i  s t e r e l l o s i  s _{C as  e 7 415)

Thi s  was s c a s e  of  or on c h opn eum on i  s c o m p l ic a te d  by
• - i -  — .T ~  r-i -I-  -.-1 •? 4 -  ■< « 4 -  4* k*N r~- 1—1 ■»<“> ('Q 4  " ^ 4  -/—> f t  /*> V ^ V ' "1 4  4* 4  <0*

C  I ] ^  td 1 1  i  h  i  a  I J u .  C L l b t i  i  O l O  ;  kJ U  U cm 4.  u i  U i ;  c_/ .L c h w p  p n  r.« j l  U j_ v

i s  o f  s p e c i a l  i n t e r e s t  t o  t h e  w r i t e r .  From 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 e s i o n s  i n  t h e  t h a l m u s  ( s o - c a l l e d  " p e r ic a sc u lo r

c u f f i n g s ") w e r e  somewhat  s i m i l a r  t o  t h o s e  found  i n  c a s e s
31 47

of  o v i n e  l i s t e r  e l  l o s i s  r e p o r t e d  by G i l l  , Jungherr ,
8 34 81

Bi e s t e r  and Sc 'nwar te  , Graham e t  a l  , P e l la s k e  , and
83

Pomeroy e t  e.l . The b r a i n  was n o t  c u l t u r e d  i n  t h i s  p a r t i c u l a r

c a s e  . t h e i  efox e t h e  e t i b l  d g f e e l  a g e n t ’was^ h o t  " "de t e rmi ned .   '■

4 • Br on c- n o pn e um on i  a ( 15  c a s e s )

B ro n ch o p n e u m o n i a  i s  common in  new-born l a m b s .  During 

t h e  l a m b i n g  se a so n  l a s t  y e a r  ( 1 9 4 4 ) , a b o u t  15 c a s e s  o f  

b r o n c h o p n e u m o n i a  ( e i t h e r  wi th or w i t h o u t  c o m p l ic a t io n )  were 

e n c o u n t e r e d ,  and  most  of  them were  o f  t h e  a c u t e  t y p e .  Q u i t e  

p  v a r i e t y  o f  m icro -organ ism s  were i s o l a t e d  from t h e  a f f e c t e d  

l u n g s ,  such  a s :  A c t i n o m y c e s  n e c r o p h o r u s , B a c t e r i u m ,

D ip lo c o cc u s ,  E s c h e r i c h i a ,  N e i s s e r i a ,  Pasteur  e l l s . ,  and

S t a p h y l o c o c c u s .  These f i n d i n g s  a g r e e  q u i t e  w e l l  w ith  t h o s e
9 5 63 P 2 an ̂  49

o f  S p r a y 1 ' . Met tern , Delpy' ~ , /K o sh e le v  , a l t h o u g h
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Ac- t inomyces n e c r o p h o r u s i s  r e p o r t e d  h e r e  f o r  t h e  f i r s t  t i me  

as  one o f  t h e  c a u s a l  a g e n t s  i n  lamb p ne um on i a .  T a k i n g  t h e  

r e s u l t s  o f  t h e  p r e s e n t  and p r e v i o u s  i n v e s t i g a t i o n s ,  i t  

seems  t h a t  t h e  c a u s a l  a g e n t s  o f  l amb pneumonia  a r e  v a r i a b l e  

and n o t  s p e c i f i c .

5. Nave l ,  d oc k i n g ,  and c a s t r a t i on i n f e c t i o n s .

These  t h r e e  d i f f e r e n t  t y p e s  o f  i n f e c t i o n  a r e  d i s c u s s e d  

t o g e t h e r ,  b e c a u s e  t h e y  a r e  more or  l e s s  a r t i f i c i a l l y  p r o 

du ce d  by u n s a n i t a r y  t e c h n i c s ,  i m p r o p e r  d i s i n f e c t i o n  o f  t h e  

n o v e l  and i n s a n i t a r y  s u r r o u n d i n g s . In  t h e  l a m b i n g  s e a s o n  

l a s t  y e a r  ( 1 9 4 4 ) ,  5 c a s e s  o f  n a v e l  i n f e c t i o n ,  ? c a s e s  o f  

d o c k i n g  i n f e c t i o n ,  and 1  c a s e  o f  c a s t r a t i o n  i n f e c t i o n  were  

e n c o u n t e r e d .  The causa] ,  o r g a n i s m s  ( A c t i n o m y c e s n e c r o phor u s , 

B a c t e r i u m ,  C o r y n e b a c t e r i u m ,  Co cc o id  o a c i l l u s  and S t a p h y l o 

c o c c u s ) ,  l i k e  i n  p n e u m o n i a , w e r e  a l s o  v a r i a b l e  and n o t  

s p e c i f i c . The se  d i s e a s e s  were  m e n t i o n e d  and d i s c u s s e d  by

many w o r k e r s  i n  trie "Tib Id""'of v e te r in a r y  research" lo n g  ago," ”■

c u t  t h e y  s t i l l  r e m a i n  s g r e a t  p r ob lem t o  t h e  s h e e p  i n d u s t r y .  

In  o r d e r  t o  p r e v e n t  s u c h  l o s s e s ,  i t  s eems  n e c e s s a r y  t o  pay 

more a t t e n t i o n  t o  a s e p t i c  s u r g i c a l  o p e r a t i o n s ,  d i s i n f e c t i o n  

s r  d e n v i  ronm e n t .

° • Per i t o n i t i s  ( 7406)

C as es  o f  p e r i t o n i t i s  ir.  l ambs  w e r e  b r i e f l y  d i s c u s s e d
?] 30

by C r a i g  and B i t t i n g  i n  1 90 ?  and cy G a l l a g h e r  i n  19?1.

No c a u s a l  a g e n t s  w er e  m e n t i o n e d .  I n  t h e  p r e s e n t  i n v e s t i g a 

t i o n ,  t h e  c a s e  o f  a c u t e  p e r i t o n i t i s  ( c a s e  7406) needs  s p e c i a l  

a t t e n t i o n . The c a u s a l  a g e n t  was a. s p e c i e s  o f  p l e o - m o r p h i c
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g r s m - p o s i t i v e  d i p h t e r o i d  ( C o r y n e b a c t e r i u m )  and t h e  t y p i c a l  

l e s i o n s  were b e a u t i f u l l y  p r e s e n t e d .

P a s t e u r e l l o s i s  ( Cases  7 334- & 7 335)

Six  c u l t u r e s  o f  P a e t e u r e l l a  were  i s o l a t e d  f rom v a r i o u s  

o r g a n s  o f  p a t h o l o g i c a l  l a m b s ,  out  o n l y  two c a s e s  ( 73 34  &

7335)  were  c o n s i d e r e d  t o  be t h e  t y p i c a l  p a s t e u r e l l o s i s .

T n e s e  two c a s e s  vs e r e  found i n  a p a i r  o f  t w i n  lambs  born  on 

3 /30/44-  and w h i c h  d i e d  t h e  n e x t  d a y .  The d i s e a s e  was 

c h a r a c t e r i s e d ,  a s  a n  a c u t e  b a c t e r e m i a  and b l o t c h y  h e m o r r h a g e s  

were  found i n  s u b c u t a n e o u s  t i s s u e  and m u s c l e s  i n  b o t h  c a s e s .
1 -1 Q

S i n c e  P a s t e u r e l l o s i s  was r e p o r t e d  oy Caze , o c c u r r i n g  as  an

e p i z o o t i c  among A l g e r i a n  s h e e p ,  t h i s  g i v e s  t h e  w r i t e r  a

c l e a r - c u t  i m p r e s s i o n  t h a t  P a s t e u r e l l o s i s  i n  n e w - b o r n  lambs

n e e d s  s p e c i a l  a t t e n t i o n .

3 .  S t a p h y l  o c o c c i c  i n f e c t  i o n .

Two c a s e s  ( 73 37 -3 3)  s t a p h y l o c o c c i c  i n f e c t i o n  we r e  found

d u r i n g  t h e  c o u r s e  of  t h i s  s t u d y .  The d i s e a s e  wgg c h a r a c t e r i ? : e d

by a c u t e  s e p t i c e m i a  a s s o c i a t e d  w i t h  m e t a s t a t i c  n e c r o t i c

f o c i  and a b s c e s s - f o r m a t i o n  wh ich  a g r e e s  q u i t e  c l o s e l y  w i t h
.16 ,

t h e  c o n d i t i o n  r e p o r t e d  by b u l l a r o  ( 1 9 3 4 ) .

9 .  E n t e r o t oxemia ( C a s e s  7 399,  74 96 ,  7434,  7 435,  7436)

F i ve  c a s e s  o f  e n t e r o t o x e m i a  w e r e  e n c o u n t e r e d  d u r i n g  t h e  

c o u r s e  of  t h i s  s tudy  , wh i ch  i n d i c a t e s  t h a t  young l a m bs  have  

t h e  same c o n d i t i o n  as  seen  i n  o l d e r  s h e e p  and f e e d  l o t  l a mb s ,  

a l t h o u g h  t h e  f e e d  and e n v i r o n m e n t  a r e  d i f f e r e n t .

• Unde t e rm i  ned c a se_s .

A g r o u p  o f  13 u n d e t e r . n i n e d  c a s e s  was f o un d  d u r i n g  t he
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c o u r s e  of  t h i s  s t u d y .  The c a u s e  o f  d e a t h  i n  t h e s e  c a s e s  

v;ps n o t  d e t e r m i n e d  and no g r o s s  l e s i o n s  werp  o b s e r v e d .

T hi s  g r o u p  p r e s e n t s  a c h a l l e n g e  t o  e x p e r i m e n t a l  i n g e n u i t y .

W h i t e - m u s c l e  d i s e a s e  ( C a s e s  7656- 58)

Two c a s e s  ( 7 3 5 6 - 5 8 )  o f  w h i t e - m u s c l e  d i s e a s e  we r e  e n 

c o u n t e r e d  d u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y .  One (Case  7358) 

o f  t h e s e  two c a s e s  was c o m p l i c a t e d  by  b a c t e r e m i a ,  l e a d i n g  

t o  e b s c - e s s - f o r m a t i o n  and  a r t h r i t i s ,  w h i l e  t h e  o t h e r  (Case  7356)  

was n o t .  I n  t h e  c o m p l i c a t e d  c a s e ,  t h r e e  d i f f e r e n t  k i n d s  o f  

b a c t e r i a  (« S t a p h y l o c o c c u s ,  an u n d e t e r m i n e d  g r a m - p o s i t i v e  

c o c c u s  and a  D i p l o c o c c u s )  were  i s o l a t e d ,  w h e r e a s  i n  t h e  un

c o m p l i c a t e d  o r  t y p i c a l  c a s e  no b a c t e r i a l  forms  wer e  f ou n d .  

A p p a r e n t l y ,  a t y p i c a l  ( o r  u n c o m p l i c a t e d )  c a s e  o f  w h i t e - m u s c l e  

d i s e a s e  i s  n o t  c a u s e d  by any b a c t e r i a l  i n f e c t i o n ,  and t h a t

a g r e e s  v e r y  w e l l  w i t h  t h e  work o f  t h e  hew York ( C o r n e l l )
64 ,  73 ,  10 5 79

S t a t i o n  and t h e  Oregon S t a t i o n  . On t h e  o t h e r
ZL A

h a n d ,  ' Jun^i  t i  r  e n d  'Welch"'"’* f o u n d ' coc-cibia i n  -case ' s’""of'  -
38

" s t i f f - l a m b  d i s e a s e ,  H e a t h  f oun d  an a c i d - f a s t  b s c i x l u s

50
i n  a s i m i l a r  d i s e a s e d  c o n d i t i o n ,  w h i l e  Lee & S c r i v n e r  

i s o l a t e d  3 k i n d s  o f  b a c t e r i a  ( b i p o l a r  r o d s ,  c o c c i , and no n

s p o r e  f o r m i n g  r o d s )  from l a m b s  w i t h  t u i s  m a l a d y . The r e s u l t s  

o f  t h e  p r e s e n t  i n v e s t i g a t i o n  a s  i l l u s t r a t e d  by  Case 7358 

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

a c t u a l l y  d e a l i n g  w i t h  w h i t  e - m u s c l e  d i s e a s e  c o m p l i c a t e d  by 

some o t h e r  i n f e c t i o n .  The b l o o d  s t u d i e s  on w h i t e - m u s c l e  

d i s e a s e  r e v e a l e d  h i g h  v a l u e s  i n  a l l  s i x  b lo od  c o n s t i t u t i o n s
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s t - ud ied  which  a g r e e d  r a t h e r  c l o s e l y ,  e x c e p t  f o r  m i n o r
3 9?d i f f e r e n c e s ,  w i t h  t h e  f i n d i n g s  o f  A n d e r so n  and S h o l T  .

I n  t h o s e  two c a s e s  ( 7 3 5 6 - 5 8 )  s t u d i e d  and p r e s e n t e d  

a b o v e ,  no c a r d i a c  i n v o l v e m e n t s  were  f o u n d .  J u s t  r e c e n t l y ,  

h o w e v e r ,  t h e  w r i t e r  had  an o p p o r t u n i t y  to  s tu dy  a  c a s e  of  

w n i t e - m u s c l e  d i s e a s e  i n  s yo ung  lemb ( Cas e  6598)  f rom our  

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

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

m u s c l e  out  more  m i t o t i c  f i g u r e s  we r e  n o t e d  i n  t h e  r e g e n e r a t 

i n g  musc le  c e l l s  ( F i g .  53) a n a  s m a l l e r  m us c l e  g i a n t  c e l l s  

wer e  s e e n  (Fig ' .  5 4 ) .  The c e l l  w i t h  t h e  m i t o t i c  f i g u r e  or  

w i t h  t h e  s o - c a l l e d  " p e c u l i a r  n u c l e a r  s t r u c t u r e "  f o u n d  i n

t h e  h e a r t  was f i r s t  d e s c r i b e d  by Ani t schkow i n  1913 and
1 S 0

was c a l l e d  t h e  " An i t sch kow myocyte"  . An i t schk ow b e l i e v e d  

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

h e a r t  b u t  t h i s  o b s e r v a t i o n  was d i s r e g a r d e d  by E h r l i c h  and
IQa 19a

Ixapan~r -hirv 1-.9 3Q- a.nd-Glsw-son . a.nd,-.,.Dow.ne-y -- ■••■-in'. 19-41-.

E h r l i c h  and Lapan  were c o n v i n c e d  t h a t  t h i s  c e l l  a r o s e  from

t h e  i n t e r s t i t i a l  t i s s u e s  o f  t h e  h e a r t  and c a l l e d  i t  a

" m y o c a r d i a l  r e t i c u l o c y t e "  w h i l e  Clawson and Downey t h o u g h t

i t  s h o u l d  be c a l l e d  a  " c a r d i a c  h i s t i o c y t e "  s i n c e  t h e  t e r m

" r e t i c u l o c y t e "  i s  a p p l i e d  t o  a  r e d  b l o o d  c e l l .  S i n c e  t h e n ,

i t  h a s  been g e n e r a l l y  a g r e e d  t h a t  i t  d e v e l o p s  f rom c a r d i a c

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

1 3f i b e r s .  Boyd d e s c r i b e d  t h i s  c e l l  as  "a c a r d i a c  h i s t i o c y t e  

wn i ch  i n  i n f l a m m a t i o n  shows i n c r e a s e d  cy t op lasm. ,  a h i g h l y  

c h a r a c t e r i s t i c  s e r r a t e d  b a r  o f  c h r o m a t i n  i n  t h e  c e n t e r  of



*1 n  r»- l o o —

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

p e r i p h e r y . "  A p p a r e n t l y ,  Boyd d i d  n o t  n o t i c e  t h a t  t h e

" p e c u l i a r  n u c l e a r  s t r u c t u r e "  was n o t h i n g  more t h a n  a

b e a u t i f u l  m i t o t i c  f i g u r e  ( p r o b a b l y  i n  t h e  m e t a p h a s e  s t a g e )

i n  an a c t i v e l y - p r o l i f e r a t i n g  r e g e n e r a t i n g  m usc l e  c e l l  i n

t h e  h e a r t .  I n  f a c t ,  c e l l s  o f  such  k i n d ,  i n  t h e  h e a r t ,  as
] 9ap o i n t e d  o u t  by E h r l i c h  and Lapan , were  n o t  o n l y  f r e q u e n t l y  

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

p a t h o l o g i c  s t a t e s ,  such as  s e p s i s ,  m e n i n g o c o c c i c  b a c t e r e m i a ,  

R c p r l e t  f e v e r ,  p e r i c a r d i t i s  n o d o s a ,  and s u b a c u t e  b a c t e r i a l  

e n d o c a r d i t i s .  U n d o u b t e d l y ,  c e r t a i n  r e g e n e r a t i n g  c a r d i a c  

m u s c l e  c e l l s  w i t h  m i t o t i c  f i g u r e s  may be e x p e c t e d  u n d e r  t h o s e  

c o n d i t i o n s .

Another  i n t e r e s t i n g  b u t  i m p o r t a n t  p o i n t  s h o u l d  be  men

t i o n e d  h e r e  i n  r e g a r d  t o  r e g e n e r a t i o n  o f  h e a r t  m u s c l e . Boyd''' 

s t a t e d  t h a t  " p l a i n  mu sc l e  and  h e a r t  m u s c l e  f i b e r s  do n o t

• r e g e n e r a t e  ; - u n i o n .  o f  ' t h e  d i v i d e . d  parte-...is....by  scar ,  - t i ssue-"   -

Fro.a t h e  r e s u l t s  o f  p r e se n t ,  i n v e s t i g a t i o n  i t  seems t h a t  t h e  

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

c e r t a i n  c o n d i t i o n s  ( w h i t e - m u s c l e  d i s e a s e  i n  l amb c a s e  6 59 8 ) .  

M o re o v e r ,  s i n c e  t h e  s o - c a l l e d  " An i t sch kow  my o c y t e s  were  ob

s e r v e d  i n  a riumoer o f  p a t h o l o g i c  c o n d i t i o n s  of  t h e  h e a r t  by

E h r l i c h  and L a p a n 1 0 8  and i n  s y p h i l i t i c  m y o c a r d i t i s  (gumma o f
13 SQ 76

I i e a r t )  as  r e p o r t e d  by many o t h e r  w o r k e r s  ' ' , f u r t h e r

e v i d e n c e  was f u r n i s h e d  t o  s u b s t a n t i a t e  t h e  f a c t  t h a t  c a r d i a c  

m u s c l e  m i g h t  a l s o  r e g e n e r a t e  u n d e r  some o f  t h e s e  c o n d i t i o n s .
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The h i s t o - p a t h o l o g y  o f  w h i t e - m u s c i e  d i s e a s e  i n  lambs

was b r i e f l y  worked,  ou t  f i r s t  by M et zge r  end Hagan0 '  i n  19?7 ,

They ment ioned ,  f o u r  main  p o i n t s ,  n a m e l y ,  ( l )  w h i t i s h  s t r e a k s

o r  p a t c h e s  as  t h e  g r o s s  l e s i o n  i n  t h e  m u s c l e ;  (£)  i t  i s

d e g e n e r a t i v e  an d  n o t  i n f l a m m a t o r y ;  (3)  p r a c t i c a l l y  no c e l l

i n f i l t r a t i o n  by p o l y m o r p h o n u c l e a r  o r  o t h e r  w a n d e r i n g  c e l l s ;

(A)  o c c a s i o n a l l y  e p h a g o c y t i c  c e l l  was f o u n d .  The r e s u l t s

o f  t h e  p r e s e n t  i n v e s t i g a t i o n  a g r e e  i n  c e r t a i n  r e s p e c t s  w i t h

t h e i r  f i n d i n g s  b u t  n o t  i n  a l l .  A p p a r e n t l y ,  M e t z g e r  and

Hagan d i d  n o t  n o t i c e  muscle;  g i a n t  c e l l s  nor  t h e  p r o l i f e r a t i v e

a c t i v i t i e s  o f  t h e  r e g e n e r a t i n g  m u sc l e  c e l l s  whi ch  a r e  so

v i t a l  and s i g n i f i c a n t  t o  t h e  p a t h o l o g i c a l  p r o c e s s e s  o f  t h i s

p a r t i c u l a r  d i s e a s e .  F o l l o w i n g  Metz ge r  and Hagan,  q u i t e  a
46number  o f  r e s e a r c h  w o r k e r s ,  J u n g h e r r  and  Y/elch , members

77
of  t h e  V e t e r i n a r y  R e s e a r c h  L a b o r a t o r y  o f  Oregon S t a t i o n  ,

38 60 9 3
H e a t h  , Marsh , S l e g s v o l d  and L u n d - ^ a r s o n '  , Lee end
   cy)-....   -..........     .,'"=.38....  85      1Q5-111 ...
S c r i v n e r "  , S c h o l f i e l d  , Salyi .  , and if i  l i ma n  e t  a l  ,

were a c t i v e l y  e ng a g e d  i n  s tu dy i ng -  t h e  p a t h o l o g i c a l  a s p e c t

o f  t h e  d i s e a s e .  Up t o  t h i s  moment,  l i t t l e  ad va nc e  h a s  been

made toward  t h e  s o l u t i o n  o f  t h e  p r o b l e m ,  and. c o n f u s i o n  s t i l l

e x i s t s .  I t  seems r a t h e r  s t r a n g e  t h a t  n o t  a s i n g l e  wo rke r

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

To s t a t e  b r i e f l y ,  t h e  h i s t o - p a t h o l o g y  of  w h i t e - m u s c l e

d i s e a s e  i n v o l v e s  m y o d e g e n e r a t i o n  f o l l o w e d  b y  m y o - r e g e n e r a t i o n .

In  t h e  d e g e n e r a t i v e  c h a n g e s ,  t h e  i m p o r t a n t  f e a t u r e  i s  h y a l i n a -

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

t h e  n u c l e a r  p r o l i f e r a t i o n  f rom the  u n a f f e c t e d  m u s c l e  f i b e r s  

o r  from t he  s u r v i v e d  s a rc o l e mm a  l e a d  t o  t h e  f o r m a t i o n  of  

m u s c l e  g i a n t  c e l l s  and  r e g e n e r a t i n g  m u s c l e  f i b e r s .  The 

f u n c t i o n  o f  t h e  m u s c l e  g i a n t  c e l l s  i s  t o  remove t h e  dead  

t i s s u e s  w h i l e  t h a t  o f  r e g e n e r a t i n g  m u s c l e  f i b e r s  i s  t o  f i l l  

t h e  ga ps  l e f t  by damaged t i s s u e .  I f  t h e  damage was  so 

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

b l a s t i c  p r o l i f e r a t i o n  and s u b s e q u e n t  f i b r o s i s  wo ul d  t a k e  

p l a c e  and t h e  l e s i o n  would  be  f i l l e d  w i t h  f i b r o u s  a nd  a d i p o s e  

t i s s u e .  I n  t h e  h e a r t ,  t h e  l e s i o n s  a r e  somewhat  s i m i l a r  t o  

t h o s e  found i n  t h e  s k e l e t a l  musc l e  bu t  more m i t o t i c  f i g u r e s  

i n  t h e  r e g e n e r a t i n g  m u s c l e  f i b e r s  and  s m a l l e r  g i a n t  c e l l s  

w e r e  o b s e r v e d .

R e g a r d i n g  t h e  s u b j e c t  o f  " m y o d e g e n e r a t i o n  and myo-

r e g e n e r a t i o n "  i n  g e n e r a l ,  i t  was n o t i c e d  t h a t  many w o r k e r s

i n ’ t h e  '"field'  o f  p a t h o l o g y  H a v e  been  a c t i v e l y '  engaged,  i n  such
] 0]a s t u d y .  As e a r l y  as  1 86 ? ,  Vi rchow" " was a b l e  t o  f i n d  t h e

s o - c a l l e d  " r e p a i r  c l u b s  o f  s t r i p e d  m u s c l e "  i n  r e g e n e r a t i n g

m u s c l e .  He m e n t i o n e d  t h a t  t h e s e  r e p a i r  c l u b s  c l o s e l y  r e -
51

sembled.  m y e l o p l a x e s .  I n  1899 ,  L e j a r s  and h i s  f r i e n d  F i l l e t  

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

m u l t i n u c l e s t e d  g i a n t - c e l l s  from the  s t r i a t e d  f i b e r s .  S ince  

t h e i r  d e s c r i p t i o n  was b r i e f  and p o o r l y  i l l u s t r a t e d  (hand 

d r a w i n g ) ,  t h e i r  work h a s  l o n g  been  d i s r e g a r d e d .  Moreover ,

L e j a r s  and h i s  f r i e n d  d i d  n o t  a p p r e c i a t e  t h e  s i g n i f i c a n c e  

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

n o t  know t h e  e x a c t  f u n c t i o n  o f  t he  c e l l  and p r o c e s s  o f  i t s
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37
f o r m a t i o n .  I n  1901 ,  Mere h a n d  m e n t i o n e d  such  " r e p a i r  c l u b s  

o f  s t r i p e d  m u s c l e s "  and i n c l u d e d  them among t he  s o u r c e  of

f o r e i g n  body g i a n t  c e l l s .
55M a l l o r y " '  t 1914,  e x p l a i n e d  t h e  v a r i o u s  a p p e a r a n c e s  o f  

i n j u r e d  s t r i p e d  m u s c l e  and s t a t e d  t h a t  "when t h e  whole  m u s c l e  

f i b e r  i s  k i l l e d ,  i t  i s  n o t  r e g e n e r a t e d .  When on l y  a p a r t  of  

one o f  t h e  f i b e r s  i s  d e s t r o y e d ,  a c t i v e  r e g e n e r a t i o n  of  t h e  

p a r t  which  h a s  n o t  u n d e r g o n e  n e c r o s i s  t a k e s  p l a c e  f rom t h e  

p a r t  wnich  r e m a i n s  u n i n j u r e d .  The i n t a c t  n u c l e i  u n d e r g o  

r a p i d  d i r e c t  d i v i s i o n  and e a ch  f orms  s e v e r a l  d o zen  s e p a r a t e

n u c l e i ............... The new n u c l e i  m i g r a t e  t o  t he  p e r i p h e r y  and

t h e  i n j u r e d  e n d  o f  t h e  m u s e l e - f i b e r ...................The p r o c e s s  of

r e g e n e r a t i o n  o f  m u s c l e - f i b e r s  i s  c o m p l i c a t e d  and made con

f u s i n g  by t h e  p r e s e n c e  o f  numerous  l e u c o c y t e s  a t t r a c t e d  by 

t h e  i n j u r i o u s  a g e n t  and by t h e  i n j u r e d  t i s s u e .  Somet imes  

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

m o r p h o n u c l e a r  l e u k o c y t e s ,  w h i c h  u s u a l l y  ‘I n v a d e  t h e  f i b e r s ;   ......*

............... bu t  a t  o t h e r  t i m e s  o n l y  e n d o t h e l i a l  l e u k o c y t e s  a r e

p r e s e n t .  They a t t a c k  n e c r o t i c  m u sc l e  s u b s t a n c e  f rom t h e  

p e r i p h e r y  and g r a d u a l l y  d i s s o l v e  i t ,  w o rk i ng  s l o w l y  from 

w i t h o u t  i n w a r d .  M i t o s e s  i n  t h e s e  e n d o t h e l i a l  l e u c o c y t e s  

a r e  not, i n f r e q u e n t .  O c c a s i o n a l l y ,  m u l t i p l e  m i t o s e s  o ccu r  

f rom which m u l t i n u c l e a t e d  c e l l s  r e s u l t .  More o f t e n  some o f  

t h e  e n d o t h e l i a l  l e u c o c y t e s  f u s e  t o  form f o r e i g n  body  g i a n t -  

c e l l s . Somet imes  t h e  two p r o c e s s e s  o f  r e g e n e r a t i o n  and o f  

r e m o v a l  o f  t h e  n e c r o t i c  m u s c l e - t i s s u e  o f  t he  same m u s c l e - f i b e r  

o v e r l a p  and  r e n d e r  t h e  p i c t u r e  d i f f i c u l t  t o  i n t e r p r e t " .
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A c c o r d i n g  to  M a l l o r y ,  m y o - r e g e n e r a . t i o n  was a p p a r e n t l y  p o s s i b l e  

and m u l t i n u c l e a t e d  g i a n t  c e l l s  d i d  e x i s t .  These two p o i n t s  

a g r e e  v e r y  w e l l  w i t h  our  f i n d i n g s .  However ,  h i s  o b s e r v a t i o n  

on t h e  r e m o v a l  o f  dead  m u s c l e  t i s s u e  by p o l y m o r p h o n u c l e a r  

l e u c o c y t e s  o r  e n d o t h e l i a l  l e u c o c y t e s ,  and t he  f o r m a t i o n  of  

m u l t i n u c l e a t e d  g i a n t - c e l l s  from e n d o t h e l i a l  l e u c o c y t e s  was 

o u i t e  c o n t r a r y  t o  our  f i n d i n g s  and was  v e r y  m i s l e a d i n g .
rn  r*f -O

I n  1PP6,  F o r b u s  i n v e s t i g a t e d  t h e  d e g e n e r a t i o n  and r e 

g e n e r a t i o n  o f  t h e  r e c t u s  a b d o m i n i s  i n  p n e u m o n i a . He p o i n t e d  

out  t h a t  f o l l o w i n g  d e g e n e r a t i o n  o f  t h e  m us c l e  ( i  e . h vs i  i t ip 

d e g e n e r a t i o n ) , r e g e n e r a t i v e  c h an g es  o c c u r r e d  which  l e d  to  

t h e  t o t a l  r e s t o r a t i o n  o f  t h e  a f f e c t e d  m u s c l e .  T h i s  r e 

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

of  whi ch  was a s  f o l l o w s :  "The h y a l i n e  c o n t r a c t i l e  s u b s t a n c e

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

p h a g o c y t i c  c e l l s  which  a r e  o f  e x t r a m u s c u l a r  o r i g i n .  The

- m u s c l e - n u c l e i "  o f —the;- old., fiber*'  p r o l i f e r a t e  -.and, p r o d u c e  ""new .

m u s c l e  c e l l s ,  t h e i r  c y t o p l a s m  b e i n g  d e r i v e d ,  from t h e  e a r  co

p l a s m  of  t h e  o l d  p a r t i a l l y  p r e s e r v e d  f i b e r .  From t h o s e  

m u s c l e  c e l l s ,  t h e  new f i b e r  d e v e l o p s ,  e i t h e r  from g r o w t h  o f  

t h e  i n d i v i d u a l  c e l l  o r  f rom f u s i o n  o f  s e v e r a l  c e l l s " .  The 

f i n d i n g s  i n  w h i t e - m u s c l e  d i s e a s e  a g r e e  i n  most  r e s p e c t s  w i t h  

t h e  work o f  F o r c e s  except ,  f o r  t h e  o r i g i n  o f  t h e  p h a g o c y t i c  

c e l l s  found, i n  t h e  p r o c e s s  o f  m y o - r e g e n e r s t i o n  and. t h e  

f u s i o n  of  s e v e r a l  c e l l s  t o  form new f i b e r .  A c c o r d i n g  t o  our  

f i n d i n g s ,  t h e  p h a g o c y t i c  c e l l s  ( t h e  m u s c l e  g i a n t  c e l l s )  a re  

of  m u s c u l a r  o r i g i n  and F o r b u s 1 f u s e d - c e l l s  a r e  i n  r e a l i t y
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m u l t i n u c l e a t e d  m u s c l e  g i a n t  c e l l s .

I n  t h e  same y e a r  ( 1 9 3 6 ) .  F or bus  ' c o n d u c t e d  an e x p e r i 

m e n t a l  s t u d y  on m y o d e g e n e r a t i o n  and my o r e  g e n e r a t i o n  u s i n g  

v i t a l  s t a i n s .  As a r e s u l t ,  he c o n f i r m e d  h i s  p r e v i o u s  work 

and. s t a t e d  t h a t  " t he  p h a g o c y t i c  c e l l s  f o u n d  w i t h i n  t h e  

p e r s i s t e n t  sarcolemma. ,  wh i ch  t o g e t h e r  w i t h  t h e  m u s c l e  c e l l s  

d e r i v e d  from t h e  musc l e  n u c l e i  form t h e  " M u s k e l z e l l e n s c h l a u c h e  

o f  V. 'aldeyer ,  a r e  w a n d e r i n g  c e l l s  o f  e x t r a - m u s c u l a r  o r i g i n  

and have  no c o n n e c t i o n  w i t h  t h e  m u sc l e  c e l l s " ,  a l t h o u g h  he 

m e n t i o n e d  t h a t  "musc le  c e l l s  as  w e l l  as  p h a g o c y t i c  c e l l s  o f  

t he  " M u s k e l z e l l e n s c h l a u c h e " a r e  c a p a b l e  o f  o e i n g  s t a i n e d  by 

i n t r a v e n o u s  i n j e c t i o n  of  v i t a l  dyes  ( c a r m i n e  o f  t r y p a n  b l u e )  

d u r i n g  t h e i r  d e v e l o p m e n t ,  and  h ence  such  v i t a l  s t a i n i n g  

a l o n e  i s  i n s u f f i c i e n t  f o r  d i f f e r e n t i a t i n g  be t ween  c e l l s  of  

m u s c l e  o r i g i n  and c e l l s  o f  e x t r a m u s c u l a r  o r i g i n " .  U n f o r t u n a t e  

l y , Forbus  d i d  n o t  u s e  M a l l o r y ' s  a n i l i n  b l ue  s t a i n  i n  s tudying:

the  „..pr,eserved tissues," ' n th e r v i s e .J ie . , . . .would have .realhzedl t h a t    *

t h e  m u sc l e  g i a n t  c e l l s  end t h e  r e g e n e r a t i n g  m u s c l e  c e l l s  

w o u l d  have  e x h i b i t e d  t he  same s t a i n i n g  a f f i n i t y  and some 

n u c l e i  of  t h e s e  two n e w l y - f o r m e d  c e l l s  would a p p e a r  e x a c t l y  

t h e  same.  T h i s  would h ave  i n d i c a t e d  c l e a r l y  t h e  m u s c u l a r

b u t  n o t  e x t r a - m u s c u l a r  o r i g i n  o f  t h e  m u s c l e  g i a n t  c e l l s ,  
x?

Hay t h o r n ' ” , i n  1938 ,  p u b l i s h e d  an e x t e n s i v e  review/  on 

t h e  s u b j e c t  o f  " m u l t i n u c l e a t e d  g i a n t  c e l l s " .  He m e n t i o n e d  

t h e  t e r m "Muscle G i a n t  C e l l s "  but h e s i t a t e d  t o  b e l i e v e  t h a t  

t h e y  e x i s t e d .  He was of t h e  o p i n i o n  t h a t  " w h i l e  m u s c l e  

r e p a i r  c l u b s  may r e s e m b l e  f o r e i g n  oody g i a n t  c e l l s ,  i t  i s

l
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d o u ' o t f u l  i f  t h e y  c a n  t a k e  p a r t  i n  t h e i r  f o r m a t i o n  i n  any 

c a p a c i t y  o t h e r  t h a t  t h a t  o f  a  f o r e i g n  body which  a t t r a c t s  

t h e m " . In  f a c t ,  he  a g r e e d  w i t h  M a l l o r y  and For bu s  and 

c o n s i d e r e d  t h e  s o - c a l l e d  " f o r e i g n  g i a n t  c e l l s "  i n  myo-

r e g e n e r a t i o n  a s  o f  e x t r a - m u s c u l a r  o r i g i n .

33I n  1 9 3 1 ,  G o e t t s c l i  and Pappenhe i mer ' "  r e p o r t e d  t h e i r  

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

t h e  g u i n e a  p i g  and r a b o i t . They w e r e  a b l e  t o  f i n d  t h e  seme 

p r o c e s s e s  o f  m y o d e g e n e r a t i o n  f o l l o w e d  by m y o - r e g e n e r a t i o n  

out  agreeo.  e n t i r e l y  w i t h  F o r b u s  i n  r e s p e c t  t o  t h e  o r i g i n  o f  

t h e  s o - c a l l e d  i n v a d i n g  " p h a g o c y t i c  h i s t i o c y t e s " .  They a l s o  

f ou nd  l a r g e  r n u l t i n u c l e a t e d  p l a s m a t i c  m a s s e s ,  l y i n g  a g a i n s t  

t h e  n e c r o t i c  r e m a i n s  o f  t h e  musc l e  s u b s t a n c e .  I n  f a c t ,  a c c o r d 

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

m a s s e s  e r e  n o t h i n g  more t h a n  musc l e  g i a n t  c e l l s  a nd  t h e  

s o - c a l l e d  " p h a g o c y t i c  h i s t i o c y t e s "  a r e  most  l i k e l y  t h e  

d e v e l o p i n g  m u s c l e  g i a n t  c e l l s .
2 4 , 2 5

The f o l  l o w i n g  y e a r  ( 1 93 2  a ,  b) , F i s h b a c k  a n d  F i s h b a c k  

made an e x p e r i m e n t a l  s t u d y  on musc l e  d e g e n e r a t i o n  by u s i n g  

d i f f e r e n t  t y p e s  o f  t rauma. .  They found  t h a t  a m o d e r a t e  d i f f u s e  

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

was i n d u c e d  w i t h i n  24 h o u r s  a f t e r  i n j u r y  b u t  su ch  i n f i l t r a 

t i o n  b e g an  t o  f a d e  a t  72 h o u r s .  At t h e  end. o f  f i v e  days  

t h e r e  were no i n f l a m m a t o r y  c e l l s  l e f t .  S e v e n t y - t w o  h o u r s  

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

and a t  t h e  end. o f  f i v e  d a y s ,  marked e a r l y  m u sc l e  c e l l  p r o 

l i f e r a t i o n  o c c u r r e d  a r o u n d  t h e  m ar g i n  o f  p a t c h e s  o f  t h e  f i b e r
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de g e n e r a t i o n .  Th er e  were numerous  i r r e g u l a r  s i n g l e  c e l l s  

w i t h  f i b r i l l a r  e x t e n s i o n s , and s y n c y t i a l  s p r  o u t s  w i t h  

m u l t i p l e  n u c l e i .  On t h e  1 8 t h  and S l s t  d a y s  a few a r e a s  of  

a l m o s t  n o r m a l  s i z e d  new f i b e r s  were  f o u n d .  The s o - c a l l e d  

" s y n c y t i a l  s p r o u t s "  w i t h  m u l t i p l e  n u c l e i ,  a c c o r d i n g  t o  o u r  

e x p l a n a t i o n ,  a r e  p r o b a b l y  t h e  musc l e  g i a n t  c e l l s .

Two y e a r s  l a t e r  ( 1 9 3 4 ) ,  P ao p en h e i m e r  and Goet t - sch  

worked on t h e  p r o b l e m ,  " N u t r i t i o n a l  myopathy  i n  d u c k l i n g s " ,

The myopathy was  i n d u c e d  b y  a  s p e c i a l  d i e t  c o n s i s t i n g  o f  

skimmed, m i l k  p owd er ,  c a s e i n ,  c o r n - s t a r c n ,  l a n d ,  coo l i v e r  o i l ,  

y e a s t ,  s a l t s ,  end  p aper  p u l p .  The p a t h o l o g i c a l  c h a n g e s  

wer e  found i n  t h e  s k e l e t a l  m u s c l e s  as  h y a l i n e  or  waxy de

g e n e r a t i o n .  I n  t h o s e  c a s e s  which  s u r v i v e d  l o n g e r ,  t h e r e  was 

an ex t reme  c e l l u l a r  r e s p o n s e  i n  wh ic h  m y o b l a s t s ,  h i s t i o c y t e s ,  

and l e u c o c y t e s  o f  d i f f e r e n t  t y p e s  t o ok  p i e c e .  O c c a s i o n a l l y ,

b a s o p h i l i c  r e g e n e r a t i n g  m y o c y t e s  wer e  p r e s e n t .
 • ,      5 .4 ....... •• ... ......

Madsen,  e t  a.i , '  in~‘ 1 9 3 5 ,  p u b l i s h e d " “wobk "brf " ' N u t r i t i o n a l '

m y o d e g e n e r a t i o n  o f  h e r b i v o r e ,  f e d  n o r m a l  and s y n t h e t i c  r a t i o n s " .  

A m y o - d e g e n e r a t i o n  was f o u n d  i n  the  l e s i o n s  and an a c t i v e  

; n y o p h a g o c y t o s i s  was  o bs e rv ed ,  t o  occur* s h o r t l y  a f t e r  i n j u r y .

They d i d  n o t  m e n t i o n e d ,  h o w e v e r ,  t h e  type  o f  c e l l s  r e s p o n s i b l e  

1 0 r  my0 ph 0 g o c y t o s i  s .

I n  1943,  Boyd1,5 d i s c u s s e d  g i a n t  c e l l s  and. s t a t e d  "when 

t h e  i n d i v i d u a l  m a c r o ph ag es  a r e  u n a b l e  t o  d e a l  w i t h  p a r t i c l e s  

t o  be  r emoved ,  t h e y  f u s e  t o g e t h e r  t o  form m u l t i n u c l e a t e d  

p l a n t  c e l l s . — - S u c h  a  f o r e i g n  cody g i a n t  c e l l  i s  a c y t o p l a s m ;  

a s y n c y t i u m  c o n t a i n i n g  a l a r g e  number  o f  n u c l e i . I n  t h i s



f o r m ,  i t  s eems  t o  have  g r e a t e r  p h a g o c y t i c  power t h a n  when 

t h e  c e l l s  a c t  s i n g l y " .  The w r i t e r  a g r e e s  w i t h  B o y d ’s 

i n t e r p r e t a t i o n  r e g a r d i n g  t h e  f u n c t i o n  o f  g i a n t  c e l l s  and 

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

i d e a  as  t o  t h e  o r i g i n  o f  m u s c l e  g i a n t  c e l l s .  Boyd a l s o  

m e n t i o n e d  t h a t  "some g i a n t  c e l l s  a r e  f o r m e d  by a m i t o t i c  

d i v i s i o n  o f  t h e  n u c l e u s "  which i s  a p p a r e n t l y  n o t  found  i n  

t h e  mu sc l e  g i a n t  c e l l s .  Again  i n  r i s  b o o k , Boyd s t a t e d  

t h a t  " H e s l i n g  i n  t h e  m u s c l e  depends  on t h e  k i n d s  o f  m u s c l e .  

P l a i n  m us c l e  end h e a r t  m u s c l e  f i b e r s  do n o t  r e g e n e r a t e ; 

u n i o n  o f  t h e  d i v i d e d  p a r t s  i s  by s c a r  t i s s u e .  S t r i a t e d  

m u s c l e  h a s  g r e a t e r  r e p a r a t i v e  p o w e r . The e x t e n t  o f  r e 

g e n e r a t i o n  d e p e n d s  or. t h e  t y p e  o f  i n j u r y .  I n  an i n c i s e d ,  

wound v; i th no l o s s  o f  s u b s t a n c e ,  t h e  n u c l e i  o f  t h e  s a r c o -  

lemma p r o l i f e r a t e  and form r n u l t i n u c l e a t e d  s y n c y t i a l  m as se s  

w h i l e  t h e  s a r c o u s  s u b s t a n c e  p u t s  o u t  b a n d s  whi ch  b r i d g e  t h e

gap "and' e v e n t u a l l y  bebome ""'"striale"ti. On ""the other*■ h a n d y  

when t h e  m u s c l e  f i b e r s  h a v e  been  d e s t r o y e d ,  t h e  d e b r i s  i s

r em o ve d  by m o n o n u c l e a r  p h a g o c y t e s ,  wh i ch  may form g i a n t  

c e l l s ,  and t h e  g a p  i s  c l o s e d  by f i b r o u s  t i s s u e s ” . The 

w r i t e r  a g r e e s  i n  c e r t a i n  r e s p e c t s  w i t h  B o y d ' s  s t a t e m e n t  as  

t o  t h e  p r o c e s s e s  i n v o l v e d  i n  m yo - r e g e n e r - a t i o r .  b u t  d o e s  n o t  

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

p h a g o c y t e s  n o r  t o  t h e  o r i g i n  o f  t h i s  p a r t i c u l a r  g r o u p  of  

r i a n t  c e l l s  f rom m o n o n u c l e a r  p h a g o c y t e s .  In  f a c t ,  B o y d ' s  

" m u l t i n u c l e a t e d  s y n c y t i a l  m a s s "  s h o u l d  be r e g a r d e d  a s  one 

o f  t h e  m u s c u l a r  g i a n t  c e l l s .
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r>8
I n  t h e  same y e a r  ( 1 9 4 3 ) ,  Forbus  , i n  d e a l i n g ;  w i t h  

Asc'noff c e l l s ,  s t a t e d :  "The n a t u r e  and t h e  o r i g i n  o f  t h e

c u r i o u s  s i n g l e  and. r n u l t i n u c l e a t e d  g i a n t  c e l l s  wn i ch  are so 

c h a r a c t e r i s t i c  o f  t h e  t y p i c a l  A s c h o f f  bod y  h a s  been a s u b 

j e c t  o f  l o n g  d i s c u s s i o n .  These  c e l l s  h av e  b e e n  d e s c r i b e d  

v e r y  c a r e f u l l y  by a  number  o f  w o r k e r s .  The e a r l i e s t  was 

A s c h o f f  and he t h o u g h t  i t  m o s t  l i k e l y  t h a t  t h e y  a r i s e  from 

wha t  he  c a l l e d  t h e  a d v e n t i t i a l  c e l l s  o f  the  b l o o d  v e s s e l s .  

L a t e r ,  G eipel e x p r e s s e d  t he  o p i n i o n  t h a t  t h e y  a r e  p r o b a b l y

6 .e r i v e d  xruii) orclii i&ry conr i6 c11vc 1 1 s s u 6 C e l l s .  S i n e s  *fclis 

e a r l y  d e s c r i p t i o n s ,  o p i n i o n  as  t o  t h e  n a t u r e  o f  t h e s e  c e l l s  

h av e  v a r i e d ,  a s  i n d i c a t e d  by t h e  many names  g i v e n  t o  them,  

f o r  exampl e ,  f i b r o b l a s t s ,  c o n n e c t i v e  t i s s u e  c e l l s ,  endo

t h e l i a l  c e l l s ,  e p i t h e l i o i d  c e l l s ,  m u s c l e  c e l l s ,  and so 

f o r t h .  The r e c e n t  s t u d i e s  by Me Even, i n  which modern, 

s u p r a v i t a l ,  c y t o l o g i e s !  t e c h n i q u e s  w e r e  u s e d ,  seem t o  show 

.. t hat-“~ the ' ' As-eho -f f - c e l l s  most " L ik e l y  a r l-ee~~from u n d i f  f e r e n t i n t 

ed mesenchymal  e l e m e n t s  o f  l o o s e  c o n n e c t i v e  t i s s u e .  I n  l i n e  

w i t h  t h e se  o b s e r v a t io n s ,  i t  would seem most  l i k e l y  th a t  the  

d e v e l o p m e n t  o f  t h e  p e c u l i a r  A s c h o f f  c e l l s  c o n s t i t u t e s  s im pl y  

a p a r t ,  and y e t  a r a t h e r  p e c u l i a r -  p e r t ,  o f  t he  h e a l i n g  r e 

a c t i o n  o f  t h e  c o n n e c t i v e  t i s s u e . "  A p p a r e n t l y ,  no one has  

been a b l e  t o  a s c e r t a i n  t h e  e x a c t  n a t u r e  and o r i g i n  o f  the  

s o - c a l l e d  " A s c h o f f  c e l l s " .  R e f e r r i n g ;  t o  t h e  s t u d y  on w h i t e  

m u s c l e  d i s e a s e  of  new-born l a m b s ,  i t  was o b s e r v e d  t h a t  t h e  

m u s c l e  g ia n t  c e l l s  i n  t h e  h e a r t  were s m a l l e r  t h a n  t h o s e  

f o un d  i n  the  s k e l e t a l  m u s c l e  b u t  p o s s e s s e d ,  a l l  t h e
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c h a r a c t e r i s t i c s  o f  t h e  s o - c a l l e d  " A s c h o f f  c e l l s " .  Th i s  l e a d s  

t h e  w r i t e r  t o  b e l i e v e  t ha t ,  t h e  s o - c a l l e d  " A s c h o f f  c e l l s "  a r e  

p r o b a b l y  n o t h i n g  more t h a n  c a r d i a c  m u s c l e  g i a n t  c e l l s  and 

t h e  " As c ho f f  b o d i e s "  i n  myocardium a r e  o n l y  m a s s e s  o f  t i s s u e  

c o n s i s t i n g  o f  r e g e n e r a t i n g  c a r d i a c  m u s c l e  c e l l s  and  c a r d i a c  

m u s c l e  g i a n t  c e l l s  t o g e t h e r  w i t h  a  few f i b r o b l a s t s ,  o c c a s i o n 

a l  p lasma c e l l s ,  l y m p h o c y t e s ,  and p o l y m o r p h o n u c l e a r  l e u c o c y t e s .  

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

s i t u a t i o n .
*7 o

I n  the Same y e a r  ( 1 3 4 3 ) ,  O g i l v i e  m e n t i o n e d  gumma o f  

h e a r t  ( s y p h i l i t i c  m y o c a r d i t i s )  and s t r e s s e d  t h e  e x i s t e n c e  

o f  g i a n t  c e l l s ,  s t a t e d  5 "Here end t h e r e ,  a g i a n t  c e l l

i s  p r e s e n t .  B u t ,  g i a n t  c e l l s  a r e ,  as  a  r u l e ,  l e s s  numerous  

i n  s. gumma t h a n  t h e y  a r e  i n  a  t u b e r c u l o m a .  F u r t h e r ,  w h i l e  

h a v i n g  t h e  same i r r e g u l a r  s h a p e  and g r a n u l a r ,  a c i d o p h i l i c  

c y t o p l a s m ,  t h e y  a r e  g e n e r a l l y  s m a l l e r  and  c o n t a i n  f e w e r

hue l e i '"  1  'Under'"' such" cordl t±  one g - t h e  "cardi-ac* m usc le -  g i a n t  c e l l s - .

m i g h t  a l s o  e x i s t .  F u r t h e r  i n v e s t i g a t i o n  might, r e v e a l  t h i s  f a c t .

I n  t h e  d i s c u s s i o n  o f  f o r e i g n - D o d y  g i a n t  c e l l s ,  O g i l v i e  

s t a t e d :  "They a r e  known as  f o r e i g n - b o d y  g i a n t  c e l l s ,  b e c a u s e

t h e y  e r e  f r e q u e n t l y  f o u n d  i n  r e l a t i o n  t o  f o r e i g n  b o d i e s  

s u c h  as  c a t - g u t  o r  v e g e t a b l e - m a t t e r  embedded i n  t h e  t i s s u e s .

They a l s o  o ccur 1 i n  t h e  n e i g h b o r h o o d  o f  p a t h o l o g i c a l  d e p o s i t s  

wh i ch  a r e  d i f f i c u l t ,  t o  a b s o r b  such as  u r a t e s ,  i n s p i s s a t e d ,  

s e c r e t i o n s ,  f a t  and k e r a t i n ,  and o t h e r  f e a t u r e s  i n  t i s s u e s

c h r o n i c a l l y  i n f l a m e d  oy b a c t e r i a l  i n f e c t i o n ............... Some of

them c o n t a i n  c e 1 1 - d e b r i s  or  f a t  and i t  i s  l i k e l y  t h a t  t h e i r
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mai n  c a p a c i t y  i s ,  i n d e e d ,  t ha t ,  o f  p h a g o c y t o s i s ,  b u t  a p a r t  

f rom t h i s  t h e i r  f u n c t i o n  i s  o b s c u r e .  Nor i s  t h e i r  o r i g i n  

c l e a r .  P r o b a b l y  mos t  a r e  d e r i v a t i v e s  o f  h i s t i o c y t e s ,  o t h e r s  

o f  f i b r o b l a s t s .  And i t  w o u l d  a p p e a r  t h a t  t h e  commonest  

node of  f o r m a t i o n  i s  r e p e a t e d  a m i t o t i c  d i v i s i o n  o f  t h e  

n u c l e u s  w i t h o u t  d i v i s i o n  o f  t h e  c y t o p l a s m ,  t ho u gh  s o me t i m es  

f u s i o n  of  c e l l s  i s  p o s s i b l y  t h e  m e t h o d " .  A p p a r e n t l y ,

0 fel l  v i e  had l i t t l e  c o n c r e t e  e v i d e n c e  t o  s u p p o r t  h i s  s t a t e m e n t  

r e g a r d i n g  t h e  o r i g i n ,  f u n c t i o n  and mode o f  f o r m a t i o n  o f  

t h e  s o - c a l l e d  11 f o r e i g n - b o d y  g i a n t  c e l l s " .  P e r h a p s  t h e  

e v i d e n c e  o b t a i n e d  f rom our  f i n d i n g  t h e  m u sc l e  g i a n t  c e l l s  i n  

w h i t e - m u s c l e  d i s e a s e  o f  y o u n g  l ambs  may s e r v e  a s  a b a s i s  f o r  

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

In  a b r i e f  d i s c u s s i o n  o f  t h e  s u b j e c t  on " m y o d e g e n e r a t i o n  

r n y o - r e g e n e r a t i o n "  as  p r e s e n t e d  i n  t h e  f o r e g o i n g  p a r a g r a p h s ,  

i t  seerns Q u i t e  p o s s i b l e  t h a t  t h e  p a t h o l o g i c a l  phenomena  ob

s e r v e d  i n  t h e  c a s e s  o f  w h i t e  m u sc l e  d i s e a s e  o f  n e w - b o r n  

l ambs  may s e r v e  a s  a. g u i d i n g  p r i n c i p l e  i n  t h e  s t u d y  o f  a  

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

d i s t u r b a n c e s ,  s u c h  as  t u b e r c u l o s i s ,  p ne um on i a ,  t y p h o i d  f e v e r ,  

r h e u m a t i c  f e v e r ,  s y p h i l i t i c  m y o c a r d i t i s ,  s c a r l e t  f e v e r ,  and 

e t c .  In t h e s e  m u s c u l a r  d i s t u r b a n c e s  i n v o l v i n g  m y o d e g e n e r a 

t i o n  and r n y o - r e g e n e r a t i o n ,  t h e  t i s s u e  r e a c t i o n  t o  i n j u r y  

w ou l d  f o l l o w  i n  one way o r  a n o t h e r  t h e  same p a t h o l o g i c a l  

p a t t e r n  as  d e s c r i b e d  i n  c a s e s  o f  w h i t  e - m u s c l e  d i s e a s e .  The 

f a n c y  t e rm " M u s k e l z e l l e n s c h i a u c h e "  o f  Yvaldeyer  i s  i n  r e a l i t y  

a mass  o f  r e g e n e r a t i n g  s k e l e t a l  m u s c l e  c e l l s  and s k e l e t a l
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musc l e  g i a n t  c e l l s t o g e t h e r  w i t h  a  few f i b r o b l a s t s .  The 

s o - c a l l e d  " A s c h o f f  body"  i n  t he  myocard ium i s  mos t  l i k e l y  

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

m u s c l e  g i a n t - c e l l s  and o c c a s i o n a l l y  a few l y m p h o c y t e s ,  p l a sm a  

c e l l s ,  and p o l y m o r p h o n u c l e a r  l e u c o c y t e s .  The " An i t schk ow 

myocyte"  i s  c o n s i d e r e d  t o  be a r e g e n e r a t i n g  c a r d i a c  musc l e  

c e l l  w i t h  an a c t i v e  m i t o t i c  f i g u r e ,  w h i l e  t h e  " A s c h o f f  c e l l "  

i s  p r o b a b l y  n o t h i n g  more t h a n  a c a r d i a c  musc le  g i a n t  c e l l .  

F u r t h e r m o r e , t h e  t e r m s  s u c h  a s  " r e p a i r  c l u b s  o f  m u s c l e " ,

/| —, , o  4-  ̂ a O o  r» «**> O  ̂ ^ ' r m l  t i  n n h l  o  r + C .  ^  *1 n Pin n + i  n
ti l  U. _L u  w  v l i v  j  U J . O . L  I I 1 U . U  D U v  f  1 11 w i  J . V - U < . ' U  u  ^  m  t M j i J i t . '  w i .  v

m a s s e s " ,  " s y n c y t i a l  s p r o u t s  w i t h  m u l t i p l e  n u c l e i " ,  " C y t o p l a s m i c  

s y n c y t i u m  w i t h  a  l a r g e  numoer  of  n u c l e i " ,  and " r n u l t i n u c l e a t e d  

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

c e l l s .

I n  a d d i t i o n ,  t h e  w r i t e r  f e e l s  t h a t  i n  any m u s c u l a r  

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

- v o I v e d  -can  b e  ■ b r i e f l y ' ' n - t a t e d  a s  f o l l o w s r  --- .... .

( l ) . I f  a s t r o n g  e t i o l o g i c a l  a g e n t  i s  met and t h e  i n j u r y  i s  

s e v e r e ,  +he t i s s u e  r e a c t i o n  would f o l l o w  an i n f l a m m a t o r y  

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

phase ' s  o f  n e c r o s i s  and an a c t i v e  i n f i l t r a t i o n  o f  p o l ymor ph o

n u c l e a r  l e u c o c y t e s  end o t h e r  w a n d e r i n g  c e l l s  ( m a c r o p h a g e s  end 

l a t e r  on l y m p h o c y t e s  or  p l a s m a  c e l l s )  would be i n d u c e d  and 

a u s c e s s a t i o n  may r e s u l t .  I f  t h e  a n i m a l  s u r v i v e s  o r  l i v e s  

l o n g e r ,  r e p a i r  c o u l d  t a k e  p l a c e  and t h e  l e s i o n s  would be 

f i l l e d  w i t h  s c a r  t i s s u e .  No my o - r  ege n e r  a t  i  on i s  p o s s i b l e  

u n d e r  such  c o n d i t i o n s .  In  s n o r t ,  t h e  whole  p r o c e s s  may be
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d e s i g n a t e d  as  " m y o - i n f l a m m a t i o n  and s c a r - t i s s u e  r e p a i r " .

I n  a v e r y  r a r e  i n s t a n c e ,  t h i s  p r o c e s s  was o b s e r v e d  i n  

w h i t e - m u s c l e  d i s e a s e .

(2)  I f  t h e  e t i o l o g i c s l  a g e n t  was m i l d  or  r o t  so  s t r o n g

and t h e  damage t o  the  m u s c u l a r  t i s s u e  was not  s e v e r e ,  t h e  

t y p i c a l  " m y o d e g e n e r a t i o n  and my or e g e n e r a t i  on" a s  i l l u s t r a t e d  

i n  t h e  c a s e  o f  w h i t e —muse1 e d i s e a s e  wo ul d  t a k e  p l a c e .
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V. Summary and c o n c l u s i o n

1 .  F i f t y - f i v e  c a s e s  o f  n e w - b o r n  lain'os a f f e c t e d  w i t h  a

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

and t n e  p r o  clem was s t u d i e d  by means o f  h e m a t o l o g i c a l ,  

u a . c t e r i o l o g i c a l ,  a n a  p a t h o l o g i c a l  methods, ,

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

t i o n s  and c h e m i c a l  a n a l y s e s  of  t h e  b lood  were s t u d i e d  

i n  d e t a i l  and d i s c u s s e d  f u l l y  in  c o n n e c t i o n  w i t h  t h e  

v a r i o u s  i n d i v i d u a l  c a s e s .  A s i m i l a r  b lood s t u d y  on 

n o r ma l  s h e e p  and l ames  ( c o n t r o l s )  was a l s o  i n c l u d e d .

3.  The b a c t e r i o l o g i c a l  s t u d i e s  i n c l u d e d  t he  i s o l a t i o n  o f

4-1 c u l t u r e s  o f  a e r o b e s  and 7 a n a e r o b e s  from v a r i o u s  c a s e s .  

Nine g e n e r a  of  b a c t e r i a  were i d e n t i f i e d ,  n a m e l y ,  

S t a p h y l o c o c c u s , D i p l o c o c c u s ,  N e i s s e r i a ,  E s c h e r i c h i a ,  

B a c t e r i u m ,  P a s t e u r e l l a ,  C o r y n e o a c t e r i u m ,  A c t i n o m y c e s ,  and 

C l o s t r i d i u m .  T\o o  I t u r e s  were  u n d e t e r m i n e d .

4.  Ag a r e s u l t  o f  p a t n o l o g i c a l  end B a c t e r i o l o g i c a l  s t u d i e s ,

15  d i f f e r e n t  t y p e s  o f  d i s e a s e s  we r e  d i a g n o s e d ,  i n c l u d i n g :  

w n i t e - m u s c l e  d i s e a s e ,  s t a p h y l o c o c c i c  i n f e c t i o n , n a v e l  

i n f e c t i o n ,  d o c k i n g  i n f e c t i o n ,  c a s t r a t i o n  wound, b r o n c h o 

pneumoni a ,  p e s t e u r e l l o s i s ,  en ter -o toxe .mie ,  m e n i n g i t i s ,  

p e r i t o n i t i s ,  e n t e r i t i s ,  g a s t r i c  u l c e r a t i o n  and p e r f o r a t i o n , 

d i e t a r y  d e f i c i e n c y ,  c o n g e n i t a l  a n o m a l i e s ,  and an un

d e t e r m i n e d  g r o u p .  Most o f  t h e s e  d i s e a s e s  were  s t u d i e d  

more o r  l e s s  i n  d e t a i l  and a number  o f  c o n d i t i o n s  were 

r e p o r t e d  f o r  t h e  f i r s t  t i m e .
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The f i n d i n g  o f  m usc l e  g i a n t  c e l l s  ( s k e l e t a l  and  c a r d i a c )  

i n  t h e  c a s e s  o f  w h i t e - m u s c l e  d i s e a s e  end t h e i r  s i g n i f i c a n c e  

i n  r n y o - r e g e n e r a t i o n  a r e  c o n s i d e r e d  new t o  m e d i c a l  s c i e n c e  

and o f  v i t a l  i m p o r t a n c e  i n  e x p l a i n i n g  the  p a t h o l o g i c a l  

phenomena i n v o l v e d .

The s p e c i f i c  f u n c t i o n  o f  musc l e  g i a n t  c e l l s  and  t h e  modes 

of  t h e i r  f o r m a t i o n  were  f u l l y  d i s c u s s e d ,

A b r i e f  and c o n c i s e  s t a t e m e n t  wss g i v e n  c o n c e r n i n g  the  

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

The p r o c e s s e s  i n v o l v e d  a r e  d e s i g n a t e d  as  " m y o - i n f l a m m e t i o n  

and s c p r - t i s s u e  r e p a i r "  f o r  t i s s u e  r e a c t i o n  t o  a  s e v e r e  

i n j u r y  and " m yo -d eg e ne r  a t i o n  and ; n y o - r e g e n e r a t i o n " f o r  

t i s s u e  r e a c t i o n  t o wa r d  a m i ld  i n j u r y .

The i i i s t o p a t n o l o g y  o f  wni  t e - m u s o l e  d i s e a s e  i n  l ambs  was 

s t u d i e d  ir; d e t a i l ,  and t h e  p a t h o l o g i c a l  phenomena ob

s e r v e d  wer e  s u g g e s t e d  a s  a g u i d e  f o r  t h e  s t u d y  of  a

...number o f  human... . d i s e a s e s  ...with . mus cu l a r  i n v o l v e m e n t  such

a s ,  t u b e r c u l o s i s ,  p n eu mo n i a ,  t y p h o i d  f e v e r ,  r h e u m a t i c  

f e v e r ,  s y p h i l i t i c  m y o c o r d i t i s , s c a r l e t  f e v e r ,  and e t c .

The c a r d i a c  musc le  was o b s e r v e d  t o  p o s s e s s  t h e  c a p a c i t y  

f o r  r e g e n e r a t i o n ,  and t h i s  i s  a l s o  c o n s i d e r e d  r.ew to  

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

The n a t u r e  and o r i g i n  o f  the  s o - c a l l e d  " An i t schko w 

myocyte"  and " As c ho f f  c e l l " were  f u l l y  d i s c u s s e d  and 

e v i d e n c e  was  g i v e n  o e e r i n g  on t h e  p o s i t i o n  o f  t h e s e  c e l l s

i n  t h e  myoc a r d i u n .
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11 .  The f a n c y  and  p e c u l i a r  t erms  s uc h  as  " r e p a i r  c l u b s  o f  

m u s c l e " ,  " r n u l t i n u c l e a t e d  s y n c y t i a l  m a s s e s " ,  " l a r g e  

r n u l t i n u c l e a t e d  p l a s m a t i c  m a s s e s " ,  " s y n c y t i a l  s p r o u t s  

w i t h  m u l t i p l e  n u c l e i " ,  " c y t o p l a s m i c  s y ncy t i um  w i t h  a 

l a r g e  number  o f  n u c l e i " , and " m u l t i n u c l e a t e d ,  c e l l s  i n  

musc le"  wer e  e x p l a i n e d .

1? .  The n a t u r e  end t h e  o r i g i n  o f  t h e  s o - c a l l e d  " Mu ske l -

z e l l e n s c h l a u c h e " o f  Wal deye r  was d i s c u s s e d  i n  d e t a i l .

13 .  The n a t u r e  and o r i g i n  o f  t h e  s o - c a l l e d  " As c ho f f  oody"

was d i s c u s s e d  and s u g g e s t i o n s  c o n c e r n i n g  f u r t h e r  i n 

v e s t i g a t i o n s  were m e n t i o n e d .

14 .  A new t e c h n i c  o f  o p e n i n g  t h e  c r a n i a l  c a v i t y  f o r  b r a i n

e x a m i n a t i o n  was d e s c r i b e d .

15 .  The n a t u r e  o f  t h e  v a r i o u s  d i s e a s e s  o f  n ew -bo rn  lambs 

were s t r e s s e d , and s u g g e s t i o n s  were made f o r  t h e  

c o n t r o l  o f  some o f  t h e  more i m p o r t a n t  c o n d i t i o n s .
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F i e l d  end e x p e r i m e n t a l  s t u d i e s  o f  s h e e p  
d i s e a s e s .  J o u r .  Arner. V e t .  Med. A s s o c .
30:  897- 710  .

Vs.wter,  L.  R . , and R e c o r d s ,  £.
1939.  -  O b s e r v a t i o n s  on t h e  s t i f f  lamb pr ob lem w i t h

s p e c i a l  r e f e r e n c e  t o  w h i t e  m us c l e  d i s e a s e .
t ’   A --   TT 4- t  ^  A  A ~  ^  -s ^  O  A * A o n  A m

t lO U i  .  iiJUCi. • VC U. I’l C U i  OUT, ..................—
a  o n

V i r c h o w , 
1863.  -

Volkova ,  
1938 .  -

R.
Die c e l l u l e r p a t h o l o g i e . .  
A. H i r s c h w a l d ,  B e r l i n .

2nd e d . ,  pp .  38.5-387,

A. A.
K i s h e c h n a y a  p a l o c h k a  kak  p r i c h i n a  z abo ' l eva n i ya  
y a g n y a t  vo v t o r o i  p o l o v i n e  po ds osn ovo  
p e r i o ds ,  i  p o s l e  o t ’erna. ( B a c t e r i u m  c o l i  
i n f e c t i o n  o f  l a m b s ) .  T r ud .  U^bek.  n a u c h n . -
i s s l e d .  v e t .  _ S ta n  
A b s t r .  V e t ,  B u l l .

. T a s h k e n t . ,  9 :  
10:  578 (1940)

4 8 - 5 8 .

W h ich rH r / '  Manshi-■fl'r,''''v©nd'';' 'T u n n r 'C i l f E .  A .   -  -  ■.
1939.  -  R e p o r t  o f  t h e  Depar tmen t  o f  V e t e r i n a r y

S c i e n c e .  Montana A g r i c .  Exper .  S t s .  R p t . ,  
p p .  7 9- 80 .

Wi l i m a n ,  J .  P . ,  A s d e l l ,  S. A. ,  Grams,  W. T. , and
Hagan,  W, A.
1931.

H i l l m a n ,  
1934.  -

Wi l iman ,  
1935.  -

The s t i f f  l amb d i s e a s e .  Amer, 
P r o d .  P r o c . ,  pp.  3 3 1 - 3 3 4 .

Soc . Anirn.

J .  P . ,  A s d e l l ,  S. A. ,  and O l a f s o n ,  P.
An i n v e s t i g a t i o n  o f  t h e  c a u s e  o f  t h e  s t i f f  
lamb d i s e a s e .  C o r n e l l  Un i v .  A g r i c .  Exper .
St  a .  B u l l .  603 :  1 - 3 0 .

J .  P . ,  M o r r i s o n ,  F. B . ,  and O l a f s o n ,  P.
R e l a t i o n  o f  f e e d i n g  and management  t o  t h e  
c a u s e  of  t h e  " s t i f f  lamb" d i s e a s e .  New York 
( C o r n e l l )  A g r i c .  E x p e r .  St a .  Annual  R p t . ,  p.  79,



-1 9 3 -

10 7 .
1936.  -  I b i d .  I b i d . ,  p.  84.

108 .  Wi l i m a n ,  J .  P . ,  M o r r i s o n ,  F.  S . ,  Maynard,  L. A. ,
M e l a s s ,  V. R . ,  and O l a f s o n ,  P.
1938.  -  I b i d .  I b i d . ,  pp.  9 6 - 9 7 .

10S . Wi l i m a n ,  J .  P . ,  M o r r i s o n ,  F. B . , Maynard,  L .  A. ,
and O l a f s o n ,  P.
1939.  -  I b i d .  I b i d . ,  p.  190 .

110.  Wi l i m a n ,  J .  P . ,  McCa.y, C. M. , M o r r i s o n ,  F. B. , and
Maynard,  L.  A.
1940.  -  I b i d .  Amer.  Soc.  Arim.  P r od ,  P r o c . ,

33: 1 8 5 - 1 9 9 .

1 1 1 .  W i l l m e n ,  J .  P . ,  McCay, C. M. , M o r r i s o n ,  F.  B . ,  and
O l a f s o n ,  P. ,
1941.  -  I b i d .  flew io rK ^ C o r n e l l ;  A g r i c .  «j<per.

St  a .  Annual  R p t . .  p .  119 .

119 .  Wi l iman ,  J .  P . ,  L o o s i i ,  ,J. K , , A s d e l l ,  S. A. f
M o r r i s o n ,  F.  B . ,  O l a f s o n ,  P . ,  and Hopper ,  H. D.
1 9 4 4 , -  The p r e v e n t i o n  of  l o s s e s  from t h e  s o - c a l l e d

s t i f f - 1 a m b  d i s e a s e .  J o u r .  Anim. 3 c i .
3: 453.

113 .  W i l s o n ,  M. 6 . ,  and L u b s c h e z ,  R.
194? .  -  P r o g n o s i s  f o r  c h i l d r e n  w i t h  c o n g e n i t a l

a n o m a l i e s  o f  t he  h e a r t  and c e n t r a l  v e s s e l s .  
L i f e  e x p e c t a n c y  i n  p a t e n t  d u c t u s  a r t e r i o s u s

, J o u r  ,_ P ea ,  Pi  : . 9 3 - 3 0 .

1 1 4 .  Wyoming: De pa r tm en t  o f  V e t e r i n a r y  S c i e n c e .
1 9 3 6 - 3 7 .  S t i f f  i a m b s .  Wyoming A g r i c .  E x p e r .  S t a .

Annual  R p t . ,  p.  98.



F ig .  1 .  Gas® 8069.

L atera l view of the sk u ll  to  show the te c h n ic  of 
opening cr a n ia l c a v ity  fo r  bra in  exam ination .

F ig . 2 . Case 8041.

V entral view  of th e  fron ta l s e c t io n  of c r a n ia l  
c a v ity  showing g rea ter  part of th e  b ra in  and 
o p tic  n er v e s .
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F i g .  3 .  CstBo 7356.

L o n g itu d in a l s e c t io n  of s k e le t a l  m uscle  
show ing m yod egen eration . (H & E) * X 160*

F ig .  4 .  Case 7356.

L on gitu d in a l s e c t io n  of s k e le t a l  m uscle show
in g  fragm entary n e c r o s is  of m uscle f ib e r s  and 
n u c lea r  p r o l i f e r a t io n  of su r v iv in g  f i b e r s .
(H & E ) , X 780 .
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F i g .  5 .  Gass 7356.

Gross s e c t io n  o f s k e le t a l  m uscle show ing  
d eg en era tio n  of th e  f i b e r s . (H &E)* X 116 •

F ig . 6 . Case 7356.

S k e le ta l  m uscle showing g ia n t c o l l  and some of  
th e  severoly-dam aged f ib e r ® . (A n ilin e  b l u e ) s
X 780 .
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F i g .  7 .  Case 7358.

Muscle showing g ia n t  c o l l s  and n e c r o t ic  m u scle-  
f ib e r s .  (A n ilin e  b lu e ) ,  x 780.

F ig . 7a* Case 7358.

Same but d if f e r e n t  f i e l d .  (A n ilin e  b lu e ) ,  x 780.
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F ig .  8 .  Caae 7356.

S k e le ta l m uscle showing g ia n t c a l l  e n g u lfin g  
n e c r o t ic  m u scle . A reg en era tin g  m uscle f ib e r  
a t th e  s id e .  Mote th e  s im i la r i t y  between th e  
two in  morphology of n u c le i  and a f f i n i t y  
toward th e  same s t a in .  (A n ilin e  b lu e ) , x 780
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F ig .  9 .  Case 7356 .

l£usole shoving g ia n t c e l l  e n g u lfin g  n e c r o t ic  
m u scle. A number of reg en era tin g  m uscle f ib e r s  
a ls o  in  th e  same f i e l d .  (H & E ) , X 78o-

F ig . 10 . Case 7356 .

Muscle shoving g ia n t c e l l  co n ta in in g  food  
v a c u o le s . (H & E ) • X 75 0 .
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F ig .  11 . Case 7356.

Muscle showing g ia n t c e l l  w ith  food v a cu o le , 
Some reg en era tin g  m uscle f ib e r s  were sca ttertfe t  
around. A group of c e l l s  l i k e  t h i s  has beer 
c a lle d  " H u sk else llen sch lau eh e"  of W aldeyer. 
fH & E)» X 780 .
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Fife. 12 . Case 7358.

Muscle showing g ian t c e l l s  and regen eratin g  
muscle f ib e r s .  One o fth e  m uscle g ia n t - c e l l s  
i s  in  th e  r e s tin g  sta g e  w hile th e other i s  
s t i l l  a c t iv e ly  p h agocytic . (H & E )» X 75©.

F ig . 12a. Case 7358,

A recent abscess in  th e myocardium. 
( H A S ) ,  X 116.

I
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F ig .  13. Case 7356.

Muscle showing th e  form ation of a g ia n t
c e l l  by fu s io n . Note th e  d if f e r e n t  s ta g e s  of 
nu clear tran sform ation  in  th e  fu s in g  c e l l s .
(H & E ), X 780.

F ig . 14 . Case 7356.

Same but d if f e r e n t  g ia n t c e l l ,  (h & E ) , 
X 780.
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Fi g .  15 . Case 7356.

Muscle showing th e  form ation of g ian t c e l l  
by m ito s is  w ithout cytop lasm ic d iv is io n .
(H & E ) , X 780.

F ig . 16 . Case 7337.

Liver showing fo c a l n e c r o s is .  (H & E ) , X 609.
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Blood smear Bhowing immature n eu tro p h ils . 
(W eight's s ta in ) t X 516.
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F ig .  18 . Case 7338.

S tap h ylococcic  a b sc esses  in  m uscle, lu n g s ,  
kidneys and h e a r t .
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F ig .  1 9 . Case 7 3 3 8 .

L iv er  show ing n e c r o t ic  f o c i .  (H & E ) ? X 160*

F ig -  2©. Case 7 3 3 8 .

L iv er  show ing n e c r o t ic  f o c i  and hem orrhage. 
(H & E ) , X 1 6 0 .
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F ig .  2 1 . Cass 7338.

Kidney showing b a c te r ia l  em boli in  a 
glom erulusand fo c a l  n e c r o s is .
(H & E)„ X 160.

F ig . 22 . Case 7338 .

Kidney showing i n t e r s t i t i a l  fo c a l  
n e c r o s is .  (H & E ) , X 630.
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F i g .  2 3 .  Case 7338 .

S ta p h y lo c o c c ic  a b sc e ss  in v o lv in g  r e n a l c o r te x  
and c a p s u le .  The b lack  area  in  th e  
glom eru lar sp a ce  was a mass o f s ta p h y lo c o c c i .  
(G ram -W eigert) ,  X 95 .
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F ig .

F ig .

2 4 . Case 7338.

Kidney showing c o r t ic o -medullary 
a b sc e s s . (H & E ) , X 3 ,5 .

25 . Case 7338.

Kidney owing s ta p h y lo c o c c i in  
glom erular sp a ce . (Gram-W eigert), X 860.
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F i g .  26 . Caae 7338.

M yocardial a b s c e s s , (H & E ) , X 116 .

F ig  * 7 . Caae 7338.

A bscess in  th e  diaphragm. (H & E ) , X 116.



-  plat®  17



F ig .  28 . Caae 7343.

Aotinoayeea neorophorus a b seess  in  l i v e r ,  lu n g s ,  
h eart and r ib s .

F ig . 29 . Case 7343.

M u ltip le  a b sc e sse s  of th e  l i v e r  (H & E ) , X 50 .
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F ig . 30. Caae 7343.

Lung showing c a lc i f ie d  areas adjacent t o  an 
a b sc e s s . (H & E) f X 116 .

F ig . 31 . Case 7344.

Brain showing i n f i l t r a t i o n  w ith  polymorpho
n u clea r  le u c o c y te s .  Note th e  n eo ro tio  
nerve c e l l s  and d iso rg a n ized  n e u r o g lia .
(H & E ), X900.
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Fig*

F ig . 33

• Case 7372.

Lung showing Actinom yces necrophorus a b s c e s s . 
(H & l ) ,  x  116. -------  -------

. Case 7394.

Smear from carpal, j o in t  shewing p h a g o cy to sis  
of s ta p h y lo c o c c i.  (W right*s s t a i n ) , x  1640*
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F ig .  34 . Casa 7394.

Suppurative m y o c a r d it is . (H ft E ) , X 10 6 .

F ig . 35 . Caae ??94.

Heart shewing chronic su p p u ra tiv e  l e s i o n .  
(H & E ), X 106 .
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F ig .  36. Casa 7362.

S p in al cord showing a b s c e s s a t io n .

F ig . 37. Case 7362.

Cross s e c t io n  of sp in a l cord showing a b s o e s s a t io n . 
(H & E ), X 6 .
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Fig* 38* Case 7365,

Cross s e c t io n  of sp in a l cord showing a b scessa tio n  
and hemorrhage. (Gram-’STelgert) e X 6 .
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F ig .  39. Case 7365.

S p in a l cord showing l e s io n  c o n ta in in g  Actinom yces 
nscrophoruB and a d ip h th e r o id . (oram -W eigort) t x*~ 
1440.

F ig . 40 . Case 7308.

L iver showing f a t t y  d eg en era tio n  and n e c r o s is  around 
c e n tr a l v e in .  (H <5b E ) , X 590.
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Fig® 41® Cass 7 3 2 9 ,

Lung show ing i n t e r s t i t i a l  bronchopneumonia, 
th e  t u b e r c le -  l i k e  lym phocytic i n f i l t r a t i o n .  
(H & E ) , X 9 7 .

Wota

F ig .  4 2 . Case 7 3 2 9 .

High power of th e  sam e. (H & E) ,  X 600
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F ig . 4-3. Case 7353.

Lung showing hemorrhagic bronchopneumonia. (H & E ) » 
X 160 .

F ig . 44 . Case 7415 .

Brain showing p e r iv a sc u la r  c e l l  i n f i l t r a t i o n .  
(H & E ) , X 630 .
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F ig .  45 . Case 7334 .

Spleen  showing s e r o sa l co n g estio n  and hemorrhage 
in to  c a p su le . (H & E) t  X 116.

F ig . 46 . Case 7399.

I n te s t in e  showing hemorrhage due to  en terotoxeraia .
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Spleen  showing s e r o s a l  co n g estio n  and hemorrhage 
in to  c a p su le . (H & E ) , X 116.

F ig . 46 . Case 7399.

I n t e s t in e  showing hemorrhage due to  en terotoxeraia .
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F ig . 47 . ease  7399 .

S e c tio n  of in t e s t in e  showing marked submucosal 
hemorrhage. (H & E ) „ X 8 0 .

P ig . 48 . Case 7400.

Brain showing m e n in g it is .  (H & E ) , X 630 .
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In te s t in e  showing se r o sa l involvem ent due t c  
p e r i t o n i t i s .

50. Case 7406.

Liver showing n ecro s is  near ca p su le , 
acute p e r i t o n i t i s .  (H & E) t  X 116.

A cae of
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F ig . 51. Case 7336.

I n te s t in e  showing hemorrhagic e n t e r i t i s .  (H & e ) „ 
60.

F ig. 52. Case 7344.

Stomaoh showing u lc e r a t io n . (H & l ) 8 X 15 .
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F ig . 53. Case 6598.

R egenerating  ca rd ia c  m uscle f ib e r s  w ith  v a r io u s  
s ta g e s  of m it o s is ,  c e l l  o f t h i s  kind has been  
c a l le d  "Anitschkow myocyte'*. (H & E) , X 900.

F ig . 54. Case 6598.

Heart showing ca rd ia c  m uscle g i a n t - c e l l .  N ote th e  
c e l l  w ith  two or th r e e  n u c le o l i  in  each n u c le u s .  
C ell of t h i s  k ind has been c a lle d  "A schoff c e l l " .  
(H & E ) , X 900 .
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