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F O R E W O R D

Chronic d is e a s e s  w ill continue to r e c e iv e  p r io r ity  a tten 
tion  in h ealth  p r o g ra m s of the fu ture. L o g ic a lly , one would e x 
p ect that p r o g r e s s  in th is  sp h ere w ill be the r e su lt  o f o b se r v a 
tion s in s e v e r a l s p e c ia liz e d  f ie ld s .  A m ong th em , com p arative  
m ed ic in e , em b racin g  s u b sp e c ia lit ie s  of com p arative  anatom y, 
p h y sio lo gy , path ology , and o th e r s , w ill take on added im p ortan ce .

The m a tter  of r e la tio n sh ip s  b etw een  in fec tio u s  and nonin- 
fe c t io u s  p r o c e s s e s  and the ch ron ic d is e a s e s  is  of v ita l in te r e s t  to 
the health  p r o fe s s io n s . Such thinking led  to the o rg a n iza tion  of a 
S em in ar, C hronic D is e a s e s  in A n im a ls , and T h eir S ig n ifica n ce  
for P u b lic  H ealth , a s  an in teg ra l part of P e n n sy lv a n ia 's  Sixth  
Annual H ealth  C o n feren ce , A ugust 18-22, 1957. The s e s s io n  w hich  
w as h e ld  on A ugust 21st r e c e iv e d  the fu ll support o f D r. B erw yn  
K. M attison , then S e c r e ta r y  of H ealth . It w as p lanned by D r. 
E r n e st J. W itte, C hief of the V eter in a ry  P u b lic  H ealth  Section , 
P en n sy lv a n ia  D ep artm ent of H ealth , w ith the a s s is ta n c e  of the 
C om m ittee  on V eter in a ry  P u b lic  H ealth  of the P en n sy lv a n ia  
State V eter in a ry  M ed ica l A sso c ia tio n , and m od erated  by D r.
J a m es L ieb erm an , A ss is ta n t  to the C hief, T rain ing B ran ch , 
C om m un icab le D ise a s e  C en ter, U nited S tates P u b lic  H ealth  
S e r v ic e .

The pan el c o n s is te d  of th ree  d isc u ss io n s :  V iru s Induced  
T u m ors by R. F . G entry, D. V. M. , A sso c ia te  P r o fe s s o r  of V e te r 
in ary  S c ien ce  at P en n sy lv a n ia  State U n iv ers ity , U n iv e r s ity  P ark , 
P en n sy lvan ia ; E x p erim en ta l P rod u ction  of R heum atoid A rth r itis  
in Sw ine by G. M. N eh er , P h .D . , A sso c ia te  P r o fe s s o r  of V e te r i
nary  S c ien ce  at P urdue U n iv ers ity , L a fa y ette , Indiana; and C hron
ic  H eart D ise a s e  in D ogs by D. K. D e tw e ile r , V. M. D. , A sso c ia te  
P r o fe s s o r  of P h a rm a co lo gy , School of V eter in a ry  M ed icin e, U ni
v e r s ity  of P en n sy lv a n ia , P h ilad elp h ia , P en n sy lv a n ia . E ach of 
th ese  ex p e r ts  ex p lo red  h is  a rea  of con cen tration  in the lig h t of 
p o ss ib le  hum an h ealth  im p lic a t io n s . E ach em p h a sized , or im 
p lied  in d ir e c tly , that o p p ortu n ities  for s e r v ic e  in  th is  f ie ld  by the 
v e te r in a r ia n  and a llie d  s c ie n t is t s  are  w ithout l im it .

With the p e r m is s io n  of the sp o n so rs  of the P en n sy lv a n ia  
H ealth  C o n feren ce , and w ith the con sen t o f the a u th ors, the C om 
m u n icab le  D ise a s e  C enter is  p r iv ile g e d  to a s se m b le  th e se  p ap ers  
into a s in g le  p u b lica tion . P erh ap s the rea d er  w ill a g ree  that in 
the fu ture o b serv a tio n s  in  com p arative  m ed ic in e  m ay  contribute  
m a rk ed ly  to p r o g r e s s  in the p reven tion  and trea tm en t of ch ronic  
i l ln e s s  in  m an.
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VIRUS INDUCED TUMORS

R ob ert F . G entry, D. V. M. , M. A . , P h .D .  
A s so c ia te  P r o fe s s o r  

D ep artm en t of V eter in a ry  S c ien ce  
P en n sy lv a n ia  State U n iv e r s ity  

U n iv e r s ity  P a rk , P en n sy lv a n ia

A b stra c t
The th eo ry  o f v ir u s  a s  the ca u se  of c er ta in  tu m ors has  

b een  grow in g s in c e  the f ir s t  rep rod u ction  o f a sa r c o m a  by  D r. 
P ey to n  R ous in 1911. F o r  a v ir u s  to prod u ce a tu m or it  m u st  
l iv e  in  the h o st c e l l ,  have low  v ir u le n c e , and p o s s e s s  the pow er  
to s tim u la te  it s  h o st c e l l s  to continuous a g g r e s s iv e  p r o lifera tio n . 
M any v ir u s e s  have the f ir s t  two o f th e se  r eq u irem en ts  but lack  the 
th ird .

C y to lo g ica l ch an ges in  v ijm s in fe c tio n s  in clu d e d e g e n e r 
ation , c y to ly s is ,  and the fo rm a tio n  o f in c lu s io n  b o d ie s . F ew  
a n im a ls  w ith tu m ors show  in c lu s io n  b o d ie s . D en se  a r e a s  in  som e  
tu m or c e l l s  m ay  be co n g rega tio n s o f v ir u s  p a r t ic le s .  M ore c o m 
p le te  s tu d ie s  o f the n orm al c e l l  stru c tu re  and p a r t ic le s  se e n  w ith  
the e le c t io n  m ic r o sc o p e  m ay  a llo w  the id en tific a tio n  o f p a r t ic le s  
un com m on to the c e l l s .

How v ir u s e s  ca u se  c e llu la r  p r o life r a tio n  i s  not known but 
s e v e r a l  th e o r ie s  have b een  fo rm u la ted .

A p r im a r y  c h a r a c te r is t ic  o f v ir u s  ind uced  tu m ors i s  the 
exten d ed  la ten t p e r io d  or incu bation  t im e . D etec tio n  o f la te s t  
in fec tio n  is  d ifficu lt and w ill  depend upon im p ro v ed  tech n iq u es  
with e le c tr o n  m ic r o sc o p y  and se r o lo g y .

Som e of the tu m ors known to be a s s o c ia te d  w ith v ir u s e s  
includ e hum an sk in  tu m o r s, m o u se  m a m m ary  ca rc in o m a , tu m ors  
of f ish  and p la n ts, m o u se  leu k em ia , and avian  tu m o r s, e s p e c ia l ly  
v is c e r a l  ly m p h o m a to s is .

A vian  v is c e r a l  ly m p h o m a to sis  h as b een  stu d ied  a s  m uch or 
m o re  than the o th er tu m ors and se r v e  as the b e s t  su b ject for the 
d is c u ss io n  o f tr a n sm is s io n  and co n tro l.





VIRUS INDUCED TUMORS

R ob ert F . G entry, D. V. M. , M. A. , P h . D.
A s so c ia te  P r o fe s s o r  

D ep artm en t o f V e ter in a ry  S c ien ce  
P en n sy lv a n ia  State U n iv e r s ity  

U n iv e r s ity  P a rk , P en n sy lv a n ia

The ca u se  o f ca n c er  has b een  stu d ied  fro m  m any a s p e c ts .  
T h ree th e o r ie s  a re  w orthy  o f m en tion , n am ely: (a) ir r ita tio n ,
(b) em b ryon a l, and (c) the p a r a s it ic  or  m ic r o b ic  h y p o th eses .
T his d is c u ss io n  w ill  be co n cern ed  w ith the la s t  o f th e se  in  w hich  
a sp e c if ic  type o f m ic r o b e , the v ir u s , w ill be co n sid e red .

In 1911» D r. P ey to n  R ous (1) s u c c e s s fu lly  tr a n sm itte d  a 
sa r c o m a  in ch ick en s  by  the u se  o f a c e l l - f r e e  f i lt r a te . Although  
the th eo ry  o f v ir u s  a s  a ca u se  o f tu m ors had b een  c o n s id e r e d  for  
so m e t im e , th is  w as the f i r s t  d em on stra tion  of v ir u s  tr a n sm iss io n . 
The w ork in  the la s t  45 y e a r s  has g iven  us a n sw e r s  to m any of 
the b a s ic  q u estio n s  but a fu ll un derstan din g  of the p rob lem  of 
tu m or e tio lo g y  h as not b een  r e so lv e d .

When we u se  the te r m  "virus"  w ith r e sp e c t  to tum or  
ca u sa tio n  we m u st c la r ify  our in ter p re ta tio n  o f a v ir u s . We 
u su a lly  co n s id e r  a v ir u s  to be a su b m ic r o sc o p ic  p a r t ic le  r e q u ir 
ing liv in g  c e l l s  fo r  it s  grow th and m u ltip lica tio n , and capable of 
stim u la tin g  an im m un e r e sp o n se . H ow ever , w e cannot exclud e  
the p o s s ib i li ty  of c e llu la r  com p on en ts un dergoing m utation  and 
acq u ir in g  tu m or p rod ucin g  c h a r a c te r is t ic s .  Such p a r t ic le s  w ould  
be su b m ic r o sc o p ic , f i lt e r  p a ss in g , and cap ab le o f stim u latin g  
tu m or fo rm a tio n  under the p rop er  g en e tic  and en d ocrin e  e n v iro n 
m en t. The con cep t o f a v ir u s  o f the con ven tion al type m o re  fu lly  
f i ts  the con d ition s fo r  the tu m ors w hich  have b een  m o st  e x te n s iv e 
ly  stu d ied . It i s  w ise , h o w ev er , to be aw are of the p o s s ib le  ro le  
of c e llu la r  m a te r ia l in  the a b sen ce  o f what we co n s id e r  a co n v en 
tion a l type v ir u s .

R ea liz in g  the p o s s ib i li ty  that o th er fa c to r s  m ay  be in v o l
ved , le t  us u se  the v ir u s  th eo ry  a s  a w orking h y p o th es is  and co n 
s id e r  what w ould be req u ired  in  o rd er  to p rod uce tu m o r s.

P in k erto n  (2) s ta te s  that the p r o p e r tie s  th ey  m u st p o s s e s s  
w ould includ e: (a) be w e ll-a d o p te d  to l ife  in  the h o st c e l l s ,  (b) be 
of low  v ir u le n c e  and in cap ab le  of ind ucing  a high d eg ree  of c e l lu 
la r  im m u n ity  in the h o st, (c) s tim u la te  it s  h o st c e l l s  to continuous  
p r o life r a tio n . M any v ir u s e s  have the f ir s t  two o f th e se  p r o p e r 
t ie s  but la c k  the th ird .
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If a v ir u s  i s  re sp o n s ib le  fo r  the d evelop m en t o f a tu m or, 
it  i s  n a tu ra lly  in c lo se  a s so c ia t io n  with the c e l l s  of that tu m or. 
V iru s p a r t ic le s  m ay be lib e r a te d  fro m  a c e l l ,  tra n sp o rted  to other  
c e l l s  and s e t  up the p r o life r a tiv e  ch an ges in  oth er a r e a s  of the 
body. E xam in ation  of som e tum or t i s s u e s  by e le c tr o n  m ic r o sc o p y  
has r e v e a le d  the p r e se n c e  of d is c r e e t  p a r t ic le s  w ith in  the c e l l s .
(3) The num ber and s iz e  o f such  p a r t ic le s  va ry  but a re  often  
found in  s ig n ifica n t n u m b ers. The d ifferen tia tio n  o f th e se  p a r t ic le s  
fro m  n orm al c e llu la r  com pon ents i s  d ifficu lt and the o b serv a tio n  
of such  p a r t ic le s  cannot be c o n s id e r e d  a s  co n c lu s iv e  ev id en ce of 
the p r e se n c e  o f a v ir u s  until a co m p lete  know ledge of the n orm al  
c e l l  stru ctu re  i s  obta ined . A  thorough study o f c e l l s  in fec ted  
w ith o th er v ir u s e s  m ay  add to the g en era l know ledge o f how  c e l ls  
r e a c t  to a v ir u s  and w h ere w ithin  the c e l l s  th e se  v ir u s e s  u su a lly  
lo c a te  th e m se lv e s . Inform ation  of th is  type w ill  be n e c e s s a r y  for  
the a ccu ra te  d ifferen tia tio n  and id en tific a tio n  o f v ir u s  p a r t ic le s  
in  tu m or c e l l s .  (4)

We have e s ta b lish e d  the fa c t that v ir u s  m u st l iv e  w ithin  
the c e l l s .  What then i s  req u ired  fo r  th eir  grow th? With b a c te r ia  
w e a re  u su a lly  co n cern ed  w ith the ion ic  and o rgan ic  co m p o sitio n  of  
the cu ltu re  m ed iu m  a s w e ll a s  such  fa c to r s  a s  a tm o sp h ere , ligh t, 
and tem p era tu r e . The o r g a n ism s  a re  p r esu m ed  to contain  the o r 
gan ized  ca ta ly tic  equipm ent n e c e s s a r y  for the tra n sfo rm a tio n  and 
u tiliza tio n  o f the grow th req u irem en ts  p r e se n t in  the ex tern a l en 
v iron m en t. The con d ition s a re  quite d ifferen t for v ir u s e s .  A p p ar
en tly  th ey  do not p o s s e s s  a ll  the en zy m es  n e c e s s a r y  for  the b r e a k 
down of the v a r io u s  m a te r ia ls  n e c e s s a r y  for the a s s im ila t io n  of 
m a tter  and the gen era tion  of en erg y . The p r e s e n c e  o f v ir u s  in  a 
c e l l  m ay  th e r e fo r e  r e su lt  in  a n eed  for  sp e c ia l ty p es of n u c lie c  
ac id s  and p r o te in s  w hich in  turn w ould req u ire  sp e c ia l en zy m es  
not com m on to the c e l l .  T h ese ch an ges could  then lea d  to an 
a ltera tio n  in  the c e l l  s tru ctu re  and p o s s ib ly  be a conn ectin g  link  
in  the d evelop m en t of tu m or c e l l s .

H ow do w e d e term in e  when tum or v iru s  i s  p r e se n t?  V a r i
ous tech n iq u es have b een  em p loyed  w ith  vary in g  s u c c e s s  and are  
l is t e d  in  T able I.

TABLE I
M ethods fo r  D etec tio n  of
T um or V iru s In fection

1. E lec tro n  M icro sco p e
2. T ran sp lantation
3. S ero lo g y

a) id en tific a tio n  o f antigen
b) id en tifica tio n  of antibody
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The d etectio n  o f v ir u s  w ithin  the c e l l s  o f v a r io u s  t is s u e s  
i s  d ifficu lt . One p o s s ib le  m eth od is  the actu al o b serv a tio n  of 
the v ir u s  p a r t ic le  w ithin  the c e l ls  by e le c tr o n  m ic r o sc o p y . This 
tech n iq u e, h ow ever , r eq u ires  a thorough kn ow ledge o f both the 
n o rm a l s tru ctu re  of the c e l l s  and the m orp h ology  of the v iru s  
p a r t ic le s .  In on ly  a few  tu m orou s con d ition s i s  the u se  o f such  
a technique p o s s ib le  at the p r e se n t t im e . (5)

A nother m eth od to tum or v ir u s  d e tec tio n  i s  the tra n sp la n 
ta tion  o f tu m orou s t i s s u e s  to a su sc e p tib le  h o st. If a tum or d e v e l
ops at the s ite  o f in ocu la tion  w ithin  a r e la t iv e ly  sh o rt p e r io d  of 
t im e , it  is  u su a lly  co n s id e red  due to the in flu en ce  o f the tum or  
c e l l  i t s e lf .  H ow ever , i f  a fter  an exten ded  p e r io d  o f tim e  tu m ors  
develop  in other p a rts  of the a n im a ls  body, it  i s  then co n sid e red  
to be v ir u s  induced . T his i s  com p arab le  to the p rep a ra tio n  of 
c e l l - f r e e  f iltr a te  of the tu m or, w hich upon in ocu la tion  c a u se s  the 
form ation  of tu m ors but on ly  a fter  an exten ded  incu bation  p er iod .
In so m e c a s e s  th is  incu bation  p e r io d  m ay  be m any m on th s. What 
happens to the v ir u s  and w here it  lo c a te s  i t s e l f  during th is tim e  
is  not known, but the long incubation  p e r io d  is  one of the m o st  
com m on c h a r a c te r is t ic s  o f tum or v ir u s e s .

L im ited  s u c c e s s  has b een  obtained  u sin g  s e r o lo g ic a l  te c h 
n iq u es (6) but m ark ed  ad vancem ent in  th is  f ie ld  m u st aw ait m eth ods  
of prod u ction  o f v ir u s  in la r g e  enough q u an tities for u se  a s  antigen . 
S eru m  n e u tra liza tio n  can be em p loyed  but at p r e se n t is  u se fu l only  
as a r e s e a r c h  too l due to the la r g e  nu m b ers of a n im a ls  and long  
p e r io d s  of tim e  req u ired  for such  t e s t s .

The ap p lica tion  of the above m en tion ed  tech n iq u es for the 
d eterm in ation  of v ir u s  in v o lv em en t in  v a r io u s  tu m ors cannot be  
d is c u ss e d  in d e ta il. H ow ever , in T able II a re  l is te d  som e o f the 
tu m ors fo r  w hich th ere  i s  ev id en ce  o f v ir u s  e tio lo g y . In som e  
c a s e s  the v ir u s  has b een  iso la te d  in  r e la t iv e ly  pu re fo rm  and u sed  
to prod uce tu m ors o f the sam e type in  su sc e p tib le  a n im a ls  of the 
sa m e s p e c ie s .  In oth er in s ta n c e s , it  i s  m e r e ly  tr a n sm is s io n  by  
c e l l - f r e e  f i lt r a te s  w h ile  w ith s t i l l  o th e rs  the ev id en ce  i s  obtained  
fro m  e le c tr o n  p h otom icrograp h s w here p a r t ic le s  have b een  found 
a s so c ia te d  w ith the tum or form ation .

A  b r ie f  d is c u ss io n  of one o f the m o re  com m on v ir u s  induced  
tu m ors should prov id e an exam p le o f how far r e s e a r c h  h as p r o 
g r e s s e d  in  th is  f ie ld . The cond ition  about w hich we have a s  m uch  
or m o re  in form ation  a s  any of the v ir u s  ind uced  tu m or i s  A vian  
V isc e r a l  L y m p h o m a to sis . T h is s in g le  d is e a s e  c a u se s  an e s t im a 
ted  annual lo s s  to the p ou ltry  in d u stry  o f o v er  75 m ill io n  d o lla r s .
(7)
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TA B LE II
T u m ors fo r  W hich Som e E v id en ce  of 

V iru s E tio lo g y  h a s b een  Found

Hum an - Skin tu m o r s , W arts and P a p illo m a s  
C arcin om a of b r e a s t

M ouse - M am m ary C arcin om a  
L eu k em ia

F ish  - P o x , P a p illo m a s , L y m p h o sa rco m a
L y m p h o cy stic  d is e a s e

P la n ts - Wound tu m or d is e a s e
C hick ens - S arcom a, L eu k em ia

V isc e r a l  L y m p h o m a to sis

What do w e know about the d is e a s e  and it s  c a u se ?  It i s  a 
m align an t tu m orou s cond ition  in w hich  the v is c e r a l  o rg a n s , and 
o c c a s io n a lly  the m u s c le s  and sk in , a re  in vad ed  by  ly m p h o cy tes .
The lym p h ocytom as p r o g r e s s  until one or  m o re  o f the v ita l organ s  
has b een  s e v e r e ly  dam aged  or  c o m p le te ly  r e p la c e d  by  the lym p h o
c y te s  and the b ird  d ie s . The c a u sa tiv e  agent i s  a v ir u s  w hich can  
be iso la te d  fro m  tu m orou s t i s s u e s  by d iffe r e n t ia l cen tr ifu g a tio n .
(8) C erta in  s tr a in s  of the v ir u s  have b een  grow n in  em b ryon ated  
ch ick en  eg g s  but not in su ff ic ien t co n cen tra tio n s  fo r  u se  in  im 
m u n o lo g ica l s tu d ie s . (9)

If a b ird  i s  in fe c te d , how  d o es the v ir u s  le a v e  the body?  
V isc e r a l  ly m p h o m a to sis  v ir u s  h a s b een  found in  the s e c r e t io n s  
of the n o se  and m outh, in  the f e c e s ,  and in  the eg g . (10) The 
r e la tiv e  s ig n if ic a n c e  o f th e se  so u r c e s  w ith re la tio n  to the e x p o s 
ure o f o th er b ird s  has not b een  d e term in ed , but undoubtedly a ll  
p la y  an im p ortan t r o le .

The route of in fec tio n  i s  not d e fin ite ly  known, but it  i s  b e 
l ie v e d  that the r e s p ir a to r y  tr a c t  i s  the m ain  p o rta l o f en try .

The in fe c tiv e  m a te r ia l m ay co m e fro m  v a r io u s  so u r c e s  as  
show n in  F ig u re  I. A ch ick  w hich h as b een  in fe c te d  through the 
egg  sh ed s v ir u s  w hich i s  then p ick ed  up by it s  pen m a te s . The rate  
of in fec tio n  i s  not 100 p er cen t and th ere  a re  in d ica tio n s  that r e la 
t iv e ly  la r g e  d o sa g e s  of v ir u s  are  req u ired  for  in fe c tio n  to take  
p la c e . A lso , d ir e c t  b ird  to b ird  con tact or m ech a n ica l tr a n sp o r t
ing o f in fe c te d  m a te r ia l, p r in c ip a lly  by the c a r e ta k e r , i s  n e c e s s a r y  
fo r  tr a n sm is s io n  s in c e  th ere  i s  no ev id en ce  that the v ir u s  i s  a ir 
b o rn e .
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TAKER  M AY SER V E  A S  A  SO U R C E  OF V IRUS

In fection  d oes not o ccu r  at an ytim e during the b ird s  l ife  as  
i s  found w ith the r e sp ir a to r y  v ir u s e s  such  a s  N e w c a s tle  d is e a s e .
In o rd er  to in fe c t a b ird , it  m u st be ex p o sed  w h ile  v e r y  young, 
u su a lly  during the f i r s t  few  w eek s o f l i f e .  (11) The v ir u s  then la y s  
dorm an t for  a v a r ia b le  len g th  o f tim e  until so m e unknown factor  
tr ig g e r s  it into a c t iv ity  and tu m or form ation  s ta r ts .

C erta in  s tr a in s  o f b ird s  have the a b ility  to r e s i s t  in fec tio n  
due to g en e tic  fa c to r s . (12) B y  the s e le c t io n  o f r e s is ta n t - fa m ilie s  
the in c id e n ce  o f v is c e r a l  ly m p h o m a to sis  can  be g r e a tly  red u ced . 
The m e c h a n ism  by w hich  such  r e s is ta n c e  i s  p o s s ib le  has not been  
d eterm in ed  but m ay  hold  the s e c r e t  to the p rev en tio n  or cu re  of 
th is  and oth er tu m o r s.
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The in form ation  con cern in g  v is c e r a l  lym p h o m a to sis  m ay  
not p rov e  to be a p p licab le  to a ll  o th er tu m o r s, but it  m ay  w ell  
se r v e  a s  a sta rtin g  point fo r  a b e tter  un derstan din g  o f the p r o 
b le m s  en cou n tered  by w o rk e rs  in  the f ie ld  o f tu m or r e se a r c h .
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E X PE R IM E N TA L PRODUCTION O F RHEUMATOID
ARTHRITIS IN SWINE

G eorge M. N eh er , B .S .  , M .S . ,  P h .D .  
A s so c ia te  P r o fe s s o r  o f V e ter in a ry  S c ien ce  

P urd ue U n iv e r s ity  
L afayette , Indiana

A b stra c t
An a r th r it is  com p arab le  in m any r e s p e c ts  to rh eum atoid  

a r th r it is  in m an o c c u r s  n a tu ra lly  in  sw in e . It i s  co n c e iv a b le  that 
ex p er im en ta tio n  w ith  sw in e m a y  fa c i li ta te  a b e tter  un derstan d in g  
o f the an a logou s d is e a s e  in  the hum an b e in g . The a r th r it ic  p ig  
m ay se r v e  a s  a va lu ab le  te s t  a n im a l on w hich  to ev a lu a te  a n ti-  
a r th r it ic  d ru gs.

The p a th o lo g ica l ch an ges in  a ffec ted  jo in ts  a re  e s s e n t ia l 
ly  p r o life r a t iv e  and n o n -su p p u ra tiv e  w ith n u m erou s fo c i  of lym p h o
c y te s . S e v e r e  h y p erem ia  and m o d erate  hyp ertrop h y  of the v il l i  
and th ick en in g  o f the sy n o v ia l lin in g  a re  c h a r a c te r is t ic  o f the 
acu te jo in t d is e a s e . Su bseq uen tly , gran u lom atou s p r o life r a tio n s  
o ccu r  w ith  pannus fo rm a tio n , d e str u c tio n  o f a r tic u la r  c a r tila g e  
and sub chon dral c e llu la r  r e a c t io n s . In tr a -a r t ic u la r  fib ro u s  ad 
h e s io n s  a re  a com m on  fea tu re .

R o en tg en o lo g ica lly  a n arrow in g  o f the jo in t s p a c e s , g e n e r 
a liz e d  d e m in e r a liz a tio n , o steo p h yte  fo rm a tio n , "punched-out"  
a r e a s  and e r o s io n s  o f the su b a r ticu la r  bony s tr u c tu r e s  are  ob
se r v e d  a s  the d is e a s e  b e c o m e s  ch ro n ic . In ad van ced  c a s e s  
e x o s to s e s  o c c a s io n a lly  b e co m e  m a s s iv e  cau sin g  an o b litera tio n  
of jo in t sp a c e s  and a r e su lta n t a n k y lo s is . In su ch  c a s e s  the 
path o logy  m a y  su g g e s t  h y p ertro p h ic  a r th r it is  seco n d a ry  to 
rh eu m ato id  a r th r it is .

F u rth er  p a r a l le lis m s  in c lu d e  a low er in g  o f the e r y th r o 
cyte  sed im en ta tio n  ra te  w ith  ACTH and a m e lio r a tio n  o f sym p tom s  
w ith c o r tiso n e  and ACTH . P reg n a n cy  and ex p e r im e n ta lly  induced  
ic te r u s  l ik e w ise  app ear to have b e n e fic ia l e f fe c ts .

E r y s ip e lo th r ix  rh u siop ath iae h as b een  c le a r ly  in c r im in a 
ted  a s  the ca u se  of sw in e e r y s ip e la s  and the a r th r it is  w hich m ay  
or m a y  not r e su lt  a s  a seq u e l to the a cu te  in fec tio n . U sin g  191 
sw in e w e rep ro d u ced  the d is e a s e  by  s e v e n  d iffe ren t exp osu re  
p r o c e d u r e s . T h ir ty -f iv e  p e r c e n t d ied  and 40 p e r c e n t of the 
s u r v iv o r s  d eve lop ed  a r th r it is . F o llo w in g  v a cc in a tio n  (65 v a c 
c in a ted , 31 co n tro ls) and su b seq u en t ch a llen g e , m ark ed



an ap h ylactic  r e a c tio n s  w ere  ev id en t in  p r o te c te d  sw in e. M orta lity  
w as m a rk ed ly  red u ced  but a r th r it is  d evelop ed  in  90 p e rcen t o f the  
va cc in a ted  p ig s  ch a llen g ed  in tra v en o u sly . S e n s itiz a tio n  m ay  p lay  
an im p ortan t ro le  in  the e tio lo g y  o f the d is e a s e  p a r t ic u la r ly  s in c e  
a ffec ted  jo in ts  (5 m onths p o st-e x p o su r e )  a re  u su a lly  s t e r i le  even  
though the p ath ology  con tin u es unabated.

In cu rren t ex p e r im e n ts  (21 sw ine) a r th r it is  w ith  fran k  bony  
p ath ology  in  so m e in s ta n c e s  w as p rod u ced  in  hyp er s e n s it iz e d  
sw in e by in tr a -a r t ic u la r  in jec tio n s  o f h eat k ille d  c u ltu r e s . In 
m o st c a s e s ,  the jo in t path ology  w as not confin ed  to in je c te d  jo in ts . 
A t n e c r o p sy  a ll  a ffec t iv e  jo in ts  w ere  n ega tiv e  fo r  E r y . rh u s io - 
p ath iae . The p o s s ib lity  that a s u b -c lin ic a l e r y s ip e la s  in fec tio n  
had ca u sed  the a r th r it is  w as o f f - s e t  by  the fa ct that the u n trea ted  
sw in e h ou sed  in  con tact w ith the h y p e r se n s it iz e d  p ig s  p roved  to be  
h igh ly  su sc e p tib le  to e r y s ip e la s  w hen su b seq u en tly  ch allen ged . 
T h ese  fin d in gs su g g e st that se n s it iz a t io n  p la y s  an im p ortan t ro le  
in  the e tio lo g y  o f rh eum atoid  a r th r it is  in  sw in e.



EX PE R IM E N T A L  PRODUCTION OF RHEUMATOID
ARTHRITIS IN SWINE

G eorge M. N eh er , B .S .  , M .S . ,  P h .D .
A s so c ia te  P r o fe s s o r  o f V eter in a ry  S c ien ce  

P urdue U n iv e r s ity  
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Introduction
The a r c h ite c tu r e  o f the jo in t h as long b een  r e c o g n iz e d  as  

one o f n a tu re 's  m a s te r p ie c e s  o f d e sig n , and the fr e e  and p a in le s s  
m o v em en t o f i t s  lu b r ic a ted  a r tic u la tio n s  i s  in clu d ed  in  the e s s e n 
tia l s ig n s  o f good h ea lth . It i s  p erh ap s c o r r e c t  to sa y  that a ll  
a n im a ls  a re  su b ject to a r th r it is , w hether it be s lig h t s e l f - l im it in g  
in fla m m atio n  stem m in g  fro m  a g en era l s y s te m ic  d istu rb an ce  
w hich  su b sid e s  w ith  the a n im a l's  retu rn  to health  or jo in t d is e a s e  
w hich  m a y  p r o g r e s s  to frank bony a lte r a tio n s  and the even tual 
lo s s  o f fu nction .

M any of the a r th r it id e s  of d o m e stic a te d  liv e s to c k  a re  s o m e 
what an a logou s to the v a r io u s  d iffe ren tia ted  a r th r it id e s  o f the 
rh eu m atic  d is e a s e  group. P ro b a b ly  the b e s t  known of th e se , and 
c e r ta in ly  the one o f g r e a te s t  eco n o m ic  im p o rta n ce , i s  the rh eu m a
to id - l ik e  a r th r it is  o f sw in e w hich  b e a r s  m any p a r a l le lis m s  to the 
co m p a ra b le  d is e a s e  o f m an . In advan ced  c a s e s  w h ere sw in e are  
p e r m itte d  to rem a in  e s s e n t ia l ly  im m o b ile , e x te n s iv e  osteop h yte  
fo rm a tio n s  and lip p ing  m ay  o ccu r  so that the p ath ology  w ould a p 
p ear  to su g g e s t  o s te o a r th r it is  seco n d a ry  to rh eu m ato id  a r th r it is .
B y  v ir tu e  o f i t s  im p o rta n ce  to the sw in e in d u stry  and the r e s e m 
b la n ce  it  b e a r s  to a r th r it is  in  m an, th is  d is e a s e  w ill  r e c e iv e  the 
bulk o f co n sid e ra tio n  in  the fo llo w in g  d is c u ss io n .

In a c o n s id e ra tio n  o f d e g e n era tiv e  jo in t d is e a s e  in  farm  
a n im a ls  it shou ld  be p ointed  out that g e r ia tr ic  p rob lem s in  l iv e 
stock  a re  in freq u en t, s in c e  a n im a ls  p rod u ced  for m ea t p u rp oses  
(sh eep , h o g s  and b e e f  ca ttle ) are  u su a lly  s la u g h tere d  at a young 
a g e , and a n im a ls  r a ise d  for  b reed in g  p u rp o ses  g e n e r a lly  a re  
s la u g h tere d  w hen b reed in g  e ff ic ie n c y  w a n es. D a iry  cow s are  
u su a lly  kept on ly  a s  long a s  th ey  p rove  to be p ro fita b le  p rod u cers  
of m ilk  and b u tter fa t. W ith the w id esp r ea d  p r a c tic e  of a r t if ic ia l  
in se m in a tio n , p a r t ic u la r ly  in the d a iry  in d u stry , and the e s ta b 
lish m e n ts  of b u ll stu d s w h ere a n im a ls  a re  kept for the co m m e r c ia l  
p rod u ction  o f se m e n , a d e g e n era tiv e  a r th r it is  in  aged  b u lls  ap p ears  
to be an im p ortan t p rob lem .
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The in c id e n ce  o f o s te o a r th r it is  ap p ears to be g r e a te s t  
in  the H o ls te in -F r ie s ia n  b r eed  and m ay  ex c e e d  20 p e rcen t in  b u lls  
over  nine y e a r s  o ld  accord in g  to B a r tle tt  (1). The o n se t o f the 
d is e a s e  in  som e c a s e s  m ay be in s id io u s; h o w ev er , in  m any in 
s ta n c e s  it  ap p ears to be a s so c ia te d  w ith trau m a to a sp e c if ic  
jo in t and la te r  has a ten den cy  to b e co m e p o ly a r th r itic  in  natu re. 
R e m iss io n s  and ex a cerb a tio n s  are  c h a r a c te r is t ic  o f the e a r ly  d i s 
e a s e . In so m e in s ta n c e s , h y d ro co r tiso n e  th erap y  ( in tr a -a r ticu la r )  
is  b e n e f ic ia l. The h ou sin g  o f a ffec ted  b u lls  on th ick  rubber m a ts  
in h eated  p en s a lso  ap p ears to induce a tem p o ra ry  r e m is s io n  of  
sy m p to m s. The p ath ology  m ay advance to s e v e r e  d estru ctio n  of  
a r tic u la r  c a r tila g e  and m a s s iv e  e r o s io n s  o f the subchondral bone.
I have o b se r v e d  the lo s s  o f an en tir e  d is ta l condyle o f a fem u r in  
one advanced c a s e . M arginal lipp ing and m a s s iv e  o steop h yte  fo r 
m ation s a re  ty p ica l fe a tu res  as w e ll a s  g r e a tly  th ick en ed  joint 
ca p su le s  and granu lom atous p r o life r a tio n  o f the sy n o v ia l v il l i .

A s one w ould ex p ect, fa rm  a n im a ls  a s  w e ll a s  hum an b e 
in g s  are  su b ject to acute p yogen ic  a r th r it id e s . The in c id en ce  and 
eco n om ic  im p ortan ce  o f p yogen ic  a r th r it is  in a n im a ls  h as d e c r e a se d  
with the advent o f w ide u sage of the an tib io tic  d ru gs. O c ca sio n a lly  
a r ticu la r  and p e r ia r t ic u la r  le s io n s  in l iv e s to c k  a re  a s so c ia te d  with  
b r u c e l lo s is  and tu b e r c u lo s is  in fec tio n .

R heum atoid  A r th r itis  in  Swine (A D isc u s s io n  o f the D is e a s e )
A jo in t d is e a s e  com p arab le  in  m any r e s p e c ts  to rh eum atoid  

a r th r it is  in  m an o c c u r s  n a tu ra lly  in  sw in e , u su a lly  a s  a m a n ife s 
ta tion  o f sw in e e r y s ip e la s ,  w hich i s  an in fec tio u s  d is e a s e  ca u sed  
b y the b a c ter iu m  E r y s ip e lo th r ix  rh u siop ath iae . In th is  d is e a s e ,  
g rea t v a r ia tio n s  o ccu r  in  the m o rb id ity  and the m o r ta lity  a s  w e ll 
a s  c lin ic a l and p a th o lo g ica l m a n ife s ta tio n s . The m o r ta lity  in a 
d is e a s e d  drove o f sw in e on o c c a s io n  m ay e x c e e d  30 p e rcen t and 
a r th r it is  m ay  develop  in  a s  m any a s  40 p e rcen t o f the su r v iv o r s . 
W h ereas, in oth er d rov es a r th r it is  m ay  o ccu r  in  a few  an im a ls  
to a s  m any a s  40 p e rcen t ap p aren tly  w ithout any o f the o v er t s ig n s  
of acute sw in e e r y s ip e la s ,  i_.£. , a m ark ed  fe b r ile  r e sp o n se  and  
sk in  le s io n s .

The c lin ic a l m a n ife s ta tio n s  of a r th r it is  a re  sw o llen  p a in 
ful jo in ts  (figure 1), m y a lg ia  and vary in g  d e g r e e s  o f s t i f fn e s s  and 
la m e n e s s . In itia lly  the jo int in v o lv em en t h as a ten d en cy  to sh ift 
to d ifferen t p e r ip h e ra l jo in ts  and w ith in  four to s ix  w eek s lo c a liz e  
in s p e c if ic  jo in ts . The sym p tom s o f a r th r it is  a re  c h a r a c te r iz e d  
by r e m is s io n s  and e x a cerb a tio n s , and spon tan eous r e c o v e r ie s  
o c c a s io n a lly  o ccu r  p r io r  to the d eve lop m en t o f ch ron ic  a r th r it is .
In advanced  c a s e s  the a n im a ls  freq u en tly  exh ib it s ig n s  of d isu se ,  
atrophy, and in an ition  (figu re 2).
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The p ath o log ic  ch an ges in the jo in ts  a re  e s s e n t ia l ly  p r o l i f 
era tiv e  and n o n -su p p u rative  w ith  n u m erou s fo c i o f lym p h o cy tes  
and p la sm a  c e l ls  in the sy n o v ia l v il l i  and adjacent p e r ia r t ic u la r  
t is s u e . P r o life r a t io n  of the syn ov ia l lin in g  c e l l s ,  h y p erem ia , and 
m od erate  h yp ertrop hy of syn ov ia l v il l i  a re  c h a r a c te r is t ic  of the 
acute jo int d is e a s e  (figure 3). Su bseq uen tly , granu lom atous  
p r o life r a tio n s  of the syn ov ia l cap su le  and v il l i  o ccu r  w ith  pannus 
form ation , d e stru ctio n  of a r ticu la tin g  c a r tila g e  (figure 4) and 
subchondral c e llu la r  r e a c tio n s . In tr a -a r t ic u la r  fib ro u s ad h esion s  
are a com m on fea tu re  (2, 3, 4, 5) in m o re  advanced  c a s e s  (figure 5).

F ig u re  1. A  p a ir  of fron t le g s  that w ere  rem o v ed  fro m  a shoat 
that w as ex p o sed  in tra v en o u sly  to E ry. rh u siop ath iae  th ree  m onths  
p r io r  to n e c r o p sy . N ote the m ark ed  sw e llin g s  in the ca rp a l jo in ts .
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R o en tg en o lo g ica lly , a w iden in g  o f the in tr a -a r t ic u la r  sp ace  
m ay o c c a s io n a lly  be d e tec ted  during the acu te in fla m m atory  p h ase  
of the d is e a s e . A  narrow in g  o f the jo int s p a c e s , g e n e r a liz e d  d e 
m in e r a liz a tio n  o f the bone and o steo p h yte  fo rm a tio n s  on the jo in t 
m a rg in s  a re  o b se r v e d  a s  the a r th r it is  b e c o m e s  ch ro n ic , i .  e . , 
fro m  the th ird  to the s ix th  m onth (figure 6). C y s t ic - lik e  ra r e fie d  
a r e a s  (often  r e fe r r e d  to a s  "punched-out a rea s" ) and e r o s io n s  of 
the su b a rticu la r  bony s tr u c tu r e s  a re  a lso  c h a r a c te r is t ic .

F ig u r e  2. The se v e n -m o n th -o ld  shoat on the r igh t had b een  a ffe c 
ted  for  th ree  m onths w ith e x p e r im e n ta lly  p rod u ced  ch ron ic  e r y s ip 
e la s  w ith  p o ly a r th r it is . It w eigh ed  152 lb s . ; i t s  u n exp osed  lit te r  
m a te , 268 lb s .
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In advanced  c a s e s  (one y ea r  or m ore) e x o s to s e s  o c c a s io n 
a lly  b e co m e m a s s iv e  cau sin g  o b litera tio n  o f the jo int sp a c e s  and 
r esu lta n t bony a n k y lo s is . In so m e advanced  c a s e s  the e x ten s iv e  
o steo p h yte  fo rm a tio n s  at the m a rg in  of c e r ta in  jo in ts  and apparent 
lip p in g  w ould appear su g g e s tiv e  of h yp ertrop h ic  a r th r it is  secon d ary  
to the p r im a r y  rh eu m ato id  a r th r it is  i f  co m p a riso n  w ere  to be  
drawn w ith  the a r th r it id e s  o f m an. It i s  p o s s ib le ,  though sp e c u la 
tiv e , that the o s te o a r th r it is - l ik e  p ath ology  m ay  be r e la ted  to the 
fa ct that a r th r it ic  sw in e w ill  not m ove th e ir  painful jo in ts , and 
thus a n k y lo s is  is  p erm itted  to develop  rap id ly  (N eh er, et a l. 3).

F ig u r e  3. Opened a r th r it ic  ta r s a l  jo in t of a p ig  two and o n e -h a lf  
m onth s a fter  exp osu re  to E ry . rh u siop a th ia e . N ote the th ick en ed  
jo int ca p su le  and the in fla m ed  and h y p ertrop h ied  sy n o v ia l t is s u e .
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In addition to the p ath o log ic  s im i la r it ie s ,  fu rth er p a r a l le l 
is m s  to the rh eum atoid  a r th r it is  in  m an should includ e the lo w e r 
ing o f the ery th ro cy te  sed im en ta tion  r a te s  o f a r th r it ic  sw in e w ith  
ACTH th erapy, and the a m elio ra tio n  of the sym p tom s o f a r th r it is  
in sw in e with c o r tiso n e  and ACTH trea tm en t (4, 5). A lso , p r e g 
nancy and ex p e r im e n ta lly  ind uced ic te r u s , by lig a tio n  o f the c o m 
m on b ile  d u cts, l ik e w ise  appear to have a b e n e fic ia l e ffe c t  on the 
sym p tom s o f rh eum atoid  a r th r it is  in the hog.

F ig u re  4. E x te n s iv e  pannus form ation  o r ig in atin g  fro m  the syn ov ia l 
m em b ran e. D estru c tio n  o f the a r ticu la r  c a r tila g e  is  a lm o st c o m 
p le te  and fib ro u s a n k y lo s is  had taken p la ce  in  th is  advanced c a s e .
(14 m onth s).
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It would appear that the ch ie f d iffe ren c e  b etw een  the 
d is e a s e  in  sw ine and the corresp on d in g  d is e a s e  in m an is  that 
the e tio lo g y  o f rh eu m a to id -lik e  a r th r it is  in the p ig  h as been  
e sta b lish e d  (2, 3, 6, 7, 8, 9). W ernery (10) ap p ears to have been  
the f ir s t  in v e stig a to r  (1937) to d e sc r ib e  g r o s s  and h isto p a th o lo g ic  
ch an ges in the jo in ts o f a r th r it ic  sw in e fro m  w hich  E ry . rh u sio -  
path iae could  be iso la te d . C o llin s  and G oldie (1940, 7) d e sc r ib e d  
g r o s s  and m ic r o sc o p ic  path ology  o f e x p e r im e n ta lly  induced  
e r y s ip e la to u s  a r th r it is  and conclu ded  it to be id en tica l w ith the 
n atu ra lly  o ccu rr in g  d is e a s e .

F ig u re  5. F ib rou s a n k y lo s is  o f a jo int in advanced ch ron ic  
a r th r it is .
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E x p e r im e r ita i

In g e n e r a l, a ttem p ts to rep rod u ce sw in e e r y s ip e la s  have 
m et w ith l im ite d  s u c c e s s .  N u m erou s in v e s t ig a to r s , W ard (6), 
C o llin s  and G oldie (7), H ughes (9), and U sd in , et a l. (8), have  
found it n e c e s s a r y  to em p loy  rep ea ted  in jec tio n s  of the o rg a n ism . 
In m o st in s ta n c e s , a r th r it is  w as p rod u ced  by  th e se  w o rk e rs  w ith 
out app arent s ig n s  of acu te sw in e e r y s ip e la s ,  i. e . , fe b r ile  r e 
a c tio n s  and sk in  le s io n s .

In the in itia l ex p e r im e n ts  o f S ik es , N eh er , and D oyle (2)
21 sw in e w ere  ex p o sed  to try p to se  agar c u ltu res  o f E ry . rh u s io -  
path iae that had b een  iso la te d  fro m  the jo in t of a hog w ith ch ron ic  
a r th r it is . In jection s w ere  m ade su b cu tan eou sly , in tra m u sc u la r ly ,  
and in tra v en o u s ly  into f iv e  hogs in ea ch  group, and s ix  sw ine w ere  
p la ced  in  con tact w ith th em . With the ex cep tio n  of m od erate

F ig u r e  6. R oen tgen ogram  o f the carp u s o f a hog (a n ter io r -  
p o s te r io r  v iew , top, m ed ia l v ie w  bottom ) show ing bony pathology  
c h a r a c te r is t ic  o f the d is e a s e  in  the s ix th  m onth. A g e n e r a liz e d  
d e m in e r a liz a tio n  o f the bone, n arrow in g  o f the jo in t sp a c e s , 
o steo p h yte  fo rm a tio n  and "punched-out" a r e a s  a re  ev id en t.
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fe b r ile  r e s p o n s e s  w hich  w ere  app arent fo r  on ly  two days in  two 
of the in tra v en o u sly  ex p o sed  p ig s , the r e s u lts  w ere  n ega tiv e . A  
co m p lete  h erd  h is to r y  w as not a v a ila b le  on th e se  sw in e, and 
th ey  m ay  have obta ined  so m e m e a su r e  o f im m u n ity  p r io r  to e x 
p e r im e n ta l ex p o su re  through a c lin ic a l or su b c lin ic a l ex p o su re .

In su b seq u en t ex p e r im e n ts , w e w ere  able to rep rod u ce  
both acu te s e p t ic e m ic  e r y s ip e la s  and a r th r it is  w hen sh oa ts  from  
h e rd s  known to b e  fr e e  fr o m  the d is e a s e  w ere  u sed , by m aking  
the e x p o su r e s  w ith h igh ly  p ath ogen ic  sm ooth  type c o lo n ie s  of E r y . 
rh u siop a th ia e , i .  e . , iso la te d  fro m  sw in e that had died  o f the 
d is e a s e , and by cu ltu rin g  the o r g a n ism  in  a s e m iso lid  m ed iu m  
w hich  had a red u ced  oxygen  p r e s s u r e , s in c e  the o rg a n ism  is  
m ic r o -a e r o p h ilic .  In the fo llow in g  tab le  (figure 7) a r e  su m m a r
iz e d  the ex p e r im e n ts  in  w hich  acu te  s e p t ic e m ic  e r y s ip e la s  and 
a r th r it is  w ere  p rod u ced  by a s in g le  ex p o su re .

METHOD
OF

EXPO SU RE

NUMBER
OF

SWINE

MORTALITY 
FROM SWINE 

ERYSIPELAS

RESISTED EXPOSURE 
OR RECOVERED FROM 
ACUTE D ISEASE

CHRONIC
ARTHRITIS

CONTACT 59 15 35 9
SCARIFICATION 22 7 9 6
INTRADERMAL 1 3 2 6 5
INTRA-ARTICULAR 35 6 8 21
INTRAVENOUS 34 20 8 6
INTRAMUSCULAR 16 6 5 5

SUBCUTANEOUS 12 4 6 2

191 60 77 54

F ig u re  7. A  su m m ary  o f ex p e r im e n ts  by  S ik es , et a l. (2) and 
N eh er , et a l. (3) in w hich  acu te s e p t ic e m ic  e r y s ip e la s  and 
a r th r it is  w ere  p rod u ced  in  sw in e  by s in g le  ex p o su re  to E r y . 
rh u s io p a th ia e .
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It i s  apparent that exp osu re  by pen con tact w as the le a s t  
se v e r e  fo rm  of ch a llen g e , s in ce  35 of 59 sw in e (59%) e ith er  r e s i s 
ted  the exp osu re  or r e c o v e r e d  fro m  the d is e a s e . The in traven ou s  
ex p o su re  w as the m o st se v e r e  in  that on ly  8 of 34, or 23%, e ith er  
r e s is t e d  ex p o su re  or r e c o v e r e d . The in tr a -a r t ic u la r  m eth od of 
ex p o su re  app eared  to be the m o st e ffe c tiv e  m ea n s o f producing  
a r th r it is , s in ce  21 o f 35 (60%) of the sw in e d evelop ed  ch ron ic  
a r th r it is . It shou ld  be p ointed  out that the a r th r it is  p rod u ced  in  
th is  m ann er w as a sy s te m ic  d is e a s e  rath er than a lo c a l in fec tio n , 
s in c e  the o v e r t s ig n s  of acu te se p t ic e m ic  e r y s ip e la s  w ere  p r e se n t  
and the path ology  w as by no m ean s confined  to the in jec ted  jo in ts . 
In su m m a riz in g  the r e s u lt s ,  roughly  32 p e rcen t o f the sw in e died  
fo llow in g  v a r io u s ex p o su res  to v iru len t cu ltu res  o f E ry . r h u s io 
path iae and of the 131 su rv iv in g  p ig s  54, or 41 p e rcen t, d evelop ed  
a r th r it is  (2, 3).

B e c a u se  o f the c o n s is te n c y  w ith w hich  we w ere  able to 
prod uce acute sw in e e r y s ip e la s  and a r th r it is , the next p h ase of 
study w as d esig n ed  to eva lu ate  so m e c o m m e r c ia lly  a v a ila b le  im 
m u n izin g  p rod u cts. It w ould se e m  p a ra d o x ica l that a r th r it is  co n 
tin u es to rank a s one o f the p r im a r y  c a u se s  for  the condem nation  
of sw in e c a r c a s s e s  in  fe d e r a lly  in sp e c te d  m eatp ack in g  p lan ts in  
the U nited S ta tes (11) in sp ite  of the w id esp rea d  u se  o f p r o c ed u res  
for the im m u n iza tion  o f sw in e a g a in st e r y s ip e la s .

In rec en t stu d ies  (12) 65, 150-pound sw in e w ere  p r o tec ted  
a g a in st e r y s ip e la s  w ith c o m m e r c ia lly  p rep a red  b a c te r in s , and 
31 w ere  h ou sed  in  contact w ith th em  and su b seq u en tly  ex p o sed  
a s u n vaccin ated  c o n tr o ls . S in gle c h a llen g es  w ere  m ade with  
v ia b le  c u ltu res  of E r y . rh u siop ath iae at v a r io u s  t im e s  fro m  s ix  
w eek s to four m onths a fter  va cc in a tio n .

M arked an ap h ylactic  r ea c tio n s  w ere  ev id en t in the p r o te c 
ted  p ig s  at the tim e  o f the in traven ou s ch a llen ge; w h e r e a s , the 
r ea c tio n s  w ere  only s lig h t or n ega tiv e  in  the u n vaccin a ted  a n im a ls . 
The m o r ta lity  fro m  acu te sw in e e r y s ip e la s  w as red u ced  fro m  70 
p e r c e n t in  the u n p rotected  p igs  to 15 p e rcen t in  the v a cc in a ted  
sw in e.

A lthough v a cc in a tio n  ap p eared  to have d efin ite  m e r it  in  
p reven tin g  the h igh  m o rta lity , the in c id en ce  of acu te p o ly a r th r itis  
in  v a cc in a ted  sw in e approached  90 p e rcen t and u ltim a te ly  over  70 
p e rcen t d eve lop ed  ch ron ic  a r th r it is .

It ap p eared  that v a cc in a tio n  w ith b a c ter in  s e n s it iz e d  the 
sw in e to the an tigen s of E r y . rh u siop ath iae  and the subsequent 
ch a llen g e  w ith v ia b le  cu ltu res  p r e c ip ita te d  joint d is e a s e .

If h y p e r se n s it iv ity  i s  in v o lv ed  in the m ech a n ism  by w hich  
E r y . rh u siop ath iae c a u se s  jo in t p ath ology  in  the p ig , it  would
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appear that a r th r it is  m ay r e su lt  in sw in e that w ere  s e n s it iz e d  to 
k ille d  cu ltu re  a s  w e ll a s  th ose  ex p o sed  n a tu ra lly  or ex p e r im e n ta lly  
to the liv in g  o rg a n ism . T his su p p osition  w ould appear l ik e ly  s in ce  
the a l le r g ic  re sp o n se  in  a n im a ls  of a g iven  s p e c ie s  i s  e s s e n t ia l ly  
the sa m e r e g a r d le s s  o f the antigen  to w hich  a p a r ticu la r  anim al 
i s  s e n s it iv e  (13).

In r ec en t ex p e r im e n ts , in w hich  21, 150-pound sw in e w ere  
u sed  (14), 10 w ere  s e n s it iz e d  by 10 w eek ly  in traven ou s in jec tio n s  
of e ith e r  h eat k ille d  cu ltu re , a s te r i le  f i ltr a te  of cu ltu re , or c u l
ture m ed ia . M arked anap h ylactic  r e a c tio n s  w ere  ev iden t in a ll  
sw in e begin n ing  w ith the fourth w eek ly  in jec tio n . H ow ever , fo llo w 
ing the tenth in jec tio n  no c lin ic a l s ig n s  o f a r th r it is  w ere  ev id en t.

F iv e  s e n s it iz e d  sw ine w ere in jec ted  in tr a -a r t ic u la r ly  w eek 
ly  fo r  f iv e  w eek s into the right carp u s w ith 1 c c . o f the antigen  to 
w hich  th ey  had b een  p r e v io u s ly  s e n s it iz e d . F our u n se n s it iz e d  
sw in e a lso  r e c e iv e d  in tr a -a r t ic u la r  in jec tio n s  o f s te r i le  antigen  
(figure 8).

ARTHRITIS FOLLOWING INTRA-ARTICULAR IN JECT IO N S OF 

S T E R IL E  A N T IG EN

A N IM A L S E X P O S U R E F IN D IN G S AT  N EC R O P SY
'

SYN O V IT IS PATH. OF BONE

5
(S E N S IT IZ E D )

INTRA-ARTIC. 3 MARKED  

2 NORMAL

1 M A R K E D
2 M O D ER A T E

A
( UNSENSITIZED)

1NTRA-ARTIC. 2 SL IGH T  

2 NORMAL

1 SLIGHT  
1 NORMAL

5
(SEN S IT IZ ED )

7
(U N SEN SIT IZED )

CONTROL

CO NTROL

5 NORMAL 'I 

7 NORMAL J
EX PO SED  TO ERY. 

RHU SIOPATH IAE

F ig u re  8. A  su m m ary  o f an ex p er im en t, N eh er , et a l. (14), in  
w hich  a r th r it is  w as prod u ced  in  hyper s e n s it iz e d  sw in e by in tr a -  
a r tic u la r  in jec tio n  o f s te r i le  antigen .
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M arked la m e n e ss  w as ev id en t in  th ree  o f the fiv e  se n s it iz e d  
p ig s  and at n e c r o p sy  b etw een  one and th ree  m onths a fter  the fina l 
in jec tion ; m ark ed  sy n o v it is  w as p r e se n t in the jo in ts  o f th e se  a n i
m a ls . No jo int path ology  w as p r e se n t  in  the two a n im a ls  that f a i l 
ed to show  c lin ic a l s ig n s  o f a r th r it is . P a th o lo gy  o f bone a s  d e te r 
m in ed  by  ra d io lo g y  w as m arked  in  one c a se  and m o d erate  in the 
other two s e n s it iz e d  a n im a ls . The p ath ology  w as p o ly a r th r itic  in 
n atu re and w as not confin ed  to the in jec ted  carp al jo in ts . S light 
sy n o v it is  w as ev id en t in  two o f the four u n se n s it iz e d  p ig s  that 
r e c e iv e d  in tr a -a r t ic u la r  in jec tio n s  and on ly  one o f the two show ed  
bone p ath o logy  su g g e s tiv e  of a r th r it is .

The jo in ts  o f a ll  sw in e w ere  n e g a tiv e  for E ry . rh u siop ath iae  
on b a c te r io lo g ic a l exam in ation . The f iv e  rem ain in g  s e n s it iz e d  and 
s e v e n  u n se n s it iz e d  w ere  ap p aren tly  n orm al at the tim e  o f the in tra -  
a r tic u la r  in je c tio n s  in  the p r ev io u s  a n im a ls . In o rd er  to a s su r e  
that the a r th r it is  p rod u ced  w as a r e su lt  o f a se n s it iz a t io n  to s te r i le  
an tigen  ra th er  than a p o s s ib le  natu ral ex p o su re , th e se  a n im a ls  
w ere  su b seq u en tly  ch a llen g ed  to v ia b le  c u ltu res  o f E r y . r h u s io 
p ath iae (figu re 9).

SEN S IT IZED AND NORMAL SWINE FOLLOWING I.V.

EXPO SU RE TO ERYSIPELOTHRIX RHUSIOPATHIAE

RESPO N SE TO CONDITION 2 MO.
AN IM ALS CHALLENGE POSTEXPO SU RE

j 3 DIED

(UNSENSIT IZED) 4 FEBRILE, ACUTE 2 NORMAL
POLYARTHRITIS 2 ARTHRITIC

5
( SE N S IT IZED )

2 KILLED C. 2 ACUTE POLYARTH. 2 ARTHRITIC
1 FILTRATE 1 ACUTE POLYARTH. 1 ARTHRITIC
2 C.MEDIUM 2 DIED

F ig u re  9. A  su m m ary  o f an ex p er im en t, N eh er , et a l. (14), in  
w hich  acu te s e p t ic e m ic  e r y s ip e la s  and a r th r it is  w ere  prod uced  
in  n o rm a l and hyp er s e n s it iz e d  sw in e by a s in g le  in traven ou s  
e x p o su re  to E ry . rh u siop ath iae .
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T h ree o f the se v e n  u n se n s it iz e d  sh oats  d ied  o f acute  
se p t ic e m ic  sw in e e r y s ip e la s .  The four su rv iv in g  a n im a ls  had 
m a rk ed  fe b r ile  r e sp o n se s  and acu te p o ly a r th r it is  w hich  la te r  
a ssu m e d  a ch ron ic  natu re in  tw o.

Of the f iv e  s e n s it iz e d  sw in e ch a llen g ed  in tra v en o u sly , the 
two s e n s it iz e d  to h ea t k il le d  cu ltu re  w e r e  p r o te c te d  a g a in st the 
a cu te  fo r m  o f the d is e a se ;  h o w ev er , both d eve lop ed  acu te p o ly 
a r th r it is  w ith in  th ree  days and the jo in t d is e a s e  la te r  b eca m e  
ch ro n ic .

The an im al s e n s it iz e d  to the f i lt r a te  l ik e w ise  d evelop ed  
p o ly a r th r it is  a fter  ch a llen g ed  w ith  v ia b le  o r g a n ism s . A pp arently  
l i t t le ,  i f  any, im m u n ity  w as p rod u ced  a g a in st acu te sw in e e r y s ip 
e la s  in  the sw in e s e n s it iz e d  to the s t e r i le  cu ltu re  m ed ia  s in ce  
both show ed  m a rk ed  fe b r ile  r e sp o n se s  and d ied  w ith in  s ix  days 
fo llo w in g  the ch a llen g e .
D isc u s s io n

E v id en ce  that s e n s it iv ity  i s  in v o lv ed  in th is  d is e a s e  is  
su g g e s te d  by  the fa c t that n u m ero u s in v e s t ig a to r s  have found it 
n e c e s s a r y  to em p loy  rep ea ted  in je c tio n s  o f v iab le  o rg a n ism  to 
prod u ce a r th r it is  in  the p ig .

R ecen tly  H ughes (9) w as ab le to prod u ce the d is e a s e  in  
a ll o f  16 p ig s  w ithout app arent s ig n s  o f acu te  sw in e e r y s ip e la s  
by re p e a te d  in traven ou s in je c t io n s . Only one or two p ig s  exh ib 
ite d  fe b r ile  r e s p o n s e s  o f 104. 0 to 104. 4 F . , and th e se  w ere  
ex cep tio n a l.

S im ila r ly , U sd in , F e r g u so n , and B irk elan d  (8) prod uced  
a r th r it is  in  s e v e n  o f  e igh t a n im a ls  w ithout o v e r t s ig n s  o f acu te  
se p t ic e m ic  e r y s ip e la s ,  i .  e . , m a rk ed  fe b r ile  r e s p o n s e s  and skin  
l e s io n s .  S ik e s , N eh er , and D oy le  (15) p rod u ced  ch ron ic  a r th r it is  
in  a l l  o f  fou r sw in e w hich  r e s is t e d  an in it ia l in tra v en o u s exp osu re  
b y  g iv in g  rep ea ted  w eek ly  in je c tio n s  o f E r y . rh u sio p a th ia e . It i s  
of in te r e s t  to n o te  that th ree  o f the four d eve lop ed  v e g e ta tiv e  en do
c a r d it is ,  and death o f two o f th e se  a n im a ls  w as a ttr ib u ted  to th e se  
le s io n s .

R ecen tly  G oldie and C o llin s  (16) have b een  s u c c e s s fu l  in  
p rod u cin g  a r th r it is  in  rab b its that w as p a th o lo g ica lly  s im ila r  to 
th e d is e a s e  in  sw in e by g iv in g  rep ea ted  in tra v en o u s in jec tio n s  of 
E r y . rh u sio p a th ia e . T h ese  au th ors em p h a size d  that in  m o st  in 
s ta n c e s  the e x p o su r e s  w ere  too sm a ll  (total d o se s  o f se v e n  to 
tw e n ty -e ig h t m ill io n  o r g a n ism s) to p rod u ce oth er p ath ogen ic  e f fe c ts .  
H y p e r se n s it iv ity  in d u ced  in  ra b b its  by m a s s iv e  in je c tio n s  o f h o r se  
se r u m  o c c a s io n a lly  r e s u lt s  in  a r th r it id e s  in  conjunction  w ith  c a r 
d io v a sc u la r  le s io n s  (17). P e a r s o n  (18, 19) r e c e n t ly  rep o r ted  the
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d evelop m en t of a r th r it is , p e r ia r th r it is  and p e r io s t i t is  in  ra ts  
that r e c e iv e d  adjuvants of a lle r g e n ic  em u ls io n s . It w as b e lie v e d  
that h y p e r se n s it iv ity  w as prob ably  the b a s is  for  th e se  rea ctio n s;  
h o w ev er , the p o s s ib i li ty  o f p leu ro p n eu m o n ia -lik e  o r g a n ism s  had  
not b e en  exclu d ed .

A ccord in g  to U sdin  et a l. (8) a r th r it is  i s  com m on  in  h o r s e s  
b ein g  hyp er im m u n ized  w ith  liv in g  cu ltu res  o f E r y . rh u siop ath iae  
for  the c o m m e r c ia l prod u ction  o f a n ti-sw in e  e r y s ip e la s  seru m .

The p rod uction  o f a r th r it is  in  sw in e through a tech niq ue  
in vo lv in g  rep ea ted  ex p o su re  to E r y . rh u siop ath iae  and by  v a c c in a -  
n ation  and su b seq u en t ch a llen ge  w h ere o v e r t s ig n s  o f  acute e r y s ip 
e la s  a re  ab sen t w ould se e m  analogou s to the a r th r it is  w hich  a r is e s  
n a tu ra lly  in  p ig s  w hich have n e v e r  b e e n  v is ib ly  i l l  fro m  the acu te  
d is e a s e . B e c a u se  o f the v e r y  w id esp r ea d  d istr ib u tion  o f the o rg a n 
is m  in s p e c ie s  o th er than sw in e (20, 21) and in  sw in e w hich  a re  ap 
p a ren tly  h ealth y  (22, 23) i t  w ould s e e m  p rob ab le  under fa r m  co n d i
tio n s that so m e p ig s  develop  a r th r it is  (w ithout show ing the c lin ic a l  
s ig n s  o f acu te sw ine e r y s ip e la s )  through se n s it iz a t io n  by  m u ltip le  
natu ral e x p o su r e s .

W hether jo in t d is e a s e  r e s u lts  fro m  an a ttack  o f acu te sw ine  
e r y s ip e la s  or  d eve lop s w ithout the sy m p tom s o f acu te  e r y s ip e la s  
i t  i s  rea so n a b le  to a s su m e , acco rd in g  to H ughes (9) that under 
n atu ral con d ition s a r th r it is  a r i s e s  a s  a r e su lt  o f a b a c te r e m ia .  
A lthough E r y . rh u siop ath iae  r e a c h e s  the jo in ts  v ia  the p e r ip h e ra l  
c ir c u la tio n  w e do not know  w hether the path o logy  i s  a  d ir e c t  r e su lt  
o f the p r e se n c e  o f the o r g a n ism . H ughes fu rth er  p o s tu la te s  that 
i f  a r th r it is  r e s u lts  fro m  a s in g le  ex p o su re  the jo in ts  m ay  r e c e iv e  
rep ea ted  d o se s  fro m  so m e oth er fo cu s  in  the body w hich  w as se t  
up by  the ex p o su re .

The s e n s it iv ity  th eo ry  m a y  ex p la in  in  p a rt the p ath ology  in  
a ffec ted  jo in ts  w h ich  a re  ap p aren tly  s t e r i le .  N u m erou s in v e s t ig a 
to r s  (2, 3, 7, 8, 9, 24) have rep o rted  that on ly  a p o rtio n  o f the ty p i
c a lly  a ffec ted  jo in ts  of ex p er im en ta l sw in e a re  p o s it iv e  fo r  E r y . 
rh u siop ath iae on b a c te r io lo g ic a l exam in ation . We have b een  ab le  
to is o la te  the o rg a n ism  fro m  rough ly  60 p e r c e n t o f the a ffec ted  
jo in ts  exam in ed  fro m  ex p e r im e n ta l c a s e s  in  w hich  in fec tio n  w as  
e s ta b lish e d  l e s s  than f iv e  m onths p r e v io u s ly . H ow ever , iso la t io n  
o f E r y . rh u siop ath iae fr o m  a r th r it ic  jo in ts  b e c o m e s  in c r e a s in g ly  
d ifficu lt a fter  th is  t im e  ev en  though the p a th o lo g ic  p r o c e s s  u su a lly  
con tin u es unabated. In no in sta n c e  w ere  w e ab le  to iso la te  the o r 
g a n ism  a fter  226 days fo llo w in g  ex p e r im e n ta l ex p o su re  (2).

In the lig h t o f rec en t w ork (1Z) i t  i s  apparent that v a c c in a 
tion  a g a in st sw in e e r y s ip e la s  m ay  be b e n e fic ia l in red u cin g  the m o r 
ta lity  in  ou tb reak s o f the acu te se p t ic e m ic  fo rm  o f the d ise a se ;  h ow 
e v e r , i t  i s  co n c e iv a b le  that th is  p roced u re  m ay  con trib u te  to ,
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rath er than so lv e , the a r th r it is  p rob lem .
Sum m ary

An ec o n o m ic a lly  im p ortan t d is e a s e  that b e a r s  m any s im i
la r it ie s  to rh eum atoid  a r th r it is  o c c u r s  n a tu ra lly  in  sw in e . We have 
prod uced  a r th r it is  in  rough ly  o n e -th ird  o f 191 su sc e p tib le  p ig s  fo l
low ing ex p o su re  to the b a c ter iu m  E r y s ip e lo th r ix  rh u siop ath iae.

F o llow in g  v acc in a tion  w ith  c o m m e r c ia lly  a v a ila b le  b a c te r in s  
and su b seq u en t in traven ou s ch a llen ge  m ark ed  an ap h ylactic  r ea c tio n s  
w ere  ev id en t. The m o rta lity  w as g rea tly  reduced; h o w ev er , the 
in c id e n ce  of a r th r it is  in su rv iv in g  v a cc in a ted  sw in e approached  75 
p e rcen t.

In cu rren t w ork a r th r it is  w ith  frank bone p ath ology  in d is 
tin gu ish ab le  fro m  the n a tu ra lly  o ccu rr in g  d is e a s e  w as prod uced  
ap p aren tly  in  the a b sen ce  of v iab le  E r y . rh u siop ath iae by  h y p er-  
s e n s it iz in g  hogs and su b seq u en tly  in jec tin g  them  in tr a -a r t ic u la r ly .

We b e lie v e  that th ese  ex p e r im e n ts  c le a r ly  in d ica te  that 
se n s it iz a t io n  p la y s  a ro le  in  the e tio lo g y  o f rh eu m a to id -lik e  a r th 
r it is  in  sw in e .

V ariou s fo r m s  o f a r th r it is  o ccu r  n a tu ra lly  in  l iv e s to c k  and 
s o m e  appear to b ear  a c lo se  re se m b la n c e  to com p arab le  a r th r it i-  
d es o f m an. S in ce cer ta in  fundam ental fa c ts  m ay be the sa m e r e 
g a r d le s s  o f the s p e c ie s ,  the f ie ld  o f a r th r it is  i s  com m on to w ork 
e r s  in  hum an and v e te r in a r y  m ed ic in e . It w ould appear that r e 
se a r c h  w o rk e rs  in the la tte r  group m ay enjoy a g r e a te r  opportun
ity  to fo llo w  the ex p er im en ta l app roach through the ap p lica tion  of 
s tr ic t ly  c o n tro lled  s c ie n t if ic  p r in c ip le s .

A lthough rheum atoid  a r th r it is  in  m an and the analogous  
d is e a s e  in  sw in e do not have a com m on e tio lo g ic  agent, the m e c h 
a n ism  by  w hich  the jo in t d is e a s e  e v o lv e s  m ay  in  c e r ta in  r e s p e c ts  
be s im ila r .  The a r th r it ic  p ig  m ay , in  any even t, p rov e  to b e a 
u se fu l t e s t  an im al for  the scr e e n in g  o f new  a n ti-a r th r it ic  drugs  
and h orm on e p rep a ra tio n s .
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CHRONIC HEART DISEASE IN DOGS

D avid  K. D e tw e ile r , V. M. D. , M .S . ,  D r. M ed. V et. 
A s so c ia te  P r o fe s s o r  o f P h a rm a co lo gy  

School o f V eter in a ry  M ed icin e  
G raduate School o f M ed icin e  

and C o lleg e  o f A rts  and S c ie n c e s  
and

C hairm an, D ep artm en t of V eter in a ry  M edicine  
G raduate School of M edicine  
U n iv e r s ity  o f P en n sy lv a n ia  

P h ilad e lp h ia , P en n sy lv a n ia

A b stra ct
D ogs a re  su b ject to a v a r ie ty  o f ca rd io v a sc u la r  d iso r d e r s  

and c lin ic a l sy n d ro m es. In a s e r ie s  of 268 c a s e s  the fo llow in g  
typ es o f h ear t d is e a s e  w ere  found: con gen ita l h eart d is e a s e , p e r i
c a r d it is , m y o c a r d it is , and m y o ca rd ia l d egen era tio n , acute b a c 
te r ia l  en d o ca rd itis , ch ron ic  v a lvu lar d is e a s e , and such  m y o ca rd ia l 
d is e a s e s  a s  in fa rctio n , n e c r o s is ,  fa tty  d egen era tio n , a b s c e s s ,  and 
n e o p la stic  m e ta s ta s e s .  In the m id d le  and south A tlan tic  and Gulf 
S ta tes , h eartw orm  (D ir o fila r ia  im m itis )  in fe s ta tio n  i s  com m on  
w ith fro m  10 to 90 p e rcen t o f the dog population  h arb oring  m ic r o 
f i la r ia e . C hron ic v a lv u la r  d is e a s e  (ch ron ic v a lv u lit is )  and a r te r io 
s c le r o s is  a re  a s so c ia te d  with ag in g  and are o ften  found in  a n im a ls  
with c o n g estiv e  h ear t fa ilu r e  syn d rom e. A r te r ia l h y p erten sio n , 
with and w ithout a s so c ia te d  ch ron ic  ren a l d is e a s e , h as b een  found 
in  about 0. 9 p e rcen t o f ex p er im en ta l dogs stud ied . T h ese  d is e a s e s  
a re  o f in te r e s t  fro m  the standpoint of co m p a ra tiv e  path ology  and 
have a b ear in g  on the u se fu ln e s s  o f dogs in  c a rd io v a scu la r  r e 
se a rch .





CHRONIC HEART DISEASE IN DOGS

D avid  K. D etw e ile r , V. M. D. , M. S. , D r. M ed. V et.
A sso c ia te  P r o fe s s o r  o f P h a rm a co lo g y  

School of V eter in a ry  M edicine  
G raduate School of M edicine  

and C o lleg e  of A rts  and S c ie n c e s  
and

C hairm an, D ep artm ent of V eter in a ry  M edicine  
G raduate School of M edicine  
U n iv ers ity  o f P en n sy lv a n ia  
P h ilad elp h ia , P en n sy lv a n ia

D ogs are  su b ject to a v a r ie ty  of ch ron ic  ca rd ia c  and v a s 
cu lar  d is o r d e r s . T h ese are  of in te r e s t  to pu b lic  health  s c ie n t is ts  
b e ca u se  of the im p ortan ce of the dog a s  an ex p er im en ta l an im al in  
ca rd io v a scu la r  r e s e a r c h  and b e c a u se  a com p arative  study o f th ese  
d is e a s e s  m ay u ltim a te ly  contrib ute to the un derstan din g  o f s im ila r  
d is e a s e s  in  m an.
Incid ence and T yp es o f H eart D ise a se

D uring a sev en  y ea r  p er io d , 3 9 ,3 7 8  dogs p a s se d  through  
the S m all A nim al C lin ic  of the School o f V eter in a ry  M ed icin e, 
U n iv e r s ity  o f P en n sy lv a n ia . H eart d is e a s e  w as d iagn osed  in  268 
of th e se  a n im a ls  (1). T h is tabu lation  exclu d ed  a ll c a s e s  o f f i la r i-  
a s is ,  " h ea rt-b ase"  tu m ors, trau m a, m y o ca rd ia l d egen era tion  and 
in flam m ation  in a s so c ia t io n  w ith sp e c if ic  in fec tio u s  and m eta b o lic  
d is e a s e s ,  and ca rd ia c  dam age a s so c ia te d  with s e v e r e  an em ia .
Thus, the in c id en ce  of p r im a r y  h eart d is e a s e  in th is  s e r ie s  w as  
ap p ro x im a te ly  0. 68 p er  cen t.

The v a r io u s  typ es of h eart d is e a s e  found in  th is  group are  
l is t e d  in Table I. M any o f the d ia g n o ses  are  b a sed  on c lin ic a l  
exam in ation  on ly . On p o s t-m o r te m  exam in ation  h is to lo g ic a l  
se c tio n s  of ca rd ia c  t is su e  w ere  not m ade u n le ss  g r o s s  le s io n s  w ere  
se e n . F or th ese  re a so n s  the freq u en cy  o f v a sc u la r  d is e a s e  in v o l
ving the ca rd ia c  v a sc u la tu re  w as not d e term in ed .

Owing to a lack  of thorough c lin ic a l and p o st-m o rte m  
stu d ies  on ca rd io v a scu la r  d is e a s e s  in d ogs, the p a th o lo g ica l p r o 
c e s s e s  now rec o g n ize d  a re  not w e ll c h a r a c te r iz e d . T his i s  e s p e c 
ia lly  tru e w ith r e sp e c t  to ch ron ic  d is e a s e s  such a s  ch ron ic  v a lv u 
l i t i s  and a r t e r io s c le r o s is .  B e c a u se  o f the d ifficu lty  in  obtaining  
va lid  re s t in g  blood p r e s su r e  d e term in a tio n s in  the v e te r in a r y  
c lin ic , a r te r ia l h y p erten sio n  is  se ld o m  r e c o g n iz e d  although dogs 
a re  known to develop  high b lood  p r e s su r e . A com p lica tin g  factor  
w hich  m u st a lw ays be borne in m ind when co n sid e r in g  dogs as  
ca rd ia c  p a tien ts  or a s  su b jec ts  for ca r d io v a sc u la r  r e s e a r c h  i s  the
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TA B LE I
The In cid en ce o f V ariou s T yp es o f H eart D ise a s e  

A m ong 39. 378 D ogs E xam in ed  C lin ic a lly
(E xcluding c a s e s  o f f i la r ia s is ,  h ear t b a se  tu m o r s, trau m a, m y o 
c a rd ia l d egen era tio n  and in fla m m atio n  in  a s so c ia t io n  w ith  sp e c if ic  
in fe c tio n s  and m eta b o lic  d is e a s e s ,  and ca rd ia c  dam age a s so c ia te d  
w ith s e v e r e  a n e m ia .)

C ongen ita l H eart D is e a s e s
P a ten t ductus a r te r io s u s  13
P u re  pu lm on ary  s te n o s is  8
P e r s is t e n t  r igh t a o r tic  a rch  5
A o rtic  s te n o s is  2 
In tr a v en tr icu la r  sep ta l d e fe c t 1
T r icu sp id  v a lv e  h y p o p la sia  1

N um ber
30

P e r c e n t
Ï Ï

B . D is e a s e s  o f the P e r ic a r d iu m
C hronic p e r ic a r d it is  w ith m a s 
s iv e  sanguinou s e ffu s io n  6 
A cu te p e r ic a r d it is  2

C. D is e a s e s  o f the H ear t M u scle  
M yocard ia l d egen era tio n

and in fla m m atio n  22 
N e o p la s t ic  m é ta s ta s é s

C arcin om a 13
S arcom a 8

In farct 4
M yocard ia l n e c r o s is  3
F a tty  d egen era tio n  2
A b s c e s s  1

53 20

A cq u ired  V alvu lar  L e sio n s
and E n d o ca rd itis  120 45
C hron ic v a lv u la r  d is e a s e

(so m e tim e s  w ith ch ron ic  103 
p a r ie ta l en d o ca rd ia l s c a r s )

A cute and sub acute endo -
c a r d it is  9

C hron ic, p a r ie ta l endo
c a r d it is  8

E. U n certa in  D ia g n o sis  57 21
268 100
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high in c id e n ce  of h eartw orm  in fe sta tio n , p a r t ic u la r ly  am ong dogs  
in the sou th ern  p art of the U nited  S ta te s . F in a lly , the high in c i 
d en ce o f ren a l d is e a s e  in  dogs (ex ceed in g  80 p er cen t in  a n im a ls  
o v er  e igh t y e a r s  of age (2)) r e q u ir e s  that the p o s s ib le  re la tion sh ip  
b etw een  k id ney  and ca r d io v a sc u la r  d iso r d e r s  be c lo s e ly  scru tin ized .

D esp ite  o c c a s io n a l sp u riou s s ta tem en ts  in the l ite r a tu r e ,  
le s io n s  id en tica l w ith  rh eu m atic  m y o c a r d itis  and en d o ca rd itis  in 
m an have not b een  d em on stra ted  in  the dog. H ow ever , the freq u en t 
o c c u r r e n c e  of ch ron ic  v a lv u la r  le s io n s  in  o ld er  dogs su g g e s ts  a 
d is e a s e  p r o c e s s  w hich  m ay  have a s im ila r  p a th o g en es is .

M yocard ia l in fa rctio n  of em b o lic  o r ig in  i s  a ra re  p o s t
m o rtem  find ing and o c c lu s io n  o f a la r g e  coron ary  a r te r y  by th ro m 
bus fo rm a tio n  at the s ite  o f an a r te r io s c le r o t ic  le s io n  is  uncom m on  
in the dog. S in ce the c lin ic a l s ig n s  o f con gen ita l h eart d is e a s e ,  
ch ron ic  v a lv u la r  d is e a s e  w ith va lv u la r  d e fo rm ity , and m y o ca rd itis  
(when the le s io n s  are  e x te n s iv e  enough) are  o ften  not d ifficu lt to 
d e tec t, it  i s  not su r p r is in g  that th e se  d ia g n o ses  p red om in ate  in  
our c l in ic .  A cu te or sub acute b a c te r ia l en d o ca rd itis  i s  r a r e ly  
in c r im in a te d  as the ca u se  o f death in  d ogs, and l e s s  o ften  d iagn osed  
c l in ic a lly . G ross  m y o ca rd ia l in fa rctio n  is  an unusual finding at 
n e c r o p sy  and i s  l e s s  o ften  d ia g n o sed  ante m o rtem . The c lin ic a l  
syn d rom e o f ch ron ic  c o n g e s tiv e  h ear t fa ilu r e  freq u en tly  d eve lop s  
in  dogs w ith s e r io u s  h ear t d is e a s e  and m ay  resp on d  tem p o ra r ily  
to ap p rop ria te  th erap y . The m o st  com m on arrh yth m ia  a s so c ia te d  
w ith h ear t d is e a s e  in dogs i s  v en tr ic u la r  e x tr a s y s to le . V en tr icu la r  
p r em a tu re  b e a ts  a re  se ld o m , if  e v e r , u n a sso c ia te d  w ith h ea r t d is 
e a s e  in  the dog, in co n tra d ist in c tio n  to m an. T his finding h as been  
co n firm e d  in  oth er c l in ic s  (3). A u r icu lar  f ib r illa t io n  h as been  
found on ly  in  s e v e r e  h e a r t d is e a s e  in  dogs and is  a grave p r o g n o s
t ic  s ig n  (4). In 13 dogs the duration  of l ife  a fter  the arrh yth m ia  
w as f ir s t  d ia g n o sed  in  the c lin ic  w as fro m  a few  h ou rs to 28 w eek s.

C hron ic V a lvu lar D ise a s e
V alvu lar  le s io n s ,  w hich  have b een  v a r io u s ly  d e sc r ib e d  as  

ch ron ic  v a lv u la r  e n d o c a r d itis , ch ron ic  v a lv u lit is ,  ch ron ic  fib rou s  
e n d o c a r d itis , and se n ile  in vo lvu tion  o f the v a lv e s  o ccu r  in  up to 
f iv e  p er cen t of adult dogs w hich  a re  exam in ed  p o st m o rtem  (5). 
B e c a u se  th ere  i s  a lack  o f g en e ra l a g reem en t regard in g  the nature  
of th e se  p a th o lo g ica l ch an ges the n o n d escr ip tiv e  te r m  ch ron ic  
v a lv u la r  d is e a s e  w ill be u sed .

The o c c u r r e n c e  of ch ron ic  v a lv u la r  d is e a s e  has not b een  
show n to b e  r e la te d  to s e x  or b r eed , but i s  d e fin ite ly  re la te d  to 
a ge (&)> b ein g  m o st com m on in  dogs o v er  s ix  y e a r s  o ld . The m i
tr a l v a lv e  i s  by  far  the m o st com m on ly  a ffec ted . N ext in freq u en cy  
i s  the tr ic u sp id  v a lv e , then the a o r tic , and la s t  the p u lm on ic v a lv e .
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G r o ss ly  (7), the v a lv e s  are  th ick en ed  and d eform ed . The 
en tire  v a lv e  m em b rane or on ly  the p art o f the v a lv e - le a f  tow ard  
the fr e e  m a rg in  m ay be in vo lved . The a tr ia l su rfa ce  of the a u r ic -  
u lo v en tr ic u la r  v a lv e s  and the v en tr ic u la r  su rfa c e  of the sem ilu n a r  
v a lv e s  m ay be sm ooth , but often  a re  uneven ow ing to the p r e se n c e  
of sm a ll tu b e r c le s  and in d u rated  s tr ia t io n s . S o m etim es  the s u r 
fa ce  i s  roughened by  d e lica te  v eg e ta tio n s  in the reg io n  o f the lin e  
of c lo su r e . In advanced  c a s e s  in vo lv in g  the m itr a l or tr icu sp id  
v a lv e s , the le a f le t s  m ay  be red u ced  to a c ir c le  of hard  p ro tu b er
a n c e s .

H is to lo g ic a lly  (7), the p rom in en t change i s  a con n ective  
t is su e  p r o life r a tio n  in  the sub end othelium  u n derly ing  the a u r icu la r  
s id e of the a u r icu lo v en tr icu la r  v a lv e s  or the v en tr ic u la r  s id e  o f the 
sem ilu n a r  v a lv e s . T h is change i s  m o st com m on in  the reg io n  of 
the lin e  of c lo su r e . The p r o life r a te d  co n n ectiv e  t is su e  m ay be  
r ic h  in  c e l l s  or poor in  c e l l s .  H yalin e d egen era tio n  m ay  b e p r e s 
en t. F in e  e la s t ic  f ib e r s ,  sm a ll b lood v e s s e l s ,  p la sm a  c e l l s ,  
le u c o c y te s , and h e m o sid e r in  contain ing c e l l s  or  fr e e  b lood  p ig 
m en t a re  o ften  p r e se n t. N ew  b lood  v e s s e l s  of both n orm al and 
p a th o lo g ica l ap p earan ce (en d oth elia l n e c r o s is ,  in tim a l h y p er
p la s ia , ob litera tion ) a re  se e n  in  the in ter m ed ia te  la y e r s  o f the 
v a lv e . T h is v a sc u la r  and co n n ectiv e  t is su e  p r o life r a tio n  lea d s  
to a th ick en in g  and h ya lin e s c le r o s is  of the co n n ectiv e  t is su e  
la y e r s .

The su b en d oth elia l la y e r  u n derly ing  the op p o site  s id e  of 
the v a lv e  (away fro m  the flow  o f blood) i s  only s lig h t ly  a ltered .
T h ere i s  an in c r e a s e  in  e la s t ic  f ib e r s ,  c ir c u m sc r ib e d  th ick en in g  
of the in se r t io n s  o f the chorda ten dinae and h e re  and th ere  m ucoid  
d egen era tio n , le u c o c y tic  in filtra tio n , and groups o f p igm en ted  
c e l l s .

The p r o life r a tio n  of the con n ective  t is s u e  lea d s  to s c le r o s is  
w ith lo s s  o f n orm al stru ctu re  and e la s t ic ity .  A ck erk n ech t s ta te s  
that ow ing to e a r ly  d isa p p ea ra n ce  o f b lood  v e s s e l s ,  in co m p lete  
rep a ra tiv e  p r o c e s s e s ,  and e x te n s iv e  dam age to the a rran gem en t  
of the e la s t ic  e le m e n ts  the p red om in an tly  e la s t ic  v a lv e  m em b ran e  
i s  co n v er ted  to a com p act, co lla g en ou s sh ee t.

C hronic v a lv u la r  d is e a s e  i s  u su a lly  a ttr ib u ted  to rep ea ted  
b a c te r ia l en d o ca rd itis  fo llo w ed  by h ea lin g  and sc a r  form ation  (8). 
T his h y p o th es is  a s su m e s  a high freq u en cy  o f b a c te r ia l en d o ca rd itis  
with few  deaths and d isap p earan ce  of b a c te r ia  in m o st o f the le s io n s  
se e n  on p o s t-m o r te m  ex a m in a tion s. The r e c e n t fin d in gs o f Shouse  
and M eier  (9) len d  support to th is  argum en t. T h ese  au th ors rep o rt  
an in c id e n ce  of acu te v e g e ta tiv e  en d o ca rd itis  o f 6. 6 p er  cen t am ong  
600 dogs and ca ts  exam in ed  p o st m o rtem . T hey su g g e s t  that ch ro n 
ic  v a lv u la r  d is e a s e  r e p r e se n ts  the h e a led  p h ase  o f the acu te p r o 
c e s s .  F u rth er , it  h as b een  shown e x p e r im e n ta lly  that the s in g le
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in jec tio n  o f v iru len t o r g a n ism s w ill o ften  induce acu te b a c te r ia l  
en d o ca rd itis  in  ex p er im en ta l dogs (10,11). The con cep t develop ed  
by von A lb ertin i and G rum bach (12,13) on the b a s is  o f ex p er im en ts  
w ith ra b b its , s e r v e s  to exp la in  the b a c te r ia l en d o ca rd itis  hypo
th e s is .  They p rod u ced  both the subacute b a c te r ia l  en d o ca rd itis  
type and "rh eu m atic type" le s io n s  w ith s in g le  m a s s iv e  in jec tio n s  
of s tr e p to c o c c i. In the b a c te r ia l en d o ca rd itis  le s io n s  the lo c a l  
t is s u e  r ea c tio n  (le u c o c y te s , fib rin ) w as r e la t iv e ly  poor and b a c 
te r ia  rem a in ed . In the " rh eu m atic-typ e"  the c o c c i  w ere  w a lled -  
off w ith m a s s e s  of fib r in o id  and a w ide leu c o c y te  zone.

H ow ever , th ese  o b serv a tio n s  fa il to p rov id e an en tir e ly  
sa t is fa c to r y  exp lanation  o f the p a th o g en es is  o f the va lv u la r  ch an ges. 
P r io r  to th is  rec en t paper (9) on b a c te r ia l en d o ca rd itis , v e te r in a r y  
p a th o lo g ists  have fa ile d  to rep o rt a s im ila r  high in c id e n ce  o f th ese  
le s io n s .  M oreo v er , deaths re su ltin g  from  acute or  subacute b a c 
te r ia l  en d o ca rd itis  a re  r a r e , although the d is e a s e  i s  se ld o m  d ia g 
n o se d  nor trea te d  w ith  a n tib io tic s . If rep ea ted  b a c te r ia l en d o ca r
d itis  i s  the ca u se  of sub sequ ent ch ron ic  va lv u la r  d is e a s e , it  m u st  
be a ssu m e d  that p a th o lo g ists  have fo r m e r ly  o ften  o v er lo o k ed  the 
le s io n s  o f v e g e ta tiv e  en d o ca rd itis  and that, as in  the ex p e r im e n ts  
of von A lb ertin i and G rum bach, ch ron ic  le s io n s  r e su lt  when lo c a l  
t is su e  r e s is ta n c e  is  h igh enough to p rev en t subacute b a c te r ia l  
en d o ca rd itis .

That th e se  va lv u la r  ch an ges m ay be ind uced  in  p art or e n 
t ir e ly  by  an an tigen -an tib od y  rea c tio n  i s ,  o f c o u r se , a stron g  
p o s s ib ili ty . A s p ointed  out by B oh m ig  and K lein  (14), an im al e x 
p e r im e n ts  have shown that the sub en doth eliu m  o f the h eart v a lv e s  
p o s s e s s  an a sto n ish in g  r e a d in e ss  to r e a c t  a lle r g ic a l ly .  M ost 
w o rk ers have em p loyed  the rabb it to d em on stra te  th is  phenom enon  
(for lite r a tu r e  s e e  r e fe r e n c e  14, p a g es  256 to 260).

An in te r e s t in g  re la tion sh ip  betw een  the o c c u r r e n c e  of 
va lv u la r  en d o ca rd itis  in  dogs and in c r e a se d  ca rd ia c  w ork load  
p rod u ced  by  la r g e  a r ter io v en o u s f is tu la e  m ade su r g ic a lly  has been  
rep o rted  by  L ille h e i and co w o rk ers  (15). E n d o ca rd itis  w as found  
in  ten  out o f tw enty dogs w ith  la r g e  a r ter io v en o u s f is tu la  load  and 
in  eight out of ten  dogs w ith  la r g e  d istu la e  e x ist in g  fo r  m o re  than 
four w e e k s . Som e of the le s io n s  d e sc r ib e d  by the auth ors as  
" rh eu m atic -lik e"  w ere  s im ila r  to ch ron ic  va lv u la r  d is e a s e  and at 
le a s t  a p ortion  o f th ese  m igh t have b een  p r e se n t b e fo re  the e x p e r 
im en ta l p r o c ed u re . H ow ever , the freq u en t o c c u r r e n c e  o f le s io n s  
and the p r e se n c e  o f fr ia b le  v e g e ta tio n s  contain in g  b a c te r ia  support 
the co n c lu s io n  that the p roced u re  ind uced e n d o ca rd itis . The p o s s i 
b ility  that va lv u la r  le s io n s  in dogs w ith ch ron ic  co n g e stiv e  h eart  
fa ilu r e  m ay  be seco n d a ry  to the in c r e a se d  c a rd io v a scu la r  s t r e s s  
ra th er  than the ca u se  of it  h as b een  su g g ested  by A ndré (16) on the 
b a s is  o f th is  w ork . A  w ea k n ess  in  th is  argum en t i s  that the firm  
sm ooth  v eg e ta tio n s  seen  in  th e se  ex p er im en ta l dogs m ay not have
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ind uced  by  the ex p e r im e n t and it  i s  th is  type o f le s io n  w hich  o c c u r s  
m o st o ften  in dogs w ith c o n g e stiv e  h e a r t fa ilu r e .

A r t e r io s c le r o s is
A lthough dogs a r e  su b ject to n o n -in fla m m a to ry  a r te r ia l  

d is e a s e  the com m on  type a ffec tin g  m an, in tim a l a th e r o s c le r o s is ,  
d o es not o ccu r  sp o n tan eo u sly  (8). L in d say  and c o -w o r k e r s  (17) 
have r e v ie w e d  the l ite r a tu r e  on a r t e r io s c le r o s is  in  d ogs. They  
ex a m in ed  the a o r ta s  fro m  26 d ogs, 14 of w hich  w e r e  8 to 17 y e a r s  
o ld . C oron ary  a r te r io s c le r o s is  w as p r e se n t  in  10 o f the 14 aged  
d ogs. F iv e  o f the 26 dogs had ch ro n ic  c o n g e s tiv e  h e a r t fa ilu r e .
The e a r l ie s t  ev id en ce  of a o r tic  d is e a s e  w as an a lte r a tio n  o f the 
in tern a l e la s t ic  lam in a  (red u p lica tio n , sp litt in g , fragm en tation ). 
The f ir s t  a b n o rm a lity  in  the in tim a  c o n s is te d  o f f ib r o b la s tic  
p r o life r a tio n  w ith  d ep o sitio n  o f m u co id  ground su b sta n ce . At 
th is  sta g e  lip id s  w ere  not d em on stra b le  in  the l e s io n s .  Thus in  
the dog, lip id s  a re  not in v o lv ed  in  e a r ly  a o r tic  d is e a s e .  L ip id  
in filtr a tio n  d o es o ccu r  a s  a la te  phenom enon, b e in g  l im ite d  to 
the d eep er  and o ld er  p o rtio n s  o f the la r g e r  p la q u es . R e fr a c t ile  
m a te r ia l i s  a b sen t in  th e se  p la q u es , in d ica tin g  that th ere  i s  no 
re la tio n  to c h o le s tr o l d e p o sitio n . In the d is e a s e d  co ro n a ry  a r te r 
ie s  a v a r ie ty  o f le s io n s  w ere  found. In two d ogs, th ere  w ere  sm a ll 
e le v a te d  fib ro u s  in tern a l p laq u es in  m ajor c o ro n a ry  a r te r ie s .
Two la r g e  co ro n a ry  a r te r ie s  w ere  o cc lu d ed  by o rg a n iz in g  th rom bi. 
In two dogs in tim a l fib ro u s th ick en in g  w ith  co n s id e ra b le  h ya lin e  
d egen era tio n  w as o b se r v e d  in m ed iu m  s iz e d  co ro n a ry  a r te r ie s .
In the sm a ll  co ro n a ry  a r te r ie s  o f four a n im a ls  e c c e n tr ic a lly  
p la ced  h ya lin e  in tim a l p laq u es p r o je c te d  in to , and p a r t ia lly  o c c lu 
ded, the v a sc u la r  lu m e n s . An o c c a s io n a l sm a ll  a r te r y  show ed  
m u scu la r  h yp ertrop h y , at t im e s  w ith A n itsch k ow  m y o c y te s  in  the 
a d v en titia l la y e r .

F u rth er  s tu d ie s  a re  n eed ed  b e fo r e  co n c lu s io n s  can be  
draw n reg a rd in g  the in c id e n ce  and s ig n if ic a n c e  o f a r te r io s c le r o t ic  
d is e a s e  in  d o g s . A o rtic  d is e a s e  i s  not r a r e  in  o ld er  dogs and 
ap p aren tly  co ro n a ry  a r te r y  d is e a s e  o c c u r s  m o re  freq u en tly  than 
su sp e c te d  b e fo re  the rep o rt o f L in d say  e t a l. C h o le s te r o l in f i l tr a 
tion  d oes not appear to p la y  a p art in  can in e a r t e r io s c le r o s is .

The c l in ic a l s ig n if ic a n c e  o f a r t e r io s c le r o s is  in  dogs i s  not 
c le a r . In c o n tra st to m an, death  fro m  o c c lu s io n  o f la r g e  a r te r io 
s c le r o t ic  a r te r ie s  w ith  con seq u en t in fa rc tio n  i s  ra r e  in  dogs a s  are  
in s ta n c e s  o f c e r e b r a l h e m o r rh a g e . Thus a r te r io s c le r o s is  i s  a 
p o s t-m o r te m  find in g  w hich  h a s not b e en  c o r r e la te d  w ith  c lin ic a l  
d is e a s e  in  c a n in es .
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The e ffe c t  o f co ro n a ry  a r te r y  le s io n s  such  a s  th ose  d e s 
cr ib e d  in  the fo reg o in g  on m y o ca rd ia l function  h as not been  e v a l
uated . L in d say  et a l. su g g e st that seco n d a ry  le s io n s  of the m y o 
card iu m , such  a s  in fa rctio n  and m y o ca rd ia l f ib r o s is ,  rea d ily  
exp la in  ca rd ia c  d isa b ility  se e n  in  o ld  d ogs. T h ere i s  need  to 
exten d  and co n firm  th e ir  fin d in gs in  a la r g e r  s e r ie s  o f an im a ls  
so that c o r r e la t io n s  b etw een  v a sc u la r  le s io n s  and h ear t d is e a s e  
can be m ad e.

H y p erten sio n
E v id en ce  fro m  a v a r ie ty  o f so u r c e s  in d ica te s  that a r te r ia l  

h y p er ten sio n  o c c u r s  in  d ogs, w ith  or w ithout accom p an yin g  ren al 
d is e a s e .

B lood  p r e s s u r e  d e term in a tio n s  on 1, 000 tra in ed , u n a n es
th e tized  e x p e r im e n ta l dogs 1 to 4 y e a r s  of age w ere  obtained  over  
a p e r io d  o f 18 y e a r s  by Katz and co w o rk ers  (18). In th is  s e r ie s  of 
d o g s, the upper l im it  of n o rm o te n sio n  w as 145 (134-155) /  7. 5 m m . 
H g. m ean  fem o ra l a r te r ia l  p r e s s u r e . An a v era g e  fem o ra l a r te r ia l '  
p r e s su r e  o f 150 (140-160) /  7. 5 m m . Hg. or m o re  w as co n s id e red  
h y p erten sio n . On the b a s is  o f th is  c r ite r io n , 9 dogs had high blood  
p r e s s u r e . In th ree  of the a n im a ls  th ere  w as an a s so c ia te d  ch ron ic  
p y e lo n e p h r it is  (i_.je. , prob ably  the ch ron ic  in te r s t it ia l  n ep h r itis  of 
v e te r in a r y  p a th o lo g ists  (2, pp. 110-111)). In the oth er s ix  a n im a ls  
spon tan eous h y p erten sio n  w as u n a sso c ia te d  w ith ren a l d is e a s e .  In 
a ll  th e se  dogs hog ren in  and au tiren in  had a h yp o ten siv e  action  not 
se e n  in  n o r m o te n s iv e  d ogs. T h is in d ic a te s  a q u a lita tiv e  d ifferen ce  
b etw een  n o r m o te n s iv e  and h y p er ten s iv e  in d iv id u a ls w hich fu rther  
su p p orts the h y p erten sio n  c r ite r io n  e s ta b lish e d  and su g g e s ts  a 
p a th o g en etic  ro le  fo r  ren in  in  both typ es o f high b lood  p r e s su r e .

S tam ler  et a l. (19), d efin ing  h y p erten sio n  a s  o v er  185/100  
m m . H g. rep o rted  10 c a s e s  am ong ex p e r im e n ta l dogs and M cCub- 
bin and C orcoran  (20) found two dogs w ith  high b lood  p r e s su r e  
am ong 400 s tr e e t  d ogs.

In a c l in ic a l study D o eg la s  (21) d is c o v e r e d  17 dogs w ith s y s 
to lic  b lood  p r e s s u r e  ex cee d in g  180 m m . Hg.

M cIntyre and M ontgom ery (22) o b se r v e d  e le v a te d  blood  
p r e s s u r e  (about 200/160  m m . H g .) in dogs in fec ted  e x p e r im e n ta lly  
w ith L e p to sp ira  c a n ic o la . D ogs o v er  fiv e  y e a r s  o f age w ere  e x 
clud ed  and m o st o f them  w ere  under two y e a r s  old.

That h y p erten sio n  m ay  be a s so c ia te d  w ith  ch ron ic  ren al 
d is e a s e  in  dogs is  w e ll known (1 8 ,1 9 ,2 2 ,2 3 ) . In D o eg la s  (21) s e r ie s  
of 17 dogs w ith  h y p er ten sio n , s ix  had n ep h r it is  and nine u rem ia .
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The freq u en t o c c u r r e n c e  of le f t  v en tr ic u la r  h yp ertrop hy  
or r e la t iv e  in c r e a s e  in  h eart w eight: body w eight ra tio  in  dogs  
w ith ch ron ic  ren a l d is e a s e  su g g e s ts  that high b lood  p r e s su r e  often  
d eve lo p s in  th ese  c a s e s .  P la tt  (24) found ca rd ia c  h yp ertrop hy in 
s ix  out of 16 dogs with ch ron ic  n ep h r it is  and an e le v a te d  le f t  v e n 
tr ic le :  right v e n tr ic le  ra tio  in  ch ron ic  n ep h r it is  c a s e s .  Dahm e 
(25) rep o rted  le ft  v en tr icu la r  h yp ertrop hy in  17 out o f 23 dogs w ith  
ch ron ic  in te r s t it ia l  n e p h r it is . In th e ir  e x p e r im e n ta l s tu d ie s , 
M cIntyre and M ontgom ery (22) found h y p erten sio n  and m u scu lar  
hyp ertrop hy of the le ft  v e n tr ic le  a s so c ia te d  w ith  ch ron ic  in te r 
s t it ia l n e p h r it is  in  canine le p to s p ir o s is .  In co n tra st to th is  a p 
p aren t re la tio n sh ip  b etw een  ch ron ic  n ep h r itis  and high b lood  
p r e s su r e  a re  the fin d in gs o f Robin (26). He fa ile d  to d e tec t high  
blood  p r e s su r e  in  dogs w ith n ep h r it is  and an a s so c ia te d  le ft  v e n 
tr ic u la r  h yp ertrop hy and su g g e s ts  that both the n ep h r it is  and h y p er 
trophy m ay have a com m on c a u se .

C ongen ita l H eart D ise a s e
S in ce the co m p ila tio n  in  Table I w as m ade (1) two add ition al 

c a s e s  o f patent ductus a r te r io s u s , two o f a o r tic  s te n o s is ,  and one 
of pure p u lm on ary  s te n o s is  have b een  o b serv ed . Thus in  a tota l 
of 35 c a s e s  of con gen ita l h ear t (and g rea t v e s s e l)  d is e a s e , the typ es  
w ere  d istr ib u ted  a s  fo llo w s:

P aten t ductus a r te r io su s 15
P u re  pu lm on ary  s te n o s is 9
P e r s is te n t  r igh t a o r tic  arch 5
A o rtic  s te n o s is 4
In trav en tr icu la r  sep ta l d e fec t 1
T r icu sp id  v a lv e  h yp op lasia 1
It i s  not ce r ta in  w hether the c a s e s of a o r tic  s te n o s is  r e p r e -

sen t a d eve lop m en ta l d e fec t or a le s io n  a cq u ired  in u tero  or during  
the e a r ly  m onth s o f l ife .

T his s e r ie s  m ay g iv e  a d is to r te d  v ie w  of the actu a l in c i 
dence o f v a r io u s  ty p es o f con gen ita l h ea r t d is e a s e  for se v e r a l  
r e a so n s . The s e r ie s  i s  too sm a ll and the addition  o f on ly  a few  
c a s e s  could  change the p e r c e n ta g e s  s ig n if ic a n tly . The la r g e  nu m 
b er o f patent ductus a r te r io s u s  c a s e s  m a y  b e , in p art, ow ing to the 
e a se  o f d ia g n o sis  of th is  d e fec t. The p r e se n c e  o f p e r s is te n t  right 
a o r tic  arch  (or s im ila r  v a sc u la r  r ing  a n o m a lies) i s  d iagn osed  b e 
ca u se  o f an a s so c ia te d  m a s s iv e  d ila ta tion  o f the esop h agu s w ith  
con seq u en t reg u rg ita tio n  and em a cia tio n . G reat v e s s e l  a n o m a lie s  
not d istu rb in g  tra ch ea l or eso p h a gea l function  prob ab ly  go un noticed . 
C ongen ita l a n o m a lie s  not com p atib le  w ith l ife  or  cau sin g  no c l in 
ic a l  s ig n s  (e. g_. , patent fo ram en  ovale) w ould se ld o m  be brought 
to a v e te r in a r y  c lin ic .
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A lthough it  w as o ften  not p o s s ib le  to obtain a com p lete  lit te r  
h is to r y , none of the lit te r  m a tes  or p a ren ts  of any o f th e se  dogs 
w ere  known to have con gen ita l a n o m a lies  o f any kind.

F ila r ia s is
The adult h eartw orm  (D ir o fila r ia  im m it is ) w hich v a r ie s  in 

length  from  15 cm . (m ale) to 25 cm . (fem a le ), n o rm a lly  l iv e s  in 
the right h eart o f d ogs. The eg g s hatch in  the u teru s  o f the fem a le  
and m ic r o f i la r ia e  (218 to 329 m ic r o n s  in length  by 5 or 6 m icro n s  
in  d iam eter) p a ss  into the blood  s trea m . The m ic r o f ila r ia e  d evelop  
into in fe c tiv e  larva e  in s e v e r a l s p e c ie s  of m o sq u ito es  (and p o ss ib le  
f le a s )  w hich  a ct as v e c to r s  in  the sp read  of the p a r a s ite . M icro 
f i la r ia e  su rv iv e  in the blood strea m  for s e v e r a l  m onths; p o ss ib ly  
a s long as two y e a r s .  L arvae tr a n sfe r r e d  from  an in s e c t  v ec to r  
to a new  h o st req u ire  about e igh t m onths to rea ch  the adult sta g e .

The p a r a s ite  i s  w id e ly  s c a tte r e d  over  so u th ea stern  United  
S ta tes, e s p e c ia l ly  a long the A tlan tic  and Gulf c o a s t . M icro fila r ia e  
m ay be found in  fro m  50 to 90 p er  cent o f hunting dogs and stra y s  
in F lo r id a  and G eorg ia . In the S m all A nim al C lin ic  of the U n iv er
s ity  of P en n sy lv a n ia  in P h ilad elp h ia , the in c id e n ce  of m ic r o f ila r ia  
(id en tified  as D. im m it is ) in festa tio n  h as been  found to be app rox
im a te ly  ten  p er cen t.

A s m any a s 300, 000 m ic r o f ila r ia e  p er  cubic c en tim eter  of 
blood  m ay  be found. The p r e se n c e  of m ic r o f ila r ia e  in  the c ir c u la 
ting blood  d oes not g ive  r is e  to any d ia g n o stic  c lin ic a l s ig n s , a l 
though the p o s s ib le  in flu en ce  on c a p illa r y  c ircu la tio n  and h e m o 
d yn am ics h as not been  stud ied . When th ere  are  la r g e  nu m bers of 
adult w orm s in  the r igh t h ear t m ech a n ica l c ir c u la to r y  in te r fe r e n c e  
m ay r e su lt  in  s ig n s  of c o n g estiv e  h eart fa ilu r e  a s  w e ll a s  pu lm on 
a ry  em b o lism  and in fa rctio n .

R ecen tly  the p r e se n c e  o f another f i la r i id  in  dogs in  the 
U nited S ta tes  has b een  e s ta b lish e d  (27, 28). It w as ten ta tiv e ly  
id en tifie d  a s  a s p e c ie s  of D ip eta lon em a, w hich i s  thought to be a 
t is su e  f i la r i id . S in ce fro m  th e se  stu d ies  it  a p p ea rs that m ic r o 
f i la r ia e  fro m  th is s p e c ie s  c o m p r ise  a s ig n if ica n t p e rcen ta g e  of a ll 
in fe s ta tio n s , the in c id en ce  o f tru e h eartw orm  d is e a s e  m ay be low er  
than p r ev io u s  o b serv a tio n s  in d ica te .
C om m ent

C hronic c a rd io v a scu la r  d is e a s e s  in  dogs a re  o f in te r e s t  
fro m  the standpoint o f com p arative  path ology  and have a b ear in g  
on the u se  o f th ese  a n im a ls  in  c a rd io v a scu la r  r e se a r c h .

That in v e s t ig a to r s  a re  so m e tim e s  unaw are of the in flu en ce  
spon tan eous ca rd io v a scu la r  d is e a s e  in  ex p er im en ta l dogs m ay have
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on th eir  r e s u lt s  i s  ev id en t fro m  the p u b lish ed  lite r a tu r e . A pp ar
en tly  accou n t i s  se ld o m  taken o f the p o s s ib i li ty  that m ic r o f ila r ia e  
m ay be p r e se n t  in  the b lood  s tr e a m  of a n im a ls  obta ined  from  
a r e a s  w h ere the d is e a s e  i s  en d em ic . It has b een  sta ted  that the  
a cc id en ta l find ing o f en d o ca rd itis  in  dogs is  e x tr e m e ly  ra re  (15) 
and that s y s to l ic  m u rm u rs a r e  com m on  in  "norm al" dogs (29).
Such s ta tem en ts  req u ire  q u a lifica tio n  and r e f le c t  the n eed  for  
im p ro v ed  d is se m in a tio n  o f kn ow ledge a lr ea d y  a v a ila b le  and for  
fu rth er study o f the o c c u r r e n c e  o f h ea r t d is e a s e  am ong e x p e r im e n 
ta l d ogs.

In su ffic ien t study h as b een  g iven  ca r d io v a sc u la r  d is e a s e s  
in dogs to m ake p o s s ib le  c le a r  d e lin ea tio n  o f th e ir  p a th o g en esis  
and in te r r e la t io n s . In dogs w ith ch ron ic  c o n g e s tiv e  h ear t fa ilu r e , 
v a lv u la r  d is e a s e , co ro n a ry  a r te r y  d is e a s e  and m y o ca rd ia l d egen 
era tio n  m ay a ll  be found in a g iven  c a s e . T h ese  a n im a ls  u su a lly  
a lso  have ch ron ic  in te r s t it ia l  n e p h r it is . The in c id e n ce  o f h y p er
te n s io n  am ong th e se  dogs i s  not known. A ll o f th e se  le s io n s  are  
m o re  com m on in o ld er  dogs and a re  th e r e fo r e  a s so c ia te d  with  
ag in g . Individual v a r ia tio n  i s  g rea t and th ere  a re  no data w hich  
p e r m it  an eva lu a tion  of en v iron m en ta l and h e r e d ita r y  fa c to r s  and 
the e ffe c ts  o f in fe c tio u s  d is e a s e s .

The p a th o g e n e s is  o f ch ro n ic  e n d o ca rd itis  in  m an and a n im a ls  
is  not c le a r  d e sp ite  c o n s id e r a b le  study. The p r o b le m s in v o lv ed  in  
seek in g  a m o re  co m p lete  un d erstan d in g  o f th e se  p a th o lo g ica l ch an ges  
have b een  d is c u s s e d  in the book by  B oh m ig  and K lein  (14) and in  
r e c e n t a r t ic le s  by B oh m ig  (30), K lein  (31), H egg lin  (32), and W uhr- 
m ann (33). The r e la t iv e ly  com m on  o c c u r r e n c e  o f spon tan eous  
ch ro n ic  v a lv u la r  d is e a s e  in  dogs su g g e s ts  th ey  shou ld  be u se fu l in  
ex p e r im e n ta l s tu d ie s  on the p a th o g e n e s is  and e tio lo g y  o f ch ron ic  
v a lv u la r  e n d o c a r d itis . Thorough p a th o lo g ica l, p h y s io lo g ic a l, and 
b io c h e m ic a l study o f the spon tan eous d is e a s e  i t s e l f  w ould prov id e  
in fo rm a tio n  w hich  shou ld  in c r e a s e  know ledge o f the fundam ental 
organ , t is s u e , and h u m ora l a lte r a tio n s  a s s o c ia te d  w ith  the d e v e lo p 
m en t o f ch ron ic  en d o ca rd itic  le s io n s .

In form ation  ga in ed  fr o m  fu rth er  study o f ca r d io v a sc u la r  
d is e a s e s  in  dogs w ill in c r e a s e  the u s e fu ln e s s  o f the dog a s  an e x 
p e r im e n ta l a n im a l, con trib u te  to an u n d erstan d in g  o f th is  group  
of d is e a s e s  fro m  the co m p a ra tiv e  poin t o f v iew , and p rov id e  a 
back groun d  o f va lu e in  the trea tm en t and p o s s ib ly  in  the p r e v e n 
tion  of th e se  d is e a s e s  in  d o g s.
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