
T h is  d i s s e r t a t io n  h a s  b e en  64—10,593
m ic r o f i lm e d  e x a c t ly  a s  r e c e iv e d

B E A SL E Y , Jo se p h  N oble , 1 9 2 4 -  
A PHYSIOLOGIC AND ANATOMIC STUDY O F  
CANINE DIROFILARIASIS.

T he  U n iv e rs i ty  of O k laho m a , P h .D .,  1964 
H e a lth  S c ie n c e s ,  pa tho logy

University  Microfilms, Inc., A nn  Arbor, Michigan



THE UNIVERSITY OF OKLAHOMA 

GRADUATE COLLEGE

A PHYSIOLOGIC AND ANATOMIC STUDY OF CANINE DIROFILARIASIS

A DISSERTATION 

SUBMITTED TO THE GRADUATE FACULTY 

in p a r t ia l  fu lf il lm en t of th e  requ irem ents  for th e

d eg ree  of 

DOCTOR OF PHILOSOPHY

BY

JOSEPH NOBLE BEASLEY 

Oklahoma C i ty ,  Oklahoma 

1954



A PHYSIOLOGIC AND ANATOMIC STUDY OF CANINE DIROFILARIASIS

APPRO\/ED 5Y

0 (  .

. ^

DISSERTATION COMMITTEE



ACKNOWLEDGMENT

The w riter  w ish e s  tc  e x p re s s  h is  ap p rec ia tio n  to  the  Oklahoma U ni­

v e rs i ty  M e d ica l  C e n te r  and i ts  D epartm ent of Pathology for coo pera tio n  

and  a s s i s t a n c e  in carry ing  out th is  work; tc  Doctor W , E. Jaq u es  for 

providing th e  n e c e s s a ry  equipm ent and  f a c i l i t i e s ,  and for h is  e n co u rag e ­

ment and th e  many hours he ^pent d irec tin g  and a s s is t in g  w ith  the  work; 

to  the members o f  the  co m m ittee .  D octors  W» E . Ja q u e s ,  J .  W . Kelly,

G .  T. P r ice ,  P ,  D .  F ish e r ,  and  R A. P a tncde , for a s s i s t a n c e  in p repara ­

t ion  of the  m anuscrip t;  to  D octor P , Do F isher  for guidance  on the  s t a t i s ­

t ic a l  a n a ly s i s ;  to  Doctor Jo W , Kelly for ad v ic e  and a s s i s t a n c e  with the  

h is to ch e m ic a l  p ro c e d u re s .

The te c h n ic a l  a s s i s t a n c e  of M rs . Pa tric ia  Noble and M is s  Ingrid 

Huit in th e  p repara tion  of the h is tc p a th o lo g ic a l  and e lec tron  m icroscop ic  

spec im en s  is  s in c e re ly  a p p re c ia te d .

In sp ira t ion  and c o u rag e  to  com m ence th is  project were engendered  

by Doctor H .  A. Smith to whom th e  w rite r  w ill remain ever g ra te fu l .

F in an c ia l  a s s i s t a n c e  w as  provided  by U nited  S ta te s  Public  H ealth  

S e rv ice ,  N a tio n a l  In s t i tu te  of Allergy and  Infectious D i s e a s e s ,  S pec ia l  

Fe llow sh ip  N o , E F - I 7 , 150, and  N a tion a l  In s t i tu te s  o f H ea lth  g ran t ,  

H E-03235-06 (C .V .) ,

i l i



TABLE OF CONTENTS

Page

LIST OF TABLES........................................................................................................  v

LIST OF FIGURES . . .  ......................................................................................  v ii

C hap ter

I .  IN TRO D U CTIO N ..................................................................................  1

The P a r a s i t e .................................................................................  3
C lin ic a l  M a n i f e s t a t i o n s .......................................................  8
P a t h o l o g y ....................................................................................  9
P a thophysio log ic  M a n i f e s t a t i o n s ....................................  16

II . EXPERIMENTAL PROCEDURES........................................................  18

P hysio log ie  and  Anatomie A ltera tions o f  D . Immltis
I n f e c t io n .................................................................................  19

Effect of Treatm ent to  D e s tro y  Adult W orm s.................  21
D eterm ination  of C a rd iac  H y p e r t r o p h y ..........................  22
P repara tion  of T issue  for the  E lectron M ic ro sco p e  . 24

III. RESULTS..................................................................................................  26

M easu rem en ts  of the  Normal C anine  H e a r t .................  26
P hys io log ic  and Anatomic A l te ra t io n s .............................. 38
R e la tio n sh ip  o f  Hem odynam ic C h anges  to  Pul­

monary L e s io n s ....................................................................  62
Effect of T reatm ent to  D e s tro y  the  Adult P a ra s i te s  . 67
C ard iac  H y p e r t r o p h y .............................................................. 74
E lectron M ic ro sco p e  S t u d y .................................................  80

IV. D IS C U S S IO N .........................................................................................  88

V. SUMMARY................................................................................................ 99

REFERENCES..............................................................................................................  101
iv



LIST OF TABLES

T able  Page

1. S p e c ie s  o f  Animals Reported tc  Harbor D . Immitis . . . .  6

2 . Body W eight and H eart M easu rem en ts  of 5 0 Normal
Dogs  ........................................      27

3 .  Range an d  M ean of H eart  W eight/B ody W eight R atios 
and  C a rd ia c  Com ponent P e rcen tag es  O bserved  in 50
Normal D ogs  ................    30

4 .  M ean H e a r t  W eight/B ody W eight Ratios and  C a rd ia c  
C om ponent P e rcen tag es  of 50 Dogs Grouped According
to Body W eight  ...............    31

5 . R eg ress io n  D ata of H eart  W eight on Body W eight and  
of V en tricu la r and I .V .  Septum W eigh ts  on W eight of
th e  V entricu la r M a s s  O b ta ined  frcm 5 0 D o g s .......................  3 2

6 .  R eg ress io n  D ata of T h ic k n ess  of th e  V entric les on 
W eigh t of th e  V entricu lar  M a ss  O bta ined  from D ata
fr o m 5 0 1̂ orma 1 ogs . . . . . . .  . . . . . .  . . . . . . . . . .  38

7 .  Pulmonary Arterial^ Right V en tricu la r , and Femoral
A rteria l P re ssu re s  of th e  C ontro l Dogs  ................. 39

8 .  Pulmonary Artery, Right V en tric le ,  and  Femoral Artery
P re ssu re s  o f D . Immitis In fec ted  Dogs . . . . . . . . . . . .  43

9 .  The R e la tio n sh ip  of Pulmonary L es io n s  and Number of
P a r a s i te s  to  the  Hem odynam ic C hanges  in  the  Pul­
monary C ircu la t io n   ......................    66

10, Femoral Artery, Right V en tricu la r , and  Pulmonary
A rteria l P re ssu re s  Before and  After Treatment to  D estro y
th e  Adult Forms of D .  Immitis  .............  68

V



T abic Page

11. The R e la tio nsh ip  of Pulmonary L es ions  and  Number of
P a ra s i te s  to  th e  Hemodynamic C h an g es  in the  Pul­
monary C ircu la t io n  of Treated Dogs . . . .  ..........................  72

12. Body W eight an d  H eart M easu rem en ts  of the Experi­
m ental Dogs  ................................. 75

13 . Length of Right Ventricular N u c le i ,  In tem u c le a r  D is ­
ta n c e ,  and L ength  of M u sc le  Fiber Segm ent of the  
C ontro l Dogs and  Infected Dogs w ith  H eavy Right 
V entric les  .................................................  79

14. M ean and S tandard  D ev ia tion  of Right V en tricu la r
N u c lea r  L eng th , In tem u c le a r  D is ta n c e ,  and  Length  of 
M u sc le  Fiber Segm ent  ................   80

15. C an in e  HW/BW Ratios Reported in th e  L i t e r a t u r e ..............  89

VI



LIST OF FIGURES

Figure Page

1. R egress ion  of Heart W eight on Body W e i g h t ............................ 33

2 .  R eg ress io n  of V en tricu la r W eights on W eight of the
V entricu la r  M ass  o .    33

3 . C om parison  of R eg ress ion  of H eart  W eight on Body
W eigh t in M ale and  Female Dogs  ..........................  35

4 .  C om parison  of R eg ress ion  of Right V entricular W eigh t 
on W eight of th e  V en tricu la r  M a ss  in M ale  and Female
D ogs  ....................  35

5 .  R eg ress ion  of Right V entricu lar T h ick ness  on W eigh t of
th e  Ventricular M a s s ...................   37

6 .  R eg ress io n  of Left V en tricu la r T h ick ness  on W eight of
th e  V entricular M a ss   ....................................  37

7 .  M ic ro fila r ia  in a C a p il la ry  of th e  Myocardium  ................ 48

8 .  D egenera ting  M ic rc f l la r ia  in the  M yocardium w ith  Foca l
Inflam matory R eaction  Com posed of Lymphocytes and 
M ononuc lea r  M acrophages   ................................................. 48

9 . In tim ai Proliferation Narrowing the  Lumen of an  A rterio le
in the  Atrlu m 50

10. D iffu se  Intimai F ib rosis  in a M ajor Branch of th e  Pul­
m onary Artery  ................................. 51

11. In tim ai F ibrosis  Forming Villous P ro c esse s  in a Large
Intra pulmonary Artery  ...............    51

12. C a lc i f ie d  P laques in th e  W all o f  a M ajor Branch of th e
Pulmonary Artery  .........................   52

v ii



Figure Page

13. Adult p .  Immitis in the  Lumen cf an In tra  pulmonary
Artery  .................................................................    52

14. E ccen tric  In tim ai Thickening in an  Arteriole o f a Lung . . .  54

15. A rteritis  in an  Intrapulm onary Artery . .  ....................................... 54

16 . An O rganized  Throm bosis O cc lu d es  the  Lumen of a n
Intra pulmonary Artery  ...............................................................  55

17. R ecan a liza tio n  of an O rgan ized  Thrombosis in an In tra -
pulmonary Artery  ..............................................    55

18. Fibrin Embolus in an A rteriole  of the Lung of a Dog
H eav ily  In fec ted  with D .  I m m i t i s .....................................................  57

19 . In te r s t i t ia l  Pneum onitis  C h a rac te r iz ed  by  Thickened
Alveolar Septa C on ta in ing  L ym phocy tes, O ther M ono­
n u c le a r  c e l l s ,  and  po lym orphonuclear l e u c o c y t e s ....................   57

20. D egenera ting  M ic ro fi la r ia  in the  L iver Surrounded by
L ym phocy tes , M o n on uc lea r  M a c ro p h a g es ,  and a M u lt i ­
n u c le a te d  G ia n t  C e ll   ......................................................... 59

21 . G lom erular L es io n  C o n s is t in g  of C e l lu la r  N odules  in th e
C ap il la ry  -Tuft and Synechia  Join the Tuft an d  Bowman's 
M em brane  ...........................................................    61

22 . M icro filaria  in the  Tip of a Villus in the  D uodenum ..................  63

23 . M ean P re ssu re s  of the  System ic  and Pulmonary C i rc u la ­
tory System s Com pared to the  D egree  of P a ras i t ism  In 
16 p .  Immitis In fec ted  Dogs  ......................................    64

24. M ean P re ssu re s  of th e  System ic  and Pulmonary C i r c u la ­
to ry  System s in  Dogs T reated  to D e s tro y  th e  Adult Forms
of P . Immitis  ........................................................   70

25. Thrombosis of a n  Intra pulmonary Artery  ................................ 73

26 . Right V entricu lar W eigh ts  o f the C on tro l Dogs Com pared
to the Expected  W eig h ts  a s  C a lc u la te d  from the  Regres 
s ion  S t u d y ...................................................................      77

v i i i  . •



Figure Page

2 7 .  Right V en tricu la r W eigh ts  of the  D. Immitis In fec ted  
Dogs Com pared to th e  E xpected  W eights a s  C a lc u la te d
from th e  R egress ion  Study  ..........................................  77

2 8 .  C a p il la ry  in the Lung of a Normal D o g ........................................  81

2 9 .  C a p il la ry  in th e  Lung of a D . Immitis In fec ted  Dog
with E levated  Pulmonary A rterial P re s s u re .................................   82

3 0 .  L ong itud inal Sec tion  of a M icrofilaria  in a Pulmonary
C a p i l l a r y ..............................................................      84

3 1 .  T ran sv e rse  Sec tion  of a M icro filaria  in a  Pulmonary
C a p i l l a r y .........................................................................    85

3 2 a .  G lycogen  on the  C u tic u la r  Surface c f  a M icro fi la r ia  . . . .  87

3 2 b . DNA L o ca lized  in the  N ucle i of Somatic C e lls  of a
M ic r o f i l a r i a ..........................................................       87

IX



A PHYSIOLOGIC AND ANATOMIC STUDY OF CANINE DIROFILARIASIS

CHAPTER I 

INTRODUCTION

The dog h e a r t  worm, D lrofllarla  Immitis Leidy 1856, i s  a common 

p a ra s i te  of members of the  c a n in e  fam ily in many a re a s  of the  w orld .

The d i s e a s e  produced by th is  nem atode v a r ie s  g rea tly  in i n t e n s i t y . W hile 

many l ig h t ly  in fec ted  dogs apparen tly  rem ain norm al, in o th e rs  r igh t heart  

fa i lu re  and  death  e n su e  . Between th e s e  ex trem es e x is t s  a group of a n i ­

m als w hich ap pea rs  normal a t  r e s t  but deve lop s  s igns  o f  im paired  c a rd ia c  

and  pulmonary function  upon e x e r c i s e . W hile d e sc r ip t io n s  o f the l e s io n s  

a s s o c i a t e d  with th is  p a ra s i te  have been the  su b je c t  of num erous r e p o r t s , 

there  is a pau c ity  of information concern ing  the pa th o p h y s io lo g ic  c h an g es  

occurring  in in fec ted  an im a ls  . Further unders tand ing  o f  th e s e  c h a n g e s  is 

im portant from s e v e ra l  po in ts  of v ie w .

D . im m itis in fec tio n  p resen ts  a major problem to  the dog owner 

and  v e te r in a r ia n  in endem ic  a r e a s .  In t h e s e  lo c a l i t ie s  there  i s  a high 

in c id e n c e  of in fec tion  in the  dog population  and many an im als  are  k il led  

or d isa b le d  a n n u a l ly .  P resen t therapy  Is  d irec ted  toward k i l l in g  off the  

a d u l t  and la rv a l  forms o f  the  p a ra s i te  an d  Is u n sa t is fa c to ry  In th a t  further

1



2
encroachm en t on c a rd iac  re se rv e  is not p reven ted  . The long term e ffec t  

of su rg ic a l  rem oval of th e  a d u lt  p a ra s i te s  h a s  no t  been e x te n s iv e ly  in v e s t i ­

g a te d  . Inasm uch a s  ra t io n a l  therapy dep en ds  on a know ledge of the  

e t io lo g y ,  p a th o g e n e s is ,  and  pa thophysio logy , further s tu d ie s  of the  na tu re  

of th e  ana tom ic  and p hysio log ic  c h an g es  should  he lp  to  define  a th e ra ­

p eu tic  c o u rse  a s  well a s  to  d e l in e a te  the  na tu re  of the func tiona l d e f i c i t .

The dog is one of the  most frequently  u se d  experim ental an im als  

a n d ,  with th e  expanding  q u an ti ty  o f m ed ica l r e s e a rc h ,  la rger  num bers a re  

requ ired  for th is  p u rp o se .  Although some an im a ls  a re  sp e c i f ic a l ly  ra ised  

for s c ie n t i f i c  u s a g e ,  m ost dogs are  acq u ired  from pounds and s im ila r  

a g e n c i e s . In the  Southern  U nited  S ta te s  up  to o n e - th ird  of the  dogs so 

ob ta in ed  a re  in fec ted  with D., immitis . S ince  only outwardly normal 

an im a ls  a re  u t i l i z e d ,  a heavy  in fec tion  of D .  im m itis w ill no t be e n ­

cou n te red  in  r e s e a r c h ,  bu t  th e  problem of the  dog with a l igh t  in fec tion  

m ust be e lu c id a t e d .

imm itis in fec tio n  is unique in tha t i t  o ffers  a n a tu ra lly  occurring 

pulmonary h y p e rten s io n  in a laboratory  an im al of c o n v en ien t  s i z e . Thus 

dogs n a tu ra l ly  or experim en ta lly  in fec ted  with th is  p a ra s i te  might be u sed  

to s tu d y  v a rio u s  fac to rs  occurring in cor pulm onale a s  th ey  app ly  to  the 

hum an b e i n g s .

For th e s e  r e a s o n s  further s tudy of D . im m itis in fec tio n ,  sp e c i f ic a l ly  

re la t in g  to co rre la t ion  of the  functional and a n a to m ic a l  a l te ra t io n s  o ccu r­

ring  in  th e  h o s t ,  was deem ed d e s i r a b le .
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The P a ra s i te

The a d u lt  forms of D , im m itis in h ab it  the  righ t v e n tr ic le  and p u l­

monary a r te r ie s  (LaPage, 1962). T hese  nem atodes  a re  s le n d e r  white 

p a ra s i te s  which va ry  in len g th  from 16 to  3 0 c m . The poste r io r  end of the 

male is  co iled  sp ira l ly  and the  ta i l  has  sm all l a te r a l  a l a e .  The o vov iv i-  

parous fem ales  produce la r v a e ,  known a s  m icrofilariae , which m easure  218 

to 329 m icrons in  leng th  and  c i rc u la te  with the  b lo o d .  This sp e c ie s  of 

nem atode is  known to occu r in Southern Europe, Ind ia ,  C h in a ,  Japan , 

A u s tra l ia ,  and North and  South America .

The e x is te n c e  of worms in th e  h e a r t  of th e  dog h as  long been known, 

the  f i r s t  pu b lished  repo rts  p robably  having been  made by Panthot (1679) 

and la  Peyronie (1793). It is  im p o s s ib le ,  ho w ever, to determ ine the  ex ac t  

lo ca tio n  of the  p a ra s i t e s  re fe rred  to  in th e s e  works . P eysson  (18 06) ob ­

served  lo n g , s le n d e r  p a ra s i t e s  in th e  lumen of a d o g 's  h e a r t .  The c l in ic a l  

s igns exh ib ited  by th is  an im al inc luded  c o n v u ls io n s ,  a cough , and " lack  

of a c t i v i t y . "  The p re se n c e  of the  p a ra s i te  in th e  U nited  S ta te s  was 

reported  by O sborne  (1847), Leidy (1850, 1856, 1880), French (1899), and 

Howard (19 04). Leidy u se d  th e  d e s ig n a t io n  F ilaria  c a n ts  co rd is  in h is  

c a s e s ,  a name w hich  w as la te r  changed  to  F ila r ia  immitis . The genus  

D irofilaria  w as e s ta b l i s h e d  by R a il le t  and Henry in 1911.

In the  f i r s t  h a lf  o f th e  Tw entie th  C entury  D . imm itis in fec tion  was 

d iagnosed  in many a re a s  o f the  North American C o n t in e n t .  In c id e n ce s  of 

in fec tio n  a s  high a s  75 per c e n t  were reported  in  the  S o u th eas te rn  s ta te s
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(Brown/ 1939). The p a ra s i te  w as observed in  New Je rse y  (Ryan, 1919), 

Virginia (Underwood, 1933), H aw aii  (M oss, 1940), C a lifo rn ia  (Roberts, 

1946), M is s i s s ip p i  (Ward and  Franklin , 1953), T e n n e sse e  (Evles e t  a l . ,  

1954), C anada  (N e ilso n ,  1954), and M ich igan  (Stone, 1957). Some have 

c o n s id e re d  th a t  d i ro f i la r ia s is  k i l l s  more dogs th an  c an in e  d is tem p er  

(Vet. M e d . .  1933).

S ince  m o s t  s tu d ie s  on the  p reva lence  o f  d i ro f i la r ia s is  were b a se d  

on the  o c cu rren c e  of m ic ro fila r ia  in the periphera l b lo o d , a r e - e v a lu a t io n  

of the  problem  was n e c e s s i t a t e d  by the d isco v ery  of D ipeta lonem a re c o n -  

d i tu m . a se co n d  f i la ro id  p a ra s i te  of dogs p rev ious ly  un recogn ized  in  the  

U n ited  S ta tes  (Newton and W righ t, 1956, 1957). R ecen t s tu d ie s  show  

much v a r ia t io n  in  the  p rev a len c e  of the two f i la r i id s  in d iffe ren t  p a r ts  of 

the  country  (W a lle n s te in  and T ibo la , 1960; R o thste in  e t  a l . .  1961; 

L in d sey , 1961; T h rash e r  e t  , 1963). R ates  o f  in fec tion  bv D . im m itis 

were o b se rv ed  to  be  a s  h igh a s  44 per c e n t  and th o se  of D . recond itum  a s  

h igh a s  50 per c e n t  in d if fe ren t  lo ca li t ie s  .

U ntil  th e  end of th e  19th century the l ife  c y c le  o f D .  imm itis w as 

unknown and m any th e o r ie s  were d e b a te d .  G ra s s i  and  Noe' (1900) and  

Bancroft (1901, 1903, 1904) show ed that c e r ta in  s p e c ie s  of m o squ itoes  

were th e  in te rm e d ia te  h o s t s  of th is  n em a to d e . M o sq u ito e s  a cq u ire  the  

p a ra s i te  and l a t e r  t ra n sm it  i t  during the p ro ce ss  of f e e d in g .  The d e v e lo p ­

m ental period in th e  in te rm ed ia te  host i s  n e c e s s a r y  for m aturation  o f  the 

nem a to d e . Hu (1931) rep o r ted  tran sm iss io n  o f  D . im m itis by 17 s p e c ie s
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of m osqu itoes in c lud ing  members of A e d e s , C u le x . and Anooheles g e n e r a . 

W hile  Brown and  Sheldon (1940), Summers (1940), and S teuben (1954) 

c o n s id e re d  th a t  f l e a s  were a l s o  in te rm ed ia te  h o s ts  of D . im m itis . Otto 

and  Baumm (1959) q u e s t io n e d  th a t  th e s e  a rth ropods were cap ab le  of t r a n s ­

m itting  th is  p a r a s i t e . Newton and W right (1957) c o n s id e re d  that m os­

q u i to e s  a c t  a s  in te rm ed ia te  h o s ts  for D . immitis and  th a t  f leas  se rv e  a s  

the  in te rm ed ia te  h o s t  for D . re c o n d i tu m .

Kume and I tag ak i  (19 55) s tu d ied  the  developm ent of D . immitis in 

dogs a r t i f ic ia l ly  in fec ted  with m ass iv e  d o se s  of l a r v a e .  Immature worms 

w ere  found in la rg e  num bers in the  subm uscu lar  m em brane , subcu taneou s  

t i s s u e ,  a d ip o se  t i s s u e ,  s u b s e ro s a ,  and m u s c le s .  M igra tion  to the r igh t 

v e n t r ic le  occurred  v ia  v e in s  80 to 120 d ays  a f te r  in fe c t io n .  Orihel (1961) 

found th a t  m ic ro fila r iae  ap p ea re d  in the  blood of a r t i f ic ia l ly  in fec ted  dogs 

191 to  197 days  a f te r  in fe c t io n .

In ad d it io n  to the  dog (C an is  f a m il ia r is ), D .  im m itis in fec tion  has 

b e e n  d iagno sed  in s e v e ra l  e th e r  s p e c ie s  of m am m als, m ost commonly 

in  a n im a ls  re la tin g  to  the  fam ily C a n id a e . Table 1 g iv e s  a pa rtia l  l i s t  of 

s u c h  s p e c ie s  in  w hich  n a tu ra lly  occurring  in fec tio n s  h a v e  been  o b s e rv e d .  

M ann an d  Pratts (1953) produced experim en ta l in fe c t io n s  in dom estic  c a t s  

b y  t ra n sp la n t in g  a d u l t  forms of D . immitis from dogs .

O rihel (1961) d i s c u s s e d  se v e n  human c a s e s  of f i la r ia l  in fec tion  

rep o r te d  in the U n ited  S ta te s  and in d ica ted  th a t  e i th e r  m icro fila riae  or 

a d u l t  m ales  a re  n e c e s s a ry  for p o s it iv e  s p e c ie s  id e n t i f i c a t io n .  F au s t



TABLE 1

SPECIES OF ANIMALS REPORTED TO HARBOR D . IMMITIS

S p e c ie s Common Name R eference

C a n is  d ingo Dingo Faust g t  a l . ,  1941
C g n is  s o . Wolf (Japan) Jan so n , 1892a
G . ru fus f lo r idan s Red W olf Faust e t  a i . ,  1941
C . n u b ilu s Gray W olf Klemper and M o s c h o -  

w i tz ,  1938 
H ar tley , 193 8

C . o c c id e n ta l i s Timber W olf C offin , 1944
C . b rach vu rus Faust e t  â i . /  1941
F e l is  c a tu s  dom estica D o m estic  C at Griffiths e t  •, 1962 

Tom es and  Sam bol, 
1959

F . t iq r is Tiger F aust ^  &1. ,  1941
F .  t ia r i s  sond iaca F a u s t e t â i * /  1941
F .  onca Jaguar Faust e t  â i - ,  1941

Fox (cap tive) G o s s ,  1942
V uloes fu lva Fox (wild) E rickson , 1944
O ndatra  z ib e th ic a LeCom pte, 1933

m acrodon M u sk ra t Smith, 1934
O .  z ib e th ic a  z ib e th ica M uskrat G ob le , 1942
N asua  n a r ic a M ex ican  C oati C a b e l le ro ,  1944

(1941) d esc r ibed  a  mature m ale  worm obtained  from the in ferio r  

v e n a  c a v a  of a r e s id e n t  of New O r le a n s .  S ince  th is  nem atode  d iffered  

m o rp h o lo g ica lly  from a l l  known s p e c i e s ,  it  w as d e s ig n a te d  D iro fila ria  

lo u i s ia n e n s i s  . F aust (1952), Sams and Beck (1959), and Jung and

H arr is  (196 0) observed  su b c u tan e o u s  no du les  in  human p a tien ts  w h ich  

c o n ta in e d  f i la r ia l  w orm s. Immature or in fe r t i le  fem ale nem atodes  w ere 

d i s s e c te d  from some of th e s e  l e s io n s  . F ila r ia l  p a ra s i te s  occurring  in



su b cu tan eo u s  n o d u les  in man have  u su a l ly  b een  c a l le d  D irofilaria  c o n lu n c - 

t iv ae  , bu t m ature worms have  not been  c o l le c te d  for m orphological s t u d y . 

These workers d i s c u s s e d  the  p o s s ib i l i ty  th a t  D . con1 u n c tiv a e  is a c tu a l ly  

p .  immitis in  an abnorm al h o s t .

The a d u l t  forms of D . immitis u s u a l ly  in h ab it  the  righ t v e n tr ic le  and 

pulmonary a r t e r i e s , but a re  no t uncommonly found in o th er  an a to m ica l  

lo c a t io n s .  Otto (1949) c o n s id e re d  th a t  the  r ig h t  v e n tr ic le  is  the normal 

lo ca tio n  for th e s e  p a r a s i t e s  and th a t  they  o ccu r  e lsew h e re  only when their 

number is  too  g rea t  for accom m odation  by th is  s t ru c tu re .  Leidy (1856), 

Janson  (1892a), H inm an (1935), and Jack so n  e t  a l»  (1962) observed  c a s e s  

in which th e s e  p a ra s i t e s  w ere  p resen t  in th e  r ig h t  a tr ia  and v e n ae  c a v a e .  

Janson  (1892a), C ro ck er  (1919), H artley  (1938), Adams (1956), and von 

L ichtenberg  e t  a l . (1962) ob served  adu lt  forms of D .  im m itis in the  

hepa tic  v e in s  . The o ccu rren ce  of th is  nem atode in the  r e n a l .  Jugu lar, 

and b ra c h ia l  v e in s  w as d e te c te d  by von  L ich tenberg  e t ^ i *  (1962). Jan so n  

(1892b) rep o r ted  th e  p re sen c e  of th e s e  p a ra s i te s  in the  le f t  a tr ia  and  pul­

monary v e in s  of a dog w h ich  had a o a ten t foramen o v a le .  Van M eter  

(1892) d e sc r ib e d  a dog in  w hich  15 to 20 a d u lt  p a ra s i te s  ex tended  from 

the  right a tr ium  through th e  in te ra tr ia l  sep tum  and le f t  a tr ium  into th e  le f t  

v e n t r i c l e .  Ja n so n  (1892b) a l s o  referred  to  th e  in frequen t finding of a d u lt  

p a ra s i te s  in  th e  c a v i ty  of th e  le f t  v e n t r ic le ,  a o r ta ,  or fem ora l a r te ry .

S ch n e lle  and Jones  (1945) reported  two c a s e s  in w hich adu lt  forms 

of p .  im m itis were found in  ab e rran t  lo c a t io n s  . In one dog an  immature
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male occu rred  in  th e  eye  and  was observed  to  move b ack  and forth  be tw een  

the  a n te r io r  and p o s te r io r  chambers . An immature fem ale  w as found in an  

in te rd ig i ta l  c y s t  of a n o th e r  dog in  w hich a d u l t  p a ra s i t e s  were a l s o  p resen t 

in  the  h e a r t .  D ibbe l (19 51), during a su rg ic a l  o p e ra t io n  on a dog, 

o b se rv ed  a fem ale  D . im m itis in the  abdom inal c a v i ty .  Leidy (1880) 

reported  th e  p re se n c e  of th e s e  p a ra s i te s  in  th e  t ra c h e a  of a dog and H art­

le y  (193 8) in the b ronchus of a w o lf .  Turk e t  g_l. (1956) d e te c te d  D . 

imm itis in the  b ro n c h io le s  of one dog and  a ls o  o b se rv ed  a n o th e r  anim al 

which  coughed  u p  th e  p a ra s i te s  sh o r t ly  before  i ts  d e a t h .  T a juch i e t  a l . 

(1959) rep o rted  the  p re se n c e  of D . im m itis in  the  la te r a l  v e n tr ic le s  of 

th e  b ra in  of a dog w hich  had symptoms of ra b ie s  .

C lin ica l  M a n ife s ta t io n s  

W hile  D . im m itis in fec tions  have  o ften  been  o b se rv ed  a t  a u to p sy  

in  dogs w hich  had no c l in ic a l  signs of d i s e a s e  and d ied  of a c c id e n ta l  

c a u s e s ,  in o ther  c a s e s  th is  nematode m ay produce d e a th  of th e  h o s t .

The u s u a l  s ig n s  a t t r ib u te d  to  infection by th is  p a ra s i te  a re  la c k  of 

s ta m in a ,  d y s p n e a ,  and  a cough (LaPage, 1962; Smith and J o n e s ,  1961). 

Edem a, v e n o u s  c o n g e s t io n ,  hepatom egaly , a s c i t e s ,  and  hem op tys is  a re  

a l s o  rep o r ted  (H obbs, 1940; Schnelle , 1945; D ibbel e t  a l . .  1950; Pat­

te r s o n ,  1962). Various o th er  c l in ica l  m a n i f e s ta t io n s , inc lud ing  eczem a , 

v o m itin g , g e n e ra l iz e d  p a in ,  enlarged lymph n o d e s ,  an d  p e te c h ia e  of the  

m ucous m em branes , h a v e  b een  d e sc r ib ed  (Bader, 1938; Hutvra e t  a l . .

1949; S o l ty s ,  1956; B ailey  and H o e r le in ,  1962). Po llack  (1948) observed
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eo s in o p h il ia  in a c a s e  of d i r o f i l a r ia s i s .  In add it ion  to  the symptomatology 

l is te d  a b o v e .  La Page (1956) included  edema of the  hind leg s  and scro tum , 

p a ra p leg ia ,  bronchopneum onia , and symptoms resem bling  th o se  of rab ie s  . 

Porter (1951) c o n s id e re d  the  c l in ic a l  syndrom e re su l t in g  from D_. immitis 

in fec tio n  to  be th a t  of r igh t  heart f a i lu re —ed em a, a s c i t e s ,  hepatom egaly , 

and e a s i ly  induced  dyspnea  .

The c l in ic a l  m an ifes ta t io ns  produced by the  p a ra s i te  in aberran t  

lo ca tio n s  vary  w ith  the ana to m ica l  s tru c tu re s  in v o lv e d .  Some c a s e s  have 

b een  asym pto m atic ;  in o thers too few c a s e s  have  b een  reported to g en e r­

a l i z e  on the  c l in ic a l  d i s e a s e .  Jackson  e t.â i*  (1962) s tud ied  18 dogs 

with D_. immitis in fec tion  of the  poste rio r  ven a  cava  . The c l in ic a l  sy n ­

drome exh ib ited  by  th e se  dogs included w e a k n e s s ,  c o l la p s e ,  hem oglobin­

u r ia ,  b i l i ru b in u r ia , and rapid p rog ress ion  to d ea th  from hepa tic  and rena l 

f a i l u r e .

Pathology

The an a to m ica l  changes  a s s o c ia te d  w ith  D . immitis in fec tion s  have 

b een  the  su b je c t  of numerous reports  . Probably the f i r s t  com prehensive  

s tud y  of the  pa tho logy  of th is  d i s e a s e  was made by Jan son  (1892b) in 

J a p a n .  H ypertrophy  and d ila tion  o f  the  r igh t v e n tr ic le  were common 

f in d in g s ,  a s  were aneurysm s and throm bosis of th e  pulmonary a r t e r i e s .  

Emboli re s u l te d  in  pulmonary in farc tion  and a b c e s s  fo rm atio n . There were 

a t e l e c t a s i s  and edem a of the  lu n g s ,  i n te r s t i t i a l  h e p a t i t i s ,  and  parenchy­

m atous and in te r s t i t i a l  c h an g es  in  the  k id n e y .
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Hopkins (19 06) s tud ied  s ix  c a s e s  of d i ro f i la r ia s i s  and observed  the  

pulmonary a r te r ie s  of some dogs to be s tudded  with f in e  g ra n u le s .  H is to ­

lo g ic a l  exam ina tion  show ed th e s e  g ranules to  be su b e n d o th e l ia l  fibrous 

n o d u le s . ^

In a wolf in fec ted  with D . immitis . H artley  (1938) observed marked 

r ig h t  v en tr icu la r  hypertrophy and  the pulmonary ring w a s  d i la te d .  A 

th ro m b u s , with en trapped  p a r a s i t e s , f illed  the  right v e n tr ic le  and extended 

in to  the pulmonary a r te r y .  Aneurysmal d i la ta t io n s  and throm bosis were 

p re sen t  in some b ran c h es  of th is  a r te ry .  The lin ing  of the  main pulmonary 

a r te ry  w as roughened w ith sha llow  p i t- l ik e  d e p re s s io n s  and networks of 

fibrous bands and s tr in g s  ex tended  ac ro ss  th e  lumina of sm alle r  a r te r ie s  . 

M any in fa rc ts  and  a re a s  o f pneum onitis  were p re se n t  in  the lungs . The 

live r  was e n la rg ed ,  and b o th  a c u te  and ch ron ic  p a s s iv e  co nges tio n  were 

e v id e n t .  Adult forms of D ,  immitis were p resen t  in a thrombus which 

f i l led  the  right m ain b ran ch  of the  h epatic  v e in .

H is to lo g ic a l  exam ina tion  rev ea led  d e g en e ra t iv e  c h an g es  in  the 

m yocard ium . Fibrous in tim ai p ro life ration  th ickened  th e  wall of the 

pulmonary artery  and  o rgan iz ing  thrombi were p re se n t  in  the lumina of 

some b r a n c h e s . In th e  lung th e  a lveo la r  s e p ta  were th ick ened  and c o n ­

ta in ed  inflam m atory c e l l s  . F ib rosis  of th e  lung su g g e s te d  organized  

in fa rc ts  . C en tro lob u la r  c o n g e s t io n  with a trophy  of h e p a t ic  c e l l s  was 

ev iden t in  the  l iv e r  and  in  t h e s e  a re a s  c av e rn o u s  s in u so id s  had rep laced  

the  h e p a tic  t i s s u e .
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M oss (194 0) o bserved  verrucous grow ths in th e  h ear t  and  pulmonary 

a r te r ie s  of H aw a iian  dogs in fec ted  with D .  immitis . Thrombi were p re sen t  

w hich c o n ta in ed  dead  p a r a s i t e s .  H e p a t i t i s , c i r r h o s i s ,  and n ep h ri t is  were 

a l s o  r e p o r te d .

Porter (1951) s tud ied  s ix  D . immitis in fec ted  dogs and observed  

l e s io n s  only  in th e  h e a r t ,  lu n g s ,  and l iv e r .  There w as marked right v e n ­

t r ic u la r  h y p e rtro p h y . In som e a re a s  of the  pulmonary a rte ry  there  was 

sub in tim a l f ib ro s is  and in o ther a re a s  nodu les  of su b in tim al conn ec tiv e  

t i s s u e  p ro jec ted  in to  the  lu m en . E ndothelia l p ro life ra tion  narrowed the 

lumina of sm a lle r  pulmonary a r te r ie s  and m edial hypertrophy occurred  in 

pulm onary a r t e r i o l e s . There was marked h e p a to m eg a ly .

N is s e n  (1953) and W eatherford  (1954) desc r ib ed  c a s e s  (probably 

the  sam e dog) in w h ich  a d u l t  forms of D . immitis w ere p re se n t  in the  

r igh t s id e  of the  h e a r t ,  po s te r io r  vena c a v a ,  and Fs i c i  portal c irc u la t io n .

In th e  l iv e r  th e re  w as marked co n g es t io n  of c en tra l  v e in s  and  lo s s  of 

h e p a t ic  c e l l s  in  the  c en tra l  a re a s  of h ep a t ic  lo b u le s  . The l a t t e r  was 

o ften  so com ple te  th a t  th e s e  a re a s  seem ed  to c o n s i s t  only  of d i la ted  

b lood s p a c e s  and  c o n n e c t iv e  t i s s u e  . L oca lized  inflam m atory foci were 

p re se n t  in  the  a lv e o la r  w a lls  of the lungs  and v a r io u s  d e g re e s  of throm­

b o s is  were o b se rv e d  in  th e  in tra  pulmonary a r te r ie s  .

Adams (1956) d e sc r ib e d  a dog in w hich  th e  lu n g s ,  pulmonary 

a r t e r ie s ,  righ t h e a r t ,  vena  c a v a ,  and  h e p a tic  v e in s  co n ta in e d  adu lt  forms 

of p .  immitis . H is to lo g ic a l  exam ination  o f  th e  lung re v e a le d  broncho­
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pneumonia and th e  l iv e r  d isp lay ed  an in c re a s e  in in te r lo b u la r  co n n ec tiv e  

t i s s u e  w hich  e n c ro ac h e d  upon the h ep a t ic  lo b u le s  .

The group of dogs s tu d ied  by H enn igar and Ferguson (1957) c o n ­

ta in ed  bo th  sym ptom atic  and asym ptom atic  c a s e s  of d i r o f i l a r i a s i s .  In 

th e se  dogs d i la ta t io n  and  hypertrophy of the  r igh t h ear t  w as common and 

o c c a s io n a l ly  th e re  was hypertrophy of the  le f t  h e a r t .  A th e ro sc le ro s is  

and e n d o th e lia l  c u sh io n s  were observed  in  the  pulmonary a r t e r i e s .

M ed ia l  hypertrophy and end o th e lia l  th ick en in g  were p re se n t  in sm alle r  

a r t e r ie s ,  and m ed ia l  hypertrophy occurred  in  a r t e r io l e s .

Jaq u es  an d  Hyman (1957) observed  v i l lo u s  in tim ai th icken in g  in the 

large pulmonary a r te r ie s  of 17 dogs in fec ted  w ith D . im m it i s .

Balch e t _a l . (1957) s tu d ied  dogs which had been  t r e a te d  with a n  

a rs e n ic a l  compound to d e s tro y  the a d u l t  forms of D .  im m itis . F ib rosis  

and c a lc i f ic a t io n  o f  the  tr ic u sp id  v a lv e  were p re s e n t  in  one  d o g .  M ic ro ­

sco p ic  s tudy  re v e a le d  fragm ents  of n e c ro t ic  worms su rrounded  by pa rt ia l ly  

c a lc i f ie d  fib rous c o n n ec tiv e  t i s s u e .  G ranulom atous r e a c t io n s  occurred  

in the  w a lls  of a r te r ie s  w hich  con ta ined  dead worms . The throm bi w hich  

formed around p a ra s i t e s  in th e  a r te r ia l  lumina were e v e n tu a l ly  d i s in te ­

g ra ted  .

B ailey  (1958a) o b se rv ed  right v e n tr ic u la r  hypertrophy  an d  fib rous 

th icken ing  of th e  r igh t v e n tr ic u la r  endocardium  in  u n tre a te d  c a s e s  of 

d i r o f i l a r ia s i s .  There w as s c le r o s i s  o f  the  pulmonary a r te ry  and  the  

intima had a "p ebb led"  a p p e a ra n c e .  M a s s e s  of worms w ere en trapped  in
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ge la tin o u s  th rom bi. Pulmonary in fa rc ts  were o b se rved  following a r s e n ic a l  

trea tm en t to  k i l l  the a d u lt  nem atodes and organ ized  thrombi were a s s o c i ­

a ted  w ith  d eg en e ra t in g  p a ra s i te s  (Bailey, 1958b). Purulent inflammatory 

re a c t io n s  and  r e c a n a l iz a t io n  were a p p a re n t  in a r te r ie s  which had u n d e r­

gone th ro m b o s is .  A su b acu te  inflam m ation  of th e  porta l tr iads was 

reported  to  be p re se n t  in the l iv e r .

W inter (1959), working w ith d i ro f i la r ia s is  in  A ustra lian  d o g s ,  

ob served  th e  lungs  to  be firm in c o n s i s te n c y ,  ru s t-b ro w n  in co lo r ,  and  

to c o n ta in  ir regu la r  nodu les  of c o n s o l id a t io n .  The l iv e rs  were en la rged  

and c o n g e s te d ,  and the re  was s l ig h t  sp le n o m e g a ly .  In advanced  c a s e s  

the k id n e y s  had a brown d is c o lo ra t io n .  M ic ro sco p ic  exam ination  of the  

lungs rev e a le d  inflam m atory in f i l t ra t io n ,  h e m o s id e ro s is ,  and f ib r o s i s .  

C o n g e s t io n ,  e ry th ro p h a g o c y to s is , h e m o s id e ro s is ,  and a n th ra c o s ls  were 

ob se rv ed  in the  lymph n o d e s .  The s p le e n s  were c o n g e s te d ,  co n ta ined  

in c re a s e d  am ounts  o f  hem o side r in ,  and p a s s iv e  c o n g es t io n  was ap p aren t  

in th e  l iv e rs  . H em o sero s is  occurred  in th e  livers and was p re sen t  in the 

k idneys of one d o g ,

W ilcox  (196 0) reported  pulmonary e n d a r te r i t is  and  in tim ai p ro l ife ra ­

tion in  15 o f  2 0 dogs from which a d u l t  forms of D . immitis were removed 

s u rg ic a l ly .

W hile  Adcock (1961) observed  c o n g e s t io n ,  e d e m a , hem orrhage, 

h e m o s id e ro s is ,  in fa rc t io n ,  and in te r s t i t i a l  pneum onitis in  the lungs  of 

p .  im m itis in fec te d  d o g s ,  he c o n s id e re d  th e se  l e s io n s  to  be l e s s



14

s ig n if ic a n t  than  th o se  of the pulmonary a r t e r i e s .  In th e s e  v e s s e l s  Inflam ­

m atory and p ro life ra tive  flo res  Is o f  the  Intima and media were a s s o c ia t e d  

with liv ing  p a ra s i te s  and a g ranu lom atous re sp o n se  was p re se n t  In a r te r ie s  

co n ta in ing  d ead  p a r a s i t e s .  R ugose or v i l lo u s  s t ru c tu re s ,  c o n s is t in g  of 

plump, lo o se ly  arranged  f ib ro b la s ts  with an endo the lia l  covering  ex tended  

Into the  lumina of large  e la s t ic  a r t e r i e s .  F ibrosis  of Intima and  m ed ia ,  

w hich  often  c o n ta in e d  In f i l tra t ions  of Inflammatory c e l l s ,  w as a l s o  

o b s e rv e d .  Pro lifera tion  of the  In tim a, and l e s s  often  th e  m e d ia , were 

o b se rv ed  In sm all  m uscular a r te r ie s  and a r t e r io le s .  Throm bosis o c c a s io n ­

a l ly  re s u l te d  In pulmonary in f a r c t io n .

The le s io n s  occurring In 15 dogs Infec ted  w ith  D . Immitis were 

d e sc r ib e d  by von  L ichtenberg e t  a l»  (1962). Twelve of t h e s e  a n im a ls  had 

th e  c l in ic a l  syndrome a s s o c ia te d  with the  p resen ce  of a d u l t  p a ra s i t e s  In 

the  p oste r io r  vena  c a v a .  M lc ro s c c p lc a l ly , the  m ost c o n s ta n t  le s io n  was 

found to  be ru gose  or v illous  e n d a r t e r i t i s . Thrombosis w as a common 

f ind ing , occurring both in the  m ain  b ranches  and In the d i s t a l  Intra pu l­

monary b ran ch es  of the  pulmonary a r te r y .  Thrombosis or em b o liza tio n  of 

a r te r io le s  occurred  sp o ra d ic a l ly .  Intimai and m uscular p ro l ife ra t io n  

th ic k en e d  the  w alls  of sm all a r te r ie s  . G ranulom atous l e s io n s  were 

a s s o c i a t e d  w ith both l iv ing  an d  dead w orm s. C o n g e s t io n ,  I n te r s t i t i a l  

f ib r o s i s ,  fo ca l  Inflam m ation, and  th icken ing  of In te ra lv e o la r  c a p i l l a r ie s  

occu rred  In th e  lungs of most a n im a ls  .

The l iv e rs  exh ib ited  b ile  s t a s i s ,  cen tro lobu la r  n e c r o s i s ,  and  f ib ­

r o s i s .  In c reased  num bers of le u c o c y te s  and h is t io c y te s  were p re se n t  In
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s in u s o id a l  v e s s e l s , som etim es forming sm a ll  n o d u le s .  A "ca v e rn o m a to s is  

ch an g e  of th e  h e p a t ic  v e in s "  w as noted in  the l iv e rs  of ten  of the  dogs 

w hich  had a d u l t  p a ra s i te s  in the  p o s te r io r  vena c a v a .  H ere the  c e n t ro ­

lob u la r  v e n u le  had b een  rep la ce d  by  many d i la te d  v e s s e l s  . T hese  t h in -  

w a l le d ,  d i la te d  v e s s e l s  were sa id  to re sem b le  cavernous c a p i l la ry  

h e m a n g io m a ta .  P h le b o sc le ro s is  of the  la rg e r  c o llec t in g  v e in s ,  and ra re ly  

th ro m b o s is ,  were a s s o c ia t e d  with the  carernom atous change  .

P a s s iv e  c o n g e s t io n  and m ic ro fila r iae  were p resen t in  o ther o rgans  . 

Sm all i n te r s t i t i a l  foc i of lym phocy tes  and  plasm a c e l ls  occu rred  in  the  

c a rd ia c  m u s c le .  H em o sideros is  w as commonly observed  in the  k id n e y s .

Ja q u es  (1963) s tu d ied  22 dogs in fe c te d  w ith  D . im m itis and  o b se rv ed  

le s io n s  in th e  lu n g s ,  h e a r t ,  l iv e r ,  s p le e n ,  and k id n e y s .  In farc ts  w ere 

p re s e n t  in the  lu n g s ,  and the  intim a of th e  pulmonary a r te r ie s  had a ru gose  

a p p e a r a n c e .  E ccen tr ic  th icken ing  of the  in tim a, often in  filariform  c o n ­

f ig u ra t io n s ,  w as accom pan ied  by e n d o th e l ia l  p ro l ife ra t io n .  At t im es  

lym ph ocy tes  and  p lasm a c e l ls  had in f i l t ra ted  th e s e  f ib ro b la s t ic  th ic k e n ­

ings  . M ic ro f i la r iae  were ob se rv ed  in a s s o c i a t io n  with th rom bosis  of 

sm a ll  v e in s  and  a r t e r io l e s ,  and granu lom atous in flam m ation , w ithou t 

g ia n t  c e l l s ,  occu rred  in the  o lder l e s i o n s .  Inflammatory r e a c t io n s ,  

a p p a re n t ly  p roduced  by dying m ic ro f i la r ia e ,  were p resen t in  the  h e a r ts  of 

four d o g s .  T hese  l e s io n s ,  c h a ra c te r iz e d  by p e r iv a sc u la r  in f i l t ra t io n s  of 

po lym orphonuc lea r  le u c o c y te s  and  ch ro n ic  inflamm atory c e l l s ,  o f ten  

e x te n d ed  in to  th e  a d ja c e n t  m yocardium . In th e  l iv e rs  the re  were
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hyperp las ia  o f Kupffer  c e l l s  and o c c a s io n a l ly  fo ca l  a re a s  of n e c r o s i s .

The e t io lo g y  of ren a l  le s io n s  was con fused  by the  co n co m itan t  p resen ce  

of pye lon eph rit is  .

Pa thophysio log ic  M a n ife s ta t io n s  

In rev iew ing  th e  ra th e r  volum inous body of l i te ra tu re  regard ing  

c an in e  d i r o f i l a r i a s i s , the sm all number of s tu d ie s  d ea l in g  w ith  the fun c ­

t io n a l  c h a n g e s  occurring  in in fec ted  an im als  w as s t r ik in g ,  Blackberg and 

Ashman (193 0) o b se rv ed  no e lec tro ca rd io g rap h ic  d if fe ren c e s  be tw een  

con tro ls  and  in fe c te d  dogs in the  re s t in g  s t a t e .  After e x e r c i s e ,  c o n ­

s is t in g  of a te n  m inute run on a t re a d m il l ,  marked c h a n g e s  were noted in 

the  in fec te d  a n im a l s .  The QRS in te iv a l  w as  len g thened  and  th e re  was 

d e c re a s e d  am p litu d e  of the  R w ave . In one dog, the  T w ave w as in v e r ted .  

These a l te r a t io n s  w ere co n s id e re d  to in d ic a te  d e p re s s io n  of in tra v e n tr i ­

cu la r  co n d u c t io n  and  in ad eq u a te  blood and oxygen supp ly  of the  

c a rd iac  m u s c le .  P a t te rso n  e l  a i ,  (1961) did not ob se rv e  d ia g n o s t ic  

e le c tro ca rd io g ra p h ic  c h an g e s  in c a s e s  of d i ro f i l a r ia s i s ,

J a c k so n  (1962) reported  an in c re a se d  c irc u la t io n  tim e in  dogs 

in fec ted  with D , imm itis . In normal d c g s ,  f lu o re sc e in  in je c te d  in tra ­

v e n o u s ly  in the  fo re leg  w as d e te c te d  in th e  n ic t i ta t in g  m em brane or oral 

m ucosa in l e s s  th a n  12 s e c o n d s .  This in te rva l  w as found to  be g rea te r  

than 12 se c o n d s  in  an im als  in fec ted  with D ,  Im m it is .

W a l la c e  (1959, 1962) and W a lla ce  and Ham ilton (1962) reported  

e le v a te d  pulm onary a r te r ia l  and righ t v e n tr ic u la r  p re s s u re s  in  dogs
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in fec ted  w ith  D . im m itis . S y s to lic  p ressu re s  a s  high a s  158 mm. Hg. 

were observed  in se v e re ly  a f f l ic te d  an im als. B easley  and Jaques  (1963) 

observed  m ean pulmonary a r te r ia l  p ressu re s  ranging  from 6 to 73 mm. Hg 

in a group of in fe c te d  dogs having no c l in ic a l  in d ic a t io n s  of in fe c t io n .

W alla ce  (1959) and W alla ce  and Ham ilton (1962), in  s tu d ie s  of 

c an in e  c o n g es t iv e  h e a r t  fa i lu re  and  including  dogs in fec ted  w ith  D . 

im m itis , reported  in c re a s e d  blood volum es and marked s a l t  and w ater  

re te n t io n .  Severe  pulmonary hypertension  and righ t v e n tr ic u la r  hyper­

trophy were o b s e r v e d .



CHAPTER II

EXPERIMENTAL PROCEDURES

T w en ty - th ree  dogs with D . immitis in fec tion  were u s e d  during the 

c o u rse  of th is  s tu d y .  Eight of the  an im als  were a c q u ire d  a t  th e  H ouston 

C ity  Dog Pound, H o us to n , T e x a s , and 15 through the D epartm en t of 

Vivarium , Baylor School of M e d ic in e .  In the s e le c t io n  of th e s e  d o g s ,  no 

c o n s id e ra t io n  was g iven  to a g e ,  s e x ,  b reed ,  o r s iz e ;  th e  s o le  c r i te r io n  

being  the  p re sen c e  of m ic ro fila r iae  in sm ears of pe riph e ra l  b lo o d . No 

a ttem p t w as made to  de term ine  the  s p e c ie s  of m ic ro f ila r iae  . None of the 

dogs had sym ptoms of c o n g e s t iv e  h ear t  fa ilu re  or o ther s ig n s  of d iro ­

f i la r ia s i s  . Two of the an im a ls  had a g e n e ra l iz e d  d e rm a ti t is  which r e s ­

ponded to  re p e a te d  to p ic a l  a p p lic a t io n s  of ch lo rd ane  (Engo^), and th ree  

were in a r a th e r  poor n u tr it io n a l  s t a t e .  The la t t e r  was prom ptly co rrec ted  

by i s o la t io n  and  proper d i e t .

Nine u n in fec te d  con tro l dogs were ob ta ined  from dog pounds in the 

a rea  of c e n t ra l  O k lahom a . N either the  p re sen c e  of m ic ro f ila r iae  in  blood 

sm ears  nor e v id en ce  of c a rd ia c  or pulmonary d i s e a s e  were o b se rv ed  in  

t h e s e  a n im a ls .  In s e le c t in g  th e  contro l dogs a n  a t te m p t  w as  made to

^Fort Dodge L aboratories
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in c lu d e  an im als  com parab le  in a g e  and s iz e  to  the  dogs in  th e  in fec ted  

group; how ever, an  a d eq u a te  number of a g ed  d o g s  w as not a v a i la b le .

All dogs w ere se p a ra te ly  caged  in s c re e n e d  q u a rte rs  in the  Animal 

H ouse  a t  th e  U n ive rs i ty  of Oklahoma M e d ica l  C e n te r ,  and were fed  a 

com m erc ia l  r a t io n .

Physio log ic  and Anatomic A ltera tions of D ♦ Immitis In fec tion

Eighteen in fec te d  dogs and nine c o n tro ls  were u t i l iz e d  in  th is  p h a se

of th e  p ro je c t .  M ultip le  pulmonary a r te ry ,  r ig h t  v e n tr ic u la r ,  and  fem oral

a r te ry  p re s su re s  and  e lec trocard iog ram s were ta k e n  of eac h  an im al a t

in te rv a ls  of two to  four w e e k s .  These p ro ced u res  were c a rr ied  out under

sodium  p en to b a rb ita l  (Nembutal^) a n e s t h e s i a .  Although th e  u s u a l  m ethods

of s te r i le  surgery  were p ra c t ic e d ,  each  dog re c e iv e d  a n t ib io t ic  therapy  
2

(S trep-C om bio tic  ) for th ree  days  follow ing c a th e te r i z a t io n .

P re ssu res  in  th e  l e s s e r  c irc u la t io n  were m easu red  by r ig h t- s id e d  

c a rd ia c  c a th e te r iz a t io n  through N o .  5 or 6 C ournand  c a th e te r s  and 

reco rd ed  with a Sanborn M odel 267BX p re s su re  t ra n s d u c e r  and  Sanborn 

15 0 Polyviso  c a r r ie r  p ream p lif ie r .  After the  Jugu la r  v e in  had b een  

i s o la te d  su rg ic a l ly  and l ig a te d ,  thé  c a th e te r  w as  in se r te d  through a sm all  

in c i s io n  proximal to  the l ig a tu re  and p a s se d  th rou gh  th e  r igh t heart  in to  

the  pulmonary a r t e r y .  The p re sen c e  of the  c a th e te r  in th e  a r te ry  was

1 2 Abbott L abora to ries  Pfizer
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verif ied  f lu o rc sc o p lca lly  in  h a lf  of the  dogs  and in  o thers  by the p ressu re  

rea d in g s  and curve  c h a r a c te r i s t i c s  occurring  during i t s  w ith d raw a l.

H ep arin ized  sa l in e  (one u n i t  per m l.)  was perfused  through the c a th e te r  

in te n  of the  experim ents  and  in th e  rem a in d e r  only iso to n ic  sa l in e  was 

u s e d .

Femoral a r te ry  p re s s u re s  were m easu red  th rough  a Henry n eed le  

in se r te d  d irec tly  into the  a r te ry  and  reco rded  with the  Sanborn pream pli­

f i e r .  In a few dogs it was n e c e s s a r y  to e x p o se  th e  a rte ry  su rg ica l ly  

befo re  in se r t io n  of the H eniy n e ed le  w as p o s s ib l e .

E lec trocard iog raph ic  s tu d ie s  were m ade on eac h  dog following the 

p re s su re  reco rd ings  while th e  an im al was s t i l l  under the  e ffec t  of the 

a n e s t h e t i c .  T hese  s tu d ie s  w ere m ade w ith a M odel 15-1600 Sanborn EGG 

p rea m p lif ie r .  The a re a s  o f  a t ta c h m e n t  for the  e le c tro d e s  were shaved  to 

in su re  ad eq u a te  c o n ta c t  and s ta n d a rd  le a d s  1, 1 , 3 ,  and V I, V2, V3, and 

V4 were re c o rd e d .

Following th e se  s tu d ie s  e u th a n a s ia  w as performed with an overdose  

o f sodium  p e n to b a rb i ta l .  At n e c ro p s y ,  a d u l t  p a ra s i t e s  w ere removed from 

th e  r ig h t  v e n tr ic le s  and pulmonary a r te r ie s  and th e  g ro ss  le s io n s  o b se rv e d .  

In an  effort to d e te c t  e a r ly  r ig h t  v e n tr ic u la r  hypertrophy , th e  h ear ts  were 

d i s s e c te d  in th e  manner to  b e  d e sc r ib e d  b e lc w  and  th e  w e igh ts  and th ic k ­

n e s s e s  of the va rio us  p a r ts  w ere  r e c o rd e d .  T is su e  s e c t io n s  were prepared 

from th e  lu n g s ,  pulmonary a r t e r ie s ,  h e a r t ,  a o r ta ,  s to m ach , l iv e r ,  i n te s t in e ,  

p a n c re a s ,  g a ll  b lad d e r ,  a d re n a l  g la n d s ,  thyro id  an d  parathyroid g la n d s .
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b ra in ,  sp in a l  c o rd ,  e y e s ,  and g e n ita l  t rac t  of e ac h  d og , and from other 

t i s s u e s  when in d ic a te d  « M ultip le  b locks  of t i s s u e  were tak e n  from 

standard  lo c a t io n s  in e a c h  lobe of the lu n g s ,  a l th o u g h  o ther a r e a s  were 

sec tio ned  when le s io n s  were s u s p e c te d .  The s i te  from w hich  the  routine 

b locks were ta k e n  w as an  area approx im ate ly  one cmZ from th e  h i lu s ,  thus 

includ ing  th e  major b ronch i and large e la s t i c  a r te r ie s  .

All b lo ck s  o f  t i s s u e  were fixed  in 10 per c e n t  n e u tra l  fo rm alin ,  

embedded in  p a ra ff in ,  and  sec tioned  a t  a  th ic k n e s s  o f  f iv e  m icrons . The 

se c t io n s  were s ta in e d  by the  Harris hem atoxylin  an d  e o s in  m e th o d . 

W eig e r t’s e l a s t i c  t i s s u e  s ta in  c o u n te rs ta in e d  w ith  Van G ie s o n 's  p ic r ic  

a c id - fu c h s in  mixture w as employed on s e le c te d  s e c t io n s  of lung and  pul­

monary a r t e r y . M a s s o n 's  tr ich rom e, P russ ian  b lu e ,  re t ic u lu m , Sudan IV, 

Gram, G ie m sa ,  a c id  f a s t ,  and pe riod ic  a c id -S c h if f  s t a in s  were a l s o  u s e d .

E ffect of Treatment to D estroy  Adult Worms 

Five dogs w ith  D» immitis In fec tion  were u se d  to  de te rm ine  the 

e ffe c t  of dead  p a ra s i t e s  on the pulmonary c i r c u la t io n .  Pulmonary a r te ry , 

r igh t v e n tr ic u la r ,  and  fem oral a r te ry  p re s su re s  were m easu red  a s  before  

and  e le c tro ca rd io g ra p h ic  s tud ies  were m a d e . Each dog th en  re c e iv e d  

th ree  in travenou s  d o s e s  c f  sodium p -b is  (carboxym ethylm ercapto) a r s in o -  

benzam ide (F llc ide^) in the amount of 0 .2  m l. (arsen ic  0 .3 6  m g .)  per 

pound of body w eigh t on th ree  c o n se c u t iv e  d a y s . At th re e  a n d  five weeks

^Pitm an-M oore Co,
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a fte r  trea tm en t p re s su re s  were ag a in  m easu red  and  th e  e lec tro ca rd io g ram s 

r e p e a te d .  E u thanas ia  w as performed on four of the  dogs Im mediately 

a f te r  the  l a s t  c a th e te r iz a t io n  and n e c ro p s ie s  were c o n d u c te d .  T is su e s  

were su b je c ted  to the  procedures d e sc r ib e d  p re v io u s ly .  The f if th  dog w as 

held  for 82 d ay s  a f te r  treatm ento E u thanas ia  was th en  performed a n d ,  in  

a d d it io n  to  the u su a l  p ro ced u res ,  b lo ck s  of t i s s u e  from the lung were 

ob ta ined  for e lec tron  m icroscope  s tu d y .

D eterm ination  of C a rd ia c  H ypertrophy 

In order to d e te c t  early  righ t v e n tr ic u la r  hypertrophy it w as n e c e s ­

sary  to know the norm al range  In w eigh t and  th ic k n e s s  of the  v a r io u s  

parts  of the  can in e  h e a r t ,  their  r e la t io n s h ip  to e a c h  o th e r ,  and th e  

r e la t io n sh ip  of h ear t  w eight to  body w e ig h t .  This w as acco m plished  by 

d is s e c t in g  and  weighing the  h earts  from 50 normal d o g s .  All o f  th e s e  

dogs were ap paren tly  in good h e a l th  and no g ro ss  l e s io n s  were obse rved  

in th e  heart ,  lu n g s ,  l iv e r ,  or k idneys  . After b re e d ,  a g e ,  sex , and 

w eigh t of e ac h  dog w as de te rm ined , the  h e a r t  an d  lung s  were rem oved 

and th e  heart  was se v e re d  from the major v e s s e l s .  D is se c t io n  of the 

h e a r ts  was carried  ou t In a m odifica tion  c f  th e  m anner d e sc r ib ed  by 

S tew art (1911).

U s in g  the  le f t  lo ng itu d in a l  groove a s  a g u id e ,  th e  right v e n t r ic le  

and  in te rv en tr icu la r  septum  were se p a ra te d  from the  le v e l  of th e  o rif ice  

of th e  pulmonary a r te ry  to the  apex  of the  h e a r t .  The p rocess  w as 

rep e a te d  sep a ra t in g  th e  le f t  v e n tr ic le  and  sep tu m , beg inning  a t  the
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a o rt ic  o rif ice  and ex tend ing  to  the  a p e x ,  s t i l l  u s in g  th e  le f t  lon g itud ina l 

groove a s  a g u id e . The h ea r t  was th en  o p e n e d ,  w a sh e d ,  and  the  cho rd ae  

ten d in eae  severed»  After re f lec ting  the  v a lv e s ,  the  a u r ic le s  were s e p a ­

ra ted  from the v e n tr ic le s  by cutting  a long  the  line  o f  v a lv u la r  a t t a c h m e n t .  

Separa tion  of the  v e n tr ic le  and in te rv en tr icu la r  septum  was com pleted  by 

extending  the  in c is io n s  from the a p ex  of th e  h e a r t  back  to the  r e s p e c t iv e  

o r i f ic e s ,  u s ing  the  r ig h t  long itud ina l  groove a s  a g u id e .  The portions of 

the  h e a r t  were w ashed  and  d r ied , and  the  f a t  was trimmed aw ay  from the 

m u s c le .  After w e igh ing , the  th ic k n e s s  of th e  r igh t v e n tr ic le  w as d e te r ­

mined a t  the  c en te r  of th e  pulmonary ou tflow  t r a c t .  The th ic k n e s s  of the  

le f t  v e n tr ic le  was m easu red  a t  a point midway b e tw een  the p ap il la ry  

m u s c le s ,  and  th a t  of th e  in te rv en tr icu la r  sep tum  a t  i t s  c e n te r .  W eigh ts  

and th ic k n e s s e s  were reco rd ed  for s t a t i s t i c a l  a n a ly s i s  . The h ea r ts  of 

the  dogs w ith  D . im m itis in fec tion  and  th o se  o f  the  n ine  co n tro ls  were 

s u b je c te d  to  th e s e  sam e procedures so  th a t  com parison  would be  p o s s ib l e .

D eterm ina tion  of leng th  and in te rv a l  of m yocard ia l n u c le i ,  u t i l iz in g  

the  method of L inzbach  (1956), w as em ployed to ob ta in  further ev id en ce  

o f c a rd ia c  h y p e rtro p h y . The right v e n tr ic le s  o f the  n ine  co n tro l  dogs 

and  th o s e  of the  in fec ted  d o g s ,  which e x c e e d e d  the ex p ec te d  w e ig h t,  

were s e c t io n e d  a t  a th ic k n e s s  of 12 m icrons and  s ta in e d  with hem atoxy lin  

and e o s i n .  The le n g th s  o f 100 n u c le i  and 100 in te rn u c le a r  d i s t a n c e s ,  

when th ree  c o n se c u t iv e  n u c le i  were p resen t  in  a s in g le  f ib e r ,  were 

m easu red  in  e ach  d o g .  An e y ep iec e  m icrom eter , w hich  had p rev io us ly



24

b een  c a l ib ra te d  w ith  a s ta g e  m icrom eter, w as u se d  in th is  p ro ced u re . All 

m easurem ents  were made w ith  the  h ig h  dry ob jec tive  a t  a m agn ifica tion  of 

4 5 OX. From th is  d a ta  the  m ean n u c le a r  le n g th ,  mean in te rn u c le a r  d i s ­

ta n c e ,  and mean leng th  of th e  m yocard ia l m uscle  f iber segm en t (mean 

n u c le a r  len g th  p lus mean in te rn u c le a r  d is ta n c e )  were c a lc u la te d  for e a c h  

d o g .  S ta t i s t i c a l  m ethods whre u t i l iz e d  to determ ine any  re a l  d ifference  

be tw een  th e s e  v a lu e s  in the  co n tro l group and th o se  of the  in fec ted  d o g s .

Prepara tion  of T j^gue for the  E lectron M ic ro scope  

T is su e  from the  lungs of dog N o .  4 ,  which had b e e n  tre a te d  to 

d e s t ro y  the  a d u lt  p a r a s i t e s ,  was prepared  for s tudy  with the  e lectron  

m icroscope  . Small b locks  of t i s s u e  were removed from both  a p ic a l  lobes  

and fixed  in  1. 0 per c e n t  buffered  Pa lade  Solu tion  a t  4® C .  T is su e s  were 

th en  em bedded in M arag las  M ixture  C (Freeman and  S p urlock , 1962) and 

se c t io n ed  a t  a th ic k n e s s  of 5 OO to 600 A® using  g la s s  k n iv es  in  a Porter- 

Blum m ic ro to m e . The s e c t io n s  were p lac ed  on 2 00-m esh  copper grids 

co a te d  w ith  Formvor film , s ta in e d  w ith lead  hydroxide, and exam ined 

w ith  a M odel 3FD RCA e le c tro n  m ic ro sc o p e .

In c o n ju n c tio n  with th is  work m icrofila riae  were s u b je c te d  to 

s e le c te d  h is to c h e m ic a l  p ro cedu res  » Following f ix a tio n  in a lc o h o l  or 

a c e to n e  sm e ars  of blood co n ta in in g  la rv a e  were s ta in e d  by th e  Feulgen 

m ethod , pe riod ic  a c id -S c h if f ,  o i l  red  0, a lc la n  b lu e ,  T olu id ine  b lu e , 

m ethyl g re e n -p y ro n in e ,  an d  A strab lau  a t  pH 0 .2 5 .  Some s l id e s  were 

su b je c te d  to  m alt  d i a s ta s e  d ig e s t io n  prior to s ta in ing  w ith  period ic
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a c id -S c h if f ;  o the rs  were s ta in e d  without pe riod ic  a c id  o x id a t io n .  Acridine 

orange s ta in s  were made fc llcw ing  fixation  in a c e to n e  .



CHAPTER III 

RESULTS

M easu rem en ts  of the  Normal C an ine  H eart  

The group of dogs from which h e a r ts  were ob ta in ed  for m easu rem en t 

was made up of e igh t H o u n d s , s ix  C ocker  S p a n ie ls , tw o  B oxers , two 

C o l l ie s ,  two P o in te rs ,  one German Shepherd, one W eim araner, and  28 

mongrels o f undeterm ined b re e d in g . T w en ty -e igh t of the  d o g s  were m ales  

and 22 w ere  fem a le s  . Six of the  an im a ls  were c o n s id e re d  to  be u nder  the 

age  of one y e a r ,  32 to  be more than  one but l e s s  th a n  four y e a r s ,  and  12 

to be g re a te r  th a n  four y e a rs  o ld .  T able  2 g ives  the  s e x ,  app rox im ate  

a g e ,  body w e ig h t,  and w eight and m easurem ents  of th e  h e a r t s  of th e s e  

5 0 normal dogs .

W eight of the  H eart and  Component Parts 

The w ide range  in  body w e ig h t,  6 .4  to 2 9 .2  k g , ,  p re se n te d  by  th is  

group of dogs i s  p a ra l le led  by a large  range  of v a lu e s  in th e  w eigh t of 

the h e a r t  and  i t s  com ponent pa rts  . In order to red u ce  th e s e  la rg e  v a r i a ­

t io n s  to  more w orkable  v a lu e s ,  and in acco rdance  w ith  p rev ious  work, 

ra t io s  of h e a r t  w eight to  body w eight and  p e rcen tag es  of th e  com ponent

26



TABLE 2

BODY WEIGHT AND HEART MEASUREMENTS OF 50 NORMAL DOGS

Age
(years)

Body W t, 
(kg.)

Ventricular M ass
Atria 
(gm,)

Total
Heart
(gm,)

R,V,
(gm,) (mm,)

L,V.
(gm . ) (mm, )

I,V 
(gm. )

, S .
(mm,)

Females

2 6.4 12 4 25 15 11 12 6 51
3 7.3 14 4 27 12 12 13 5 58
2 7 .7 11 3 21 10 11 11 5 48
4 8 .1 12 3 23 9 11 10 6 52
1 8 .3 13 5 23 10 11 12 6 53
3 8.6 15 5 28 10 14 10 7 64
0,5 9 .7 17 4 33 10 16 12 8 75
2 10,1 15 3 32 15 16 11 9 72
3 11,4 17 4 32 9 12 10 10 71
3 11.6 17 3 34 12 15 13 8 74
3 12,0 22 4 43 12 19 13 8 92
0.7 12.2 14 4 28 10 12 12 8 62
2 12.9 20 5 40 12 18 12 9 87
2 13.6 19 4 39 18 18 14 11 87
2 14.3 25 5 42 13 26 13 11 104
3 15,5 22 5 42 15 18 15 11 93
2 16.6 23 4 46 17 22 12 12 103
5 16.6 29 5 57 13 31 13 15 132
4 17.2 28 5 60 13 25 15 14 127
2 17.6 33 5 68 17 33 12 12 146
2 19.1 29 5 54 13 29 15 12 124
Old 24.9 29 6 69 17 27 19 18 143

to



TABLE 2 -  Continued

Ventricular M ass Total
Age Body W t . R.V. L.V. l .V .S . Atria Heart

(years) (kg.) (gm. ) (mm. ) (gm. ) (mm. ) (gm.) (mm.) (gm.) (gm.)

M ales

2 7.3 15 4 25 9 13 10 7 60
3 8.3 17 4 30 10 ' 15 11 9 71
2 8.6 15 5 32 16 18 12 10 75
1 9.3 13 4 26 9 14 10 7 60
3 10.9 18 4 37 15 17 13 11 83
5 12.0 21 5 44 12 17 10 10 92
2 12.3 17 3 40 13 16 16 9 82
0.5 12.4 14 3 37 10 15 10 5 71
3 13.4 21 5 40 13 22 10 10 93
3 13.5 20 4 46 12 24 15 11 101
3 13.8 22 5 42 12 17 13 10 91
5 14.1 28 4 52 14 23 12 14 117
2 15.0 16 4 40 10 16 11 10 82
2 15.5 21 5 42 17 21 10 12 96
3 17.7 26 5 48 13 25 12 13 112
3 18.0 25 5 55 13 23 14 11 114
4 18.1 35 6 71 15 33 16 17 156
0.5 18.1 22 4 44 12 23 13 10 99
Old 18.5 29 6 69 11 26 14 13 137
3 18.6 24 4 48 12 27 11 13 112
3 18.8 31 4 61 16 29 15 13 134
3 20.2 27 5 52 12 28 18 12 119
2 23.1 42 7 90 12 39 12 17 188
Old 24.5 28 5 62 16 26 15 12 128
4 25.6 38 5 85 14 34 19 15 172

ND
CO



TABLE 2 -  Continued

Age
(years)

Old
Old
3

Range

Mean 
S ,D o

Body W t, 
(kg .)

Ventricular M ass

R.V.
(gm. ) (mm. )

L.V. 
(gm.) (mm.)

I .V .8 .  
(gm.) (mm.)

Atria
(gm.)

28.3
28.6
2 9 .2

6 .4 -  
29 .2
15.11

5.83

M ale '

Total
Heart
(gm.)

42 7 101 16 41 16 ■ 21 205
48 5 102 15 50 14 33 233
40 7 87 20 44 15 27 198

1 1 .0 - 3-7 2 1 .0 - 9-20 1 1 .0 - 10-19 5 .0  - 4 d , 0 -
4 8 .0 102.0 50 .0 3 3 .0 233 .0
23 .02 4 .58 47.42 13.04 22.04 12.92 11.46 104.16

8.72 0.98 2 0.04 2.64 9 .02 2,31 5.12 41,98 ro
CO
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parts  of th e  h ea r t  were c a lc u la te d  . Heart w eigh t/body  w eight r a t io s  were 

e x p re s se d  a s  grams per kilogram» W eigh ts  of the v e n tr ic le s  and  the  in te r ­

v e n tr ic u la r  septum  were e x p re s se d  a s  pe rcen tages of the  com bined  w eight 

of the v e n tr ic u la r  m ass (right v e n tr ic le  -+- le f t  v en tr ic le  + in te rv en tr icu la r  

septum)» Table 3 g ives  the  range and mean of th ese  v a lu e s  c a lc u la te d  

from da ta  o b ta in ed  from the 50 dogs .

TABLE 3

RANGE AND MEAN OF HEART WEIGHT/BODY WEIGHT RATIOS 
AND CARDIAC COMPONENT PERCENTAGES 

OBSERVED IN 5 0 NORMAL DOGS

Range M ean

H eart W eigh t/B ody  W eigh t (gm /kg) 5 .0 8  -  8 .7 2 6 .94

R. V en tr ic le /V en tr icu la r  M a ss  * % 20 .2 1  -  2 8 .3 0 25 .1 2

L . V e n tr ic le /V en tr icu la r  M a ss  * % 45 .16 -  56 .06 50 .9 8

I.Vo Sep tum /V entricu la r M a ss  * %
-  —  —  - ......................  .........

19 .67  -  27 .95 23 .87

* RV -I- LV -t- IVS

S in ce  w eigh t of th e  m uscu la r  m ass  is  the  point of in te re s t  in 

c a rd iac  hypertrophy , th e s e  ra t io s  and percen tages were de te rm ined  usin g  

w eights o f  the  h ea r ts  a f te r  the  rem oval of the f a t .  The w eigh t of fa t 

removed from th e  hearts  had a range  of 2 » 0 to  17 .0  g m . ,  a m ean of 6 .54  

g m , ,  and  s ta n d a rd  d e v ia tio n  of 3 .4 5  gm »



31

The w eight o f  the  le f t  v e n tr ic le  m ade up  app rox im ate ly  one h a lf  of 

the  w eight o f th e  v e n tr ic u la r  m a s s .  The w eigh t of the  r igh t v e n tr ic le  was 

e s s e n t ia l ly  h a l f  t h a t  of the  le f t  and w as app rox im ate ly  equal to th e  w eight 

of the  in te rv e n tr ic u la r  se p tu m . H ow ever, the  w ide  range  in  th e s e  ra t io s  

in d ic a te d  the  g re a t  v a ria tio n  occurring  am ong ind iv idua l d o g s .

In order to  de te rm ine  the  p o ss ib le  in f lu en ce  of body w eigh t on the 

HW/BW ra t io  and on  th e  p e rc en ta g es  of th e  v a r io u s  com ponents o f  the 

h e a r t ,  the  dogs  w ere  d iv ided  in to  four g roups acco rd in g  to body w e ig h t .  

The HW/BW ra t io  and  the  c a rd ia c  com ponent p e rc en ta g es  were th en  c a l ­

cu la ted  for th e  v a r io u s  weight groups and th e  r e s u l t s  a re  shown in 

T able  4 .

TABLE 4

MEAN HEART WEIGHT/BODY WEIGHT RATIOS AND CARDIAC COMPONENT 
PERCENTAGES OF 50 DOGS GROUPED ACCORDING TO BODY WEIGHT

Body W eight
N o . 
Dogs HW/BW* RV/VM % LV/VM % IVS/VM%

6 .0  -  11 .9  kg 15 7 .2 9 26 .0 1 4 9 .7 8 2 4 .2 0

12 .0  -  17 .9  kg 20 6 .82 2 5 .0 6 51.26 23 .66

1 8 .0  -  2 3 .9  kg 9 6 .83 2 4 .7 8 50 .87 24 .3 3

2 4 .0  -  2 9 .9  kg 6 6 .6 5 23 .62 53 .26 23 .11

gm /kg

Dogs in the  l ig h te s t  w eight group had a h ig her  HW/BW ra t io  and 

RV/VM percen tag e  an d  lower LV/VM p e rcen tag e  th an  th o se  in the
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h e a v ie r  w eigh t g ro u p s .  Thus i t  appeared  th a t  the  re la t iv e  w e igh ts  of the 

com ponen t parts  change  a s  the  h e a r t  in c re a s e s  in s i z e .  In order to  

p roperly  e v a lu a te  th e s e  fac to rs  l in e a r  re g re ss io n  s tu d ie s  were made on th e  

da ta  ob ta ined  from the 5 0 dogs .

U sing  the  eq ua tion  Y = a + bX, where b is the  re g re s s io n  c o e f f i ­

c ie n t ,  r e g re s s io n  l in e s  were f i tted  to hear t  weight (Y) on body w e ig h t (X), 

v e n tr ic u la r  w e ig h t  (Y) on weight of the  v en tr icu la r  m ass (X), and  w eigh t 

of the  in te rv en tr icu la r  septum  (Y) on w eight of the  v e n tr ic u la r  m ass  (X). 

The 95 per c e n t  co n fid en ce  b e l t s  for each  l in e  were then c a lc u la te d .

Table 5 g iv es  th e  re g re ss io n  co e ff ic ien t  (b), s tandard  d ev ia tion  from 

r e g re s s io n  (S y .x ) ,  s tand ard  dev ia tion  of reg re ss io n  c o e ff ic ien t  (8 ^ ) ,  

and  l im its  o f th e  95 per c e n t  co n fid en ce  b e lt  for eac h  of the c a lc u la t io n s  .

TABLE 5

REGRESSION DATA OF HEART WEIGHT ON BODY WEIGHT AND OF 
VENTRICULAR AND I.V . SEPTUM WEIGHTS ON WEIGHT OF 

THE VENTRICULAR MASS OBTAINED FROM 5 0 DOGS

b S y .x Sb
Limits of 

C onfidence  Belt for Y

HW/BW

RV/VM

LV/VM

IVS/VM

6 .684

0.231

0 .532

0 .263

15.44

1 .135

2 .23 2

1.857

0.373

0,004

0 .008

0 .007

(x=7.3 kaJ  ̂ (x=3 0 .0 k a J  
~  3 7 .0 2  gm. 3 8 .5 3  gm.

^ (x=40 amJ , (x=210amu) 
— 2 .35  gm. ~  2 .5 2  gm.

+ 4 .6 1  + 4 . 9 4  gm.

+ 3 .84 gm . ± 4 . 1 1  gm.

R eg ress io n  of h e a r t  w eight on body weight and the 95 per c e n t  c o n ­

f id en ce  b e l t  a re  shown in Figure 1. Figure 2 show s the re g re s s io n  of
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tr ic u la r  mass (50 normal d o g s). The broken l in e s  In d ica te  the 95 per 
cen t con fid en ce  b e l t s .



3 4

weight of r ig h t  and le f t  v e n tr ic le s  on the w eight of the  v e n tr ic u la r  m ass 

and the  r e s p e c t iv e  95 per cen t  confidence b e l t s .  The formula for 

reg re ss io n  of w e igh t of in te rven tr icu la r  septum  on w eigh t of v e n tr ic u la r  

m ass is

Y = 2 .27 +  0.0263X .

The p o s s ib i l i ty  o f a d ifference in the  r e la t io n sh ip  of h ea r t  weight 

to body w e ig h t  b y  s e x  w as in v es tig a ted  by com paring the  s lo p e  of th e  

reg re ss io n  l in e s  o b ta in ed  from data on th e  male dogs  w ith  th a t  of th e  

f e m a le s . Figure 3 show s the  re g re ss io n  of hear t  w eight on body  w e ig h t .  

The re g re s s io n  c o e f f ic ie n t  (b) for the m ales  was 6 .833 and  th a t  of the  

fem ales  w as 6 .2 4 3 .  Figure 4 shows the r e g re s s io n  of w e ig h t of the 

righ t v e n tr ic le  on the  w eigh t of the v e n tr ic u la r  m a s s  . The re g re s s io n  

c o e ff ic ien t  (b) for the  m ales  was 0.232 and th a t  o f  the  fe m a le s  w as 0 .235  

L ittle  d if fe ren c e  is n o ted  be tw een  the  s e x e s .

In o rder to  fu rther de term ine  th e  p o s s ib i l i ty  of s e x  d iffe ren ce  in 

card iac  w e ig h t ,  the  HW/BW ra tio s  and the  RV/VM p e rc e n ta g e s  of the  28 

male dogs w ere com pared w ith those of the  22 f e m a le s .  The mean 

HW/BW ra t io  of 7 .0 0  and standard  d e v ia tio n  of 1 .02  in the  m ales  con ­

t ra s te d  w ith  a mean of 6 .83  and standard  d e v ia tio n  of 0 .83  in  the  

f e m a le s .  A n a ly s is  of th e s e  da ta  by S tu d e n t 's  " t"  gav e  a t -v a lu e  of 

1 .512 with 48 d e g re e s  of freedom , fo r  w hich 0 .7  < P < 0 .8 ;  thu s  

ind ica ting  no  s ig n i f ic a n t  d ifference b e tw een  th e  s e x e s  . The mean RV/VM
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p e rc en ta g e  for the  m ales  was 24 .57 w ith a s tan d a rd  dev ia tion  of 1.63 and 

th a t  of the  fem ales  was 25 .62  with a s ta n d a rd  dev ia tion  of 1 .0 5 .  A nalysis of 

th e s e  data  by S tu d e n t 's  "t" gave  a t - va lue  o f  2 .5 2 7  (df = 48) for which 

0 .0 2  < P < 0 .0 1 .  P- v a lues a t  th is  le v e l  a re  of bo rderline  s ig n i f ic a n c e .

T h ick ness  of the  V entric les  of th e  C an ine  H eart

The ra n g e s  in th ic k n e ss  of the  v a r io u s  pa rts  of th e  heart  were a s  

g re a t  a s  th o se  of th e  weights . V alues o f th e  g re a te s t  m agnitude occurred 

in  h e a v ie r  h e a r ts  from the la rg e r  dogs . T ab le  2 g iv es  th e  ran g e ,  m ean, 

and  s ta n d a rd  dev ia tion  in th ic k n e s s  of the  v e n tr ic le s  and  in te rven tr icu la r  

s e p ta  o b se rv e d  in the  5 0 dogs . The th ic k n e s s  o f th e  le f t  v e n tr ic le  and 

th a t  of th e  in te rv en tr icu la r  sep tum  were e s s e n t ia l ly  eq u a l  and were 

ap p ro x im a te ly  th ree  tim es a s  th ick  a s  the  r igh t  v e n t r i c l e .

In o rder to b e tte r  define  the  norm al l im i ts ,  l in ea r  re g re ss io n  

s tu d ie s  re la t in g  th ic k n e s s  of the  v e n tr ic le s  (Y) to  w eigh t of the  v e n tr i ­

c u la r  m ass  (X) were made on the  d a ta  from the  5 0 dogs . The 95 per cen t  

c o n f id e n c e  b e l t s  for "Y" were then c a l c u l a t e d . T hese  da ta  a re  shown 

in T ab le  6 .

R e g re ss io n  o f  th ic k n ess  of th e  r ig h t  v e n tr ic le  on weight of the  

v e n tr ic u la r  m ass  and the 95 per c e n t  co n fidence  b e l t  is  shown in 

Figure 5 .  Figure 6 shows the  re g re s s io n  o f  th ic k n e s s  o f  the le f t  v e n tr ic le  

on w e ig h t  of the ven tr icu la r  m ass  and  the  95 per c e n t  con fidence  b e l t .
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TABLE 6

REGRESSION DATA OF THICKNESS OF THE VENTRICLES ON WEIGHT 
OF THE VENTRICULAR MASS OBTAINED FROM DATA 

FROM 5 0 NORMAL DOGS

b Sy .X

Lim its of 
C o n f id en ce  Belt for Y

X = 40 g m , X = 2 1 0 g m .

RV/VM

LV/VM

0.019

0 .0 3 7

0.692

1.676

0.0026

0.006

+ 1 .43 mm. + 1 . 5 4  mm. 

+ 3 .4 7  mm . + 3 . 7 2  mm.

Physio log ic  and Anatomic A lte ra tions

Control Dogs

The n in e  co n tro l  dogs Included  four m ong re ls ,  tw o C ocker S p a n ie ls ,  

one  Chow , one B eag le ,  and one German S h ep h e rd . Five of th e  dogs were 

fem a le s  and four were m a les .  In a g e ,  four of the  dogs  were approx im ate ly  

one  y e a r  o ld ,  four were more than one but l e s s  than  four y e a r s , and one 

dog was c o n s id e re d  to  be  more th an  four y e a rs  o ld .

H em odynam ic s t u d y . A g rea t  d e a l  of v a r ia t io n  w as observed  in 

bo th  the  s y s te m ic  and  pulmonary p re s su re s  in  th e  dogs  of th is  group and 

in th e  tw o m easu rem en ts  made on in d iv idua l  a n im a ls  . Table 7 g iv es  

th e s e  p re s s u re s  for e a c h  of th e  co n tro l d o g s .  The mean s y s to l ic  p u l­

m onary a r te r ia l  p re s su re  for the  group (24 mm. H g .)  i s  s l ig h t ly  low er than  

e x p e c te d ;  how ever ,  th e  means o f  the  d ia s to l i c  (9 m m . Hg .) and  mean
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TABLE 7

PULMONARY ARTERIAL, RIGHT VENTRICULAR, AND FEMORAL ARTERIAL 
PRESSURES OF THE CONTROL DOGS 

(values mm . Hg .)

Dog
Pulmonary 

Artery 
S D M S

Right 
V entricle  

D M End. S

Femoral
Artery

D M

V 19 6 11 24 6 3 135 110 125
15 3 9 19 3 8 7 115 85 95

C 24 12 17 37 12 5
19 4 10 25 8 190 140 160

E 30 6 13 32 12 7 125 100 115
19 5 12 24 10 7 13 0 100 115

T 23 10 14 25 8 5 130 100 115

B 25 11 16 27 10 4 125 50 80

W 28 9 18 37 4 145 105 115
35 14 3 125 90 100

D 21 15 18 21 14 7 155 115 125

A 35 12 22 36 13 5 100 57 75

U 42 14 125 85 100
33 17 25 33 5 19 10 115 80 90

M ean 24 9 15 30 11 6 132 94 108

S -  s y s to l ic

D -  d ia s to l ic  

M -  m ean

End, -  e n d -d ia s to l i c
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(15 mm. H g .)  p re s su re s  approxim ate  th o se  reported  to occur in normal 

d o g s .  W hile  the  mean p re s su re s  of dogs "A” and  "U" a re  s l ig h tly  e l e ­

v a te d ,  th e ir  s y s to l i c  and d ia s to l ic  p re s su re s  f a l l  w ithin the  normal r a n g e .  

D isregard ing  th e s e  a n im a ls ,  the pulmonary a r te r ia l  pu lse  p re s su re s  for 

the  group had a range  of 6 -24  mm. H g . and a m ean of 1 3 .7  mm. Hg.

Right v e n tr ic u la r  p re s su re s  for the group ( sy s to l ic  3 0 mm. H g . and 

mean 11 mm. H g .) a re  com pa tib le  with th o se  reported  in normal dogs .

The mean righ t v e n tr ic u la r  p re s su re s  of dogs "U " , "A", " D " , and "W" a re  

s l ig h tly  e le v a te d ;  ho w ev er ,  the  s y s to l ic  p re s su re s  of th e s e  an im als  are  

w ith in  the norm al r a n g e .  M easu rab le  r igh t v e n tr ic u la r  d ia s to l ic  p ressu re s  

were ob se rv ed  in dogs "V" and "U" . The s y s to l ic  p re s su re s  of the  r igh t  

v e n tr ic le  and pulmonary a r te ry  approxim ated each  o ther ex cep t in dogs 

"C" and "W " , in w hich a d iffe rence  of 13 and 9 m m . H g . were o b se rv e d .

In eac h  m easu rem en t the  m ean pulmonary a r te r ia l  p re s su re  exceeded  the  

m ean righ t v e n tr ic u la r  p r e s s u r e .

The sy s te m ic  p re s su re s  of th is  group of dogs  fe ll  w ithin the normal 

range  and no  a p p a ren t  re la t io n sh ip  e x is te d  b e tw een  sex  and blood p ressu re  

in e i th e r  the  g re a te r  or l e s s e r  c ircu la to ry  s y s te m s .  The h ig h es t  sy s tem ic  

p re s su re  occurred  in a m ale  ("C") and the  h ig h e s t  pulmonary a r te r ia l  

p re s su re  in a fem ale  ("U ") .  The o ld e s t  dog ("C ") had th e  h ig h es t  s y s ­

tem ic  p r e s s u r e .  W hile  in ind iv idua l an im als  h igher  sy s tem ic  p ressu re s  

were a s s o c ia t e d  w ith  h igher  p re s su re s  of the  l e s s e r  c irc u la t io n ,  dog "C" 

had th e  h ig h e s t  sy s te m ic  p ressu re  and one of the  low er pulmonary a r te r ia l  

p r e s s u r e s .
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E lec tro ca rd io g rap h ic  s t u d y . No abnorm ali t ie s  were o b se rv ed  in 

e le c tro c a rd io g ra p h ic  s tu d y  of any  of the  control dogs .

Anatomic s tu d y . N ecropsy  of th e  contro l dogs confirm ed th a t  th e s e  

an im als  were not in fec te d  by  D . im m itis , nem atodes not be ing  observed 

in  any a n im a l  of the  g ro u p . L ik e w ise ,  no g ro ss  l e s io n s  were p resen t in 

the re s p i ra to ry  or c a rd io -v a s c u la r  s y s te m s .  Dog "B" had a n  exu dative  

d e rm a ti t is  and  dog "V" w as heav ily  in fec ted  with D ipvlid ium  can inum .

The u te r in e  horns o f  dog "V" c o n ta in ed  nodular e n la rg e m e n ts ,  which 

m easured  1 .5 c m . in d iam ete r  and resem bled  th e  c h a n g e s  of e a r ly  preg­

nancy  .

M ic ro sc o p ic  exam ina tion  of the  lungs of dog "A" re v e a le d  a n  in te r­

s t i t i a l  p n e u m o n i t i s , c h a ra c te r iz e d  by th ickened  a lv e o la r  s e p ta  con ta in ing  

lym phocy tes  and  m ononuclear m acrophages . S im ilar le s io n s  o f  milder 

in te n s i ty  a n d  fo c a l  d is tr ib u t io n  were p resen t  in  the  lu n g s  of th e  other 

con tro l d o g s .  N e ithe r  f ib r ino us  nor purulent pneumonia w as o b se rv e d .

No l e s io n s  were a p p a re n t  in  th e  heart or pulmonary a r te r ie s  o f  any  of the 

con tro l d o g s  and  m ic ro fila r iae  were not id en tif ied  in  th e ir  t i s s u e s  .

H is to p a th o lo g ic  exam ina tion  rev ea led  the  p re sen c e  of le s io n s  in 

o th er  o rg an s  of som e of th e  con tro l dogs . The k id n ey s  of do gs  "C" and 

"D" c o n ta in e d  s c a t te re d  and  sm all  in fil t ra t ion s  of lym phocy tes  and 

o ther m o nonuclea r  c e l ls  w hich  were w idely  d isp e r se d  in the  in te r s t i t ia l  

t i s s u e .  T h ese  inflam m atory  fo c i  occurred  in bo th  th e  co rtex  and  medulla 

and o c c a s io n a l ly  were p re se n t  b e n ea th  the ep ithe lium  of the  r e n a l  pelvis .
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C y s t ic  g lan d u la r  h y p e rp la s ia  produced the  nodu lar  en la rg em en ts  observed  

g ro s s ly  in th e  u terus  of dog "V" . M ild  e n c e p h a l i t i s , c h a ra c te r iz e d  by 

p e riv ascu la r  lym phocytic  in f i l t ra t io n s  and  sm all  g l ia l  f o c i ,  occurred  in 

the  b ra in  of t h i s  a n im a l .  D em yelinating  le s io n s  w ere n o t  p re s e n t  and  no 

in c lu s io n  b o d ie s  w ere id e n t i f ie d . S c a tte re d  foc i of ly m pho cy tes  adm ixed 

with a few po lym orphonuclear le u c o c y te s  w ere p re se n t  in th e  l iver  of 

dog " E " .  T hese  foc i had no d e f in i te  r e la t io n sh ip  to lo b u la r  a rc h i te c tu re  

and sp e c ia l  s t a in s  fa i led  to rev ea l  o rgan ism s .

D . Immitis In fec ted  Dogs.

Only 16 o f  th e  18 an im als  could  be u t i l i z e d  in the  s tu d y .  One dog 

d ied  before hem odynam ic s tu d ie s  could  be m ade and no p a r a s i t e s  w ere 

ob se rv ed  in th e  h e a r t  or pulmonary a r te r ie s  of the  o th er  a n im a l .  This 

group o f  dogs was m ade up  of four Boxers, two C o l l i e s ,  one  H ound, one 

G reyhound, o ne  D alm ation , one C ocker  S p a n ie l ,  one P o in te r ,  one Boston 

T err ie r ,  and four m o n g re ls .  In se x  the group w as e q u a lly  d iv id e d ,  e igh t 

be ing  males and  e ig h t  fem ales  . Four o f th e  dogs were e s t im a te d  to  be 

l e s s  th an  two y e a r s  o ld ,  two to  be  more th an  two b u t  l e s s  th an  four, and 

10 of th e  dogs w ere  c o n s id e re d  to  be  more th a n  four y e a r s  o ld .

Hemodynamic s t u d y . Table 8 g iv es  th e  r e s u l t s  of th e  hem odynamic 

s tu d y  made on  the  in fec ted  d o g s .  W hile  th e re  w as much v a r ia t io n  in the  

m easu rem en ts ,  some e v id en ce  of e le v a te d  p re s su re  w as o b se rv ed  in the  

l e s s e r  c ircu la to ry  sy s te m  in each  of th e  16 a n im a l s .  Pulm onary a r te r ia l  

p re s su re s  were no t ob ta in ed  in dog "Y" . M ean pulmonary a r te r ia l
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TABLE 8

PULMONARY ARTERY, RIGHT VENTRICLE, AND FEMORAL ARTERY 
PRESSURES OF D . IMMITIS INFECTED DOGS 

(values mm. H g .)

Dog
S

Pulmonary 
Artery 

D M S

Right 
Ventricle 
D M End . S

Femoral
Artery

D M

Y 25 10 18 9 145 90 115

X 40 5 21 10 95 75 80
9 3 6 38 4 15 10 100 75 85

G 16 8 12 41 5 18 6 90 50 65
L 24 13 19 30 13 5 90 60 75

30 15 23 30 15 6 115 55 80

Q 31 19 25 36 14 6
32 18 26 40 4 20 8 165 135 145

F 31 23 27 31 5 18 7 100 75 85

N 36 16 28 56 8 29 16 185 145 155
29 17 24 32 4 17 15 170 120 135

I 33 27 30 33 19 25 21 155 120 130
30 19 25 31 5 17 8 100 65 75

H 39 18 30 42 3 21 18 115 80 95
40 17 29 48 2 20 15 115 80 95

S 40 27 33 44 12 25 14 120 75 98

K 24 15 19 54 18 37 33 105 70 80
40 27 33 40 7 19 10 165 110 130

J 31 22 26 39 11 22 8 100 50 70
39 30 37 40 10 20 12 128 115 120

M 45 20 40 50 20 42 34 135 100 115
40 24 37 40 5 23 20 157 127 137

O 50 33 42 55 16 30 22 175 130 150
50 30 41 59 14 35 20 85 70 75

R 51 32 44 51 10 27 13 165 130 140
60 38 48 60 2 29 16 165 120 137

P 29 6 20 45 7 23 18 150 120 130
82 71 73 82 52 73 64 185 145 160

S -  s y s to l ic  
D -  d ia s to l ic

M -  mean
End. -  e n d -d ia s to l i c
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p re s su re s  g re a te r  tha.n 22 mm. Hg . were ob se rv ed  in 13 of th e  dogs; how­

e v e r ,  in only  th ree  c a s e s  C'O", "R", and "P ” ) were the  sy s to l ic  p re s su re s  

above  the  norm al range  of 45 mm. H g . T hese  th ree  an im a ls  a l s o  had 

e le v a te d  d ia s to l ic  p re s su re s  . Six o ther  dogs ("M " , "T", "K", "S " ,  " I " ,  

and  "F") had pulmonary a r te r ia l  d ia s to l ic  p re s su re s  w hich  e x c e e d e d  20 

mm. Hg . M arked d iffe rences  in p re s su re  were observed  in the  two 

de te rm in a tio n s  made on dogs "K" and  " P " .  W hile  th e  pu lse  p ressu re  of 

dog "M" (firs t m easurem ent)  w as s l ig h t ly  w id en ed , in a l l  o ther dogs 

th e s e  p re s su re s  fe l l  w ithin th e  range o b se rv ed  in th e  con tro l g ro u p .

E leva ted  righ t v e n tr ic u la r  m ean p re s s u re s  were observed  in a l l  16 

in fec ted  dogs; how ever, in on ly  s e v e n  an im als  ("P" , "R", "Q " , " M ",

"K", "H " ,  an d  "N ") were the  s y s to l ic  p re s su re s  g re a te r  than  45 mm. H g . 

M e asu rab le  r ig h t  v e n tr icu la r  d ia s to l ic  p re s su re s  occu rred  in 15 dogs and 

in  nine  a n im a ls  th e s e  p re s su re s  w ere  a t  l e a s t  10 mm. Hg . E n d -d ia s to l ic  

p re s su re s  a s  g rea t  a s  10 mm. H g , o ccu rred  in  11 d o g s .  On a t l e a s t  one 

d e te rm in a tio n  the  m ean righ t v e n tr ic u la r  p re s su re  o f s ix  an im a ls  ex ceed ed  

the  mean pulmonary a r te r ia l  p re s su re  and a su b s ta n t ia l  d iffe ren ce  in th e s e  

p re s su re s  occu rred  in  th ree  dogs ("X", "G " ,  and  "K "). The r ig h t  v e n tr i ­

c u la r  s y s to l ic  p re s su re s  of dogs "K ", "G " , "N " , and  "X" a l s o  ex ceed ed  

the  pulmonary a r te r ia l  s y s to l ic  p re s su re s  by a t  l e a s t  20 m m . H g . M arked 

d if fe re n c e s  in  p re s su re  were ob se rv ed  in  th e  two m easu rem en ts  made on 

dogs "K" a n d  " P " .
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M uch v a r ia t io n  in  sy s te m ic  blood p re s su re  was noted in th is  group 

o f dogs and in  the  two de te rm in a tions  made on ind iv idua l a n im a l s . W hile 

the  p re s su re s  of a l l  an im a ls  fe l l  w ith in  th e  norm al ran g e , dog "G" was a t  

th e  low er l im its  of n o rm al .  W hen div ided  in to  groups acco rd ing  to a g e ,  

the  av e rag e  p re s su re s  of th o se  dogs co n s id e red  to  be over the  age  of four 

y e a r s  (ten a n im a ls )  had a range  of 65-160 mm. H g . and  a mean of 108 mm. 

H g . ;  th o se  un der  the  age  of four y e a rs  (six an im als)  had a range  of 75-150 

mm. H g . and  a m ean of 100 mm. H g . In in d iv id u a l  an im als  h ig her  pu l­

monary a r te r ia l  p re s su re s  were a s s o c ia t e d  with h igher sy s te m ic  p r e s s u r e s .

E lec trocard iog raph ic  s tu d y . No s ig n if ic a n t  abno rm ali t ie s  were 

ob served  in e le c tro ca rd io g ra p h ic  s tudy  of an y  of the  16 in fec ted  d o g s .

Anatomic s tu d y . At n ec ro p sy  a l l  16 of the  experim ental dogs were 

found to  harbor a d u l t  forms of D .  im m itis ; H ow ever, the  in te n s i ty  of the  

in fec tion  v a r ie d  g r e a t ly .  The ex trem es occurred  in dogs "Y" and "K" 

from w hich , r e s p e c t iv e ly ,  4 and 84 nem atodes  were re c o v e re d .  Except 

for dogs " I " ,  "8 " ,  and  "Y", in w hich a l l  of the  worms were c o n ta in e d  in 

th e  r igh t v e n t r ic le ,  p a ra s i te s  w ere p resen t  in  th e  lumina of b o th  the  r ig h t  

v e n tr ic le s  and  th e  pulmonary a r t e r i e s .  In m ost c a s e s  the p a ra s i te s  were 

o b se rved  to  ex tend  from th e  lum en of the  r ig h t  v e n tr ic le  through the  pu l­

monary v a lv e s  in to  th e  pulmonary a r t e r y .

G ro ss  l e s io n s  of th e  card io -pu lm onary  sy s tem  were o b se rved  in only 

a few a n im a l s . The in tim a of th e  main pulmonary a rte ry  had a g ran u la r  

ap p ea ra n c e  in the  more h e a v i ly  in fec ted  dogs . This a p p e a ra n c e  was
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produced by sm all  p ro jec tion s  ex tend ing  from the  in tim a of the v e s s e l  and 

w as more a p p a re n t  under the  low m ag n if ica tion  of a hand l e n s . A sm all 

thrombus ad h ered  to  the  endocard ium  a t  th e  Junc tion  of the  vena  cava  and 

r igh t atrium  in dog "N" and th ic k en in g  of the  endocard ium  in the  pulmonary 

outflow t r a c t  w as observed  in dogs "N " ,  " O " , and  "Q" . C a rd iac  d i la ta ­

t io n  and hypertrophy were no t a p p a re n t  g ro ss ly  in  any  of th e  experim en ta l 

an im als  . Pulmonary in fa rc tio n  w as ob served  only  in dog "K". In th is  

an im a l,  one hem orrhagic  in fa rc t  w as p re sen t  in th e  d iap h rag m atic  lobe of 

the  left lu n g .  N o d u le s ,  va ry ing  in  s iz e  up to one c m . in d iam ete r  and 

con ta in ing  a d u l t  p a r a s i t e s ,  w ere p a lp ab le  in  the  lungs  of dogs "F " ,,  "H ", 

" J" ,  "K", and  "X ". The lungs  of dogs  "P " , "R", " 8 " ,  and  "X" co n ta in e d  

irregu lar g ray  a r e a s ,  w hich upon  pa lpa tion  had a rubbery  c o n s i s t e n c y .  

Small w hite  foc i were p resen t  in  th e  v i s c e r a l  p leura  of dogs " I " ,  "K", 

and "L " .

S evera l  of the  dogs p o s s e s s e d  le s io n s  w hich had q u e s t io n a b le  

re la t io n sh ip  to  d i r o f i l a r i a s i s . A su bm u cosa l  nodu le  m easuring  one cm . 

in  d iam eter w as p re s e n t  in  th e  e so p h ag u s  of dog " J” . This s t ru c tu re ,  

con ta in ing  pu ru len t  m ateria l  and s e v e ra l  Sp irocerca  l u p i , occurred  in 

the  m id - th o rac ic  reg ion  and opened  into the  lum en of the  e so p h ag u s  

through a sm a ll  s i n u s . The r ig h t  th ird  mammary g lan d  of dog "K" c o n ­

ta ined  a m ass  w hich m easu red  5 m m . in  d ia m e te r .  This growth had a 

ra th e r  firm c o n s i s t e n c y  and i t s  cu t  su rface  was so l id  and  g r a y . Severa l 

hea led  in fa rc ts  were p re se n t  in  th e  k idn ey s  of dog "F" and th e  re n a l
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c o r t ic e s  of dogs " G " , "M " , "O " , " P " , and  "R" were p itted  w ith  sm all  

d e p r e s s io n s .  Small gray s t re a k s  and sp o ts  were a p p a ren t  on  the  c u t  su r­

fac es  of th e s e  o rg a n s .  M uco -pu ru len t  en dom etr i t is  occu rred  in  dogs "I" 

and "K" , bo th  an im als  having  w helped  sh o r t ly  before te rm in a t io n  of th e  

e x p e r im e n t .  In a l l  dogs there  w as marked c o n g e s t io n  of th e  s p le e n .

In c o n tra s t  to  the  vague  and  in c o n s is te n t  g ro ss  l e s io n s ,  marked and  

s p e c i f ic  m ic ro sco p ic  a l te ra t io n s  were p re s e n t  in the  t i s s u e s  o f the  

in fec te d  dogs . C hang es  in the v e n tr ic le s  of the  h ea r ts  in c lu d ed  the  

p re se n c e  of m icrofila r iae  in c a p i l la r ie s  be tw een  the m usc le  fibers (Figure 7) 

and th e  o c cu rren c e  of sm all foca l  and  p e r iv a sc u la r  in f i l t ra t io n s  of lym pho­

c y te s  and  p lasm a c e l ls  (Figure 8). T hese  in f i l t ra t io n s  o f ten  surrounded  

d e g en e ra t in g  m icro fila r iae  and were o b se rv ed  in  the  r igh t v e n t r ic le s  and 

in te rv e n tr ic u la r  se p ta  of 12 of th e  dogs and  in  the  le f t  v e n t r ic le s  of 11 

a n im a l s .  A sm all  area  o f  g ranulom atous in flam m ation , w hich  had a 

n e c ro t ic  c e n te r  and  con ta ined  a few polym orphonuclear le u c o c y te s ,  

occu rred  in  the le f t  v e n tr ic le  of dog "R" . D ead m ic ro f ila r iae  could  no t be 

a s s o c i a t e d  w ith th is  l e s io n .  L oose ly  a rran g ed  fibrous c o n n ec tiv e  t i s s u e  

s e p a ra te d  the  m u sc le  f ibe rs  in th e  r ig h t  v e n tr ic le  of dog "K" and fib rous 

th ic k e n in g  of th e  endocardium  occurred  in the  righ t v e n t r ic le s  of dogs 

"N " ,  " O " ,  "Q " , and "K".

L e s io n s  in the  a tr ia  resem b led  th o se  of the  v e n tr ic le s  . T hese  

c h an g e s  inc lu ded  the p re sen c e  of m ic ro f ila r iae  in c a p i l l a r ie s  of th e  a t r ia l  

m yocardium  and  the  occu rrence  of fo ca l  and p e r iv a sc u la r  In f i l t ra t io n s  of
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Figure 7 .  M ic ro fi la r ia  in a cap il la i’y  o f  the  m yocard ium . There i s  
com ple te  a b se n c e  of inflam m atory r e s p o n s e .  H&E, X960

Figure 8 .  D eg en era tin g  m icrofila ria  in  the  myocardium w ith  focal 
inflam m atory  re a c t io n  com posed  o f  lym phocy tes  and  m ononuclear 
m a c ro p h a g e s .  H&E, X960
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lym phocy tes  and p lasm a c e l l s  . The la t te r  were p re se n t  In the  a tr ia  of 14 

o f  the  a n im a l s . Intim ai and m edia l p ro life ration  th ic k en e d  the  w a lls  of 

s c a t t e r e d  a r te r io le s  in the  a t r ia  o f ten  dogs (Figure 9 ) .  Focal a re a s  of 

mural e n d o c a rd i t i s , c h a ra c te r iz e d  by in f il tra t ions  of lym phocytes  and 

po lym orphonuclear l e u c o c y te s , occurred  in dogs "M" and  "X" and there  

was a s im ila r  a rea  of p e r ic a rd i t is  in dog " R " . A th rom bus , contain ing  

lym phocy tes  and polym orphonuclear le u c o c y te s ,  ad h e red  to th e  a tr ia l  

endocard ium  in the  a rea  of th e  opening of th e  a n te r io r  vena  cava  in dog 

" N " . No ch an g es  were obse rved  in the pulmonary or tr ic u sp id  v a lv e s  of 

any  of the  an im als  .

M ic ro sco p ic  le s io n s  were observed  in  the  major pulmonary a r te r ie s  

and  th e i r  in trapulm onary b ran c h es  in  14 of the in fec ted  d o g s . These  

c h a n g e s ,  u su a l ly  lim ited  to  th e  in tim a , c o n s is te d  of v i l lo u s  p ro c e s s e s  

p ro jec tin g  into the  lumen and  d iffuse  Irregu lar in tim ai th icken in g  (Figures 

10 and  11). Both re a c t io n s  were com posed  of plump f ib ro b la s t s ,  a t  tim es 

c o n ta in in g  a few ly m p h o c y te s ,  and w ere covered  by  end o the liu m . Small 

inflam m atory  foci and p e r iv a sc u la r  in f il t ra t io n s  were ob served  in the 

e l a s t i c  lay e rs  o f the  wall in the  major v e s s e l s  of a few an im a ls  . T hese  

inflam m atory in f il t ra t io n s  w ere  com posed  o f  lym phocytes  and plasm a c e l l s  

and  w ere no t a s s o c ia t e d  w ith  th e  p re se n c e  of m ic ro f i la r ia e .  In add ition  to 

the  u s u a l  l e s io n s ,  the  pulmonary a rte ry  of dog "G" co n ta in ed  fo ca l  a re a s  

of d y s tro p h ic  c a lc i f ic a t io n  (Figure 12). These l e s io n s ,  occurring in th e  

m ain a r te ry  and i ts  two b r a n c h e s , were sub in tim al in lo ca tio n  and  varied
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Figure 9 .  In tim ai p ro life ra tion  narrow ing the  lumen of an  a r te r io le  
in th e  a tr iu m , H&E, X740
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Figure 10. D iffuse  intim ai f ib ro s is  in a m ajor b ra n c h  of the  pu l­
m onary a r t e r y . H&E, XlOO

Figure 11 . Intim ai f ib ro s is  forming v i l lo u s  p ro c e s s e s  in a large 
in tra  pulm onary a r t e r y . H&E, XlOO



52

Figure 12. C a lc if ie d  p laqu es  in  th e  w a ll  of a major b ranch  of the 
pulm onary a r te ry  . H&E, XlOO

Figure 13 . Adult D .  imm itis in th e  lum en of a n  intra pulmonary 
a r t e r y .  There i s  mild in tim ai f ib ro s is  and  l i t t l e  inflammatory re s p o n se  
H&E, XlOO
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g rea t ly  in s i z e .  Adult forms of the  p a ra s i te  were p resen t in th e  in tra  pu l­

monary a r te r ie s  of four dogs (Figure 13).

In tim ai and e n d o th e lia l  p ro life ra t io n s  w ere observed  in th e  m uscu la r  

a r te r ie s  of 14 d o g s .  Here the in tim ai rea c t io n  w as o ften  e c c e n tr ic a l ly  

lo ca ted  and  va ried  g rea t ly  in th ic k n e s s  (Figure 14). E ndothelia l p ro life ra ­

t io n  occurred  in con ju nc tion  with in tim ai ch an g es  in m uscular a r te r ie s  and 

o c c a s io n a l ly  was obse rved  in a r te r io le s  and c a p i l la r ie s  . N e ithe r  m ed ia l 

hypertrophy in a r te r ie s  nor le s io n s  of the  venous sy s tem  were o b se rved  

in any  of th e  an im als  .

A sev e re  a r te r i t i s  w as noted in th e  lungs of four o f the  in fec te d  

dogs (Figure 15). W hile  in  th ree  a n im a ls  th e se  c h an g e s  occurred  in 

a r te r ie s  con ta in ing  d eg en e ra ted  p a r a s i t e s ,  in one  of the dogs some of 

th e  involved  v e s s e l s  co n ta in ed  w ell  p reserved  nem atodes  and in a n o th e r  

an im al no p a ra s i te s  were p re se n t  in  th e  in tra  pulmonary a r t e r i e s .  E la s t ic  

a r te r ie s  were u su a l ly  a ffe c te d  and the  inflammatory p ro c e s s ,  invo lv ing  

a l l  laye rs  o f the v e s s e l  w a l l ,  c o n s is te d  of polym orphonuclear l e u c o c y te s ,  

ly m p h o c y te s ,  and m ononuclear m a c ro p h a g e s .  E osinoph ils  were ra re ly  

o b se rv e d .  W hile n e c ro s is  was not prom inent, in  dog "H" the  re s p o n s e  

was g ranulom atous and co n ta in e d  fo c a l  a re a s  of c a lc i f ic a t io n .

Throm bosis of b o th  e l a s t i c  and  m uscu la r  a r te r ie s  w as a prom inent 

le s io n  in th e  lungs of n ine  dogs (Figure 16). W hile  m a s s e s  o f  fibrin  

p a rt ia l ly  surrounded  the nem atodes in  the  e la s t i c  a r te r ie s ,  the lumina 

of o ther v e s s e l s  were o f ten  o b l i te ra ted  by  organ ized  fibrin  and in many
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Figure 1 4 . E ccen tr ic  In tim ai th ick en in g  In an a r te r io le  cf a  lung 
H&E, X470

Figure 15 . A rter it is  In an  Intra pulmonary a r t e r y . Lym phocytes and 
po lym orphonuclear  le u c o c y te s  In f i l t ra te  a l l  laye rs  of th e  v e s s e l l  w a ll  and 
a n  a d u l t  p a ra s i te  is  in th e  lu m e n . H&E, X365
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Figure 16 . An o rgan ized  th rom bosis  o c c lu d es  the  lum en of a n  Intra- 
pulm onary  a r t e r y . H&E, X3 80

Figure 17 . R ecan a liza tio n  of an  o rg an ized  th rom bos is  in a n  in tra -  
pu lm onary  a r t e r y . H&E, XlOO
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a r te r ie s  re c a n a l iz a t io n  w as a p p a re n t .  S ev e ra l  la rg e  en d o th e lia l- l in ed  

c h a n n e ls  were observed  in the o rgan ized  throm bi filling the  lumina of some 

v e s s e l s  (Figure 17). In dog "8" minute m a s s e s  o f fibrin occluded  the  

lumina o f  sc a t te re d  a r te r io le s  an d  c a p i l l a r ie s  (Figure 18).

W hile  thrombi f i l led  the  lumina of la rg e  numbers o f  a r te r ie s  in the  

lungs of n ine  d o g s , in fa rc tio n  occurred  on ly  in  dog "K". There w as 

n e c ro s i s  of a lv eo la r  se p ta  in th is  hem orrhag ic  a re a  and a n  organiz ing  

throm bus o cc lud ed  the  lum en of a la rge  m uscu la r  artery a t  th e  b a se  of 

the  l e s i o n .

O ther a l te ra t io n s  occurring  in the lu n g s  of the  infected dogs 

in c lu d ed  in te r s t i t i a l  p neum o n itis ,  f ib r o s i s ,  and  foc i of c a lc i f i c a t io n  and 

o s s i f i c a t io n .  In te r s t i t i a l  p n e u m o n it is , c h a ra c te r iz e d  by  th ickened  a lv e o la r  

s e p ta  co n ta in ing  in f il t ra t io n s  of lym phocy tes  and  m ononuclear m acrophages, 

w as p re se n t  in  the  lu n g s  of a l l  in fec ted  d ogs  (Figure 19). These le s io n s  

were pa tchy  in d is t r ib u t io n  and v a r ie d  g re a t ly  in se v e r i ty .  O c c a s io n a l ly  

inflam m atory  fo c i ,  c o n s is t in g  o f  lym phocy tes  and  m acrophages su r ­

rounding degenera ting  m icrofilariae , occu rred  in  th e  a lveo la r  w a lls  . Areas 

o f  f ib ro s is  were o b se rv ed  in  th e  lungs of 12 d o g s .  In som e an im als  th e s e  

a r e a s  were sm a ll ,  occurred  n e a r  major v e s s e l s ,  and  c o n s is te d  o f  f ib ro s is  

of a lv e o la r  s e p t a . In o th e r  dogs  the  f ib ro tic  a r e a s  were larger  and 

lo c a te d  farther toward th e  periphery  of th e  l u n g . Here th e  normal a r c h i ­

te c tu re  of th e  lung was d es tro y ed  by the  d esm o p la s t ic  p r o c e s s .  M inute  

foc i  of c a lc i f ic a t io n  and fo ca l  a re a s  of o s s i f i c a t io n  were p re se n t  in  the
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Figure 18. Fibrin em bolus in an a r te r io le  of the  lung of a dog 
h eav ily  in fec ted  w ith  D . immitis . H&E, X960

Figure 19 . I n te r s t i t i a l  pneum onitis  c h a ra c te r iz e d  by  th ickened  
a lv e o la r  sep ta  c o n ta in in g  ly m p h o c y tes ,  o ther m ononuclear c e l l s ,  and 
po lym orphonuclear le u c o c y te s  . D egenera ting  m ic ro f ila r iae  a re  s u r ­
rounded by  inflamm atory c e l l s  . H&E, X400
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a lv e o la r  s e p ta  in th e  lungs  c f  s ix  dogs » Both of th e s e  l e s io n s  occurred  

s im u ltan eo u s ly  in th re e  of the  an im als  .

M ic ro sco p ic  l e s io n s  w ere  p resen t in the  l ive rs  and k idndys of most 

of th e  in fec te d  dogs»  Periporta l infiltra  tic ns of i /m p h o c y te s  were p resen t  

in the  l iv e rs  of 11 dogs and s c a t te re d  inflamm atory foci occu rred  in 12 

a n im a ls .  T hese  fo c i  had no d e f in i te  re la t io n sh ip  to lobu la r  a rc h i te c tu re  

and c o n s i s te d  of ly m p h o c y te s ,  rncnonucleai m ac ro p h ag es ,  a few  poly­

m orphonuclear le u c o c y te s  and o c c a s io n a l ly  m u ltinu c lea ted  g ian t  c e l l s  .

At t im es th e s e  in f i l t ra t io n s  were a s s o c ia te d  with sm all a r e a s  of necro tic  

h e p a t ic  c e l l s  and d e g en e ra t in g  m icrorilariao  cco la  often be id en t if ied  in 

the  le s io n s  (Figure 2 0). W hile  similar inflammatory foci were observed  

in the  k id n ey s  on ly  of dog "F " , in te r s t i t i a l  in i i lu a t io n s  of lym phocytes  

were p re se n t  in th e  k idneys  c f  14 cf the  dogs , T h ese  le s io n s  occurred  

in  both  the  co rtex  and  medulla and were m es: numerous a t  the  c o r t ic o -  

m edullary  j u n c t io n .  Similar in f il t ra t io n s  a ls o  occurred  b en ea th  the  

ep ith e lium  of the  r e n a l  p e lv i s .  Extensi-re renal le s io n s  were p resen t  only 

in dogs "F " ,  "G";, 'M " ,  and  "R" , No evidenc e ::-i the inflam m atory proc­

e s s  w as o b se rv ed  in the  k id n ey s  of dcu - ' a no " O '  and  in th e  rem aining

an im als  th e  inflam m atory foci were sniaii a; o w idely  s c a t t e r e d .

Some d e g re e  of g lom eru lit is  wao ap p aren t in  the  k id n ey s  of 15 of 

the  in fec ted  a n im a ls  . These le s io n s  varivd  g rea t ly  in b o th  se v e r i ty  and 

in  number of g lom eru li  in v o lv ed .  There was fio rcus th ick en in g  of Bow­

m an 's  membrane and  nodular a re a s  of in c ie a s e d  c e l lu la r i ty  d is to r te d
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Figure 2 0 . D eg en era tin g  m icrofilaria  in th e  l iv e r  surrounded by- 
ly m p h o cy tes ,  m ononuclear  m ac ro p h ag es , and  a m u lt in u c lea ted  g ia n t  c e l l  
H&E, X830
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glom eru lar tu f ts  . In th e s e  a re a s  both  end o the lia l  and  e p i th e l ia l  c e l ls  

were in c re a se d  in number and  synechia  o f te n  jo in e d  the  c a p i l la ry  tufts  

and Bowman's membrane (Figure 21). M icro fila riae  were p re s e n t  in the 

c a p i l la r ie s  of bo th  norm al an d  a l te re d  g lom eru li .  W hile  in  dog "Y" in te r ­

s t i t i a l  n e p h r i t is  occurred  in  the  absence  of g lom eru lar l e s io n s  only 

marked g lo m eru li t is  w as p re sen t  in the k id n ey s  of dogs  "J" and  "O " .

A mild de rm a ti t is  was o b se rv ed  in d o g s  " F " ,  " G " ,  and "K". This 

n o n -sp e c if ic  le s io n  w as c h a ra c te r iz e d  by h y p e rk e ra to s is  and  in f il tra t ion s  

of lym phocytes and p lasm a c e l l s  , the  in fil tra t ions  su rrounding  adnexa  and 

o c c a s io n a l ly  forming sm a ll  foc i in  th e  de rm is . M ic ro f i la r iae  were observed  

in a s s o c ia t io n  w ith th e s e  l e s io n s  in dogs "G" and  "K" .

L es io n s  d i re c t ly  r e la te d  to  d iro f ila r ias is  were not o b se rv ed  in  o ther 

organs . C hronic  p r o s ta t i t i s  occurred  in s ix  of the old male dogs  and in 

dogs "I" and "K" the re  was m uco-puru len t e n d o m e tr i t is , b o th  an im als  

hav ing  w helped  sh o rt ly  befo re  term ina tion  of the  e x p e r im e n t . The mam­

mary tumor in dog "K" w as a n  edenoma with prom inent f ib rous  stroma and 

the  e so p h a g e a l  le s io n  o f  dog "H" was typ ica l o f  S_. lu pi in fe c t io n .

M ic ro fi la rae  were w ide ly  d is tr ibu ted  in  the  t i s s u e s  o f th e  in fec ted  

dogs an d  ra re ly  were a s s o c i a t e d  with inflammatory r e a c t io n s  . The larvae  

were p re s e n t  in  a r t e r i e s ,  v e in s ,  and c a p il la r ie s  and  th ere  w as much 

v a r ia t io n  in  th e  f requency  with which they  w ere e n c o u n te re d .  W hile  th is  

v a r ia t io n  was marked in  dogs parasitized  in d iffe ren t d e g r e e s ,  there  a l s o  

w as much d iffe rence  in  m ic ro fila r ia l  d is tr ibu tion  in  d if fe ren t  t i s s u e s  of
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Figure 2 1 . G lom erular le s io n  c o n s is t in g  of c e l lu la r  n od u les  in  the  
c a p i l la ry  tu f t  and  sy n e ch ia  Join the tu ft  and Bowm an's m em brane .
H&E, X650
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the sam e d o g .  M icro fila r iae  were p re sen t  in  the  lungs' o f  a l l  of th e  in fec ted  

dogs . In th e  h e a r ts  the  la rvae  occurred  in  the  r igh t v e n t r ic le s  and in te r ­

v e n tr ic u la r  s e p ta  of 12 d o g s , in the le f t  v e n tr ic le s  of 11 d o g s ,  and  in the 

a tr ia  of s ix  a n im a l s .  The occu rrence  of m icro f ila r iae  in  o ther  organs 

inc lud ed  the  k id n ey s  in  14 dogs and th e  l iv e rs  of 12 a n im a ls  . Larvae 

were o b se rv ed  in  th e  b rains  o f 11 dogs and in  c a p i l l a r ie s  of the ad ren a l  

c o r te x  in  s e v e n  a n im a ls .  In six  of the  dogs m ic ro f ila r iae  were p resen t  in 

the  in te s t in e s  where they were most e a s i ly  id en tif ied  in  c a p i l la r ie s  in 

the  t ip s  of v i l l i  (Figure 22). Autolysis of th e  in te s t in a l  m ucosa a id ed  in 

r e c o g n it io n  of m icro fila r iae  in  th is  l o c a t io n .  M ic ro fi la r iae  were observed  

o c c a s io n a l ly  in m ost of the t i s s u e s  of the body , inc lud ing  the  eye of one 

dog and  the  t e s t i c l e  of ano ther a n im a l . I t  is  no tew orthy  th a t  the  la rv ae  

were id e n t i f ie d  in th e  sp le e n s  of only two dogs .

R e la t io n sh ip  of Hemodynamic C h a n g es  to  Pulmonary L es ions  

W hile  pulmonary hy perten s ion , p a r a s i t e s ,  and pulmonary le s io n s  

were o b se rv ed  in  m ost of the  in fec ted  d o g s ,  the  in te r re la t io n sh ip  of 

th e s e  fa c to rs  was d if f ic u lt  to  e s t a b l i s h .  Figure 23 show s the  p re s su re s  

in the  pulm onary and  sy s tem ic  c ircu la to ry  sy s te m s  and  the  p a ra s i te  load 

in e a c h  of th e  in fec ted  dogs . The more h e a v i ly  p a ra s i t iz e d  an im als  had 

g rea te r  e le v a t io n s  in  pulmonary a r te r ia l  p re s su re  th an  did th o se  harbor­

ing few er w orm s, b u t  d irec t r e la t io n sh ip  d id  no t e x is t  b e tw een  th e  degree  

of In fec tion  and  a b so lu te  e le v a t io n  In p r e s s u r e .  Six dogs had pulmonary 

a r te r ia l  p re s s u re s  eq u a l to or g rea te r  than  dog "K", the  m ost heav ily
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Figure 2 2 .  M ic ro fi la r ia  in the  t ip  of a v i l lu s  in th e  duodenum 
There i s  postm ortem  a u to ly s i s  and d esq u am a tio n  of e p ith e l iu m . 
H&E, X700
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p a ra s i t iz ed  a n im a l .  Dog "P" had the h ig h e s t  pulmonary a r te r ia l  p ressure  

b u t  only 11 w orm s. This p re ssu re  in  dog " Q " , with only  s ix  p a ra s i te s ,  

was e le v a ted  s l ig h tly  abo v e  the normal r a n g e .

The am ount of t i s s u e  damage occurring in th e  lungs of the infected  

dogs w as in v e s tig a te d  by com paring , in e a c h  a n im a l ,  the  number of s e c ­

t ions  o f lung in  which sp e c if ic  le s io n s  occurred  to  th e  to ta l  number of 

se c t io n s  of lung e x am in e d . This gave  no in d ic a t io n  a s  to  the  severity  of 

le s io n s  but provided e v id e n c e  of th e ir  d is tr ib u t io n  th roughout the  lung. 

Table 9 g ives  th e  frequen cy  of l e s io n s ,  p a ra s i te  lo a d ,  and pulmonary 

a r te r ia l  p re s su re s  in  the  in fec ted  d o g s .  No one s p e c i f ic  le s io n  predomi­

na ted  ih dogs w ith  h igher pulmonary a r te r ia l  p re s su re s  . The frequency 

with w hich  le s io n s  occu rred  had a c lo se r  r e la t io n s h ip  to  p a ra s i te  load 

than to  degree  of h y p e rte n s io n ,  more l e s io n s  being  o b se rved  in  the  lungs 

of dogs in fec ted  with the  m ost p a ra s i te s  . H ow ever, l e s io n s  occurred in 

only a few  se c t io n s  from the  lungs of dog " J " ,  an an im al having both 

numerous p a ra s i te s  and  a n  e le v a ted  p r e s s u r e .  Dog " P " ,  with th e  h ighest 

pulmonary a r te r ia l  p re s su re  and 11 p a ra s i t e s ,  had on ly  a m oderate  amount 

o f t i s s u e  d a m a g e . In te r s t i t i a l  pneum onia , patchy in  d is t r ib u t io n  and 

vary ing  in s e v e r i ty ,  o ccu rred  in  the lungs of a l l  in fe c te d  dogs .

No re la t io n sh ip  could  be e s ta b l is h e d  be tw een  re n a l  le s io n s  and 

sy s te m ic  blood p r e s s u r e .  The m ean fem oral a r te r ia l  p re s su re s  o f dogs 

"G" and  "F"', an im a ls  w ith sev e re  n e p h r i t is ,  w as 65 and 85 mm. Hg. 

These p re s su re s  in th e  dogs w ith  l e s s  s e v e re  n e p h r i t is  v a r ie d  from 75 to



TABLE 9

THE RELATIONSHIP OF PULMONARY LESIONS AND NUMBER OF PARASITES 
TO THE HEMODYNAMIC CHANGES IN THE PULMONARY CIRCULATION

Dog
N o . 
Worms

Mean
Pulmonary
Arterial
Pressure*

N o .
Sections
Examined

Number of Sections Containing

Fibrosis
Intimai Prolifer.

Thrombi Arteritis WormsVillous Diffuse

K 84 33 15 12 6 9 5 2 2
R 44 48 18 3 5 6 1
H 34 30 10 5 3 2 3 2
J 30 37 15 1 4
O 30 42 11 3 4 1
G 27 12** 13 1 4 6 1
N 23 28 14 4 6 4 1
F 22 27 11 3 7 9 5 3 2
L 21 23 11 4 4 1 1
S 15 33 12 4 4 3 4
M 11 40 17 7 4 2 1
P 11 73 12 4 1 1 2
I 7 30 10 8 4
Q 6 26 11 1 1
X 6 6** 12 2
Y 4 8

.....................

cnm

* mm. H g ,

** R.V. pressure  g reater than P.A.
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16 0 mm. Hg . and  dog "O " ,  w ith mild re n a l  l e s io n s ,  had a m ean sy s tem ic  

blood p re s su re  of 15 0 mm. Hg .

E ffect of T reatm ent to  D estroy  the  Adult P a ra s i te s  

The d o g s  u s e d  in  th is  s tu d y , th ree  fem ales  and tw o m a le s ,  con ­

s i s t e d  of one  Boxer, one C o ck er  S p a n ie l ,  one Boston T err ie r , and two 

m o n g re ls .  Three o f  the dogs were c o n s id e re d  to be b e tw e e n  the  a g es  of 

th ree  and four y e a r s  and the  o ther an im als  to  be more th a n  four yea rs  o ld .

Table 10 g iv e s  the  r e s u l t s  of the  hemodynamic s tu d y  in th e  t rea ted  

d o g s .  In dogs  # 2 ,  # 3 ,  and  #4 p re - trea tm en t  p re s su re s  of the  l e s s e r  c i r ­

cu la to ry  sy s te m  w ere  e le v a te d  and l i t t le  change  occu rred  following 

t r e a tm e n t .  In c re a s e d  mean p re s su re s  were observed  in a l l  a n im a l s . 

W hile  in dogs  #3 and  #4 b o th  sy s to l ic  and d ia s to l ic  p re s su re s  were 

e le v a te d ,  on ly  the  d ia s to l i c  p re s su re  was in c re a se d  above  th e  normal 

range  in dog #2 .

P re - t re a tm e n t  p re s su re s  of th e  pulmonary c irc u la t io n  were normal 

in  dog # 5 .  Following trea tm en t the  mean pulmonary a r te r ia l  and right 

v e n tr icu la r  p r e s s u re s  were in c re a s e d  to approx im ate ly  tw ice  the  upper 

l im its  of th e  norm al r a n g e .  The pulmonary a r te r ia l  d ia s to l i c  p ressu re  

w as e le v a te d ,  a s  w as the  r igh t v e n tr ic u la r  e n d -d ia s to l i c  p re s s u re .  

S y s to lic  p re s s u re s  w ere  a t  the  upper range  of n o rm a l .

S ince in  dog #1  p re - trea tm e n t  p re s su re s  of the  r ig h t  v e n tr ic le  

g rea t ly  e x c e e d e d  pulm onary a r te r ia l  p re s s u re s ,  the  pulmonary hyper­

te n s io n  a p p a re n t ly  fo llow ing trea tm en t canno t be  a t t r ib u te d  to the e ffe c t  

of the  dead  worms .
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TABLE 10

FEMORAL ARTERY, RIGHT VENTRICULAR, AND PULMONARY ARTERIAL 
PRESSURES BEFORE AND AFTER TREATMENT TO DESTROY 

THE ADULT FORMS OF D . IMMITIS 
(values mm. H g .)

Dog
Pulmonary 

Artery 
S D M S

Right 
V entricle  
D M E nd.

Femoral 
Artery 

S D M

1 *25 3 11 40 5 13 8 125 90 115
aS3 42 49 58 6 29 24 140 100 115
bS7 35 44 57 4 29 14 115 70 85

2 *43 24 32 49 18 5 160 105 130
a44 33 39 51 24 10 165 120 145
b44 25 31 55 5 21 10 150 105 135

3 *50 30 43 50 10 29 15
a 53 12 30 18 165 125 140
b50 15 37 50 9 27 14

4 *72 40 52 74 6 33 12 150 125 135
a70 45 51 71 6 33 14 155 130 135

5 *16 3 9 19 4 7 8 135 90 100
a42 26 37 42 6 24 13 117 60 85

S -  sy s to l ic  

D -  d ia s to l ic  

M -  mean

E nd . -  e n d -d ia s to l ic

* -  p re - trea tm e n t  

a -  3 w eeks a f te r  t rea tm en t  

c -  5 w eeks a f te r  t rea tm en t
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All de te rm ina tions  of sy s tem ic  p re s s u re s  in  th is  group of dogs 

were norm al and l i t t le  change occurred  fo llow ing  adm in is tra t ion  of the 

a r s e n ic a l  com pound. No e le c tro ca rd io g ra p h ic  abnorm alit ie s  w ere d e te c te d .

At n e c ro p sy  a l l  five dogs were found to be in fec ted  with D . 

im m it is . th e  number of p a ra s i te s  va ry ing  from 8 to 61 . The pulmonary 

a r te r ie s  and  righ t v e n tr ic le  of dog #4 c o n ta in e d  61 p a ra s i t e s ,  40 of 

which w ere  s t i l l  v ia b le ,  and  a m ass  of degenera ting  worms from w hich i t  

w as im p o ss ib le  to  se p a ra te  ind iv idua l p a ra s i te s  . All of the  worms 

reco v ered  from th e  o ther dogs were d e a d .  The an terio r  v e n ae  c a v a e  of 

dogs  #1 and  #2 co n ta in ed  a few worms and  one pa ra s i te  occurred  in the  

r ig h t  a tr ium  of dog # 4 ,  Figure 24 show s the  re la t io n sh ip  of the  hem o­

dynam ic c h a n g e s  to the  number o f  n e m a to d e s .  In th is  group of an im als  

the  more h e av ily  p a ra s i t iz e d  dogs had h igher pulmonary a r te r ia l  p r e s ­

su re s  .

The g ro ss  l e s io n s  of th e s e  dogs were s im ila r  to th o se  of the 

p rev ious s tu d y .  C ard iac  hypertrophy w as  not obvious in any of the  

an im a ls  . The intima of the  pulmonary a r te ry  had a g ranular ap p ea ra n c e  

in  th e  more h eav ily  in fec te d  dogs and th e re  was intimai th ick en ing  in the  

r ig h t  v e n tr ic le  o f dog # 3 .  One sm all in fa rc t  w as p resen t in the  in te r ­

m ed ia te  lobe  of th e  r igh t lung in dog #4  and  sm all  nodules cou ld  be p a l­

pa ted  in th e  lungs of the more h eav ily  in fec te d  a n im a ls .  Dog #4 was 

in fec ted  w ith both  8 .̂ lu pi and  D .  c a n in u m . In add ition  to c o n g e s t io n  of
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the  lu n g s ,  l iv e r ,  s p le e n ,  k id n e y s ,  and m e sen te r ic  v e in s  in dog # 5 ,  the re  

was se v e re  pulm onary edema .

M ic ro sco p ic  l e s io n s  of the  c a rd io -v a s c u la r  and pulmonary s y s ­

tems of th e s e  dogs re sem b led  th o se  of th e  p rev ious g roup , th e  only 

d if fe ren c e s  being  in  the  g rea te r  number of a r te r ie s  co n ta in ing  p a ra s i te s  

and  th e  in c re a s e d  freq uency  of a r t e r i t i s .  Table 11 show s the  r e la t io n ­

sh ip  o f  l e s io n s  to th e  number of worms and to hem odynam ic c h an g e s  . 

W hile  no s p e c i f ic  a l te r a t io n  could be re la te d  to  degree  of h y p e r te n s io n , 

l e s io n s  w ere  more common in dogs with h igher  pulm onary a r te r ia l  p r e s ­

su re s  ,

A rteria l th rom bos is  occurred  in five s e c t io n s  of th e  lung in dog # 5 ,  

th e  only an im al w h ich  e x h ib i ted  in c re a se d  p re s su re s  fo llow ing  t r e a tm e n t .  

These  thrombi w ere o f  re c e n t  o rig in  and show ed no ev id e n ce  o f  o rg a n iz a ­

t io n  (Figure 25). E xcep t for th e s e  recen t throm bi and  se v e re  pulmonary 

edem a and c o n g e s t io n ,  the  pulmonary le s io n s  of dog #5 w ere s im ila r  to  

th o se  of th e  o th er  four an im a ls  .

As in th e  p rev iou s  s tu d y ,  le s io n s  of o ther o rgans w ere l im ited  to  

th e  l iv e r  and  k id n e y s  . Inflammatory fo c i ,  often  co n ta in in g  m ic ro f i la r ia e , 

occurred  in th e  l iv e r s  of four of th e  dogs and m ic ro f ila r iae  w ere p re se n t  

in the h e p a t ic  s in u s o id s  of th ree  an im als  . M ild  in te r s t i t i a l  n e p h ri t is  and 

g lo m eru li t is  o ccu rred  in a l l  dogs and m ic ro fila r iae  were p re s e n t  in  c a p i l ­

la r ie s  of the  k id n e y .  T hese  la rv ae  were a l s o  o b se rv ed  a t  t im e s  in  c a p i l ­

l a r ie s  or la rg e r  v e s s e l s  in the  p a n c re a s ,  paro tid  g la n d s ,  i n t e s t i n e s .



TABLE 11

THE RELATIONSHIP OF PULMONARY LESIONS AND NUMBER OF PARASITES TO THE 
HEMODYNAMIC CHANGES IN THE PULMONARY CIRCULATION OF TREATED

DOGS

Dog
N o . 
Worms

Mean 
Pulmonary 
Arterial 
Pressure *

Number
Sections
Examined

Number of Sections Containing

Fibrosis
Intimai P ro lifer .

Thrombi Arteritis WormsVillous Diffuse

4 61 52 16 2 4 5 4 5 3

1 22 49 18 5 3 10 8 7 11

5 14 37 14 1 3 7 5 1 3

3’. 10 43 10 2 1 1 1

2 8 39 8 1 2

V]
t o

* mm. Hg .
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ad ren a l  g la n d s ,  s p le e n ,  u rinary  b lad d e r ,  e so p h a g u s ,  u te r u s ,  o v a r ie s ,  

b ra in ,  and sp in a l  cord o The m icrofila ria  in th e se  lo c a t io n s  were a p p a r ­

en tly  v ia b le  and were not a s s o c ia t e d  with inflam m atory in f i l t ra t io n s  .

C a rd ia c  Hypertrophy

W hile  hypertrophy of the h ea r t  was not apparen t upon g ro s s  e x a m in a ­

tion  of the  experim en ta l d o g s ,  in some an im a ls  c r i t ic a l  m easu rem en t of 

th e s e  organs rev e a le d  a l te r a t io n s  , Table  12 g iv e s  the  body w e ig h t,  

c a rd ia c  m ea su re m e n ts ,  and heart  w e ig h t/b o d y  w eight r a t io s  occurring  

in the  experim en ta l  an im a ls  » E valuation  of ca rd iac  w e ig h ts  was m ade by 

u t i l iz in g  inform ation o b ta ined  from the 50 normal d o g s .  Both HW/BW 

ra t io s  and  re g re s s io n  da ta  of h ea r t  w eight on body w eight were c o n s id e re d  

The w eight of th e  v e n tr ic le s  was ev a lu a ted  on the  b a s i s  of inform ation  

o b ta in ed  from the r e g r e s s io n  s tu d ie s  re la tin g  v e n tr ic u la r  w e igh t to  the  

w eigh t of the  v e n tr ic u la r  m ass  .

H eart  s iz e  in the  dogs  of the  con tro l group was norm al, a l l  an im a ls  

hav ing  HW/BW ra t io s  in s id e  the e x p ec te d  range of 5 .0 8  to 8 .7 8 .  W hen 

the  h e a r t  and body w e igh ts  of th e s e  dogs were a p p lied  to th e  re g re s s io n  

d a ta ,  th e  c a rd ia c  w e ig h ts  of a l l  an im a ls  fe ll  in s id e  th e  95 per c e n t  c o n ­

f id en c e  b e l t .

H eart  s iz e  in only two in fec ted  dogs was a b n o rm a l.  The h ea r t  of 

dog "F " ,  a medium s iz e d  a n im a l ,  weighed 157 gm . and  the  HW/BW ra tio  

of 9 .5 7  e x c e e d e d  th e  norm al r a n g e .  W hen the hear t  and body  w e igh ts  

were f i t ted  to th e  r e g re s s io n  d a ta ,  the  h e a r t  weight w as found to fa l l
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TABLE 12

BODY WEIGHT AND HEART MEASUREMENTS OF THE EXPERIMENTAL DOGS

Dog

Body 
W t.  
kg .

H eart
W t .
g m .

R
g m .

.V.
mm .

L .V .
g m . mm.

I.V 
g m .

.3 .
mm.

Atrium
gm .

HW/BW 
(gm. A g .)

C ontro ls

V 8 .3 49 12 4 20 8 11 7 6 5 .9 0
U 9 .3 75 17 5 33 7 14 7 11 8 .0 1
T 9 .4 56 13 3 25 8 12 8 7 5 .9 5
E 1 1 .1 63 15 4 27 10* 14 8 7 5 .6 7
D 13 .0 92 21 4 37 15* 23 12 11 7 .1 0
C 1 3 .6 100 22 5 43 15* 24 12 11 7 .3 5
A 1 7 .7 120 32 7 50 2 0* 28 11 10 6 .7 7
W 1 9 .7 131 32 7 57 11 30 9 12 6 .6 2
B 22 .0 129 30 4 53 16* 31 8 10 5 .8 6

Infected

5 5 .7 49 13 4 21 10 10 10 5 8 .5 9
3 9 .3 63 16 3 26 8 15 11 6 6 .77
X 9 .8 69 14 3 31 11 15 10 9 7 .0 6
4 1 2 .0 95 25 4 40 11 19 10 11 7 .9 1
2 12 .9 89 21 5 39 10 20 15 9 6 .8 9
1 13 .9 121 33 6 50 10 25 10 13 8 .6 6
I 1 4 .5 102 22 4 48 9 18 10 13 7 .0 0
L 1 4 .5 119 24 3 59 10 23 12 13 8 .2 0
P 1 4 .8 102 22 4 46 10 22 9 12 6 .9 2
M 1 5 .0 86 17 4 37 10 20 10 12 5 .7 0
O 1 5 .8 125 28 5 57 12 27 13 13 7 .8 7
G 1 5 .9 136 33 5 ■ 56 22* 26 12 21 8 .5 5
F 1 6 .4 157 36 5 68 20* 35 10 18 9 .57
R 1 6 .4 116 32 5 47 12 25 10 12 7 .0 7
Q 1 6 .5 114 24 5 54 10 24 10 12 6 .9 0
S 1 6 .6 129 30 6 61 13 24 13 14 7 .7 4
J 16 .9 136 33 4 61 14 29 12 13 8 .0 6
H 1 7 .0 127 34 4 53 10 28 15. ■ 12 7 .4 7
N 1 7 .0 74 18 4 33 8 15 8 8 4 .3 2
K 1 9 .0 140 36 6 57 13 28 18 19 7 .0 3
Y 2 1 .6 137 31 5 64 15 26 18 16 6 .31

m easu red  th rough  a pap illary  m u sc le .
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s l ig h t ly  above  the  95 per c e n t  co n fid en ce  b e l t .  The heart  of dog " N " ,  one 

o f  the  h eav ie r  a n im a ls ,  w eighed 74 g m . and the  HW/BW ra t io  of 4 .3 2  w as 

sm a lle r  th an  any observed  in the  normal d o g s .  W hen the heart and body 

w e ig h ts  of th is  an im al were a p p lied  to the  re g re s s io n  d a ta ,  the w eigh t o f 

the  h e a r t  was found to fa l l  s l ig h tly  be lo w  the  95 per cen t  confidence  b e l t .

Figure 26 com pares the  w eigh ts  of the  r ig h t  v e n tr ic le s  of the  c o n ­

tro l  dogs to  the  e x p ec te d  w eight and in d ic a te s  th a t  the  right v e n tr ic le s  

of dogs "A" and  "W" e x ce ed  th e  normal v a lu e s .  W hile  pulmonary h y p e r­

te n s io n  w as ob served  in dog "A", the  p re s su re s  of th e  l e s s e r  c irc u la to ry  

sy s te m  of dog " W" were w ithin  the normal lim its  .

Figure 27 com pares the  w e igh ts  of the r ig h t  v e n tr ic le s  of the  in ­

fec ted  dogs to  the  e x p ec te d  w eigh ts  and  to th e  d e g re e  of p a ra s i t i s m .

The r ig h t  v e n tr ic le s  of dogs "G " ,  "H " , " J" ,  "K ", "R", # I and #4 e x ce ed  

the  95 per c en t  c o n fid en ce  b e l t  and thus  are c o n s id e re d  to be  too h e a v y .  

T h ese  w ere the more h eav ily  in fec ted  an im a ls  and  a l l  had some d e g re e  of 

pulm onary h y p e r te n s io n .

W hile  the  w eigh ts  of the  le f t  v e n tr ic le s  of a l l  dogs in both the  

con tro l and in fec te d  groups fe l l  w ithin the  95 per c e n t  confidence  b e l t  

and  th u s  c a n  be  c o n s id e re d  of normal s i z e ,  the w e ig h ts  of the  le f t  v e n ­

t r ic le s  o f dogs "G " ,  " H " , "J"/ "K", "R” , #1 , and #4  were a t  the low er 

l im its  of n o rm al.  In a l l  dogs  the  w e igh ts  of the  in te rven tr icu la r  se p ta  

and  the  th ic k n e s s  of a l l  p a rts  of the  h e a r t  fe l l  w ith in  the re s p e c t iv e  

norm al r a n g e s .
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Since by  c h a n c e  a lo n e  the  r ig h t  v e n tr ic u la r  w eights o f  five per c e n t  

of th e  popu la tion  may be e x p ec ted  to fa ll  o u ts id e  the  95 per c en t  c o n f i ­

d e n c e  b e l t ,  fu r the r  e v id e n ce  of hypertrophy w as ob ta ined  through d e te r ­

m ination  o f  th e  len g th  of th e  m yocard ia l m u sc le  f ibe r  seg m en t.  The 

re s u l ts  of th is  s tudy  a re  shown in  Table 13. Except for dog "A", in  

which  the re  w ere pulmonary h yperten s io n  and  a heavy  right v e n tr ic le ,  

uniform m easu rem en ts  were obse rved  in the  dogs of the con tro l g ro u p . 

W ith two e x c e p tio n s  th e s e  m easu rem en ts  in  the  in fec ted  groups were 

g rea te r  than th o se  of the  c o n t r o l s .  All m easu rem en ts  of dog "J" were 

com parab le  to th o se  of the  con tro l dogs and  the  nuc lear  leng th  of dog 

"R" w as l e s s  th an  an y  in  the  co n tro l group; how ev er ,  the in c re a se d  

leng th  of the in te rn u c le a r  d is ta n c e  in dog "R" produced a m usc le  f iber 

seg m en t len g th  com parab le  to  th o se  of the o ther  in fec ted  an im als  .

The m ean n u c le a r  le n g th ,  m ean In te rn u c lea r  d i s ta n c e ,  and mean 

len g th  of m usc le  f ib e r  segm ent of the  in fec ted  and con tro l dogs a re  show n 

in T ab le  14 . A n a ly s is  o f th e s e  da ta  by S tud en ts  " t"  showed s ig n if ic an t  

d if fe ren c e s  b e tw e e n  the  in te rn u c le a r  d i s ta n c e s  and  be tw een  the len g th s  

of m usc le  f ib e r  segm en t in  the  two g ro u p s .  S ince  dog "A" had a n  e l e ­

v a te d  pulmonary a r te r ia l  p re s s u re ,  i t  was c o n s id e re d  to be abnorm al and  

was not inc lu ded  in  th e  contro l g ro u p .
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TABLE 13

LENGTH OF RIGHT VENTRICULAR NUCLEI, INTERNUCLEAR DISTANCE, 
AND LENGTH OF MUSCLE FIBER SEGMENT OF THE CONTROL DOGS 

AND INFECTED DOGS WITH HEAVY RIGHT VENTRICLES

In te r­ Length
N uclear n u c le a r M u sc le  Fiber

Dog L ength D is tance* Segment*

C ontro ls

T 12 .2 4011 52 .3
E 12 .5 3 9 .9 52 .4
U 12 .4 4 0 .0 52 .4
C 12.3 4 1 .2 53 .5
B 13 .3 4 1 .5 5 4 .8
V 13 .4 4 3 .1 56 .5
w * * 12 .1 4 4 .6 56 .7
D 12 .5 4 4 .4 56 .9
A** 13 .6 5 2 .4 6 6 .0

Infected

T 11 .8 3 9 .9 5 1 .7
G 1 2 .7 4 8 .4 5 1 .1
a 11 .8 5 2 .5 64 .3
K 13 .4 5 1 .0 6 4 .4
H 14.3 50 .3 64 .6
1 13 .8 5 1 .0 6 4 .8
4 1 4 .1 5 1 .1 6 5 .2

* M ic ro n s ,  av e rag e  of 100 m easurem ents

** V en tric les  h e a v ie r  than e x p ec te d
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TABLE 14

MEAN AND STANDARD DEVIATION OF RIGHT VENTRICULAR 
NUCLEAR LENGTH, INTERNUCLEAR DISTANCE, AND 

LENGTH OF MUSCLE FIBER SEGMENT

Dog
N uclea r
Length

In te rnuc lear
D is ta n ce *

Length M u sc le  
F iber Segm ent *

M ean  S .D . M ean S .D . M ean S .D .

C o n tro ls  (8) 12 .58 (a)  0 .49 4 1 .8 5 (c )  1 .94 54 .41 (e)  2 .0 6

In fec ted  (7) 13 .12(b) 1 .04 4 9 .1 7 (d )  4 .2 5 62 .30(f) 4 .8 3

* M icrons
a -  b ,  T = 1 .3 1 ,  .3 < P < .2  (df = 14)

c -  d ,  T = 4 .  08 )
) .01 < P < .1 

e -  f , T = 4 .1 8  )
001 (df = 14)

E lectron M ic ro sco p e  Study 

E lectron  m icroscope  s tu d y  of th e  lungs  of dog #4 re v e a le d  a p p a ren t  

th ic k en in g  of the b asem en t m em branes of c a p i l la r ie s  . F igures 28 and 29 

com pare  a cap il la ry  in the lung of th is  a n im a l ,  w hich had a  mean pu l­

monary a r te r ia l  p re s su re  of 52 mm. H g . ,  to  a c a p i l la ry  in th e  lung of an 

u n in fe c te d  dog with normal pulmonary a r te r ia l  p r e s s u r e .  W hen membrane 

th ic k n e s s  was determ ined  a t  in te rv a ls  of five  m m .,  the  av e rag e  o f  18 

d e te rm in a tio n s  was 0 .1 7  m icrons in  dog #4 and 0 .11  microns in  the  

norm al d o g .

Larval forms of D . im m itis w ere observed  in c a p i l la r ie s  in th e  lung 

of dog # 4 .  These m icrofilariae  n a d a  c u t ic le  which va ried  in  th ic k n e s s
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Figure 2 8 .  C ap illa ry  in th e  lung of a norm al d o g .  X 22,63  0, 
B . M .  -  b a se m e n t  membrane; A lv. -  a lv e o lu s ;  C a p . -  c a p i l l a r y .
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Figure  2 9 .  C a p il la ry  in th e  lung  of a D .  immitis in fec ted  dog 
w ith  e le v a te d  pulm onary a r te r ia l  p r e s s u r e .  X 22 ,630 . B. M .  -  b a se m e n t  
m em brane; C a p . -  c a p i l l a r y .
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from 0 .09  to  0 .13  m icrons and p o s s e s s e d  a s e r ie s  of in d en ta t io n s  w hich  

ap p aren tly  e n c i rc le  th e  body in a t ra n sv e rse  m anner. T hese  in d en ta t io n s  

va ried  in  d e p th  and  in te rv a l  with bending of the  b o d y . The d is ta n c e  

b e tw een  in d en ta t io n s  a v e rag ed  1 .08  microns a long the g rea te r  cu rv a tu re  

and  0 .7  m icrons a long  the  l e s s e r  cu rvature  of the  larva  (Figure 3 0). 

Averaging th e s e  v a lu e s  produces an  in te rva l d is ta n c e  of 0 .89  m ic ro n s .

In ano ther  p repa ra tio n  i t  w as p o ss ib le  to  m easu re  the  in te rva l  b e tw een  2 0 

in d en ta t io n s  on a n u n b e n t  l a r v q . The av e rag e  in te rv a l  d i s ta n c e  in  th is  

c a s e  w as 0 .9 0  m ic ro n s .

At the  a n te r io r  b lu n t  end of th e  larva d irec tly  ben ea th  th e  c u t ic le  

and  app rox im ate ly  of e q u a l  w id th , was a d e n se  layer  which becam e 

th icker  and f i l led  the  a re a  be tw een  in d en ta tio n s  on th e  l e s s e r  cu rv a tu re  

when the  la rva  w as b e n t .  Inside  th is  d e n se  layer  was a lam inated  zone 

approx im ate ly  0 .4 2  m icrons w id e .  T hese  la y e rs  were no t a p p a re n t  in the  

more p o s te r io r  reg io n s  of th e  la rv ae  and probably re p re se n t  ends of 

e lo n g a ted  c e l l s  . C e l l  m em branes were in c o n ta c t  w ith the  c u t ic le  in a 

t r a n s v e r s e  s e c t io n  from th is  reg ion  (Figure 31 ) .

A cu tt in g  a r t e f a c t  a t  the a n te r io r  end of th e  larva  obscu red  f in e r  

d e ta i l s  of s t ru c tu re .  N e ithe r  body  c a v i ty  nor tubu la r  organs were 

a p p a re n t .  The c e p h a l ic  end con ta ined  a row o f  five large  c e l l s  w ith  

fa in t ly  d is c e rn ib le  n u c le i  and m itochondria  (Figure 3 0). Further p o s te r io r ­

ly ,  c e l l  sh a p e  an d  arrangem en t becam e very  i iregu la r  and in te rc e l lu la r  

v a c u o le s  and  ir reg u la r ly  shaped  d e n se  b o d ies  were num erous (Figure 3 1 ) .
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Figure 3 0 . L ong itud inal sec tio n  of a m icrofila ria  in  a pulmonary 
c a p i l l a r y .  X 12 ,450 . C a p .  -  c a p i l la ry .
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Figure 3 1 .  T ran sv e rse  s e c t io n  of a m icrofila ria  in a pulmonary c a p i l ­
l a r y .  X 16 /740 . C a p .  -  c a p i l la ry ;  A lv • -  a lv e o lu s .
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Periodic  a c id -S c h lf f  s ta in in g  of microfilaria show ed th e  p re sen c e  of 

PA 8-positive  m a te r ia l  only in ,  or on , the  surface of the  c u t i c l e  (Figure 32a) 

T hese  p rep a ra tio n s  a l s o  dem o n s tra ted  the  cu ticu la r  in d e n ta t io n s  when 

la rv a e  were v iew ed  a t  low il lu m in a tio n  and  the c u t ic le  c r i t i c a l ly  f o c u s e d . 

The PAS-positivity  w as d i a s t a s e  la b i le  and  thus id e n t i f ie d  a s  g ly co g en . . 

Lack of a p o s i t iv e  PAS re a c t io n  in sm ears  s ta ined  without prior oxidation  

d em o ns tra ted  the  a b s e n c e  of free  a ld e h y d e  g ro u p s . D eoxyrib onu c le ic  

a c id  (Feulgen , m ethyl g r e e n -p y ro n in e , and acrid ine  o range) occurred  in 

the  n u c le i  of so m a tic  c e l ls  (Figure 32b) and  r ib onu c le ic  a c id  (methyl 

g ree n -p y ro n in e  and  a c r id in e  o range) occurred in  s c a t te r e d  ir reg u la r  c lum ps 

in th e  c e n t ra l  a r e a s  of the  b o d y .  The la t t e r  was a ls o  o b se rv e d  in clum ps 

and  s t ra n d s  in T olu id ine  b lue  p r e p a r a t io n s . Acid m u co p o ly sa cc h a r id e s  

(Toluidine b lu e ,  a lc ia n  b lu e ,  A s trab lau ) were not id e n t i f i e d .  O il red 0 

fa i le d  to  r e v e a l  the  p re sen c e  of l ip id s  and  only l ig h t  g e n e ra l  s ta in in g  was 

ob served  w ith  a lk a l in e  f a s t  g reen  (b as ic  p ro te in ).
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B

Figure 3 2 .  A -  G lycogen  on th e  cu ticu la r  su rface  of a  m icrofila ria  
PAS, X2, 000 . B -  DNA lo c a l iz e d  in  th e  nuc le i of so m a tic  c e l l s  o f a 
m ic ro f i la r ia .  F eu lg en , X2, 000.



CHAPTER IV

DISCUSSION

The p red ic tio n  of c a rd ia c  hypertrophy in the dog by u se  of h ear t  

w e ig h t/b o d y  w e ig h t ra t io s  is  of doubtfu l a c c u ra c y  in ind iv idua l  a n im a l s . 

These r a t io s  have  been  s tud ied  by se v e ra l  workers and a wide range of 

v a lu e s  repo rted  (Table 15). The m ean HW/BW ra tio  of 6 .9 4  in the  50 

normal dogs of th e  p re se n t  study (mean body w eight of 1 5 .1 1 k g .)  is  

lower than  any  docum en ted  in  the l i te ra tu re ;  how ever, the a g e ,  s e x ,  and 

breed of th e  a n im a ls  s tu d ie d  probably a c c o u n t  for the  d i f fe re n c e s .  

Removal of th e  e p ic a rd ia l  fa t  may a ls o  con tr ibu te  to  th is  v a r i a n c e .  Cohn 

and S te e le  (1936), working with W ireha ired  Fox T e r r ie r s , show ed th a t  the 

rapid in c re a s e  in HW/BW ra t io  up  to  the a g e  of 1 .5  y e a rs  is  fo llow ed by 

a g radual d e c r e a s e  w ith a g e .  Joseph  (1908) observed  mean HW /BW  

ra t io s  of 7 .4 3  in 58 male dogs and 7 .6 1  in 6 0 f e m a le s .  Northup e t  a l .

(1957) working w ith  4.81 d o g s ,  obse rved  s t a t i s t i c a l l y  s ig n if ic an t  d i f ­

fe ren ces  b e tw e e n  th e s e  r a t io s  in la rge  a d u lt  fem ales  and  sm all  a d u lt  

fem ales  and  b e tw e e n  th o se  of large a d u lt  m a les  and  Large a d u lt  f e m a le s .  

Equivocal d i f fe re n c e s  were noted b e tw een  la rge  a d u lt  m ales  and  sm all 

a d u lt  m ales  and  th e  r a t io s  were a lm o s t  eq u a l  in immature m ales  and

88
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TABLE 15

CANINE HW/BW RATIOS REPORTED IN THE LITERATURE

N o .
Dogs

M ean 
Body W t. 

(kg .)

M ean  
HW/BW 
(gm . / k g .

Heinz (1905) 19 4 .7 1 9 .7 1
Cohn and  S te e le  (1936) 63 6 .2 8 .8 1
Herrmann (1925) 200 11 .37 7 .9 8
Northup e t  a l . (1957) 169* 10 .08 7 .7 4
Northup e t  â i .  (1957) 177** 8 .86 7 .5 6
Stew art (1911) 20 8 .71 7 .2 1

*Adult m ales  

**Adult fem a le s

fe m a le s .  Herrmann (1926) s tud ied  th e  HW /BW  ra t io  in 10 rac in g  G rey ­

hounds and o b se rv ed  a range of 11.3 to  17 .3  w ith  a m ean of 1 3 .4 .  T hus , 

h igher HW/BW ra t io s  o ccu r  in  sm alle r  dogs a n d  in an im als  bred for 

s trenu ous  e x e r c i s e .

W hile  w e ig h ts  of th e  com ponent parts  o f  th e  can in e  h e a r t  h ave  b een  

s tu d ied  by  s e v e ra l  w orkers , v a r ia t io n s  in m ethod of d is s e c t io n  ren d e r  

com parison  of r e s u l ts  d i f f ic u l t .  S tew art (1911) s tu d ied  th e  hearts  of 2 0 

sm all dogs and  o b se rv ed  a m ean righ t v e n tr ic u la r  weight of 13 .58  g m . ,  

a mean in te rv e n tr ic u la r  s e p ta l  w eight of 1 4 .3 4  g m . ,  and a mean le f t  

v e n tr ic u la r  w e igh t of 2 6 ,4 3  g m . The m ean LV/RV ra t io  w as 1 .950  in th is  

group of d o g s .  T hese  da ta  a re  com parab le  w ith  th o se  of th e  p re sen t  

s tu d y .  U ti l iz in g  fo rm alin -f ix ed  h e a r ts  and  a  method of d is s e c t io n  in
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w hich  the  in te rv e n tr ic u la r  septum w as d iv ided  in to  r igh t an d  le f t  p a r t s , 

Herrmann (1925) o b se rv ed  a mean le f t  h e a r t / r ig h t  h ea r t  r a t io  of 1 .3 98  in 

200 d o g s .  The m ean ra t io  was 1 .393 in 80 m ales  and 1 .3 9 0  in 80 

f e m a le s .  P la tt  (1952), u s in g  Herrmann's (1925) method of d is s e c t io n ,  

repo rted  m ean LV/RV ra t io s  of 1 .488 in 4 d ogs  w ith  mild n e p h ri t is  and 

of 1 .761  in 13 dogs w ith severe ch ron ic  n e p h r i t i s .

W hen d i s s e c te d  by the  method u se d  in the  p re se n t  s tu d y ,  the 

c a n in e  LV/RV ra t io  c h a n g e s  a s  heart  s iz e  i n c r e a s e s ;  from the  re g re s s io n  

s tu d y  th e s e  r a t io s  were 1 .79  and 2 .19  a t  v e n tr ic u la r  m a ss  w eigh ts  o f 40 

and 210 g m . In o rder to  determ ine w h e ther  th is  finding w as  re la te d  to  

the  m ethod of d i s s e c t io n ,  linear re g re s s io n  s tu d ie s  were made on da ta  

from 2 0 c a n in e  h e a r t s  randomly s e le c te d  from th o se  reco rded  by Herrmann 

(1925). T h e se  h e a r ts  were d is s e c te d  a f te r  f ix a t io n  in th e  method d e s ­

c rib e d  by L ew is (1913) and  LV/RV ra t io s  rem a ined  c o n s ta n t  a t  1 .388  and  

1 .394  for v e n tr ic u la r  m ass  weights of 40 a n d  200 gm . Thus th e  method 

of d i s s e c t i o n  h a s  a marked e ffec t on c a rd ia c  com ponent r a t io s  .

The g re a t  v a r ia t io n  in  card iac  th ic k n e s s  o b se rv ed  in  the  50 norm al 

dogs o f  th e  p re se n t  s tudy  was probably  produced  by la c k  o f  uniform ity  in  

th e  s t a te  of r igor  mortis . While n e c ro p s ie s  w ere perform ed on m ost 

a n im a ls  im m ed ia te ly  a f te r  death , in some c a s e s  one or tw o hours e la p se d  

befo re  i t  w as  p o s s ib le  to  m easure th e  h e a r t s .  It w as n o ted  th a t  m u scu la r  

th ic k n e s s  a lm o s t  doubled  afte r  th e  o c cu rren c e  of rigor m o r t i s .
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The p re s su re s  ob ta ined  In th e  hymodynamic s tudy  of th e  n ine  control 

d o g s ,  a f te r  a llow ing for co rrec tion  of in tra th o ra c ic  p re s s u re ,  were com­

parable  to  th o se  repo rted  in  th e  l i te ra tu re  (Hellems s i  a i* ,  1948; Haddy 

a t  a i . , 1949, 1953; Alden e t a i * /  1953a, 1953b; Haddy and C am pbell, 

1953). W hile  th e  m eans of the  pulmonary a r te r ia l  s y s to l i c  p re s su re  and 

femoral a r te ry  mean p re s su re s  were s l ig h tly  lower th an  th o s e  docum ented, 

th e  ranges  were w ith in  the  reported  l im its  . The u p p e r  l im its  of the  normal 

pulmonary a r te r ia l  p re s su re  a re  d iff icu lt  to e s t a b l i s h  bu t from the  reports 

of m ost workers can  be  s e t  a t approx im ate ly  4 5 /2 0  (average  22) mm. Hg . 

D e ta iled  a n a to m ic a l  s tu d ie s  were not ca rr ied  out in a l l  a n im a ls  in any of 

th e s e  rep o rts  .

Except for the  g re a te r  number of an im a ls  with e le v a te d  d ia s to l ic  

p re s s u re s ,  the pulm onary hem odynam ics of the in fec ted  dogs in the  p resen t  

s tudy are com parab le  w ith  th o se  reported  by W alla ce  and  H am ilton  (1962) 

in a group of 27 D .  im m itis in fec ted  d o g s .  In th e s e  a n im a ls ,  which a ls o  

show ed no c l in ic a l  s ig n s  of c o n g e s t iv e  h e a r t  fa i lu re ,  the s y s to l i c  pres­

su res  ranged  from 22 to 55 mm. H g. and  the  d ia s to l i c  p re s s u re s  from 9 to 

30 mm. Hg . E leva ted  s y s to l ic  p re s su re s  were o b se rv ed  in e ig h t  dogs and 

e leva ted  d ia s to l i c  p re s su re s  in  five a n im a l s .  Both s y s to l i c  and  d ias to lic  

p re s su re s  were e le v a te d  in f ive  dogs an d  in  th ree  a n im a ls  th e re  were 

e lev a ted  s y s to l i c  and  normal d ia s to l ic  p re s su re s  . E leva tio n  of only the 

d ia s to l ic  p re s su re  o ccu rred  in  one dog; how ever, t h e s e  p r e s s u re s  were 

not repo rted  in 13 an im a ls  . The mean r ig h t  a t r ia l  p re s su re  v a r ie d  from
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0 to  5 mm. H g .  and the mean r igh t v e n tr ic u la r  s y s to l ic  p ressure  for the 

group was 42 mm. H g , Femoral a r te ry  s y s to l ic  p re s su re s  va ried  from 

118 to 22 0 m m , Hg .

W hile much v a r ia t io n  was noted in  the pulmonary a r te r ia l  p re s su re s  

occurring in ind iv idua l dogs in the  p re se n t  study and  in the  work of 

W allace  and Ham ilton (1962), Hyman, e t  a l .  (1963) reported  spon tan eo us  

v a r ia t io n s  of only 5 .2  mm. H^O in th e  c an in e  m ean pulmonary p re s s u re .

A number of f a c to r s ,  in ad d it io n  to p ro g ress io n  of th e  d i s e a s e ,  may be  

r e s p o n s ib le  for th e s e  d i f f e r e n c e s . In the  p resen t  study no record  w as 

kep t of the  v e s s e l  c a th e te r iz e d  or of the  s i te  of m easu rem en t.  T hese  

fac to rs  may produce m inor-d ifferences in  p re ssu re  r e a d in g s ,  a s  would 

d if fe ren c e s  in  pos it io n in g  of th e  c a th e te r  in the  v e s s e l .  Lack of u n i ­

formity in the  p lane  of a n e s th e s ia  could  a ls o  in duce  hemodynamic v a r ia ­

t io n s ,  b radycard ia  re s u l t in g  in low ering (Campbell e t  a l . ,  1949) and 

anox ia  in e le v a t io n  (M otley ^ a l »  ̂ 1947; L l l je s tra n d ,  1948) of the  pul­

monary a r te r ia l  p r e s s u r e .

In one m easu rem en t on dogs "X", "G " , "K", "P" , and #1 a  p re s ­

su re  g rad ien t  of a t  l e a s t  20 mm. Hg^„ occurred  in th e  sy s to l ic  p re s su re  

b e tw een  th e  r ig h t  v e n tr ic le  and the  pulmonary a r te ry  and  the  r ig h t  v e n t r i ­

c u la r  mean p re s s u re s  ex ceed ed  the  pulmonary a r te r ia l  mean p r e s s u r e s .  

This fa l l  in p re s su re  w as not ob se rv ed  in  su b s e q u e n t  m easurem ents  in 

do gs  "N ", "K", " P " ,  and # 1 .  It is  probable  th a t  th e s e  p ressu re  d if­

fe re n c e s  r e f le c t  m ec h an ica l  o c c lu s io n  o f  the  pulmonary a rte ry  by  a  m ass
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of worms or th e  dam pening  e ffe c t  of sharp ly  bending  the  c a th e te r ,  the  

p re sen c e  o f  p a r a s i t e s  o ften  making c a th e te r iz a t io n  d i f f ic u l t .  S ince th e s e  

d i s c r e p a n c ie s  w ere ob se rv ed  in the only m easu rem en ts  made on dogs "X" 

and  "G " ,  the re a d in g s  on th e s e  an im als  a re  c o n s id e re d  in co rrec t  and  m ust 

be  d is r e g a rd e d .  The marked in c re a s e  in p re s su re  w hich occurred  in the  

second  d e te rm in a tio n  on dog "P" is u n e x p la in e d .

W hile  P e te rso n  e t  â i*  (1951) reported  s in u s  arry thm ias in u n a n e s ­

th e t iz e d  d o g s ,  ta c h y c a rd ia  with regu la r  rhythm w as o b se rv ed  in e le c t ro ­

c a rd io g rap h ic  e x am in a tio n s  of a l l  dogs in  the  p re s e n t  s tu d y .  The mean 

e le c t r ic a l  a x e s  w ere  89 d e g re es  in th e  e ig h t  normal con tro l d o g s ,  89 

d e g re es  in  th e  21 in fe c te d  d o g s ,  and 101 d e g re e s  in the  se v e n  dogs s u s ­

pec ted  of hav ing  r ig h t  v e n tr ic u la r  hyp ertroph y . M uch  v a ria tion  occurred  

in an im als  upon w h ich  s e r ia l  t ra c in g s  were m a d e .  Lombard and  W ithan 

(1955) o b se rv ed  s im ila r  c h an g e s  in e lec troca rd iog ram s on a n e s th e t iz e d  

d o g s .  D a y - to -d a y  v a r ia t io n s  were noted  in sp i te  of carefu l  rep roduc tion  

o f  e le c tro d e  p lacem en t and  body p o s i t io n in g .  D e tw e ile r  e t  &!. (196 0) 

reported  m arked  r ig h t  d ev ia tio n  of the  m ean e le c t r i c a l  a x is  in four dogs 

with r igh t v e n t r ic u la r  hypertrophy , one an im al being  in fec ted  w ith  D .  

im m it is . W a l la c e  and  Ham ilton (1962) o b se rved  mean e le c t r ic a l  a x e s  of 

154 d e g re es  in  a  group of D . immitis in fec ted  dogs w hich  had  c l in i c a l  

s ig n s  of c a rd ia c  fa i lu re  and  of 97 d e g re es  in  heartworm  In fec ted  dogs no t 

in c a rd ia c  f a i l u r e .
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The in tim ai le s io n s  of th e  pulmonary a r te r ie s  in the  p re s e n t  s tudy 

a re  c o m p a tib le  w ith  those  d e sc r ib e d  in the  l i t e r a tu r e .  T hese  c h an g e s  

have  b e en  c o n s id e re d  to be  sp e c if ic  for d i ro f i la r ia s is  and to  r e p re se n t  an  

a t tem p t by  the  h o s t  to  wall off the p a ra s i te  (Adcock, 1961). A ltera tions 

som ew hat s im ila r  in type were observed  in rab b its  s u b je c te d  to  m ultip le  

in trav en o u s  in je c t io n s  of th rom boplas tin  (Gore_et a l . ,  1962), su g g e s t in g  

th a t  th ro m bos is  may be a fa c to r  in  the  developm ent o f  such  l e s io n s  in 

c an in e  d i r o f i l a r i a s i s .  The a b s e n c e  of m edial hypertrophy in  m uscu la r  

a r te r ie s  and  a r te r io le s ,  a s  o b se rv ed  by Porter (1951), H enn igar and  

Ferguson  (1957), and  Adcock (1961), may be  the  r e s u l t  o f  s e le c t io n  of 

e x p e r im en ta l  a n im a ls ,  none  o f  the  dogs in the  p re s e n t  s tu d y  hav ing  

c l in ic a l  s ig n s  o f  c o n g e s t iv e  h e a r t  f a i l u r e . S pencer  (1962) d e sc r ib e d  

th e s e  c h a n g e s  in c a s e s  o f  ch ron ic  pulmonary h y p e r te n s io n . The a r te r i t i s  

o b se rv ed  in  the  p resen t s tu d y  is ap paren tly  due to  th e  p re s e n c e  o f  p a ra ­

s i t e s ,  l iv in g  or d e a d ,  and  i s  n o t  re la ted  to  the  c h ro n ic a l ly  e le v a te d  

pulmonary a r te r ia l  p re ssu re  (Old and R u sse l ,  195 0).

A lte ra tio ns  in  o ther o rg an s  have au  eq u iv o c a l  r e la t io n s h ip  to  the 

p a ra s i t ic  in f e c t io n .  W hile m icrofilariae  w eie often a s s o c i a t e d  w ith  

inflam m atory  foc i in the myocardium  and lu n g , in  som e c a s e s  th e s e  

la rv a e  w ere num erous and evoked  no inflam m atory r e s p o n s e .  D e g e n e ra ­

t in g  la rv a e  surrounded b y  inflam m atory in f i l t ra t io n s  were o b se rv e d  in the  

l iv e rs  and  k id n ey s  o f  th e  in fe c te d  dogs . The d is t r ib u t io n  of m icro fila riae  

in o ther  t i s s u e s  o f the b o d y  w as  irregu lar and  in  th e s e  lo c a t io n s  la rvae
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were rare ly  a s s o c ia t e d  w ith  inflamm atory rea c t io n s  . W h ile  m icrofilariae 

were com m only observed  in  the lu n g s ,  k id n e y s ,  l iv e r s ,  i n t e s t i n e s ,  and 

b r a in s ,  th ey  were rare ly  recogn ized  in sp le e n s  or lymph nodes  . D iffi­

cu lty  in id e n t i f ic a t io n  o f  la rv ae  c u t  in c ro s s  s e c t io n  m ay be a fac to r  

a ffec tin g  th e i r  ap p aren t d is tr ib u tio n  in t i s s u e  se c t io n s  . D erm atit is  

occu rred  in  on ly  two of the three dogs in  which m ic ro fila r iae  w ere p re se n t  

in  the  s k in .  Mon lux (1953) fa i led  to  find  ev iden ce  re la t in g  m icrofilariae  

to  th e  ren a l  l e s io n s  in ch ron ic  can in e  n e p h r i t i s .

In th e  p resen t s tu d y , the d eg ree  of pulmonary h y p e r te n s io n  could  

no t be  d i r e c t ly  re la te d  to  th e  number of a d u lt  p a ra s i te s  in  the pulmonary 

c i r c u la t io n .  The most heav ily  p a ra s i t iz e d  dog (84 worms) had on ly  a 

m odera te  in c r e a s e  in  pulmonary a r te r ia l  p ressu re  and o n e 'o f  th e  more 

l ig h t ly  in fe c te d  an im als  (11 worms) had the  g re a te s t  e le v a t io n .  N either 

in co m p e ten ce  nor b lo ckag e  of the pulmonary v a lv e s ,  e x c e p t  w hen a r t i -  

fa c tu a l ly  p ro d u ced , w as  o b s e rv e d .  T h ese  find ings a re  in  a c c o rd a n c e  

w ith  the  work of W allace  and  Ham ilton (1962). T hus, in  d i ro f i la r ia s is  

the  p h y s ic a l  p re sen c e  of a d u l t  p a ra s i t e s  p lays a  minor ro le  in th e  p ro d u c ­

t io n  of pulm onary h y p e r te n s io n .

No s p e c i f ic  le s io n  could  be a s s o c ia t e d  w ith h igher pulmonary 

a r te r ia l  p r e s s u r e s .  H ypertension  is  known to follow th ro m b o s is  and 

em bolism  of th e  pulmonary a r te r ie s  (Haynes e t â i - /  1947; H a rr iso n ,  1951; 

Jaqu es  e t  a l » /  I9 6 0 ) .  T hese  le s io n s  were p re sen t  in 13 of the  21 in fec ted  

dogs; h o w ev er ,  H aynes e t  a i»  (1947) and  Sw enson and Choudhury (1962) 

d em o n s tra ted  th a t  one m ajor b ranch  o f  the  pulmonary a r te ry  can  be
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com ple te ly  occ lu ded  w ith  l i t t le  r is e  in blood p r e s s u r e .  In no dog w as 

th e re  ev idence  of su f f ic ie n t  throm bosis to  red u ce  the  pulmonary blood flow 

one h a l f .  Gore et gd . (1962) did no t o b se rv e  in c re a s e d  pulmonary a r te r ia l  

p re s su re  in experim en ta l  rabb its  with se v e re  p ro life ra t ive  and inflammatory 

in tim ai le s io n s  of the  in tra  pulmonary a r t e r i e s .  The ad m in is tra t io n  of 

ep in ep h r in e ,  how ever, d id  r e s u l t  in  in c re a se d  pulmonary p re s su re s  in 

th e s e  a n im a l s .

In many dogs of th e  p re sen t  s tudy th ere  w as d isp roportion  b e tw een  

th e  hemodynamic and  a r te r ia l  c h a n g e s ,  l ig h t ly  in fec te d  dogs exh ib iting  

e le v a ted  p re s su re s  bu t o n ly  minimal l e s io n s  . Some d eg ree  of i n te r s t i ­

t i a l  pneum onitis w as observed  in a l l  of th e  in fe c te d  dogs and  may b e  the  

primary fac to r  in  th e  production of pulmonary h y p e r te n s io n .  This h yp o th ­

e s i s  is supported  by  e le c tro n  m ic roscop ic  exam ina tion  of the  lungs of one 

dog in w hich  th ick en ed  b asem en t m em branes were obse rv ed  in c a p i l la r ie s ;  

how ever, further s tu d y ,  u ti l iz in g  more an im a ls  and  confirm ation  by s t a t i s ­

t i c a l  a n a ly s i s ,  is  n e c e s s a ry  to  prove the  th e o ry .

Total c a rd iac  s iz e  in  the dogs of the  p re s e n t  s tudy  was w ith in  

norm al l im i t s .  Dog " F " ,  w hich  had the  h ig h e s t  HW/BW ra t io ,  w as a 

Greyhound in  a low  s t a te  of n u tr i t io n .  Animals of th is  b reed  a re  noted 

for the ir  la rge  h e a r ts  (Herrmann, 1926). Dog " N " ,  which had the  lo w es t  

HW /BW  ra t io ,  w as  a n  o b e se  fem ale  in th e  l a te  s ta g e s  of p reg n a n cy .

G ro ss  and  m ic ro sco p ic  exam ination  of th e  h e a r ts  of s e v e n  dogs in d ica ted  

the  p re sen c e  of r ig h t  v e n tr icu la r  hyp ertrophy . The v e n tr ic le s  were h eav ie r
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and  p o s s e s s e d  m usc le  f iber segm en ts  of g rea te r  leng th  than  th o se  of 

norm al d o g s .  Linz b a ch  (1956) o b se rv ed  s ig n i f ic a n t  d if fe ren ces  in the 

len g th  of m usc le  f iber segm en ts  in hum an le f t  v e n t r ic le s  above and  be low  

the  c r i t ic a l  w eight of 2 00 g m . E lec trocard iog ram s made on the  dogs of 

the  p re s e n t  s tudy  d id  not confirm th e  r ig h t  v e n tr icu la r  hypertrophy . This 

may be exp la in ed  by the  s l ig h t  in c r e a s e  in  v e n tr icu la r  s iz e  and the  g rea t  

norm al v a r ia t io n  in c a n in e  e lec tro ca rd io g ram s (Lombard and  W ithan , 1955). 

I n te r s t i t i a l  pneum onitis  probably  a c c o u n te d  for both  the  pulmonary hyper­

te n s io n  and r ig h t  v e n tr ic u la r  hypertrophy of con tro l dog "A ".

The m icro fila r iae  o b se rv ed  in  e le c t ro n  m icro sco p ic  study of the  lungs 

of dog #4  c a n  be only  s p e c u la t iv e ly  id en t if ied  a s  la rv a l  forms of D . 

im m itis s in c e  it w as im p o ss ib le  to m ea su re  the  to ta l  len g th  of the  la rv ae  

in e le c t ro n  m icroscope  g rids . H o w ever, th e  h o s t  did h av e  a d u lt  forms of 

P . im m itis in the r ig h t  h ear t  and no  a d u l t  f i la r i id s  were o bserved  in  s u b ­

c u ta n e o u s  lo ca tio n s  . There is  a  p a u c i ty  of inform ation  concern ing  the 

u ltra  s tru c tu re  of nem atode  la rv a e .  The p re sen t  s tudy  in d ic a te s  th a t  the  

m ic ro fila r iae  of D . im m itis p o s s e s s  n e i th e r  body c a v i ty  nor in te rna l  

tu b u la r  o r g a n s .  A cu tt in g  a r t i fa c t  p reven ted  o b se rv a t io n  of th e  hooks a t  

th e  a n te r io r  end of th e  la rv a e  (Taylor, 1959) bu t large c e l l s  d id  occur in  

the  head  (Taylor, I96 0). T ran sv e rse  s t r i a t io n s ,  show n b e s t  by  p h a s e -  

c o n tr a s t  m icroscopy  or s i lv e r  im pregnation  m ethods, have  been  o bserved  

in th e  c u t ic le  of D . im m itis l a r v a e .  T h ese  s t r ia t io n s  were reported  by 

Foshay  (1947) to  hav e  a n  av e rag e  in te rv a l  d is ta n c e  of 0 .9  microns and
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Taylor (1959) o b se rv ed  the w id th  be tw een  s t r ia t io n s  to  be 0 .6  m ic ro n s .  

The in te rv a l  be tw een  c u t ic le  in d e n ta t io n s  ob se rv ed  in the  p re se n t  s tudy 

co rrespon ds  to  th e  s t r ia t io n  in te rv a l  repo rted  by  Foshay (1947); how ever, 

in d en ta t io n s  were p re se n t  a t  th e  ex trem e c e p h a l ic  t ip  o f the  l a r v a e .

The lim ited  h is  toe  he mica 1 s tudy  of th e  la rv a e  in d ic a te d  tha t the  

n u c le i  of the  body w all c o n ta in  DNA an d  th a t  RNA is p re se n t  in the  

c e n t ra l  a r e a s  of the  b o d y .  W hile the  d is t r ib u t io n  of th e s e  s u b s ta n c e s  

would be  b e t te r  dem ons tra ted  in s e c t io n s  of th e  m ic ro fila r iae ,R o ths te in

(1958) made s im ila r  o b se rv a t io n s  u s in g  a c r id in e  orange in th e  v i ta l  

s ta in in g  of D .  im m itis l a r v a e .  The n u c le i  o f so m a tic  c e l ls  s ta in e d  

y e llo w  and  ir regu lar  red  a re a s  w ere o b s e r v e d .  In the  p re se n t  s tudy  

P A S -p o s i t iv l ty , . in d ica t in g  th e  p re se n c e  of 1 ,2 -g ly c o l  g ro u p s ,  

occurred  only in ,  or on the  su r fa ce  of th e  c u t i c l e .  Acid m ucopoly­

s a c c h a r id e s  and l ip id s  w ere  n o t  id e n t i f ie d .  A lkaline  f a s t  g reen  p repa ra ­

t io n s  d id  not in d ic a te  high c o n c e n tra t io n s  of b a s ic  p ro te in .  Further 

h is to c h e m ic a l  in v e s t ig a t io n  is  i n d i c a t e d .



CHAPTER V 

SUMMARY

P athophysio log ic  and anatom ic  a l te ra t io n s  of can in e  d i ro f i la r ia s i s  

were in v e s t ig a te d  in a  group of 16 in fec ted  dogs which had no c l in ic a l  

s ig n s  of c o n g e s t iv e  hear t  f a i lu r e .  The hem odynamic c h a n g e s  occurring 

in  th e  pulmonary c irc u la t io n  following trea tm e n t  to d e s tro y  the  a d u lt  

p a ra s i te  w ere  s tu d ie d  in f ive  add itiona l a n im a ls .  Normal v a lu e s  were 

e s ta b l is h e d  for w e igh ts  of th e  various p a r ts  of the  h ear t  by  a n a ly s i s  

of d a ta  ob ta ined  from the h e a r ts  of 50 norm al d o g s .  The u ltra  s tru c tu re  of 

the  m icro fila riae  df D. immitis was in v e s t ig a te d .

Pulmonary h y p e rte n s io n  occurred to some degree  in a l l  of the  ex ­

perim enta l d o g s .  E levated  pulmonary a r te r ia l  m ean p re s su re s  were 

ob se rv ed  in  16 d o g s;  d ia s to l i c  p ressure  w as e lev a ted  in 13 and  s y s to l ic  

p re s su re  in on ly  6 a n im a l s . W hile r ig h t  v e n tr ic u la r  mean p re s s u re s  were 

e le v a te d  in  a l l  d o g s ,  s y s to l ic  p re s su re s  of only 11 an im als  ex ceed ed  th e  

norm al r a n g e . No ev id en ce  of b lockage of the  pulmonary a r te ry  by a d u lt  

p a ra s i te s  w as o b ta in e d .  D estru c tio n  of th e  ad u lt  p a ra s i te s  produced 

e le v a t io n  o f  pulmonary a r te r ia l  p ressu re  in only one of f ive  d o g s .

W hile  g ro ss  le s io n s  were m inim al, m arked and  c h a r a c te r i s t i c

m ic ro scop ic  a l te ra t io n s  were o b se rv e d .  In tim ai f ib ro s is  of d if fu se  or

99
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v i l lo u s  type involved both  the  main pulmonary a rte ry  an d  i ts  in tra  pulm on­

a ry  b ranch es  . M ed ia l hypertrophy w as not d e te c te d  in a r te r ie s  or a r te r i ­

o le s  . Arteritis was a s s o c ia te d  w ith  th e  p re sen c e  of b o th  l iv ing  and 

d eg en era ting  p a ra s i te s  and th rom bosis o f a r te r ie s  and a r te r io le s  occurred  

com m only. O ther le s io n s  inc luded  e n d o th e lia l  p ro life ra tion  in a r te r io le s  

and  c a p i l l a r i e s , in te r s t i t i a l  pneum on itis ,  and pulmonary f i b r o s i s . D irec t 

r e la t io n sh ip  could  not be e s ta b l is h e d  be tw een  hem odynam ic a l te ra t io n s  

and e ither  th e  p h y s ic a l  p re sen c e  of the  p a ra s i te  or the  a r t e r ia l  l e s i o n s .

It i s  su g g e s te d  th a t  l e s io n s  of th e  c a p i l la ry  and  a r te r io la r  b ed s  a re  

r e s p o n s ib le  for much of the  h y p e r te n s io n .  Focal c o l le c t io n s  of inflam ­

m atory c e l ls  were a s s o c ia te d  with th e  p re se n c e  of d e g en e ra t in g  la rv a e  in 

th e  lung , m yocardium , k id n e y ,  and  l iv e r .

Right v e n tr ic u la r  hypertrophy w as d e te c te d  in the  h e a r ts  of s e v e n  

in fec ted  dogs by  g ro ss  and m ic ro scop ic  e x am in a t io n .  No e le c t ro c a rd io ­

g rap h ic  a b n o rm a li t ie s  were o b s e rv e d .

Electron m ic roscop ic  s tudy  of th e  m icrofila ria  re v e a le d  n e i th e r  a 

body  cav ity  nor in te rna l  tu bu la r  o rgans . The c u t ic u la r  in d e n ta t io n s  had 

a s im ila r  in te rv a l  d is ta n c e  to  th a t  of the  p rev ious ly  d e s c r ib e d  t r a n s ­

v e r s e  s t r i a t i o n s .

The o ccu rren ce  o f  pulmonary h y p e rtens ion  and r ig h t  v e n tr ic u la r  

hypertrophy in D . immitis in fec ted  dogs not in  c a rd ia c  fa i lu re  warns 

a g a in s t  the  u s e  o f  such  dogs a s  experim en ta l an im a ls  in  c r i t ic a l  r e s e a rc h
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