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Summary. Round heart disease in the turkey has been studied by light and electron 
microscopy. Myocarditis, characterized by focal muscle cell degeneration and mononuclear 
infiltrates, was present in turkeys from 1 day after hatching through 8 weeks of age. Myo- 
cardial injury was most severe from age 5 to 12 days. Virus-like particles, 60-90 m~ in dia- 
meter, resembling the avian leukosis viruses, were present in the myocardial cells of all turkeys 
with myoearditis. 

Dilatation and hypertrophy, predominantly of the left ventricle developed after the second 
week of life. Collagen accumulation beneath the endocardium was evident by electron micro- 
scopy in 1- and 2-day-old birds. This progressed to marked endoeardial fibroelastosis after 
1 month and was often associated with involvement of the mitral valve and its papillary 
muscles and chordae tendineae. Maturing and adult turkeys demonstrated congestive heart 
failure with congestion of the lungs and liver, pleural effusions and aseites. Because of the 
similarity of gross and microscopic findings, round heart disease in turkeys may serve as an 
experimental model for primary endoeardial fibroelastosis in humans. 

Introduct ion 

Round  hear t  disease, a cause of s tun t ing  and  death in the av ian  species, was 
first described by  Blaxland in  1947. This disease has been diagnosed solely by  the 
pos tmor tem observat ion of an enlarged round  heart.  I n  the turkey,  round  heart  
disease presents a spectrum of left ventr ieular  di la ta t ion and  hyper t rophy  asso- 
ciated with endocardiM fibroelastosis (Magwood and  Bray, 1962; Saut ter  et al., 
1968; Noren st al., 1970). The pathology of round  hear t  disease is similar to idio- 
pathic endocardial  fibroelastosis in the h u m a n  (Hill and  Reilly, 1951 ; Case, 1960). 
This s tudy  was under t aken  to describe the na tu ra l  his tory including clinical 
spectrum, and pathology of round heart  disease and  to relate its features to endo- 
cardial fibroelastosis in the human.  

Materials and Methods 

A flock of small white broad-breasted turkeys with a known high incidence of round 
heart disease provided the breeding stock for the experimental group. The studies started 
with incubating 2 231 fertilized eggs from the breeding stock in a commercial type incubator. 
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As controls for'incidence of hatchability and neonatal mortality use was made of statistics 
from a commercial flock of turkeys in which round heart disease was not a significant problem. 

In the experimental group, 1209 poults resulted from this hatching. Of these, 24 were 
retained as breeding stock while the remaining 1 185 birds were subjected to various obser- 
vations to be described. (By one year of age each of the 24 birds retained showed clinical 
signs of round heart disease.) 

In each of the 1 185 birds in the experimental group the heart was examined grossly follow- 
ing death or at sacrifice, the latter at spaced intervals up to 8 weeks of age. :Beyond 8 weeks 
of age, 46 birds remained. Samples of these were sacrificed at monthly intervals up to 12 
months. In 97 hearts from the experimental group examination by light microscopy was done 
and in 26 of these hearts electron microscopic examination of the left ventricular myocardium 
was done as well. 

Material taken for light microscope examination was fixed in 10 % formalin and sectioned 
by standard methods. Duplicate sections were stained with hematoxylin and eosin and 
counterstained with Van Gieson's connective tissue stain for elastic tissue. 

For electron microscopy, small tissue blocks, 2 × 3 × 5 mm, were taken from the left 
ventricle midway between the apex and atrioventricular ring. The epieardial and endocardial 
surfaces were included in these blocks. Tissue was fixed in 2% glutaraldehyde plus 2% form- 
aldehyde in 0.1 M cacodylate buffer (pH 7.3) at 4 ° C (Karnovsky, 1965). One cubic millimeter 
blocks were washed in 0.05 M caeodylate buffer with 0.2 M sucrose overnight, post-fixed in 
1% osmium tetroxide in veronal acetate buffer (pH 7.4) at 4 ° C, dehydrated in a graded series of 
ethanol and embedded in Maraglas (Erlandson, 1964). Thin sections were cut on a Reiehert 
OM-U2 ultramicrotome, stained with uranyl acetate and lead citrate and examined in an 
RCA-3G electron microscope. 

Results 

Clinical Observations 

T a b l e  1 shows t h e  r e su l t s  of h a t c h a b i l i t y  a n d  n e o n a t a l  m o r t a l i t y  of t h e  exper i -  

m e n t a l  f lock  c o m p a r e d  w i t h  a c o m m e r c i a l  f lock.  Of 2231 i n c u b a t e d  eggs f r o m  t h e  

e x p e r i m e n t a l  f lock,  1209 p o u l t s  r e su l t ed  (54%).  N o  a t t e m p t  was  m a d e  in th i s  

s t u d y  to  d i f f e r e n t i a t e  b e t w e e n  i n f e r t i l i t y  a n d  ea r ly  f e t a l  d e a t h  as c o n t r i b u t o r s  to  

d e c r e a s e d  h a t c h a b i h t y .  T h e r e  was  a h igh  n e o n a t a l  m o r t a l i t y  o b s e r v e d  in t h e  

e x p e r i m e n t a l  f lock.  F o u r t e e n  p e r c e n t  of t h e  b i rds  of t h e  e x p e r i m e n t a l  f lock  d ied  

w i t h i n  1 m o n t h  a f t e r  h a t c h i n g .  E x c l u d i n g  489 bi rds  sacr i f iced  in t h e  f i rs t  m o n t h ,  

168 of 698 b i rds  d i ed  s p o n t a n e o u s l y .  T h e  m o r t a l i t y  r a t e  was  m a x i m u m  in t h e  

f i r s t  2 weeks  a n d  t h e n  fell  u n t i l  t h e  t i m e  t h e  m a j o r i t y  of t h e  f lock was  sacr i f iced  

a t  8 weeks.  I n  t h e  r e m a i n i n g  b i rds  no  s p o n t a n e o u s  d e a t h s  occur red .  Tab l e  2 shows 

t h e  n u m b e r  of s p o n t a n e o u s  d e a t h s  t h r o u g h  1 year .  

Table 1. Comparison o/ hatchability and neonatal mortality o/ experimental and commercial 
turkey/locks a 

Experi- Commercial 
mental flock a 
flock 

Number of eggs set 2231 Not available 
% Hatched 54% > 95% 
Number of poults 1209 2 200 
% Poults dying in 14% < 5% 
first 4 weeks of life 

a Statistics provided by a commercial turkey producer. 
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B 

Fig. 1. A Left atrium and ventricle of an unaffected turkey heart, 3 weeks of age. ]3 Heart 
with round heart disease showing dilatation of left atrium and ventricle, 3 weeks of age. No 

endocardial fibroelastosis is evident 

Table 2. Summary o/mortality and morbidity in experimental flock 

Weeks after Number of Number 
hatch spontaneous sacrificed 

deaths 

Number of abnormal hearts/ 
Number of hearts examined 

Gross Light Electron 
microscopy microscopy 

1 98 52 5/150 25/45 10/10 
2 47 51 18/98 9/9 5/5 
3 16 24 5/40 2/2 2/2 
4 7 362 106/369 6/11 4/4 
5 8 3 479 151/482 3/3 5/5 
9-12 0 34 10/34 12/20 
13-52 0 12 12/12 7/7 

The commercial flock of 2 200 turkeys  surveyed has a greater than  95 % hatch- 
ability and less than  5 % morta l i ty  prior to the time of processing. One thousand 
six hundred hearts were examined grossly at  sacrifice (age 14 weeks) and 60 ex- 
amined by  light microscopy. Only one turkey  had evidence of round heart  disease 
by  gross and light microscopic examination. 

Clinically, hatchling turkeys in the experimental flock appeared well until the 
end of the first week of life, when the most  severely affected birds became wasted 
and died. Death  in the matur ing birds often occurred following stress and was 
preceded by dyspnea and low mean systemic blood pressure. 

Gross Appearance 

In  5 of 150 hearts examined in the first week of life, the myoeard ium appeared 
flabby, The others appeared normal. By  the third week of age there was a spec- 
t rum of biventricnlar dilatation without  endocardial involvement  (Fig'. 1). 

Of 657 turkeys dying or sacrificed in the first month  of life, 134 hearts were 
judged to be grossly abnormal ;  106 of these occurred in the fourth week. 

20* 
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A 

Fig. 2A and B. Round heart at 6 weeks of age. A Dilated left ventricle with endocardial 
fibroelastosis. B Hypertrophied left ventricle with endoeardial fibroelastosis 

In  maturing birds, age 1 month to 1 year, varying degrees of opaeifieation of 
the left ventrienlar endoeardinm were observed with left ventrieular dilatation 
and hypertrophy (Fig. 2). In  some birds, the left ventricle showed focal endo- 
cardial thickening or a diffuse gray fibrous change of the entire chamber. The 
endocardium of the right ventricle was not involved. In some eases, fibroelastie 
tissue encroached upon the papillary muscles, which were small and displaced 
toward the mitral valve orifice. These changes are similar to those in human 
endocardial fibroelastosis described by Moller et al. in 1964. 

Rarely, there was focal bead-like thickening or a bulbous dysplastie change 
of the free edge o f the  mitral valve and chordal thickening was observed (Fig. 3). 
These changes are compatible with mitral valve insufficiency or endocarditis. 

In  the most severely affected birds, congestive failure was evidenced grossly 
by ascites and clear, straw-colored perieardial effusion. The liver and lungs were 
congested. 

Light Microscopy 
Of the 45 hearts examined histologically in the first week after hatching, 

25 showed abnormalities. This included all 5 of the hearts abnormal by gross 
inspection and 20 of 40 grossly normal hearts. Similarly 17 of 22 hearts examined 
in the second through fourth weeks were judged to be abnormal. Histo]ogic 
examination of these abnormal hearts revealed focal interstitial and perivaseular 
infiltrates of lymphocytes and occasional eosinophils in the myocardinm, epi- 
cardinm and endocardium (Fig. 4). These infiltrates occurred late in the first week 
of life and persisted until 1 month of age. Adjacent to these, the myocardial fibers 
had an intense eosinophflie hue. The tinetorial changes and interstitial infiltrates 
were most striking in turkeys at ages 7 to 9 days. 

Light microscopic examination of 8 grossly normal and 22 abnormal turkeys 
from 6 weeks to 1 year of age failed to show any evidence of the myocarditis as 
was demonstrated in the younger birds. 
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Fig. 3. ~{itral valve with focal bead-like thickening of the free edge and chordae tendineae, 
10 months of age 

Fig. 4. ~yocardium of left ventricle with myocarditis characterized by focal mononuclear 
infiltrates in the interstitial space, 9 days of age. Hematoxylin and Eosin. × 350 

However, in the 28 grossly abnormal  turkeys studied after 3 weeks of age 
there was a gradual  deposition of fibroelastie tissue in the endoeardium of the 
left ventricle (Fig. 5). The condensat ion of this tissue was first noted in the thi rd  
and  fourth weeks of life with an increase in its in tens i ty  as the bird matured.  I n  
some of the most extreme eases, the endoeardium assumed a thick ehondroid 
character which resembled fibroeartilage (Fig. 6). 
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Fig. 5. Endoeardium of left ventricle with moderate deposition of fibrous and elastic tissue in 
the subendocardiM space, 6 weeks of age. Elastic Van Gieson. × 530 

Fig. 6. Endoeardium of left ventricle which resembles fibrocartilage due to fibrosis and extreme 
thickening of subendocardial space, 3 months of age. ttematoxylin and Eosin. × 85 

Electron Microscopy 

Twenty-s ix  hearts were examined by  electron microscopy. Ten  specimens, 
from turkeys  age 1 to 4 days, were normal  by both  gross and  light microscopic 
examinat ion.  Sixteen hearts were studied from birds age 1 week to 2 months  and  
of these, 6 were normal  by  gross inspect ion bu t  abnormal  by  light microscopy. 
By electron microscopy, each of the 26 hearts had abnormali t ies ,  which included 
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Fig. 7. l~Iyoeardium of left ventricle which shows intraeellular edema and fragmentation of 
the plasma membrane (arrows) of myocardial cells. Mitochondria are swollen and contain 
electron-dense granules. Nucleus shows elumping and peripheral margination of ehromatin. 

6 days of age. Urenyl acetate and lead eitrate.× 8800 

injury of the myocardial cells and deposition of collagen and elastic tissue within 
the subendoeardial space. In  1- to 6-day-old birds, in many regions of the myo- 
eardium, only isolated single cells showed evidence of damage. This injury would 
not be noted with light microscopy. However, by 6 days of age and later, injury 
was more extensive and evident by light and electron microscopy. Myoearditis 
was defined as the injury to the myocardial cell detectable by electron microscopy. 

Fine strueturM alterations within the myoeardium first noted in 1- and 2-day- 
old birds, consisted of the following changes. Myocardial cells showed either severe 
intracellular edema or condensation of the cytoplasm and dilatation of the sareo- 
plasmie reticulum and nuclear envelope. In the nucleus, chromatin clumping and 
peripheral margination of ehromatin were present. In all injured cells, mito- 
ehondria showed variable swelling of the matrix. By 6 to 8 days in the most sever- 
ely affected birds, the plasma membrane of muscle cells was broken or absent but 
tile basement membrane remained. The mitochondria were swollen, fragmented 
and contained large, amorphous,  electron-dense granules (Fig. 7). Myofibrils 
showed severe contraction bands and in some cells, were fragmented into a homo- 
geneous mass of myofilaments. Cellular debris and mononuelear cells were present 
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Fig. 8. Myocardial cell with small portion of endoplasmie reticulum containing several virus- 
like particles (arrow). Inset of endoplasmic retieulum shows details of the particle structure. 
Each particle has an outer envelope and a central core. 1 week of age. Uranyl acetate and 

lead citrate. × 24500. inset × 64300 

in the  ex t race l lu la r  space. By  1 month ,  these changes had  d iminished;  a few 
necrot ic  cells conta in ing only small ,  e lect ron-dense par t ic les  and  mi tochondr ia  
were present .  1Vfacrophages, mononuc lea r  cells, f ibroblas ts  and  collagen were 
p r o m i n e n t  in the  ex t race l lu la r  spaces. 

E x a m i n a t i o n  of the  endocard ia l  region in 1- and  2-day-o ld  birds  showed small  
accumula t ions  of collagen wi th  f ibroblas ts  benea th  a single layer  of endothel ia l  
cells. This depos i t ion  of collagen increased progress ively  af ter  2 weeks of age and  
b y  7 weeks a th ick  b a n d  of f ibrous and  elast ic  t issue was presen t  be tween the  
endothe l ia l  cell l ayer  and  the  under ly ing  Purk in j e  fibers and  muscle cells. The 
endothe l ia l  cells of the  endoca rd inm showed no changes. A t  all stages,  Pu rk in j e  
f ibers were in ju red  to  the  same ex ten t  as ven t r i eu la r  muscle cells. Collagen accu- 
mu la t i on  a round  these  f ibers wi th in  the  m y o e a r d i u m  was p rominen t  by  1 month .  

I n j u r e d  and  morpholog ica l ly  no rma l  ven t r i eu la r  muscle cells of all 26 hear t s  
examined  conta ined  circular  or oval  virus- l ike par t ic les  s ingly or in groups  of 
5 to  6 wi th in  d i l a ted  vesicles of the  endoplasmie  re t i eu lum (Fig. 8). These par t ic les ,  
60-90 m ~  in d iamete r ,  possessed an  outer  membrane  wi th  a centra l  electron- 
dense core, 30-60 m ~  in d iameter .  
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Discussion 
Round heart  disease in the avian species has been reported sporadically over 

the past few decades in a number of countries (Kilian et al., 1964; Shishkov, et al., 
1968). A constant feature and, indeed, the criterion for its diagnosis in the mature 
bird, has been an enlarged round heart often associated with congestive heart  
fMlure (Blaxland and Markson, 1947; Magwood and Bray, 1962; Sautter et al., 
1968). Only limited descriptions of microscopic changes have been given (Sautter 
et al., 1968). There is some question whether the same etiologic factors are opera- 
tional in all instances of this disease. 

The present study describes the pathogenesis of round heart  disease. Histo- 
logieMly, a wide speetrum of focal myocarditis was evident in all birds within the 
first week after hatching and increased in severity by 2 weeks of age. At this time 
mortal i ty in our experimental flock paralleled the severity of histologie findings, 
with 85 % of deaths occurring within the first 2 weeks. Some birds that  survived 
this acute stage of the disease showed a persistent, chronic myoearditis and by 
2-3 weeks biventricular dilatation. EndoeardiM fibroelastosis became prominent 
after 1 month of life and progressed thereafter in severity. This chronic process 
predominantly affected the left ventricle and occasionally involved the papillary 
muscles, mitral valve and chordae tendineae. From age 1 month to 1 year, a few 
birds showed evidence of congestive heart  failure. This coincided with a con- 
tinuing, although low, rate of mortali ty through the first year of life. 

The virus-like particles present in the myoeardiM cells of turkeys in this s tudy 
resemble the viruses of the avian leukosis group (Haguenan and Beard, 1962). 
Indeed, the association of these particles with the myocarditis suggests that  there 
may well be an etiological relationship. This hypothesis is supported by both the 
light and electron microscopic pat tern of injury (Sanders, 1963; Rabin and Jenson, 
1967; Sohal and Butch, 1969). Experimental  myoearditis produced in ovo in the 
chicken by mumps virus has resulted in the development of left ventricular endo- 
eardial fibroelastosis in the older bird (Noren et al., 1968). Endoeardial fibro- 
elastosis following viral myoearditis in the adult has also been documented (Fruh- 
ling et al., 1962; Carstens, 1969). I t  has been speculated tha t  so-cMled pr imary 
endoeardial fibroelastosis in the child is secondary to intra-uterine viral myo- 
earditis (Noren et al., 1963; St. Geme et al., 1966; Noren et al., 1968). 

In  man, as in the turkey, the clinical features of interstitial myoearditis are 
variable. Subtle E K G  alterations or premature ventricular contractions may  be 
the only evidence that  the heart is involved. In  the turkey poult during the 
second week of life, E K G  identification of round heart  disease may  be made by a 
frontal plane axis shift (Jankus et al., in press). On the other end of the spectrum 
is the development of conspicuous congestive heart failure with cardiomegaly, as 
many  turkeys with round heart  disease demonstrate. 

The presence of myocarditis in the very young bird suggests that  the etiologie 
agent may  be present and transmitted in ovo. In  addition, genetic susceptibility 
or resistance to this disease may  be present with variable expression in different 
inbred turkey flocks. This is suggested by the difference in hatchability, neonatal 
mortal i ty and incidence of round heart disease, in the experimental inbred turkey 
flock as compared to the commercial flock, also an inbred strain. In  the commer- 
cial flock, 0.06% of turkeys examined grossly showed changes of round heart  
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disease and  by  light microscopy, 1.6 %. I n  the exper imental  flock, 26 % of turkeys  
showed gross changes while 66 % showed light microscopic changes. I n  the diseases 
of the av ian  leukosis-sarcoma complex in  the chicken, a genetic pa t t e rn  has been 
observed (Waters and  Fontes,  1960; Burmester ,  1967). By selective breeding, 
susceptible and  res is tant  s trains have been developed. 

The turkey  thus  presents an  in t r iguing experimental  model of myocardi t is  
with the subsequent  development  of endocardial  fibroelastosis. Of special interest  
is the variable  response in  this host  to viral  infect ion of the heart,  ranging from 
an essentially normal  hear t  to pronounced endocardial  fibroclastosis, and  the 
non-specific fibroelastic react ion of the in jured  endocardium and  subendocardium 
in  a dilated, high pressure, pulsati le chamber.  
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