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Mice of different ages were  infected intravenously or intranasal ly with severa l  s t rains  of A2 
influenza virus .  The frequency of morphological ly  detectable lesions of the myocardium was 
shown to depend on the proper t ies  of the par t icu lar  v i ra l  strain.  After  infection with one of 
the cardiotropic  s t rains  of the virus ,  16 of the 56 (28.6%) mice showed residual  t r aces  of 
myocardi t i s .  The course  of influenzal myocardi t is  in the mice was one of typical  focal in ter -  
stitial lesions capable of changing into mixed interst i t ial  and parenchymatous forms.  Occa-  
sionally ex~ensive a reas  of the myocardium were affected by necrosis .  P re l imina ry  t r e a t -  
ment of the animals with the immunodepressant  imuran (6-azathioprine) completely prevented 
the development of the myocardia l  lesions. No signs of reproduction of the v i rus  could be 
found in the blood and heart  t i ssues .  It is concluded that the toxic proper t ies  of the virus  and 
the immunological  react ions of the host play an important role in the p r imary  alteration of 
the blood vesse l s  and capil lar ies  of the hear t  leading to the development of influenzal myo- 
cardit is .  

The question of the nature of the myocardial  lesions in influenzal infection still remains  unanswered. 
Some workers  [1, 8] attr ibute them to v i rus  myocardi t is ,  others [2, 4] deny that there  is any such thing as 
influenzal myocardi t is  and consider  that the changes in the myocardium in influenza are  based on dis tur-  
bances of the blood supply to that t issue.  In experiments  on mice infected simultaneously with A1 influenza 
vi rus  and staphylococci Maksimov et al. [3] found anticardiac antibodies in the blood se rum of some of the 
animals and postulated a possible role of autoimmune p rocesses  in the development of influenzal lesions in 
the myocardium. 

In experiments  on albino mice to study the proper t ies  of var ious  s t rains  of A2 influenza vi rus  the 
wr i t e r s  found that the frequency of morphologically detectable heart  lesions depends on the proper t ies  of the 
virus;  some strains  produce lesions of the heart  t i ssues  consistently more often, others less often. The 
resul ts  of these experiments  are  descr ibed in this paper.  

E X P E R I M E N T A L  M E T H O D  

The s trains  of A2 influenza virus were isolated in 1967 in Smolensk (strain No. 22) and Moscow (strain 
No. 8) and also in Moscow in the influenza outbreak during the winter of 1968-1969. These s t ra ins  under-  
went 10-15 success ive  passages  through the allantois of chick embryos.  The t i te rs  of the i r  infectivity for 
chick embryos  as a rule were  not below 107-10~/ml. Strain A2 Moscow 8/67  was obtained f rom the Depart-  
ment of Virology, Central Postgraduate  Medical Institute, as an inhibi tor- res is tant  variant  [7]. The virus  
was injected into albino mice either as a dose of 1 ml in to the  caudal vein or as a dose of 0.02 ml int rana-  
sally. 
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Fig. 1. Myocardial  lesions in mice 7 days af ter  intravenous injection 
of A2 influenza virus  (see Table 2 for the preparat ions  of animals used 
in the control tes ts  accompanying the experiments to study the effect of 
imuran on the development of myocardi t is ;  stained with hematoxylin and 
eosin): a) collection of histiocytes and lymphocytes by the wall of a 
vein in the ventr icular  septum (500 • b) small  focus of interst i t ial  myo- 
cardit is  in wall of right ventr ic le  (500 x); c) focus of mixed interst i t ial  
and parenchymatous myocardi t is  in wall of left ventr icle  (220 x); d) ex- 
tensive necrotic focus in wall of right ventr ic le  with damage to endo- 
cardium and subendocardial  zone of vent r icular  septum (60 • 

Altogether 780 mice of different ages were used in the experiments:  3 weeks (weight 7-8 g), 6 months 
(15-20 g), and 1-1.5 years  {25-30 g). The animals were killed on the 7th day after  injection of the virus.  
In one experiment 56 mice were kept under observation for 30 days (survival control). 

The f irs t  step in the experiments with the immunodepressant  imuran (6-azathioprine) was to de te r -  
mine the subtoxic dose, which is 20 mg for mice weighing 25-30 g. Imuran solution (30 mg/ml) was injected 
f rom a syringe (needle with an olive) into the esophagus in a dose of 0.1 ml d~iily, under general  anesthesia; 
on the 2nd day the animals received an intravenous injection of 1 ml vi rus-conta ining allantoic fluid (strain 
2/68) .  

Virus was isolated f rom the blood and heart  in chick embryos for 7 days af ter  the beginning of the 
experiment.  The heart  was fixed in 10% neutral formalin and embedded in paraffin wax; sections 5-7 
thick were  stained with hematoxylin and eosin. 

E X P E R I M E N T A L  R E S U L T S  

All the strains of influenza virus  used caused some degree of pathological changes in the heart  muscle 
of the infected animals. In mild cases these changes tool~ the form of c i rcula tory  dis turbances (severe con- 
gestion and stasis),  the appearance of "cuffs" of lymphocytes and hist iocytes around individual vesse l s  
(Fig. la), and the development of small  foci of degenerative changes in the muscle fibers (unevenness of 
staining, disappearance of c ross  striation, and so on).  Changes of this type were not regarded  as features  
of myocardi t is .  

Lesions of the hear t  muscle of myocardi t is  type (Table 1) were  usually focal in charac te r  and were 
localized in the interstitial tissue. The impression was gained that in mice infected with influenza virus, 

by contrast with mice infected with Coxsackie virus [6], the primary lesion is in the vascular system of the 
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T A B L E  1. M y o c a r d i t i s  Induced  in Mice  by A2 In f luenza  V i r u s  

S main of virus 

Hong Kong 

Smolensk 22/67 

Moscow 8/67 

MOSCOW 1/68 

Moscow 2/68 

MOSCOW 49/68 

MOSCOW 76/68 

Weight of 
animals 
(in g) 

Mode of 
injection 

Day of .L 

taking I !  '~ 
materiall o2  

7--8 
15--20 
15--20 
15--20 
15--20 
15--20 
25~30 
25--30 
15-420 
25 --30 
25--30 
25--30 
15--20 
25~30 
15--20 
25--30 

Intravenously 

Intranasally. 
Intravenous1 
Intranasally y 
Intravenously 
Intranasally 
Intravenously 

N 

n 

n 

i ,  

i 

n 

i i  

7 �84 

7 
7 
7 
7. 
7 
7 
7. 
7 
7 
7 

3O 
7 
7 
7 
7 

50 
56 
37 
40 
20 
90 
17 
40 
25 
25 

107 
56 
21 
19 
22 
25 

Number of ani- 
mals with myo- 
cardial lesions 

abs. % 

0 
9 16,1 
2 5,4 
6 15.0 
0 

13 14,4 
23,5 

130 25,0 
12,0 

301 4,0 28,0 
16 28,6 
0 
2 10,5 
2 9,1 
I 4 ,0  

TABLE 2. Effect of Imuran on Develop- 

ment of Heart Lesions in Experimental 

Influenza 

Material injected ~ i ~ l  Number ~ ani- 
into mice '~ , reals with myo- 

cardiaI lesions 

I 
Imuran . . . . . . . . .  ] 39 
A2 influenza virus. " I 48 
Imuran + A2 influenza 

virus . . . . . . . . .  43 

abs. % 

0 
10 21 

0 0 

m y o c a r d i u m ;  c ha nge s  in the  h e a r t  m u s c l e  de ve lop  s e c o n d a r i l y ,  
a s  a r e s u l t  of d i s t u r b a n c e  of the  b lood  supp ly .  Consequen t ly ,  
i n f luenza l  m y o c a r d i t i s  in m i c e  is  c h a r a c t e r i z e d  m o s t l y  by 
foca l  i n t e r s t i t i a l  l e s i o n s  (Fig .  l b ) ,  which  change  only in t he  
l a t e r  s t a g e s  into m i x e d  i n t e r s t i t i a l  and p a r e n c h y m a t o u s  f o r m s  
(Fig .  l c ) .  In r a r e  c a s e s  the  l e s i o n s  a f fec t  wide  a r e a s  of t he  
h e a r t  m u s c l e  (Fig.  l d ) .  

A f t e r  i n t r a n a s a l  in fec t ion ,  i . e . ,  the  n a t u r a l  mode  of e n -  
t r y  of the  v i r u s ,  the  i n c i d e n c e  of m y o c a r d i t i s  was  r a t h e r  
l o w e r  than  a f t e r  i n t r a v e n o u s  in j ec t ion .  F o r  i n s t ance ,  a f t e r  
in fec t ion  wi th  A2 in f luenza  v i r u s ,  s t r a i n  S m o l e n s k  2 2 / 6 7 ,  
i n t r a n a s a l l y  l e s i o n s  of t he  m y o c a r d i u m  w e r e  found in only 2 
of 37 m i c e  (5.4%), w h e r e a s  a f t e r  i n t r a n a s a l  i n j ec t i on  of A2 in -  

f l uenza  v i r u s ,  s t r a i n  Moscow 8 / 6 7  into m i c e  we igh ing  15-20 g no c ha nge s  w e r e  found w h a t e v e r  in t he  m y o - . .  
c a r d i u m .  H o w e v e r ,  a f t e r  i n j ec t i on  of the  i n h i b i t o r - r e s i s t a n t  v a r i a n t  of s t r a i n  Moscow 8/67  into  o l d e r  m i c e  
(weighing 25-30 g), t he  d i f f e r e n c e s  in the  p e r c e n t a g e s  of i n c i d e n c e  of m y o c a r d i t i s  depend ing  on w h e t h e r  the  
v i r u s  was  g iven  by  the  i n t r a n a s a l  o r  t he  i n t r a v e n o u s  r o u t e  w e r e  not s i g n i f i c a n t  (23.5 and 25.0%). In m o s t  
e x p e r i m e n t s  to  t e s t  t he  a b i l i t y  of v a r i o u s  s t r a i n s  of A2 in f luenza  v i r u s  to  p r o d u c e  m y o c a r d i a l  l e s i o n s  the  
in fec t ious  m a t e r i a l  was  t h e r e f o r e  i n j e c t e d  i n t r a v e n o u s l y .  

The  da t a  in T a b l e  1 show tha t  when the  v i r u s  was  i n j e c t e d  by  t h i s  r o u t e  the  r e l a t i v e  i n c i d e n c e  of m y o -  
c a r d i a l  l e s i o n s  d e p e n d e d  m o r e  on the  p r o p e r t i e s  of the  v i r a l  s t r a i n s  u s e d  than  on any o t h e r  f a c t o r s .  

In e x p e r i m e n t s  to  s tudy  the  s u r v i v a l  r a t e  of 56 m i c e ,  o b s e r v a t i o n s  con t inued  on the  a n i m a l s  fo r  1 
month a f t e r  in fec t ion  wi th  t he  mos t  " c a r d i o t r o p i c  �9 s t r a i n  (Moscow 2 / 6 8 ) .  A l l  t he  a n i m a l s  r e m a i n e d  a l i ve ,  
but  h i s t o l o g i c a l  i n v e s t i g a t i o n s  showed  tha t  m o r e  than  ha l f  of t h e m  had a m o r e  i n t e n s i v e  p a t t e r n  of t he  m y o -  
c a r d i a l  v e s s e l s ,  c a u s e d  by  t h i cken ing  and c o n d e n s a t i o n  of t he  a d v e n t i t i a l  connec t ive  t i s s u e ,  by  m i c r o f o c i  of 
s w o l l e n  m u s c l e  c e l l s  with g r o u p s  of e n l a r g e d  nuc le i ,  and by  s m a l l ,  d e n s e  cuffs  of h i s t i o c y t e s  n e a r  t he  s m a l l  
b l o o d  v e s s e l s .  R e s i d u a l  t r a c e s  of  p r e v i o u s  m y o c a r d i t i s ,  c o n s i s t i n g  of s m a l l  foci  of m y o c a r d i a l  s c l e r o s i s ,  
dense  c o n c e n t r a t i o n s  of h i s t i o c y t e s ,  and a few m a c r o p h a g e s  i n t e r s p e r s e d  with t h e m  (ma in ly  n e a r  the  e n d o -  
c a r d i u m ) ,  r e m a i n e d  in 16 of the  56 m i c e  (28.6%). In one c a s e  c o m p a r a t i v e l y  r e c e n t  foc i  of p r o l i f e r a t i o n  of 
connec t i ve  t i s s u e ,  r i c h  in c e l l s ,  w e r e  found b e ne a th  the  e n d o c a r d i u m ;  t h i s  c r e a t e d  the  i m p r e s s i o n  of a m o r e  
p r o t r a c t e d  p r o c e s s  r e s e m b l i n g  c h r o n i c  p r o d u c t i v e  m y o e a r d i t i s  in c h a r a c t e r  L1]. 

The  v i r o l o g i c a l  i n v e s t i g a t i o n s  showed  tha i  w h e t h e r  the  v i r u s  w a s  i n j e c t e d  i n t r a n a s a l l y  o r  i n t r a v e n o u s l y  
the v a r i o u s  s t r a i n s  cou ld  be  d e t e c t e d  ia  the  b lood  unt i l  t h e  5 th -7 th  day  of  t he  e x p e r i m e n t .  H o w e v e r ,  t he  con-  
c e a t r a t i o n  of the  v i r u s  in t he  b lood  f e l l  s h a r p l y  a f t e r  the  1s t  day.  V i r u s  was  found in t he  h e a r t  m u s c l e  in 
s o l i t a r y  c a s e s  but  only  in m i n i m a l  amoun t s  and  fo r  1-2 d a y s  in m i c e  which  had  v i r u s  in t he  b lood.  C o n s e -  
quent ly ,  t h e r e  i s  r e a s o n  to  s u p p o s e  t ha t  i n f l uenza  v i r u s  r e p r o d u c e s  n e i t h e r  in the  b lood  s t r e a m  nor  in the  
h e a r t  m u s c l e .  The  l e s i o n s  d i s c o v e r e d  in t h e  m y o c a r d i u m  ( m o r e  p r e c i s e l y ,  p r i m a r y  a l t e r a t i o n  of the  b lood  
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vesse ls  and capil laries of the heart) cannot there fore  be connected with reproduction of the v i rus  in the 
muscle or connective t issue elements of the heart  wall or with its direct  harmful  action. 

In view of repor ts  that the myocardial  lesions in infectious diseases may be al lergic in nature [1, 3, 
5], in a ser ies  of experiments on 50 mice weighing 25-30 g infection of the animals with influenza virus  was 
preceded by lowering their  immunoreact ivi ty  with imuran (Table 2). After  administrat ion of imuran alone, 
11 of the 50 mice died on the 2nd-5th day; after injection of the virus  alone 2 mice died on the 3rd day; in- 
fection after administrat ion of imuran led to the death of 7 mice on the 3rd-4th day. The resul ts  of these 
experiments were striking: none of the 43 animals showed any sign of a lesion of the hear t  muscle or  the 
vesse ls  of the heart.  It must be par t icular ly  emphasized that in control  experiments in which vi rus  was 
given without imurso severe  lesions of the hear t  were  found in 10 of the 48 mice (20.8% of the animals).  
The charac te r  of these lesions in the control experiments  was the same as that descr ibed above. Conse- 
quently, there  is no doubt that the absence of lesions of the myocardium in the experiments  with imuran was 
in fact due to the action of the immunodepressant .  

The absence of reproduct ion of the v i rus  in the heart  t i ssues  thus indicates that influenza vi rus  has 
no direct harmful  action on the hear t  t i ssues .  The significant differences in the ability of the various 
s t rains  of A2 influenza vi rus  to cause the development of myocardi t is  and, in par t icular ,  the absence of dis-  
cernible lesions of the hear t  t i ssues  in animals receiving the immunodepressant  demonstrate  the important  
role of the toxic proper t ies  of the virus  and the immunological response of the host in the pathogenesis of 
the cardiac  lesions in experimental  influenza. 
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