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After  in t r anasa l  infect ion of albino mice  with influenza A v i rus  labeled with p32, it was found 
to be i r r e g u l a r l y  d is t r ibuted as cong lomera te s  in the r e s p i r a t o r y  organs.  Adsorpt ion and 
pene t ra t ion  of the v i rus  into epi thel ium of the t r achea l  and bronchial  mucous m e m b r a n e  were  
obse rved  15-30 min a f te r  infection, and s imul taneous ly  with this, the alveoli  were  c l ea red  of 
v i rus  pa r t i c l e s .  

Radioact ive  i so topes  have been used to study pene t ra t ion  of v i r u s e s  into cel ls  and the mechan i sm of 
the i r  in te rac t ion  with ce l lu la r  s t r uc tu r e s  in monolayer  cul tures  [3-5, 7, 10-13, 15]. The ea r ly  cycle  of  
ontogenesis  of Myxovirus  influenzae and of ce r t a in  other  p32-1abeled v i ru ses  has  also been studied a f t e r  in-  
fect ion of chick e m b r y o s  [9, 16]. His to -au torad iographic  invest igat ion of exper imenta l  influenza in w a r m -  

blooded animals ,  differ ing in the i r  suscept ib i l i ty  to the v i rus  
respons ib le  for  this infection, is the mos t  in te res t ing  aspec t  
of this p rob lem.  To unders tand the re la t ive  low of the v i rus  
i t se l f  in the pa thogenes is  of influenzal infection, the pa th-  
ways of i ts  p r o g r e s s  and reproduct ion in the r e s p i r a t o r y  
s y s t e m  of the intact  o rgan i sm mus t  b e  studied. In one in-  
ves t iga t ion  desc r ibed  in the l i t e ra tu re ,  I131-1abeled influ-  
enzal  7 globulin was used to detect  specif ic  antigens in cel ls  
of  the nasa l  mucous membrane  of pat ients  with influenza 
and also in i m p r e s s i o n  f i lms taken f rom the mucous m e m -  
b rane  of the t r achea  and lung of mice  infected with influenza 
v i rus  [8]. 

In the p r e s e n t  invest igat ion the dis t r ibut ion of influ-  
enza v i rus  in the t i s sues  of the r e s p i r a t o r y  t r ac t  was studied 
in albino mice by the use of the isotope p32 

Fig. 1. Genera l  appearance  of f rontal  s e c -  
t ion through r e s p i r a t o r y  organs  of albino 
mouse  infected with P32-1abeled influenza 
v i rus .  Here  and in Figs.  2 and 3, staining 
by azu re -eos in .  20 x. 

EXPERIMENTAL METHOD 

Influenza virus of type A, strain Alma-Ata 770/64,was 
grown in the allantoic cavity of 10-day chick embryos into 
which a solution of radioactive phosphorus (Na2Hp3204) with 
a total activity of 560 #Ci per embryo was injected simul- 
taneously (incubation for48 h). Radiometric measurements 
were made on a B-2 apparatus with all MST-17 counter. 
Labeled virus was concentrated and purified twice by ad- 
sorption and elution on formalinized hen's erythrocytes. 

Inst i tute  of Microbiology and Virology, Academy of Sciences of the Kazakh SSR. Sc ien t i f i c -Resea rch  
Inst i tute of Indigenous Pathology,  Minis t ry  of Health of the Kazakh SSR, Alma-Ata .  Trans la ted  f rom 
Byulleten '  E k s p e r i m e n t a l ' n o i  Biologii i Meditsiny,  Vol. 70, No. 10, pp. 27--30, October ,  1970. Original  
a r t i c l e  submit ted  May 23, 1969. 

�9 1971 Consultants Bureau, a division of Plenum Put, lishing Corporation, 227 g/est 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. I 

1127 



Fig. 2. Area  of section through t rachea  (a, b) and bronchus (c, d) 
of albino mouse: a, c) immediately after infection (300 x); b, d) 15 
min after  contact with virus  (600 x). 

The index of puri ty of the result ing product  was absence of radioactivi ty of the phosphate buffer against 
which it was dialyzed. The result ing eluate had a hemagglutinating t i ter  of 1:2048, log EIDs0 = 8.23/0.2 ml, 
and the lethal dose for mice was log LDs0 =3.7/0.05 ml. The eluate, with an activity of 8000 pu l ses /min  in 
a volume of 0.1 ml, was injected in a dose of 0.05 ml intranasal ly  into albino mice weighing 10-12 g. Albino 
mice receiving 1 ~ solution in the same volume and with the same radioactivi ty acted as the control.  The 
animals were sacr i f iced immediately after infection and after  intervals  of 15, 30, and 60 min. The t rachea,  
bronchi, and lungs, removed in continuity, were t reated by Santa-Mar ia ' s  method [14] with cer ta in  modifica- 
tions in o rde r  to speed up the fixation and embedding of the sections in paraffin wax in o rde r  to allow for 
the halfiife period of radioactive phosphorus (14.3 days). Frontal  and sagittal histological sections were 
obtained from the t issues  of the r e sp i r a to ry  organs (5-7/~ in thickness), both as total preparat ions  (Fig. 1) 
and as sections f rom individual segments.  A backing of gelatin, chrome alum and ethanol was applied to 
the dewaxed sections,  after  which type R nuclear  photographic emulsion was poured over  them. The dura-  
tion of exposure was 6-10 days. After t rea tment  with amidol developer and fixation with sodium hyposulfite, 
the sections were stained with azure -eos in  by Romanovsky 's  method and examined under the microscope.  
Photomicrographs  were made with the MFN-7 attachment (oil immers ion  60 x, oc.ular 5 or  10 x). 

R E S U L T S  

Examination of h is to-autoradiographs  of the r e sp i r a to ry  organs of the albino mice showed that im-  
mediately af ter  infection the virus was present  in the lumen of the t rachea,  bronchi, and some alveoli as 
diffuse granules or  massive conglomerates .  
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Fig. 3. Area  of sect ion through albino mouse  lung: a) i m m e -  
diately a f te r  infection (300 • b} 30 min a f te r  contact  with the 

v i r u s  (600 • 

One segment  of the t r a c h e a  is  photographed in Fig. 2a, showing c l ea r ly  defined t r a cks  on i ts  inner  
su r face .  Individual tags can be seen  above the t r achea l  t i ssues ,  evidently where  not all  the v i rus  has  been 
adsorbed  on to the epi thel ium. Af ter  15 min the v i rus  is local ized in the region of the epi thel ium lining the 

middle p a r t  of  the t r a c h e a  as s epa ra t e  t r a c k s  (Fig. 2b). After  30 min the v i rus  was found in deeper  l aye r s  
of  the t r achea ,  and this  was p a r t i c u l a r l y  obvious 60 min a f t e r  infection. Judging f r o m  the number  of t r acks ,  
m o s t  v i rus  was in the t i s sues  or  i n t e r ce l l u l a r  spaces .  

A h i s to -au to rad iograph  of a sect ion through the bronchi  of an albino mouse sac r i f i ced  immedia t e ly  
a f t e r  infection with the v i rus  is shown in Fig. 2e. A la rge  col lect ion of v i rus  is  v is ib le  in the lumen of some 
of the bronchi ,  in the f o r m  of a conglomera te  composed  of confluent t r acks .  The p ic ture  was changed s o m e -  
what a f t e r  15 min: t r a cks  indicated the p r e s e n c e  of v i rus  not only in the lumen, but also above the t i s sues  
of mos t  bronchi ,  so that  some  red is t r ibu t ion  of the v i rus  among the bronchial  s y s t e m  as a whoie had ev i -  
dently taken place.  Pene t ra t ion  of v i rus  into the bronchia l  epi thel ium f rom the p e r i p h e r y  and also f rom the 
ba sa l  l a y e r  of cel ls  was v is ib le  30 min a f te r  infection (Fig. 2d). 

Examinat ion  of sec t ions  f r o m  the lung t i s sues  showed that  the v i rus  was located init ial ly in the alveol i  
as m a s s i v e  cong lomera te s ,  but that  only a few alveoli  were  so affected. An a r e a  of lung t i s sue  in which the 
alveoli  a re  i r r e g u l a r l y  filled with labeled v i rus  is shown in Fig. 3a. A smal l  number  of t r acks  a re  visible 
a f t e r  15 min, mainly  adjacent  to the walls .  La t e r  in the invest igat ion (30 min) ,s ingle  t r a cks  also were  
v i s ib le  in the lumen of the alveoli  and on the su r face  of the a lveo la r  sep ta  (Fig. 3b). No t r acks  could be 
seen  a f t e r  60 min in the lumen of the alveoli .  

In sect ions  cut f r o m  organs  of control  mice ,  radioact ive  isotope injected in t ranasa l ly  inthe same  
volume without v i rus  was detected only in ve ry  sma l l  amounts ,  which bo re  no re la t ionship  to the t ime  of the 
invest igat ion.  

Epithel ial  ce l ls  of the t r a c h e a  and l a rge  bronchi  of man and animals  suscept ib le  to influenza v i rus  
a r e  usua l ly  r ich in chemica l  r e c e p t o r s  (mucopolysacchar ides)  and a re  capable  of adsorbing the v i rus  
s t rongly.  Never the les s ,  under  the exper imen ta l  conditions used,  only p a r t  of the v i rus  was retained in the 
upper  r e s p i r a t o r y  p a s s a g e s .  It pene t ra ted  into the lower  por t ions  of the r e s p i r a t o r y  t rac t ,  including the 
alveoli .  

Redis t r ibut ion of the v i rus  in the r e s p i r a t o r y  t r a c t  was observed  15 min a f te r  infection. In the lungs, 
p32-1abeled v i ru s  diffused f rom the cong lomera te s  p r e sen t  in ce r ta in  alveoli  and sp read  a lmos t  throughout 
the lung. A s i m i l a r  red is t r ibut ion  of the cong lomera te s  took place in the bronchi  also. In the t rachea ,  
t r a c k s  could be seen  n e a r  the wal ls ,  suggest ing adsorpt ion and the beginning of penet ra t ion  of the v i rus  
into the t i s sues .  The v i rus  was found in the deep l aye r s  of the epi thel ium lining the t r a chea  and bronchi  
30 min a f t e r  infection, poss ib ly  indicating i ts  pene t ra t ion  into the cel ls .  However,  only single t r acks ,  
located ex t race l lu la r ly ,  could be seen  in the lung t i s sue  at this per iod.  It is difficult to explain why the 
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redistributed virus had left the alveoli and did not penetrate into the alveolar cells. Possibly the physio- 
logical act of respiration and the less marked affinity of the virus for alveolar cells than for  the tracheal 
and bronchial epithelium may play some role in this phenomenon. The action of cellular and humoral pro-  
tective factors likewise cannot be ruled out. 

The distribution of labeled virus part icles in the cells of the epithelium lining all segments of the 
respi ra tory  t rac t  is noteworthy. In a few cells the tracks were located in or  above the nuclei. It is con- 
sidereal that single tracks in the cytoplasm are evidence of commencing induction of virus protein. This is 
confirmed by the wri ters '  observations on the place and time of synthesis of virus antigen in the respi ra-  
tory organs of albino mice following intranasal injection of a preparation of the infectious RNA of influenza 
virus or  of intact virus part icles [1, 2, 6]. Histo-autoradiographic investigation of experimental influenzal 
infection in animals is worthy of note as a method for studying the pr imary  localization of the virus and its 
progress  among the cell systems of the respira tory organs at various times after infection. 
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