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The dynamics  of the number  of oxyphilic inclusions (OI) and the t i t e r  of influenza antigen (IA) 
was inves t i sa ted  in expe r imen t s  on 350 albino mice  infected with A2 (Hong Kong) 68 influenza 
v i rus .  The accumula t ion  of IA in the t r a chea  took place para l l e l  with the appea rance  of OI. 
IA appea red  be fo re  OI in the ce l l s  of the a lveo la r  epi thel ium, espec ia l ly  in an imals  infected 
with a v e r a g e  doses  of the v i rus .  The biphasic  dynamics  of its d i scovery  in the r e s p i r a t o r y  
organs  c h a r a c t e r i s t i c  of this s t r a in  of influenza v i rus  c o r r e l a t e s  exact ly in  t ime  with the 2 
peaks  of IA act ivi ty  in the t r a c h e a  on the 4th day and in the lungs on the 7th-Sth day a f te r  in- 
fect ion.  The d i scovery  of IA, l ike the detect ion of OI in the affected lung t i ssue ,  is of diag-  
nost ic  impor tance ,  for  it r e f l ec t s  the dynamics  of the v i r a l  infection. 
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Oxyphilic (fuchsinophilic) inclusions (OI) a r e  constant ly  found in the cy top lasm of the epithelium of 
the r e s p i r a t o r y  t r a c t  in acute v i ra l  r e s p i r a t o r y  d i s ea se s  [1, 2, 6, 9-11]. The i r  morphology  has  been de- 
sc r ibed  in pa r t i cu l a r  detai l  in expe r imen ta l  influenza [3-5, 7]. These  cy top lasmic  inclusions a r e  a r e f l e c -  
t ion of the infectious p r o c e s s  connected with propagat ion  of the v i rus ,  and for that  r e a s o n  their  d i scovery  
is of diagnostic  impor tance .  Meanwhile no quanti ta t ive de te rmina t ion  of OI has  yet  been c a r r i e d  out in dif- 
fe ren t  s tages  of the d i sease ,  nor  has  the ex is tence  of co r r e l a t i on  between the i r  appearance  and the ac-  
cumulat ion of the v i rus  been invest igated.  

The invest igat ion desc r ibed  below was c a r r i e d  out to study this p rob lem.  

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

A2 (Hong Kong) 68 v i rus ,  a f t e r  3 p a s s a g e s  in chick embryos ,  was adapted for 15 pa s sages  to the lungs 
of albino mice ,  a f t e r  which it gave r i s e  to infection in these  an imals  followed by the i r  death, depending on 
the dose of the v i rus ,  on the 5th-10th day a f t e r  adminis t ra t ion .  In the expe r imen t s  the mice  were  infected 
in t ranasa l ly  with doses  of 10, 100, and 1000 LDs0. The accumula t ion  of the v i rus  in the lungs was de t e r -  
mined  by t i t ra t ing  a lung suspens ion  in chick e m b r y o s .  Accumulat ion of influenza antigen (IA) in the ce l l s  
was  de te rmined  (per 100 cel ls)  by examinat ion  of f i lms  f rom the t r a chea  and lung in the luminescen t  m i c r o -  
scope  by Coon ' s  method and the number  of OI was counted. F i lms  were  taken 3 and 6 h af ter  infection and 
then daily for  9 days.  To c o m p a r e  the number  of ce l l s  containing IA and OI in the cour se  of the influenzal 
infection, the method of r e g r e s s i o n  ana lys i s  was used  [8]. 

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

In the f i r s t  expe r imen t  the m i c e  were  infected with 10 LDs0 of the v i rus  (Fig. 1). The an ima l s  died 
on the 6th-9th day a f te r  infection. The content of v i rus  in the mouse  lungs r eached  its m a x i m u m  on the 4th 
and 7th days a f t e r  infection. 
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Fig, 1. Corre la t ion  between virus activity in the lungs of infected 
mice  and dynamics of the OI and IA in epithelial cells  of the t rachea  

�9 and lungs (infecting dose of virus 10 LDs0). Empty c i rc les  and t r i -  
angles r ep resen t  inclusions in the t rachea  and lungs respect ively .  
Columns show quantity of virus in lungs. Filled c i rc les  and t r iangles  
show antigen in the t rachea  and lungs respect ively .  Abscissa ,  t ime af- 
t e r  infection of animals;  ordinate:  r ight  - quantity of virus (LD50) in 
r e s p i r a t o r y  organs,  left - percentage of cells  containing OI or IA. 

Fig. 2, Corre la t ion  between vi rus  activity in lungs of infected mice  
and dynamics of OI and IA in the epithelial cells  of the t rachea  and 
lungs (infecting dose 100 LDs0), Legend as in Fig. 1. 

In the f i rs t  3-6 h, single IA granules were found a r ranged  around the nucleus in individual cel ls  of the 
t racheal  epithelium. At the same t ime tiny, so l i tary  OI appeared.  By the end of the f i r s t  day many cel ts  
with granular  cytoplasm and a large hyperchromic  nucleus,  containing IA and tiny OI, were  seen in the 
cil iated epithelium. Later  degenerat ive changes took place in the t racheal  epithelium, Many of the cei ls  
were vacuolated, some severe ly .  The nuclei of these cells  were large,  as a rule pale, but occasional ly hy-  
pe rch romic ,  and fragmented;  between the vacuoles in the cytoplasm numerous fa i r ly  large OI appeared. In 
the f i r s t  4 days af ter  infection the number  of cel ls  with intracel lular  OI cor re la ted  with the accumulat ion of 
the virus  antigen. The number of OI in the t rachea  reached a maximum on the 4th day (55%). At the same 
t ime the highest number  of cells  containing IA (57%) was observed in the t rachea .  Its content in each in- 
dividual cell  increased  and the granules  often fused together  to form large droplets,  or they were  scat tered  
diffusely throughout the cytoplasm, Later  there  was a gradual dec rease  in the number  of cells  with IA and 
OI or they disappeared completely,  

The a lveolar  epithelium showed no distinct changes during the f i r s t  2 days. Meanwhile only individual 
cel ls  containing IA and OI were  seen in fi lms from the lungs. However,  by the end of the 2nd day the num- 
ber  of cells with specific luminescence increased to 34%, much more  than the number  of cells  with OI (9%). 
The number  of cells  with IA remained  high until the end of the observation,  increas ing gradual ly to 47%; 
this cor re la ted  with the quantity of virus isolated from the lungs. The number of cells  containing OI also 
increased,  although not so regu la r ly  - to 37% by the 7th day. Jus t  as in the t racheal  epithelium, cons ide r -  
able morphological  changes took place in the alveolar  epithelium. The cells in which OI were  found were  
hypertrophied.  Their  nuclei  appeared pale or,  tess  frequently,  hyperchromic ,  and they were  somet imes  
displaced toward the per iphery.  At t imes  the cell  cytoplasm was granular ,  but la ter  it became vacuolated. 
Specific luminescence  in the alveolar  epithelium was at f i rs t  finely granular ,  and located chiefly in the 
per inuc lear  zone, but by the 5th-7th day the granules had joined into l a rge r  drops.  The OI initially also 
was smal l  and single, but as the influenza p rog res sed  they became la rge r  and m o r e  numerous .  

In the second exper iment  a l a rger  dose of virus (100 LD50; Fig. 2) was used. In this case  the animals  
began to die on the 5th-7th day and the virus  accumulated more  quickly in the lungs. 

The morphological  changes in the cells  containing OI were  the same as in the previous experiments .  
IA was found for the f i r s t  t ime in the cil iated epithelium 6 h after  infection in a fair ly high percentage (29%) 
of the epithelial cel ls .  OI were d iscovered  much more  r a re ly .  The accumulat ion of IA and OI later  took 
place paral le l  to the increase  in virus activity. F r o m  the 2nd to the 4th day IA was found in 49% of cel ls  
and OI in 49-53% of cells.  La ter  the number of cells  containing IA (25-30%) and OI (20-33%) decreased .  
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TABLE 1. C h a r a c t e r  of  P ropaga t ion  of A2 (Hong Kong) 68 Virus  in 
Lungs of Albino Mice 
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R e g r e s s i o n  coeff ic ient  B r e f l ec t s  the degree  of i nc r ea se  (+) or de-  
c r e a s e  (-) in the pe rcen tage  of affected cel ls .  

In this exper imen t ,  by con t r a s t  with the f i r s t ,  specif ic  luminescence  in the ce l l s  of the a lveo la r  ep i the -  
l ium was obse rved  dur ing the f i r s t  few hours  a f t e r  infection, s imul taneous ly  with the appea rance  of IA in the 
t r a chea l  epi thel ium. The number  of ce l l s  containing OI was much s m a l l e r ,  not m o r e  than 10-20%o Withthe 
cou r se  of t ime  this d i f ference  inc reased  s t i l l  m o r e :  on the 1st day 40 and 13.5%, on the 2nd day 54 and 
16%, and on the 3rd and 5th days the m a x i m a l  v i rus  ac t iv i ty  was obse rved  and this was accompanied  by the 
l a r g e s t  number  of cel ls  of the a lveo la r  epi thel ium containing IA (70-75%). By the end of the per iod  of ob- 
se rva t ion  (7th day) a tendency for  the number  of epi thel ial  ce l l s  containing IA to dec r ea se  began to appear  
(49%). The number  of a lveo la r  epi thel ial  ce l ls  containing OI did not exceed 20% during the f i r s t  5 days, and 
not until the 6th day was the i r  number  inc reased  to 33.5%. 

In the 3rd expe r imen t  an even l a r g e r  dose of v i rus  (1000 LD~0) was used.  Under  these  conditions the 
an ima l s  died during the f i r s t  5 days a f t e r  infection. The pathological  changes in the epithelium in the 
t r achea  and lungs obse rved  under the light m i c r o s c o p e  were  s im i l a r  to those in the previous  exper iments .  
IA was found init ially in the t r a chea l  epi thel ium: a f t e r  3-6 h luminescence  was obse rved  in individual ce l l s  
and a peak was r e a c h e d  24 h a f t e r  infection with the v i rus  (14%). La t e r  the number  of infected ce l l s  r e -  
mained  fa i r ly  constant ,  then gradual ly  fel l  to 5% af te r  5 days.  The i nc r ea se  in the number  of ce l l s  with OI 
was r a t h e r  s lower;  the f i r s t  inclusions w e r e  found a f t e r  12 h (1%), the number  r e ached  a m a x i m u m  (9-10%) 
on the 2nd-4th day, and t h e r e a f t e r  it fell  pa ra l l e l  to the d e c r e a s e  in IA. The cu rve  of the inc rease  in num- 
be r  of a lveo la r  epi thel ial  ce l l s  with specif ic  luminescence  in the f i lms  f rom the lungs was l e s s  s teep than 
that  for  the t r achea l  epi thel ium. It r e a c h e d  its  m a x i m u m  by the t ime  of the a n i m a l s '  death (11%). OI ap-  
pea r ed  in the a lveo la r  epi thel ium 12 h l a te r  than the specif ic  luminescence  (by the end of the 1st day). The 
cu rve  of the i r  accumula t ion  in the ce l l s  was s i m i l a r  in fo rm to the cu rve  of accumula t ion  of IA in the cel ls ,  
but the re  we re  fewer  ce l l s  with OI than with IA. 

The r e s u l t s  of these  expe r imen t s  indicate different  r e l a t ions  between the accumulat ion of v i rus  ant i -  
gen and the appea rance  of inclusions in f i lms  f rom the lungs and t r achea .  After  infection of the an imals  
with 10 and 100 LDs0 of v i rus ,  the accumula t ion  of IA in the t r a chea  took p lace  para l l e l  with the appea rance  
of OI, as  r e f l ec t ed  by c lose ly  s i m i l a r  values  of the r e g r e s s i o n  coeff ic ients  (Table 1} for  antigen and inclu- 
sions (25.2 and 18.7 for  a dose of 100 LDs0 and 11.9 and 11.6 for  a dose of 10 LDs0 }. IA appea red  sooner  
than OI in the ce l l s  o f  the a lveo la r  epi thel ium;  this was pa r t i cu l a r ly  evident a f t e r  infection with 100 LDs0 of 
t h e  v i rus ,  when the d i f ference  between the m a x i m a l  number  of ce l l s  with inclusions and antigen (33 and 
76%} is conf i rmed  by the co r respond ing  r e g r e s s i o n  coefficient ,  namely  1.4 and 13.0. For  the sma l l  dose of 
v i rus  definite co r r e l a t i on  was found between the dynamics  of appea rance  of IA and OI in the t r achea  and 
lungs and the dynamics  of the content  of ac t ive  v i rus ,  de te rmined  by vi rological  methods .  The diffuse 
c h a r a c t e r  of propagat ion  of this  s t r a in  of v i rus  in the r e s p i r a t o r y  organs  showed c lea r  co r r e l a t i on  with the 
peaks  of ac t iv i ty  of the v i rus  antigen in the t r achea  on the 4th day and in the lungs on the 7th-8th day a f te r  
infection. 

When the a v e r a g e  dose of v i rus  (100 LDs0) was used  t he r e  was no c l ea r  b imodal  cu rve  of accumula t ion  
of v i rus  act ivi ty ,  evidently becaus e  of  the r ap id  d i ssemina t ion  of v i rus  mult iplying in the t r a c h e a  and in the 
lungs. This  was conf i rmed  by the d i scovery  of many  (up to 70%) a lveo la r  epithelial  ce l l s  containing IA dur-  
ing the f i r s t  4-5 days  a f t e r  infect ion.  OI, however ,  we re  found at this  t ime  in a v e r y  smal l  pe rcen tage  of ce l l s .  
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The discovery not only of IA, but also of OI is thus of diagnostic importance for it shed light on the 
�9 dynamics of the viral infection. 
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