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Chronic infection of p r ima ry  t ryps inized cul tures of guinea pig embryonic  lungs with in- 
fluenza virus AO/WSN was studied. In the course of 119 days, the infected culture went 
through nine passages .  Control uninfected cultures degenerated on the 17th day after  only 
three passages .  

Chronic influenzal infection in vi t ro  has been studied mainly with the use of diploid strains [1-3] and 
transplanted line RES [4]. Increased  prol i ferat ive activity and increased  duration of survival in vi tro of 
cul tures  of diploid cells infected with influenza vi rus  AO/PR8 have been demonstra ted [1-3]. In some in-  
vest igat ions,  the appearance of t r ans fo rmed  ceils  of epithelioid type has been observed in chronically in-  
fected cultures [3, 10]. Morphological t ransformat ion  of mouse kidney cell cultures was accompanied by 
acquisition of neoplastic proper t ies  by the cells for the isologous strain of mice [10]. These findings dem-  
onstrate  that the model of chronic influenzal infection in vi t ro  is suitable for the study of the effect of in-  
fluenza v i ruses  on the prol i ferat ive function of cells and t issues .  The importance of such investigations 
is obvious in the light of data showing the role of influenzal infection in the pathogenesis of chronic diseases 
of the respiratory organs (bronchitis, emphysema) associated with pathological tissue proliferation [7, 9]. 

The object of the investigation described below was to study chronically infected cultures of the lungs 
of guinea pig embryos (GPLws N) with the Kid of several indices including changes in proliferative activity 
and lifespan in vitro compared with those of control, uninfected cultures, and to observe the possible ap- 
pearance of transformed cells with the capability of unlimited growth. 

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

A neuroviruient  var iant  of influenza vi rus  type AO/WSN was used in the investigation [8]. Pieces of 
lungs f rom guinea pig embryos  were t rypsinized by the usual method. Into each of a ser ies  of 50-ml flasks 
was added 10 ml of medium No. 199 with 10% bovine se rum (seeding dose 3 million cells). For  re inocula-  
tion of the cell cultures, a mixture consist ing of two-thi rds  of 0.2% versene solution and one-third of 0.25% 
Difco t rypsin  solution was used. Isolation and t i t rat ion of influenza vi rus  f rom samples of chronically in-  
fected cultures were ca r r i ed  out as descr ibed previously [1]. The neutral ization reaction on chick embryos  
and the inhibition of hemagglutination test  (IHT), which were ca r r i ed  out in the usual manner,  were used 
for  serologic  identification of the virus .  Diagnostic ant isera  against influenza v i ruses  AO, A1, A2, B, and 
C (Leningrad Institute of Vaccines and Sera) and rat se ra  prepared by the wr i te rs  against inf luenzaviruses  
AO/WSN and the var iants  isolated f rom chronical ly infected cultures of RES cells [4] and GPLws  N cells,  
were used for this purpose.  
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Fig. 1. Dynamics of production of 
influenza virus  AO/WSN and chief 
pa ramete r s  of survival of chroni-  
cally infected GPLws  N cultures.  
Ti ters  of WSN/GPL virus  in cul -  
ture medium. Arrows indicate 
days of subculture.  

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

A layer  of GPL cells,  washed off into a 50-ml flask, was in-  
oculated with an al[antoic culture of influenza virus  AO/WSN (mul- 
tiplicity of inoculation 0.02 EID~0/cell). After contact for  1 h at 
room tempera ture ,  the cell layer  was washed off by Hanks 's  so lu-  
tion, introduced into a flask of growth medium, and incubated at 
37 ~ The medium was changed after 48 h, and start ing f rom the 
3rd day of incubation, the G P L w s  N cultures were reinoculated. 

Nine such passages  were car r ied  out during 77 days. Before 
the third passage, the cultures were reinoculated after  the f o r m a -  
tion of a continuous monolayer  at intervals of 2-3 days in the rat io 
of 1 : 2, and later ,  after  the slowing of cell proliferation,  at in te r -  
vals  of 10-12 days in the ratio of 1 : 1. In the period f rom the 36th 

to the 56th days, a t ransient  increase  in prol iferat ive activity of the cells was again observed, and for  this 
reason the sixth subculture (42rid day) was car r ied  out in the ratio of 1 �9 2. Throughout the experiment,  cy -  
topathic changes were absent in the G P L w s  N culture.  Subculture of normal  GPL cells was ca r r i ed  out in 
parallel  t es t s  (three passages  in the course  of 17 days). F rom the 1st to the 9th day in the control culture, 
active cell prol i ferat ion also was observed,  so that the subcultures could be made at intervals of 2 days. 
By the 10th day,however,  ceil  prol i ferat ion slowed considerably,  and this coincided with the appearance of 
signs of nonspecific degeneration (granulation of the cytoplasm, rounding and detachment of some cells,  
formation of defects in the monolayer) .  On the 17th day, despite a change of medium, the control culture 
died. 

Hence, the total life span of G P L w s  N cultures in vi tro was longer than that of the control cultures by 
112 days. 

To study the dynamics of infective v i rus  production, samples of medium of G P L w s  N cell cultures 
were taken (3rd-9th day at intervals of 2-3 days, 10th- l l9 th  day at intervals  of 10-12 days). In the f i rs t  
three samples (Fig. 1), v i rus  was present  only in minimal quantities (hemagglutinins were found in single 
embryos  irmculated with whole culs fluid). F r o m  the 10th to the 19th day, the output of virus  into the 
culture medium rose sharply,  and on the 19th day the t i te r  of v i rus  in the medium reached 104.7 EID 50/ml. 
Approximately the same values were obtained for t i te rs  of v i rus  f rom the 28th to the 56th day, although on 
the 34th day a marked decrease  in output of infective virus  was observed (Fig. 1). The subsequent increase 
in the t i te rs  of virus  coincided with the period of stimulation of prol iferat ive activity of the cel ls .  Starting 
f rom the 63rd day, despite a t ransient  and slight increase  in the concentration of v i rus  (samples taken on 
the 71st and 77th days), a tendency was observed for  the t i te rs  to fall. 

In the period f rom the 10th to the 77th days, the t i ters  of hemagglutinins in the culture fluid var ied  
between 1 : 160 and 1 : 640. 

No virus  was detected in any of the samples taken f rom the 91st to the 119th day, the t ime of death 
of the G P L w s  N culture.  It was accordingly decided to tes t  for its presence in the medium by the method 
of successive subcultures in chick embryos .  However, af ter  four successive subcultures ~1o hemagglutinins 
could be found in the allantoic fluid. 

Virus isolated f rom medium of the 1st, 3rd, and 9th passages  of GPLvv~SN cultures was identified in 
the neutral ization test  and IHT as influenza virus  AO. The c rossed  THT using the original AO/WSN virus ,  
its variant  obtained previously [4], and the variant  isolated f rom the G P L w s  N culture on the 77th day, and 
the corresponding ant isera  failed to detect any antigenic differences between these v i ruses .  

The resul ts  obtained thus indicate that chronic influenzal infection considerably (by 7• increased the 
lifespan of cultures of G P L w s  N cells compared with the control.  It is noteworthy that a t ransient  increase 
in prol iferat ive activity of cultures of G P L w s  N cells (36-56th day) coincided with increased reproduction 
of v i rus .  On the other hand, af ter  the cultures had lost their  ability to maintain reproduction of vi rus ,  their  
proliferat ive activity declined sharply,  and this coincided with rapid development of nonspecific degenera-  
tion and death of the cells by the l l9 th  day. 

The causes of the gradual increase  in t i te rs  of influenza vi rus  in the medium in the period f rom the 
3rd to the 19th day are  not fully c lear .  They are  perhaps connected with one or several  factors :  a) s e l ec -  
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tion of cells more sensitive to AO/WSN virus during subculture of a mixed population of GPLws N cultures; 
b} selection of preexisting variants of influenza virus, reproducing more actively in cultures of GPL cells; 
c) the appearance of a mutant of the virus with increased reproductive activity. 

Factors such as the frequency of change of medium, intervals between subcultures, number of cells, 
and so on also have some effect on the fluctuation in levels of virus in the medium. 

It is difficult to say what lay at the base of the rapid and sudden loss in sensitivity of the cultures to 
virus. Nevertheless, it is obvious that chronic infection of GPLws N cultures with influenza virus AO/WSN 
affected some features of metabolism of the cells, determining their ability to proliferate for long periods 

in vitro. 

A similar phenomenon of increased proliferative activity of cultures of chronically infected cells and 
an increase in their lifespan in vitro as a result of infection with influenza virus AO was observed by Gav- 
rilov eta[. [1-3] and Scholtissek [Ii]. In this connection, it is curious to note that Seholtissek [ii] observed 
an increase in proliferative activity of HeLa cells by 100% after inoculation of cultures with fowl plague 
virus, belonging to the same antigenic type as group AO influenza virus, inactivated with ethylenimino- 
quinone. This indicates that the phenomenon described above is conneetedwith particular cistrons of RNA 
of the virus and does not therefore require integrity of the whole virus genome. It is important to note 
that Scholtissek concluded from his observations that influenza viruses possess oncogenic properties which, 
however, are not realized because of the cytopathic activity which is characteristic of these agents. 

In the present investigation, chronic infection of the cultures did not cause transformation of the cells. 
In other systems of cultures chronically infected with AO influenza viruses, the appearance of transformed 
cells with the capacity for unrestricted growth in vitro was observed [3, I0], while in the experiments of 
Leuchtenberger  et al. [ l l l , the cells acquired neoplastic proper t ies  for mice.  

The resul ts  obtained can help to explain some aspects  of the pathogenesis of chronic diseases  of the 
r e sp i r a to ry  organs such as chronic bronchitis and emphysema,  an essential  element in which is patholo- 
gical cell prol i ferat ion [5, 6]. In many clinical virological  investigations undertaken in recent  yea r s  it has 
been shown that repeated infections caused by myxoviruses ,  especial ly influenza vi ruses ,  play an important 
role in the pathogenesis of these d iseases  [7, 9]. It can be considered that chronic influenzal infection in 
vi t ro  will provide a model for  the subsequent explanation of other important  aspects  of the pathogenesis of 
chronic diseases  of the r e sp i ra to ry  organs.  
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