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The action of the A2/Hong Kong/68 s t r a in  of inf luenza v i rus  on the c h r o m o s o m e s  of human 
ce l l s  was s tudied in p e r i p h e r a l  blood cu l tu res  from pat ients  wRh influenza and in cu l tu res  
of human diploid ce l l s  (HDC) infected with a r e f e r ence  s t r a in  of influenza v i rus .  During 
ep idemics  a s ignif icant  i n c r e a s e  in the leve l  of aneuploidy and of c h r o m o s o m a l  a b e r r a t i o n s  
was obse rved  in the acute s tage  of the d i s e a s e  in var ious  groups  of pa t ien ts  with influenza,  
re tu rn ing  to the n o r m a l  leve l  in the pe r iod  of conva lescence .  A s igni f icant  i n c r e a s e  in the 
leve l  of aneuploidy (13-21%) and of c h r o m o s o m a l  a b e r r a t i o n s  was d i s c o v e r e d  in infected HDC 
cu l tu res  between 6 and 24 h a f t e r  infect ion compared  with the cont ro l .  The p r inc ipa l  type of 
a b e r r a t i o n  both in p e r i p h e r a l  blood cu l tu res  of influenza pa t ien ts  and in HDC cu l tu res  was of 
the ch romat id  type: de le t ions ,  s ingle  f ragments ,  ch romat id  t r a n s l o c a t i o n s ,  gaps .  

The genet ic  a spec t s  of in te rac t ion  between v i r u s e s  and ce l l s  continues to a t t r a c t  the at tent ion of gene t -  
i c i s t s ,  v i r o l o g i s t s ,  and ep idemio log i s t s  because  of the unsolved p r o b l e m s  of human in t r au te r ine  pathology 
[1, 7, 8]. So fa r  as influenza v i rus  is  concerned,  i ts  ro le  in the development  of embryopa th ie s  has not yet  
been f inal ly  es tab l i shed .  

The pandemic c h a r a c t e r  of influenzal  ou tbreaks ,  affecting l a rge  groups  of the populat ion and, in p a r -  
t i c u l a r ,  women in va r ious  s tages  of pregnancy,  makes  the p rob lem of the mutagenic  act ion of influenza 
v i ru s  one of the u tmos t  impor tance  in modern  human gene t ics .  An impor tan t  ro le  in the inves t iga t ion  of 
th is  p rob lem f rom a l l  i ts  a spec t s  is  p layed by the ana lys i s  of the cytogenet ic  changes a r i s i n g  in ce l l s  infec-  
ted with influenza v i rus  in vivo and in v i t ro .  

TABLE 1. 
in Pregnant  Women with A2/Hong Kong Influenza 
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Fig. 1. S t ruc tura l  changes in c h r o m o s o m e s  of human 
pe r iphe ra l  blood leukocytes and in a diploid cul ture  of 
human embryonic  lung: a,b) chromat id  t rans loca t ions  
(in cul ture  of pe r iphe ra l  blood leukocytes);  c) c h r o m a -  
tid b r eak  (culture of pe r iphe ra l  blood leukocytes);  d) 
ch romat id  gap (culture of pe r iphe ra l  blood leukocytes);  
e) d icentr ic  and pa i red  f ragment  (HDC culture);  f) i nve r -  
ted chromat id  deletion (HDC culture); g) chromat id  
b r e a k  (HDC culture);  h) chromat id  b r eak  (HDC culture).  
G i e m s a - R o m a n o v s k y ,  10 • 90 i m m e r s i o n .  

This  pape r  gives some resu l t s  of a compara t ive  study of the action of A2/Hong Kong influenza v i rus  
on the genetic appara tus  of human cel ls  in vivo and in vi tro.  

E X P E R I M E N T A L  METHOD 

To study the action of influenza v i rus  on the c h r o m o s o m e s  of human blood cel ls  a cytogenetic  inves -  
t igat ion was made of 29 influenza patients  and 18 healthy subjects  during the per iod of the seasona l  i nc rease  
in incidence of the d i sease  (Feb rua ry -March ,  1968) and during two epidemics  of influenza J a n u a r y - F e b r u a r y ,  
1969 and J a n u a r y - M a r c h ,  1972) in Moscow. The diagnosis  of influenza was made  on the bas is  of cl inical ,  
epidemiological ,  and l abora to ry  data. The cytogenetic  invest igat ion was repeated  at in tervals  during the 
disease:  in the acute per iod ( l s t - 3 rd  day) and during convalescence  (]5th-20th day of the d isease) .  Blood 
cul tures  were  p repa red  by Moorhead ' s  method [14] and by Hunger ford ' s  m ie rome thod  [] 0]. No fewer  than 
50 metaphase  plates were  analyzed at each t ime of the investigation.  In the exper imen t s  in vi t ro  s t ra ins  
of human diploid cel ls  (HDC-9 and HDC-11) were  used. The cul ture  was f ree  f rom m y c o p l a s m a s .  Strain 
A2/Hong Kong/68 of influenza virus  was used for  infection. The cel ls  were  infected 24 h a f t e r  feeding. 
The mult ip l ic i ty  of infection was 10 EIDs0/cell in the different  s e r i e s  of exper iments .  The v i ro logica l  and 
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cytogenetic investigations of the cultures were ca r r i ed  out 3, 6, 24, and 48 h af ter  infection. The frequency 
of aneuploidy and of s t ruc tura l  disturbances of the chromosomes  was studied. The stat is t ical  analysis  of 
the resul ts  was car r ied  out with the aid of Student's cr i ter ion.  

F X P E R I M E N T A L  RESULTS 

To estimate the natural variation in the karyotype of the blood cells 1,400 metaphase plates were 
studied from healthy adults who had not undergone x-ray examination during the previous 6 months. The 
level of aneuploidy in the control group was 1.7% and the frequency of the chromosomal disturbances 
(mainly aberrations of chromatid type) averaged 2.1%. This is in agreement with results obtained by vari- 
ous workers who have studied the spontaneous level of chromosomal aberrations and of aneuploidy in cul- 
tures of human peripheral blood leukocytes [2-5]. 

During the seasonal increase in the incidence of influenza the frequency of aneuploidy in the patients 
studied averaged 11%. The chromosomal disturbances consisted of gaps, deletions, chromatid and isoehro- 
matid breaks, and chromatid translocations (Fig. I) and their frequency was 5.0-14.8% (mean 9.1%). The 
difference between the control and experimental series was significant (P <0.01). 

During the first epidemic of A2/Hong Kong influenza the level of aneuploidy in 14 influenza patients 
investigated was 4-14% (mean 8%) and the frequency of structural changes in the chromosomes was 4- 
27.7% (mean 9.2%). In the same group of patients during convalescence the mean level of aneuploidy was 
10.3% and the mean number of cells with structural disturbances of the chromosomes was 5%. The types 
of these disturbances corresponded to those in Fig. 1. The most marked changes in structure and number 
of the chromosomes were found in pregnant women with influenza during the 1972 epidemic (Table I). The 
level of aneuploidy in this group was 16-25% (mean 17.2%) in the acute stage of the disease. The structural 
disturbances of the chromosomes inclhded gaps, deletions and, less frequently, chromatid translocations, 
the frequency of which was 6-20% (mean 10.6%). Tests carried out in the stage of late convalescence re- 
vealed a decrease in the frequency of aneuploidy and structural disturbances of the chromosomes in most 
of the persons studied, down to the levels found in the control group. Statistical analysis of the results 
obtained from tests on various groups of influenza patients showed that the differences between values ob- 
tained in the acute period and the control were significant (P < 0.01). 

The study of the action of A2/Hong Kong/68 influenza virus on HDC cultures ,  the biological p rope r -  
ties of which are  s imi la r  to those of the body cells in situ [1], revealed the following consecutive infectious 
t i te rs :  0 h 102, 3 h 104, 24-48 h 106. Under these conditions a significant increase  in the aneuploidy level 
f rom 6% 3 h af ter  inoculation with the virus to 13-21% 24-48 h af ter  infection of the cells  compared with 
2-6% in the control at all periods of observat ion was observed.  Structural  changes in the chromosomes  
were found 3-6 h af ter  inoculation with the virus with a frequency of 14-16% and were  recorded at the same 
frequency throughout the experiment.  In the control  ser ies  the level of aberra t ion  did not exceed 4-6%. 
True  breaks  were found in all groups of ch romosomes  in the infected cul tures  but more  frequently in the 
cen t romere  regions of ch romosomes  of the A and B groups. Unlike in experiments  by other  workers  [6], 
no fragmentat ion or  pulverization of the chromosomes  could be detected at any t ime of the investigation. 

In mos t  influenza patients a s tat is t ical ly significant increase  in the frequency of aneuploidy and of 
s t ruc tura l  disturbances of the chromosomes  was thus found in the acute stage of the disease,  with a re turn 
of these pa ramete r s  to the normal  value during convalescence.  In HDC cultures infected with influenza 
virus a significant increase  in the level of aneuploidy and of ch romosomal  aberra t ions  was observed af ter  
3-24 h compared  with the control  cul tures .  

The wide range of variat ions in the indices found in different patients was evidently due both to the 
t ime when the blood was taken, for the viruses  acted only briefly on the cell ch romosomes ,  and to the phys-  
iological features  of the individual patients [17]. Morphologically the ch romosomal  aberra t ions  in the 
leukocyte cul tures and the HDC cultures were identical: in all se r ies  of tes ts  most  dis turbances were of 
the chromatid type: there  is experimental  evidence that this indicates damage to the chromosomes  at the 
stage of DNA synthesis [15-17]. The absence of specifici ty in the cha rac t e r  and distribution of the chro-  
mosomal  aberra t ions  by groups is in agreement  with observations of other  workers  who discovered that 
the cha rac te r  of the abnormali t ies  was the same after  the action of different mutagens:  x - r ays ,  alkylating 
compounds, and bromodeoxyuridine [11, 12]. According to the scheme of the hypothetical  mechanisms of 
int rauter ine infection suggested by Catalano and Sever [8], inherited changes in a cel l  population, especial ly 
single fragments  of chromosomes ,  can lead to the inhibition of mitosis ,  hypoplasia of organs,  mongolism, 
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mosaic i sm,  and so on. Hakosalo and Saxen [13], who studied an influenza epidemic in Finland and develop- 
mental  defects in children whose mothers  had developed influenza during the f i r s t  3 months of pregnancy,  
found cor re la t ion  between the epidemic and congenital defects of cent ra l  nervous sys tem.  A s imi la r  co r -  
re la t ion had previously been observed by Coffey and Jessop  [9]. 

In connection with the facts descr ibed above it would be interest ing to study the late sequelae of the 
disturbances in the number  and s t ruc tu re  of ch romosomes  produced by the A2/Hong Kong/68 s t ra in  of in- 
fluenza virus revealed by this investigation. 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10 

11 
12 
13 
14 
15 
16 
17 

L I T E R A T U R E  C I T E D  

A. N. Avakova and R. I. Rapoport,  Tsi tologiya,  No. 7, 830 (1971). 
N. P. Bochkov, V. M. Kozlov, A. V. Sevan'kaev, et al., Genetika, No. 10, 120 {1966). 
N. P. Bochkov, V. M. Kozlov, R. A. Pilosov, et al., Genetika, No. 10, 93 (1968). 
Yu. Ya. Kerkis  and S. I. Radzhabli, Tsi tologiya,  No. 2, 53 (1966). 
Yu. Ya. Kerkis ,  S. I. Radzhabli, T. V. Pospelova,  et al., Genetika, No. 6, 137 (1967). 
M. N. Medvedeva, G. M. Vodeiko, O. N. Ermolaeva ,  et al., in: Problems in Virology and the Patho- 
genesis  of Respi ra tory  Virus Infections [in Russian], Leningrad (1970), p. 229. 
O. T. Oganesyan, V. V. Ritova, and V. V. Chebotarev,  Vopr. Virusol . ,  No. 6, 646 (1969). 
H. W. Catalano and J. L. Sever,  Ann. Rev. Mierobiol. ,  2__55, 255 (1971). 
V. P. Coffey and W. J.  H. Jessop,  Lancet,  1, 748 (1963). 
D. A. Hungerford, Stain Technol. ,  40, 333 ~965).  
B. Hampar  and S. A. Ell ison,  Proc.  Nat. Acad. Sci. (Washington), 4._99, 474 (1963). 
B. Hampar,  J.  Dent. Res.,  4._55,561 (1966). 
J .  Hakosalo and H. Saxen, Lancet,  2, 1346 (1971). 
P. S. Moorhead, P. S. Nowell, W. Mellman, et al., Fxp. Cell IRes., 20, 613 (1961). 
W. W. Nichols, Heredi tas  (London), 50, 53 (1963). 
F. IRapp and T. S. Hsu, Virology, 5, 401 (1965). 
J. Tanzer ,  Y. Stoitchkov, P. Harel ,  et al., Lancet,  2, 1070 (1963). 

194 


