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Genetic recombinations between influenza viruses have been studied frequently. Viruses of the same [4-7] or 

different [2, 8] serological  types have been used as models in such studies. In these studies i t  became  possible to ob-  
tain different recombinations of original strains. Some of these proved to be stable; however, in the course of subse- 
quent passages, other strains reverted to the original  virus types. Al l  these experiments  have been carried out with 
paired l ive viruses. Subsequently, it  has been possible to demonstrate recombinat ion of 2 viruses, one of which was 
inact iva ted  by ul t raviolet  rays or heat  [3, 9]. These experiments are interesting in that they demonstrate the preser- 
vation in the inac t iva ted  virus of ab i l i ty  of part ia l  reproduction in a ce l l  and attest  to the possibili ty of inclusion of 
this virus mate r ia l  in the simultaneously developing act ive  virus. 

A more comple te  study of recombinat ion between the influenza viruses has been carried out in this investigation.  

M E T H O D S  

The following virus pairs have been used: duck influenza virus A [Koshitse-550] inact iva ted  by heating at 37 ~ 
for 5-6 days and l ive viruses A2paI/60,  isolated in China, and B [Moscow-39] 59, isolated in-Moscow. Sera produced 
in rats have been used. These have been prepared by the usual method (1) by immuniza t ion  of animals  with the or ig-  
inal  strains and recombinations.  The antisera titers varied from 1:320 to 1:1280. Hemagglut inat ion and hemagglu-  
t ina t ion- inhibi t ion  reactions have been carried out in the usual manner with 4 AE viruses, using 1% chicken and rab-  
bit  RBC suspensions [1]. 

Hemaggh t ina t ion  - inhibition reaction with normal  rabbit serum allowed deten-nination of sensitivity to the 
inhibitors. 

Electron microscopic studies have been carried out with electron microscope JAMSy using 80 kV. 

The viruses were adsorbed on chick erythrocytes. Phosphotungstic acid  was used for shadow casting. 

The preparations were examined and photographed in the electron microscope at  magnif ica t ion of 10,000 to 
15,000. 

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

We tried to select  c lear ly  different strains of viruses (markers), for setting up recombinat ion experiments.  The 
A group viruses, which were used for basic determinations,  had the following character is t ics  (Table  1). 

Prior to the study, virus A (duck)was passed 12 t imes in chick embryos in our laboratory, in addit ion to the pas-  
sages following the in i t ia l  isolation. Consequently, this virus could be considered comple te ly  adapted to chicken 
embryos. 

The 3rd passage of A2pal /60 was used in the experiments.  

In the first set of experiments 0.2 ml of inac t iva ted  group A virus, previously concentrated on chick erythro-  
cytes and having the hemagglut inat ion titer of 1:10,000, was inoculated into chick embryo a l lantoic  cavity;  the 

974 



TABLE 1. Characteristics of Parental Virus Types 

Characterizing marker 

Antigen 

Agglutination of rabbit RBC 
Sensitivity to inhibitors 
Morphology 

duck 

A 
+ 

Threads 

Virus 

pal/6o 

A2 

+ 

Spheres 

live virus A2 (with agglutination titer of 1:160) was intro- 

duced in 10 -2 (100 IDs0 ) dilution simultaneously, and after 

1 and 24 h. After 48 h the allantoic fluid was removed and 

analyzed for the presence of act ive virus. Chick embryos 

inoculated with eitherkil led or live virus served as control. 

In killed virus A controls no virus was detected in the 
al lantoic fluid during 3 subsequent passages. In controls with 
l ive virus A2 and in experiments with mixed live and killed 

viruses, the 1st transfer of virus showed the usual titer. 

Equal volume of 1:2 and 1:10 dilutions of anti-A2 serum was added to the first passage virus, and the mixture 

was inoculated into chick embryo allantoic cavity. The virus-containing al lantoic fluid obtained after 48 h was 

divided into 3 parts: one part was used for passage when mixed with anti-A serum, the 2nd for passage with anti-A2 

serum and the third for passage with homologous serum. After this, 2 of the obtained lines were passed 6 times in 

chick embryos. The mixture of virus with homologous serum was not passed, since the virus was completely neutra l -  

ized. The control was subjected to the same treatment  (the mixture of live A2 virus with homologous serum). 

As can be seen from the data shown on Fig. 1, two recombinants have been obtained, one of which contained 

the antigen of virus A and the other recombinant  that of virus A2. Both of them differed from the parent viruses, 
demonstrating the combinat ion of their properties. Both variants were more sensitive to the normal serum inhibitors 
than the parent variant A2. 

In the subsequent passages the first variant retained its properties, a somewhat higher abil i ty to agglutinate rab- 

bit RBC, remaining highly sensitive to inhibitors and resembling morphologically the A2 virus; the 2nd variant lost 

the abili ty to agglutinate rabbit RBC, however, retaining the morphology peculiar to virus A and a high degree of 
sensitivity to inhibitors. Subsequent studies of these variants (18 passages) did not alter their properties. Figures 2 and 
3 demonstrate the morphology of the parent virus A2 and its recombinant.  (See page 977). 

As stated above, the indicated experiments were carried out by simultaneous infection with killed and live 

viruses as we11 as by alternating injections of these agents. When the live virus was introduced 24 h after inject ion 

of the dead virus, the recombinants have been obtained with difficulty and irregularly; apparently interferon act iv-  

ity played a role. Experiments in recombination carried out in tissue cultures gave similar results. 

In the described experiments the variants were selected from a mixed population by means of suppression of 

one of the variants with homologous sera. It was of interest to study the behavior of a mixed population after serial 

passages. With this in mind, the virus population from the 2nd passage (designated on Fig. 1 by a cross) was passed 
6 times in chick embryos. Samples from the 3rd and 6th passages have been studied for the presence of S- and V- 

antigens of A and A2 viruses. 

As it can be seen from Table 2, both V-antigens have been found in the mixed population from the 3rd pas- 

sage, however, in the population from the 6th passage only V-antigen of A2 virus, i .e. ,  a component of the l ive virus, 
was present. 

In experiments described above, in addition to the genetic markers, the selected strains differed in that the in -  

activated virus has been adopted to chick embryos, while the live virus was passed only 3 times in chick embryos. 
It was interesting to establish the possibility of formation of recombinants of the 2 viruses adopted to chick embryos. 
For this purpose, influenza virus A2 was passed 18 times in chick embryos, after which t ime experiments described 
above for recombination have been repeated. It was not possible to obtain any recombinants. The virus obtained 

after infection of embryos with living and inactivated viruses was of one type, identical  with the live virus. 

Analogous experiments have been carried out with another pair of viruses--with inactivated influenza virus A 
(duck) and live influenza virus A (strain 539), isolated from swine and passed 2 and 25 times in chick embryos. 
These viruses differed in several respects. Recombinants have been obtained with the live virus, regardless of the 
number of passages it had in the chick embryos, i .e. ,  2 or 25. 

Recombination experiments were carried out also with influenza viruses belonging to different serological 
groups--with inact ivated influenza virus A (duck) and live, freshly isolated influenza virus B. No reeombinants were 
obtained, The progeny were found to be analogous to the 1ire influenza virus B. 
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TABLE 2. Antigenic Composition of the Parent Strains 

and Mixed Pc relations 

Virus 

A 

A2 

AA2, 
3rd passage 

AA2, 

6th passage 

Antigen 

V 

V 

V 

V 

Sera 

~/2 

1/4 

1/2 

1/4 

1/4 

A2 

1.14 

]/2 

1/4 

1/2 

1/4 

18 passages 6 passages 

/ I C- an  serum N N  
I H I H t .-Y.~\~2 antiseruna 

anti Nl--"x- R2 ~ ! 
IM/Iserum r  ~'~f__/" 'V 

/ vxA 
18 passages 6 passages 

Fig. 1. The scheme of passages of viruses and charac- 

teristics of obtained variants. 1) Antigen; 2) aggluti-  

nation of rabbit RBC; 3) sensitivity to inhibitors; 4) 
morphology. 

It has been demonstrated that influenza virus, having 

lost its biological activity after 5 days of incubation, re- 
tains the abili ty to form recombinants with a t i re  virus, when 
placed in a chick embryo or tissue culture simultaneously 

or after a short interval of t ime. Evidently, incorporation of 
genetic material  of the inactivated virus in the genome of 
live virus, depends on many conditions. 

In our experiments, recombinations resulted oniy from 

viruses having a common S-antigen.  The degree of 
adaptation of live virus to the tissues of biological species 
used for its propagation is also of consequence. This can be 
used to explain that freshly isolated virus A2 incorporated 

the mater ia l  of inactivated virus, while it was not possible 
to obtain reeombinants after repeated passages. However, 
this condition is not binding for all  viruses. In previous ex- 

periments with virus A, isolated from swine, repeated pas- 
sages in chick embryos did not influence its ability to fon-n 

recombinants with inactivated duck virus. It is possible 

that the freshly isolated and adapted swine virus remained 

"weak," white the human virus A2 after passages in chick 

embryos was altered in viabili ty and became "stronger." 

In future studies of recombination of viruses it is nec -  

essary to determine as many markers which differentiate 

the parent strains as possible, since the use of 1-2 markers 

may lead to false conclusions. It becomes necessary to con- 
tinue to gather new evidence pertaining to the genetic i n -  

teraction between influenza viruses, before it will be poss- 
ible to make more general evaluationsof the nature of the 

accompanying processes. 

S U M M A R Y  

A study was made of the formation of recombinations 

between human viruses of types A2, A and the duck in-  

fluenza virus. Recombinations could be obtained only with 

the viruses possessing a common soluble antigen (virus A2 

and duck influenza virus). Some of the signs of parenteral 

strains were lost by the recombinations already during the 
second passage, whereas some were retained for 18 passages. 
Recombinations were obtained with the influenza viruses 

either adapted or nonadapted to chick embryos. 
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Fig. 2. Spherical particles of virus A2, adsorbed upon chicken RBC. 
Shadowed with phosphotungstic acid. 20,000 x .  

Fig. 3. A recombinant of 6th passage A2 virus, adsorbed 
on chicken RBC. Shadowed with phosphotungstic acid. 
20,000 X. 
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