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Summary. - A previously described cold adapted (ca) attenuated 
virus,  K/25, derived f r o m  parent strain A/Krasnodar/101/59 
(H2N2), w a s  fur ther  modif ied by 35 additional passages  in chick 
e m b r y o s  at suboptimal  temperature.  T h e  v i rus  obtained had 
retained a distinct ts  and ca phenotype  and s o m e  other  markers  o f  
attenuation b u t  d i f fered  f r o m  formerly  isolated ca variants by its 
higher  genetic  stability connected with an increased growth capa­
city in chick emryos .  
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Introduction 

I n  a previous  paper  (Panzig  et al., 1984) w e  repor ted  o n  character izat ion o f  
s o m e  t s  m u t a n t s  isolated in t h e  c ou r s e  o f  cold  passages.  Desp i t e  o f  t h e  fac t  t ha t  
t s  m u t a t i o n s  cou ld  b e  de tec ted  in 5 o r  6 g e n e s  respectively,  t h e  gene t i c  stability 
a f t e r  25 a n d / o r  40 cold  passages  was  n o t  suff ic ient .  F u r t h e r m o r e ,  it could  b e  
s h o w n  tha t  g rowth  capacity in chick e m b r y o s  decreased  in t h e  cour se  of  
passages.  I n  o r d e r  t o  ob ta in  m o r e  s table  m u t a n t s  a n d  t o  increase  s imul ta­
neous ly  t h e  g rowth  capacity in chick e m b r y o ,  w e  dec ided  t o  c h o o s e  t h e  25th  
cold passage ut i l izing its good  a t t enua t ion  as  n e w  star t ing po in t  f o r  f u r t h e r  cold 
passages.  

Materials and Methods 

Obtaining of the variants. H u m a n  i n f l u e n z a  v i r u s  A / K r a s n o d a r / 1 0 1 / 5 9  s t ra in  w a s  passaged  in 
C E F  c u l t u r e s  in t h e  p r e s e n c e  o f  t ryps in  a s  p rev ious ly  desc r ibed  (Panz ig  et al.. 1984). A f t e r  25 pas­
s ages  a t  28  ° C  in C E F  c u l t u r e s  t h e  passages  w e r e  c o n t i n u e d  in t h e  chick e m b r y o  a t  27 ° C  (F ig .  1). 

Determination of attenuation markers. T e s t i n g  o f  ca p h e n o t y p e  w a s  d o n e  in C E F  c u l t u r e s  in t h e  
p r e s e n c e  o f  t rypsin  b y  c o m p a r i n g  t h e  infect ivi ty  l i t re  a t  27  n C  a n d  33  ° C  ( P F U / m l ) .  T h e  t s  p h e n o ­
t y p e  w a s  d e t e r m i n e d  by t i t ra t ion  in chick  e m b r y o s  ( C E )  a t  33 ° C  a n d  39.5 ° C .  

Studies on virus reproduction in the lungs of hamsters w e r e  p e r f o r m e d  a c c o r d i n g  t o  t h e  m e t h o d  o f  
S p r i n g  et al. (1975, 1977) a s  de s c r i be d  in de ta i l  ear l ie r  (Panz ig  et al.. 1984). 
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Recombination test for detection ofts mutations. R e c o m b i n a n t s  w e r e  prepared in C E F  cul tures  
' u s i n g  t s  m u t a n t s  o f  FPV wi th  t s  m u t a t i o n s  in g e n e s  1 , 2 , 3 ,  5 , 6 ,  7 a n d  8 according  t o  t h e  m e t h o d  o f  

Ghenkina  a n d  G h e n d o n  (1979) a s  prev ious ly  descr ibed  (Lisovskaya  et at., 1981; G h e n d o n  et al., 
1984). For  identif ication o f  t h e  t s  mutat ion  in g e n e  4,  recombinat ion  w a s  p e r f o r m e d  in chick 
e m b r y o s  (CE) a s  descr ibed  e l s e w h e r e  (Panzig  et al., 1984). 

Genome analysis of the ca variant. T h e  g e n o m e  composi t ion  o f  t h e  var iant  w a s  ana lyzed  accor­
d ing  t o  t h e  m e t h o d  o f  H a y  et al. (1977).  M o r e o v e r ,  a s e pa r a t i on  o f  s ing le  s t r a n d e d  (ss)  R N A  w a s  
d o n e  b y  e l e c t r o p h o r e s i s  in 3 % a c r y l a m i d e  gel  c o n t a i n i n g  8 m o l / 1  u r e a  a c c o r d i n g  t o  t h e  m e t h o d  o f  
F loyd  et al. (1974).  

Determination of genetic stability of ca variants in chick embryos. S e v e n  suces s ive  passages  in 
chick  e m b r y o s  a t  3 7  C w i t h  subcu l t i va t i on  a t  39.5 ° C  b e t w e e n  t h e  pa s sages  w e r e  p e r f o r m e d .  T i t r a ­
t i o n s  w e r e  d o n e  in C E  a t  3 3  ° C .  I n  s o m e  d i f f e r e n t  w a y  v i r u s  w a s  p a s a g e d  a l t e rna t ive ly  a t  39 .5  ° C  
a n d  33  ° C  in C E  a l t o g e t h e r  7 t i m e s .  A n o t h e r  t e s t  w a s  d o n e  b y  success ive  passages  a t  s e m i p e r m i s -
sive t e m p e r a t u r e  (37 ° C )  u s i n g  h igh  i n o c u l a t i o n  d o s e s .  

Genetic stability of the ca variants in animals w a s  s t u d i e d  by d e t e r m i n a t i o n  o f  t h e  ca  a n d  t s  
p h e n o t y p e s  o f  g iven  v i r u s  g r o w n  in t h e  l u n g s  o f  h a m s t e r s  b y  c o m p a r i n g  t h e  p la t ing  e f f i c iency  a t  
27 ° C ,  33  ° C ,  a n d  39.5 ° C  respect ive ly ,  a n d  add i t iona l ly  by i n o c u l a t i o n  o f  C E  a n d  s u b s e q u e n t  i n c u ­
b a t i o n  a t  39.5 ° C  f o l l o w e d  b y  t i t r a t ion  a t  33  ° C .  

Evaluation of antigenic and immunogenic activity of the ca variants in animals. P a i r e d  s e r a  w e r e  
t a k e n  f r o m  h a m s t e r s  b e f o r e  vacc ina t ion  a n d  2 1  d a y s  a f t e r  i n f e c t i o n  b y  t h e  in t r anasa l  r o u t e  w i t h  105  

I D 5 0 .  A n t i b o d y  r i se  w a s  m e a s u r e d  b y  m e a n s  o f  h a e m a g g l u t i n a t i o n  i n h i b i t i o n  ( H I )  t e s t .  A f t e r  3 
w e e k s  e a c h  a n i m a l  w a s  c h a l l e n g e d  w i t h  105

 I D 5 0  o f  t h e  egg-g rown v i r u l e n t  s t r a in  A / K r a s n o d a r /  
101/59.  

Studies on non-transmissibility of the ca variant in animals. T w o  o u t  o f  10 h a m s t e r s  w e r e  i n f e c t e d  
wi th  105ID5o b y  t h e  in t r anasa l  r o u t e .  A f t e r  1 h r  s e pa r a t i on ,  t h e  i n f e c t e d  a n i m a l s  w e r e  p u t  t o g e t h e r  
w i th  t h e  n o n - i n f e c t e d  o n e s .  B l o o d  s a m p l e s  t a k e n  f r o m  h a m s t e r s  b e f o r e  i n f e c t i o n  a n d  2 1  d a y s  p o s t  
in fec t ion  w e r e  t e s t e d  b y  m e a n s  o f  H I  t e s t  a n d  c o m p a r e d  w i t h  s e r a  f r o m  n o n - i n f e c t e d  h a m s t e r s .  

Haemagglutination inhibition test. T h e  t e s t  w a s  p e r f o r m e d  a s  m i c r o m e t h o d  a c c o r d i n g  t o  t h e  
r e c o m m e n d a t i o n  o f  W H O  (1982).  S e r a  w e r e  t r e a t e d  w i t h  K J O 4  a n d  t h e n  i n c u b a t e d  a t  5 6  ° C  f o r  3 0  
m i n  t o  d e s t r o y  t h e  non - spec i f i c  inh ib i to r s .  

Preparation of ca reassortant viruses with actual surface glycoproteins. A l l a n t o i c  f l u i d  o f  wi ld  t y p e  
s t ra in  A / D r e s d e n / 1 / 8 3 ,  d i l u t e d  1:10, w a s  inac t iva ted  b y  UV- l igh t .  S a m p l e s  w i t h  r e d u c e d  in fec -

f t i o u s  t i t r e  o f  103 ,  104, a n d  105
 E I D 5 0  w e r e  d i l u t e d  t o  a n  e n d p o i n t  o f  10"'  E I D s o / m l ,  m i x e d  w i t h  

t equa l  pa r t s  o f  c a  va r i an t  K / 6 0  ( a t  e a c h  c a s e  103
 E I D 5 0 )  a n d  i n o c u l a t e d  i n t o  e m b r y o n a t e d  eggs.  T h e  

y a l l an to ic  f l u i d  h a r v e s t e d  a f t e r  48  h r  w a s  t r e a t e d  w i t h  a n t i s e r a  aga ins t  A / K r a s n o d a r / 1 0 1 / 5 9  ( H I -

a t i t r e  1:5120) f o r  e l i m i n a t i n g  v i r u s e s  c o n t a i n i n g  h a e m a g g l u t i n i n  a n d  n e u r a m i n i d a s e  o f  t h e  c a  
~ va r ian t .  T h i s  p r o c e d u r e  w a s  r e p e a t e d  3 t i m e s - f o l l o w e d  by 2 - 4 p l a q u e  pas sages  in C E F  c u l t u r e s .  

1 Results 

^ Biological properties of the ca variant K/60 
T h e  resu l t s  s h o w n  in  T a b l e  1 d e m o n s t r a t e  t h a t  t h e  c a  var iant  K / 6 0  re t a ined  

t h e  dis t inct  t s  a n d  ca  p h e n o t y p e s  o f  t h e  f o r m e r  ca  var iant  K / 2 5 .  S o m e  o t h e r  
markers  o f  a t t enua t ion  as  p l a q u e  size,  decreased  stability o f  infectivity a f t e r  

n 30 m i n  incuba t ion  at 50 °C, a n d  r educed  capacity o f  r ep roduc t ion  in  l u n g s  o f  
1- hams te r s  a lso cou ld  b e  de tec ted .  B u t  in cont rary  t o  t h e  ca  var iant  K / 2 5  a n d  t o  
1. t h e  p a r e n t  s t rain A /Kra s noda r /101 /59 ,  t h e  n e w  var iant  h a d  a n  increased 
e g rowth  capacity in chick embryos .  

Identification of genes containing ts mutations 
f T h e  da t a  p r e sen t ed  in T able  2 i l lustrate t h a t  by cross ing t h e  var iant  K / 6 0  w i th  
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A/Krasnodar/101/59 (H2N2), allantoic fluid, 36  °C 
2 plaque passages, C E F ,  33 °C 

passages in CEF* 

25. passage, C E F ,  28 °C —* 2 plaque passages, C E F ,  33 °C 

passa­
ges in 

C E  I K./25 

35. passage, CE,  27 °C —» selection by limit dilution,  

C E ,  33 °C 

Fig. 1 
T h e  passage history of t h e  cold adapted variant K/60 passaged in C E  fibroblasts (CEF) in t h e  

presence of trypsin 

FPV ts  m u t a n t s  t s  29, ts  131, ts  303/1, ts  m N 3  containing ts  muta t ions  in genes  
1,2,  7, and  8, ts+ recombinants  capable of  inducing plaques at t h e  non-permis-
sive tempera ture  were  fo rmed .  By analyzing t h e  ts  phenotype  of  clones isolated 
f r o m  plaques  at t h e  non-permissive tempera ture  it could b e  excluded that  an  
intračistronic complementation did occur. 

Crossing the variant K/60 with FPV ts mutants ts 166, ts US1, and ts  5, 
containing ts  mutations in genes  3, 5, and 6 respecively, did not yield recombi­
n a n t s  capable of  forming plaques u n d e r  non-permissive conditions.  T h e  
results  obtained allowed u s  t o  conclude that  t h e  variant K /60  contained ts  
muta t ions  in genes  3, 5, and  6. Crossing t h e  variant K /60  with FPV m u t a n t  ts  46 
in chick embryos  t h e  manifestat ion of  a ts  muta t ion  in gene  4 could b e  proved 
(not  shown).  

Studies of the genome of ca variants 
Since passages of  viruses at suboptimal  t empera ture  might  involve t h e  acqui­

sition of  o the r  than  ts  muta t ions  n o t  detectable  in t h e  recombinat ion tes t  w e  
decided to  apply t h e  analysis of  double  s t randed cRNA-vRNA hybrids and  of 
single s t randed vRNAs  fo r  detect ion of  muta t ions  in individual genes  of  t h e  ca 
variant.  By hybridization of  v R N A  of  t h e  parent  strain A/Krasnodar /101/59 



I N F L U E N Z A  V I R U S  C O L D  A D A P T E D  V A R I A N T S  337 

v - R N A  : 

c - R N A :  

Kr Kr 
K r 

Fig. 2 
Electrophoretic analysis o f  the  mobility 
of ds  RNA obtained af ter  hybridization o f  
3H-labelled cRNA from ca variants with 
vRNA of influenza virus  strain A/Krasno-

dar/101/59 
CEF were  infected with v i ruses  and incu­
bated in t h e  presence  o f  cycloheximide 
and ( 3 H)-ur id ine  f o r  3 h r  a t  3 6  °C ,  c R N A  
was t h e n  extracted a n d  hybridized with  
an excess  o f  unlabe l led  v R N A .  T h e  
samples were  t rea ted  with  S I  nuc lease  
and analysed by e lec t rophores is  in a 7.5 % 
polyacrylamide gel conta in ing  6 M urea .  
1, 2, 3, 4, 5, 6, 7, 8 - locat ion o f  cor respon­
ding double-s t randed complexes  o f  
c R N A / v R N A  (Kr=A/Krasnoda r /101 /59 ;  
C /60=ca  variant) .  

V 

with c R N A  of  t h e  variant K /60  major  differences were  observed in t h e  electrop­
horetic mobility of  segments  4 , 5 , 6 ,  and  8, coding f o r  t h e  proteins  H A ,  N P ,  N A ,  
and N S  (Fig. 2). Using t h e  m e t h o d  of ss v R N A  analysis, a f u r t h e r  difference in 
electrophoretic mobility of  segment  7 coding fo r  t h e  M protein could b e  detec­
ted possibly d u e  to  changes in t h e  secondary s t ructure  (no t  shown).  T h e  results  
obtained by recombinat ion tes t  together  with results  of g e n o m e  analysis 
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allowed u s  to conclude that ca variant K/60 contained ts mutations in genes  3 
4, 5, and 6 and additionally mutations in genes  7 and 8 which apparently were 
not ts mutations because they could not b e  revealed in the recombination tesi 
with FPV ts  mutants. 

Studies of the genetic stability of the ca variant 
T h e  genetic stability of  the ca variant was followed during successive 

passages in CE at 33 °C, alternating passages at 39.5 °C and  33 °C and  during 
successive passages at semipermissive tempera ture  (37 °C) with high inocula^ 
t ion doses.  Controls  at each passage in al together 7 passages showed that  the 
virus did n o t  change its initial t s  pheno type  (Table 4). 

T h e  s a m e  results  concerning t h e  genet ic  stability of  ts  and  ca phenotype 
were  obta ined by testing t h e  plating efficiency at 27 °C, 33 °C, and  39.5 °C ir 
C E F  o f  t h e  variant grown in t h e  lungs of  hamsters .  

Evolution of antigenic and immunogenic activities of the ca variant 
T h r e e  weeks  af ter  infection with 105 ID50  of  t h e  ca variant each of  t h e  9 vacci 

na ted  hamsters  w h o  lacked preinoculation s e rum H I  antibody developed anti  
bodies  in t h e  range of  1:40 — 1:320. Moreover, it could b e  shown that after chal 
lenge with wild type virus A/Krasnodar/101/59, by 6 weeks  post-infection the 
wild type virus failed to reproduce in the lungs of hamsters. 

Studies on non-transmissibility of the ca variant 
None o f  the 8 non-infected contact animals developed serum antibodies. 

Studies on reassortants obtained between the ca donor and an actual wild typ< 
virus 

T o  s e e  whether the properties of  attenuation, genetic stability, an< 
increased growth capacity would b e  lost by exchange of HA and NA, the straii 
K/60 was  recombined with wild type influenza virus A/Dresden/1/83 (H3N2) 
Several cold adapted temperature sensitive recombinants of  high genetic stabi 
lity with a reduced capacity of  reproduction in lungs of hamsters were obtainei 
(Table 3). 

Discussion 

Genetic stability is one of  the prerequisites to an attenuated influenza viru 
which might serve  as donor of  its attenuating genes  in producing recombinan 
live vaccines (Aleksandrova  et al., 1984). Furthermore, virus yields in chicl 
embryos  should be as high as possible. T h e  aim of the present study was t< 
stabilize the property of  attenuation of  a formerly prepared ca variant and t< 
increase growth capacity in chick embryos at the same time. A s  can b e  seei 
from Tabic 2, the strain K/60 retained some desirable properties expresse* 
already after 25 cold passages as there were several markers of  attenuation an< 
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decreased virulence for  hamsters, but  none had acquired the capacity of high 
yielding in chick embryos.  Particular attention was  paid to genetic stability of 
this variant. In a previous paper (Panzig et al., 1984) w e  described the cold 
adapted variants also derived from human influenza virus A/Krasnodar/ 
101/59 with ts mutations in 5 or 6 genes  respectively. But despite of  these 
multiple ts mutations a tendency of reversion to ts+ phenotype could b e  
observed. 

T h e  new going-out for  derivation of the ca variant K/60 had been the 25th 
cold passage of the parent strain A/Krasnodar/101/59. Surprisingly it could b e  
demonstrated that the ts  mutation in gene  1 detectable after 25 passages disap­
peared in t h e  course  of  additional cold passages in chick embryos  (Table 2). 
Nevertheless,  t h e  strain K /60  seemed  t o  b e  a genetically m o r e  stable ca variant 
in comparison t o  formerly obtained m u t a n t s  as j udged  by o u r  exper iments  
provocating t h e  ts  phenotype .  T h e  above findings suggest  tha t  t he re  is n o t  
a well established correlation be tween  t h e  n u m b e r  of  genes  carrying t s  m u t a ­
tions and  genet ic  stability of  a t tenuat ion.  T h e  results  allowed u s  t o  conclude 
that  the re  might  b e  a relationship be tween  genet ic  stability and  high growth 
capacity of t h e  strain K/60.  T o  find o u t  whe the r  t h e  a t tenuated  strain K / 6 0  
would b e  a suitable donor  virus w e  s tudied if it would  reproducibly confer  t h e  
following propert ies o n  reassortants:  satisfactory level of a t tenuat ion  and  stabi­
lity of t h e  a t tenuat ion pheno type  (ca and  t s  markers,  virulence f o r  hamster) .  

W e  f o u n d  that  5 reassortants  bearing t h e  six genes  tha t  code f o r  nonsurface  
proteins („internal genes")  f r o m  t h e  strain K /60  also were  cold adapted t empe ­
rature sensitive viruses of  high genet ic  stability. Despi te  of identical g e n e  
composit ion of  t h e  reassortants 40/16, 40 /17/1 /1 ,  40/28/1 ,  40/28/2  (Table 3) 
virus yields in lungs of hamste r s  differed by 2 .79+/ -  1.0 (reassortant 40/28/2)  o r  
5 .3+ / -  0.86 (reassortant 40/16). T h e s e  differences possibly could result  f r o m  
fu r the r  changes  of  t h e  g e n o m e  d u e  t o  point  muta t ions  additionally acquired in 
t he  process of  mat ing  t h e  parent  strains. So  it was obvious tha t  t h e  H A  g e n e  of  
t h e  strain 40/28/1  m u s t  have had  unde rgone  f u r t h e r  muta t ional  changes  since 
opposite t o  t h e  o the r  reassortants this  strain was a large plaque,  inhibitor resi­
stant variant. Despi te  of  relatively less depressed virus replication seen  af ter  
infection of  animals  with ca reassortants 40/16 and  40 /28 /1  compared  t o  t h e  
o ther  reassortants with similar g e n o m e  s t ructure  these  strains s e e m e d  t o  b e  as 
stable in regard of  their  a t tenuat ion markers  as strains men t ioned  above,  as 
could b e  proved by al together 5 - 7  alternating passages at 39.5 °C and  33 °C 
without  arising of  revertants.  Exchange  of  t h e  surface glycoproteins only did 
no t  result  in distinct reduct ion of  virulence in hamsters  as can b e  seen  f r o m  ca 
reassortant 42/8  bearing t h e  genes  4 and  6 f r o m  t h e  ca parent  (Table 3). 

T h e  present  s tudy demonst ra tes  tha t  strain K/60  possibly could serve as 
donor  of a t tenuated  genes  for  vaccine strains. 
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