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Summary. — Ten s t ra ins  of  influenza B v i r u s  isolated in a local 
focus  dur ing  a n  influenza outbreak  were  f o u n d  t o  include 9 v i r u s  
s train v a r i a n t s  a s  demonstrated b y  di f ferent  antigenicity of their  
haemagglutinin,  ts-marker,  sensi t iv i ty  t o  heat ing  a t  56  °C/ 
3 0  min ,  a n d  t o  non-specific s e r u m  inhibi tors .  These  s t r a in s  in­
d u c e d  an t ibod ie s  in r a t s  which  in t e rac t ed  more  ac t ive ly  w i th  t h e  
v i r u s  isolated in  ear l ier  pe r iods  of t h i s  o u t b r e a k  t h a n  w i t h  t h a t  
isolated l a t e r .  I t  m i g h t  ind ica te  t h a t  al l  s t r a ins  or ig ina ted  f r o m  
t h e  s a m e  p a r e n t  s t r a in  of v i rus ,  wh ich  induced  t h e  inf luenza o u t ­
b r e a k  in t h i s  a r e a .  
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Introduction 

T h e  inf luenza B v i ru s  i s  considered t o  show less an t igen ic  var iabi l i t ies  a s  
c o m p a r e d  t o  v i r u s  A (Schild  et al., 1973; W e b s t e r  a n d  B e r t o n ,  1981). W i t h  
t h e  use  of  monoclonal  a n t i b o d y  i t  w a s  possible, however ,  t o  d e m o n s t r a t e  
an t igen ic  va r i a t i ons  be tween  inf luenza B v i ru s  s t r a ins  t h a t  were  recovered 
in d i f f e ren t  yea r s ,  a s  well a s  d u r i n g  t h e  s a m e  inf luenza o u t b r e a k  (Six et al., 
1981; L u  B a o - L a n  et al., 1983; O x f o r d  et al., 1983). W e  isolated 9 s t r a i n s  
of  inf luenza  B v i ru s  d u r i n g  a n  o u b r e a k  of t h e  disease in  a local a r ea  (Reizin 
et al., 1985) a n d  inves t iga ted  t h e m  f o r  an t igenic  a n d  some  o t h e r  va r i a t ions .  
T h e  resu l t s  a r e  p re sen ted  i n  t h i s  p a p e r .  

Materials and Methods 

Virus nlraiiiH. In a d d i t i o n  t o  t l io a b o v e  m e n t i o n e d  s t r a i n s  of  in f luenza  B v i r u s  t h e  r e fe rence  
s t r a i n s  B / H o n g k o n g / 8 / 7 3  ( B / H K ) ,  B /S ingapore /222 /79  B (Sing) a n d  B /Len ing rad /489 /80  (B /Len)  
worn u s e d ,  f o r  c o m p a r i s o n ,  t h e y  were  received f r o m  L .  A .  Tarasev ic l i  S t a t e  I n s t i t u t e  f o r  s t a n ­
d a r d i z a t i o n  a n d  Cont ro l  a n d  t h e  Al l -Union R e s e a r c h  I n s t i t u t e  c f  I n f l uenza  c f  t h e  U . S . S . R .  
M i n i s t r y  of  H e a l t h .  T h e  s t r a i n  H/2400 o b t a i n e d  f r o m  t h e  Munic ipa l  S E S  of  Moscow, which  
w a s  i so la ted  d u r i n g  t h e  s a m e  per iod  in Moscow, w a s  a l so  u s e d .  Al l  s t r a i n s  w e r e  passaged  in t h e  
a l l a n t o i c  c a v i t y  of  10-day-old chick e m b r y o s  (CE) .  

Irrmunr, nr.ra were  p r o d u c e d  in w h i t e  n o n - b r e d  r a t s  i mmun i zed  w i t h o u t  a d j u v a n t  in t h r e e  
doses ,  a t  d a y s  Í), 14, a n d  21 us ing  a v i r u s  which underwent  a t  leas t  2 p a s s a g e s  in C E  a f t e r  i t s  
or iginal  isolation. T h e  r a t s  received d i f f e r e n t  v i m s  s t i a i n s  in s imi lar  deses .  
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• h o 

cq 
5® <—* (M <M <M 

w 

m 

o GO T* 
S"  

PQ 

m 

tí 
í 
M 

I Tŕ (M Tť O P 

«5 
2^ ^ M W 00 H 

O Tŕ «5 (M cs, ^ 

>o »o 
í̂ _ fr^eô cô <N co 

Ol CO lo Tť © (N , o. 
x 

J 
« 

Í-O »o 
~ ^ - Í Í 2 3 . °  ^ ^ CO CO CO 

U1 
m 

(M oo CO <N CO "O N •O CO CO l> CO 

o 0 í ^ S  
X \ cT c 
á ?  i 
fcO £ 

. s  s 

M H pq'pq-pi fflpífqpq 
^ ^ Tř ^ T* <N 

>> 

O 



J SO REIZIN, J-'. N.  et al. 

Tahle 2. Abi l i ty  oŕ íntliieiixa H viruH strains lo  fjroivtli in cliick embryos oŕ different 
temperatures 

ViruH Htrain Reciprocal HA titre a t  temperatures:  

35 C 37.2 C 37.8 C 38.5 °C 

B/Sing./222/7!) 1280 1280 1280 — 

B/Lon./489/80 1280 1280 80 — 

B/HK/8/73 1280 04(1 100 — 

Ji/47.1 04(1 80 — 

Jí/474 2560 20 — — 

B/476 040 320 — — 

B/480 04(1 80 — — 

li/487 1 280 — — — 

B/488 1280 640 — — 

B/400 1280 :i20 40 — 

B/407 1 28(1 160 320 — 

B/4H8 640 40 80 — 
B/2466 1280 640 80 -

Note Titre  in HA < 10. 
Tlie multiplication of infection was in the* range of 0.6—1.2 HAE/CE with all strains. 

/•/dcrragglutination-inhibition (III) test was  made on microtitre pl.ites according to  Takáts i .  
The tu-marker of these s t ra ins  was  invest igated in CE at 35 C and a t  the tested temperature.  

Stabi l i ty  of v i r u s  haemagglutinin (HA) was  determined in HA test  with 1 ml v i rus  aliquots, 
which were heated a t  50 C/00 min m a water  hath and then cooled. 

Interferonogenic activity < f the v i r u s  s t i a i n  was  tested in CE cells (Reizin et ol., 1975). 

Results 

According t o  t h e  degree of  their  antigenic relationship t o  influenza v i r u s  
B/Sing, all isolated s t ra ins  were  d iv ided into 2 g roups  (Table 1). 1. Strains  
B/473, B/474, B/476, B/497 which reacted re lat ively  well w i t h  t h e  immune-
serum t o  BI Sing (1/2-1/3), a n d  2. s t ra ins  B/480, B/487, B/488, B/496, B/498 
t h a t  showed significantly lower interaction w i t h  this  se rum (1/5—1/7). Al l  
t h e  t e s t e d  s t ra ins  of  influenza B v i r u s  were  less sensi t ive  t o  ant ibody  against  
influenza v i r u s  B/HK. Antibodies  t o  the  m a j o r i t y  of  these  isolates comple­
t e ly  o r  a lmos t  comple te ly  inh ib i ted  HA of  B/Sing a n d  B / L e n .  T h e  inf luenza 
v i r u s  B / H K  showed some  sens i t iv i ty  o n l y  t o  a n t i b o d y  a g a i n s t  B/487.  

N e a r l y  all f resh inf luenza B v i r u s  isolates i nduced  an t ibod ies  w h i c h  re­
ac ted  w i t h  t h e  m o r e  r e c e n t  v i rus  isolates less ac t ive ly  t h a n  w i t h  those  re­
covered  in ear l ier  per iods  (Table  1). However ,  a n t i b o d y  t o  B /487  s t r a i n  
in t e rac t ed  equa l ly  w i th  all t e s t ed  inf luenza B v i r u s  s t ra ins .  I m m u n e  s e r u m  
aga ins t  15/498 showed  lower  in te rac t ion  w i t h  t h e  s t r a i n s  B/488  a n d  B /496  
t h a t  had been isolated earl ier ,  a n d  w i t h  15/497 s t r a i n  isola ted f r o m  t h e  s a m e  
spec imen a s  B/498. As seen f r o m  T a b l e  I, t h e  men t ioned  isolates  of t h e  
in f luenza  B viruses  d e m o n s t r a t e d  s o m e  differences in t he i r  immunogen ic  
ac t i v i t y .  
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Table 3. Termostability or liaenia(|<jlutiniii of in f luenza B v irus  strains at 56 °C/60 min. 

Virus s t ra in  Reciprocal  H A  t i t r e  

before  hea t ing  a f t e r  hea t ing  residual  a c t i v i t y  ( % )  

B/Sing./222/79 640 40  6.2 
B/Len./489/80 1280 < 1 0  0 
B /HK/8 /73  640 640 100 
B/473 320 < 10 0 
B/474 1280 1280 100 
B/476 160 40 25 
B/480 1280 160 12.5 
B/487 640 640 100 
B/488 640 640 100 
B/496 640 20 3.1 
B/497 1280 320 25 
B/498 640 1280 200 
B/2466 1280 320 25 

Virus s trains B/487 a n d  B/474 are completely or  a lmost  completely u n ­
able t o  grow i n  OE a t  37.2  cC. T h e  inabil i ty of n e w  isolates t o  replicate is 
increased a t  37.8 °C. None  of t h e  invest igated s t ra ins  was  able t o  grow i n  
(JE a t  38.5  cC; n o  H A  was  f o u n d  in t h e  allantoic fluid of C E  infected w i t h  
these s t ra ins  (Table 2). T h e  ts-characterist ics of B/487 a n d  B/496 s t ra ins  
were a lmost  unchanged  b y  addi t ional  passages in  C E  a t  op t imal  t empera tu re .  

Despite of the i r  t s -marker ,  t h e  invest igated s t ra ins  of influenza B v i rus  
induced i m m u n e  responses i n  guinea  pigs, t h e  no rma l  b o d y  t empe ra tu r e  of 
which is over  39 cC (Festing, 1976). According t o  t h e  d a t a  repor ted  else-

Table 4 .  Sensitivity of influenza B virus strains to non-specific inhibitors of normal rat scrum 

Virus s t ra in  Reciprocal t i t r e  in H T w i th  sera  

n a t i v e  h e a t e d  (56 C/30 min )  

B/Sing./222/79 - 0 
B/Len./489/80 - -
B/47IJ 1280 20 
B/474 - -
B/476 040 160 
B/480 40 -
B/487 
B/488 - -
B/496 1280 80 
B/497 - -
B/498 10 -
B/2466 - -

No te  — Ti t r e  in H I  < 10 
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shere (Othawara  et al., 1985), ts3g-strains of rubella v i rus  were not  immuno­
genic in r a b b i t s  t h a t  have  the i r  b o d y  t empe ra tu r e  over  39.5 °C. 

According t o  the i r  H A  stabi l i ty  a t  56 °C/60 min,  all t es ted  s t ra ins  of in­
fluenza B v i rus  were divided i n to  3 groups  (Table 3): thermostabi le  ( B / H K ,  
B/474, B/487, B/488), thermolabile  (B/Sing, B/Len ,  B/473, B/476, 
B/480, B/496, B/497,  B/2466) a n d  t h e  B/498 strain which H A  t i t r e  increased 
b y  heat ing.  

T h r e e  variat ion groups  were also found according t o  t h e  sensit ivi ty of 
examined  s t ra ins  t o  non-specific inhibitors of normal  r a t  serum (Table 4):  
non-sensitive (B/Sing, B /Len ,  B / H K ,  B/474, B/487, B/488, B/497, B/2466);  
sensitive t o  inhibitors of nat ive ,  b u t  n o t  of hea ted  se rum (B/480, B/498) a n d  
sensitive t o  inhibitors of na t ive  a n d  hea ted  (56 °C/30 min) serum (B/476, 
B/473, a n d  B/496). 

All tes ted s t ra ins  h a d  similar interferonogenic ac t iv i ty .  

Discussion 

T h e  d a t a  presented here  demons t ra te  t h e  heterogeneity of influenza B 
v i rus  s t ra ins  which were isolated dur ing  a n  influenza ou tb reak  in a local 
a rea .  Wi th  t h e  exception of completely similar s t ra ins  B/473  a n d  B/476, 
t h e  res t  of t h e m  differed one f rom ano the r  in some characteristics,  i.e. 9 of 
10 isolates had  strain variat ions.  

Some investigators reported t h a t  co-circulation of different  va r i an t s  of 
influenza B virus was possible a t  t h e  s ame  t ime  a n d  in t h e  same area .  There  
a r e  evidences of  s imul taneous isolation of t w o  (Webster  a n d  Ber ton,  1981), 
e ight  (La Montagne,  1980), a n d  even  14 (Oxford  et al., 1983) antigenically 
different  groups  of influenza B virus.  A s  i t  can b e  seen f r o m  th is  paper ,  
t h e  investigation of biological properties,  o the r  t h a n  antigenic,  reveals even 
more different  s train var ia t ions  of t h e  influenza virus.  

H A  of newly isolated s t ra ins  differed f rom those  of B/Sing asymmetr i ­
cally: t h e  s t ra ins  were less sensitive t o  an t ibody  agains t  B/Sing, b u t  t h e  
l a t t e r  was  completely sensitive t o  an t ibody  against  these isolates. Antigenic 
var ia t ions  between these new isolates were also one-sided: t h e y  showed 
a lower H A  sensit ivi ty t o  an t ibody  agains t  earlier isolates a n d  were com­
pletely enough sensitive t o  serum an t ibody  against  t h e  recent  isolates. I t  
migh t  po in t  o u t  t h a t  all these isolates originate f r o m  t h e  same  p a r e n t  s t rain,  
which induced t h e  influenza ou tbreak  in th i s  a rea .  

Heterogenei ty  of t h e  tes ted  influenza B v i rus  s t ra ins  seems t o  b e  ex­
plained b y  a sporadic point -muta t ion  a n d  b y  m u t a n t  selection t h a t  oc­
curred dur ing  t h e  ou tb reak .  However,  in one pa t i en t  we also observed t h e  
excretion of different  v i rus  m u t a n t s  (strains B/497 a n d  B/498). Predomi­
nan t ly ,  muta t ions  concerned H A  gene (antigenic heterogeneity,  i t s  sensi­
t iv i ty  t o  heat ing a t  56 °C a n d  t o  non-specific inhibitors).  Variabil i ty of t h e  
isolates in t h e  t s -marker  indicates, however,  t h a t  t h i s  muta t ion  can occur 
also in o t h e r  genes (Klimov  et al., 1984). 

I t  will b e  noted t h a t  variabili ty of t h e  isolated s t ra ins  d i d n ' t  influence 
t h e  clinical signs of disease. I n  all pa t i en t s  t h e  disease was  characterized b y  
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approximately similar duration a n d  intensity of febrile reactions, b y  t h e  
rate of disease manifestations a n d  b y  catarrhal symptoms.  On t h e  other 
hand, the identical immunogenicity of the  mentioned var iants  in  guinea 
pigs which h a d  high b o d y  temperature, evidenced t h a t  heterogeneity and 
ts-marker h a d  no effect  on the  antigenic properties of the  v i rus .  Therefore, 
the dr i f t  of antigenic and other characteristics of  influenza v i rus  seems t o  
have no effect on the  response of a macroorganism t o  v i rus  infection, a t  
least not  during one disease outbreak.  

Our results  indicate the  necessity t o  s t u d y  the  problem of selection of  
optimal candidates f r o m  influenza B strain var iants  t o  b e  included in the  
polytype influenza vaccines. 
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