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Summary. — Specific i m m u n i t y  t o  influenza i s  associated w i t h  
a sys temic  i m m u n e  response (serum haemagglut inat ion inhibition 
ant ibody),  local respiratory  i m m u n e  response (virus-specific local 
I g A  a n d  I g G  antibodies  in  nasa l  wash),  a n d  w i t h  t h e  cell-me­
d i a t e d  i m m u n e  response .  B o t h  i n a c t i v a t e d  a n d  l ive  in f luenza  
vacc ines  i nduce  virus-specific s e r u m  a n t i b o d y  w h i c h  c a n  p r o t e c t  
a g a i n s t  in fec t ion  w i t h  in f luenza  v i r u s  possessing t h e  s a m e  a n t i ­
genic  specificity.  I n  t h e  absence  of  s e r u m  ant ibodies ,  local  a n t i ­
bodies  i n  n a s a l  w a s h  a r e  a m a j o r  d e t e r m i n a n t  of res is tance  t o  
in fec t ion  w i t h  inf luenza  v i rus .  I n  c o m p a r a t i v e  s tud ies  i n  h u m a n s  
i t  w a s  s h o w n  t h a t  n a s a l  sec re tory  I g A  develops  chiefly a f t e r  i m ­
m u n i z a t i o n  w i t h  l ive  co ld -adap ted  (CA) vaccine,  b u t  pe r s i s t en t  
n a s a l  sec re tory  I g G  w a s  d e t e c t e d  i n  b o t h  CA l ive  a n d  i n a c t i v a t e d  
vaccines .  T h e  origin of n a s a l  w a s h  ha e m a gg l u t i na t i on  inh ib i t ion  
( H I )  an t ibod ies  is n o t  comple te ly  k n o w n .  R e c e n t l y  i t  w a s  f o u n d  
t h a t  cy to tox i c  T-cells (CTL) p l a y  a n  i m p o r t a n t  role  i n  i m m u n i t y  
aga ins t  in f luenza  a n d  i n  c learance  of  inf luenza v i r u s  f r o m  t h e  
b o d y .  I n  p r i m e d  h u m a n s ,  i n a c t i v a t e d  inf luenza vacc ine  s t i m u ­
l a t e s  a cross-react ive T-cell  response,  w he rea s  t h e  ab i l i t y  of  in ­
a c t i v a t e d  vacc ine  t o  s t i m u l a t e  s u c h  i m m u n i t y  i n  u n p r i m e d  h u ­
m a n s  h a s  n o t  b e e n  d e t e r m i n e d .  D a t a  o n  t h e  T-cell  response  t o  
l ive  vacc ine  i n  h u m a n s  a r e  l imi t ed  t o  t h e  d e v e l o p m e n t  of second­
a r y  T-cell  responses  i n  p r i m e d  ind iv idua ls  vacc ina t ed  w i t h  a h o s t -
r a n g e  ( H R )  a t t e n u a t e d  vacc ine .  T h e  d a t a  o b t a i n e d  h a v e  s h o w n  
t h a t  i m m u n i t y  i nduced  b y  i n a c t i v a t e d  inf luenza  vacc ines  is  p re ­
s u m a b l y  d e p e n d e n t  o n  t h e  s t imu la t ion  of s e r u m  a n t i b o d y .  L i v e  
CA vacc ines  n o t  on ly  s t i m u l a t e  a d u r a b l e  s e r u m  a n t i b o d y  r e ­
sponse ,  b u t  also i nduc e  long-last ing local r e s p i r a t o r y  t r a c t  I g A  
a n t i b o d y  t h a t  p l a y s  a n  i m p o r t a n t  role  i n  h o s t  p ro tec t ion .  

Key words: influenza virus; live vaccine; inactivated vaccine; hu­
moral immunity, cell-mediated immunity 

Introduction 

Inf luenza  h a s  long b e e n  recognized a s  a p r o b l e m  of  b o t h  deve loped  a n d  
developing na t ions .  F o r  example ,  i n  1957 i n  t h e  U.S .A.  t h e  As i an  s t r a i n  of 
influenza v i r u s  caused a s  e s t i m a t e d  70 000 d e a t h s ;  t h e  H o n g  K o n g  s t r a i n  
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of  influenza v i r u s  t h a t  appeared in 1908 caused about  30 000 deaths  (Pre­
v e n t .  con t r .  infl., 1986). E v e n  in y e a r s  n o t  associated wi th  an t igenic  sh i f t  
m a n y  people  d i e  a s  a resul t  o f  inf luenza infect ion,  so  10 000 o r  more  excess  
d e a t h s  h a v e  been d o c u m e n t e d  in t h e  U.S.A. d u r i n g  t h e  each  of 18 d i f fe ren t  
ep idemics  f r o m  1957 t o  1985 (P reven t ,  con t r .  infl., 1986). I t  w a s  e s t ima ted  
also (New vacc ine  develop. ,  1985) t h a t  in t h e  U.S.A.  d u r i n g  a n  inf luenza 
o u t b r e a k ,  a b o u t  70 million people ca t ch  inf luenza a t  a cos t  o f  a b o u t  4.5 bil­
lion s .  

F o r  inf luenza  p r o p h y l a x i s  t w o  so r t s  of  inf luenza vaccines a r e  n o w  avai l ­
ab le :  inac t iva ted  concen t ra ted  a n d  purified f o r  pa ren te ra l  admin i s t r a t ion  
a n d  live a t t e n u a t e d  OA recombinan t  vaccines  des t ined  f o r  insti l lat ion o r  
pu lver iza t ion  in to  t h e  u p p e r  r e sp i r a to ry  p a t h s .  Most i n fo rma t ion  on t h e  
mechan i sm of  i m m u n i t y  t o  inf luenza  w a s  ob t a ined  in a n i m a l  models  which  
sugges ts  t h a t  res is tance  t o  t h e  disease can  b e  correlated w i th  t h e  presence 
o f  a n t i b o d y  t o  t h e  su r face  pro te ins  of  t h e  v i rus  a n d  t h a t  cel l-mediated im­
m u n i t y  p l ays  a n  i m p o r t a n t  role in t h e  recovery  f r o m  influenza infect ion 
(Enn i s  et al., 1982; A d a  a n d  J o n e s ,  1986). T h e r e  is m u c h  less in fo rma t ion  
ava i lab le  a b o u t  t h e  mechan i sm of  p ro tec t ion  of h u m a n  aga ins t  inf luenza 
v i ruses .  

I t  is k n o w n  t h a t  previous  infect ion of h u m a n s  w i t h  a n  ident ica l  s t r a in  of 
v i rus  confers  i m m u n i t y  u p o n  l a t e r  chal lenge.  I t  should  b e  n o t e d  t h a t  im­
m u n i t y  t o  inf luenza  can  b e  b o t h  solid a n d  long-last ing a s  s h o w n  b y  t h e  
res is tance  of' t h e  popu la t ion  older  t h a n  20—25 y e a r s  t o  H l N l  inf luenza  
v i r u s  infect ion a t  t h e  r eappea rance  of t h i s  s u b t y p e  in 1977 b y  20 y e a r s  
a f t e r  t h e  last o u t b r e a k  caused b y  t h i s  v i rus .  

Humoral antibodies 

I t  h a s  been genera l ly  accep ted  t h a t  h igh t i t r e s  of H I  a n t i b o d y  a r e  signifi­
c a n t l y  associa ted w i th  p ro tec t ion  aga ins t  a v i ru s  w i t h  a closely re la ted  
haemagglu t in in  (HA)  ( P o t t e r  a n d  Oxfo rd ,  1979). I t  w a s  also s h o w n  t h a t  
neu ramin idase  inh ib i t ing  a n t i b o d y  in s e r u m  c o n t r i b u t e d  t o  t h e  i m m u n i t y  
t o  inf luenza  ( M u r p h y  et al., 1972; Couch  et al., 1981). T h e  a n t i b o d y  response  
t o  in f luenza  v i r u s  v i ru s  o r  vacc ine  d e p e n d s  on t h e  rec ip ient ' s  p r io r  an t igen ic  
exper ience .  Dur ing  p r i m a r y  infect ion  of h u m a n s  w i t h  inf luenza  virus,  IgM 
a n d  I g G  in t h e  s e r u m  occu r  regular ly  a n d  IgA less f r e q u e n t l y ;  in  nasa l  
secret ions  IgA followed b y  IgM w a s  t h e  d o m i n a n t  response  ( M u r p h y  et al., 
1982). Previous ly  seroposi t ive s u b j e c t s  p r o d u c e d  an t ibod ies  of t h e  I g G  a n d  
IgA class m o r e  f r equen t l y  t h a n  previously  seronegat ive  persons ;  in con­
t r a s t ,  IgM an t ibod ies  occur  more  f r e q u e n t l y  in u n p r i m e d  sub jec t s  t h a n  in 
p r imed  ones  (Beyer  et al., 1986). 

Resis tance  t o  inf luenza infect ion in h u m a n s  h a s  been  corre la ted  w i t h  H I  
a n t i b o d y  nasa l  wash ings  (Couch  et al., 1974; Clements  et al., 1983; 1984) 
a n d  res is tance  t o  wild t y p e  inf luenza A infect ion h a s  been  d e m o n s t r a t e d  in 
a d u l t s  willi nasal  w a s h  neutra l iz ing a n t i b o d y ,  b u t  w i t h o u t  de t ec t ab l e  s e rum 
a n t i b o d y  (Murphy  ct al., 1973). On  t h e  o t h e r  h a n d  a con t r ibu t ion  of  s e r u m  
a n t i b o d y  a lone  h a s  been inferred f r o m  s tud ies  of  t h e  correlat ion of  res is tance  
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t o  illness caused b y  influenza A v i r u s  w i t h  t h e  level  of  maternal ly  t ransferred 
ant ibody  in t h e  neonates (Puck  et al., 1980). Perhaps  in humans  ant ibody  
present in either t h e  local or sys temic  compartment  can contribute t o  re­
s is tance t o  illness caused  b y  inf luenza v i rus ,  b u t  i t  is  possible t h a t  t o  b e  
pro tec t ive ,  H A  a n t i b o d y  m u s t  b e  p resen t  a t  t h e  mucosa l  surface ,  h a v i n g  
been  p r o d u c e d  e i t h e r  locally o r  de r ived  f r o m  se rum.  

Cell mediated immunity 

As  t o  recovery  f r o m  inf luenza  infec t ion  i t  is possible t o  a s s u m e  t h a t  an t i ­
b o d y  is  n o t  essent ia l  because  p a t i e n t s  w i t h  agammaglobu l inaemia  recover  
f r o m  inf luenza infec t ion .  D a t a  ava i lab le  a t  p r e s e n t  show t h a t  cel l -mediated 
i m m u n i t y  is  a h o s t  f a c t o r  responsible  f o r  t h e  recovery  process  f r o m  inf luenza  
infec t ion  (Enn i s  et al., 1982; A d a  a n d  J o n e s ,  1986). I n  severa l  labora tor ies  
in s tud ies  o n  mice  i t  w a s  f o u n d  t h a t  T c  l y m p h o c y t e  response  t o  inf luenza  
infect ion i s  r equ i r ed  f o r  r ecove ry  f r o m  inf luenza p n e u m o n i a  (Ada  a n d  J o n e s ,  
1986). 

S tud ie s  o n  h u m a n  vo lun tee r s  s u p p o r t  t h e  con ten t ion  t h a t  T c  cells a r e  
i m p o r t a n t  i n  r ecovery  f r o m  inf luenza v i r u s  infec t ion.  Mitchell  et al. (1985) 
h a v e  shown t h a t  Tc-cell m e m o r y  i n  per iphera l  blood l y m p h o c y t e s  corre­
la ted  w i t h  t h e  r a p i d  clearing of admin i s t e r ed  v i r u s  in individuals ,  some  of 
w h o m  lacked  specific a n t i b o d y  t o  H A  o r  N A .  

Since local a n d  s e r u m  an t ibod ies  a n d  also cy to tox i c  T-cells (Tc-cells) a p ­
pea r  t o  b e  med ia to r s  of  i m m u n i t y  t o  inf luenza infect ion,  i t  is i m p o r t a n t  t h a t  
influenza vacc ines  i n d u c e  all t hese  c o m p o n e n t s  of i m m u n i t y .  

Inactivated vaccines 

I n a c t i v a t e d  inf luenza vaccines  i n  p r i m e d  ind iv idua l s  i n d u c e d  a p ro tec t ive  
level of s e r u m  H A  a n t i b o d y  in  ove r  8 5 %  of rec ip ients  (Po t t e r ,  1982). T h e  
induc t ion  of a secre tory  a n t i b o d y  response  t o  i n a c t i v a t e d  inf luenza  vacc ines  
is d e p e n d e n t  b o t h  o n  t h e  r o u t e  of admin i s t r a t i on  a n d  on t h e  rec ip ient ' s  
pr ior  an t igenic  exper ience.  I n  u n p r i m e d  rec ip ien ts  local a n t i b o d y  responses  
a re  of low m a g n i t u d e  a n d  occur  i n f r equen t ly  a f t e r  b o t h  p a r e n t e r a l  a n d  in­
t r anasa l  a d m i n i s t r a t i o n  of t h e  vaccine .  P a r e n t e r a l  a d m i n i s t r a t i o n  o i  inac­
t i va t ed  vacc ine  p r o d u c e d  a local I g G  response  i n  9 4 %  of p r i m e d  recipients ,  
whereas  local I g A  responses  developed i n  on ly  3 8 %  (Clements  et al., 1985). 
In  con t ras t ,  a f t e r  i n t r a n a s a l  a d m i n i s t r a t i o n  of i n a c t i v a t e d  vacc ines  local 
IgA response  developed i n  t h e  m a j o r i t y  of p r i m e d  rec ip ien ts  (Wr igh t  et al., 
1983). 

A subs t an t i a l  difference b e t w e e n  t h e  response  t o  n a t u r a l  infec t ion  a n d  in­
ac t iva ted  vacc ines  is seen  w h e n  t h e  d y n a m i c s  of t h e  a n t i b o d y  response  a r e  
compared  ( P o t t e r ,  1982). S e r u m  a n d  a n t i - H A  t i t r e s  g r adua l l y  decrease  o v e r  
t he  first six m o n t h s  a f t e r  infec t ion  a n d  m a y  t h e n  persist  f o r  severa l  yea r s ,  
possibly d u e  t o  s u b s e q u e n t  infec t ions  b y  r e l a t ed  v i ru s  s t ra ins .  T h e  d u r a t i o n  
of s e r u m  a n t i - H A  a f t e r  vacc ina t ion  w i t h  i n a c t i v a t e d  vacc ine  var ies  — 
pr imed sub j ec t s  r e t a i n  p ro t ec t ive  levels of a n t i b o d y  f o r  a t  l eas t  one  yea r ,  
whereas a n t i b o d y  levels decl ine r a p id ly  in u n p r i m e d  sub jec t s .  
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' There  are  v e r y  f e w  studies  on T c  response a f t e r  immunization of h u m a n s  
with  influenza vaccines.  

McMichael et al. (J íiSJ) h a v e  demonstrated t h a t  inact ivated vaccines in 
pr imed h u m a n s  s t imulated a cross-reactive T c  cell response. However  th i s  
response is not  universal  a n d  appears  t o  b e  related t o  t h e  pre-immunization 
level of  T c  memory.  

Live cold adapted vaccines 

M u r p h y  et al. (1982) f o u n d  in s tudies  w i t h  CA l ive influenza vaccines t h a t  
y o u n g  children vaccinated with  these vaccines (H3N2 or H l N l )  h a d  serum 
IgG, IgM, and  I g A  a n t i b o d y  response. In nasal  w a s h e s  of most  of  t h e  vac-
cinees were  f o u n d  IgA a n d  IgM ant ibody  and  in 5 0 %  of vacciness, IgG 
ant ibody .  Most of  t h e  I g A  and  IgM ant ibody  w a s  act ive ly  secreted locally, 
whereas  only some of  the  IgG H A  ant ibody  could b e  shown t o  b e  act ive ly  
secreted into t h e  respiratory  t rac t .  These d a t a  indicate t h a t  intranasal  v a c ­
c ina t ion  of suscept ib le  chi ldren w i t h  CA live inf luenza A vaccines  eff iciently 
s t i m u l a t e s  b o t h  sys t emic  a n d  local a n t i b o d y  responses.  I t  should  b e  n o ' e d  
t h a t  CA live inf luenza  vacc ine  ( H 3 N 2 )  can  induce  local I g A  a n t i b o d y  n o t  
on ly  in t h e  m a j o r i t y  o f  se ronega t ive  b u t  a lso seroposi t ive  vacc ines  (Clements  
et al., 1985). 

F e l d m a n  et al. (1985) f o u n d  t h a t  a f t e r  vacc ina t ion  of seronegat ive  chil­
d r en  with CA live H l N l  in f luenza  vaccine,  on ly  5 7 %  of vaccinees  showed 
serological responses .  B u t  a n a t u r a l  H l N l  challenge which  occurred  s h o r t h r  

a f t e r  comple t ion  of t h e  vacc ina t ion  showed t h a t  m o s t  vaccinees  were  p ro ­
t ec t ed  aga ins t  infect ion a n d  s y m p t o m a t i c  illness desp i t e  i t s  fa i lure  t o  s t i m u ­
l a t e  h igh  levels  of  s e r u m  H I  a n t i b o d y .  

I n  mice CA live inf luenza vacc ine  can induce  a p r i m a r y  T c  cell response  
a n d  can  sensit ize t h e  l u n g s  f o r  a secondary  T c  cell response  (Mak  et al., 
1982; 1984). I t  w a s  f o u n d  t h a t  t h e  dose  of a live C A  vacc ine  s t r a in  requi red  
t o  induce  t h e  s a m e  level o f  T c  response  w a s  100 t o  1000 t i m e s  g r e a t e r  t h a n  
t h a t  of  t h e  p a r e n t e r a l  wild s t r a i n  (Mak  et al., 1982). T h e  difference in  dosage  
requi red  f o r  p r iming  could b e  overcome b y  g iv ing  t w o  small  doses  of  CA 
v i r u s  t h r e e  weeks  a p a r t  ( T a n n o c k  et al., J 984). Us i ng  t h i s  a p p r o a c h  CA live 
vaccine m a y  i nduce  in mice  cross-protect ion aga ins t  d i f ferent  s u b t y p e  vi­
ruses  ( T a n n o c k  et al., 1987). 

Inactivated versus live vaccines 

I n  c o m p a r a t i v e  s tud ies  of  J o h n s o n  et al. (1985) of a n t i b o d y  responses  of  
y o u n g  chi ldren  vacc ina t ed  wi th  i n t r a n a s a l  CA live vacc ines  ( H 3 N 2  o r  H l N l )  
o r  i n t r a m u s c u l a r  i n a c t i v a t e d  inf luenza  vacc ine  (H3N2) ,  i t  w a s  f o u n d  t h a t  
s ix  weeks  a f t e r  vacc ina t ion  t h e  t i t r e s  of  H A I  a n t i b o d y  were more  o r  less 
t h e  s a m e .  In o t h e r  s tud ies  i t  h a s  been  r e p o r t e d  t h a t  p a r e n t e r a l  vacc ina t ion  
with i nac t i va t ed  inf luenza vacc ine  s t i m u l a t e d  sys t emic  an t ibodies  in h u m a n s  
m o r e  eff ic ient ly  t h a n  does  i n t r a n a s a l  vacc ina t ion  w i t h  live a t t e n u a t e d  v a c ­
cine (Mann  et al., 1980; Z a h r a d n i c  et al., 1983; Cla rk  et al., 1983a, b; Cle­
m e n t s  et al., 1984). 
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Clements a n d  M u r p h y  (1986) also f o u n d  t h a t  i n a c t i v a t e d  inf luenza v a c ­
c ine  i n d u c e d  s e r u m  I g A  a n d  I g G  i n  m o s t  vacc inees  i n  c o m p a r i s o n  w i t h  C A  
l ive  vacc ine  a n d  i n d u c e d  h i g h e r  t i t r e s  o f  s e r u m  an t i bod i e s  t h a n  d i d  t h e  
l i ve  v a c c i n e  B u t  i n  c o n t r a s t  o n l y  3 8 %  o f  i n a c t i v a t e d  v i r u s  vacc ines  h a d  
local  I g A  responses  c o m p a r e d  w i t h  8 3 %  of  vacc inees  i m m u n i z e d  w i t h  C A  
l ive  vacc ine .  T h e  s a m e  r e su l t s  w e r e  o b t a i n e d  b y  Z a h r a d n i c  et al. (1983) w h o  
showed  t h a t  p a r e n t e r a l  i n a c t i v a t e d  vacc ine  w a s  r e l a t ive ly  inef fec t ive  i n  s t i ­
m u l a t i n g  neu t r a l i z ing  s e c r e t o r y  a n t i b o d i e s  w h e n  c o m p a r e d  w i t h  i n t r a n a ­
sal  C A l ive  vacc ine .  

J o h n s o n  et al. (1985) f o u n d  i n  c o m p a r a t i v e  s t u d i e s  of  i n a c t i v a t e d  ( in t r a ­
muscu la r )  a n d  C A  l ive  ( in t ranasa l )  vacc ines  o n  y o u n g  ch i ld ren  t h a t  n a s a l  
s ec re to ry  I g A  d e v e l o p e d  a l m o s t  exc lus ive ly  i n  vacc ines  w i t h  l ive  vacc ines  
a n d  pe r s i s t ed  f o r  u p  t o  o n e  y e a r  (vaccine  H 3 N 2 )  a n d  a f t e r  v a c c i n a t i o n  w i t h  
t h e  C A  l ive  v a c c i n e  H l N l ,  n a s a l  I g A  w a s  d e m o n s t r a b l e  a s  l ong  a s  3 0  m o n t h s .  
P e r s i s t e n t  n a s a l  s ec re to ry  I g G  w a s  d e t e c t e d  i n  vacc inees  v a c c i n a t e d  w i t h  
b o t h  i n a c t i v a t e d  a n d  l ive  vacc ines  b u t  t h e  t i t r e  of  t h i s  a n t i b o d y  w a s  h i g h e r  
i n  vacc inees  w i t h  t h e  CA l ive  vacc ine .  

I n  s u b s e q u e n t  s t u d i e s  b y  J o h n s o n  et al. (1986) 59  y o u n g  ch i ldren  w e r e  
d iv ided  i n t o  f o u r  g r o u p s  b a s e d  o n  p r i o r  e x p o s u r e  t o  in f luenza  A ( H 3 N 2 )  
vi rus ,  n a t u r a l  in fec t ion ,  l ive  CA vacc ine  g i v e n  i n t r a n a s a l l y ,  i n a c t i v a t e d  v a c ­
cine g i v e n  i n t r a m u s c u l a r l y ,  a n d  n o  p r e v i o u s  e x p o s u r e .  V i r u s  cha l lenge  w i t h  
homologous  l ive  C A  vacc ine  occu r r ed  12 m o n t h s  a f t e r  v a c c i n a t i o n  o r  n a t u r a l  
in fec t ion .  I t  w a s  f o u n d  t h a t  p recha l l enge  local  I g A  d e t e c t e d  a l m o s t  exc lus ­
ively  i n  s u b j e c t s  n a t u r a l l y  i n f e c t e d  o r  v a c c i n a t e d  w i t h  CA l ive  v a c c i n e  w a s  
associa ted  w i t h  p r o t e c t i o n  a g a i n s t  s h e d d i n g .  A n y  d e t e c t a b l e  n a s a l  I g A  
(Sgl log2) supp re s sed  v i r a l  shedd ing .  E f f e c t  o f  n a s a l  I g G  w a s  n o t  a s  s h a r p l y  
def ined i n  t h i s  s t u d y ;  h o w e v e r ,  a t  h i g h e r  levels  ( > 4  log2) t h e  s h e d d i n g  w a s  
r educed .  I t  s h o u l d  b e  n o t e d  t h a t  a l t h o u g h  i n a c t i v a t e d  v a c c i n e  f a i l e d  t o  
p r o d u c e  s ignif icat ion local  I g A  d u r i n g  t h e  p r i m a r y  response ,  i t  p r i m e d  i n ­
f a n t s  t o  a b e t t e r  r e sponse  t o  b o t h  n a s a l  I g A  a n d  I g G  a f t e r  cha l l enge  w i t h  
CA l ive  v i r u s .  

C lemen t s  et al. (1986a) i n v e s t i g a t e d  t h e  ro le  of  s e r u m  a n d  n a s a l  w a s h  
an t ibod ies  i n  r e s i s t ance  of  h u m a n s  v a c c i n a t e d  w i t h  C A  l ive  o r  i n a c t i v a t e d  
inf luenza  A vacc ines  t o  e x p e r i m e n t a l  chal lenge w i t h  in f luenza  A w i l d - t y p e  
vi rus .  P r o t e c t i o n  of  vacc ines  rece iv ing i n a c t i v a t e d  v a c c i n e  f o r  i n f ec t i on  o r  
illness co r re l a t ed  w i t h  t h e  level  o f  H I  a n t i b o d y  a n d  neu ramin ida se - i nh ib i t i ng  
a n t i b o d y  i n  s e r u m  a n d  local  a n t i - H A  I g G  ( b u t  n o t  I g A )  a n t i b o d y .  P r o t e c ­
t ion  of  vacc inees  rece iv ing  CA l ive  vacc ines  a g a i n s t  i n f ec t ion  co r re l a t ed  w i t h  
local a n t i - H A  I g A  a n t i b o d y  a n d  neu ramin ida se - i nh ib i t i ng  a n t i b o d y  i n  s e r u m ,  
b u t  n o t  w i t h  H I  a n t i b o d y  i n  s e r u m .  T h e  a u t h o r s  sugges t  t h a t  l ive  vacc ine -
induced  i m m u n i t y  m a y  invo lve  d i f f e r e n t  c o m p a r t m e n t s  of  t h e  i m m u n e  sys­
t e m  b u t  suf f ic ien t  a n t i b o d y  i n  e i t h e r  s e r u m  o r  n a s a l  secre t ion  i s  c a p a b l e  o f  
conferr ing res i s tance .  

T h e  or ig in  of  n a s a l - w a s h  H A  a n t i b o d i e s  i n d u c e d  b y  in f luenza  vacc ines  i s  
n o t  comple te ly  k n o w n .  T h e r e  a r e  a t  l e a s t  t h r e e  possibi l i t ies :  1) L o c a l  p r o ­
duc t ion  of  a J c h a i n  c o n t a i n i n g  I g A  d i m e r s  (or I g M  p e n t a m e r s )  w h i c h  a r e  
ac t ively  t r a n s p o r t e d  e x t e r n a l l y  b y  n a s a l  e p i t h e l i u m  possess ing sec re to ry  
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component t o  which polymeric IgA and IgM bind (Bienenstock a n d  Befus ,  
1980); 2) Local synthes i s  of  non-chain containing immunoglobulin b y  plasma 
cells in t h e  nasal mucosa followed b y  its  pass ive  t ransport  t o w a r d  th i s  lu­
m e n ;  3) Pass ive  t r a n s s u d a t i o n  of  se rum-der ived  ant ibodies .  I n  t h e  case of  
i n t r anasa l  vacc ina t ion  w i th  live inf luenza vaccine  t h e r e  is ev idence  t h a t  
secre tory  IgA a n d  t o  s o m e  e x t e n t  IgM a n d  JgG a re  synthes ized  b y  nasal  
ep i the l ium cells a n d  ac t ive ly  secreted locally (Bu t l e r  et al., 1970: Bienen-
s tock  a n d  Befus ,  1980; M u r p h y  et al., 1982). I t  should b e  no ted  t h a t  per ­
ipheral  blood l y m p h o c y t e s  ob ta ined  f r o m  children immunized  wi th  CA live 
vacc ine  p roduced  in vitro I g G  b u t  n o t  I g A  a n t i b o d y  ( E d w a r d s  et al., 1986). 
T h e  absence  of  IgA-produc ing  B-cells in t h e  per iphera l  blood of children 
vacc ina ted  w i th  live vacc ine  m a y  reflect t h a t  t hese  cells be long t o  local 
mucosa l  si tes.  

T h e  s tud i e s  of pers is tence of  t h e  s e r u m  a n d  nasal-wash IgA.  IgG,  a n d  
IgM a n t i b o d y  h a v e  s how n  t h a t  12—24 m o n t h s  a f t e r  vacc ina t ion  w i t h  CA 
live vacc ine  h a d  signif icant ly less d e c a y  of se rum H A I  a n d  I g G  a n t i b o d y  
in c o n t r a s t  t o  t h e  a n t i b o d y  induced  b y  i nac t i va t ed  influenza vacc ine  (Clark 
el al., 1983; J o h n s o n  et al., 1985; W r i g h t  et al., 1986) which  declines signifi­
c a n t l y  in  t h e  f i rs t  six m o n t h s  a f t e r  vacc ina t ion .  S e r u m  IgM a n t i b o d y  per ­
sisted f o r  o n e  y e a r  a f t e r  vacc ina t ion  wi th  i nac t i va t ed  vacc ine  (Wr igh t  et al., 
1986). As  t o  secre tory  IgA a n t i b o d y  it w a s  f o u n d  t h a t  i n  a d u l t s  such  an t i ­
b o d y  induced  b y  live inf luenza vaccines  is re la t ive ly  shor t - l ived (But le r  et 
al., 1970; Clements  a n d  M u r p h y ,  1986: W r i g h t  et al., 1986). Howeve r ,  d a t a  
f r o m  s tud ie s  in seronegat ive  chi ldren h a v e  ind ica ted  t h a t  nasal  I g A  an t i ­
b o d y  could b e  d e t e c t e d  f o r  o n e  o r  m or e  y e a r s  in a b o u t  5 0 %  of na tu r a l l y  
infec ted  o r  vacc ina t ed  w i t h  live inf luenza vacc ine  chi ldren b u t  in on ly  5 %  
of i nac t iva t ed  vacc ine  rec ip ients  ( J o h n s o n  et al.. 1985). 

T h e  resu l t s  p resen ted  a b o v e  s how  t h a t  inac t iva ted  a n d  live inf luenza 
vaccines  s t i m u l a t e  b o t h  sys temic  a n d  secre tory  an t ibod ies  in chi ldren a n d  
adu l t s ,  a n d  t h a t  i n a c t i v a t e d  vacc ine  is m ore  p o t e n t  in i nduc ing  s e r u m  an t i ­
bodies;  b u t  live vacc ines  a r e  super ior  in s t imu la t ion  of  secre tory  an t ibod ie s  
t h a t  m a y  p l ay  a n  i m p o r t a n t  role  in host  p ro tec t ion .  Fol lowing t h e  cell media­
t e d  response  E n n i s  et al. (1981, 1982) f o u n d  t h a t  in p r i m e d  vo lun tee rs  i m m u n ­
ized w i t h  live o r  i n a c t i v a t e d  inf luenza  vacc ines  ( H l N l )  b o t h  t y p e s  of vac ­
cines induced  H L A-rest r ic ted T - l y m p h o c y t e  responses  specific f o r  inf luenza 
A v i rus .  B u t  b y  six m o n t h s  a f t e r  vacc ina t ion ,  b o t h  t h e  m e m o r y  of T c  cell 
a c t i v i t y  a n d  t h e  d i rec t ly  d e t e c t e d  T c  cell a c t i v i t y  h a d  r e t u r n e d  t o  pre- im-
muniza t ion  levels. I t  should b e  no ted  t h a t  in these  s tud ies  t h e r e  w a s  n o  
abso lu t e  corre la t ion be tween  a n t i b o d y  responses  a n d  a n  increase in T c  cell 
a c t i v i t y :  t h e r e  were several  vo lun tee rs  w h o  h a d  a n t i b o d y  responses  w i t h o u t  
increase in specific T c  cell a c t i v i t y  a n d  vice versa .  

T h e  ab i l i ty  of inf luenza vaccines  t o  s t i m u l a t e  t h e  T c  cell responses in 
unpr imod h u m a n s  h a s  n o t  been de t e rmined .  I t  w a s  also f o u n d  t h a t  s t imu­
lation of T c  cell response  in mice b y  live v i ru s  infection w a s  super ior  t o  in­
ac t i va t ed  v i ru s  (Webs te r  a n d  Askonas ,  1980). 

Several  a u t h o r s  found  t h a t  h u m a n  a n d  m u r i n e  T c  cells can  recognize n o t  
on ly  g lycoprote ins  of o u t e r  m e m b r a n e s  of  in f luenza  vi r ions  a s  H A  a n d  
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neuraminidase  b u t  also other  viral-specific prote ins  w i t h  common ant igenic  
specif icity such  a s  N P ,  Mt, P A ,  P B 1 ,  P B 2 ,  a n d  N S l .  A l t h o u g h  T c  cells can­
n o t  p e r  se  p r e v e n t  in fec t ion ,  i n fec t ion  i n  p r i m e d  p e r s o n s  m a y  b e  modi f ied  
e a r l y  i n  i t s  course .  A s  T c  cells recognize  t h e  c o m m o n  i n t e r n a l  v i r a l  
p ro t e in s  t h i s  p r o t e c t i v e  e f f ec t  c a n  b e  b r o a d e r  t h a n  t h a t  o f  a n t i b o d y  response .  
I n  f a c t  i t  w a s  f o u n d  r e c e n t l y  t h a t  local  i n j e c t i o n  of  mice  w i t h  pu r i f i ed  N P  
a n t i g e n  of in f luenza  v i r u s  p r i m e s  f o r  i n f luenza  A v i r u s  c ross- reac t ive  T c  
m e m o r y  cells a n d  l e a d s  t o  p r o t e c t i o n  o f  h o s t s  a g a i n s t  i n t r a n a s a l  i n f e c t i o n  
w i t h  a l e t h a l  dose  of  i n f luenza  v i r u s  ( W r a i t h  et al., 1987). B u t  a t  t h e  m o m e n t  
t h e r e  a r e  n o  d a t a  t h a t  T c  cells w h i c h  c a n  recognize  i n t e r n a l  p r o t e i n s  of  i n ­
fluenza v i r u s  rea l ly  t a k e  p a r t  i n  t h e  i m m u n i t y  of  h u m a n s .  

I n  sp i t e  of  conv inc ing  d a t a  o b t a i n e d  o n  mice  showing  t h a t  in f luenza  v a c ­
cine s t i m u l a t e s  t h e  T c  cell r e sponse  t h e  ab i l i t y  of  i n a c t i v a t e d  a n d  l ive  in ­
fluenza vacc ines  t o  i n d u c e  ce l l -media ted  i m m u n i t y  i n  u n p r i m e d  a n d  p r i m e d  
h u m a n s  shou ld  b e  d e t e r m i n e d .  T h e  p r o t e c t i o n  a f f o r d e d  b y  in f luenza  v a c c i n e s  
w a s  e v a l u a t e d  i n  v o l u n t e e r s  a n d  i n  field t r i a l s .  O n e  o f  t h e  first c o m p a r a t i v e  
s tud ie s  of  p r o t e c t i v e  e f f ec t s  of  l ive  a n d  i n a c t i v a t e d  in f luenza  v a c c i n e  ( H l N l )  
w a s  d o n e  b y  C la rk  et al. (1983a,  b). I n  a s t u d y  of  s h o r t  t e r m  i m m u n i t y  y o u n g  
a d u l t s  w e r e  v a c c i n a t e d  w i t h  C A  l ive  vacc ine  ( H l N l )  o r  i n a c t i v a t e d  vacc ine .  
O n e  m o n t h  a f t e r  v a c c i n a t i o n ,  p r o t e c t i o n  a g a i n s t  cha l lenge  w i t h  h o m o l o g o u s  
CA l ive  vacc ine  w a s  e q u i v a l e n t  i n  t h e  t w o  g r o u p s  a s  assessed b y  r ises  i n  
t i t r e s  of  H A I  a n t i b o d y .  T h e  s a m e  d a t a  w a s  o b t a i n e d  i n  a s t u d y  o f  l o n g  
t e r m  i m m u n i t y  w h e n  g r o u p s  of  y o u n g  a d u l t s  w e r e  cha l lenged  e i g h t  m o n t h s  
a f t e r  vacc ina t i on .  B u t  i t  shou ld  b e  n o t e d  t h a t  t h i s  s t u d y  d i d  n o t  i n c l u d e  
inves t iga t ion  of  local  a n t i b o d y  a n d  v i r a l  s h e d d i n g  d a t a .  

C l emen t s  et al. (1984) i n  c o m p a r a t i v e  s t u d i e s  o n  s e ronega t ive  a d u l t  vo l ­
u n t e e r s  w h o  w e r e  v a c c i n a t e d  w i t h  CA l ive  vacc ine  ( H 3 N 2 )  o r  i n a c t i v a t e d  
vacc ine  s h o w e d  t h a t  a f t e r  chal lenge w i t h  t h e  homologous  w i l d - t y p e  v i r u s  
five t o  e i g h t  weeks  a f t e r  v a c c i n a t i o n ,  r ec ip ien t s  of  l ive v a c c i n e  w e r e  c o m ­
p le te ly  p r o t e c t e d  a g a i n s t  i l lness c o m p a r e d  w i t h  a 7 2 %  ef f icacy  i n  t h e  in ­
a c t i v a t e d  vacc ine  rec ip ien ts .  W i l d - t y p e  v i r u s  w a s  r ecove red  f r o m  o n l y  1 3 %  
of l ive  vacc ine  vacc inees  c o m p a r e d  w i t h  6 3 %  of  i n a c t i v a t e d  v a c c i n e  v a c -
cinees. T h e  f e w  i n f e c t e d  vacc inees  i m m u n i z e d  w i t h  C A  l ive  v a c c i n e  s h e d  
1000 t i m e s  less w i l d - t y p e  v i r u s  t h a n  d i d  i n f e c t e d  i n a c t i v a t e d  v a c c i n e  v a c ­
cinees o r  u n v a c c i n a t e d  con t ro l .  T h i s  s t r i n k i n g  r e d u c t i o n  i n  v i r u s  s h e d d i n g  
suggests  t h a t  in f luenza  t r ansmis s ion  m a y  b e  m o r e  e f f ic ien t ly  i n t e r r u p t e d  
w i t h  t h e  l ive  t h a n  w i t h  t h e  i n a c t i v a t e d  vacc ine .  

I n  s u b s e q u e n t  s t u d i e s  b y  C l e m e n t s  et al. (19866) of  r e s i s t ance  of  vacc inees  
t o  chal lenge w i t h  in f luenza  w i l d - t y p e  v i r u s  s e v e n  m o n t h s  a f t e r  vacc ina t i on  
i t  w a s  f o u n d  t h a t  vacc ine  ef f icacy,  m e a s u r e d  b y  r e d u c t i o n  i n  febr i l e  o r  sys­
t e m i c  il lness i n  vaccinees ,  c o m p a r e d  w i t h  t h a t  i n  con t ro l s  w a s  1 0 0 %  f o r  t h e  
CA l ive  H 3 N 2  vacc ine ,  8 7 %  f o r  t h e  i n a c t i v a t e d  H 3 N 2  vacc ine ,  7 9 %  f o r  t h e  
CA l ive H l N l  vacc ine ,  a n d  6 7 %  f o r  t h e  i n a c t i v a t e d  H l N l  vacc ine .  T h e  
a u t h o r s  conc luded  t h a t  C A  l ive  in f luenza  v a c c i n e  i n d u c e d  s igni f icant ly  
g r e a t e r  r e s i s t ance  t o  w i l d - t y p e  in f luenza  v i r u s  o n e  t o  t w o  m o n t h s  a f t e r  v a c ­
c ina t ion  b u t  a t  s even  m o n t h s  pos t -vacc ina t ion ,  t h e  r e s i s t ance  i n d u c e d  b y  
live vacc ines  is o n l y  s l ight ly  g r e a t e r  t h a n  t h a t  i n d u c e d  b y  i n a c t i v a t e d  v a c -
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cinc.  B u t  i t  Nhoukl b e  n o t e d  t h a t  i n  t h e  s t u d i e s  o f  J o h n s o n  et al. (1986) a n d  
W r i g h t  et al. (1986) vacc inees  i m m u n i z e d  w i t h  CA l i v e  (H3N2) o r  i n a c t i v a t e d  
v a c c i n e  a n d  chal lenged  w i t h  h o m o l o g o u s  l i v e  CA v a c c i n e  or  n a t u r a l  chal­
lenge with wi ld-type influenza virus 12 months  after vaccination, l ive  vac­
cine significantly reduced virus shedding after  challenge compared with  
inact ivated vaccine. 

A s  t o  t h e  eff icacy o f  inact ivated or live influenza vaccines it  should be  
noted  t h a t  a t  the  moment  there are n o  publications o n  comparative studies 
o n  t h e  eff icacy o f  t h e  t w o  t y p e s  o f  vaccines during t h e  same  field trials. B u t  
a s  m a n y  studies  have  shown,  adults  w h o  have  experienced one or more in­
fect ions b y  influenza virus a n d  h a v e  been immunized w i t h  inact ivated vac­
cines, m a y  have  protection against  antigenically homologous influenza virus 
for  a t  least  one  t o  t w o  years.  In  unprimed individuals,  usual ly  y o u n g  chil­
dren, th i s  immunization is less protective,  probably because o f  t h e  poor 
abi l i ty  o f  parenterally administered inact ivated virus t o  prime for a local 
humoral  or T c  cell response (Ada and Jones ,  1986). 

T h e  eff icacy o f  l ive influenza vaccines in primed adults  is more or less 
similar t o  t h e  eff icacy o f  inact ivated vaccines.  Ef f i cacy  studies  o f  CA l ive  
vacc ines  on unprimed children has  shown (Wright  et al., 1982; Belshe a n d  
V a n  Voris, 1984; Belshe  et al., 1984) t h a t  children receiving a H 3 N 2  CA 
live vaccine appeared t o  b e  protected against  subsequent  natural infection 
with  related strains o f  influenza virus.  CA live influenza A vaccine w a s  
studied in a controlled field trial a m o n g  more than  16 000  children between 
three and 15 years  o f  age vaccinated with  bivalent  vaccine ( H l N l  + H 3 N 2 )  
(Alexandrova  et al., 1986). Protect ive  eff icacy o f  b o t h  components  o f  t h e  
vaccine w a s  developed in t w o  t ime  decrease in morbidity o f  vaccinees  during 
outbreaks  o f  influenza A / H l N l  and A / H 3 N 2 .  

Another  important  problem related t o  t h e  eff icacy o f  influenza vaccines  
is t h e  protect ive  effect  o f  vaccine against  drift  variants  o f  influenza virus. 
(1979) showed t h a t  the  protective effect  o f  inact ivated influenza vaccine  
w a s  l imited t o  non- immune schoolchildren w h o  were vacc inated  for t h e  first 
t i m e  wi th  t h e  inact ivated vaccine made  from t h e  prevail ing strain o f  in­
fluenza virus. Revaccinat ion w i t h  inact ivated vaccine produced from t h e  
later prevailing strain d i d  n o t  provide protection against  a n e w  drift  variant.  
On t h e  other hand,  natural infection w i t h  l ive  influenza virus  afforded 
a lmost  complete  protection during successive outbreaks  invo lv ing  drift  vari­
a n t s  for more than  four years.  A s  t h e  specificity o f  t h e  an t ibody  respones 
after  vaccination w i t h  inact ivated vaccine  and after  infect ion w i t h  l ive  virus 
i s  similar, differences in t h e  e x t e n t  o f  cross-reactive T c  cell responses t o  
vacc inat ion a n d  infection m a y  account  for  t h e  lesser degree o f  heterotypic  
protection seen after  vaccination w i t h  inact ivated vaccine.  T a k i n g  th i s  in to  
account  i t  is  possible t o  suggest  t h a t  l ive  influenza vaccine m a y  h a v e  the  
advantage  over  inactivated vaccines  i n  protection against  n e w  inf luenza 
virus drif t  variants .  

'It was  f o u n d  recently t h a t  adaptation o f  influenza viruses  t o  g r o w t h  i n  
embryonated  eggs  resulted in selection o f  variants  which  were  ant igenica l ly  
and biologically distinguishable from viruses isolated from t h e  s a m e  source 
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i n  m a m m a l i a n  cell l i ne  M D C K  (Schild  et al., 1983; O x f o r d  et al., 1987). I t  
w a s  also f o u n d  t h a t  H I  o r  v i r u s  n e u t r a l i z i n g  a n t i b o d i e s  i n  h u m a n  sera c a n  
b e  d e t e c t e d  m o r e  f r e q u e n t l y ,  a n d  t o  a h i g h e r  t itre,  i n  tests  e m p l o y i n g  v i r u s  
g r o w n  e x c l u s i v e l y  i n  M D C K  cells t h a n  i n  tests  w i t h  v i r u s  a d a p t e d  t c  g r o w t h  
i n  e m b r y o n a t e d  e g g s  (Oxford  et al., 1987). Because  t h e  s u b s t r a t e  f o r  pro ­
duct ion o f  influenza vaccines  — i n a c t i v a t e d  or  l i v e  — is  e m b r y o n a t e d  
ch icken  eggs, these  findings h a v e  r a i s e d  concern  r e g a r d i n g  t h e  s u i t a b i l i t y  
o f  e g g s  f o r  c u l t i v a t i o n  o f  i n f l u e n z a  v i r u s e s  u s e d  i n  v a c c i n e  p r o d u c t i o n .  
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