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Summary.  - The protective properties of monoclonal antibody (MoAb) C179 directed to the stem region 
of haemagglutinin (HA) H2 that possessed fusion-inhibition and unique broad cross-neutralizing activities 
were examined in a mouse model. The MoAb efficiently protected mice against a lethal challenge with pneu-
movirulent human (HI) and avian (H2) strains of influenza A virus. Survival rates in mice that received 
intraperitonealy (i.p.) 1000 pg  of the MoAb per mouse a day before the virus challenge were 90% for H1 and 
100% for H2 strain. The dose of the MoAb of 100 pg  per mouse significantly decreased mortality in mice. 
Moreover, the MoAb was also efficient in treatment of lethal bronhopneumonia caused by H2 influenza virus. 
The survival rate in mice that received 1000 pg of the MoAb per mouse 2 days after the virus challenge was 
90%, while that in the control group was 30% only. These results indicate that the MoAb was effective in 
protection of animals against lethal influenza A infection without significant difference between HI and H2 
subtypes. The MoAb exerted significant effect in treatment of mice infected with H2 influenza virus. Thus, 
these data allow to suggest that the stem region of HA might be a potential target for prevention of influenza 
virus infection and antiviral therapy. 
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T h e  envelope  glycoprotein H A  o f  in f luenza  v i ruses  per­

f o r m s  a t  leas t  t w o  func t ions  w h i c h  are  essential  f o r  t he  

init iat ion o f  in fec t ion  (Wiley  a n d  Skehel ,  1987). T h e  f i r s t  

func t ion  is  t he  a t t achment  o f  t h e  v i rus  t o  spec i f i c  cellular 

r e c e p t o r s .  T h e  g l o b u l a r  r e g i o n  o f  H A  w h i c h  c o n t a i n s  

a receptor -b inding  si te takes  pa r t  at  th is  s tage.  T h e  second 

func t i on  is  t h e  penet ra t ion  o f  t he  viral  g e n o m e  into cyto­

p l a s m  th rough  f u s i o n  o f  t h e  viral  envelope  wi th  cel lular  

m e m b r a n e s  ( H u a n g  et al., 1981; K lenk  a n d  Rott,  1988). 

T h e  s t e m  reg ion  o f  H A  conta in ing  a f u s ion  pep t ide  is re­

sponsib le  f o r  th is  s t age  o f  viral  reproduct ion .  H A  is  a lso 

the  m a j o r  p ro te in  capab le  o f  induc ing  neutra l iz ing anti­

bod ie s  ( M u r p h y  a n d  Webster,  1990).  A n t i - H A  ant ibodies  

p redominan t ly  prevent  t he  a t tachment  o f  t h e  v i rus  to  cel-

'Corresponding author. 
Abbreviations: HA = haemagglutinin; i.n. = intranasal(ly); 
i.p. = intraperitoneal(ly); MoAb = monoclonal antibodies 

lular  receptors  and posses s  haemagglut ina t ion- inhib i t ion  

a n d  neutral iz ing activit ies main ly  wi th in  a spec i f i c  sub ­

t y p e  o f  H A .  However,  the ant ibodies  m a y  s o m e t i m e s  exert  

a v i rus-neutra l iz ing e f f ec t  i n  t he  absence  o f  an t i -haemag-

glut inat ion activity (Yoden  et al., 1982; K i d a  et al., 1982). 

These  antibodies neutral ize the  infectivity a t  a post-at tach-

m e n t  stage,  e .g .  the  fus ion  o f  viral  a n d  cel lular  m e m b r a n e s  

(Kida  et al., 1983). 

O k u n o  etal. (1993)  produced a n d  characterized a M o A b  

directed against  t he  H A  o f  H 2  subtype.  This  M o A b  desig­

nated C 1 7 9  d i d n ' t  possess  haemagglut ina t ion- inhibi t ion  

activity whi le  it showed un ique  cross-neutral izing e f fec t  

a m o n g  H I ,  H 2  ( O k u n o  et al., 1993 ,  1 9 9 4 ; )  a n d  H 5  

influenza A virus  subtypes,  a n d  also recognized t h e  imma­

ture f o r m  of  the  H 6  subtype (unpublished data). It was  shown 

that  M o A b  C 1 7 9  recognized a conformat iona l  ant igenic  

epitope in t he  middle  o f  the  s tem region a n d  inhibited the  

fus ion activity o f  H A  (Okuno  et al., 1993). 
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Protection o f  micc  a g a i n s t  le thal  chal lenge  wi th  in f luenza  v i r u s  

USSR/77-MA ( H I N l )  ( A )  a n d  DK/NJ/78-MA (H2N3) v a r i a n t s  (B)  
b y  M o  A h  C 1 7 9  

M o A b  C I 7 9  doses:  1000 n g  (•), 100 | i g (A)  or  10 n g  (•). Control ( • ) .  

In the present study w e  describe protective properties o f  
M o A b  CI 7 9  against experimental lethal bronchopneumonia 
caused b y  mouse-adapted (MA) variants o f  human (H 1) and 
avian (H2) influenza A viruses in mice. The M A  variant o f  
avian H2 strain w a s  discerned from that o f  human HI in re­

actions  in vitro with M o A b  C179  (Lipatov  el al., 1996). To 

examine whether  these strains differ in the  neutralization by  

the s ame  M o A b  in vivo was  one  o f  the a ims  o f  this work. 
The MA variant of human influenza strain A/USSR/90/77 

(II INI )  (USSK/77-MA) was generously provided by Dr. I. A. 
Rudneva of this Institute (Gitelman et til., 1984; Rudneva et al., 
19X6; Shi lov and Sinitsyn, 1994). The avian influenza strain A/ 
Duck/New Jersey/1580/78 (II2N3) was a kind gift from Dr. R.G. 
Webster, St. Jtide Children's Research Hospital, Memphis, TN, 
USA. The MA variant of this virus (Dk/NJ/78-MA) was obtained 
in our Institute by serial lung-to-lung passages and characterized 
previously (Lipatov et al., 1995). The viruses were propagated in 
allantoic cavity of 9-day-old embryonatcd chicken eggs at 37"C 
for 48 hrs and virus-containing allantoic fluid was used as a virus 
stock in the experiments. The virulence of USSR/77-MA and Dk/ 
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Fig.  2 
T r e a t m e n t  of mice infected wi th  i n f l u e n z a  v i r u s  DK/IS'J/78-MA 

(H2N3) v a r i a n t  b y  M o A b  C I 7 9  
M o A b  C 1 7 9  doses:  1000 j i g  (•), 100 n g  ( A ) .  Control ( • ) .  

NJ/78-MA variants was measured as log | ( lof EID50/LDWratio (Rud­
neva et al., 1986) and was equal to 5.0 and 3.0, respectively. Four-
week-old albino mice were inoculated i.p. with 100 pi of appro­
priate doses of the MoAb in sterile 0.9% NaCI 24 hrs before or 
48 hrs after the virus infection. Each mouse was infected intrana­
s a l  (i.n.) under light ether anaesthesia with 50 pi of diluted al­
lantoic fluid containing 10 LDS0(for the studies of protection) or 
3 LD !0(for the studies of treatment) of the challenge virus. These 
doses resulted in 100% or 70% mortality rate, respectively, in mice 
as determined in preliminary experiments in which the mice were 
inoculated with serial ten-fold virus dilutions. The survival rate 
was calculated after an observation period of 15 days. 

T h e  survival rates o f  mice  which received the  M o A b  a day 

before  the  infect ion with  U S S R / 7 7 - M A  variant are  shown 

in Fig. 1A. A total o f  4 0  mice  were  randomly  divided into 

four  groups  o f  10 animals.  Three  experimental  groups  re­

ceived 1000, 100, and 10 p g  o f  t he  M o A b  p e r  mouse ,  re ­

spectively. T h e  for th  (control)  g roup  received 0 . 9 %  NaCI .  

T h e  survival rate in the  g roup  o f  mice  that received 1000 p g  

o f  the  M o A b  w a s  90%,  whi le  the  mortal i ty in t he  control 

g roup  was  100%. In the  g roups  that  received 100 a n d  10 p g  

o f  t he  M o A b ,  the  survival rate was  6 0 %  and  2 0 % ,  respec­

tively. These  results indicate that 1000 p g  o f  t he  M o A b  w a s  

an effect ive dose  t o  protect an imals  f r o m  lethal infection 

with USSR/77 -MA variant.  Fig. I B  shows the  protective 

effect  o f  the  M o A b  in m i c e  infected with  Dk/NJ /78-MA 

variant under  the  s a m e  condit ions a s  in Fig. 1 A .  T h e  sur­

vival rate o f  100% w a s  determined in m i c e  that  received 

1000 p g  o f  the MoAb.  Seventy % a n d  2 0 %  o f  animals  sur­

vived in the  g roups  that  received 100 p g  and 10 p g  o f  the  

MoAb ,  respectively. In the  control group,  t he  100% mortal ­

ity rate was  observed.  These  data  show that  1000 p g  o f  t he  

M o A b  was  enough t o  protect mice  against  the  lethal e f fec t  

o f  Dk/NJ/78-M A variant. T h e  results o f  these  experiments  

clear  indicate that  t he  M o A b  ef f ic ien t ly  protected  m i c e  

against infection caused by  H I  and  H 2  inf luenza viruses.  

Moreover, there w a s  n o  s ignif icant  d i f ference  in the  capac­
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ity o f  the M o A b  to protect mice against the lethal infection 
with USSR/77-MA or Dk/NJ/78-MA variant. The statisti­
cal evaluation o f  t h e  resul ts  presented i n  Fig. 1 b y  sign test, 

a n  unparametr ical  statistical test  (Korn a n d  Korn ,  1978), 

revealed that  t h e  d i f ference  in t he  survival rates between 

the  g roups  o f  m i c e  treated wi th  the  M o A b  (1000  o r  100 p g )  

a n d  the  control  g roup  w a s  s ignif icant  at  0 .01 level. 

T h e  therapeutical effect  o f  the  M o A b  on  the  infection o f  

mice  caused b y  Dk/NJ /78-MA variant is shown in Fig. 2. 

Thirty mice  randomly divided into three groups o f  10 ani­

mals  were  in j  ected wi th  1000 or  100 p g  o f  t he  M o A b  o r  with 

0.9% NaCl  (control) two days after the  virus challenge. A dose 

o f  1000 p g o f  t he  M o A b  pe r  mouse  exerted a significant e f ­

fect  (the survival rate w a s  90%).  T h e  survival rate o f  7 0 %  

was  f o r  t he  dose  o f  100 jig o f  t he  M o A b  pe r  mouse,  while 

that fo r  t he  control w a s  3 0 % .  These  results indicate that the  

M o A b  was  effective no t  only in  t he  prevention o f  influenza 

virus infection in mice ,  bu t  in the  treatment o f  lethal pneu­

monia  too.  T h e  difference in the  survival rates between the 

group o f  m i c e  that  received 1000 p g  o f  the  M o A b  and the  

control g roup  was  significant  at 0.05 level. 

T h e  m e c h a n i s m  under lying the  action o f  M o A b  C 1 7 9  is  

k n o w n  in  general  (Okuno  et al., 1993, 1994). This  M o A b  

recognizes a conformat iona l  antigenic epi tope in  the  mid­

dle  o f  t he  s t em region o f  FIA consist ing o f  two  parts:  amino  

acids 3 1 8  - 3 2 2  o f  H A  1 subunit  and  4 7  - 5 8  o f  H A 2  sub-

unit.  Th i s  ep i tope  is  conserved a m o n g  all o f  H I  and  H 2  

strains o f  inf luenza A virus.  It has  been  shown that the proc­

ess  o f  m e m b r a n e  fu s ion  requires  several steps, such as  con­

format ional  changes  in H A  at  low p H  and  insertion o f  the  

fusion pept ide  into the  target membrane  (Skehel  et al., 1982; 

Stegmann  et al., 1991). M o A b  C 1 7 9  inhibits the  fus ion ac­

tivity o f  H A  m o s t  likely b y  affecting o n e  o f  these steps (Oku­

n o  et al., 1993).  In vivo, M o A b  C 1 7 9  doesn ' t  prevent  t he  

initiation o f  infect ion,  however, it inhibits t he  spread o f  in­

fect ion in  m o u s e  lungs  (Okuno  et al., 1994). These  data  

we re  c o n f i r m e d  indirectly in the  present  s tudy b y  the  f i n d ­

ing o f  haemorrhag ic  lesions in the  lungs. T h e  lesions in the  

lungs  o f  m i c e  that  received 1000 |ng o f  M o A b  C 1 7 9  were  

localized in  small  areas only  at t he  sites adjacent  to  the  bron-

j chi. In t he  control  group,  those were  spread all over the  lungs 

(data no t  shown) .  
In ou r  previous  study, w e  have described the  differences 

between the  U S S R / 7 7 - M A  and Dk/NJ /78-MA variants in 

the  capaci ty  o f  M o A b  C 1 7 9  t o  neutralize them in cell cul­

ture and  in  t he  precipitabili ty o f  their  H A  (Lipatov  et al., 

1996). M o A b  C 1 7 9  precipitated predominantly the  imma­

ture  f o r m  o f  H A  o f  t he  avian M A  variant and neutralized 

the  infectivity o f  th is  variant less eff icient ly then that o f  the  

h u m a n  variant.  We have  supposed that differences in the  

glycosylation o f  H A 1  subunit  a m o n g  the  used viruses (Gitel-

m a n  et al., 1986; Shilov  et al., 1991; Lipatov  et al., 1995) 

m a y  inf luence the  recognition o f  a conformational  antigenic 

epitope b y  M o A b  C179 .  In the  present  study, n o  s ignif icant  

d i f fe rences  in  t h e  protect ive  p roper t i e s  o f  M o A b  C 1 7 9  

against  t he  h u m a n  ( H I )  and  avian (H2)  strains were  ob­

served.  A dissociation between reactions o f  M o A b  C 1 7 9  

with  USSR/77 -MA  and Dk/NJ /78-MA variants  in vitro and  

protective propert ies  o f  the  M o A b  against  t he  s ame  vari­

ants  in  mice  enables t o  suppose that  a component  o f  im­

m u n e  system o f  the  hos t  organism (probably complement -

o r  natural  killer cells-dependent mechan isms)  is involved 

in  t he  MoAb-media ted  virus  clearence.  

Recen t ly ,  S a g a w a  et al. ( 1 9 9 6 )  h a v e  o b s e r v e d  t h a t  

a deletion mutant  o f  inf luenza v i rus  H A ,  defect ive in  t he  

globular region expression in  cell culture, h a d  a potential  

t o  induce cross-protection against  inf luenza  v i rus  infect ion 

in mice .  This  effect  could b e  caused by  ant ibodies s imilar  to  

M o A b  C179.  T h e  s tem region o f  H A  is responsible  fo r  the  

induction o f  these  antibodies.  T h e  results o f  present  studies 

together wi th  da ta  o f  O k u n o  et al. (1994)  wh ich  describe 

the  protection and  treatment o f  m i c e  b y  M o A b  C 1 7 9  against 

lethal challenge wi th  A/FM/1 /47  ( H 1 N 1 )  inf luenza  virus  

indicate that  an  antibody against t he  s tem region o f  H A  with  

fusion-inhibition activity is effect ive in  protect ion and  treat­

m e n t  o f  inf luenza virus  infect ion caused  b y  H 1  o r  H 2  sub­

types.  It i s  possible t o  suggest  that  t h e  s t em region o f  H A  

c o n t a i n i n g  a c o n s e r v e d  a n t i g e n i c  e p i t o p e  m i g h t  b e  

a potential  target f o r  prevention a n d  t reatment  o f  inf luenza 

virus  infection. 
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