
Ada virol. 3 5  : 190-195, 1991 

A E T I O L O G I C  S T U D Y  O N  A N  I N F L U E N Z A - L I K E  E P I D E M I C  IN 
H O R S E S  IN C H I N A  

GUO YUANJI,  W A N G  MIN, ZHENG SHALIN, W A N G  PING, JI WEIJIA,  CHEN 
QUINGHUA 

Institute o f  Virology, Chinese  Academy of  Preventive Medicine, 100 052 Bejing, China 

Received November 3, 1989 

Summary. - A b o u t  th i r ty  t h o u s a n d s  h o r s e s  w e r e  a f f e c t e d  a n d  
h u n d r e d s  o f  t h e m  d i e d  in a n  a p i d e m i c  c a u s e d  b y  e q u i n e  2 i n f l u e n z a  
v i r u s  (H3N8)  in C h i n a .  T h e  e s t i m a t e d  m o r b i d i t y  a n d  morta l i ty  
a c c o u n t e d  f o r  8 1 %  a n d  2%,  respect ive ly .  T h e  vira l  p r o t e i n  a n d  R N A  
e l e c t r o p h o r e s i s  p a t t e r n s  r e v e a l e d  t h a t  t h e  n e w  i so la tes  w e r e  ant ige-
nically  d i f f e r e n t  f r o m  t h e  p r o t o t y p e  s t ra in  i n f l u e n z a  A / e q / M i a m i /  
1/63(H3N8).  T h e r e f o r e ,  t h e  r e p r e s e n t a t i v e  s t ra in  o f  t h e  e q u i n e  2 
s u b t y p e  o f  i n f l u e n z a  A v i r u s  r e c o m m e n d e d  f o r  p r o d u c i n g  r e f e r e n c e  
r e a g e n t s ,  vacc ines ,  a n d  f o r  sero log ica l  d i a g n o s i s  m u s t  h a v e  b e e n  
a l t e r e d  b y  a n t i g e n i c  dr i f t .  

/ 
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A l ine  o f  e v i d e n c e  indicates  t h a t  t h e  or ig in  o f  p a n d e m i c  i n f l u e n z a  v i r u s e s  i s  
c lose ly  r e l a t e d  t o  a n i m a l  o r  a v i a n  i n f l u e n z a  v i r u s e s  ( W e b s t e r  et al., 1975) a n d  
t h a t  t h e  or ig in  o f  H 3 N 2  s u b t y p e  o f  h u m a n  i n f l u e n z a  A v i r u s  c o u l d  b e  d e r i v e d  
f r o m  t h e  r e c o m b i n a t i o n  b e t w e e n  A / e q u i n e  2 v i r u s  a n d  t h e  H 2 N 2  s u b t y p e  o f  
h u m a n  i n f l u e n z a  A v i r u s  ( W e b s t e r  et al., 1975). Serologica l  s t u d i e s  a l s o  s h o w  
t h a t  A / e q u i n e  2 v i r u s  m a y  h a v e  c i rculated  in m a n  in  t h e  pas t ,  p o s s i b l y  d u r i n g  
t h e  e p i d e m i c  in 1900 ( K i l b u r n e  et al., 1975). 

S e v e r e  o u t b r e a k s  o f  i n f l u e n z a  e p i d e m i c s  in  h o r s e s  a s soc ia ted  w i t h  g r e a t  
l o s s e s  d u e  t o  i n f l u e n z a  A / e q u i n e  2 v i r u s  h a v e  b e e n  r e p o r t e d  in  m a n y  c o u n t r i e s  
( H i n s h o w  et al., 1983). S o  i n f l u e n z a  s u r v e i l l a n c e  in  h o r s e s  h a s  a t t racted  m o r e  

Table 1. Identification of the haemagglutinin of two isoiates 

Antigens  Antisera  

A/Eq/Prague/1/56(H7N7) A/Eg/Miami/1/63(H3N8) 

Eq/Jilin/1/89 
Eq/Jilin/2/89 
A/Eq/Praguc/I/56(H7N7) 
A/Eq/Miami/1/63(H3N8) 

< 2 0  60 
< 2 0  100 
640 < 2 0  

< 2 0  1280 
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Table 2. Identification of neutraminidase of the two isolates 

Antigens Antisera 

N7 N8 A/Beijingll/68(H3N2) 

Eq/Jilin/1/89 < 1 0  >2560 < 1 0  
Eq/Jilin/2/89 < 1 0  >2560 < 1 0  
A/Eq/Prague/1/56(H7N7) 320 < 1 0  < 1 0  
A/Eq/Miami/1/63(H3N8) < 1 0  640 < 1 0  
A/Beijing/1/68(H3N2) < 1 0  < 1 0  640 

and m o r e  attention.Here w e  ana lyse  an e p i d o m  c o f  inf luenza-l ike d i s e a s e  
a m o n g  h o r s e s  in Northeastern  China  f r o m  March 1989. 

T h e  ep idemic  h a d  broken  o u t  s t u d d e n l y  at t h e  b o u n d a r y  b e t w e e n  Heilong-
j i a n g  a n d  Jilin provinces  at t h e  b e g i n n i n g  o f  March 1989 a n d  spread  rapidly 
f r o m  h o r s e  t o  horse .  It peaked  f r o m  March t o  Apr i l ,  a f t e r w a r d  t h e  incidences  
decreased,  t h e  epidemic  s topped  completely  at  t h e  b e g i n n i n g  o f  J u n e  1989. T h e  
horse  populat ions  in 13 a n d  15 d i f f e r e n t  places in Hei long j iang  a n d  Jilin 
provinces  w e r e  a f f e c t e d  respectively  wi thin  t w o  m o n t h s  a n d  all a g e  g r o u p s  w e r e  
involved.  T h e  morbidi ty  o f  8 1 %  a n d  t h e  mortality o f  2 %  in l e w  h o r s e  popula ­
t i o n s  w e r e  r e c o r d e d .  N o  o t h e r  d o m e s t i c  a n i m a l s  ( d o n k e y s  o r  m u l e s )  n o r  
h u m a n  b e i n g s  w e r e  a f f ec t ed .  

T h e  i n c u b a t i o n  pe r iod  w a s  1 t o  3 days ,  t h e  s y m p t o m s  inactivity,  f e v e r  
( > 4 0  °C),  c o u g h ,  p u r u l e n t  pharyngi t i s ,  p u r u l e n t  con junc t iv i t i s ,  s inus i t i s ,  a n d  
hasal  d i scha rge .  Recove ry  b e g a n  5 t o  6 d a y s  a f t e r  t h e  o n s e t  o f  i l lness ,  b u t  a 
c o m p l e t e  c o n v a l e s c e n c e  l a s t ed  a b o u t  t w o  w e e k s .  D e a t h  w a s  a lways assoc ia ted  
wi th  bacter ia l  i n fec t ions ,  s u c h  a s  p n e u m o n i a  o r  en te r i t i s .  

A l t o g e t h e r  2 4  n o s e  s w a b  s a m p l e s  w e r e  co l lec ted  a n d  i n o c u l a t e d  i n t o  t e n  day  
old  e m b r y o n a t e d  eggs .  T h e  m e t h o d s  o f  i n c u b a t i o n ,  H A ,  a n d  H I  t e s t s  f o r  viral 
iden t i f ica t ion  w e r e  p e r f o r m e d  a s  de sc r i bed  ( R o b i n s o n  et al., 1969). T h e  N A  a n d  
N I  t e s t  w e r e  u s e d  a s  desc r ibed  ( H e n r y  et al., 1973). T h e  h a e m a g g l u t i n a t i n g  
a g e n t s  w e r e  i so la ted  f r o m  t h e  s p e c i m e n s .  T h e  r e f e r e n c e  s e r a  t o  A / e q / P r a g u e /  
1 /56(H7N7) ,  A / e q / M i a m i / l / 6 3 ( H 3 N 8 ) ,  N 7  a n d  N 8  w e r e  u s e d  f o r  viral iden t i f i ­
ca t ion  (kindly p rov ided  b y  D r .  J u d e  W e b s t e r ,  S T  C h i l d r e n ' s  R e s e a r c h  Hosp i t a l ,  
M e m p h i s ,  U .  S.  A . ) .  T h e  r e su l t s  w e r e  s h o w n  i n  T a b l e s  1 a n d  2.  T h e  t w o  i so la tes  
w e r e  iden t i f i ed  t o  b e  o f  H 3 N 8  s u b t y p e ,  t h e y  w e r e  d e s i g n a t e d  a s  A / e q / J i l i n / 1 /  
89 (H3N8)  a n d  A / e q / J i l i n / 2 / 8 9 ( H 3 N 8 ) ,  respect ively .  

T h e  42  conva l e scen t -phase  s e r u m  s p e c i m e n s  w e r e  t a k e n  f r o m  t h e  h o r s e  
n e c k  v e i n  a f t e r  t w o  m o n t h s  o f  t h e  o n s e t  o f  i l lness ;  12 con t ro l  s e r u m  s a m p l e s  
w e r e  co l lec ted  f r o m  h e a l t h y  h o r s e s .  T h e  A / e q / J i l i n / l / 8 9 ( H 3 N 8 ) ,  A / e q /  
M i a m i / 1 / 6 3 ( H 3 N 8 ) ,  a n d  A / e q / P r a g u e / l / 5 6 ( H 7 N 7 )  a n t i g e n s  w e r e  u s e d  f o r  
t es t ing .  T h e  r e su l t s  w i t h  H I  t e s t  w e r e  s h o w n  in  T a b l e  3.  N o  a n t i b o d y  t o  t h e s e  
t h r e e  a n t i g e n s  w a s  d e t e c t e d  in  a n y  o f  n o r m a l  se ra .  O f  4 2  conva l e scen t  se ra ,  3 5  
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Fig. 1 
Comparison of RNAs migration pattern 
between isolates and prototype strains 

1 - A/eq/Miami/l/63(H3N8) 
2 - A/Sichuan/2/87/(H3N2) 
3 - A/eq/Jilin/2/89(H3N8) 
4 - A/eq/Jilin/l/89(H3N8) 

h a d  a n t i b o d i e s  a g a i n s t  A / e q / J i l i n / l / 8 9 ( H 3 N 8 )  (HI t i t res  f r o m  15 t o  1600) b u t  
o n l y  5 t o  A / e q / M i a m i / l / 6 3 ( H 3 N 8 )  (HI t i t re s  15 t o  3 2 0  - p o s i t i v e  r a t e s  83.3% 
a n d  11.9 %, respect ive ly) .  N o  o n e  c o n v a l e s c e n t  s e r u m  h a d  a n t i b o d y  t o  A / e q /  
Prague/1/56(H7N7)  (HI t i t res  ž 10). T h e s e  r e s u l t s  indicate  t h a t  t h e  e p i d e m i c  
w a s  c a u s e d  b y  i n f l u e n z a  A/eq/J i l in/ l/89(H3N8)- l ike  v i r u s  a n d  tha t  t h e  proto ­
t y p e  s t r a i n  A / e q / M i a m i / l / 6 3 ( H 3 N 8 )  w a s  n o t  s u i t a b l e  f o r  s e r o e p i d e m i o l o g i c  
s u r v e y .  



SHORT COMMUNICATIONS 193 

Table  3 .  T h e  results of HI tests 

Sera Tested antigens 

A/Eq/Prague/1/56 
(H7N7) 

A/Eq/Miami/1/63 
(H3N8) 

A/Eq/Jilin/1/89 
(H3N8) 

Convalescence 
Normal 

0/42 
0/42 

5/42 
0/12 

35/42 
0/12 

T h e  f igures  in denominator mean the  total No. testing serum 
T h e  figures in numerator mean the  No. sera with HI titres Ž 1 0  

F o r  exc luding  t h e  e f f e c t  o f  nonspeci f ic  inhibitors  in t h e  h o r s e  sera,  radial 
haemolys i s  te s t  (SRH) w a s  u s e d  wi th  A/eq/J i l in/ l/89(H3N8)  ant igen  ( G u o  et 
al., 1981). T h e  resu l t s  s h o w e d  that  all 3 5  s e r a  (with HI ^ 10) revea led  z o n e s  o f  
haemolys i s  wi th  d iameters  f r o m  5.0 t o  12.0 m m .  H o w e v e r ,  o t h e r  s e r a  did  n o t  
cause  any  haemolys i s  z o n e .  T h u s ,  t h e  resu l t s  o f  HI t e s t  w e r e  m o r e  rel iable  t h a n  
SRH, b u t  t h e  latter a l so  c o n f i r m e d  t h e  ro le  o f  an A/eq/Ji l in/l/89(H3N8)-l ike 
strain. 

T h e  haemagglut in in  a n d  neuraminidase  analyses  o f  isolated v i r u s e s  are  
resu l t s  s h o w n  in T a b l e s  4 a n d  5, respectively.  T a b l e  4 indicates that  t h e  t w o  
isolates w e r e  antigenically d i f f e r e n t  f r o m  prototype strain A/eq/Miami/1/  
63(H3N8), b u t  t h e y  w e r e  antigenically s imilar  t o  each other .  T a b l e  4 indicates  
that  t h e  euraminidases  o f  t h e  isolates  w e r e  d i f f e r e n t  f r o m  t h o s e  o f  A / e q /  
Miami/1/63(H3N8). 

V i r u s  purification, R N A  extraction, R N A  g e l  e lectrophoresis  a n d  ge l  stai­
n i n g  h a v e  b e e n  desc r ibed  prev ious ly  ( G u o  et al., 1984). T h e  r e su l t s  s h o w n  t h e i r  
mig ra t ion  p a t t e r n  w a s  d i f f e r e n t  f r o m  t h a t  o f  t h e  p r o t o t y p e  s t ra in .  

Table 4.  The results of cross HI test among different H3N8 viruses 

Ant igens  Ant i se ra  Ant igens  

A / E q / J i l i n / 1 / 8 9  A / E g / J i l i n / 2 / 8 9  A / E g / M i a m i / 1 / 6 3  

A / E q / J i l i n / 1 / 8 9  3200 960 60 
A / E q / J i l i n / 2 / 8 9  5120 3200 120 
A / E q / M i a m i / 1 / 6 3  100 60 1280 
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Table  5. T h e  results of eross NI test among dif ferent H3N8 viruses 

Ant igens  N8 a b c 1 2 3 4 5 

A/Eq/Jilin/1/89 2560 1280 1280 160 160 160 160 80 80 
A/Eq/Jilin/2/89 2560 1280 1280 160 
A/Eq/Miami/1/63 640 80 160 640 10 25 10 10 < 1 0  

Antisera  1-5 mean horse convalescent sera  

E q u i n e  i n f l u e n z a  epidemic  in h o r s e s  h a s  first occurred in China  in 1974 
( D e n g  et al., 1980). T h e r e  are  s o m e  d i f f e r e n c e s  b e t w e e b  t g e  t w o  epidemics :  t h e  
first w a s  c a u s e d  b y  e q u i n e  1 v i r u s  w h i c h  w a s  antigenically s imilar  t o  prototype  
strain A/eq/Prague/ l/56(H7N7),  w h i l e  t h e  s e c o n d  b y  e q u i n e  2 v i r u s  which  w a s  
antigenically d i f f e r e n t  f r o m  t h e  prototype  strain A/eq/Miami/ l/63(H3N8).  
T h e  h o r s e s  in m a n y  provinces  a n d  cities w e r e  a f f e c t e d  in t h e  first epidemic,  
w h i l e  in t h e  s e c o n d  o n e  only  t w o  provinces  (Hei longj ing  a n d  Jilin) w e r e  in t h e  
s e c o n d  o n e  only  t w o  involved.  T h e  mortal i ty  in latter ep idemic  w a s  h i g h e r  t h a n  
that  in t h e  first o n e .  D o n k e y s  a n d  m u l e s  w e r e  a f f e c t e d  in t h e  first e p i d e m i c  b u t  
t h e y  w e r e  not  involved  in t h e  s e c o n d  o n e .  H o w e v e r ,  t h e  epidemiologic  f e a t u r e s  
a n d  clinic appearances  w e r e  v e r y  s imilar  t o  each other .  

T h e  e q u i n e  2 v i r u s  activit ies  are  increasing recently  in t h e  wor ld,  especially 
in As ia ,  it s e e m s  that  it could  c a u s e  a n d  ep idemic  in h u m a n  populat ion a s  wel l .  
H o w e v e r ,  w h e r e  did e q u i n e  2 v i r u s  c o m e  f r o m  in h o r s e s  in China? T h e r e  s e e m  
t o  b e  t w o  possibi l i t ies.  O n e  is  that  it w a s  t ransmit ted  f r o m  t h e  U.S.S.R. t o  C h i n a  
b y  horse ,  t h e  o t h e r  is  that  it c a m e  f r o m  another  source,  s u c h  a s  avian i n f l u e n z a  
v i rus .  H o w e v e r ,  it w a s  wel l  k n o w n  that  e q u i n e  2 v i r u s  H A  ant igens  w e r e  antige ­
nical ly d i s t ingu i shab le  f r o m  avian  ( H 3 )  a n d  h u m a n  ( H 3 )  v i r u s e s  ( K i l b o u r n e ,  
1987), s o  t h e  first possibi l i ty c o u l d  b e  m o r e  p robab l e .  

T h e  r ep re sen t a t i ve  s t ra in  o f  e q u i n e  2 v i r u s  u s e d  f o r  p r o d u c i n g  r e f e r e n c e  
r e a g e n t s ,  vacc ines ,  a n d  f o r  se ro log ic  d iagnos i s ,  c o u l d  h a v e  a l t e r ed  b y  a n  an t i ­
g e n i c  d r i f t .  
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