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Summary 

Twenty-two strains of influenza A virus were isolated from caged birds which 
had been imported into J apan  from India and Thailand and had died during 
transportation to Tokyo. 

Serological tests divided these strains into two groups. Viruses in the first 
group contained H a y  7 hemagglutinin and were related antigenically to A/duck/ 
Ukraine/i /63 [Hay7 Neq2]; viruses in the second group contained H a y 4  hem- 
agglutinin and were related to A/duck/Czech/56 (Hay4 Nay 1]. All straims contain- 
ed Neq2 neuraminidase that  was closely related to that  of A/eqnine/Miami/1/63 
[tIeq2 Neq2] and A/duck/Ukraine/I/63 [ I tav7 Neq2]. I t  was conlcuded tha t  the 
strains in the first group were t I a v 7  Neq2 and those in the second group were 
I t a v 4  Neq2;  both gronps of viruses showed antigenic drift from the prototype 
strains. 

Introduction 

The mechanism by  which new" strains of human influenza virus arise is not 
fully understood. The results of recent studies showed that  various serological 
t3~es of influenza A virus are distributed in domestic and wild birds (6--8, 10 to 
13, 18, 20, 21, 24, 25, 29, 30, 33). Both direct and indirect evidence suggests that  
birds m a y  play an important  role in the epidemiology of human influenza, espe- 
ciallyin the appearance of new subtypes. There are two suggested alternatives; the 
first is tha t  new pandemic strains might originate from animals and birds which 
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act  as reservoirs  of inf luenza viruses and  these viruses m a y  subsequen t ly  become 
a d a p t e d  to m a n  (2, 11); the  second is t h a t  r ecombina t ion  be tween  h u m a n  and  
animM influenza viruses might  give rise to new strains ,  the  surface ant igens  of 
which are  der ived  f rom animal  influenza vi rus  strains,  while o ther  biological  
character is t ics  such as infec t iv i ty ,  pa thogen ic i ty  and  virulence,  come from h u m a n  
viruses (14, 18). There  is an  increasing body  of evidence t ha t  suppor t s  the  second 
suggestion, especia l ly  the  fact  t h a t  several  exper iments  have  revea led  t h a t  
f requent  r ecombina t ions  occur in rive between different  t ypes  of inf luenza A 
viruses of avian,  swine and  h u m a n  origin in m ixed ly  infected hosts  (26, 27, 28). 

The hemagglu t in in  ant igen  of the  Hong  Kong  influenza virus  which sudden ly  
a p p e a r e d  in m a n  in 1968 was charac ter ized  in immunologica l  tes ts  a n d  pep t ide  
analys is ;  i t  was shown t h a t  Hong  Kong  influenza vi rus  possesses a hemagglu t in in  
subuni t  which has a pa r t i a l l y  common s t ruc ture  wi th  those of some s t ra ins  isola ted 
f rom birds  and  horses in 1963 (5, 12, 14, 24). F r o m  the  above  findings,  i t  was 
sugges ted  t h a t  the  av ian  influenza viruses conta in ing surface ant igens  re la ted  to 
those of h u m a n  s t ra ins  m a y  be possible progeni tors  of h u m a n  pandemic  strains.  

I n  the  presen t  pape r  we descr ibe the  ant igenic  p roper t ies  of hemagglu t in in  
(HA) or neuramin idase  (NA) ant igens  of 22 influenza A s t ra ins  isola ted f rom 
m y n a h  birds (Gracula religiosa) and  banded  pa rakee t s  (Psit tacula alexandria 
/aciata). 

Materials and Methods 

Virus Strains 
The following virus strains were used: A/swine/Iowa/15/30 [Hew 1 N 1], A/equine/ 

Prague~i~56 [Heq 1 Neq 1], A/equine/Miami/I/63 [Heq2 Neq2], A/PR/8/34 [ILION 1], 
A/FSf/1/47 [ H t N 1 ] ,  A/RI/5+/57 [ I t2N2] ,  A/Aiehi/2/68 [1!I3N2], A/chicken/Ger- 
many  "N"/49 [Hay2 N t], A/duek/England/56 [I-Iav3 Nay  1], A/duck/Czech/56 
[Kay4  Nay  1], A/tern/S.  Africa/61 [Hay5 Nay2],  A/turkey/Mass/65 [Hay6  N2], 
A/duck/Ukraine/ i /63 [Hay7 Neq2] and A/turkey/Ontario/6118/68 [ I lav8  Nav4].  
Influenza type  B (B/Gifu/2/73) and C (Taylor/1233) viruses were also employed in 
serological tests. All strains except influenza C virus were propagated in the allantoie 
cavi ty  of 11-day-old fertile hen's eggs ; influenza C virus was propagated in the amniotie 
eavi W of 8-day-old fertile hen's eggs. 

Antisera 
Antisera for characterization of the hemagglutinin (HA) were prepared in rabbits  

and ehiekens by repeated intravel~ous and intradermal injections of either purified 
virions or HA fractions derived from them. HA of the isolates No. 7 and 23 were 
released from purified virions with sodium dodeeyl sulfate (SDS). After the removal 
of SDS, HA was adsorbed to chicken erythrocytes.  The erythrocytes coated with HA 
were injected intravenously into chickens (3, 16). Antisera to Hay7  and Neq2 had 
been prepared by R .G.W.  by the method described elsewhere (29, 30). Antiserum to 
the ribonucleoprotein (RNP) of influenza A viruses, was kindly provided by  Dr. A. 
Sugiura from the Ins t i tu te  of Public Health,  Tokyo, and had been prepared by  
immunizing rabbits  with I~NP derived from detergent-disrupted N~¥S virions (22). 
For  eompiement fixation (CF) tests for influenza B and C viruses, ferret and human 
convalescent sera were used, respectively. 

Virus Isolation 
Respiratory organs, including trachea and lungs, as well as eloaeal tissue, were 

removed from dead birds and were ground into 50 per cent suspension in broth  con- 
taining antibiotics and inoculated into the amniotie cavi ty  of 9-day-old fertile hen's 
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eggs. After  incubation a t  34 ° C for 3 days,  amniotie and atlantoic fluids were harvested 
and tested for hemagglutinat ing act ivi ty.  

Serological Tests 
Hemagglut inat ion inhibit ion (HI) tests were performed as described (9) but  in 

reduced volumes in microt i ter  plates. Sera were t rea ted  with I~DE before the  test  (4). 
For  neuraminidase inhibition (NI) tests, the  method recommended by  the WHO 

Exper t  Committee was followed (32). 
CF tests were done in eheekerboard t i t rat ions by  the method described (15). 
Double immunodiffusion tests were carried out in 1 per cent agarose in 0.01 ~ 

phosphate-buffered saline containing 0.1 per cent sodium azide but  the salt concentra- 
t ion was increased to 8 per cent. Vir~ons disrupted with 0.5 per cent SDS were used as 
antigen. 

Cell Culture and Plaque JFormation 
Infect ivi ty  assay was carried out by  plaque assay in an established line of canine 

kidney (MDCK) cells as previously described (23). 

Electron ~icroscopy 
The structure of viruses was examined by  electron microscopy in a Hitachi  H-500 

type  by  staining of virus with phosphotungstic acid as described previously (17). 

Results 

Isolation o/ In/luenza Viruses .From Birds 

During  the  per iod  from May  to August ,  1976, over  200 birds  t h a t  were dead  
oll a r r iva l  a t  the  Tokyo  Branch  of the  An ima l  Quaran t ine  Service were tes ted  
for the  presence of virus. These bi rds  had  been cap tu red  in I n d i a  and  Thai land,  
held for an  unknown  period,  and  then  sh ipped b y  aeroplane.  

Many  hemagg lu t ina t ing  agents  were i sola ted  f rom the  r e sp i r a to ry  organs. 
Among  them,  22 s t ra ins  grew in the  Mlantoic cav i t y  of fert i le hen ' s  eggs as well as 
in MDCK cells. They  possessed neuramin idase  (NA) a c t i v i t y  when tes ted  wi th  
fe tuin as subs t ra te .  E lec t ron  microscopic examina t ion  of several  isolates showed 
par t ic les  morpholog ica l ly  s imilar  to  inf luenza virus.  

Serological Characterization 

R N P  Ant igen  

R N P  se ro type  was de t e rmined  by  CF tests .  None of the  isolates r eac ted  wi th  
sera convalescent  f rom inf luenza B and  C, b u t  t hey  all  r eac ted  wi th  the  an t i s e rum 
to influenza A virus  I{NP. I n  double  immunodi f fus ion  tests  aga ins t  an t i se rum 
to inf luenza A - R N P ,  the  s t ra ins  tes ted  formed a p ree ip i t in  line which was contin-  
uous wi th  the  line fo rmed  be tween A/Aichi /2/68 and  the  reference se rum (Fig. 1 A). 
Al l  22 isolates,  therefore,  were inf luenza A viruses.  

t I emagg lu t in in  Ant igen  

Table  1 shows the resul ts  of cross H I  tes ts  wi th  an t i se ra  to e i ther  whole vir ions 
or the  pur i f ied  H A  of p r o t o t y p e  s t ra ins  and  newly  isola ted  viruses.  Ant i se ra  to  
two isolates  (No. 7 and  23) de l inea ted  al l  22 isolates in to  two groups.  The  H A  
of one group,  compris ing 14 s t ra ins  (Nos. 7, 9, 11, 67, 73, 81, 125, 127, 129, 131, 
133, 137, 169, 179), was re la ted ,  to var ious  ex ten t ,  to t t a v 7  conta ined  in A /duck /  
Ukra ine / I /63 .  The H A  of these isolates also cross-reacted wi th  an t i se ra  to Aichi /  
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2/68 and equine/Miami/i/63. The cross-reaction between the hemagglutinin from 
isolate No. 7 and I t  3 was asymmetrical, as shown by strong inhibition of the latter 
by  the antiserum to the former. This was also the case between I-Iav7 and H3. 

Several of the isolates in this group showed antigenic relationships with the 
three prototype strains (duck/Ukraine/i/63, Aiehi/2/68, equine/Miami/i/63) both 
in H I  tests and in double immunodiffusion tests. The hemagglutinin of Nos. 7, 
9, l l  and 179 viruses formed a continuous preeipitin line with duck/Ukraine/I/63 
when tested against Hay7  serum. Spurs in Figures 1 b and 1 e indicated partial 
identity of these strains with Aiehi/2/68 and equine/Miami/I/63. I t  was concluded, 
therefore, that  the viruses in this group contained antigenic determinants of the 
Hay7  subtype. 

u 

Fig. 1. Double i~qmunodiffusion reactions of influenza, virus isolates and prototype 
s~rains 

Center wells contain alitisera to: (a) ribonueleoprotein of A/NWS; (b) hemagglutinin 
of A/Aiehi/2/68 strain [It3]; (e) hemagglutinin of A/equine/Miami/I/63 [Heq2], 
(d) hemagglutinin of A/duck/Ukraine/I/63 [ItavT]. The outer wells contain viruses: 
(A) A/Aiebi/2/68 [t{3N2]- (M)A/equine/Miami/I/63 [I-teq2 Neq2]; (DU)A/duck/ 
Ukraine/I/63 [Hav7 Neq2]; and virus isolates numbers 7, 9, t l ,  15, 23 and i79 



Avian Influenza Viruses 265 

The second group consisted of e ight  isolates (Nos. 15, 23, 87, 89, 91, 93, 95 and 

97). All eight  strains reac ted  in a similar way  wi th  ant iserum prepared  to the 

H A  of No. 23 virus. However ,  the ex ten t  of cross-reaction wi th  the  ant i serum 

to duck/Czech/56 var ied  f rom st ra in  to s t ra in  (Table 1). 

Table 1. Hemagglutination inhibition (HI )  and neuraminidase inhibition ( N I )  tests 
with the isolates and prototype strains o] influenza viruses 

HI tests 

Antisera to 

eq/ duck/ NI  
Aichi/ Miami/ Czech/ 7- 23- tests 

Test villas 2/68~ 1/63~ H a y 7  b 56~ HA¢ tIA¢ Neq2 a 

A/Aichi/2/68 [H3N2]  4,096 512 16,384 < *  16,384 < < 8  
A/equine/Miami/i /63 < 4,096 512 < 256 < 4,096 

[Heq 2 Neq 2] 
A/duck/Ukraine/1/63 128 64 4,096 < 128 < 8,t92 

[Hay 7 Neq 2] 
A/duck/Czech/56 [Hay 4 Nay 1] < < < 2,048 < 512 < 8 

Isolate Number 
7 64 128 1,024 < 1,024 < 2,048 
9 64 64 1,024 < 1,024 < 8,192 

1t 64 64 1,024 ~ 1,024 < 8,192 
67 64 32 32 < 1,024 < 8,192 
73 32 < 64 < 512 < 8,192 
81 32 < 128 < 1,024 < 2,048 

125 64 32 256 < t,024 < 8,192 
127 64 < 128 < 1,024 < 2,048 
129 128 < 256 < 1,024 < 8,192 
131 128 < 128 < 1,024 < 2,048 
133 64 < 256 < 1,024 < 8,192 
137 32 < 256 < 1,024 < 8,192 
169 32 32 128 < 512 < 2,048 
179 64 64 512 < 1,024 < 8,192 

15 < < < 256 < 4,096 8,192 
23 < < < 512 < 4,096 8,192 
87 < < < 32 < 4,096 8,192 
89 < < < 128 < 4,096 2,048 
91 < < < 128 < 4,096 8,1.92 
93 < < < 256 < 4,096 8,t92 
95 < < < 32 < 4,096 8,192 
97 < < < 32 < 4,096 8,192 

* < = les s  than 32 
Rabbit  antiserum to whole virion 

b Rabbi t  antiserum to purified hemagglutinin 
Chicken antiserum to purified hemagglutinin 

'~ l~abbit antiserum to purified neuraminidase 

Double  immunodif fus ion tests  wi th  ant i serum to the  No. 23 hemagglu t in in  

suggested tha t  viruses of this  group contained a t  least  two ant igenic  de terminants ,  
one of which was common to the hemagglu t in in  of duck/Czech/56 (Fig. 2). 1%eeip- 

rocal tests using ant iserum to duck/Czech/56 failed to reveal  the  ant igenic rela- 

18" 



266 K. NERO1ViE et  a l .  : 

tionship between duck/Czech/56 and the second group of isolates, probably 
because the antiserum employed was not potent enough. The antigenic relatedness 
between duck/Czech/56 and isolate No. 23 led us to the interpretation that the 
viruses of this group contained Hay4, but that  their hemagghtinins had drifted 
antigenically from the original prototype strain of Hay 4. 

Neuraminidase Antigen 

The neuraminidase activity of all 22 isolates was inhibited by antiserum to 
Neq2, but not by antisera to N 1, N2, Nay l, Nay2, Nay4 and Neq 1. The identity 
of their neuraminidases with Neq2 was also demonstrated by double immuno- 
diffusion tests (Fig. 2 d). 

Fig. 2. Double immunodiffusion reactions of influenza virus isolates and prototype 
strains 

Center wells contain antisera to: (a) hemagglutinin of A/duck/Ukraine/i/63 [Hav 7]; 
(b) hemagglutinin o f A/duck/Czech / 56 [Hav 4 ] ; ( c ) hemagglutinin of 23 ; (d) neuraminid- 
ase of A/equine/Miami/i/63 [Neq2]. The outer wells contain viruses: (DU) A/duck/ 
Ukraine/i/63 [Hay7 Neq2]; (De) A/duck/Czech/56 [Hav4 Nav 1]; (M) A/equine/ 

Miami/i/63 [Heq2 Neq2]; and virus isolates numbers 7, 9, 1t, 15, 23 and 91 
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Discussion 

Twenty- two virus s trains isolated from birds impor ted  into J a p a n  from Thai- 
l and  and  Ind ia  dur ing  a 3-month  period in  1976, were classified as t I a v 7  Neq2  
and  H a y 4  Neq2.  The ant igenic composit ion of the former group was the same 
as duck/Ukra ine / i /63 .  The  virus of the la t te r  combina t ion  has previously been 
reported from Japan ,  bu t  some of us (W. K. B., 1%. G. W., and  C. H. C.) have recent ly 
isolated virus strains of this ant igenic  type  from birds in  I Iong  Kong  (t9). This 
s t ra in  might  have been generated recent ly  as a result  of genetic recombinat ion  
(26, 29) or m a y  have escaped detect ion unt i l  this time. The H A  of both  k inds  of 
isolates, Mthough related to H a y 4  and  I-Iav7, show ant igenic  drift  from the 
prototype strains.  Antigenic drift  in avian  influenza viruses has recent ly been 
described for the H a y 6  subgroup by  W~BSTER et al. (31). This report  shows tha t  
ant igenic  drif t  occurs in  the H a y 4  and  H a y 7  subtypes  and  m a y  well occur 
among all av ian  influenza strains. 

I n  contrast ,  the NA of both  types  of isolates was Neq 2 and  was ant igenieal ly  
closely related to the two pro to type  strains, equine/Miami/1/63 and  duek/UkrMne/  
1/63. Antigenic  drift  in the NA might  be more gradual  t h a n  in  the HA, for all of the 
neuraminidase  ant igens on the h u m a n  strains prevalent  from 1957 to 1977 are 
of a single type  [N2] and  ant igenic drift  has only been apparen t  since 1972. 

Table 2. Source o/influenza A viruses used in this study 

Isolate Antigenic type 

number Country of origin Species of bird Tissues a Type HA NA 

7 India Mynah g A av 7 eq 2 
9 India Mynah 1% A av 7 eq 2 

11 India  Mynah t% A av 7 eq 2 

15 Thailand Mynah 1% A av 4 eq 2 
23 Thailand Mynah 1% A av 4 eq 2 

67 India Banded Parakeet R A av 7 eq 2 
73 India Banded Parakeet R A av 7 eq 2 
8 t India  Banded Parakee~ R A av 7 eq 2 

87 Thailand Mynah 1% A av 4 eq 2 
89 Thailand Mynah R A av 4 eq 2 
91 Thailand Mynah t% A av 4 eq 2 
93 Thailand Mynah 1% A av 4 eq 2 
95 Thailand Mynah R A av 4 eq 2 
97 Thailand Mynah R A av 4 eq 2 

125 India  Mynah R A av 7 eq 2 
127 India  Mynah I~ A av 7 eq 2 
129 India Mynah 1% A av 7 eq 2 
131 India  Mynah I% A av 7 eq 2 
133 India. Mynah R A av 7 eq 2 
t 37 India Mynah 1% A av 7 eq 2 

169 Thailand Mynah R A av 7 eq 2 
179 Thailand Mynah g A av 7 eq 2 

t% = respiratory organ including trachea and lung 
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Table 2 summarizes the antigenic type  of the isolates, species of hosts, the 
tissues from which the viruses were isolated, and  the countries from which the 
birds originated. Apparen t ly  species boundaries  do not  exist in  the d is t r ibut ion  of 
these viruses, for bo th  types of viruses were found in parakeets  as well as in  
mynahs .  On the other hand,  the geographical prevalence m a y  be different for the 
two types of viruses. Birds from Ind ia  yielded only  one type (Hay7 Neq2], while 
those from Thai land  yielded both  types [Hay7 Neq2  and  H a y 4  Neq2]. Reeent ty  
42 strains of influenza A virus were isolated from dead birds originating from 
Ind ia  and  all of the virus strains were characterized as A/duck/Ukra ine / i /63  
[ I Iav7  Neq2] (1). This evidence obviously coincides with our results. Whether  
these results reflect differt epizootiologieal backgrounds in the two countries 
mus t  await  fur ther  s tudy.  
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