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Characteristics of Pathogenic and Antigenic Variation of HIN2 Avian Influenza
Viruses HA S145N Mutants in China
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Abstract: To investigate the effect of HA S145N mutation on pathogenicity and antigenicity of
H9N2 avian influenza viruses (AIV), the EID.,, ELD.,, MDT, ICPI, IVPI and the duration of
shedding virus from infected 8-week-old SPF chickens of different HIN2 AIV strains with HA
S145N mutation isolated from Mainland China were determined. The HI and VN activity of mon-
oclonal antibody 2A4 and F6 on different HIN2 AIV isolates were assayed. The determined path-
ogenicity suggested that the HIN2 AIVs with HA S145N mutation have higher pathogenicity and
can cause the death of SPF chickens. The 8-week-old SPF chickens infected by HIN2 AIVs with
HA S145N mutation shed virus earlier and last for a longer time. Monoclonal antibody 2A4 and
F6 can inhibit the hemagglutinin activity of HIN2 AIVs with HA S145N mutation, however it
can not neutralize the virus infection on CEF cells. The results showed that the HIN2 subtype
AlVs have the tendency to evolve, resulting in the occurrence of mutants which have higher viru-
lence and variable antigenicity. The site (S145) is one of HA protein epitope of the HIN2 sub-
type AIV. The higher virulent mutants may cause death of chickens and lead to more economic
loss. The antigenic mutants may escape from immune clearance, which pose a new challenge to

the immunoprophylaxis for the HIN2 avian influenza.
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Table 1 Results of EIDs, , ELDs, and MDT of 12 HIN2 influenza virus mutants and HP strain and HI titer of 2A4 and F6 to different isolates

HI (log2)

HI titer of isolates to

Isolation ti EIDs, ELD;, MDT different antibody
solation time
No. and name of virus isolates 41 ) (/0.2 mL) (/0.2 mL) /h 2A4 F6
t
and focation polyclonal monoclonal monoclonal
antibody antibody2A4 antibody F6
N1 A/CK/Henan /A3/1998 1998 Henan 107! 10788 66. 5 13 — —
A/Duck/Chicken/ “9.25 —9.25 _ _
N2 Xuzhou/01/1999 1999 Jiangsu 10 10 66 1
N3 A/CK/Henan /2002 2002 Henan 10~%° 10 %% 69.9 13 — —
N4 A/Chicken/Anhui /2002 2002 Anhui 1079 107%° 66. 6 11 — —
N5 A/Chicken/Jiangsu /2003 2003 Jiangsu 10°8° 109%° 77.9 11
A/Chicken/Jilin/ —9.0 —9.25 _ _

N6 d11024/2007 2007 Jilin 10 10 78.7 13

A/Chicken/Shandong/ P P - -
N7 1x316 /2007 2007 Shandong 10 10 70.1 12

A/Chicken/Liaoning/ —9.5 —9.5 _ _
N8 hld1024/2007 2007 iioning 10 10 66.2 12

A/Chicken/Jiangsu/ —8.25 —9.0
N9 Ay, /2007 2007 Jiangsu 10 10 82.5 13

A/Chicken/Shandong/ —8.5 —8.7 o o o
N10 SG1/2009 2009 Shandong 10 10 13

A/Chicken/Shandong/ ~8.25 —90.0 . o o
N11 SG2/2009 2009 Shandong 10 10 80.7 13
N12 A/CK/HN /yuzhou/2009 2009 Henan 1087 10 %% 72.4 11 — —
HP A/CK/HN/2002 2002 1077 1077 984 11 17 17

( vaccine strain) Henan
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Table 2 The ICPI and IVPI of 10 HIN2 influenza virus isolates
N3 N4 N5 N6 N7 N8 N9 NIl HP
No. of virus isolates
1 SPF /%
_ o 100 30 62.5 50 25 75 62.5 25 25 0
1-day-old SPF chickens injected Death rate
via intracerebral inoculation ICPI  0.338 1.719 0.437 0.594 0.344 0.313 0.594 0.546 0.250 0.234 0
6 SPF /%
, 20 30 0 0 0 10 0 0 0
6-week-old SPF chickens Death rate
injected via intravenous inoculation  [yypr 230 1,100 0.660 0,690 0.210 0.430 0.300 0.520 0,220 0.230 0
3 NI.N3 HP 8 SPF

Table 3 The results of virus shedding of 8-week-old SPF chickens at the indicated time after challenge with HIN2 influenza viruses

N1,N3 and HP strains respectively

No. of chickens shedding/total no. of chickens challenged

No. of Virus isolates

3 4

5

6

7

8

9

10

The 3" day The 4™ day The 5" day The 6™ day The 7" day The 8" day The 9" day The 10™ day

N1 1/5 5/5 5/5 5/5 5/5 5/5 3/5 0/5
N3 1/5 5/5 5/5 5/5 5/5 5/5 3/5 0/5
HP
HP vaceine strain 0/5 1/5 2/5 3/5 5/5 3/5 0/5 0/5
2.3 HON2 .
2.4 HA 2A4 6 HI
HP HP N3 2A4  F6 HI
28 SPF ,3 7 ~9log2 HI 1, 1 L2A4 F6 HP
. HP , 12 .
N3 ( 12 HA .
HP HP N3 SPF 9AL  F6 )
. N3 2—6 2.5 2A4  F6
, S 2A4  F6 HP
’ 10, . HP HA 2A4
( ) F6  HIN2 .
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Table 4 Protection efficacy of HOIN2 HP and/or variant N3 inactivated vaccines against homologous and heterologous infection

/
HI antibody titer (log2) No. of chickens shedding/Total No. of chickens challenged
Vaccine Chall )
type HP N3 “hallenge virus 9 3 4 5 6
HP antigen N3 antigen The 2" day The 3" day The 4™ day The 5" day The 6™ day

9.4 9.0 N3 3/10 5/10 8/10 8/10 3/10
HP

8.4 8.0 HP 0/10 0/10 0/10 0/10 0/10

8.0 7.8 N3 5/10 6/10 8/10 10/10 6/10
HP-+N3

8.0 7.8 HP 0/10 0/10 0/10 0/10 0/10

<2 <2 N3 4/5 5/5 5/5 5/5 5/5
Control <2 <2 HP 0/5 1/5 2/5 4/5 5/5

2.6 HA N) 145—147 1
12 HI9N2 ATV HP HA NGT,
5, 5 ,12 HA s
HP s (S145)  HO9N2 AIV HA
) . HP , 1 ,
12 HA 145 (S— s 0
5 HI9N2 HA

Table 5 The comparison of HA amino acid sequence of HIN2 influenza virus isolates

Receptor-binding sites Potential glycosylation sites

Cleavage sites

Virus 109 161 163 191 198 202 203 29-21 82-84  141-143 145-147 218-220 298-300 305-307 492-494 551-553 333-341

N1 Y W T N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PARSSRy GLF
N2 Y W T N T L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PARSSR Yy GLF
N3 Y W T N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PARSSRy GLF
N4 Y W T N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PAVSSRy GLF
N5 Y W T N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PAVSSRy GLF
N6 Y W T N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PAVSSRy GLF
N7 Y W T N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PAVSSRy GLF
N8 Y W T N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PAVSSRy GLF
N9 Y W T N V L Y NST NPS NVS NGT NRA NTT NVS NGT NGS PAVSSRy GLF
N10 Y W T N T L Y NST NPS NVS NGT NRT NAT NVS NGT NGS PSVSSRy KLF
N11 Y W T N T L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PSVSSRy GLF
N12 Y W N V L Y NST NPS NVS NGT NRT NTT NVS NGT NGS PAVSSRy GLF
HP Y W N L Y NST NPS NVS * NRT NTT NVS NGT NGS PAVSSRy GLF
*

* show the loss of potential glycoprotein site at corresponding positions
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