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Abstract
Keywords: influenza virus; antigenicity; antivral resistance; gene sequences;

virus adaptation

Influenza virus is a highly contagious respiratory virus and cause regional epidemic
annually in many countries. A newly emerging novel influenza virus possible causes an
influenza pandemic. Both antiviral agents and influenza vaccines are the major measures to
control influenza. Due to high mutation rate of influenza virus, antigenic-drifted and antiviral
resistant variants may occur in every each. Therefore, it is important and required for
influenza control to continue monitoring the changes of genes, antigenicity and antiviral
resistance. WHO and influenza Laboratories in various countries comprise Global Influenza
Surveillance and Response System, GISRS, which monitors the evolution of influenza viruses
and provides recommendations in areas including laboratory diagnostics, vaccines, antiviral
susceptibility and risk assessment. WHO updates and recommends the composition of
influenza vaccines twice every year based on the data of influenza surveillance. Different
subtypes of avian influenza viruses, such as H5N1, H6N1, H7N9, HON2, H10N8 were
detected to infect humans and it is concerned that these viruses mutate further and develop to
cause pandemic. In order to monitor the seasonal influenza viruses in Taiwan and characterize
the newly detected novel influenza viruses, we intend to investigate the changes of influenza
viruses in Taiwan by analysis of antigenicity, antiviral resistance and gene sequences. We will
select the predominant and/or low reactor strains of influenza viruses in Taiwan for
immunization of ferrets. We also use the obtained ferret sera to test the antigenicity of
circulating viruses and to compare the antigenicity between vaccine strains. The weekly
surveillance data are applied to adjust the strategies of influenza control and accumulated
long-term data will help to establish the evolution pattern of influenza viruses in Taiwan.
Novel influenza viruses cause sporadically human infection and have not obtained the ability
of human to human transmission yet. Those viruses potentially cause a pandemic if they
acquire further mutations. In this study, we will carry out the characteristic analysis of novel
influenza viruses, including full-genomic sequencing, important residue signatures, receptor
specificity and the infection in mammals. It is very important for risk assessment and

influenza control to understand these characteristics of novel influenza viruses.
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Alchicken/Tawan/PF2/02
Alduck/Taiwan/\WB239/03
Alchicken/Taiwan/PF1/02
AJchicken/Taiwan/A37/02
Alchicken/Taiwan/0114/04

HeN1/HA 3

Alchicken/Taiwan/0706/03
Adchicken/Taiwan/A342/05
AdchickenTawanTC126/2010
100t A/chickenTawanTC147/2010
Alchicken/Taiwan/1212/01
AlchickenTawan/0408/02 #
95| - A/chickenTawan/0320/02
g9 - Alchicken/Taiwan/0222/02
100 A/chicken/Tawan/ch1006/04
Alchicken/Taiwan/0204/05
Alchicken/Taiwan/1843/2012
Alchicken/Taiwan/2084/2012
79 Adchicken/Taiwan/2437/2012
391 Achicken/Taiwan/67/2013

D AlchickenTaiwan/2769/2012
Adchicken/Tawan'/A2837/2013
ATaiwan/2/2013
Alchicken/Taiwan/2267/2012
a9l Adchicken/Taiwan/2331/2012
Alchicken/T aiwan/1205/01
Adchicken/Taiwan/0329/01
Adchicken/Tawan/2838N/00
100 - AJchicken/Taiwan/2838\V/00
Alchicken/T aiwan/0824/97
AJchicken/T aiwan/na3/98
s8r- A/chicken/Tamwan/PF3/02
Alchicken/T aiwan/1203/03
Alchicken/Tawan/0305/04
Alchicken/Taiwan/0208/02
AJchicken'Tainan/\'156/1999
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Alchicken'T awan/0706/99
Alchicken/Tawan/ns2/99
Alpartridge/Taiwan/LU1/99
Alchicken/Tawan/SP1/00
96— AVduck/T aiwan/29-3/00
106 — Adchicken/Taiwan/165/39

Afduck/Taiwan/\WB29/39
= Afduck/Taiwan/A68/03
= Alduck/Taiwan/WB450/04
= Adchicken/Taiwan/G23/87
= AlduckTaiwan0526/72
TooL Alchicken/Taiwan/G2/87

—
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Jduck/Ki VE322/04
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R214K (200)
f ewo 1494M
2013 D: R69K (62)
V114L (105)
N187T (173)
K252R (238)
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E:P200L(186)
A301T(285)
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1% mouse anti-H6 polyclone 1:2000
2"d: anti mouse 1:5000
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H3N2

HIN1

H7N9S

Bl -z

name Year 211-217-219 230 237
A/Port Chalmers/1/1973(H3N2) 1973 GPPLTPRQKRKMARTARSKVRRDKMAD
A/Philippines/2/1982(H3N2) 1982 GPPLTPRKQRKREKMARTARSKVRRDRMAD

A/Bangkok/1/1979(H3N2)

1979

GPPLTPRQEKRRMARTARSKVRRDKMAD

A/Leningrad/360/1986(H3N2) 1986 GPPLTPRQRRRMAGTARSKVRRDEMAD
A/Sichuan/2/1987(H3N2) 1987 GPPLTPRQRKREMARTARSKVRRDEMAD
A/Betjing/353/1989(H3N2) 1989 GPPLTPRQKREKMARTARSKV
A/Betjing/32/1992(H3N2) 1992 GPPLTPRQKRKMARTARSKV
A/Shandong/9/1993(H3N2) 1993 GPPLTPRQKREKMARTARSKV
A/Moscow/10/1999(H3N2) 1999 GPPLTPRQRREMARTARSKV
A/Fujian/411/2002(H3N2) 2002 GPPLTPRQKREMARTARSKV
A/Wellington/01/2004(H3N2) 2004 GPPLTPRQKREMARTARSKV
A/Wisconsin/67/2005(H3N2) 2005 GPPLTPRQRRRMARTARSKV
A/Brisbane/10/2007(H3N2) 2007 GPPLTPRQRREMARTARSKV
A/Texas/50/2012(H3N2) 2013 GPPLTPRQRKREMARTARSEV
A/USSR/90/1977(HINT) 1997 RPPLTPRQKREKMARTIRSEVRRNKMAD
A/Brazil/11/1978(HINI1) 1978 RPPLTPRQKREKMARTIRSEVRRNEMAD
A/Chile/1/1983(HINI) 1983 RPPLTPRQKREKMARAIRSEVRRNEMAD
A/Singapore/6/1986(HIN1) 1986 RPPLTPRQRKREKMAGTIRSEVRRNKMAD
A/Betjing/262/1995(HIN1) 1995 GPPFTPTQRRRKMAGTIRSEV

A/New Caledonia20/1999(HIN1) 1999 GPPFTPTQRRRMAGTIRSEV
A/Brisbane/59/2007(HIN1) 2007 GPPFTTTQRKRRMAGTTRSEV
A/California/07/2009(HIN1) 2009 RPSLPPEQK

A/Shanghai/1/2013 2013 RSPLSTK

A/Anhui/1/2013 2013 RSPLSTK

A/Taiwan/1/2013 2013 RSPLSTK

A/Taiwan/3/2013 2013 RSSLSTK

A/Taiwan/1/2014 2014 RSPLSTK

A/Taiwan/2/2014 2014 RSPLSTK

A/Taiwan/1/21017 2017 RPPLSPRREWEMERTIKPEVRRNEMVD
A/Guangdong/17SF003/2016 2016 GSPLSTK
A/Guangdong/17SF006/2017 2017 RSPLSTK

A/Qingvuan/GIRD1/2017 2017 RSPLSTK

26

A]5% B H3N2, HINL, H7NO 7% NS1 F-d C & mensg it




f- VAR HINZ R g d i R B Ar IR R o

Ferret sera
Antigens referenced Date clade TW/94932 TW/95254 TW/80158 TW/82486 TW/82725
A/Tawian/94932/2012 2012/5/3  3C 2560 2560 2560 2560 2560
A/Taiwan/95254/2012 2012/8/30  3C 2560 2560 2560 1280 2560
A/Taiwan/80158/2013 2013/2/18 3C.3 1280 2560 1280 320 320
A/Taiwan/82486/2014 2014/2/21 3C.3a 160 320 160 320 160
A/Taiwan/82725/2014  2014/3/3 3C.2a 320 640 640 320 640
Antigens tested
A/Taiwan/84432/2015 2015/4/18 3C.2a 640 640 640 160 640
A/Taiwan/76377/2015  2015/5/14 3C.3a 80 160 160 320 80
A/Taiwan/84434/2015 2015/4/18 3C.3b 320 640 640 160 160
A/Taiwan/90296/2015 2015/2/20 3C.3b 2560 1280 1280 320 640
A/Taiwan/84857/2015 2015/7/3 3C.2a - 320 320 40 320
A/Taiwan/84913/2015 2015/7/17 3C.3b - 640 1280 320 640
A/Taiwan/84956/2015 2015/8/8 3C.3b - 640 320 160 640
A/Taiwan/84970/2015 2015/8/15 3C.2a - 320 160 80 320
A/Taiwan/84976/2015 2015/8/22 3C.3b - 320 320 160 640
A/Taiwan/85003/2015 2015/9/8 3C.2a - 160 320 80 320
# = .7 ke clades H3N2 it g & 2 $if 2
Fold Virus evolutionary clades (%) Statistical
reduction significance
* 3C.2al 3C.2a2 3C.2a3 3C.2a.3a 3C.2a4 Total
>8 3(5.7) 8(30.7) 1(111) 3(16.7) 4(16.7) 19(14.6)

2~4  35(66.0) 12(46.2) 2(22.2) 10(55.5) 15(62.5) 74(56.9) p=0.036
<1 15(28.3) 6(23.1) 6(66.7) 5(27.8) 5(20.8) 37(28.5)
Total 53 26 9 18 24 130

*The fold reduction was calculated based on that against the A/Taiwan/82725/2013 as the
homologous titer.
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# = .7 cladesH3N2 iR 3 B 4 B R L F %4 w2 BE

_ Vaccination of 2016-2017 seasonal T1V (%) Statistical
Virus clade o
Yes No/Unknown total significance
3C.2al 37 (42.5) 35 (40.3) 72 (41.4)
3C.2a2 17 (19.5) 15 (17.2) 32 (18.4)
3C.3a3 5(5.8) 2(2.3) 7 (4.0)
p=0.38
3C.2a.3a 15 (17.3) 15 (17.2) 30(17.2)
3C.2a4 13 (14.9) 20 (23.0) 33 (19.0)
Total 87 87 174
Zow ~ 2014-2017 & o B E p A LR BB REE A AT R F R RS A v R

AJ/California/7/2009 (H1N1) (2014-2017), A/Texas/50/2012 (H3N2)(2014-2015),
A/Switzerland/971593/2013 (2015-2016), A/Hong Kong/4801/2014 (H3N2) (2016-2017),
B/Brisbane/60/2008 (cell cultured- propagated) (2014-2017), B/Massachusetts/2/2012
(2014-2015), B/Phuket/3073/2013(2015-2016, 2016-2017) ' #& » HI tier 4p £ 8 & r2 }
= M F s tk(low reactor, LR) ©

Antigenicity and Drug resistance of Influenza viruses in Taiwan, 2014-2018

Antigenicity Oseltamivir susceptibility
Time (Week) ey ] FIE (Vo) Fiel (Tam) Sandemic HINT TEND TS
%) | Tested No.| Low reactor (%) Tested No| Low seactor (32) | Tested No. Low reactor (%) | Tested No.] Resistant [ Tested NoJ Resistant|Tested No] Resistant

vicviagl P 0 157 | 87(55%) [ 10 0 135 [Bo(s93%)| 67 | 1 [172| o | s0 | o

39/2015 “ 3%
W40/2015- .

39/2016 278 | 7(25%) | 3 0 124 0 87 0 101 | 2 48 0 | 108 0
W40/2016- .
waareo17 | ¥ 0 353 [31(8.8%)| 18 0 97 0 38 | o | 202 | o | 126 2
WA40/2017- -
wsi2017 | 1 0 26 2 0 0 64 | B(148%) | 12 [ o | 41 | o | 55 0
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#3 ~HIN9 (A/Taiwan/1/2017 )in & o & i fh pe 1= BE R 5 42 14 0 47

m-m—mm A Talwan 1/2017 Functions |

627 Replication ability

701 D N D Nuclear Import

702 K R K Spe_ctes—assocmmd signature
positions

368 1 v A Increased transmission in ferret

N S N Induction of apoptosis
PB1-F2 87-90a.ain Iength 90 a.a Increased pathogenicity in mice

100 v A A Spe_t:l_es—assouated signature
positions

335 L M L In_creased polymerase activity in
mice

356 K R R Spe_t:l_es—assouated signature
positions

209 < N N Spefl_es—assomated signature
positions

Cleavage site b?sl;flaea Multiple basic aa PEVP KRKR TARGL high pathogenesis in poultry
138 S A A
160 T A A Increased binding to human-type
186 G v v influenza receptor
226 Q L Q
228 G S G
119 E \' E Oseltamivir resistance
. ) 222 1 L 1 Oseltamivir resistance
(N2 numbering) : .
297 K X Resmta_nf:e to oseltamivir and
zanamivir
42 P S S Increased pathogenesis in mice
92 D E D Altered virulence in mice
205 N S S L .
210 G R P Altered antiviral response in host
e 217aa 237 aa. PDZ binding

length
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