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Phylogenetic and pathogenicity analysis of influenza B virus
strain B/Guangxi-Jiangzhou/1352/2018

MENG Qingxinl’z, JIAO Pengtaoz, SUN Lei** , WANG Dayan", LUO Tingrongl,
FAN Wenhui’, LIU Wenjun"*?

1 Animal Science and Technology College, Guangxi University, Nanning 530004, Guangxi, China

2 Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of
Sciences, Beijing 100101, China

3 University of Chinese Academy of Sciences, Beijing 100049, China
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Abstract: Influenza B virus (IBV) is more likely to cause complications than influenza A virus (IAV)
and even causes higher disease burden than AV in a certain season, but IBV has received less attention.
In order to analyze the genetic evolution characteristics of the clinical strain IBV (B/Guangxi-
Jiangzhou/1352/2018), we constructed genetic evolution trees and analyzed the homology and different
amino acids of hemagglutinin and neuraminidase referring to the vaccine strains recommended by World
Health Organization (WHO). We found that strain B/Guangxi-Jiangzhou/1352/2018 was free of
interlineage reassortment and poorly matched with the vaccine strain B/Colorado/06/2017 of the same
year. We also determined the median lethal dose (LDsy) and the pathogenicity of strain
B/Guangxi-Jiangzhou/1352/2018 in mice. The results showed that the LDs, was 10°° TCIDs, (median
tissue culture infective dose), the IBV titer in the lungs reached peak 1 d post infection and the mRNA
level of the most of inflammatory cytokines in the lungs reached peak 12 h post infection. The alveoli in
the lungs were severely damaged and a large number of inflammatory cells were infiltrated post
infection. The study demonstrated that the clinical strain IBV (B/Guangxi-Jiangzhou/1352/2018) could
infect mice and induce typical lung inflammation. This will facilitate the research on the pathogenesis
and transmission mechanism of IBV, and provide an ideal animal model for evaluation of new vaccines,

antiviral and anti-inflammatory drug.

Keywords: influenza B virus; Victoria lineage; genetic analysis; pathogenicity; animal model

AR EE (influenza virus) &5 A F13h IAV 7] 52 A\ R BORAT, 1 IBV 75 2Bk

Py W T g ) EE LR AR, XA S AR RN
5 i SR AR ™ B U o B B H T4 A LB
C. D AR A R EGERE (influenza A
virus, 1AV) 7 EJERHED, aRg AL I
YGRS, 1 B, C I D A3 8 1 15
FIEREARR, H, B BERNEE (influenza B
virus, IBV) H 8R4 1F T A0S AR 17,
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N LIS 1AV 3317 09 77 205 [ i B JR
TR ENERAT, JUHX LEME RN
S MU T TAV, IBV R 55| &Y ™
AETFRAE, HAE— 2 2215 A R ) 9 e 1 HH
E#ad 1aVP, HHEREET BV MRS,
IBV (B/Lee/1940) F 1940 4E4% 15 k40 851,
M\ 1985 F-HF- IR 24k R B/ Victoria #1 B/Yamagata
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RIS R, T 20 tHh22 90 4FACTFIh IR E A
11, I B W 1R Es g m il 1BV
LN HE 8 4017 Be i s I 1 5 RNA, i
/0 11 R (AW, B AR A LBk
ZEAR DL R 3 R ] A 8 P i) A4 % o G S B i
HEAEUT St IBV A R R 2 IR 14 35k 14 Ak
Ko 5B 5 X oA A B PG bR . &
BB 1) 2 74 B TR I X 3t S 2 10 B 75 4 A =
Z . WA, R 1BV REURMEPLE U TR
AW, FER IBV e il @15 i h &
L HAT R ZE00 98 88 oo/ IR A T S s ol
Jo I BOR TR A 0 1k 1 B MRy 1BV RS
ARSI /N BRSO R i I PR
PR B i 7 /N BB U Y (1) B A i

AHBFFERT 1BV Victoria 1% 2 B I K 43 B 75
¥k B/Guangxi-Jiangzhou/1352/2018 #4171
A R B #EE R (hemagglutinin, HA) FIfH 4
PR (neuraminidase, NA) gt AL 4F 55
8T, SR T HXT BALB/c /BRI BUH 1,
45 R R L BE AR /N B BE ) SO 300 . A
BRI IBV [ BUR S AL R HLE] 295E 5
filt, VPR R . B AP RAE 25 P 1R
HEFRAR A S A

1 #RE5r*

1.1 LEEFE

il KBEPE B/Guangxi-Jiangzhou/1352/2018
AR LRABREEEY L2 R
(bio-safety level laboratory-2, BLS-2) #17, #R
a0 JEL AR AR ) 1 A S G o SORR 1 18 B
air,  HLATA BRAE #5380 BLS-2 #RAEMIIE . A
WEFE T30 00 52 56 sh Yy 2 1) 3% TS i R UE &
(individual ventilated cages, IVC) H',
1.2 F¥. WHEKELHENY

IBV Zitk (B/Guangxi-Jiangzhou/1352/2018)
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FH T 7 o e AR R T R AR S AR
ff; R'BE41MI A& (madin-darby canine kidney
cells, MDCK) HIASSEEe 3 fRA7 5 6 JAl e ML TC
FEEM R (specific pathogen free, SPF) BALB/c
/NEUE B e e s R e S5 sh Y EOR A BR A v

Fi A ) 52 56 34 28 25k vh R A2 B i AR P aE
F S L5 5 N AE Y B2 s AR T A 4
FHREIEHAE (APIMCAS2021).
1.3 FEHAF SN E

BRI (1.25%F0 66 T) W g ot & DL AR
VIR A PR 7] 3 Trizol Reagent, DMEM 1 %7
L0 A Thermo Fisher BFEC/N )5 W #5 5x il
M-MLV. RNA |54 H Promega 23l ;
AT RRIE S Y (ANTPs) . 5E 5 i it w5 i
(oligo dT) #11 TB Green Premix Ex Taq Il 1 5 K
HEEAY TREARS A A0 (fetal bovine
serum, FBS) & Gibco 23 H) 7™ i o 2H 28 40 H i 1
108 BB ABHR R T AR AR PR w5
SEHT S E e R A THE U N, (polymerase chain
reaction, PCR) ¢y H ABI /% d); NanoDrop
1 000 # it 43606 THW A Thermo Fisher 2
F]; PCR U A HT A E R A PR A
14 RENEREHLKS T FIFESH

L WHO #EFEM IBV % 1 kA E K
2016-2021 484 IBV JAT 8N S5 Bk,
HHA | NA BRI S5 03K 1, FIH MEGA 7.0
A Clustal W 47 2 540 UXT, SR AR
Y (neighbor-joining method) % il 8 #k
B/Guangxi-Jiangzhou/1352/2018 HA FI NA J: A
B AL AL, bootstrap JEFMEE N 1 000,
FIF DNAstar 841 () MegAlign XTiZ#ERR T
HA. NA ZHER 75525 Bkt T R e 5
Bro DAEERHR IR, XFOF5EEEfk HA Al NA
[ O S 22 ik IR A A B AL #E AT 0 M, O il Ak
SWISS-MODEL f#2%& HA il NA ZFEHR 51 1)
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£1 BEZHHA NAEFEFES

Table 1 The HA and NA accession number of reference strains

Strain name

Strain ID

B/Wisconsin/01/2010
B/Brisbane/60/2008
B/Colorado/06/2017
B/Washington/02/2019
B/Massachusetts/2/2012
B/Phuket/3073/2013
B/Zhejiang-Shangcheng/16/2018
B/Guangxi-Xixiangtang/11019/2016
B/Guizhou-Kaili/11102/2020
B/Zhejiang-Yiwu/1976/2019
B/Shanghai-Pudongxin/11420/2019
B/Zhejiang-Jiaojiang/11018/2019
B/Henan-Wolong/1275/2019
B/Jiangxi-Xihu/1876/2018
B/Shanxi-Xinghualing/1104/2019
B/shenzhen/2018-22511/2017
B/Yunnan-Funing/31/2017
B/Sichuan-Gaoxin/1914/2017
B/Guizhou-Jinping/31/2017
B/Anhui-Tianjiaan/1773/2017
B/Jilin-Hunjiang/1316/2018
B/Heilongjiang-Daowai/1185/2018
B/Shanghai-Pudongxin/1293/2018
B/Guangdong-nanshan/39/2018
B/Liaoning-Shuangta/1535/2016
B/Guangxi-Jiangzhou/1924/2016
B/Heilongjiang-Nangang/1224/2016
B/Fujian-Zhangping/32/2016
B/Jiangxi-Anyuan/1750/2021
B/Guangxi-Hengxian/314/2020
B/Hubei-Danjiangkou/2380/2021
B/Jiangxi-Linchuan/1969/2021
B/Chongqing-Yuzhong/1781/2021
B/Zhejiang-Ninghai/2531/2021
B/Guangxi-Lingshan/359/2018
B/Guangxi-Jiangzhou/1311/2018
B/Guangxi-Jiangzhou/1722/2018
B/Guangxi-Jiangzhou/512/2018
B/Guangxi-Jiangzhou/1584/2018
B/Guangxi-Lingshan/340/2018
B/Hunan-Kaifu/1628/2021
B/Guangxi-Chengzhong/133/2018
B/Guangxi-Jiangzhou/1352/2018
B/Guangxi-Changzhou/373/2018

JN993031.1 (HA)/JN993012.1 (NA)
KX058884.1 (HA)/FJ766841.1 (NA)
CY236607.1 (HA)/CY236609.1 (NA)

MN155753.1 (HA)/MN155755.1 (NA)
MT056027.1 (HA)/MT056021.1 (NA)

EPI1381150 (HA)/EPI1381149 (NA)
EPI11229511 (HA)/EP11229513 (NA)
EPI963544 (HA)/EP1963543 (NA)

EPI1845137 (HA)/EPI1844417 (NA)
EPI1692080 (HA)/EP11692079 (NA)
EPI1648907 (HA)/EP11648906 (NA)
EPI1648448 (HA)/EP11648447 (NA)
EPI1503775 (HA)/EPI1503774 (NA)
EPI1381120 (HA)/EPI1381119 (NA)
EPI1381093 (HA)/EPI1381092 (NA)
EPI1341167 (HA)/EPI1341166 (NA)
EPI1340152 (HA)/EPI1340151 (NA)
EPI1340131 (HA)/EPI1340130 (NA)
EPI1340089 (HA)/EP11340088 (NA)
EPI1340074 (HA)/EP11340073 (NA)
EPI1339735 (HA)/EPI1339734 (NA)
EPI1339711 (HA)/EP11339710 (NA)
EPI1339684 (HA)/EP11339683 (NA)
EPI1339309 (HA)/EP11339308 (NA)
EPI885522 (HA)/EPI885521 (NA)

EPI885486 (HA)/EPIS85485 (NA)

EPI768871 (HA)/EPI768870 (NA)

EPI768856 (HA)/EPI768855 (NA)

EPI11918235 (HA)/EP11918234 (NA)
EPI1845170 (HA)/EP11844483 (NA)
EPI1918283 (HA)/EP11918282 (NA)
EPI1918227 (HA)/EP11918226 (NA)
EPI1918115 (HA)/EPI1918114 (NA)
EPI11917675 (HA)/EP11917674 (NA)
EPI1340873 (HA)/EP11340872 (NA)
EPI1340560 (HA)/EP11340559 (NA)
EPI1339369 (HA)/EP11339368 (NA)
EPI1340539 (HA)/EP11340538 (NA)
EPI1340308 (HA)/EP11340307 (NA)
EPI1339750 (HA)/EP11339749 (NA)
EPI11918043 (HA)/EP11918042 (NA)
EPI1168548 (HA)/EPI1168547 (NA)
EPI1340557 (HA)/EP11340556 (NA)
EPI1339516 (HA)/EP11339515 (NA)

: 010-64807509
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S LE R AL = g A, BRI AR
S5 Py MOL 81 g 54w 1
1.5 IBV FHALRLEHINE

B KRB R I MDCK 41T 96 FL4H
L35SR S, RIS R 2 80% )5 1 &
B IBV 10 5B ERB (107°-107") 5 (5
AHB Y 8 MEE L), WIS ARRGELAE N
FHPEXTRE . B F 33 C. 5% CO, ¥i3Rffih 1597
72 h, WEIFICEANAENEAE (cytopathic effect,
CPE) 453, H¥i Reed-Muench J5 #3145 IBV Y
RN UYL i (median tissue culture infective
dose, TCIDs)-
1.6 IBV X% BALB/c NRFEMBIEEW
M ZE

BRI ETE M 1075 TCIDso/mL () IBV G
R 2% vhEh VAWK (phosphate buffered saline,
PBS) #4172 R R IR BTk L F . ¥ 6 A
i BALB/c MEPE/NRBENLA AL S 41, Hdl6 H,
P T SR BT A TR S, R AR R B M 2 A
JER R T 09 IBV R H AT Sy, 50 L/ =,
X HREH LIAH R D7 2045 T Jo i PBS. 142 15 d W
ENRAFIE R I R AE, #4E Reed-Muench
LR IBV BN R AP EUEE (median
lethal dose, LDs).
1.7 1BV X} BALB/c /NREIBUR M 947

PEHL 6 R MErE BALB/c /N, FEHL A

%2 FT RT-qPCR #8545
Table 2 Primers for RT-qPCR

2 4, 4351 IBV B (30 H) S EATEXS IR
A 3R, F/AREREREES, 0.5 LDs/H
) 1) T e R /N B, B B2 DA ] 7 =8
25T L PBS. AL AE LS 12h, 1d,
3d. 5d A7 dEfER 6 HUNR, Hdh 3 HIOEH
B IE B F 1 mL % 1% AUt T I 7 DMEM H,
28 3 KPR EE J5 250 B B3, #5417 TCIDs, il
FE 5 J3hh 3 HIJCHBUMIIE, 22T 4% 2 51
fEEE 72 h J5, SRR R AR A R
75 A il 8 I ARG — 21444 (hematoxylin-eosin
staining, HE) [RIETIR-, Al g A DS A&
HBIFES . TRIzol IEH2I RNA J S04 5% cDNA,
SCEE 9Ot B R A W AE X LY (real-time
fluorescence quantification polymerase chain
reaction, RT-qPCR) J7 kAl ¢cDNA Hr iy &k
AR A, @I RSB ¥ o (tumor necrosis
factor o, TNF-0), /% 6 (interleukin 6, IL-6) .
142 1 P (interleukin 1 beta, IL-1B) F1KIR %
JEAH LA+ T & o (interferon alpha,
IFN-0). T 4% B (interferon beta, IFN-B), T4
% v (interferon gamma, IFN-y) fJ mRNA 7K},
B4 X6 B2 A2 A il o AR B, Herb ) SR M4 i
[+ RT-qPCR 5| #1551 W3 2.
1.8 HE\LERGIHFE S

K 278C W4y RT-qPCR 455, A
Microsoft Excel #4741t m#r, Pra FdsigLs

Gene Forward primer (5'—3’) Reverse primer (5'—3")

TNF-a CCAAAGGGATGAGAAGTTCC CTCCACTTGGTG GTTTGCTA
IL-6 ATGAAGTTCCTCTCTGCAAG GTGTAATTAAGCCTCCGACT
IL-15 TAGGCTCATCTGGGATCCTC AAAAGGTGGCATTTCACAGT
IFN-a ATGGCTAGGCTCTGTGCTTT CTCTTGTTCCTGAGGTTAT
IFN-p AGCTCCAAGAAAGGACGAACAT GCCCTGTAGGTGAGGTTGATCT
IFN-y ATGAACGCTACACACTGCATCTTG TCAGCAGCGACTCCTTTTCC
GAPDH ACCACCATGGAGAAGGCTGG CTCAGTGTAGCCCAGGATGC

http://journals.im.ac.cn/cjben
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2/ 3 AT S X £s RN . L2 [RI HLgs
KR4 t-test K5 (unpaired, two-tailed
Student t-test) #7255 B EM, *: P<0.05; **:
P<0.01, f#i i} GraphPad Prism 8 Z{F#E4TVEE

2 BEREAW

21 BERFUDIHER
2.1.1 HA #1 NA EREFHLH T

LI WHO #EFZ B B R ATE N 2016-2021 45
SRR ICRA TR T B S5 1R, X B/Guangxi-
Jiangzhou/1352/2018 f HA HI NA 3 [F 4 25
Rt tem, wmE 1 ME 2 B, IBV #4rH
Victoria fll Yamagata i KGR, i b b i
7~ B/Guangxi-Jiangzhou/1352/2018 J& F Victoria
2, 59k B/Washington/02/2019 . B/Brisbane/
60/2008 1 B/Colorado/06/2017 [al J& —4 43 32,
Tk Z A ERC LS . HA FI NA 3846 JEL i 1
7~ , B/Guangxi-Jiangzhou/1352/2018 5 [6]4F 43 &
AYEERE B/Guangxi-Jiangzhou/1311/2018 3EZx K
Rl .

2.1.2 HA 1 NA SIEBREIRM4E S

X HA SB35 JE4T [ 43 B & 3R
B/Guangxi-Jiangzhou/1352/2018 5L - &%
PRAGRITEPETLE 92.3%-99.8% 2 8], Hirp 5 2017 4E
RETEFK B/Brisbane/60/2008 Fl 2020 4F 1 itk
B/Washington/02/2019 f[RIEESEA 99.7%; 5
2018 4 F1 2019 4EAYRE T #R B/Colorado/06/2017
[ 98.8%

P NA G SRy 9 AT RN 3 B & R
B/Guangxi-Jiangzhou/1352/2018 5L &% ff
B [FIEELE 92.9%—100.0%2 8] . 5 2017 45
Wi kk B/Brisbane/60/2008 [ [A]JE4E N 98.7%; 5
2018 4EF1 2019 FEERTHR B/Colorado/06/2017
2020 4F ()£ 4 #& B/Washington/02/2019 [7] 51

: 010-64807509

174 99.8%.
2.1.3 %5 HA, NA FXBRERMSSH
HA i R ey B 58 A8 Pk R Ui 8o B8 R 2R
PR ER N EE R, JoH R HAL Y 4 0
R YEERE 120 31 (116-137). 150 37 (141-150),
160 3 (162—-167) #1190 #2jiE (194-202), H:rh
Victoria 1#§ & B9 120 FR L4155 75 Fi 77 f74120,
B/Guangxi-Jiangzhou/1352/2018 S¥EHEAH
HA1 X8 SE R 22 S S W36 3 TR, HAERA]
1) HA =445 =X (81 3) Jdris , HA 85
BN S S A PDB ID: 4NRL. B/Guangxi-
Jiangzhou/1352/2018 Y % 1¥i ¥k B/Brisbane/60/
2008 AL, HA1 XSS A DT 120 /)
1117V, N129D il 190 ¥ f4) S197N; Stk
B/Washington/02/2019 A, HA1 X ZEAR( 55
AT 120 3 R133G., E136K Fl 190 FREY
S197N, HZE 160 #HHA 3 ANE IR (KND) 1
A SEEHIFE B/Colorado/06/2017 A0, £ 3 4>
RARNL I, AP BIEALT 120 3R G129D, i T
160 711 D162K A FAE ST g X 1) V18I,
JIHME 160 AL 2 PR (ND) i A
IBV HA [ 32K 4554 (receptor binding
site, RBS) X 1 HA1 %) 190 1ji¢ (HA1 193-202)
FIRLIHHR , 240 31 (HA1 237-242) MIRiAEH %,
140 ¥ (HA1 136-143) #lifiii%, HAL 19 4 4>
FR 3 Phe-95 ., Trp-158., His-191 Fll Tyr-202 ¥4 i,
T ZAREE S S HI TR, B/Guangxi-Jiangzhou/
1352/2018 5 B/Colorado/06/2017 #H H 52 {4 4%
G IR R AERA; 5 B/Brisbane/60/2008
ML, AT 190 BEER S197N K48, 5
B/Washington/02/2019 #tt, HALF 140 [
E136K Z&48 FIL T 190 $2HERY S197N 2845 . 55
Ah, Glu-136 Fll Asn-197 f& 30 I 0 FH & 2 iR
fra, S197N filiiz by hn 1 AL A7 5o
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B/Zhejiang-Ninghai/2531/2021

B/Chongqing-Yuzhong/1781/2021

B/Hunan-Kaifu/1628/2021

100 |- B/Jiangxi-Linchuan/1969/2021

B/Hubei-Danjiangkou/2380/2021

B/Jiangxi-Anyuan/1750/2021

B/Shanghai-Pudongxin/11420/2019

B/Guangxi-Hengxian/314/2020

B/Guizhou-Kaili/11102/2020

B/Guangdong-nanshan/39/2018

B/Henan-Wolong/1275/2019

99L @ B/Washington/02/2019

— B/Heilongjiang-Nangang/1224/2016 Victoria

{ B/Zhejiang-Yiwu/1976/2019
B/Liaoning-Shuangta/1535/2016

{B/Zhejiang—Jiaojiang/I 1018/2019
B/Fujian-Zhangping/32/2016

99 _l— A B/Guangxi-Jiangzhou/1352/2018

* B/Guangxi-Jiangzhou/1311/2018

— B/Guangxi-Lingshan/359/2018

B/Jiangxi-Xihu/1876/2018

P9. @ B/Colorado/06/2017

'I__ B/Shanxi-Xinghualing/1104/2019
B/shenzhen/2018-22511/2017

— @ B/Brisbane/60/2008

—— @ B/Massachusetts/2/2012

@ B/Wisconsin/01/2010

B/Anhui-Tianjiaan/1773/2017

B/Guangxi-Jiangzhou/1924/2016

B/Guangxi-Xixiangtang/11019/2016

@ B/Phuket/3073/2013

B/Guizhou-Jinping/31/2017

— B/Yunnan-Funing/31/2017

92“E’./Gm:m‘grxi-Jiamgzhou/1‘;‘22/2018

100

91

B/Guangxi-Jiangzhou/512/2018 Yamagata
B/Guangxi-Jiangzhou/1584/2018
— B/Guangxi-Lingshan/340/2018
{ B/Heilongjiang-Daowai/1185/2018
B/Shanghai-Pudongxin/1293/2018
— B/Guangxi-Changzhou/373/2018
B/Sichuan-Gaoxin/1914/2017
B/Jilin-Hunjiang/1316/2018
B/Zhejiang-Shangcheng/16/2018
—
0.01 77 - B/Guangxi-Chengzhong/133/2018

1 B/Guangxi-Jiangzhou/1352/2018 £ HA E X i# 1k #

Figure 1 The phylogenetic tree constructed based on the HA gene of strain B/Guangxi-Jiangzhou/
1352/2018 by neighbor-joining method. @ represents vaccine strains, A represents the investigated strain.
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B/Chongging-Yuzhong/1781/2021
B/Hubei-Danjiangkou/2380/2021
B/Jiangxi-Linchuan/1969/2021

90|~ B/Zhejiang-Ninghai/2531/2021
B/Hunan-Kaifu/1628/2021
B/Jiangxi-Anyuan/1750/2021
— B/Shanghai-Pudongxin/11420/2019
B/Guangdong-nanshan/39/2018
B/Henan-Wolong/1275/2019
ks @ B/Washington/02/2019
_LB/’Guangxi-Hengxian/B14/2020
99— B/Guizhou-Kaili/11102/2020
—— B/Guangxi-Lingshan/359/2018
B/Jiangxi-Xihu/1876/2018

3' @ B/Colorado/06/2017
B/Fujian-Zhangping/32/2016

B/Zhejiang-Jiaojiang/11018/2019
B/Liaoning-Shuangta/1535/2016

- B/Zhejiang-Yiwu/1976/2019

— B/Heilongjiang-Nangang/1224/2016
r B/Shanxi-Xinghualing/1104/2019
B/shenzhen/2018-22511/2017

{ A B/Guangxi-Jiangzhou/1352/2018
95" B/Guangxi-Jiangzhou/1311/2018
B/Guangxi-Xixiangtang/11019/2016
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@ B/Massachusetts/2/2012

— @ B/Wisconsin/01/2010
B/Anhui-Tianjiaan/1773/2017

o
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9
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B/Guangxi-Jiangzhou/1924/2016
@ B/Phuket/3073/2013

B/Guizhou-Jinping/31/2017
r B/Sichuan-Gaoxin/1914/2017
%B/Shanghai-Pudongxin/ 1293/2018

B/Guangxi-Changzhou/373/2018
B/Heilongjiang-Daowai/1185/2018
B/Yunnan-Funing/31/2017
[[ B/Guangxi-Lingshan/340/2018
[ B/Zhejiang-Shangcheng/16/2018
B/Guangxi-Chengzhong/133/2018
- B/Jilin-Hunjiang/1316/2018
B/Guangxi-Jiangzhou/512/2018
4
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B/Guangxi-Jiangzhou/1722/2018
B/Guangxi-Jiangzhou/1584/2018

2 B/Guangxi-Jiangzhou/1352/2018 A9 NA F & i# 1k #d
Figure 2 The phylogenetic tree constructed based on the NA gene of strain B/Guangxi-Jiangzhou/
1352/2018 by neighbor-joining method. @ represents vaccine strains, A represents the investigated strain.
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# 3 B/Guangxi-Jiangzhou/1352/2018 57&#tk HA1 REEBRERM S

Table 3 Different amino acids in HA1 between strain B/Guangxi-Jiangzhou/1352/2018 and WHO
recommended vaccine strains

Strains 117 129 133 136 162 163 164 180 197
B/Brisbane/60/2008 I N G K K N D 1 S
B/Washington/02/2019 \% D R E - - - I S
B/Colorado/06/2017 \% G G K D - - \Y N
B/Guangxi-Jiangzhou/1352/2018 A" D G K K N D I N

— represents deletion.

BRG] i
< .,' e "'.\_.,‘
iy Y K
s TGN
'a u‘\{""‘k:r 5
'Y“ g XK )
iy .V ey
1
o
A 3
» Y
) =

<3

,
)

3 B/Guangxi-Jiangzhou/1352/2018 i) HA E A =Bk, B{AEHLIE

L =AY 117V

A: BRI HA R =R,

Mgk Ron; B: SN HA AR, HAL HE @ &R, HA2 S EER, HAL K HT R E X

1 RBS X A2 SR 22 5 i TR (R
Figure 3

Simulated subunit and homotrimer of HA protein of strain B/Guangxi-Jiangzhou/1352/2018. (A)

Simulated homotrimer of HA protein shown in green. (B) Simulated subunit of HA protein, HA1 shown in
cyan, HA2 shown in yellow and the different amino acid in HA1 shown in blue.

NA A U1K HA 25 1 5 R R 2 A 1 454
{9 1R B HOT Y 8, RYUR BN EE Y
(P 28 B4 TR Tl 0 ) 500 28 ) Y 32 AR TR A
B/Guangxi-Jiangzhou/1352/2018 5 f#kAH H ,
NA PEIEIR 2 TS W3R 4 i, FRTEmE)
NA =4eg5iCE (B 4) hirt, Hd NA &
IR 454 PDB ID: 1B9V, 5 2017 4
J% B ¥k B/Brisbane/60/2008 #f b, B/Guangxi-
Jiangzhou/1352/2018 %) % A8 {3 s5 A 1120V |

http://journals.im.ac.cn/cjben

K220N. S295R. N340D, E358K I D384G;
5 2018 4EEEVE ¥R B/Colorado/06/2017 AL,
B/Guangxi-Jiangzhou/1352/2018 /)58 A5 v s5. 45
Q371K ;5 2019 4% 1 ¥k B/Washington/02/2019
AH F , B/Guangxi-Jiangzhou/1352/2018 [ 525 i
A T395A,

NA J Bt b 400 05 25 W) DGR AL s A
15 8 A EHIEAL TG YEN A (R118, D151, R152,
R224. E276. R292. R371. Y406) Al 11 44
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% 4 B/Guangxi-Jiangzhou/1352/2018 575tk NA S REBERMA S
Table 4 Different amino acids in NA between strain B/Guangxi-Jiangzhou/1352/2018 and WHO recommended

vaccine strains

Strains 120 220 295 340 358 371 384 395
B/Brisbane/60/2008 I K S N E K D A
B/Washington/02/2019 A% N R D K K G T
B/Colorado/06/2017 A% N R D K Q G A
B/Guangxi-Jiangzhou/1352/2018 \Y% N R D K K G A
B C
317K
395A

4 B/Guangxi-Jiangzhou/1352/2018 i) NA AU (K. B {KEIE

A: BERIMY NA B34k,

gkt FoR; B A C: IR NA EEHAR, B (B) Wi EHiEs: 90°45 3 (C), NA BEGEALS @
Fon, WS AL AR, AR 2E S A A HE A IR

Figure 4 Simulated subunit and homotetramer of NA protein of B/Guangxi-Jiangzhou/1352/2018. (A)
Simulated homotetramer of NA protein shown in green. (B) and (C) simulated subunit of NA protein, rotate

(B) 90° counterclockwise to get (C), NA neuraminidase active sites shown in cyan, the auxiliary sites shown
in magenta and the different amino acid in HA1 shown in blue.

B sS (E119, R156, W178, S179, D/N198,
1222, E227. H274. E277. N294. E425), 4%
S P e R VS 400 A A HE B 85 ) e R 1
FH ., XS SCHRA Y AR T BE S B0 B I 24 1
By A P2 BFSE ARk B/Guangxi-Jiangzhou/1352/
2018 NA Fr B iy BRSPS, WA 2 LR 5
AR AN R P BRI ) 2 2 P Rk
2.2 IBV %t BALB/c /DR BB M S
2.2.1 1BV 7 MDCK 4Aff_E#J TCIDs,

¥ IBV 10 £5756 B BRIF L 96 FLAR H 11
MDCK 4, JE&YE 72 h J WL i H P40 5
A2 (CPE) W1EHFHIE%, 44 Reed-Muench
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J 1BV [ TCIDso, WA IBV BTN
107° TCIDso/mL,
2.2.2 IBV B BALB/c /MY LDs
BRI 1BV i S8 6 Jii BALB/c
WEPE /N, R 15 d BN B TR IR IR iT
SEIRH, Reed-Muench JiikitBE H IBV J&i
BALB/c /MUY LDso A 10°° TCIDsgo JESL S5 /1N
A AR L F A AE iR i 5 Bis, 1007
TCIDso A1)/ RUR G S IR BERE, 255 7 K4
HIET; 10°° TCIDso 41 /)N BB YY 5 R B 4 2
TRE, B 7 REEBIRAL, NSCmIF iR aH A E 1Y
75%, HHBERSIET: FET-% 50%), BlIGAT
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a

5 IBV BREFRPMRAEEEWN A) SEFHEZE B)

Figure 5 Body weight change (A) and survival rate (B) post infection. The animal experiment was repeated

three times.

/N Z W B 107° TCIDso 41 /49708 BRI
10° TCIDso 21 /)y BUER YL i 1 2 350 HH B ) A
JE 3R REIE R, (HICET
2.2.3 IBV BN 51 AY AT iR

W B 5 /N BGOSR IS R4 T A, B
i [ £ WRZE IBV (0.5 LDso) LA Rl ] 6] Ji5 1)
AN IESM IR AR T 0L, Wil 6A iR . X IR
1/ RURTAE R DG, IR, FiEils],
TR (K 6A-a). JBEYLSE 12 h (Kl 6A-b) Fl 1 d
(Bl 6A-c), Ml B K, (F AR ; &
YeJa 3.d, Mk s B B A, AR R 4
ANTIE R 20%—40% (] 6A-d); &G 5d )5, Il
R AEJE R K, 2 RS IR 30%-50%
(Kl 6A-e); JRYJT 7d, BAERRAEE—24 K,
29 AR 70% (B 6A-D),

XoF A L P SR R I R AT RR A, 1A A
%, & 6B Frn . MEIHATLIE Y, 1BV gL
Ja 12 h Bfs s S XA ML, ZRARE
(P>0.05), RGeS AL, i B2t
Horp, SR 7 d IEEL (2.26%) B, X
HEZH (0.8%) 1y 2.8 1%, ZRWMEE (P<0.01),

BN B T 4% 2 R b e s, il
HE L1y 300 R R - 74348 0, anigl 6C
Jiim. WEIHETLUE 1, xR bR, B
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W1, BB AR rh R i (B 6C-d); J&
Pjm 5 d RYEAEE . REE (K] 6C-e); JRYLS
7 AR R A MR L (HAL 5 d b (B 6C-D).
224 IBV BREE/NRAANKRSEE

T EEAN T #E 1BV /)N BRUITIE A i) 52 il 155
B, BUWFES S A M B, i ok 1BV /Y
TCIDso, WK 7 7R, Z5FKM, MEYS 12h
FEUG, RERIEIE R . SRS 1 d BN B
W (10°° TCIDsy/mL), TWi/gHL)5 3 d. 5 d Al
7d, R A TR, 435128 10°7 TCIDsy/mL
10*° TCIDso/mL F1 10*? TCIDso/mL .
2.2.5 IBV BRZEfE /)N R Al AR 240 A E 7K

TNF-a. IL-6. IL-18 AfE R4+, 7]
LSRRI 45 1 240 L ) S V0 A7 P9 240 B 3 A6 R
B, SESRIERN AL, JF AT e B B R
FER T, R AT 8% 1BV 8L 5 A [H]
it A] 5N BRI E B TNF-ac, IL-6 FT 1L-18 fY
mRNA JCEZEAT TR, DAITEAL 1BV 51 1)
RN, Z5RUNE 8A-8C i . 5%F R4 AH
o, SCEGZHAY TNF-a. IL-6. IL-15 i mRNA
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Figure 6 Lung damage post IBV infection. (A) Appearance of lung post infection. a: negative control; b:
12 h post infection; c: 1 d post infection; d: 3 d post infection; e: 5 d post infection; f: 7 d post infection. (B)
Lung indices post infection. *: P<0.05, **: P<0.01. (C) Histopathologic changes of lungs post infection. a:
negative control; b: 12 h post infection; c: 1 d post infection; d: 3 d post infection; e: 5 d post infection; f: 7 d

post infection. Scale bar=100 pm.
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Figure 7 The IBV titer in lungs post infection.
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Figure 8 The mRNA transcription level of cytokines in lungs infected by IBV. *: P<0.05; **: P<0.01.
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TEA S, AT K BF 5 BE bk B/Guangxi-
Jiangzhou/1352/2018 5 5341 3 M i#RAY HAL
DX ol 2 B2 22 S AT T HRAE (3R 3). Hi,
B/Guangxi-Jiangzhou/1352/2018 5 B/Brisbane/
60/2008 162—164 H/IJCE , PRUHAE B/Guangxi-
Jiangzhou/1352/2018 5 B/Brisbane/60/2008 /i )5
AL ; B/Guangxi-Jiangzhou/1352/2018 5% 1
¥k B/Washington/02/2019 (162—164 {vi i) Fl
B/Colorado/06/2017 (163—164 fiftsk) M, #i
JRPERTRE R A T AR

Bk HA BIPTEMES , HA 55 32 0 (1) 55 Fi: ot
MR ECHEZE, CAMIERM, 1BV
HA FBtif) FOSY. GI41E, R162M. D196Y .
N197S 1 G141R/G237E ZRAZ ¥ a] il HA 5%
KR ERE, Hod, FO5Y. R162M. DI196Y il
N197S ZRAFHEH R HA 532K SEFITE (N194D
FIN197S FEHER HA 5 o-2,3 MEWR RS2 RN Z5
APE, FOSY FHMITR HA 5 o-2,3 MEE RS2 1K1Y
R4V, T G141E F1 G141R/G237E 278 ) a] i
HIEMCHA 52 R0 2P (G141R/G237E £ %
B HA 5 a-2,6 METR R Z AR 45 5 1))
AR FEE B/Guangxi-Jiangzhou/1352/2018 5
& i #& B/Brisbane/60/2008 F1 B/Washington/02/
2019 Z [AIfF7E S197N WY RAS , iz Absim 1 4
WSRO, PRI HEI B/Guangxi-Jiangzhou/
1352/2018 1Y HA X a-2,3 W % R 2 1A 11 5 A
23 ¥ 55, B/Guangxi-Jiangzhou/1352/2018 5
Hi¥k B/Colorado/06/2017 KL , 0 HA 5324k
G55 0 O A LR IF e A e AR, TR AR
B/Guangxi-Jiangzhou/1352/2018 [ HA 5241
AN PEALR A A eAE

NA & B By B 5 25 W e A i 3
WHO #ill %4, HETS 1BV i 258 OC 1 548
{754 R152K, D198E, D198N ., 1122T ., N294S
F1 G4028S 2534 5 /) Bumham 2558 3+ 52 7] 18 4%
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o LR 5 MESOBERT A B 1 o e
I S DR A R R AT/ B SR g B, R
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