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Expression of influenza A HIN1 and H3N2 viruses Mosaic-HA1
antigens and evaluation of its immunogenicity in mice
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Abstract: Vaccination is the most effective measure for reducing and preventing influenza and
related complications. In this study, we analyzed the mutation trend and the antigen dominant
site changes of the amino acid sequence of hemagglutinin subunit 1 (HA1) of human influenza
A virus (IAV) in the northern hemisphere from 2012 to 2022. According to the HA1 sequences
of A/Darwin/6/2021 (H3N2) and A/Wisconsin/588/2019 (HIN1) recommended by the World
Health Organization in the 2022 influenza season in northern hemisphere, we employed the
mosaic algorithm to design three Mosaic-HA1 antigens through stepwise substitution.
Mosaic-HA1 was expressed and purified in 293F cells and then mixed with the alum adjuvant at a
volume ratio of 1:1. The mixture was used to immunize BALB/c mice, and the immunogenicity
was evaluated. Enzyme-linked immunosorbent assay showed that Mosaic-HA1 induced the
production of IgG targeting two types of HA1, the specific IgG titers for binding to H3 protein
and H1 protein reached 10° and 10’ respectively. The challenge test showed that Mosaic-HA 1
protected mice from H3N2 or HIN1. This study designs the vaccines by recombination of major
antigenic sites in different subtypes of IAV, giving new insights into the development of
multivalent subunit vaccines against influenza.

Keywords: HIN1; H3N2; HA1 subunit; recombinant protein; evaluation of immunogenicity
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FEIRGL LRI I, 15 S AR KOEPUAA A
W, S HAL RSESmIRas &, 1R
TRERE BT R A E S MY FSR R, HAL BA7AE
2 RGPS, Dl S AL
AAE HAL L [A]AS235 2 Fli 80 TAV A5 1,
it A% SRR R G TE AL Tl X
BB B2 Ji5 ST B AR 45 2 RIS TAV YO
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%, UL WHO 7£ 2022-2023 4EJC2FEERIER 1) IAV
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SRR e N Ry e (= g L e e WK/ WY 1A

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

M, Wit T 3 Ffh“Mosaic-HA1” 3t J5t, i 3
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s /N, SR ELISA 5 B e 5k 1gG 7k
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ALUM  HBHAZ 710 B BRI T KA 2R R A BR
O3, AL EAZH 0y TMB JEYIE TN E N E ik
BRI AP R FR 2 7], Peroxidase-conjugated
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TFRHEA PR/ H], TPCK-trypsin (T8802)M [ 2R 5
NCIE
1.1.3 SRz

SPF 2% 1) 6-8 J& & BALB/c Wi Fll [ ) 4 4
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28 O3l 1 TRYIVE 5230 2 S50 2h Py 4 A 46 2 7 A
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1.2 FHiE
1.2.1 1AV HA EA#HE B MG SR RAE
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. 1RUZ), S A PyMOL # 4 k17 8 €4 g B
PLe“Surface” B X N o
1.2.2 2012-2022 FiEdt4 2Kk h-HIN1 5 h-H3N2
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(2) SRAERTE](collection date)FR il 7E 2012 4 1 H
1 H % 20224512 7 31 HYEEN.(3) WA (type)
PEFON“HINT B “H3N2”, 18 F (host)y A A
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github.io/) 2 B T &2 )7 1] Ko 24 35 R 5% i )y 1)
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F 32 742 5 HIN1 ) HA1 [#51(327 aa) fz 52 428 4%
H3N2 /) HA1 FF%1(329 aa).

f#f 1 Weblogo 3 %X fF (https://weblogo.
threeplusone.com)X} &2 fill T ¢ S T AR SF T
PURP S R e R R i i e — (s R ) DR
H: %, Sequence Logo EFH-PA SVG #& =0k 455 .
1.2.3  IAV BIREH AT S
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crick.ac.uk/research/)H12019-2022 iX 4 F4-fdt 2
B e 2 TR S S S, 38— e
Wi BRI AR, KR 1.2.2 TR Bk
PP H R T 500, K13 128 4 HIND (1)
HA1 £ 41(327 aa)Fll 137 45 H3N2 Y HAL J£41
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megasoftware.net/) P 1T R L E b,
iTOL (JiA 6.8. )4 RHE L FW .
124 HmEZLESTIE

B9 Hif SPF AR, it B 2 A B
L1000 PFU/100 pL /4 73 55 551 & 2 Fl SPF XS AR,
37 °C. 5% CO, 1592 72 h, UKHASIR, 4 °CHr'E:
T U H IO I P WK B 22 TC TR 50
B, 4°C, 2000 r/min Z.0> 10 min, iR
0.22 pmol/L JEMERINE, 43%€, —80 °CURfEs .
1.2.5 ZTWXEENFREHE

B2 KR ZS BT 19 MDCK 4i a4 T 6 FLAR
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FRANEA TG B2, FEBRIERR SR EL, A 10 f5 4%
FEA BRI EE, 37 °C. 5% CO, WL 1 he FFBR
s TG RRI, PBS THVE 2 3, K5 2% K0 S g
BE5 MEM UL 1:1 MIARBUEG S, A TPCK-
treated Trypsin fHZHRER T 2 pg/mL, HIHE
PHEGYHE S TR, 2 mL/AL. BEREEH
M8l 8 T 37 °C. 5% CO, &1F F RS

48 h e B A BE, [ ST 4G R g
o, KRS, XA BT ST, R
P2 YL A% 5 B (PFU/mL)=4%3 L N 25 B
B <k e B 7 A5 B8/ B FL A Ao B2 A 1K
H(mL) 530 1 I T B
1.2.6 EHEAWEZKRES AL

R 37 i 7L 31 4 40 (293 F) %5 5 71 4 1k
SFAWFFE B 3 Flt Mosaic-HAL (45454 N
Mosaicl . Mosaic2 F1 Mosaic3)3& K 5 41| 3£ 17 %%
WA S G R, 1A B HAXRIB BTk pcDNA3.4
i, M E 4 Rk R pcDNA3.4-Mosaic-HA L
(% 6xHis pr%), [FAIBS433% A/Wisconsin/588/
2019 (HIN1)AI A/Darwin/6/2021 (H3N2)#: £k Y
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HAYE 135, KA His Trap™ FF 25 FIA: 4k
H&E M, FH PBS #i17 H B9 EE 1/ &4k, —80 °C
B . EAEANRB A H LigE
YA YR A BR A e Al .
127 4k ZE B SDS-PAGE K Western
blotting £ F

B2l 55 1 T 12% SDS-PAGE #:l, Hi,
VKGR 17 % Bi i g, ot s fit
17 10% SDS-PAGE £l , HiL Pk 45 3 J5 #5417 Western
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128 HMYIHRNERRERRERF

P A% HEBLERS 500 pg/mL
H i 25 F1(Mosaicl ., Mosaic2, Mosaic3, H1+H3
RAEML 11 PR EEA T, ZRFIA
DL PBS AE R 22 B, 1 S SR AR A e R i A 7
g%, BRCHUA, F RIS AR ie 45 .

FH T Bo 443k B R 1 30 0 A AL % e % A
J¥: % 25 H BALB/c MERRBENL 0 5 41, f4
5 H, 43k Mosaicl 4. Mosaic2 20 . Mosaic3
ZH . HI+H3 BHPEXT BRZH ALl 20 o feyie =k
WLARESS, feseiilah 80 ul/ =, e 2 1k,
Yo RE RN FRITA 2 8 O B IR S i TR RS 0 S
FEER 0, 3. 5. 7. 11 JEIXF/IN BdRA 7 MR HEE e Jok 52
KM/ B I, (B8 ELISA B0 BRI /N i
M3EHHT H1 A1 H3 AR 126G 23Ut -

FHF Yoag OR300 il 2 29975 57 1k 000 7 S 56
W B o3 2 S g FE Ty % 60 X BALB/c M i)
BENLAY A 5 4, &R 12 2, 40 Mosaicl 4 .
Mosaic2 ZH . Mosaic3 24 . H1+H3 [HM: X B 2H Al
YRR . e )y XN, SRl
80 uL/ -, Mefuyis 30k, SRRy 2 H, =
YL HE 55 28 d HEAT SO O3 R U 28 2 B
D5 S5
1.2.9 ELISA #&4F R kKT

(1) ELISA tltd s : kiR ERZE ik (Na,CO;s
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1.59 g/L, NaHCO; 2.93 g/L, pH 9.6)7) Jill#i Ft
H1 F1 H3 EHEEE 1 000 ng/mL, fu4% 96 fL
fifghrtl, 100 uL/FL, 4 CEBLITRH -

(2) # Ml . PBST (KH,PO, 0.2 g/L,
Na,HPO4-12H,0 2.9 g/L, KCIl 0.2 g/L, NaCl
8.0 g/L, Tween-20 £ 0.05%, pH 7.4)JE¥% 2 IX,
100 pL/AL, 1T, A (KH,PO, 0.2 g/L,
Na,HPO4 12H,0 2.9 g/L, KCl 0.2 g/L, NaCl
8.0 g/L, BSA 2%, Tween-20 % 0.05%, pH 7.4),
100 uL/AL, 4 °CH L% .

(3) FRRIMIE . PBST ¥Ei% 3 ¥k, AT, i
A PBS {5 LU BRI, E 8 N RERL A,
100 puL/fL, 37 °CH#E 90 min,

(4) BT —¥r: PBST Pk 5 &k, 8T,
AZHE R HRP bric B0 R 1gG B8E e,
37 °CY#¥ & 45 min.

(5) . PBST Pk 5 &k, T, AR
ZHPy TMB B4, 100 pL/AL, 37 °CFEOER @
15 min, {4 2 mol/L BRI 8.6, BEbR{Y
B 450 nm N AW OGIE (ODyso fH) o H:2H 5250
AT 2 IREH

(6) HCHa Ak 3 - A 88 BB 1 B 1 xof B 2
ODyso fE 1) 2.1 A5AE A FEAAASIN R , LASE— 137 FH
PR B B o T R A A DA I e 28
1.2.10 KHRPEE

W/ AT 2 HEHEA TR Sl — s
A/Wisconsin/588/2019 (HIN1)J&#E 4x10° PFU/50 L,
75—t 3ERh A/Hong Kong/1/1968 (H3N2)JkEf
1.5%10° PFU/50 pL [J£ itk A/Darwin/6/2021 (H3N2)
XF/INERAS 55 8, DR 26 FH BRUGE Bk A/Hong
Kong/1/1968 (H3AN2)# AT #:], ¢k 14 d Wil
ANERAREE | IR S A TE R O, XA R e %
25%Lh b /N BRIEA T & SR AEAL B . PR 45 AL BT
JEX HINT 8 H3N2 3V 83 s 27 e Sty
IR
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1.2.11 fftELRFHENERXRR

TEWFIES 5 K, WNHItI R A A %
P P REALI 3 L, SRAR S v B[] il - (R il 2 21
FE 1 mL JCRH PBS MAFESEHFES, 12 000 r/min
20 10 min, B EEHE, 80 CIRIF& .
2 BESE o il A 2 ZA0F S -3 R A/Wisconsin/
588/2019 (HIN1)&, A/Hong Kong/1/1968 (H3N2)
WEEEE I, rvE 1.2.5, PP & HE R 7E HIN
B H3N2 078 308 J8ls B S e I /0N BRI 4 205 25
T4 BE 2
1.2.12 #iE4E

FIF AT BRI LA 2 /D 3 AN SEIR Y X +s R
TN PHZHZ B EL R t-test K3 (unpaired,
two-tailed Students’ t-test)/ #7125 5 &, *.
P<0.05, **. P<0.01, ***, P<0.001, **#**,
P<0.000 1.4/} GraphPad Prism 9 #4314 T1E A .

2 HERE4M

2.1 1AV MEEMAL SIS IER &R
il

HA K EREE A G N B 2 B R 9848 I 5 i
PrE AR BRI TAV /) HAT H 2% 5E H
5 A FEPUFEALE Y AE HINT AE 7 g 2 L
Jg: Sa (128-129 aa, 156167 aa). Sb (187-198 aa).
Cal (169-173 aa, 206-208 aa. 238240 aa), Ca2
(140-145 aa. 224-225 aa). Cb (78-83 aa)**;
TE H3N2 WARIrp g e O A (122-129 aa,
132138 aa. 142-146 aa). B (155-160 aa .
186-197 aa). C (50-54 aa. 275-278 aa). D
(201-208 aa, 217-221 aa) ., E (6265 aa, 78-83 aa.
260-267 aa)!* (& 1A).

48 HA #1k FR9ZE 5%, HINT 5 H3N2 W
T30 B 7 0 S TS AN TR Y R 48 % & 4 S
SRIMANFINE R HA YRR ZE R ORAY, SR AR R
TS, AT — B SIS 40%LA
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B, APURAL R AR R T R . K HIND I
H3N2 5 1AV () HA =425 3647 6 51 Hu
BB FRALE/RTE Cartoon 4544 | 14X g P
Hp: Sa. Ca2 fLEiXTR 5> A fisi, Sa. Sbfif
SN R B AV A, Cb v 5 % B84 E AV 5 (T 1B).

HEAT & I TR Ty 51 28 AR AR ] B A A
2012-2022 462 ER HINT A1 H3N2 3V R 7 8
B HA1 2R 1 98784548, o HINT WEAY HAL
(AR GEASITR (B 1C)/NTF H3N2 AL 1D),
kg HAL PN S KIS BRI S 21K
B, WA T —H “Mosaic” i[5 ¥ 41 1 1% 1S4
RS
2.2 Mosaic-HA1 B9 &t 5HE

R P 220 R P S 1 23 B & B H3N2 AU
IAV H A B s IR, Hi
i RBS, HAPUAZ A LHMWRIFHE, &%
T ()1 B A H3N2 VR AL S A 40 G
Bl HINT SRS, FEZERR 8 450 1) 3L al
PREA T 207 8 R R TR RN, DL H3N2 A
1AV ) HAL1 N B2 7E P Or s i A7 i 6 U
SRmsR HINT WA AL e, RS
P Z ] HINT PTiR. Mosaic-HA1 1944
FEIRITH(F 2A) Kty sing (Kl 2B), KRB X
B 7 206 A/Wisconsin/588/2019 FY Sa., Sb.
Ca2, Cb i i #4ly A/Darwin/6/2021 Ef#) B,
A, E fif, 53 HA Mosaicl ., Mosaic2 .
Mosaic3,

M ESET HAL 23RN ARG L EW,
H HINT  H3N2 S o 5 4 43501 FH i £ R £,
it , B IRER AR B A0 I (B 2C),
MR AT DA H, Mosaicl £ F H3N2 WAL
A KEFHF, Mosaic2. Mosaic3 /i HINI1
WHMARGZABTU Y. $#£78 Mosaic2, Mosaic3
A REERES | KA AT HINT WA TAV APk
(il
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Front view (H3N2)
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Figure 1 Major antigenic sites of HA1 and analysis of protein sequence conservation. A: The five major
antigenic sites on the front and top views of influenza A HIN1 and H3N2 viruses HA (PDB ID: 1RUZ, 2YP2).
B: Correspondence in major antigenic sites of influenza A HIN1 and H3N2 viruses HA1. C: Conservation
analysis of the amino acid sequence of influenza A HIN1 HA1. D: Conservation analysis of amino acid
sequence of influenza A H3N2 HA1. The horizontal axis represents the sequence number of the total amino
acid sequence after sequence alignment, the vertical axis represents conservatism, and the horizontal bars
stacked on each column represent the number of sequences with residuals at that position.
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2.3 FLAEH Mosaic-HA1 BIRIER Ak

TE Mosaic-HA1 MM fEd, C wmikdk
His #24E M alifbdn2s. H SDS-PAGE £l &
M4 (# 3A), HH M i Marker, Vector {83
YRR R, AR RSl 37 kDa,
M #3515 3 1Y SEPR R 1 R/NA 50-70 kDa, #E
T HA1 FAATERIAREE LA, HARRIAG
B[ e SRR AR 2 s A =R Al N
Western blotting I 45 5 % B i {1k 25 18 H bR
H & 3B). Ed L E T E Mosaicl |
Mosaic2 . Mosaic3 . H3 . H1 W& AR E 07N -
0.99. 0.59. 0.94, 1.94, 7.63 mg/mL. KJ¥4)
Mrai, s B EANAERT] 95%L .
2.4 (KGR E RN

o R RE P BOR M JEIUNE 4A TR o SRR
ELISA Kl ifiL 35 rh 5 S5k 1gG KK, 45 £
3 fir Mosaic-HA1 Y5/ MRy 4 454 HINT
H3N2 PIFIIET HAL FTiR. 5 H1 456 095
Yk 1gG K Ed el ik 1x10° A F (& 4B), 5 H3
SEAHRESRE 1gG KSR IA 1107, HXFRE4]

*

A * 20

40

FHEG, A 3 SR A B A AR i i 2
5:(P<0.000 1), HFE 11 JEJE4ERE 1x10° (B 40).
25 WHERFRPRE

TEHUARTR BRI A SO RTIR T, TR IR
PIG(El SA). BIERYL fE /IR HBUAREE TR
PEHEL ., IR, 7 A/Hong Kong/1/1968
(H3N2)IL# 41, Mosaic3 41/ A T [t
PRGN AR E 2 T IRk B
IRFEFLERRUE(E 5SB). Mosaic3 4l JLAE T
M4, Mosaicl. HI+H3 HZH™A 1| BAET,
796 %0 2/3; Mosaic2 H g 4l HEE 2 HAET-,
1368 1/3 (K] 5D). #£ A/Wisconsin/588/2019
HINDZEEdH, T IEN LA . Mosaic2,
Mosaic3 G LR T MR /)N, Mosaic2 G
A H1+H3 BHMEXS B ITESS 4 KK IF 4R 0]
Ft, Mosaic3 FPEEHIRTE T RFHEELE, Mosaicl
HEBAATEBRERAN R, R AL
7 d NIRERRZE TR 5C).

il 2H 2895 B 3 I 2 45 S8 BH , 7E A/Hong
Kong/1/1968 (H3N2)M 541, Mosaicl 4

i 60 o 80 %

A/Wisconsin/588/2019 : —————————-| DTLCIGYHANNSTDTVDTVLEKNVIVTHSVNLLEDKENGKLCKLRCVAPLHLGKCNIAGWILGNPECESLSTARSWSYIVET : 82

A/Darwin/6/2021

:QKIPGNDNSTATLCLGHHAVENGTIVKTITNDRIEVINATELVCNSSIG ¢

P-HQILDGGNCTILIDALLGDPQCDGFQ-NKEWDLFVER : 90

Mosaicl :QKIPCNDNSTATLCLGHHAVENGTIVKTIINDRIEVINATELVONSSIG -HQILDGGNCTLIDALLGDPQCDGFQ-NKEWDLEVER : 90
Mosaic2 :QKIPCNDNSTATLCLGHBAVENGTIVKTITNDRIEVINATELVCNSSI -HQILDGENCTLIDALLGDEQCDGFQ-NKEWDLFVER : 90
Mosaic3 :QKIPGNDNSTATLCLGHHAVENGTIVKTITNDRIEVINATELVCNSSIG P-HQILDGENCTLIDALLGDPQCDLST-ARSWDLFVER : 90
100 * 120 140 * 160
A/Wisconsin/588/2019 : SNSDNGTCYPGDFINYEELREQLSSVSSFERFEIFPKTSS HDSONCVIAACPEAGAKSFYKNLIW 1174
A/Darwin/6/2021 : SR-ANSNCYPYDVPDYASLRSILVASSG---TLEFKNE EVK-CNGTSSACHS:{eLEREE FFSRINW 177
Mosaicl : SR-ANSNCYPYDCVPDYASLRSIVASSG---TLEFKNE OVK—QNGTSSAFFSRINW 177
Mosaic2 : SR-ANSNCYPYDCVPDYASLRSIVASSG---TLEFKNE VK-CNGTSSACPEAGAKSFFSRINW 177
Mosaic3 : SR-ANSNCYPYDCVPDYASLRSIVASSG---TLEFKNE VEK-CNGTSSACPEAGAKSFFSRINW 177
bl 200 * 220 % 240 * 260 *
A/Wisconsin/588/2019 : VIWGIHHERRENGEIR TS ] 'DBYUFV(@‘.tSKKFKPEIATRPFVRDQEGF!NY!WTIVEDKITFEATGNIVBPR‘!AFIMEREAGSGII 1266
A/Darwin/6/2021 YIWGVHHP kb ek ifiglek SGRITVSTKRSQCAVIENIGSRPRIRDIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSS-IM : 268
Mosaicl YIWCVHHPR@w sl A{el ¥, SCRITVSTKRSQCAVIENIGSRPRIRDIPSRISIYWTIVKPGDILLINSTCNLIAPRGYFKIRSCKSS-IM : 268
Mosaic2 pavalelelin (8} SGRITVSTKRSQCAVIENIGSRPRIRDIPSRISIYWTIVKPGDILLINSTCNLIAPRGYFKIRSGKSS-IM : 268
Mosaic3 Dpp el in{a b SGRITVSTKRSQCAVIENIGSRPRIRDIPSRISIYWTIVKPGDILLINSTGNLIAPRGYFKIRSGKSS-1IM : 268

280 * 300 * 320 *
A/Wisconsin/588/2019 : ISDTEVHDCNTTCQTPEGAINTSLEFCNVHPITIGKCPKYVKSTKLRIATGLENVESI: 324
A/Darwin/6/2021 ‘ |GKRCKSECITENGSIENDKPFCNVNRITYCACPRYVKQSTLKLATGMFNVEEK: 326

Mosaicl IGKCKSECITENGSIENDKPFCNVNRITYGACPRYVKQSTLKLATGMENVEEK : 326
Mosaic2 ‘R IGKCKSECITENGSIENDKPFCNVNRITYCACPRYVKQSTLKLATGMENVPEK : 326
Mosaic3 RS/ HICKCKSECITENCSIENDKDFCNUNRITYCACDPRYVKQSTLKI ATCMRNVDEK : 326
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L 1 | | Hiioammem  TSENNE s / DTDKNQISLFAQ..
E [Ca2fSbSa Cb|Ca2(SbSa H1/Sa .. KGKSYPKINQ
E‘ . E H1/8b .. TIADQQSLYQNA
H3 1 sz smninss NESENWTG / QNGTSSA / GSSSS
H1/8a i PN
HMCa2 @ sseesos PHAGAK
H342 4578 33260200 GNCT / GFQ. NKE / IRSGK.
H1/Cb ..LSTARS
Mosaic2 Mosaic3
H1H3
C 2022 2022
2021 2021
2020 2020
2019 2019
2018 2018
2017 2017
2015 2016
2012 2014
) 2011 2013
Mosaic2 2009 2012
Mosaic3 /3 :

N

“A/Kansas/ 1420
ASwitzerland 97152932013 -

AEngland 43802942017
7382014
: zssrzm‘ i

Mosaicl

=9

E 2 Mosaic-HA1 EREBERRFLE S

Figure 2 Mosaic-HA1 construction diagram and phylogenetic analysis. A: Sequencealignment of major
antigenic sites from Mosaic-HA1 and antigen design strains. Site Cal and site C are indicated in orange, site
Cb and site E are indicated in blue, site Sa and site A are indicated in red, site Sb and site B are indicated in
green, site Ca2 and site D are indicated in yellow. B: Replacement model for Mosaic-HA1. C: Phylogenetic
analysis based on the amino acid sequences of influenza A HIN1 and H3N2 viruses and Mosaic-HAT.
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Figure 3 Expression and purification of Mosaic-HA1 protein. A: Purification results of H1, H3, Mosaicl,
Mosaic2, Mosaic3 protein and vector (negative control). M: Protein marker. B: Western blotting results of H1,
H3, Mosaicl, Mosaic2, Mosaic3 protein and vector (negative control).
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Figure 4 Results of humoral immune evaluation. A: Schematic diagram of immunization regime and blood
collection cycle. B: ELISA continuously assesses sera H1-specific IgG levels of mice in different immune
groups (nN=5). C: ELISA continuously assays sera H3-specific IgG levels of mice in different immune groups
(n=5). All values shown in the figure are X+S, * represents P<0.05, ** represents P<0.01, *** represents
P<0.001, **** represents P<0.000 1, nsrepresents no significant difference.
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P22 57 (P<0.001) . 7E A/Wisconsin/588/2019 (HIN1) 2 2 5(P<0.000 1), K ARG X 5 A3 4 il 41
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Figure 5 Results of virus challenge studies in mice. A: Schematic diagram of immunization regime, attack
and collection of lung samples. After three immunizations, mice were challenged intranasally with HIN1 or
H3N2 viruses. Weight was monitored daily for a period of 14 days, and animals that lost 25% or more of their
initial body weight were scored dead and humanely euthanized. And lung samples were collected on the 5th
day after mice challenged. B, C: Weight curves of mice challenged with the indicated viruses (n=3). D:
Survival curve of H3N2 attack group (n=3). E, F: Determination of viral load in lung tissue of the indicated
viruses (N=3). All values shown in the figure are X+S, * represents P<0.05, ** represents P<0.01, ***
represents P<0.001, **** represents P<0.000 1, ns represents no significant difference.
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AT BT AL &, #EFEH O (central for disease,
CDO)W ST s s, 9% B bk S5 A TR UL T
I, SRR R R S O 60%, APERECHTff
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R T R it S v oy B AR e 1k
£ PRI BT BT 15 0 Mosaic-HA 1 HT 526k
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{3715, 343¢1 - Broecker Z£BTHAFSY HOKE H3N2 WF
TR EE HAL MEAESE, TEDURRAHRA ALY
SN E R MEER P AN TR, 3 2 %R
P& NV 25 o Sun SEHE F “mosaic B i SR 11 T IBV
REH AR, /NSRRI H X IBV [ {2 938 XL
PB4 ARBFFELL HAL b 3B A iy
5, FT 2012-2022 AAEFER HAL Z3ER 7
G S ARSI, HIN2 LAY A gL R
PT HIND A, JUHAE H3N2 WA AL B s
A E R, Koel ZE0Y R f ST hi 58 A8 ) 22
PRI AL B AL S BRI B DA G
JIFME Ca2. Cb £ s AT HU LAY H3IN2 WA HT 5
FlZE, BBUHERL™ B HINT A R,
LR R A A A R A M RS, DA
“mosaic” B i kI, BEHL Sb. Sa 74, Ca2 fih,
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W% A2 PR, TEAS R4 I B B B0 R A OR3P 8%
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M, Arevalo 25" IF & T —F mRNA-JEF 44
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