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Recent advances in human monoclonal antibodies targeting influenza A

virus hemagglutinin
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Abstract: Influenza A viruses are highly infectious and have a wide range of hosts, including mainly avian and,
to a lesser extent, mammalian species. When cross—species transmission events occur, there is a possibility of an
influenza pandemic outbreak, and therefore it is urgent to take timely and effective surveillance of the virus as well
as develop anti-influenza virus drugs. Hemagglutinin, a glycoprotein on the surface of influenza viruses, plays a
key role in the process of virus invasion into host cells and can serve as a stable drug target. Monoclonal antibodies
against hemagglutinin can effectively inhibit virus transmission and protect the host. Therefore, this paper reviews
the currently reported human monoclonal antibodies against the hemagglutinin glycoprotein of influenza A virus to
provide new ideas and prospects for the subsequent development of anti—influenza drugs.
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G, BERA A BCRTE T ABUER
Bt 22 Ah, FLA e S0 e R R e M Y O O B
(Influenza virus, 1V) RIS AEH, Hrima
TR R AT, 220 M E DL 8 Ak ) 125 o 2
&1 RSR[5 R 4k A AR A 52 I AR
R RE T, (HOR MR PE A DA SURGE , IR
WP TRAT BAEAE A BRAK SR FT 23 300 ~ 500 J7 HAE
Wi, 29 ~ 65 77 MR TE B A L sE T L B A
e Dk, IVAD T 4 WKHAT, W4 1918 411
HINI, 1957—1958 4Ff H2N2, 1968 4 H3NZ,
UK 2009 4EB HINT, B35 1 KRB A RIET: .
Rt Ak, s 30w v & o 5 HHNT A HTN9 78 A
ZE 48 & LA K HE5NG6 il HHNS 1) 5 4 Fb 44 4% ) A
AEAM

IV & TIERE R, A HAZ R B R B i
PORBIARR W 20 N, T 4RZem 0 1
h B R B 7 (Influenza A virus, 1AV ) 9 EUR
PEfnn, H RNA B 8 AN B, ot &
ARG AV REAAAE 2 PR, MR
( Hemagglutinin, HA ) FI# 2 Z R it Neuraminidase,
NA) o HRIEF I A 2 My RRAE 1 22 57, HA 1Y
18 FpE AL 43 2 2, 14H40%5 HI, H2, H5. H6,
H8. H9. HI11. H12. H13. H16, H17. H18, II
40 405 H3, H4. H7. H10, H14, H15"', BL#
A HA 434 Head ( HA1 ) 1 Stalk (HA1/HA2 ) 2 ¥ 47,
Wit A L AT B R A T i
A MRV R A2 AR, J5 & TEAR pH Y A 3 R A2 2 7 R
51 B RS BRI A Y . T HA
ST R Y B B AR, E RN e pE
UL It 2 A

By REGTAR 245 W) 2 T AR 2 W I S R RS T ]
X BT B SRR RE YIS, HR A
FEXT IAV HA MR 25y 3is e, Rk, &
SCHE H T ) TAV HA B 5 e BEHUA R R #7254
B AP TV 259 AT & 3R 10 A 8L

1 %1 Head 41k

1.1 BEZFFESK

M F 3% 1k 45 & X (Receptor binding domain,
RBD ) WJFEBEINAETE, 1T HA Head fJ RBD # X}
fRep, HEZAE 130 20, 150 ¥, 190 MR jiE DL &
220 ¥, K, RBD H1E R S sa BEHUAR RS AL,
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38 38 55 R R 1) s S R 2 A A TV R (R 1 )
CH65 J2& D433 119 B AN SR A1 v 43 5 0l 2
A MRS EI Y, ERRIER R, E i
& 4% 0 4 B 5E X 3 (Heavy chains complementary
determining region, HCDR3 ) 5 H1 Head AJ RBD
gh4y, WA 30 B HINL SETE, ARANHIEERE
0.012 pg/mL ( % 1) ' CH67. 641 1-9, H2526
F15J8 &5 CH65 AL LR 54T, BT TT
A HDCR3 | —> &5 ik 5 H1 RBD 4545,
REfs AR BIR R (1) ML XuZE A A
JEL i 43 5 3 3 A4 H2N2 7 5Pk bt 8F8 . 8M2 Fll
2G1, Hof 8F8 it HCDR3 [-f% Tyr100 55 RBD 4%
4, 8M2 il 2G1 i@ i HCDR2 [ ) Phe54 5 RBD
g, IR zs s By 75 SR AR B 5 MR PR 4G S
(£1) " L4A-14, L3A-44 Fl L4B-18 J& Ik
YL HIN9 R IR & RN/ B3 801, xF 28 HT 9 R
ARG, AR R Y], L4A-14 #0] HA (1)
RBD [X &, ifii L3A-44 il L4B-18 iH 5| RBD 4} J&
LMk RN PR . 20 me/kg
) LAA-14 BB 100% P47 /N, H A H K &2 A0 X
AR, W L3A-44 W 30 mg/kg (7] A gt
SEARYT, LAB-18 ANREHS B/ AR S e e .
T B RCRAS, L4A-14 F1 L3A-44 [RIFEREMS
BIBHFRIRITROR (F 1) M
1.2 $EHEMLS

TV Rk e T J28 1 42 o 7 A 1 v RN B 44 3 R )
fi 7" HA-Head W $tls. HATC &% HI- #1 H3-
Head [ /95 > H0 i A S #6417 7 % 2. Sa. Sb.
Cal, Ca2 fiCb, s A Efif (K1)

AT FH W5 T A Je s 2 AR A J ) B A7 2 e 7 32 118
A T2 38 SO PR Y B 4T F045-092 i FO26-
427 ") B SEHI ] HA—Head (4 B4 W] L3 2 410 11
HA 5 MR 2 456 ok h f 2 A &Y, 4% HI .
H2. H3 il H5, IAh, F045-092 5 HI 454 Y S A
ZERY R 5B OLEMTHUR A M BRHE (% 1),
F005-126 MIEREIAJR/R /215 8], seS iz
H3N2 %5 7 1® . F005-126 i v 83 T 2 4~ HA
AR ZEE, Foh— AR Cal 7 s 2 IKFE H3
WA XSRS, R RS R 2 R, L@
IS pH 75509 HA A0 B RLA >k AT H3N2 9k
H(FLD)
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i HA W =RIREH, RIB—k, KEAFMTCE HA-Stalk, LREHMUE HA-Head, HADE MR A TTREDUAIR I B FAL,

ARABL AR AL A ] (9 25 € Bt s

(1) TIAV HA-Head BIIF#RIE

(2) IAV HA-Head WMU#LE . (3) IAV HA-Head IEMLE,

(4) TAV HA-Stalk HYIERLE
1 $XRERS HA B R E AR A

Fig. 1

D1-8 J&3k A F A B 4l iy —Fhal Rt 54, &
#L1H) H3-Head LR 5 Ca2 WEsiH RSF a0,
D1-8 Xt H3 fiap AT Z R g sk, e
A TR, D1-8 BE A B R 5 157 IR
INBREAR (£ 1) . FLD194 Xf H5NT F %1 &5
SO & T A R A HIE T, 1C, IR 2
0.007 pg/mL "*! . FERRYLHTEEST 2.5 M1 7.5 mg/kg Y
FLD194, BB/ BRI @R BOE R i 1) HANT (/)
RIS, DA AR I A 2T 2 . FLD194 33 5
A~ CDRs 5ZAPUREN i 44, A Fe A BepH iy
HA SIERERIOSE GMEEE (£ 1) . Nogales
25 WA 2 ol T A R B AN I 40 b 43 s A
KPF1, %P S0 AL s Ca Al Cb 2Z (1] & B
SPRYESER (1), BATIZ PR HL BRITEE
NI B, 18 10 mg/kg 19 KPFL Al 5/ B
% H TR SRR . BJE, AF5E/ha
FI M 8 R Gk 7 KPR, & 5lFLsh i
KRG KPFL AR AT HINT B AR I H A AH )
AR, FIEKE 0.271 pg/mL ™', 20 mg/kg JHEE
Tk ARG E 0 KPFL RERE HIRT s, REIR YT Ik
P HINLIGFE KR, BFkdaa ™ . XEY
AR TR D) 1K R G0 7 P TAV AR bt 7 (R 41

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Overview of monoclonal antibody epitopes against influenza virus HA

AR N B HA WG, A= A8 i SR It T — o
MRETik (£ 1) .
1.3 Hft

A 0 HTNO B BE B W s AR P AR I, 9k
5 2 Fl B 7 BT f& HNIgGAG6 F1 HNIgGB5 ' */ |
186V il 226L 2 M2 FEMR & 2 Fheahiil %] H7 HA 11
G, X HTN9 HA @ iy fniG ok, HL2 55 AR
P HA KK, HNIgGA6 #1 HNIgGB5
(R S5 e B 43 1M 0.8 pg/mL 1 1.6 pg/mL. I
4k, HNIgGA6 Fl HNIgGB5 fEA SR YT B YL 2 hE 7
H HTN9 (1 BALB/c /MRl (&I 1, 1) 27,

TERRYE pH 2541 T, bt M826 5 HTN9 HA H
HNEEIRLUF IR Y L Rk gE R, % pH
W5 HA = RARMI G L AR, M826 S &
MBS SE R EE, JFH, AR HT HA PAEFERY
— AR RO PR A S PR
gifE A T a9 A B B4 ( Antibody—dependent cell—
mediated cytotoxicity, ADCC ) A9 BALB/c
/NEURZEPERI R HINO et (1) Y

HPL FluA-20 fig 1 51 JL 7 B 47 TAVs 3 A i
Head X3, H i #IiE Mk 5-142 ng/mL '»' . 51
b B ST B B [ 9 2, FluA-20 #L] T HA =%
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ARG —ASB AL, IZAL S RBD AH4R, (HAE
B, I HAE AR TAV 170 i g B s 100 %
SCLRTROA N 2R E ), HbtiR okt AL FluA-
20 38 2 5 = R AR B A0 R A IR HA B9 = R K
gEMy, TR 0 o WIIE, 10 mg/ke
B BR T AT AR BN B A A2 I SO AN SOPE R B HINT
H3N2, H5N1 Fl HTNO % bk B9 e 0 2 )5,
Turner SR8 T 1 2 RIAY HT % 5 E 540 HT.5,
AR I 5 T 9 HA-Head ' . HEAR /DRy

Hefih, BE0TLLAE S HA B9 =R, Bk HA 52
S RBAEERIR, TR (F 1) ),
H7-200 J& iR H7-HAL B9 487 5 Pk s s b A, fE
FABLE S FluA-20 AL, @ 7EH T HA =3 4K0
PIFRSTET, MTTTAR T HA (9 = S ARM G2 R A fig 7
5 FluA-20 A I, H7-200 ELA7 55 55 0 35 AT
B, TIREAELS S H15 HA MIRE 1. 1R N T 52
B iR, H7-200 e R4 HTN9 1)/ ERIFRE
I RAEIR (£ 1) 7

#F 1 @ HA-Head BT EHK
Table 1 Monoclonal antibodies targeting HA-Head

B R VH #:[H I1Cs N ARTT S I AR RPN
CH65 1-2 0.012~6.25 pg/mL - - [13]
5J8 4-b - - - [14]
CH67 1-2 0.0009 pg/mL - [14]
641 1-9 1-59 0.0018 pg/mL - [14]
H2526 1-69 - - [14]
8F8 3-33 - - - [15]
8M2 1-69 - - - [15]
2G1 1-69 - - - [15]
Wiki2H : 20mg/kg:100% {447
LAA-14, 3-30 20 ng/mL~2 pg/mL : - 16
ng/mLm e Hefm WPl 10mg/kg:100% 47 [16]
TRBG4L: 30mg/kg:100% {447
L3A-44 4-34 20 ng/mL~30 pg/mL : - 16
nem Herm VAFFAL: 20mg/kg:100% (R4 [16]
L4B-18 3-23 20 ng/mL~30 pg/mL - - [16]
F045-092 1-69 0.6 pmol~1.6 pmol - - [17]
F026-427 1-69 - - - [17]
F005-126 1-18 0.12~71 nmol - - [18]
G2 . 0.5mg/kg:100% 34
D1-8 - 0.01~0.66 pg/mL o 19
Hemm Y7L . 30mg/kg:90-100% {4 [15]
1C40:0.007~0.13 1 g/ Jii2 . 2.5melke:100% {5401/
FLD194 _ % ug T4 mg/kg:100% {47/ i [20]
mL 7.5 mg/kg:100% #4557
T2 : 1mg/kg:100% {47
lian—produced KPF1 - 0.195~25 pg/mL - 21-22
mammalian—produce pg/m TP 10mg/kg:80% (R [ ]
PR ZH . 20mg/kg:100% 4 K R
tobacco—produced KPF1 - 0.195~12.5 pg/mL : - 22
obacco-produce Hem JAIT4L: 20meg/kg:100% (4K L 2
TREG4L: 1mg/kg:60% {47
HNIgGA6 4-31 0.04 pg/mL : - 23
. hg/m AL Smgkg:50% (" L2
TBGZH . 1mg/kg:100% {44
HNIgGB5 4-31 0.04 pg/mL k - 23
& Herm VT4 5mg/ke:60% [ [23]
B2l : 0.5mg/kg:80% 44
M826 1-69 - ﬂfﬁﬂ mefkg:80% - [24]
JRITH: 0.5mg/kg:60% P47
PB4 . 1mg/kg:70% £ (H1)
FluA-20 4-61 5~142 ng/mL JRITHL: 10mg/kg:80% 1447 (H3) - [25]
10mg/kg:100% F-4 (H5)
HT7.5 - - - - [26]
H7-200 4-61 - 4l : 10mg/kg: 100%(HT) [27]
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2 ¥ Stalk Wy Ak

2.1 VH1-69 EE4AH B 5 K

VH1-69 B K& A ZEE—Zifih HCDR2 oK Uiy 2
AN KR LT BEFE N, VHI-69 25 B 77 B H ik ]
PLiE R [ B R IR S Stalk bR IARESS R, M
T R 5 HET, £ VHI-69 3
S B 1 BA T B BT AR B R, X ST ARG B RS AT X
HA (ZFER, BA SRR i (| 1) 570

CR6261 bt AR i B8 1 1Y i 012 B
240 A T ) W B AT R R A B sl ) iea
HXF H1. H3. H5. H6., H8. H9 W # HA rh FiE
o BEYE B 0.12 ~ 50 pg/mL 'L CR6261 f97EH
PLHI 45 & HA-Stalk BERSTEK D48 10 geah,
5 mg/kg FIEAHT AT LIRS/ NS s2 HONT FI HINT 5
FEa I (F2) YL AN, BA—FEAT
T e I PR A BT CR8020 4k 77 ik i ke, % Bt
AEfg v M H1, H3, H4, H5, H7, H9 Fl H10 . %!
BV TR, OB E 1.1 pg/mL Y L FiRSE R
B, CR8020 1H5] T 5 5 I 1Y) HA-Stalk /5 &
TRSFRIMEE Y R, 3 me/kg 9 CR8020 fiE
BT B AR P 2P 7 B H3N2 F HTNT /) UGy
(F2) . CR8043 i@ ik A 7] fr 5% Jo #1135 46 T
F CR8020 HIBLAY £ f7 . fEHk4 5 HS R HI0 B4
e ) #T 3 me/kg K CR8043 1
R4/ a2 H3N2 I HINT J&YL (F2) ) 3
HLFL0 A LA FIT A 19 1 41 1AVs, f04% H5N1, &
WA 45 A HA-Stalk F9PRSF 5 AR R BH LR 7 5
BRI A A %, 10 mg/kg 1Y F10 W] T 5 Jak e
67 HANT /IR (22) ") CR9114 &M
PR PR T B B R Y B AL R
PR Ay s e By TP, i it 454 HA-Stalk &5 B {7
SR AT, BT pH i S0 HA 5 R H ORI 5
Asfp 'P . CR9114 5 H1. H3. H7. H9 fl IBV HA
HA B U RN BF5E R E T 1.7 mg/kg
A BT CRI1LA ] LU B /N B A A2 JL A )
& IAVs B BT iy (e 2) 1. SUN & Ak
e HENL W BRI A3 B T 2 Bl 32 v A 44
2-12D5 F1 3-37G7.1, XFptgaiiLAy H1, H5 F1 H6
YA B v RS % A ADCC 1R, Hirh 2-12D5
B VH1-69 %%, 3-37G7.1 f1 VHI-2 4 t5, ©A]
#E 5 CR6261 MR &5, 1T HA2 R IER
FRIE 145 B M AR A (F£2) T

AT 2TF3 L WERH AR R 4y 815 8], B EE
i HCDR2 %% 4 HA-Stalk [ Bi 7k f#, HCDRI1 5

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

HA2 ¥ B 2 A S8, HA 200 il vk JE 4 0.008 ~
4.8 png/mL, T VZ RS0 T ZHA0 11 ZH A9 TAVs WA (36
2) 10 A A M AR B b Ay B —Fh iz A
BT FI6 W Bl 16 FhEAY (HI1-16)
(9 HA, IR T 410 I 419 TAVs 8 L X OB
K243 ¥ W1, FI6 B HCDR3 ¥ 45 4 7F HA-Stalk
A R TINS5 1 P 4 F 15 mg/kg
() F16 43 5 BE 101 7 A7 /G HIN [ BALB/c /MR,
HAERERY, ZOPREAP SIS BURE S
VRCHENT (262) W% IR A R 7R 28 vh 43 B iy
(EAHT 3.1 fEA P AT HL  H2  H5 . H6 7% TAVS' ™,
IZHATH VH3-30 4ifth, Jfi# ik HCDR1 A1 HCDR3
S KWL A P BRIESE 10 mg/kg 19 4T
3.1 ATt 2 A R POT R IR R E TR (% 2) 1,
CT149 M 2009 4F HINT KFATHRFIRN /> e sk
g — P AT T2 R RGP B 1 RS R T
CT149 # LA T Stalk @A BEH, & 18 o 90 ] I
pH 5 510 HA M- R MERL G L/, RS H A T 410
1120 (H1, H2. H3, H7. H9) A MR 1avVs 7,
AN, B A LA S ADCC Fl CDC I 37 8% 2L 41 il
BT FERIN R RISz R b, % B X R e £ Fl
AV TR /N AR A A (F2) 10,
22 HERMEHEATEEE

AP HINT P08 1 A4 i Ji 3 I 2% 4 g v 43
B E 3 BRE S REPLIR, 40l h 05-2G02, 09-2A06
1 09-3A01, 2554 ELISA H1 ¥ 51 [] P8 % 43 #r
WEW, Bk 5 HA-Stalk 454 0 X 3 ALY
BEh AT A AT 2 A HINT A%, Hib 05-2G02 %t
H3N2 Al HAN1 WA ) Z b s eE (F2)
[AkE, Nakamura 25 ' 2385 39.29 1 81.39 2 i
Yo, ATLAR A HI. H2 FTH3 WAL, $miliE vk
1.3 ~ 45.1 nmol H1 0.65 ~ 26.3 nmol. fin 1A 25 14 3
B, 39.29 B0 T HA2 2HE A iy TR 2. =
4+ ELISA 45 % W 75, 81.39 5 39.29 7F H3 Stalk I
M S 7EER S . SHEEbT AL, 45 mgke
() 39.29 X HINT A1 H3N2 5 2 B4 19 /N B 31 1K)
TRITROCR AL, HeAh, 39.29 5 AL IS A
AEER (F£2) " fE IR ERIRE P, BA
39.29 (MHAA4549A ) #iE B A B 47 0y i 52 1%,
FE B EFEAR T FUSRASCHEIR , 1E7E I R PEAN J5
2 b T BRI E] At T3 B AR YT A B R T R R
FHASEszE Y L M 81.39a EEAR 81.39 KRG
), ATARCR R 16 NI, TETERREE R 0.01 ~ 4.9
pg/mL " e /N BB ) FH 15 5% 45 mg/kg 1Y
81.39a LYK B VAYT YL H5Nx . H6N1 5 H7NO ik
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BEM/INGL, TIE B LB 100 61 995 55 42 ) RTBH Lk A SR e
B AR, 25 mg/kg Y 81.39a T A AL K IK HINT
SR E SR G TR, R (% 2) [0
VIS410 86 HA-Stalk, R]J yZH A1 HL, H3 Fl
H5 W, G 0.3 ~ 11 pg/mL ™ . EfkP
W, VIS410 BEME A AU AR R Y H3N2 FT H7TN9
) BALB/c /N, 55 5wl 55 156 H 2L AT B Rl VE FH( 36
2) MU ZJE B AR B 5 R A VIS410 34
T IS 2 A FE AR 2 5 35, I P R Y
KA, FEEESE T IRATMOWA IR T gk e
VISA10 SA [ 4 fly, EA RSB & A R
J1, ATRKFEMR 65 % DL E ABERIERE 2R, AT e
NEYT R 1AVs BZ50 T i, AR R
JEYL TAVs B F I T VIS410 AYZE 4k A 52k
WER 7% S e A A R etk , s s

X R TF IR T RIS 7 SRR (R R T
Ty

MEDI8852 J&—Fh ) R N TR AHT, AR
JirA HA S TAVS, 036 P49 0.41 ~ 4.05 pg/mL" ",
B il CDRs A AR 28 A8 47 & S5 HEZR i AN it
B R AN IR B 2R M 4G A R DAL i AR 1Z B 4l
FY1 092800 . ) BE RV AAR 20 i 2 A i o A gy L0
MEDI8852 iffi i CDRs 5 il & X 35 (1Y i 7K A8 i1 A5
MRS RES A Y. SHAb AT REBLIRAR 1L, T
A T PO R R R R, e /N BRI SR AR R
1, 25 mg/kg B MEDISS52 VA ¥7 % - 4 T ¥ 7] fih
Fo(F2) VL SR, TERE S A IR PRI 5 b
MEDI8852 y= = T AN K i, 15 B &) th =5 B 5
2RI A — A T i T2k A, Tk
TESEAT R I PR 5 S R Ik, 56 6 TSR

&2 #0015 HA-Stalk B9 25T
Table 2 Monoclonal antibodies targeting HA-Stalk

BAFLAAFR VH 3 1C5 RN M I R E=PCN
. R4 : 5mg/kg:100% {447 (H1,H5)
CR6261 1-69 0.55~14.87 pg/mL WP, 15mg/kg: 100% (R4 (HB) .1 [31-33]
- WiBigl: 3mg/kg:100% f47 (H3,HT)
CR8020 1-18 1.1~13.1 pg/mL WP, 15mg/kg: 100% (R4 (HA.HT) [,1 [34]
BG4 . 3mg/kg:100% {447 (H3)
CR8043 1-3 <10 pg/mL 30mg/kg:100% {471 (HT) - [35]
Tl : 2.5mg/kg:100% {44 (H5)
F10 1-69 N TBYTL . 15mg/kg:100% {547 (H5) N [36]
TRBG4L: 1.7mg/kg:100% {4 (H1)
CR9114 1-69 2.5~28.6 pg/mL 5mg/kg:100% {41 (H3) - [33]
5mg/kg:100% FR4" (B NA)
2-12D5 1-69 5~20 pg/mL - - [37]
3-37G7.1 1-2 2.5~40 pg/mL - - [37]
27F3 1-69 0.008~4.800 ug/mL - - [30]
TREG4L: 4mg/kg:100% f47 (H1)
FI6 3-30 - 20mg/kg:100% {#47 (H5) - [38]
GBI 15mg/kg:100% {4 (H1)
3.1 3-30 ~10 pg/mL FR2H . 3mg/kg:100% {547 (H1) - [39]
FRZH: 10mg/kg:100% {44 (H1)
IGITLL: 30mg/kg:100% {4 (H1)
CT149 1-8 0.078~10 pg/mL 7.5mg/kg:100% FA (H5) - [40]
10mg/kg:100% Fr4 (H3)
30mg/kg:70% {547 (HT)
05-2G02 1-18 - - - [41]
09-2A06 1-69 - - - [41]
09-3A01 4-39 - - - [41]
V&) >
. BIT4L: 900pg:100% {4477 (H1)
39.29 3-30 1.3~45.1 nmol 100g 70-100% {47 (H3) [,0 [ 42-44 ]
81.39 3-30 0.65~26.3 nmol - - [42]
81.39a 3-30 0.1~4.85 pg/mL JEITHL: 15mg/kg:60-100% 47 - [45]
VIS410 - 0.3~11 pg/mL VRITHL: 2.5mg/kg:60-100% F-9 (H3) 1,1 [ 46-48 ]
R4 . 1mg/kg: 100% f£37 (H1)
VEEOH . o,
MEDI8852 6-1 10 pg/mL I7AL: 10mg/kg: 100% 47 (H1) 1,1 [49-53 ]

10mg/kg: 100% /41 (H3)
25mg/kg: 100% {447 (H5)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



%5 AR, S e R R 7 I 2R A TR B v B B AR Y 0 119
3 _‘L_{]— _‘L/b\ %E%fé [5] Centers for Disease Control and Prevention (CDC).

IBV 5 1AV St [E# % T ek ny = e, H
FEAILEME N FRHAR Z MR, T B
B ek, m] DL d N R R bR, T i
LR B s R BTAR B AT e TR E SR TR 28
SO, BRIV BUSENR T, BRI IBV Y B s
Prik 2 H A EEE LA, 7F IBV RBD Al Stalk 2
(i) (1) 5% B TR T 45 g Sl RE GO ST, AT DA A Bt 001
fir 5 7 HRFSCIEW], CRS0T1 5% 44,
P GY Victoria Fl1 Yamagata 2 Fii% R 19 IBVs A9/l
2 BRI L, RESIR/N, (HE &R G
S R IBVs R PR RO R S T3

Har, W& ARG RS TV 35 ik
EPURZ YT R E By ), AH AL AT DL AT AR 2
HHAMEFAYLE PR, FlanEL NS ADCC & #
fEH, HBiA 2 s BEYUA N DL Bl — I 6k
m Yu FHF L M826, Eillid /T ADCC {3 gki
HT7 1AV B/NRIE R ERE 5 $EE 1BV ARk o
P 46B8 M C12G6 [AIKER] LIAF ADCC >

EME T, PPk g & 0 i igom 7 i
WORA R, 2R e BTN 25 A ol RE 42
2R T AR . Bl in CR8020 5 CR6261 51
DS ANTE], H 2 B Bt B[] 3R 97 RE 4% LK 2 4%
AV WA Y

zE LT, N BE PR Z2 i R Y N B SR
Bi7 RGOt S A AR O ik, R AR SR ST ) —
ANEE M. kW, BT HA BPURER, B40h
SR BEIN B WA AR . X s B — SR &R
HA PRSP S HAE AL

B2k

[1] WHO. Coronavirus disease (COVID-19) pandemic
[EB/OL | . [2022-05-02 ] https://www.who.int/zh/
emergencies/diseases/novel-coronavirus—2019.

[2] LongJ S, Mistry B, Haslam S M, et al. Host and viral
determinants of influenza A virus species specificityl J |.
Nature Reviews Microbiology, 2019, 17(2): 67-81.

[3] WHO. Influenza (Seasonal) [ EB/OL ] .(2018-06-02)

[ 2022-05-02 ] .https://www.who.int/zh/news—room/
fact—sheets/detail/influenza—(seasonal).

[4] CDC. Past pandemics of influenza [EB/OL | .

[ 2022-05-02 ] .https://www.cdc.gov/flu/pandemic—

resources/basics/past—pandemics.html.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[16]

[17]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Isolation of avian influenza A(H5N1) viruses from
humans—Hong Kong, may-December 1997 [T ] .
MMWR Morbidity and Mortality Weekly Report, 1997,
46(50): 1204-1207.

Bi Y H, Chen Q J, Wang Q L, et al. Genesis, evolution
and prevalence of H5NG6 avian influenza viruses in
China [ J ] . Cell Host & Microbe, 2016, 20(6): 810-
821.

Shi W F, Gao G F. Emerging H5NS avian influenza
viruses [ J] . Science, 2021, 372(6544): 784-786.

Yin X, Deng G H, Zeng X Y, et al. Genetic and
biological properties of H7N9 avian influenza viruses
detected after application of the H7TN9 poultry
vaccine in China [ J] . PLoS Pathogens, 2021, 17(4):
¢1009561.

Collin E A, Sheng Z Z, Lang Y K, et al. Cocirculation
of two distinct genetic and antigenic lineages of
proposed influenza D virus in cattle [ J ] . Journal of
Virology, 2015, 89(2): 1036-1042.

te Velthuis A J W, Fodor E. Influenza virus RNA
polymerase: insights into the mechanisms of viral RNA
synthesis [ J] . Nature Reviews Microbiology, 2016,
14(8): 479-493.

Byrd-Leotis L, Cummings R D, Steinhauer D A. The
interplay between the host receptor and influenza virus
hemagglutinin and neuraminidase [ T] . International
Journal of Molecular Sciences, 2017, 18(7): 1541.
Dadonaite B, Gilbertson B, Knight M L, et al. The
structure of the influenza A virus genome [ J | . Nature
Microbiology, 2019, 4(11): 1781-1789.

Whittle J R R, Zhang R J, Khurana S, et al. Broadly
neutralizing human antibody that recognizes
the receptor-binding pocket of influenza virus
hemagglutinin [ J] . Proceedings of the National
Academy of Sciences of the United States of America,
2011, 108(34): 14216-14221.

Schmidt A G, Therkelsen M D, Stewart S, et al. Viral
receptor—binding site antibodies with diverse germline
origins [ J ] . Cell, 2015, 161(5): 1026-1034.

Xu R, Krause J C, McBride R, et al. A recurring motif
for antibody recognition of the receptor—binding site
of influenza hemagglutinin [ J] . Nature Structural &
Molecular Biology, 2013, 20(3): 363-370.

Huang K Y A, Rijal P, Jiang H H, et al. Structure—
function analysis of neutralizing antibodies to H7N9
influenza from naturally infected humans [ J | . Nature
Microbiology, 2019, 4(2): 306-315.

Ohshima N, Iba Y, Kubota—Koketsu R, et al. Naturally

occurring antibodies in humans can neutralize a variety

http://www.cnki.net



120

ST /SO | /A NI e o ¢

545 %

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

of influenza virus strains, including H3, H1, H2, and
H5 [J ] . Journal of Virology, 2011, 85(21): 11048-
11057.

Iba 'Y, Fujii Y, Ohshima N, et al. Conserved neutralizing
epitope at globular head of hemagglutinin in H3N2
influenza viruses [ J ] . Journal of Virology, 2014,
88(13): 7130-7144.

Benjamin E, Wang W J, McAuliffe J M, et al. A broadly
neutralizing human monoclonal antibody directed
against a novel conserved epitope on the influenza
virus H3 hemagglutinin globular head [ J | . Journal of
Virology, 2014, 88(12): 6743-6750.

Xiong X, Corti D, Liu J, et al. Structures of complexes
formed by H5 influenza hemagglutinin with a potent
broadly neutralizing human monoclonal antibody [ J ] .
PNAS, 2015, 112(30): 9430-9435.

Nogales A, Piepenbrink M S, Wang J, et al. A highly
potent and broadly neutralizing H1 influenza-specific
human monoclonal antibody [ J ] . Scientific Reports,
2018, 8: 4374.

Park J G, Ye C J, Piepenbrink M S, et al. A broad
and potent Hl-specific human monoclonal antibody
produced in plants prevents influenza virus infection
and transmission in Guinea pigs [ J ] . Viruses, 2020,
12(2): 167.

Chen Z, Wang ] M, Bao L L, et al. Human monoclonal
antibodies targeting the haemagglutinin glycoprotein
can neutralize H7N9 influenza virus [ J | . Nature
Communications, 2015, 6: 6714.

Yu F, Song H, Wu Y L, et al. A potent germline-like
human monoclonal antibody targets a pH-sensitive
epitope on H7N9 influenza hemagglutinin [ J ] . Cell
Host & Microbe, 2017, 22(4): 471-483.e5.

Bangaru S, Lang S S, Schotsaert M, et al. A site of
vulnerability on the influenza virus hemagglutinin
head domain trimer interface [ J ] . Cell, 2019, 177(5):
1136-1152.e18.

Turner H L, Pallesen J, Lang S S, et al. Potent anti—
influenza H7 human monoclonal antibody induces
separation of hemagglutinin receptor-binding head
domains [ J ] . PLoS Biology, 2019, 17(2): €3000139.
Dong J H, Gilchuk I, Li S, et al. Anti-influenza H7
human antibody targets antigenic site in hemagglutinin
head domain interface [ J | . The Journal of Clinical
Investigation, 2020, 130(9): 4734-4739.

Avnir Y, Watson C T, Glanville J, et al. IGHV1-69
polymorphism modulates anti—influenza antibody
repertoires, correlates with IGHV utilization shifts and
varies by ethnicity [ J ] . Scientific Reports, 2016, 6:
20842.

(C)1994-2022 China Academic Journal Electronic Publishing House.

[29]

[30]

[36]

[37]

[38]

[40]

All rights reserved.

Huang C C, Venturi M, Majeed S, et al. Structural basis
of tyrosine sulfation and VH-gene usage in antibodies
that recognize the HIV type 1 coreceptor—binding site
on gpl20 [ J] . Proceedings of the National Academy
of Sciences of the United States of America, 2004,
101(9): 2706-2711.
Lang S S, Xie J, Zhu X Y, et al. Antibody 27F3 broadly
targets influenza A group 1 and 2 hemagglutinins
through a further variation in V H1-69 antibody
orientation on the HA stem [ J ] . Cell Reports, 2017,
20(12): 2935-2943.
Throsby M, van den Brink E, Jongeneelen M, et al.
Heterosubtypic neutralizing monoclonal antibodies
cross—protective against HSN1 and HINI recovered
from human IgM+ memory B cells [ J] . PLoS One,
2008, 3(12): e3942.
Ekiert D C, Bhabha G, Elsliger M A, et al. Antibody
recognition of a highly conserved influenza virus
epitope [ T] . Science, 2009, 324(5924): 246-251.
Dreyfus C, Laursen N S, Kwaks T, et al. Highly
conserved protective epitopes on influenza B viruses
[J] . Science, 2012, 337(6100): 1343-1348.
Ekiert D C, Friesen R H E, Bhabha G, et al. A highly
conserved neutralizing epitope on group 2 influenza A
viruses [ J ] . Science, 2011, 333(6044): 843-850.
Friesen R H E, Lee P S, Stoop E J M, et al. A common
solution to group 2 influenza virus neutralization [ J ] .
Proceedings of the National Academy of Sciences of
the United States of America, 2014, 111(1): 445-450.
Sui J H, Hwang W C, Perez S, et al. Structural and
functional bases for broad-spectrum neutralization
of avian and human influenza A viruses [ J | . Nature
Structural & Molecular Biology, 2009, 16(3): 265-273.
Sun Y, Cao Y, Li Z, et al. Cross—neutralizing anti—
hemagglutinin antibodies isolated from patients infected
with avian influenza A (H5N1) virus [ J | . Biomedical
and Environmental Sciences, 2020, 33(2): 103-113.
Corti D, Voss J, Gamblin S J, et al. A neutralizing
antibody selected from plasma cells that binds to
group 1 and group 2 influenza A hemagglutinins [ J ] .
Science, 2011, 333(6044): 850-856.
Wyrzucki A, Dreyfus C, Kohler I, et al. Alternative
recognition of the conserved stem epitope in influenza
A virus hemagglutinin by a VH3-30-encoded
heterosubtypic antibody [ J ] . Journal of Virology,
2014, 88(12): 7083-7092.
Wu Y, Cho M, Shore D, et al. A potent broad—spectrum
protective human monoclonal antibody crosslinking
two haemagglutinin monomers of influenza A virus[ J .

Nature Communications, 2015, 6: 7708.

http://www.cnki.net



o5

ERR, A ) R B ILEE R A9 N IR e ST T U fre

121

[41]

[42]

[43]

[46 ]

[47]

Li G M, Chiu C, Wrammert J, et al. Pandemic HIN1
influenza vaccine induces a recall response in humans
that favors broadly cross—reactive memory B cells [J1].
Proceedings of the National Academy of Sciences of
the United States of America, 2012, 109(23): 9047-
9052.

Nakamura G, Chai N, Park S, et al. An in vivo human-
plasmablast enrichment technique allows rapid
identification of therapeutic influenza A antibodies[ J ].
Cell Host & Microbe, 2013, 14(1): 93-103.

McBride J M, Lim J J, Burgess T, et al. Phase
2 randomized trial of the safety and efficacy of
MHAA4549A, a broadly neutralizing monoclonal
antibody, in a human influenza A virus challenge model
[J] . Antimicrobial Agents and Chemotherapy, 2017,
61(11): e01154-e01117.

Lim J J, Deng R, Derby M A, et al. Two phase 1,
randomized, double-blind, placebo-controlled,
single—ascending—dose studies to investigate the
safety, tolerability, and pharmacokinetics of an anti—
influenza A virus monoclonal antibody, MHAA4549A,
in healthy volunteers [ J | . Antimicrobial Agents and
Chemotherapy, 2016, 60(9): 5437-5444.

Marjuki H, Mishin V P, Chai N, et al. Human
monoclonal antibody 81.39a effectively neutralizes
emerging influenza A viruses of group 1 and 2
hemagglutinins [ J] . Journal of Virology, 2016,
90(23): 10446-10458.

Tharakaraman K, Subramanian V, Viswanathan K, et
al. A broadly neutralizing human monoclonal antibody
is effective against HTN9 [ J ] . Proceedings of the
National Academy of Sciences of the United States of
America, 2015, 112(35): 10890-10895.

Wollacott A M, Boni M F, Szretter K J, et al. Safety
and upper respiratory pharmacokinetics of the
hemagglutinin stalk—binding antibody VIS410 support
treatment and prophylaxis based on population
modeling of seasonal influenza A outbreaks [J ] .
EBioMedicine, 2016, 5: 147-155.

[48]

[49 ]

[50]

[51]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Hershberger E, Sloan S, Narayan K, et al. Safety and
efficacy of monoclonal antibody VIS410 in adults
with uncomplicated influenza A infection: results
from a randomized, double-blind, phase-2, placebo-
controlled study [ J ] . EBioMedicine, 2019, 40: 574-
582.

Kallewaard N L, Corti D, Collins P J, et al. Structure
and function analysis of an antibody recognizing all
influenza A subtypes [ J ] . Cell, 2016, 166(3): 596-
608.

Pappas L, Foglierini M, Piccoli L, et al. Rapid
development of broadly influenza neutralizing
antibodies through redundant mutations [ J | . Nature,
2014, 516(7531): 418-422.

Paules C I, Lakdawala S, McAuliffe J] M, et al. The
hemagglutinin A stem antibody MEDI8852 prevents
and controls disease and limits transmission of
pandemic influenza viruses [ J] . The Journal of
Infectious Diseases, 2017, 216(3): 356-365.

Mallory R M, Ali S O, Takas T, et al. A phase 1 study to
evaluate the safety and pharmacokinetics of MEDIS852,
an anti-influenza A monoclonal antibody, in healthy
adult volunteers [ J] . Biologicals, 2017, 50: 81-86.
Ali S O, Takas T, Nyborg A, et al. Evaluation of
MEDI8852, an anti-influenza A monoclonal antibody,
in treating acute uncomplicated influenza [ J ] .
Antimicrobial Agents and Chemotherapy, 2018, 62(11):
¢00694-e00618.

Chai N, Swem L R, Park S, et al. A broadly protective
therapeutic antibody against influenza B virus with two
mechanisms of action [ J | . Nature Communications,
2017, 8: 14234.

Shen C, Chen J, Li R, et al. A multimechanistic
antibody targeting the receptor binding site potently
cross—protects against influenza B viruses [ J ] . Sci
Transl Med, 2017, 9(412): eaam5752.

(e 4. EARIF)

http://www.cnki.net



(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



