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Abstract

Although influenza is a preventable disease, it is still a persistent public health problem that can
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cause hundreds of thousands of deaths annually. Due to the high variability of influenza viruses,
there is an inevitable risk of inconsistency between vaccines and the antigens of epidemic strains.
There is an urgent need for a widely protective or universal influenza virus vaccine to prevent all
seasonal, zoonotic and emerging pandemic influenza viruses. Hemagglutinin, a glycoprotein on
the surface of influenza virus, has broad-spectrum neutralizing antibody recognition sites and is
considered to be a key target for the development of universal vaccines. Therefore, the identifica-
tion of conserved protective epitopes and neutralizing epitopes of hemagglutinin is essential for
the design of universal influenza vaccines and new targeted therapies. Here, this paper reviews
the research progress in universal vaccine design based on the conserved epitopes and neutraliz-
ing epitopes of influenza virus hemagglutinin.
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1. 5l

TIOR3 A% A RS BBy, BRI v 7352 A 00T B AT R 2 JE e F) o A 288 it
[1]. BEHHIA REAEIRRAEE S T AR A 2R [2], BT IR RNA REEERA KA
P, i R EIL R  5 R A PUR B AP e . PURTERE SO NP AE I S e rh kIR, P %
e SR CANE RORIRAT R, HAX AR SR Rl JovR R TR AN, X R] e R AR T #E R SR AT 5
FRAUCEE AL, AT 5 BOR A P 8 RO AME3] [4] [5]e AR 7= LTS P2 1 7 BRI R) - AT T
BRAT IR R E o E A U] 7 B — R n] DO MRS ORI o 52 AN ] I RSt /00 B4R 5 (14 38 P
R o

SXAT AH T G 88 S N B RE ) B B (0 PR AT AL RORSE I AR, B i s kL1 b RSy R AL A
AN 2 X L O B S R A 28 (0 ST AP FE 6] IMLE R (HA) IR B i P B T LX) R T A
AT, AT RGO v A 51 A ) rh A A F) S B REAR[8] [9], TRIE HA J2 T A 38 I v 1 32 2
bR TERXRZRIRT, 45T RAETBEE HA 2 TR RAL. AR AL B vh e .

2. FRRE R MAREA

B BE(influenza viruses, IV) & — P AL 8, A8, 7SO BUW RNA BRI, 8 T IER
Bl MIEHZEA. BREATHIURAR, 2AF. 4. FH. T@ECA. By C. D)IAL, HApHA, 2
L R FE(AV. IBV. ICV)RIE N LR SRR EEAR L, I BYUE0 2 2 i)™ HE 11
REAY, FEEARFRYIPZ A X ALHE, SR AR R ST CRmBORTE R ERE AL, iR
FRATI10]o 3855 2560 2 T 7 5 LML 3 (hemagg lutinin, HA) IR0 2 BRBE(NA) 35 BB 2 51 A i kA
[, AT H R EOR RN 18 A H R (H1~H18)F1 11 4~ N WEAI(NL~N11), Z R aE 5 AFA
PURRE R Victoria i 2 (V R)M Yamagata i Z(Y R) [11].

HA R ARG ER 2 NEMED, £—MEE=%84nT, HZIkHAL fI HA2 4L,
TR BRI B A AN G A3 5 B T AR PR BsROPR: Sk i 425 M) R B R S FR 2538 X3 [12] o HA BB 324k &5
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AL RBS, W53 MR EA FAER, B AL ORI RICR « 30 A BT 238 N AR S EBURVRE HGEE A A
HA & H A EEA LT A0 M RE 7, R SRR 5 5005 2 (L Bk i) B ok v RNt 8 2 A ) (L6 R E HI),
FEIR BEAE i A S rh R RV EE B I [13]. H HA LR 528 5, 38 GedX — i RS SE AL A PR B RO S B

3. $B[E HA {RFRICAIE &R RS

I R o 5| AR I K 2 AR S B AR R AE A S A S A e M e, AR ) S B RO TR
PRSP, SHEERS TA k A Y ZL CR A BR[14] . BTSRRI HA ZE3R4E R385 Sk 0 45 P Salb LU AH G R 5
ELEE ) 12 45 A ) R B B A4 (mAD) T RATE /N BR AP SR HEAS [F AT BER AL AL V2 AR, R HA 255504
AR T8 FH LR B T R TS TE AR [15] . B AT CARER T 2 FhoRt Sl LB M G2 2 Sk i 485 1) 3 B BT SR A
IR RT3 2R S PRI PR B RNS . SRR L HAL ok HAL #i)A HA.
3800 HAL EEIRPKURL HA ATt AL B2 ) Mgt I (COBRA) HA.

3.1. SHEEH HA

HA IR Sk 798 0 vt i 2 A A g A S 7 T 5 [7) 38 (R ST 25 S A B v AT AR SR AR S o 2k
[16]. Eggink &5 ATEMLEEZR LG MIRGI N T B4 N-JERZ IR AL T CLBR S AL PR i, Bk S
HPAER HA SBEALE, F sl HA B vl i S R I S5 0E FIPTATRIE (RN 0 BRAR Sk e 2
FEVIIFD G328 I LTS 3 RV VR G B X6 AR TR () HANL 95 B A0 K IR AT ME N2 HENL Bk BLAT T2 18 X
Ffo 5B HA GBI WIRILE, BT HA Z5805E A S 1 i A HA e e sh x5 s 75 I
Gl BAT R 0 PRI BEJI[17]

3.2. Itk HA

T3k HA MY f AR 57 ZE IR 5 A B “ 03K HA G509 . 63k HA BT R MR IR AE, A fa] B 22
R G WA Sk, HA A L RATREN, 2B RIE SRR 2 A ZEGiRRA[2] [18]
[19]. MfEdix—in @, Impagliazzo 55 A\l & B BTHANE T RAR=ZFETEAN mini-HA, FFHIERRHAE
/NERANAE N R KB 51 R 2 AR M S 88 ) B (1 4URE e 71[20]; Andrews. Corbett 46 A\ T8k H
GORFURL, HFR T —FERE R HA TA0M % R T HA 255505 =504 3 A gkl argeokRmiks, I
WER HA Gz J5n] = A e iz s i) HA F4HJf € ) B 48 i fe 2 [21] [22], Darricarrere 55 AiEW] 24
BREE FVGORBURL_EAFAEITE Sk HA 4564777 AFO3 i#fik iy, BT 51 R AR N R KRB W) 32 Hh Ao e B2 [23]

3.3. #A HA (CHA)

IR A HA 2 TR DU SN B IR AEAT SR IR HA 220058 B cHA HRH R Z= 545 R, A
A “HR” SREBGTHIIBALRR, SR R T AR S BN B U [19] o Liu &5 AAIE S8 FH RS A e
BEHREAT P L, TR I PR AT S SRS I v A ZE RS S A AN IS SOR LA SO, e 3 EE R
YRR B AR AR TR T ORI [24], AESHWIBR h, cHA S5 B M SEE T 3 R T ) 2R
PR MIVE LA, 5 R A R R KT U B I F SR LD, AT cHA U I 55 S0 RIRAT
HINL PhiCE A 5 1 DR R D ISR W] cHA B A 5 92 5 (K 4747 P s [25] . 4 L I PR KR )
I BILIZ A3 P A U P W 22 A, I T SR AT S ML R AR ST I S R AL ZE R 2 BT RREAA
AR BN [26]. BAR H AT SIS T IR & H T RUE AR R TC Sk HA B2 E, (BRI i 5%
FE: ke HA KIESk HA SO/ ZERRE 32 10 T Se 2 CURI SO B ) S e, T K 7 NAEAEAE
SATURARRGT 5, PRIIZSREEE A I R P RO AT e Pl
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3.4. DER HA (mHA)

MHA 5 cHA (17 BB v Rh SRS ARALL, A FH AN (R A0 2 O DU BB A 5 48 HA SRR S A ssk iy 3= 22
PURLLA, AR EHREEA HA SR, KRR 228 LUR SR AR AT X DR <7 ) “HEZR Y R PR KR A,
v B I B R S5 1 S B2 [15] [19] 0 BRI 22 AT mHA 32 1 R 3 ot Sk 0 R 225 350 45 ) 3 v R o R 1) 5
FUA BN, SR 8 5 1 FU G R 97 [18] . Sun S8 AT SRR 1AV HA 7 51(H5, H8, H11 Al H13)HAX 1BV
SR EEGURN A, AE T VIR B Y mHA, FHIESE B mHA S EEA AT LR/ R 40 521 R UL RS AT
ANICELH R s, HATE B cHA TSRS ADCC iG Pk [27]. B2, mHA JriEEERTLL5]
RIBBRISLIBHUAL, IE R LAGI R ARG HA FITEk HA P2 AR [R50 )32 (0 25 A 8

3.5. HENMMART ZR MR (COBRA)

BB BN 7 E 3R 2805 JZ3R07E, DUl SRR 0 BTSSR AE AR OB A T8 1 COBRA
HA. £%F H3N2. HINL Jit/E a5, fEMUR e nish bz T COBRA HA I i 5B AR HA S AH L
GURFE T 32 A AR VER e B N, Bt HA o s RiPETE 3 [28].  CAEIG R T/ B RS k47 1,
H5 COBRA HA JZ 1 7] 5] K EEXT 22/ HENX It /B B 73 3 B 28 O SR CRAP PB4 [29]. COBRA J714 &
TE 5| R F BRI MR A BT HAL TS PE.

3.6. SEERAKFRL HA

BRI IRL HA RIS HA 19 8 7] A8 2 AR 45538 (RBD) /R FE QK UL _F (np). 1X L% np £E7E 21~ HA
AR, SR RS R R, HARBNIX SR B AR L SR TE A R, (HONAE
SO RE B AR AL 1R AR o IR HA fRsF RO B 4l T LU B 20 52 A A2 I 5E A R
[19] [30]. WF & W]EEHk RBD-np AJ H AT HINL 25 51 A S8 2 MITA SN, e v Y BLHAR o B 1 58 S
SNIPE B AR NE[30]. ANKBURL AT DA PR SR BAAE R, W TCRIL, 55 A it FH 98 K v AT 20T 8 %2
R T iR 3 1) S R A S bk B AR 2L R DA B R AR A 4 B 4 [31]

4. §B[a) HA PRIRAGR R ELE

DA Sy it PR 2 g5 R T3 77 FLVE 7 I At — e R0 5%, A4 SRR 2 Ty s 7 iR e 1
F A E B ORAL o DR G AR B 5 AU AR T2 28 SO AN R AR R 1) ORI 5 R A 2
#5108 FH AR 1 1R R0 42 2 — - Daniel Stadlbauer 55 A M H3N2 B4 A4 A 43 55 tH = b B e B 4044 1G04
1E01 F1 1GO1 LA | HRALFEPEAL &7, RS B fA 5 AR B 1 2H(NL, N4, N5, N8), 2 ZH(N2, N3,
N6, N7, NO)HI 2 Y i B #3848 — 5 IR XU B, IR BEHTAAR IR 5 M RN D) BE R AE T R B T 1 & R IR I
BRI B 9% AR A A5 R [32]. TE/NERRAN TS, ATz AR RIIG R RIS R, HMEAR
FRBEHHIFRAE L, fE/ANRAF SRR 2 PRI T R 4, RYT R D K[33].

T HA Skt 5 R A TR AR, 254 HA LK IR TR E 4 R atik, Ha RRaE e
MR MRS, 454 HA ZEE XM PR A A BAa T Btk . RS s, (A6 B H T4
G 2 PRz AT (bnAbs) , EATTE Sk R S5 R 1) ORGP PR AL A TR E RBS 1148 S H & [ X
B, SRAGERRG(VE) TS5 M BBl e HAL S ST v i) P 2E SR A0 X 3. H T 4 %858 H3RAE 7142 RBS
#E1H) bnAbs, IXLE bnAbs K2 BB A MBI EE, 18 5 40 )0 E5 G 2018 A2 4k b, M E W
BEEN[34]0 UZEEBHUMA S ZEE0 R IR S 30 L R S B TR 2R TS, B RT3y LB 37 T B D B
MTE E4HM[35]. AL BRI AR, TR R ARALREE A B 4 TR0, LARERAF 5 5L
A B B B R ARALL 51 PR S i 52 A5 S DR, 3k e SO R A P B g SR MRS, AR A v B 1 R

DOI: 10.12677/acm.2024.1441060 565 I IR 2= =23t e


https://doi.org/10.12677/acm.2024.1441060

oA At
EN E

g
=

O o DRI, 080 33 S0 B 1) G 28 T M R 75 2 12 00 P T RO B T 38 R0 28 VIR 481 1 o
5. REERE

JEE U T T EAR M, (A YRR . AR HA R AU v AR I AR

FrEAT T IR[36] [37], %7 bnAbs (1173 BT HA 18 FZOR T (KGR 57 MER A (K25 58 T AR FE T HA (KB e v
ANRYTRAE 1S WIRA AL Ao H I AT P e T R SR B A TSR Z 0 T HA R R R A7 2 I
B RN TEANE ., A ATEE HA TR R R E E F A AR, A0 T BT AR B S
JE e rp AR L) sp AR AL, AR AT DALE AR N e Rt 8 R R AL T th AN LA, O
PURRBEr B A ORBE R A . Dy, APRERAUNS B AUR, BT RA SR HA S
RAOIMEEE S BN SLABBTAR, JEXHE S AR R APURE— DI, R T A IR
BEHSUE AL, X IUEBI A B R .

SE K

[1]
[2]
(3]
(4]
[5]
(6]
[7]

(8]
[9]
[10]
[11]

[12]

[13]
[14]

[15]

[16]

WHO (2023) Influenza (Seasonal)
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)

Li, J., Zhang, Y., Zhang, X., et al. (2022) Influenza and Universal Vaccine Research in China. Viruses, 15, Article 116.
https://doi.org/10.3390/v15010116

Nypaver, C., Dehlinger, C. and Carter, C. (2021) Influenza and Influenza Vaccine: A Review. Journal of Midwifery &
Women’s Health, 66, 45-53. https://doi.org/10.1111/jmwh.13203

Krammer, F., Smith, G.J.D., Fouchier, R.A.M., et al. (2018) Influenza. Nature Reviews Disease Primers, 4, Article No.
3. https://doi.org/10.1038/s41572-018-0002-y

Chen, J., Wang, J., Zhang, J., et al. (2021) Advances in Development and Application of Influenza Vaccines. Frontiers
in Immunology, 12, Article 711997. https://doi.org/10.3389/fimmu.2021.711997

Nachbagauer, R. and Krammer, F. (2017) Universal Influenza Virus Vaccines and Therapeutic Antibodies. Clinical
Microbiology and Infection, 23, 222-8. https://doi.org/10.1016/j.cmi.2017.02.009

Nayak, D., Shivakoti, S., Balogun, R.A., et al. (2013) Structure, Disassembly, Assembly, and Budding of Influenza
Viruses. In: Webster, R.G., Arnold, S., Thomas, J., et al., Eds., Textbook of Influenza, John Wiley & Sons, Inc., Hobo-
ken, 35-56. https://doi.org/10.1002/9781118636817.ch3

Paules, C.I., Marston, H.D., Eisinger, R.W., et al. (2017) The Pathway to a Universal Influenza Vaccine. Immunity, 47,
599-603. https://doi.org/10.1016/j.immuni.2017.09.007

Ng, S., Nachbagauer, R., Balmaseda, A., et al. (2019) Novel Correlates of Protection Against Pandemic HIN1 In-
fluenza A Virus Infection. Nature Medicine, 25, 962-967. https://doi.org/10.1038/s41591-019-0463-x

Nuwarda, R.F., Alharbi, A.A. and Kayser, V. (2021) An Overview of Influenza Viruses and Vaccines. Vaccines, 9, Ar-
ticle 1032. https://doi.org/10.3390/vaccines9091032

Hutchinson, E.C. (2018) Influenza Virus. Trends in Microbiology, 26, 809-810.
https://doi.org/10.1016/j.tim.2018.05.013

Hai, R., Krammer, F., Tan, G.S,, et al. (2012) Influenza Viruses Expressing Chimeric Hemagglutinins: Globular Head
and Stalk Domains Derived from Different Subtypes. Journal of Virology, 86, 5774-5781.
https://doi.org/10.1128/J\V1.00137-12

Wu, N.C. and Wilson, I.A. (2020) Influenza Hemagglutinin Structures and Antibody Recognition. Cold Spring Harbor
Perspectives in Medicine, 10, a038778. https://doi.org/10.1101/cshperspect.a038778

Wang, W.C., Sayedahmed, E.E., Sambhara, S., et al. (2022) Progress towards the Development of a Universal In-
fluenza Vaccine. Viruses, 14, Article 1684. https://doi.org/10.3390/v14081684

Krammer, F. and Palese, P. (2019) Universal Influenza Virus Vaccines That Target the Conserved Hemagglutinin
Stalk and Conserved Sites in the Head Domain. The Journal of Infectious Diseases, 219, S62-S67.
https://doi.org/10.1093/infdis/jiy711

Boyoglu-Barnum, S., Hutchinson, G.B., Boyington, J.C., et al. (2020) Glycan Repositioning of Influenza Hemaggluti-
nin Stem Facilitates the Elicitation of Protective Cross-Group Antibody Responses. Nature Communications, 11, Ar-
ticle No. 791. https://doi.org/10.1038/s41467-020-14579-4

DOI: 10.12677/acm.2024.1441060 566 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441060
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://doi.org/10.3390/v15010116
https://doi.org/10.1111/jmwh.13203
https://doi.org/10.1038/s41572-018-0002-y
https://doi.org/10.3389/fimmu.2021.711997
https://doi.org/10.1016/j.cmi.2017.02.009
https://doi.org/10.1002/9781118636817.ch3
https://doi.org/10.1016/j.immuni.2017.09.007
https://doi.org/10.1038/s41591-019-0463-x
https://doi.org/10.3390/vaccines9091032
https://doi.org/10.1016/j.tim.2018.05.013
https://doi.org/10.1128/JVI.00137-12
https://doi.org/10.1101/cshperspect.a038778
https://doi.org/10.3390/v14081684
https://doi.org/10.1093/infdis/jiy711
https://doi.org/10.1038/s41467-020-14579-4

WEN &

[17]

(18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]
[33]
[34]
[35]

[36]

[37]

Eggink, D., Goff, P.H. and Palese, P. (2014) Guiding the Immune Response against Influenza Virus Hemagglutinin
toward the Conserved Stalk Domain by Hyperglycosylation of the Globular Head Domain. Journal of Virology, 88,
699-704. https://doi.org/10.1128/JV1.02608-13

De Jong, N.M.C., Aartse, A., Van Gils, M.J., et al. (2020) Development of Broadly Reactive Influenza Vaccines by
Targeting the Conserved Regions of the Hemagglutinin Stem and Head Domains. Expert Review of Vaccines, 19,
563-577. https://doi.org/10.1080/14760584.2020.1777861

Nachbagauer, R. and Palese, P. (2020) Is a Universal Influenza Virus Vaccine Possible? Annual Review of Medicine,
71, 315-327. https://doi.org/10.1146/annurev-med-120617-041310

Impagliazzo, A., Milder, F., Kuipers, H., et al. (2015) A Stable Trimeric Influenza Hemagglutinin Stem as a Broadly
Protective Immunogen. Science, 349, 1301-1306. https://doi.org/10.1126/science.aac7263

Andrews, S.F., Cominsky, L.Y., Shimberg, G.D., et al. (2023) An Influenza H1 Hemagglutinin Stem-Only Immunogen
Elicits a Broadly Cross-Reactive B Cell Response in Humans. Science Translational Medicine, 15, eade4976.
https://doi.org/10.1126/scitranslmed.ade4976

Corbett, K.S., Moin, S.M., Yassine, H.M., et al. (2019) Design of Nanoparticulate Group 2 Influenza Virus Hemagglu-
tinin Stem Antigens That Activate Unmutated Ancestor B Cell Receptors of Broadly Neutralizing Antibody Lineages.
mBio, 10, e02810-18. https://doi.org/10.1128/mBio.02810-18

Darricarréere, N., Qiu, Y., Kanekiyo, M., et al. (2021) Broad Neutralization of H1 and H3 Viruses by Adjuvanted In-
fluenza HA Stem Vaccines in Nonhuman Primates. Science Translational Medicine, 13, eabe5449.
https://doi.org/10.1126/scitranslmed.abe5449

Liu, W.C., Nachbagauer, R., Stadlbauer, D., et al. (2019) Sequential Immunization with Live-Attenuated Chimeric
Hemagglutinin-Based Vaccines Confers Heterosubtypic Immunity against Influenza A Viruses in a Preclinical Ferret
Model. Frontiers in Immunology, 10, Article 756. https://doi.org/10.3389/fimmu.2019.00756

Nachbagauer, R., Liu, W.C., Choi, A., et al. (2017) A Universal Influenza Virus Vaccine Candidate Confers Protection
against Pandemic H1N1 Infection in Preclinical Ferret Studies. NPJ Vaccines, 2, Article No. 26.
https://doi.org/10.1038/s41541-017-0026-4

Nachbagauer, R., Feser, J., Naficy, A., et al. (2021) A Chimeric Hemagglutinin-Based Universal Influenza Virus Vac-
cine Approach Induces Broad and Long-Lasting Immunity in a Randomized, Placebo-Controlled Phase | Trial. Nature
Medicine, 27, 106-114. https://doi.org/10.1038/s41591-020-1118-7

Sun, W., Kirkpatrick, E., Ermler, M., et al. (2019) Development of Influenza B Universal Vaccine Candidates Using
the “Mosaic” Hemagglutinin Approach. Journal of Virology, 93, e00333-19. https://doi.org/10.1128/JVV1.00333-19

Allen, J.D. and Ross, T.M. (2022) Bivalent H1 and H3 COBRA Recombinant Hemagglutinin Vaccines Elicit Seropro-
tective Antibodies against HIN1 and H3N2 Influenza Viruses from 2009 to 2019. Journal of Virology, 96, e0165221.
https://doi.org/10.1128/jvi.01652-21

Nunez, I.A., Huang, Y. and Ross, T.M. (2021) Next-Generation Computationally Designed Influenza Hemagglutinin
Vaccines Protect against HSNx Virus Infections. Pathogens, 10, Article 1352.
https://doi.org/10.3390/pathogens10111352

Kanekiyo, M., Joyce, M.G., Gillespie, R.A., et al. (2019) Mosaic Nanoparticle Display of Diverse Influenza Virus
Hemagglutinins Elicits Broad B Cell Responses. Nature Immunology, 20, 362-372.
https://doi.org/10.1038/s41590-018-0305-x

Al-Halifa, S., Gauthier, L., Arpin, D., et al. (2019) Nanoparticle-Based Vaccines against Respiratory Viruses. Fron-
tiers in Immunology, 10, Article 22. https://doi.org/10.3389/fimmu.2019.00022

Stadlbauer, D., Zhu, X., Mcmahon, M., et al. (2019) Broadly Protective Human Antibodies That Target the Active Site
of Influenza Virus Neuraminidase. Science, 366, 499-504. https://doi.org/10.1126/science.aay0678

Kallewaard, N.L., Corti, D., Collins, P.J., et al. (2016) Structure and Function Analysis of an Antibody Recognizing
All Influenza a Subtypes. Cell, 166, 596-608. https://doi.org/10.1016/j.cell.2016.05.073

Jiao, C., Wang, B., Chen, P., et al. (2023) Analysis of the Conserved Protective Epitopes of Hemagglutinin on In-
fluenza A Viruses. Frontiers in Immunology, 14, Article 1086297. https://doi.org/10.3389/fimmu.2023.1086297

Corti, D., Cameroni, E., Guarino, B., et al. (2017) Tackling Influenza with Broadly Neutralizing Antibodies. Current
Opinion in Virology, 24, 60-69. https://doi.org/10.1016/j.coviro.2017.03.002

Bernstein, D.I., Guptill, J., Naficy, A., et al. (2020) Immunogenicity of Chimeric Haemagglutinin-Based, Universal In-
fluenza Virus Vaccine Candidates: Interim Results of a Randomised, Placebo-Controlled, Phase 1 Clinical Trial. The
Lancet Infectious Diseases, 20, 80-91. https://doi.org/10.1016/S1473-3099(19)30393-7

Liu, W.C., Nachbagauer, R., Stadlbauer, D., et al. (2021) Chimeric Hemagglutinin-Based Live-Attenuated Vaccines
Confer Durable Protective Immunity against Influenza A Viruses in a Preclinical Ferret Model. Vaccines, 9, Article 40.
https://doi.org/10.3390/vaccines9010040

DOI: 10.12677/acm.2024.1441060 567 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441060
https://doi.org/10.1128/JVI.02608-13
https://doi.org/10.1080/14760584.2020.1777861
https://doi.org/10.1146/annurev-med-120617-041310
https://doi.org/10.1126/science.aac7263
https://doi.org/10.1126/scitranslmed.ade4976
https://doi.org/10.1128/mBio.02810-18
https://doi.org/10.1126/scitranslmed.abe5449
https://doi.org/10.3389/fimmu.2019.00756
https://doi.org/10.1038/s41541-017-0026-4
https://doi.org/10.1038/s41591-020-1118-7
https://doi.org/10.1128/JVI.00333-19
https://doi.org/10.1128/jvi.01652-21
https://doi.org/10.3390/pathogens10111352
https://doi.org/10.1038/s41590-018-0305-x
https://doi.org/10.3389/fimmu.2019.00022
https://doi.org/10.1126/science.aay0678
https://doi.org/10.1016/j.cell.2016.05.073
https://doi.org/10.3389/fimmu.2023.1086297
https://doi.org/10.1016/j.coviro.2017.03.002
https://doi.org/10.1016/S1473-3099(19)30393-7
https://doi.org/10.3390/vaccines9010040

	流感病毒血凝素表位通用疫苗设计的研究进展
	摘  要
	关键词
	Research Progress on Universal Vaccine Design of Influenza Virus Hemagglutinin Epitopes
	Abstract
	Keywords
	1. 引言
	2. 流感病毒及血凝素概述
	3. 靶向HA保守表位的疫苗设计策略
	3.1. 高糖基化HA
	3.2. 无头HA
	3.3. 嵌合HA (cHA)
	3.4. 马赛克HA (mHA)
	3.5. 计算机优化的广泛反应性抗原(COBRA)
	3.6. 镶嵌纳米颗粒HA

	4. 靶向HA中和表位的研究概述
	5. 总结与展望
	参考文献

