M4 F B & 2024F F69% £ 10H: 1351 ~ 1360 ¢ CPEREE ) Zek it
SCIENCE CHINA PRESS
CrossMark

& click for updates

3fPF-EDelta-Omicronitk & RBD BT ek 9 27
Pe P BRI Sk e AR

S Rt kmEY, s, AR Lk, Rtk g, et
1. R B B i B A B, Pl B AL B 2 B T RS R, 1B 571199;

2. EBEERAL A AR ERT R BE, S SRS PR LG, JEat 100101;

3. EBEAB A YRR, P IERE B R A Y-S e R SRR, JERT 100101;

4. RHEBERIICESEA B2 BE, KHE 300070

T 755 BTk

* KA, E-mail: dailp@im.ac.cn; gaof@im.ac.cn

2023-10-16 Yk, 2023-12-14 f&18], 2023-12-15 #52, 2023-12-19 MLk
[H R ESHEEITRI(2020YFA097100, 2021YFC2302600). ERK [ RFIEI4: (81991494, 82122031). LL/R MARFHKIR - 35 K I 4 45 (INV-
027420). HERFEBERRE SCAFFERLAT ST AU T AR A1 AR (Y SBR-010) A =Rk 2% B AR B HfE E 2 (2018113) % Bl

HE FAZRFEFERH)ELREEANRA, AAL T EAREGREER T E AR, FrdmExym
HEAER TR R s E L2 T X ER. RTEaREAZ A LM, RERK. mRNAMKS KF LA
N ERBARTEFRNEERERGETEA. 4, B THRERITNEZR. REAEMELSERBNZR, FREZE
P& 2 |8 W # R TR . H ik, K% M Delta-Omicron#k 4 RBD — B1K 4 %% B, 7 24 H W3/ ik
HPE(EAEATRMEY . BREREEEAmRNAZL ) HAT T o B k3t kb, B/ NEEA R T
CNEREMRMFREMF SRR AEMAREAERNNESR. FRET, MRERERFENHNEZYE,
mRNAR #F S E AP AR EAN RS, HA2NREAE A LA G MIRREREE S, RFEM
BAENERE R, AERUNEAZE AT EMEE . R EHEEH NFmRNAZ @ %, YUmRNAJK ¥ 1E 4 %2
& 3R %% 34 BB 5 T GR AY (O SR R KR A, R R R B9 4B A % 7 T, mRNAJE WA S T RIEHCDA” T4
HLR L, B & H AR WS T SR IREYCDS” T4 M K I, T B 327 i o ) S5k 09 48 3 % 0% KM LLCD4” T4 fiL h =, {2
EREERYE AAREAETENRLANE, ARKFT—ROFAERFREIRALMEHRERE TR

K] HATRRE, TR, R FREZE, mRNAZ W, LK, T4

HUERRNG B IR 8, SARS-CoV-2)7E 25k
FIRKIAT, 51 TS 7/80%(COVID-19) i, &
R 60075 FETJi B (https://covid19.who.int), 25 A
A A R AT SRR KRR T R E OME. A EK
o XRGH T S T 3T 22 PR A I 2k (0 e B T
W%, AR KIGREN . AR WAL . Rk

WORLET . WS AAE T . mRNAJEH FIDNAYEH!.
Zad I IRSEIGIFIE, —HUZE W BRI E N RN %2 f
R, DRIH A e X ) M A 3 1 DSt v 5 2l ),
B I HOR B T, FRATRT S 28
BRI 258 BRA RIBCG T & T 3 e 2 0
BL{EE T (ZF2001, B SEEAS"). T%HE T h ER DT A2 A BT

SUR: HHET, i, KA, 45, 37F & Delta-Omicrontt & RBD — R {AHT EUEEAR G HERE 1 A S BE ISk Sk L. Fherididiz, 2024, 69: 1351-1360
Yang K J, Xu K, Zhang L J, et al. A head-to-head comparative study on the immunogenicity of three platforms of COVID-19 Delta-Omicron chimeric RBD-
dimer vaccines (in Chinese). Chin Sci Bull, 2024, 69: 1351-1360, doi: 10.1360/TB-2023-1054

© 2023 (PIEREE) btk

www.scichina.com  csb.scichina.com


https://covid19.who.int
https://doi.org/[object XPathResult]
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2023-1054&amp;domain=pdf&amp;date_stamp=2023-12-25

MG 8B 2024548 %69% #10H

LR B 58 B 1 (S) Z AR L, A 45 # I (receptor  binding
domain, RBD) &G it A A s AL i A 4
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% B.7] lL.GenBank: OK091006.1, Omicron RBD
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(Cap 1 Capping System, novoprotein). #X)547mRNA
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1.3 RGP AL (ELISA)

i 1 8 T (R 36 5) #i B Delta-Omicron(BA. 1)
RBDZE 1 %3 pg/mL, 7E96FLARAYE LA INA100 pL,
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BEEEEIEL, HUOBREE R T8 SE2.50%. IR TAIBR
T AT B A BR A 50% 3 T8, /N BRUMLT LA20f5
LA RE, DRI ARG ARSI PR AR S B A 2 SR 10.

1.4 {BomEE b RISeEs

A S AT (R et o 1 A B DAL 1 500
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Fr 4 531 CD3(PE-Cyanine7). CD4(APC-Cyanine7)
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R RIE T MFE A Delta-Omicron RBD 2P JF 1Y
T BRI FEAJC68, mRNAYE N & A #ikDel-
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MRGEE. TR BRI (c~1) BT B B0 2 T AN SEBa A I 5153 5 K/ N UL 1y I L AT BE . B el FE R R A 4% 5 B (c)+ Delta(d). Omi-
cron BA.1(e). BA.2(f). BA.2.12.1(g). BA.2.75(h). BA.4/5(i)« BE.7()~ BQ.1.1(k)FIXBB(I). #F I T3 HIH 7 M 95% B 15 X A LTS 4I41, /K
FELR R IURR. (m) 35 7R 22 Y T AU BE 95 % B4R X iy L P 24
Figure 1 Experiment design and vaccine-induced humoral immune response. (a) Immunization groups design and vaccination schedule. (b) ELISA
shows Delta-Omicron (BA.1) RBD dimer-binding IgG endpoint titers in the sera of mice. The dashed line indicates the limit of detection. (c—1) The
neutralization titers of serum collected 35 days post-vaccination measured by pseudovirus expressing SARS-CoV-2 prototype (c) and VoCs including
Delta (d), BA.1 (e), BA.2 (f), BA.2.12.1 (g), BA.2.75 (h), BA4/5 (i), BE.7 (j), BQ.1.1 (k) and XBB (1). The values on the top of columns are geometric
mean with 95% CI. The dashed line indicates the limit of detection. (m) The radar plot shows the geometric mean with 95% CI of each group
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I OmicronZ S SERE, (35 KR AEFN 4355 107N B
I35 A X6 et 2 B 2 %) TR AL B, 4%
WME(e~DFR, HT8EEE R TR Es R nE S 1
N TR A R ERS T AU A, (HX A
e R AR B I R B A AR 25 5, XTBQ.1.1
FIXBBAL SR A9 AE ORISR 5. FRATT 28R, P3RS
MG, mRNAE S0P RIGTIAREE m, BEKT
B B 2 v R TR AR Y, SR R e
5T 10 v ORI AR B S4B R 22 i T v B AR
(1 (c~DFEIST).

G HTES 1) SE i v 2 AR i A R B (B 2~440),
25 e FEmRNASE 15 10 A TR s ek, IR
95 B 2 AR 98 VT R 1 I A7 8 T A R 5 279 e 8
PR AN T, SR 2R A WA 1
() R AR TR B 5 2 R T R AR R AR 1 (1S D).
ST VR e e B O A A R BB 5~74H), 5652
T A2 M 7 A MAE 1 FImRIN A 11 5 5 10 P AT
T AR B Ge 7 22 ), B2 1 TR 2 AR
DEPETRAL. AT e IR A e mRNAYE T 41 (BE8~1041)
BRI, 27 G M EE A P FImRNAYE 1175 51
FRORI AR TR AR AL, PR =2 Il S it 2r 22 5 (1
(c~1), EISTFIFESY).

ZRA R W 175 T TR R B I (S e A T
FIMRNAFE R AL, HXT 105058 w9k 2 8% 7 2 0k R
A, Delta. BA.1. BA.2. BA.2.12.1. BA.2.75.
BA.4/5. BF.7. BQ.1.1FIXBBrh AIHTIAR BE JLAT
PIE 4y 225161, 83323, 120554, 112913,
106427, 71915, 21253, 4783, 35141227, ME LK
AT DA EDULE B P I mRNARE i 415 T ) 1 h Ao i
T (1% 1(m)).

2.4 PER AR G SV 53 B

B TR T T TS T I AN G g% S R AR U B
FFR g p A T SR il ICS A T
BAPER IS T A W A G2 O 2 BR, T 5 R
BRI B AT T M IL-2 M TNFafyCD4™ TZH
Jii SR LA % (8 2 I TENY FITNFo ) CD8 ™ T4 f v, H:
HMIAENYAICDS ™ THIAEE 5 Lo 51 i 25 5 57 ) 4
BEPE TR A (CTL) B vz (112). PR 7SI B 2 1 R
mRNAJE X FERKCD4™ T4 e ), Hohil
PARTEE R EEES T M IL-2FITNFaf)CD4” T4 it
PER, mRNALEN WIS T 43 IFNy, IL-2FITNFa

fICD4" THIMGRER N, HAEAME B EmRNASE R
ZHEL T PRARE P AL (K]2).

A3 RTINS G 1)/ N BT AR S e SOy & B, r
AP T — RS R AR A B /N R RO AR T
WAFNYRICDS ™ TN SN, FLARM FL BRI, g
A FEAIC68-protein. AdC68-mRNA. protein-
AdC68HIMRNA-AJC6S, i AICO81E R 15 fyiek
2 IR G 34 AT S S W IFNYCDS” TN
J2E N ([£12D).

AR, FeAl 1A I, mRNA-AJC684- 4 i ICD4 T
20 G 98 S 5 PRI mRNASE P AR, B
IFNy. IL-2FITNFafyCD4" TN, ELANM HLEIIRAH T
(K12(a)), 1HEmRNA-AJC68ZH L FIFImRNAYE T 2175
ST HEE R IFNYRICDS TR (#12(b)), Bl
mRNA-AdC68 5 W] Fe- I 5 ZZ il LA £
IHRE A TN o2 S
3 g

AAIFGE LA RT3k i 7 R LU 5 T 3R R &
) A 59 T 2 VT (M F B AR R v . EE A AR 1 B
JEE T FImRNAJE ) (] 5 e P58 5 R S 052 B 88 i 7%
R AR T G R A M S S N, T T A S 43T )
rp, PIFImRNARE B e 175 5 1 45 A Briom s At
AT BE 38 R dscvmn . BRAh, VR YA G- fin ik A F 5 43 B
SRR, NIRRT  ME B AR F B
mRNAZE I %, DImRNAYE 5 VR R 55 251 I s
PTRE 75 R X B SR A AV S R N PRV IS S 4
328 0 T, R Tk A v 16 T RIS C DS T4 i
JZ I ; mRNABER FEE T CD4”™ TR, &I
FEW R T CD4” TANMIRN, (HH R 58 B A 4
55; mRNA-AdC681YHPE Ty MM T 2 Usery T
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TR A FHRRBD R IAmRNAZE 1 H A T i 1
P SR

FEE R VT, T HUEAS B R % RO
MIRE A BR, T BA AR R A . AR5 iR A
SEH T Sepivac SWE ™ & —FfK AL 45, AR
FALG AR, BENS MR AR e 2, X AR 3R
RIS rh g s, (X4 S ek Pt —
FEMORE . B AN G AR, an = s A= W el s
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Figure 2 Analysis of vaccine-induced cellular immune response. Measurement of the IFNy, IL-2, TNFa and IL-4 secretion of mice splenocytes after
stimulation with peptide pool by intracellular cytokine staining (ICS). Percentage of four cytokines in total CD4 T cells (a) or CD8 T cells (b). P values
were analyzed with a #-test (ns, P>0.05; *, P<0.05; **, P<0.01; ***, P<0.001; **** P<0.0001)
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The novel coronavirus (SARS-CoV-2) caused a global pandemic, with significant distress to human health, society
stability, and development. COVID-19 vaccination has played a pivotal role to control the pandemic, with multiple vaccine
approaches approved globally, including inactivated recombinant protein subunits, virus-like particles, viral vectors,
mRNA, and DNA vaccines. Notably, we collaborated with Anhui Zhifei longcom Biopharmaceutical Co., Ltd. to develop a
COVID-19 vaccine (ZF2001) based on recombinant protein subunit platform, using a tandem-repeat dimeric form of
receptor-binding domain (RBD) of the spike protein of SARS-CoV-2 as immunogen. Besides, the adenovirus vector
vaccine, Ad5-nCoV (Convidecia, CanSino), developed jointly by the Chinese Academy of Military Medical Sciences and
CanSino Biologics, employs a human adenovirus type 5 vector to express the full-length S protein of SARS-CoV-2. mRNA
vaccines BNT162b2 (Comirnaty), developed by BioNTech and Pfizer, and mRNA-1273 (SpikeVax), developed by
Moderna, have been widely administered over the world. In phase III clinical trials, these vaccines have shown an efficacy
of over 94% in preventing symptomatic infections caused by a prototype strain of the SARS-CoV-2. COVID-19 mRNA
vaccines were the first globally approved mRNA vaccines. Both BNT162b2 and mRNA-1273 use gene encoding the
prefusion-stabilized S-2P protein and employ lipid nanoparticles as the delivery system.

Owing to the distinct characteristics of the different vaccine paltforms, there are variations in the vaccine-induced
immune responses. To compare the characteristics of the immune response elicited by various COVID-19 vaccine
platforms, we designed a head-to-head comparative study. We modified the RBD dimer immunogen used in the ZF2001
vaccine, to design a chimeric RBD dimer antigen composed of tandem RBDs from two different viral strains; which could
induce a broader spectrum of immune responses. Using the Delta-Omicron RBD dimer as an immunogen, we selected
vaccines from three platforms including recombinant protein subunit, adenovirus vector, and mRNA vaccines for a
homologous and heterologous prime-boost immunization regimen in a head-to-head comparative study. We found that two
doses of mRNA vaccine induced the highest antibody titers of specific IgG and neutralizing antibodies in mice, followed by
the protein vaccine and AdC68 vaccine. The heterologous prime-boost studies showed that boosting with the mRNA
vaccine as the second dose induced a stronger humoral immunity response, compared with protein subunit and AdC68
vaccines. In addition, the mRNA vaccine induced a strong CD4" T cell responses, and the AdC68 vaccine induced a strong
CDS8" T cell responses. In contrast, the protein subunit vaccine elicited a relatively weak cellular immune response. This
study provides guidance for the next-generation of COVID-19 vaccine development and optimization of inoculation
strategy in the real world.

SARS-CoV-2, protein subunit vaccine, adenovirus-vectored vaccine, mRNA vaccine, antibody, T cell response
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