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with a compelling history that trace their pioneering use in human being back to 1981. Within the past four decades,
these vaccines have not only demonstrated their efficacy, but have also been developed as powerful tools in fighting
against a range of infectious diseases, most notably hepatitis B virus (HBV) and human papillomavirus (HPV). Their
success can be attributed to their exceptional immunogenicity and impeccable safety as well, making them invaluable
in curbing the spread of viruses and safeguarding the health and well-being of human being. The global outbreaks of
the COVID-19 pandemic, driven by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has made
vaccination into the forefront of public health priorities. This unprecedent challenge has accelerated the progress of
various vaccine technologies, with nanoparticle vaccines attracting considerable attention. However, due to their
relatively empirical design approaches and complicated manufacturing processes, progress in the clinical trials of
SARS-CoV-2 nanoparticle vaccines has not been highlighted particularly. Therefore, the imperative for developing
nanoparticle vaccines is to figure out their rational design, requiring groundbreaking advancement in novel
technologies and theories. In this endeavor, synthetic biotechnology has emerged as an indispensable tool, driving the
technological innovations of the production of nanoparticle vaccines. This article begins with an overview of
technological advancements in the development of nanoparticle vaccines, encompassing progress from self-assembled
nanoparticles to assist-assembled nanoparticles, and ultimately to antigen-display on formed nanoparticles.
Furthermore, discoveries in understanding the unique roles of nanoparticle vaccines in enhancing antigen
immunogenicity are updated, particularly in the function of nanoparticles with novel antigen presentation pathways.
Finally, a comprehensive summary of the clinical trials of nanoparticle vaccines on fighting the COVID-19 pandemic is
presented. In conclusion, we firmly believe that nanoparticle vaccines, bolstered by the scaffolding of synthetic
biotechnology, are poised to emerge as steadfast guardians in the global battle against emerging and highly infectious
diseases, and ongoing progress in this regard not only holds great promise, but also has potentials to revolutionize

contagious disease prevention and control on a global scale.
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Fig. 1 Applications of synthetic biology technology in developing nanoparticle vaccines
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vl i e R VAR NN = NEER: VAU EERAAY SN
EL PN Bz i e [RI R, AT A 4 DC A i SR F I 2.4
&R R G KT 200 nm R RIURE 7 22 4 20
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B DCHI#547, 75 E 122024 h A RE RIS Ttk 2
g5 10, T EARAE TLAA K K B R R R Y, B
S G I B A, TR T 10 nm A HT R RE
RSCHR AR e 40 0 £ i o B b 2 B 51 RN
40 nm A7 T, oK ORL IE AT A 128 0TS
o Bt FUR SRR 2 2R R S oA N 2
AR AR 28 v Yo 2 SRR B8R ) — A B B A

2.2 PERFHRRRIEE B MRESIEL

i K UKL 3R T %5 A2 HE B R (1 B S b R
T RATRFRG R, A v I R
WERM A — AN EERK . EEER K HUR W K
Z AN MR AT A S ik B 41 B 2 ARSI, H5E B
M. ARSI R, YK Uk R 1T e
7N B RSV it 7 % B2 5 72 AR ¥ o R0 B A K T A
KW M A A T AR, M E S R AR PR R
F T E] B o S~ 10nm B, 595 8 2% T 4K 72 5 1 1)
S35 BB AR ALL Y, A O R AR ) B B 4R 0 L
R o T R I R TR I, R P T O A )
1 A0 KSR S5 T DLIE I 208 B 4 A2 AR5 5 R 31
B A M RO T A, R R R R T 2
— A RIS BARAMA RGP, AT LLE
it /5 CD19-CD21 & &) 5 4 H 2 i3t B 4H i 11 7%
17 fEBE BCR (152 B LA SRS 5 Gt 135 46 0T A
5 S8 S K7 Blimp1 PL & XBP1 (£ IA 7, 1 iX
73 - (1) Rk K T i AT ) oAk Sy B T

2.3 MARBRNEEFRFHRERREES

PR HE 5 A FH 2 3 300 L e B 2 1 % et
WHiz—, MDCEKRERPIPIRIEZMM, %5
AN CD4" T 4 id IR 46 35 40 B AT DC b i 32
SAER, BRI 2 B8 0 W ih oK R 2 2 e
56T DC A SR DA w2 P 1) B B IR NG o T S I
o 0 2K SR 5 B G B L EE AT T 3R 28 A7 AEAS TR I
LG B, FRATT S5 %= K BLBR 1 4 8L DC JE 3
CD4" T 4 il #% 2 4h, AFAE % 5 — 2kl id B 4
Mk JA 2l CD4" T 4H M 3% A 1 Sy I Bod % (2D,
T X 2% 388 4% 42 7E 41 X QB-VLP IX 540 K ik (1) WF 7¢
HE e AR s 1

SKURT R T A Wk 1 4 (1995 B A JTRE QB-VILP ¥

TE K B FF B A 30k B AT 6 2 T ) B EE RNA
(single-stranded RNA, ssRNA), ssRNA & — Ff
J& 5> T3, /& TLR7 (Toll-like receptor 7) ]
BCAR, wIRLE R RIS 5. (H TLR MUK IE
TR G an i b, HERIA T35 BV f s 40 i
Ul TLR7 5 v 2315 T B 40 g N 4K (endosome) . If]
QPB-VLP R AT i ik 3 30 60 2 14 15 6 A% 198 0 38 B 4
JM TLRAE S . ERWIMWEFH, QB-VLP fr gl i
(BT 38 i sl e R L AR T B 40 ) TLR 7, Tfi
EDC ", T JE &L, QB-VLPATif S TLRAE 51l
DA R o B 40 R0 a6 v Ak, FRIEE B 411 2%
Y. GC B4 LA K ACIZ BANE Mtk . YRRk
TLR 15 5 ) B 4t i H QP 7 = 4 il JC H & GC B 1)
HHAHE TR, Pk A e a7,
AR T, FRATR IAE QB-VLP T ifs 31 e
% RN HT,  CD4' T 4 i B 4] 46 36 A LA & S 82 40 ik
A PLAMKHS DC, R 75 40 5 4 e 11 B 20 i 114 3 A BT
Ao R H, FRATIE QB-VLP Hidfi N T — Bk
HOvafE HMZ MK, %2 nl# MHC 11 2 2 ik i
T TCREFZ K CD4" OT- 11 40 f . 7E 236 Wit
FR R AT 43 K DC B B 40 ik 2 TLR A5 5 9/ B
AT OT- Il 4l M 3T 4k 5% %, I % 9% QB-Ova-VLP,
AT OT- 11 40 Ff 1) 35 A6 5 20 4k I R BB R sk
SRIMAE B 41 i TLR A5 5 B R /N, OT- 1T 41 e
XG5 BT R B, R 22k o R Bh M T 4i i
(T helper cell, TheelD HIRE/IZE] T B EEm, H
Z I E S AR A B 48 B2k MHC L 197N B A [R) R
MEH . I B AR ISR o] UM E B B R4
UMUK E 3 CD4' T4 pIvIaa &4k 7, HEHE
TEfG 52 EH Bk, Bz E R T B4 L
TLRIGES, &2k 58 &ML 5uy% S N e Slim g o
DC L WAL, T MNHALFNEI
I R ) G N Y, HR T2 R
A MR AL R RS 5, DR B 4 i B 54 S I B 1 A=
HREE SCAR O] B A2 Dy B b S S I HR A A 0 75
W% QB-VLP E#ik 9% 3 h J5 A DC 4H il 5
B 21 f i SR B S5 AE B U, R B R ) QB-VLP
SERFRYE PR T BT 3R, MAEDC.
FAARER T Ova ) K& it 80 B S /N BRUNE, I B
JIE H OT- 1T 498 it 1) 388 B 7 4 7 R 2 470 S5 R S5 2 B 4
Pt BT B SRR, I FE SR 2k DC I 36 B B
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G R ALE B A T RS
Conventional subunit vaccine Novel vaccine strategy
EE LA T B PR 73 SRR S
Protein subunit Virus-like particle Pathogen-like antigen (PLA)
eTH
% & A
s/ & LAT e
g Sa?
j-,\\ Py DC i )
O Mgk

Activated CD4" T cell
WEALAICD4" TZH Y

GC B cell
R OB

; Activated B cell
| ELAIBAN

Memory B cell PC

2 B4R A

B2 KRS B3 A G e I8 FA) SR AL 2

Fig.2 Mechanism underlying adaptive immune responses initiated by nanoparticle antigens

PbG, 5 QB-VLP SRt fRIAH—F. kA
HIA Y, B 20 i 2k my i S 25 A% R 1R R AR
P8 S AR R R Bl N G S B — Sk AL B RS
() R IR U 55 S 2 %, JC 2 &) m] 5] S
ILAE 9
BETULERIAZL, ATHRE, BEKER
Z A R PUR 1 8 1 RGO w] A Dy — M i B
Y1 B 40 5 3R 34 45 DL A B 41 il TLR {5 5 38 5 (38T
R HoRmE (B2, bR 0% B R o) A il
KRR B AL R 8 Bl S S R g, Rt
TE A Bl AL AR $0 95 75 G 28 S LIS R AT L N FE AR B,
I HLAE G I TG 75 N A 7 o F T e AR X
SE R Z MR . N EZR I 4515 KRR
T B3 A AR W ARAEL,  FRAT TR 101 2 94 R AL T2 1
FRONIERFEPLR (pathogen-like antigen, PLA) ™,
MURE G L B BB, R 1Y R S N I i

BT HAER T REE, 755 5 9% % i
Al 74 FIH DC 5 B 40 B A [l AR BEIh Be e i, I
s B B AE W) 52 T B, 0] 28 T 5 Y o 1 R e
BEAT O, AT ASE 9 K R 2% P B A B S B v FH
TE, Kk, S sE SR EAL A W R S S
B A AE I IR AR W 2 T B S Wk A
A& N — A B G OK S EE EE  TT I

HAAEERZ, mRNA A1) LNP-mRNA
JE 5 A JORL S B AR K /N TR B G0 K SR (1) 3 W
HASMaEZR, HHAEERRERER,
HHAE I HUH A8 B 40 _E i TLR A5 5 ™. A
PERATHEDN, LNP-mRNA % 17 A GE# i B 41 i
KA B G B T AR B 1 R G OK R T
2T At B SR RE B ol i B 4N S Bl S
L, HoXF DC 40 M R B anfel, & — MR fF
WA (B2,
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3 WURBURLEE W AR R el IR s AT
AL

5 R e R 0 B R S AL H HE B o & Ao 2 ek
PRI B3 P PR AT R S SLFH ,  AH SR oK R % B
WEZYE sz TidE K RE. HAEIE WHO % X114k
Tl AR RS B B R B A 183, H g K kL
PEWAE TR, 29 SRR T 4% W AR TE
REH A=K F—rbH AR aE R SEA
(spike protein) H 42T Bl — AR g oK Bk ;
5 R A B R R B B A A S A T L
IAKRL; 25 =R PR 51 & 70 RIS JE i bx
ZRBR R IR (R Do NS AN H.

3.1 HEERRSHREA=REEH

Nuvaxovid A& FDA #1155 58T 8 e R0 2 40
KPORL T, RETWHEARERASER =%
i, BRHKRANET LKA, 3 HA o2 Rk
B, PR AEE S AR A R A] A D Al
KFRLRE VA . 1% B H Novavax 2 5K H R R
RIBRGIATRIS, X SHEA SUS2 VIR pi AT
3Q RAF L Je S2 W AT 2P Z2AF Y, I i il R AR
AR HoKs S B AR E T T = R AR GOk
A, JFULH LA AT 2 H 1 Matrix-M A 1£ 5],
PZ AR R AT A RO R IR A AN I R N S B A

T—EF%)%%WH\E%EP M HLE N T &, HEm i eniE
N A 2 B, BL SARS-CoV-2 Fif /R 25 #k

mmm)ﬁz%ﬁﬁ%m%lﬂﬁm I R Bt
N % L U 2 LA ) =S N N A
89.7%, %t XTI JE 4h R I DR 37 3L J1 M 96.4%, X
Alpha 8 5 bR I OR 3 2001 9 86.3%, R I R 471
LA J A R

A2 S 8 A = ARy, P AN A B

R 2 A IR R B DU M %% 1 SCTVOILE M7
(Alpha/Beta/Delta/BA.1 32 5 #%) W24 S & 1 4k
BLS T4 WEHE AR 4 19 (Foldon) = ZRALEEF
e REHTRE=REEOESR, EHNEA
w] E AT I R JE T A e M FL Y 7K AL A% 77 SCT-
VAO2B. 5% MUEEFRIMLL, ZERTTES—A
Th1/Th2 “F 4 i T 40 M e B i % o A2/ B B EAT$L
J?HCWWMJCEE' 24 Alpha : Beta : Delta : BA.1=
1: 3 A G AN BRI R e AR A g R R
jyiﬁéqﬁﬂz!wzﬁafé}*éio 1M HA% P ¥ 78 25 °C R 1]
FaE RAT 6 S H BL B ™, 3@ T K i fin A O
1. ZZHEE PN BA.S. BE7 5 RAKTRAT &%
S0 1] 3E 47 B LU 22 B8R0 R 0 = I R 56
s Bon Y TR T2 58 BORT B e RS B K 92 1 S
fitlt e 928 B 05 e 928 1A N R P N 8 e —
SCTVOIE 5, 14 RZ|44 H MR Fr A H e v 2
WY (EA R TR R G BRI N
82.4%, W4 R WoR R TS BE.7. BA.S,
DY.1/2/3/4%: 8% 7 7%, (Omicron) ZRAKE, AP
BARWEY) RS, i Honas b et R AT,
JRER 4 8 ARG @fif”?;zé?ﬁ FERNRENR
BIVER, R&ESSCTVOIEM K™ EA K HIF,

3.2 hBENARAIFEMAKBRIEE

565 IR 95 5 FE UKL CoVLP 2 INEE K Medicago 2
F) IR ) — R W Rk U B 2H T A el PR BE % T
At S AN SR B AT TN AR AR A SR R 9 T
2R H A AE Y 40 i R 3RO H BLAR AE 100~
150 nm 2 8] R 25 T S B 1 (R B AE RORL, b
A RIS 5 K5 B0 B 10 85 5 X 5 PR o =2 o
B s N BB S KR, FEC & GSK &

R BRGSO B GO BORLRE B 45

Table 1 Overview of nanoparticle vaccines for SARS-CoV-2

T H SEE YIRS T H RN
Fim4 |Nuvaxovid SCTVOIE CoVLP | VBI-2901/VBI-2902/VBI-2905  GBP510 ABNCoV2 LYBO001
JF& T | Novavax Sinoce litech  Medicao VBI Vaccines SK Biosciene | Radboud University Yantai Patronus Biotech
PRI | SHEA SHEH SHH SHEH RBD &M RBD &M RBD &M
#:7% | Matrix-M ~ SCT-VA02B  AS03 E6020 AS03 MF59 AR
PR IRME | Day0 + 21 Day0 Day0 + 21 Day0 + 28 Day0 + 28 Day0 + 28 Day0 + 28+56
IR B | =4 =M = — = = =M
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AW R B EE T M 8 AN -4 B B K R i 7R A )
ASO3 AR . 2 e YEtf, fE2~8°C 1]
T RFE 6 N A LA o TE NS KT 1 — Wil AR
56 H0 P 2 A Y, CoVLP 5 AS03 {5l 3t A £ Fff ]
B B M R AU, R 2 IR
AL G KT HL AR AR A A AR s R A S Th/
Th2 P T 20M B %, dEIE B R Ry EH . a5
SRt 85 M AL IR RE IR, RE. HELE
PR 6 /N B AT =3I RS, B w7k
6 Omicron PA Ak 4= 3 98 48 85 0k R 57 20 J1 R
69.5%, FLH Alpha A HR I ORI 20 718 100%,  %f
Gamma BRI IRI R TIH 87.8%, X Delta ¥k
(AR I R 19 74%,  XF o B I S B AR R R
78.8%. Ml ELAE I PRS0 1B A #3555 9% e Fh A
KEEANRFM, WA RS Rk,
HEH T2 71 11 21% A H B 23138 7 Philip Morris
A, WHOTEH [ i%y% i Fiil i 55 Sl AL

3¢ [ VBI Vaccines 2 @) Bt & #3876 4R 995 55 92
TH VBI-2900 5& % T f A MW 7%  (murine leukemia
virus , MLV) HIE A VLP (enveloped virus-like
particle , eVLP) fikf e, Rhb T Rl& AR
S B 5 /KT 11 209 B VSV IS 5 41 i Joft 25 14 45k
(transmembrane and cytoplasmic domain , TMCTD)
A& FE, 5 MLV-Gag 3 [K 3L £k Y, ] A
TMCTD ¥ S % [ J& 7~ 7E Gag JE BRI g o ks |,
T AC AR VE A8 . VBI-2900 H = Fb 4 i 0 25 R
WKL S B4 %, VBI-2901 42 £ F5 SARS-CoV.
MERS-CoV fll SARS-CoV-2 S & [ 1) £ 1 b IR s
JE T, VBI-2902 ' J& £ Xf 5 45 #& SARS-CoV-2 S
AW RN, VBI-2905 /& % % Beta SARS-
CoV-2 ST MMM . HAHr VBI-2901 4T — 3
I AR R B Be (NCT05614245), VBI-2902 4t —
W/ — BRI PRI BE (NCT04773665)

Ty /NP Bl 4 2% T oK BORL /2 GBPS10, B
[ SK £ W)kl % 5 3 [ 4 B W K 2% BA K -
GBP510 %% 15 F] 1 7 H 40 %% (1) 153-50 44 K %
Fr B, AR B P S B I 2 A Al A X
(receptor binding domain, RBD) % #% & = R 1k
153-50A [ N 3fi, 5 153-50B 1A 4h HL 241 3 )5 45 21 Jg
A 601~ RBD 2 H KR,  FEC & AS03 4457
ffi A1 . GBPS10 %% i = #IIf )k (NCT05007951.

NCT05501522) #4% o A 4 & 48 1E Lk & 27
I PR 58 2 8 38 AN 9T A O AE L FE R I L AR
. RSN 6 AN E KT, FHIEYE BRI
55 kB 2 JB )5 GBPS10/AS03 Eb B 17 1) B i 9
BRI PE 1 ChAdOx-18 5 53 5 5y /K P I P
g, o A HE £ X E 48 Bk . Delta 28 748 #k K&
BA.1 AR P APk . R W <&M,
GBP510/AS03 M4 0.2% 15 5 & e Rl 1
JE30 BN RAET G HEARRN, JREBAR KR
N R AR 56.7%, W& E T ChAdOx-1S 41111 49.2%,
Horh B VRS R AL . (RS M R BE T 6 4
HW, GBP510/AS03 415 11.3% 5 5 #H BB i el
R, ChAdOx-1S KGR 11.7%, HINERE
JiE B IR R Y . 2022 4E 6 H GBP510 il it
A A VP IE XGRS

3.3 1rEEERTRFTESAKBRR E

ABNCoV2 & F+ # Bavarian Nordic A 7 5
Radboud K 2 B F & 1 — 30T B el R 2 1 o
12 1 e & A H SpyTag/SpyCatcher J: 41 1% #2 &
gt, BH B RIR P 5 RBD 2K A JE /R 7E 0 S AL kL %
T, PGB 5T A e s SR ) K L T 7R MF S 9 i
M. HENEEFAT =K% (NCT05329220)
SR 5% ) 28 56 BRHT ek 28 T JE Al 8 R o G B N
T R ABNCoV2 Ji I 2 A PR etk . [
P B — AN JE N I PR B LA BB 4D i 28 e R 7 5 4 oK
UKL P8 1 2 0 £ IR U AR A A R B R B D
FHFFFTHE R 0 LYB001 ). 5 ABNCoV2 ¥ it3JE
R, LYBOOL 2 7E ¥ it 4 RBD & H i 1
R 1) Covalink™ 8 [ 45 & H7 AR 3 5] & 7 78 40 K Ji
b e, AT A SR A AR TR A D T R A
T2 T OE E R B i 4E 1) 22 AN BIE A 0 Bk AT
=W KR 5 (NCT05664932. NCT05683600) ,
CAVEAG 12 T 1R N C A p AT Bl = 4T 3 e
PR E B I 985 T N T 1) B 928 T 5k - B o 97 87 2
PRI T 1) 22 A AT R

RBD-PLA % i /& 1 3 55 50 = F W B 44
AP205 K5 1] VLP ~F- & 4 22 1 7 U5 R s 40 K R
P 1, AP205-VLP £ 55k H 1 £ 1) ssRNA, fE
B TLR7 FIBC AR, 78 G i Jo 7 #a A
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Y. (BT 90K AP205-VLP 5 RBD & E 2 4l 5
SpyTag 1 SpyCatcher il & £ 15, 2 J& F|H SpyTag/
SpyCatcher 2 [A] [ L4 3% B2 4 HI K RBD 257 il Fi b
JEIRTE AP205-VLP £l ShW 5wt 7t Bon i 1
A DL 3 E R R AL Thl 7 aikfb . FFA
GC Jx i KK AT AZ B4 =4z, 1XLeEs
SR P AR A G R I A TR S, RIS IE 5%
P 1 e A A N RSB 75 5 vanii B AR AN,
FAE Brag e Hh s B T B o [R] I T 2Y e BR
B RN PR, &R [ R A8 44 RBD &
H, 2GR AR RS, &
Xof % 2 GRAS BRI TR AR . MR T O 5 AR R
BTG RO TIVPAN R 22 A VR, IEAEHEAT IND Hidf,
1E )5 824 %F RBD-PLA ¥ T 4o 9% J5 14 ML 1) 1) A 9 A
KIL, RBD-PLA Frifs 3 HIHRE 7% GC e M5 F A1 4T
PRTE B 41 TLR7 55 B /N b ) 77 B J
Fer, FEHH PLA % 7o 1Y) S 0% JE PR3 s A8 T B 48 i
JEYETLRE 5 . L RBD-PLA 5 4K J# 75 75 44 K 55
FLFR A RBD R AR 2 5 U W R NIRRT, R
I RBD - B AR 9% 1 P IR % J5 vl 1755 H RBD 4 ¢
PEFUR . RBD %5 50 GC B 40 i &2 ic 12 B4, 1H
GC S W5 B BE R[] R BB, HdiZ B 4= AR5
b 52 M, RBD-PLAZE X5 B AT % S
fe SR EE IR 5 RBD 4 S R 40 S 32, RBD 57
GC J B AE f % 34 A Ja A e Al 21, 1y HL7E S
14 5 07 REAE i 8 22 JBLIE Hh ks il 1) RBD 5 S ME Bt 44
SRR . X e gh RARER W] PLA ¥ 1 SR NG & —Fh AL
ARSI R RIEE .

4 eSS

LD REEH R 45517 COVID-19 24
). AR IURLY SR R T R
MR i BN K IR R 48 90 15 5
PR 48 2 L 4 R G20 10 5 Dt
SRR T 6 AT BRI . [0S, bR
BRI SR IR R (5 154 2
o (LN EMALEEN TR, §
BN GRSIUAS AT 5 S8 AR LA
DR R 5 R R 5 R
BRI R 04 e G I 9 5 T R

WHERAENMAY R SEH NS, T —
AT 784 gl oK FoUR % B A R R L B T R A
BRI KRR, RATEEBEMAGE: T Y9RER N
M C A Fefb R at, i BRSO RIE T, RoRGK
UL TR 78 B X 3 R R AR e e, DA R R I
HIV 45 i A48 5955 25 1928 1 A 1) A3 B 7S B 2 o

% BA

CIN3 —— E 3 b f INIRIAR 3 4%

(cervical intraepithelial neoplasia 3)

CSP— JEJE IR FEE A

(circumsporozoite protein)
DC—— AR ML
(dendritic cell)
eVLP— fi A VLP
(enveloped virus-like particle)
GC— XLy
(germinal center)
HBsAg—— &R
(hepatitis B surface antigen )
HBY —— Z AU 5 i
(hepatitis B virus)
HEV —— [ B R 5 7 (hepatitis E virus)
HIV —— ARG
(human immunodeficiency virus)
HPV —— AFLk R 15

(human papillomavirus)

7T =

LS —— T U EIEE S
(lumazine synthase)
MLV B L A 5

(murine leukemia virus)
OMV —— SN RS
(outer-membrane vesicle)
PLA —— i JEREHU
(pathogen-like antigen)
RBD —— S22 £ X
(receptor binding domain)
RSV —— IPIGE & i i
(respiratory syncytial virus)
SARS-CoV-2—— F AU IR 7
(severe acute respiratory syndrome coronavirus 2)
ssRNA —— HifE RNA
(single-stranded RNA)

I ET 40
(T helper cell)

TMCTD —— 5 20 ffd o 45 #473k

(transmembrane and cytoplasmic domain)
VLP—— Ji REREURL

(virus-like particle)

Th cell
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