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[Abstract] Antibody-dependent enhancement (ADE) effect of novel coronavirus (SARS-CoV-2) has at-
tracted much attention. The Osaka University research team has for the first time found that infection with
SARS-CoV-2 produces both neutralizing antibodies against infection and enhancing antibodies against infec-
tion, confirming the possibility that SARS-CoV-2 causes ADE in vitro, thus which further raising public
doubts and concerns about vaccination. In this paper,we analyzed and prospected whether the infection-enhan-
cing antibody causes ADE in human body and its impact on vaccination and vaccine development.

[Key words] SARS-CoV-2;antibody dependent enhancement;infection;vaccine

HLBRZXLETENL  FLGIH AFI KRR E
¥F #.22 f# ADE # B 5 SARS-CoV-2 Z &5 % %,
ADE R 38 % & £ B 5 T mpaat, 3 = A 08
AR BLABRLERIOAL, REZ . 204K
RA GG, BRERADE B EN KA F AR
HRTHRABREORERD. RAFRABHEME,
SARS-CoV-2 & %A/ ADE % — A% &R F 4 £
EP EARGAE(EREF )R AMAHA G
AR 9% A AT K6 T AT AR AR UM B 5 2 7 e ik L,

2021 %5 A 24 B, %
Ze(Cel) R A LT — 5
kBB AXMKRKF®®
ML R FH A A KRB
M E (COVID-19) & # 1k
M Ay 3k R o Fe B AR T A
e E R XN A B
Bp =T VA 3 B A0 AR R M 3
7% (antibody-dependent en-

hancement,ADE) #% &, ADE % &k £ 47 X
B LA YR T # A B K A & (SARS-CoV-2) A &
ADE & B9 % & & & 428 ADE, &£ 48 508 3 A 37
AE WL B AT, &R EIEL T SARS-CoV-2 & W & 4F
T Ee R, RGN F R R L ARG E L,
AR KRR FHMREL—RAREE LI AT AR

FMRE . 2T ADE X B A . mfd ik A
ADE # 3% & #F %, 3+ 35  SARS-CoV-2 T # 4 /& %
Z8 ADE s, {2k 4 AR T g, — A% A
REEE, WAKBRKFUHHFRZAR B >IN £ A
COVID-19 # # ¢y 3tk . B R K I I B F SARS-CoV-
2 JE B 5 A AR B e 0 P A A AR, LA R AR 0RO
4 #) FAK (infection-enhancing antibodies) , Bf & % 3%

T SARS-CoV-2 A& eh B fmtn. o, A3, KM

BRI N ATE (1972—) , bl 42 %42 B K 2 KB B Bt PP W 9 B 32 4T L 38082 L 32 AT B 00, 18 00 5 A S 00 o 0 00 2 R G B O 4 23 2 1 L AR IR
2 S W 2 A 23 Wi 2 A 25 51 LT IR T IR 2 S O WG 2 B ZE Ao R AT 22 B3, 4 [ 000 75 R WO 26 D RN 55 v 5 4F IR W % 01 L B K T 2 Rk 2 ARl Sk A
DT RO B U AR AT CE PR BR 24 )R T« BRI 25 ) JCOY P SRR 25 2% 3k 4 22 L 3R 0 5% [ SRR 2 3 4 6 01, [ 52 “ 8637 3 K L T 43 AL, & PRl &
SRS 12 39 76 CCR M JTO W) % % SC1E3C 40 Ak s IKE K & WL H) 5 3,



2522

SRR, Z AR i COVID-19 & F 4k W &
W S E G A KBy 5 AR L EHR, R AIAR
SEG N Kbw R B3 m SE G L o i Kk
FHAH 2(ACED W E 4, FF Ehfe k612
S EMTAAYHIET -4 R, ﬂ‘ﬂ T 3G o 0l
SNTAABEFHBENRPEWIE I, Xk ERET
B I ADE 2 5, R E A E R ALK LA
T SARS-CoV-2 # ADE L%,

18 % % B 7 & I, SARS-CoV-2 # ADE # & £
WS &B N 4 # 3% (N-terminal domain, NTD) &
L H ARG ALy, X 5 F A Fe A4 ADE 2 B A %
ZHRRE., BFHAFT AKREREZE, A"
AP FRR LA T ABEETN LSO RIK, X T

kI P AFAR, SAKRZ AT 0 R R RE
GBI FAEAGEPRPRAREL T —REEEM
g R AR B R ALK it Thﬁ&,&%ﬁw@“%ﬁé”‘”,&
MPpEF, AFREATRASKRININEFTHELT
RT A HEN 0 a0 B GB & S 95 20 I, e B R Gl i)
BEALH, IHERGER KA RERE R mIL—
EATESE, FTHRFEHEATEN LIRS,
LK LB AR R P A AR, e K K R R R AR A
# R Z BT AL XA & ADE, st #sm &89 1gG # ik

TR d FeBEE# B> TFTRAE@MBAEZAERN G, Fe &
82K FeR AR % 2042 tm o fm 295 0 ML R @ B R 3k,
FcR By F Ak Fo ok A 4Lk 09 L AR 2 5 & Mo i N\ 3o
mi, L2 FREH B E LR EJANRELREL S
AR m LA T 55 ADE., X2 FH & Fe A58
ADE, ﬂqﬁ.#u%ﬂ o oR 8 A M 9R A& (RSV) | 3% # 9%
F AR At XA LR A F ADE 89 7~ AT sk K
PRK 538 i AR S B K L T ¥ 5% SARS-CoV-2 A 42
RAGFMR IR ANABALIATREFNETEOY
M, 5L NTD &4, NG5k K2 46K
(RBD)# M SR TR FAR, Afm3g i T RBD 5
ACE2 2tktgss & L 8 8 G Ao m e & & 05 ACE2
THREL, LA B, E R SARS-CoV-2 B % /3 3%
B FAR . RS2k BB A A 89 3 SARS-CoV-2 # 3E
R, mMAABERPREN SEOHRK, X5
%9 ADE R B, XA RF LA A A B & 7 B8
FRENE R EMBELE TR, X4 ADE 3§ 4
B, R EE AT LA B Fe 2R RAMR Z R A58
ADE. AW A A X AL XA I L F 54 ADE, X b
A XA LA E(Cel ) —ANELZRR, TABLZA
R F I FIEL T SARS-CoV-2 A £ ADE # T
et 2 R R BLAEG R EAW LT SARS-CoV-2 #
ADE., BpfE4edt 43K 71482 T K £ 3 ADE I £ 09 4%
Kithfokd, MA4w R ADE % £ 5 /.42 8 K &
FRBEABEGE I BREBAEERE AR T AN

FTHREF 2021 8 A% 50 %% 15 M

HARTRAMBLARER N, RAFHRHEME, X
o AR A R AR AT IR WG B AR 6 B R A el g W B AP
)&, R %% SARSCoV-2, 2R A& REHMNFEY
BA? PR RINTHE?

IR AZETELT A ADEWEA X £ 2601, 4t
PR R B E AR ) AR e AR A At —
MNEKRWRBEAMEN, RELARRLERRZRGHE
Fr AR IR S T @A B AL E MUK 2
PRI, 2 BIA X AR % LT HAR R
J2 o I VA E R e A6 o Fe AR fe 5 — e 3E P e
HHAR, BPAZ AR B A ADE 28, gLk 2
f e Ak, XK R Z L KA F 8 ADE,
PN éﬁfﬁmmumL COVID-19 & H 1k N A £ 8
HSEOERHH S ﬁﬁﬁ%&mfﬁﬂ%w%:
BER, IANARGREAERAANZRELE 2EKX
8RR é\#’ﬁyaﬁa%%ﬁmaﬁuﬁrﬁm )4
VAF 5 SARS-CoV-2 B ym 3§ 5%, X & JEF K4ty
HmHiE AR EER TR ARR AT LA L
W AAELET  MEE AR R A RS
BN KBETEAME; R ABFEY F X
ADE, R LGB A A BF R B OARMBIT £ % &
JERP, B, SARS-CoV-2 4 # 8 iF F ALK = £ H
ADE # #t 09 34k A2 L AR F B, LA A AR
VTR KR AR 53 ADE 15 2 R # 2 ah,
dm B IZEFARE A $ 5 ADE, =R B g F g5 49 b4
ARWGEN M EE_RBRERAEHLSE SN, 25
%2 ,SARS-CoV-2 Z R B B RA XA .25 R &
FHERLENL AL REIL =R G E R ey A,
XL Z FARE A ADE w9 F 2 3 ke, EALE
R P EA LI COVID-19 & g A, 5 5 2 £ )
ZEFTRGOBRR., REFERAET %z‘tﬁw%ﬂﬁﬁi
%9 HCR F) Wi, SARS-CoV-2 & # A # ¥ 4: X
BLAABEE AW A B E G KL 245 ADE, $%
LR AT R RS A PR AR AL SRR e E 3
2R EZ N B, BAEN B A R A I SARS-
CoV-2 % ADE # s RiEH ,

ADE A% BE G F A MEFTEZHE L, 20 #
260 X £ B AR 9IRS RSV 8 RiE R G H A A
T ADE. MG % % A B 34k 4 452016 5, FEE T
AT —FRBAGHA 4 A F RO EREY,
— S TAEBHAEVE X ERIAFTARNREERAZE,
HIpBAEEGERmRT Y, BFAERG AR
FuERZMM LR, BT X R REFE G, R
BEVLRTRALF K EEMRE, BT, £
SARS-CoV-2 & & e A& F , # F AR S R & & W
BT RARTH 5% ADE 9 SARS-CoV-2 & & # S2
T GHE R SR R K I T #669 ADE, F Bf i& &£

, =R



FRESF 2021 58 A% 50 K% 15 M

SARS-CoV-2 AW HR R R EMEAERZ )G A EH#
Flerp b FRiEE, AFREGE,F B AL
AEA LA ADE, MA, EHBMHZEHZR—F
EEERSAERELRY T EEK, LR A D
% b %6 B B SARS-CoV-2 J& % 4 52 4 5% SARS-
CoV-2 R¥HMF LM .MM AP % T e hH, 28
AT 4 2k, ADE 3 & A AT — 3 & £ SARS-CoV-2
BHPHRA, AT ADE REAE ik S hALH
RRAWMEFH|TRFH ADE /2B T A K, B K — &
TRMEART B G TRER P EREGEP LR,
12, K& B A K Freg I m B I ADE, Frvk, B A
WTOOA Gk 4 A e R R P LR 4R AP A BE SARS-CoV-2
B FFa B FRE ALK LK CADE” & & P B & %
ARSI

% K, SARS-CoV-2 & % ey AF L it A2, 45 R
% %iE ADE ¢9#% £ TH., W ADE Rk a) X4t &
TREAKORT. T L0 RREE LA ML
B ORREAEMABLAL TR R T RBRE R
REAAFFHEZBE . HRHFRGRAR, R T8 LZ
BERT R S B N R nikeg =42, MK
ADE 69 2 A BINF , b ARG LB EF”, B
AKHH»> ADE K M A W@k @ Fc RN FL 4
oy, AR 4 4w i A & 69 4F € Fe 24k, I T VA B Ak 9%
FRAELESME Fe 24h4 4,83 @Mk ADE %
B R TR R A, R M2 B R E S S SR
EHFPFRAR REZHALERETRETAS T8
R R A R, R MUK TR R R LR H T 28
BeLSe . B Ay b A A AR R ARt am A Sh g om A AR AR R,
SATFHANBIANARELRA S, RELBBA S
BABEORERARAEREW ML T, A4 M T #k
TR A 1 B SR E NI B d o
AREGmMIERFR, RLEEBFFL T ALY
b A AR LR A SN E S R B AR P AR 8 R S
AR ALHE X ADE #9, B 3b, mRNA & & 3 4%
B REFE GRS B HL ADE, R T G A5,
TR SRR B SRR YR —F R ik
FU R EBEAAY TELAR RS RE, X
1 A AR Fab B, 348 A LA F s- ki) Fe Bt
FEREBGIART) . HITUNEEFRGEAN, §F
XKFHELEAERBRFWEHLER., P EAFKRKA L
FEAT R A G R AW E S G AR F E 1
SAE, RIS COVID-19 B H5 AR 5 B3 s 5
R AP ) o FNAZ 09 P Ao F R PAAT . P20A2 #= P20A3,
Wit X HERRFREG SO HELEMEZ L, FWE
BT PAIIR PAAL #9925 B AR, Z KRR T
COVID-19 7 ym B A b & IL kR 45 6938 57 s R,

2523

ST ADE.RAEZ R REL, LR ERAE Y,
ADE #f SARS-CoV-2 %k #, B 41 5f R A A R & &
g, RFERA - AHtnEE, SHRETFRER
R AZRBBNEAM B LT 22 WAL A T4
I ADE. FT VA, B 9% 4 K & KR 69 K T 5 AR
B E5BREETFER, AT AT HRYEGTE
TR TR, RE B IZAR KA G ™R AL S
BRFAMARESGEBER! T HERA, K
REM A IRE AR Z FARE . T, B8
3 G o9 A )

S % ik

[1] LIUY F,SOH W T,KISHIKAWA J,et al. An
infectivity-enhancing site on the SARS-CoV-2
spike protein targeted by antibodies[]]. Cell,
2021. (2021-05-24 ) [ 2021-05-31 ]. https://
www. sciencedirect. com/science/article/pii/
S0092867421006620.

[2] LIY B. Human neutralizing antibodies to SARS-
CoV-2:views and perspectives from Professor
Lingi Zhang at Tsinghua University[J]. Antib
Ther,2020,3(3) :155-156.

[3] GARCIA-NICOLAS O,V'KOVSKII P,ZETTL F,
et al. No evidence for human monocyte-derived mac-
rophage infection and antibody-mediated enhance-
ment of SARS-CoV-2 infection[ ] ]. Front Cell Infect
Microbiol ,2021,11:644574.

[4] RICKE D O. Two different antibody-dependent
enhancement (ADE) risks for SARS-CoV-2 an-
tibodies[ J ]. Front Immunol,2021,12:640093.

[5] RUETALO N,BUSINGER R,ALTHAUS K,
et al. Antibody response against SARS-CoV-2
and seasonal coronaviruses in nonhospitalized
COVID-19 patients[J]. mSphere, 2021,6 (1)
e01145-20.

(6] sk—H8 WA A7 55 0 AL sl AR5 2 i 28 1) 7 A e
PRARHST PR3 SR AN [ ). H PR BE A%, 2021,59(13)
2319-2322.

[7] DAUGHADAY C C,BRANDT W E,MCCOWN ]
M, et al. Evidence for two mechanisms of dengue
virus infection of adherent human monocytes: tryp-
sin-sensitive virus receptors and trypsinresistant
immune complex recep-tors [ J ]. Infect Immun,

1981,32(2) :469-473. CRH#:%5 2529 10



FTREF 2021 F8 A

% 50 5% 15 ¥

[6]

[7]

[8]

[9]

[10]

[11]

D' APREMONT 1, et al. Late onset sepsis in
very low birth weight infants in the South A-
merican NEOCOSUR network[ ] ]. Pediatr In-
fect Dis J,2018,37(10):1022-1027.
WALKER O,KENNY C B,GEOL N. Neonatal
sepsis[ ] |. Paediatr Child H,2019,29 (6):263-
268.
%%wmyﬁ%ikmmﬁm9mﬁf%
PO K VAo A LT . A
5,2019,34(10) : 740-744.
LI X, DING X, SHI P, et al. Clinical features and

antimicrobial susceptibility profiles of culture-

N
52 LRI R 2%

proven neonatal sepsis in a tertiary children’s
hospital, 2013 to 2017 [ J]. Medicine ( Balti-
more) ,2019,98(12) :e14686.

LIJ Y,CHEN SQ.YAN Y Y,et al. Identifica-
tion and antimicrobial resistance of pathogens
in neonatal septicemia in China:a meta-analysis
[J]. Int J Infect Dis,2018,71:89-93.

GAO K,FU J,GUAN X,et al. Incidence, bacte-
rial profiles,and antimicrobial resistance of cul-
ture-proven neonatal sepsis in South Chinal]J].
Infect Dru Ressist,2019,12:3797-3805.

JIANG S, HONG L, GAI J, et al. Early-onset

[12]

2529

sepsis among preterm neonates in China, 2015
to 2018[J]. Pediatr Infect Dis J,2019,38(12);
1236-1241.

SRAT BRI, S TFAL S5, RS JH B A 58 8 R
Fow 1 IIF SCER A 2 [T ] BDUR 2 el (R 2
Ji) +2018,39(4) :667-670.

[13] BEDIR DEMIRDAG T, OZKAYA PARLAK

[14]

[15]

[16]

AY A, AYGAR I S, et al. Major aspects of
burkholderia gladioli and burkholderia cepacia
infections in children[ ] ]. Pediatr Infect Dis J,
2020,39(5) :374-378.

VE/INHE B B K BABE. 79 158 A LI I A 41 B
oA B 2450 3 7 L) ). I R JLRE 2 . 2013, 31
(3):213-216.

BT S AR AE Ik, 4. 2018 4F CHINET #f
] 200 P T 24 M M 0 () ], b R g 5 Ak T ARk
2020,20(1) :1-10.

ZHOU F,NING H,CHEN F,et al. Burkholde-
ria gladioli infection isolated from the blood
cultures of newborns in the neonatal intensive
care unit[J]. Eur J Clin Microbiol Infect Dis,
2015,34 (8):1533-1537.

i B #1:2020-12-24 & H 1 .2021-03-11)

(EH#ESE 2523 1)

[8]

[9]

[10]

[11]

[12]

SCHLESINGER J J,BRANDRISS M W. Anti-
body-mediated infection of ma-crophages and
macrophage-like cell lines with 17D-yellow fe-
ver virus[J ]. ] Med Virol,1981,8(2).:103-117.
IWASAKI A,YANG Y X. The potential danger
of suboptimal antibody responses in COVID-19
[J]. Nat Rev Immunol,2020,20(6) :339-341.
HALSTEAD S B, MAHALINGAM S, MARO
VICH M A, et al. Intrinsic antibody-dependent
enhancement of microbial infection in macro-
phages: disease regulation by immune comple-
xes[ J ]. Lancet Infect Dis, 2010, 10(10):712-
722.

TAYLOR A,FOO S S,BRUZZONE R, et al.
Fc receptors in antibody-dependent enhance-
ment of viral infections [J]. Immunol Rev,
2015,268(1) :340-364.

WANG Q D,ZHANG L F,KUWAHARA K,
SARS

epitopes in humans elicited both enhancing and

et al. Immunodominant coronavirus

neutralizing effects on infection in non-human

[13]

[14]

[15]

[16]

primates[ J ]. ACS Infect Dis, 2016,2(5);:361-
376.

FU Y J,CHENG Y X,WU Y T. Understand-
ing SARS-CoV-2-mediated in-flammatory re-
sponses: from mechanisms to potential thera-
peutic tools[J]. Virol Sin, 2020, 35 (3): 266-
271.

AMANAT F, KRAMMER F. SARS-CoV-2 vac-
cines;status report[J]. Immunity,2020,52(4) ;
583-589.

LE T T,CRAMER J P,CHEN R, et al. Evolu-
tion of the COVID-19 vaccine development
landscape[ J ]. Nat Rev Drug Discov, 2020, 19
(10) :667-668.

GUO Y,HUANG L S,ZHANG G S,et al. A
SARS-CoV-2 neutralizing antibody with exten-
sive Spike binding coverage and modified for
optimal therapeutic out-comes[]J]. Nat Com-
mun,2021,12(1):2623.

Wi fs B #1:2021-06-01 &[] H #1:2021-06-03)



