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COVID-19 Pandemic
SARS-CoV-2 and Immunological Response

Hidehito Kato and Naoko Yanagisawa

Department of Microbiology and Immunology, Tokyo Women’s Medical University School of Medicine, Tokyo, Japan

Viruses require host cellular machinery for protein translation and replication. Upon proliferation, virions damage

the cells and are released from the infected cells prior to infecting other cells. Acute inflammation is observed

when host cells are damaged by infection. Receptors for SARS-CoV-2 on cells are distributed more widely than

those specific for other viruses, resulting in a wide range of symptoms such as rhinitis, pneumonia, and enteritis.

Typically, RNA viruses, including SARS-CoV-2, demonstrate high frequencies of gene mutations. Antigenic

modulation due to genetic mutations in the spike protein causes cytokine storms due to strong activation of the

innate immune system. This is similar to the phenomenon previously observed in highly pathogenic avian influ-

enza. The proportion of severely ill patients due to COVID-19 varies from country to country. Factors that are re-

sponsible for the severity of the disease include antibody-dependent enhancement (ADE), BCG (Bacille de Cal-

mette et Guérin) vaccination, and HLA (Human leukocyte antigen) type. ADE and HLA types may also contrib-

ute to the protective effect during an immune reaction including vaccine response against SARS-CoV-2.
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Y 72 Spike Protein @25 5412 X 0 Ul 2524k
L7272, FiflEENn A%, Hakz @i U745k
A NVATIE AR L, AEIEEE OREISE 2179
CEWZEDIPHICIA,) LEZ BN, KT,
SARS-CoV-2 D& D A7z &3 HIEAL & #ifi] 5 5 K
TR, 77 F REFEOILR & RERIZOWTH
5.
A JL ZD4FH

ANV AITHCHIEATE L WML TH D,
ERIANVAPHERL SN2 E TIEEFHMEET
LB sNhnE S Twiz, — i, Mo
KEEINPI2umTH L DITHR LT 1V A1
0.038~1um TH Y, #HH A XH%5 um O— 7%
AT AZ7ZELHHEHBLTLE) EwbhT
Wh. IRIEOIHIZETIE, 0.1 um @ SARS-CoV-2 14
YA R AT #EHTHIETTIAIVAD
W ihdi % 20~40% WA 5% 2 EATE, NS
YAZIIBVTIZ80~90% F T3¢ b &
W72,

T ANZADTH - AR T S B ERE Y A OV 255
% H & (International Committee on Taxonomy
of Viruses : ICTV) 12X % & 2019 484, 168 OF}
(families), 103 @ Hi £} (subfamilies), 1421 @ J&
(genera), 68 OHi)E (subgenera), 6,590 OFff (spe-
cles) IZHHEN, —oOMIZIIEHD Y 4 7 (i
HE) BT A e MIERERZ IR T
ANVADIb—FLVDIIEINVF T AV AR
(Family Picornaviridae) @5 4 / %7 4 ) A (Rhinovi-
rus) TH AN, TOHTH 10 HEHDO Y L 2B 5.
— MBS, TA ) T NARZDME L DT A VA
BERDFERIZEMTH Y, =HRF 71 VA (Ebolavi-
rus) R LA X7 A VA (human immunodeficiency vi-
rus * HIV), JERWE A )V A (Rabies lyssavirus) O &
B R E AT SR T VA, 71V
AEEPETLEBMDTNTH L. 74 NV RAEGIC
Lo THEUDRERIE, 7 A NVADOEYENL (74 )V
AZEMFEBERLL) (ZHAFT 5. B2, JERIE
ANWADZHERE, =aF BA7EFLra) vt
TY—Thb72D, MEMlEEINSLZ LICK
% ARER (I5EREE) TH Y, HIV O2EKiE CD
453 FTHBHID, ~WS—THIZGEST L L
WX BREAEERT D, A NVAZHEKE, FIC
X o THBUR L HEBHEN R B 720, 74 VA
RGO FFEUIAE R & R R TH S, Lol
A5, MR E R U L9 IR RN AR

LIANVABHEAET D, O (YRR o7
O, EBREMWEGE TV EERT 5121E, d5e %
LHEBRBYICE b A VA ZFAR D S8 H oM
J&ge Ukel 72 < TldZe & 2\ {BI{L (adaptation) .
SARS-CoV-2 1Z, in vitro T Y IVERIEEE, in vivo
TIENARY —~NDEPEFERIN T DY, e b L
] Uitk SR 2 B9 28 e LCiE, 747
PNEHh=T AN, 7703 FUFELHIALN
TWwa"™,
LIV ADDE
AN ANLEETF 4 FI2X ) DNA A VAL
RNA 7 A W AIZHHE R, #NFN—A$H (single
strand : ss) & %K (double strand : ds) (25°1) %
CENTED. ssRNA A VAT +MEEFOD D
&, —WHEEFODLDOIZHIT SN (Tablel)”, +
RNA I mRNA & LCTHBEIANRSY VN7 24
KTEBLDIZHL, —RNA I +RNA [ZHEG L7
THRWETIA VAT U7 2 /KT HILIETER
W, AV R, BEMIEHRO L o RXa — T 2R
DLDER VWD INL, TR —F
7 A VARG L Ml oMIA CTH 2720,
ANREL R =T OBEMBEREFz 2w, 74
WABIETI, AT NEMENLE Y 728D
SFHNTEY, # 7Y FIXIE 20 mR (icosahedral)
5 AR (helical) (ZHF &N b, SARS-CoV-2
DATY FELEARTH 5.
SARS-CoV-2

SARS-CoV-2 iZaur+ oA VARHIET 57 1 v
ZC, ICTVIZE Y ™ 4 VA% % SARS-CoV-2, i
%% COVID-19 &g sh7z”. aaF v 4 )LV Ak
o B, 7 SICHEHIN, akpauat AL AITEK
BB D 10~30% IZ5GE - E g2 G & RT3, —
e 72 EARFER ZH I I T VA NV AD ) B 15~
30% # 50, £ VI NI UHFI AL VAN AN EDIZ
LaaFr 4 IVAETA )74V AR T 240
Thb.

a0 F I AN RFEDT AV AL EGHIL kO
v RO —FIZAFE NI+ D ssSRNA 7 4 VAT
HbH., ToRXu—TETERIWHOMES V37 Y
(Spike Protein, Envelope Protein, Membrane Pro-
tein) AL, CHBIA 7V Wy 4 )L R Lk
® Hemagglutinin esterase (HE) & ¥ 75 S A447F
3% (Figure1). 4 ¥ 7V VHF A )L A L DR
FoMERIE, ssRNA Otk & 5508 - I (1 >
TNV UYL VA - —, 0, gaF oA LR



Table 1.

Taxonomy of virus”.

Nucleic acid Naked or Capsid Family and major diseases
enveloped
s Parvoviridae
Naked Erythema infectiosum
Icosahedral Adenoviridae Papillomaviridae
DNA Gastroenteritis Papilloma
Herpesviridae Hepadnaviridae
ds Herpes HB
Enveloped .
Complex Poxviridae
b Variola
Rhabdoviridae Orthomyxoviridae Arenaviridae
s () Rabies Influenza Lassa fever
Helical Paramyxoviridae Filoviridae Bunyaviridae
Measles/Mumps/RS Ebola virus disease CCHF/SFTS
Enveloped Coronaviridae
SARS/MERS/COVID-19
RNA Polyhedron Flaviviridae DF/JE/YF
ss (4) Spherical Togaviridae Retroviridae
Rubella AIDS/ATL
Caliciviridae Picornaviridae
HE/IG (Noro) polio/HA/Rhino
Naked Icosahedral
ds Reoviridae
IG (Rota)

Virus-derived RNA dependant RNA polymerase is utilized for mRNA synthesis complementary to the genome in single-strand
(-)RNA virus. Complex capsids include helical and icosahedral structures.

ss, single-stranded; ds, double-stranded; CCHF, Crimea-Congo Hemorrhagic Fever; SFTS, severe fever with thrombocytopenia
syndrome; JE, Japanese encephalitis; YF, Yellow fever; RS, respiratory syncytial; IG, infectious gastroenteritis; HA, HB, HE, hep-
atitis A, B, E; AIDS, acquired immunodeficiency syndrome; COVID-19, coronavirus disease 2019; ATL, adult T-cell leukemia-
lymphoma. SARS, severe acute respiratory syndrome; MERS, middle east respiratory syndrome; DF; dengue fever.
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Figure 1. Structural diagram of SARS-CoV-2.
SARS-CoV-2 is a + ssRNA virus, in which the RNA is cov-
ered with a helical capsid. The envelope derived from the
infected cell consists of three major glycoproteins, namely,
spike protein (S), an envelope protein (E), and membrane
protein (M), and a small number of haemagglutinin ester-
ases (HE), similar to those observed in type C influenza
virus.

+88, ) BX UM vy offdE (&g
Faas$7e ) TdhAhH. —HIIZ RNA 7 1 )V 2 13225%
BRI EAMBEBEEAIR ) 2T, BEFHHRIZ

it 2 [ 7% < 2469 A, iR ssRNA & JF 45 fii B
sSRNA Tid, FE5 i ssSRNA O F 3P 7 b
(GEIREO AN Z)IC L Z2ERO RN A4 VA
BRIV VEWZ S, SARS-CoV-2iEauF ol
MO K & 72 > 724581 % Spike Protein D2 (2
XD PUREMESEAL L 72, S 512, 57T 7% inter-
feron (IFN) #1512 FE0 Y 72085 L 3 <,

ANRA YRR EIRE TR A 7 VI Y FIEGYE &
IR HARSOIE R DR TG EALISRE ) A b A
YA APHELBYTEIN A S B K ) 72 SARS-
CoV-2 1, Spike Protein & 1 EMIILICFEIR T % an-
giotensin converting enzyme (ACE) 2 %56 L7z
e, RGN 2 O transmembrane protease/ser-
ine (TMPRSS) 2 DfEHIZ X D MIANIZRAT 5
(Figure 2)"”. L7255 T, a0+ %4V ADKY
121X ACE2 & TMPRSS2 O Ju] K5 38 B 25 40 B2 C B
D, Thoos¥iE, M Y7V IR
DZHEAB LT T 7 —EORHD EHEED L
FEAINLICRRE SN DKL, SlE &S, %
B, B, |\, Kb, BiiRBR, AREOIRHEIPH IS
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Figure 2. Life cycle of the coronavirus.

The spike protein binds to the ACE2 enzyme on the plasma membrane of type 2 pneu-
mocytes and intestinal epithelial cells. After binding, the spike protein is cleaved by a host
membrane serine protease, TMPRSS2, facilitating viral entry. Modified from reference 20.

B9 2%, 20720, HRBIEERDOIGEEACITHE ) FE2k
A VIV U EIGETH LAY, BRRMiI%, W
Ko 2RI ERE £ 5.

74 IVZXF#H (interference)

—HH DT AN AEReT B L, MDY AV R
B L 5L b A VAT LN 28140
T ABHLNTBY, T4 VATHORERFFEHD
Rk, Mo £V 2 OB % P13 2 WE R S
NIFN Ly &d/z®. BED Type I IFN TH 5.
T ANVATHIRE LEFIE, wADT A IV A EG

2 & % HRGEDOHHALIC X o THEA S 7 Type
LIFN HSRIZIEG L7277 £ )V 2 O BEHH % #0145 (13
IS, BN RS L7z £ OV AR, YRR o Bé Gl -
G RMEREZEELCLE ) DI, HHREERD
BEVGWOVELAEBEDEZONTVS. [ V7
VIUVHFIAL VAL aaF I 4 VADOBESTIE, +
RNA & —RNA O#EWIZ XY, BEHESY V287 BED
T&5%+RNA ZR2oaut+ 74 VADHHT 5 &
MM bEEBHIZ, IPN IFEET 2 Fo 0 Fi7-
BORPTHHFT L4V 23> TL 5. JT4E,



%4— Antibody

Figure 3. Fc-dependent antibody-dependent enhancement (ADE) hypothesis in SARS-

CoV-2 infection.

Antibody-dependent enhancement (ADE) hypothesis.
A. Specific antibodies targeting viral surface proteins (yellow) bind to and neutralize the
virus. This promotes viral entry into host phagocytes and blocks their attachment to the

cell surface viral receptor.

B. Interplay of the cell surface Fc receptor with the viral epitope-bound antibodies pro-
motes viral infection of the target cells (ADE). Incomplete binding of the mutated viral
ligand (green) to antibodies promotes exposure of the viral epitopes to the cell surface re-
ceptors, leading to enhanced invasion of the virus to the target cells.

C. Viral infection is mediated by host cell surface receptors. Mismatched antibodies are in-

capable of blocking viral epitopes (pink), thereby accelerating subsequent infection.

AV TIVIVHFIALNVAEGE 54 ) 7 4 )V A&
DFEBRBEINY. S 94NV AL+
ssRNA 7 4 )V A TdH % SARS-CoV-2 DHitAT b [E
DFHRE L EPHEND. EB, HARTI 2019
DA V7V Uy HFRETET, Kb
COVID-19 28347 L 7.

HiE{b2Hl#HY 2RAF

1. A &EMRRLER (antibody-dependent en-
hancement : ADE)

ADE 37 7 F v itk o EiEfb=, Bl & A4 7 (i
W) 7 A NVAD 2 WIEGt O EiEfb 2 33 5 72
DIV THNTAGHTH 577, b )R
WEITTHBT 5. s8R (HUER) A2 ML AR
TETE2T7A4NVRIIBNT, &I 1ET AV A&
Ye LSRIEDT L7212 2 0y 4 ) RGeS 5 &
FIEALT A EBHMOENTWAS, 1Ay A )L 22K
ge Uik s NS L 2EHICA L 18 4
WAZEG L TH, A IV AHEIZ PP X D
SEETHRIE NS 72D EGUIL L vy (Figure 3-
A7, 2FEHICEY L7274 VAN 2RITH - 7235
A, 1L 2 RCIBURE MDA L9 720, bk

&, 2B A VR EEEIEPRITET, T4 VAR
JEAEH L TL %9 (Figure 3-B). 7 1 )L A1255<
o L7ohifkix, BREMEO Fe 2B MBI LT
TANVREMBERELES 5720, A IVAGUEE
ML L7 4 0V 2 ZFARDHE G HHBEEDS, WHE D
RO L D% {725 (Figure 3-B). #H%, )%
DAL L 722 PR DA L7210 # 9 7 4 v AT
e 7295 3 EREIL T 5. SARS-CoV-2 &G DB,
TMPRSS2 B A VW ZADxzrxXua—7IEHT 5
Z L CMifalE E oRs (Bit) AT 5. bk
%% Spike Protein (2B EIZHHE G L T b4 (Fig-
ure3-A), VA NVADPEFEEINTH TMPRSS2 1
Spike Protein IZ1EH$ 2 2 &3 CTE Y, BikidA L
v, FIUTH LS Spike Protein & 1E, Aijab
DM (Figure 3-B) 12X 1), ACE2 & TMPRSS 2
HZNZ N Spike Protein (ZAEH L TG (Bik) 23
LT A, BIEEFE 5O TS ADE RGO JE I
i, A VR %Rk B IR 72 7 F+{ (leukocyte
immunoglobulin (Ig) like receptor (LILR)}|%° Fc
ZHREDS, LA VAVEH D3 5 Type IIFN #)
fily 7, WiElES A4 A4 >~ Th 5 inter-



leukin (IL)-10 8B > 7 F IVAMRE I NS 720D, $T
2 AV AR RDE] S Ay A v ABIFEAEINS % &
W) LDTH5. SARS-CoV-2IZBWT, 80 fifHD
Spike Protein HARAZ R B X PN ANTEE NY 7~ b
OPEMEZ AT L7z E 2 A, HRIPUED SOnE D%
ELTW2 2 Ldnhsiz?., KETERMD Y 4
THRL BV L KT S &, ADE IZ X ) HAE
bS5 72 Z EHEIM SN 5.

2. Bcille de Calmmette et Guerin (BCG) : B &
TR RiEM b IC & 5

1990 £ 7 7 V) A 2B W, /WNEOFZIZ X 58T
A AL S ¢ 2 H T BCG #HMlA it < 17227,
RSN S 7 A VA RIC X 28R % b A
SELTENHHLAEY. Ihrwme 2, 2011
4E1Z Trained Immunity G AHEE 2 Y, £ < O
e FERES 7z, £ ORER 2016 4F 1213, BCG X
IYT AT A4 vy (EERHIDOZALZ b3k
ENDBEIETHRBD H VIR OZL) 12X
D, HREER AT LAPRALLZRYICER K
B 5 2 EAVHIBILY, 2018 4E121, BCG #AHANH
By A VAT 7 F ORI BB E IR CE L2 L
HEERINEEH S 72", BCG O# b & LHIRIC X
DIL-IpA2I—F357u~xFr2ILd, EES
N3 %> T3 (Trained Immunity) & & AVR
b, IL1BIEPT A VAR DB % Type I
IFN OREAZFET 2720, TIFEO Y L )V AH
JHAEMH LT EHERMSI NS, oW
SARS-CoV-2’3 7 3 v 7 LLHT DI 3E D 72 0,
SARS-CoV-2 # xR & LTV W2S, ITEDEZN
AL AbET# 2 5 & Trained Immunity 12 & 5
SARS-CoV-2 &G D HFEALIPIH O v BEVE I v &
bbb, BCGIIAET I F U THAHI0, I5REET
AR THESE Ui ld Trained Immunity JREE % &
D LBbisns, ZNL M Trained Immunity K7
DR SN IATH 5. HikE CEESADNS
WZ kiE, BCG#f#lZ X % Trained Immunity 7%,
S X D AL SN RO b Ly,
FHHAETEH, BCGU 7 F Y HhOAERBOZ WHA
weu s THhET 7 F e LTHWTWSETIH,
100 T A 721 @ SARS-CoV-2 12 & B 3CEEA 7
WA AR HNETY. S 5IZ[# A0 & BIE5E ]
TIE BCG #HMHD 10% MR 2 &, aaF v LA
AT K BRI 104% AT 5 LG ShTw
50 GIEIETBIOATFa S FEBETOE B
S L7z THiTN S BRRBEJE] TIE, 65 M2l ko BCG

(1,331 ¥R BERIZ 24T, 7 A IV AN X B I 2R Ik
FECKHS 2 FRiRERSHER SN TN B, —FT,
BCGASHA - @ ¥ 7HMTF v~ — 27 #kH I3tk &
NTWZawd oo, 1955~82 4E 1% BCG Al 239 i
i, 82 4F LIRS A% S I M I A > DR RIZ D A
BCGHEHMMMAITTLNT WAL AT VIZBEWVWT,
1979~81 4E4E $ 1 (39~41 /%) » 3064 44 &, 1983~
85 AT (35~37 %) @ 2.809 #4125 T SARS-
CoV-2 BpPhse % Ik L 72458, BCG B0 11k
RBTELholzoHEddH 5. WHO IE, BCG
® COVID-19 EFEAL T BRI R L T4 ICRE & T
BT, HROBEEMEIAHZL LT, COVID-19
DEJEALE P 57200 BCG #HE 23 L Tw
AN

3. B raMmMEHE (human leukocyte antigen :
HLA) : HiE{RRAEIC K 2§l

A NVAPHILIEG T B &, ZoHFIERTF
R o0 S LRSI o 1 ZEAL Rk £ fn 1
1K (major histocompatibility complex : MHC, &
N ClE HLA) ICHIR S, 7 AV A PUEEF R AT
e T Ml (Teo) AL L THC MHC RI2#t
AR LT AL 5ET S (MHC #HM).
7 ANV APUEIZ T 5 Te WGP O 55 1E MHC @ %
A TVMAFT B 720, B2 MHC 7 4 725, 7 A v
AEGIED FIEAL &2 LA LTV SRR D 5.
HLA-B35 ##4% L T\ % HIV &4e# 13, HLA-B35
Y Te OFENTE LWz, BRUGIENS
S M= # (acquired immunodeficiency syndrome :
AIDS) FIEDS RN EAM SN TH Y, HLA-B35
& HIV JLE <7 F F oMk Ey (HLA-B35 Ot
BEHRRIIAEG) T & EZRLTW DY, #iZ AIDS
FEHE A3 W B 13 HLA-B57, -B27 & O Ml 2% &
%% SARS-CoV DGz B W TH, HLA-B*4601,
HLA-B*0703, HLA-DR B1*1202”, HLA-Cw*0801* 72
E, RO HLA ZHPEZMEEMBEL TR T &
AHE XN T b, SARS-CoV-2 &Y & HLA &%
& OMBIZHERAET T, TERIIH TV RN,

SARS-CoV-2 77 F U RFEOIRIK L BES
WHO 12X % &, 2020 4F 10 H 19 HBIfE, EiRR
Bz 920 LT\ b COVID-19 7 7 F » i 42 #
Y, 09 b 10 HEI LB O phase 3 TH
% (Table2)”. 77 F v OfIX, 74 NVAXRY
¥—7 %5, RNATZF>, DNATUZFv, #
BRI T F v, NELT 7 F o THB.
DAL, T4 VAN Z— RNA, DNA 727 F ¥



Table 2. Draft landscape of COVID-19 candidate vaccines in phase 3 compiled by WHO (October 19, 2020) 9.

COVID-19 Vaccine Vaccine . . Number  Timing of Rout.e .Of
Type of candidate vaccine adminis-
developer/manufacturer platform of doses doses tration
Sinovac Inactivated Inactivated 2 0, 14 days M
Wuhan Institute of Biological Inactivated Inactivated 2 0, 21 days M
Products/Sinopharm
Beijing Institute of Biological Inactivated Inactivated 2 0, 21 days M
Products/Sinopharm
University of Oxford/AstraZeneca Non-Replicating ChAdOx1-S 1 M
Viral Vector
CanSino Biological Inc./Beijing Non-Replicating Adenovirus Type 5 Vector 1 M
Institute of Biotechnology Viral Vector
Gamaleya Research Institute Non-Replicating Adeno-based (rAd26-S+rAd5-S) 2 0, 21 days M
Viral Vector
Janssen Pharmaceutical Companies  Non-Replicating Ad26COVS1 2 0, 56 days M
Viral Vector
Novavax Protein subunit Full length recombinant SARS 2 0, 21 days M
CoV-2 glycoprotein nanoparticle
vaccine adjuvanted with Matrix M
Moderna/NIAID RNA LNP-encapsulated mRNA 2 0, 28 days M
BioNTech/Fosun Pharma/Pfizer RNA 3 LNP-mRNAs 2 0, 28 days M
ANV REG ML 725 DT, HIRGESR DM Bbhiic

W 2 L R LM 502 &2 G AL 9 5 type 1
helper T cell (Thl) 3 £ OS2 %2 15 MEAL 3 5 fol-
licular helper T cells (Tfh) b #FHETX 5. FhIIxf
LAz & X7 EREILT 7 F 1%, Tih 3%
BCTEXLDHRGERD Thl FELIT Wz,
TYanNy PeEBIIEGTEULENRDHL. D)
L, UANWARY ¥ =T 7 F T d HELE
TRV DT, A4V AREHIC X 5 Yl oAl
JasLixA Ly, LarL, flAIRZ ¥ 27136,
ENBHDOT, Thl OFEDBWEEE R, 714 VAR
Bellik b, ARBWREINE, TAMITERA
o775, b MIIEHRICHF NI —=TF
I IANVAGEDPAEAE L B WBIRT, Fo3 0 Y —
TTFI)IANVARHNTWDEY, H vy 4oy A
WARZ & — 2 F %, BENTHRICHER S
LZEDLBVE NSRITF )AL NVANRY ¥ —
(EEFHBRIIBOTRMIEH I TS 7 4
WARTZ & =) ZEHLTWAEY. ZOXRZ & -1
2014 FEICZRI T 7 F v E LTROICHH SN, %
EWUB L ORIEREETEB LY I LA A THE
FESNTWS. WHEE S RABHERIIRETH 5.
FRABEATK T LTI 7 F U HilE b L)1
o Td, AR L72& 92 HLA & uE & oS
AV ADPFEEDE WIS L B ADE O &R I X
0D, T72F BN ANRRID RN, 22 o THHE
THAPHIT LML BRI RETHS.

SARS-CoV-2 IZf e b aaF £ v A &
AT, BEORBISEVERINDG Z L b
AENTVDEY., IV ADHELEEICBIT 5
MR EINTBY, 77 F YEAMEANOHIEE
NEES.

FR R E R B 72 .
X #
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