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Abstract

The mutation of SARS-CoV-2 is as same as the other viruses. It develops when it spreads. The more a virus
spreads, the more chance it has to mutate. Thousands of small changes have been seen in coronavirus so far, most
with little impact. The mutations at spike glycoprotein are the major concern because this part is related to binding
affinity to the human receptor, angiotensin converting enzyme 2 (ACE2) which affects susceptibility, transmissibility,
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severity to infection and ability to escape natural, adaptive, vaccine and therapeutic immunity. Multiple repeated
mutation until the SARS-CoV-2 get the behavior and functional changes, the virus was identified as SARS-Cov-2
variant. The Virus Evaluation Working Group of World Health Organization (WHQO) announced its recommendations
for revised naming of SARS-CoV-2 variants of concern (VOCs) and Variants of interest (VOIs). The 4 variants of
concern are Alpha variant, Beta variant, Gamma variant and Delta variant. The goal of COVID-19 pandemic victory,
is not only prevent the people from contagious, but include preventing from symtomatic infection also. To date, the
effectiveness of vaccines and monoclonal antibodies are inevitable. The re-infection rate and severities are increase.
The spreading of infection is a major key of emerging of variant .and pandemic. Stop the spreading is the most
crucial including hand hygiene, on mask, personal distancing, avoid crowded and vigilant about ventilation, develop
the new generation vaccines which could prevent the variants and achieve herd immunity
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Coronavirus variants:
What are they and how do they happen?

@ High numbers of cases increase risk of mutations
The more a virus spreads, the more chance it has to mutate,
Thousands of small changes have been seen in coronavirus so
far - most with little impact.

@:} Some mutations lead to new variants

Ewvery so often, a virus changes in a way that helps it survive and
reproduce, These successful variants can become the dominant
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As the virus spreads, tiny changes or
mutations ocour

Multiple coronavirus variants are

(:é) Some variants are spreading more easily
circulating globally.
Experts are concerned about some

—
particular variants with changes to the r{:}

wirus's spike protein, the part that helps ‘: -‘
it enter human cells. ¥

The genetic code for each of these variants is slightly

different.
LNsOTY
uk *Kent"variam 8.1.1.7 [N
| N501Y | E4BaK
South Africavariant 8.1.351 [N B
| N501Y | E484K
Brazil variant P.1 | — ;|
|PE8IR | L452R
uk “india”variamt 8.1.617.2 [

M501Y mutation seen in UK, South Africa and Brazil variants
may help the virus spread more easily.

E484K mutation seen in South Africa, Brazil and some UK
wvariants may affect the antibody response.

P6B1R and L4A52R might help the India variant spread

More variants will continue to emerge, but vaccines can be
tweaked to match them

Source: Centers Tor Disease Control and Prevention, BBC research BlBIC]

311 11 mafiansnaienug (mutation) uazliialada-19
nanenugaelns (SARS-CoV-2 Variant)™

Talsnldafidusingvaclsaszoialuaani
wulinnssznafiusniidasgiu Uszinaaionsmiy
UszmsulaeUszmauiu TalsunhIasduilfogniden
11 “hisgiw asdmiawdelandeielinszinnanide
Talsnl¥ailin “CoVIDA9” uazmvdelalanlhafiin
dungitin “SARS-Cov-2” h¥alaie-19 naneugans
sl (SARS-CoV-2 Varient) anm%gmmiuﬂizmﬂémﬁa
TasanaeiugmelnailFognidenin meiudaude”
FefiwnAnTsnuniszunaldinaniiaeiug “Kent” 3

Ao




140 Chonburi Hospital Journal Vol.46 No.2 May-August 2021

3

wwIszvatulszmasenny Senhiialain19 naneug
selnifiuniszuinegludszinadannuilin “SuNug
denqu”3enla3alade-19 naneusmelvifiszuialu
won3nilan “anawnsuansnila” uazidenliianae
wuganelvsfinuaSuanluwiniduna 4 eufldumeanan
Uszmaundadssnadin wazdesidumeiugdim

ngfundszuinludszmauniadn “aennsuinda”

New names proposed for Covid variants

N
e Kent, UK B117 Alpha

}: South Africa B.1.351 Beta

ﬂ Brazil P.1 Gamma

= India B16172 Delta

Source; WHO B[B|C]

a1391 1 nasengahialada-19 naoiuisnaln anu
WARITLIAA To9dnenasas wazany WHO™?

3w (Genome) 28111381ATA-19 (SARS-CoV-2)
QNIAFEIAINGIAY (genomic sequence) LuaIU ) N3
fasNannun1IIesetasile wada (amino acid) Un
lun AlannhIsineaunmiaaisniaianiinaie
Wug (Mutation) i langdnssnveslSanaenly
NN Aniaswesd luausasfun 19uIn89N3
unIIzUne09l3alain19 (SARS-CoV-2) Wun1INane
Wi (mutation) Asuvvie D614G waelUafiwnua (spike
glycoprotein) Taguunufinsnanewugnaiadiuns 8n
ﬁqé’awummmaﬁuﬁ%ﬂmﬁmeﬁ'mﬂﬁmiﬂmaﬁuﬁ: m
Tonwula¥aladn9 naneugannang udgidermgin
Thainenliaruiia (concerned) AuNINaIERUGIH
VAN IWEJmezathqumiﬂawﬁuﬁ:ﬁﬂi?mwmm
(spike glycoprotein) Fafudmidnilialaia19 19l
nsfiaineznuidn newdimelwaadrosnuwe n1siia
miﬂmﬂﬂ’uﬁu’%nm‘[ﬂiauwmuﬁ s A IfaLTe
et AaTHLTIR N uazanadwaraLzANE M e
Joduildagluilagiin fogui 12

ORF 1a ORF 1b Spike protein ORF3a E M ORF 7a 7b ORF & N

BAAT
(501Y.V1)
Mutation of e
amino acids

J

TR L1 S R |
R e WAR 1815 o i)
v

HS ; ;zﬂ‘

Mutation of
amina acids
1

¥ 1 1

B.1.1.28.1
P1)

Moasser: T LTPDRKEN Ednt P
amin acids il
cL

il I

FNSYSTKY Kins R

o <«x
- <0

O

gﬂﬁ 12 LanINSUaguklasa1auYae amino acid Ut
meRugnITneetliialain-19 navewugane B1.17,
B.1.351 uaz B.1.1.28.1 (Zhou uazAmke)™

madeniali¥alain19 naiewug (SARS-Cov-2
Variant) uil aldlunsfineunanaieiing (mutation) fifin
T FnsmniinTsnanaueashIsnaneiug anusuan
Tunafadofiaewwadly maddsuudasidAniih
ARPHABAMNEINITNIUNTUNITZLIA AIHTHLTIVEY
m'i@m%”a mmmmaﬂumimuLﬁlmmﬁ neutralization
POILOUAUDA LazNanIzNUAaUIZRNBNIWYDIAEW N7
s uarmasnwwevhialadia19 (SARS-CoV-2) 7ild
pglunguininendaand uasnnliiminenluilindeg
MENwrIaNeIzUL 1 9u GISAID, Nextstrain uaz Pango
welfdnladreiuaunilunaznanaedlilmiinany
edadatssnanduunaoindiaoesliialaie19 nae
wugaelnd (SARS-CoV-2 Variant) avdAnsawidelan
(WHO) 338nu GISAID, Nextstrain, Pango uazngutin
Inenenanituinlunanelizing SaRnszUUNIReTe
T3alain-19 nanewuganelns lnaldanwan3nugu Aipha,
Beta, Gamma, Delta, ect uazlavinnissuunlada
Tp3a-19 nanesingaelna (SARS-CoV-2 Varient) Liu
5 ngu'>"® fil

1. Variants of Concern (VOC)

2. Variants of Interest (VOI)

3. Former variants of interest

4. Other notable variants

5. Notable missense mutations
Variants of concern (VOC) naal3anatawwsans
‘lmiﬁﬁ’né’adoNaﬂizﬂu‘l%ﬁaqﬁu”’”

Ta¥ananeiuganalnaiimadomansznuluiagiv
(VOC) ﬁ@m&’mm:@?ﬁmé’aﬁdﬂﬁf

1ffoyafuamliiiuirdonansznudonisnma
sy N3t wazdizdAndnainnistdesnuniifia

¥

WOINNNITAAIATY TATINUIBIUNIBAITATIANLITE




NImslsmenarayd I7 46 aufl 2 noumas-ean 2564 141

1a3a-19 Wiwidmune (target) 984ganTI9 (diagnostic
test kit)
11 dndngwiuanddiiiulszansnmianasda
mM3ine Baflanadousziusdoeiliinu
12 dnangiuduaaddiifiuinUszansanl
M7 neutralization Yo suanAVaANARTLAENAINIAN
Tiialadn-19 nianmerasn1idaindu anasninaeed
weIAYY
13 fvdngwiuandliiudiinnsandszansnm
Tumstlasiumadefsuusvosindu
2. finAnguiluaninTundszuangedu uaz
R kTN
3. findngwiuansliiwiinaadafianugues
NN
Tofanaeviugaelnaifiddoansenuluiagriu
(VOC) Taun
1. 1hialain19 nanewugaeRuguaan (SARS-
CoV-2 Alpha Variant) lineage B1.1.7
2. 1hialadn19 naeWugaeiugiun (SARS-
CoV-2 Beta Variant) lineage B.1.351
3. 1hialada19 naeiuganewugunua (SARS-
CoV-2 Gamma Variant) lineage P.1
4. Thiiala3a19 naneWugaenugiaas (SARS-
CoV-2 Delta Variant) lineage B1.617.2
Th5aladn-19 nangWusarawus uaanl
(SARS-CoV-2 Alpha Variant) lineage B.1.1.7 esp.,
B.1.1.7 with E484K
Th¥aladn-19 naeugaeiusioargnwuais
winluifiounaian w.a2563 ludszinasinge'’® Tudowu
Suwnen asdnsawmidelan (WHO) dUsznmatmdulSa
ﬂmﬂﬁuﬁ;‘mﬂmmmwnﬁﬁﬂﬁu (ﬁa;;ﬂ‘*?‘i 13) Mg
mizﬁmﬁl,l,wa""izmﬂLﬁuﬁgﬁu'qfamz 40-80 wumfinide
iAndwdn 2 winlunn 6.5 Tu (prevalence odds)® T
WannnwMAN wumenugueaniszuIale 120 Uszina
lan? fdnanmiivnldenmidadoguesdulaegain
PuninuanlulsneIuna uazdnndedin Tugie
wInnuEATMAReTInRNgTu mevdufununadeys
anaw lawuhaeiusioarvnlFnsdadadinagms
Wisdn MIneauauesiansinede EUA monoclonal
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waa A lvinsfnige juusinnndu vieinlrdszansam
Joununsfaselaia-19 vevinduanas

Scientific name
(Pango lineage)

Geographic region of Date first Date of

WHO name

first detection detected designation

Alpha variant United Kingdom (Kent) September, 2020 December 18, 2020 B.1.17

Beta variant South Africa May, 2020 December 18", 2020 B.1.351

Gamma variant Brazil November, 2020 January 11%, 2021 P.1

Delta variant India October, 2020 May 11*, 2021 B.1617.2

Adapted from the WHO updates on tracking SARS-CoV-2 variants. https://www.who.int/en/activities/tracking-SARS-CoV-2-variants [5].
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Wansznuluilaguu (Variants of concern: VOC)

+ $1 subunit > $2 subunit g
RBD §1/52
——
113 319 437508 541 687 788806 912 984 1163 1213 1237 1273
NTD : FP HR1 HR2 TM
| | [ | |
B.11.7 |~(m«| NSOIY ASTOD  PGBIH T7161 S9824 D111EH
_____ HVERTOdel IR .
B.1.351 fLt ‘nn];o’;lm «Jmu-[-nsm Ao
s DSOA L242204del  #EABIK
PA au} E1m HKATT | NS0TY uss!sv m!'m
N T20N[D138Y #

3171 15 uaavduvdanaesiugretliialaia-19 natesiug
eiugloan (B.1.17), aenugiun (B.1.351) uaz a8
WUGUNNHNT (P1) (Lianlian uazame)®

dmfuhiananeiuimelnd ngufididod g
niznuluagdu (VOO) flanusndudeunnianganmy
mmimqﬁlﬁmm:amﬂ'wﬁu IUIIEIWBIANITOWINEY
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Variants of interest (VOI) naalasanangwnsans
Tnaifioglwaraaule

Th¥snaneiugaelnifogluanuaula (VOI)
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Wug (Mutation) ﬁiﬁﬂﬁuqﬂiiuﬁLﬁm%’aqﬁumifﬁ”mﬂw
41 (Receptor binding) 2091238 dnalianaNEINII0
Tunstlasiunsfndesssiadn anananiaolumg
neutralization 2adkenAvaf MIRUIzENEAINYRINT
INEBARY ANafaN1IRTIIRIRE n1IAuKHIlIA LAANTT
LLWi'izmmﬁiuﬂL%ﬁumaamuﬁmwNquLLiwaxﬂimﬁNmﬂ
o V[,’J%’aﬂms;lﬁuﬁfmﬂ‘iﬁ@iﬁa%ﬂumwmﬂﬁ] (VoI Taun

hialadn-19 narsngaanusianan (SAES-
CoV-2 Eta Variant) lineage B.1.525 gﬂwm%mnh

Uazmasinnie uaztaemnaluiiEe Twdon Sunan w2563
Tiala3n-19 naanusaznnslaa (SARS-
CoV-2 Lota Variant) lineage B.1.526 QﬂWUﬂ%ﬂLLiﬂﬁl
fheada Uszmaamigewndn ludaungAinmen wA2563
Ta5aladn-19 nanawuga1aWws ualid
(SARS-CoV-2 Kappa Variant) lineage B.1.617.1
gnwuaTiusnludszmadwde Tudeusunay 2563
Th3aladn-19 nanaiugarewusuandlad
(SARS-CoV-2 Lambda Variant) lineage C.37
Tofananesiusanelyafimdsegluanaaula (VOI)
nguildasniInntanInem s IngnRnandy 01
msfusulin dumlsn femugaaidariainiulin se-
quence surveillance and epidemiology) WANANEN TN
o uanslunisnnaniuaziuunaeniug faaw
ANNLTIT0INTUNTTEUALAZ AN N UL TITD e TTATILA N
Tu famudszansmnlumatlosiulsavesiaduiige

o uazdizininarainisine

Geographic region of Date first Date of

Scientific name

WHO name (Pango lineage)

first detection detected designation

Epsilon variant USA March, 2020 March 5%, 2021 B.1.427/B.1.429

Zeta variant Brazil April, 2020 March 17, 2021 P2

Eta variant Multiple countries December, 2020 March 17, 2021 B.1525

Theta variant Philippines January, 2021 March 24", 2021 P3

lota variant USA November, 2020 March 24t 2021 B.1.526

Kappa variant India October, 2020 April 4%, 2021 B.1617.1

Adapted from the WHO updates on tracking SARS-CoV-2 variants. https://www.who.int/en/activities/tracking-SARS-CoV-2-variants [5].
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¥penz 70, 85 uaz 100 dniuinduifilszansnmias
8z 90, 70 uaz 50 mudR fonTmii 7, 8
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Vaccine effectiveness
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B eastes @) rubel B v ovaearaiants) (@ ntuenzaating [l nfuenzas

B © vaicelaaosia [ sscov2@117) | e

Virus

nawlfi 7 uansuszansmnlumaadegiduium (nerd
immunity) °1Jaﬁﬂ%uﬁi%agﬂuﬁwﬁuﬁﬂﬁa 9 @enug
sewindl e 2000-2021 Wuduaninsdniaduiiios
AgafiazmsnaoaagRduiunld 2naausnsisegm
(median) Sngnsagvagimiaiduianinlslanianis
a5 RduAunylEBuRadu(David uazam)®

A, Sars-Cov-2 (pre-B.1.1.7. variants) B. Sars-Cov-2 (B.1.1.7.)

B P —
S, -

nation coverage

Vaccination coverage

Vacci
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Proportional reduction in transmission
from naturally-acquired immunity

Proportional reduction in transmission
from naturally-acquired immunity

Vaccine effectiveness (%) :50 Em ‘:;o
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n3f 8 uanidpeazsasliranIigoiatadultau
ArauAqNIRelHAnn RN (herd immunity) Tuagiy
UszdnSnmaneiadu (vaccine effectiveness)uazithvang
Tun13aAnNT1932U1@ (proportional reduction in transmis-
sion) (David LazaAme)®
UszAndnmveasiaduidldegluiagtiiudsanisa
i']aaﬁ'umiamL§a01nla%’anmaﬁuf}:mﬂ‘lmﬂﬁ'ag_l'
n3ola

UAauNuD (interplay) 3zv1191213alA30-19 (SARS-
CoV-2) Auiraanuwdluszaznsszuiagiusniduliai
5IIHINA uendsnfinsdeiadunszdugiduiuaes
FrmeUiFuiusindnaUaensdasly wonsiianis
nanesing (mutation) votla3alade-19 Aaansadmniu
WIDVIAUNNT neutralization 20ILOWALAAUNEIUYIO
MevmaUnngiu mafahianaeiugaelva (SARS-

CoV-19 Variant) \WHIH 1ATUNGNUINNWAUITY

v
U Y oA

Mnialdalain19 seugasduivazansnmlung
flosrunsfnidonnliananeiusmelndanas fan
Judupddeizdaeimm Iaduldiiseansnngein
Tawantlasiunsfiaidansauaguliianaeiugae
Tnsl® iAo unumAus w.A2564 8IANIIBIMNITUALEN
yosUlsznAmIzaNIn(FDA) uansanxLiaduinindy
AlFsunsFusaslililunizanduiliedluanigomin
fofivszansnwlunatiosiumfadoradhianaeriug
meviuslnaifinuaglutfaqriuld®
hwanslwiveasturuzdanisszuinveslsalain-19
vasasdnsausislan (WHO) laildagiinganisda
Walada-19 wiailasiulalmAagaaidalaia-19
yalnaiiindusnwiniu uasndsmsilignaada
Ta3n-19 lingasanms wiamilannsuanen laigwuse
IBTIUNTIN

<

Usz@nSnnaesiaduaalrSanaranusananug
waaw (lineage B.1.1.7)
nnsinsndesdulasesdnisewdelannu
I TAFUIIUIENLOTAT TN B89DTENINITeT
lulenina uazaeiluinan diasfivszdnininlunis
fasiunisindalifanaeiugmeiuguoans e
Aasoanlisenadesiuidmanelvdassesdnisause
Tan Alosiulsiganidoluuanionnis viathiainauans
AlauussnmFedia 1nnIfnuaes Emary uazame
wuszdndmwiadurssuiEnieansioun deliia
naneiugaeuiuaanagiosa: 42-89 uaziifasa:
7191 dala¥ananeuganeiugiu’ Mahase E uazani
WUINIATUlwIA (Novavax vaccine) fuszdndniniu
nsosnulvlideiniuandlageiisiosa: 96 saliia
Tain19 meusaiiu unzanauniadonns 86 soliia
nagnugE e ugLaann®
UsznSmwasiadusalianananusananngium
(lineage B.1.351)
AINNIINUNINYDIDIANITOWINEIaNUUT DY a
Afagod1sdAnusd i szansawansiaduae it
LEATILTUNT wazaoviaduluanandaliianaiewug
SERngIUaaaasliunaty Indusesuiuninieed
Tuladuina LazuSHNIDYUTULEUIDVUTY (TATY
Janssen) anauiieadnios eRansonldsonadoeiv
Whvmnelndvesasdnsewdielan Adesiuligindal
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wapeIN e iannauaneiligusssaniedin Emary
KR wazamky Meuiansiuldldninduiilfaglu
gl pREuAUTIMesdueafianumaanlunis
neutralization LaFananeiugaewugiUmanat Jaduet
UIEN LeanT U Induayniia 3 (Sputnik V) Induved
UIENIauRuLOUIiUEY TaTurasuTeniwires Tule
WA InduresuiEnlanesu AUszanimnanauies
i&nttos Tuamefiinduresusuniluin (3aTu Coronavac)
wazInduusEndluniia (BBIBP-CorV) Husz@ndnnan
auantoeiielwnane®

TUFawNNIIAN W.A.2564 USENIDAUEBLOK
OFUTH ENWMIANEYTZENDNADITATIMEY (Jans-
sen vaccine) Tudszinauansnmla wuiniadusanndens
TallfAnmadadathunansfouusdldtanas 57 iawen
WeuiumsinenTulszinaanizenidn ogitesay 72

Fudi 17 NHAAUE N.A.2564 UiEnladUsznmea
MInTurainuwilazdnsninluni neutralization 1a3a
nanenuganeRugUmanas 2 Tu 3% danadeeAuTenw
189 Wang uazAmkz® uaz189 Hoffmann uazamke’” Jufl
1 INEEW W.A.2564 A3eiwn1Idnedicfnininiandn
psuTEnlnimes (BTN162b2) wWisuifisunuiadunasn
(placebo) ‘Lumiﬂaaﬁ’umiﬁm%yav[,’g%fanmﬂﬁutjmﬂﬁuﬁ
wan fidszmaensnild wanadnenlinunifadealn
nauildsuiatuesisnlvioes TwaneAlunguiliiady
vinonfifdnide 6 Melu 9 e

Gao Lm:ﬂm:ﬁwmﬁmﬂauLLauﬁuaﬁﬁgﬂm:éﬁu
Tnesaduiionne (inactivated vaccine) wesu3undln
W1iN (BBIBP) uaz Zhifei doliianaieiuganewugiun
(BA.351) Faiwzlaeeaindegaiuainiusiunaenis
Tukeninild o1g 55 T wudnszdndnnlunis neutral-
ization anay 1.6 1w Ameddedinulainiadudlunngu
(BBIBP) uaz ZF2001 geddszdnininnelunistans
Tafanmeiusmeiugium (81.351)" donmi 9

BBIBP-CorV Vaccinee Serun against Variants
L7x 05% C1,1.2-23)

14x (9595 1, 09-22) 0.4x (859 C1,03-03)

101 101

=
[

PVNT,, Titer (logs0)
=3
=

10° 1’
WidType  D6L4G WiidType  BLLT

3

WidType  BL351

CoronaVac Vaccinee Serum against Variants

P=0.004 P<0.001
0.5x (95%Cl, 0.3-0.7) 0.3 (95%C1,0.2-0.4)

08 (95% C1,06-1.2)

PVNT,, Titer (logy0)

WildType  D614G WildType  BLL7 WildType B350

NN 9 wamsdszdndaiwluniy neutralization 289
TATuUSENdluniin (BBIBP-CoV) wazu3undluuinm
(CoronaVac) fiaaatdomewugius (B.1.351) ¥1nnii

MeRuguaani(B.1.1.7) (Guo uazamz)®

TATUVDIVIENLOFAIUTLUAT (ChADOXT) 1T
Sodufignlfiduiiwamannlunaieuszina Gavin uazani
inmanasoulsz&nsninlunis neutralization 389 3A%%
saliiananenugmesiuguoan (8.1.1.7) menasnslé
SuindurasusunuasaT o Wad 2 Tugr 14 3
uaz 28 1 wudizAnSninanas 2.5 i1 (p<0.0001)
uaz 2.1 11 (p<0.002) aNa1ny Ak lainn1sdnenln
anwuetAsiiuAvbianaeiugaewugiumn (B.1.351)
Victoria strain wua1dszdndniwlunig neutralization
ana9 9 7 (p<0.0001) WamIANBITINDITLRLFRIN
1TusDIUTENLa AT N HUIE RN S MwTwn ey
mifadelifananeiugaeiusiuam (B.1.351) anad
s hianaeiugaeiuguaan (B.1.1.7) naiewrin
wiaeg9lsnen N3lasuinduleanTumnm 2 g
TiaadalIananeiusmeiugiun (8.1.351) 1ians
(?mL%aixﬁugmljaﬁaEJﬁﬂﬂmﬂquO anlan1an1innIg
fadapmaviadedinadld

TATur09uIENIwIIN (Novavax) “NVX-
CoVv2373” anmanaaaana 3 wuddszdnsainln
matfasAunifiaidaninmeiuiseduionn: 89.3
(95%C1:75.2-95.4) wazsialrianananugaenuguaan
(89nn.) Toear 85.6 wazdizdninmwanauvioiasas
49.4 delianaeRugmenugiun Wanwinild) an
UszdnsnmfianassinlunistiosiunisfadeainlaSa
NAENUGTERUGILAN Flwlemaian13szu1nd uay
nadadainnhisnaeiugmeiufiunluginediode
Aouniuingedu’

TATULAWLEY (Janssen) T89UTHNIDFUFULOY
WOABEW 1NN INARDUNET 3 %ﬁamwmﬂmﬁmﬁaéw
nnpRmesestan somerugaoie uazlisnaeiuime
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Tl nuddazansmalagsalumatiestunsdadelm
ﬂawﬁqquwmagﬂiﬁ%’amx 66 tNIUNNAHNT BN UTOLNIN
(woani) aARBLNINT (wnaxn) wazwanInld (lwen) ag
#%ouaz 72, 66 uar 57 AINAIGUT

Uszinsaniianasagreninluns neutralization
yoLouian Fl¥ananuannsnlunatlesiunsdiede
Ta3n-19 vosiaduiidliagluiagiu anhislaianane
WugEmeRugiuen (81.351) 9:anni3finuiaes Wibmer uaz
ALY WUUEUALaATIART MBVEINImEINMIBaLTe
1A3a-19 #Anuan1Inlunig neutralization anas 4 1
ol Fanaeiuganeiugiue (8.1.351) Usdtslanianis
ﬁmﬁa%wmrﬂﬁmmaﬁuﬁjmﬂﬁuﬁ:mm ‘lumjmuﬁ'mﬂﬁ@
daladin19 uiuingidus

waufveffignnizdulagiaduanisnlioes BT-
N162b2) #a1ua1813011N17 neutralization 11 3alA3n-19
TeRugAIFU (WildType (WT) SARS-CoV-2) wazlia
nanenugmenuguoani (B8.1.17) Tduanseiu danw
1130 TUN1T neutralization gIniuauAUaAvBIAEYNE
anmadaiela3alaie19 (convalescent sera) wARAIN
§1%1301N13 neutralization Thianaeiugaefugium
(B1.351/uaW3n 1% (SA)) anas 6.8 1 LiasanwunIan
mevug AL AuN Y N5OTY uay E484K/K417N
linsfaidauingidu uasnauniinns neutralization 14
HINTU Fensmdl 10

Convalescent Post-vaccination
sera sera
) & SARS- @) ,
T CTEE
YYY
YYY 100|
&80
g 80
o A
}~ ’{ = 40| 14{
L Y
YA B S
Y T '&\
qo10% 107 10° Y
Wild type serum N501Y/
N501Y dilutions  N417K/E484K

5N 10 uamsdszansninweesiaduusenlnioes BT-
N162b2) 1IauisunULawALUaANLAATBAIEAIIIN
e Ifiadalain19 daliiamenugaedu menug

LOANILAEIERUETIUAT (Alona uazame)®

Gavin R uazatke WUINAMNEINIININWNNT neu-
tralization TesLeRiUE TARIINMIRATATRIBILSEN
Iwed doliimnaenugmeriuguoan (B1.1.7) uwaz
MeRugUaN (B.1.351) anat 39 1 uas7.6 v e

SduSeuisniumeRusaoduss
3
Vaccine Typeofvacdne  Gene S Typeofins  Cotd  Variant Reduction fod  Reference
i (Contro}/variant)
Modema\eccre  RNA Vaccine S / psewdovius  D6HG  K4IZE4BKNSOTY- 27 Wuetal [57)
D614G
B1351 64
Modema\eccre  RNA Vaccine S 12 psewdoins  WT BT 18 Wang et al. [54
B1.351 86
Pizer/tioNTech ~ RNA Vaccine S 10 B1.17 2
Vaccine
B1.351 65
ModemaVaccre  RNA Vaccine S 40 psewdoins DG B117 211 Shen et al. (58]
NXCol2373  Protein s 28 2,25
nanopaticle
Pizer/bioNTech ~ RNA Vaccine S 40 psewdoins W BAAT 125 Muk et al [59)
Vaccine
Pizer/tioNTech  RNA Vaccine S 23 psewdoins  WT BA1T 3,85 Coller et l[60]
Vaccine
PizerftioNTech ~ RNA Vaccine S 20 et WI Mutant NSOTY 068 Xa R etal[6l]
Vaccine CDNA Clone:
Mutant 69/70 071
+N501Y+ DB14G
Mutant E48K+N- 1,23
SO1Y+D614G
Pizer/tioNTech ~ RNA Vaccine S 5 ifectous WT E484K Mutation 3.4 Jangra et al. [62)
Vaccine cONA Clone
PizerfuioNTech  RNA Vaccine S 20 iectoss NsOi  YSO1 1,46 Shietal [63]
Vaccine CONA Clone
PizerftioNTech ~ RNA Vaccine S 25 lvevius WI  B117 33 Gain R et al[55]
Vaccine
AsaloecaOford  Adenovins Vector S 25 lvevius WI  B117 2125
Vaccine Vccie
Pizer/tioNTech ~ RNA Vaccine S 25 lvevius WI BT 76 Gaiin R et al[56)]
Vaceine
MseZocaOfod Adenoiius Vector S 225  lvevius  WIa  B117 9

Vaccine Vaccine D614G

BBIBP vaccine Inactive vaccine  full 12 live virus Wr & B117 16
length DB14G

Zhifei vaceine Protein subunit ~ RBD 12 live virus Wt B117 16
vaccine

Geo et al. [64]

Annotation: S = Spike; RBD = receptor binding domain; WT = Wuhan reference strain; * No fold reduction in geometric
mean titers(GMT) was mentioned in this study, although the results showed that N501Y did not mediate antibody escape.

mswﬁ 4 LEAIAMNEIN1INIWNNT neutralization 284
wouduafiignnizduainnisdiniadu (vaccine-elicited
sera) U3EnIWires USENlNAIUY USENLOEATILTIUNN
UIndlunin (BBIBP) sialiiananeiugmenuguaan
W uwazfurdInaewugdAty (Lianlian uazane)®

ﬂi:ﬁ‘nﬁmwwaa%’m%udala%’anmﬂﬁuim UNWD

)
wnad (lineage P.1)
nmsAnenalumatiosiunsfiadevesindu
USEnlWiges wazvesuSenlunesun AUscdndnnan
avagnINFahIEnMeNUIERUGUNENT Mndayaoeng
THuwmensludseindmnaseinduusundlunae (Coro-
navac) Tndszanmanl@sunisdatadu 1 x sunIn
flosriunsfndalddosa: 50 foyaidosduannmadne
999 2 nIRNwAeIiUUsz AN waesIATuUsSnow
AT IUINT WU IR Yz NS wIunsdesnwnsfe
domeugunuan® nmanunasiasduanaiinng
owalan (WHO) fagnudoyafidaudrdrinumi
‘wmﬂ‘lmiﬁﬂmﬁ'ulﬂﬁl,ﬁmmiﬁmﬁ?jyajmm wa gAY
17T u0903ENdlwin (CoronaVac) WazUaiuIEn
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Flun1in (BBIBP-CorV) gepsidszandnmwsdaliianane
Wuﬁfmaﬁuﬁfmum ANNENNINIUNNT neutralization 81
woufvaffiiAniuainmInszdugiamendinisdnindu
PDIUTENLOFAT UL UazaaiuIEndluna lanaenio
anauieantioy 29usEnlWaskazesuSEnluAn I
anaadnToediunany FanTInd 11

B Convalescent Vaccinee Sera
Plasma )
Moderna Pfizer
106+ - E
-6.5X 34X -2.8X -4.8X 22X 38X
% p<0.0001 4 <0.0001 *p=0.0005 **p=0.0005 #p=00020 P=0.0020
01054 — —_— -4 — —_ - — —
: ~
81044 . E 4 Y~
T
o
0
5.10°4 - % b
Fi N
13 —a
102 . 4 \
| | | | | | | | | | | [
WT BZA10 WA1 P4 WT BZA10 WA1 PA WT BZA10 WA1 P4

n5A 11 Lamsm 3L Asunasnis neutralization 7 D50
AlFanwaanvesmeannmiadelain19 wasild
NNIgNnIzdualeindusasuisnluneiun uazvas
v3unnigas Tneld Wilcoxon matched-pairs signed rank
test. Two-tailed p values .BZ10 ( SARS-CoV-2 pseudo-
virus with all 10 mutations of P1 variant), WT or WA1

(wild-type), P1(gamma variant) (Pengfei uazame)®

ﬂszﬁ‘nEmvmao%m%u@ial’a%’ﬁnmﬂﬁuimﬂﬁuﬁ'

]
1aaa" (lineage B.1.617)

MnmInumumIRnefifeguuieyafisinis
Uszinsnneesinduratasanisewiselan (WHO) U
dhnanelnuditiasiuldlfifiansfadaguuse 3%fuh
TATUYRILIENUOTATUIUNN UazaIuTENvimeTdl
Yazdninwddaliimnareiuganenugiaan (Delta var-
iant) dhuiaduseuignaudslififeys Wogauaian
Tun13 neutralization 1avuanfveAfignnszdulaginduans
UIENLaaATITUN wuhanaudnies aaiuiuninises
uaz Covaxin wuhanasthunans laideyaindusosisniu

nnisane luiesdjuinisuaaeldiduie
UszdAnsanvnsiaduiigniaumsnainideseiug.fen
fuszansmnitaaasroidaliialaie19 naneug fiin
nInaneRug (mutation) filisfiunuia (spike protein)
JiderrgideiuinTadudlnd vz gnwauniudoed
Uszansmnlunatlosiunafinidannlsanaeiugae
WugliATouAguINTe

VACCINATION EFFICACY ON VARIANTS

Pfizer-BioNTech é’ Moderna # AstraZeneca %
(BNT162b2 mRNA) (mRNA-1273) (AZD1222)

i 24 24 24
AR (21 days appart) (28 days appart) (28 days appart)
SARS-CoV-2
(Wuhan strain) & 95% i 94% & 62-90%

. Similar or

e ogtom) e 12wl

9 & f  lesseffective &
B.1.351 1-35 time(s) 3-20 times 22%
(South Africa) L lesseffective . lesseffective 4%
B.1.1.28/P1 4-6 times 4-5 times Nodats
(Brazil) @i less effective g less effective

Eficent  Pobablylessefficent | Proablylss ornonefient — ef? mRNAvaceine 5 Adencyrusvacene (8 Humancau & nvimcats

A3 5 Wisueudseinsnneesinduusenlnioes
UIEnName I uasuIEnLeanT e AUhIFmenug
AtdU aevuguaan (B.1.17) @enugiue (B.1.351)

LazEBRUGUNNNT (P1) (Rozencwajg uazAmiy)®®

mssnwlsalada-19 (COVID-19 Treatment)

nagninadglumsinsnsinlialaia1g (COV-
ID-19) Fomitlosiuldlfideliminguadle® 35nd
pgluilagiu laun

1. Repurposed drug for inhibiting SARS-CoV-2
entry

2. Antibody and protein based antiviral therapies,
convalescent plasma

3. Peptides

4. Small-molecule compound

Repurposed drugs for inhibiting SARS-
CoV-2 entry

mslderdulsmietoonululilsalaie-19
(SARS-CoV-2) irad 1uwdsnsfisuasdtszaniow
edulFafldFunmIouiAnnesdnnamuazeue
an3gedinn (FDA) & 5 wilafe ribavirin, nafamostat,
chloroquine, penciclovir, nitazoxanide waeEWl3a7
145nu1lsalain-19 (COVID-19) ﬁi%’agﬂuﬂmﬁuﬁ 2 99
fa favipiravir (T-705) wagz remdesivir (GS5734)

Ribavirin, penciclovir uae favipiravir L‘flumiumjzu
nucleoside analogs paNqNBlAEMITAT NI IATIZS
m‘sﬁuqmw (interfering genome synthesis) AHNLTH
Fuflanansndusiniavhemeasiadesay 50 (EC50s)
fld1 109.5 M, 95.96 UM uaz 61.88 UM ANAIFL
Chloroquine uag remdesivir #u3zdnininlunisdiu
T¥aladn-19 187 ddn EC50s # 1.13 uM uaz 0.77 uM
pNE1AL®
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Remdesivir 4aaIRan135n8IfiAaINN133981M74
ARTA uARKadAegIieioaas 60 onslaivlszaen
Anptosldun Anewloddugein Houds diuuas 1
FnuiAnUNG anuduin e1mIlifszsedguussléun
MIARDIBIETHINIUUNWIDINAI8I2 LY (multiple organ
dysfunction syndrome) tinnizden uazlanine®

Chioroquine sangnasudsliialagmarleany
Lﬂum@mwaqLé’iaﬁjumsﬂwmﬁqﬁu (raising endosomal
pH) FefinasianisTInsanivu fusion) mamﬁaﬁﬂﬁmmnﬁla
ANLTAR ULazdn9219n1390 receptor 984113d (glycosyla-
tion)”? &wnIuliIaladn-19 dszdndawluwniidnenlud 8n
MfiTenwAnmEuTesilafiaUnd 9iia ventricular
arrhythmia aundaad1sun1aTnelulsswe uia a1nnin
600 18 Mlan a9ANIIBMITUATENYBIENTFaLNEN
gnidnnseuNfldlunsdiandueeten Chloroquine kaz
hydroxychloroquine Tun135nwnlaaladn1g ilevainny
funandeniuusadalisaniuen remdesivir

Nafamostat 1ugnasngnsnirdlumadudooslaos
§3u T9faa (broad-spectrum serine protease inhibitor)
Aflithnaneegi TMPRSS2 fvszansmwlunsulia
TA3n-19 fdn EC50s ol 225 uM Turiosmaans o
Nafamostat mesylate fieh EC50s agjfi 1.4nM fiizaddan
209N

SARS-CoV-2 v
§ protein priming 3

UMD (g )
TMPRSS2 T .

Umifenovir
@@ Mature SARS-CaV-2
Hydroxychloroquine s Vesicle formation
+senseRNA %} Translation of non-structural proteins :
Lopinavie/Ritonavir ] Mﬁ'
-sense RNA RNA Replication Trangdation of
_ SARSCov2
Remdesivir — : tructural protein.
Fasipiratir Genomic and
Triazavirin subgenomic
RNA @ Genonyd
replicatignand 5
L \ suberiiniic

] 2
311 18 uansnalnnIseanaMB Y89 unifenovir, lopinavir,
remdesivir, favipiravir, triazavirin W hydroxychloroquine
Tun13snen1fagalisalain-19 (SARS-CoV-2) (Nar-

asimhac WazAe)’™

Drugs

“Target

Description

Remdesivir

Tocilizumab

Hydroxychlorogquine

Lopinavi/ritonavie

Favipiravir

Triazavirin

Umifenovir

Corticosteroids—dexamethasone

RNA-dependent RNA polymerase enzyme

Interleukin-6 (IL-6)

‘Target the binding of § protein to
ACE receptor [132]

3CLpra-CoV protease cleaves polyproteins
during viral replication and assembly

RNA-dependent RNA polymerase enzyme
RNA-dependent RNA polymerase enzyme

Blocks the viral entry to the host

Proinflammatory genes coding cytokines,
chemokines, cell adhesion molecules,
inflammatory enzymes, and
receptors [129, 133]

Used in the treatment of individuals with
mild-to-moderate COVID-19 [128, 129]
Inhibit viral RNA synthesis
1t did not reduce mortality, the need
for mechanical ventilation, or the
duration of hospital stay
Used in the treatment of severe
cytokine release syndrome
In COVID-19 patients, it reduces
the use of mechanical ventilation and
improves lung function [130, 131]
More clinical validations are required [131]
HCQ did not effectively prevent COVID-19
infections as it could not slow down the
disease progression, pneumonia, acute
respiratory distress, and death
The combination is used in the treatment
of mild, moderate, and severe COVID-19
infection by suppressing the viral load [128]
More clinical validations are required
Inhibits viral RNA synthesis; more clinical
validations are required
Inhibits viral RNA synthesis; more
dinical validations are required
Showed no effect in reducing viral load in
COVID-19 patients
Recommended for patients with severe
COVID-19 reduces lung inflammation, duration
of mechanical ventilation, and mortality
[134]. but not recommended to the patients
comaorbid with diabetes due to the chances of
mucormycosis (black fungus) growth

{ | £ P 1%
A1391 6 LansAurkinanngniLazdaUidlunsleen
ful3alAin-19 (SARS-CoV-2) (Narasimhac uazam)™

Antibody and protein based antiviral therapies,
convalescent plasma

Ltauﬁuaﬁmﬂﬁuﬁftﬁ'm (Monoclonal antibodies
(mAbs)) 1iu recombinant protein fl#an B Cell 984
Fivnaanmsfalialaie19 wianndnidgnnazdu
paauiulaeldsfuruin (S protein) 2avlialain-19
(SARS-CoV-2) (#1317l 29uaz30) mAbs ziuuaz
neutralize 123ala3A-19 (SARS-CoV-2) tasnuldliliia
Taia19 Wnguaale Uszdndniwlunis neutralization
13alain-19 e (SARS-CoV-2 pseudovirus) HA1
IC50 1 0.0038 pg/mL uazfi 0.4360 pg/mL §n3uide
T3alein-19 ui™ dadunsainRdunusia “Passive
immunization” Tusniz iadugnlddvisvnantunatiaiv
nafiaide N3l mAbs idwismaniteildlunissnegi
fotalain19 Jz82FLINROANEINTUTAY LAZAAAH
JuLTTRINIAALTE

Sequence and identity  Analyse X Select
¢ o

Process.
Source material

Search
Screening for RBD-specific
ingle B cells

¥

31Jﬁ 19 LEAYATTUINNIINAA single-domain antibodies
(sdmAbs) NWANEN1VIEVIEIINNIAATELATIA-19
MIDIINTNINYNNITAUN AN (Peter uazams)*
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29 ese 200

a b [
* f
Convalescent, PBMC
Healthy human mca::;l:::ml plsnsy mﬁﬁ" “D Antigen
/

Blymmocmel\ / B cell envichment son |
" .‘ ¥y
Blymphot Tumor colls
Phagenmi 4 mn% “m‘.::r
PCR l““““‘“’" 0 usion
% |
s v
- bridoma 1
Phage antibody Hirkionz I8 m
display libraries. mAbs
Antibody selection

LY-CoV-555 REGN10933 and REGN10987

gﬂﬁ 20 uEAINIIESISLeRAUERdaTelITalaTA-19
(SARS-CoV-2) #redmauansienu 3 33 1ialilé Sin-
gle domain monoclonal antibodies (sdmAbs). CT-P59,
Ly-CoV-555, REGN 10933 uaz REGN10978 (Zhang
UaEAWY)?

Convalescent plasma therapy Hwnsimansaan
Algngimeannmiiadaleinig uddelduniloe
indeladn-19 finasfioinuaacey dadu “Passive
immunization” n113nud83En1T0awaaNign
fufinmaldunasusgalumo dmiunisunndadeln
gniwfinliuiundt 125 I Tunsinwilsarefiu (diph-
theria)” gnlalugreszuinvetldninlrnmuln Tl ae.
1918 gnlelunisszuinvas SARS ull A.f.2003 gnlalu
nmsszuInvasldniaun (HIN1) il a.6.2009 wazgnldln
nIfade Ebola Tunivuenint udl a.a.2015 nische
waERn3nwlnIzezLINGRYeINIBade Uizansnm
TUMISNIR (FINTINT 12) Zeng LazAme T189TWINNTT
%’ﬂmﬁ’gEﬁ%'rmfhﬂwaﬂauﬂmmx‘ﬁ'mi&@L*?}Ja§uLL30mﬂ
ua lWlaananinniaiedin’®

B Convalescent Serum against Variants

P<0.001 P=0.02
2.4x (95% Cl, 1.9-3.0)
—

09x (95% Cl, 0.7-1.3) 0.5x (95% Cl, 0.4-0.7)

PVNT,, Titer (log;o)

Wild Type  D614G Wild Type  B.L.L.7 Wild Type  B.1.351

N9191N 12 LaRsIEENENMNIBINAIFNIVDIEEIINNTT

AngaliTalain-19 Aumenuindiu fenuguoan uay
A 49

SENUGLUAT (GUO UaALY)

LonivadgmdeliSalain1g ﬁnﬂmﬂﬁuﬁlﬁm (Anti-
SARS-CoV-2 monoclonal antibody) 3 g#3 Alasuns
andAlAldlunzanduainasdnisemauszenlssing
ﬁw%gam%m (FDA Emergency Use Authorization (EUA)
for the treatment of COVID-19) wazaIAn1TemINelan
(WHO)

1. Bamlanivimab plus Etesevimab

2. Casirivimab plus Imdevimab

3. Sotrovimab

S —
: Imdevimab i
H i

SARS-CoV-2

i | Antibody prevents
1 | viral binding and/or
! | fusion with host cell

311 21 uaaenalnn13rinareas Monoclonal Antibodies
(mAbs) Qmwamz*ﬂ’iw Bamlanivimabitae Etesevimab,
Casirivimab uae Imdevimab (Peter uazame)*

uwansHialunissneilsalain-19 ade
mAbs nalanisend@lilgluarizaniadn’ (The
COVID-19 Treatment Guidelines Panel’'s Statement on the
Emergency Use Authorizations of Anti-SARS-CoV-2
Monoclonal Antibodies for the Treatment of COVID-19)
Toaula W islwnsdianidn (Emergency Use Au-
thorization (EUA))

mﬁmsmmnmzmﬂizmﬁﬂw%’@am%m (FDA) ausif
TWlden Ant-SARS-CoV-2 mAbs Faiflueniidslsinums
Fu3e (unapproved) Trldlunssnlatunizanidudmiu
fhedndaleie19 Aflanuguissiosfahunans Tudlvg
wasfniifongannd 12 Bishivinannn 40 Alanu 7
fanudssgenimainiiulsilomaiaongiugm
fhedesgeindiiulsailemawamngiuguusdldun

Kg9e1e ¥1nndn 65 1 (Alla)

AREIK BMI >30 kg/m2 Tunsdiianengszning
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1247 ¥ 711 BMI > 85 percentile (Alla)

KR8 (Alla)

fihalsavaandanuaziila 9w fiheifianuin
Unfvasiilaudinia filreanueu (Alla)

dielsadandods wu Fuelsaneanlysomas
r;:iﬂawauﬁwmnmumz?mm interstitial lung disease,
cystic fibrosis 8z pulmonary hypertension (Alla)

MhefifgAduiuunwinmioldTuenagiduimu
(Alll)

AW BMI 25-30 (BIIl)

Krefingas (BIN)

rzziﬂmhﬂlm%ya%’a (BIll)

Ki1el3m Sickle cell disease (BlI)

KUeRn1IneaNes (Bl

fhefidasitonniaiasiiomenaunng (medicakre-
lated tecnological dependence) LT ﬁﬂmﬁiﬁfﬁaﬁﬁm
wmelafivasnan (tracheostomy tube) Q’ﬂaﬂﬁm%m‘ma
mela grhedaaldnririas (gastrostomy) (BIIl)
ITAUNITUBEWT A NINWUL (Strong)

B 1Yunae (moderate)
C nuLaan (optional)

sEaUAMNEaNwBIl sz nY

| .InMFIENAGRNLULEN (randomized trial) ‘ﬁ
TafidadnnadrAny oo 1 1w

lla 3INMTIENIARRNLULEN (randomized trial)
AfidasnndAny

b ﬁnﬂmiﬁqm@m%amiﬁﬂmmﬂﬁﬁju (nonrand-
omized trial: None RCT)

Il A eI FeTy
ﬂ’li'ii’lu%ﬂ&jﬂ')ﬁl@l'l&m@:&téﬂd

Alla §hengaidsgeanmsdnsninidin

Alll fianfiannuunniaimialaiueinand

Bil fihefflsavdanozdeuddayaanmafne
£99710
Badnalwn1saud@ Wi (Limitations of Authorized
Use)

1Tl ESuayfa il dlugedalud

fthefsnendalulsanennaiiasnniadalaie-19

el #uoondnmiannisindalain1g

fiefifianudesniseandawingeduilosain
mafiadalain viegidlaUszssaidaddeandianadng
Aaiasagnan

Emergency use authorization (EUA) of Bamlanivimab
plus Etesevimab
DM IUIMsewaNe Bamlanivimab Ny Etesevimab

WaNE1 Bamlanivimab 700 Ra&nIN(208a88#17)
AU Etesevimab 1,400 88n3x (40 faddnd) W1aen
LEFoalaErinaD (0.9%NSS) 100 faAART WENLLN
Tnamanaurinindelisn Fawen Yazanm 10 asuie
TdlAAanps N e LA dadasalEana 9 9 (infusion
pump %38 gravity) mevasiasunifaasedialialain19
TS gaiTululs udlsiAin10 Sumevasiainauans
e 1 @S (dose)
Emergency use authorization (EUA) of Sotrovimab

Sotrovimab uwauivefanmeiusiieswie
SARS-CoV-2 ﬁﬁmmlﬁnxmqﬂumi conserved epitope
#i receptor binding domain (RBD) unli/sfiunsny 904
\¥9 SARS-CoV-2 m13 epitope Rlanudaudusiiuni
naneugilflunmrzydandnsofiodhisimasze
pguazaglunnaula auislagu Sotrovimab A
tazdndnnlung neutralization nuliialaie-19 nane
AugaeRuguaan(B.1.17) aewusiue (8.1.351) e
WHSUWNNHT (P1) snenusleUdaeu (B.1.427/429) ae
Wuslas (B1.526) fnalunmianlemalumssoeinusalv
l3nenna Soeas 6 LazanszaziiamMIvanlblaine 1La
areanauanlamaIuthewsrmiedindosas 85
25n15U3%1381 Sotrovimab

2u1A87 Sotrovimab 500 Hadnin (8 Haddng)
Baaslwinde (0.9% NSS) 100 HaAAAT WANLLN
Tnennanasinundelusn Uszanm 35 aSudeldldiin
Nogend  Aadnaenaane1T g wIwnI1 30 W
menatlasunitanefnlialaie-19 uazlsuiin 10 u
Menatiennauans Wiies 1 A39 (dose)
Peptide-based antiviral therapies
mataglusznineimm szau preclinic TUull 5 ngw Ao

1.Peptides targeting RBD. n179ULN123¢Y119
receptor binding domain(RBD) aa4l13ala%n (SARS-
CoV-2) uaz ACE2 receptor 909L1aaN I udnnan
ddihimnduraduasihlugnmidadeluign nns
49927190139V ¥I719 RBD 989l13auas ACE2 984
was Indunnuadidgaeimndnediuliialaia

2. Peptides Targeting HR1

3. Small molecule compound based antiviral
therapies
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4. TMPRSS2

5. Cathepsin B/L inhibitors
iezilasiwnisiiabSananainsaralusiluewiaa
Taaanals

naungszuiavashisduasmgdaniilignis

NaNENKE 13AIIIYNIEM A BrEAEINILNTIZLIATDY

' '
=

i wedosinnafiananaieiug FadumedAty

]

a

viluszanBnmaasinduiidaganas nouadiAyogd
mammmmwﬂ%a (stop the spreading) lnen1aneile
U989 NIFINABININOUINE ﬁmzﬂ:ﬁwi:ijqﬂm
wanaesanuitla anniAemligzaan w%aﬁmwﬁ's}
Affeududs iHowmunTedudalvaldiseansnmlunns
flosrunidaideliesouagulaiananeiugmelnaliis,
fign uazdniadulinsouagulsznnilildnnian Tne
Tdsuand Ay unguegerion Insmeniviuila
Urznsl#uiadwAanandu mIszuiaazanas maia
mananesiugazanas lusnzideaiwiningmandifon
Taguffidulunisilaiaiimminmedhia inldghis
nneugamelviidanuanInlummanidsimamia
IINNAANIUIBITNNY
arseznanulialadn-1e arawuglusadiels
hialain19 menugvd fanuaimnsalummay
N3N0 (neutralization) maaqﬁﬁ:mﬁmae‘mmﬂlﬁﬁﬁu A
anusEnIntunauniszuealdlde dldnogaadald
uniu hiananeiugmeiugliausariligineme
PnmIfindelaia19 udufanfiaidadld uindade
luaniinefindouds vioauiiagldunsiaiaduasy
uizfianaguustosninndeiieuiuniiszuiaey
winvieddiluimeldTuiadu
ilusianaddglunmsdadaduluibgiuiialya
NAUWWEFNRS L8l
Sadwiwadasiafiddnyfigalunslideiulia
szinalaie9 nfisansuluszunanssugeinTaduds
fUszlomflunisaannuguuTiesIAniiouazann
gudedin Jwednsdaidendindogluamed indosld
Anenmjeulumadiaiadwiesanfduiuny (herd
immunity) wduineziinlidanatenugaenug lns
Aflanassnluniaundnizuunisiida (neu-

tralization) vasuanfived vliUszdnininaesindn

anay Iadudatgniaw lidesiunisfiareaintaia
NAEWHE A LA wanineaulrdaanieiinuLsas

Anlannne

1@NaN39199

1. Ahlam C, Cedric H, Evelyne S. Anti-SARS-CoV-2
Vaccines and Monoclonal Antibodies Facing Viral
Variants. Viruses 2021; 13: 1171. Available from:
https://www-ncbi-nlm-nih-gov.cuml1.md.chula.
ac.th/pmc/articles/PMC8234553/pdf/virus-
es-13-01171.pdf. DOI:10.3390/v13061171.

2. Qiangian Z, Rong X, Shanshan H, Yunjiao Z, Shibo
J, Qiao W, et al. Molecular mechanism of interaction
between SARS-COV-2 and host cells and interven-
tional therapy. Signal Transduction and Targeted
Therapy 2021;.6: 233. Available from: https://www-
ncbi-nim-nih-gov.cuml1.md.chula.ac.th/pmc/articles/
PMC8193598/pdf/41392_2021_Article_653.pdf.
DOI: 10.1038/s41392-021-00653-w

3. Weilin Z, Wei W. Fast-spreading SARS-CoV-2
variants: challenges to and new design strate-
gies of COVID-19 vaccines. Signal Transduction
and Targeted Therapy 2021; 6: 226. Available
from: https://www-ncbi-nim-nih-gov.cumii.
md.chula.ac.th/pmc/articles/PMC8187888/
pdf/41392_2021_Article_644.pdf. doi:10.1038/
s41392-021-00644-x

4 Peter CT, Andrew CA, Matthew MH, Inmacu-
lada de la T, Kevin W, Robert LG. Neutralizing
monoclonal antibodies for treatment of COV-
ID-19 .Nature Reviews Immunology.2021. Avail-
able from: https://www-ncbi-nim-nih-gov.cumii.
md.chula.ac.th/pmc/articles/PMC8054133/
pdf/41577_2021_Article_542.pdf. DOI:10.1038/
s$41577-021-00542-x.

5. Cheng VG, Lau SK, Woo PC, Yuen KY. Severe
acute respiratory syndrome coronavirus as an
agent of emerging and reemerging infection. Clin
Microbiol Rev 2007; 20: 660-94.




154 Chonburi Hospital Journal Vol.46 No.2 May-August 2021

10.

11.

12.

Julu B, Joy G, Sarah RS, Lindsey BE, Suxiang T,
Ying T, et al. Evidence of severe acute respiratory
syndrome coronavirus 2 replication and tropism
in the lungs, airways and vascular endothelium of
patients with fatal coronavirus disease 2019: an au-
topsy case series. The journal of infectious diseases
2021. Available from: https://www-ncbi-nim-nih-gov.
cumli.md.chula.ac.th/pmc/articles/PMC7928839/
pdf/jiab039.pdf doi:10.1093/infdis/jiab039

Arturo C, Jeffrey PH, Michael JJ, Lilse-anne P.
SARS-CoV-2 variants and convalescent fallacies
and opportunities. J Clin Invest 2021; 131(7):
€148832. Available from: https://dm5migu4zj3pb.
cloudfront.net/manuscripts/148000/148832/
cache/148832.2-20210317170815-covered-e0fd-
13ba177f913fd3156f593ead4cfd.pdf. DOI:10.1172/
JC148832

Gudbjartsson DF. Spread of SARS-CoV-2 in the
Icelandic population. N Engl J Med 2020; 382(24):
2302-15.

Jonathan LG, Njira L, Adam SL, Anna SL. SARS-
CoV-2 vaccines: a triumph of science and collabora-
tion. JCI Insight 2021; 6(9): €149187. Available from:
https://www-ncbi-nim-nih-gov.cuml1.md.chula.ac.th/
pmc/articles/PMC8262277/pdf/jciinsight-6-149187.
pdf. DOI:10.1172/jciinsight.149187

Sarah AC, Lars EC, Junhua P, Adrian C, Lindsay
GA, Jonathan A, et al. SARS-CoV-2 evolution in an
immunocompromised host reveals shared neutral-
ization escape mechanisms. Cell 2021; 184: 2605-
17. Available from: https://www-ncbi-nim-nih-gov.
cuml1.md.chula.ac.th/pmc/articles/PMC7962548/
pdf/main.pdf. DOI:10.1016/j.cell.2021.03.027
Martin MA, Vaninsberghe D, Koelle K. Insights from
SARS-CoV-2 sequences. Science 2021; 371: 466-7.
Michelle Roberts. What are the India, Brazil, South
Africa and UK variants ? BBC NEWS, June 6,2021
What are the India, Brazil, South Africa and UK

variants?. BBC News

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Weilin Z, Wei W. Fast-spreading SARS-CoV-2 var-
iants: challenges to and new design strategies of
COVID-19 vaccines. Signal Transduction and Tar-
geted Therapy 2021; 6: 226. Avallable from: https://
www-ncbi-nim-nih-gov.cuml1.md.chula.ac.th/pmc/
articles/PMC8187888/pdf/41392_2021_Arti-
cle_644.pdf. DOI:10.1038/s41392-021-00644x
SARS-CoV-2 Variant Classification and Definitions.
July 13, 2021. Available from: https://www.cdc.gov/
coronavirus/2019-ncov/variants/variant-info.ntml
Dinah VP. Editorialed World Health Organization
(WHO) Terminology for Variants of Concern and
Variants of Interest of SARS-CoV-2. Med Sci Monit
2021; 27: €933622. Available from: https://www-nc-
bi-nim-nih-gov.cuml1.md.chula.ac.th/pmc/articles/
PMC8230247/pdf/medscimonit-27-e933622.pdf
doi:10.12659/MSM.933622

Wikipedia. Variants of SARS-CoV-2 July 8, 2021;
Variants of SARS-CoV-2 - Wikipedia.html
“Tracking SARS-CoV-2 variants”. who.int. World
Health Organization. Available from: https://www.
who.int/eng/activities/tracking. SARS-CoV-2 variants/
13 August 2021

“SARS-CoV-2 Variant Classifications and Defini-
tions”. CDC.gov. Centers for Disease Control and
Prevention. Updated frequently.

“PHE investigating a novel strain of COVID-19”.
Public Health England (PHE). 14 December 2020.
“New evidence on VUI-202012/01 and review of
the public health risk assessment”. Knowledge
Hub. 15 December 2020

PANGO lineages Lineage B.1.1.7 cov-ineages.org,
accessed 15 May 2021

“South Africa announces a new coronavirus vari-
ant”. The New York Times. 18 December 2020.
Retrieved 20 December 2020

Abdool Karim, Salim S. (19 December 2020). “The
2nd Covid-19 wave in South Africa: Transmissibility

& a 501.V2 variant, 11th slide”. www.scribd.com.




Nimslsmenuarayd 97 46 auf 2 woumas-Aovan 2564 155

24.

25.

26.

27.

28.

20.

30.

"Statement of the WHO Working Group on COV-
ID-19 Animal Models (WHO-COM) about the UK
and South African SARS-CoV-2 new variants” (PDF).
World Health Organization. 22 December 2020.
Retrieved 23 December 2020

“Japan finds new coronavirus variant in travelers
from Brazil”. Japan Today. Japan. 11 January 2021.
Retrieved 14 January 2021

"Living Evidence - SARS-CoV-2 variants”. Agen-
cy for Clinical Innovation. nsw.gov.au. Ministry of
Health (New South Wales) Last updated 16 August
2021

Nascimento V, Souza V (25 February 2021). “COV-
ID-19 epidemic in the Brazilian state of Amazonas
was driven by long-term persistence of endemic
SARS-CoV-2 lineages and the recent emergence of
the new Variant of Concern P.1”. Research Square.
doi:10.21203/rs.3.rs-275494/v1. Retrieved 2 March
2021

Andreoni M, Londorfo E, Casado L (3 March 2021).
“Brazil's Covid Crisis Is a Warning to the Whole World,
Scientists Say — Brazil is seeing a record number of
deaths, and the spread of a more contagious coro-
navirus variant that may cause reinfection”. The New
York Times. Retrieved 3 March 2021

Zimmer C (1 March 2021). “Virus Variant in Brazil
Infected Many Who Had Already Recovered From
Covid-19 - The first detailed studies of the so-called
P.1 variant show how it devastated a Brazilian city.
Now scientists want to know what it will do else-
where”. The New York Times. Retrieved 3 March
2021

Pengfei W, Ryan GC, Manoj SN, Jian Y, Gabriele C,
Lihong L etal. Increased resistance of SARS-CoV-2
variant P.1 to antibody neutralization. Cell host &
Microbe 2021:29:747-5.1 Available from: https://
www-ncbi-nlm-nih-gov.cumli.md.chula.ac.th/pmc/
articles/PMC8053237/pdf/main.pdf. doi:10.1016/j.
chom.2021.04.007

31.

32.

33.

34.

35.

306.

37.

SARS-CoV-2 variants of concern and variants
under investigation in England, technical briefing
14 (PDF) (Briefing). Public Health England. 3 June
2021. GOV-8530. Retrieved 26 June 2021
Schraer, Rachel (4 June 2021). “Nepal variant’:
What's the mutation stopping green list trips to
Portugal?”. BBC News. Retrieved 18 June2021
Lianlian B, Fan Gao, Jialu Z, Qian H, et al. Effects
of SARS-CoV-2 variant on vaccine efficacy and
response strategies. Expert Review of Vaccines.
Available from: https://www-ncbi-nim-nih gov.cumli.
md.chula.ac.th/pmc/articles/PMC8054487/pdf/
IERV_0_1903879.pdf. DOI:10.1080/14760584.2
021.1903879.

Centers for Disease Control and prevention SARS-
CoV-2 Variant classifications and definitions August
17, 2021. Available from: https://www.cdc.gov/
coronavirus/2019-ncov/variants/variant-info.ntml
BBC News, Soutik Biswas, 25 March 2021, A
new “double mutant” variation of the coronavirus
has been detected from samples collected in
india. Available from: https://www.bbc.com/news/
world-asia-india-56517495

Hin HG, Alan T, Benoit M, Kristin CG. Structural
Modeling of the SARS-CoV—2 Spike/human ACE2
Complex Interface can Identify High-Affinity Vari-
ants Associated with Increased Transmissibility.
Jdmb 433(2021)167051. Available from: https://
www-ncbi-nim-nih-gov.cuml1.md.chula.ac.th/pmc/
articles/PMC8118711/pdf/main.pdf. https://Doi.
org/10.1016/}jmb.2021.167051

Ruoke W, Qi Z, Jiwan G, Wenin R, Rui Z, Jun Lan,
et al. Analysis of SARS-CoV-2 variant mutations
reveals neutralization escape mechanisms and
the ability to use ACE2 receptors from additional
species. Immunity 2021; 54: 1611-21. Available
from: https://www-ncbi-nim-nih-gov.cumii.md.chula.
ac.th/pmc/articles/PMC8185182/pdf/main.pdf.
https://doi.org/10.1016/j.immuni.2021.06.003




156 Chonburi Hospital Journal Vol.46 No.2 May-August 2021

38.

39.

40.

41.

42.

43.

44,

Alona K, Yara K, Olga V, Ayelet KN, Liora BC, Ran
T, et al. SARS-CoV-2 spike variants exhibit differential
infectivity and neutralization resistance to convalescent
or postvaccination sera. Cell Host & Microbe 2021; 29:
522-8. Avallable from: https://www-ncbi-nim-nih-gov.
cuml1.md.chula.acth/pmc/articles/PMC7980135/pdf
https://doi.org/10.1016/j.chom.2021.03.008

David H, Stefan F, Mark J, Adam JK, et al. The
potential for vaccination-induced herd immunity
against the SARS-CoV-2 B.1.1.7 variant. Euro Surveill.
May 2021; 26 (20). Available from: https://www-
ncbi-nim-nih-gov.cuml1.md.chula.ac.th/pmc/articles/
PMC8138959/pdf/eurosurv-26-20-1.pdf https://doi.
org/10.2807/1560-7917.ES.2021.26.20.2100428
Mahase E (March 2021). “Covid-19: Where are
we on vaccines and variants?”. BMJ. 372: n597.
doi:10.1136/bmj.n597. PMID 33653708. S2CID
232093175

Office of the Commissioner (23 February
2021). “Coronavirus (COVID-19) Update: FDA
Issues Policies to Guide Medical Product De-
velopers Addressing Virus Variants”. U.S. Food
and Drug Administration (FDA). Retrieved 7
March 2021

Emary KR, Golubchik T, Aley PK, Ariani CV, Angus
BJ, Bibi S, et al. (February 2021). “Efficacy of ChA-
dOx1 nCoV-19 (AZD1222) Vaccine Against SARS-
CoV-2 VOC 202012/01 (B1.1.7)”. SSRN 3779160
Mahase E (February 2021). “Covid-19: Novavax
vaccine efficacy is 86% against UK variant and 60%
against South African variant”. BMJ. 372: n296.
doi:10.1136/bmj.n296. PMID 33526412. S2CID
231730012

Johnson & Johnson Announces Single-Shot
Janssen COVID-19 Vaccine Candidate Met Pri-
mary Endpoints in Interim Analysis of its Phase
3 ENSEMBLE Trial” (Press release). Johnson &
Johnson. 29 January 2021. Retrieved 29 January
2021

45.

46.

47.

48.

49.

50.

51.

Liu Y, Liu J, Xia H, Zhang X, Fontes-Garfias CR,
Swanson KA, et al. (February 2021). “Neutralizing
Activity of BNT162b2-Elicited Serum — Preliminary
Report”. The New England Journal of Medicine.
doi:10.1056/nejmc2102017. PMID 33596352
Wang P, Nair MS, Liu L, Iketani S, Luo Y, Guo
Y, et al. (March 2021). “Antibody Resistance
of SARS-CoV-2 Variants B.1.351 and B.1.1.7".
Nature. 593 (7857): 130-35. Bibcode:2021Na-
tur.593.130W. doi:10.1038/s41586-021-03398-2.
PMID 33684923

Hoffmann M, Arora P, Gross R, Seidel A, Hoernich
BF, Hahn AS, et al. (March 2021). “1 SARS-CoV-2
variants B.1.351 and P.1 escape from neutraliz-
ing antibodies”. Cell. 184 (9): 2384-2393.e12.
doi:10.1016/j.cell.2021.03.036. PMC 7980144.
PMID 33794143

Pfizer and BioNTech Confirm High Efficacy and No
Serious Safety Concerns Through Up to Six Months
Following Second Dose in Updated Topline Analysis
of Landmark COVID-19 Vaccine Study”. Pfizer (Press
release). 1 April 2021. Retrieved 2 April 2021
Guo-Lin W, Zhuang-Ye W, LinJun, Qing-Chuan M, et
al. Susceptibility of Circulating SARS-CoV-2 Variants
to Neutralization. N Engl J Med. 2021. Available from:
https://www-ncbi-nim-nih-gov.cuml1.md.chula.ac.th/
pmc/articles/PMC8063885/pdf/NEJMc2103022.pdf
Oxford University. ChAdOx1 nCoV-19 provides minimal
protection against mild-moderate COVID-19 infection
from B.1.351 corona virus variant in young south
African adults. 2021 [cited 2021 Feb 15]. Available
from: https://www.research.ox.ac.uk/Article/2021-02-
07-chadox1-ncov-19-minimalprotection-againstmind-
covid-19-from-b-1-351-variant-in-young-sa-adults.pdf
Novavax. Novavax COVID-19 vaccine demonstrates
89.3% efficacy in UK Phase 3 trial 2021 [cited 2021
Feb 15]. Available from: https://ir.novavax.com/
news-eleases/news-release-details/novavax-covid-19-

vaccine-demonstrates-893-efficacy-ukphase-3 pdf




Nsmslsmenuarayd 7 46 aufl 2 woumas-oan 2564 157

52.

53.

54.

55.

56.

57.

58.

59.

Johnson & Johnson. Johnson & Johnson announces
single-shot Janssen COVID-19 vaccine candidate
met primary endpoints in interim analysis of its
Phase 3 ENSEMBLE trial 2021 [cited 2021 Feb
15]. Available from: https://www.jnj.com/johnson-
johnson-announces-single-shot-janssen-covid-19-
vaccine-candidate-met-primary-endpoints-in-interim-
analysis-of-its-phase-3-ensemble-trial pdf

Wibmer CK, Ayres F, Hermanas T. SARS-CoV-2
501Y.V2 escapes neutralization by South African
COVID-19 donor plasma. Nat Med. 2021. DOI:
10.1101/2021.01.18.427166

Wang P, Nair MS, Liu L, et al. Increased re-
sistance of SARS-CoV-2 variants B.1.351 and
B.1.1.7 to antibody neutralization. bioRxiv.2021
DOI:10.1101/2021.01.25.428137

Supasa P, Zhou D, Dejnirattisai W. Reduced neu-
tralization of SARS-CoV-2 B.1.1.7 variant by conva-
lescent and vaccine sera. Cell. 2021. DOI:10.1016/j.
cell.2021.02.033

Zhou D, Dejnirattisai W, Supasa P. Evidence of
escape of SARS-CoV-2 variant B.1.351 from natural
and vaccine induced sera. Cell.2021 DOI:10.1016/j.
cell.2021.02.037

Wu K, Werner AP, Moliva JL. mRNA-1273
vaccine induces neutralizing antibodies against
spike mutants from global SARS-CoV-2 vari-
ants. bioRxiv. 2021. DOI: 10.1101/2021.01.25.
427948

Shen X, Tang H, Mcdanal C, et al SARS-CoV-2
variant B.1.1.7 is susceptible to neutralizing anti-
bodies elicited by ancestral spike vaccines. Social
Science Electronic Publishing; 2021. Available
from: https://papers.ssrn.com/sol3/papers.cfm?ab-
stract_id=3777473

Muik A, Wallisch A-K, Sanger B. Neutralization
of SARS-CoV-2 lineage B.1.1.7 pseudovirus by
BNT162b2 vaccine-elicited human sera. Science.
2021; 371(6534): eabg6105

60.

61.

62.

63.

64.

65.

66.

67.

Coeira DA, Marco AD, Ferreira IATM. Impact of
SARS-CoV-2 B.1.1.7 spike variant on neutralization
potency of sera from individuals vaccinated with
Pfizer vaccine BNT162b2. medRxiv. 2021. DOI:
10.1101/2021.01.19.21249840

Xie X, Liu 'Y, Liu J. Neutralization of SARS-CoV-2
spike 69/70 deletion, E484K and N501Y variants
by BNT162b2 vaccine-€licited sera. Nat Med. 2021.
DOI: 10.1038/s41591-021-01270-4

Jangra S, Ye C, Rathnasinghe R. The E484K mu-
tation in the SARS-CoV-2 spike protein reduces
but does not abolish neutralizing activity of human
convalescent and post-vaccination sera. medRxiv.
2021. DOI:10.1101/2021.01.26.21250543

Xie X, Zou J, Fontes-Garfias CR. Neutralization
of N501Y mutant SARS-CoV-2 by BNT162b2
vaccine-elicited sera. bioRxiv. 2021. DOI:
10.1101/2021.01.07.425740

Huang B, Dai L, Wang H. Neutralization of SARS-
CoV-2 VOC501Y.V2 by human antisera elicited
by both inactivated BBIBP-CorV and recombinant
dimeric RBD ZF2001 vaccines. bioRxiv. 2021. DOI:
10.1101/2021.02.01.429069.

Exclusive: Oxford study indicates AstraZeneca ef-
fective against Brazil variant, source says”. Reuters.
Rio de Janeiro. 8 March 2021. Retrieved 9 March
2021

Rozencwajg S, Blet A, Lamer A, Boisson M, Cla-
vier T, Abou-Arabon O. SARS-CoV-2 vaccination
efficacy on hospitalization and variants. Anaesth
Crit Care Pain Med 2021; 40. Available from:
https://ourworldindata.org.Accessed

Weilin Z, Wei W. Fast-spreading SARS-CoV-2 var-
iants: challenges to and new design strategies of
COVID-19 vaccines. Signal Transduction and Tar-
geted Therapy. 2021; 6: 226. Available from: https://
www-ncbi-nim-nih-gov.cuml1.md.chula.ac.th/pmc/
articles/PMC8187888/pdf/41392_2021_Arti-
cle_644.pdf. DOI:10.1038/s41392-021-00644x.




158 Chonburi Hospital Journal Vol.46 No.2 May-August 2021

68.

69.

70.

71.

72.

Wang M. Remdesivir and chioroquine effectively
inhibit the recently emerged novel coronavirus
(2019-nCoV) in vitro. Cell Res 2020; 30: 269-71.
Grein J. Compassionate Use of Remdesivir for Pa-
tients with Severe Covid-19. N. Engld. Med. 2021;
382: 2327-36.

Vincent M. Chloroquine is a potent inhibitor of SARS
coronavirus infection and spread. Virol J. 2005; 2: 69.
Hoffmann M. Nafamostat mesylate blocks activation
of SARS-CoV-2: New treatment option for COVID-19.
Antimicrob. Agents Chemother 2020; 64: e00754-20.
Narasimha MB, SubbaRao VT, Medha K, Surya
PS, et al. The Current Status and Challenges in the
Development of Vaccines and Drugs againt Severe
Acute Respiratory Syndrome Corona Virus 2. BioMed
Research Interational 2021. Available from: https://
www-ncbi-nim-nih-gov.cumii.md.chula.ac.th/pmc/
articles/PMC8168478/pdf/BMRI2021-8160860.pdf
DOI: 10.1155/2021/8160860

73.

74.

75.

76.

Chi X. Humanized single domain antibodies neu-
tralize SARS-CoV-2 by targeting spike receptor
binding. Nat Commun 2020; 11: 4528.

Liewelyn MB, Hawkins RE, Russell SJ. Discovery
of antibodies. BMJ 1992; 305: 1269-72.

Zeng Q. Effect of convalescent plasma therapy on
viral shedding and survival in patients with corona-
virus disease 2019. J. Infect. Dis. 2020;.222: 38-43.
National institutes of Health. COVID-19 treatment
guidelines. [cited 2021 July 29]. Available from:
https://www.covid19treatmentguidelines.nih.gov/
therapies/statement-on-anti-sars-cov-2-monoclo-

nal-antibodies-eua/.




