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SXPPDU\: Th\PRViQ aOSha 1 (TĮ1) UedXceV Whe PRUWaOiW\ Rf VeYeUe COVID-19 b\ UeVWRUaWiRQ Rf 

O\PShRc\WRSeQia aQd UeYeUViRQ Rf e[haXVWed T ceOOV. COVID-19 SaWieQWV ZiWh Whe cRXQWV Rf CD8+ 

RU CD4+ T ceOOV ORZeU WhaQ 400/ȝL RU 650/ȝL, UeVSecWiYeO\, gaiQ PRUe beQefiWV. 

 

D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
s
://a

c
a

d
e

m
ic

.o
u

p
.c

o
m

/c
id

/a
rtic

le
-a

b
s
tra

c
t/d

o
i/1

0
.1

0
9

3
/c

id
/c

ia
a

6
3

0
/5

8
4

2
1

8
5

 b
y
 g

u
e

s
t o

n
 3

0
 J

u
ly

 2
0

2
0



A
cc

ep
te

d 
M

an
us

cr
ip
t

 

 2 / 19 

 

Abstract 

BackgURXnd. We SUeYiRXVO\ UeSRUWed WhaW O\PShRc\WRSeQia aQd T ceOO e[haXVWiRQ iV QRWabOe iQ 

acXWe COVID19 SaWieQWV, eVSeciaOO\ iQ aged aQd VeYeUe caVeV. Th\PRViQ aOSha 1 (TĮ1) had beeQ 

XVed iQ Whe WUeaWPeQW Rf YiUaO iQfecWiRQV aV aQ iPPXQe UeVSRQVe PRdifieU fRU PaQ\ \eaUV. HRZeYeU, 

cOiQicaO beQefiWV aQd PechaQiVP Rf TĮ1 VXSSOePeQW WR COVID-19 aUe VWiOO XQcOeaU.  

MeWhRdV. We UeWURVSecWiYeO\ UeYieZed Whe cOiQicaO RXWcRPeV Rf 76 VeYeUe caVeV ZiWh COVID-

19 adPiWWed iQWR WZR hRVSiWaOV iQ WXhaQ fURP DecePbeU 2019 WR MaUch 2020. The Wh\PXV RXWSXW 

iQ SeUiSheUaO bORRd PRQRQXcOeaU ceOOV (PBMCV) fURP COVID-19 SaWieQWV ZaV PeaVXUed b\ T ceOO 

UeceSWRU e[ciViRQ ciUcOeV (TREC). The OeYeOV Rf T ceOO e[haXVWiRQ PaUNeUV PD-1 aQd TiP-3 RQ CD8+ 

T ceOOV ZeUe deWecWed b\ fORZ c\WRPeWU\. 

ReVXlWV. CRPSaUed ZiWh XQWUeaWed gURXS, TĮ1 WUeaWPeQW VigQificaQWO\ UedXceV PRUWaOiW\ Rf 

VeYeUe COVID-19 SaWieQWV (11.11% Ys. 30.00%, p=0.044). TĮ1 WiPeO\ eQhaQceV bORRd T ceOO 

QXPbeUV iQ COVID-19 SaWieQWV ZiWh VeYeUe O\PShRc\WRSeQia (Whe cRXQWV Rf CD8+ T ceOOV RU CD4+ 

T ceOOV iQ ciUcXOaWiRQ ORZeU WhaQ 400/ȝL RU 650/ȝL, UeVSecWiYeO\). UQdeU VXch cRQdiWiRQV, TĮ1 aOVR 

VXcceVVfXOO\ UeVWRUeV CD8+ aQd CD4+ T ceOO QXPbeUV iQ aged SaWieQWV. MeaQZhiOe, TĮ1 UedXceV PD-

1 aQd TiP-3 e[SUeVViRQ RQ CD8+ T ceOOV fURP VeYeUe COVID-19 SaWieQWV iQ cRPSaUiVRQ ZiWh 

XQWUeaWed caVeV. IW iV Rf QRWe WhaW UeVWRUaWiRQ Rf O\PShRc\WRSeQia aQd acXWe e[haXVWiRQ Rf T ceOOV aUe 

URXghO\ SaUaOOeO WR Whe UiVe Rf TRECV. 

CRnclXViRnV. TĮ1 VXSSOePeQW VigQificaQWO\ UedXce PRUWaOiW\ Rf VeYeUe COVID-19 SaWieQWV. 

COVID-19 SaWieQWV ZiWh Whe cRXQWV Rf CD8+ T ceOOV RU CD4+ T ceOOV iQ ciUcXOaWiRQ ORZeU WhaQ 

400/ȝL RU 650/ȝL, UeVSecWiYeO\, gaiQ PRUe beQefiWV fURP TĮ1. TĮ1 UeYeUVeV T ceOO e[haXVWiRQ aQd 

UecRYeUV iPPXQe UecRQVWiWXWiRQ WhURXgh SURPRWiQg Wh\PXV RXWSXW dXUiQg SARS-CRV-2 iQfecWiRQ. 

 

Key Words: Th\PRViQ aOSha 1; COVID-19; SARS-CRV-2; T ceOO e[haXVWiRQ; IPPXQe 

UecRQVWiWXWiRQ 
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Introduction 

The eSidePic Rf 2019 QRYeO cRURQaYiUXV (SARS-CRV-2), Zhich ZaV fiUVW UeSRUWed iQ DecePbeU 

2019 iQ WXhaQ, ChiQa, haV beeQ UecRgQi]ed aV a SaQdePic b\ Whe WRUOd HeaOWh OUgaQi]aWiRQ 

(WHO) [1-3]. AV Rf May 13, 2020, ChiQa haV UeSRUWed 84451 caVeV Rf cRQfiUPed COVID-19 aQd 

4644 faWaOiWieV. MeaQZhiOe, Whe QXPbeU Rf cRQfiUPed COVID-19 aQd faWaOiWieV iQ Whe ZhROe ZRUOd 

ZeUe 4098018 aQd 283271, UeVSecWiYeO\ [4].  
L\PShRc\WeV SOa\ aQ eVVeQWiaO UROe iQ fighWiQg agaiQVW YiUaO iQfecWiRQV, WheUefRUe, bRRVWiQg Whe 

QXPbeU aQd eQhaQciQg Whe aQWiYiUaO fXQcWiRQ Rf T ceOOV iQ COVID-19 SaWieQWV iV Rf SaUaPRXQW YaOXe 

fRU VXcceVVfXO UecRYeU\. HRZeYeU, PRVW COVID-19 caVeV diVSOa\ed VeYeUe lymphocytopenia , 

eVSeciaOO\ iQ aged aQd VeYeUe caVeV [2, 5-7]. Th\PRViQ-Į1 (TĮ1), a NiQd Rf SRO\SeSWide hRUPRQe 

SURdXced b\ Wh\Pic eSiWheOiaO ceOOV, caQ effecWiYeO\ iQcUeaVe T ceOO QXPbeUV, VXSSRUW T ceOO 

diffeUeQWiaWiRQ, PaWXUaWiRQ, aQd UedXce ceOO aSRSWRViV [8-10]. TheUefRUe, TĮ1 haV beeQ VXcceVVfXOO\ 

XVed iQ cOiQicaO SUacWice WR WUeaW SaWieQWV iQfecWed ZiWh heSaWiWiV B (HBV), heSaWiWiV C (HCV) aQd 

hXPaQ iPPXQRdeficieQc\ YiUXVeV (HIV), aQd iWV efficac\ ZaV SURYed b\ SaWhRORgicaO RbVeUYaWiRQ 

[11-13]. TR eQhaQce iPPXQiW\, acWXaOO\, Whe PedicaO VXSSRUW WeaP PePbeUV fURP aOO RYeU Whe 

cRXQWU\ gRW TĮ1 iQMecWiRQ befRUe beiQg deSOR\ed WR HXbei PURYiQce, aQd QR iQfecWiRXV caVeV ZeUe 

UeSRUWed WiOO QRZ, VXggeVWiQg TĮ1 PighW haYe Whe SRWeQWiaO WR SUeYeQW SARS-CRV-2 iQfecWiRQ. 

NeYeUWheOeVV, QR daWa aUe aYaiOabOe ZheWheU TĮ1 WUeaWPeQW haV aQ\ beQefiWV WR cUiWicaOO\ iOO COVID-

19 SaWieQWV \eW. 

We heUe UeWURVSecWiYeO\ aQaO\]ed Whe cOiQicaO daWa fURP 76 cUiWicaOO\ iOO caVeV Rf COVID-19 ZhR 

ZeUe adPiWWed iQWR GeQeUaO HRVSiWaO Rf Whe CeQWUaO TheaWUe CRPPaQd aQd WXhaQ PXOPRQaU\ 

HRVSiWaO iQ WXhaQ fURP DecePbeU 2019 WR MaUch 2020. We aOVR cRPSaUed Whe e[SUeVViRQ Rf 

e[haXVWiRQ PaUNeUV PD-1 aQd TiP-3 RQ CD8+ T ceOOV aQd aQaO\]ed Wh\PXV RXWSXW abiOiW\ fURP 

COVID-19 SaWieQWV afWeU TĮ1 WUeaWPeQW. OXU UeVXOWV SURYide a SUeOiPiQaU\ dePRQVWUaWiRQ WhaW TĮ1 

haV beQefiWV WR COVID-19 SaWieQWV, eVSeciaOO\ WhRVe ZiWh VeYeUe O\PShRc\WRSeQia. 

Methods 

PDWLHQWV MedicaO UecRUdV Rf VeYeUe/cUiWicaO COVID-19 SaWieQWV (aged fURP 21 \eaUV WR 92 \eaUV) 

adPiWWed iQWR GeQeUaO HRVSiWaO Rf Whe CeQWUaO TheaWUe CRPPaQd RU WXhaQ PXOPRQaU\ HRVSiWaO iQ 

WXhaQ ZeUe cROOecWed aQd UeWURVSecWiYeO\ aQaO\]ed. DiagQRViV aQd cOaVVificaWiRQ Rf cOiQicaO W\SeV Rf 

COVID-19 ZeUe baVed RQ Whe NeZ CRURQaYiUXV PQeXPRQia PUeYeQWiRQ aQd CRQWURO PURgUaP (5Wh 

ediWiRQ) SXbOiVhed b\ Whe NaWiRQaO HeaOWh CRPPiVViRQ Rf ChiQa. TR be bUief, SaWieQW ZhR PeeWV aQ\ 

Rf Whe fROORZiQg cRQdiWiRQV iV diagQRVed aV VeYeUe W\Se: SaWieQWV SUeVeQW UeVSiUaWRU\ diVWUeVV ZiWh 
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UeVSiUaWRU\ UaWe �ௗ30 bUeaWh/PiQ, SSO2 (R[\geQ VaWXUaWiRQ) �ௗ93% RQ URRP aiU, aQd PaO2 (aUWeUiaO 

bORRd R[\geQ SaUWiaO SUeVVXUe)/FiO2 (fUacWiRQ Rf iQVSiUed R[\geQ) �ௗ300 PPHg (1 PPHgௗ=ௗ0.133 

NPa); SaWieQW PeeWV aQ\ Rf Whe fROORZiQg cRQdiWiRQV iV diagQRVed aV cUiWicaO W\Se: SaWieQW SUeVeQWV 

UeVSiUaWRU\ faiOXUe aQd UeTXiUeV PechaQicaO YeQWiOaWiRQ VXSSRUW, SaWieQW SUeVeQWV VhRcN, aQd SaWieQW 

SUeVeQWV PXOWiSOe RUgaQ d\VfXQcWiRQ V\QdURPe aQd UeTXiUeV ICU adPiVViRQ. OQO\ VeYeUe RU cUiWicaO 

COVID-19 SaWieQWV ZiWh aW OeaVW 10 da\V¶ hRVSiWaOi]aWiRQ dXUaWiRQ ZeUe fiQaOO\ iQcOXded iQ WhiV 

VWXd\. AccRUdiQg WR Whe SUeVeQce RU abVeQce Rf 7 da\V cRQWiQXRXV TĮ1 iQMecWiRQ, Whe eQUROOed 

SaWieQWV XQdeU VWXd\ ZeUe caWegRUi]ed aV WUeaWPeQW gURXS aQd QRQ-WUeaWPeQW gURXS. The eQdSRiQW Rf 

WhiV VWXd\ ZaV UecRYeU\ RU deaWh.  

TĮ1 PDQDJHPHQW IQ Whe WUeaWPeQW gURXS, SaWieQWV UeceiYed VXbcXWaQeRXV iQMecWiRQV Rf 10 Pg TĮ1 

RQce SeU da\ fRU aW OeaVW VeYeQ cRQVecXWiYe da\V, WheQ VWiOO UecRPPeQded WR cRQWiQXe WR XVe WiOO Whe 

eQdSRiQWV Rf Whe SUeVeQW VWXd\. PUiRU WR adPiQiVWUaWiRQ, Whe O\RShiOi]ed SRZdeU iV WR be UecRQVWiWXWed 

ZiWh 1 PO Rf Whe SURYided diOXeQW (VWeUiOe ZaWeU fRU iQMecWiRQ). AfWeU UecRQVWiWXWiRQ, Whe fiQaO 

cRQceQWUaWiRQ Rf Ta1 iV 10 Pg/PO. The ZRUNfORZ chaUW ZaV VhRZed iQ FLJXUH 1. 

DDWD FROOHFWLRQ We UeYieZed cOiQicaO UecRUdV, QXUViQg UecRUdV, OabRUaWRU\ fiQdiQgV, aQd cheVW [-Ua\V 

RU CT VcaQV fRU aOO Whe SaWieQWV. AOO iQfRUPaWiRQ ZaV RbWaiQed aQd cXUaWed ZiWh a cXVWRPi]ed daWa 

cROOecWiRQ fRUP. TZR iQYeVWigaWRUV (Y LiX aQd Y CheQ) iQdeSeQdeQWO\ UeYieZed Whe daWa cROOecWiRQ 

fRUPV WR YeUif\ daWa accXUac\. 

PD-1 DQG TLP-3 AVVD\ PeUiSheUaO bORRd VaPSOeV fURP SaWieQWV ZeUe haUYeVWed ZiWh aQWicRagXOaQWV 

(EDTA-K2). L\PShRc\WeV ZeUe gaWed fURP CD45+ OeXNRc\WeV ZiWh XViQg aQWi-CD45-APC 

aQWibRdieV (SK1, BD BiRVcieQceV), Whe e[SUeVViRQ Rf e[haXVWiRQ PaUNeUV RQ CD8+ T ceOOV ZeUe 

fXUWheU deWecWed ZiWh XViQg CD8-PE (SK1, BiROegeQd), PD-1-PE-CY5 (EH12.2H7, BiROegeQd) aQd 

TIM-3-FITC (F38-2E2, BiROegeQd) aQWibRdieV. AfWeU beiQg VWaiQed, Whe ceOOV ZeUe PeaVXUed b\ fORZ 

c\WRPeWU\ RQ aQ LSR FRUWeVVa CeOO AQaO\]eU (BD BiRVcieQceV) aQd daWa aQaO\]ed XViQg Whe FROZJR 

VRfWZaUe (TUeeSWaU). AOO e[SeUiPeQWaO SURcedXUeV ZeUe cRPSOeWed XQdeU biRVafeW\ OeYeO II SOXV 

cRQdiWiRQ.  

TREC DVVD\ PeUiSheUaO bORRd VaPSOeV fURP SaWieQWV ZeUe haUYeVWed ZiWh aQWicRagXOaQWV (EDTA-

K2). PeUiSheUaO bORRd PRQRQXcOeaU ceOOV (PBMCV) ZeUe haUYeVWed b\ deQViW\ gUadieQW 

ceQWUifXgaWiRQ iQ Whe CeQWUaO Lab Rf GeQeUaO HRVSiWaO Rf Whe CeQWUaO TheaWUe CRPPaQd. TREC 

aVVa\ ZaV SeUfRUPed XViQg DNA e[WUacWed fURP Whe SaUWiciSaQWV¶ PBMCV. APSOificaWiRQ UeacWiRQV 

(20ȝO) cRQWaiQed aSSUR[iPaWe 20 Qg Rf geQRPic DNA, 10 ȝO Rf 2 î PUePi[ E[ TaT PaVWeU Pi[ 

(TaNaUa BiR IQc. JaSQa), aQd Whe aSSURSUiaWe SUiPeUV aQd SURbeV. PCR cRQdiWiRQV iQcOXdiQg SUiPeUV 

aQd SURbe VeTXeQceV haYe beeQ deVcUibed SUeYiRXVO\ [14]. ReacWiRQV ZeUe caUUied RXW iQ aQ RRche 

LighWC\cOeU�96 deWecWiRQ V\VWeP (RRche ASSOied ScieQce, GeUPaQ\). The cRSieV Rf TRECV iQ a 
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giYeQ VaPSOe ZaV eVWiPaWed b\ cRPSaUiQg Whe CT YaOXe ZiWh a VWaQdaUd cXUYe RbWaiQed fURP PCRV 

SeUfRUPed ZiWh WeQfROd VeUiaO diOXWiRQV Rf aQ iQWeUQaO VWaQdaUd. APSOificaWiRQ Rf RNAVeP (ASSOied 

BiRV\VWePV) ZaV XVed WR YeUif\ Whe TXaQWiW\ aQd SUeVeQce Rf geQRPic DNA. TREC YaOXeV ZeUe 

adMXVWed fRU WRWaO DNA cRQWeQW. 

Results 

1. TĮ1 UHGXFHV COVID-19 SDWLHQW PRUWDOLW\ 

TR fighW agaiQVW YiUXV iQfecWiRQ, iW iV QeceVVaU\ WR bRRVW T ceOO QXPbeUV aQd WheiU aQWiYiUaO 

fXQcWiRQV iQ COVID-19 SaWieQWV dXe WR QR VSecific dUXgV fRU SARS-CRV-2 cRURQaYiUXV aUe 

aYaiOabOe WiOO QRZ. TĮ1, a NiQd Rf SRO\SeSWide hRUPRQe WhaW caQ UegXOaWe T ceOO SURdXcWiRQ, 

diffeUeQWiaWiRQ aQd acWiYiW\, ZaV VeOecWed WR WUeaW COVID-19 SaWieQWV. A WRWaO Rf 76 VeYeUe RU cUiWicaO 

COVID-19 fURP WZR deVigQaWed hRVSiWaOV ZeUe eQUROOed iQ WhiV UeWURVSecWiYe cRhRUW VWXd\ baVed RQ 

Whe SUe-VeW iQcOXViRQ cUiWeUia. AccRUdiQg WR Whe SUeVeQce RU abVeQce Rf 7 da\V cRQWiQXRXV TĮ1 

iQMecWiRQ, Whe SaWieQWV XQdeU VWXd\ ZeUe caWegRUi]ed aV WUeaWPeQW gURXS iQ 36 SaWieQWV aQd QRQ-

WUeaWPeQW gURXS iQ 40 SaWieQWV. TheUe ZeUe QR VigQificaQW diffeUeQceV beWZeeQ Whe WZR gURXSV iQ 

dePRgUaShic chaUacWeUiVWicV aQd cOiQicaO fiQdiQgV aW Whe WiPe Rf adPiVViRQ, VXch aV age, Ve[, 

cRe[iVWiQg diVRUdeUV, Whe cRXQWV Rf WRWaO O\PShRc\WeV, T ceOOV, CD8+ T ceOOV, CD4+ T ceOOV, PCO2 RQ 

adPiVViRQ aQd PCO2 Rf diVchaUge. MRUeRYeU, aOO Rf WheVe SaWieQWV gRW aQWiYiUaO aQd aQWibacWeUiaO 

WUeaWPeQW dXUiQg hRVSiWaOi]aWiRQ. GOXcRcRUWicRid aQd R[\geQ iQhaOaWiRQ aUe aOVR YeU\ cRPPRQ. TĮ1- 

WUeaWed gURXS haV VOighWO\ higheU OeYeO Rf IL-6 WhaQ XQWUeaWed gURXS (p=0.047), ZheUeaV, Whe OeYeOV 

Rf PO2 RQ adPiVViRQ aQd PO2 Rf diVchaUge aUe a OiWWOe higheU iQ TĮ1- WUeaWed gURXS WhaQ WhRVe iQ 

QRQ-WUeaWPeQW gURXS (TDEOH 1). Ta1 haV beeQ aSSURYed b\ FDA aQd ChiQa FDA, aQd iW iV a YeU\ 

ZeOO WROeUaWed dUXg. NR Vide effecWV aVVRciaWed ZiWh Ta1 ZeUe fRXQd afWeU WhRURXgh UeadiQg Rf aOO Whe 

PedicaO UecRUdV Rf 36 SaUWiciSaQWV iQ Whe WUeaWPeQW gURXS. TheUe ZeUe 2 SaWieQWV iQ WUeaWPeQW gURXS 

XQdeUZeQW QRQiQYaViYe PechaQicaO YeQWiOaWiRQ ZhiOe 11 SaWieQWV XQdeUZeQW iQ QRQ-WUeaWPeQW gURXS. 

9 RXW Rf Whe 11 caVeV iQ Whe cRQWURO aUP XQdeUZeQW VXbVeTXeQW iQYaViYe PechaQicaO YeQWiOaWiRQ 

RZiQg WR h\SR[ia caQQRW b\ adMXVWed b\ QRQiQYaViYe PechaQicaO YeQWiOaWiRQ ZheUeaV QRQe iQ Whe 

WUeaWPeQW aUP ZeUe iQWXbaWed. MRUe iQWeUeVWiQgO\, 11.11% (4/36) caVeV ZiWh TĮ1 WUeaWPeQW 

VXccXPbed, ZheUeaV, Whe PRUWaOiW\ Rf VeYeUe COVID-19 SaWieQWV ZiWhRXW TĮ1 WUeaWPeQW UeacheV 

30% (12/40) (FLJXUH 2, TDEOH 1), VXggeVWiQg TĮ1 VXSSOePeQW caQ UedXce PRUWaOiW\.  

2. TĮ1 HQKDQFHV T FHOO FRXQWV LQ COVID-19 SDWLHQWV ZLWK VHYHUH O\PSKRF\WRSHQLD 

We Qe[W iQYeVWigaWed ZheWheU TĮ1 caQ UeVWRUe T ceOO QXPbeUV iQ COVID-19 SaWieQWV ZiWh VeYeUe 
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O\PShRc\WRSeQia. 34 caVeV ZiWh UecRUdiQg Rf T ceOO QXPbeUV RQ adPiVViRQ aQd afWeU cRQWiQXRXV 7 

da\V Rf TĮ1 WUeaWPeQW ZeUe iQYROYed iQ WhiV VecWiRQ. ReVXOWV VhRZed WhaW TĮ1 VXSSOePeQW 

effecWiYeO\ UeVWRUeV T ceOO QXPbeUV iQ caVeV ZiWh Whe cRXQWV Rf CD8+ T ceOOV RU CD4+ T ceOOV ORZeU 

WhaQ 400/ȝL RU 650/ȝL, UeVSecWiYeO\, ZheUeaV, SaWieQWV ZhRVe T ceOO QXPbeUV aUe higheU WhaQ Whe 

abRYe-PeQWiRQed OeYeOV gaiQ QR beQefiWV fURP TĮ1 WUeaWPeQW (FLJXUH 3A). MRUe iQWeUeVWiQgO\, TĮ1 

aOVR dUaPaWicaOO\ iQcUeaVeV Whe cRXQWV Rf CD8+ aQd CD4+ T ceOOV iQ aged SaWieQWV (> 60 \eaUV ROd) 

(FLJXUH 3B), aQd caVeV ZiWh cRPRUbidiWieV Rf h\SeUWeQViRQ RU caUdiRYaVcXOaU diVeaVeV (FLJXUH 3C). 

CROOecWiYeO\, WheVe daWa dePRQVWUaWe WhaW TĮ1 SURPRWeV WiPeO\ T ceOO UecRYeU\ iQ COVID-19 

SaWieQWV ZiWh VeYeUe O\PShRc\WRSeQia.   

3. TĮ1 UHYHUHV CD8+ T FHOO H[KDXVWLRQ Yia HQKDQFLQJ WK\PXV RXWSXW  

OXU SUeYiRXV VWXdieV haYe dePRQVWUaWed WhaW SARS-CRV-2 iQfecWiRQ iQdXceV acXWe T ceOO 

e[haXVWiRQ, Zhich PighW Oead WR iQeffecWiYeO\ eOiPiQaWe YiUXVeV in YiYo [7]. We WheQ aQaO\]ed 

ZheWheU TĮ1 affecWV T ceOO e[haXVWiRQ iQ VeYeUe COVID-19 SaWieQWV, heQce Whe e[SUeVViRQ Rf 

SURgUaPPed deaWh-1 (PD-1) aQd T ceOO iPPXQRgORbXOiQ aQd PXciQ dRPaiQ SURWeiQ 3 (TiP-3) RQ 

CD8+ T ceOOV ZaV deWecWed b\ fORZ c\WRPeWU\. BecaXVe Rf UeWURVSecWiYe QaWXUe Rf WhiV VWXd\, 

SeUiSheUaO bORRd VaPSOeV fURP 22 eQUROOed SaWieQWV, iQcOXdiQg 10 SaWieQWV fURP NRQ-WUeaWPeQW gURXS 

aQd 12 SaWieQWV fURP TĮ1-WUeaWPeQW gURXS UeVSecWiYeO\, ZeUe aYaiOabOe aW Whe WiPe Rf SeUfRUPiQg 

PD-1/TiP-3 aQaO\ViV. ReVXOWV VhRZed WhaW TĮ1 effecWiYeO\ dRZQ-UegXOaWeV bRWh PD-1 aQd TiP-3 RQ 

CD8+ T ceOOV iQ caVeV ZiWh TĮ1 WUeaWPeQW WhaQ WhRVe iQ QRQ-WUeaWPeQW gURXS (FLJXUH 4A), 

VXggeVWiQg WhaW TĮ1 caQ SaUWiaOO\ UeYeUVe T ceOO e[haXVWiRQ dXUiQg SARS-CRV-2 iQfecWiRQ. 

We Qe[W iQYeVWigaWed ZheWheU Whe UeYeUViRQ Rf CD8+ T ceOO e[haXVWiRQ iQ COVID-19 SaWieQWV b\ 

TĮ1 iV dXe WR eQhaQcePeQW Rf Wh\PXV-deUiYed QawYe T ceOOV iQ ciUcXOaWiRQ. TRECV aUe VSecific 

ciUcXOaU DNA b\SURdXcWV fRUPed dXUiQg Whe UaQdRP UeaUUaQgePeQWV Rf T ceOO UeceSWRUV, aQd Whe\ 

aUe RQO\ SUeVeQW iQ ceOOV e[SRUWed fURP Wh\PXV bXW QRW fRXQd iQ UeSOicaWiQg ceOOV ZiWhiQ PBMCV 

[15]. TR e[SORUe ZheWheU TĮ1 adPiQiVWUaWiRQ affecWV Wh\PXV RXWSXW iQ COVID-19 SaWieQWV, Ze 

PeaVXUed TRECV iQ PBMCV Rf SaWieQWV befRUe aQd afWeU 7 da\V¶ TĮ1 iQMecWiRQ. IQWeUeVWiQgO\, Whe 

TĮ1 WUeaWed gURXSV PaQifeVWed VigQificaQWO\ higheU TREC OeYeOV WhaQ XQWUeaWed cRQWURO (FLJXUH 4B), 

VXggeVWiQg TĮ1 haV Whe caSaciW\ WR eQhaQce Wh\PXV RXWSXW, b\ WhXV eQhaQce TCR diYeUViW\ aQd 

fiQaOO\ UeYeUVe CD8+ T ceOO e[haXVWiRQ.  

Discussion 

We heUe UeWURVSecWiYeO\ UeYieZed aQd fRXQd WhaW TĮ1 VigQificaQWO\ UedXceV PRUWaOiW\ Rf VeYeUe 

COVID-19 SaWieQWV cRPSaUed ZiWh WhRVe iQ XQWUeaWed gURXS (FLJXUH 2). FXUWheU VWXd\ VhRZed WhaW 
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TĮ1 effecWiYeO\ aQd WiPeO\ eQhaQceV T ceOO cRXQWV iQ COVID-19 SaWieQWV ZiWh VeYeUe 

O\PShRc\WRSeQia, eVSeciaOO\ iQ caVeV ZiWh Whe cRXQWV Rf CD8+ RU CD4+ T ceOOV ORZeU WhaQ 400/ȝL RU 

650/ȝL, UeVSecWiYeO\ (FLJXUH 3A). BaVed RQ WheVe UeVXOWV, Ze VWURQgO\ UecRPPeQd COVID-19 

SaWieQWV ZhRVe CD8+ T RU CD4+ T ceOO cRXQWV ORZeU WhaQ 400/ȝL RU 650/ȝL, UeVSecWiYeO\, aSSO\ TĮ1 

iQMecWiRQ WR iPSURYe WheiU iPPXQe fXQcWiRQ. AddiWiRQaOO\, Whe dXUaWiRQ Rf TĮ1 iQMecWiRQ VhRXOd be aW 

OeaVW 7 da\V. IPSRUWaQWO\, eQhaQcePeQW Rf T ceOOV ZaV aOVR RbVeUYed iQ aged SaWieQWV aQd caVeV ZiWh 

cRe[iVWiQg diVRUdeUV iQcOXdiQg h\SeUWeQViRQ aQd caUdiRYaVcXOaU diVeaVe afWeU 7 da\V cRQWiQXRXV TĮ1 

VXSSOePeQW (FLJXUH 3B～D). We WheUefRUe VXggeVW heaOWh\ SeRSOe aged abRYe 60 UeceiYe TĮ1 

VXSSOePeQW WR SUeYeQW SRWeQWiaO SARS-CRV-2 iQfecWiRQ dXe WR Whe iPPXQe V\VWeP Rf Whe eOdeUO\ 

aOVR haYe UeVSRQVeV WR TĮ1, eYeQ Whe Wh\PXV PighW be e[WUePeO\ aWURSh\.  

IPPXQe daPage iV YeU\ cRPPRQ iQ COVID-19 SaWieQWV, aQd PRVW cUiWicaOO\ iOO caVeV PaQifeVWed 

VeYeUe O\PShRc\WRSeQia [6, 16]. TĮ1 haV beeQ deVcUibed WR UegXOaWe T ceOO deYeORSPeQW aQd 

eQhaQce T ceOO QXPbeUV, iW haV aOVR beeQ XVed iQ PaQ\ cOiQicaO VeWWiQgV iQ Zhich T ceOO iPPXQiW\ iV 

iQYROYed, iQcOXdiQg agiQg, YiUaO iQfecWiRXV diVeaVeV, aXWRiPPXQe diVRUdeUV, aQd iPPXQe 

UecRQVWiWXWiRQ afWeU bRQe PaUURZ WUaQVSOaQWaWiRQ [17-19]. TĮ1 also showed promise in larger 

clinical studies of acute infections. For examples, several clinical studies demonstrated TĮ1 has 

benefit in the treatment of severe sepsis, which begins with a bacterial or fungal infection [20]. 

Interestingly, TĮ1 treatment also significantly increased the number of CD4+ and CD8+ cells in 

patients with CMV infection accompanied with acute respiratory distress syndrome (ARDS) after 

renal transplantation [21]. Similarly, we here extend this field and found that TĮ1 VXSSOePeQW 

effecWiYeO\ bRRVWV bRWh CD4+ aQd CD8+ T ceOO QXPbeUV iQ COVID-19 caVeV ZiWh VeYeUe 

O\PShRc\WRSeQia. 

The QaiYe CD8+ T ceOOV XQdeUgR URbXVW SUROifeUaWiRQ aQd cORQaO e[SaQViRQ WR diffeUeQWiaWe iQWR 

effecWRU CD8+ T ceOOV WhaW diUecWO\ NiOO WaUgeW ceOOV dXUiQg acXWe iQfecWiRQ, CD4+ T ceOOV, RQ Whe RWheU 

haQd, PaMRUO\ aVViVW B ceOOV WR SURdXce aQWibRdieV WhXV fiQaOO\ cOeaU SaWhRgeQ. HRZeYeU, VRPe CD8+ 

T ceOOV aUe ORVV Rf effecWRU fXQcWiRQV aQd becRPe e[haXVWed dXUiQg chURQic iQfecWiRQV aQd caQceU 

ZheUe aQWigeQ VWiPXOaWiRQ SeUViVWV, QeYeUWheOeVV, UeYiWaOi]aWiRQ Rf e[haXVWed T ceOOV caQ UeiQYigRUaWe 

iPPXQiW\. The e[haXVWed T ceOOV e[SUeVV eOeYaWed iQhibiWRU\ UeceSWRUV OiNe PD-1 RU TIM-3 [22].   

IQWeUeVWiQgO\, UeceQW ZRUN aOVR cRQfiUPed WhaW e[haXVWed T ceOOV aUe e[iVWeQW iQ acXWe YiUaO iQfecWiRQV, 

aQd T ceOOV fURP SaWieQWV iQ Whe acXWe ShaVe Rf EbROa iQfecWiRQ PaQifeVWed ZiWh eQhaQciQg PD-1 

e[SUeVViRQ bXW iPSaiUed IFN-Ȗ SURdXcWiRQ [23]. MRUeRYeU, bORcNiQg TiP-3 VigQaO efficieQWO\ 

eQhaQced IFN-Ȗ VecUeWiRQ fURP T ceOOV fROORZiQg H1N1 iQfecWiRQ PRdeO [24]. OXU SUeYiRXV ZRUN 

haV fiUVWO\ UeSRUWed WhaW SARS-CRV-2 WUiggeUV Whe e[SUeVViRQ Rf PD-1 aQd TiP-3 RQ T ceOOV, 

VXggeVWiQg e[haXVWed T ceOOV ZeUe SeUViVWeQW iQ COVID-19 SaWieQWV dXUiQg SARS-CRV-2 acXWe 
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iQfecWiRQ [7]. We heUe fRXQd WhaW TĮ1 effecWiYeO\ dRZQ-UegXOaWeV bRWh PD-1 aQd TiP-3 RQ CD8+ T 

ceOOV iQ COVID-19 SaWieQWV (FLJXUH 4A), VXggeVWiQg TĮ1 PighW aOVR bRRVW iPPXQe UeVSRQVe iQ 

hRVWV WhURXgh UeYeUiQg T ceOO e[haXVWiRQ dXUiQg acXWe YiUaO iQfecWiRQ.  

 IQfOaPPaWiRQ ZRXOd SURPRWe e[haXVWed T ceOO diffeUeQWiaWiRQ. FRU e[aPSOe, IL-6, a SOeiRWURSic 

c\WRNiQe WhaW SOa\V aQ eVVeQWiaO UROe iQ UegXOaWiQg iPPXQe UeVSRQVeV, caQ UeVcXe O\PShRc\We 

fURP e[haXVWiRQ fROORZiQg HCV iQfecWiRQ [25]. IL-10 iV aQ iQhibiWRU\ c\WRNiQe WhaW haV Whe caSaciW\ 

WR iQdXce T ceOO e[haXVWiRQ, aQd bORcNiQg IL-10 fXQcWiRQ haV beeQ VhRZQ WR VXcceVVfXOO\ SUeYeQW T 

ceOO e[haXVWiRQ fROORZiQg chURQic LCMV iQfecWiRQ [26, 27]. The VeYeUe/cUiWicaOO\ iOO COVID-19 

SaWieQWV haYe YeU\ high OeYeOV Rf VeUXP IL-6 aQd IL-10, aQd WheVe SaWieQWV aOVR diVSOa\ed high OeYeOV 

Rf Whe PD-1 aQd TiP-3 RQ T ceOOV, VXggeVWiQg WhaW bRWh IL-6 aQd IL-10 PighW be PechaQiVWicaOO\ 

UeVSRQVibOe fRU PediaWiQg e[haXVWed T ceOO diffeUeQWiaWiRQ iQ COVID-19 SaWieQWV [7]. MRUeRYeU, 

VeUXP OeYeOV Rf RWheU iQfOaPPaWiRQ facWRUV iQcOXdiQg PCP, CRP aQd feUUiWiQ RQ adPiVViRQ ZeUe aOVR 

YeU\ high iQ COVID-19 SaWieQWV (TDEOH 1). HRZeYeU, dXe WR Whe RXWbUeaN Rf SARS-CRV-2 iQfecWiRQ 

iV e[WUePeO\ ePeUgeQc\ iQ FebUXaU\, Ze UegUeW haYiQg QRW Whe caSaciW\ WR PeaVXUe VeUXP IL-10, IL-

6 aQd iQfOaPPaWiRQ PaUNeUV iQcOXdiQg PCP, CRP aQd feUUiWiQ iQ TĮ1-WUeaWed SaWieQWV. FXUWheU ZRUN 

iV Qeeded WR cOaUif\ Whe e[acW PechaQiVP XQdeUO\iQg TĮ1 dRZQ-UegXOaWeV PD-1 aQd TiP-3 

e[SUeVViRQ RQ CD8+ T ceOOV. 

The QXPbeU Rf O\PShRc\WeV fURP Wh\PXV ZiOO decUeaVe iQ aged SeUVRQ dXe WR Wh\PXV 

d\VUegXOaWiRQ aQd aWURSh\, VR TCR UeSeUWRiUe diYeUViW\ Rf O\PShRc\WeV iQ Whe SeUiSheUaO bORRd Rf 

Whe eOdeUO\ aUe decUeaVed, Zhich PighW PaNe Whe eOdeUO\ PRUe VXVceSWibOe WR YiUXV iQfecWiRQ [28-30]. 

ThiV SheQRPeQRQ ZaV aOVR VeeQ iQ VeYeUe COVID-19 SaWieQWV dXe WR RYeUZheOPiQg caVeV iQ ICU 

aUe aged abRYe 60 [1, 2, 31]. AcWXaOO\, aOWeUed T ceOO UeSeUWRiUe diYeUViW\ RccXUV iQ e[haXVWed T ceOOV 

[32], aQd  UedXceV Wh\Pic RXWSXW PighW be a PaMRU PechaQiVP Rf iPPXQe UecRQVWiWXWiRQ faiOXUe iQ 

HIV-iQfecWed SaWieQWV afWeU ORQg-WeUP aQWiUeWURYiUaO WheUaS\ [33]. IQ WhiV VWXd\, Ze fRXQd WhaW TĮ1 

caQ SURPRWe Wh\PXV RXWSXW iQ COVID-19 SaWieQWV baVed RQ Whe OeYeOV Rf TREC (FLJXUH 4B), Zhich 

iV aQ accXUaWe PeWhRd WR deWecW Wh\PXV RXWSXW iQ ciUcXOaWiRQ T ceOOV [34], dePRQVWUaWiQg TĮ1 

eQhaQceV iPPXQe UecRQVWiWXWiRQV WhURXgh SURPRWiQg Wh\PXV RXWSXW OeadiQg WR eQhaQcePeQW Rf TCR 

UeSeUWRiUe diYeUViW\ aQd O\PShRc\We QXPbeUV iQ ciUcXOaWiRQ.  

HRZeYeU, Ze acNQRZOedge WhaW RXU VWXd\ haV VeYeUaO OiPiWaWiRQV. OQe iVVXe iV Whe QRUPaOi]aWiRQ 

Rf TREC OeYeOV aPRQg iQdiYidXaOV, WheUe aUe QR VSecific gXideOiQeV aV WR hRZ WR QRUPaOi]e 

ciUcXOaWiQg TREC cRSieV, aQd Ze chRVe WR adMXVW WR WRWaO DNA cRQWeQW iQ Whe VaPSOe. The VecRQd 

iVVXe iV Ze RQO\ iQYeVWigaWed PD-1 aQd TiP-3 RQ CD8+ T ceOOV, fXUWheU VWXdieV XViQg SeSWideV fURP 

SARS-CRV-2 YiUXV WR acWiYaWe T ceOO in YiWro aQd cOaUif\ ZheWheU TĮ1 WUeaWPeQW aOVR caQ eQhaQce 

IL-2 aQd IFN-Ȗ VecUeWiRQ fURP SeSWideV- acWiYaWed T ceOOV iV Qeeded.  The WhiUd iVVXe iV QR deWecWiYe 
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NiWV aUe aYaiOabOe WR TXaQWif\ YiUXV WiWeU afWeU TĮ1 WUeaWPeQW, VR Ze did QRW NQRZ ZheWheU TĮ1 

WUeaWPeQW caQ cRQWURO YiUXV WiWeUV WiOO QRZ. FRXUWhO\, aOWhRXgh RXU UeVXOWV VhRZ TĮ1 WUeaWPeQW haV 

VRPe beQefiWV WR COVID-19 SaWieQWV, iW VhRXOd be iQWeUSUeWed ZiWh caXWiRQ becaXVe Rf iQheUeQW 

QaWXUe Rf UeWURVSecWiYe VWXd\ aQd VPaOO VaPSOe Vi]e, fXWXUe ORQgiWXdiQaO VWXdieV RQ a OaUgeU cRhRUW 

aUe eageUO\ Qeeded. FifWhO\, iW¶V YeU\ difficXOW WR UeWUieYe cOiQicaO iPSURYePeQW UeOaWed iQde[, Zhich 

iV Zh\ Ze MXVW chRVe PRUWaOiW\ aV RXU SUiPaU\ cOiQicaO RXWcRPe aQd iV YeU\ XQOiNe a UeceQW RCT 

UeVeaUch [35], iQ WhaW VWXd\ a VeYeQ-caWegRU\ RUdiQaO VcaOe ZaV deVigQed SUiRU WR Whe cRPPeQce Rf 

UeVeaUch. AddiWiRQaOO\, PRUWaOiW\ Rf WhiV VWXd\ ZaV cUXde PRUWaOiW\, Zhich iQcOXded bRWh COVID-19-

aWWUibXWabOe PRUWaOiW\ aQd PRUWaOiW\ UeOaWed WR XQdeUO\iQg diVeaVe. 4 RXW Rf Whe 36 caVeV UeceiYiQg 

TĮ1 WUeaWPeQW VXccXPbed, accRXQWiQg fRU 11.11%. SRPe VeUiRXV cRPSOicaWiRQV RccXUUed iQ WheVe 4 

caVeV dXUiQg cOiQicaO cRXUVeV Rf COVID-19, VXch aV hePRUUhagic VhRcN UeVXOWiQg fURP 

gaVWURiQWeVWiQaO hePRUUhage iQ caVe 1, heaUW aWWacN iQ caVe 2, VeSWic VhRcN iQ bRWh caVe 3 aQd caVe 4. 

IW iV YeU\ difficXOW WR WeOO Zhich e[acWO\ cRQWUibXWeV WR WheiU cRUUeVSRQdiQg deaWhV. LaVW bXW QRW Whe 

OeaVW, Whe chaUacWeUiVWicV Rf eQUROOed SaWieQWV aW baVeOiQe ZeUe geQeUaOO\ PaWched beWZeeQ Whe WZR 

gURXSV, hRZeYeU, VRPe cRQfRXQdeUV dXUiQg cOiQicaO cRXUVeV, iQcOXdiQg bXW QRW OiPiWed WR 

gOXcRcRUWicRidV dRVage RU e[SRVXUe OeYeOV, aUe iQeYiWabO\ WR aYRid aQd difficXOW WR eYaOXaWe.  

IQ cRQcOXViRQ, Ze heUe dePRQVWUaWed WhaW TĮ1 VXSSOePeQW haV Whe caSaciW\ WR iPSURYe aQd UeVWRUe 

T ceOO cRXQWV iQ COVID-19 SaWieQWV ZiWh VeYeUe O\PShRc\WRSeQia. IPSRUWaQWO\, TĮ1 VXSSOePeQW caQ 

UeYeUVe T ceOO e[haXVWiRQ aQd iQdXceV iPPXQe UecRQVWiWXWiRQ WhURXgh iQdXciQg Wh\PXV RXWSXW iQ 

COVID-19 SaWieQWV ZiWh SARS-CRV-2 iQfecWiRQ. AOO Rf WheVe haYe cROOecWiYeO\ cRQWUibXWed WR Whe 

UedXcWiRQ iQ PRUWaOiW\ iQ WhiV VWXd\ cRhRUW. ThRXgh RXU UeVXOWV VhRXOd be iQWeUSUeWed ZiWh caXWiRQ, iW 

dReV giYe a cOXe WR Whe WUeaWPeQW Rf COVID-19 SaWieQWV aQd fXWXUe ViPiOaU VWXdieV.
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Figure legends 

FLJXUH 1 WRUNIORZ FKDUW. TĮ1 VXSSOePeQW iQ cRPbiQaWiRQ ZiWh VWaQdaUd RU cRQYeQWiRQaO PedicaO 

WheUaSieV iV defiQed aV WUeaWPeQW gURXS ZhiOe MXVW VWaQdaUd RU cRQYeQWiRQaO PedicaO WheUaSieV aUe 

defiQed aV cRQWURO gURXS. 

   

FLJXUH 2 TKH VXUYLYDO UDWH (A), QRQLQYDVLYH PHFKDQLFDO YHQWLODWLRQ (FUHH-%) (B) DQG LQYDVLYH 

PHFKDQLFDO YHQWLODWLRQ (FUHH-%) (C) RI VHYHUH RU FULWLFDO COVID-19 SDWLHQWV ZLWK RU ZLWKRXW 
TĮ1 VXSSOHPHQW. TheUe ZeUe 2 SaWieQWV iQ WUeaWPeQW gURXS XQdeUZeQW QRQiQYaViYe PechaQicaO 

YeQWiOaWiRQ ZhiOe 11 SaWieQWV XQdeUZeQW iQ QRQ-WUeaWPeQW gURXS. 9 RXW Rf Whe 11 caVeV XQdeUZeQW 

iQYaViYe PechaQicaO YeQWiOaWiRQ RZiQg WR h\SR[ia caQQRW b\ adMXVWed b\ QRQiQYaViYe PechaQicaO 

YeQWiOaWiRQ. *p< 0.05. NMV: QRQiQYaViYe PechaQicaO YeQWiOaWiRQ; IMV: iQYaViYe PechaQicaO 

YeQWiOaWiRQ. 

 

Figure 3 TĮ1 significantly enhances T cell counts in COVID-19 patients with severe 

lymphocytopenia . (A) Thymosin VXSSOePeQW effecWiYeO\ UeVWRUeV T ceOO QXPbeUV iQ caVeV ZiWh 

Whe cRXQWV Rf CD8+ T ceOOV RU CD4+ T ceOOV ORZeU WhaQ 400/ȝL RU 650/ȝL, UeVSecWiYeO\; (B) TĮ1 

dUaPaWicaOO\ iQcUeaVeV Whe cRXQWV Rf CD8+ aQd CD4+ T ceOOV iQ aged SaWieQWV (> 60 \eaUV ROd); 

EQhaQcePeQW Rf T ceOO QXPbeUV b\ TĮ1 supplement ZaV aOVR RbVeUYed iQ caVeV ZiWh comorbidities 

of hypertension (C) or cardiovascular diseaseV (D). *p < 0.05; **p < 0.01; ***p < 0.001. NS: QRW 

VigQificaQWO\ diffeUeQW. 

 

Figure 4 TĮ1 supplement enhances thymus output and reveres T cell exhaustion in severe COVID-

19 patients. (A) The percentage of PD-1 and Tim-3 on CD8+ T cells in severe COVID-19 patients 

without or with continuous 7 days of TĮ1 supplement. (B) TREC levels in PBMCs of severe 

COVID-19 patients before and after 7 days of TĮ1 treatment. **p < 0.01; ****p < 0.0001. 
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TDEOH 1 Clinical Characteristics of severe/critically ill COVID-19 patients with or without TĮ1 

supplement. According to the presence or absence of 7 days continuous TĮ1 injection, the patients 

under study were categorized as treatment group in 36 patients and non-treatment group in 40 

patients. 

 Treatment Group (N=36) Non-treatment Group 

(N=40) 

p value 

Thymosin Treatment Time (Days) 17.5 (14 - 27.75) NA *  

Age (Years) 56 (41.3 - 69.8) 57.5 (53.50 - 73.75) 0.3620  

Male  (%) 69.44 (25/36) 50 (20/40) 0.0850  

Coexisting Disorders (%) 38.89 (14/36) 42.5 (17/40) 0.7494  

Mortality (%) 11.11 (4/36) 30 (12/40) 0.0437  

ICU length of stay of survivors (Days) 
(N = 32 vs. 27) 

6.5 (4.25 - 10.75) 4 (1 - 14.0) 0.2300  

Hospital stay of survivors (Days) 
(N = 32 vs. 28) 

22.5 (16.85 - 34.25) 20.4 (18.76 - 26.31) 0.3140  

Total T cells on admission (*10^6/L) 
(N = 34 vs. 20) 

632.5 (365 - 812) 612 (293 - 461) 0.7880  

CD8+ T cells on admission (*10^6/L) 
(N = 34 vs. 20) 

208 (95 - 298) 190.5 (118 - 280) 0.9860  

CD4+ T cells on admission (*10^6/L) 
(N = 34 vs. 20) 

330 (175 - 411) 320 (132 - 597) 0.6800  

Ratio of total T cells of discharge to admission 
(N = 21 vs. 20) (%) 

1.65 (1.23 - 2.32) 3.78 (3.65 - 5.27) 0.1410  

Ratio of CD8+ T cells of discharge to admission 
(N = 21 vs. 20) (%) 

1.68 (1.23 - 2.18) 3.05 (2.50 - 4.44) 0.1030  

Ratio of CD4+ T cells of discharge to admission  

(N=21 vs. 20) (%) 

1.5 (1.28 - 1.50) 4.13 (3.30 - 9.70) 0.1200  

Neutrophil on admission  (*10^9/L) 3.95 (2.54 ± 5.31) 3.95 (2.55 ± 6.36) 0.818 

Lymphocytes of admission  (*10^9/L) 0.97 (0.64 - 1.35) 0.73 (0.46 - 0.70) 0.0770  

Neutrophil-Lymphocyte ratio on admission 3.88 (2.54 ± 7.29) 4.37 (2.74 ± 9.83) 0.657 

IL-6 on admission (pg/ml)  (N = 36 vs. 33)  24 (17.13 - 48.48) 10.4 (7.30 - 37.25) 0.0470  

PCT on admission (ng/mL) (N = 36 vs. 33) 0.07 (0.05 ± 0.115) 0.06 (0.04 ± 0.125) 0.838 

CRP on admission (mg/L) (N = 36 vs. 39) 15.95 (8.95 ± 48.37) 19.55 (13.96 ± 65.45) 0.560 

Ferritin on admission (ng/mL) (N = 11 vs. 12) 890.8 (437.4 ± 1707.0) 472.4 (254.4 ± 1016.1) 0.684 

PO2 on admission (N = 25 vs. 17) (Kpa) 10.7 (9.75 - 15.3) 9.33 (7.74 - 13.32) 0.0320  

PO2 of discharge (N = 20 vs. 18) (Kpa) 12.6 (9.77 - 16.68) 9.7 (6.57 - 12.35) 0.0420  

Ratio of PO2 of discharge to admission 

 (N = 20 vs. 17) (%) 

1.1 (0.96 - 1.28) 0.95 (0.76 - 0.95) 0.1700  

Time from admission to measurement of PO2 (Days) 
(N = 20 vs. 17) 

8 (5.00 -18.50 ) 8 (5.50 - 9.00) 0.3740  

Antiviral treatment (%) 100 (36/36) 100 (40/40) 1.0000  

Oseltamivir  (%) 88.9 (32/36) 87.5 (35/40) 0.852 

Lopinavir/Ritonavir  (%) 50 (18/36) 40 (16/40) 0.381 

Ribavirin  (%) 50 (18/36) 40 (16/40) 0.381 

IFN-α  (%) 58.3 (21/36) 47.5 (19/40) 0.345 

Arbidol  (%) 5.6 (2/36)  7.5 (3/40) 0.733 

TCM  (%) 91.7 (33/36) 80 (32/40) 0.149 

Antibacterial treatment (%) 100 (36/36) 100 (40/40) 1.0000  

Moxifloxacin (%) 75.0 (27/36) 62.5 (25/40) 0.242 

Ceftriaxone  (%) 58.3 (21/36) 22.5 (9/40) 0.001 

Cefoperazone sulbactam (%) 52.8 (19/36) 65.05 (26/40) 0.279 

Meropenem  (%) 52.8 (19/36) 25.0 (10/40) 0.013 

D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
s
://a

c
a

d
e

m
ic

.o
u

p
.c

o
m

/c
id

/a
rtic

le
-a

b
s
tra

c
t/d

o
i/1

0
.1

0
9

3
/c

id
/c

ia
a

6
3

0
/5

8
4

2
1

8
5

 b
y
 g

u
e

s
t o

n
 3

0
 J

u
ly

 2
0

2
0



A
cc

ep
te

d 
M

an
us

cr
ip
t

 

 15 / 19 

 

Levofloxacin  (%) 8.3 (3/36) 27.5 (11/40) 0.031 

Azithromycin  (%) 5.6 (2/36) 7.5 (3/40) 0.733 

Oxygen inhalation (%) 83.33 (30/36) 95 (38/40) 0.0980  

Glucocorticoid (%) 66.67 (24/36) 95 (38/40) 0.0015  

Intravenous (%) 100 (24/24) 100% (38/38) 1.000 

Duration of corticosteroid treatment (days), 7 (4.25 ± 16.75) 5 (4.00 ± 8.00) 0.121 

Total dose of methylprednisolone (mg) 885 (205 ± 1390) 400 (260 ± 585) 0.076 

Dose of methylprednisolone per day (mg) 81.18 (57.28 ± 116.69) 68.57 (50.29 ± 91.66) 0.326 

Low-to-moderate doses of corticosteroids (%) 
(25-150ௗPg/d methylprednisolone or equivalent) 

91.7 (22/24) 92.1 (35/38) 0.951 

High-dose corticosteroid therapy (%) 
(> 150ௗPg/d methylprednisolone or equivalent) 

8.3 (2/24) 7.9 (3/38) 0.951 

Noninvasive mechanical ventilation (%) 5.56 (2/36) 27.5 (11/40) 0.0198  

Invasive mechanical ventilation (%) 0 (0/36) 22.5 (9/40) 0.0027  

Blood purification (%) 2.78 (1/36) 0 (0/40) 0.2886  

NA: NRW aSSOicabOe. NMV: QRQiQYaViYe PechaQicaO YeQWiOaWiRQ; IMV: iQYaViYe PechaQicaO 

YeQWiOaWiRQ. TCM: TUadiWiRQaO ChiQeVe MediciQe, PaiQO\ iQcOXdiQg LiaQhXaTiQgZeQ CaSVXOe aQd 

GaQPaR QiQgUe GUaQXOeV. 

DaWa aUe PediaQ (iQWeUTXaUWiOe UaQge, IQR) RU % (Q/N), ZheUe N iV Whe WRWaO QXPbeU Rf SaWieQWV 

ZiWh aYaiOabOe daWa.  S YaOXeV aUe fURP Ȥ2 WeVW RU MaQQ-WhiWQe\ U WeVW. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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