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S : Th i  a ha 1 (T 1) ed ce  he a i  f e e e COVID-19 b  e a i  f 

h c e ia a d e e i  f e ha ed T ce . COVID-19 a ie  i h he c  f CD8+ 

 CD4+ T ce  e  ha  400/ L  650/ L, e ec i e , gai  e be efi . 
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Abstract 

Backg nd. We e i  e ed ha  h c e ia a d T ce  e ha i  i  ab e i  

ac e COVID19 a ie , e ecia  i  aged a d e e e ca e . Th i  a ha 1 (T 1) had bee  

ed i  he ea e  f i a  i fec i  a  a  i e e e difie  f  a  ea . H e e , 

c i ica  be efi  a d echa i  f T 1 e e   COVID-19 a e i  c ea .  

Me h d . We e ec i e  e ie ed he c i ica  c e  f 76 e e e ca e  i h COVID-

19 ad i ed i   h i a  i  W ha  f  Dece be  2019  Ma ch 2020. The h   

i  e i he a  b d c ea  ce  (PBMC ) f  COVID-19 a ie  a  ea ed b  T ce  

ece  e ci i  ci c e  (TREC). The e e  f T ce  e ha i  a e  PD-1 a d Ti -3  CD8+ 

T ce  e e de ec ed b  f  c e . 

Re l . C a ed i h ea ed g , T 1 ea e  ig ifica  ed ce  a i  f 

e e e COVID-19 a ie  (11.11% s. 30.00%, p=0.044). T 1 i e  e ha ce  b d T ce  

be  i  COVID-19 a ie  i h e e e h c e ia ( he c  f CD8+ T ce   CD4+ 

T ce  i  ci c a i  e  ha  400/ L  650/ L, e ec i e ). U de  ch c di i , T 1 a  

cce f  e e  CD8+ a d CD4+ T ce  be  i  aged a ie . Mea hi e, T 1 ed ce  PD-

1 a d Ti -3 e e i   CD8+ T ce  f  e e e COVID-19 a ie  i  c a i  i h 

ea ed ca e . I  i  f e ha  e a i  f h c e ia a d ac e e ha i  f T ce  a e 

gh  a a e   he i e f TREC . 

C ncl i n . T 1 e e  ig ifica  ed ce a i  f e e e COVID-19 a ie . 

COVID-19 a ie  i h he c  f CD8+ T ce   CD4+ T ce  i  ci c a i  e  ha  

400/ L  650/ L, e ec i e , gai  e be efi  f  T 1. T 1 e e e  T ce  e ha i  a d 

ec e  i e ec i i  h gh i g h   d i g SARS-C V-2 i fec i . 

 

Key Words: Th i  a ha 1; COVID-19; SARS-C V-2; T ce  e ha i ; I e 

ec i i  
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Introduction 

The e ide ic f 2019 e  c a i  (SARS-C V-2), hich a  fi  e ed i  Dece be  

2019 i  W ha , Chi a, ha  bee  ec g i ed a  a a de ic b  he W d Hea h O ga i a i  

(WHO) [1-3]. A  f May 13, 2020, Chi a ha  e ed 84451 ca e  f c fi ed COVID-19 a d 

4644 fa a i ie . Mea hi e, he be  f c fi ed COVID-19 a d fa a i ie  i  he h e d 

e e 4098018 a d 283271, e ec i e  [4].  
L h c e  a  a  e e ia  e i  figh i g agai  i a  i fec i , he ef e, b i g he 

be  a d e ha ci g he a i i a  f c i  f T ce  i  COVID-19 a ie  i  f a a  a e 

f  cce f  ec e . H e e ,  COVID-19 ca e  di a ed e e e lymphocytopenia , 

e ecia  i  aged a d e e e ca e  [2, 5-7]. Th i - 1 (T 1), a i d f e ide h e 

d ced b  h ic e i he ia  ce , ca  effec i e  i c ea e T ce  be ,  T ce  

diffe e ia i , a a i , a d ed ce ce  a i  [8-10]. The ef e, T 1 ha  bee  cce f  

ed i  c i ica  ac ice  ea  a ie  i fec ed i h he a i i  B (HBV), he a i i  C (HCV) a d 

h a  i deficie c  i e  (HIV), a d i  efficac  a  ed b  a h gica  b e a i  

[11-13]. T  e ha ce i i , ac a , he edica   ea  e be  f  a  e  he 

c  g  T 1 i ec i  bef e bei g de ed  H bei P i ce, a d  i fec i  ca e  e e 

e ed i  , gge i g T 1 igh  ha e he e ia   e e  SARS-C V-2 i fec i . 

Ne e he e ,  da a a e a ai ab e he he  T 1 ea e  ha  a  be efi   c i ica  i  COVID-

19 a ie  e . 

We he e e ec i e  a a ed he c i ica  da a f  76 c i ica  i  ca e  f COVID-19 h  

e e ad i ed i  Ge e a  H i a  f he Ce a  Thea e C a d a d W ha  P a  

H i a  i  W ha  f  Dece be  2019  Ma ch 2020. We a  c a ed he e e i  f 

e ha i  a e  PD-1 a d Ti -3  CD8+ T ce  a d a a ed h   abi i  f  

COVID-19 a ie  af e  T 1 ea e . O  e  ide a e i i a  de a i  ha  T 1 

ha  be efi   COVID-19 a ie , e ecia  h e i h e e e h c e ia. 

Methods 

P  Medica  ec d  f e e e/c i ica  COVID-19 a ie  (aged f  21 ea   92 ea ) 

ad i ed i  Ge e a  H i a  f he Ce a  Thea e C a d  W ha  P a  H i a  i  

W ha  e e c ec ed a d e ec i e  a a ed. Diag i  a d c a ifica i  f c i ica  e  f 

COVID-19 e e ba ed  he Ne  C a i  P e ia P e e i  a d C  P g a  (5 h 

edi i ) b i hed b  he Na i a  Hea h C i i  f Chi a. T  be b ief, a ie  h  ee  a  

f he f i g c di i  i  diag ed a  e e e e: a ie  e e  e i a  di e  i h 
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e i a  a e 30 b ea h/ i , S O2 ( ge  a a i ) 93%   ai , a d PaO2 (a e ia  

b d ge  a ia  e e)/FiO2 (f ac i  f i i ed ge ) 300 Hg (1 Hg = 0.133 

Pa); a ie  ee  a  f he f i g c di i  i  diag ed a  c i ica  e: a ie  e e  

e i a  fai e a d e i e  echa ica  e i a i  , a ie  e e  h c , a d a ie  

e e  i e ga  d f c i  d e a d e i e  ICU ad i i . O  e e e  c i ica  

COVID-19 a ie  i h a  ea  10 da  h i a i a i  d a i  e e fi a  i c ded i  hi  

d . Acc di g  he e e ce  ab e ce f 7 da  c i  T 1 i ec i , he e ed 

a ie  de  d  e e ca eg i ed a  ea e  g  a d - ea e  g . The e d i  f 

hi  d  a  ec e   dea h.  

T 1  I  he ea e  g , a ie  ecei ed bc a e  i ec i  f 10 g T 1 

ce e  da  f  a  ea  e e  c ec i e da , he  i  ec e ded  c i e  e i  he 

e d i  f he e e  d . P i   ad i i a i , he hi i ed de  i   be ec i ed 

i h 1  f he ided di e  ( e i e a e  f  i ec i ). Af e  ec i i , he fi a  

c ce a i  f Ta1 i  10 g/ . The f  cha  a  h ed i  F  1. 

D   We e ie ed c i ica  ec d , i g ec d , ab a  fi di g , a d che  - a  

 CT ca  f  a  he a ie . A  i f a i  a  b ai ed a d c a ed i h a c i ed da a 

c ec i  f . T  i e iga  (Y Li  a d Y Che ) i de e de  e ie ed he da a c ec i  

f   e if  da a acc ac . 

PD-1  T -3 A  Pe i he a  b d a e  f  a ie  e e ha e ed i h a ic ag a  

(EDTA-K2). L h c e  e e ga ed f  CD45+ e c e  i h i g a i-CD45-APC 

a ib die  (SK1, BD Bi cie ce ), he e e i  f e ha i  a e   CD8+ T ce  e e 

f he  de ec ed i h i g CD8-PE (SK1, Bi ege d), PD-1-PE-CY5 (EH12.2H7, Bi ege d) a d 

TIM-3-FITC (F38-2E2, Bi ege d) a ib die . Af e  bei g ai ed, he ce  e e ea ed b  f  

c e   a  LSR F e a Ce  A a e  (BD Bi cie ce ) a d da a a a ed i g he F J  

f a e (T eeS a ). A  e e i e a  ced e  e e c e ed de  bi afe  e e  II  

c di i .  

TREC  Pe i he a  b d a e  f  a ie  e e ha e ed i h a ic ag a  (EDTA-

K2). Pe i he a  b d c ea  ce  (PBMC ) e e ha e ed b  de i  g adie  

ce if ga i  i  he Ce a  Lab f Ge e a  H i a  f he Ce a  Thea e C a d. TREC 

a a  a  e f ed i g DNA e ac ed f  he a ici a  PBMC . A ifica i  eac i  

(20 ) c ai ed a i a e 20 g f ge ic DNA, 10  f 2  P e i  E  Ta  a e  i  

(Ta a a Bi  I c. Ja a), a d he a ia e i e  a d be . PCR c di i  i c di g i e  

a d be e e ce  ha e bee  de c ibed e i  [14]. Reac i  e e ca ied  i  a  R che 

Ligh C c e 96 de ec i  e  (R che A ied Scie ce, Ge a ). The c ie  f TREC  i  a 
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gi e  a e a  e i a ed b  c a i g he CT a e i h a a da d c e b ai ed f  PCR  

e f ed i h e f d e ia  di i  f a  i e a  a da d. A ifica i  f RNA eP (A ied 

Bi e ) a  ed  e if  he a i  a d e e ce f ge ic DNA. TREC a e  e e 

ad ed f  a  DNA c e . 

Results 

1. T 1  COVID-19   

T  figh  agai  i  i fec i , i  i  ece a   b  T ce  be  a d hei  a i i a  

f c i  i  COVID-19 a ie  d e   ecific d g  f  SARS-C V-2 c a i  a e 

a ai ab e i  . T 1, a i d f e ide h e ha  ca  eg a e T ce  d c i , 

diffe e ia i  a d ac i i , a  e ec ed  ea  COVID-19 a ie . A a  f 76 e e e  c i ica  

COVID-19 f   de ig a ed h i a  e e e ed i  hi  e ec i e c h  d  ba ed  

he e- e  i c i  c i e ia. Acc di g  he e e ce  ab e ce f 7 da  c i  T 1 

i ec i , he a ie  de  d  e e ca eg i ed a  ea e  g  i  36 a ie  a d -

ea e  g  i  40 a ie . The e e e  ig ifica  diffe e ce  be ee  he  g  i  

de g a hic cha ac e i ic  a d c i ica  fi di g  a  he i e f ad i i , ch a  age, e , 

c e i i g di de , he c  f a  h c e , T ce , CD8+ T ce , CD4+ T ce , PCO2  

ad i i  a d PCO2 f di cha ge. M e e , a  f he e a ie  g  a i i a  a d a ibac e ia  

ea e  d i g h i a i a i . G c c ic id a d ge  i ha a i  a e a  e  c . T 1- 

ea ed g  ha  igh  highe  e e  f IL-6 ha  ea ed g  (p=0.047), he ea , he e e  

f PO2  ad i i  a d PO2 f di cha ge a e a i e highe  i  T 1- ea ed g  ha  h e i  

- ea e  g  (T  1). Ta1 ha  bee  a ed b  FDA a d Chi a FDA, a d i  i  a e  

e  e a ed d g. N  ide effec  a cia ed i h Ta1 e e f d af e  h gh eadi g f a  he 

edica  ec d  f 36 a ici a  i  he ea e  g . The e e e 2 a ie  i  ea e  g  

de e  i a i e echa ica  e i a i  hi e 11 a ie  de e  i  - ea e  g . 

9  f he 11 ca e  i  he c  a  de e  b e e  i a i e echa ica  e i a i  

i g  h ia ca  b  ad ed b  i a i e echa ica  e i a i  he ea  e i  he 

ea e  a  e e i ba ed. M e i e e i g , 11.11% (4/36) ca e  i h T 1 ea e  

cc bed, he ea , he a i  f e e e COVID-19 a ie  i h  T 1 ea e  eache  

30% (12/40) (F  2, T  1), gge i g T 1 e e  ca  ed ce a i .  

2. T 1  T    COVID-19     

We e  i e iga ed he he  T 1 ca  e e T ce  be  i  COVID-19 a ie  i h e e e 

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

 

 6 / 19 

 

h c e ia. 34 ca e  i h ec di g f T ce  be   ad i i  a d af e  c i  7 

da  f T 1 ea e  e e i ed i  hi  ec i . Re  h ed ha  T 1 e e  

effec i e  e e  T ce  be  i  ca e  i h he c  f CD8+ T ce   CD4+ T ce  e  

ha  400/ L  650/ L, e ec i e , he ea , a ie  h e T ce  be  a e highe  ha  he 

ab e- e i ed e e  gai   be efi  f  T 1 ea e  (F  3A). M e i e e i g , T 1 

a  d a a ica  i c ea e  he c  f CD8+ a d CD4+ T ce  i  aged a ie  (> 60 ea  d) 

(F  3B), a d ca e  i h c bidi ie  f h e e i   ca di a c a  di ea e  (F  3C). 

C ec i e , he e da a de a e ha  T 1 e  i e  T ce  ec e  i  COVID-19 

a ie  i h e e e h c e ia.   

3. T 1  CD8+ T   ia     

O  e i  die  ha e de a ed ha  SARS-C V-2 i fec i  i d ce  ac e T ce  

e ha i , hich igh  ead  i effec i e  e i i a e i e  in i o [7]. We he  a a ed 

he he  T 1 affec  T ce  e ha i  i  e e e COVID-19 a ie , he ce he e e i  f 

g a ed dea h-1 (PD-1) a d T ce  i g b i  a d ci  d ai  ei  3 (Ti -3)  

CD8+ T ce  a  de ec ed b  f  c e . Beca e f e ec i e a e f hi  d , 

e i he a  b d a e  f  22 e ed a ie , i c di g 10 a ie  f  N - ea e  g  

a d 12 a ie  f  T 1- ea e  g  e ec i e , e e a ai ab e a  he i e f e f i g 

PD-1/Ti -3 a a i . Re  h ed ha  T 1 effec i e  d - eg a e  b h PD-1 a d Ti -3  

CD8+ T ce  i  ca e  i h T 1 ea e  ha  h e i  - ea e  g  (F  4A), 

gge i g ha  T 1 ca  a ia  e e e T ce  e ha i  d i g SARS-C V-2 i fec i . 

We e  i e iga ed he he  he e e i  f CD8+ T ce  e ha i  i  COVID-19 a ie  b  

T 1 i  d e  e ha ce e  f h -de i ed a e T ce  i  ci c a i . TREC  a e ecific 

ci c a  DNA b d c  f ed d i g he a d  ea a ge e  f T ce  ece , a d he  

a e  e e  i  ce  e ed f  h  b   f d i  e ica i g ce  i hi  PBMC  

[15]. T  e e he he  T 1 ad i i a i  affec  h   i  COVID-19 a ie , e 

ea ed TREC  i  PBMC  f a ie  bef e a d af e  7 da  T 1 i ec i . I e e i g , he 

T 1 ea ed g  a ife ed ig ifica  highe  TREC e e  ha  ea ed c  (F  4B), 

gge i g T 1 ha  he ca aci   e ha ce h  , b  h  e ha ce TCR di e i  a d 

fi a  e e e CD8+ T ce  e ha i .  

Discussion 

We he e e ec i e  e ie ed a d f d ha  T 1 ig ifica  ed ce  a i  f e e e 

COVID-19 a ie  c a ed i h h e i  ea ed g  (F  2). F he  d  h ed ha  
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T 1 effec i e  a d i e  e ha ce  T ce  c  i  COVID-19 a ie  i h e e e 

h c e ia, e ecia  i  ca e  i h he c  f CD8+  CD4+ T ce  e  ha  400/ L  

650/ L, e ec i e  (F  3A). Ba ed  he e e , e g  ec e d COVID-19 

a ie  h e CD8+ T  CD4+ T ce  c  e  ha  400/ L  650/ L, e ec i e , a  T 1 

i ec i   i e hei  i e f c i . Addi i a , he d a i  f T 1 i ec i  h d be a  

ea  7 da . I a , e ha ce e  f T ce  a  a  b e ed i  aged a ie  a d ca e  i h 

c e i i g di de  i c di g h e e i  a d ca di a c a  di ea e af e  7 da  c i  T 1 

e e  (F  3B～D). We he ef e gge  hea h  e e aged ab e 60 ecei e T 1 

e e   e e  e ia  SARS-C V-2 i fec i  d e  he i e e  f he e de  

a  ha e e e   T 1, e e  he h  igh  be e e e  a h .  

I e da age i  e  c  i  COVID-19 a ie , a d  c i ica  i  ca e  a ife ed 

e e e h c e ia [6, 16]. T 1 ha  bee  de c ibed  eg a e T ce  de e e  a d 

e ha ce T ce  be , i  ha  a  bee  ed i  a  c i ica  e i g  i  hich T ce  i i  i  

i ed, i c di g agi g, i a  i fec i  di ea e , a i e di de , a d i e 

ec i i  af e  b e a  a a a i  [17-19]. T 1 also showed promise in larger 

clinical studies of acute infections. For examples, several clinical studies demonstrated T 1 has 

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

Interestingly, T 1 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 T 1 e e  

effec i e  b  b h CD4+ a d CD8+ T ce  be  i  COVID-19 ca e  i h e e e 

h c e ia. 

The ai e CD8+ T ce  de g  b  ife a i  a d c a  e a i   diffe e ia e i  

effec  CD8+ T ce  ha  di ec  i  a ge  ce  d i g ac e i fec i , CD4+ T ce ,  he he  

ha d, a  a i  B ce   d ce a ib die  h  fi a  c ea  a h ge . H e e , e CD8+ 

T ce  a e  f effec  f c i  a d bec e e ha ed d i g ch ic i fec i  a d ca ce  

he e a ige  i a i  e i , e e he e , e i a i a i  f e ha ed T ce  ca  ei ig a e 

i i . The e ha ed T ce  e e  e e a ed i hibi  ece  i e PD-1  TIM-3 [22].   

I e e i g , ece   a  c fi ed ha  e ha ed T ce  a e e i e  i  ac e i a  i fec i , 

a d T ce  f  a ie  i  he ac e ha e f Eb a i fec i  a ife ed i h e ha ci g PD-1 

e e i  b  i ai ed IFN-  d c i  [23]. M e e , b c i g Ti -3 ig a  efficie  

e ha ced IFN-  ec e i  f  T ce  f i g H1N1 i fec i  de  [24]. O  e i   

ha  fi  e ed ha  SARS-C V-2 igge  he e e i  f PD-1 a d Ti -3  T ce , 

gge i g e ha ed T ce  e e e i e  i  COVID-19 a ie  d i g SARS-C V-2 ac e 
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i fec i  [7]. We he e f d ha  T 1 effec i e  d - eg a e  b h PD-1 a d Ti -3  CD8+ T 

ce  i  COVID-19 a ie  (F  4A), gge i g T 1 igh  a  b  i e e e i  

h  h gh e e i g T ce  e ha i  d i g ac e i a  i fec i .  

 I f a a i  d e e ha ed T ce  diffe e ia i . F  e a e, IL-6, a ei ic 

c i e ha  a  a  e e ia  e i  eg a i g i e e e , ca  e c e h c e 

f  e ha i  f i g HCV i fec i  [25]. IL-10 i  a  i hibi  c i e ha  ha  he ca aci  

 i d ce T ce  e ha i , a d b c i g IL-10 f c i  ha  bee  h   cce f  e e  T 

ce  e ha i  f i g ch ic LCMV i fec i  [26, 27]. The e e e/c i ica  i  COVID-19 

a ie  ha e e  high e e  f e  IL-6 a d IL-10, a d he e a ie  a  di a ed high e e  

f he PD-1 a d Ti -3  T ce , gge i g ha  b h IL-6 a d IL-10 igh  be echa i ica  

e ib e f  edia i g e ha ed T ce  diffe e ia i  i  COVID-19 a ie  [7]. M e e , 

e  e e  f he  i f a a i  fac  i c di g PCP, CRP a d fe i i   ad i i  e e a  

e  high i  COVID-19 a ie  (T  1). H e e , d e  he b ea  f SARS-C V-2 i fec i  

i  e e e  e e ge c  i  Feb a , e eg e  ha i g  he ca aci   ea e e  IL-10, IL-

6 a d i f a a i  a e  i c di g PCP, CRP a d fe i i  i  T 1- ea ed a ie . F he   

i  eeded  c a if  he e ac  echa i  de i g T 1 d - eg a e  PD-1 a d Ti -3 

e e i   CD8+ T ce . 

The be  f h c e  f  h  i  dec ea e i  aged e  d e  h  

d eg a i  a d a h ,  TCR e e i e di e i  f h c e  i  he e i he a  b d f 

he e de  a e dec ea ed, hich igh  a e he e de  e ce ib e  i  i fec i  [28-30]. 

Thi  he e  a  a  ee  i  e e e COVID-19 a ie  d e  e he i g ca e  i  ICU 

a e aged ab e 60 [1, 2, 31]. Ac a , a e ed T ce  e e i e di e i  cc  i  e ha ed T ce  

[32], a d  ed ce  h ic  igh  be a a  echa i  f i e ec i i  fai e i  

HIV-i fec ed a ie  af e  g- e  a i e i a  he a  [33]. I  hi  d , e f d ha  T 1 

ca  e h   i  COVID-19 a ie  ba ed  he e e  f TREC (F  4B), hich 

i  a  acc a e e h d  de ec  h   i  ci c a i  T ce  [34], de a i g T 1 

e ha ce  i e ec i i  h gh i g h   eadi g  e ha ce e  f TCR 

e e i e di e i  a d h c e be  i  ci c a i .  

H e e , e ac edge ha   d  ha  e e a  i i a i . O e i e i  he a i a i  

f TREC e e  a g i di id a , he e a e  ecific g ide i e  a   h   a i e 

ci c a i g TREC c ie , a d e ch e  ad   a  DNA c e  i  he a e. The ec d 

i e i  e  i e iga ed PD-1 a d Ti -3  CD8+ T ce , f he  die  i g e ide  f  

SARS-C V-2 i   ac i a e T ce  in i ro a d c a if  he he  T 1 ea e  a  ca  e ha ce 

IL-2 a d IFN-  ec e i  f  e ide - ac i a ed T ce  i  eeded.  The hi d i e i   de ec i e 
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i  a e a ai ab e  a if  i  i e  af e  T 1 ea e ,  e did   he he  T 1 

ea e  ca  c  i  i e  i  . F h , a h gh  e  h  T 1 ea e  ha  

e be efi   COVID-19 a ie , i  h d be i e e ed i h ca i  beca e f i he e  

a e f e ec i e d  a d a  a e i e, f e gi di a  die   a a ge  c h  

a e eage  eeded. Fif h , i  e  diffic   e ie e c i ica  i e e  e a ed i de , hich 

i  h  e  ch e a i  a   i a  c i ica  c e a d i  e  i e a ece  RCT 

e ea ch [35], i  ha  d  a e e -ca eg  di a  ca e a  de ig ed i   he c e ce f 

e ea ch. Addi i a , a i  f hi  d  a  c de a i , hich i c ded b h COVID-19-

a ib ab e a i  a d a i  e a ed  de i g di ea e. 4  f he 36 ca e  ecei i g 

T 1 ea e  cc bed, acc i g f  11.11%. S e e i  c ica i  cc ed i  he e 4 

ca e  d i g c i ica  c e  f COVID-19, ch a  he hagic h c  e i g f  

ga i e i a  he hage i  ca e 1, hea  a ac  i  ca e 2, e ic h c  i  b h ca e 3 a d ca e 4. 

I  i  e  diffic   e  hich e ac  c ib e   hei  c e di g dea h . La  b   he 

ea , he cha ac e i ic  f e ed a ie  a  ba e i e e e ge e a  a ched be ee  he  

g , h e e , e c f de  d i g c i ica  c e , i c di g b   i i ed  

g c c ic id  d age  e e e e , a e i e i ab   a id a d diffic   e a a e.  

I  c c i , e he e de a ed ha  T 1 e e  ha  he ca aci   i e a d e e 

T ce  c  i  COVID-19 a ie  i h e e e h c e ia. I a , T 1 e e  ca  

e e e T ce  e ha i  a d i d ce  i e ec i i  h gh i d ci g h   i  

COVID-19 a ie  i h SARS-C V-2 i fec i . A  f he e ha e c ec i e  c ib ed  he 

ed c i  i  a i  i  hi  d  c h . Th gh  e  h d be i e e ed i h ca i , i  

d e  gi e a c e  he ea e  f COVID-19 a ie  a d f e i i a  die .
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Figure legends 

F  1 W  . T 1 e e  i  c bi a i  i h a da d  c e i a  edica  

he a ie  i  defi ed a  ea e  g  hi e  a da d  c e i a  edica  he a ie  a e 

defi ed a  c  g . 

   

F  2 T    (A),    (F -%) (B)   

  (F -%) (C)     COVID-19     
T 1 . The e e e 2 a ie  i  ea e  g  de e  i a i e echa ica  

e i a i  hi e 11 a ie  de e  i  - ea e  g . 9  f he 11 ca e  de e  

i a i e echa ica  e i a i  i g  h ia ca  b  ad ed b  i a i e echa ica  

e i a i . *p< 0.05. NMV: i a i e echa ica  e i a i ; IMV: i a i e echa ica  

e i a i . 

 

Figure 3 T 1 significantly enhances T cell counts in COVID-19 patients with severe 

lymphocytopenia . (A) Thymosin e e  effec i e  e e  T ce  be  i  ca e  i h 

he c  f CD8+ T ce   CD4+ T ce  e  ha  400/ L  650/ L, e ec i e ; (B) T 1 

d a a ica  i c ea e  he c  f CD8+ a d CD4+ T ce  i  aged a ie  (> 60 ea  d); 

E ha ce e  f T ce  be  b  T 1 supplement a  a  b e ed i  ca e  i h comorbidities 

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

ig ifica  diffe e . 

 

Figure 4 T 1 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 T 1 supplement. (B) TREC levels in PBMCs of severe 

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

supplement. According to the presence or absence of 7 days continuous T 1 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 
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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 (%) 
(25-150 g/d methylprednisolone or equivalent) 

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

High-dose corticosteroid therapy (%) 
(> 150 g/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: N  a icab e. NMV: i a i e echa ica  e i a i ; IMV: i a i e echa ica  

e i a i . TCM: T adi i a  Chi e e Medici e, ai  i c di g Lia h a i g e  Ca e a d 

Ga a  Qi g e G a e . 

Da a a e edia  (i e a i e a ge, IQR)  % ( /N), he e N i  he a  be  f a ie  

i h a ai ab e da a.   a e  a e f  2 e   Ma -Whi e  U e . 
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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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