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Research progress on gender differences under novel coronavirus pneumonia
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[Abstract ] The outbreak of COVID-19 in December 2019 poses a great threat to people’s lives and health because of its strong
infectivity, which is still widespread worldwide. However, interestingly, by consulting previous literature, we found that there are gen-
der differences ininfection rate, critical condition and mortality. Compared with women, men are more likely to be infected in novel
coronavirus pneumonia and have higher mortality. First of all, gender will affect the expression of angiotensin converting enzyme-2
(ACE2), a key component in the renin-angiotensin system ( RAS system) , which may lead to gender differences in the performance of
novel coronavirus pneumonia. Secondly, because women have a positive, rapid and potent immune response, and men have a relatively
weak immune response when encountering pathogens, this may also be one of the reasons for gender differences under novel coronavirus
pneumonia. In this review, we briefly analyze the research progress in the hypothetical mechanism of gender differences from the two
pathogenic factors of novel coronavirus pneumonia, RAS system imbalance and cytokine storm.
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Fom LAl B F-fr % % 5K & (renin-angiotensin-
system, RAS) &4kt fosm jg B F N &, RIEBSR
LA 3 0 5 e Fo 4o 1 o % 50K 3 4% 4 B8-2 (angio-
tensin-convertion enzyme-2, ACE2) & ik 7K F Fn %, /%
BREWAETHEZERFLZRNANEER X,
AT M 22 R A B T RAT T BT K, AR X
A RAS R Gt K iy An 2 L T 3 U 3 AN 38 78 i 3k
BOm B 3 R R R £ S B E 1 R AL AT R
R -,

1 oK 555

HAMEEHmEAMTR GEAMETREE2
(SARS-CoV-2) Bl ety , 2 —Ar sy Ak m &, &
WZ M AT ELABRTREAMAETR T E
(SARS-CoV) Fn v R o %% 42 & 1F 7 % % % ( MERS-
CoV)MERR T &H, ARFEHERE - AN, £
IR IE4 RNA &Y, CoV 24 &4 5'-1F & 4 fn
3-ERARGH AP =022t CoV HEHD %
EA, =20z —WERNARD UM ETENEHE
g5, @it 5 SARS-CoV 1 MERS-CoV 3 47 th %,
% FL SARS-CoV-2 t £ F 41 5 SARS-CoV #1 MERS-
CoV #4801, H & SARS-CoV-2 W H 57| 5
MERS-CoV # 50% th [ J& t£, T 5§ SARS-CoV #y 4
PR — Tk E 80% W E R REEWE
5% M %% 4 SARS # & Wk F CoVZXC21 #n
CoVZCA45 #I L& & 3k 87.23% 7 87.99% , X i}t ¥ %
$EAR T 86 & SARS-CoV-2 By B 4/ £, 124 H H
B % A BN N SARS-CoV 2 ¥ %8 7 K /w5 2 bt AR
REWNEARE,

2 SARS-CoV-2 8o HLkl

SARS-CoV-2 A& 7 4R Ji & F ik #9 & L BUR Fk A,
M 5| A2 By R A 3R R — A LTz R R
FER A EH R AT A RN 2 H LA R
W, URE S ER T R AR F A
(acute-respiratry-distress-syndrme, ARDS) f1 % % &
R, W 8 Gt BoF A R e e
JiE B R LR S A B E 5 Kk ARDS A1 % 2
B F R E LT T, SARS-CoV-2 At H A i
REWBURALE M A A #, B BTA 8 ACE2 &y T3 fn
4 o B F R & T ik 2 E E W HLE
21 ACE2 ZWARLEFAMRGMELRES

ACE2 %4148 5%, ££ RAS £ 4 %, ACE2-Ang(1-7)-
MAS # 4 41 2 2 t ACE-AngII-ATIR %, % Angll
5 AT1 R4k & & B k RIGTE AT 4 b wh 1
Jl {2 ACE2 ¥ i 3t 3% v Mas % 1K £ £ 5 Angll #
FEG1E R 5 RAS R T,

BB R g W B SARS-CoV-2 # 1t 5 ACE2 %
BREATHEREMELZE LM, FRAKA
SARS-CoV-2S & B 5 ACE2 Z{hWy 4 &8 1
SARS-CoV & 10~20 45" X i ¥ # % 7 SARS-
CoV2 tt, SARS-CoV H Em e 5 Ay R, H ok, &
ARDS ¥ & HL# &, Angll ¥ % & (# fiti o1 BE B 2
AR 3RE 0 2 L, BT R A AR AR
ACE2 # 3t # 41 Angll K E R E A 3 A Mk
B#HF ACE2 ki T [, T Angll &3k B # ¥ fn,
F o, 7 5T A i 3k 3 BB ARDS #, SARS-CoV-2 Ji
F @I T ACE2 th &k {f RAS R4k, kT
BAT Angll 5 ATI Z RSP =AW 5 A EX%
BT S BT A, 4, SARS-CoV-2 T 5
EEmMMEKTE N ACE2 MEER KN E/EA, A
i £ ADAM17 &y 3& ¥, ADAM17 ¥ 38 i & F# %
FEHRETF ARETFZRMER > TFNEX
EM . ADAMIT By FR T i 5 B ARk P A B
B R R R
2.2 HWREFRE HAAN, A EFREEH
Ak EHERERELBNEERER"Y, @M H
FREZ-—FRRABETFEAE AT R FZ
BRI 2 RERS, AL 20K 0B
SR E T, BB AH D R R
MRAFG S EERBEER T, ARXRFENA
fi R A B K I E A Ay R R e i B
FhREVEFATFHAER THRELES XHADMR
HFREZFAMKBHEENABERTY,

MTHAR K AR EFREF LAY IL-6 fr
TNF-o B % 35 4 &, B R R H Angll % £ 2 5]
# AR F R B AENLH . SARS-CoV-2 i #F 48
MLF T B ACE2, 1 Angll By 5 ik 3 fm, M\ T 3% %
NF-kB, bz 4h, & BK KX | AR KL TH
B IL-6 # it gpl30 5 sIL-6R % & 7 m 1L-6-sIL-6R
G4 W s dE B % 4 By STAT3, NF-B #r
STAT3 #5 e % iE 11L-6, % 5 & (2 K 40 g B F fn #
B F s, EATE LK S B E R AR
BHETHARTHEARTRIFELKRE @85
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MERBENRARATETE EEZER T, BEFET
K EEH AR BEF T M5 RZEH K
G0 BT @M EFREBASWMER, BT 4
REBLSESTHRETFRENRE,

3 WO R R BITE 2 MRS

3.1 ACE2 RizxKFWAR R LELHAM KA
FEEEHEE SN ARDS, W4, BE TS
NE RS E T RE B REESLSEE
WF, A A ROR L w o E A R R
EAFEWAZER G HAX LI LE, AT F 3
Tt T, XBLHAESHAESAFE
RAS # 4t K i oy £ B AR AEDY , A0 i kom o+,
ACE2 B #3E W1 B A {47 9 % 2 86 An 40 ] 3R R RL
WER, £ B K S E KK+, ACE2 8 % &
AT u i B TR A N AR X A Y B T X R
FFE ACE2 W94l praf 46120 B4, — B BB E
Y 2T HY 1A A B L R R FR i R DA R R
MBEEE R NT B M, UM E 7 T
ACE2 MLOE R iR m I K £, KEIEHEF W, RAS
RO ERAGRERE PO G g HE Y AR
MAA T RIEA A AL T R AR, M H L E
WA AR MERE PRI B, TRHREE®REER
RS LM GRS, s M BT
Bk 90 £ A B OE IR ACE #1 Angll A & (Kt &
JE & 35 3 o, v ok FT R M ME B R T At 1L A
ACE2 % # % ACE-AnglI-AT1R #5'

HREW, FEFAMR AT RERLCEAH
EFEARTFER, B ACE2 KT8 F & 7 &
RERWAFZNEERE, ACE2 EL Kk
AR E R, TR HE X ek kiERRT
B, BT UL B Mt ACE2 AP EAK, & 3 & i %R
HRBEWTRES, FHEARATFN ACE2 A 5
YRGB LR A o 4 SRR, 9F BT B RAS &
REABEMFEUNETERAERERCEASY
EmmERTRES,

3.2 REDRINEEER ERSELERT. L
MHERE A BE AR, Ll RER
AN BFREERFAESH TR EMTE, X
Frzr TR 5B FEAR AT TEWERA
KPP HWTE K I R T R AL R K TR B
BANE R ER D B K IR B 0

BT@mIN, EXGFEmBEETFRNE, TUE
HEAREEWRTE, ARENEFFHLTHE
FEHFMA T E LN TR, M43 EE £
HEREREWHERL, UL EREENTR
RNKEFENSER, 558,65 % 4, HAlHEwH
HEEA=REMAR, HREMEFBRHF KL
Pl R TR T L B, XA
WEZE AR EK A BRFRFHHRAD, &3t
MBETEFAMRNE LAY FHELAHLZEF
FUHWREERTE R TEEFHNRER,

WA ERERAE AR BN TKRER, 285
By LMt 46 B AT A B R K IR R 4 i B F e
1L-6 IL-8 71 TNF-ou, 3t EL{K AT 8 b — 85 7 3 w3k
ENF . WENMEHE TR, FHERRE LK,
3 1T %% 40 A % NF-xB /> 5t 3% R B A0 4
JAEFH WA EETHERNRRER, T
FRMRKE IS E R E T & B M55
2R Z W W RAER A, BT DM E ook A
Aot 4o R B — & R E B, 7 SARS-CoV-2
REWERT , IREAZRRA LN ERSF S S W
R R A - S

4 s

B BT W R N R R AW R MR
FE# It H T I % SARS-CoV-2 X % DL & T 3 i
AN E Y BN F K EE A, B H AR T
THFATRK —BoTE, TUAEFEH KT T #
MR = R R ALE, B A AT 3 — B AR
SARS-CoV-2 W BURALE , LA BN ER] A B b & 247
BT H AR, BAFREN, XAEHNEFT
Gt Rk FRATN ACE2 B X 2 4% LI
ZH kB RAS 24 B F R ERE T M R
FEYER , SRT, & R K AR = R ALE R A
&, % 5 M E K Y, 40 ACE2 7 SARS-CoV-2 & 4
R AEN EAE A, BE T E 7 SARS-CoV-2 #y % 1K s,
HIRBFENE TP, LI Angll 4 FF RAS
AR PEHRARTFEEZ, FEFARNAEE ST
Py ACE2 RE K FHAREEX, AAANF K
ACE2 #y & 3K AP & T4 M, BT bL ACE2 7 31 & M K
W OR AR AR DA Bk 3k KT B R E M R 2 M A
ZRWERANF AETR AR, L2 AN X
BEM RN ERANFEEE 4, 2FH—F



- 190 -

R E R EEZY 2022 4F 3 55 24 55 2 W0 Military Medical Journal of Southeast China ,Vol. 24,No. 2, March,2022

BENE R R,

[ &% 30Hk]

(1]

[10]

[11]

[12]

[13]

[14]

Mohamed MS, Moulin TC, Schisth HB. Sex differences in COV-
ID-19: the role of androgens in disease severity and progression
[ J].Endocrine, 2021, 71(1) ;3-8.

Wolfe J, Safdar B, Madsen TE, et al. Sex- or Gender-specific
Differences in the Clinical Presentation, Outcome, and Treatment
of SARS-CoV-2[J]. Clin Ther, 2021,43(3) :557-571.

BORES e, TEHIF, 5B AU RO B il G725 Y
WFFEHE L] AR E B BE 25,2021, 23(1) :58-63.

Mungroo MR, Khan NA, Siddiqui R. The increasing importance of
the novel Coronavirus[ J]. Hosp Pract (1995),2021, 49(1):
1-11.

Pradhan A, Olsson PE. Sex differences in severity and mortality
from COVID-19: are males more vulnerable [ J].Biol Sex Differ,
2020,11(1) :53.

Xie M, Chen Q. Insight into 2019 novel coronavirus-An updated
interim review and lessons from SARS-CoV and MERS-CoV [J].
Int J Infect Dis, 2020,94:119-124.

Harrison AG, Lin T, Wang P. Mechanisms of SARS-CoV-2
Transmission and Pathogenesis [ J].Trends Immunol, 2020, 41
(12):1100-1115.

Tsai SC, Lu CC, Bau DT, et al. Approaches towards fighting the
COVID-19 pandemic (Review) [J].Int J] Mol Med, 2021, 47
(1):3-22.
Asselah T,

Durantel D, al. COVID-19;

Pasmant E, et
Discovery, diagnostics and drug development [ J].J Hepatol,
2021, 74(1) :168-184.

i AT R 2RO, A5 R B el R B I 4 AR S 3
TG WA YT A B[ T ], BS 22 F 5 AR 2F 4k, 2020, 33(9):
974-976.

Lanza K, Perez LG, Costa LB, et al. Covid-19; the renin-angio-
tensin system imbalance hypothesis. [ J].Clin Sci (Lond) ,2020,
134(11) :1259-1264.

Zhang X, Li S, Niu S. ACE2 and COVID-19 and the resulting
ARDS [J]. Postgrad Med J,2020, 96(1137) ;403-407.
Verdecchia P, Cavallini C, Spanevello A, et al. The pivotal link
between ACE2 deficiency and SARS-CoV-2 infection [ J].Eur J
Intern Med,2020, 76:14-20.

Saad MI, McLeod L, Hodges C, et al. ADAM17 Deficiency Pro-

[15]

[16]

[17]

[18]

[21]

[22]

[23]

[24]

tects against Pulmonary Emphysema [ J]. Am J Respir Cell Mol
Biol 2021, 64(2) .183-195.

Wu J, Deng W, Li S, et al. Advances in research on ACE2 as a
receptor for 2019-nCoV [ J]. Cell Mol Life Sci, 2021, 78(2):
531-544.

Kim JS, Lee JY, Yang JW, et al. Immunopathogenesis and treat-
ment of cytokine storm in COVID-19 [ J].Theranostics, 2021, 11
(1) :316-329.

Ragab D, Salah Eldin H, Taeimah M, et al. The COVID-19 Cy-
tokine Storm; What We Know So Far [ J].Front Immunol, 2020,
11.1446.

Luo XH, Zhu Y, Mao J, e al.T cell immunobiology and
cytokine storm of COVID-19 [ J].Scand J Immunol, 2021, 93
(3) :¢12989.

Hu B, Huang S, Yin L. The eytokine storm and COVID-19 [ J].
J Med Virol 2021, 93(1) :250-256.

Gustine JN, Jones D. Immunopathology of Hyperinflammation in
COVID-19 [J].Am J Pathol, 2021, 191(1) :4-17.

Sharma RK, Li J, Krishnan S, et al. Angiotensin-converting en-
zyme 2 and COVID-19 in cardiorenal diseases [ J]. Clin Sci
(Lond) ,2021, 135(1) : 1-17.

Bourgonje AR, Abdulle AE, Timens W, et al. Angiotensin-con-
( ACE2 ), SARS-CoV-2 and the
pathophysiology of coronavirus disease 2019 (COVID-19)[J]. ]
Pathol, 2020, 251(3) :228-248.

McGuire BB, Watson RW, Pérez-Barriocanal F, et al. Gender

verting enzyme 2

differences in the renin-angiotensin and nitric oxide systems: rel-
evance in the normal and diseased kidney [ J].

Press Res, 2007,30(2) :67-80.

Kidney Blood

Gargaglioni LH, Marques DA. Let's talk about sex in the context
of COVID-19[ J]. J Appl Physiol (1985), 2020, 128 (6):
1533-1538.

Moradi F, Enjezab B, Ghadiri-Anari A. The role of androgens in
COVID-19 [ J].Diabetes Metab Syndr,2020,14(6) :2003-2006.
Viveiros A, Rasmuson J, Vu J,et al. Sex differences in COVID-
19: candidate pathways, genetics of ACE2, and sex hormones
[J]. Am ] Physiol Heart Circ Physiol, 2021, 320 ( 1)
H296-H304.

(o5 B #:2021-04-24;
(RERE A 257,

&2 H #§:2021-06-03)
TR B4tk



