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Advances in research on pathogenesis of epidemic
encephalitis B
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Abstract Epidemic encephalitis B is an acute zoonotic, mosquito-borne infectious disease caused by encephalitis B virus
infection. After infection, encephalitis B virus first replicates in peripheral tissues, and then entry into the central
nervous system leads to extensive inflammation of the central nervous system and destruction of the blood-brain
barrier, which may involve the destruction of tight connections between brain microvascular endothelial cells,
infiltration of inflammatory mediators in the central nervous system and the death of neurons. The incidence of
pidemic encephalitis B has brought heavy burden to the family and the society.

Keywords  epidemic encephalitis B; blood-brain barrier; neuronal damage

FATME SR R (LLF R AR 20 ) 2 /1 2 s 2 SMERAE . JEVIEYE ARG, IR F25%~30%,

(Japanese encephalitis virus, JEV)5|E M —fp 2tk
N&wSL BN . g, S BERERAERE Ao B 5L
67 900f41l, Hrh#is0% % A AErhE"Y . JEVIE F#E
HREN AR, MR RIS N RE, B LA
ﬁmlﬂﬁ)f#ﬁﬁ(blood brain barrier, BBB), 5| 7 i N

i F5 BB (Date of reception): 2019-08-13

E{51E#& (Corresponding author): ¥/, Email: hongyan@126.com

2950% 1 H 3 T 7K APE Bl 2R S B RE , IR K
PRI A A . BRI BEAG S, Zoh RE K

2l R UUE GdH, SR 20 10 B 2% 98 AL 1 A 5E
S, A SCOR N Z i AR TE EA . AR
I i J s K A R R 28 2R 495 A M 40 LR T 34 T T £



AT R R R OB S e SRR, 45

475

i 2B A AL
1 ZhRmENEEESRR

M9 B AR 3 40 M &0 1) IR PR
ZRCF N RIEVIE 5 i 20 3R T A2 R4 A
Je Bl AR S, IS S 1 s 7 R R (M) 2R R
A I (B ) 25 11 P F 45 40 2 1 20 S — R IK, BAR
1 B I RAL S oG E R, EER AR
HMBIE— AN R AHIE B AR, ARk 3
PSR 2E B, e v 45 A 38k 3 (DT B4 T A7 A 40
W Z ARG G, 2 56 R W AR AR Y
JEVHE ATy 3 200 B 00 5o P 2 58 ok 45 4 4t M 3% v
W51 kW2 LM, & LA E R4 4
BLR CBEAF R R R 2R BRSO R
P55 B S T 2R A A Ty S i e
() £ R, JEV AT REAE B 3K EL AR T R B L
Y12V 20 b B BE L T RE H RS DU 4 R RS i
B, g IR FEE 1A IR R L ep R 1) 04
BSHJEVE, JEVAL AT RUAE A B 4 i b A ],
5 Tl 3 T R R A B 2

2 Z P AR A I 1 f B

Z R 2 1T LABUEBBB W I BEIMT 51 & CNS ¥R
UL We R . AR R . P e B
RN BB B2 1 AR o, R 2 N SRR
TR, i 7B BMECH [ B 3R T & & Wk 4
SEBBBIHZENE; MHABRG R, GIATHIVINRE, @i
PR R AN - BB AL T IR T S 5 W0 1 o
BBBIl ALY, S R A Sy TR . A4l
fA -8, MREIRIEH Fafil (A R 15, ZI0
WY, R R A ARG )T, SR
Pl 2 R il 2 A af i 7 7

BBBJ& i i 34 145 P B2 41 il (brain microvascular
endothelial cell, BMEC)I N I 4l ity . JiH
A . 2R 0 A A o 2H AR ) B R A B 5
Bi. BMECX [ H AT FROR M B % 4 (T)), T2
RIFBBBIE RN H E N R, 5IF Z P 2 R4
PRI A G BBB R IR 5 T 454 | T RE LB % 1)
MO AR T G 3R 1 53 — Rl 5 —— B
ﬂ@ﬁﬁ(Dengue virus, DENV) EI/‘JE??HEWEP%:Z% :
BMEC % % 1 25 11 YRR AT g 5 22 Fh At 42 41l P

TFAHI, BIUNTNE-a, 1L-6, W40 AT B 3 il R
T4

21 RENRSH A EXZEENDHE

EJEVE Y S B b, CNS/™ 4 K& BN
THMAHE T, NFEWNEE TR, W
¥fcxcrio, CcCL2, CCL3, CCL4, CCLsS,
TNF-a, IL-6FIIFN-y, XS4 5 FF 0] gERIE T
RRLOR EZSTW s B2 ik ] R O NN Y SR AP
R L T D RE M T B AR b RE A
FREFE T . o . 2 0 2 B e /N BB ik
PE Y AT LA A SIS R i i R e A e L T
FAAl 2 ks B R IR AN AR R AR A5 R, O B
i W AR PSIEN-y [ 7= A2, AT LU % JEVIER U J5 BBB
B TE RGN, 3% WA AE A BTAE R N2 iU BBB I
WEIR o 9 4t B PR = AT A3 5o W9 i 442 94 79 BBBIE
BEYE. EE, RV AT DL E R A A
B3, D 1 20 R TE PN B BE T 1 VR B RN Y
IEIT R B2 B A FEJE VIR 5 /N B
KM, ICAM-1, VCAM-1FIPECAM-1{)FikK
V4 T, R PR A A SR S ] NS Y 5%
LMy AT edE . HOR, RN T s0E
“F(IL-6, IFN-y, CXCL10MICCL2%ECCLS5) [ i#
id F AT Flclaudin-5, occludinF1ZO-1 MM FEAR
BBB il i 1E Y

2.2 B XYMAATEAKERE B B4 #5240 i 8] X o ik 4

AE R0 M (mast cells, MC)E N —Fh# A %
PEANM, AE RN L fov SR vh 4% E AR
M, HAEh W a RGN A R, 6N B9 AE K40
M = AT B, 40 AR T BBB ORI 8 I 45 50T FfT
T Bk RS R R IS, MC ORI BRI TP B
MRURL, HE A RIEA B, TS M T
ity (0 95 2 B8 2R (i AN S AR ) Y, X seMcC
P — B B M S TG e, O Honl LA 3h i
At A 52 20 5 A eV B 0 DA o MLC X JER s 1Y
B SRR AP s SR, dRck YRR R P,
TEH S AT BT R 2 A F M. 785 —FhBTR
T FAADENVI S BL T, MCTEIR G i Jpg
A T AN E AL R B e K RO Me
AT BEAE JUFIAS T 10 P 28 98 E 52 9 35 I o 1)
JEREE, A2 LM M. A ST R
Q5 W 45403 0 A B e i 93 405 R e XL R A



476

I PR 59 i 2 7, 2020, 40(2) http://Icblamegroups.com

LR, B R A0 A R S PR AR R B R A T
MMP-9F1-21# 7" BBBif# & 4 . MMPs A L) 53 fif i %
MTJEH, WFZEH (20)-1, 20-2, claudin-5Hl
occludin****, (R, MCHENT 2 ki 4 10 101 ) 7
FH AN G o

JEVIER YL AT FEMC WOk, I — 2 B
R MERBE R O, BN m B EH:, SR
BBBIl i PEHG i . 5 R 2R A EF A RN AR L, MC
Bk g 2 /N BRPEJE VIR G 4 1] 2 9 i A IR BB B
B, JIFH, MCBBURL RS Y BE B 1l R AR F
JEVE YL W10 BBB M i (0 E B RN, KEEE A
gl LAy i R TJEE A, 45Z20-1, Z20-2,
claudin-SHloccludin, RAMIFFEPYEIT . occludin
Ml claudin B A AT B 2 8 25 (1 il 1 426 U0 1) 1) o7 1
WAk, ZEBE R A R AT DA A A R B
WMMP2HIMMPO P % AL A MM P AT L3 it 9
20 388 37 P 7 9 AR JEBBB AR A Y. EJE VIR L b
), B8 E (B ) v] 3 % BBB B N, U/ i S Uk
JRIth T pe s, KA

2.3 JEV BiF S R B Bz A R 20 A 18] 2% 2 i

AN ZS SRR EN RN EEEREZSY
{1 fie 5 %0 ] 5 A 7 B e T S B4 I AE T
T PR A A B B calpain A T — 2L R
o KT MRS, JEVEG /NS
Al AR ROSHY =42, SR FHJEVIE Y Caco-2
240 ) P A 1 A 150 (MG -132) FINADPH 4 fk
B A1 ) 351) —— — R BE S fk i (diphenyleneiodonium
chloride, DPI)AREBH 1k claudin-15f#, HH—%
PR AL B AR 53 PRFL T claudin- 18R FI A
IR, PR E VIR 175 3 A R I T R AR
I A R T 3 T

3 JEV Bt R iR 1042 B 5 R R E MRS
R#Z TR

R IE A KNG, 7E R R R
Ty SR dod 20 20 2 T B P R BT LN
N, JEVHLE T B AEAZ K Az 2,
£ T N N o LN R T B2 (O N B O 1 K
FRH AR X SR K BT b o 28 S SR YL TEV Y SR A
SRR 571 0 4 1 7 S S O L2
JLAN BV B T B A A0 T e 1 2K B

AU JEV R 2GR R R B R R 200
BAR R e m e, gk s . Wik,
JEVIEGE nl S ECE L MM AT, MJEVEE S
) R AE T — 25 B SR I R 451 OF HAE B
MICSFH, DL A% A B A% 40 i o 2 19 B 2R
B, AN, RN RINK A A B AJEV I
eI B i e T R B 3 KBRS T S 8 4
TUHRZ Ah, R G B A A R ik i S JE VAR AR
F, E 2R /N B 5 200 i 3 e R A AR A A
220 i BE T R A

4 ZREyieT B

FI I 2 #5117 473 2 % Bt £ Il Y 3 A
Jiti, VFZ X TIEVIESE C 208 0855 bk T B
W K, e 3R R R e A e N s Bk 1 Y
7 FH A AT R T 2 i R A DT AR i R Bz A
WE . WA SO, FRATT T i B A e ik
R YE A I B 7R A T RE A Z R YT AR LR B .
FETH, —MRARFFZFMARTER, AUAL
A /0N S5 40 B TG | Ak A AR AR I B, EL AT A
R0, iNP38-MAPK, ERKFIAKT LT,
AT 1 3% /0N i J5 40 A 354 3% 0 20 i Y N TN F-at,
IL-6, IFN-YyRICCL2M 4=, 4% 11 Joik Al LA
W/ PIEVIE S B 2 AN AE T, R ARG 4 24 0% 75 2%
B, B WAy IEp L EBUERY, B, %2y
Wy i AR A RIS h AT PP A . ORI R R —Fh
PE MU REGUER . JEVIERE, KIEHERF
FEW /D> T PI3K, Aktp38, MAPKK#E5% [N T NF-kB
PR B R AL, A H TNE-a, IL-6, IL-
12, IEN-yHICCL2 7 2 F/N I BTG B AL
Wk, SRR FE IR BRI T8 K R A0 1) ) UK
ARG 3R 4T R, e DU R 2K e s 1
S, AR R PR AR R Y kB e T
) — 300 Bl LT R I AR B R B, K R R
BT AR R 12 % B9 A PRI B T U 3R
SRR, (E T 2 AR 9 BIF 5 Ok it i oK s IR R
XFJEVAR 4 1 LS RS T2 . IFN-y il [ JEVIE Gt
/NEUBBBRYIE E M, FWIIFN-y ] 2 8 1L AT
AR W {2 G 0T [ KBBBYJEVIS B R If
Wk 5 2 AR SC I ARAE R AR . A g A
BILH 00 AE 45 R R 2 RBAE R & R 9T SR AR —
BRI B



AT R R R OB S e SRR, 45

477

5 4515

NZEXF T Ml & i B B iR )y 7 ik i AT T R
PeHRER , ER 55 1L P 2 15 ) AN D 5 A LA
L5 A4 72 S TR B ) B £ 2T A R AR Y
BHLA o DI, AEBUR R H AR AL A R,
BLES T 1 i S04 5y N e 5 I 3R, LU
Lo if R0 R R o A S g % R i AR Y i
FE R, B REAS PR R 2 R 55 AR E X LAY
R, I8 SIS A — B A KL

S5 3k

1. Zhang H, Wang Y, Li K, et al. Epidemiology of Japanese Encephalitis in
China (2004-2015)[J]. Travel Med Infect Dis, 2019, 28: 109-110.

2. Solomon T, Vaughn DW. Pathogenesis and clinical features of Japanese
encephalitis and West Nile virus infections[ J]. Curr Top Microbiol
Immunol, 2002, 267: 171.

3. Bressanelli S, Stiasny K, Allison SL, et al. Structure of a flavivirus
envelope glycoprotein in its low-pH-induced membrane fusion
conformation[ J]. EMBO J, 2004, 23(4): 728-738.

4. Modis Y, Ogata S, Clements D, et al. Structure of the dengue virus
envelope protein after membrane fusion[ J]. Nature, 2004, 427(6972):
313-319.

S JHED, SRAEBR. LRI SRR IR G AN BT M DS RE (7],
F544R, 2014, 30(2): 188-192.

ZHOU Yaxian, ZHANG Jiangiong. Research progress in mechanisms
of cellular entry of japanese encephalitis virus[ J]. Chinese Journal of
Virology, 2014, 30(2): 188-192.

6. Nain M, Abdin MZ, Kalia M, et al. Japanese encephalitis virus invasion
of cell: allies and alleys[ J]. Rev Med Virol, 2016, 26(2): 129-141.

7. Agrawal T, Sharvani V, Nair D,, et al. Japanese encephalitis virus
disrupts cell-cell junctions and affects the epithelial permeability barrier
functions.[J]. PLoS One, 2013, 8(7): e69465.

8. Nagata N, Iwata-Yoshikawa N, Hayasaka D, et al. The pathogenesis
of 3 neurotropic flaviviruses in a mouse model depends on the route
of neuroinvasion after viremia[ J]. ] Neuropathol Exp Neurol, 2015,
74(3): 250-260.

9. Chen ST, Liu RS, Wu MF, et al. CLECSA regulates Japanese
encephalitis virus-induced neuroinflammation and lethality[ J]. PLoS
Pathog, 2012, 8(4): €1002655.

10.  Yang KD, Yeh WT, Chen REF, et al. A model to study neurotropism

and persistency of Japanese encephalitis virus infection in human

11.

12.

13.

14.

1s.

16.

17.

18.

19.

20.

21.

22.

23.

neuroblastoma cells and leukocytes[J]. ] Gen Virol, 2004, 85(Pt 3):
635-642.

Andersen IH, Marker O, Thomsen AR. Breakdown of blood-brain
barrier function in the murine lymphocytic choriomeningitis virus
infection mediated by virus-specific CD8+ T cells[J]. ] Neuroimmunol,
1991, 31(2): 155-163.

Morgan L, Shah B, Rivers LE, et al. Inflammation and dephosphorylation
of the tight junction protein occludin in an experimental model of
multiple sclerosis( J]. Neuroscience, 2007, 147(3): 664-673.

Gralinski LE, Ashley SL, Dixon SD, et al. Mouse adenovirus type
1-induced breakdown of the blood-brain barrier[J]. J Virol, 2009,
83(18): 9398-9410.

Erbar S, Maisner A. Nipah virus infection and glycoprotein targeting in
endothelial cells[J]. Virol J, 2010, 7: 30S.

Lopez-Ramirez MA, Fischer R, Torres-Badillo CC, et al. Role of
caspases in cytokine-induced barrier breakdown in human brain
endothelial cells[J]. J Immunol, 2012, 189(6): 3130-3139.

Toborek M, Lee YW, Flora G, et al. Mechanisms of the blood-brain
barrier disruption in HIV-1 infection[ J]. Cell Mol Neurobiol, 2005,
25(1): 181-199.

Hsieh JT, Rathore A, Soundarajan G, et al. Japanese encephalitis virus
neuropenetrance is driven by mast cell chymase[ J]. Nat Commun,
2019, 10(1): 706.

Li F, Wang Y, Yu L, et al. Viral infection of the central nervous system
and neuroinflammation precede blood-brain barrier disruption
during japanese encephalitis virus infection[J]. J Virol, 20185, 89(10):
5602-5614.

Lannes N, Summerfield A, Filgueira L. Regulation of inflammation in
Japanese encephalitis[ J]. ] Neuroinflammation, 2017, 14(1): 158.

P A, IS M, W A, 55, ML B8 2 A A P A R
RV AT TR [ 7). BRAC TR BE 2%, 2018, 45(19): 3639-3642.

YE Zhanying, XING Hanying, PAN Baogen, et al. Vascular cognitive
impairment and tight junctions in blood-brain barrier[J]. Modern
Preventive Medicine, 2018, 45(19): 3639-3642.

Racz I, Nadal X, Alferink J, et al. Interferon-gamma is a critical
modulator of CB(2) cannabinoid receptor signaling during neuropathic
pain[ J].J Neurosci, 2008, 28(46): 12136-12145.

Man S, Ubogu EE, Ransohoff RM. Inflammatory cell migration into
the central nervous system: a few new twists on an old tale[ J]. Brain
Pathol, 2007, 17(2): 243-250.

Roe K, Orillo B, Verma S. West Nile virus-induced cell adhesion
molecules on human brain microvascular endothelial cells regulate
leukocyte adhesion and modulate permeability of the in vitro blood-

brain barrier model[ J]. PLoS One, 2014, 9(7): e102598.



478

I PR 59 i 2 7, 2020, 40(2) http://Icblamegroups.com

24.

2S.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

Roe K, Kumar M, Lum S, et al. West Nile virus-induced disruption
of the blood-brain barrier in mice is characterized by the degradation
of the junctional complex proteins and increase in multiple matrix
metalloproteinases| J]. ] Gen Virol, 2012, 93(Pt_6): 1193-1203.
Wernersson S, Pejler G. Mast cell secretory granules: armed for
battle[ J]. Nat Rev Immunol, 2014, 14(7): 478-494.

WA, WA, WAL T P9 NE K AR T 22 2 P B8 AL FiTWerni ckee I
Tt EOFEH [J]. #T RS 4 (BERR), 2006, 35(6): 678-682.
PAN Jie, HU Weiwei, CHEN Zhong. Role of brain mast cell in multiple
sclerosis and Wernicke's encephalopathy[]J]. Journal of Zhejiang
University. Medical Edition, 2006, 35(6): 678-682.

Lozada A, Maegele M, Stark H, et al. Traumatic brain injury results
in mast cell increase and changes in regulation of central histamine
receptors[ J]. Neuropathol Appl Neurobiol, 2005, 31(2): 150-162.
Mattila OS, Strbian D, Saksi J. Ischemic stroke through perivascular
gelatinase activation cerebral mast cells mediate blood-brain
barrier disruption in acute experimental[J]. Stroke, 2011, 42(12):
3600-360S.

Lindsberg PJ, Strbian D, Karjalainen-Lindsberg ML. Mast cells as early
responders in the regulation of acute blood-brain barrier changes after
cerebral ischemia and hemorrhage[J]. J Cereb Blood Flow Metab,
2010, 30(4): 689-702.

Arac A, Grimbaldeston MA, Nepomuceno AR, et al. Evidence that
meningeal mast cells can worsen stroke pathology in mice[J]. Am J
Pathol, 2014, 184(9): 2493-2504.

Zuo Y, Perkins NM, Tracey DJ, et al. Inflammation and hyperalgesia
induced by nerve injury in the rat: a key role of mast cells[ J]. Pain,
2003, 105(3): 467-479.

Abonia JP, Friend DS, Austen WG Jr, et al. Mast cell protease S mediates
ischemia-reperfusion injury of mouse skeletal muscle[ J]. J Immunol,
2005, 174(11): 7285-7291.

Di Girolamo N, Indoh I, Jackson N, et al. Human mast cell-
derived gelatinase B (matrix metalloproteinase-9) is regulated by
inflammatory cytokines: role in cell migration[J]. J] Immunol, 2006,
177(4): 2638-2650.

Tchougounova E, Lundequist A, Fajardo I, et al. A key role for mast
cell chymase in the activation of pro-matrix metalloprotease-9 and
pro-matrix metalloprotease-2[J]. J Biol Chem, 2005, 280(10):
9291-9296.

Rosell A, Cuadrado E, Ortega-Aznar A, et al. MMP-9-positive
neutrophil infiltration is associated to blood-brain barrier breakdown
and basal lamina type IV collagen degradation during hemorrhagic
transformation after human ischemic stroke[ J]. Stroke, 2008, 39(4):
1121-1126.

Fu Z, Thorpe M, Hellman L. rMCP-2, the major rat mucosal mast

37.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

47.

48.

49.

cell protease, an analysis of its extended cleavage specificity and its
potential role in regulating intestinal permeability by the cleavage
of cell adhesion and junction proteins[ J]. PLoS One, 2015, 10(6):
e0131720.

Groschwitz KR, Wu D, Osterfeld H, et al. Chymase-mediated intestinal
epithelial permeability is regulated by a protease-activating receptor/
matrix metalloproteinase-2-dependent mechanism[ J]. Am J Physiol
Gastrointest Liver Physiol, 2013, 304(5): G479-G489.

Shigemori Y, Katayama Y, Mori T, et al. Matrix metalloproteinase-9
is associated with blood-brain barrier opening and brain edema
formation after cortical contusion in rats[J]. Acta Neurochir Suppl,
2006, 96: 130-133.

Comstock AT, Ganesan S, Chattoraj A, et al. Rhinovirus-induced
barrier dysfunction in polarized airway epithelial cells is mediated by
NADPH oxidase 1[]]. ] Virol, 2011, 85(13): 6795-6808.

Bozym RA, Patel K, White C, et al. Calcium signals and calpain-
dependent necrosis are essential for release of coxsackievirus B from
polarized intestinal epithelial cells[J]. Mol Biol Cell, 2011, 22(17):
3010-3021.

Kim JH, Choi JY, Kim SB, et al. CD11c(hi) dendritic cells regulate Ly-
6C(hi) monocyte differentiation to preserve immune-privileged CNS
in lethal neuroinflammation[ J]. Sci Rep, 2015, 5: 17548.

Myint KS, Kipar A, Jarman RG, et al. Neuropathogenesis of
Japanese encephalitis in a primate model[J]. PLoS Negl Trop Dis,
2014, 8(8): 2980.

Das S, Dutta K, Kumawat KL, et al. Abrogated inflammatory response
promotes neurogenesis in a murine model of Japanese encephalitis[J].
PLoS One, 2011, 6(3): e17225.

Das S, Basu A. Japanese encephalitis virus infects neural progenitor
cells and decreases their proliferation[ J]. J Neurochem, 2008, 106(4):
1624-1636.

Nazmi A, Dutta K, Das §, et al. Japanese encephalitis virus-infected
macrophages induce neuronal death[]]. ] Neuroimmune Pharmacol,
2011, 6(3): 420-433.

Larena M, Regner M, Lobigs M. Cytolytic effector pathways and IFN-y
help protect against Japanese encephalitis[ J]. Eur ] Immunol, 2013,
43(7): 1789-1798.

Chen CJ, Ou YC, Lin SY, et al. Glial activation involvement in neuronal
death by Japanese encephalitis virus infection[J]. J Gen Virol, 2010,
91(Pt 4): 1028-1037.

Swarup V, Ghosh J, Mishra MK, et al. Novel strategy for treatment of
Japanese encephalitis using arctigenin, a plant lignan[ J]. ] Antimicrob
Chemother, 2008, 61(3): 679-688.

Dutta K, Mishra MK, Nazmi A, et al. Minocycline differentially

modulates macrophage mediated peripheral immune response



AT R R R OB S e SRR, 45 479

following Japanese encephalitis virus infection[J]. Inmunobiology, Japanese encephalitis[ J]. ] Neurochem, 2008, 105(5): 1582-1595.
2010,215(11): 884-893. 51. Kumar R, Basu A, Sinha §, et al. Role of oral Minocycline in acute

50. Mishra MK, Basu A. Minocycline neuroprotects, reduces microglial encephalitis syndrome in India—a randomized controlled trial[J].
activation, inhibits caspase 3 induction, and viral replication following BMC Infect Dis, 2016, 16: 67.

AL A A, XU, i, ks, PHY, B8, £E
A, G TATIE S BG5S s BIL P B SR JEE (7). Tl R s
7%, 2020, 40(2): 474-479. doi: 10.3978 /j.issn.2095-6959.2020.02.035
Cite this article as: GUO Ligiong, LIU Xiaoxiao, WANG Miao, ZHANG
Yanju, SU Dandan, WANG Qinpeng, WANG Guojuan, LIANG Cheng.
Advances in research on pathogenesis of epidemic encephalitis B[ J].
Journal of Clinical and Pathological Research, 2020, 40(2): 474-479. doi:
10.3978/j.issn.2095-6959.2020.02.035



