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FAR L, MEC, MR, RERC, e

(l.EHEAFE _MWEEKR #ELAR, IW §E 330006; 2. THFELKRFEREEKR
SR AR, I B 330006 ; 3. 8 k¥ %M;—‘L&, IV ¥ & 330006 ;
4 ERERKF Mﬂ%a% R #ZNE, EJRK 400016)

HE. BN ®EHRAH%BE (BDV) ELBEFAAMR B, FHAYE RGERG ST RATHFRL,
Tk R RA AR S AW 30 Bl R AR K (VE) 6984 106 $ LW (MS) #4984, 10 #1405
T2 -wFmAtE (GBS) MEE. 100 MERB (PD) Bk, 60 Bl 2 XE SR ik P o B A4 4w 0
(PBMC ), 60 2134 PBMC ¥ BDV p24 & B} sk, st radk = it i74a 2 69 A B o)l w , Rk
SR B ) oM 6 A8 X 4547, FHARIT I BDV 9 F AT R F4F &, 4558 PBMC BDV p24 & B 7 Bob b R pbde
VE e MS &% & T ELRE, 2HARTFEL (P <0.05), WhF40 BDV p24 693K B K Bk E
1.67%. VE #= MS %389 BDV p24 A BH K B B4R 40—, B5 strain V FARFIRMILEA 95.73% ; M5
BDV/MDCK ##4k Fl R LE A 97.89%, b E il 5 BDV p24 A B K B4R Y5 GenBank 424569 strain V #k
FlRPEYCEL A 95.72%, 5 BDV/MDCK A4k FRMECE A 96.38% ; FL5 C6BV Ak BRI ILE A 96.49%, {2
HPT G A 6 R BRE A FUHER K . G518 BDV TREA LR R R R T 0 — AR R, BAKERAZ R
%M (40 VE. MS) WA ATRAEEMR R, ITH A AW R L 2 R 5kmmEH T BDV & E TG
MR, SR —F RN RSN, W2 5 31% R R R 0 IAR, AR A 2ob s 4704

KR . AR MARMRE ; B > TFRITRF

HRESYZES : R529.3 SERFRIRAD : A

Molecular epidemiology of Borna virus infection in patients with
nervous diseases in Jiangxi and its surrounding areas*

Wei Wu', Hong-wu Xie’, Liang Xie', Xiao-tian Huang’, Peng Xie'

(1. Department of Neurology, the Second Afftiliated Hospital to Nanchang University, Nanchang, Jiangxi
330006, China; 2. Department of Acupuncture Recovery, the Affilitaed Hospital, Jiangxi University of
Traditional Chinese Medicine, Nanchang, Jiangxi 330006, China; 3. School of Basic Medical Sciences,

Nanchang University, Nanchang, Jiangxi 330006, China; 4. Department of Neurology, the First
Affiliated Hospital, Chongqing Medical University, Chongqing 400016, China)

Abstract: Objective To investigate the epidemic situation of Borna virus (BDV) infection in Jiangxi and
the surrounding areas. Methods Nested reverse transcriptase polymerase chain reaction (nRT-PCR) combined
with fluorescence quantitative PCR (qQRT-PCR) was used to detect BDV p24 gene fragment of the peripheral blood
mononuclear cells (PBMCs) in 30 patients of viral encephalitis (VE), 10 patients of multiple sclerosis (MS), 10
patients of acute Guillain Barre syndrome (GBS), 10 patients with Parkinson’s disease (PD), 60 healthy people, and

60 goats. Keegan sequence and homology analysis of the positive products were carried out, and the characteristics

Wk B . 2017-02-13
* BEATIH . FRARBIEEES (No : 30470605 ) 3 V10648 TAETTRHE - (No : 20073069 )
[GEEMER | EHER, E-mail : 332993562@qq.com
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of BDV molecular epidemiology were analyzed. Results The positive rate of BDV p24 gene fragment in the VE
patients and the MS patients were significantly higher than that in the healthy subjects (P < 0.05), while the BDV p24
gene fragment positive rate in the goats was 1.67%. The sequence of BDV p24 gene fragment was consistent in the
VE patients and the MS patients, and the homology with strain V was 95.73%, and the homology with BDV/MDCK
strain was 97.89%. When the results of BDV p24 gene sequencing in the goats were compared with that of strain V
provided by GenBank, the homology was 95.72%; when compared with that of BDV/MDCK strain, the homology
was 96.38%; when compared with C6BV strain, the homology was 96.49%, but there was no substantial change in
the amino acid encoded by the strain. Conclusions BDV may be a new pathogen of infectious diseases, and may
be closely correlated with the occurrence of some neurological diseases (such as VE, MS) in human. There may be
animal origin of BDV infection in some patients with nervous system diseases in Jiangxi and its surrounding areas. It

needs further in-depth research and analysis, so as to improve the understanding of this kind of disease, and to prevent

and control it more effectively.

Keywords: neurological disease; Borna virus; infection; molecular epidemiology

14 /R 4495 2 ( borna disease virus, BDV ) J&—fft
IR0 e, SABE BB RNA S Re AU T4 1 8
MR, ARG US M E, wEeE R
PETIMRAN FBEABER TS5, ERE—
A ol A BSCPEARE , AELVL PG B S i B g0 38 e IX
AR RGEIEDTFT . BB PRI 5 b e Y 5 5 2R [ g
X Z—, BDV S5 EEEMI % (virus encephalitis, VE ),
% KAl (multiple sclerosis, MS), 7 =% — B FHZE
AAE ( guillain barre syndrome , GBS ) A4 7% ( parkinson
disease, PD) SEHfIZKE Sl 2B 2 UIAHOC ™, B,
ARSI R R G WEE S (PCR) AN 2 X A8 4
fl ez 1 LUSALEANE LR T BDV p24, SEFTARSG
Fesehise

1 ARSI

HRITSR
PEHL 2008 4 8 H 2013 4F 8 A 7E [ B K245 —
BiHJE B= Bt 2 R BE ST ISR . TR RIS
F ALYV S LR X . D 30 # VE B, il H
I PRI . oAV RILR s FRA AR I, DA R 200 a2 |
ML | SEARFSER A, B2 VE, AT RAEZ R
B . EBSREEAE AR S EUAK I, 07 8 5 B 2 0 IR
SHSWIARIE . Hp Bk 20 B, Lotk 10 B 5 4RI
20 ~ 45 %, V¥ (28.7+43) % . @ 10 il KifkiL
MS HE, B 6 0, &bk 4F) ; 4FER 18 ~ 46 %, -
¥ (284+3.7) %, @ 10 FllE K2 GBS B, B
PR 7 ), b 3 4R 20 ~ 48 %, 51y (292+3.4)
%, @ 10 BRI PD &, BYES 6, Lok s )
R 46 ~ 74 %, Y (62.1+43) %, BTG
ST 0 e X fe R L 9 SRR I A %o B 4 ER 60 1],

1.1

PE 38 1, Lotk 32 ] ; AR 20 ~ 552, P (347«
3.6) %o SRAEVLVE BRI HIX 60 L =EA0 ] i i e
MZYH ( peripheral blood mononuclear cells, PBMC )o
1.2 FERFIFNE

ISR 781 e il K2 R 8 B R 2 W
LA, M GenBank HiEELH BDV BEE — i 7]
BEAE (ORF 1) XAYFF, MRG58, &
T3 BDV p24 JEH F B 5 190751

ShEIHMIETR 514« 5'-TGACCCAACCAGTAGAC
CA-3'(nt 1443~146 119 bp ), 5[4 : 5'~GTCCCAT
TCATCCGTTGTC-3' (nt 1 816~183419 bp ). NZ1¥IH
BT EM 514« 5'-CCCTCCAAGTGGAAACCAT-3' (nt
1609~161 719 bp ), &It m5|4¥) : 5'-CAGTATCTTG
ATGTTCTCGCCA-3' (nt 1 673~169 422 bp ), #it5et
AL+ 5'-FAM-TCAGCGGTGCGACCACTCCGATAGC—
TAMRA-3' (nt 1 637~166 125 bp ), 5'#ric¥h 6- &
FOOEE, 3 bRicWh 4- WES KW, Hy 14 H
(3 R BERC BE I 86 bpo HoHb ABI7500 A2 Bt
PCR {45 5 56 E N AV RGN A ™
1.3 Fik
1.3.1  FRIA ety RNA BT E
MR FRAS A F AR E R R AR 5 ml, FH Ficoll-conray
W3S PBMC, 285 H TriPure RNA $EBGAF & (7
[ Boehring—Mannheim 23 7] ) $#2HH #9405 RNA
VI, FRREPRACE T —70°COKFE HHARAE ™
132 R XFHFREHmMRS (nRT-PCR ) & 5%
iR B RAEEAR S (QRT-PCR)  FEMATH
FL nRT-PCR #24ERE, 7E55 2 3479744 PCR SOV AR
GUR R TIMARE TP AT FRIRET ( DOGEE A bR L )
4T qRT-PCR N o B JeibA7 i i sk SO 484, B
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S, A ¢ TUVE N SR IX R 2 R G 0 R A

YL T IRATI AT

FWARRRR 11w, HEHH AR onl, 4519 1
X445 0.5 w1, TRAE SRR MMLV 11, 7E37°CfH
EFFEE 1 h )R, 95°C 3 min £7 6 1 56 SR A . B
S S RN I RS 10w 1, Jnas 18 1 X84 1,
ANTP ¥ 1 w1, YeJEH 25 mmol/L i MeClL, ¥ 10 1,
I Taq DNA R A& 2w, HEAKRBAFR 50w,
AR EHE 14 PCR N 45« 94 C TR PE 2 min 5
94 °CZE ¥ 1 min, 55 °C3E K 1 min B [A], 72 C 4 fif
1 min, 340 MEFR, 72°CHKLELEM 7 min ; 5 2 %
PCR RNARFRR S0, &9 8 S,
ANTP #J 1 w1, Taq DNA ARG 2 1, #EEH 25 mmol/L
1) MeCL ¥ 10 w1, NI 1 404 1 l, HIPOER
BHIp1™s RNARZRIEM : 93°CTHIAEYE 2 min, 93°C
AV 45 s IHE], 55°CIE K 1 min, 3£ 10 MG ; 93°C
AP 30 s, 55°CIBK 45 s, 3L 30 MEH. B -actin R
INFFEEY, FrUeS TY R, I AR bR A
B R LIS BH. B —actin E NS XFIE,  LAGER
Z 5N RNA 588, I H AR S50 12 [ 4: %)
DL X 5

1.3.3 B # BDV p24 A B 4§ cDNA J B L% 5 0l
Ji T PCR RN =9y BS TR AR . £ BT e 1
b5 5 HI T 8RMER:, AR KR
AW, HRAAIAEE FIBE L R 75 qRT-PCR %28 1

e H SR I EA T, R R0 Rl s
FLRAME RV A T R . AR RERUITRL DNA, SR )5
FH qRT-PCR J7 s if AT 5 B0, IFE PR ok B 41
TREETRAT MR MEA Y TR FRAA w2 Ty
S e R
1.4 SFitEH*E

P43 H R A SPSS 19.0 Geit- s, B R
RKFERN, M X P K6 ak Fisher BAUIHERY:, P <0.05 K
ERAEGIEE L,

#HR

2.1 nRT-PCR #1 gRT-PCR # 1% PBMC & BDV
p24 E[E R EHKRNER

T 25 2 G P9 H % 19 PBMC 7 BDV p24 L[ A
BRI N 15.00% (9/60 ), Hoh VE 4 20.00%
(6/30). MS &} 30.00% (3/10), {HFE GBS Fl PD
B B AR E T BRK Y, ILAER) BDV p24 SEH
FBBHTERN 1.67% (1/60 ). VE Fil MS ¥ 5%
IR# Y PBMCs BDV p24 M F BOG R A, 2%/
it L (P <0.05), VE FIMS B35 T2t
o WFEHM BDV p24 JEH 5 B FHMEERN 1.67%,
@Rz H i, ZRF LG FE L (P>0.05),
DLRHER

2

fizk PBMC BDV p24 ERFE K B H KL

251 LioaINE e 4 s PR PR 1% X fH PfE
VE % 30 24 6 20.00 16.371 0.001
MS 10 27 3 30.00 27.172 0.007
IIES 60 59 1 1.67 0.472 0.643
GBS ¥ 10 10 0 0 0.000 0.000
PD % 10 10 0 0 0.000 0.000
i ane 10 10 0 0 0.000 0.000
2.2 A% PCR RM7=#1 BDV p24 EEFEME  BAAEH BT (nt 1674C-T s, nt

B FF 51 E R E B iR

WY 1) 25 5 28 BLAST 3453 B7 J5 TF B JH i 5
Z H BDV p24 2 H B, 15 GenBank A2 4EAY
R VERRAEREAR LU HE, VE B MS B3 H iy BDV
p24 S R By 45 A — B, 1145 strain V B
AR E F A 95.73%, HirpAg 3 AL ot B0 —
MU A (nt 1650T-C 7 5. nt 1671C=T fif
Roont 1692C-A fi7 gi, HEABERN313%); M5
BDV/MDCK 4% [ U5 1 Lb 30 97.89%, A7 2 4~k

1677T-C i i, H AR Ny 2.09% ) 5 15 C6BV #:
PRECEA 2 AL B — S A DT B RS (nt
1659T-C {37545, nt 1671C-T i s, HRASR N 2.13% ).
th=Er H Y BDV p24 JEH F BE T 9458 5 GenBank
Fr LAY strain V BERRA]JRTE LN 95.72%, HA 3
ANFEPRI7 5 B — B AT B 225 nt 1609C—A {3705, |
nt 159T-C {7 &5 . nt1661C-T 1 &5, LG HN 3.16% ),
5 BDV/MDCK ##k [R5 e K 96.38%, HA 34~
FE R o B — S B DR AR (nt 1609 A-C i
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AL nt 1674 C=T {5, nt 1677 T-C fif &, HmHR  HE 1,

o 3.18% ) ;5 55 COBV FEbRRIEME LA R 96.49%, ' 23 BDV WELE LRI

A 3 AFERENLE I —EE R TUR S (nt 1609 C-A 137 ] Clustal X 1.83 %l . $EFTMIFEGY VE. MS
LG, nt 1659 T-C AL, nt 1661 C-Tal, HRA  #AI1IEAH) PBMC3 % H I3 FEF1 GenBank
R 3.12% ), (A i Z M VS By E AN 30 AR R EERRIEAT I Fe, 224 BDV
Ao AR H A BDV p24 JEH A BN P 5 GenBank (Y RGeAER. 3 % IIEIN 51 H B9 A BERT strain
P P& 4L strain V # k. BDV/MDCK # Pk, C6BV #ifk V. BDV/MDCK. C6BV kA% 1 R T 9 14 36 4 6 &
AE R, [RIIEHER r, 4 <95.0%, 2ZRgiit @ &, [RS8 95.72% . 96.38% #i1 96.49%. U
(P =0.967), $nHFTgL I EIEAR SRR 2,

BUAE, IR BDV p24 B BOE H GenBank 04 BRI S REMZRSER. BESRE
BF $2& fIt strain V # #&. BDV/MDCK % #k. C6BV ¥  RIIFERIHZFE S

PRI L i i HL38 <95.0%, 227 Tegeit2#aE X GRS IR S BN, (BEEASRE S it
(P =0.962 ), H:Jir & i 1% 22 2 R A A 52 o 1 1 kg 72 VLG K JE) 00 A0 B I8 1 DX X S (AR AR R o LA 3.
BDV LN 20
AR

1609 49 58 70 73 76 94
o BDV/MDCK : (I?CCTCCAACTGCAAACCATCCAGACAGCTCACCCCTCCCACCACTCCCACACCATCACGAT’II“CTéCCTIGAGAACATCAAGATACT(I“,
StrainV ; CCCTCCAAGTGGAAACCATCCAGACAGCTCAGCGGTGCGATCACTCCGACAGCATCAGGATCCTCGGCGAGAACATCAAGATACTG
C6BV CCCTCCAAGTGGAAACCATCCAGACAGCTCAGCGGTGCGACCACTCCGATAGCATCAGGATCCTTGGCGAGAACATCAAGATACTG
MS: CCCTCCAAGTGGAAACCATCCAGACAGCTCAGCGGTGCGACCACTCCGACAGCATCAGGATTCTTGGCGAGAACATCAAGATACTG
Goat: ACCTCCAAGTGGAAACCATCCAGACAGCTCAGCGGTGCGACCACTCCGACAGCATCAGGATTCTTGGCGAGAACATCAAGATACTG
VE: CCCTCCAAGTGGAAACCATCCAGACAGCTCAGCGGTGCGACCACTCCGACAGCATCAGGATTCTTGGCGAGAACATCAAGATACTG

B1 VE. MS E#&. WFE55rBER BDV p24 #ZEHEFF3 (86 bp ) LbE

He/80  Germany 2004 oy
CBNP5 France 2002 Y ol {
Geisseu Germany 1992 i * »
CRP3A USA 2002 P (__J .q, ft
CRP3B USA 2002 Ay
P ot LT YA/ W
— 1640 Germany 1993 § " ."o“
RWO98 Germany 1999 y ~ = . | 4%
H544  Germany 1993 ! % 3 | , .
H1499 Germany 1994 ) ( o y e
S88 Astria 1998 b 3. NS
C6BD USA 1994 = R &
BDV/MDCK USA 1998 / o
L H446 Germany 1992 s >
VE CSF China 2005 # : =
DD blood China 2005 \ (
‘ { \
—Sheep blood China 2005 /
H1766 Germany 2001 )J (
S109 E 2004 (o p
BDV99 %};ance 2003 {
S589  Germany 2002 ( card
H3 USA 1994 { ’
Strain V/FR Germany 2001 iy
Strain Germany 1998 4 1
S105  Faypt 2004 / '
SISO Esvpi 2004 i
V/FR Germany 2004 ol 7
Clzg AAQtldllld 25)(())3-4
DP87 stralia L 5y o
F3  Astralia 2004 FORRIRHOREA
O0LFID3 e distralia 2004 B3 WRMFARENZRGER. BRIAERLFE
2 BDVHWERSGEER Xigi = E 9
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4 104 S, G ¢ VPR X R R S R TR A AR 4 TR T
3 iTig BT IR I 2RO R B R L A RIRE il 4

VEAEAEFRE R /r HBIX A VE . PD., GBS %542 £
BRPeds £ A  IRLVRCFI i R I S BDV p24 JE ]
BT I A RIS i, R R
N AR, (B BDV IR & B ARME, 752t
HIRKZAZL, BRAESRIT 9% 7, ARASFI T 11 PR i 7 2 A1
TATIRAIIGETT 5 10 p24 HA RS BT BENE . SUK
PR RESPE . MMM PEME R EE M, HH R
A TC T RTFRAS AT IR K 6 SRR 14 W S Ak 3 56 5T
IR, REA TR I VA T A e bR, R
P 1 150 ] 3K L8 £85I 5 0 S AAAE BDV R GL (1Y)
T, B EXT BDV BB @A B, % % )
TRATTJE BDV BYL (9 20 F AT . I IR A 19 2%
L7 A 45 D7 T AT ST, S PRl 456 BDV A 5%
R EAT R P BRI AR . BRI T, nRT-
PCR 1 qRT-PCR A 57 %5 52 (1L 3 RNA, SR
FHR R DA AT 2 AR e, BE R HE
R TR /I s R IO N et =¥ ol [ENE R d
P, 7ER T BDV A T LA 4 e A B R
#rfE ™

A 5T % H nRT-PCR il qRT-PCR 5 A 6 1l 7T
VORI 8 AN B (1) 7ERS B R2EEE M e BB
MZNEELIZH VE. MS. GBS B34 &5 Z VLTt
X AL =F PBMC. BHF5E 0 52 BT Ja DX 3 PR T % W00 25 478
FEAC S A/, AR SEAS AR B WLy VG 2 J) i b X A T
HIRRAE, ARSI ) 45 S 5 L P A ) e 4 52 6 4 AR
Fede, VPR JEMIHIX A BDV ARt m U 4
Prof g 25 LLFHEA I : O RNA SIS
FEv, R = BB 5 @320 nRT-PCR
qRT-PCR & B h 35 [ — e 1975 4. BDV 1Y
JEYL HLA — 5 A M | AN TR] A X R nT REANIE],
R AETE B PE IR AR A VIV SR S X L)
folv Bk 3, AR H B R, BB,
FHAE NP AT . St AR sAsELl R b
At PUACSE ) KA ANEVESh YT ek b 4.
FELHbL DX (9 N5 sl ) e 5 22 FL DA SRR A 22
DN e A & A S L2 A X 3 K. 1 E R BDV p24
BHEFE PR R BE A R E A s g = . ShAA-45
fIX, PIRERIZHLIX A LA A AR R R, —
FREE A Ul W A7 e s X R R 22 55 o DI e Ay 25 2
F, VE HI MS 51 BDV p24 R FHAE A B 51 A1
[, 5 GenBank $2Ht#Y strain V. BDV/MDCK, C6BV

() BDV p24 FE K FHAE J BP 810 F VE . MS i35 [A] 5
PEBC SRR, SRARRAE, HmiD ) & SRR A Stk
WA, EAR BDV AEY)E AR B B R B 2ME
BEAAWIRE N FePR, [A)2 BDV A G E il £
PR Z T SRR Z G, AUZF]— A C N
R AER, W H X 2 RN, B
RUAHSCHF R 2 H0R BR T X — A A TR A
Wi, BEARS RN, B RAR—5, Ak
FH TG

ARG 53 BT 3R] VE [ . MS [BE I
(=% PBMC H 5L BRI 1 strain VR IE T
1AN3, BABH BDV BA T HuIs S BRI, (RILEE
W ] REAFAE BDV [ ARAE TR, T AEY: BDV B
AEPWE " AR R, BDV AT R &K
PP i — R A, 5 RS 2 RGEBN
(KT REAFAE R VI &R, X BDV 194> T AT
I 2E B IE A A F B I R B S, A SR AN I DL
BDV WATAEY2AAT 0, BT ReA N SRIsh Pt s
AN AR o 38 37 T W AE R R T AR, WLV
T J 30 b DX e B 28 2R 5 5 (8 T BDV B 1L
P —A USRI A A T 2= 4, BDV Al REAF7E 5
YrigdE, TRGUR SRR G YR, B8 e E
HUE . UK T AT A DR AN TR, HJ 1
IRYAIR I N T A Py vk B AR B ), % 1&
LU e LRI N Foh &, 598 AT B —
SEMIN AT S, SE—2B P B, anbiR kA
PEHE R SRR, T AR TR AEIRYT, BFSE
S RO = % NV 56 1 NI L 1) (O 1 NN B NS Lo e
YIRS R, Rl RIS WT B 48 R PR I )
Wt B, FELUS R R b, Y2
FEACS B, A0St s o PRRSI B AR 1) S o e Py SR vy
S, FRGME YR, RENRGE 2N
WARGNHZANHREZ M EXR, HS5haEB
SRV S RO B AR A HLES & n] BE L 7R
H LS
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