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Molecular epidemiology of Arctic-like rabies viruses in
the Qinghai-Tibet Plateau areas of China
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Abstract: We investigated the epidemic trend and the characteristics of mutation about rabies virus in human and different
animals in Qinghai. From 2012 to 2016, we collected 194 tissue samples from different regions of Qinghai, and used direct flu-
orescent antibody (DFA)to test them. The positive samples were analyzed for nucleic acid amplification and sequence analysis.
We obtained 38 direct fluorescent antibody (DFA)-positive specimens from 194 tissue samples and got 8 whole genome se-
quence of rabies virus from these 38 positive specimens. Comparing the complete nucleotide sequences of these 8 strains with
each other and with CQH2012d (KM272192.1) and 2012 CXZ1201D dog from Tibet (KC46352) strain for the homology analy-
sis, we found that the nucleotide identity was between 95% and 100% in between any two strains. The result of the phyloge-

netic analysis of the N genes and G genes of these 8 strains and representative strains from China and elsewhere in the world

showed that the nucleotide sequences of these viruses belong
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S# AW 8150005 hai Province. The Arctic-like2 was the main prevalence type

to the Arctic-like2 group., which was closely related to the
China IV lineage. Analysis of the regional distribution of 38
DFA positive specimens indicated that the incidence of posi-

tive specimens gradually decreased from west to east in Qing-

LEMAE AU BN E R 4 F O, IR LT B of rabies in Qinghai, and its tend to expand from west to East

252 5, EM 814000 with the migration of animals. The epidemiological data sug-
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gest that the rabies found in domestic animals or human came from infected dogs or wild wolves in the Qinghai-Tibet Plateau

area in China.
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H AT 7 PN 58 4 R 1) 3 6 52 02 A A
28T X B A s W R AT I AY . SR L AR OR L A
R (RABV) 4 & I\ At 35 25 3l ) v 43 5
e ALFEA R I LK B IR R F LA R
MEAEREAES . RLAE 1991 4R w0, 72 6 [ 9 520 8
B ORERBET MR F om0 T A FME,
e R, 78 R B & 3 2 A8 B s R A AR B8 T
£ 2002 F1 2008, 1F 2 LAY 8 0t & A /e 3% i
VA8 V2 BRI ) 300 Mb DX, Bl AF 5 N B3 DA B 4 e
Wi G FET- I R 3% sh ) I il ) v A3 B AE K 9
(42 7 500 A, 7 2007, BF 58 N B3N 52 7 T
RESRNZLAR & 143 8 i AE Rk 587 . 2012, 35 [H B
2 RAE R I s O R FVEF A= 4 Qs RE ) o
R 2 AL R . H 1986 LIK R G AT
o 27 1 A GORHRITIG RIZ W 45 51 . 20 A U & 1E W&
Yo R Bl AR A5 S B e T OAE R L AR T S A
A B WEFE N DL A5 B 5250 & BER B 2012 F
2014 47 /AT & BRTE 75 1648 V6 HOIE F IR N R R R
JHOE % VA M R A T AR N RN & Fe 4 R
FRATTFF e WO B 00 A 2 5 b RN SIS I R R R Y AR
MR A2, X A% R A BE AT I P 1 b A N o 7
ST A DU R R B R IR RS R IR AR

1 #MRE5FZE

11 WEARRSRIEHAHEA 2012—2016 4F3K
TN TG 1 AN [ XL A T 194 ASREAR, f 46 2R
P ) NS 5 2 B I s ) BN [ L I i I3 SR B
Wi, FEARALHE 1 OIEE MERA .5 AMER,3 Hit
A~ B iE, M 8 RN A H A sh W FEAR B I 4L (2 B
A1 HbmaE A 3 HAE ) H 4y 142 MREACH 3 Fb
KBRS WL E D L5 1 Rl 5F K AR
KA G4 45 2 Bl R ol B AR Bl 5 R
WEA55 5% 3 i ROZ U TR K B AT 1Y K G 1 sh 2 LU
L IRFEI 7 AR B B 25 10 sh 2 B 4

1.2 HERFETOCERMAERF R T BN A
B L YA TR BN TE 2B R b Ol R R B B iR
HAE TCATE RS B 30 min) il J5ig 4 28 6 BR o FH 79 i
[ 7 10 min, I A FE R W5 0% 3 2¢ 0% & Ar id 19 Bt

x1 TEHMHERPAR

Tab.1 The composition of different animals sample

HPREE O BEAKR)  DFA MR 2RI
PN 142 30 5
R’ 8 3 1
b 3 2 1
N 5 3 1
Ui 2 0 0
B B 1 0 0
IR 3 0 0

RABV-N F55 [ (Japanese, Chemicon company) Fll
PR i e RHE R e L 7E 37 ‘CRIEE 30 min 5,
I PBS Wk ¥ 3 .kt 9006 H B AL A
FOCRWEET T WA IR/ IR R 28 50 1)
SR, SEBh E JR LR AR (Negri ZIMA) Flp 2 0k
1.3 BRSSOk Y TRIzol #% (Am-
bion, USA)™*" B 28 2L F1 4 4 o $ B RNA,
Oligo-dT (TaKaRa, Japan)/E h—AFEHL5 9, FH
Ready-To-Go™ You-Prime First-Strand Beads kit
(GE Healthcare, UK) iy i % 55 2 by i 57 5 #i2 4 ik
MGV mRNA #4755 — 5 cDNA 95 5.

1.4 PCR 5|4 @S NCBI ET| 8 43tk
( AY956319. 1, AF499686. 2, EF437215. 1,

HE802676. 1, HQ450386. 1, KC171645. 1,
KF155000.1, NC001542.1) ff 3 K 21 £ 5 X 7 51) 1%
T 7T XSRS A T XN S (UL ER 2), th B AR
W TARARA A A .

1.5 PCR ¥"#  HA& MK cDNA NEH ., H Go-
Taq Green Master Mix Kit (Promega, USA) X} 7
PG 7 %P NG R Bt AT 4, 8150 PCR 2%
PER TR A5 1 YRS .94 °C L BUEPE 3 min. 94 °C
30 $,56°C 30 s,72°C 1 min 40 s,4L 34 MFEH, 5 2
WA IR 94 °C L, FWAEYE 3 min, 94 °C 30 °C,56 °C 40
Fb,72 °C 30 C.35 WG .72 C 10 min, ] 1.5%
TG B BE S 120 V., 30 min HL ik, J] TaKaRa (100
bp-2 000 bpDNA)Markers #1759 3 =4,
AR BRSO KL T T — 21,
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Tab.2 Primer reference sequences used in this study

i 44 k2]l B IREL 1B Kl L KE
lrabiesF1 acgcttaaca acaagatcaa agaagaa 27 62.7
lrabiesR1 ccctggag(A) gg ttaggaaagt tgac 24 64.5 1927 1927
rabiesR2 ttgtctgact atctggacte caacatt 27 62.7 1834 1834
rabiesF3 gaagataatc aggctcatct ccagg 25 62.7 1610
lrabiesR3 gatgtceeca gteteggatt cte 23 63.7 3940 2331
rabiesF4 caagtatcga gaagactttc agatggat 28 63.2 1738
rabiesR4 atatctgggg tcaccggecea t 21 65.0 3701 1964
rabiesF5 ggg(A)aaattce ccatctacac gatac 25 64.3 3375
rabiesR5 tg(A) gaacaatt g(A)tctgtecagg gteat 25 64.5 5624 2250
rabiesF6 tec(T)tacatgg aacttaaagt gggataca 28 64.1 3501
rabiesR6 tagtca((G)gaat tcctcaa((G) gat gttggg 25 63.1 5520 2020
rabiesF7 tgaaggacat aagcaatagc ttacaatca 29 64.5 5260
rabiesR7 c(T)ccgatgagg tetgatct(G)gt ctga 24 65.1 7423 2164
rabiesF8 gtacataatt ataaagggct gggtcatct 29 63.6 5308
rabiesR8 teetet(C) gtt(C) g actecaatet(G) ttgatg 26 68.8 7311 2004
rabiesF9 gacttgataa ttggtcttaa accaaagga 29 64.4 7016
rabiesR9 ccgtatatgt tgacaggg(A)aa gatggt 26 64.8 9645 2063
rabiesF10 tggccaacta catectgeca(C) ctt(O)t 24 66.8 7128
rabiesR10 gecactaaga tt(C)gaatataa gageccct 28 65.5 9591 2464
rabiesF11 catgtttcag ccattgatge tttatg 26 65.1 9262
rabiesR11 ctete(T)tgeat cteactettt(C) ggg(A)ct 25 65.4 11141 1880
rabiesF12 agaatatcta gaatggttte tggaget(G) gt 29 63.5 9440
rabiesR12 gctacaattg aacaacacaa ggctcat 27 65.2 11116 1677
rabiesF13 agtgatagat tttgactcca tctggga 27 63.9 10684
rabiesF14 cagaagttac tgacatc(T)gca tctatcaa 28 63.5 10806 1123
rabiesR14 acgcttaaca aataaacaag aaagataaaa a 31 63.5 11928 1245

1.6  cDNA I ¥ MiniBEST Agarose Gel DNA
Extraction Kit Ver. 4.0 (TaKaRa) 3| FH T # 1k
Maifb VI ™ B9 & DNA R Beny 3 fg b, A5 2 4l 4k
DNA {E H# #2, i BigDye Terminator v. 3.1 kit
(Applied Biosystems, USA)HEAT T I J if 9 14,
Y1) A Bl i Performa DTR Gel Filtration Car-
tridges kit (EdgeBio, USA) #E474lifk, ( i SZ 5
Z MG &L A5) L ABI 3500 3 K 43 Hr AL k47
FF 0

1.7 OGS REKEMIME  H ATGC &
£ (GenetyxCo. Tokyo, Japan) #& #i il ¢ 54 F¢ %1 F
B, I DNAstar (5.01 version, Laser gene, USA) %
A Bk 7 51, The Clustal X 844 H ok i 47

27 AT, H Mega 2 8/ 42 # The Neighbor
Joining(NJ) ¥ 09 # & 48 & & B, JF 1000 4~
Bootstrap(BP) & il J5 ¥ fli it bootstrap neighbor-
joinin tree By A]FEME,

2 & B
2.1 FEREIREPUREK I FE 2012—2016 4F[A],
TATNE A EM L Hm  R% I B IR
4—“1&5’* T 194 AW ik B A b AR
i R L ZURT 8K BE TR i 4 2R AR S5 8 T
Tl AL LUREN B AR 2Ok W RUEE R L FRATT ISR BN
[F) RS /NS 58 14 ASOR R WL (L 1) 5 DUIX 194 Fifp
RNEH S 3545 38 4> DFA BHIESS5# .



820

SRV B i

i 2018,34(9)

Ca) B I3 9 B B0 5T B 2 i 2 235 (b)) 3 K99 9 7 10 I PR 2k
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Fig.1 Detection of rabies virus nucleoprotein antigens
by direct immunofluorescent assay with anti-ra-

bies virus N monclonal antibody

2.2 WATHEFHT  AE 2012 F1 2016 4E ], 43 HIAE
T B O A AN 3 2 B L B RS B R
AT RN FEGOR W3 5 AS B R R BE T [ B, 7
EYNA=F PN AR N Ll 1w
2014 47 9 I EREE B 6 MR 2 BRIk £ R b
S RAETFEZERIG RN BRI R, R AE
R J5 WA HE 2 N2 TRl AT FE AT L B T B AR
MR AE 4 AR RS R FRATTAS 2] T 38 A FH AR
AR BT 32 EE S A e RS R R E A N O
2) S FE LM B PG T X A K B BH PR RE A R
DFA B bR A< 43 A #6516 48 V6 &8 R g &6, 1m0 HL
DFA BH AR & (0 53 A7 #a B i v ) 2R . 78 AH
& 0948 13 VE JECRTH R L FE 2012 4R R 2013 4R A AE
R KA A R X T 2013 AR SR A CH R B
CGS1301D.GS #, J& T China 1 B, & 5 % 115
B 30 AS S A ) B4 6 DR R 531, AR AT 05 2 IX 3
G AU S T A PR R T AL R R AR S P AR
TERF ] 4345 L FHPE SR E 2 AE 2014 F1 2015 4, BHE
R 26 A, 7 S BH PR LAY 68,4200, 2016 AFEFF IR
(1% B g 491 A i 2>, B B S TR A 3R A R IX T R R
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Fig.2 The regional distribution of DFA-positive case and samples in Qinghai province

2.3 HBRIFH) M X 38 4~ DFA PH bR A
AT R 5 B B P 8 R L A W 1 B
AR 75 i e — i, A3 AS 8 e K gt

IR 20 B A TR P 371 . CHL A B B il F T % TR ok 3 35 1K
RWF KT . X 8 AT MR 51 $2 38 3] GenBank
Ja s B OB % 5 k. (KY982923, KY99752,
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KY982922, KY912036, KY952220, KY952219,
KY964 323 FIl KY964 322), FF K s 75 19 FE &
BRI S R H Z5 4 Bl N-P- G-G-L F Be 4, 5 —
ASFF Rk B HE CORF) 4 5 8 8 1 (NP) JF 4 F 75
(CQHY2014W), 76 (CQHM2016D, CQHY2014D150,
CQHY2016D),78(CQHY2014Y) Hl 79(CQHM2012-,
CQHY2014D-Y,CQHM2016H) fii % 5L 2 , K JE Ry
1 350 bp, ZWtS X IE T ATG %8, & 1EF TAA %
TGA;PP143-148 H A7 & FE & ~F 1) DKSTQT %4514

B RUEAN Dynin AHEAE M . ZE4H AR BT 78 5 A 45
I E R PPEY i MP 45-48 v, i {if T fig 3 1) 4%
FIAR B AR 5 55-58 NLS 19 GP Hl & Ak 47 55, 265-267
) DET,33 3-335 KVS,35-340 1 NKT, il i 43 ¥ »
FATEIIX 8 AL AT TR 77 0 b AR AL R 3R A7) 52 56 %
fE 2012 4E4E3E 1P 51 CQH2012D(KM27 2192.1)
AL RE 95% —100% , FE P B 454 1% 2 5
(W3 3,

R3 BRFEFINRAERER

Tab.3 The basic situation of whole sequence rabies specimen

S 5 4 fii & PERR R FEfh it fi) o HoAly
2012humang human surmer CQHM2012H 2012.12 KY982923 Bitten by dog
2014dog-Yak dog brain CQHY2014D-Y 2014.4 KY997452 dog-Yak
2014Yak cattle spinal cord CQHY2014Y 2014.4 KY982922
2014dog-150 dog brain CQHY2014D150 2014.10 KY912036
2014 wolf wolf brain CQHY2014W 2014.11 KY952220 Natural death
2016dog dog brain CQHM2016D 2016.11 KY952219 Dog-human
2016human human saliva CQHM2016H 2016.11 KY964323 Bitten by dog
2016ysdog dog brain CQHY2016D 2016.6 KY964322

2.4 ZHRTIHL ST RATHE T S HIE 3 it i
R 95 1 FE R AE CORF) By G 8 R AT N PR % IR PN R R SR DN 2 6 N |
HIRFS) 53K H GenBank WAy of E R 44 35 xt& R AEA-rhU SR, 78 % 1 4 B FF K e

RN LR 38 Bk G ZEEHF A M d NJ(NT, & il =
1000) HEAL B (H N FEF M G 385 R, &
WFFE LA 8 A4~ N JE K 551 F oy ) ok [ K4 2012 4R 1)
CQH2012D #(KM27 2192.1) I3k H 76 i 19 2012
4ERY CXZ1201D R (KC46352) ¥k, B AT i — 4>
SEEY SRS (L 3) o i B AR R 7 A8 6 A
LD & (China I-China VD E K2 2%, 3041118
BN 8 ML R FF))E T China IV .5 Arctic-like2
JEIN T BEAR OGP AL 2008 ARFE N S B Y
neimeng925(FJ415313) Fl neimengl025b(EU652445) ,
gL ey SR E [ NS SN X (e
A AT X A B B A R AL CT-TDH M AR
RG], CILE 3) . BARIRATE A B8 1 k4 &
IR A Ay ST 45 2 A AR B AR S b B R i DA
(R BIF 5 ¢ W T AT 114 235 SR 2 AR 18 R DA A i S
SR M SR AR T 0 4 A Bl RN R AT RS 2 1
BHE 434, 2 WIAE R 75 76 v 1 7 80 i Ml DX Y 4%
IR I 58 5% 3h W AN B B A R s R e A3 I &
I o

AL BARIE G R AR A AR,
Sl ) R L Al b 5 A A RO & AR AR 5% Bl i RN B A B
Y B HRAE O EIRAT A 5T P R I AR
AN TR) S 4 2URE ff CREA AR 2 ) v ARG 00 81 R 9 e
o FEFRATIE YR A 8 2 rpr 22 WA R w] LA 37 AR
A3 14 5% 75 M0 A% 1 45 R SR I 2R RN, 3 2ok 55 1 A E
KA foe T AT RS B B B AR R BT LA AE b P L
TREIE R .

£ b E AR R G SE R R R, B China [ 8Ly
PEFAALG, Hoh 80 %6 43 A 7E 19 N4 CHIA X, B 4%
), China [T Al &4 7 M (HIBIX BT,
SR R E A L IV, VR0 V2 AR & A R, Hy
A7 DX Sl A X A BR Y FRATT X AR B A R AR 8 A iR
JEANHEAT T GON 3 R A% AT B8 5 4 i) TR) 5 1 R 2 £k
A3 FEEE A AT 5 P R R XZ1(2012) 55 Fn 58 4y 85 A4
YR EGRR, KT FET Arctic-like B, %
T o B A At B A U AR X, DK S 9 P S Lk 2
W PSR L AR R R X, I A sh R &
PR FRAT Y DA T G A M X1 R B R A sh
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