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[Abstract] Objective To understand the genotypes of hepatitis C virus (HCV) circulating in
intravenous drug users (IDUs) in Pudong new district, Shanghai, and explore the population growth
and selection pressure of the HCV strains isolated. Methods A total of 200 serum specimens sampled
from IDUs in local methadone maintenance treatment clinic in Pudong were used for amplification of
a HCV NS5B 377-nt partial sequence. Mean evolutionary rate and effective number of infections were
estimated based on the 377-nt partial sequences of the HCV strains isolated from IDUs and isolated
contemporarily from local voluntary blood donors, men who have sex with men and reported hepatitis
C cases by using BEAST software. Selection pressure sites were identified with online Datamonkey
software for subsequent comparison with direct-acting antiviral (DAA) drug binding sites. Results A
total of 39 (19.5%) serum specimens were positive for HCV RNA. The genotypes were determined
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based on the HCV NS5B 377-nt partial sequences as follows: subtype 3a (n=14), 3b (n=13), 1b (n=
7), 6a (n=4) and 6n (n=1). The partial sequences of the HCV strains isolated in IDUs shared high
homology with the sequences of the HCV strains isolated in other populations. The Bayesian Skyline
Plot indicated that the estimated infections with HCV subtype 1b increased exponentially during the
1990s, whereas that of subtypes 3a and 3b increased slowly since the mid-1990s. In the NS5B 377-nt
partial sequences of the HCV strains isolated in IDUs, there were two positive selection sites and
seventy-eight negative selection sites recognized. The mutation rate was as low as 2.2% in the 377-nt
partial sequences corresponding to the known seven DAA drug binding sites. Conclusions HCV
subtype 3a and 3b were the predominant genotypes in the IDUs in Pudong. Subtype 1b was prevalent
in different populations and evolved very rapidly, and more infections might be caused, suggesting
further attention to its prevention, control and treatment. Although DAA treatment based on HCV
NS5B binding sites targeting local IDUs might be effective, it is still necessary to strengthen the
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surveillance.

[Key words] Hepatitis C virus; Genotype; Evolutionary analysis; Positive selection site
Fund programs: Shanghai Municipal Health Bureau grant (20134241); The Fourth Round of
Three-Year Public Health Action Plan of Shanghai, China (15GWZKO0101)

HCV B & — 2R AL T A 8, P Al
T, BERAH 1.742 ~ 214N (2 E RN 3%)
TG HCV , BAEZ1A 300 T ~ 400 JT 5 &R, 2
A 35 75 NFET HCV IR YL A 80w o g /2
HCV BYL () i3 i NFE s i ge R WY, FR [ Dk v 5
W wE ARE R T AT 8 LA = il 7o, A HCV gk
YL AT HEIA 50.4% o AR P [ [ R AL 82 A S50
AEE(2015 hEZS R ) R, A E Rl i #
NBRiK295.5 5 4 o A o, 3R R VG i A B
TR B 3 HCOV R B H i — AT
FERE RS A2 A0

HCV 2 BB E 5% RNA 5 35, HJE 4 &
NS5B 42t X 3. # 2 H T, HCV v 443 A
7B LR B 5 67 ST, A% PR AT B A
AR X 3 A 25 oK BRI 1.2 3 RIAEHE
T EIA o3A , FLAth A5 T U Ry B i L i X 5 4 7 5
B A AEAE N AT TR AR H IX 5 5 BT 6 B 3= 2234 T T
AR FIZR R R 5 7 B o AE vh AR R 0y B 15
N BEEAEASE s , HCV 3 R R/ 0 55 78 A% 75
PEIF 9 (PIAT) 2t B A & T el ™ s AR A 0
H1E IR TT RO SR O A,
HCV 3 [K 7 4] | e 8 SR 1 128 St 5 25 36
SRR BYIAEOE . 40, NS5B HE 5 4 i (14 2 1 B
A RNA {8 () RNA 4 B 5 7 (RNA-dependent
RNA polymerase, RdRp) , J& H R iA 7 HCV B L (1)
2 W) 6L HE B AL B0 B 25 ) (Direct-acting antiviral,
DAA)Z5 (B EEE SR ARBFIEE a4 B i
T 4T X RS 35 45 1 HCV NSSB F B, 145 &
[ 30 24 10 2 BB IR 1M 5 MISML L 325 7 41 5 7R i 497
HANEAF IS, 43 M HCV 325 5L PR 5 2 P i
(BT A AR ; RIS I 3 HOV R E ik

AIIEREPERL AT, 4 1 A T B4 DAA YR
J7RCRAR LR A .

M5 %

1. WS4 AHTSE T 20134E 1 H 2 20144E 12 A
TE T A0 X SV T 12 e iFsE i T 4
T TR R BT X CDC P& 2 A0 B Ay 25 01 23 W A% Tl
i o WEFEXT RN AGRUE AR 18 8 % 5 A B2
FVPEREAIRTT SR B s RS2 AT
AR . T e NEEERETE 200 ~ 300 A, fin 3
PP B AU, PR R O (B R, SR AR5
X} 42200 451, Horb 5% 166 4] 21k 34 451, S 4E %
(42.9+9.1) %, RAEH M AR A H- e85 F T 100 8
M

2. HCV RNA Kl - 7 552K I 2 RNA 42 HUaL
A& (6 RARAE AR A FRA R, Fe VR UL A
140 pl IfiL 35 77 2 L HCV RNA, JF & T 60 pl G
RNase BUZEK T, - AFE T-80 CH&H . ARG RH
FIRAE(RIEFEY TRARAF), 5
RNA [ % 5% i cDNA, J&5 2% F #20 PCR J5 46, i 44
HCV RNA NS5B IX ## 377-nt } Bt ( Z % H77 ¥
8256-8632 nt, GenBank & 5% 5 AF009606) . 15|
PR PCR 27 i & 55134 2% BEAE ek [13 ], FH
PE PCR =W B 4k )5 24700y ( B2 T AR
TR AERRAF]) . Ay PCR =920 m ¥ LA
DA AT TR T

3. FEARII AT AN 22 R IR B L A e
ROy Mr R ALK % X 2013 — 2014 4F R 4R
) 2 BRI . MSM, D &2 2008 — 2015 4F K A Y
JE i N R 19 v 43 B 345 19 HCV NS5B 377-nt
B IRAGIAT s 3R =2 S T S 7 Ao



- 380 - ARG TR A

201743 H2538 %55 34] Chin J Epidemiol,March 2017, Vol.38,No.3

STRAHE ST . FFH Mega v6.0 F 4 HE 74 (4%
TR P4, 11538 32 2 5 DR AR oy 25 T 91 1) [ P
B [ B, AR 3% MUSCLE % 5 F Lo X 2 4 %% h
125-aa ZFEFR F 51", 454 jModel Test iz 8. 45 F Al
BEAST #41) N BB R e A 1 IR 5 (XA A, 53
A A 7R 4K B Bayesian PR3k BE £, 2R 5 ok
BEAST v1.8.3 B A #4704 o BRI 2 2 T
Bayesian 4t 11 Wr 5 MCMC 8.3 - & B9 JE (R 7 371
AT, R 500 1 4 g sk ) R AL B 1
FERF BRI F 0 B 19 1 A kg U5 RN b B T AR
T, 7E BEAST H A A i i 45 53 B 8 51 (1) SR A I
], I3 MCMC HE W 1 X 107K, B 1 000 UHL
¥ BEAST iz B 25 548 F Tracer v1.5 8434, 11
A H IR A T ) T2 PR AR B S 2 A R A
SREEPP RIS K AR R . T TR RS LA
TR AR R R RN, RVRRAE R B A TR
B,

4. PRI AR R - [F] SO ARE R
{i (0 =dN/dS ) J& PPAN B 8 1 I3 19— A T 5 1 o
Mo>1 B, FUIZAL A2 B IEE R TIVEH, [l
RS REARN IE LB A 0 =10 <1 W53 51|15
W A2 A0 A5 32 1) v P o 5 Rl A 3k 5 (R B ik 45 )
FEHN,

% H Datamonkey 7 £& %X 14 £ (http://www.
datamokey.org/) i V& IE VEREA i o I HERRFLH R
B[] 51 41 AT BB 6 IE 1B £ 07 50 5 e, 43 )4l
Datamonkey N ‘& ) GARD 5 1/ il RDP v4.72 %X
PR IE R A A AE A IS . Datamonkey i % 1E
PEPEAT B 537 32 A0 4% SLAC (Single likelihood
ancestor counting) . FEL (Fixed effects likelihood
model ) A1 REL ( Random effects likelihood model )
3 . Horh, SLAC I s A BRI, SR iy
FETE RS IR IE B s I AT RE , (H IR REBH 14 PR3
WA IEBEREAL A, 38 T R BB AL (50 ~ 150 4%
JF30) 89534 s REL J7 ¥E AR B, HAR i (i i %2
Syt BRAR BH P25 5 5 T o i /N B 4R (5 ~
15 %67 %1) s FEL JriE A TP & Z |2 38 T
RV sl 3 KIEIR W BT . AR 5T AT 39 JRt 3
FFH , A4S Tk B 7 454 DA K LA R v Al
FIvESS A T2 G 7% 18, R FEL i ik i 1
WP (P<0.1)J5 S B HTT MR 758 — 7

& R
L AL T AT A 200 BT ST RER, L

o Bk 166 191 Lo PR 3449, PRI EE R 4.9 2 1, B
PR (40.7 % £89% ) im T (37048 £9.7%)
(1=2.15,P=0.032), HCV RNA AP % 19.5%
(39/200) , FHYE30 41, 2o 9 191, - IJ4F % 2= 5 T 40
e U EYE: (4354958, & (38.7+6.2)
% 51=1.80,P>0.05]. LA, B¥ES LW EEE
HCV RNA FH:5 B (4R % 25 R 38 e S 11243
X (P>0.05). 4r#53R15 89 HCV NS5B 377-nt i Bt
FER AL R 3a AR (14 47) 3bWAI(1343) (1b i
A7 45r) 6a R (44 ) AT on AL (1473 ) (1), Hi
3R = FEEHA, 5 69.2%(27/39) .

SEA AL 7 15 B T R AR DX ek o
H MSM & E e A5 N 179 HCV NS5B 377-nt
FBE, 48 ABEE S 4L 133 45 (4245 1b 5 66 45 . 3a
MEAY 35 2% 3b WA 32 S 5 Hidr R SR sk i & \MSM 7
GBSy M 2013 — 2014 4F , e i@ R 45 TR I 191
GBS AEAY R 2008 — 2015 4F ), 43 S8 10 5 0 5
3 EEHELH AT (1b.3a.3b) (1 NS [R]EE
DI B 5 ) — S0 76 g HoAth 3 28 AR A I Rl . &5
SR TSR 53 125 7 5 5 ] — 2 A A oAt A
T 91 [T e s (6 2) o

R1 AKX R H HCV 2L A

FP BB B R (% )

AL 8k FIVEPE(%)
1b 7 94.5
3a 14 95.2
3b 13 95.9

Fz2 LI AR X RS EE S HCV FEILF T ALS
[ — SV 250 ) HAt A\ B 51 B4 TR (%)

WE  EEBRME (%) MSM(%)  EIRE TN IR (%)
1b 93.0 91.7 943
3a 95.7 95.5 95.3
3b 96.4 96.5 96.2

X 1b. 3a. 3b M &Y 14 3 P )5 41 4 47 BEAST 43
B, 45 & B4 HCV NSSB 377-nt ;i Bt it fk i
FEPIFF A “FAY” (relaxed ) 43 T4 A A (O X RO E S
/74 (Lognormal distribution) , HK'Y & 7 J& 1b . A4
(14 R DL HE A A AR | 3a 1 3b WU W e 75 &5 TNO3
MR AL R 95% fir K5 56 HE R 25 i [X 1]
(the Highest Posterior Density Interval, HPD) . £ 44
AL %L (Effective Sample Size, ESS) W 363, Hrr,
1b 7Y Y i AR R R P, 32 1 3b W7 U450

1813 BEAST 4347, #4%E Bayesian Skyline Plot 4}
Froa B PR R 110 v A28 1o A (R BRI R ABO A8 AL
e, KB 10 WAL PRI R ABCT 20 THEAD 90 4E4K



FAEIR AT 2475 2017 4E 3 145 38 545 31 Chin J Epidemiol, March 2017, Vol.38,No.3 - 381 -

R3 T ASH X HCV E 5L (1 3E b %

N H 95%HPD FIESS {H
AR \
b l‘ N AV 3 211 959,

R &4 CEE BB ) HEAL R Y 95%HPD ESS
1b 247X10° 1.09X 107 ~4.00X10°  2110.39
3a 543X 10 1.07X10*~136X10° 3 540.58
3b 3.64X 10 7.90X10°~9.60X 10"  4027.43

T : 95%HPD 38 95 %fie K Ji5 Mk i X [1] (the Highest Posterior
Density Interval) ; ESS 4847 &5(4liF£44 (Effective Sample Size)

TR RREE LT FE 21 Ak A B3 (1) ;3a
T ANBIO 20 20 90 AR it 22 1 T #s (1
SR E 2218 (181 2) , i 3b 7 A e A B 28 Ak I
BUNE3Z),

1000000 ____ v firtic
— 95%HPD 1
10000l ¢HPD_LJRAI R i
&
E 1000 e
%% ——————
B qanl o caee=”
2100 /_\
H
10}
1987 1991 1995 1999 2003 2007 2011 2015
1989 1993 1997 2001 2005 2009 2013
gan
T AR R IR 10 A0 BE AR bl
E1  FERlARIX HCV 1o 375 3 A%
FifiFsf (] AR AL FE # S2 95% HPD
100000 1 e
— 95%HPD FRAI FER
o0 T
§ )
ﬁé _______
S loof
B
10}

11995 19I97 19l99 20I01 20I03 20I05 20I07 20I09 20ll 1 20I13 20I15
Eh
VE O\ BN 10 BB R As b
B2 FEHEASFXHCV 3aily R 1 BEIRg A%
RifiFsf 7] A2 i # & 959% HPD
2. PR E F1 500 : GARD $.3% 55 RDP #AF#6:0
48 W A AHF I A A HCV NS5B 377-nt B
ANEEEH ., i N 125-aa & R F B (R
H77 ¥k NS5B [X 18 219-343 aa) Ji5 #E 4T #5847 15,40
Br, 45 5 R AL 24> (1.6% ) 58 35 2 57 15 (55 324
341 4 ) Z BN IEE £ & I WAE T, R 5 A7 78 4~
(62.4% ) IR A7 5532 BB S IVERT (36 3)
% 125-aa Z LW Boh B 71 DAA 25 510

100 000
10 000 |
= 1000}
=3
,<§ 100 L /
B
10} R A
— 95%HPD _FRFI T IR

1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
3%

T AR R ECH 10 A X% B2 Ak bl
B3 A TXHCV 3b I s gy A%
Fifi ] (B 48 AL i 35 ) 959%HPD

F4 LT ARH XSS HCV NS5B 125-aa
Jr B IE sk o5

ik IE RN (A B
FEL 324(S11/A17/C11)/ 227/228/229/230/232/233/234/236/
341(G17/E21/R1) 239/240/241/242/245/247/248/249/
250/252/253/255/256/257/258/259/
260/261/263/264/265/267/268/270/
271/272/274/275/276/277/278/279/
280/281/282/283/284/285/286/287/
288/290/291/292/294/295/296/298/
299/301/302/303/304/305/306/312/
314/315/317/318/319/320/321/323/

325/326/328/330/332/334

U IR 5% HTT BENSSB JE I, A — o i - 24
RIRBR T I U8 P R0 s B T RS T
I HR BT F R B IR 16 39 275 i H B AR

)

SRS 220.225.282.291.316.319.321 443
B 5 o ARHIFSE S B ARAF I T R 5 39 &
Berp  fE Bk 7 A I AR AR 2.2%(6/273) 5
Hir 4DAA 25607 45.(282.291 319 .32 1) ¥ M 1
PRI

w#

WEAET 5% 2 B, 23R8 [ N 5 I 8 AR HCV
L K] BETA F 60% ~ 80% , 1ML 75 AN BAR £ 110 35
B RS T R E L HCOV RS R A T8 67% ~ 73%" .
HHEREREEE T, HCV RNA K RT3 64.79%
U b i DX U] 75 3k 78.49% %, T HE 4R Ml IX 5 il 7 5 A
HERAS R k5 84.8%™ . ARAFIE4E H L,
T TR AROB X R S I 1 HCV RNA K H %0k
19.5% , BRI S ML, X 7T R 5 AT KR
THAAXT 3 A [ 28 (R SEVD BT 12 AR O, RESEY
i 1132 A @Sz LAk, BUESE AT B g FE AR HIV HCV
TR AU AT AR 7 % B R T
AR ZH AE 24 MoK ) MSM B (5.5% ) 1k B ik
M5 (0.11%) (Z5 R AR K ) , KW R EH 21X
HIX HCV B iy e A HE -



- 382 - rRARIR AT 2435 201746 3 45 38 555 3] Chin J Epidemiol , March 2017, Vol.38,No.3

AR, 2 I A TR 2 A 9T RO 22 iR AR
WIAE B2 T e o e R AR 1) 2 1 TR/ S TR TP 91 o
b BEAST A28k i il - — 3 A= 15 B
SR AT AR SR S A R AR S BT A T
SRR AR R LR B R 8] A 78 AR o R A
AR R T, SRS 4B HCV 3a.3b
WHIZ T 1oAY, HAG H— % LL Y 6a Fil 6n A
SREAF IS RO —3 . HCV B IRG AE
AR A FE I, HCV 1b 1 3a 37 Y AR 4 A BN
20 22 90 AT 4 5 L T #a F, X AT e 5 90 4E AR
75 ] A RSN R 1 0 Y o v S B0
P R P IRAT A O ; BRAE A 5% 3R B 1993 —
2000 4F (1], 3% [E HCV B gim 2877 1 — Bt
RHRT BRIM, AW R B & 3, HCV 1b fl 3a
W FFE 2000 4F 2 J5 (BRI IR G A\ B 98 S8 7 I
TH B X AT RE L PR O HOV 8 P R e 3 I 50
K AIVE AL YL IR RS AL R 1 , DS e Je 0] e
IR 2 AR ) Bt ol e /fdpse Lot it
BEAST #4343 1 NS5B 377-nt F By #E ks
7R, HCV 1b WA 55 T 32 . 3b A, ) 1b 7 AU AR
SR IR AR B9 DAA YR YT AR XS 10 W
AU AR S o Bl e O H 2 IR E HCV L L 1b
522 WA F AR T AN s IR A
FEBCE I N AR 5N HOV ZE AL B 1b 55 22 Al
D> 3RS 6 BRI AR N A A AR A
Sy E RS R E HOV 381 5 - AR (R R
BRI, 2 R A R R O R A7) 77 857
B [T S8 5 v, AR SE 28 HOV SE R AUAE = s
NHER— e AN R AE s 5 R B LR R IR, P27
FEAT BB fe fi B ] — RN BEAG R, X 5 REAE A
REAR Y RFREERFN, Ll 48 X
HCV 3a 7Y 1) PR B G N EOZ T fin, {5 16 37 7Y
(A BGRB8 3 KT, 25 LA i i Ak
B AHEAR BT 5697 TAE o

AR 995 2 3 PR 8 A AR 20 BT, AE SR B 407 1
i 16 2 B 5 dE HE AL I ) — AN EE k.
Datamonkey i HyPhy 7F £k #5443 , 4 1. T SLAC .
FEL .REL % 250, 4%z W H TAE b5y
PR 22 AR FR R A I B 2 R Y
HCV NS5B X317 Hr . 1% HCV NS5B 377-nt
B AU IA 2 A TE SRR A, T A S 807 D ¢
%, 3% A fE S K HCV NS5B 2t AR SF . BEE
W R, NSSB I AL F e s T, H
NS5B XX T E2 \E1 NS5A &5 X 3k, HIFE 648

Fif /NP AR B X HCV & JE 1B DAA 24
Yy RN K (B4 25 DAA TE HW i B
ATt 255845 , TR LA 55 T e A i 24 57 55 A8 S X HCV
B FCAH DB AR AR YT B F g U, ARG
R, 5 75 7E NS5B X I 1Y DAA 45437 5
[ ZEAR RS , LR IE SRR o5 (P 44 Ry 2
PEFEALED) , AT DAl T+ DAA £ % NS5B RdRp %5
BRSO BT

AR AEAERIRY: . T Bl DAA 259 &
TEE N T, A I B BARE I R F 51) 40 Mr R )
A FIWHIR T RO . T AR5 AL EE X NSSB
377-nt i BeEA 74007, FAE NSSB 58 3L K P 415 HL
FEAS B AR 552 /0N | AN [v) 35 R B i 245 2% 25 o7 s A7 AE
—EMZES, I DAA 45 S RCREM A R, R
K Y RFEAR I G AR 7 B X HCV 45 5 4]
R RIS T LA 08 . Ak, HOV F7AE /DB B K
YePge 2 CARHFSY B3R RT-PCR Jr ik y 38 (1 ¥
G AT BB A R 1 O S R B, 1T Tk 5 TR
ARG AT DL

ARG A5 A ZR B, b 1 T R A8 DX e S B
HCV &L L) 3a Fl 3b 3 KUk 32 F 3L K Y . HCV 1b
M HITE RS N rh ol oA, A e i b, A 30
RGBT Re Rk LT AR R R HCV B A i
Mo HCV NS5B 377-nt i B SRAFAE /DB IE 4%
H7 5 (B X HCV NS5B RARp 454 DAA X i
S EEE Y HCV YR RO T, TR B 47520
T W
Rz

Z £ x Wt

[1] El-Shabrawi MH, Kamal NM. Burden of pediatric hepatitis C
[J]. World J Gastroenterol, 2013, 19 (44) : 7880-7888. DOI:
10.3748/wjg.v19.i44.7880.

[2] Perz JF, Armstrong GL, Farrington LA, et al. The contributions
of hepatitis B virus and hepatitis C virus infections to cirrhosis
and primary liver cancer worldwide[J]. J Hepatol, 2006, 45(4) :
529-538. DOI:10.1016/j.jhep.2006.05.013.

[3] Nelson PK, Mathers BM, Cowie B, et al. Global epidemiology of
hepatitis B and hepatitis C in people who inject drugs: results of
systematic reviews[J]. Lancet,2011,378(9791):571-583. DOI:
10.1016/S0140-6736(11)61097-0.

(4] T 525, i X5/, 4. rp R B 05 AR HIV U HBV
HCV BYUIRAL K HA A R 1Y Meta 4347 [T, rhARpaia il 24
#:,2010,14(4):300-304.

Wang HP, Yang JJ, Deng XZ, et al. HIV/HBV/HCV infection
among drug users: a Meta analysis of data collected in Chinese
mainland [J]. Chin J Dis Control Prev,2010, 14(4) :300-304.

(5] TpAE:, VFERA, SRS A RAEACO 818 il X4t it 75
TSI RAL R T M [T]. b E 259 B iR 2%, 2006, 12
(5):277-278. DOI:10.3969/j.issn.1006-902X.2006.05.011.

Su MJ, Xu WC, Zhang WJ. Investigation of drug-taking and
incidence of infectious disease among 9 818 cases of heroin



FPAEIR AT 2475 2017 4E 3 ] 45 38 545 31 Chin J Epidemiol ,March 2017, Vol.38,No.3 - 383 -

addicts [J]. Chin J Drug Abuse Prevent Treat, 2006, 12 (5) :

277-278. DOI:10.3969/j.issn.1006-902X.2006.05.011.

RRFGTIE, sRACTL, TE/NAL. N BT 58 e A6 X A 254 S T e LT ).

o E AR AR S A T A 2R R, 2008, 24 (7) - 587-592. DOIL:

10.3969/j.issn.1007-7626.2008.07.001.

Xiong YL, Zhang CJ, Wang XH. Hepatitis C virus genomic

structure and function [J]. Chin J Biochem Mol Biol, 2008, 24

(7):587-592. DOI:10.3969/j.issn.1007-7626.2008.07.001.

Smith DB, Bukh J, Kuiken C, et al. Expanded classification of

hepatitis C virus into 7 genotypes and 67 subtypes: updated

criteria and genotype assignment web resource [ J ]. Hepatology,
2014,59(1):318-327. DOI: 10.1002/hep.26744.

TR, RS T PR EUTF SR RS R AL A [T ] h e

WATIR #2435, 2013, 34 (1) : 80-84. DOI: 10.3760/cma.j.issn.

0254-6450.2013.01.019.

SuYY,Liu HX, Wang N. Hepatitis C virus genotypes in China:a

systematic review [J]. Chin J Epidemiol, 2013, 34 (1) : 80-84.

DOI:10.3760/cma.j.issn.0254-6450.2013.01.019.

Murphy DG, Sablon E, Chamberland J, et al. Hepatitis C virus

genotype 7,a new genotype originating from central AfricalJ]. J

Clin Microbiol, 2015, 53 (3) : 967-972. DOI: 10.1128/JCM.

02831-14.

[10] Kobayashi M, Tanaka E, Sodeyama T, et al. The natural course
of chronic hepatitis C: a comparison between patients with
genotypes 1 and 2 hepatitis C viruses [J]. Hepatology, 1996, 23
(4):695-699. DOI:10.1053/jhep.1996.v23.pm0008666319.

(1] TRk, VERT 52 AR i, A5 PR LI 9 o i i DR 2 S48 M o R 4

SBEIE I E AR Z M OCRRIIET]. KR B S5IR IR, 2015
(1):4-5,8. DOI:10.3969/.issn.1672-9455.2015.01.002.
Qiao B, Wang M, Yuan LY, et al. Relationship between HCV
genotypes and severity degree of patients with hepatitis C [J].
Lab Med Clin, 2015 (1) : 4-5, 8. DOI: 10.3969/j.issn.1672~
9455.2015.01.002.

[12] Cuypers L, Li GD, Libin P, et al. Genetic diversity and selective
pressure in hepatitis C virus genotypes 1-6: Significance for
direct-acting antiviral treatment and drug resistance[J]. Viruses,
2015,7(9):5018-5039. DOI:10.3390/v7092857.

[13] Pybus OG, Barnes E, Taggart R, et al. Genetic history of hepatitis
C virus in East Asia[J]. J Virol, 2009, 83(2): 1071-1082. DOI:
10.1128/JVI.01501-08.

[14] Tamura K, Stecher G, Peterson D, et al. MEGA6: Molecular
Evolutionary Genetics Analysis version 6.0 [J]. Mol Biol Evol,
2013,30(12):2725-2729. DOI: 10.1093/molbev/mst197.

[15] Drummond AJ, Rambaut A. BEAST: Bayesian evolutionary
analysis by sampling trees [J]. BMC Evol Biol, 2007, 7: 214.
DOI:10.1186/1471-2148-7-214.

[16] BRi4e. op T HEAL I B AR R R ()], [ AR 2% 5, 1988, 11(4)

243-247.

Chen JH. The rate of molecular evolution[J]. Chin J Nat, 1988,

11(4):243-247.

Choisy M, Woelk CH, Guégan JF, et al. Comparative study of

adaptive molecular evolution in different human immunodeficiency

virus groups and subtypes[J]. J Virol, 2004, 78 (4) : 1962-1970.

DOI:10.1128/JV1.78.4.1962-1970.2004.

[18] Pond SL, Frost SD. Datamonkey: rapid detection of selective
pressure on individual sites of codon alignments [J].
Bioinformatics, 2005, 21 (10) : 2531-2533. DOI: 10.1093/
bioinformatics/bti320.

[19] Kosakovsky PSL, Posada D, Gravenor MB, et al. GARD: a
genetic  algorithm  for  recombination  detection [J].
Bioinformatics, 2006, 22 (24) : 3096-3098. DOI: 10.1093/
bioinformatics/btl474.

[20] Martin DP, Lemey P, Lott M, et al. RDP3: a flexible and fast
computer  program  for analyzing recombination [J].
Bioinformatics, 2010, 26 (19) : 2462-2463. DOI: 10.1093/
bioinformatics/btq467.

(217 BRIGEET, R NEAA , ERE. A0 RE psbA 3 5] A 107 P HEAk 53
[T]. PHILHE2#4]R ,2010,30(8) : 1534-1544.

Chen XX, Su YJ, Wang T. Adaptive evolution analysis of the
psbA gene in lejeuneaceae [J]. Acta Bot Boreali Occident Sin,

—
N
—

—
~
[

—
o0
[l

—
N=)
[l

[17

[

2010,30(8) :1534-1544.

[22] FuYS,Qin WB, Cao H, et al. HCV 6a prevalence in Guangdong
province had the origin from Vietnam and recent dissemination
to other regions of China: phylogeographic analyses [J]. PLoS
One,2012,7(1):e28006. DOI: 10.1371/journal.pone.0028006.

(23] kA, 2750 R0, 45 W ARET HIVHCV IR AT
KRBT ] PEREE,2005,20(6) : 600-602.

Zhang CT, Li XH, Song AJ, et al. The relationship of the nucleic
acid and antibody of HIV/HCV among drug users[J]. Virol Sin,
2005,20(6) : 600-602.

[24] SEEEW], it , £ 5400, 55, 1 50 DX 22 ATE BUIT 58
JLAEN R R FE [0 ). AR B PR 25,2009, 11(3) :199-201.
Gong JM, Yang JJ, Wang HP, et al. Genotype study on hepatitis
C virus among drug users in Nanjing, China [J]. Mil Med J
Southeast Chin,2009,11(3):199-201.

[25] #wmest, 5228 A, Vs, 45, P R ET it 8 Ak X SE VP A5 10T

1112 5B P RCR T [T ], AR AT 2 A4, 2012, 33(9) -
879-882. DOI:10.3760/cma.j.issn.0254-6450.2012.09.001.
Cao XB, Wu ZY, Pang L, et al. Evaluation on the long-term
effectiveness among the first set eight methadone maintenance
treatment clinics in China[J]. Chin J Epidemiol, 2012, 33 (9) :
879-882. DOI: 10.3760/cma.j.issn.0254-6450.2012.09.001.

[26] HEVERE, REEZE A, 55 HOV 7E P F AT 2R MRS

KSR AT [T ] A S0 I R B 7 2 35, 2014, 28 (5) -
336-338. DOI:10.3760/cma.j.issn.1003-9279.2014.05.006.
Tong WX, Zhu JY, Lei ZY, et al. Great variety and unique
growth history of HCV in China[ J]. Chin J Exp Clin Virol,2014,
28 (5) : 336-338. DOI: 10.3760/cma.j.issn.1003-9279.2014.05.
006.

[27] Lu L, Tong WX, Gu L, et al. The current Hepatitis C virus
prevalence in China may have resulted mainly from an officially
encouraged plasma campaign in the 1990s: a coalescence
inference with genetic sequences [J]. J Virol, 2013, 87 (22) :
12041-12050. DOI:10.1128/JV1.01773-13.

[28] Lu L, Wang M, Xia W], et al. Migration patterns of hepatitis C
virus in China characterized for five major subtypes based on
samples from 411 volunteer blood donors from 17 provinces and
municipalities [J]. J Virol, 2014, 88 (13) : 7120-7129. DOI:
10.1128/JVI.00414-14.

[20] EFE, THR, X, 55 PIBU 52 54> 8 (9 TE e 407 1
WFoElI ). AEW2A 2, 2012, 29(6) : 23-28. DOIL: 10.3969/j.issn.
2095-1736.2012.06.023.

Wang ZZ, Ding N, Liu J, et al. Assay on the positively selected
sites of five genes of hepatitis C virus[J]. J Biol,2012,29(6) :
23-28. DOI:10.3969/j.issn.2095-1736.2012.06.023.

[30] B:Zte. IR RN NSSB RNA A BEM Gl wIAF s vk e [T ].
[ B 25 24 fF 5% 22 &, 2012, 39 (2) : 89-103. DOI: 10.39697j.
issn.1674-0440.2012.02.001.

Nie AH. Recent advances in HCV NS5B RNA-dependent RNA
polymerase inhibitors[J]. J Int Pharm Res,2012,39(2) :89-103.
DOI: 10.3969/j.issn.1674-0440.2012.02.001

[31] FEFER, A0, XU , 4. DU G VPER 1i2ih 7 E N T

RIS L K BB BT T[T ). sh AR AT ¥ 4435, 2000,
30 (2) : 207-208. DOI: 10.3760/cma.j.issn.0254-6450.2009.02.
030.
Pei DE, Peng JS, Liu MQ, et al. A study of mix-infections with
differerent genotypes of hepatitis C virus in patients from a
methadone maintenance clinic in Wuhan[J]. Chin J Epidemiol,
2009,30(2) :207-208. DOI: 10.3760/cma.j.issn.0254-6450.2009.
02.030.

[32] # i, dwizis , RO, 4. jf 5t X 218 {7 Y B AT 58 (6 &
HCV S A 0 RI[ 7). Fp AR Al RS 9 3 - 7R, 2012,
6(5):5-7. DOI: 10.3877/cma.j.issn.1674-1358.2012.05. 002.
Chang JX,Meng YY, Wu YG, et al. Analysis on the genotyping
of 218 patients with hepatitis C virus infection in Nanjing [J].
Chin J Experiment Clin Infect Dis: Electron Ed,2012,6(5) : 5-7.
DOI:10.3877/cma.j.issn.1674-1358.2012.05.002

(i H 161:2016-09-06)

(A SC St )





