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ET Qp HMEANHFFSER RNA FRESZ R

okt ARB KED RGES XA IHELT IHK' EHF]
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YRR E(F ) AR 5 266071

2 IIARMEF %R 4R 8N 253000

H EIFF] BT T RES TN Z 24, 2246 RNAFEAZHG, T4
MR AFHEEHAME, [H6] AT QB A KET RNA HAMEAR A F I &40 Feired &
¥ RNA (Hepatitis A virus armored RNA, AR-HAV), F+F&## 2 5. # 9. R WAR, A HAV
S FRMBEATES L 0, [FHRIALSREOS QB AH AR A HMER . K&k %BLR.
BRALE . HAV 420 ¥247 cDNA 57| 89428 i X QGBHAV, 7+ %1% 3%| pET-28a(+) ¥ M T4A/R
4 pET-QGBHAV, # A XMAFH BL21(DE3)R % & it AT RAZ &k, AIARR B . Ak # Rz
B EATAE AL AR-HAV & B8, 1818 A % RT-PCR 3t AR-HAV #4741 R AL R 3 4 M fn
AR M. [4 %] SDS-PAGE £ R AP TLMALEKMATA T A 4 14.1kD #9 B e9& G Rk, 4
89 AR-HAV L4& G ARG ik, WAL T T NEMTE, K 4H 25 nm ¢matfdirs; 4RI
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XA PHAE, QB HMMK, LT RNA, AREAE M S, %85k RT-PCR

Foundation items: Special Project of the Basic Work for National Science and Technology of China (2013FY113300);
Central Public-interest Scientific Institution Basal Research Found, CAFS (2016HY-ZD11); National
Shellfish Industry Technology System of China (CARS-47)
*Corresponding author: E-mail: jiangyh@ysfri.ac.cn
Received: 26-02-2018; Accepted: 09-05-2018; Published online: 05-06-2018
E2WB: EEPHEGEME T/EL5(2013FY113300); H K BHA e e S AR 55 2% % 151(2016HY-ZD11) ;
F I AR Z (CARS-47)
*BIE1EH: E-mail: jiangyh@ysfri.ac.cn
Wi EHA: 2018-02-26; #%5 HHEA: 2018-05-09; M4EE % HHA: 2018-06-05



210 A 2 A

Armored RNA reference material of hepatitis A virus based on
Qp bacteriophage
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LI Feng-Ling*

Abstract: [Background] The stable RNA reference material without biohazard to improve the accuracy
and reliability of the detection result, is urgently needed for hepatitis A virus (HAV) detection in food.
[Objective] To construct armored RNA reference material containing target RNA of HAV (HAV armored
RNA, AR-HAV) based on QP bacteriophage, and to test its homogeneity, valuation and stability.
[Methods] DNA fragment named QGBHAV containing matures coding gene, capsid protein coding gene,
packing site of QB bacteriophage, and detection target sequence of HAV in GB/T 22287-2008 was
synthesized, and subcloned into pET-28a(+) expression vector to construct the recombinant plasmid
PET-QGBHAV, and then transformed into Escherichia coli BL21(DE3) competent cells and expressed
with isopropyl-B-thiogalactopyranoside (IPTG) induction. The expression product, virus like particles of
QP bacteriophage containing RNA of HAV, named AR-HAV, was analyzed by SDS-PAGE. AR-HAV was
centrifuged and purified by CsCl density gradient ultracentrifugation and Sephacry molecular sieve
chromatography. The morphology of AR-HAV was observed by transmission electron microscopy. The
valuation, homogeneity and stability of AR-HAV were tested according to the GB/T 15000.3-2008.
[Results] SDS-PAGE analysis showed that the molecular mass of the expressed protein was about
14.1 kD. The virus like particles of AR-HAV, 25 nm in diameter, with typical morphology could be
observed under electron microscope. AR-HAV samples prepared in this study had no other proteins nor
recombinant plasmid DNA residual contamination, were valued as (2.57+0.12)x10" copies/uL and
behaved well in the homogeneity test, F=1.23<Fg5(9.20). The sample was stable at 37 °C for 9 days, at
25 °C for 25 days, at 4 °C for 40 days, —20 °C for 180 days, at —80 °C for at least 360 days without
significant decrease. [Conclusion] The HAV armored RNA based on Qp bacteriophage was successfully
prepared and had good uniformity, stability and high copy number, could be supplied as a good and secure
reference material candidate for HAV nucleic acid detection.

Keywords: Hepatitis A virus, QB Bacteriophage, Armored RNA, Reference material, Real-time
fluorescence RT-PCR
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P75 25 (Hepatitis A virus, HAV) & B F 5k
RNA W EE, J& T/ RNAWREER, FELIARER
KW AmEE, 24 70%M R NG5 & k4
AR, TREEATEOEN . Zin e IR
A HAV AR S 2 —Pl, Bk HAV 2
WA FAEY), RN P ARG, (HREH
T s DB B e 5™, 19884 1ig Rt
KTHIFRGAT, 4 30 Z2H ANEM, X&EH
HAV 51 & B G2 503 AR 24 i SR

PR, FERRAPO whE g op
FERMRARL T ZRHGYE 5L H I
1%, SEHF9EE RT-PCR ik RIHAER | R, Pk
S EATE B R HAV 2RI T

T AE R i AR P IS I R AR S B A, X T
P 1 1 ol S A 4 R TR A A ) 45 SR 1% T S R
Hrk B U BUAARMES AR A A
ARtk . cRNA, Jiki DNA %5, {HiFfE—
EAY R alRE, W H SRR, ASREESE M

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WS FET QP MR AR HYHR 222 RNA ARESZ5 R B 211

RNA $2IC, St s BEAF okl . RFER RNA 7
FIF MS2 Wi A ST A AL iU FH RNA JEA:
Y4, it RNase Ff, Fuetk RAF, JE—Fb
HUARES RNA FRfESHRERM. AR Rm, 5
MS2 WEIRAAHIL, QB WA ST A HEE,
S A ARUES R SRR R AR ik, A
W3 T QB MEE A RNA Hl& &M, #
HAV #IEPR RNA AE7E QB WE AT
WL AR TS H TR RNA R A i 25 FH
RNA, JF#-FTwI0 @l . B50 SRE R,
N R R RNA KR HE T RAFbriES %
B
1 MR5ETE
1.1 FRAFAE R

KT v BL21(DE3)EAZ A 41 i Ry RARA (LR
FACE)A R F] ™ i s pET-28a(+) Jy AL S5 % f
1£; FHTARINE S cRNA Ik pGEM-HAV
A SR 2= i A 0T R, HA & GBIT 22287-2008
(DL v R AU I 9 95 B A 7 12535738 RT- PCR ik
FIS2 I 2¢ 0 RT-PCR J7 i ) UL A2 #5216 9%
RT-PCR A AL HR cDNA [ 41,
12 FERFIFNEE

RNA 2HUX7] TRIzol, Invitrigen /A%]; One
Step PrimeScript™ RT-PCR Kit. BRi1EANYING, =
W TRECORIE)VA FRAH] ;. T7 RiboMAX™ Express
Large Scale RNA Production System {44Mi st 7
&, Promega /A~ Fl; HARKHEENS DNA [Elii 7]
&, RAVERHE AU BRA F 5 AR T 7 5
WEEERE, b REFAEMHEARFRAF; KL
M. SENEE. O Al

HUKAL, dEaios—A R A BRA 7™ i
SEHF2EE PCRAX, Roche 23] 5 filie 8 FIAZIRIN &
1, Implen 28+ ; BEHHE, HAHTFAHE,
1.3 S|¥pFAERst

08 GB/T 22287-2008, M4 TAY THE(iF)
A A B Wl (LA AR i T) A HAV Kl

P sl . e . IE 151 Y HAVL .
5-TTTCCGGAGCCCCTCTTG-3' , 2 [ Bl ¥
HAV2: 5-AAAGGGAAATTTAGCCTATAGCC-3';
#4F . 5-FAM-ACTTGATACCTCACCCGCCGTTT
GCCTTAMARA-3',
1.4 FEHFRHK pET-QGBHAV MHESLEE

S AR S S A S w0 i B
TAMAS QB WEE KBS R | KTl
SRS EEIN . AIBEA A . HAV Aill4EAR cDNA 4]
FI A% R i BE QGBHAV, I 7 %] pET-28a(+)
v, MR RIRTR, 40 pET-QGBHAV,
et FHBR il P9 DI Not | BAEEEI AT Not 1/BamH 1 XX
OIS e B TRy, 26 A TN
1.5 PpET-QGBHAV HIiESFRiA KAk

¥ & 4 F ki pET-QGBHAV %% A K % #F i
BL21L(DE3) &2 4L, WA & RIRE R (L E
450 mg/L)f) LB V-4l , 37 °C 15 4 Ja BRI
%, HRE] 5 mL FRIRERN LB KRk,
37 °C R HsFRid, B 200 pL iS4bJE MR T
20 mL - RARE A LB ¥3RdErr, 37°C. 180 r/min
PR% 1597 55 ODeoo 20747 0.6, il AL B 0.8 mmol/L
1) IPTG 55435 12 h, 4 °C. 11 000 r/min Z.0>
10 min IR, JT SDS-PAGE 404t H 18R I ik
T

e Bk 5 EEiAE S 200 mL H, 4 °C.
11 000 r/min 50> 10 min WCEERR A, HERE JRLRE,
4 °C. 11 000 r/min &.L» 20 min J5 U4 &, 251
IMAZHE N 8 UmL fY DNase | FIZKHE N
12 pg/mL [#) RNase A Wb, KHugicR kit s
FERBRE By, 4 °C, 85000 r/min 5.0 5 h, BT
ZemGENT 3 h, FEENTIE 0.45 um BYUEME I
Jei o VR 0 SRR B I E AT AR aliAl, RIS S
JIF 96 TR AG I FE R RNA B35 H RNA, i A
AR-HAV. 2% SRR gy, FIEH IS
1.6 AR-HAV R5% B8 B R4

FHSEET9E PCR Jrid kil 4lifb)5 1% AR-HAV
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RS AR BUR. pET-QGBHAV fyi5%, PCR
JOWRZ . 2xPremix ExTaq (probe gPCR) 10.0 pL,
314 HAVI/HAV2 (10 pmol/L)%& 0.4 pL, 54t
(10 pmoL/L) 0.8 pL, AR-HAV 2.0 uL, RNase-Free
H,O 6.4 pL. PCR JJwiz&f4: 95 °C 10 s; 95 °C
5s, 60°C20s, 40 MEH,

1.7 AR-HAV B#1$ EE

1.7.1 cRNA fRAEf 2 RYH93E

WA SIS ARAF Y pGEM-HAV H 20 5k ffi ]
Nde | NUIBGIEATLRMEALAN BT, FHBERE D7) &
Bk pGEM-HAV, 2 BB IR SN SR Gt
3RS 5 cRNA,

IR B TRIzol S 4RBUAIL RSN ()
CRNA, FI R FTZRRINE (U cRNA SE1 Tk
Rl %, MAE A K (6.02x10%° £ T /mol)x
RNA & (ng/pL)x(10 )/(RNA F Bt K x340)=(#%
DUpL) 5T cRNA FH5 DUE. 4 cRNA 1T 10 f5 5%
R RS, 28 One Step PrimeScript™ RT-PCR
Kit BETAS S LA 00 SR A 3R 5 25 kA T S o
Jt RT-PCR #illl, JZJWif&%: 2xOne step RT-PCR
buffer 1l 10 pL, TaKaRa ExTaq HS (5 U/uL)
0.4 puL, PrimeScript RT Enzyme Mix Il 0.4 pL, 5|
¥ HAVI/HAV2 (10 pmolL/L)% 1.8 pL, K%+
(10 pmoL/L) 0.5 pL, cRNA 2.0 puL, RNase-Free
H,0 3.1 uL. JW&fF: 42°C5min; 95°C10's;
95°C5s, 60°C20s, 40 MG, MM C,
{58 TR B+ DB X A2 il CRNA BRUERRZE
HET AR RN R
1.7.2 AR-HAV BHI¥I¥ EERAHEE 2

FEALZEHL 15 4 AR-HAV, % 1.7.1 ik
FH Trizol i1 #2 B RNA J5 2% FH 52094 % RT-PCR
Dk Co fH, A ST Y bR oE £
AR-HAV #U1HKkE ., 28 JF 1059-1999 (&
e o tem )M g e e, RAA R

m — =2
UX)=+t,(m-1) zr'nifn;__l))() TS AR-HAV

) ARAHERE, o ty(m-1)10% B MK F o,
FIHEEN m=1 19 t {8, X Wil m-F34ME,
X R RSP, m A R
1.8 AR-HAV BIH5 M

%% GBIT 15000.3-2008 { b #i#E 5 T./F 5
Wy B 1.7.0 JrakE eI, B 05 250
FEARI S
1.9 AR-HAV W& EM S

2% GBIT 15000.3-2008  FRifiAE i TAES ] yI
BIESR, KR A AR-HAV 4338 T 37, 25,
4, —20, —80 °C fRAAAIFIITIH], R Je% 5 Hin
TN AR E 3 45 AR-HAV FEGL, # 1.7.1 Jyidk
Tt ot RT-PCRAGN , FFA HA 3K, FIHZFE )y
ZERNERME M G P REA R AR

2 HRE4W

2.1 pET-QGBHAV ZE4HFEHRLE
MU A ok (B D)FFIY, 45 R EME

MR Y, 5450 pET-QGBHAV

2.2 pET-QGBHAV HIiESFRix R4k
PET-QGBHAV TE KT BL21 H14: IPTG 5%

FE, 1KY 14.1 kD AbH BL— 55 B B R (14545

ME2 PR, SHEER—8 SRR IR

ZAEE . BT, DRGNS . PR R 2 T

bp
15 000
7 500
5000

2 500

1 000

250

E1 pET-QGBHAV BIEEHI L EE
Figure 1 Enzyme digestion of pET-QGBHAV
Note: M: DL15000 DNA marker; 1: Not I/BamH I; 2: Not I.
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H2lifb5158] AR-HAV, H SDS-PAGE 4i#rghiiis
AR LA 4507, alifbCR AT, 4l 3 Bis.
2.3 AR-HAV By REEMER

HLEEE AL 19 AR-HAV, 1] F 2| K 4514
SERE . RN IR EEREURL, HARZY 25 nm, 5
TR/ IN—2, 4550 E 4 Pk,

kD M 1 2 3 4 5 6

75
60—

45 — ..
35—

25—
L. B B A g
15—

10—

2 pET-QGBHAV Fi&F=#)#1 SDS-PAGE 43 #ft
Figure 2 SDS-PAGE analysis of pET-QGBHAV express
products

TE: M: AR5 1 RIFRM pET-28a(+) = 80K; 2: 5%
JEH pET-28a(+)=52fAs 3: VEFHITHALA; 4-6: VTS m4li.
Note: M: Protein ladder; 1: pET-28a(+) without induction; 2:
Induced pET-28a(+); 3: Express products the recombinant bacteria

without induction; 4-6: Express products from the induced
recombinant bacteria.

kD M 1 2 3

158 —

100 — - .

75 — — -

60 — - -

45 — o .
wes

X —_——

35 — il 4

25 —

15 —

10 —mm

3 AR-HAV #i{Lf5 SDS-PAGE ##7

Figure 3 SDS-PAGE analysis of AR-HAV after purification
MR BT 1o 12 5 2 R IA T ; 3: JZ T 44k AR-HAV.
Note: M: Protein ladder; 1-2: Induced recombinant bacteria; 3:
Purified AR-HAV.

2.4  AR-HAV H1%% B8 Bkt

PL AR-HAV S EF 82T 25¢5E PCR Al
R R AR-HAV S5EMXTE Cofaszir, JoH
YR, DL AR-HAV HL ok DNA H95%
B, ZESRANE 5 TR,
25 AR-HAV BIEE

B4 CRNA 1T 10 fSEEEERRE, RISE
92t RT-PCR VAR B AN C B2 il Hh i v
Mk . y=—3.347 1x+40.682, R*=0.999. Fifi#l 1 HL
15 & AR-HAV, RHSERT%¢E RT-PCR 5 ikiilE
Ce i, MRS ARHEZITHSH AR-HAV #
DIk 2.57x107 copies/ul. WiF A SR E T
ENEMATIEE, B AR-HAV A E E R
0.12x10", HBLAWGIHH AR-HAV SE (45 RN
(2.57+0.12)x10’ copies/pL .
2.6 AR-HAV By 5] 145056

PSR IR 2E B /R . F=Msamong/Mswithin=
1.23<Fo 050,200, i FHE Fo.05(0.20=2.39 H1 F K A1%,
DRI T SA R 4 N AL IR) TG IH s 25 5, FR S 23S
M 1),
2.7 AR-HAV B9f2 E 143008

AYRIAE 37, 25, 4, 20, —80 °C M TF ikt
AR-HAV e A, 255380 : AR-HAV 7£ 37 °C 7]
R fRA7 9d, 25°C RIFELRAF 25d, 4 °C AIEE AT
40d, —20°C Alf&:E(#47 180 d, —80 °C RIfaEfriE/
360d, TEARTSEHIEH) AR-HAV &Mk REF(ER 2).

.30 nm

4 AR-HAV RyEEEME
Figure 4 Transmission electron microscopy of AR-HAV

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



214

TEY I8

Microbiol. China

3 WitE4ie

Wi, EEREAELA 150 1 NEGL HAY, SR
I T TR R, DL e g, ATF
BE oy R BRPE 3 A F07 s Ik T 5 bR R
BB R g s At S U RT-PCR
TR HAV WEET-B, MbnESE iR
R g5 R e E RN R . AR HAV 55

FERRAE A PR S 42 5 PO i —
A, JFHIOER T RENE, AEEH T
BRI E AT s A WFTE I FoR: DNA AR RNA Ji R
R A BEAE B, BRI BOREICIE X RNA S50
W S BRI AT RO A DRSO A AT
SE RNA 25 A B LT R Ak PR A DA B i 42
W23 AR T AR E I P AR IR

3.6 - Amplification curves

=31F

; 16L

[3a] -

v -

3 2.1 3

2 16 F il

S1If V4

= s o

= 06F / 3
s o
2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 4

Cycles

5 AR-HAV %% B FR SERT 35K PCR il R

Figure 5 Real-time fluorescence PCR of residue plasmid in AR-HAV
e 1. BEYEXTRA(PET-QGBHAV); 2: XA 3. AR-HAV.

Note: 1: Positive control (pET-QGBHAV); 2: Negative control; 3: AR-HAV.

£ 1 AR-HAV ¥4
Table1 Homogeneity test of AR-HAV

AR TR S5 H H ¥y £ Foosoz
Source of variation Sum of squares Degrees of freedom Mean square o
#f1 1] Between groups 2.54x10% 9 2.82x10" 1.23 239
#4174 Within groups 4.59x10% 20 2.30x10™
S0 Total 7.14x10" 29
®2 AR-HAV BEMLE
Table 2 Stability test of AR-HAV
TR WG R b, R E B s(by) F 1 n-2 ST
Temperature  Linear approximation Uncertainty associated with  Degrees of  tossm2) [01ltogsn2%s(D1)  Trend
(°C) equation szl the slope s(bs) freedom n-2 analysis
37 Y=(-9.65x10°)X+1.16x10° —9.65x10° 2.85x10° 2 430  —2.60x10°<0 No obvious
25 Y=(-5.42x10°)X+1.55x10" —5.42x10° 2.47x10° 5 257  —9.35x10%<0 trend
4 Y=(—1.40x10°)X+1.62x10" —1.40x10° 9.97x10° 4 278 -1.37x10°%<0 observed
-20 Y=(-5.30x10")X+1.55x10"  —5.30x10" 4.58x10" 4 278 —7.44x10%<0
-80 Y=(3.65x10%)X+1.49x10"  —3.65x10* 4.08x10* 3 318  —1.66x10°<0
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RS T A 0L 77 35 I 1) 22 5 %o A I A7 A2 A [R) R
T, BEAF]F S0 = bR et i il 4, R
& TSR HAV G

R S R N I TR A 1) 995 B AR UKL T DA A2
RNase f1EFT, Bbr RNA JF81) 405 ) i s 2 F
UKL PN AR AT DA I A 57 PR5% T RNase OREAR, KK
PEm RNA R M, X 23 H RNA HR 1 HRE
Jemth o WERIARMNTE BIEEN, TR R,
oy B AR FURAE, T ELRE AR G M ARG 2R T 1Y
2R R R AR R B RNA % 2 B
RFE T H., BEMINFEET MS2 WA & T
ZiEE . T RINFRAGEE . 2B RIREEZ MmN
S RNA A6 p B B s 290 b,
' RNA GEAARELRE RS, oT R F A I
IR g 24

W JFAZ RS R Gl R RNA B rl RE
5% B4 TR DNA, B E 2 AR RNA FH i
s (EYE . AEFSTE LS DNase | 5L AN KA 5
WHEERE AR I BR TR B Bk DNA. A S255 2 Hif i
I 2m PCR K5k B gk DNAM A aF e 2
FHRUEFRISH HAVL, HAV2 FIRE R R 5
BRSEEEOE PCR ik iak &4 ks, 255847
KUY 1, BEAHI ) AR-HAV HhJCE: B ok
7 GB/T 22287-2008 (1) 32145 RT-PCR ¥ H, HLE
T 3 %% HAV 51¥I(HAVL, HAV2, HAV3), HrH
4 X 31 HAV2 1 HAV3 216 T HAV 5'UTR ()
PRAFIXIE, Y HEA R ReE S SRR,
FLY Y= RAEE— A 22 5 . AR IEL T
HAVI/HAV2 %0 415 BV e HY RNA ) f
JPH), E R, okt T [R] B ke R A% EE A
U B s | & PIAE S e 8 . 3451 45 O T AN A
e

AR T 8T hESHRE R . 1850
AR RE B 2RI S5, R 25, 4. 20,
—80 °C 4 MavE MR, [FBEE 37 °CfEN
o R IR PR AR SL 56 . 45 K AR-HAV 7 4 °C
I REfRAFE 40d, —20 °C s5F T RE{R1F 180 d,

—80 °C &M T gt 2/ R4 360 d, FEARNETIE A
FRMELBIATEE M, RUABTHIAE 1 AR-HAV i
WSS DUEGR . RUEMELr, WIE HAV 8
ARG | AR A R RN T R R PR S T
TEIRMN A BIIASEI =PI UESE T QB Wi B Al
FHPHEH RNA IRETEDL T MS2M ) ABFse LT
QB MERIAMNI %19 AR-HAV 7E-20 °C &1 FhekaE
TRAF 180 d, i —2IESE T %4518 . AR AR-HAV
T 37 °C M PSR 9 RIS A 25 °C S FIIES
25 RIG R AR S, AL DA Bom %
A B R F), MKOR AT A Ay 38 3 PR S
A+ HAV EHRIAHT. B3 5
RNA Hi A WRIF5E 224 e B S i (9 2 10T, AF
FEF B E FARME R ER 2 E M T AR-HAV 1
B SRErE, REMR IR G 2 E i
ATHRE EME, VIS HIE E ZA IR MERE i (Certified
reference material, CRM), A TG EEbRAEAL G
PR A | FRE AR AT Sl B At

REFERENCES

[1] Fang BH, Yue ZQ, Sun T, et al. Risk assessment and genotyping
of hepatitis a virus in fruit and vegetable products[J]. Chinese
Journal of Virology, 2016, 32(4): 484-489 (in Chinese)

Bk, LT, PN, SE. RGBT e B LN S A XU
TEAGFSEE 43 BURF ST [I]. W sE2441, 2016, 32(4): 484-489

[2] Lanini S, Minosse C, Vairo F, et al. A large ongoing outbreak of
hepatitis a predominantly affecting young males in Lazio, Italy;
August 2016 - March 2017[J]. PLoS One, 2017, 12(11): e0185428

[3] Provost K, Dancho BA, Ozbay G, et al. Hemocytes are sites of
enteric virus persistence within oysters[J]. Applied and
Environmental Microbiology, 2011, 77(23): 8360-8369

[4] Wu QP, Kou XX, Zhang JM. Foodborne viruses and its
detection methods[J]. Microbiology China, 2004, 31(3):
101-105 (in Chinese)

R, ERRE, kAN IR EE S LRI ik 0],
APy, 2004, 31(3): 101-105

[5] Lopalco PL, Malfait P, Menniti-lppolito F, et al. Determinants
of acquiring hepatitis a virus disease in a large Italian region in
endemic and epidemic periods[J]. Journal of Viral Hepatitis,
2005, 12(3): 315-321

[6] Pontrelli G, Boccia D, Di Renzi M, et al. Epidemiological and
virological characterization of a large community-wide outbreak
of hepatitis a in southern Italy[J]. Epidemiology & Infection,
2008, 136(8): 1027-1034

[71 ‘Yoon EL, Sinn DH, Lee HW, et al. Current status and strategies
for the control of viral hepatitis a in Korea[J]. Clinical and

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



216

TEY I8

Microbiol. China

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Molecular Hepatology, 2017, 23(3): 196-204

Pinté RM, Costafreda MI, Bosch A. Risk assessment in
shellfish-borne outbreaks of hepatitis A[J]. Applied and
Environmental Microbiology, 2009, 75(23): 7350-7355

Polo D, Varela MF, Romalde JL. Detection and quantification of
hepatitis a virus and norovirus in Spanish authorized shellfish
harvesting areas[J]. International Journal of Food Microbiology,
2015, 193: 43-50

Li JM. The role of nucleic acid reference materials in detection
of HBV DNA and HCV RNA[J]. Chinese Journal of Laboratory
Medicine, 2007, 30(8): 850-852 (in Chinese)

W], AR BT AE 2 TR TN R e A IR A U A v £
FIEEME[)]. PRI EE A 24RE, 2007, 30(8): 850-852

Li JM. Research progress on control products and standards for
RNA virus amplification[J]. Chinese Journal of Laboratory
Medicine, 2004, 27(12): 873-874 (in Chinese)

24 W], RNA S RED 1A DU 104 53 42 5 R M 5 9 5 3 R [D].
FRAER G R 2 R, 2004, 27(12): 873-874

Zhang K, Wei YX, Li JM. RNA phage virus-like particle
packaging mechanism and its application research progress[J].
Journal of Microbes and Infection, 2008, 3(2): 111-114,123 (in
Chinese)

WAE, BLER, 4. RNA TR A #EAR B0R A WL K
FN AT [I]. A 5 I, 2008, 3(2): 111-114,123
Cielens |, Ose V, Petrovskis I, et al. Mutilation of RNA phage
QP virus-like particles: from icosahedrons to rods[J]. FEBS
Letters, 2000, 482(3): 261-264

Zhang Q, Yao L, Jiang YH, et al. Development of armored RNA
reference material of norovirus based on Qbeta bacteriophage[J].
China Biotechnology, 2018, 38(1): 42-50 (in Chinese)

SKAF, WRHE, T, 4. FET Qbeta BERALH RNA HAR
PO EE RNA SRAESZ RS IDERI[D]. P E A9 TR
&, 2018, 38(1): 42-50

General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China. GB/T
22287-2008 Detection of hepatitis a virus in shellfish by
contentional RT-PCR and real-time fluorescence RT-PCR[S].
Beijing: China Standard Press, 2008 (in Chinese)

o R IR R K OB R B R I A % B R . GBIT
22287-2008 D2 RIS RpA I Jr i 3l RT-PCR 7
BT RT-PCR L[S Jbmt: HrElbrk i iiit:, 2008
The State Bureau of Quality and Technical Supervision. JJF
1059-1999 Evaluation and expression of uncertaintv in
measurement[S]. Beijing: China Measurement Press, 2004 (in
Chinese)

% R AR WBR). JIF 1059-1999 & AHA E B -5 5
FOR[S]. dbxnt: T L, 2004

Standardization Administration of China. GB/T 15000.3-2008
Directives for the work of reference materials- Reference
materials-General and statistical principles for certification[S].

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Beijing: China Standard Press, 2008 (in Chinese)

FE F bR fEfL S B2 51 2. GB/T 15000.3-2008 FrifEREfh T4
S @YFR R B (A — R AN G TR [S]. dbst:
[ b ofi sk, 2008

WHO. WHO position paper on hepatitis a vaccines[J]. Weekly
Epidemiological Record, 2012, 28/29(87): 261

Lemon SM, Ott JJ, van Damme P, et al. Type a viral hepatitis: a
summary and update on the molecular virology, epidemiology,
pathogenesis and prevention[J]. Journal of Hepatology, 2018,
68(1): 167-184

Mo XM, Gao DW. SYBR Green [ real-time polymerase chain
reaction for the detection of HAV in strawberry[J]. Food
Science, 2010, 31(14): 153-157 (in Chinese)

BEHM, =AM, ZH SYBR Green [ 956520} RT-PCR 46
M FL g R #E[J]. & R, 2010, 31(14): 153-157

Hu Y, Arsov |. A rapid single-tube protocol for HAV detection
by nested real-time PCR[J]. Food and Environmental Virology,
2014, 6(3): 189-195

Wang DY, Fang ZD, Xie CX, et al. Standard construction for
detection of rotavirus using the real-time fluorescence
quantitative PCR[J]. Journal of Logistical Engineering
University, 2013, 29(4): 66-73 (in Chinese)

FRE, TIRA, W, & SRR IOLE R PCR FriE
SRS R[] )R B TRRAEBE A, 2013, 29(4): 66-73

Saldanha J, Heath A, Lelie N, et al. A World Health
Organization International Standard for hepatitis a virus RNA
nucleic acid amplification technology assays[J]. Vox Sanguinis,
2005, 89(1): 52-58

Janner A. Form, symmetry and packing of biomacromolecules.
V. Filled capsids of cowpea, tobacco, MS2 and pariacoto RNA
viruses[J]. Acta Crystallographica Section A: Foundations and
Advances, 2011, 67(Pt6): 517-520

Pan Y, Zhang Y, Jia TT, et al. Development of a microRNA
delivery system based on bacteriophage MS2 virus-like
particles[J]. FEBS Journal, 2012, 279(7): 1198-1208

ElSawy KM, Caves LSD, Twarock R. The impact of viral RNA
on the association rates of capsid protein assembly:
bacteriophage MS2 as a case study[J]. Journal of Molecular
Biology, 2010, 400(4): 935-947

Zhang D, Sun 'Y, Jia TT, et al. External quality assessment for
the detection of measles virus by reverse transcription-PCR
using armored RNA[J]. PLoS One, 2015, 10(8): e0134681
Karatayl E, Altunoglu YC, Karatayli SC, et al. A one step real time
PCR method for the quantification of hepatitis delta virus RNA
using an external armored RNA standard and intrinsic internal
control[J]. Journal of Clinical Virology, 2014, 60(1): 11-15

Lin GG, Zhang K, Zhang D, et al. Fast preparation of a long
chimeric armored RNA as controls for external quality
assessment for molecular detection of Zika virus[J]. Clinica
Chimica Acta, 2017, 466: 138-144

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



