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i E:BH HEZARRARY GIE#EmE(NoV GII) £ f*‘i’tiﬁi%%i’éé\ﬁ&ﬁ%ili/ﬁ(RT-PCR)%Iiﬂ\]ﬁ

FLOETRBAG IR F O EA 10 DM T AR EwRE T EGKFERTFT NV G AN, FiE AFEK,

KAk FF KA G, KRR EEM-R T8 (PEG) T k8§ £, xﬂx#ﬁwﬂﬁé%m%ﬁ\t’m
Sk E R PEG LR &4 S 34T T 4RAL 3R B 9% & RNA # 5 5 aF 32 5% RT-PCR 4] 7 % ;3@ i shAe MS2 3+ 3 5 & 84

EMCE NPT R R T E R EA AR R AT EAREKR TR EFFRKPE NoV GI #)

FHEKES N AH(60.1 £8.0)% . (22.0 +6.5)% F2(35.7 +8.1)% ,10 tr £ KA F 3 54k NoV G,
453 569 R aF 48k RT-PCR 7k i A FHE K T KA A E 5K+ NoV GIL eg 4 ml 4 B K4k NoV G T2 3] &
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Development and application of real-time reverse transcription polymerase
chain reaction for detection of Norovirus G II in water
LI Nan, WANG Jiahui, LI Fengqgin, JIANG Tao
(NHC Key Laboratory of Food Safety Risk Assessment, China National Center for Food Safety
Risk Assessment, Beijing 100021, China)

Abstract; Objective To develop a real-time reverse transcription polymerase chain reaction ( RT-PCR) method for
detection of Norovirus G II (NoV G I ) in water. To survey NoV G I in 10 water samples. Methods Nitrocellulose
membrane and PEG precipitation were used to enrich virus in bottle water, river and sewage samples, and real-time RT-PCR
method was developed. The recoveries from MS2 spiked samples were used to evaluate the effect of the established method.
Results The average recoveries of bottle water, river and sewage samples were (60.1 £8.0)% , (22.0 +6.5)% and
(35.7 £8.1) % respectively. Three in 10 submitted water samples were positive for NoV G ]I . Conclusion A real-time
PCR method for detection of NoV G Il in water sources was developed in this study. NoV G I was one of the reasons of the
poisoning incidents.

Key words: Real-time reverse transcription polymerase chain reaction; Norovirus G I ; water; detection method
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W% % ( Norovirus, NoV ) J& 5| 2 % [H Fk &
ST S A REG I 28 R %L
(9 F B R 2 — |, B A Rk . NoV AR 4 2
PRI 28 /T 434 6 DML G 1 ~ GVIAI 40 24>
SRR B L R NSRRI G (2% h
GI.4),Hwk K GT GV g% A", K
1 NoV B BRI A 2 — , 2 W AE 536 B 9 5
KAVEE 5 B W BT K B K K
5K AL FOK IR Y L 2016 4575 BE 42 % Je Hu X
4146 MUK T 0N FEAE TS Je i K 5 L 3 T
O MKt 5 R e R . TR R GE [ K EE NoV £
K PR I K | K KA K T
B9 O e TR R A LS B R S, 2003—
2013 4[] kB % 14 GRAR S K SRR . b
RABLE K BLAE 2014 4E 2 A WiVTA8 5 241 £
SRR NoV YL RENE , BT 5 & 924 A,
FW T L, 7K A £ 4% NoV AT RE B % AT A BB s
T B S, U T S E N AR . 7 R A K R P NoV
(R 77 3, B R L 2 B 00 B AR T B g, L TR
[ 7K 5 e NoV 2 2B f B2 5 2 4.,

Il B b v 25 41 (1SO) MLAE T i 2 K v NoV
S Bl W5 S B A W4k 5 R 8 (RT-PCR) 19 &
R VA vk A% v SR P AL O B
R T A A5 BT SR MRS K R 9 NoV, R 3d T T 95 K
oK MR K 3R BB K 2 TR A K AR . TR
2017 4F 6 HIERSLE 1) GB 4789. 42—2016¢ & &
A TE AR T R R VR A
B ) P R W RO R NoV KR, AR i 3 R
0l R 2T 44 2% F g B -5 20— (PEG) L3 1 X %%

K T K B A T K NoV gk 47 & 42 9 4 1k 4%
fF S T3 T A [ 5K e NoV s i 2% 0
RT-PCR #6500 77 3% , 45 L 0] BE 0L v 25 B i 19
R, A K B NoV H iz 28 M I 7913 $ A3k 1 R 52
R, B Beom i 7 F A (L.

1 #HERE

L1
L1 RER

FE AL 50 DX SR £ T B R K 4 T K, 7R 3
A IS TG K AL ST SR AR HE I D Y5 K, T O R i
3o BERL NoV g K AE 10 £y, by 5 17 95 9 990 Bl 422
il bk . T A ARG 4 CCORAE T TR AR .
L1200 A5 6l

S5 PCR X (25 [ Bio-Rad) | /)Nl 5 o B9
ALV VR ESO HL  pH I s Pl R
PR

QIAamp Viral RNA Mini Kit( PS04 3
AR W), MS2 i 7 45 i 1l 7] & (RT-PCR R %
) . — 28 RT-qPCR Mix ( Tagman) .NoV G I M
P RNA 290 A At 5t R 8 A YR AT IR+,
One-Step"™ PCR Inhibitor Removal Kit( 24 ZYMO) ,
PEG8000 ( [ FF Sy E W A W), il TR 2F 4 3% i (fL
7 0.45 pm, JA2 47 mm 85 B w % ) 4 RE
(#[E OXOID) , DNase/RNase-Free ddH,O (Jt 7 K
AR ABRAF) ,NoV G 5|4 K B4 b
PR AW ARA IR A W) & . TGBE (Tris , H 22 |
£ ) .5 x PEG8000/NaCl £1 2.5 x PEG8000/
NaCl By BCH 772 W 1,

F 1l e
Table 1 Reagents preparation
VR 2% il B Bt 4% 77 1%
TGBE Tris base 12. 1 g, HZ R 3. 8 ¢, 4P 10 g, MK 1 L,pH P72 9.5, i K

5 x PEG8000/NaCl
2.5 x PEG8000/NaCl

PEG8000 500 g,NaCl 87 g, fi 1 000 ml 7K (hn#t ) % , w5 1 K i
PEG8000 250 g,NaCl 43.5 g, Jii 1 000 ml 7K ( h#t ) %5 i , =5 & K18

L2 Jiik
L2.1 BRI

Xtk NoV & 48 \RNA $i UM 401k 25 5C B A5 9K
PEAT RN R A, R AL 20 72 H A ]

[ E B AF T (45 R AL AT 3 BN K 1 8
YE) B AR A 10wl MS2 fRIKHZ IR A B.C.D,
E By 2R A7 05, B A I K 04T 5 0 A7 B
s RS2, DGk [T AR i v 9 PR R OKF- o

#2 KW NoV & ML REHKF-(n=5)
Table 2 Optimum factors and levels of NoV enrichment in water
RE K1 K2 K3 K- 4
AT A A 10 min T T i Z4 4% 3% 2 min 450 r/min #& % 20 min —
B:PEG &K i 8% 10% 13% 15%
C:PEG Ui JE % fF P % 60 5,4 CF 150 1/min FF 60 min 4 CT#HE3D — —
D URE (R AR 0.5 L LOL L5L 2.0 L
E: PCR 1l i 77 R FBR Bk — —

e —RR AR BE
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1.2.2 MS2 K 8 1Y 4 o 5

il 1R 2T 2 3% JEE I BFF < Tl 7K L A= 3% 35 7K b i
YLt U8 (K T 1L 08 ) , 12 B — 8 IR FBRUK A (
ZD)ET=MMA, A 10 wl MS2 i B, 4
IRAT . BEAEE pH AT E 3.0, A 5. 08 g MgCl, -
6H,0 i LAY FE 4 0. 05 mmol/L, ] ¥ 5 + I
HURE IR £F 4k R ML, T iR b, ) OE R S AE R
TR T KA A O A PR AT 4R R R . H] T ¥ Y
JIHG IR B BT B AN S0 ml B

PEG VTVE : 1] 2 .04 A 20 ml TGBE £ s
W, 116 mol/L HCL R e v pH {4 19 2 7. 0, R M
ANF Ty R (R A) o WA A 50 ml 5 3
BOE AR FZLWE (KR B) A 5 x PEG8000/
NaCl 3§, 2. 5 x PEG8000/NaCl {5 Wi . A R 41 F it
TES T (AR C),10 000 x g B0 30 min, 3 [ i,
B0 S min fEPLIERE . 1000 wl %52 6 28 vh i
(PBS) BB ULTE, 77 52 U 5 RNA
1.2.3  J§# RNA 152008 PCR 4 i 5] 9 25 B3 (
= E)

M QIAamp Viral RNA Mini Kit H Iz 560 pl &
JmA Carrier RNA ) Buffer AVL F| 1.5 ml & .0, 45
LA 200 wl 10202 rhoEE R AR, O R BRI A
VLI #AE , HL75 3] 100 pl RNA PRI .

RNA #1 1 # (9 % B3 # B8 One-Step™ PCR
Inhibitor Removal Kit 3¢ B 5 #:1E. ¥ R W4 19
RNA ¥ it % I A Zymo-Spin™ IV-HRC & 0> 4%,
6 000 x g B4.0 1 min, WCEE WK AT S5 B 281 RT-
PCR #5700
1.2.4 [R5

PIZKFE s i i MS2. [1] Wi 4 S i 25 4 B 1Y
AR T A I, 7 IR MS2 i R R

00 £ U6 B HR B RNA 10 £5 4% B ik ok 10°
10711072 10 7k #E R 51, 20 BIHC S wl &, LA
RNA ¥ 1g {4 « Bl , DL AR IR S MH (Co) 2y y il
LA AEMZ . B KA 10 wl MS2 i #2452
il , 453 1 000 wl 5 7 & 5 Wk 45 WL, B 200 wl $72 3
RNA, Fe 45 3 100l PEBEW, B0 S wl A, 0 [m]
% (% ) )3 Bio-Rad CFX Manager 3.0 K41+ & ¥
JEFELL 5 000,
1.2.5  SEHFa5t RT-PCR f iy B i o 4 1l

NoV GIFY51¥ 557512 18 1SO/TS 152162
¥R M G B, b9l % ONIF2: ATGTTCA
GRTGGATGAGRTTCTCWGA; T i 5] % COG2R:
TCGACGCCATCTTCATTCACA ; #£ 4 QINIF,;: FAM-
AGCACGTGGGAGGGCGATCG-TAMRA, # fit %1 K
10 wmol/L, NoV {52 i %¢ 5% RT-PCR J Ji % H] —
¥k RT-qPCR Mix $E4T, MS2 f46G 1 2 B8 MS2 1 2
A & (RT-PCR #8515 Ui 5647 RO AR
F IR 3, RN ZHCR 50 C ik 5 30 min;95 C il
5 min;95 CAEPEL5 5,60 °CiB Kk FEf 30 5,65 C
FEAH 30 5,45 DEIR,60 CREFOGFE S BIrHE
s G 0 149 52 7 L DL 3% 4

#3 WA FR(25 pl)

Table 3  Mastermix
FEE &/ (/SR )

s NoV Gl MS2
2 x RT Buffer 12.5 12.5
RT-PCR Enzyme Mix 1 1
1Y) ARE Mix 4.125° 1.5"
ddH, 0 2.375 5.0
RNA it 5 5

Tt b RS RO BORE R A ) 1,25 2,25 A1 0. 625 pl;t i
MS2 o 47 3 57 o 988 A

#4 RNABE

Table 4 Reaction matrix

S AL S
=% FIX A AL 5l J6 RNase 8207k +20 wl NoV G I 519 5 5t 1 51 14 %
93 1 %] B* L 5l BT HIBOH IR RNA +20 wl NoV G I R #k %
cd 5wl A MS2 i P4 K E RNA +20 ul MS2 3of i il 2 i 16 &6
PG DAL 5wl 10" MS2 AR RNA +20 wl MS2 SR 2 1 1 R
sl £ Sl 107" MS2 RE R RNA +20 pl MS2 i B i 527 1
il 5wl 1072 MS2 G B i RNA +20 l MS2 it B4l 2 1o 1 5
G AL 5 pl 10 7% MS2 g il RNA +20 pl MS2 i e 4 il )2 i A
HAL 5l MS2 3R EBIKBE RNA + 1 ul SMID 58 RNA +19 wl NoV G 1T JZ Ri f 5
38 7 14l 5 wl 10 fEH B &% MS2 i FR 4% K B RNA + 1 pl NoV G IL A 34 4% ) RNA +19 pl NoV G Il 5z i 4 %
Lt 5wl J6 RNase 207K + 1wl SMIMY 5080 RNA + 19wl NoV G I 21 {5 5
FE SR KAl 5wl & MS2 3 B4 K BE RNA +20 wl NoV G I JZ 1 1 5

LfL 5wl 10 f5FR B & MS2 i Bl KB RNA +20 wl NoV G 1T 5 hj i %

TE:* 9 B ALLLTE RNase #82liK #2150 RNA 1R HAR ;" g 1 AL R 45 Ay B 42 ok 1

1.2.6 SZiF%¢% RT-PCR & & 45 1
23 %) R B R JE PG5 SR H g Ct B =40,

BH AR X B 22005 5 4G L 0 5 0 9 e o 2k
KN A7 2, MS2 g e 45 ) [l g = 1% 5 25 [ml fig ¢
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<19 , 75 BRI o 3G 2 1) 75 2 A ol D Y
FEEC(H AL Ct{l-J £l Ct fH) <2.00, G il 45 %k =
2.00, 75 He A5 10 A7 KHE B9 90 1 38 B (1 fL Cefi-
JAL Cfa) 5t 10 A% 76 B /K A 4 15 (4 410 1l 48 28 <
2.00, 914 A7 2%, % FH 10 4% B BE /K FE RNA 1 Ct
EAE R 45 R b 3R A5 0F 5 IR I 2, A ) A
T3 o
12,7 3RAG A o A A

T I UE HE ST 7 0 M R s b IR A
() 18 {3 K FE JEAT R I o A & A DU L Y Ct {H =30
W %E S NoV G 11 FI44:, Ct fH <30 WH%E > NoV GII
FHE

2 R
2.1 AR R IR A K ik iR
AFHEZEKFET MS2 gL WLk 5, HZE

JKF A3 BI“450 r/min $23% 20 min” XJ % 5 19 U8 M
R AT, MR AE 79.6% ~101.2% , Ffif PEG
v BE 1 (el gk R R s, 7E IR KO B2 RD
“PEGC & ¥k B 10% 7 B} i5 3| £ & H 80.8% ~
99. 1% b5 B B, BHEKF CL BRI IRZ
& 60 s,4 °C F150 t/minf% & 60 min” ) PEG VL&
MR ORI . TER AR B9 A3B2CT &1
TR BN R FEHEAT R D BB R B p Ak
L2 K e MS2 (% B IR AE 20, 3% ~34.3% ,4 A4
IR o AR K 25 5 o T K AE BURE 1R BUA #1) K
SE4 B 2.0 Lomt, MS2 (9 H] di R M 19.3% ~
34.3% FREE9.6% ~19. 8% ;4 1% 15 /K 18 BURE {4
A B K O 3 BB 1.5 LR, MS2 iy [ml g 5% M
17.3% ~26.8% FFE%E 8.5% ~19.4% ; A Ik, i
K K A NG TG K Ay i BE1. 5 (1.0 A1 0.5 L
WA AT R E itk

®S5 HZEA~DARFEKFET MS2 BRI A (n=5)
Table 5 Recovery of MS2 at factor A to D

2% BE % 5] i %/ %
K1 K2 KF3 KF 4
A PRR SRR Tk 28.6 ~61. 1 61.9 ~66.8 79.6 ~101.2 —
B:PEG 2y & T K 67.6 ~78.0 80.8 ~99. 1 43.4 ~56.8 29.9 ~37.5
C:PEG VLHE &1 iR 7k 26.2 ~47.5 16.4 ~27.8 — —
D BURE AR TR K 26.6 ~29.0 20.3 ~27.6 29.5 ~34.3 29.2~29.9
K 24.3~34.3 24.9 ~31.9 19.3 ~30.6 9.6~19.8
A T K 23.2 ~26.8 17.3 ~25.9 8.5~19.4 8.8 ~18.0

W —FRRREE

ANTE R KB R 2% E (PCR SR 0 i 551 ) %
oI 4 B2 MR WL 6, JH K i PCR 1 ) 5 BR AT IR
JECY A 1 45 %023 B R 055 F1 0,28, B/ T 253 K
H PCR A1 551 2 B3 i I VR 300 14 8 250 10 %5 7 B T
48 £ o 3R 2,70 F1.06, KBRS 439 R 2. 42
0. 29 410 77 19 25 B A 10 435 6 68 040 il 5 400
BB AT TS K T A 2 T M R 5 SR [N, X
K A GG K AT PCR IR0 K Bk I EE S /9 )y
V08 A ) A 2K R MIS2 0 [l i 25 47 A6 00, I e
K RT3 15 7K S 2 [l i 4 0 o (60. 1 +
8.0)% .(22.0+6.5)% F1(35.7+8.1)% ,WL3& 7,

F 6 HE E R A

Table 6 Impact of PCR factor E inhibitor
GRS K- SR TR R 10 A B 95 %
K1 0.55 0.30
ik
Hh K2 0.28 0.02
K- 1 2.70 1. 06
K
K2 2.42 0.29
K1 0.74 0.34
YE e
EHTEK K2 0.26 ~0.23

2.2 FEah I
FHFTESE 977 100 10 3 XA R il 47 NoV Gl

FT RFEKEH MS2 I (n=5,% )

Table 7 Recovery of MS2 in different water
S/ %
ook
REmE — 2 3 4 5 Xts
i % 7k 46.7  65.1 66.6 58.9  63.0 60.1x8.0
9] 7K 15.1  17.6 20.9 31.6 249 22.06.5
RIS K S 35.4 0 43.5 24.9 31.1 43.8 35.7x8.1

Rl o S50 WoR AR AT 155 S8
R i B TR A 5 2 G (Y <30 (4 51 R
27.24.28.59.27.09), # & N NoV G I FH 1, W
E

8 KRR NoV G I E 4SS

Table 8 Test results of submitted samples

FE 5 4 5 FE 5 2 R CtfH 45 R e
1 RAKHLAK 27.24 +
2 il 2 7K 33. 54 -
3 EE I3 33.62 -
4 RARHLAK 31.55 -
5 RIKHLAK 28.59 +
6 A &K 31. 62 -
7 AR K 33.11 -
8 iR Y5k 27.09 +
9 KK 32.86 -
10 Ve K 32.11 -

F:+ 0 NoV GILFHM, -4 NoV G Bt
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3 itig

7K R B — ARG, 7 BOR AR UK R & 4R
JE A BB ,1SO/TS 15216-2 R H 1F Ha, JI5 0 B -8 11§
B 0.3 ~5 L K b & & NoV, A3 56 1
WS B IETT R T A JC W 5T, & B0 32 A i 35 5 A 43
() 22 5 B0 B VR 1) 5% ), S [) D 5 0 )5 4R
75 1O e 0 AR BRAH 22 2 K, e AR 6 S B 1 0 R T
I IR) SR S, HLAF TR I R A A 0, X DL T —
PR UEAC I E T 2 FOK AR bR L B VE . A,
N Aha 8 6K NoV w4 07 B i WF 98 2 46 vh 7
2835 48 UE-PEG VL M5 & . DE GIGLIO %' % ]
MAXIFLEX 25 ECO i J¥ & % f1 ULTRAN-
MINIFLEX i 3% & 48 %] H 7K NoV k47 7 40 1 i
S X B RGCR 4 B 10 kD RN
JE IR 20 LK B R W 4 51 40 ml, QIN 457 %
FHES O U8 403 U WY R 2F 4 B R B L PEG U € v
Xf 2014 AEW AL — K EIE &K NoV 2Pk B I &
A ROK R BEAT R fF 5 LFE S48 3 1 ml, 4R
1M, A 2% A S KR BURE f 18] B+ 0K /K i PCR
40 500 vk 4, T T4 PCRAS I 7 B A% B M %
PRI, AR 3 56 78 B AT il R 2T 4 2 15 W FfE-PEG U 3
PR b X BE R B 25 1F L PEG &k BE  PEG T
VE 254 \PCR B N 10 4l 51 LA B2 AN [] 7K A 1 JBORE A4
AT T4k .

IS5 R R, Wi % PEG LW EEAE 8% ~15%
T L R 38 i, MS2 R R 52 B e 3 K S TR B A
BOTE 10% B 35 B B i MR, DR Ah, AR 3K 56 45
L AE SE T HORE AR B I AR 8 g, R PR K B T R
K T & TR IR KRS T2 b8,
FBR T 2R AN AN B, MS2 [8] i R 52 BURE (R BB i AN
K, H PCR 0 50] 25 BR A 5 84 i 18 204/ 7 2
A K FEIFE A 2] 1.5 ~2.0 L if MS2 [ R 2
PR AR R B, LA ) 500 2 B i D v o 8 B K T
2, ZBRIG 10 A5 B WA 45 BOR BRI 5 Rt 7
SR TAE A, AR B 7K R i 2 A — 2 3 P 3k BBOR
[ 7] s A B ARG, 5 1447 400 0 70 7 2 B

ALY R H ke 4 7w R, 9l H
ISO/TS 15216-2 L AR HIE A4 i) NoV G 11 514 .
PREFRE MR 2 o X 3 Bk AR MS2 3% [l 50 56 45
SRR, AR B B R B RE) T GB 4789, 42—
2016 J ISO/TS 15216-2 & F il A 2t i 23K, %)
T A T 4 o P 36 A Y 10 ) BE AL NoV H Bf
TR HEAT (R R I 3E — 25 56 3IF Jr ik 3 R M, b rh i
FE e TR R A PR T AN, BT T ik S E N A
RIZWg " AR L B A T K RE TG R 45 SR AT A
JE TR G M T A R S AR TR] B A AR — 2 e R

e TR REAT 35 8k — A0 23 B BIF 52, 490 200 ok R A BRUK A A
BRI A KL DL B T 32 o PR KA A I 1
L AT

S % 3Tk
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2HHKE 5k
R T TR A £ i - E I JB i A O A 4 2R 0 s OB R AR )
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Determination of olaquindox and its metabolite in milk by ultra performance liquid
chromatography-tandem mass spectrometry
MA Xiaonian, ZHANG Xiuqing, ZHANG Ruiyu, ZHAO Li, CHEN Junxiu

(Kunming Center for Disease Control and Prevention, Yunnan Kunming 650228 , China)

Abstract; Objective To establish a reliable pretreatment method for olaquindox and its metabolite methyl-3-
quinoxaline-2-carboxylic acid (MQCA) in milk with ultra performance liquid chromatography-tandem mass spectrometry.
Methods The sample was hydrolyzed by hydrochloric acid and extracted by ethyl acetate-acetonitrile (1: 1, V/V), then
the concentration was analyzed directly or after PAX and PEP cartridge purification. The objective compounds were
separated using Inertsil ODS-3 column (2.1 mm x 100 mm, 3 pum) with acetonitrile-water (0. 05% ammonia) as mobile
phase and analyzed by mass spectrometry in the positive electrospray ionization under multiple reaction monitoring mode
(MRM). Results The result showed that direct concentration had good recovery. The detection limit of olaquindox was
0.06 wg/kg, limit of quantitation was 0.20 pg/kg, the average recoveries or spiked levels of 0.20, 1.00, 5.00 wg/kg
were 69.8% , 111% and 97.4% . The detection limit of MQCA was 0.02 pg/kg, the limit of quantitation was
0.10 wg/kg, the average recoveries for spiked levels of 0.10, 1.00, 3.00 wg/kg were 75.8% , 112% , 117%.
Conclusion The method was suitable for the detection of olaquindox residual in milk.

Key words: Olaquindox; methyl-3-quinoxaline-2-carboxylic acid ; ultra performance liquid chromatography-tandem mass

spectrometry ; milk; residue of veterinary drug
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