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Quantitative detection of Noroviruses in shellfish by dual fluorescence
digital PCR

BAI Xue', ZHANG Shu-Hong, SHEN Zhi-Xin

(Hebei Province Center for Disease Prevention and Control, Shijiazhuang 050021)

ABSTRACT: Objective To establish a method for the quantitative determination of Norovirus in shellfish samples
by a dual fluorescent digital reverse transcription polymerase chain reaction (RT-ddPCR). Methods The annealing
temperature and probe concentrations of RT-ddPCR experiment were optimized to establish a dual fluorescence
digital PCR method for detection of Norovirus in shellfish, and the Norovirus in shellfish samples collected from
Qinhuangdao from July of 2015 to 2017 were quantitatively detected. Results The linear range of RT-ddPCR for
detection of Norovirus in shellfish was 5x10*-5x10° copy/uL, and the limit of detection was 1.0 copy/20 pL reaction
system. The total positive rate of Norovirus in shellfish samples from Qinhuangdao was 67%. The average
concentration of GI virus was 8.70x10? copy/g digestive gland, and 1.04x10* copy/g digestive gland for GII type.
Conclusion Compared with fluorescence quantitative reverse transcription polymerase chain reaction (RT-qPCR),
digital PCR has obvious advantages in detecting shellfish Norovirus, which can improve the detection rate, and does
not rely on standard materials for absolute quantification.
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U R T AR N S R AR B B R A
2 —, BIEZAEF M X KM E G4 &, ik
PR A2 PR R UL R R R T AR R, N
GI-GVIT 7 NJE[RAY, AAN 35 R R T 43 Ay e AN 258 14 I 7,
Hoh GI . GIVESA GIVAY AT UG A B4 35 s 8715
RE 150, BOR AT E 18~1000 AN k7%, JFHH
RIJCIRMRANE IR, WA A I M sh AR, o WA A3 AR 38
BOR TR 5 005 AT DU TS Y R A,
H S D2 G g 26 7 e i v U D2 5 A G
TR TR B 4R, SRS IREUZ A RT-PCR JyikiffT
Kl R HAEMmERMEMEA. BHERE, 75
PCR 2 o7 g S0V o ) SR e A I i L 75
A 2R 7E PCR BRI GIFE 20, 24F 5 RNA 1Y Cr Ry
xR Cr =z 22/ T 2 1), BAMESS RA A, X AekE
ai AP A AR A PCRAGIN A & R T T AR R, 2
TN G5B R T I R DR A A I DL S A 7 1
J5 TR RIS R 1 D12 v s B S B0 B IR P IR B
F BT PCR HiAR 0] LA IR AR A L 8 A B, 7 HANH
b o i 2R 50 mT DA B 3R B B9 A BOE R, BUim IR AR 5,
SRS S MY 2 IR R B A S k. HATEL
T PCR Fi AR B AEFB 4> £ W SO0 T A I v 4521 T 13 ),
SRAN T B BRI 5 I AN I o

ABIFFE N T R DL S A 4 XU T PCR
ik, PeAb TR A, FEXFRAEMIRE I TR %R
P T AR EE AR 38, FE AR bR i fh R 7 i,
ARG DY 288 Hh o SRR A T o A P ARSI v

2 MREREE

2.1 FENESHF
CFX96 %) E it PCR 1%, QX100 %45 PCR 1 K fifd

HE AR TR & 2R R IR #(3E E Bio-Rad A F]); SYG-1210
L, HE TR KBRS (3 1 Crystal 22 6]); 5417R 38 2.0 HL(FE
[E Eppendorf 23 Fl); 2-16KL 5 3 2 .LHL(3E [ Sigma 23 F);
vortex-2 E IR ) #%(32 [# Scientific industries); np968 K&
Wl A ShHR B (PG % REERHE A A

JEE RNA/DNA FEBGR & (RETR L) (P8 % R R
ovED); BB KGEE Sigma); #82EE 5% M (phosphate
buffer solution, PBS)(3& HHE T4 H); RNA —#7E50
RT-PCR #: M X #| & (€ B Life Technologies 2\ H]);
One-Step RT ddPCR Advanced Kit(3% [# Bio-Rad /A #]); MS2
R EEBRIBOG BRI & L S R EE AR IS GIERT GIAL (b
R R ); o Qs 25 A0 00 5 | 4 R4 TP 91 R 6l A v
HS K PCR 5 [ AR 1 A SCERU (L 1), ¥liER
TR w5 A
22 HmXE

R BT 2015~2017 4EAR4F 7 H T8 DL 2t
30 1, FHRAENE . WREL | kg, BRUSEESRE. M
SR AP FR AR | AT . I R AERS . SCUA L ARDL
23 TWHE
23.1 a4

B 5~10 A DURIEAAR A —13, BT 50 mL JCi &L
BN, DR, BUSIEIR 2 ¢ A 2 mL BEERER 22 i |
10 uL 20 mg/mL K [ K F1 10 pL MS2 J5 75 G A il xit
1), RS E T 37 °CHEIR/K4E H 200 r/min 7% 60 min,
BUR B0, 60 °CHIFA 15 min, 27 3000 r/min #.0> 5 min,
HRIEEH 1.5 mL B0, o FIEWIAE . S B4R
i RNA,
232 HMEREKR

FRBE B SR ISR BUR R RNA . B 200 pL #H
PRI RNA, YERIATE 80 pL, IRBGERS M &t
W45, $RBUS RNA JLE-80 °CIRTE .

®1 319MRHF

Table 1 Primers and probes sequences

Jiikzs LA il A
GI-f CGCTGGATGCGNTTCCAT Gl
GI-r CCTTAGCCATCATCATTTAC
. oAy FAM-TGGACAGGAGAYCGCRATCT-TAMRA
¢t RT-PCR
GII-f ATGTTCAGRTGGATGTTCTCWGA GII
GIl-r TCGACGCCATCTTCATTCACA
WEr FAM-AGCACGTGGGAGGGCGATCG-TAMRA
CoglF CGYTGGATGCGITTYCATGA GI
CoglR CTTAGACGCCATCATCATTYAC
e RinglC FAM-AGATYGCGITCICCTGTCCA-BHQ?2
$7 RT-PCR
Cog2F CARGARBCNATGTTYAGRTGGATGAG GII
Cog2R TCGACGCCATCTTCATTCACA

Ring2 HEX-TGGGAGGGCGATCGCAATCT-BHQI
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MS2 i BEE A el AR 4 T 2, 4 PR (0] & d B 434
PR 2k, i RRULEA A SRR S R MS2 R EEET TGN,
THAA RS G0 SR RS 5 A 2 [ 1k T MIS2 o 2 1l
F<1%, TP TR IURE G o AR EARA I ], A0k
TeBe2 1, K 10 FERRBAL N
2.3.4 AL RT-ddPCR R_EL 41

Fe BRI U B ECHI R NV AR Rl 20 pL. HMECT
PCR U FHUEBH A A i 26 AR, 2B S 2y 40 L. FlJS
B R R R 96 FL PCR #rh, o5 HE4RmE, P
{3 BRE AT PCR. W Z54424: 42 °C 1 h; 95 °C 10 min;
95 °C 30 s, 1B KIREE 30 s, 72 °C 30 s, FHFF 40 ¥K; 98 °C
10 min; 4 °CH£77. RT-ddPCR "5 A5 K 96 L PCR #x
CAERGA T AP BRI RS, 5 QuantaSoftV 1.7.4 %%
PSSR T AR KR AFRE R EIR AR
FEH 63~50 °CHEATI N o PRARENREE: #E ddPCR R {AK
b E USR5 0.9 umol/L B, BEE A [H HYIR
EHHE M 0.125 pmol/L ,0.25 pmol/L 0.5 pmol/L #17 ddPCR
Ei
235 HIEAREG K

BN T GIZU AN GIIEY 1.0x10° copy/uL bR ih &4
BA, H 10 f586 B Rk, 7 T8 B0 v o 28 531035 2 1
5.0x10°~5.0x107" copy/uL 4 IR & A5 AE &, W E 26
RT-ddPCR 7EFIHE Y E & RT-qPCR 5 40 BIAG I - (b v jh
2%, HAPREMEL 3 K.
2.3.6  FE R RT-gPCR

181 RNA — 35658 fik RT-qPCRIRH &0t i s i
W W8 HE AT DU EE 9% SR A M, PH MR X BB AR R R R
5x10* copy/uL KSR REbRIESD, FAVEXT RO BTk &
YRR ZR A 25 uL, Hd S} TIRBOIMA 5 uL, U
B AINA 1 uL, FOEBEN D BIMA 0.5 L, MHEATR
fILA 1.25 uL, JC RNA BEEHBAIKIIA 8.75 uL, FEFL A/
HEXFHRA S uLo SN 25 R: 42 °C 30 min; 95 °C 5 min;
94 °C 30 s, 60 °C 30 s £z 6155, 65 °C 30 s, 45 MEIH
BURBHEXT G Ce {H/NTF 25, MR CERTF 45, ¥R
Ct{E/NFEEF 35 B, #R& CrERTF 38 MM, #1&%
Ct {HA7F 35~38 Z[al, EEKM, WR Cr /N F%5T 38 H
PR
2.3.7 A

FAM % RT-ddPCR 2 F15¢ % € it RT-qPCR 7547
BURGIAE S, EARENER 3, SRBCENE. HES
R AR AR bR R T S R, AR A DU s B I
BRI RARFUR AR AR SR, O R S T AR IR T A
T
2.3.8 HIESHM

K FH SPSS 17.0 ZAFXS AT G430, ZE i Al

oI A8 SR T o2 A B, P<0.05 25 A Bei 242 X
3 HER5HH

3.1 RT-ddPCR & R & &1tk

FAEE KR B KR 63~50 °CHY PRI RN EE 1
Ko Gl 1 PR, IR AGRE R 53 °CHE, FRERIRSOEE
S, B Bl 0 BH A R 2 B RO fee i, R L e A
BRI R 53 °C. FAEHRETME: RS [k N
0.9 umol/L I}, &I M 0.5 umol/L I, FHMEAGRH &5 S
A 246 IR A%, BV R R E . BRET MR Ry 0.125
0.25 pmol/L B, AT LAAS i BH Pk G0 3% o #R BF ¥k B2
0.25 pmol/L B, BHEAIRG AN FH SRR 2 i SR i i, R
e S EERRET MR E Sl 0.25 pmol/L, 4N 2 FiR .
3.2 RT-ddPCR #1 RT-qPCR £143E E 46 H PR EE 3

FH OB B W B 1k MR ME i &8, RT-ddPCR 7%
5x10°~5x107" copy/uL A A~k FE Y REAG i, 2k E N
5%10° copy/uL B, FHYEGN 5 43BHEH Y 97.7%~100.0%,
W e PCR GE W, R TaE®. 7
5%10%~5x10° copy/puL i RT-ddPCR 124 H F-bR v i e FEE 1
X B AR U S BR BRI VR B R BUA, i, GL ALRRREh
1.012, 7 7 0.995, GIVELELR K7 0.946, r* 47 0.997, X H
B4 . FRB RT-ddPCR ¥ & WU o 40 %% 35 & 1B R
0.5 copy/uL, Bl 1.0 copy/20 pL JZWiKZR ., &PETERN
5x10%~5%x10° copy/uL, W& 3,

eI RT-qPCR ¥ BEKE I 5x10° ~5x10° copy/uL ARifE s,
5x107" copy/uL KM ili, #H A 5 copy/uL, Bl 25 copy/
25 uL W AR FR . B0F PCR %46 HBRIKF5¢ % PCR 7. H
RT-qPCR VA6t RRAE S Cr B SR UE S bR FR e v J35 X 5
IR, MERE, GIHIRER K -3.39, 12 4 0.999, GITEIAER N
~3.28, 17 4 0.999, Lkt R ihf. RT-qPCR IEZ LY
5x10°~5x10° copy/uL, WKl 4,
3.3  RT-ddPCR ;%F1 RT-qPCR SE#& N #E A EL 5

4391 RT-ddPCR 3l RT-qPCR #: K il 2% 2 1%
2015~2017 4 3 4 7 FSRAE M DIZSAE S 3L 30 1y, R4S
PCR ¥l 25 A5 PCR FRUfERILE, DL RESh RNA RFR
PR AR X A ot o T L s VA A R B i, I
F 2. T PCRIEKH FHEERRS 1 0, BFHMER 3.3%, H
WG 1y, WRFE SN 6.75%10° copy/g WALIR; GITEY 0
1o B PCR YLK H BRPERE S 20 4y, b GIRY 14 17, 9%
FE N 4.40x10%~2.00x10° copy/g THALIR, SEXPREE St
3 8.70x10% copy/g THALMR; GIHY 19 fy, K& T =N
4.40x10*~2.14x10° copy/g 1L IR, i & S /N
1.04x10° copy/g WAL M, GIGITR 2 Rl A4 ih 13 14, 30
PCR 7:H % 53656 PCR E4 Giil 2 2% 5 (P=28.71,
P<0.01).,
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Fig.l1 Fluorescence distribution of digital PCR microdroplets at different annealing temperatures
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Fig.2 Fluorescence distribution of RT-ddPCR microdroplets with different probe concentrations
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Table 2 Quantitative detection of Noroviruses in shellfish by RT-ddPCR
B 248 Mt e GUSEE G ot O"F  Gum mmm
LA o Baon  ORE oy TURE e
o ’ " A(c/g LI o /(c/g L) o
20154F7 A 10 8 80 6 1.10x10° 8 1.33x10° 6
20164F 7 H 10 5 50 4 5.82x10% 5 6.05x10° 4
201747 H 10 7 70 4 8.12x10% 6 1.01x10° 3
j=San 30 20 67 14 8.70x10? 19 1.04x10° 13

4 &

AW ST T W E T HGH LT PCR R I 2443
WREER T, B TRREER R . 0T PCR AN &4
B KT DR MR BE B L K, B W) B P R
B A B R T 5 BV IR 0 4 B . SR B s R
AR X5 /N G i R DR R A A%, A 5 | ) AR AL R
TEAERFFORIE, H S0 PCR A B S 0 B e Sl =2 T
SHMREIG, H ki)l B X A o b B O A — 25y
U B YA o A G L, DR LA 0 s AR X
S G S A A

T BT PCR AR LRSI B it b 28 AR 55 fi
F5 7 THIAH LL 26 6 RT-PCR J5 A R H . 05 PCR A&l
9 B AN AR o il 2 5T DA EA et o B . B i VR
YER B E 2 PCRE S A b 43 F 8 . B ifis b 1) 2 o
BHMPOE T . MRS, H Rt FECE PCR X
PR e T BT PCR B T XA v b AR,

R B B AR BOATRE S A0 RNA 28, 2856 PCR A% s
FEKG PR — B 10~100 copy/uL, MR %k 5 PCR #6:1)
L BEAG H BR AT AR BOEFE DL, KRHR  TAR H o,
WL T BB . 5 PCR Z &I PCR Ml
MIREIR /N, S W e, TR, &2 T ATREHEI T IRR S
P BRI A ARG, A8 25 T I AR R 348 1 okl 8 B 26
B, BRI ORI B T v & . s R R L R R
o st ]

HEET PCR CATEREHMGI . BARis Wi, 5E5EH
£ LRI S AR A AU, e B EAG I
By PCR HA HZEE PCR HARA B RS . ARWFFEHE
B D 2 A N 2o BB 29 RT-ddPCR A 7 Bt T4 5
PR BEAGE T 2R, B [ 4 05 2 5 | R I A A B
FAMHE.
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