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We have developed a reverse transcription (RT)-multiplex PCR assay with fluorescent dye-
labeled primers for detection of 12 pathogens, including 9 bacteria and 3 viruses, that are highly
associated with food-borne gastroenteritis outbreaks. This assay has a great advantage of com-
prehensive detection of bacterial DNAs and viral RNAs. PCR products of pathogens are easily
discriminated by fluorescent color and fragment size visualized under ultraviolet light without
staining, after electrophoresis. Simultaneous extraction of bacterial DNAs and viral RNAs were
achieved using a commercial viral RNA extraction kit with some modification. After RT reac-
tion, multiplex PCR was carried out with 3 primer sets (A, B, and C) labeled with 3 to 4 differ-
ent colors of fluorescent dyes. Primer set A was designed for diarrheagenic Escherichia coli.
Primer set B was for Salmonella spp., Campylobacter jejuni and C. coli, and Vibrio parahaemo-
Iyticus. Primer set C was for Clostridium perfringens, Norovirus, Sapovirus, and Astrovirus.
Upon analysis of 45 food-borne gastroenteritis outbreaks and 15 sporadic cases, this assay had
nearly corresponding sensitivity and specificity compared with conventional methods, such as
bacterial cultivation and monoplex PCR. This assay can be completed within 6 to 7 hours and is
considered effective for rapid screening of food-borne bacteria and viruses.

Key words: food-borne pathogens, comprehensive detection, reverse transcription-multiplex
PCR, fluorescent dye
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1. REHEVSIOBRERTSAY—

KA My 1& Diarrheagenic Escherichia coli [N H
MAEXE W (EHEC), IE @ AR R (EIEC), #HE
PR (ETEC), WM REGW (EAEC) B XU
5 & 9% B K B B (EPEC) 1, Salmonella spp., Vibrio
parahaemolyticus, Campylobacter jejunidB X U°C. coli,
Clostridium perfringens, Norovirus (genogroup I8 &
U'I), Sapovirus (genogroup L IL IVB X U'V) BLX W
Astrovirus (genotype I~VIII) @ 128& L7z, #—4v
FELZWERERHET, 794 ~—BFdB X OS5
B % Table LIT/R L7z
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QIAamp viral RNA mini kit (QIAGEN) # v, Fv
MRfFo T v b a—v g L CEM 2 SR B &
O 4 VAR (DNA B L URNA) o %17 -
7. F9, PBSICX D E® L 72210%EAE LA %2 K v
Ty 7 AIFY—TI0MMHEL WL 728, =IRTI
SrHERE L7, £ LT, il 160 ul % Buffer AVL 640
pllZmz, 15BHARV T v 7 ZHRERIZ10 5 M@ L
72. 6,000 g T 375 A5 Lo ik L 72 3 700 wl 2 v
DBExy MREFOT T a—VIiZHtos THREEZ L L
7o 2B, EHICROBIEL I L 2 Wia i3t Lz

g% —20C H 5 \Wix—70C TRAE L 7-.

3. WEHERIL

PrimeScript RT reagent kit (# 7 554 %) ZHw
THIRE FUL &2 AT - 72, W5 FUSHLEL 15 X Prime-
Script buffer 4 ul/, PrimeScript RT enzyme mix 1 ul,
Oligo dT primer (50 yM) 1 pul, Random 6 mers (100
pM) 1 ul, RNase free dH20 3 ul 8 X OHlHEA%EE 10 pl
720wl T, 30C 1047, 42C 6045, 99C 5479
L, TofkLie.

4. EY}RT-multiplex PCR &t

WG RUGH, Table 1WRL723774 -ty T
Lz, HOLELGRR 79 4 ~ — % v 72 Multiplex PCR (%
Y RT-multiplex PCR) # % %jii L 7z. A+t v b3 Diar-
rheagenic E. coli %, B> bidSalmonella spp., C. je-
Juni B X O°C. coli & V. parahaemolyticus =, Ct v M
C. perfringens, Norovirus, Sapovirus B & OF Astrovirus
ARt g L L7z, 7z, Multiplex PCR B & Multi-
plex PCR assay ¥ v b (¥ 7954 %) #FWT, Muk-
tiplex PCR mix2 25 pl, Multiplex PCR mix1 0.25 ul 5 &
' Table IR T IRAIRIED 7T 4 = — & & GBI
WS B SO % 2 £ 72035 ulnzx, 750 ul THEHE L 7z
BOIS 52112 94°C 6070 ] 0 24 P 1%, 94C 30F0 1,
57C 0 M B X U72TC 90 I 2 404 4 7 VAT W,
72C 105 M OB R 21T - 7.
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34— T32nm DI E MY LikEiig s & otz
MRS 5 L WIS, AN 7 4 )V ¥ — (SC46, 7 &
TANL) BHCTFYINAATTHE L., B, ¥
4 A~—7—1%100 bp 7 ¥ — (GE Healthcare) 1 uliZ,
S5 D EzVISION (Amresco) % & L CTHWw 7.
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Diarrheagenic E. coli % B { il 2 OfAWIZDO W,
Table 11”3 75 4 ~— T L 72 PCR W % QIA-
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L7z. 2L, E. coli’»% MonoFas 77 A X Fiii ¥ v
I I (GL Sciences) % [>T~ J A I FDNA #% i i
%, av—HKrHmLL.
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Detection and identification of pathogens by fluorescent colors and size of PCR products (A) and application to gas-

Lanes: 1, Escherichia coli O157 : H7 (stx1, eae, and stx2): 2, E. coli 026:H11 (stxI and eae); 3, E. coli 0111 : HNM
(stxl and eae) ; 4, E. coli 063:H6 (eae); 5, E. coli 0142 :H6 (eae); 6, E. coli 044 :H18 (aggR and astA); 7, E. coli
028:HNM (ipaH) ; 8, E. coli 0124:HNM (ipaH):; 9, E. coli 0148 :H28 (estA2 and astA); 10, E. coli 025: HNM
(elt); 11, E. coli 0O6:H16 (elt, estA2, and astA); 12, Vibrio parahaemolyticus (tdh); 13, V. parahaemolyticus (trh);
14, Campylobacter coli; 15, C. jejuni; 16, Salmonella Enteritidis; 17, Norovirus genogroup I; 18, Norovirus genogroup
IL; 19, Sapovirus; 20, Astrovirus; 21, Clostridium perfringens; 22, EAEC (aggR) in primer set A; 23, Norovirus geno-
group II in primer set C; 24, Salmonella spp. in primer set B; 25, C. jejuni and C. coli in primer set B; 26, Negative
in primer set B; 27, Norovirus genogroup II in primer set C; 28, Norovirus genogroups I and II in primer set C; 29,
Astrovirus in primer set C; 30, C. perfringens in primer set C; 31, Astrovirus in primer set C.

TYUTIVE A LPCRIFICE DS L, 10RBHA L
THRA (2 ¥ —8/B08) 23l L7z,

8. BhEEEMRBRLEL S XUHAESHNDLHA

SR 2LAE A & 224F S8R L 2z U h B SR B R G 45
Bl B X OB S 15 F461 o B 3% 3 AT 12 356 RT-multiplex
PCRZEZBH L, ik (5528 %\ 1d monoplex PCR
%) LW L7, B, #ERT-multiplex PCREICIE
WX MR, GHEZITEEA STV
BEE RV

& S
1. @Y RT-multiplex PCREICKDREMEY DR

]

T % ORI HE T % 49 5 Diarrheagenic E. coli 11
MiER, tdhd % N trh B V. parahaemplyticus, C.
jejuni, C. coli, Salmonella Enteritidis, Norovirus geno-
group I, Norovirus genogroup II, Sapovirus, Astrovirus
BXOC. perfringens DFF21 FIZOWT, HERT-mul-
tiplex PCRIEIC & 2RI % Fig. 1AWIRL7:. 79
A==ty FTLIZ, TNZENOWHEMAEMORERE L
TeBARFAHWE LIMIREYORE S B L U0H0uE L
LT &7z, 72, Diarrheagenic E. coli (3D
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Table 2. Detection limits in RT-multiplex PCR with fluorescent dye-labeled primers

Primer set Pathogen Detection limit per reaction

A Diarrheagenic Escherichia coli 10! to 10* cfu
Salmonella spp. 10" copies

B Campylobacter jejuni 10* copies
Campylobacter coli 10" copies
Vibrio parahaemolyticus 10" copies
Clostridium perfringens 10? copies
Norovirus genogroup I 107 copies

C Norovirus genogroup II 10? copies
Sapovirus 10? copies
Astrovirus 10% copies

Diarrheagenic Escherichia coli contains ETEC, EIEC, EHEC, EAEC, and EPEC.

WERR T2 AT 502 HWi2ds, ERENOWI A
T5ENETNOWHERTFPHH SN, LEBHUHPITHET
Holz.

2. HY:RT-multiplex PCR;EDIEHPRTR

25 AR W) AR T OB BRYE % Table 212R L 72,
Diarrheagenic E. coli 9IfiLi%E% % Fv> Tl L 72 Primer
set A DFFJE KT O feHBR R 13 10" 22 & 10 cfu/ KB T,
ipaH 5% 10" cfu/ IS & i b 1K <, eae H310° %> 5 10
cfu/ IS THR D FHH - 72. Primer set BT V. parahae-
molyticus DM RF A 10 2 ¥ — /KIS T, T Ofo
WWEBAE IR 2 —/ S ThH o 72. %72, Prim-
er set C TOMMBIAIE T T ORIEMAEY TR 10% 2
Y—/BInTH - 7=

3. B RT-multiplex PCR}EICKDBHEEEMERRK

REH B KUHFESFD S OREMEDDELIRR

G RT-multiplex PCREIC & % G HAH > 5 O JR 5
WA IR O 4 TR B e AT R B 1 6~ T R[] ©
»Holz. Fig 1BIZIE, EPHFRENERFEA S XU
FHEBOEBEFRMED» > OBMBIZ R L. L—25T
O OHERMAEY S FER KRS, L— 28Tl
HEMREEY OK & SHIEFITEP L TV B4 T b R
WoOKE S EHOGHIZ X ) BEO MR BAEY % 35 T hE
THY, L—r290031ICRAGNA X912, HIEEY
PEPL TV BLHETHHOLEIC K ) ELITHRBI T RET
HoTz.

W TH DL EFEED S Vv id monoplex PCR i & 06
RT-multiplex PCR 12 X % M k5 J: % Table 31278 L
7z BHVEEIX93.1%, FFREIZ935% B L O —FFEIL
933%TH Y, WELtoHEEEIRDLNLE N T2
(McNemar test, p=100). EF T A VAZHELL
MAENLZINTWER Do 20, #ERT-multiplex
PCR {: T Norovirus 2 #Hh L 725 GI25 1 6l H 0, ik
WEPHG E NI BFERESRN S N 18T
A OB #E Bk L, 8Ot RT-multiplex PCR % C
Campylobacter BB th S vz, F 72, MBE R EET
Campylobacter b Pk, 9% RT-multiplex PCR % C &
DB & monoplex PCR T Norovirus GIIF %, YR T-

Table 3. Relationship between conventional and new

methods
Conventional
Method
Positive  Negative  Total
N Positive 27 2 29
ew .
. Negative 2 29 31
(This study) 7 o) 29 31 60

New method: RT-multiplex PCR with fluorescent dye-la-
beled primers.

Conventional method: bacterial cultivation and monoplex
PCR.

multiplex PCRZETEM:OFHFANZENZEN1HITORD
57,

z =

P R AR e I IS A R L I B R 0 22, $K Bl
D720, B HREWE OB ENLEL 75, TED
LR FHEMBEAETO OWRKWE L Campylobacter B £ Y
Norovirus 3Kl 50O TWaB I e bbh b k)
2, EEHHE B L O £V A B L b Rafilc 2 7
V==V 7 TELZ LIITBRIL |, FHICEETH S
EEZOLND. — NI, BEBIPAEREMEL L
BIETRAEOE AT, MESRETHMED LWLy
A IV ZADDNA D B WIZRNA Z PN L, &5
BRPOE S BN ER L T 528, EETH Y, ahi
SRR AIEAT S I L IIHEETH 5.

SllbbN A S L2 FETIE, TilkEhTws Y
AIVARNAHIHF v FZ2FHL TR E 7 4 V2O
W& W R L, 885 50 £ 12 48 O% RT-multiplex
PCR#:%#%EJii L T\ 5. DNA & RNA % [Al #1233
5%y PHHWEN TV AR, KR LHR I 72 258 % 5
ETBr—A0% . LaL, SREHEOY L v 2
RNAHiEF Y b 70 b a— Lz —#EHET LI LT
fili Gy VIR B T & 7 A4 OV 2 OREIE o 5] el 25 ] R
THhot:. $72, #HERT-multiplex PCRE#ETIZ3 & v
FOTITA <=ty MTLR2EEO AR NMEY & &
ORFIEIN T % BEIRII BRI 2179 2 LR LIS,
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PCREMD K& S L Z0HGMmZIHE L LTI
Bt - ST & AWML DH S, #OERT-multiplex
PCR #: DM B F A & ) 2R 25380 S h,
BIERARIZ10' 25 10 a ¥ — /B Th - 729, &hiE
ST R B % O 72 0 T A BRRS B 2 & SEH _RGE R
7)== 7RAEE LTHELZ W LRS-
frhapE WA A T BEY O miE R, R, &
R MR D EFRELREELREEZTH), bhbho
#% RT-multiplex PCRIBEICE D IREKE T2 E2FEL
729 27T, MBS NIREREY % I IE R 7 & o
B Z MDD 2 LX) RN LEHZEEH D TRETH %
LEZOND. BT RER AR R LR
WARKELREHTH S5, PUEWEZZ EOE5ICL DB
HEE TR SEETE o 72500 5 b I EED O
BIETERETLZEDWMREE 4 B,

FrE¥SY—RDY)T7IVF A4 LAPCREEZMAIL, K
i) J 5 % X o 7 £ rp i T oo R EE R R S B 5 A
2% I TV ¥ 4 & PCREEE % 7=/ i o 8
IR D MR STV 525, YTV A4 APCRIE
TREZFOREDNP S 1ADF 2 — T HTELEROMAEY %2 %
W95 2 EEWEEREDS . BRI & 5K
B - W T, B R A O BIREY O T flA%E
PLLTWBEAER, NorovirusZs ED X 9 I2IEF12£ L
DBIZTRDPIFEAET 5% & Tl —ERT, TufioH
THEREMAEWE X T2 2 PRI S, F/2, &
ok TagMan 70 — 7% W72 HiETH RS MAw S
LICHER DR o 7-BGRAOCW R % IR 2 LB D 5
720, 1ROREF 22— 7T THEBOECWEEH W5
LIZIERAY S 5. i, v/ 70 —X7 LAY
AT A& FCTI9OMOMWLE T A VA % — I aiER -
MMM T 2 HEL RS TW R 288, Sk
RGN LELE D, bhvb OB RT-multiplex
PCRZ, & LH6~THM 2 E 3 2758, FHl iz x
VEEFTIARDF 2 — 7 CIFBFHLL L O IEMAED £
72N T oA - FEAETH Y, MiSICEET
5.

WA B 2 IR RN R O B R AR S R YYE
FEAERFICHEBOMAED Z HEFCMETE 52 812h 5.
EBRICHEBEDO Y A VAR FERICHRE S 25600 H %
WA A4V A &I AR AR S 2 g5 Y b s
ENTBY, bbb ERT-multiplex PCRZEIZ 2
NSDOFFNZHIEFICHENTH 5. EhFHRRMED X
Sl e L2 12FUAMN S 2 8HEAET 5, bihvb
N #ERT-multiplex PCR #: 13 fth D A4 My DRI D
PERWTHET, IS UTHRAE R & 3 20 EmEY £
RREERFOTIA<—ty bEBEINT LI &0
Thh.

= )
BEhEOEKE O L% 5D 2 12805 5 A (H

WML XU AV A3FE) DWW, HOUEE%
75 4 < — % 72 RT-multiplex PCR#: % # ] L 7.
RiEE, MIHDNA B X U7 £ )L 2 RNA % WA IR
MTE2RENDH Y, BXRKBZORLEZLELET
PCREW O FE & K E S DD O i JE LY % 75
BN THEDRTETH 5.

BHEMA SMREDNA B X7 4 )V ARNA % 1l
DA NVARNAFIEF v M2 H W CHEEBHM L, @i
B O ER S SOGY) % $58112 L € multiplex PCR i
EERM L. REOREMEWE =207V —TIZX
7L, A<ty bMidDiarrheagenic E. coli%, Bt v bt
Salmonella spp., V. parahaemolyticus, C. jejuni B & ¥
C. coliz, Ctv MZC. perfringens, Norovirus, Sapo-
virus 8 & ¥ Astrovirus 2 & L7274 ~v—+t v |
L7z iSRRG 45 Fhl & 5 15 FHH A
M LIRS, WP Th LEAED:DH SV id monoplex
PCREE A EZEIT R L, 1ZITFEO KT & Fr RS
bz,

ARPI LA 2 & BAR T F T & 6~TIER T
TTEHZ NS, APHEERBAEDORER ) —=
VIUBAREE LTHRITH S 2 LSRR S L7z,

3% [
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