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B EIL, ZORR L DFFERS A EEHITERS, EhOENIZER KO
HHEL 723560, £ ORIFEIRDS B mIZESR L TR EEL ZNNEIENTY
BIRAET D, WFRIXERSEMA N EFERTOHEENOBTICL TR
HEFORAENEIML TS D, ZHUSNZ T, BSOS a—r U Ic kD& 5
BEOBME K ORHERC, A REA BN LD KIR L OKIRO LA A #E
Fe AV 27 DI RIZE 5L T %, World Health Organization (WHO: H S (R BE)
\Z&pe, HFEHFR P T o BADNGRINTRMEZBEL THREL, 42 T ANDOIEE N
FAELTWDEHEESNTERY, BORAIHFIBEOREE/R>TND 29,

BE, Bh#EZ2 5 SRR 200 FEU RSN TWD 9, TAUI O
Centers for Disease Control and Prevention (CDC: ¥&JH % iR Tt & —) Cida
FORKR LD EHR 31 FOWFFRZED TRY, ZNORETHRERD 90%% 5
DLEHEESINTND Y, 205G HIE RO B FITA 40%% HHTRY, Iv'r
NIE—JRE, PVERT BB EE R EAMERNE 0157 Z1XLHed5 15 &
D FEER P ERRIRE RS ZHT O TND, 2011 FICRAVEHLELz 15 »ETH
LT F R LD EE R EAME R 0104H4 OT VRNV A7 TiE, 54 A
DIECHEEETE 3,816 ADIEFIHESLE 9 EWNIZIBWTIL, 2020 FICHE
R OEE TESNIMFEEY 7 2 I X2 EMERIGE O7T:H4 OTURTL AT
2,958 ANDHEEHENHRESNTIY, 2023 FITFHKIL RO HUB AL 7B B
TV NERTBEDOT IRNT LA TIE 1| AORCEEZE T 117 AOBFRHRES
ARV

BHEOTEEOTOITIE, FHBEIE N T2 & OB AT DRI R MmO
HIE A E N EE CTHD, — 5T, kO LI 2 B O L2/ MR O A 5 i

B R s 555 O $970 H ERNTHIE MR A 21T KO 73 R 232 s | 2 BV T,



RAEZATOTCOIITRAE S~ INER LB | RO XL & O LHE8 R
FIAET 1 EMIIBEITRDT2D  RIBWDREITe > TLE), SHIT, HEEERTHE D K
EBSICB O IR FENIELLTWVITHL ST, SR A A2 #7)5
UL, EIRLHITEDOVY —AB RO TWDIGENL N, TDT | MBEIRRFHI M
2T CAIB R A 2 T & D /N THAT Rl E 2SS E A A L7z TR IC &
R R K AR CELHIEOEEE N ML S TND T,

BRI RE OB K OVERICB WU EE, VT A A LRI AT — P Y
J& (Polymerase chain reaction: PCR) V£ <Cl% 32 i & 70 9% % 45 | & (Enzyme-linked
immunosorbent assay: ELISA) {£72&, 882 < O HIENFFRIIL TS,

BB EITRD <O HWLNTWOMAD AN 32 7 ETHY B 2IED
O B R TR B A L S L 7o B LS BRI S AL TR 2T Escherichia coli (E.
coli) 0157 DY NER—=NVIERIETHLZEEFIH LI LV EN—)L vy F—
(Sorbitol macconkey: SMAC) Z& K15 HI°F8 Al 28 I L 7= CHROMagar 511735
BRI TIY, E. coli O157 LZNLISO KRIGH 728 2 HIZAIZIVXRITED,
—Ji | AR R AR E TP A T 5 A0 Th 5 10, @ | 28K HE
IR LR & A R B R TR TELREZDan=—REMRSNDE
T 18~24 Bl b5, £, B PITIRAL TOD R0 £ H 5 I K 7 246
T 572012, HEEE R, D BERT R MERRET R LTS O TR AR DM BN HHY;
Bl EHICHEEET S,

B ITIRAF LRV TE GEEERRTE) L LT VT L Z A PCR {EZIILOHET HELRE
BHFENMEASHTWS, T TIZ O HLE 6 o g% H it K E
(Enterohemorrhagic Escherichia coli: EHEC) Z [RIRFZE & TEAHLH72~ /LT Ty

AT VH AL PCR 1L EHEC B ICBIT AR — =0 kL TE IS TVLA 12,



— RN Z DB SR R LR P AR o TV %728, DNA filtth o7z
Y HAIAR—TarR PCR IREMEFIZEY RISHRT 22E03825 1,

ELISA %13 U &3 508 I E 15 CLIE 32 HUR O R BSOS PEIT R F L 72
i REIFHT LN TE, R SR E I 52 L8 T& D, DebRoy HORRESTIE,
HLOEHFOEETRRICETL7 08 % 10~50 pg/mL OFH FRE CHHET
EHEMESNTWD B, ZOMORIERIEELL TL, $iikET 77 2k 12 [E 4
LU, BURAFAE FCTT v/ AR ES T L2 TRIZTTHI 7R 19 O R 5
DF=HIZ ELISA 2B T AM I a £ L E ) Dt e R ~EL T LTZ Enzyme-linked
fluorescent assay (ELFA) {EH A S CUD 19,

ZNHOIEEEFEIL, B O A Z D T2 EBREN TORIENLETHY | Kk
RERIS R B FEEDS L ECTHLEOMENH DT, FBrES BB LY
(On-site: AW A1) TRIICEPERKEORHEITIZLITELW 1Y,

AT T NARZ, BRSO T A E M E LT 5588 Bic~ArnRxr—
DFEFEERLVIAIR Z D PEER DI TAL, BB KOG IR T DL T v 7 BD
TIARATHD, TOFFELLT, DB L ERRBCRIEDO BNV (Kt~
A7alyMY) | 2) fEREFONDETORERIAE N (s 1 REHIEIA) | 3) B
RT NARZTONRAFT AP —=ROVRATZARPL TED, 4) BAEDETHL, 5) VAT L0
NI THDIZDEEAT A RERL DO EERITELENE T N5, TDOH AN, A%
fEi A7y B 1618 RSy 1920 28 TS SRR S I TN D,

ABFIETIE, Bl HORRMERL 3 3 %<, v AV IRIE T A AT ORI L&
T EEFRIK EZ X GEL T~ A7t T A 2% N =2 7 JiEORESEE 1T -
2o H—E IR EIREE OB ~D~ A 7afi g7 /S A 2% W 5 LD G
EHERT DD, LEAROERY O E. coli 0157 HT DE=X) 7 J7iEOHESE%
1Tol, ZORERAB LI, B - ETCIHMERERO & HRREOM A B fEL T,



TR %557 B (Immunomagnetic separation: IMS) A&~ A7t T /A AEH G
OETEAFD Salmonella Typhimurium DE=ZY 7 FiEOEGR | 5 =T ClX
BHEFEOR T ERIRE O MEZ BIEL T, VXA D E. coli 0157:H7 & Salmonella

Typhimurium D [FRFE =2V 7 FEDHEGE AT ST,



A
F—E RPERREOET=FV T HEOEE

E. coli 1% Kauffmann HIZ8->CMIERICLD 5346 2D M ThiuTiy, BlfEIX, O
PR (ERR Mg DOVRZHE AT o= =) 184 Fi¥H 22, H HUJR (=0
PGS X)) 56 Tl 2 [T FESN TV D, EDIFEA L IIENICETEST DI
JFHEDHIEE THDHA, E. coli O1STHT (T LT W FLA ML R, B A4, &2
FlER T EIEMED a8 F (Verotoxin: VT) ZPEEL, fieh 7 & 225 K 5
DEDEBEZ BTS2, E. coli O157:HT IZ BB D720 TH R D IR
SN TS 2, FOEARCRKREFFILRE O— BT R AT NE N ESNT
WHRE SR D E. coli O15T:HT DG YL, B4 72 EHEC 73 & IEL TUW\HEI D FE{H A~
OMEBEZ LT FEOBRCI LRICEZ 2B 2 B TND 58, Fe 4020
O DFERZ B OILEIE L TR 328 BRI K B H R END
ZEbBD Y, LA RIRE DAERER S ~D 57215 Y% (Cross-contamination) (3, IXFEH% D
Do RO, RN T FRERRZ N L TR ZHZEBEH TS 279,

B KOV T D E. coli O157:HT O H K OVNRIE VL, £ i H DM 1A 2 1 TR 15 1
THiEL, PCRIEZMWT VT Bin 1L O JiilBI DAV — = T RAE M T
%3, 27V == TRERDGHEDO S AL, S HEEEE1TO70  FEET3 AL Ea
F 5, D7 R T EDHELD KO HIL TN D,

AREETIL, E. coli O15T:HT OB A L ANE=F I T HIEOHEEDT-DIZ~ A
IR T A R AW TG 24T o 72, BanlZid E. coli O157:HT O—R{GYDE
TNELTHREMA LIz, EBIT, FRREZ N LI ZIKIGEROET VELTLZA

L, v 27aiiii& T AR Z AW O E. coli O157:H7 DEBHE{T-T-,



[ ZBA B 1]
=Y e
EREREL T E. coli O157T:HT (VT &in 1 KKK, ATCC43888) % ATCC LY
HEALT, KEEYAE = I BA L - H ATV 2 ANEH (X A=, HARTLIE) T 37°C,
200 rpm T 12 FEH LA BIREET R LT, 538 L7 E. coli O157:H7 1% 6,000 xg. 3 47t
LT BERATUN, DR 1 AV o TEAR AR PR MR 7K (Phosphate-buffered saline: PBS,
B L7 AV DR [ZFRRRE LT, 2R T OB EEZ VT E. coli O157:HT7

DIEBZAT ST, U 7Z0M B e B I AR | AR D BRI LT,

T AN —HiEEEE WL Z 2 O MEE D [E]IX
LR AT KPR TTNODA— S —~<—4r hCIEALT=b O i LTz, L XA 5 g, KB

~ 7R 7K (Buffered peptone water: BPW, Becton Dickinson) H1iZ Tween20 (& i
J¥ 0.02%, Serva) ZUSHIU7-3 i 5 7+ BPW-T 1A% 50 mL SAME R E AL E.
coli O157:H7 ZWKEE W 77 4V H— &A=y 1 — 4R (AR~ 7 (/L% — NEO, tb
INBFES) NICTHREE L, REY T AP — (Pro-media SHIIM, ELMEX) % FVC
1 DEIARESF AR LT, AR~y — 8O 7 )V F—Z@ild U Bk IL B R B
—ARA—RAT VLTV — (FLEE 0.2 um, [BEAE 47 mm, HPEJERK) 2 AV CAR

L= AT VLo 72— FICHE LTI 3 mL @ PBS (2L, sRBRikE L7,

2 BrfgiR Doy BEE 2 VN A A R DM R D [EIUX
FRIFRIRTNDA— R —<—7 o hTREALTCO O LT, A O D

BN TRFFE DS 3P 2t B L TiT-o7=, 2B/ 25 g BPW-T 50 mL. flE 2
ZHILTZ E. coli O1ST:HT ZIHEF AN~ w71 —4ICAI | SFHIAREY T AAL

Teo ARy —ROT 4V & —% @il LT IR 2 50 mL ORY 7 me’Lr (PP) 5



2—7ZHED | 170 xg. 230 xg. E721F 520 xg T 10 4y LAy EEL7-, =Dk, -
IHEHTLY 50 mL F=—7 12 A4, 9,170 xg T 10 57l Doy, 2oL vk

% 3 mL @ PBS |28 L, iR S LT,

HOLERIEE 2 HIV T O E B

Ty TIRIRICIIT G 7 V7 2 (Bovine serum albumin: BSA. & 7 AL

LFEHIEE) A PBS (SRS E T D (R IR BE 12%) 2L, BRI AL 0.2
um D7 VA —TAIEL TR 2R E LT, LA AL LT FRANG RN L 73R8k ik
450 uL % 150 uL O7 myF o IR EIRAG L, |IRIEATICT 15 40 A 2 FaX—h
L7, ZD1%, 2 ug ® Fluorescein isothiocyanate (FITC) %75 Anti-E. coli O157:H7 Ab
(polyclonal, Bactrace, KPL) & /i1 T, IR T 15 /MY taliz, Yeta L-HiE %2 2a
RUB—RA—RA T VLT o — (FLEE 0.2 pm, EAE 25 mm, HEEREMR) 2 VWV C
AU UTAZ IR K T 2 BIYEE LIz, 74V F —Z fRL LTt s et ~—Tar
F AV (Olympus) TH AL, & GBI EE (E-800, Nikon) Z W T, H AR T
(Nikon B-2A cube; Jilif 7 1 /L % —EX 450-490, #7014 »2737—DM 505, WL~ ¢
JLZ—BAS520) | 528 100 {5 D512 X (Nikon) THREEATTV, FOIV B IV Y

U O IT -T2,

< A7 T I SAADVERL

~AIaR BT ANAZADIERITOWTIX, 74NV 7T 70— H % AV, Figure 1

IR T HIET o7 339, Varvyzon— (F w7 — X A7) — B 76 mm,
JEEX 380 um, BT v 7)) BT 45 mL OFRHT 47 74P RS (SU-8-50,
Microchem) Z AL, AL 2—4— |-7C 6,500~7,000 rpm C 30 £V, 8,000 rpm T

| DRSS T, 2Ok % NEHERT 2 23— (ST-110, Espec)



ZHT 65°C, 1 2NV 721212 95°C THNZAL T SU-8-50 Z#i{bstiz, ~ A7
WA T D~ A 7 il —ANTEH DT 4V AICHIRILTZH D (T4 v b~ 27 K
WA —b ) BfH LT, ~ A7 T I — T2 E (M-1S, I 9) ZHNT
IHT AT THN P AMS T —R T2 ary moN— I A7 afii i/ — L w R G
L7-, SU-8 developer (Microchem) Z VN CEUR LI= 1212, AV 7 03— (& L7 A
IV BFERIER) 2 T 2 [P 21TV, RS,

Polydimethylsiloxane (PDMS) prepolymer &A#{E7 (Silpot 184, BL X o—=1~
7) % 10:1 OEIGTRAEL, HoIH IR LI, B2 FCTHLALT=, Prepolymer &
Ma, ~A7afiiig 2 — TV U ary mon— BIZHLiIAZ, 130°C T 80
LS, kg, Vs voon— Eb PDMS L7 UDEIIAL, ~S—/3—
R F (EAE 2 mm) Z VT PDMS LU BIZT 78 AR — B} 7-, PDMS L7
U ETSR—=HTANEO B/ 3—=HF A 24 x 50 mm, IARAY T T.3) REIZT TR~
7274 —(SEDE/V, AU 74— A) AN Ty F o 7T UEE{T\ N, PDMS L7 U%
ENN—H T AEREESE T, N 1 mm DYV F 2—7 (ARAM) &% PDMS L)
INZEOFHS, S V3 F2—T7 EO#EEHEIZ Prepolymer 1A W2 AT LT 120°C,
40 4y EIINEAL CREE R L S E 7o, FEREfl By 220 E B ST (DH2, =A%) & H
WT A7 ORERSEZRIEL, 15 £ 1 pm DL OE~A 70T /SA AL L CER
WL,

~ AT ¥ RV OWEIE 15 um, 1EIEL Mixing zone | (i 500 um) Z RV NT 100

um & L7z (Figure 2a)

-10-



1. Fabrication of negative master

Light
Photoresist 1 1 1 1 1 1 1Photomask
S = —4
Apply photoresist Expose to light

Silicon wafer

|:>

Development

2. Fabrication of PDMS microfluidic device
\ ﬁ

Negative master Pour PDMS Cure Peel PDMS
Plasma
| | ]
X
Etching Glass slide Bond to glass slide

Figure 1. Fabrication scheme for PDMS microfluidic device by combining negative

photoresist and soft lithography.
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(a) (b)

0]
Sample
Inlet A Inlet B
i T
1 e ) | |
I L !
1 I ': .
. . | ]
Mlxmg : {‘ 1 : sample+ dye
Zone : T | : Sheath Sheath
I K ] I
I ) !
l I [ I
I _ I
|________4________J
N it i :
Detecting! @ 15 @ |
;  InletC i Inlet C |
Z0one I 1 (111)
(111) I
[ . A \
-i Flowing
. bacterial cell
Outlet
(c) Sheath fluid Sample, Dye
Wiy 17/ i VZ
—
Objectivelens | _4_=:’
=
Light source < =
(7 Pump
= ‘ / Dichroic mirror
battery
Detectionfilter
| Laptop |

Figure 2. Microfluidic platform for rapid and continuous detection of foodborne
pathogens. (a) The width of the channel is 100 um, with the exception of the mixing
zone (500 um). The depth of the channel is 15 um. The sample, fluorescent dye, and
sheath fluid were injected at inlets A, B, and C, respectively. (b) Images of on-chip

staining and counting of bacterial cells. (i) Samples and fluorescent dye solutions flow
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separately and are mixed in the “mixing zone” of the microchannel. (i1) Alignment of
sample flow by the sheath fluid. (iii) The flow of bacterial cells in the “detecting zone”
of the microchannel. (¢) Scheme and photograph of the microfluidic system for rapid

bacterial detection.
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2 A7 AT LW HE O EE

T AN —DIIER 2 B O oy BEE A O TR U 7oA iRk A . BSA IR B
6% TR DINTT myF TR E 11 OFEIG TIRA L, ¥ —ARRIZIZES K CR
BHREET ) 2 HWz, IRIZ, 7 ey 7 Lol BRI (Figure 2a Inlet A) | d26
LA (20 pg/mL @ FITC #27#% Anti-E. coli O157:H7 Ab, Figure 2a Inlet B) , &L O —
A% (Figure 2a Inlet C) % 100 uL DA A3V (1710LT, Hamilton) (2 FEHEL . <A
IORHEEL AT DINEL TWDI DR T ANT, 770 Fa—7 %ML T~
AT A ANZEA LT (Figure 2¢) o Al aBRIK & a CHUAR O FE T 0.025
uL/53, ¥ =R DFEEIL 0.005 puL/7y THIEZIT 7o, v A7 N Z iR D Yt
SNTMEE A A4 — R —P— (K 473 nm, H77: 400 mW) (2L 55 (bt
TR ST, BAHURD L 7T VAR 3572012, JEH 8 LB SE
o744 —71v7 (0lympus U-MNB2 F=—7" Z A 7142737 —5201F WY
T 4VE—500 THER) &~ A7 afit s AT ANIZEO AT 72, %L > X (UPlanApo
40x. B 0% 0.85, Olympus) 238 L C, CCD 7 A7 (WAT-902H2, V7 7)) % T 1
P T NBTED 10~15 ZrfHl~ A7 ik T /3 A AN D Detecting Zone (Figure 2b-iii)
iR UTo, MR 7 b0 =7 (MUGARNIATBOE N RIREZEBANAF ST 75 R
S LIV ) ZHWC BT AR ORI A LERL . BT R e, & AR R
BRI O E. coli O157:H7 JRFEIZ, 1 47 [\ Detecting Zone Z AL Ml E a~ A~

P T S A RN IE A LT R BRI O i i TR L TR LT,

T ENT
T RCOT =X, D7ty 3 DO LI ERFE RO HME + B R =
(Standard deviation) &L TFR/RL7-, HEEBRIT LV — MO IA EMEZ.

Student’s t-test Z FHWNTHATL AEMDOEAELL T p<0.05 2 Az,

-14-



3R]

<A 7T A A% H Tz E. coli 0157:H7 DEE

e x T~ AT A A% OB R Y AT LOBRFE AT TR, v A7
P PN O A P O HE YL SO 21T on-chip Y~ A 7 it B 7 7 S A 2% [
FELTND ), ZOT SAAX, Inlet A JTVEOEHUAZ | Inlet B LB RUBRIE 2 251K
J5HZ&E T, Figure 2b- 1 TIE3 0L TR R 75 Mixing zone (2B W TR S &
DS TC, Detecting zone @ Figure 2b-1ii CHt A F 3 DM FE 2 M T 5, £/,
Figure 2-¢ (TR T IV DR T HEZOIZE R ERP A=Y r =AY A XD
DIEITAIRETHY , R —F T N Ry T V=% T 5L TSN CH T A 31
PN AN TRIEZ TERE TE D,

~ AT A A AW TRETO E. coli 0157:H7 ORI L OVERICET 5
i

E R MER LT, ~ A7t T A A% AW TEOLNTZ E. coli O157:H7 D E &

SEATORNT . B AR HE R 7y & & FARWEEE EAL D E. coli O157:H7 % AW T

Tl

fEEHOE M W TEONTZ E. coli O157:H7 OE BAEIZITE\WFERIMEABY
(R2=10.995) . 2.6 x 10> ~ 2.2 x 10° cells/mL DOHFIPHPNIZIBT, 2 2O HETER
L7zt Rl LR 55 T o7z (Figure 3) o AR EEAMEU Y 10 cells/mL LA FIZIWTIEAL
£ 0.2 um TANZ—TOABEITV, WU E £ TRMEEZITOZL TER R TS

72,

-15-



107 I I |

Y = 3.1239x0.9121
106 R? = 0.995 4

105

104_

Number of E.coli O157:H7 determined
by microfluidic system (cells/mL)

103 1 1 1
10° 104 10° 109 107

Number of E.coli O157:H7 determined
by fluorescence microscopy (cells/mL)

Figure 3. Correlation between microfluidic counts and conventional
fluorescence microscopic counts of Escherichia coli O157:H7.

Diluted E. coli O157:H7 suspension was stained with fluorescein
isothiocyanate-labeled anti-E. coli antibody and counted using a microfluidic
device or fluorescence microscopy. Samples containing 10° cells/mL of E. coli
O157:H7 were concentrated 1000-fold by filtration before counting, samples
with 10* cells/'mL of E. coli O157:H7 were concentrated 100-fold, and
samples with 10° cells/mL of E. coli O157:H7 were concentrated 10-fold.
Samples containing 10° cells/mL of E. coli O157:H7 were counted without

being concentrated. Error bars indicate the standard deviation (n = 3).

-16-



LEZR OMERF D E. coli 0157:H7 DEINECEE

ARETHWDEGMITIL E. coli O157:H7 1285 —RIEGDOET VELTHRE, &
IRV R AT LT —RIG R DET N EL CLZ A% Nz, A 70T /S A A
FROCTERERKREOEBEITHOIE, WO B EEE00/ 5 H AR5y
O HFHEINCL DR EBLT2DIZ, v A 72l #E T /S A AN ~O R it B R A HERR

FORNEARIRS DM E R DD, AT TIL, E. coli O157:H7 Z R AMIZIRINLIZ#IC
TANE—HIIES LE 2 Bl O oy BiEEZ T TR L R RIERL 7y DR E 21T
W B ERA FHE L7,

L A% W ClE, IRINLTZ E. coli O157:H7 Z4L£% 0.2 um O7 4V H—%
R TR ORAEL 721212 FITC fFRakbris chefal | s s W CE &L
7o LHAS5 g129.6 x 108 cells D E. coli O157:H7 ZEMLT-EZA, [BILRIT 84 +
10% CTd->7= (Table 1), 7z, #OCTAMEE G TITHULD £ dh HRICHERL 73 ~ DI
R ARSI BLER ST B OB L7 B L5708 M2 56 975 A b FR SR A i oy
ZRETETNDHIEN I3 > 7 (Figure 4a) ,

Table 1. Recovery ratio of Escherichia coli O157:H7 inoculated into lettuce or

beef samples.
Food sample Number of spiked cells Number of collected cells Recovery ratio (%)
Lettuce 9.6 (£1.2) x 10° 8.0 (x1.1)x 10° 84 (£ 10)
Beef 3.0 (£0.2) x 10° 2.7 (£0.4) x 10° 90 (+7.3)

Results are the mean =+ standard deviation (n = 4).

EPRNIL A AL U TR 2072 & D& L B SRR HMERL 10 D3 2N 2D, T4V — 5
WEFTHOLHEEFVAREILTLEY, F0728 ., 2 BEPEDE LAY BEAITHZE THRND

-17-



E. coli O157:H7 DR ZR AT, FT1, MEZ LS TR E 728 50 H kA HE
%53 A BRE ST 57280 ORI L7 BERF O A fR gt U7, 2R 25 g 12 3.0 x 10°

IF

cells D E. coli O157:H7 ML | Kz 053 B (170, 230, F72iE 520 xg) 217721
(2. E O AT BE (9,170 xg) 1T o7, ENENDEODBESIEIC TS E. coli
0157:H7 OEIULEIL 91% (170 xg) . 78% (230 xg) . 77% (520 xg) ThH-o7=(n=1), &
HIEUERD @D TR 2 BRI L . AR OB Tl RdiE Loy BERF O 11T 170
xg & W TEREIT o7, TORER, FRIZEBWTS 2 B E LaoBHEL WD e
T 90 £7.3%EEVEIERT E. coli O157:H7 Z[BIILCTE7- (Table 1), F7-., 5 CEAM
H R Tl IE DL L7 X570 8 5 ORI MERL 53 O FEFF B 7 Y o | TR S
727 o7z (Figure 4b) ,
INDORERID, 74 Z—Ailikb LI 2 Bep i O BEE A VWS Z & TL 2 A
ORI D E. coli O157:H7 % mzh=-IZ B CEDL LN G357,

a: lettuce

Figure 4. Fluorescence images of E. coli O157:H7 cells collected from spiked lettuce
and beef samples.

E. coli O157:H7 cells spiked into lettuce (a) or beef (b) were collected using a 0.2-pm-pore-sized
filter or by centrifugation. The collected cells were stained with E. coli O157:H7-specific fluorescein

isothiocyanate-labeled antibodies and enumerated by fluorescence microscopy.

-18-



LVERR RO E. coli 0157:H7 [EIIERI R B/ 7 7 T0 Rl H O R E
TANH—HiEER 2 B O BRI XA oI K ONEME X E. coli

O157:H7 FFEARE D TR | — M EFED /Ny 7 7 T7 U ROMAED b IR
ML CLE), 20T G OMME DT T 5 B F a0 328 e hiiR O I Fr
BERFE A E PRI E 5 2 DRtk d D, £ 2T\ E. coli O157:HT ZiRNL
IRNGRIETLZ AR OB MR ERAT 572 L 24 HOLHUIRE IV - BRI SR
ZETIR, LEAR OIS B FEOEIE T DMED #0300 HUR O e B 7o

EIIRNZED RS T & T2 (Figure 5)

>

a: lettuce

c: control

Figure 5. Influence of background microbiota in food samples concentrated by
filtration and centrifugation.

Fresh lettuce (a) or beef (b) was mixed with buffered peptone water supplemented
with 0.02% Tween 20. The suspensions were concentrated by filtration or
centrifugation. These supernatants or cultured E. coli O157:H7 (c) were resuspended
in phosphate-buffered saline and stained with E. coli O157:H7-specific fluorescein

isothiocyanate-labeled antibody, and then observed under blue excitation.
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< A7/ T SAZRE WL ZAR RO E. coli 0157:HT DEE

TINETHRFILEI T k% | EERIC~A7afils T A A% AW CGEfi&21T -7,
TANH—=HIEES LKL 2 B = O BEHEE W TL AR R O IVEIIRLT. E
coli O15T:H7 &~ AV il T NAATERL, @ EBMBILV SO E B E L i
Uiz, ZOFER, ~ A7 aiiilg T /A 2% AW TR L 72 8 Bfl & e BEM S A
CEHUL 7o & I B AR 2213720 57 (p > 0.05, Table 2), > T, ~ A7/t 7
NAREFANTULH AR RO E. coli O157:H7 ZZhZRILBIL OVE & TEHT
EMGT T,

Table 2. Numbers of Escherichia coli O157:H7 cells in lettuce or beef samples

determined by fluorescence microscopy and using the microfluidic system.

Food sample Microscopic count (cells/g) Microfluidic count (cells/g)
Lettuce 73(*12)x 10’ 8.7 (£2.0) x 10°
Beef 1.1 (£0.2) x 10° 1.1 (£0.6) x 10°

Results are the mean =+ standard deviation (n = 3).

F72. E. coli O15T:HT ZIRAINL TWRWL-Z A K OV RIS [FER IZ EI R EAA TV
~ AT T NARE HWVTEHIL7ZE2A HIFE L8R 2897 7 i
Eh7phro7z (Data not shown) , ZAUSEY Ny 77 T0 L RO R~ A7l
BT A R AW TR B2 RAF ST A RO AN E. coli O157:HT (ZFF 541
THHZEN DT,
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[Z£]

AREETIE, VEAAR OFERIZESINLTZ E. coli O157:HT %7 4 V2 —Aia1ES LI
B s DAy R IZ KV N L, A7 a7 A A% W TE a1 T o7, A
D E. coli O157:H7 OEMLE 30 57, ¥ A7 0ifi#g T 7S A 2% U2 E Bl S 30 43 T3
METEI=72, G 1 RERELINICR S T D E. coli O157:HT DE&EEITHIZENTET,

W RO E. coli O157:H7 ORMAIZIT EITHERIEZ FLELTFER VG

TW5, BinH D EHEC O HIZI T, [EFEAIIZIE International organization for
standardization (ISO) 23MERL L 7= ISO/TS 13136:2012 (Microbiology of food and animal
feed — Real-time polymerase chain reaction (PCR)-based method for the detection of
food-borne pathogens — Horizontal method for the detection of Shiga toxin-producing
Escherichia coli (STEC) and the determination of 0157, O111, 026, 0103 and 0145
serogroups) A HWHILTEY, [EWNTIX ISO B2 TTIZ/ERSIT-HE D BHEVL
TWD, ZO AT mEC 55 A VT 22 +2 REFIE R B2 41T > 7-% (2 DNA filiH
ATV, YT VHZA L PCR EZ AW VT Ba FRRHEBRA Y O HUEE 1 H
AT, £ D%, BHERIRIT G U TR o MF R TR E 2179, £ D720,
HEETITNE 48 BFHI LA L2 b2 L%, T DITEEITHK 1 B LR SV 1iud TH
T E. coli O157:H7 DERZATOHIETHLHIZD, ERO— RIS TV
DR IFEDRNIATY E. coli O157:H7 DIRADH A BT 51D DAI)—= 7
EELTH AR HIETHDIEN 3ol

ARFETIEL, BB OMEORNUZIX, 742 —AImiEEIT 2 B E L5y
HEEE T T o T2, 7402 — AT ORI A AZe 5k 363D Tho,
FEATHRSE 3 (2B W T A K P O RERIHERS % LB 3 um DT V4 —H
WTEWBRWZ8212, FLER 0.2 um D7 4 V2 —% T Legionella pneumophila % 7]

T DD\, Al B S SR ACHERL 70 D/ 7L 2 2% W TR R
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BT, LB 02 pum D74 VZ—Z FWTE G I THE Z [0 Qe 2282
T&Tz, — 05, OB B 5 ORI Sy D A TR Tl AL 3 pm D
TANHE—FEFANT=ABIZHEL 0.2 um D7 42 —%HWTE. coli O157:H7 %[0
T 25 AR ThH, FRBSROFHEK DI E > T4 2= I HE £ %
FZLTLEW, 7402 =512 2 BRI LA A bbb o7z AR o /|
K E QRIS T V2 — S E OIS N R EETh o7z, 22T, w0 B
TFEITAROEA 3 SFHEE AT TH YO THHOVLILTWAIENS, AETOH:
WD E. coli O157:H7 DRI A~DIE G ZF LTz, AR3E (170 xg) Tl Loy BEE1T5
L TREARRMER ST 2 FREL ., EE (9,170 xg) T Loy TH 2 & CHIE 2 [HIX L
72LZAH PR OMEZRILKEINL, ERTHIENTE, T4V 2—HIBIER
2 Beffim OB, MBS T2 PR R RMEAFI L7 IMS D LH78 051k
LT R MRS Ml 2 e 235 TR D 72N 28D i W ISR TR 1T
2 [FIC&D, 2D AT BRRER 2 R RO R T R FINFEE &
oM A T 2 BB LRI TOMEAIZHEL THD,

2d ARFZE TR A LI DA —I3 17 kg 722858 BRI/ N2 A
HEEZHNWDHIL T, ZEEOEW S E RIS Cho ThMIEEITIZEN TED, £
NREHELWG ST, B2 LI ANy I —RERTEILKFLHBEINSELHIE T &
R AT EL TODE P ERKAEZEI TELEE B,

AR T AT LOJRIL, FURPURRZ DN TR G E DM 258 L HiA T
T QY TV, ZOHR AR T HZETRGET DI O F Al T 5,
WA T D7D ITII RN A Y Tl B IS A TR T 2 E R D DT | T
THOCBEMEECH T L — N — & — T — P A M A—F — NN BE LD, AR
AT LTI~ A7 T SA AP ETNDME DT DA T D72 I3

RL—— WHT 4N H— CCD WATHENB LT —Z 7 WV e AT 2%
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ML TR, A7 i T A ANEZ RN D R B ST 2 B D LTV
Do ARBFIELIAMTE . ~ A7 ST 3 2% T il TP O M k7 5B 45
WMENSNTEY, Wang HiE, KW H @ Salmonella Typhimurium % CdSe/ZnS -
Ry NCEE R L7-tiRZ W T~ A7 a7 S AR ETRHRIHZIT S T8, KR O
LPRIZ 12 R UL B2 L Tnwg ), F72 Diven HITFHAFT D E. coli &
Staphylococcus aureus D TEEZ~ AV AT /SA A ET{To T LIVE/DEAD
BacLight Bacterial Viability Kit Z{# ] L7 IERF A2 HTh o7 42, >, 5
BETLIZ FIER NSO L el U CE R, Fr RSV B DEN TWD DL

AT,
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BB RRERORTERREDOET=F) T HIEDOHE

HATRUEREOLIC, BT CHMLIEREEASNDIA ERERER ML
HICHETHZLICEV AR FA G SR ME Cik, AR EERRAEIC 10
CFU L EOEEGIE SN LEESNTND P, — T, BihEEHITHEIE -
BE N THITEL TR REAE T DA FRERIZIVIIET D E. coli O15THT <0, I
N THIRLIZE ARG E N TR Z S [ SEZ TV L EXTRE S RN
72— BEITHRL T EOEBIEHICB W TO R FENRNLTHIEN 5> T
W5 W —ETHWE R EIR R E O R T EE, BIDGREE F TR R
FERE ST DT EMAIRE CTH D — |, FEFFRAREIN T IETH D720 | AKIR IO M B
7 E B D BRI M A E IS Lo TR HRAHE D B IRMESILTLE W v A 71
BT NARZLDEEOL T 72D RN G570 VD EO R ERIKE N REAL
T B OF=ZV T RRNEIZ 2D ENB BT, D72 | BT B % = E
TELIDRL YT E TR SRR HEL 3 A BRE CTEDL T EDMETH D, Fio, H
— AL 2 Be i O A AL, st DAy BEA1TO %A1 50 mL Ofh kA
WD FHIEOREELW R O LB LE Th D, D720 KO
FREAE LV A A NI AT REZR M B ORI T IER LB THLHEB R T,

PAERTRE T, BFEREEEL TR —KIRFEFEIEDOOESTHY, Jeif
DERY, EAD BOBREICB TR T ENRAET L, VLVEXTEEH DK
U RO Z DY LB R TR ISR P CAERMIKY 9,380 T ADEREBEL 155 A
DIEF L TS D) Salmonella Typhimurium (X H/LE 317 J& O H Chieh <
HEINDHMIFROOESTHY, FEik LEOH 2L SEETORFHDOT UL
TV AVEBIERLIL D 49, Salmonella Typhimurium (Z& 258 HHFE 1T EIINEA
ARF372 AL OE R, FLEL FRICAEIN OB IREBIE L TR, YL HEI8 8 it
R MEIE, B, MR, A &I P,
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KRFETIX, BT D Salmonella Typhimurium Z4HFRAICEIL T 572012 IMS %
AL, &5 B RAHER S &I ET D7D EEAZ A LT, BTz
Salmonella Typhimurium %, ~A 7Bk 7 A2 HNVTEREZITV, AHFEOK

T BEIR OO A B (ST E Y S VT B i a3 2 S MR AR AT L 72,
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[EZBAEE 5 1]
A B A}
it 3 & #k & U T . Salmonella enterica subsp. enterica serovar Typhimurium
(Salmonella Typhimurium, ATCC14028) % ATCC XVWiEALT-, KEZ N7 F 77—
£+ A+7 A& (Becton Dickinson) T, 37°C, 200 rpm T 12 Ff]LL EIRZET R LT,
578 L7z Salmonella Typhimurium |3 6,000 xg. 3 77 il Loy B 21TV, P % 4 PBS
(B LT, T D%, OIS A V2 Salmonella Typhimurium O E &217-

724212, PBS % FV T B M i 5 B L A B L . LA D SEBRICAE I L7,

B it FBRIR D R B
HRIIRRTTNDOA— 3=~ =Sy NpBEEALTZb OZE LTz, 3B 25 g, 50

mL @ BPW-T, M O R 2R L 7= Salmonella Typhimurium % A~ 7 —4&(Z
A, REDF AP =T 1 HRIBRES T A LT, ANy I—1ROT (V2 —Z @il
TG %2 50 mL F=— 72D, 170 xg T 10 2y DBl 72, EiEZ#HLV
50 mL Fa—7IZ AN, BRI —HRR—b AT L7442 — (L& 0.2 pm, H
£& 47 mm) TAHELT, AT L7402 — EOMEIX 3 mL @ PBS ICFIREL .
IMS (ZHWZ,

TIVET VT ERILEEZITOHDIZOWTIL, IMS ZTHERTOEIR 3 mL 2% &
D 5% FRAwV o RPEREETIR (B L7 A L AR SIRES L. 15 A Fa—
[Ny

2 BB Loy BEE TIER, A~y I — RO 7 )V Z —Ze il L7 50 mL % 50
mL Fa2—7 DT, 170 xg T 10 43z 0oL 7z, 1iF% 9,170 xg T 10 43 f#]

EOBEL . XLy a3 mL @ PBS ICHGRE LT,
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IMS V5% FA\ Al B D [E1IY

IMS Z1% Anti-Rabbit [gG LA THREZ = — L7 E —X (Dynabeads M-280
Sheep anti-Rabbit IgG, Thermo Fisher Scientific) 2V 7=, B E—R (3 x 107 ) %
~ 727" %>} (Dynamag-2, Thermo Fisher Scientific) Z v T, 1 mL @ 0.1% BSA/PBS
T2 [\ L., 600 L (ZRRE L 7o, P Lo e —XIZ 3 ug @ AlexaFluor 488 15
7% Anti-Salmonella Typhimurium Ab (polyclonal, Rabbit IgG. Bioss Antibodies) % /)1 X
TRAL. 10°C T 30 23 GRS E RN DI A ZHAE — RS & SH T,
Z D%, 1 mL @ 0.1% BSA/PBS T 2 [HIEf LIz E — X2 BN L 72 Salmonella
Typhimurium FEHRICINZ  F2LNIZFHES 722055 10°C T 1KLL BArF o
—h L7, 7 Ry M VTS E —XI2HE A LT Salmonella Typhimurium % 1 mL
? 0.1% BSA/PBS T 3 BIWEH L7, H1% D 0.1% BSA/PBS #fREL/ZHZICT, 0.1M 7~
TUBRYRWR A 75 uL N2 TRV T w7 AL, RIRT 2 A F=2X—kLiz, £D%
~7 2k ET2 HEEL | SRAOWHIRZEH L 1.5 mL Fa—T 12 AR, B
— A% H N 0.IM 7 =B CAEEL T, 2 [BIH O KA, 1 B H O HiRES
X T, PBS Z T 600 uL FTARXT v 7 LT,

(IR FE S DR B IR DI E DT IR ME A TO % B 1%. IMS OB HRAE 9,170 xg,

rfEhE Doy BEL . XL MG+ T PBS I mSE T,

HOLTRIEE 2 HIV I O E B

B UTToT,

Salmonella Typhimurium DY (Z1% 3 pg @ AlexaFluor 488 #£3% Anti-Salmonella

Typhimurium Ab % FHV 7z,

A YOS S SAAD Ve
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F—EIEC UTHo T,

2 A7 AT LW HE O EE

R TIT o7,
Salmonella Typhimurium DY |23 20 pg/mL @ AlexaFluor 488 7% Anti-

Salmonella Typhimurium Ab % H\V 7z,

WETAEHT

F—EIEC UTHo T,
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[F5R]
BRE—X% A\W=BH D Salmonella Typhimurium D B & 5E &
ARETIE, RPFEERE ORI FIED, FURTURSEZF L TSR e DM
D I B i B RAHHE R 73 B R REYIT/yBETE D IMS IEORIHAREI LTz, 5L
THEMERPEFREITIT, BRI D BELEENLLDOTRPHENEL
KEAELTWLIMEOHMAGDENRSEIOET VELTHEHYEER, BAL

Salmonella Typhimurium % 3%&R 1L 7=,

F9UE. IMS EE W TERDD Salmonella Typhimurium D[RILAFTV N, HE Y TH
WEEE MW TERZIT o7, SHIT, 2 BFgE OBHEZ W TED E =il &
L7z, IMS IEDEIEIL 70 + 9% THY, 2 B Loy BEEOBIEE (69 + 3%) &

B 7E 37272 (p > 0.05, Table 3),

Table 3. Recovery ratio of Salmonella Typhimurium inoculated in chicken
collected by immunomagnetic separation method or two step centrifugation
method determined by fluorescence microscopy.

Immunomagnetic separation Two step centrifugation
Number of spiked cells 4.6x10° 4.6 x 10°
Number of collected cells 33 1.0)x 10° 3.1(x0.3) x 10°
Recovery Ratio (%) 70 (£9) 69 (£ 3)

Results are the mean + standard deviation (n = 4).

Fio, B HRIMER 5 DIR N DOWTEHITL72& 2 A, IMS #E% W2 [EII
2 BERE Oy B EZ O BN E R L C L B il HORIHER 5y (N 7 750 R T
SEIEEIFEL TWDERSGT) DD RN Z A e BSR4 1V 537> 7 (Figure 6)

LLEED . IMS B2 FWASZETHEA O Salmonella Typhimurium %, #<HER% 75 %
PrEL D ORI EITEDLZ LN o7,
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Figure 6. Fluorescence images of Salmonella Typhimurium cells spiked into a

chicken sample and then collected using immunomagnetic separation or two-
step centrifugation.

Salmonella Typhimurium cells spiked into chicken samples were collected using the
two-step centrifugation method (a) or the immunomagnetic separation method (b).
The collected cells were stained with Sa/monella Typhimurium-specific AlexaFluor

488-labeled antibodies and enumerated by fluorescence microscopy.
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TIVLT VT ERALELE IMS 1E2 A S E 7 Salmonella Typhimurium D [A]IY

RV LT VT ER ISR A B E T D BRI — AN IS D B E(RAI T D, AT
FETIBWTIE, BT VT ER LB ZATH & TR 7 R IR B 2 8 E & OERREL
INAF NP =R DYVRTZHARIE TEDL LV AV SR D, E DT BN H ORE % (Al
T BBV LT T R & W BB EZ T o722 A IMS 720 TIEBREN
LD TN PR E LT T DR GONT, ZDT2sD | AV LT LT ER
SLERIZ KD AHERR S bR B R AR T 2L LHI2 IMS Z AW ORI K IE T
AT LTz,

RIVET VT ERALERALIZ IMS Z 326692 /715 (IMS-F 15) 217 WO ENX L 73R i
&\ IMS {ED B ZATWENL U7z BRI 2 HO BRSO~ A 7 i B8 7 /3 A 2% FI
THIEL ., ff RA LTz, IMS ZORBRIKIT, WT o7 ETHEILIZSDIZB U
THZEWTHY, BHL L TOBEA HRAMER 73 OBREISEIT RS oT
(Figure 7) , B CBAMMEBIE G 2 i35 & IMS-F 5% W TR L2 B KX IMS
EOLO LU CH A R SRACHER S & A DD H A R TE 9™, H Al kA
ROy INSE AT R ES N TNDZEN D -7 (Figure 8) , #OGEAMSE A AW CHIEL
72 IMS-F £ M OV IMS BRI DRI Z L35 & £ 77%L A% Tdh o7z (Table
4), ¥7-. IMS-F #EK O IMS 15 W TEIR U 7o/ ik A~ A 7 i 38 7 /S A 2 TR
ExAWTIELIZEZ A BOEBEMETZ F W CHIE L2 E RE S A B2 2130
7= (p>0.05, Table 4),

IMS-F EIZ LD E D EIPHRHE Tl xt5:& 7% Salmonella Typhimurium (2
R TN I T T ROMAEMFE PRSI, BRI EE KT T A RetEnsH 5,
Salmonella Typhimurium Z¥sIIL TN AINE IMS-F 154 W TR EREE 5
FEL ., 5B A O TR L 72 & 24, Anti-Salmonella Typhimurium Ab [ZFEFE
L]

LATHE A LTI A O HH S V-l B | R8T 7en o 7= (Figure 9) , £i2, A7
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R T ASA R O TRHMIEIL 72 & 24 il Lidik S o o7y 7 vidiis i

727>->7~ (Data not shown) ,

Table 4. Recovery ratios of Salmonella Typhimurium inoculated in chicken samples and
collected by the immunomagnetic separation method or immunomagnetic separation method
after formaldehyde treatment and then determined by fluorescence microscopy or using a
microfluidic device.

Immunomagnetic separation method
Immunomagnetic separation method
after formaldehyde treatment

Number of spiked cells 9.0 x 10° 1.0 x 10’
Microscope count (cells) 6.9 (£0.3) x 10° 8.0 (£ 0.5) x 10°
Recovery ratio (%) 77(£9) 77 (£5)
Number of collected cells
Microfluidic count (cells) 6.0 (£0.8) x 10° 6.5 (£0.9) x 10°
Recovery ratio (%) 67(£9) 63(£9)

Results are the mean = standard deviation (n = 4).

LLEEDIMS ERNV LTIV TER B A G 9528 T\ F A HRACHER 0 & 78 42

IZBREL 2D, Salmonella Typhimurium Z %2R LB TELZ LN DT,
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Figure 7. Comparison of collected cell suspensions from chicken samples before

and after formaldehyde treatment and/or immunomagnetic separation.

Salmonella Typhimurium cells spiked in chicken samples were collected by the
immunomagnetic separation method (tubes on the right in panels a and b) or
immunomagnetic separation after formaldehyde treatment (tubes on the left in
panels a and b). (a) Collected cell suspension before formaldehyde treatment or
immunomagnetic separation. (b) Collected cell suspension after immunomagnetic

separation.

Figure 8. Effect of formaldehyde treatment before immunomagnetic separation.
Salmonella Typhimurium cells spiked into chicken samples were collected using the
immunomagnetic separation method (a) or the immunomagnetic separation method
after formaldehyde treatment (b). The collected cells were stained with Salmonella
Typhimurium-specific AlexaFluor 488-labeled antibodies and enumerated by

fluorescence microscopy.
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Control Unspike

Figure 9. Influence of background microbiota in the chicken sample
concentrated by immunomagnetic separation after formaldehyde treatment.

The chicken sample was mixed with buffered peptone water supplemented with
0.02% Tween 20. The bacterial cells in the suspensions were collected by
immunomagnetic separation after formaldehyde treatment. The collected cells or
Salmonella Typhimurium (used as control cells) were resuspended in phosphate-
buffered saline, stained with Salmonella Typhimurium-specific AlexaFluor 488-

labeled antibodies, and observed by fluorescence microscopy.
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< A7 T SA A% FW-EBRA F D Salmonella Typhimurium O E E&1 5

Y AR T A A% ISR EGEHANC I\ BT 2B R B A T
HESIEL 1 R~ A7 a7 7 SA AF D [ Detecting zone | & 1 AVI- /il 45 % . ~A
I T S R TIEANT DA E R BRIE O WE TR L TR %, 2070 MlER
BRii e~ A7 il T SARIEANT DEORHE ST T A7l T N
A AR ZYRNVDHIBEEANE N 272D | & & T FRAEOAR T ORI E R OB LD A
Uy b IRNDHDI, ~ AT AP T SA AR EGEAL DO DIRFEN EARDT=0 | MR % A
W ELTLUED ATREMEN DY | I 3B - O B S O/ N D72 3%, LOARIR
FEDRME % E R CEHEINTT D720, [AUAE BRI 2 F 72 2% (0.025, 0.005,
0.1 mL/min) Tv¥AVRREET NAAFIZFEATHIET, ~ A7 afiig 7 /S 2%
e IR O E ISR T2 U2 R 2 M LT, £ ORE S, WE A 0.025
mL/min DA OHIEIRE L 4.0 x 10° cells/mL, 0.05 mL/ min DAL 4.4 x 10°
cells/mL. 0.1 mL/min ®E1E 1.9 x 10° cells/mL TéH-7=(n=1), 0.1 mL/min LA
DPRIRN I T B IR B O/ N AT 23 L & D FTREME DS RV &5 R, BARE D FEBR T
X~ A7 TPREE T /S A AT T DM BRI & B L PR O FiE g X 0.05 mL/ min T
WEEIT 72,

YATBGEET SAADE OFEE O E ' PHZFF > TODDODFH D701, H/A
(\ZIRNN9°% Salmonella Typhimurium %8/ S TRIURZITVY, A7 BFLEET 7S A X
CHOGIAMEE L W TEREIT 272, 0B ARFHIB W TERIINL - M E UG
CTHRR 67 fEIRMH LUTRKR 10 fEARETWRIE LTz, ZDORER, ~ A7 mii
T A 2% N TRLITE 'L, S#OGIRMER TROIVE BB L SO AEBEPEAS
BT (R? = 0.999, Figure 10), £/, Mg CARA1TOZE T, 3.3 x 10° cells/g ~

1.2 x 10° cells/g DEFAICIB W T ELSER TEHI LR -7,
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Figure 10. Comparison of microfluidic counts and conventional fluorescence
microscopy counts of Salmonella Typhimurium cells spiked into and collected
from chicken samples.

Serially diluted Salmonella Typhimurium cells spiked into chicken samples were
collected using the immunomagnetic separation method after formaldehyde
treatment. The collected cells were concentrated or diluted to an appropriate
concentration before enumerating. The collected cells were stained with Salmonella
Typhimurium-specific AlexaFluor 488-labeled antibodies and enumerated by

fluorescence microscopy and a microfluidic system.
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[Z£]

RETIIARNVLT VT ERLE Y IMS Z0F L7z IMS-F 1E4 VT RN
Salmonella Typhimurium DRI ZAT o7z, H—FETHWZT 4V F—HiES 2 B
w0y B I L IR R A B 2 (B -2 )75 Cdh D DIZx L CL IMS IEHURBL IR
JMZ DWW TN DT D N B R ORI MRy A BR B L L /R LT DM B 4 5 2y
WZETELHETHDIZD , REORED B B OMEE 2 B & DR TE D,
IMS EIZHWAIEARE — R OWTEI T ARRRE A L T DR 7 172 8RRk 2 705 A
TOLORHIIESITIY, DNA OFFHRL ) Offiffasri *9 7pEhk % 72551 TF
I TS, Fo, FOER 0 47 ) o s R KE O EIICHFE A S
TWBHE DRSS, T TIZE. coli 0157, 026, 0111, 045, 0103, 0121, 0145, 0165
(KT D ER R E — XAREN THIRSALTEY, EAO EHEC MHOAEE 2
IZEHESN TS, O BEOGEZ ITE (7 HFME) b iTikSh TWbH7D . B Faiidd
AIRECTH D, IMS EITHIEEZEZ HZE TR R LT 28T HHEREEZ RS ITEZ
HIDFIETHDHT=D R X THEMLIZE. coli O157:H7 X° Salmonella Typhimurium
LPIAMZE T TITHURDHESL SHLCUND Campylobacter jejuni <° Listeria monocytogenes
RETHBRIS A TED,

AREETIL IMS ZATORNIA/NV LT LT ERLERZ1THZE T IMS IZBIT 5 F I H 2k

DIHERL 7y DERED A LRI EDIENTEIZ, BRI ROKHMER S E L TR
HERL=C B2 FREN SR DRI 53 13 2 HiD, IMS O F TIEARMER 5 23 78 RITBR 2
TERDST-DIE, KHERR ST DHE S LI R e — AR IR BRI L CL
Folled IMS DA TIIRE TEFICHLBMBE THESNIZLE A BLND, BV
L7 7 eR (b5 HCHO) (3 HIfR o0 [ 2 (2 S o — iR 72 BEEAL AT THY
BN TEHRDV S TAXZURVAT A L NS Te T BERIGL, AT r—/L 3
IR T DIED 303> TS, RIFZEIZEB W TUIRNL LT LT ER PR HER B L
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ITMEIME LDV LG 52 TRMOIEEM AP FS I, #EM BN %
XD LT DIERF R EER N9 E-T-72 | IMS TOBREDE S o7 E 2
HIVD, A SCTIERHER S DFREMBIFIE L TR LT LT ERUL AR EL T
WS AEDCHEERIE L TEHESNA T NV ZILT LTRSS T B hy AR ) — L7
EGME T TE L AREMENH L0, PULADFE B T DHURDZ L B HEL A EE T
LEIAIREMED B DT OIEE N B T D, AR T IR LT E DIRHER 7T
WAIRE-CHEN 73 % 2 < & e L0 R W TIART P a—F 3 R EE 2 Hild,

AT AT DIR—=FT NNy T V=252 TH AN TORIEE 7] HE
LTI, FeATHRSE 3859 12T, FEEBRITIRIRANHEE H 5 IT-ol e & T gL
THME DM ATT > TETz, IMS-F L% Ol L7 TV b /N CRES
L A REZR 2L OB A ML LW EEE (FE Ui Do B /2 L) IS S ATRET
0D, Flo AMEPOEBEFGEATRERBERX BB EL A NWLZET HES AT L LW
W E N LB R AL E O JER DS N 72 BL Ch o THIIE L SERE T 22803 TED, £ D
72 IMS-F {EE~ A7 T A A& G DT TR E N O 7263,
&R T T SN TRV IR EEFIZBWTH, A A THEMATRE THD
EFEZBND,

REEIZRBNWTUL, v A7t T S 2% FVWCHR F D Salmonella Typhimurium
(E & FRRE: 3.3 x 10° cells/g) ZE BT HIENTE, HIE TOFRF D E. coli
O157:H7 O R (1.1 x 10° cells/g) LB IR EOME 2 E B TEL ISR o7,
ZOMEIF A7) T VA AL PCR E% AW BE B H O BE O & & T FRAE (10%-10*
cells/g) > LIRIFRE CTholz, Kim BICELAMAE — X~ A7afii# 7T A A%
ToWFFE i, BRI o 10° Colony forming unit (CFU) /mL @ Salmonella
Typhimurium Z4& H L TV = 39, F£72. Guo BICEAMIER T /AT 4T L~A 70l

BT NARZEH LI TIE, FE T D 54 x 10° CFUmL @ Salmonella
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Typhimurium Z#H L TV 7z 39, Guo HIFE;#EZFF>7- Salmonella Typhimurium
IZH IR ZAT VO, EOENREZREL TV e— 5T, Fexr O BT AL
Salmonella Typhimurium ZEFEHD Y N D72 | MR HIRBRDN 80D, ZDT280 | [E %
DI TERND, Fex OFIEIE Kim HE Guo HVHREL TS IFIEERISDE
B FRRAE (R L) Z2Rf > CWDZ e o7,

E. coli O157:H7°7 X2 Salmonella Typhimurium®-" Z& 7= 50 FELL_EDFMEZ
BT, RHHICB T HEERASLIMHREL N ST AP ATIDEE N7
(Viable but non-culturable: VBNC) IREEIZ/2DZEMHBIL TS 203 Zd, #ilE
DASKRF O EAFHIE DO —BR L5 2 HAL TR, 8H OFERPAREEH EO AR

(THFECEAROD AID DA BREBNEEZ AL TV D, ZHHOME I HKIER S
MHDIRE EHLEBRRERZININT HIET, VBNC KRB G H D54 T HE
IRRAEANLEIFTDZENH LN ERS>TND, ZIETIZ VBNC REED E. coli
OI5T:HT \ZAT A= INANHI Abd =2 Uy TANRTGR U Eiia 52T
RPN EREMERES I D WFT— BB VT N Y A E O L E I
Ko THfMENMEEIND L 89 RNoooTWnd, £72, VBNC IR HE
Campylobacter jejuni \ZE\\TIE~ T ADGE BB S AL TERAESN, 7
PELIEIE 22 b A SN TS 0, 20728, VBNC HREED A 25K B 1L AR
i LB D EDRIBIIL TS, ZIVH DRSO F H 5 1EIZ1X, Propidium
monoazide (PMA) -qPCR <° Cyanoditolyl tetrazolium chloride (CTC) - 4,6-Diamidino-
2-phenylindole (DAPI) 72 & DAEFH Y IEN W HID— 7T # PRI L A1
X B HET DM LT AEE O A BT D720 AT, JEE KUY VBNC
RREDO B HFHRFNE IR A T22E08 00> b, FEEIZH % 1X E. coli O157:H7
% 70 H FHKIR - R EIRABICL T VBNC IREEAEFHE S W72 OITRT L THOEPLA
DiEAZ MR L TS (Data not shown) , AT AT Aldd e hiikE XR—2E L7
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BT AT LDT2D | AHS VBNCIRREDO & 1 8RR B2 H TED A v M D—
TICUREO MR 5, SEE O HIE, BTG YROREZHIHL &G YDA
ELTRHIT CED720 B K B I L D7G Qa4 5729 O first screening V41T
BWTITIAY Y D, EBIC, wHEHUATOMmMEEOE T AR RAICHW LD
Carboxyfluorescein diacetate (CFDA, TAT 7 —ViEMA R ICYeta) > CTC (M-
TE A R Y th) 2 T 2 Y i A ML A B § 52 8T, VBNCIREED M B D
FAEE TN T 570 O S EL BRI AT HEL 72D,
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B EHEORTHEREREDOE=FY T HiEOHBE

LV E TR 22 B AR TS 2 3K 6D DI B I O sy IS0 | AT AERED v B
B3 e L ORAMDOAEFEEPEINL TODEEBIT, ENLAEMR MDA R RO R AR
ERRDTEBRIBRIZHIINL TG 308, w5 R IR B I L D75 S E D@ b DMV
DEFALT D LIZIV RN D AT YT AR IR 2T N LA DER
DOEDELTEZBIL TN D, RAETHYIZEIT HIHERIRE2 DR ICITEIICA A
72 E 2RO R MDIERIRITI DTN E 2 HIDT- | MEEFEOHIE %[RRI TR
HCEDITIEDOHEEE N L ELL 2D,

ARETIH, F-HWEE _ECTHEMALE E coli O157:H7 K& O Salmonella
Typhimurium % VT, LRI T2 2 O E Z [FIRFIZ B L ~ A7 aiiig T
ARG W TEBEAT T2, £lo, v A7 afit &7 /A A% Wi 75 L& 5
VT IVZ A L PCR EE IR L D Heig 217 o7,
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[ZEBRAEHE k]
B 2R
M EE L L T, E. coli O157:H7 (ATCC43888) J2 O Salmonella Typhimurium
(ATCC14028) % v =,
E. coli O157:H7 KO Salmonella Typhimurium (2B W TFENENFH —EEH
B\CHET L VAT, B AR Ve KON I IR BE D RH A AT o 72, Bei R I ENE 1
PBS 7% VT B 72 i i B L SR L AR 0 2B I L7,

B RBRIE O
LA IR N D A— =< —ry ENBIEA LT D2 LT, LZA 25 g,

50 mL @ BPW-T Sl R 2872 E. coli O157:H7 & Salmonella Typhimurium
B ANy I — I AN, REV AP —T 1| SERES T AUz, IEO#REIX
RIS L E T T o7, BRREHIR L CUHRIFIHERR 53 D3 D72 sh | RE

TIX IMS BV LT VT BRI T I EZR AT o7,

IMS {£%2 VW2 E ORI

E. coli O157:H7 |29 % IMS (213 Biotin ##7#% Anti-E. coli O157:H7 Ab (polyclonal ,

Bactrace, KPL) & Streptavidin 22— RL 75— X (Dynabeads M-280 Streptavidin,
Thermo Fisher Scientific) %, Salmonella Typhimurium (Z%fL TlX AlexaFluor 488 1%
% Anti-Salmonella Typhimurium Ab & Anti-Rabbit IgG LA Ta—RL7zf&E — X
LI,

Streptavidin Z—h~L72RE%E—X (3 x 107 {#) 121X 6 pg @ Biotin £27# Anti-E.
coli O157:H7 Ab % Anti-Rabbit [gG LA Ta— L7 E —R (3 x 107 ) (21% 3

ug @ AlexaFluor 488 #3#% Anti-Salmonella Typhimurium Ab Z /)12 CIE& L. 10°C T
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SrEEEeIC RS2, LEXAIVEIN LT E. coli O157:H7 & Salmonella
Typhimurium JBAFRERIK 2R LTS B E — X 2[RRI Z, Bz mBliinS+
725 10°C T 1 BFREISL B AV a_—R U7z, UIBEOBIEITEF —HICHET 5 HIET

1777,

MRS AW B O ER

HEICEL T,

E. coli O157:H7 OY:iZ1% 2 ng @ FITC FEi# Anti-E. coli O157:H7 Ab %,
Salmonella Typhimurium OYEIZIE 3 ug @ AlexaFluor 488 1255 Anti-Salmonella

Typhimurium Ab % FHV 7z,

<A IREET SAADVERL

F—EIEC UTHo T,

2 A7 AT LW HE O EE

5 RICHEL YT o T,

LARIOEIN LT E. coli O157:H7 } O Salmonella Typhimurium % [ B (2 H 9
BT, HwEHURIZIE, 20 pg/mL @ FITC 25 Anti-E. coli O157:H7 Ab & 20
ug/mL @ AlexaFluor 488 ¥ Anti-Salmonella Typhimurium Ab % & A 4 5IR 5K
AL ERBRITE L,

IR IO E ORNEZFTHTZ AL, IMS OIEH R E 4~67 O M T bl /s &
(272D IR M F AT o T R T E AT 2720

R AW HE OB H
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7 4% 2 (0.05 mg/mL) K T /L LER YD A (2.5 mg/L) ZHRNINLTZ SMAC %€
KEGH (CT-SMAC B, H/KSER) Fio, PBS ZH W CTEBAIRLIZAEY S AKX
%D E. coli O157:H7 & A MK 100 uL Z8A6 L7, ZREGHIA 37°C T 24 FEfEES

FL, EREEHM ED E. coli O157:H7 (BHcan—=—) OfERE1To7-,

VT NVEA L PCR IEZFHW-RIE OB H

REVTFTAXH%D E. coli O157:H7 & A1 mL %, DNeasy Blood & Tissue Kit
(QIAGEN) FAWT, Hef&IR i 400 uL T DNA fitHZ&17-7, filtiL7= DNA 0

& LHEE 1, Multiskan SkyHigh spectrometer (Thermo Fisher Scientific) Z F VN CHIE

L7z, 747 —KR7F4~—LL TS5 -TTTCACACTTATTGG ATGGT CTCAA-3' (+fbE-

F), UN—AFFA~—LL T 5-CGATG AGTTT ATCTG CAAGG TGAT-3' (rfbE-R)
Fr—7LL T 5-6-FAM-AGGAC CGCAG AGGAA AGAGA GGAAT TAAGG-5-
TAMRA-3' (#fbE-P) %VT7 VA AL PCRIZHWZ, ZNHDTIA~— K N T a—T
1% E. coli O157:H7 D O HFURND rfbE &% % —7 v hEL TS 970,

U7 A2 PCR KGRI A E% 10 uL L, sl L7 DNA 1 uL, 20 uM @ rfbE-
F X rfbE-R 7 T4~ —4 0.12 uL GRA&IRE 240 nM) |, 5 uM @ rfbE-P 7' —7
0.12 uL (B &£ 60 nM) | FastStart Universal Probe Master (ROX, B/ =X A7 7"/
AT (v7A)5 uL, RNase and DNase free water 3.64 uL &L7c, (i id, LightCycler
96 VAT LA 2 FAT T IAT 47 A) 2, SefilE 95°C T 2 4rfil e T

95°C T 15 & 60°C T 1 oIDH A7 V% 40 [BIFEDIK LT,

MR AT
o ERICHET DB T
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M HH RS SEERIZEAL CIk 2 DO U= ik B B2 BRI A T o 7= VT LA

2 PCR OF —4 3 LightCycler96 SW 1.1 Y7~y =7 % W THHT LT,
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3R]

IMS 1E% =2 E. coli O157:H7 KX Salmonella Typhimurium D[A]IY

ARETIX, E. coli 0157:H7 F7=1% Salmonella Typhimurium (ZRF Y72 PR Z 1
ZIE A ST 2 HEORE —XZHWT, 2 OMIE DOEN AT 72, B —
KA L DREELEIRE DB fiA 4 5720 . Bz IRIIAE 9712 2 T 23 [F R L2 [E]
I TELMERRLIZ, T NDOHME DEIRIL, 70+ 10% (E. coli O157:HT) | 69 +
12% (Salmonella Typhimurium) T&HY, 2 FEFHOMRE — X I BEE DR
372 MR E. coli O157:H7 } O Salmonella Typhimurium % [FIRFIZ[E]Y TE
BHZ D377 (Table 5)

Table 5. Numbers and recovery of Escherichia coli O157:H7 and Salmonella

Typhimurium cells collected by immunomagnetic separation and then determined
by fluorescence microscopy

E. coli O157:H7 S. Typhimurium
Number of spiked cells 1.0 x 107 1.0 x 107
Number of recovered cells 7.0 (£ 1.0) x 106 6.9 (£1.2) x 106
Recovery (%) 70 (£ 10) 69 (£ 12)

Results shown are means + standard deviations (n = 4).

-46-



IMS 1E£Z2 FAWZLZZ2H D E. coli 0157:H7 & Salmonella Typhimurium D [E]IY

ARETIE, EEEO R P HRRE G RSN AHRESDOET LEL LY AL
B U7z, E. coli O157:H7 } ¥ Salmonella Typhimurium % L& A2 B FE72 1 R FRE
(ZIRINL | IMS {54 -V TRl 2 B U7 32 | SO BAMER CRIGRA R LT, 2 6
D% [FRZIRIN T HER 1T B b e RBICTRIMEFT 572, E. coli O157:HT K Y
Salmonella Typhimurium % B CLZAZIRMLIZEA ORINRIT, ZnFh 78 +
6.0% (E. coli O157:H7) }2 O* 84 + 5.6% (Salmonella Typhimurium) Cd->7= (Table 6) ,
H2pBENNE (E. coli 0157:H7 : Salmonella Typhimurium) (23317 BRI =R 1T, FRNEL
1:1 TIL 75 £ 10% (E. coli O157:H7) 2T} 61 + 11% (Salmonella Typhimurium) . #S/0
Lt 1:4 TIL. 80 + 7.4% (E. coli O157:H7) } OV 77 + 2.7% (Salmonella Typhimurium) |
WINEE 4:1 TIX 78 £3.6% (E. coli O157:H7) K T 83 + 6.7% (Salmonella Typhimurium)
Th-oT, IMS RO PR G A 358 IMS EE2 HWAZETLZAH
KD EE MR 3 SN T BT BRESILTWD T En 530 -7 (Figure 11a, b)), £/,
IR 2RI WG B2 W THE BB I FI LR A e Yt 1 TR S L
IRIPoTZEND IMS 1EZ W ENRFZ 381 AT A Y #E OB HUR O FEFE R
FRE B TR — R O R TR D i/ed 7= (Figure 11c), BLEXD, IMS 1%
WD ETLHAIZIRINLI E. coli O157:H7 K X Salmonella Typhimurium %228 X

KENXTEHIEN3hoTz,
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10 um

Fig. 11. Fluorescence images of Escherichia coli O157:H7 and Salmonella
Typhimurium spiked into lettuce samples and then collected wusing
immunomagnetic separation.

E. coli O157:H7 and Salmonella Typhimurium spiked into lettuce samples were
collected using centrifugation and filtration (a). In addition, these cells were purified
using the immunomagnetic separation method (b). Lettuce samples without bacterial
spiking (c) were treated by centrifugation, filtration, and immunomagnetic
separation. Collected cells were stained with E. coli O157:H7-specific fluorescein
isothiocyanate-labeled antibodies and Salmonella Typhimurium-specific AlexaFluor

488-labeled antibodies and observed by fluorescence microscope.
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< AR T SARZ WL Z A D E. coli 0157:H7 B W Salmonella

Typhimurium D EE

LA RITHINUTZ E. coli O157:H7 K O Salmonella Typhimurium %, IMS 5% H
TEINL, v A7 aiiE T NAATE BEIT o7, £ O Fa s M BEI LD E
BIEE R LT, ~ A7 T A A% W EEIZB VTR, E. coli O157T:HT &
O Salmonella Typhimurium % [FIRFIZERINU7=85556 . [REO®E Az 2 E A URHE
[T TNDIEND, 2 FFEOMEZ XB| TXW =8, 2 FEOMELZ S H L EER
Il CRE AR Uiz, SOEBSEEORE RICB W T RIS 2 FEOMEZ AR/ LIE
BETHEREZ R L, v A7l T NAA L ONVEEBEMEELVSE SN E coli
0157:H7 } O Salmonella Typhimurium O & &EIL, EOFRINLIZBWTH A E/R 7%

TR E LLKERTETQW = (p>0.05, Table 7),

Table 7. Numbers of Escherichia coli O157:H7 and Salmonella Typhimurium cells
in lettuce samples collected using immunomagnetic separation and determined by
fluorescence microscopy and the microfluidic system

Spiking ratio* Microscopic count (cells) Microfluidic count (cells)
1:1 1.4 (£02)x 10 1.6 (£0.2) x 107
1:4 3.9(+02)x 10’ 43 (£02)x 10’
4:1 3.9 (£0.1) x 10’ 4.1(*02)x 10

*Ratio E. coli O157:H7 to Salmonella Typhimurium.

Results are means + standard deviations (n = 4).

WIZ, E. coli O157:H7 & O\ Salmonella Typhimurium % 10°~10° cells/g D[] TH
45 E %A 10" DRV S CE EfiHA MR L7, T /M E 2 b 7
BAIiE, HE 4~67 [GECIRMEEZIT o7, EREERIHOMEFRIZB W T, I+ 5

BN D IR D e~ AT A AN % 1 3 TN DM E B D 727257
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D EEMZHRT DO, v A7 T A AR A 1 4T DME RS 10
cells UL FOSAEERBOFIANE LT, ZORFHIB W CIEEHME O C &2 1
T HIEEBIELTWDTD | E. coli O157:H7 & Salmonella Typhimurium %-[F]RF
(RIS Z NN O R 5 (IS LT B A T o T, ~ A0l T A AT
DE&EEZE BB COERIEELIZLT-LZA, E. coli 0157:H7 J O Salmonella
Typhimurium $:(Z#) 10°~10° cells/g D #iPH T\ EBIEISR (E. coli O157:H7 IZF W
TIX R? = 0.9997, Salmonella Typhimurium (23 TiE R? = 0.9998) 2350, #5E 1<
TE B C&7= (Figure 12, 13),

VI EXY, ~A 70T A AZ R WDHZET IMS EE AW CREIRL 7L X AR O

E. coli O157:H7 O Salmonella Typhimurium % 4§ E L E R TEXHIEN D) -T2,

-51-



106 3

Y = 0.8689x1 0188
R2=10.9997

10° 3

104

103

Number of Escherichia coli O157:H7
determined by microfluidic system (cells/g)

102 10° 104 10° 106

Number of Escherichia coliO157:H7
determined by fluorescence microscopy (cells/g)

Fig. 12. Comparison of microfluidic and conventional fluorescence microscopy
counts of Escherichia coli O157:H7 spiked into and collected from lettuce
samples.

Serially diluted E. coli O157:H7 spiked into lettuce samples was collected using the
immunomagnetic separation method. The cells were stained with E. coli O157:H7-
specific fluorescein isothiocyanate-labeled antibody and enumerated by fluorescence
microscope or using the microfluidic system. The collected cells were concentrated

4~67-fold (depending on the spiking level) before enumeration.
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Fig. 13. Comparison of microfluidic and conventional fluorescence microscope
counts of Salmonella Typhimurium spiked into and collected from lettuce
samples.

Serially diluted Salmonella Typhimurium spiked into lettuce samples was collected
using the immunomagnetic separation method. The cells were stained with
Salmonella Typhimurium-specific AlexaFluor 488-labeled antibody and enumerated
by fluorescence microscope or using the microfluidic system. The collected cells

were concentrated 4~67-fold (depending on the spiking level) before enumeration.
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A7 T NARE AW FEEEEBE R N T VF A PCR IELD g

NATTFEET ANAACBIT OB E L T CICERNICB T /MO E. coli
O157:H7 B DAERE P LU TERAISN TODEEIELY T V4 A L PCR L&
L7720 4 x 10°~4 x 10° cells/g DHME AL ZAZTIML T, THEND T IETHR AT
o72(n=2), 2B KB IZBWTL, 3 SOR I FIEOR I E Oz el
TV, i RETDMEE E. coli O157T:HT OARIIIREL THFTEIT-7-, /-,
~AAPREET S A% N RHNZ B W T, v A7l ig T A AH % 1 43[R
NDRIBEEDS 1 cells DL EOBGHEERUTI-EHE LT, ~ A7t T /A 2%
THRHEITST25E6 . VXA 4 x 10! cells/g (272D ZERMLTZ E. coli O157:HT %
R C&7=, (Table 8), V7 /LA AL PCRIETIL, LHAIZ 4 x 10% cells/g 12725891
WINLT= E. coli O157:H7 Z Rt CT& 7=, i IETIL, LXAIZ 4 x 102 cells/g 12725
FONTUIILTZ E. coli O157:H7 Z R HTX7= (4 x 10! E. coli O157:H7 cells/g Tld n=
2 DFEBRTHRBERBEAENEN L T OEo7), ZRHORERND, IMS e~
AV RIET A 2% P LT R PR R E ORI, U7 V24 5 PCR B0 TE
RS DRIKEZRF O LD o7z,

Table 8. Comparison of conventional and microfluidic methods for the detection of
Escherichia coli O157:H7 inoculated into lettuce

Number of spiked cells Real-time PCR Plate culture Microfluidic
(cells/g) method method method
4%10° + + +
4x 10" + +
4% 10° + + +
4x10° + + +
4% 10" - + +
4x10° - - -

Detection results: +, E. coli O157:H7 detected; =, different results
for individual experiments; -, E. coli O157:H7 not detected (n = 2).
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[Z£]

RETHN =R ERFE R E ORI G ETHS IMS (L35 & T L7 IMS-F
BEICB T DN LT VTN T DN T2 | — KRl E R 2 ThTICs
e EHAD 3 RFRIRREE TR PRI E OB A TO L3 TE, Hio, B FE L
FRCRFDIE O EEL K ORI A LW o | A A N CTO R AT EETH
HEFZZBID,

N AT AFEEET /A A% I B T R R P O 1 U & BEAF D 7 1 Th D15 %
BEEVT VAL PCR JEEIIR LT 82 A IRIE R OR L &2 R o TOD T EN Sy
73>7= (Table 8), H I LASMZHIRA (20 ) D IRE o A L (A [Elfl i L 72 s <0
kA FCE ) S A Ll L7-t O % Table 9 1R U7z, BEBEIIMO ik ERL T,
AZNIEONPFFRIEB RN ObHY |, an=—Z BT 2720121 18 B2l LA
WL T HZ LR REGHETITRERIDN DD D, ~ A7 afit T A A% -7
VR | R, R AL OB BIZY T VS A I PCR LB A2 TR TH D,
IARDBLEN DI EITHE | ~ A7l T A AZ W EICEBITD 1 Rk
720 IE AR (4000 FIFT%) 1ZV T V2 A2 PCR 14 (700 FRI#£) K0H @V, ~ A7
R T /A A TR ISR B T B B T D720 8 e sited e Z & TRV A M
MATZREN TR /2D LB 2 HiIVD, Flo, A7t T /S A A% W= 05 k133
A 100 LT TEATELEEZE X LSO, VT /VF AL PCR LB/ IEE
(100~500 J7 ) Z0EATARAME Y, VT /VZ A2 PCR B A RIIA—2T 24
T DOEDPEIITSAT LD FETESIL TS DNA il B EI X 2O fE B PEN
HLDFA P ANTOFEIEITHELL, A7 ik T AR % AW FERA Ak
TORENATREL VBN LIFEN TNDEB ZOHND, 1E-T, v A 7afilET N
A R% AT R IER OB IELV T V2 A 5 PCR JEIZIZZ2\0 A A N CHIE
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S C&HEV ST RFR R OB e RPN E OB TIELL THEHTHHT
EDVRIES T,

Table 9. Comparison of conventional and microfluidic methods

Real-time PCR Plate culture Microfluidic
method method method
Detection sensitibity ) L |
(cells/g) 10 10°-10 10
Time ~6 hours 18~24 hours 3 hours
Instrument cost High Low Middle
Measurement cost Middle Low High
Specificity High Low High
Place In laboratory In laboratory On site

ARETIL, AT 2EBHEDO R P EILIKE A 4 x 10! cells/g LA EDOIRE DG
I~ AT T /3 2% O TR T &7z (Table 8), E. coli O157:H7 2k L%
DT INT L A7 HERFTILFL) 10° CFU FREOMBE R CRENEE TV 9, MiE %
FTHANL CFU & cells THREMICERDT-OEBEO BT TE/RNA, 20 g DR
AR E LT G BT~ A7 aliitig T AN AATOE R FIREEL TIE 800 cells (27257
D, REICT NI LAV &L T K572 E. coli O15THT 2~ A7 il T /A A%
TR T EIC RO TED LB R OND, FEEWNICREIT LR O EHEC Ot

(ZB9BIEAE G o 12 T, VT VZA L PCR 1E%%E O TR Bt D
VT a7 KO0 HUFEE T ORIV T 10* CFU/mL BL EOR R E 2 FF -
TWBEGE AV —= T ORBFHIEELTHWAZENR TELLREHSIN TS, =
NETORTREY, 10* CFU/ML EWOMIE R IL~ A7 it 7 SAZHNTHBO
MEZ TR TEDEBEZONDTH , ~ A7 T A 2% Wt 515
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FAKRHEL CO BT EHERED T 77— ANAZ Y —=0 7 EE L CTOfE A LAMIE .
HE R B OVT IVZ AL PCRIEZEORE I IELEL TOERPGTED,

AW TIX, v A7 T SAZANZE 1 3 FISTRAVHHIE D 10 [HEL ok R4
ERAERIELT, 1 E~10 MFRORFI MR R R ELT0D, 2, 1 2RISR
NORE DY 10 fELL F OSEE XN OME RN | EEBLI-5E 08 & ~5-25
AENRKEL FEROEFMEDMRNEEZLNDTDTHD, o, LXAZIHRNT S
AT BODMERIR B () 102~10% cells/g) D6 v A7 0l T 7 SA A &ALV H &
A IS HT2012, IMS IS T O B (4~67 5 IRHE) 247528 T Bl hE
THY, K 10" cells/g ZUNMMULTZAIZB W THRRIHT 5283 TE,

AWFFE TR\~ A7afig T S AR W S AT A, aOEHUA TREGRRL
TP EREEOF ARIE Y T TR LB 7T AZBHL T, 2O AR,
KIRETHME D EEFEDOGAIZB W TH RO EIC LV E AT HEHET
Rk HZE T, EEREO R P EEIN H AR RIS ELO TR L T, Bl Toh Y
DA A HIWT T 255 ITIFIEF AN THD, — T, G Dl O FE A
LT LA AT DAL T NN BT, AR EIROaAMEIZ 272230
PUARBIFE SN T W B R R E T R ETHIENTEAR, U4, HLiRI
OO REL TT 74~ —0NEHEINTND, TTH~—L3H I E T 8 DR E
DI FIH L TR B REZ R ARSHRZER (— A DNA S LI AR RNA) THY,
ISAHERE T AV TD T T Tp SRR & IR ISR RIS G o T 4
v —DARBINTND, 77 H~—IIPURE LI LTI CH LT 25 152155
ZENTE BB THLORMIRGFL AR THLEWV ST R R ZFF > TV D, ik D
W T, Fesk7e 7 72~ —{Ek 715 T D Toggle cell-SELEX ( Systematic
evolution of ligands by exponential enrichment) %% FV T 3 FEOHEE ™ <° 6 fll 7

OME T T AR R TEZF -7 DNA 772~ =B EINCWA- | 8
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AR TIL, A7 aliis 7T A A% VTR R E E ORSEA A =41
7 FEOREFZ AR AT,

BT, ~ AT SAAE AWV AR OGRAF O E. coli O157:HT O
BBV T HEERERE LT, VIR GET DG EE, T4 Z—AiikEEe sz
&T 8.7 x 10° cells/g D E. coli O157:H7 % FRERRET D513, 2 BefEiE 05
BiEVEZ WD ZET 1.1 x 10° cells/g D E. coli O157:H7 % 1 B CE R A RETH -T2,
— . TANZ—AHIEES 2 B Doy BEE TR BAYR [FIN T IE TH D720 | K
e FEIR O MR 2 BT DB LR B E IS Lo TR H RO AR b IS CL
F, IATET NARCELDEREDOY T L7 REERH LT VD EO R T
JRIRERBALTZSG G OF=2) VRN 0B 2 DiVE,  ZORE RA
FXCHEETIHIVEREOMREZE R T HIE, - F CIIEEREOMK %
ERTELFIEOWEER ST,

B TIEL Ay & S ORIHERL S DB W N &R R &L TRIR EE IR D
Salmonella Typhimurium OE=ZV 7 J7{EAEEE LT, Salmonella Typhimurium @
B FIEIE IMS eV AT VT ERALBRZOF 35 Z & TR A fh B SRR HER
HIRETHILENTE, 3.3 x 10° cells/g ~ 1.2 x 10° cells/g DHLPHIZISUNTREE K<
EBCE, Fo, BEAEL THEAINDSHFLVLT VT EREFANAZET IMS DA
TIIBREDVPRNE TH TR HRDO MR 7 DIZLALE IMS TRETELZL%
#IHTRLTZ,

R IO B R E R S RSN AR O T VLU TERIRLTE
LH ARG LT, HEREO BT RFRKE OT =2V 7 HIEEE LT, O
RE—REMHEDEDTE TR RIMERL 7 DBREZATV RO & h B3R
N Z RRHCE R T HIEN TEIZ, Fo, BB ESCY T VA AL PCR EEDO R HK

-59-



FEDHRAAT ST LA v A7 T A A% W2 FIEIZE NGO T 1E LR
FORBREEZ RO LR LML,

VLEED | AWFFETIIA YA N CTRIE 246 TR~ A 7 it 7 S A RIE A L
BPERREO7 7—ANAZ ) —= 7 1EE LTl TR LV RS A M E
=BV T TR T DT LI,

-60-



EEa

AFRa &R DIZHT-0 | KEAETHIZRE 2058, A IR £ U7z, M7 MNAAT
Bk N KB e e 22 42 FARMF SR T B AL A B L iR TR, RIS R
SERIERME AL AT B AW EER L ARSI RO E AR L ET,

ARBFFEN A7), BB S 2 TE & E U7 M5 IR ST AT BUE N KB R 22 42 SR A 92
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ARWFFEA AT T DITHTZ 0N ) 2 TAE E LT M 7S AT BOE N KRRt e 22 42 0
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