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UNANED

wumiiSelaavesuiomun way Escherichia coli Smuuuadieusdaddly
mimaaﬁmeﬁmqqaﬁ?ﬁﬁmwmﬁﬁmLLazm‘mi Lﬁaﬂa%@mﬁmaﬁuaamzmumim%m
9113 Bedamasrioardasnfonisemsvesiuilae suidoaieilldwaunmaia most
probable number $9U loop-mediated isothermal amplification (MPN-LAMP) wivinaldflu
nsnTeleziuuafiselranosuomn uas £ coli Tuihnuuarin Tngeanuuu LAMP
primers $1uu 2 A A umAUB lacZ uay uidA lemsramuuadiSeladvieutioun
(lacZ-LAMP) wag E. coli (UidA-LAMP) #3d16iu 91nN13ANYINUIN lacZ-LAMP @113
m’Jﬁ]‘mLL‘UﬂﬁL%ﬂiﬂ%ﬂ@’guﬁwmaauiﬁnﬂ%ﬁﬂ (E. coli, Klebsiella pneumoniae, Citrobacter
freundii, Enterobacter aerogenes, Enterobacter cloacae Wag Serratia marcescens)
d7UN1IATINATILALAY UIdA-LAMP  WUTIEM1500T39 £ coli  lamnanewug
wata LAMP ﬁﬂ’wm%uﬁmmhqqmm annsaaaiauuaiiFeldian 1 CFU/AJFATeN
devmeia MPN wnldsauifumaiin LAMP wuianansansiam £ coli lusheghaiiny
uazdin flideuutowdios 1 CFU/ 100 08T uay 5 CFU/NSN muddu nsUszgndld
wAfa MPN-LAMP Tunsnsiaimsizsiuuaiiielnanesanomun waz £ coli lushegnam
MU 33 F9819 LAYAIUWNNTIUIUL 46 19818 WUIINANITATIVILATISRLUATILTY
Tndvlesuiamunvasis 2 Flikadenndoaty wivada MPN-LAMP fiaanilageniuvade
MPN Tun15n59934A5% E. coli nsdnwninanslidiuinnaiia MPN-LAMP fiwamnnadu
wadiafisand farusimzuazenialags Bifudewssnu daduusslovdunndniu
veafuRnsiiAsadeaiunmsmuguamnineslumienusng 9 aunsahludssgndld
Tunsmsiadnsziuundielravedu was £ coli luthauuasinls

AdfRy: ANNNNRaTIInen; Ieanesy; 385953 Escherichia coli; loop-mediated

isothermal amplification; most-probable-number;
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Thesis Title Development of Most Probable Number combined with Loop-
mediated Isothermal Amplification (MPN- LAMP) Techniques
for Detection of Total Coliforms and Escherichia coli in Drinking
Water and Vegetables

Author Miss Chonnikan Tongphrom
Major Program Microbiology
Academic 2015

ABSTRACT

Total coliforms and Escherichia coli are bacterial indicators used in
microbiological examination of drinking water and foods to indicate the sanitation in
food processing which led to ensure the public health safety. In this study, we
developed most-probable-number loop-mediated isothermal amplification (MPN-
LAMP) method for examination of total coliforms and E. coli in drinking water and
vegetables. The LAMP assays were performed using two sets of specific primers, lacZ
and uidA, for identification of total coliforms and E. coli, respectively. The (acZ-LAMP
was able to detected all members of the coliform group (E. coli, Klebsiella
pneumoniae, Citrobacter freundii, Enterobacter aerogenes, Enterobacter cloacae,
and Serratia marcescens). In addition, uidA-LAMP was successfully detected all
E. coli strains tested. The detection limit of LAMP was 1 CFU/reaction. In spiked
samples, presumptive evaluation by MPN-LAMP method could detect E. coli at the
concentration of 1 CFU/100 ml and 5 CFU/¢ in water and vegetables, respectively.
Analyzing 33 drinking water samples and 46 raw vegetable samples, the results
obtained by MPN-LAMP method were in agreement with the MPN technique for total
coliforms detection. However, MPN-LAMP had better sensitivity than conventional
MPN technique on E. coli detection. No false-negative results were observed in all
samples. Thus, this method can be used as an alternative test for rapid examination
of total coliforms and E. coli in drinking water and vegetables with high specificity
and high sensitivity. Moreover, MPN-LAMP may therefore be considered as a useful

tool for application in food industry.

Keywords: coliforms; Escherichia coli; \oop-mediated isothermal amplification;

microbial quality; most-probable-number; rapid method
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5180150 TNUSENBU
MIATITIATIiuUATiSsT iaAnn1ming1838 Most Probable
Number (MPN)
nsATITATziLUefiSelTannnIne wnsae3E Most Probable
Number (MPN)

n) WANANIINIDY (membrane filtration)

) anwazlaladvesiuaniselaanesy

Fumafisnzul DNA Wnieveswaia LAMP
%umaumaa%ﬁq Dumbbell-shaped DNA structures
Fupounisifiusuau DNA wuunudsudeLilos
NM3ATI9AUNANIHRNYSINMYEY DNA Wvisneannadin LAMP
iHenaialngiBgamu

MIATIERUNANTRNUS I8 DNA wWhvisneanmaiia LAMP
ilensiaialnenislidvigestsaisud
N3ATIAOUNANSHINUS YR DNA Wivineaninadin

LAMP ilonsiaialngis agarose gel electrophoresis
FLUINITINIZVDY primers UsiuBuduine n) lacZ

30 ) uidA

nsnvdeuHananilianuFATen LAMP essiaialaignnsld
n) agarose gel electrophoresis 50 ) & PicoGreen
FuneumInTIvIATIEiFegdemada MPN uay MPN-LAMP
n) Asafog1ning v) nsrasetnin
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MPN
PCR
LAMP

°C

APC
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BGLB

EC medium
PBS

h

EMB

ml
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MF technique
dNTPs

PPi

%
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Loop-mediated isothermal
amplification

Degree Celsius

Aerobic plate count

Colony forming unit
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Brilliant green lactose bile broth
E. coli medium

Phosphate buffer

hours

Eosin methylene blue agar
Milliliter

Ultra violet

Membrane filter technique
Deoxynucleotide triphosphates
Pyrophosphate

Percentage
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wALlA Most probable number loop-mediated
isothermal amplification Tun1sasamuuaiseladnasy
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Most-probable-number loop-mediated isothermal
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of total coliforms and Escherichia coli in drinking water

and vegetables
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Qmmwmmfwazmmi iamﬁgﬂ%ﬁq%ﬂ’smazmmLLazqmamﬁaﬁumﬁmam Fedamalaonsene
mmﬂaamﬁmmﬁuﬁm ﬂﬁmnmaauw%éﬁﬁﬂﬁtﬁmlmmmsL‘ﬁluﬁﬂmmqﬁﬂéfmﬂ
wszdnmudeludeuliuades aﬂmaﬁmimaﬁ]aauummmmmLaﬂ%ua AU 3D
mmmuwuﬂﬂﬁﬂumimamLﬁm mmmwmwam’mmﬁummLLa 9115 3udunns
ATIIMILUATISEUST (biological indicators) Instawizageds nsnsramuuadielaanedy
ﬁwm (total coliforms) wag Escherichia coli Inglgimaiia multiple tube fermentation
150 wiailA most probable number (MPN) Fadu3sn1suszanasauidelushegiinga
WAs1e9 aldndnnisnisaia %mmaaauwaa'mﬂmﬁigﬁuaaL%@LLazmmmmaa’Lumi
winhmaudnlnaudlrnsafuuialuomsidoadowvumanevasn (Feng and Hartman,
1982) F9n15m599 AT RRBmaladiiTelde Ao AuUdewssy llvnefunisnsaa
AnseiauniminareIndoutunatediests uagldszernaiuiu (@-6 Yu) Yagihud
nMstmwmalauaremsiasatenatesin Wesuszozinailunsnsisinsey uinuing
Aldinegs Audoausan uasuranadadoinisanudeiviglunisulana (Maheux et
al.,  2015) fimsiauunaiia PCR  anldlun1snsiaiasigiiegianuin saa57 wazd
AILFINEga (Dick and Field, 2004) usfidodinnatedn wu UiAzegniudsseans
Juiauainogns ldawisathunldnsiadinseiludelsunals wazsnludesende
wieadlefis g (Hil et al. , 2008) mAilA Loop mediated isothermal amplification
(LAMP) LUuLmﬂuﬂiwwwammamm‘wwwmﬁuumLwaamamﬂmm q ¥anAlA PCR
(Notomi et al., 2000) iaumumiwwmLﬂwmmaaumLiasﬂﬂﬁﬂumimamms%m&uaﬂa
Tsaluenuns wu Salmonella, Legionella, Listeria, verotoxin-producing E. coli Wag
Campylobacter (Mori et al., 2001) eghslsAnmudslaiistssuniswauinaia LAMP 11l
TunsasamuuaiiSelaaresariomn way £ coli luduazoms

Hadutnguszaslunsfinwiisfeanisiamuimaiin MPN $rufumaie
LAMP (MPN-LAMP) iletiantszgndlélunsnsivaeunagmuinavesiuaiiizeladesy
e wa £ coli ludnuuasin

UselowifildannnsAnuriuenainazdmalaonsseninuasndonis
mmﬂaqm‘uﬂmum mLUuiniwummwanUmmﬂwmamummmwa LN
VlmLuumimamLmﬁummmwmwaﬂu’nmwaqmLLaum‘mi Immwuamwﬂummm
Foamsnansiaseifisanisa 1wy mInsilnsiilevetunsfeu Wenisdeen e
ensasasutlymilunseuiuniswds Wud
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1. wuafiiseladnasu (coliform bacteria)
a a a 4 < 1 a a [ I (% I .
wupdiiseladvesy  WunquuuediiFensuau gUwvis Imeglu Family
Enterobacteriaceae laiai1sauas Wwsaylavisluanmzniivtelifoondiau (facultative anaerobes)
anunsavdnuenawdniva Neamgl 35 esrwalded umlinsauwasufianielussesiin 24-48
kg (Ashbolt et al., 2001) Tnavnllanunsanunuaiiseladnesulaludawinday wu fiu
W1 Wy fn sauvienulaluganssvesuyuduasdniiiondu(Geldreich et al., 1964; Tate,
1978) wuaiiiselunguladnesuanlngliligdunidnalsn (non-pathogen) wiv3unauvas
TravlesuuuaiiSertaviun (total  coliforms) IﬁmﬂumummaﬁuaummmmLLa $RINI
LuawmLLUWLiEJﬂquuﬁwwuiuﬂ'immﬁmrwmhﬁ;aumsﬂaim FomniedmiviseomnTa
wuwuatSenguilaganinsauwliingudnvarlutunaunsndniifivssdvsnm viseviensvinli
Unenidie Jaardmadunnesisrusinald (Rompre et al., 2002)
a a a I3 1 < 1 v 1
wuafiSeladnesy wuadu 2 ngu loun
oA . [ L@ o a a ¢ o oy
nqud 1 Fecal coliforms laun £ coli \unupiliseladnesunnulualdves
AULAZENIFOAGY FIAUITORNINTEBUUEWLINTOUNIUGIITE
ﬂfjuﬁ 2 Non-fecal coliforms lawn Citrobacter, Enterobacter, Hafnia,
Klebsiella waz Serratia Wuwuaiiiselaanasuninulalulknasinnusssusn®, fu, fiv, §n

2. Escherichia coli

E. coli ¥anglungulnaesuusziny fecal coliform Aldusdnmsuilouves
9asEyuduardniidensu (Dombek et al, 2000) Fsdulvajaglinelseluny uiung
agRuganunsanalsalusEuuMuiuems (Clermont et al., 2000) vidavhliAnnsinide
Tumadudaanizla (Trotman and Bell, 2006; Hill et al, 2008) laseylue1nis
MacConkey agar Milalatiduwnsvunuuialvagaieluia 18 Flus losanudnudnlng da
81913 Eosin - methyleneblue agar (EMB) lillalafifidiuinindnelane 1w3gylalugamal
229N (15-45 peAwaded) (Leininger et al., 2001)

fegrsaeiugues £ coli  fanansanelsalussuumaiueims Tiun
Verocytotoxic E. coli (VTEC) #3® Shiga toxin-producing E. coli (STEC) L‘fluﬂfjm E. coli
finelsngunssluiyed dlunquildaiinelsnguussfianléun Enterohemorrhagic £ coli
(EHEQ) 0157: H7 TnpagyilviAnlsadldsniauufuigrssduientu uenaindmndn
lunelsaludnagyinlminlsalninesiusie (Hemolytic  Uremic  Syndrome :  HUS)
(Johnson et al., 1995) wenanangiugaanaauas ail Enteropathogenic £. coli (EPEC),
Enteroinvasive E. coli (EIEC) wag Enteroaggregative E. coli (EAEC) Wumu (Vilchez et al.,
2009)



3. NAUTILAZINASFILANNWINIAT2 INENvBNtANLATa N sUsSTLANAN
31 inausiRmuatwinmm
INUSIAMLAINYINIRATIINY DI M LAY VUL ANRADIMS aTUfl 2 1 3
(hauilaldussglunsusTnain wu dikiueienses) nainemansnisumme
NITNTETITUEY (NFUINLIAENTNITUNNE, 2553)

Escherichia coli / 100 §aaans Taiwy
Staphylococcus aureus / 100 1adans Tainu
Salmonella spp. / 100 {addns Taiwu
Clostridium perfringens / 100 Hagdans Tainy

UINTFIUNNATINYINNULIATTIUREN A9 gRa1MNTTU UILTINA U8 5
(AuanEe) ATNNULINTTIUNEASUNAENNTTU NTENTIAAMNTTU (WBN. 257-2549)

MPN Coliform bacteria / 100 fiadang Hoenin 1.1
Escherichia coli / 100 {iadans Tainy
Staphylococcus aureus / 100 Uadans Tainy
Salmonella spp. / 100 1adans Taiwu
Clostridium perfringens / 100 Hadang Tainy

3.2 NAUNAMNINEIMNTUTEANEN
WNTIANATNNIATIING VI INThAT A1V U AU AN atud 2
10 2.1.1 (A0 wald adn du61) NTUINYIAIAATNITUNNE NTENTINAITITUEY
(NSUIMNLANENTNITUNNY, 2553)

FUIUAUNIE / N3N ffonin 1 x 10°
IUIUT / NJU an31 500
MPN Escherichia coli / n5u N1 100
Salmonella spp. / 25 N5y Taiwu

Listeria monocytogenes / 25 N34 Tainy

UINTFIUAUNINNIATIINEIVIRN-Haldlan dauss ussaniauuslan
PINAINTFIUAUALNENT U8 3.5 (ToMmungaun3e) d1inauuInsgIudUANYATLaYIMS
WA NIENTINYATIAzaVNTal (UNav. 9007-2548)

Escherichia coli / 53 Wosnin 100

Salmonella spp. / 25 n3u Tainy
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4. wailaildlunisasniesziuuaiiGetinaunwihuazenuns
4.1  waldanagnaon
(Multiple fermentation tube %38 Most Probable Number: MPN)
uisfiodeufAsemedauaiiventelunsnindnaudninawd lvnse
wazlia ( US. FDA, BAM: Chapter 4, 2002) Tedrevaaoulunasannans Inaiiusiognsas
Wlunaonensideadesuiunatevasa Ailimaudninadudiuuszneuudaildvai
guvglinsgiu  mannTlengiuaiidoladreduionn  (fecal  wag non-fecal
coliforms) 1835 MPN Usznausie 3 Funou fio $u presumptive test, confirmed test,
uaz completed test (5U7l 1 uaz 5U7 2) lnediFmsluusiastunou el
1. ﬁiiju presumptive test
Flaeifuiiegne wie a1azaneveiieg iU ioaewuuddiu 10
(10-fold dilution) dwSusegraiezlditlidensiodrausiufodidlulsinasinniy
Al adlunaennaaosfidemsideats Launl tryptose broth wuu 3, 5 wie 10 naen
udnlunfiguvndl 35:05 osmuwadoa 1Junan 24-48 dlus asraaeuNanisnin
ihaaudniva lnedunaainvaondiguuasiiouia wénimaeailiuauinumaseuludy
confirmed test ikl mnlaifufaniely 48+3 ilusdoinlunaay
2. Gﬁxu confirmed test
futiagldomsdsadoftsnumedmivanamuuafiFondgusng 4 1dun
Brilliant green lactose bile broth (BGLB) dmSuuuaiidelaavesavionun EC medium
dmsu fecal coliforms uaz EC-MUG medium 813U E. coli Tneniidoanvassiinuie
nﬂﬁaamiu%u presumptive test 11 2-3 loop fgaslunasn BGLB, EC medium uag EC-
MUG udrtandunian 24 421as viaen BGLB Unfl 35+0.5 asrnwaidea EC medium Uil
455 ssrnwadea nsdiuiodnsenms dundunsaifushegrai ormsnasn EC-MUG Uu
7 445 psmwaifea viaon BGLB waz EC medium Tnsieseunanisninimaudnlna
Tnsdsnnannuasaifuuaziinuia diu EC-MUG Tinsaaaounanistosaansans 4-
methylumbelliferyl B-D-glucuronide (MUG)Imaé’ﬁLﬂmmﬂmaamﬁ%juuazﬁmsﬁaqLLaaﬁ
Feath (bright blue) anglduas LV wéifusiwiuvaenilinauinluidamnisis MPN Lite
UssanasnuuuuadiSelaanedusianun, fecal coliforms uag £ coli Feanfinanslunisna
MPN (usUszanameadd ivsuenAiadevessiouie fimaasuinasiildinniianly
feoehe aniusenunaidy MPN/100 fiadans wae MPN/nSu
3, completed test
fuihfunanaaeuiiionuauamnin slastiideainuaseilinauinly
#u confirmed test sngneasuLEIMSIABEe M-Endo agar %158 MacConkey agar W&l
gounndl 35:0.5 asmeaiioa Wunan 20+2 $alus antfuthlaladfieadesdu £ coli 3
YUWLAS H1U17) uaeaslueInns Lauryl tryptose broth \fonsradeunanisusiniima
wnlna wazayvaeudnguine vendelneisnistiondniy



1% '
4

Presumptive test UNADINITATIIATIE
1-2 Ju 200 ml

v 10 ml

6

YmihdeganuUiunnsiiuans Wuaslue1ws Double Strensth
Laury tryptose broth (LST) Uy 10 #taaa Uil 35°C+0.5°C, 24-48 h

\4

waeaTAnuLAa waeafilaiiauia
Confirmed test v v
1-2 U BGLB broth EC-MUG medium
Undi 35°C, 24-48 Unfl 44.5°C, 24 h
tfusuuviaeniiiinufa turuuvaeniivunazieuas
P lUTen1579 MPN adlatdu meldnas UV lUdan1sna MPN
total coliforms bacteria Anlendu £ coli

A

ANBANNVADANMLNALNE UIU confirmed test aJUUBINNS

Completed test - o
m-Endo agar 138 MacConKey agar Udw 35°C, 24 h

2 W o i, “ - o
Wendnwaglalalfvuyriaund {387
A\ 4
a1easlue1ms Lauryl tryptose broth A1889UUDIMS Nutrient agar
Uaifl 35°C. 24 h Ui 35°C, 24 h ansuhludendndy
(@1alsidpariile)

U 1 msnnnienesiuuadiFed innunimindneds Most Probable Number (MPN)
(APHA, AWWA, WEF, 2012)



Presumptive test
1-2 Ju

f7081901MNSNABINITATITHATIE

50

g

A\ 4

#d19a¢a1y PBS

(1:10) 450 ml

\4

A

71MN15:3999749UU 10 fold-dilution
1 ml
- - -3
10" 10° 410

Wnadlue1ms Laury tryptose broth Luu 3 wiaen 3 Y0
UN? 35°C+0.5°C, 24-48 h

Confirmed test

v
v v
o waeaAnuAa waeniiliiiauda
1-2 24 |
¢ v
BGLB broth EC medium
Uuf 35°C, 48 h Uil 45.5°C, 24-48 h
v ¥

FUIUIUNADATLAALAE
P lUilan1519 MPN andilendu

total coliforms bacteria

TUAUIUNARATIYULALLTOILES
Aelanas UV Iulansna MPN

AlaLdu £ coli

A

Completed test
2 W

angLnaeniiiaLialuty confirmed phase a3uueIMNT
m-Endo agar %58 MacConKey agar Us#l 35°C, 24 h
Wondnwazlalalvuyrseund {187

v

v

a1easlue1113 Lauryl tryptose broth
Uul 35°C. 24 h

A1889UUDIMS Nutrient agar

U9 35°C. 24 h ntuilddaudnsy

Uil 2 msnRilesesiuafiet innan memsFIeTs Most Probable Number (MPN)
(US. FDA, BAM: Chapter 4, 2002)




4.2 WALAN13NT89 (Membrane Filter technique: MF)
1 ad a < 1 o 1 a o o 1 soj &
LWUATNIIALTULALLUUEININNAUA MPN wwlﬁmammamam I

Y 1 I I o o
#150A18M19E199191T UINTOEIUUNUNTBINEFNTY V1R 0.2—0.45 lilasiums wuaiiise
AnagULLHUNTOY ANTUTnhuKunsasluIuuemsidAuTumziueLUATISe
lUunngamniinnnsgu uauduulaladinTuuuuiunses (3UN 3) wadailldiege
1119 9IIATIEN, BINSABLTE, wavaunsalingg launnwinduwmetin MPN uazdinsiadn
ISandn willaldanegs limunsiudiegandaugu waznislduseiueiavsinlige

a g ' o Y o 1 -'-:’ll t-:’lj g v v !
wuafiSeluiagisgniianeld degrsemnsideatienly laun LES Endo agar wag m-Endo
medium 1Tugiu

n)

Membrane fitter
removed and
placed in plate

Water sampla filtered

%mbm filter ! through membrane
j * ona filter support B

21 filter (0.45 um)

)

U 3 n) wmAliAn1snes (membrane filtration) %) dnwazlaladiveauuafiGeladvosy
(APHA, AWWA, WEF, 2012)

PNTedinveunailang 2 35 Prerudsinsiauinaianendiine) 1w
watia PCR 11l4lun150592103iA18RAMNIMNINATYING 1VBIUIRULAL RIS



5. wmAllA PCR (Polymerase chain reaction) (Erlich, 1989)

wiatla PCR \lumedaldlunisifiudImamsiugnssy vie DNA Wi
FaanusasiinuSunas DNA livaneduin Tnefivdnnns fe 3 DNA wiluuu (DNA template)
uaztoulysl DNA polymerase duasizvians DNA lngldiladlolna dATP, dGTP, dCTP uag
dTTP msiat,flut,ua@jamﬁ’uma DNA walhuu druuseneuvesnaiia PCR Sl DNA LALUY,
thermostable DNA polymerase, dNTPs W 4 ¥l wax oligonucleotide primers 1 @J'

wmadla PCR Usenoude 3 dumeu Ao

fuil 1 Denaturation: HudumeuiivhliAnnsuenaieves DNA  aneg
Isdumeiien anufeudliegi 90-95 ssmiwaldea

Eizfu‘ﬁ' 2 Primer annealing: Lﬂu%umauﬁaﬂqmwgﬁmmmﬁaﬁﬂizmm 50-60
psmwailid ol primers dnansduifu DNA anewiienildarnduusn

Gf?uﬁ 3 Primer extention: Lﬂu%umuﬁlﬁ@mi%waw DNA %ﬁLﬁ@]ﬁ]’lﬂﬂTﬁ
sovajinalolnaiiriivans 3° ves primers wdwens DNA angluianniieama 5° U 37 endfe
woulws! thermostable  DNA  polymerase gamaiifildazeglutag 70-75  osmwaidoa
LﬁaLﬁ%aguﬂﬁﬁéﬂﬂ Uinamsiugnssudildazvintu 2° e n fe S1uiuseuvesfisen

lé’ﬁiwmumiﬁwu%mﬁﬂ PCR L‘ﬁamawwﬁuw%éﬁLﬂuﬁﬁ%ﬂmmw
mmammmmaqmmmLLa“mms WU AseTIanwuaiiseladnesulagly primers ‘1/|€0’]L‘1N’]°’
AuBu lacZ (Bej et al., 1990) Fevimindiadraeules] [3-galactosidase maaaamamma
wanlna Jadumsiauimeda PCR mundnn1598933n1305931ns19lne3s MPN (Bej et
al., 1991b) eagalsinunuin Shiella sp. wag Salmonella sp. ALAHAUINMILITAINGT
dmsunInTIam £ coli Mefiniseenuwuu primers Tiswmzduiu uidd Jevihmiindiadig
woulwl R-D-glucuronidase (GUD) (Feng et al., 1991) w38 8u malB eﬁqmwmmmmaaﬂ
gpslusiuildlunsvudainmanealna (Hl et al, 2008) Ssusiuvaina PCR  2sil
Ausnzualdanunsanldnsatadalsnald SnvsuuaiiSelusietisenaiiiiuuna
Yoo vinlddeafiudunou enrichment  Aeufiasyii PCR  wasdadesondoindasilofil
AUINNE ﬂaf\gﬁ’uﬁmﬂﬁﬂ PCR Fedslaifufidenldfuauiuminin (Mantynen et al,
1997)

fiswrunstweda MPN wildsuiumada PCR (MPN-PCR) tiiotiunl4ids
U%umﬁlumimaﬁmLﬁ'ﬁ”aagﬁim'%sﬂuﬁu (Picard et al., 1992; Myrold and Huss-Danell,
1994; Mantynen et al., 1997) wuin MPN-PCR a@unsassiadnseildausiivinande
Wios 10° wad Sadumeiiaitiie ansvosnanlumsasslassiumimede MPN Sanuiily
szvnauy snddlimnmindedio msumelia MPN-PCR srldlunsnsiaiinsiet Vibrio
parahaemolyticus Tupmnsnzlarssuiisuiumata MPN LUURA (Miwa et al., 2003)
WuIunAlla MPN-PCR @1u15ans1am1 V. parahaemolyticus Tuemsvztalauinnimaila
MPN  wuusady  wonanigefinsulUldlunsasiadesieyt Listeria  monocytogenes
Tuemsudin (Martin et al., 2004) way Campylobacter Tuth (Henry et al., 2015) dnee



6. WAllA Loop-mediated isothermal amplification (LAMP) (Notomi et al., 2000)

Humalamson@inewuulniiiauniuleeinifesmdduioan
fodrfnveaneia PR Wud liidesordeinieslondmzidosnnufiteasinfigumnd
Wen Wana 6065 ewnmaden) aunsansaaseuRaldlutunoudenty fanuligeaunse
avraTaloUSuatesls weeilaulimimeia PCR

Huudmaiweda  LAMP UldlunsnsavuueiiFeiifetestueims
LazTALMaNeTdn WU N15RTIT E coli wiamng 9 l¢ln enteropathogenic E. coli
(EPEC), enterotoxigenic E. coli (ETEC), enteroaggregative E. coli (EAEC), enteroinvasive
E. coli (EIEC) uaz enterohaemorrhagic E. coli (EHEC) lagaaniuu primers Fsuwziuiy
daiamau%mwiazmaﬁuﬁ: 19 stx gene (EHEQ), stb gene (ETEC) 3@ invE gene (EIEC)
iy (Carnevale et al., 2015) wonanifludafinsiurldlunsasiam Salmonella spp.
Tl wu uewengy, Anmeven uasidowe (Jwdiu (Yang et al, 2015), @539
Staphylococcus aureus Tuua, detr wauiileln (Yang et al, 2011) wag Listeria
monocytogenes Tuthuy Dudy (Cho et al., 2014)

6.1  wann1svaunALla LAMP

wafla LAMP Junisiinsiuiy ONA whunelegld primers 4 duiid
AmudumEAU 6 fuviisun DNA Wvinne Tudjisenazorfeiiissgamalifenazasi
pADANIINAAeY wazandeianssuvaueaulsy Bst DNA polymerase dufuouluifiados
wazhauldpfigamaiisening 60-65 esrwaldoa lngasyiviniuen DNA ated iy
aewfien (strand displacement) Taglidedldgnmniguniionds PCR uenainil Bst DNA
polymerase 3@ 1u15a153n136t0a8 DNA Tnefiazifin dNTP WhassUanedu 3’ -OH vosans
fif&sasha ndeusuuaasans pyrophosphate (PPi) 88nwn ile PPi 1dURU magnesium
ions lua1sazaiy azlingnau magnesium pyrophosphate ddv11 ulavaneih (Mori et
al., 2001) fafunmsnsandeunansiusaumEue Suhldludunouien

Primers 74luwmadia LAMP & 4 1du (F3, B3, FIP, BIP) sonuuuuilid
AU UINZFU DNA Whaasng 6 suvis dail F1, F2, F3, B1, B2, lLay B3 (gﬂ‘ﬁ 4)

FIP :-\ch_,g‘
F3 . -

Sem 3
F3c F2¢Fle¢ Target DNA B1 B2 B3

Vi & soomseomosoom - 1 O
B | — %
F3 F2 F1 Blc B2cB3c
3 5
3 - B3 (B3 Primer
B2 =
Bl¢

Ui 4 fusisfisumzuy DNA lWhvsnevesmaila LAMP
(Eiken Chemical Co., Ltd., Tokyo, Japan)
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6.2  tumounsfius iy DNA faemaiia LAMP

Usznoudne 2 Fumeudda Taud
1. %umaumia%fw stem-loop 38 dumbbell-shaped DNA structures

Sulne Bst DNA polymerase Ymidl strand displacement F1 inner
primer (FIP, BIP) 9Ufiu DNA wune weunsdiuaed primer asslate 5’ dsaduiua
vsdnlidaesiduagauiudiduianes DNA daulmiflaradietu Soldldanduiild
Wardulassadrauuu loop levane 57 mﬂuu DNA ﬁ’lEJI‘ViSJﬂﬂﬂﬁi’]x‘]”lJu%’]ﬂ template L
LmJLLmJ outer primers (F3 B3) anduds DNA Lauiwwaswmﬂ outer primer u%m
wnuil wazdu DNA WEufias991n inner primer 8anlUa1n DNA template aztAnlATIaIs
Wy loop fivany 3 waviadulassaednunzadiensuva Sweunasldilu DNA
Fuwutlumsifiadiuau DNA 1u%y’umiLﬁmﬁ’wmmmummﬁmﬁa cycling amplification
step %qazLﬁmiuaﬂwazqmmgﬁﬂqﬁ Fodumsifissiuay DNA  wuuiisedendn  loop-
mediated isothermal amplification (E‘Uﬁ 5)

1.

, F3c F2c Fic Bi B2 B3
3 - = 5
-
T .
[ 9 |FIF"|
|F3 Frirnafl l
2.
a3 = = ] 5
-y - = 3’
5 l
3.
50 == wm = ¥
Fle F2 F1 Blec B2¢ B3c
4.
=] = H i
- “+—
s 5
5
1 B3 Primer
5.
Fic B1
B -
3 J‘
F1
Foc Bic go

;51]1‘7; 5 %y’umaumia%ﬁa Dumbbell-shaped DNA structures
(Eiken Chemical Co., Ltd., Tokyo, Japan)
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2. Fumeumaiiind uau DNA 970 stem-loop wuumuIsuseiilos

Sulng inner primers LUILNTUATIUSIIAL loop aa Bst DNA polymerase
fAlagidunmeans DNA nssUate 3’ ves primer Nagla DNA Wdulval wag DNA Lauiwmuﬁ]vmﬂ
supenly wazldilu DNA template siald ImwgﬂimmLﬂmLLuwuuqumaLumwuuw
Aeluanafidoudoduen  wazilvuiauendisfy  Seazilaseairsndienonngnan
(cauliflower-like structure) mﬂﬂﬁﬁ%mﬁlﬁm%{uﬁ fvilsile DNA Wamanenatey copies @9
WUIRTINTa3Ie DNA Whmaneegiuszanm 1010 copies Meluiian 15-60 wnit (U
6)

Fan 10
> - a
_
4 11.
h.“‘" 5 S :—
s —
# = Fic B1
-.“‘-;_‘_-. l FIIE;._._‘._
’,..--‘° 1 B1c g,
» F2 :’
;
/ "-\ b
B 8
T E - == =
- — B
-
- — - -
T b *3'-"" -:r
A
N / »
CoN -
L B2c ]
-
= Fe 3 81 :’,f . |
* L 7 a1c B2 C"’f
— - I .
= - - -__1_“
-
 ——i i ,"""_'
- - =

Ul 6 Tumeumsifiudiuau DNA uuuvyuisusieios
(Eiken Chemical Co., Ltd., Tokyo, Japan)
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63  n1sATIERUNANTITAUSINIYRs DNA Whusnearnmadia LAMP
6.3.1 NMIAALYY
vaeafiAnnauln e fn1sifiud3unn DNA  Whnwne auinnenouden
989 magnesiurn pyrophosphate 81unalnemasanaaauludulinnazneu d1iansiiy
DNA issnegsnnfesiviinangneudyniann (Ul 7)

SUN 7 MInsideunansiiinUTinuves DNA Wwsneaninaila LAMP ensiainlay
WAANUYY; () HAAY; (+) HAUIN
(Mori et al., 2001)

6.3.2 N38UNANAVIGeBITALIUA (Boehme et al., 2007)

'3'%‘551’@%%?11/@@&5&%& 730a15 chelating agent 19U calcein @l
SfunsiUFRTen LAMP Taenauandannainnisidesuasdidenileglauas UV uawiges
sawudfiAatudunainan TuuAsesudu calcein awduagiu magnesium ion lu
UAATe1 wazmniin1sifisuanns DNA Whuune pyrophosphate ion agduffu magnesium
jon unuvilif calcein lnnsIUdas (3U7 8)

JUN 8 NMINTIERURANSIINUTIUEY DNA wWhnneanmetia LAMP Wensivinlag
mslddngesisaud; () naay; (+) Hauan
(Eiken Chemical Co., Ltd., Tokyo, Japan)
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6.3.3 N34 agarose gel electrophoresis
a1315011 DNA product 91nmatia LAMP U run agarose gel electrophoresis
wIndN13fiugIIU DNA (Hauln) aeiiuuay DNA natevua (U7 9)

M1 2

U 9 msnsraaeURansinUTINAIves DNA Whvsneanwada LAMP iansiainlne
% agarose gel electrophoresis; M Ao ladder; Lane 1 wWauln; Lane 2 Naau
(Notomi et al., 2000)

6.4 Uohuazdanasvasnaila LAMP
Uof
1. annsnifiudnau DNA Whmneneldannsien awnsoldaiesiledi
oeudaluviosfiininduslionmgd Wy drshmuaugamgli vie
heat block
fiauligs wnndunaiin PCR 10-100 i
frmudumnzgs ilesndimnud iz Audumisuy DNA  1msneds
6 FILYLY
4. fanalhdeansiiudsiisetesniuaiia PCR
nsnTIRdUNaNasNadne lidudou
6. annsodiunld9miuUfisen reverse transcription Tunsiiingiuiu
RNA ldi

1. N1509NWUU  LAMP primers ABud19eqeIn insnzaaseanwuulil
AMNTUNIZDY 6 ATLNUS
2. #93ld primers TuUSanasnn
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QJ

nnUsTaeA

1. ieWamnmadia most probable number 311U loop-mediated isothermal amplification
(MPN-LAMP) lunnsasramuunaiiSelaanesuiinun waz Escherichia coli lutauuas
KN

2. \ieUszdiumain MPN-LAMP finmuidulunisasiamuuniiaelnanesuvanun uas
Escherichia coli ludauuasin



NaN1INAGaDI

1. n15aanwuyu LAMP primers

nsfnwilldeoniuu LAMP  primers  AduwizAudu lacZ  veduuATiLsY

naulAdvlasy uag uidA ved £ coli lngusavyausenaume primers 4 1dU (A157199 1)
F9 LAMP primers wsiaznaginzuududmang 6 duvis (U 10) nandniilaainujisen
PCR Tngle LAMP F3/B3 primers 9838 lacZ way uidA duuin 181 Waz 136 bp auanu

A19199% 1 LAMP primers #lglunsfine

gudwung  Primer  Sequence (5'- 3°)

lacZ F3 ACCATCGTCTGCTCATCCA
5 TTARACTGCACACCGCCG
FIP CAAGCCGTTGCTGATTCGCG TGACCTGACCATGCAGAGG
5P CCGTTCAGCAGCAGCAGACC | || ACGCTGATTGAAGCAGAAGC
uidA F3 CCAGAGGTGCGGATTCAC
% CGATATCACCGTGGTGACG
FIP ACTGCGTGATGCGGATCAACAG CACTTGCAAAGTCCCGCTAG
5P CTGACATCACCATTGGCCACCAI 1 1GTCGCGCAAGACTGTAACC
) F3 —» F2 —» Blc —»p
ACCATCGTCT GCTCATCCAT GACCTGACCA TGCAGAGGAT GATGCTCGTG ACGGTTAACG CCGCGAATCA GCAACGGCTT GECETICAGE
TGGTAGCAGA CGAGTAGGTACTGGACTGGT ACGTCTCCTA CTACGAGCAC TGCCA ATTGC GGCGCTTAGT CETTGCCGAA CGGCAAGTCG
*— Flc
— Blc —»
RGCAGEAGRCEATTTTCAAT CCGCACCTCG AGGAAACCGA CATCGCAGGC TTCTGCTTCA ATCAGCGTGC CGTCGGCGGT GTGCAGTTTA
TCGTCGTCTG GTAAAAGTTA GGCGTGGAGE TCCTTTGGCT GTAGCGTC 6 GeABEEEECRICREETORRATT
< B2 < B3
2) F3 , F2 > Blc »

CCAGAGGTGCGGATTCACCA CTTGCAAAGT CCCGCTAGTG CCTTGTCCAG TTGCAACCAC CTGTTGATCC GCATCACGCA GTTCAACG.

GGTCTCCACG CCTAAGTGGT GAACGTTTCA GGGCGATCAC GGAACAGGTC AACGTTGGTG GACAACTAGG CGTAGTGCGT CAAGTTGCGA

o

< Flc
Blc >
GACATCACCAITTGEECACCA CCTGCCAGTC AACAGACGCG TGGTTACAGT CTTGCGCGAC ATGCGTCACC ACGGTGATAT CGTCCACCCA
CTGTAGTGGTAACCGGTGGT GGACGGTCAG TTGTCTGCGC TAC GORGTC ORI GOOABTATAIGE TG G TGGET
+——B2 — B3

JUN 10 fundansinizves primers Ushiagwdming n) lacZ vise ) uidA
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2. AMUINIZVBY LAMP primers

NIANIAINTNNIEVDY LAMP primers W 2 YA HONIIATIVVWUATILSE
Tndvlesusiavan (lacZ-LAMP) waw E. coli (LidA-LAMP) TaglduuafiSesiunu 46 aneriug
WU E coli Vgﬂaﬂaﬁué, K. pneumoniae, C. freundii, E. aerogenes, E. cloacae,
S. marcescens wag Shigella spp. WnauInme lacZ-LAMP @1u Salmonella waguupiilsy
ﬁlﬂé’%’mag‘luﬂaju Enterobacteriaceae \finaau usnanimuin £ coli NNANERUG
wa Shicella spp. Wikauanse uidA-LAMP TuvasfiuuaiiSedu q Wnaau (15197 2)

A15199 2 uuaiseRlglunsAneiazanudnizves LAMP primers

U NANISNAZEDY
LUATILSE wuAnNse  lacZ- UidA-
Y1930 LAMP LAMP

Family Enterobacteriaceae
Coliforms (n=34)

Escherichia coli ATCC25922 (positive control) 1 + +
E. coli 28 + +
Enterobacter aerogenes 1 + -
Enterobacter cloacae 1 + B
Klebsiella pneumoniae 1 + :
Citrobacter freundii 1 + _
Serratia marcescens 1 + -
Non-coliforms (n=8)
Salmonella enterica 4 - ~
Shigella spp. 4 + +
Non-Enterobacteriaceae (n=4)
Aeromonas spp. 2 - -

Plesiomonas shigelloides

Pseudomonas aeruginosa 1
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3. anulivaanaiia LAMP

nsanwralwesnaia LAMP Tngld £ coli ATCC25922 iuidonnaay
WUI lacZ-LAMP U@ UidA-LAMP a1ansansiam £ coli Ielusgiuannuideatssniign
fi 1 CFU/reaction ensaatiunsuaulalaiiituunuermsiasade wazdiowssudiou
fuwmailn PCR Tagld LAMP primers F3/B3 wuinaesmadalinadonndosiu

4. MInsIEBUNANTSINAUTNIM DNA Wvanganmaiia LAMP
MsAnuEldmTIaeURaM N3N DNA Whusnganmatia LAMP ¢
3971514 agarose gel electrophoresis Tneseteiilinauanasiiiudu ladder-like pattern
(Ut 11) uenanildslénnasdlid PicoGreen ududngesisaaud Tumsnsaaaounandn
wuinsldd PicoGreen  (1:200) U3ams 10 lalasans luviaen LAVMP  viduaSaAuufasen
fheehailinauInauRnmaEeuadiBoaneld UV (3U 11)

M1 2 3

n)

3

1

2
g

Ul 11 msnsnaeurandndildanufizen LAMP wWoniainlagisnsld
n) agarose gel electrophoresis %38 ¥) @ PicoGreen; M fa 100-bp ladder; 1,
positive control (E. coli ATCC25922); 2, fiiotNnTIany E. coli; 3, negative

control

5. nsUszdfiumaiin MPN-LAMP 1iensaa E. coli Tuthauuazsinfiiiude

nsenunildiin £ coli ATCC25922 Fidaanslusysuanundadusie q ady
fodnahmuuarinivinliusranideudiussfiuaalweanaiia MPN-LAMP wWisuiiieu
AU3D MPN Tun1sasiaumi £ coli Tudieene nan1snadeunuin wala MPN-LAMP @1u150
avadn £ coli Muaslulusonsiszdunududusiign 1 CFU/100 faddns uae
5 CFU/n3u Tuthiuuassin audsiu uwasiaesmadalinagenadasiu
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6. m3Uszdiumeiia MPN-LAMP TumsastavnuunfiSelaesumammn uas E coli Tusnating
Yduazsin
nsfnuildusefiulssansnmuesnaia MPN-LAMP  Tunisdszendld
mn@mmwﬁwﬁmazﬁﬂ TngdSeuiiisunitulinazariudnnigduinaiia MPN
TunsnsramuuaiiSeladnasusiemun was £ coli lusheghainmuunasin s1uau 79 fegis
Useneusie 1y 33 feghs uay (0 46 deens

¥ o
o

6.1 N1SASIVAIBEUAY
NANIIATIWNLUATIS BlAANBSUNILA wae £ coli  husIag19unIAuanuIu
33 ¢ege Aldanduinisuniaunisluaniufnusing q ludunemelug Janiaasan
puInAda MPN wag MPN-LAMP Tsinadanndaaanulunisnsianiwuaiiseladnasunanus
(915199 3) waglinuAULANAI9YIAT MPN  wadwuaiiseladnasunianun Alaainnis
AT 2 35 2819l5ANIUNIINTIAN E. coli wuIia 2 Flinaliasnndaeiu lagwmaila
MPN-LAMP 9152anU E. coli Tumiagnainaudn 7 fsgne fensiablinumemaiia MPN
¢ A a I ° v
LNUTININTFIUANNINNIATIINGIVBIUIAY (WBn. 257-2549) MuunlH
AN ULUATISslAaNasuNuAlaUasnI1 1.1 MPN/100 1a3ans waznsialuwu £ coli
NaNAINAITATIINATILIIFIDENABNATA MPN WUINUNANT 1L 11 Arogeluniuunge
A a ! = A a & v a | e A
UINTFIUANNINNNYATIINGT a8 lsnnuiladiasizisaemnaila MPN-LAMP wuinduay
811U 2 F79879 NHHIUNANINIANTFIUAMNINNINYATIINENLDIINATIAINUY £ coli

(miwﬁ 3)

6.2 NNIATIAIAIDLINNN

NANITR IV NHNINUIU 46 Fr0819 Tildanaaiasiesiusig o
aeludunemalug Tamiaasan wuiimniedremsanuuuaiieladvesuvianue
Tnenuvsauladnesuuuaiidetamuauinigaludnuszinn dnniavey fnadn uay
AEWAIUA (151991 4) wiadia MPN way MPN-LAMP Tiinagenadasiulunisnsiamuuaiisy
Travladuavun waglinuanuunnanawesan MPN vasuuafidelnanasusanundildainnns
Sipswiivi 2 38 eg1alsRnuNIATIN £, coli wuivi 2 Faliinaldaenadastu Tnomeda
MPN-LAMP @593y E. coli lushegeindnsiuiu 4 fegedsnsalinusomada MPN
(915797 5)

WNAIIANAINNIATIINGIVB981MTUTELANENER HnNToNUSLAAIN
AsuANEEansmsunngiuualinsany £ coli teteunin 100 MPN/nsu nadildainnis
AR IEYegalaawATia MPN wudl fndwiu 15 degraliiunaainunimmiega
FAnen (m5797 5) eglsAmuiiodnsisisaemaiin MPN-LAMP - wusndfindnsdiuau 2
feeefilinunamiannmnisgadingiiesanasiany £ coli 1nnin 100 MPN/nfu
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o ° aa a ] L. . ) ! R a
MN1919N 3 ﬁ]’]U’JuLLUﬂVILiEJIﬂaW’eJﬁWNWJ@ Wy Escherichia coli 11461’3@EJN“IJ’]G]SJV]G]?’J%L?]%%‘MEIWEJ
wiAtA MPN tag MPN-LAMP

L. uunfideleavedusianun /100 faddns  Escherichia coli /100 Taaans
FrReEn MPN MPN-LAMP MPN MPN-LAMP
1* 1.1 1.1 <1.1 1.1
2% 1.1 1.1 <11 1.1
3 1.1 1.1 1.1 1.1
4 16 16 16 16
5 <11 <1.1 <1.1 <11
6 <11 <1.1 <1.1 <11
7 <11 <1.1 <1.1 <11
8 <11 <1.1 <1.1 <11
9 <11 <11 <11 <11
10 <11 <1.1 <1.1 <11
11 <11 <1.1 <1.1 <11
12 <11 <11 <11 <11
13 <11 <1.1 <1.1 <11
14 <1.1 <1.1 <1.1 <1.1
15 <11 <11 <11 <11
16 <11 <1.1 <1.1 <11
17 <11 <1.1 <1.1 <11
18 <11 <11 <11 <11
19 <11 <1.1 <1.1 <11
20 <11 <1.1 <1.1 <11
21 <11 <11 <11 <11
22 <11 <1.1 <1.1 <11
23 <11 <1.1 <1.1 <11
24 3.6 3.6 3.6 3.6
25 12 12 12 12
26 1.1 1.1 1.1 1.1
27 2.2 2.2 <1.1 2.2
28* 2.2 2.2 <11 2.2
29 >23 >23 5.1 >23
30* 16 16 <1.1 1.1
31 <1.1 <1.1 <1.1 <11
32* 23 23 <11 9.2
33% 9.2 9.2 <1.1 3.6

*feg19unnunlnaaulun1sns1av £ coli Inawmaiia MPN walitauinlaamada MPN-LAMP
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FUAVDINN (N)

° o o A a a a ]
"U']TJ’JUGYJ@EJ'NNﬂmﬁ]i'ﬂ'ﬂW‘ULL‘UﬂWLiEJIﬂaWE]i@JVNVM@

(Avnan-Angaan: MPN/nsu)*

<30 30-10 >10-100  >10-100  >10>-10"  >10%-10°
NANIAveN (8)  — - - ! 2 > 3 2 0
@2x109)  (1.1-4.6x10%) (1.1-4.6x10")
NNAAA (8) - - 3 2 2 L 3 2 4
(150 -23.0) (1.5-7.5x107)  (2.0x10)  (1.1-1.5x10)
nevaUa (8) — 2 2 2 2 ! , ! a
(36-9.2) (23.0-430) (4.2-4.6x10°)  (1.1x10) (1.1x10%)
Tnszn (4) — - - ! 2 > 3 -
(4.6x107)  (1.5-6.6x10°)
L9an (4) - - L ! ) 2 3 -
(38.0) (4.6x107) (1.5x107)
nzNgT (4) _ _ _ 2 ) 2 3 _
(4.6-7.5x109)  (1.1x10°)
(15-7.5x109)  (1.1x10°)
azszund (4) - - - 3 , L 5 -
(15-4.6x109)  (1.1x10°)
WinTInU (1) — — - B L , —
v (1.1x107)
i (1.5x10")
*LAAWANIZAT MPN 119991035 MPN wag MPN-LAMP Tvinaganmaaany



A151990 5 INUIUMIBENENTANTIINU Escherichia coli tnawmaila MPN kag MPN-LAMP

FIUIUAIDYNENNANSIINU Escherichia coli Wnemnaila MPN UIUAIDYNENTANSIANY Escherichia coli wawmatin MPN-LAMP
FUAVDINN (N) (Aean-Agagm: MPN/n3u) (Aege-ANgan: MPN-LAMP/$a)

<30 3010 >10-100 >10-10°  >10-100 >10-100 <30 3.0-10 >10-10° >10-10° >10-100 >10-10"

NNAAYDL (8) - 2 L 2 2 ! - ! 2 2 2 !
(36-92)  (270)  (24-64x10) (1.1-15x10")  (4.6x10") 92 (14.0-27.0) (24-64x10) (1.1-1.5x107)  (4.6x10°)
Knaan (8) ? ’ ! ! 2 - ! ° ! ! 2 -
(36-92  (23.0) (2.0x109  (1.1-2.9x107) (369.2)  (23.0) (2.0x109  (1.1-2.9x107)
4= 6 1 1 3 2 3
nguaua (8) (3.6) (23.0) - - B (30-9.2)  (23.0-75.0) - - )
3 1 3 1
Wsewn (@) - (1504300 (4.3x10) - - - © O (150430)  (43x10) - B
o 1 3 1 2 1
WiaEn (4) - (23.0-75.0) - - - T (38.0-750) B (1.1x10") -
nELNS (4) B L — 2 L - - 1 - 2 1 _
g . (2.4510) (1.1x10%) (3.6 (24x10)  (11x10")
o - — 3 1 2 2
Nﬂsﬁ (4) (110_930) (2.4)(102) h - N B (110-930) (1.2-2.4X102) B -
\ — — 2 1 1 2 1 1
avszumu (4) (43.0-93.0)  (1.5x10") (1.1x10°) B - C O (#30930)  (1.5x10) (1.1x10°) -
~ X 1 1

w3nTuy (1) - - - - - Y - - - B
o — — 1 — - — - — 1 — — —
Wnne (1) (a3.0) (43.0)

21
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6.3 nmsidSeuifisuanuannizuazanuliveanain MPN-LAMP Tun1snsaam
wuaiiSelaawasusievun uas E. coli ludagnsinauuaziin
Mnnsisuiflsunanisasaamuuafiseladneduionn was £ coli
Tusegrainauuardnsiuau 79 §10813 (115199 3-5) wuinnailan MPN-LAMP
finnulnazanusng 100% Tunisasaavuuefidelnanesusiammn uas £, coli 1iiesan
WAdA MPN-LAMP  @1150952991 £, coli Tusnaghasuau 11 fegrs flvuaausenis
ASIEOUNIEAS MPN (113741 6)

A5 6 AUIMNEwaEANUYRIMATA MPN-LAMP  1Seufisunumasia MPN
TunsmsrmnuANEelAaNasUNINUS way Escherichia coli TuAiagnatnAuLazen

FouuaitiSe MPN MPN-
% % % %
LAMP
specificity  sensitivity ———— specificity = sensitivity
+ - + -
wuavilseladnasy
2 20 100 100 59 20 100 100
YNUUA
E. coli 43 36* 100 80 54 25 100 100

* 11 f9g19 AN51ANU £ coli 19835 MPN-LAMP wans29kinulaegds MPN fediudunie
nmsdndenuenlaain presumptive phase Uua1115 EMB uag 16s rRNA sequencing
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ASIATIIARNANITNAAD

AFn319TATeRanAIMN1I9aTaine1vestinAnuazre i slutlag iy
Femofendnnsidendodalidode fe Museuain wassrozina uiaednnsiaun
wada LAMP Sadumaiansond@ainewuull iteldlunsnnsinneginuaiionelse
nangviin widadvednialununisiiunusegndlelun1snsiaiiasenaun et ing)
veshnuuarens dWesmnlilaunsomusinandelnensensegald (HiL et al., 2008)
N3M519 AT AN TNIRATIINE TR ALy DM STledauUAT FEUsd S1Tudes
anfetayaeUSunaveanuaiitssluiegne Yagtuddiliisenunisiinaiin LAMP wild
Tunmsasainswiuuaideladnosuimunuas £ coli fafunsinunisuimuninaiea
MPN Fadumedamuildlunsmusuiade saufumaila LAMP (MPN-LAMP) iiothanld
TunsasadmssiaztusauuuaiiSeladnesuvomn was £ coli Tudiuuazems
\ioandorossuAuUSomsY LayszaYaUIY

Pnmstnsmuiuuaiiselednesuimueilinaseulinauanlulfise)
lacZ-LAMP wuaiiGenauladesuiililunisAnuilaseunquuuaiiFenduladve suiinutes
nsenelulssimeduiielag Ramteke et al. (1992) wuinuaiiSelnanedufinudeslui
amﬁlﬁmﬂ‘j’]mma lawn Klebsiella sp. (50.9%), Citrobacter sp. (20.4%), wag E. coli
(11.79%) waz fecal coliform finutes fie £ coli (75.1%) n1sdnwiinuin Shisella spp.
Lilduuaiiseladvesuudliinauiniu (acZ-LAMP uay LidA-LAMP #e §afls1eaiuin Shigella
spp. AU E coli  fianumeutuvesiiduelusyauas vinliliauisousnanuwansg
seyinadeansvinilddeomaia PCR (Bej et al., 1991a) A58 lacy Wuduthuune
Tun1sdun Shigella spp. wag E. coli 89naniu Wosndu lacy Wuguiiieadestunis
a519oulesl galactocidase permease %ﬂﬁmﬁﬂﬁiumiﬁwﬁﬁmaLLﬁﬂIwaLﬁi’héwaé AN
Shigella spp. udfasilguiiadraoulel p-calactocidase  (lac?) walififuitazininna
dduwad luvaedl £ coli asnsaawuldaaesdu (Horakava et al, 2008) pedlsfinu
nsuszgnAldimatia MPN-LAMP Tums@inwiianunsonenanuunnsnsveadersandlalag
ofenantsmadeunsuiniimanininaudalinsatunialuemsideadiedu presumptive
test ¥a9mALA MPN

nsaneniuansludiudn wmaia MPN-LAMP  anansassiadaldudiideoifios
1 CFU/ARATEN waranunsonsandinsesi £ coli  Tudeehaiiuuasinfidusunade
agludtegnuiios 1 CFU/100 fiaddns waz 5 CFU/nSu snuaidiu wansliiiuinmede
MPN-LAMP  fiadnaibagasnn LLazqamhmiﬁﬂmrﬁawﬁwﬁﬁwmmﬂﬁﬂ LAMP  unlglunns
m379%1 Shiga toxin-producing E. coli (STEC) laea1dsEu Shiga toxin, virulence gene
Bu waznquiu O-antigen Wuduilmune Fadiaulawiiu 1-20 CFU/UfATen Tnele
Pnsaialuiieisinasdinnuly 10-10° CFU/M$U (Wang et al, 2014) Mn518371UA"S
MTITIATIZY enterotoxigenic E. coli (ETEC) nsheghaiuuiv wui dandlavii
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547 CFU/fiadans (Yang et al, 2014) uaziflowSeuiisumnaiia MPN-LAMP U MPN-PCR
Tun1sdiunldnsiadinsieinuniisefiiioadesiuin wulunisnsiadiasies
Campylobacter spp. Tuth@emnaiia MPN-PCR WU’jWﬁmmhayjﬁ 8.2 MPN/100 {iaddns
(Henry et al, 2015) Tuvauzfinsnsiam £ coli TuihAudemain MPN-LAMP 917
miﬁﬂwm%”’ﬁﬁﬁmmhagiﬁ 1.1 MPN/100 fiaddns wada MPN-LAMP ({umadiafiannse
asieseildAustasideluusunastes

malsuiioumaida MPN  fumeda MPN-LAMP  #imundulunisnsia
iszviuuaiGelrdnoduianuauay £ coli  ludethahaunazin s1uiu 79 fee
Fasregnainidenuinsantinsgilaun dnade, Anayulng uazdu q Wudnfideuuilaa
Tnelairunudou wazilonianudeldsiuiunnnilosnin dnvarnisnieninaesdin
dodulmdufindouAuiier dauvesdniiounmunasdudaiuiu Ussneufudiuvesly
finmsdouituiuinn den1sdrwhanuazeradeusuussnueiafinidogaunideanty
Talavua (Xu and Warriner, 2005) 31nA1SENMINUTIN NSATIIATIEILUATISElAGH DY
wanualinaiaonndeaiuia 2 mala ualifieg19diuiu 11 Free9 (14%) Alna
NMIATITIATIER E. coli 14 2 wedlnlslaenndesiu nnnisvnassnuinfietsitlinaau
INNIATITNATIZIN E. coli $2833 MPN wiia3eudil £ coli ilosannanunsauen E coli ¢
MnMsLenTelnensmInmasn presumptive tubes BSULBMSIABATS Eosin methylene
blue agar wazdudulaeis 165 rRNA sequencing FrfunaauUaeuitisduludy confirmed
test voumailn MPN ASaio191AA9N £ coli vnaneiugliaunsasylaluems £ coli
(EC) broth (Baylis, 2008) mmaﬁw} Fonavilymunaautasuludu confirmed test 43
M3ATITARSIE9 £ coli Tuthiudeds MPN fe £ coli anetusilaianansoathaeulssdidon
MUG 19 Fsldlanansanstanuldly ECMUG medium  $3i51891431n1505999 £ coli
Tngld38 PR 7880 vidA  DuBudhmane faraibhgandinsnsalagedenindsade
Tuoms ECMUG  medium  ilosanndu uidd  avanunsamsaanuldanaly MUG-positive
E. coli wagMUG-negative E. coli (Bej et al, 1991b) MIn3I5N1SATINNATIEN E. coli
Lufiaaulafisane dswansenusionuidnnainlun193189IUNANITNAFOUAMNIN
y3gaTine1vesinnare s felfunisiumada LAMP  sussandldsaufuimatin MPN
Sadumsiinmnulisesenuidedioveavaia MPN 1¢

nsfnuildiauinaia MPN-LAMP  iilerandszendldlunisasiaaey
warUSunaouunaiiSeTadviesuimun waz £ coli luthiuuasin dsanunsafmn
wmadaiiilensareunmunInnIsgaiiine1vesosussiandy 1 1wu (edn dafdn
onsnzia wazwaldl 1¢ Wowssuoudunounisiinseisedsdiomeada MPN  way
wada MPN-LAMP &7 @111508R0agss8gliaInIsiasIeviadlaann 4-6 Ju 1ndeliies 1-2
$u (5U71 12) wadla MPN-LAMP  Safiusglevionsdsdmiues foannsiiniating e
FI9E 19 IUIUIIN FINTTANKSINY LaTIZELIAT Y30 FaansNanITIeTzAfiTIaELas
LN
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MPN method

200 ml water sample

10l

Lavryl trvptose broth {10 replicate tubes)

IRRLLLL

Positive presumptive tubes
(zas formation)

2d-4R h

1 ml

3N A extraction

| loop
¥

Hnlliant green
lavtose bile broth
(incubated 35°C 24-48 h)

zas formation

W
Calculated
MPN value

for total coliforms

1 loop l

¥ LAMEP assay
EC-MUG medium l lh
(meubatzd 44.5°C 24 b MPN determination
nright hlise
Mliprescent
L
Caleulated
MPM walue
for Foeall

MPN-LAMP method

ﬂi
Vegetable sample

Mg

)

MPN method MPN-LAMP method

[
=
Homaoginate in 225 mi
PBS buffer (1:10)
10-fold sorisl diletion
=

101
—] —] lmw“mﬁ’:}‘m:
100

Positive presumptive tubes

(gas formation)

| 24-48 h

1 1 ml
1 loop 1 loop DNA extraction

Erilliant green EC broth
lactose bile brath (incubated 45.5°C 24 h) LAMP assay

(incubated 35°C 24-48 h)
l gas formation 1 Ih

MPN determination

lsﬁ formation

Calculated Calculated
MPN value MPMN value
for total coliforms for total fiecal coliforms

24h ll loop

Metallic sheen green colony
on Eosin methylene blue agas (EMB)
refer to E. coli

31]1‘7; 12 FumoUNIIATIIATIEIIE 1 eATA MPN wag MPN-LAMP n) a529808191nmsd (APHA, AWWA, WEF, 2012),
) 9290890 (US. FDA, BAM: Chapter 4, 2002)
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dyUunan1Inaasg

nsAnwillFoanuuy LAMP primers 11w 2 90 fistnzfudu lacZ vie uidA
1 LAMP primers Wwsiagyausenaunie primers 313U 4 1du Iy (acZ-LAMP 1%
TunsasiamuuaiiSelaaiesuiamn @ uidA-LAMP 14lun1snsiam £, coli
wadia LAMP  fiaundufianusinegs InsuvaiiSeladvesumnudafinnaeuly
HAUINAY lacZ-LAMP uag £ coli ynangWuglinauiniu uidA-LAMP laguuaiiisy
sl mneranuelinaau sndu Shisella spp.  @slifinadannusnnzves
nsAnuniifiosainnisesainsesisnegdaomaia LAMP 9¥asiaianzvasndi
SLﬁmamﬂéLusﬁ”’u presumptive U9438 MPN R Shigella spp. linaau

walla LAMP ﬁv"w’wmsﬁuﬁmmhqqmn aunsansaiaeilaustideuios 1 wad/
Uiisen Mazoznatlunmaiufitondios 1 dalue mindesnisnsunadidaiy
aunsagunan1snadeulalaglidngeaisaud 1 PicoGreen

dlovumeda LAMP urldsaudu MPN Tunisnsianiusunames £ coli Tusees
ihiuuaginfiiude wuihilendlgaenn amsoanaieseilduiideuudeuly
dhandles 1 CFU/100 fiadans vise Hidevudeuludnuiies 5 CFU/M%Y
NsAsIadasIERFetsaLLasing w79 Faethe Tngldimaiia MPN-LAMP
Wasuiisuiumedan MPN Luusaia wuiwa 2 weialinaadenadesiulunisnsia
Jinszinuaiiselaaveduiun agnelsAALMSNTITIATIEE £ coli WU
fishetediuau 11 Feghs (14%) Alfansns19nsest £ coli % 2 wadall
F0AAaRINY AD TANAAUAIEID MPN WAlANaUINA835 MPN-LAMP 1agnaainnis
maaqLLaﬂL%aimamiaawummi EMB agar uazdudusiy 16s rRNA sequencing
Tnsetiilinaaulun1snsalasent £ coli faewaiin MPN Susuinwu £ coli
wAdA MPN-LAMP  fistamndudimnusimizuazauls 100%  lunisnsie
muvafiselaanesuvinun waz £ coli Tusegnsihduuasdn Taefianalgand,
wmAdia MPN saifi

mAdia MPN-LAMP anansaanseesannsiassiuuaiiselnanesuimunuay

£ colilufednean d-6  Su wdeiies 12 u susieanunsoanU3uaemis
Aoadouasusinyld



27
UIFTUIUNIA

NFUIMEIANARTAITUNNE. 2553, INAUTIANAIMNI JaYTINY1VBIDWMNTUAZAITUE
duaonyns. Tuiduteya 14 funau 2559, lidddan
http://dmsc2.dmsc.moph.go.th/webroot/BQSF/File/VARITY/dmscguideline.pdf

AUNNULATFIUNEATUNAAINNTIN. NTENTIYAFMNTTUNINTTIUHAN S UTTRa N TTY :
wen. 257-2549. thuslaa. Fuidudeya 11 Funau 2558, 1iddldan
http://www2.rid.g¢o.th/research/vijais/moa/fulltext/TIS257-2549.pdf

AUNNULIATTIUFUAN YATLAZITLINYIA. NTENTINNUATUAZAVNTAL : UNB%Y. 9007-
2548, dormunsnuanuaenfuAudinunsuare s, Juiifudeya 8 nsngran
2559 1 104bAa7n
http://www.acfs.go.th/standard/download/food _safety thai.pdf

APHA, AWWA, WEF. Standard Methods for examination of water and wastewater.
22nd ed. Washington: American Public Health Association; 2012, 1360 pp.
ISBN 978-087553-013-0.

Ashbolt, N. J., Grabow, W., and Snozzi, M. 2001. Indicators of microbial water quality.
IWA Publishing:289-316.

Baylis, C. 2008. Growth of pure cultures of Verocytotoxin- producing Escherichia coli
in a range of enrichment media. Journal of Applied Microbiology 105 (5):1259-
1265.

Bej, A. K, Steffan, R. J.,, DiCesare, J., Haff, L., and Atlas, R. M. 1990. Detection of
coliform bacteria in water by polymerase chain reaction and gene probes.
Applied and Environmental Microbiology 56 (2):307-314.

Bej, A. K., DiCesare, J. L., Haff, L., and Atlas, R. M. 1991a. Detection of Escherichia coli
and Shigella spp. in water by using the polymerase chain reaction and gene
probes for uid. Applied and Environmental Microbiology 57 (4):1013-1017.

Bej, A. K, McCarty, S. C, and Atlas, R. 1991b. Detection of coliform bacteria and
Escherichia coli by multiplex polymerase chain reaction: comparison with
defined substrate and plating methods for water quality monitoring. Applied
and Environmental Microbiology 57 (8):2429-2432.

Boehme, C. C., Nabeta, P., Henostroza, G., Raqgib, R., Rahim, Z., Gerhardt, M., Sanga, E.,
Hoelscher, M., Notomi, T., and Hase, T. 2007. Operational feasibility of using
loop-mediated isothermal amplification for diagnosis of pulmonary
tuberculosis in microscopy centers of developing countries. Journal of Clinical
Microbiology 45 (6):1936-1940.



28

Carnevale, M. L., Roche, P. J., Najih, M., Paliouras, M., Beitel, L. K., and Trifiro, M. A.
2015. A rapid diagnostic method for E. coli serogroups responsible for gastro-
intestinal diseases using loop-mediated isothermal amplification. Analytical
Methods 7 (1):287-295.

Cho, A-R., Dong, H.-J., Seo, K.-H., and Cho, S. 2014. Development of a loop-mediated
isothermal amplification assay for detecting Listeria monocytogenes prfA in
milk. Food Science and Biotechnology 23 (2):467-474.

Clermont, O., Bonacorsi, S., and Bingen, E. 2000. Rapid and simple determination of
the Escherichia coli phylogenetic group. Applied and Environmental
Microbiology 66 (10):4555-4558.

Dick, L. K., and Field, K. G. 2004. Rapid estimation of numbers of fecal Bacteroidetes
by use of a quantitative PCR assay for 16S rRNA genes. Applied and
Environmental Microbiology 70 (9):5695-5697.

Dombek, P. E., Johnson, L. K, Zimmerley, S. T., and Sadowsky, M. J. 2000. Use of
repetitive DNA sequences and the PCR to differentiate Escherichia coli
isolates from human and animal sources. Applied and Environmental
Microbiology 66 (6):2572-2577.

Eiken Chemical Co., Ltd., Tokyo, Japan. Design of primers. Retrieved from
http://loopamp.eiken.co.jp/e/lamp/primer.html (accessed 10 August 2014).

Eiken Chemical Co., Ltd., Tokyo, Japan. Basic principle. Retrieved from
http://loopamp.eiken.co.jp/e/lamp/principle.html (@ccessed 10 August 2014).

Eiken Chemical Co., Ltd., Tokyo, Japan. Detection methods - Visual detection.
Retrieved from http://loopamp.eiken.co.jp/e/tech/detect_index.html
(accessed 10 August 2014).

Erlich, H. A. 1989. Polymerase chain reaction. Journal of Clinical Immunology 9
(6):437-447.

Feng, P., and Hartman, P. A. 1982. Fluorogenic assays for immediate confirmation of
Escherichia coli. Applied and Environmental Microbiology 43 (6):1320-1329.

Feng, P., Lum, R., and Chang, G., W. 1991. Identification of uidA gene sequences in
beta-D-glucuronidase-negative Escherichia coli. Applied and Environmental
Microbiology 57 (1):320-323.

Geldreich, E. E., Kenner, B., and Kabler, P. 1964. Occurrence of coliforms, fecal
coliforms, and Streptococci on vegetation and insects. Applied Microbiology
12 (1):63-69.

Henry, R., Schang, C., Chandrasena, G. I, Deletic, A., Edmunds, M., Jovanovic, D.,
Kolotelo, P., Schmidt, J., Williamson, R., and McCarthy, D. 2015. Environmental



29

monitoring of waterborne Campylobacter: evaluation of the Australian
standard and a hybrid extraction-free MPN-PCR method. Frontiers in
Microbiology 6.

Hill, J., Beriwal, S., Chandra, I., Paul, V. K., Kapil, A., Singh, T., Wadowsky, R. M., Singh,
V., Goyal, A, and Jahnukainen, T. 2008. Loop-mediated isothermal
amplification assay for rapid detection of common strains of Escherichia coli.
Journal of Clinical Microbiology 46 (8):2800-2804.

Horakova, K., Mlejnkova, H., and Mlejnek, P. 2008. Specific detection of Escherichia
coli isolated from water samples using polymerase chain reaction targeting
four genes: cytochrome bd complex, lactose permease,f3-D-glucuronidase,
and B-D-galactosidase. Journal of Applied Microbiology 105 (4):970-976.

Johnson, R. P., Durham, R. J., Johnson, S. T., MacDonald, L. A., Jeffrey, S. R., and
Butman, B. T. 1995. Detection of Escherichia coli O157: H7 in meat by an
enzyme-linked immunosorbent assay, EHEC-Tek. Applied and Environmental
Microbiology 61 (1):386-388.

Leininger, D. J., Roberson, J. R., and Elvinger, F. 2001. Use of eosin methylene blue
agar to differentiate Escherichia coli from other gram-negative mastitis
pathogens. Journal of Veterinary Diagnostic Investigation 13 (3):273-275.

Maheux, A. F., Dion-Dupont, V., Bouchard, S., Bisson, M.-A., Bergeron, M. G., and
Rodriguez, M. J. 2015. Comparison of four f-glucuronidase and [3-
galactosidase-based commercial culture methods used to detect Escherichia
coli and total coliforms in water. Journal of Water and Health 13 (2):340-352.

Mantynen, V., Niemela, S., Kaijalainen, S., Pirhonen, T., and Lindstrom, K. 1997. MPN-
PCR-quantification method for staphylococcal enterotoxin ¢ 1 gene from fresh
cheese. International Journal of Food Microbiology 36 (2):135-143.

Martin, B., Jofre, A., Garriga, M., Hugas, M., and Aymerich, T. 2004. Quantification of
Listeria monocytogenes in fermented sausages by MPN- PCR method. Letters
in Applied Microbiology 39 (3):290-295.

Miwa, N., Nishio, T., Arita, Y., Kawamori, F., Masuda, T., and Akiyama, M. 2003.
Evaluation of MPN method combined with PCR procedure for detection and
enumeration of Vibrio parahaemolyticus in seafood. Shokuhin eiseigaku
zasshi. Journal of the Food Hygienic Society of Japan 44 (6):289.

Mori, Y., Nagamine, K., Tomita, N., and Notomi, T. 2001. Detection of loop-mediated
isothermal amplification reaction by turbidity derived from magnesium
pyrophosphate formation. Biochemical and biophysical research  communications
289 (1):150-154.



30

Myrold, D. D., and Huss-Danell, K. 1994. Population dynamics of Alnus-infective
Frankia in a forest soil with and without host trees. Soil Biology and
Biochemistry 26 (5):533-540.

Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T., Watanabe, K., Amino, N., and
Hase, T. 2000. Loop-mediated isothermal amplification of DNA. Nucleic acids
Research 28 (12):e63-e63.

Picard, C., Ponsonnet, C., Paget, E., Nesme, X., and Simonet, P. 1992. Detection and
enumeration of bacteria in soil by direct DNA extraction and polymerase
chain reaction. Applied and Environmental Microbiology 58 (9):2717-2722.

Ramteke, P., Bhattacharjee, J., Pathak, S., and Kalra, N. 1992. Evaluation of coliforms
as indicators of water quality in India. Journal of Applied Bacteriology 72
(4):352-356.

Rompré, A., Servais, P., Baudart, J., de-Roubin, M.-R., and Laurent, P. 2002. Detection
and enumeration of coliforms in drinking water: current methods and
emerging approaches. Journal of Microbiological Methods 49 (1):31-54.

Tate, R. L. 1978. Cultural and environmental factors affecting the longevity of
Escherichia coli in histosols. Applied and Environmental Microbiology 35
(5):925-929.

Trotman, H., and Bell, Y. 2006. Neonatal sepsis in very low birthweight infants at the
University Hospital of the West indies. The West Indian medical journal 55
(3):165-169.

U. S. Food and Drug Administration. BAM Chapter 4: Enumeration of Escherichia coli
and the Coliform Bacteria. Retrieved from http://www.fda.g¢ov//Food/Food
Science Research/LaboratoryMethods/ucm064948.ntm. (access 12 December
2015).

Vilchez, S., Reyes, D., Paniagua, M., Bucardo, F., Méllby, R., and Weintraub, A. 2009.
Prevalence of diarrhoeagenic Escherichia coli in children from Leon,
Nicaragua. Journal of Medical Microbiology 58 (5):630-637.

Wang, F., Yang, Q., Qu, Y., Meng, J., and Ge, B. 2014. Evaluation of a loop-mediated
isothermal amplification suite for the rapid, reliable, and robust detection of
Shiga toxin-producing Escherichia coli in produce. Applied and Environmental
Microbiology 80 (8):2516-2525.

Yang, H.,, Ma, X., Zhang, X., Wang, Y., and Zhang, W. 2011. Development and
evaluation of a loop-mediated isothermal amplification assay for the rapid
detection of Staphylococcus aureus in food. European Food Research and
Technology 232 (5):769-776.



31

Yang, W., Song, X., Wang, J,, Li, Z., Ji, M., and Li, Y. 2014. Detection methods for milk
pathogenic bacteria by loop-mediated isothermal amplification. Bioscience
Trends 8 (6):316-321.

Yang, Q., Wang, F., Jones, K. L., Meng, J., Prinyawiwatkul, W., and Ge, B. 2015.
Evaluation of loop-mediated isothermal amplification for the rapid, reliable,
and robust detection of Salmonella in produce. Food Microbiology 46:485-
493.

Xu, J., and Warriner, K. 2005. Coliphage as an indicator of fecal contamination in
hydroponic cucumber (Cucumis sativus L) greenhouses. Journal of the
Science of Food and Agriculture 85 (14):2397-2400.



AANUIN

32



Y v Ay o a
muQUUVIm‘l‘UEN’J’I’ia’]S’J?I’m']S

33



Proceeding

34



ASN1SNAABINULAY

1. ASATIANIBU lacZ wag uidA aematia LAMP

duNaNvaIU e UAN

35

@IUNaAL Reaction mixture ANULLTUERYINY Usung (ul)

10X buffer 1X 2.5
100 mM MgSO, 8 mM 2
10 mM dNTP 1.4 mM 3.5
5M Betaine 0.8 M a4
DI water - 0.5
total - 12.5

dunay LAMP Reaction ANINTUgAYINY USums

Reaction mixture - 12.5
50 uM F3 0.2 uM 1
50 uM B3 0.2 uM 1
40 pM FIP 1.6 UM 1
40 pM BIP 1.6 UM 1
8 U Bst DNA polymerase - 1
DI water - 5.5
DNA template - 2
total - 25

dnsdmTuufnten

81 lacZ 9aungil 65 a3 walTYa 1Ia1 60 U

8U uidA gl 64 sAEALTEYE 1380 60 W19
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2. AT9UEASAT MPN WUU 3 “aanlun1ns293tAs1eiannis (US. FDA, BAM Appendix

2,2010)
Pos. Tubes Caonf. lim. Pos. tubes Conf, lim.
0.10 0.01 0.001 MPN/g Low High 0.10 0.1 0.001 MPNig Low High
] 0 ] =30 - 8.5 2 2 0 21 45 42
] 0 1 30 0.15 96 2 2 1 28 87 o4
] 1 ] 30 0.15 1 2 2 2 35 87 o4
] 1 1 8.1 1.2 18 2 3 0 29 87 o4
0 2 0 62 12 18 2 3 1 38 87 o4
] 3 ] 5.4 36 g 3 ] 0 23 48 &4
1 0 ] 36 0.7 18 3 ] 1 38 87 10
1 0 1 72 1.3 18 3 ] 2 &4 17 180
1 0 2 1 36 38 3 1 0 43 9 180
1 1 ] 7.4 1.3 20 3 1 1 75 17 200
1 1 1 1 36 38 3 1 2 120 & 420
1 2 ] 1 36 42 3 1 3 160 40 420
1 2 1 15 45 42 3 2 0 83 18 420
1 3 ] 18 45 42 3 2 1 150 7 420
2 0 ] 82 1.4 38 3 2 2 210 40 420
2 0 1 14 36 42 3 2 3 250 80 1,000
2 0 2 20 45 42 3 3 0 240 42 1,000
2 1 ] 15 a7 42 3 3 1 450 80 2,000
2 1 1 20 45 42 3 3 2 1100 180 4,100
2 1 2 i 87 o4 3 3 3 =1100 420 -
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3. A191948A9A1 MPN WUy 10 waanlun1snsrasiaagnetinfa (US. FDA, BAM Appendix

2,2012)

Pos. tubes MPN/100ml
0 <1 1
2 2.2
3 36
4 5.1
5 6.9
6 9.2
7 12
g8 16
] 23
10 =23

Conf. lim.

Low

05

37

2.5

33

4.8

High

33

24
33

53

4. N1593NLLUU LAMP primer faelusunsu PrimerExplorer VAa.

4.1 manuluavesguinensidlunsnmaliaseiaingiudeya NCBI
4.2 copy sequence ldlu notepad a7 save file L?Juu']mqa txt AegU

File Edit Format View Help

TCATTGTTTGCCTCCCTGCTGCGGT T T T TCACCGAAGTTCATGCCAGTCCAGCGTTT T TGCAGCAGAAAA
GCCGCCGACTTCGGTTTGCGGTCGLGAGTGAAGATCCCTTTCTTGT TACCGCCAACGCGCAATATGCCTT
GCGAGGTCGCAAAATCGGCGAAATTCCATACCTGT TCACCGAC GACGGLGC TGACGCGATCAAAGACGLG
GTGATACATATCCAGCCATGCACACTGATACTCTTCACTCCACATGTCGGTGTACAT TGAGTGCAGLCCG
GCTAACGTATCCACGLCGTAT TCGGTGATGATAATCGGL TGATGCAGT TTCTCCTGLCAGGCCAGAAGTT
CTTTTTCCAGTACCTTCTCTGLCGT T TCCAAATCGCCGLTTTGGACATACCATCCGTAATAACGGTTCAG
GCACAGCACATCAAAGAGATCGC TGATGGTATC GGTGTGAGCGTCGCAGAACATTACATTGACGCAGGTG
ATCGGACGCGTCGGGTCGAGT TTACGCGTTGCTTCCGCCAGTGGC GCGAAATATTCCCGTGCACCTTGLG
GACGGGTATCCGGTTCGTTGGCAATAC TCCACATCACCACGCTTGGGTGGT T T T TGTCACGCGCTATCAG
CTCTTTAATCGCC TGTAAGTGCGCTTGCTGAGT T TCCCCGTTGACTGCCTCTTCGCTGTACAGTTCTTTC
GGCTTGTTGCCCGCTTCGAAACCAATGCC TAAAGAGAGGT TAAAGCC GACAGCAGCAGTTTCATCAATCA
CCACGATGCCATGTTCATC TGCCCAGTCGAGCATC TCTTCAGCGTAAGGGTAATGCGAGGTACGGTAGGA
GTTGGCCCCAATCCAGTCCATTAATGCGTGGTCGTGCACCATCAGCACGTTATCGAATCCTTTGCCACGC
AAGTCCGCATCTTCATGACGACCAAAGCCAGTAAAGTAGAACGGTTTGTGGTTAATCAGGAACTGTTCGC
CCTTCACTGCCAC TGACCGGATGCCGACGCGAAGC GGGTAGATATCACACTCTGTCTGGCTTTTGGCTGT
GACGCACAGTTCATAGAGATAACCTTCACCCGGTTGCCAGAGGTGCGGATTCACCACTTGCAAAGTCCCG
CTAGTGCCTTGTCCAGT TGCAACCACCTGTTGATCCGCATCACGCAGTTCAACGCTGACATCACCATTGG
CCACCACCTGCCAGTCAACAGACGCGTGGTTACAGTCTTGC GCGACATGCGTCACCACGGTGATATCGTC
CACCCAGGTGTTCGGLGTGGTGTAGAGCATTACGC TGCGATGGATCCCGGLATAGT TAAAGAAATCATGG
AAGTAAGACTGCTTTTTCTTGCCGT T TTCGTCGGTAATCACCATTCCCGGLGGGATAGTCTGCCAGTTCA
GTTCGTTGT TCACACAAACGGTGATACGTACACTT T TCCCGGLAATAACATACGGCGTGACATCGGCTTC
AAATGGCGTATAGCCGLCCTEATGC TCCATCACTTCCTGATTATTGACCCACACTTTGCCGTAATGAGTG
ACCGCATCGAAACGCAGCACGATACGCTGGLCTGCCCAACCTT TCGGTATAAAGACT TCGCGCTGATACC
AGACGTTGCCCGCATAATTACGAATATCTGCATCGGC GAAC TGATCGT TAAAACTGCCTGGCACAGCAAT
TGCCCGGCTTTCTTGTAACGCGCTTTCCCACCAACGC TGATCAATTCCACAGTTT TCGCGATCCAGACTG
AATGCCCACAGGCCGTCGAGTTTTTTGAT T TCACGGGTTGGGGTTTC TACAGGACGTAACAT




4.3 1 lUsunsu PrimerExplorer nniuleAlagld Mozilla Firefox browsers
4.4 na PrimerExplorer V4

rLAMP primer designing softwa.. *

D& Ihttp::--primerexplorerjp-E-inc\ex.html

—

4.3

LAMP primer designing software

PrimerExplorer

[2) Most Visited @ series8-FC uvudidaut., @ Getting Started @ [TH Sub] mnﬂﬂ'_mqu [ESTE H sub] shalalufas,. @ =##&S Official Web... @& v

@ELBJ CHEMICAL CO.,LTD. 3

Eiken GENOME SITE >

PrimerExplorer is a primer designing
software specifically for LAMP,
a novel gene amplification method.

sion with enhanced operability

Priﬁierprorer v4 2

Please click for software information

—_—

4.4

HEFEFILAMP R E LR
JE R A AT A )
1

. Caution upon usage

Java Runtime Environment (JRE) is required for PrimerExplorer. Please download the JRE
from the following site and install it.(v4-Operating Environment

For V4; Java Runtime Environment(JRE}1.6.0 33

[Caution]

Fire Wall or similar software might interfere and block the Java program from correctly

4.5 A Browse L1aan file ansruuauasdui save 11
4.6 udnm Primer Design

PrimerExplorer V4

Software

Operation procedure for

designing regular primers

Operation procedure for

designing loop primers

1. Click on [Browse] button. 1
Choose and upload the target sequence file.

Following formats can be used.

Plain text format {sequence only)
FASTA format

GenBank format

Multiple alignment file format
Target sequence save file format

2. Choose the comresponding parameter set.

3. Click on the [Primer Design] button

Target Sequence File/Primer Information File
| uidA Lamp2(E.BW25113).bxt

. Click on the [Browse] button.
Choose the Primer Information File.

2. Click on the [Primer Design] button.

\ 4

4.5

Parameter Setinct applicable to the loop primer design.)

@ Automatic Judgment

) User Assignment Mo file selected.

Primer Design 4.6
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4.7 %&399nNne Primer Design 93U nt1985auans

4.8 idon Detail Settings Lilons19d0UA Parameter #1139

UPLOAD FILE : uidA Lamp2(E.BW25113).txt

1 TCATTGTTTG CCTCCCTGCT GCGGTTTTTC ACCGAAGTTC ATGCCAGTCC AGCGTTTTTG CAGCAGAAAA GCCGCCGALCT 30 - Set Mutaion

| Mut/Cons )
Clear )

81 TCGGBTTTGCG GTCGCGAGTG AAGATCCCTT TCTTGTTACC GCCAACGCGC AATATGCCTT GCGAGGTCGC AAAATCGGCG 160 Fixed Primer

5
=

181 AAATTCCATA CCTGTTCACT GACGACGGECE CTGACGLGAT CAAAGACGOG GTEATACATATCCAGCCATG CACACTGATA 240 F1i I

B1 )
Bz )

241 CTCTTCACTC CACATGTCGGE TETACATTGA GTEGCAGCCCE GCTAACGTAT CCACGCCGTA TTCGGTGATGE ATAATCGGECT 320 B3 I

Clear )

2321 GATGCAG CTCCTGCCAS GCCAGAAGTT C 'CCAG TACCTTCTCT GCCG 'CCAAATCGCCGCT TTGGACATAC 400 | Save Target

1| 1

| ¢

Design Option

1.Generate Generate sets were generated.

2.Display Display

If you can have more detail settings, plgpeeeittitpelow.

Detail Settings

4.8

A1 parameter M1A0INTIAEOUL

1. Length agluy9 18-25 bp
2. Tm ¥84 Flc/Blc agludie 64-66°C

Tm v8a F2/B2 F3/B3 agluyae 59-61°C
3. GC rate% ogluta 40-65% i3 50-60%

[

&
AU

@ Default
© Common
© Spedific

Parameter Condition Normal - | save Parameter I Recet Paramater I
Length FleBle 2 [-22

R B8 H-2o [

BB} B8 g-2 M
Tm Fle/Ble 64 E - 66 E

RB. % H-st [

F3B3 s [g-e1 [

GC rate(%0) 40




4.9 nm Generate Wag Display

UPLOAD FILE : uidA Lamp2(E.BW25113).txt

1 TCATTGTTTG CCTCCCTGCT GCGGTTTTIC ACCGAAGTTC ATGCCAGTCC AGCGTTITIG CAGCAGAAAA GCCGCCGACT 80 i

81 TCGGBTTTGCG GTCGCGAGTG AAGATCCCTT TCTTGTTACC GCCAACGCGC AATATGCCTT GCGAGGTCGC AAAATCGGCG 160

181 AAATTCCATA CCTGTTCACC GACGACGGCGE CTGACGCGAT CAAAGACGCS GTGATACATA TCCAGCCATG CACACTGATA 240

241 CTCTTCACTC CACATGTCGGE TGTACATTGA GTGCAGCCCE GCTAACGTAT CCACGCCGTA TICGGTGATS ATAATCGGCT 320

321 GATGCAGTTT CTCCTGCCAG GCCAGAAGTT CTTTTTCCAG TACCTTCTCT GCCGTTTCCA AATCGCCGCT TTGGACATALC 400

1.Generate Genarate sets were generated.

2.Display Display

If you can have more detail settings, please click below.

Detail Settings I

4.10 98U INYVUNBUAAIYATDS LAMP primer fiaanuuuls
4.11 naidenya LAMP primer 7if@4n13

40

Set Mutaion
Mut/Cons ]
Clear )

Fixed Primer

Clear )
Save Target

Design Option
@ Default
Common
© Spedific

OB bl primereplareg)dampd 00 ¢ | [Q sew Th @ + &
| PrimerExplorer V4
1. Turn on the check box to choose primer set.
2. Push “Confirm” butten to transtes to Primer Information page.
2 Push “Save List” button to download Lucel format file.
[ s ) il ] Desprid
e [Fasy]
111 - ) TXLTGACT FEGT T T 5 i i THTCT LT Lo daatar TG AGGT [ ATAARAT TCCATACCTGET i STGALTOGA TEARAGALTL T T AT ACA T A TCDAGITA
P R il i nlera R ] e Rt g hamggal i e Rt R gt i
61 71 1 L w01 111 21 131 141 151 181 1w 11 191 01 by a
- 4 1 1 0] ACATA  TCCAGECA
»
G EDETAGTE A AGATECET [ ——— CCATA  CCTGICACCUACGACG - SERT e

[nutputs: 25 sets] Displayed 1 - 25, Designid 160802132250
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4.12 luyn LAMP primer 1 99 9zUsenaume primer F3, B3, FIP uag BIP wiay
a1AuuaYes primer uiaziduiauanslugy

4.13 fisnsan dG sesimundeadilng 0

4.14 915041 dG veslane 3’ F2/B2 waw 5 Flc/Blc fiflanuszanas -4 kcal/mol
3etounI

PrimerExplorer V4 Software

| Frimer Information I

»

1 D49 dimer(minimumjdG=-2.40 > 4.13
label 3'pos 3'poslen Tm  3'dG 3°dG GCrate Sequence
F3 1087 1104 1839229 519406 0.6] CCAGAGETECEEATTCAC

B3 1240 1258 193040 -380-5.84 (.33 COATATCACCETEEIGADE
FIP 42 ACTECETEATEOSEATCARCRG - CACTTECARRETOCCSCTAS

EIP 41 CIGACATCACCATTGCOCACCA—CTCGOECARCACTETARDT

F2 1105 1124 20 60.66 4.
Flc 1147 1168 226524 657466 (.37 ACTECETEATEOGEATCARCAS

(.55 CACTTECARRGTCCCGECIAS

B2 1218 1236 196047 -7.34 (.38 STOSCECARGACTETARCT : 4.14

Blc 1175 1196 2265000491501 033 CIGACATCACCATIGECCACCA

| Primer information ]

2 ID:31 dimer{minimum)dG=-2.18

lakel 3'pos 3'poslen Tm  3'dG 3°dG GCrate Sequence

F3 617 633 1960.75 H559-5.00 (.33 TCACGOGCTATCAGCTICTT

B3 812 830 195980 -687-342 038 CCICECATTACDCCTITACEC

FIP 1 TTGETTTCGARGCEGECARCA A —GTAAGTGOECTTECTGAGT
EIP 41 GAGGTTAAAGCCGACAGCAGCA—ACTGECCAGATGAACATGE

F2 643 663 1939900373474 033 STRARGTGCOSCTTGCIGAST
Fle 704 723 226376 467433 0350 TTGETITCSARGOGEECRARCAR
B2 779 79T 1935919 584505 055 ACTGEECAGRTGAACATES
Blc 736 737 226304 485665 033 CAGCITARAGCCFACAGTAGCR
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4.15 thasuluaves LAMP primer yaiildien 1nlusunsy Blast ¥ed NCBI wive
MTIRABUANIUTNINE

’%’ ':i:' blast.nchinim.nih.gov/Blast.cgi?PROGRAM=hlastnBBLAST_PROGRAMS=megaBlast&PAGE_TYPE=ElastSearch&5HOW_DEFAULTS=on&

blastp blastx thlastn | tblastx |

BLASTN programs search nucleotide databases using a nucleotide query.
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) &

=}

lear  Querysubrange &

From

To

Or, upload file

EBro

Mo file selected. &

Job Title
Enter a desoiptive title for your BLAST search &
Align two or more sequences &

Choose Search Set

Database ([C)Human genomic + transcript ) Mouse genomic + transcript @ Others (nr etc.):
Nudleotide collection (nrfnt) - @

Organism

Optional name o b Exclude T
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown &

g"?'“"f Models CXMXP) Unculured/environmental sample sequences

ptiona

Limit to Seguences from type material

Optional

Entrez Query YouRllld Create custom database

Optional

Enter an Entrez query to limit search

Program Selection
LnbTERTy @ Highly similar sequences (megablast)

) More digsimilar =equences (dizcontiguous megablast)

'_! Somewhat similar seguences (blastn)
Choose a BLAST algorithm &

Search database Nucleotide collection (nrint) uging Megablast (Optimize for highly similar sequences)
Show results in a new window
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U. S. Food and Drug Administration. BAM Appendix 2: Most Probable Number from
Serial  Dilutions. Retrieved from http:// www.fda.gov/Food/FoodScience
Research/ LaboratoryMethods/ucm109656.ntm (access 14 December 2015).
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Highlights

e The detection limit of LAMP for total coliforms and E. coli was 1 CFU/reaction.

e The sensitivity of MPN-LAMP was 1 CFU/100 ml of water and 5 CFU/g of
vegetables.

e MPN-LAMP had better sensitivity than MPN technique on E. coli detection.

e MPN-LAMP is more rapid, specific, sensitive, and less labor than MPN technique.
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Abstract

Total coliforms and Escherichia coli are bacterial indicators used in microbiological examination of
drinking water and foods to indicate the possible of fecal contamination which led to ensure the
public health safety. In this study, we developed most-probable-number loop-mediated isothermal
amplification (MPN-LAMP) method for examination of total coliforms and E. coli in drinking water
and vegetables. The LAMP assay was performed using two sets of specific primers, lacZ and uidA,
for identification of total coliforms and E. coli, respectively. The lacZ-LAMP was able to detect all
members of the coliform group. In addition, uidA-LAMP was successfully detected all E. coli strains
tested. The detection limit of LAMP for total coliforms and E. coli was 1 CFU/reaction. In spiked
samples, presumptive evaluation by MPN-LAMP method could detect E. coli at the concentration of
1 CFU/100 ml and 5 CFU/g in water and vegetables, respectively. Analyzing 33 drinking water and
46 raw vegetable samples, the results obtained by MPN-LAMP method were in agreement with the
MPN technique for total coliforms detection. However, MPN-LAMP had better sensitivity than
conventional MPN technique on E. coli detection. No false-negative results were observed in all
samples. Thus, this method can be used as an alternative test for rapid examination of total coliforms

and E. coli in food industry.

Keywords: coliforms; Escherichia coli; loop-mediated isothermal amplification; microbial quality;

MPN; rapid method
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1. Introduction

Coliforms are Gram-negative, facultative anaerobic rod-shaped bacteria that ferment lactose
to produce acid and gas within 48 hours at 35°C (Rompré, Servais, Baudart, de-Roubin, & Laurent,
2002), and are normally detected in diverse environments (e.g., soil or vegetation) (Geldreich,
Kenner, & Kabler, 1964; Tate, 1978). As reported previously, Klebsiella sp. (50.9%), Citrobacter sp.
(20.4%), and E. coli (11.7%) were the common total coliforms isolated from rural drinking water
(Ramteke, Bhattacharjee, Pathak, & Kalra, 1992). E. coli is associated with fecal material of humans
and other warm-blooded animals (Dombek, Johnson, Zimmerley, & Sadowsky, 2000). Total
coliforms and E. coli are the most common indicator group tested for monitoring of microbial quality
in water, foods and other food products. In several countries, E. coli is not accepted in drinking water,
fresh produce, or any processed foods (De Oliveira, De Souza, Bergamini, & De Martinis, 2011; Wei,
Hwang, & Chen, 2006). The specific guidelines and regulations depend on the type of analysed
foods.

A standard method recommended for total coliforms and E. coli detection and enumeration is
the Most Probable Number (MPN) technique (Eckner, 1998). However, it is time consuming,
requiring 4 to 6 days before the presence of coliforms in drinking water could be confirmed.
Therefore, rapid culture methods based on specific enzyme activity detection of those bacteria have
been developed to examine water and food samples (Maheux et al., 2015). However, they are
expensive and time consuming.

PCR-based methods have been developed to increase the rapidity and specificity of coliforms
detection without cultivation and confirmation steps (Bej, DiCesare, Haff, & Atlas, 1991; Bej,
McCarty, & Atlas, 1991). Primers based on the lacZ gene have been used for the detection of
coliforms. For specific detection of E. coli, malB gene coded for a maltose transport protein was
developed, cross reaction was demonstrated in Shigella and Salmonella (Bej, Steffan, DiCesare,

Haff, & Atlas, 1990). Therefore, primers targeted to the uidA gene encoding B-D-glucuronidase
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(GUD) was developed with specific detection of E. coli (Martins et al., 1993; Tsai, Palmer, &
Sangermano, 1993). Despite its specificity, it is difficult to use PCR for the quantification of bacteria
in sample because of the presence of PCR inhibitors in samples (Hill et al., 2008).

A novel nucleic acid-based method known as the loop-mediated isothermal amplification
(LAMP) has been developed (Notomi et al., 2000). This technique is less interference by inhibitory
substances than PCR, and its amplification can be achieved by using a simple heating block or
waterbath. In addition, LAMP technique is easy to perform, generates rapid and easily interpretable
results because positive reaction develops turbidity which can be detected by the naked eyes. This
method has been developed into commercial kits to detect many food-borne pathogens, including
Salmonella, Legionella, Listeria, verotoxin-producing E. coli, and Campylobacter (Mori, Nagamine,
Tomita, & Notomi, 2001), and is used for diagnosis of E. coli infection with high sensitivity and
specificity (Hill et al., 2008; Yano, Ishimaru, & Hujikata, 2007). Therefore, combining the
conventional MPN technique with LAMP assay would benefit people for detection and enumeration
of food-borne pathogen. The objective of this study was to evaluate MPN-LAMP method to detect

and enumerate the total coliforms and E. coli in drinking water and vegetables.

2. Materials and Methods
2.1 Bacterial strains

The bacterial strains used in this study including 34 coliforms, 8 non-coliforms, and 4 non-
enteric bacteria (Table 1). E. coli ATCC25922 was used for determination of LAMP sensitivity and

specificity, and for the inoculation of spiked water and vegetable samples.

2.2 LAMP primers design
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In this study, primers specific to lacZ and uidA were used in LAMP assay for detection of
total coliforms and E. coli, respectively (Table 2). They were designed with Primer Explorer V4 from

Eiken Chemical, Co. Ltd., Japan.

2.3 LAMP assay

The lacZ-LAMP and uidA-LAMP assays were performed using 25-pl reaction mixture
consisted of a 1x ThermoPol reaction buffer (20 mM Tris—HCI, 50 mM KCI, 10 mM (NH,4),SQOy, 2
mM MgSQq, 0.1% TritonX-20, pH8.8 at 25 °C), 1.6 uM each of FIP and BIP, 0.2 uM each of F3 and
B3, 1.4 mM of dNTPs, 8 mM of MgSQ,, 8 U of Bst DNA polymerase (New England Biolabs, USA),
and 1.5 pl of DNA template. The reaction mixtures of lacZ-LAMP and uidA-LAMP were incubated
in a conventional heating block (Major Science, USA) for 60 min at 65 or 64°C, respectively. A non-
DNA containing negative control was used to ensure no amplification from the reaction mixture
alone. In this work, for rapid visualization of the LAMP reaction, Pico Green (Sigma-Aldrich, USA)
was added to the reaction mixture after the amplification and green fluorescence indicated the
positive LAMP reaction (Carnevale et al., 2015). The LAMP amplification products were confirmed

by electrophoresis using 1.5% agarose gel, the positive samples revealed a ladder-like pattern on the

gel.

2.4 Specificity of the LAMP assay

To determine the specificity of LAMP assay, coliforms, non-coliforms and non-
enterobacteriaceae bacteria were evaluated (Table 1). LAMP product was confirmed by PCR
amplification using LAMP outer primers F3 and B3 (Table 2). The amplification products obtained

were purified, and nucleotide sequence were analyzed (Macrogen, Korea).
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2.5 Sensitivity of the LAMP assay

To evaluate the LAMP sensitivity, E. coli ATCC25922 was grown overnight at 35°C in
Tryptic Soy Broth (TSB). Cells were harvested, washed and resuspended in normal saline. The cell
suspension was adjusted to give a cell density of approximately 108 CFU/ml using 0.5 McFarland
Standard. Then, 10-fold serially diluted bacteria ranging from 108 CFU/ml to extinction were

prepared and subjected to DNA extraction by boiling method before performing LAMP assay.

2.6 Spiked water and vegetable samples

Drinking water samples were collected from a public water dispenser and lettuce vegetable
was purchased from a local market. Any naturally contaminated bacteria in water samples were
removed by filtered through a 0.45 um membrane filter (Sartorius Stedim Biotech, Germany). For
lettuce sample, 100 g of lettuce were decontaminated by 200 ppm of sodium hypochloride as
previously described (Goularte et al., 2004). For the inoculation of samples, an overnight culture of E.
coli ATCC25922 was diluted and adjusted to a 0.5 McFarland standard (10% CFU/ml) in normal
saline. Ten-fold dilutions were performed to obtain a range of bacterial concentrations between 1-10?
CFU/ml. One milliliter of the dilutions was added to 100 ml drinking water or was inoculated into 25
g of vegetable and homogenized for 2 min with 225 ml of phosphate buffered. Bacterial CFU were
confirmed by plating the inoculating cultures on Tryptic Soy Agar supplemented with 1% NaCl and
incubated overnight at 37°C. All experiments were done in triplicate.

All spiked samples were subsequently evaluated by MPN technique and MPN-LAMP method

as described in the schematic diagram shown in Fig. 1.

2.7 Evaluation of MPN-LAMP method for the detection of total coliforms and E. coli in drinking

water and vegetable samples
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A total of 33 drinking water samples were randomly collected from public water dispensers in
various areas of Hat Yai, Songkhla. They were transported, and stored in strict accordance with the
guidelines described by standard methods (APHA, 2012)

In this study, 46 vegetable samples were purchased from local market, and were analyzed
immediately upon their arrival at the laboratory. The samples consisted of raw leafy salad vegetables,
herbs and others (52%, 44% and 4%, respectively) (data not shown). A 25-g portion of the samples
was mixed with 225 ml of phosphate buffered in sterile bag and was homogenized using a stomacher

for 2 minute before assay (Fig 1).

2.8 Most Probable Number (MPN) technique and MPN-LAMP method

The enumeration of total coliforms and E. coli in drinking water, MPN technique was
performed using a 10-tube MPN test as described by U.S. Environmental Protection Agency (EPA)
standards (APHA, 2012). For vegetable samples, a 3-tube MPN test was performed as described in
Bacteriological Analytical Manual (BAM) (FDA, 2002).

For MPN-LAMP evaluation, positive presumptive MPN tubes that exhibited gas formation
were subjected to LAMP assay (Fig. 1). Briefly, 1 ml of culture taken from positive tube were boiled
and 2 pl of DNA template supernatant was directly used for LAMP assay as described above.

Specificity and sensitivity of MPN and MPN-LAMP were compared. Specificity was defined
as the (number of samples negative by both techniques)/(number of samples negative by both
techniques + number of samples positive by MPN-LAMP but negative by MPN), and sensitivity was
defined as the (number of samples positive by both techniques)/(number of samples positive by both
techniques + number of samples positive by MPN but negative by MPN-LAMP) (Kongrueng et al.,

2015).

3. Results
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3.1 Specificity and sensitivity of the LAMP assay

For specificity of lacZ-LAMP assay, all E. coli strains, C. freundii, E. aerogenes, E. cloacae,
K. pneumoniae, S. marcescens, and Shigella spp. were positive. None of amplification product was
observed from Salmonella and non-enteric bacteria (Table 1). In the uidA-LAMP, all 29 E. coli
isolates and Shigella spp. were positive whereas other bacteria were negative. Confirmation of
amplification products by sequencing revealed no false positive detected in both lacZ- and uidA-
LAMP assay.

The sensitivity was evaluated with E. coli ATCC25922 strain. The lacZ- and uidA-LAMP
amplifications could detect as low as 1 viable E. coli cell per reaction (as determined from the plate

counts).

3.2 Evaluation of MPN-LAMP method in spiked water and vegetable samples

The sensitivity of MPN technique and MPN-LAMP method was compared in artificially
inoculate samples. In spiked water, MPN-LAMP method were able to detect E. coli at the lowest
inoculum level (1 CFU/100 ml), which correlated to the results of MPN technique. The detection

limit of both methods was 5 CFU/g in spiked vegetables.

3.3 Evaluation of MPN-LAMP method for the detection of total coliforms and E. coli in drinking
water and vegetable samples

The efficiency of MPN-LAMP method was performed in drinking water and vegetable
samples to evaluate its application in water and food analysis. The sensitivity and specificity of the
MPN-LAMP methods for the detection of total coliforms and E. coli were compared to MPN. A total
of 79 samples were determined, and correlation between MPN and MPN-LAMP methods was

demonstrated in total coliforms detection of all samples (Table 3). There were no differences in MPN
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values of total coliforms obtained by both methods (Table 4). For E. coli detection, where 54 samples

were found to be positive by MPN-LAMP, only 43 samples were deemed positive by MPN (Table 3).

4. Discussion

Conventional culture-based methods for detection and enumeration of bacteria in water and
foods are laborious and time consuming. Recently, LAMP assay has been developed for detection
many food-borne pathogens, however, this technique cannot enumerated the number of cells in the
sample (Hill et al., 2008). For examination of microbiological quality of drinking water and foods,
the concentration of pathogens must be evaluated to be in the permission limit. Therefore, a
combined culture-based MPN method and LAMP assay (MPN-LAMP) was developed in this study.
In this study, all coliforms including E. coli, Citrobacter, Enterobacter, Klebsiella, and Serratia were
detected by lacZ-LAMP assay. Moreover, the uidA-LAMP assay did not generate a LAMP product
from all other bacteria, except E. coli and Shigella spp. These results are in agreement with those
from other studies which demonstrate that E. coli and Shigella share high level of DNA similarity,
and could not be differentiated by PCR-based methods (Bej, DiCesare et al., 1991). In MPN-LAMP
developed in this study, Shigella was successfully distinguished from E. coli on the basis of a
presumptive MPN reaction. Thus, our developed assay has good specificity.

The sensitivity of MPN-LAMP for bacterial detection in samples was higher than that of
reported by previous studies. In this study, LAMP assay was sufficient to detect a single E. coli cell
per reaction in pure culture. The MPN-LAMP method was able to detect E. coli at 1 CFU/100 ml in
water, and 5 CFU/g vegetables. Previous reports showed that the detection limit of LAMP assay to
detect Shiga toxin-producing E. coli using Shiga toxin genes, other virulence genes, and O-antigen
gene clusters is between 1 to 20 cells per reaction in pure culture, and 10%to 10* CFU/g in vegetables
(Wang, Yang, Qu, Meng, & Ge, 2014). A study used LAMP to detect enterotoxigenic E. coli from

raw milk could detect 547 CFU/mlI of the pathogen (Yang et al., 2014).
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Comparative testing between MPN technique and MPN-LAMP method were carry out in
drinking water and vegetable samples collected from various sources. Of the 79 samples tested, there
were 11 samples (14%) in which MPN technique and MPN-LAMP method tests differed for E. coli
detection. False negative were detected by MPN technique since E. coli were recovered from positive
presumptive tubes of false-negative samples, and confirmed by 16S rRNA sequencing. False-
negative results of MPN observed in this study may be due to the reasons that some strains of E. coli
are failed to grown in E. coli (EC) broth which were used in conventional MPN technique (Baylis,
2008). In previous study, the uidA-PCR has been demonstrated to be more sensitive for E. coli
detection than culture-based detection method (Bej, McCarty et al., 1991). Failure to detect E. coli
could lead to a significant error in examination of water and food quality. This result demonstrated
that MPN-LAMP method was highly specific and more sensitive than the MPN technique. The
reliable of MPN technique for E. coli detection can be enhanced when MPN technique is combined
with LAMP assay. Moreover, MPN-LAMP method significantly reduced the total times for detection

and enumeration of total coliforms and E. coli from 4-6 days for MPN to less than 2 days.

5. Conclusion
This study demonstrated that MPN-LAMP method provides rapid and reliable results for the
detection and enumeration of total coliforms and E. coli in both drinking water and vegetables. This

combined method may therefore be considered as a useful tool for application in food industry.
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311  Tables
312 Table1l

313  Bacteria used in this study and specificity of LAMP primers.

No. of tested No. positive for

Bacteria isolates lacZ- UidA-
LAMP LAMP
Coliforms (n=34)
Escherichia coli ATCC25923 (positive control) 1 +
E. coli 28 +
Citrobacter freundii 1 + -
Enterobacter aerogenes 1 + -
Enterobacter cloacae 1 + -
Klebsiella pneumoniae 1 + -
Serratia marcescens 1 + -
Non-coliforms (n=8)
Salmonella enterica 4 - -
Shigella spp. 4 + +
Non-Enterobacteriaceae (n=4)
Aeromonas spp. 2 - -
Plesiomonas shigelloides 1 — —
Pseudomonas aeruginosa 1 — —
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LAMP target genes and primers used in this study.

Target Primer  Sequence (5’ to 37)
gene
lacZ F3 ACCATCGTCTGCTCATCCA
B3 TTAAACTGCACACCGCCG
FIP CAAGCCGTTGCTGATTCGCGTTTTTGACCTGACCATGCAGAGG
BIP CCGTTCAGCAGCAGCAGACCTTTTACGCTGATTGAAGCAGAAGC
uidA F3 CCAGAGGTGCGGATTCAC
B3 CGATATCACCGTGGTGACG
FIP ACTGCGTGATGCGGATCAACAGTTTTCACTTGCAAAGTCCCGCTAG
BIP CTGACATCACCATTGGCCACCATTTTGTCGCGCAAGACTGTAACC
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Table 3

Specificity and sensitivity of MPN-LAMP compared to MPN for total coliforms and E. coli

detection.
MPN-LAMP result MPN result Total Specificity (%) Sensitivity (%)
Positive Negative

Total coliforms
Positive 59 0 o9 100 100
Negative 0 20 20
Total 59 20 79

Escherichia coli
Positive 43 11* o4 69 100
Negative 0 25 25
Total 43 36 79

* E. coli was detected from presumptive tubes by cultivation on Eosin Methylene blue agar and was
confirmed by 16S rRNA sequencing
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Table 4

Discrepancies between MPN technique and MPN-LAMP method for total coliforms and E. coli

detection.
MPN value MPN-LAMP value
Samples (n) <11 11-10° 10%-10° 10%10° <11 1.1-10? 10%10* 10%10°
Total coliforms
Drinkingwater (33) 20 13 — — 20 13 — —
Vegetables (46) - 8 28 10 — 8 28 10
E. coli
Drinking water (33) 27 6 — - 20 13 - -
Vegetables (46) — 31 13 2 — 29 14 3
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Figure

Fig. 1. Schematic representative of MPN technique and MPN-LAMP method for analyses of total

coliforms and Escherichia coli in drinking water (A) and vegetables (B).
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Abstract:

Recently, people become more attentive to searching for healthier diets. Despite the health
benefits from vegetables, the outbreaks caused by food-borne pathogens associated with the
consumption of raw vegetables, particularly of leafy salad vegetables, have increased worldwide. In
this study, 24 samples of lettuce, green oak and cabbage were purchased from local markets in Hat
Yai, Songkhla, Thailand. Each sample was tested for the presence of total coliforms and Escherichia
coli using the most probable number (MPN) method. Total coliforms were detected in all samples
ranged from 3.6 to 4.6 x 10° MPN/g. E. coli was detected more than 50% of the samples, and was
more frequently detected in lettuce samples. It was found that cabbage was the least contaminated by
these organisms. In conclusion, this study indicated the risk related to consumption of contaminated
vegetables by detecting bacterial indicators.
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Abstract:

Recently, people become more attentive to searching for healthier diets. Despite the health
benefits from vegetables, the outbreaks caused by food-borne pathogens associated with the
consumption of raw vegetables, particularly of leafy salad vegetables, have increased worldwide. In
this study, 24 samples of lettuce, green oak and cabbage were purchased from local markets in Hat
Yai, Songkhla, Thailand. Each sample was tested for the presence of total coliforms and Escherichia
coli using the most probable number (MPN) method. Total coliforms were detected in all samples
ranged from 3.6 to 4.6 x 10* MPN/g. E. coli was detected more than 50% of the samples, and was
more frequently detected in lettuce samples. It was found that cabbage was the least contaminated by
these organisms. In conclusion, this study indicated the risk related to consumption of contaminated

vegetables by detecting bacterial indicators.

1. Introduction

Recently, the prevalence of food-borne
pathogens has gained much attention
worldwide. Consumption of raw leafy
vegetables, especially ready-to-cat salads has
grown rapidly, and has resulted in increased
food-borne outbreaks [1, 2, 3]. Contamination
of raw vegetables with pathogens normally
occurs via human or animal feces, the
environment or through processing, handling
and storage [4, 5, 6, 7]. Therefore,
microbiological examination is required for
public health safety.

It is difficult, time-consuming, and
expensive to detect for specific pathogens
directly in food samples [8]. Therefore,
coliform bacteria, particularly Escherichia
coli, are used as indicator organisms for the
determination of water and food hygiene [9,
10]. Coliform bacteria are members of the
family Enterobacteriaceae [11]. These bacteria are
defined as lactose fermenting, gram-negative, rod
shaped, such as FEscherichia, Enterobacter,
Klebsiella, and Citrobacter

[12]. They are usually not pathogenic to
humans, and are naturally present in plants and
soil [13, 14]. E. coli, one of the coliform
bacteria, is considered to be more closely
associated with fecal contamination from warm
blood animals than other coliforms [15]. It is
also known as a fecal coliform or
thermotolerant coliform because of its ability
to ferment lactose sugar in a special medium at an
elevated incubation temperature [16]. The
standard technique used in routine laboratory for
detection and enumeration of total coliforms
and E. coli is the Most Probable Number
(MPN) technique [17, 18, 19]. This technique
is based on the bacterial fermentation of
lactose with gas formation in 24 to 48 h [20].

This study was aimed at evaluating the
microbiological indicators, including total
coliforms and E. coli, in raw vegetables sold in
local markets in Hai Yai, Songkhla, Thailand,
using MPN technique. The results obtained
from this study should be used for a public
health warning.

2. Experimental Section
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2.1 Media

Lauryl tryptose broth, EC broth, Eosin
methylene blue agar (EMB)
(Difco™,  Detroit, Mich., USA),  Brilliant

green lactose broth (BGLB) (Merck,
Darmstadt, Germany) were used for the
enumeration of total coliform bacteria and E.
coli by Most Probable Number technique.

2.2 Sample collection

Twenty-four raw vegetable samples
including lettuces, green oak and cabbages were
collected during the period from March to
May 2016 from local markets in Hat Yai,
Songkhla, Thailand. These samples were
analyzed in the laboratory immediately after
collection.

2.3 Sample preparation

A 25-g sample of each vegetable was
mixed with 225 ml of phosphate buffer in a
sterile plastic bag, homogenized in a
stomacher for 2 minutes, and diluted in 10-fold
serial dilutions.

2.4 Enumeration of E. coli and total
coliform bacteria by MPN technique

The three-tube MPN method was
conducted according to the method described
in the Bacteriological Analytical Manual
(BAM) [21].

Presumptive phase: one ml of each
dilution was inoculated into lauryl sulfate
tryptose broth and incubated at 35°C+ 0.5°C
for 24-48 h. After incubation, 1 ml samples
from the positive tubes which showed growth
and gas formation were selected for the
confirmed phase.

Confirmed phase: A loopful of
suspension from all positive tubes from the
presumptive phase were transferred to brilliant
green lactose broth (BGLB) and EC broth.
Tubes were incubated at 35°C for 24-48 h, and
45.5°C for 24 h, for BGLB broth and EC
broth, respectively. All positive tubes from
BGLB broth and EC broth that showed growth
and gas formation indicated the presence of
total coliforms and fecal coliforms,
respectively. MPN values were calculated
using the MPN index table.

Completed phase: A loopful of tubes
from EC broth were streaked on EMB agar
and incubated at 35°C for 24 h. Colonies that
showed metallic sheen green were identified as
E. coli.

3. Results & Discussion

3.1 Enumeration of total coliforms and
Escherichia coli on vegetable samples

In this study, we evaluated 24 leafy
salad vegetables for the presence of total
coliforms and E. coli. Total coliforms were
detected in all samples in the range of 3.6 to
4.6 x 10* MPN/g (Table 1). High amounts of
total coliform contamination indicate a risk for
human consumption [7]. The detection of total
coliforms was correlated with the previous
report which demonstrated that total coliforms
were detected in 96.4% of lettuces [22]. EU
commission regulation (No. 2073/2005)
reported that ready-to-eat vegetables are
defined as normal habitats for all coliforms
[23]. Microbial contamination of these
vegetables may be due to contaminated water
used for irrigation, fertilizer from animal wastes,
contaminated transport containers, storage conditions,
and inappropriate product handling [24, 25, 7,
26]. E. coli was detected in all vegetables
samples in the range of <3.0 to 4.6 x 10°
MPN/g (Table 2). Most of MPN E. coli
obtained in this study was lower than the
finding of Dhiraputra et al. (2005) which
demonstrated that 59.6% of fresh vegetables
including romaine lettuce, onion, parsley,
celery and tomato were contaminated with E.
coli >1.1x10° MPN/g [27]. In Brazil, leafy
vegetables contained E. coli contamination
ranging from 10 to 10® MPN/g [26].
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Table 1. The detection of total coliforms in raw leafy vegetables by Most Probable Number

technique
Vegetable MPN value of total coliforms
(n) (minimum-maximum : MPN/g )
0-10 10-10° 10°-10° 10°-10* 10*-10°
1 5 2
Lettuce (8) - - (4.2x10%) (1.1-46x10° (1.1 -4.6x10%
3 2 1 2
Green oak (8) ) (15 -23) (1.5 -7.5x10%) (2.0x10%) (1.1 - 1.5x10%
2 2 2 1 1
Cabbages (8) (3.6-9.2) (23 - 43) (4.2 - 4.6x10% (1.1x10%) (1.1x10%

n: number of sample

We demonstrated that a total of 5
lettuce and 3 green oak samples contained E.
coli exceeding the permissible limits (107
MPN/g) as regulated by the Ministry of Public
Health, Thailand [28]. In cabbages, the highest
MPN value of E. coli was 23 MPN/g, and
most of the cabbage samples contained E. coli
<3.0 MPN/g (Table 2). Lettuces were found to
be contaminated with higher numbers of total
coliforms and E. coli than green oak and
cabbages. Cabbages were the least contaminated
by total coliforms and £. coli (Table 1, 2).

The variation in bacterial counts in each type
of vegetable may be due to several reasons.
For example, insecticides were heavily used
on cabbages to control vegetable pests [29]. In
addition, the result may be due to the removal
of external parts of the cabbage before
preparation of the samples. Xu and Warriner
(2005) described that the leafy nature of
lettuces provides more surface area for microbial
contamination [29]. Leifert et al. (2008)
suggested that the different bacterial
concentrations on each type of ready-to-eat
vegetable may be due to the specific use of
animal manure-based fertilizer [30].

Table 2. The detection of Escherichia coli in raw leafy vegetables by Most Probable Number

technique
Vegetable MPN value of Escherichia coli
(n) (minimum-maximum : MPN/g )
0-10 10-10° 10%-10° 10°-10* 10*-10°
2 1 2 2 1
Lettuce (8) (3.6-92) 27) (2.4 - 6.4x10?) (1.1 - 1.5x10°) (4.6x10%
4 1 1 2 )
Green oak (8)  (<3.0-9.2) (23) (2.4x107%) (1.1 - 2.9x10%
7 1
Cabbages (8) (<3.0-3.6) (23) - - -

n : number of sample
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Moreover, cutting or trimming vegetables at
the harvest step can affect bacterial growth due
to the release of the essential substrate from
plants [31]. Despite the fact that vegetables
cultivated in soil can easily be contaminated
with food-borne pathogens, animals such as
birds and insects have reportedly transferred
the pathogen during the harvest [32].

4. Conclusion

We conclude that total coliforms and E.
coli are highly prevalent in local vegetable
markets from Hat Yai, Songkhla. A better
handling process of the vegetables,, especially
the raw plants, is needed. To improve the
quality of ready-to-eat vegetable products,more
information must be given to field workers,
distributors, and people who handle
vegetables. For consumers, washing vegetables
with water might help to reduce the number of
harmful bacteria, and the risk of food-borne
illness.
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