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Utilization of cdt gene-based multiplex PCR technique to investigate toxin gene of Campylobacter spp. in

ready-to-eat salad vegetables from open markets and supermarkets in Bangkok and nearby area
Worada Samosornsukl, Seksun Samosornsukl, Apita Bunsiri’

IDepartment of Medical Technology, Faculty of Allied Health Sciences, Thammasat University,

Pathumthani 12120, Thailand

*Postharvest Technology Center, RDI-KPS, Kasetsart University Kamphaensaen Campus, Nakhon

Pathom 73140, Thailand

ABSTRACT

The aim of this study was to investigate Campylobacter contamination by conventional culture method
and PCR in 210 samples of four types of raw vegetables including cabbage, carrot, lettuce and cucumber.
These samples were collected from one wet market and 4 supermarkets in Bangkok and 1 open market
and 2 supermarkets nearby Bangkok, Thailand during March to August 2009. The prevalences of
Campylobacter were found in 2 samples (0.95%) included 1 cabbage from a supermarket in local area and
1 carrot from a wet market in Bangkok. However, in this study Arcobacter butzleri which is similar to
Campylobacter were detected in other 3 samples included 1 carrot and 2 lettuces. The wet market
exhibited higher contamination of these bacteria than the supermarkets. The presence of this organism was
difficult to isolate by conventional method but it could be identified using PCR assay. Phenotypic
differences in population recovered before and after chlorine and peroxyacetic acid treated lettuce cabbage
and carrot were observed. This study revealed that raw or minimally processed vegetables can be
contaminated with Campylobacter, leading to direct infection of consumers or cross contamination of
other foodstuffs. These contaminated vegetables can represent a severe health risk for the Thai consumer.

The efficacy of chlorine and peroxyacetic treatment can reduce foodborne pathogen in salad vegetables.
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Fig. 1. Wet market.

Fig. 2. Supermarket.

Fig. 3. %umumimaww?:a Campylobacter Tusin

Fig. 4. Representative amplification of the /16S ¥rRNA for the identification of
Campylobacter spp.

Fig. 5. Representative amplification of the cdtB for the identification of Campylobacter

jejuni, C. coli, C. fetus.
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E.coli O157:H7 ﬂ1ﬂWﬂIGU3Jﬁﬂ VITGlmJEj‘}J’JEJ 250 918 1@YBIN 3 318 blu‘].] 1998 1NANITILUINUDI
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Yy 9 '
v A

U < = Y a dy Lo VoA Y
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I@ﬂﬂ1i@]i’m?ﬂﬂuﬂﬂi‘iﬂ (virulent gene) NIUNICABEYD Ni?fl\ﬂl:!’ﬂﬂ?ii“]m/]ﬂuﬂ PCR f@198UN
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3.1. ﬂ’J?)ﬂNNﬂ‘il'Iﬂﬂi;nﬂﬁﬂ!m%"lgﬂ!ﬂi’)iurjlﬂﬂ

v o W ' a & @ o . P
Andaadauainiouys Inanarua 210 Aod19 ginuINAMIada (Figure 1) tazaglulosuns
< . a £ Y c'» = o 1
19 (Figure 2) TuvangamwumiuasiazSuaina (Table 1) 391/5znouads nenanla 58 drwd1a un
Y
507 49 A10E19 LIAINT 57 AIDEILATANMATON 46 #2881 WINIINTATIINYED Campylobacter
Y
A MAIFUANALAMIUNNG AU TRNIFANAAT WHIINORITITUANTNT T2oZAAUTUNUITA e

POUTUNAN 2551 DUADUNATNOU 2552

Figure 2. Supermarket.
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a v A g ] a
Table 1 G]fuﬂ“UENNﬂVILﬂ‘U%']ﬂﬁa"Iﬂﬁ'ﬂ!Lﬁgcﬁﬂlﬂﬂﬁu13lﬂ@1uml@ﬂEQmWNWTLlﬂﬁLLﬁ%ﬂﬁNﬂ!“’Vlﬁ

NIINWHIUAS 5umma
W amaan yillesunsiin AATA ginlesinsiin aq
4 b o o it p* o N
nzwda 8 11 10 8 6 6 4 5 58
1ATON 8 6 8 8 7 5 5 2 49
1AM 8 8 8 8 10 5 6 4 57
AnMAvaw 8 6 7 5 6 5 5 4 46
59 32 31 33 29 29 21 20 15 210

*d = BigC Tu1f3; b= na1adn oan; ¢ = TOPS 1funiaaania; £= TOPS WsIuun; j = LOTUS 11MA; p = A1AdA

uAIUFY; g = LOTUS UATUTY; n = LOTUS UIUAT

3.2. msamaingsainsalfiidtinasglumsasisaeumsduilen SN

v [ ' Y ) o = a tﬁv . . . .

Campylobacter Tusinadadaunandonv3lon TagihinsAn¥INIINIYVBUYD C. jejuni, C. coli, oy
v d' Q'J = d' 4 a d' |

C. ferus Tumsundl 0, 6, 12, 24, 30 naz 48 N9 wazmasaevdUNa v iBTduate

\ Y a \ U VY

nel#inalsnganiszsienugdihelasnss

v
MMIUSVEO C. jejuni, C. coli wag C. fetus 1% Ia1/5118 10°, 10" waz 10° TnTati/ua vdean

k4 1 Y
= 1

Y . dy @ N = S A dy o @
U inoculate 1¥0 avludnnenaan luiye Campylobacter Yulousuiu 25 nsu lu Bolton
enrichment broth base supplemented (BEBB)+Bolton supplement 225 ud. i liAuadeanses
I )=} 3 o o A 1 o a .
stomacher (Hura1 1 w191 1nUNIINSR0919 10 1 Taeiinstia suspension 91 stomacher
1 A R Y A dy ' o
bag 1 wa. laaslunaeaiil 9 ua. ¥93981115 BEBB+Bolton supplement 49% 1a1/311a1v091d0 11y
1 0 -1 ~ ) VoA a I~
10", 10° uaz 10" IaTaii/ua. vhvasaeis Tluuigavgil 37°C Wunan 0, 6, 12, 24, 30 uaz 48
#3739 1UVT501MA  microaerophilic 11 suspension NuAazvasaluuaazaanar  Tuiims
a dy ) an dy o VoA a
ATIVAOUMINTYVOUTD Campylobacter AIWITMINIZIFOAI0INIT mCCDA 1l iunguvgl
1< ) . I = 1% ) A v i
37°C 1Wunan 48 ¥2 149 TuUS581M# microaerophilic tag Tuvmzi@edny Wviasaoviisnunluua
1 2 0
AZFIINWUATON boiled template 1NOATIVHUFOAIBNALA PCR Tagiimigaomisu 1 wa u
Y g I~ A o N Y o o
A28ANI57 12,800 X g tTuna 5 i haznouaniluaie 1 aselu 1 ya vos IXTE buffer Ha4910
3 9y o Y A o A o 13’ < =
U resuspend A28 500 ¥AA Y94 1XTE buffer 111 11AuM 95°C 1Turiar 10 w1 snuaiwds 2 wii

y 2Ly g < a g p A qud
Tuaznounedens) 12,800 X ¢ 1Wuriar 10 M DY supernatant N1 -20°C tWo 1413w boiled

template lumsasavdemaiin 165 rRNA gene-based PCR LIQ¢ cdtB gene-based multiplex PCR
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3.3. n15rwwwmmxmawuﬂsmmwa Campylobacter

o & aado . & a 4 o a
VI’Iﬂ'liL‘W1$L"]5E]Iﬂﬂ?ﬁﬂﬂﬂl!ﬂﬁ\ilﬂiﬂﬂ Chai (2007) IW® A NITLVTYVOUYD HuUsuaves
dy (% os/' ' d" v W [ [ Qy <] o w 1 @ [ 1
53] ﬂ\?‘llu@ﬂuﬂ@llﬂu HUADINANTUFUEN ] UATUINIDYNNN 25 NITY Glﬁclu Bolton enrichment
broth base supplemented (BEBB)+Bolton supplement 225 Uaaans (ua.) hlauadleniea stomacher
I~ ~ QBJI o o A 1 1 ) @ Y a dy vy
L“]J‘L!L’Ja'l 1 HUIN NUUUINININITDIN 10 N1 iag 100 N ’dTﬁi‘Uﬂ?iﬁi?ﬂﬂﬂﬂiﬂ?ﬂ!%ﬂﬂ!%@ﬂ’m
as z o af d' A 9 1 [
25 MPN 11 viimsthila suspension 910 stomacher bag, suspensionmi]’t)i]NVl’J 10 1 tag 100 M1
1 Y
98190z 1 wa. ldaalunasail 9 ya. ¥991115 BEBB+Bolton supplement 1@ag dilution §niil 3 41
o 3 Y @ oA a [~ )
UIDBADIMITINYUA WIDUND stomacher bag llﬂuuﬂqmﬁgm 37°C nJunm 48 ‘lf'ﬂiN Glu‘]Ji'iEﬂﬂ1ﬁ
. ey A C= Y o . A o
microaerophilic maﬁ)aauwa@ﬂmuuazuuwﬂwa"l:l U7 suspension V1N bag Lzawaaﬂm;u“lﬂmﬂ”ls
dy 9 as o w ' Aq ¥ o dy
ATVAOULED  Campylobacter 93875 PCR UWI'J’EJ‘(’JNVIGIMWQ PCR 173D NMMTINIEHUYD
Campylobacter 1a8vi8a PCR  positive suspension 200 uInsans (AR aduueIMssia
Campylobacter modified charcoal-cefoperazone-deoxycholate blood free selective agar (mCCDA)

a

o ' { IS o '
i lhiviguvgll 37°C Wunar 48 %1Tus TuusseImA microacrophilic  siaz PCR positive

9 Y [
suspension 9zgNIMINAdoUNIMNA 2 41 Mimstiuinravesraoai 1 HAaLINAIENTATIVIT PCR

91Uf1 MPN (Table 2)

A dy < A o < o = Ao ] ' .
LUAZITONYDULNTY L‘lJu!,Lﬂ’iiJmJ 11@ﬂymglﬂuﬂﬂﬂlﬂaﬂjlﬁﬂai'!ﬂﬂuﬂ LLﬁﬂﬂNﬁU’Jﬂ@l@ oxidase

1Az catalase 929NATIVNTUTURIBINATANI PCR



Sample 25 g + Bokton broth 225 m| 11£1~1 stomacher

Aifaguasas stomacher 147l

I

y

Incubate 0 37°C 48

Microzerophilic condition

W

fi1MPN

Incubate (N ﬁ 3TC4a1N.

Microaerophilic condition

Wt boled termplate Tube g
WIPCR > PCRposifvetube | LdnaMPN

Incubate 1 37°C 48 . Campylobacter
subonmCCDA = .

Microaerophilic condition like f3°|°"¥
. (ram negative gull wing shape,
WMPCR  K—| Wi boiled template }<—

oxidase+, catalase +

k4 Y
Figure 3 TUADUMTATIVN YD Campylobacter Tusin

13



Table 2. For 3 tubes each at 0.1, 0.01, and 0.001 g inocula, the MPNs per gram.

Positive tubes Positive tubes
MPN/g MPN/g
0.1 0.01 0.001 0.1 0.01 0.001

0 0 0 <3.0 2 0 21
0 0 1 3 2 1 28
0 1 0 3 2 2 35
0 1 1 6.1 3 0 29
0 2 0 6.2 3 1 36
0 3 0 9.4 0 0 23

1 0 0 3.6 0 1 38
1 0 1 7.2 0 2 64

1 0 2 11 1 0 43

1 1 0 7.4 1 1 75

1 1 1 11 1 2 120
1 2 0 11 1 3 160
1 2 1 15 2 0 93
1 3 0 16 2 1 150
2 0 0 9.2 2 2 210
2 0 1 14 2 3 290
2 0 2 20 3 0 240
2 1 0 15 3 1 460
2 1 1 20 3 2 1100
2 1 2 27 3 3 >1100

14
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34, Msue¥e Campylobacter Mamatinszauluana

N15a0A boiled DNA template

o [

11 Bolton broth 1 ¥a. W30 1 lafineads Campylobacter 3113 1-3 Talatl vazatelu IxTE

a

~ dy a Y A o I = . [ =
nlsrrnae 1511035 500 pl tazdungungl 95°C Wual 15 W tag on ice Wua1 2 N

U
]

o o = o 4 v y 4 4 < g Y,
UV INUUHIININITANASNOU DNA UDIYD ﬂjﬂﬂ’]iﬂulﬁ?ﬂqcﬂ 12,800 x g !‘]J‘L!!.’Ja'l 5 UIMN "’If\ﬁ]gllﬂ

DNA ﬁ@gﬂudauia (supernatant) wagly 2 ul 131 PCR template
mmamﬁfffa Campylobacter AeNATiA 168 rRNA gene-based PCR U9& cdtB gene-based multiplex PCR
éﬁ%ﬂqﬁllﬂﬂﬁqfﬂﬁl%@ Campylobacter T EJﬂﬁbl"lgf} primers L8 conditions (Table 2) ‘?;Q primers 1
fj D C412F uay C1288R tgf”l‘Vigﬂﬂﬁﬁ]i?ﬂﬁﬂﬂﬁﬂﬁﬂ’h!ﬂm%@ Campylobacter spp. W1NBU 16S rRNA
gene (Linton et al., 1996) L primers 3 ﬂ: c?uﬂuﬁ' UV cytolethal distending toxin gene 0 cdiB gene
oonuuYTag Asakura tazanz1ud) 2008 Fa185umalszmumsnsinae Campylobacter 18U 1U
Uszmalnouds lAnan1snsa9gndes 100% (Samosornsuk et al., 2007) Tag primers gH3NH1HTVATIY
C. jejuni A® Cj-CdtBUS Uag Cj-CdtBR6 s«jﬁ' 2 @ MTUATI C. coli A® Cc-CdtBUS 1ag Ce-CdtBRS Lag
A7l 3 dMFUATIV C. ferus Ao CECABUG Az C-CAtBR3 PCR reaction 1/5n01&28 Primers, MgCl,
Wag Tag DNA polymerase AU ududaaaslua1s1af 3, 0.2 mM ¥oe ANTPs mix, 1 x Tag
polymerase buffer, nazd5uT1nsA0e steriled distilled water 11%}“169]}1]?“1%5?! N5 50 ul Amplification
gﬂﬁﬂum?m G-Storm GS482 Thermal Cycler (Gene Technology Co., UK) PCR product HaLINTIEN
Taeld 1% tag 1.5% agarose gel electrophoresis A1UA1AU azdoudle ethidium bromide 1.0 pg/ml

I~ 1 a 3’ uI/ 1 . .
Wunat 10 Wi uazdredaunudieiingu 10 1A 818ATNAY Bio-Rad Gel Doc system (Fig. 1118

Fig. 2)
1 2 3 4 5 M
M: 1 Kb DNA Ladder
3000 bp Lane 1:C. coil ATCC33559
Lane 2: C. jejuni ATCC33560
1000 bp Lane 3: C. fetusATCC27374
816 bp

Lane 4: E. coli C600

Lane 5: Distilled water

Figure 4 Representative amplification of the /6S rRNA for the

identification of Campylobacter spp.
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1000 bp
714 bp

553 bp M: 100 bp DNA Ladder
413 bp Lane 1: C. jejuni ATCC33559 (714 bp),
C. coli ATCC33560 (413 bp),
C. fetus ATCC27374 (553 bp)
Lane 2: Sample positive for C. jejuni and
C. coli
Lane 3: Sample negative for C. jejuni,
C. coli and C. fetus
Lane 4: Sample positive for C. coli
Lane 5: E. coli C600

500 bp

Figure 5 Representative amplification cdtB gene-based multiplex PCR for the identification

Campylobacter jejuni, C. coli and C. fetus

w U w U ‘#‘ U
3.5, MInannnszuIuMsHandnaaanauaansonyslon  mslniunuamalumsilesnums

Yuilouveuye Campylobacter

[ 9 Y
Wdnadannaaunnnumstuitlouvesde Campylobacter 1A1A AnN1AYON LATLATON
o o a J @ qul [ | 1 1 A
NNAAIAEA 8AN LazAnnzra1la MnsunEaTaIUL MNNTHHLLIRNeeNluaoIdIU Iﬂﬂﬁ"ﬂ!‘ﬂ
o dy [ ] Qall o 4 =\ o < =
1 ENINMITATIVNUYD Campylobacter ﬂf]uPﬂu"lluﬂf)uﬂﬁﬂﬂﬂﬁ"llf]\‘iﬂuﬁllﬂﬂiuiﬁEITTﬁ\‘]ﬂTiLﬂ“]J!ﬂEJ’J
1 ~ o ] 3 o 4 ~ o < a U an .
Hagaaun 2 LHUhJFﬂule‘LWI’E)L!ﬂ”Iii]ﬂﬂ?iﬂlﬂ\iﬂumﬂﬂ]uiﬁﬂﬁﬂﬂﬂWilﬂULﬂﬂ’J A383T chlorine
. . o = o Y o Yy oy 9 ° 7o
peroxyacetic acid treatment aage 111 n1sdrednlu NaoCl 100 ppm GYVIUDUYU 5 ’qﬂﬂsmm

v W I ~ 3'
ANUALDIARIY 70% ethyl alcohol HUANA19TU peroxyacetic acid 80 ppm 1Wua1 2 w1 A191inTe9

Y 9
o 4

Y
. . < <3| I o o °
(drinking water) 181 111981 1 W10 1@@a1i 1asiinIsussIAn 199z iINMsReuIIUNITUITY
v Y
RSN VUTENNNINITHAARNAALAINT N UTTNA 1azi1d1981901M1N1TATIIN YD
=) = 1 Y] 1 z Y] J = [
Campylobacter WF8UMBVHANIATIVADULALHAIHIUTUADUMITANITVBIVDIFUIINA Tu Tagnas

< { X o ] 1 a o 09.1} :‘
ﬂ’li!ﬂ'ﬂlﬁﬂ? G?\iG]'J'E]EJ’Nl!@lag%uﬂﬂgﬂ'lﬂ'ﬁﬁﬁ?ﬂﬂﬂﬂﬂﬂ 391
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uni 4

av a d a v
HWAaN1IIVYLATNIIIVIIUNANTIIVEY

%3 a d! Y o as 4 g
wamsnanmaiadsmansalfidiltinasglumsasreaeumsiwileu veuse Campylobacter
lufinadanaunsnienusian TasshimsAnsmswSaveadio C jejuni, C. coli, waz C. fetus lums
UNT 0, 6, 12, 24, 30 taz 48 32139 nazmsasvaevdunasmsisNiuaungneliinalsngaaise

snugihelagns

2
NaN3I98 1NNITATIVNANTATINNIZED C. jejuni, C. coli, uae C. fetus Tullura 10, 10 uag 10

v

= ' ' ' ' &L da (a 1 ~ & a Y
TaTati/ua uaztvmizluriwaiaie 9 won eniilsum 10" TaTatl/ua. iseamnsonig 14 mn
¥191981 AT MTATIVAIGIT 165 rRNA gene-based PCR UDY cdiB gene-based multiplex PCR 1%

(% dy - . . 1 1 [ A ﬁy a 0 =)
HAUINAUED C. jejuni, C. coli Ay C. fetus NNFIWIAT IFUNU vz irodTuna 10° Talati/va.
L 9 L 9 A A L 2 ' '
A1TDATINTD AN TNIZIFOUALNITATIVAUNALA NI PCR 1U0UUWISIFOAUA 6 ¥, U
Ady a -1 = dy 4 49’ Y a
MIasvzFelsuia 10" Talatl/ua. 81130052930 19 91NATHIZIFOUALNITATIVAUINALLA
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Table 5 Most probable numbers (MPN/g), number and percent of raw vegetables samples obtained from 2

retail outlets that were positive for Campylobacter jejuni, C. coli and Arcobacter butzleri

Location Vegetables  Campylobacter jejuni Campylobacter coli Arcobacter butzleri

No. % MPN/g  No. % MPN/g  No. % MPN/g

d d

Supermarket’ Cabbage® 195 200 <30 1% 20 <30 0 0 0.0
Wet market”  Carrot ~ 0/8 0.0 0.0 18 125 36 18 125  <3.0

Lettuce 0/8 0.0 0.0 0/8 0/8 0.0 2/8 250 <3.0-3

“Tesco Lotus-Navanakorn, *The Marketing Organization for Farmers, ‘Accredited (GAP), ‘Detected from

the same sample
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(Block 1991) tieugeglusheniiiiluna 2 ni annsoaamsduieuveasonslsn £ coli 0157:H7

Arwe1)dla'ld (Wright et al., 2000)

Table 6 Effect of chlorine-peroxyacetic acid treatment on Campylobacter contamination in raw

vegetables.
Campylobacter positive
Location Vegetables
Before treatment After treatment
Wet market’ Carrot 0/3 0/3
Lettuce 13 0/3
Supermarket’ Cabbage’ 0/6° 0/6

“Tesco Lotus-Navanakorn, *The Marketing Organization for Farmers, ‘Accredited (GAP), ‘identified as

Campylobacter fetus, ‘One sample is Salmonella positive.
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Salmonella and Campylobacter detection in vegetables in Thailand

Worada Samosornsuk®, Seksun Samosornsuk’, Apita Bunsiri’

'Department of Medical Technology, Faculty of Allied Health Sciences,
Thammasat University, Pathumthani 12120, Thailand

*Postharvest Technology Center, RDI-KPS, Kasetsart University Kamphaensaen
Campus, Nakhon Pathom 73140, Thailand

The main of this study was to detect Salmonella and Campylobacter by
conventional method and PCR in 154 samples of four types of raw vegetables
included cabbage, carrot, lettuce and cucumber. These samples were collected
from one wet market and 4 supermarkets in Bangkok, Thailand during March
and May 2009. The prevalences of Salmonella and Campylobacter in raw
vegetables were 9.1% (14/154) and 5.8% (9/154), respectively. The wet market
exhibited higher contamination of these bacteria than the supermarkets. For
wet market, Salmonella contamination was found in lettuces (37.5%) and
cabbages (25%) and Campylobacter contamination was found in lettuces
(25%), carrots (25%) and cabbages (12.5%). For supermarkets, the highest
Salmonella contamination was found in cabbages (8.6%), followed by lettuces
(8.3%), carrots (6.8%) and cucumbers (5.9%) whereas the highest
Campylobacter contamination was found in carrots (6.8%). The presence of
these two human pathogens, which were difficult to isolate by conventional
method, could be identified using PCR assay. This study revealed that raw or
minimally processed vegetables can be contaminated with Sa/lmonella and
Campylobacter, leading to direct infection of consumers or cross
contamination of other foodstuffs. These contaminated vegetables can
represent a severe health risk for the Thai consumer. The further study of an
appropriate method will be implemented to decontaminate these pathogens.
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Salmonella and Campylobactei can spread to salads and vegetables. The contamination in
animals or vegetables may influence the acquisition of these isolates by humans. Ready-to-
eat vegetables are served as the main food in most of the Thai people. The products,
therefore, have to go through a production process that ensures they are clean and safe for
consumption. Presently, GAP (Good Agricultural Practice) is applied to the industrial
production from the beginning stage to the end - that is from a planting process to finished
products ready to be on sales. Therefore, we investigated Sa/monella and Campylobacter in
ready-to-eat vegetables with and without GAP certification which were collected from wet
market and supermarkets in Bangkok.

Figure 2. Supermarket
FRBOBS

Figure 1. Wet market.
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A tI o 154 vegetabl was urchased from one wet market and 4 supermarkets in
Bangkok, Thailand during March to May 2009 (Table 1).

-Preparatlon of samples Twenty-five grams of each sample were diluted in 225 ml of
buffered peptone water for the enumeration of Sa/monella and homogenized for 1 min at
normal speed in stomacher. The sample is first cultured by direct plating. The enrichment
broth was incubated at 37°C for 24h and then subcultured onto MSRV and incubate at 37°C
for 24h (4). Homogenise another 25 g of sample in 225 ml of Bolton broth by stomaching.
The enrichment broth was incubated at 37°C for 48h and then subcultured onto mCCDA
and incubate at 37°C microaerobically for 48h.

. and Campy Identification: Enriched broths were used as boiled
templates for PCR assay. Incubated plates are examined and suspected colonies are
identified. Identification of Salmonella was done using biochemical method and PCR for /rcB
(glycosyl transferase) (2) and stri (salmonella enterotoxin) (5) gene and Campylobacte!
species was confirmed by Gram stain and suspected colony was identified by 765 rRNA
gene based PCR for Campylobacter spp. (3) and multiplex cdt6 gene based multiplex PCR
for C. jejun, C. coland C. fetus.(6).
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Table 1 of S. and Campy in the Y
Salmonella Campylobacter
PCR
Source | Vegetables (N) MSRV I::::! Total for | PCR for | Total
e 9 positive| -0 | (%) | 165 | cdtB | (%)
rRNA
Lettuce 1
® - 313679 | 2 | (oo |2@50
Wet market | Cucumber = E 5 e : 3
(n=32) |®)
(C;)bbage 5 2 | 2@50) | 1 - 1(12.5)
Carrot i
®) = = = 2 (C col) 2 (25.0)
Lettuce
00 1 9) 2(8.3) - 4 :
Supermarket Cu:umbef - 2 2(5.9) 2 2(5.9)
(@=in) (CBab)bage
35) 1 3 3(8.6) ° o e
Carrot
29 2 2(6.8) 2 5 2(6.8)
Table 2 /la and C. positive i
o lia (n) [2 (n)
Positive
Vegetables No. MS.R:V PCR for PC.R for PCR for PCR for
positive stn iroB 165 rRNA cdtB
166 1 1 1 S s
Lettuce
179 o o 1 o o
161 > > 1 1 °
Cucumber 177 5 S 1 - -
79 - - - 1 -
173 1 1 1 2 S
Cabbage 174 - - 1 * .
159 e = 1 S o
172 ) S 1 o =
158 - - 1 - -
Carrot
20 - - - 1 -
21 - - - 1 -

This study, Salmonella and Campylobacter were detected more in wet market than in
supermarket. The products saled in supermarket have to go through a production process that
ensures they are clean and safe for consumption. Mostly, ready-to-eat vegetables received GAP
(Good Agricultural Practice) certification. Salmonella detected by PCR from enriched broths
were positive only for /rcB but not for str gene. Two samples included lettuce 166 and cabbage
173 were isolated Salmonella from MSRV agar and detected by PCR for /rcB and str: gene. The
gene JjrcB was S. enterica group-specific and this codes for glycosyltransferase which were
amplified in all the 58 Sa/monella standard serovars tested and also in all the 7 Sa/monella
isolates (6). This gene isolated from serotype S. Typhi, was shown to be located in a large DNA
region which is absent from the £. co/i chromosome (1). Prager et al. (1995) reported that stn
gene is prevalent among strains_of S. enterica, but not among Sa/monella bongor and other
Enterobacteriaceae. This study, Salmonella detection from enriched broth for /rcB based PCR is
more sensitive than stri gene based PCR. This may be due to the capability of /rcB for
detection of more Salmonella strains. Campylobacter spp. not C. jejun, C. col and C. fetus
were detected in vegetables . However, this strain will be further confirmed by 165 rRNA gene
sequencing. Although the number of positive samples was small, however, this study provides
the opportunity of these bacterial contamination in ready-to-eat vegetables in Thailand. Good
hygiene practice should be implemented by producers and processors in order to prevent
contamination and bacterial growth.
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thank Prof. Mitsuaki Nishibuchi and Prof. Shinji Yamasaki for good advice and all their helps. We are very grateful to Chairman Dr. John D. Clemens and all members of the U.S. Cooperative
Medical Science Program Panel on Cholera and Other Bacterial Enteric Infections for travel support to present in poster at the 44th Joint Meeting and Conference of the United States-Japan
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Abstract

The aim of this study was to investigate Campylobacter contamination by conventional culture
method and PCR in 210 samples of four types of raw vegetables including cabbage, carrot, lettuce and
cucumber. These samples were collected from 1 wet market and 4 supermarkets in Bangkok and 1 wet
market and 2 supermarkets nearby Bangkok, Thailand during March to August 2009. Campylobacter
was found in 2 samples (0.95%) from a cabbage in a supermarket and a carrot in a wet market. This
study was also able to identify 3 samples as Arcobacter butzleri from one carrot and 2 lettuces. The
wet market exhibited higher contamination of these bacteria than the supermarkets. The presence of
these organisms was difficult to isolate by conventional method, however, it could be isolated and
identified by our cultural and PCR assay. This study revealed that raw vegetables can be contaminated
with Campylobacter and may be the source of cross contamination of other foodstuffs which will lead
to the infection of consumers. These contaminated vegetables can represent a severe health risk for the
Thai consumer.

Keywords: Campylobacter, vegetables, Bangkok

Introduction countries and in children age less than 5 years
in developing countries (Varavithya et al.,
1990; Oberhelman and Taylor, 2000; Coker
et al.,, 2002; Padungtod et al., 2006).

Foodborne gastroenteritis caused by
Campylobacter spp. is a major public health
concern in many countries. Campylobacters
are the most common registered bacterial Campylobacier infection of - major ~public
health importance is due to C. jejuni and C.

coli (Jacobs-Reitsma, 2000). Food-borne

causes of diarrhea in young adult in developed



outbreaks caused by Campylobacter spp. have
been reported infrequently (Centers for
Disease Control, 2000). The common risk
factor of Campylobacter infection is believed
to be travel abroad, contaminated drinking
water, contact with pet animals, food of animal
origin such as raw milk and poultry meat
(Schorr et al., 1994; Solomon and Hoover,
1999; Osano and Arimi, 1999; Kalman et al.,
2000; Rautelin and Hanninen, 2000; Hanninen
et al.,, 2003). The study of Samosornsuk’s
group in 2009 (Samosornsuk et al,
unpublished) revealed that risk factor of
consuming meat including chicken, pork, and
beef was not significantly related to
Campylobacter infection whereas consuming
fresh vegetables was the risk factor related to
Campylobacter infection in children aged less
than 5 years. The use of raw manure as a
fertilizer gives rise to a high risk of bacterial
contamination of fresh produce, and has
resulted in several outbreaks of food-borne
disease (Nelson, 1997; Guan and Holley,
2003). Outbreak of Campylobacter illness
associated with contaminated fruits,
vegetables, or other produce-related products
are quite rare (Beuchat, 1996; Jacobs-Reitsma,
2000). However, the Center for Disease
Control (2000) has recorded 18 outbreaks of
Campylobacter  enteritis  associated  with
produce worldwide from 1990 to 2001.
Campylobacter is a notoriously difficult
organism to culture and maintain in the
laboratory (Solomon and Hoover, 1999).

Currently, campylobacter is identified using

selective culture media and a confirmatory
series of biochemical tests. These methods are
expensive and time-consuming (Todor, 2004).
Recently Polymerase Chain Reaction (PCR)
based methods for campylobacter detection
have become popular. Continuing research on
PCR based methods has improved the accuracy
and sensitivity of these tests (Englen and
Fedorka-Cray, 2002 and Wang et al., 2002). In
this study, we developed a most probable
number (MPN) enumeration protocol for
thermophilic Campylobacter spp., along with
the identification of campylobacters by using a
species-specific PCR technique. The rapid
PCR identification step combined with the
most probable number (MPN) method.

Ready-to-eat vegetables are served as
the common food in most of Thai people. In
Thailand, several types of vegetables are
consumed in salad recipes and popular disk
like green papaya salad named Som Tum as
well. The vegetables are purchased from either
wet markets or supermarkets. Supermarkets or
hypermarkets generally offer foods under
conditions that appear more hygienic than
those in wet markets as foodstuffs and are
packed before display. The products, therefore,
have to go through a production process that
ensures they are clean and safe for
consumption.  Presently, = GAP  (Good
Agricultural Practice) is applied to the
industrial production from the beginning stage
to the end - that is from a planting process to
finished products ready to be on sales.

However, the hygienic condition and foodstuff



handling methods in the packing facilities may
be poor. Therefore, the prevalences and
number of campylobacters in raw vegetables
with and without GAP certification from
supermarkets and wet markets in Bangkok and

nearby area of Thailand were determined.

1. Materials and methods

Vegetable samples and bacterial strains

A total of 210 vegetables was purchased from
8 locations in Bangkok and nearby area; one
wet market and 4 supermarkets and 3 locations
in nearby area consisting one wet market and
2 supermarkets during March to August 2009
(Table 1). E. coli C600 was grown on LB agar
plate was used as negative control for PCR.
Three reference strains including C. jejuni
ATCC 33560, C. coli ATCC 33559, and C.
fetus ATCC 27374 were used as positive

control for culture and PCR.

Laboratory procedure

Culture procedures for isolation and
enumeration of  Campylobacter  spp.
Determination  of  Campylobacter ~ was
performed by the following method (Chai et al,
2007). Twenty-five grams of chopped sample
were put in 225 ml of Campylobacter
enrichment broth with supplement (Bolton
formula, Oxoid) in a stomacher bag. After
stomaching for 60 s, 10 fold and 100 fold
dilutions of the stomacher fluid were prepared
and a 1 mL portion of the undiluted and each
dilution of the fluid were inoculated into three
tubes, each containing 9 mL of Campylobacter

enrichment broth with supplement. For MPN

analysis, the tubes were incubated at 37°C for
48 h under microaerophilic condition (10%
CO,, 5% O, and 85% N,). Tubes were
observed for positive or negative by turbidity.
Portions (0.2ml) of the turbid and
Campylobacter spp. PCR-positive tubes were
used as boiled templates for PCR assay and
also plated on Campylobacter modified
charcoal-cefoperazone-deoxycholate  blood-
free selective agar (mCCDA; Oxoid) in
duplicate. The plates were incubated under

microaerophilic condition at 37°C for 48 h.

Conventional methods for identification of
Campylobacter spp. Incubated plates are
examined and suspected colonies are
identified. For initial identification from
mCCDA agar plate, Gram staining and oxidase
test were performed. Oxidase-positive colonies
exhibiting Gram-negative curved to S-shaped
rod on selective media at 42°C under
microaerobic condition can be reliably
reported as Campylobacter-like organisms.
The 16S rRNA gene-based PCR and cdtB gene-
based multiplex PCR were wused for
confirmation and species identification of

Campylobacter.

PCR. RBC Taq polymerase was purchased
from RBC Bioscience corp., Taiwan. All
primers were obtained from Bio Basic Inc.
(Ontario, Canada). 16S ¥rRNA gene-based PCR
for detection of Campylobacter spp. (Linton et
al, 1996) and cdtB gene-based mulitiplex PCR
(Asakura et al, 2008) for detection of
Campylobacter jejuni, C. coli and C. fetus was

performed by PCR primers and conditions



summarized in Table 2. Template DNA was
prepared by the boiling method. Briefly,
bacterial precipitation from 1 ml of enriched
broth or a loopful of bacteria collected from
agar plate was suspended in 500 ul of TE
buffer (10 mM Tris-HCI, 1.0 mM EDTA [pH
8.0]) followed by boiling of the suspension for
10 min, centrifugation at 12,800 X g for 5 min
and 2 ul of supernatant was used as a PCR
template. All reactions contained appropriate
concentration of the primer sets (Table 2), 0.2
mM each of dNTPs, 1 X Tag DNA polymerase
buffer, and 1.25 U of Tag DNA polymerase in
50 ul reaction volume. PCR was carried out in
a final volume of 50 pl containing 1X RBC
Taq polymerase buffer with MgCl, as
described in Table 2, Amplification was
performed on a G-Storm GS482 Thermal
Cycler (Gene Technology Co., UK) and PCR
products were analyzed by 1% agarose gel (for
16S rRNA gene-based PCR) and 2% agarose
gel electrophoresis (for cdtB gene-based
multiplex PCR) in 1X TAE buffer (40 mM
Tris-acetate [pH 8.5], 1 mM EDTA) at
voltages of 100V for 30 min and bands were
visualized with UV light after staining with 1.0
pug/ml of ethidium bromide (Sigma) for 10 min

and destaining with DW for 10 min. Images

were captured on a Bio-Rad Gel Doc system

(Bio-Rad).

3. Results

A total of 210 samples of raw
vegetables were examined for the prevalence
and number of Campylobacter spp. using 2
sets of specific PCR were run in the study. Fig.
1 shows a representative gel electrophoresis of
the PCR amplification of /65 rRNA gene and
Fig. 2 shows a representative  gel
electrophoresis of the multiplex PCR of cdtB
gene. The prevalences of Campylobacter-like
strains are summarized in Table 3. All
Campylobacter-like strains were recovered
from only 5 of 210 (2.4%) samples positive for
Campylobacter spp. by PCR. The average
prevalence of Campylobacter-like strains in
raw vegetables from these 8 locations was
detected in 2 locations included one wet
market in Bangkok area and one supermarket
in nearby area (Table 3). Among the four types
of vegetable sampling from each positive
retailed outlets, lettuce, carrot and cabbage
were detected Campylobacter-like strains as
25%, 25%, and 20% respectively while
cucumber was not detected these contaminants

in all samples.

Table 1. Types and numbers of vegetable tested for the prevalence and numbers of Campylobacter

English name Local name Scientific name Number of samples (#)
Cabbage Kalumplee Brassica oleracea 58
L.var.capitata
Carrot Carrot Daucus Carota 49
Cucumber Tangkua Cucumis sativus 57
Lettuce Pakkadhom Lactuca sativa 46
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Fig. 1. Representative amplification of the 765
rRNA for the identification of Campylobacter
spp. Lanes 2 to 8 show the PCR amplicons
specific for Campylobacter spp. at 816 bp.
Lane M shows the 100 bp DNA ladder, Lane 1
DNA from a MPN broth (negative for
Campylobacter spp.), Lanes 2 to 5 DNA from
a MPN broth (positive for Campylobacter
spp.), Lane 6 C. jejuni ATCC 33560, Lane 7
C. fetus ATCC27374, Lane 8 C. coli
ATCC33559 and Lane 9 E. coli C600

(negative control).

1 23 45 6 7 8 9 M

1000 bp
500 bp

Fig. 2. Representative amplification of the
cdtB for the identification of Campylobacter
jejuni, C. coli, C. fetus. Lane M shows the
100-bp DNA ladder, lanes 1 and 2 DNA from
a MPN broth (negative for C. jejuni, C. coli
and C. fetus), Lane 3 DNA from a MPN broth

positive for C. jejuni (714 bp) and C. coli (413
bp), Lanes 4 and 5 DNA from a MPN broth
positive for C. coli (413 bp), Lane 6 C. jejuni
ATCC 33560 (714 bp), Lane 7 C. fetus
ATCC27374 (553 bp), Lane 8 C. coli
ATCC33559 (413 bp) and Lane 9 E. coli C600

(negative control).

Among the individual species, C. coli
were detected in cabbage from a supermarket
nearby Bangkok and a carrot from wet market
in Bangkok with MPN 3.6 while C. jejuni was
detected in a cabbage from supermarket
nearby Bangkok with the MPN <3.0 (Table 4).
One positive cabbage sample was found to
carry both  C. jejuni and C. coli
Campylobacter spp. neither C. jejuni, C. coli,
nor C. fetus were detected in 3 vegetable
samples included 2 lettuces and 1 carrot from
wet market in Bangkok with the MPN <3.0,
<3.0, and 3, respectively. These strains were
identified as Arcobacter butzleri  after
confirming by /6S rRNA gene sequencing. C.
jejuni and C. coli were usually present together
in the Campylobacter spp. positive samples.
The number of C. jejuni in cabbage from
supermarket NBSII was < 3.0. The numbers of
C. coli in cabbage from supermarket NBSII
and carrot from wet market BWI were < 3.0

and 3.6, respectively.

4. Discussion

The prevalence of campylobacters in
vegetables from supermarkets and wet markets
in Bangkok or nearby areas were found only in
low rate. This data was similar to other studies

of campylobacters in raw vegetables which



were found only low incidences or no
Campylobacter (Park and Sanders, 1992;
Odumeru et al., 1997; Kumar et al, 2001;
Moore et al, 2005). For example, Park and
Sanders (1992) detected only 1.7% prevalence
of Campylobacter spp. in fresh produce from
farmers’ outdoor  market and no
Campylobacter spp. was detected in samples
from supermarket. The high incidence of
Campylobacter spp. in the fresh produce was
unexpected because Campylobacter spp. are
thought to survive poorly and cannot grow
well on these commodities (Kumar et al,
2001). All  Campylobacter-like  strains
including Campylobacter and Arcobacter in
this study were recovered from only 5 out of

210 (2.4%)
Campylobacter spp. by PCR. The lack of

samples  positive  for
appropriate  methods for recovery of
Campylobacter from produce samples may
explain some of the reported in low-incidence
of campylobacters in vegetables. The MPN-
PCR method used in this study was evidently
more effective for detecting campylobacters
than was plating after enrichment. According
to Hazeleger et al. (1994), Campylobacter spp.
may not be isolated from PCR-positive
samples by conventional culture methods
because the organisms are present in a non-
cultivatable coccoidal form. There was no
investigation in this study of the possible
presence of the coccoidal form of
Campylobacter  spp. in the samples.
Nonetheless, the conventional culturing
method was evidently unsuitable for
determining the prevalence and number of

Campylobacter spp. in the samples. The

contamination of Arcobacter butzleri was
found in vegetables samples in this study.
Campylobacter and Arcobacter are classified
in the Family Campylobacteraceae. A. butzleri
is found in environmental samples, and
untreated water appears to be a potential
source of infection. The French surveillance
network  of  Campylobacter  infections
identified 29 A. butzleri infections from 2,855
strains of Campylobacter-like organisms
(Prouzet-Mauléon et al, 2006). This species
ranks fourth for  Campylobacteraceae
isolation. Taylor et al (1991) identified A.
butzleri in 2.4% of diarrheal stool samples
collected from Thai children. The Arcobacter
16S rRNA gene sequences differed
considerably from those of Campylobacter
spp., with only 86.2% identity with C. coli and
85.6% identity with C. fetus (Prouzet-Mauléon
et al, 2006). With the same /6S ¥rRNA gene
primer (Linton et al, 1996) for doing PCR as in
this study, Chai et al (2007) reported the high
prevalence of Campylobacter spp. (51.9%) in
vegetables of Malaysia. This report may be
overestimated because some strain may be A.
butzleri as evidence from our study. Therefore,
the designation of 76S rRNA gene primer
should be careful for selecting a part of
consensus sequence of these Campylobacter -
like organisms. Campylobacter ~ and
Arcobacter mainly reside in intestinal tract of
warm-blooded animals and birds and the
excreta may contaminate the environment with
the organisms (Franco, 1998; Khanna et al,
1996). The isolation of Campylobacter and

Arcobacter from vegetables in our study

indicates the contamination with faecal
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material of these commodities at any stage
from point of production to sale. The finding
of Campylobacter contamination was able to
detect in ready-to-eat vegetables with GAP
certification from supermarkets suggests that
cross-contamination might occur at the
holding and packaging stage in the
supermarkets or the sale representative
company before sending to supermarkets.
Butzler and Oosterman (1991) have also
reported that vegetables might become
contaminated if they came in contact with
natural fertilizers or contaminated waters. In
some instances, C. jejuni has been isolated
from raw vegetables which were in contact
with the utensils used to keep the raw chicken,
the main reservoir of C. jejuni (De-Boer and

Hahne, 1990).

5. Conclusion

Although Campylobacter spp. were
detected only in low rate in products from
some locations, it indicates that raw vegetables
from both wet market and supermarket with or
without GAP certification in Thailand might
possibly be contaminated with campylobacters
and becomes a health risk to consumers.
Therefore, monitoring of product at the retail
level would be desirable. However, further
investigation is needed to identify possible
contamination source of Campylobacter spp.

on vegetables.
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