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Detection of the Causative Agents of Traveler's Diarrhea Using
a Real-Time PCR Screening Method

Semi Jeon', Junyoung Kim', Harim Lee?, Minyoung Son’, Misun Park', Bokkwon Lee', Seonghan Kim'

! Division of Enteric Bacterial Infections, National Institute of Health, Seoul,
°Gimhae National Quarantine Station, Gimhae, Korea

Background: The incidence of infectious diarrheal
disease in Korea has decreased over the past dec-
ade, but traveler's diarrhea (TD) is increasing in
frequency. We therefore investigated the distribution
of the causative agents of TD.

Methods: A total of 132 rectal swab specimens were
acquired from TD patients who entered the country
via Gimhae International Airport. The specimens
were screened for 12 bacterial pathogens by re-
al-time PCR, and target pathogens were isolated
from the PCR positive specimens using conventional
microbiological isolation methods.

Results: A total of 93 specimens (70.5%) showed
positive PCR screening results, and of these speci-
mens, nine species and 50 isolates (37.9%), includ-
ing Vibrio parahaemolyticus (18 isolates) and ETEC
(17 isolates), were isolated. No specimens were PCR
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positive for Listeria monocytogenes or Campylobacter
Jejuni, and no pathogenic Bacillus cereus were isolated.
Conclusion: Even though viruses and EAEC were
not included as target pathogens, the high isolation
rate of these pathogens in this study provides in-
direct evidence that most cases of pathogen-negative
TD are caused by undetected bacterial agents.
Furthermore, our study results confirm the effective-
ness of real-time PCR-based screening methods.
This study is the first report in Korea to demonstrate
that ETEC and V. parahaemolyticus are the major
causative pathogens of TD, and this knowledge can
be used to help treat and prevent TD. (Korean J Clin
Microbiol 2009;12:186-192)
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1. AH

2007 9EFE] 2008+ 39744 TR AL LS 3l 9
T3k ozt F AASA A 132718 AMHste] 2=As)
o Yx7hE 2= el 4771, el= 327, WlEd 287, T 19
71, ZFEo} 571, YE 17102 BF 7ol ek HAle B
7 swab®] FelE AFH = At

AR AAAl el F 125-2] AAIQ] Al HAAIY
Vibrio cholerae, Vibrio parahaemolyticus, enterohemorrhagic
Escherichia coli (EHEC), ETEC, Salmonella spp., Shigella spp.,
Campy. jejuni, Staphylococcus aureus, Yersinia enterocolitica,
Clostridium perfringens, Bacillus cereus, Listeria monocytogens
9] Za) oJHE real time PCRS o]-&3lo] ehslic)

W% A4S 5 mLe Tryptic soy broth (TSB)oll HZs}o]
37°ColA 24A17F Wik kS, of ol 5 200 uLE W
micro centrifuge tubeol] Holto] G4 Felstod FAIE A%
ek A FAE 1 mLe 10 mM Tris (pH7.4)& &gkl
A ke, AR Relste] FAS Sk oi7lell 200
uLe] Tris (pH74)2 ThA] EEd 012, Feho SE7 3ol
FAZ Shlsha, o] F 13,000 pmel A SE7F AR of
&, A59E PCRY) FY o AL

TagMan probeE ©|-&3t real time PCRS 7} WUAEE

Table 1. Real time PCR kit used in this study

Powercheck real time PCR kit (Kogenbiotech, Seoul, Korea)E
AHgsto] Akl WPHENZ PORNFS-S FHISH T Table 1),
ABI 7000 system (Applied Biosystems, Foster City, CA, USA)
< o]-&sto] PCRE e¥3l9ich. PCR 73} Ct Fhol 30 o]l
3 S Al i Ay ez FAsm, Ao 34
L AAENE gt B 7% 22g Axsdt.

o|

—_ o

)

3.

ro
o

Heol 22 3

HI

PCR ¥4 Z3tol] ulz} W dxl|e] EA7t 24 735, 2 H
Q1) EFol whel vheat o] RelE sk

V. cholerae‘}t V. parahaemolyticus®] 2215 $]3)4=, TSB
of] ujeksl 74| ujokel-S- 3t loop WHE ool thiosulfate cit-
rate bile salts sucrose (TCBS)#lA]ol] Z=s}od, 37°CollA] 16~
18A17F ekt vhs, SAlElE AEhE Adslod, tryptic soy
agar (TSA)ol|l Altsle] gk A2k& API 20E kit (bioMerieux,
Marcy I'Etoile France)E o]-&sto] 54U} V. cholerae®
SRHYE A, SPol= A eE O B 0139 94
FAZ BIgsl.

Salmonella spp.2} Shigella spp.7} 2132 7%, 71| ullokel
< MacConkey®lA]oll &, wiokst ohg, oAl=le A
TSAdl| Althste] #lgk F2-& API 20E kit o] 8-5}o] Salmon-
ella spp. Y= Shigella spp.7} WA 18l e}. Salmonella
spp.= AFel FAo] 2k&% % Kauffman-White scheme[8]oll
w2l 0317t Haksdoll sl Eatel= |l Al SN2
Tt ¥, S IAEI

EHEC®} ETEC?] F2lE SlaliAl= ZA| s MacConkey
aAlol] E, wieksto] 54 A2 10714 poolingste] <
A & AeF 22 W e ® i AARE A E3H] 913 PCRE
Fste] TAE AN, H AIF U2 AT, o=

A2hE 27t S b PORS Salislod A1) Alete] 2l

Kit Pathogens Target gene

PowerChek™ V. cholerae Real-time PCR Kit V. cholerae hlyA
PowerChek™ V. parahaemolyticus Real-time PCR Kit V. parahaemolyticus toxR

LT
PowerChek ™ ETEC Real-time PCR Kit* ETEC ST

stxl
PowerChek ' EHEC Real-time PCR Kit* EHEC stx2
PowerChek ™ Salmonella PCR Kit Salmonella spp. invE
PowerChekx Shigella spp. PCR Kit Shigella spp. ipaH
PowerChek ™ Staphylococcus aureus PCR Kit S. aureus femA
PowerChek ™™ Yersinia enterocolitica PCR Kit Y. enterocolitica 16s rRNA
PowerChek™ Listeria monocytogenes PCR Kit L. monocytogens iap
PowerChek™ Bacillus cereus PCR Kit B. cereus groEL
PowerChek™ Campylobacter jejuni PCR Kit C. jejuni hip
PowerChek™ Clostridium perfringens PCR Kit* C. perfringens cpa, cpe

*PCR was performed as duplex reaction.
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= o] F2ha TSAol AltHst ¥, API 20 E kit o] &3} E.
coli7} BEA] Eelsldch

S. aureus7} 1412 73-%-, mannitol salt agarell =%, 37°C, 18
~24A17F wjFEE &, A Alekg skl TSAN Al =,
API Staph kit (bioMerieux, Marcy I'Etoile France)E ©]-&3}o]
AT BAE P50 ol Y AL S )
3l7] $18led Lovselth 5919 W& PCRe ©]-83}4] sea,
seb, sec, see FAAEY Hf oJFE 2RIFNCH

Y. enterocolitica= 73X|eNFN-S CIN AeHuljz|ol] HZ3s}o]
37°Coll A 24417 Wi, 32 Wele] Aehe AHsjo] TsA
ol Altigk ¥, API 20 E kit o]gslo] 453

B. cereus= mannitol egg yolk polymyxin (MYP) #lj=]el]
%, 30°CollA] 24217k vk, AAQ Hele] A2he Asiol
TSA®l AlgE &, API 50 CHB kit (bioMerieux)E o]-8-5}o]
AsA o 2 BAsgeh BAT Fol AR el 9]
sto] PCRWH S Z hbIC, nheA, entFM F3A-S #9lstict
hbIC (hblC-F cctatcaatactctcgcaacaccaat, hblC-R ttttcttgattcgtca-
tagecatttct), nhed (nheA-F attacagggttattggttacagcagt, nheA-R
aatcttgctccatactetettggatge), entFM (entFM-F caaagacttcgtaacaaa-
aggtget, entFM-R tgtttactccgecttttacaaactt)] primer setS A&
slo] multiplex--3 &2 S33F %, ZH7} 386 bp, 475 bp, 290
bp 142 ghelsigict.

C. perfiingens 734k TSCHl| Aol Es}o] 37°Coll

Table 2. PCR positive rate and isolation rate of pathogenic bacteria

A 24417 W77 ek T Abehd YA e A
esto] API 20 A kit (bioMerieux)Z #H& 543}it)

4. STH ZTd A

£-21% E. coli, Salmonella spp., Shigella spp. T5°l ts}
of BA A AAE At FA B4y WA
VITEK AST N041 card (bioMerieux VITEK, Hazelwood, MO.
USA)E A-sjo] AlzAe) ol S4eiln A CLsI
A0 wek EAsieie o Aol i EFEE £
coli ATCC 259225 A&t

5. Pulsed-Field Gel Electrophoresis (PFGE)

ETEC ZelF5s o R FelFa7he] F43H Ans
Al 212 91ste] Gutom[1118] WS LF- WEsto] A
s}t Plug s8]+ == vlokEl 75 Cell Suspension TE buf-
fer (100 mM Tris and 100 mM EDTA, pH 7.5)0l] Ho] HERA|
7|3 752 9ko] 1.2% SeaKem Gold Agarose (FMC Biopro-
ducts, Rockland, Me., USA)E 4191t} "HE0]2] plug= protei-
nase K7} £0131+= ES buffer (0.5 M EDTA, pH 9.0; 1% so-
dium-lauroyl-sarcosin)ol] Yol #& &7FAI7l = AlFsiic)
43 X2l= pluge Xbal (New England Biolabs, Boston, Ma,
UK)ollA] HF2-A]7] %ol CHEF mapper apparatus (Bio-Rad,
Richmond, Ca., USA)ll4 1.0% agarose geloll Yol 0.5x

Philippines Thailand Vietnam China Cambodias Total
Pathogens No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of
isolate PCR isolate PCR isolate PCR isolate PCR isolate  PCR isolate PCR
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

V. cholerae 12y 243 1@31H) 13D 00 0.0 0(@©.0 0.0 0 (0.0) 0 (0.0) 2 (15 323
V. parahae- 8 (17.0) 8 (17.00) 7 (219) 7219 271 2(@71) 1653 153 0 (0.0) 0 (0.0) 18 (13.6) 18 (13.6)
molyticus
ETEC 000 364 131 4125 12 429) 14 (50.00 4 (21.1) 4 21.1) 0 (.00 1 (20.0) 17 (12.9) 26 (19.7)
EHEC 000 121 0(@©0 1@3) 1 36) 5179 0©.00 0(0.0) 0 (0.0) 0 (0.0 108 753
Salmonella 000 1@ 2(@®3) 263 0.0 0.0 0(@©.0 0.0 0 (0.0) 0 (0.0) 2 (15 323
spp.
Shigella 121 34 203 304 000 3(107) 133 1653 0 (0.0) 0 (0.0) 4 (3.0) 10 (7.6)
spp.
Staph. 000 23 000 1@3)D 0.0 0(@0 0(@©0 13 1 (20.00 1 (200) 1 (08 5 (3.8
aureus
Y. enteroco- 000 628 00 5(156) 0(@©.0 2(7.1) 2105 3 (158 0(©0.0) 0 (0.0 2 (1.5) 16 (12.1)
litica
L. monocy- 00 00 00 0.0 0(.00 0.0 000 0.0 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0
togens
B. cereus 00 00 00 0.0 00 136 000 000 0 (0.0) 0 (0.0 0 (0.0 1 (0.8)
Campy. 00 00 00 0.0 0(.00 0.0 000 0.0 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0
Jjejuni
Cl. perfrin- 243 243 131H 1@3) 0.0 0(@0 000 153 0 (0.0) 0 (0.0 323 430
gens

Total 12 (25.5) 28 (59.6) 14 (43.8) 25 (78.1) 15 (53.6) 27 (96.4)

8 (42.1) 11 (57.9) 1 (20.0) 2 (40.0) 50 (37.9) 93 (70.5)
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V. cholerae non-O1 5 & 1052] WAl gk kA AL
Bt & o] 9374«] HA AAEERE MY HAAES
elste] API 20 E kit 52 o|-83slo] At or A3 A
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37.9%°] EelEs H3ickTable 2).

PCR HHS 23} ok4& WOl 4 WA ETECT} 26712
2 7 Wekom ¥ parahaemolyticus 1871, Shigella spp. 1071
9] =AGA R 7 B8l= V. parahaemolyticus7} 18FZ 717+
o] Hal¥|9lon, ETEC 175, S. sonnei 457 2.2 e
7} =k a8, C jejuni®t L. monocytogens= PCR ¥4 7
A7t glglom welbA s Fx Rel=)A] ket V. cholerae 2
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Hfrstar Agiet

HAAHE Z PCR YA &Y F5 Sl &S vzl =™ Vibrio
<& 3} C. perfiingens, B. cereus, S. aureus, Salmonella spp. &
< PCR ¥EEI o5 Heldol L FAFskAR,
ETEC, EHEC, Shigella spp. Y. enterocolitica's< PCR A&
3} #% 2elgol 1eMolA a7 Kol It

ol Il 2= X3 AT LelFo] 4742 7 v
okom, el= 3271, wlEW 287), = 1971, ZHirjo} 571,
1719 sl 1:} PCR H4E 2 99 H9Al Zel& 257l
A W Exto] 27k 96.4%9) 53.6%2 71 29k, o] 7Heul
971 | ofgfqel| A e] ETEC b ez SI=gict o
2 BT 22 78.1%2] PCR FAEF 43.8% Hel&S B
et

Telge] M =3RS+ Fo WA kel Vo para-
haemolyticusi= He| A7 el frell AAHZHE ] PCRYAE
3} Eeju]go] 4oz =9kow, ETECE HIERT F3
el AAENA Eelnlge] A es EA Uehkek(Table
2).

HelE Salmonellaw® B> 247 Chailey, Corvallis®
=G ol XYL BT Tell4d A EelwA ¢k
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= gAY 5o T 137} 2% EHECE SLT13 28 =
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ETEC 175 % 1357} ampicillin (AM)3} trimethoprim/sulfa-
methoxazole (SXT)ol] thslo] FA]el| 144‘4 = 7}?(]—!— A3iet. o]
= 7kl 129 B fdl EelF 5 ALl 105
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T "= il LElFEE tetracycline (TE)oll ti3 A% 3
Al 7FA 3L A%t

Salmonella®] 73%-, S. Chailey= A8E BT sHAA| tial
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< TFEoldrh
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Ueht A iAol Zae HdeslthFig 1). T f

A 4FE2 FAET} 754% oet 2 FFE 37kl QAo
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58% olstZ 99Tl upZ AL HolE 4= glgi)
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= V. parahaemolyticus7} THE-2-01 710 & KW 1 E9ic}7]. 18]

LP - odollA] o] WA FelA ol W= ETEC7} 12.9%2
13. 6%% XA V. parahaemolyticusS} H-En| o] ALl §-AF
29 YAl SR, F 24T Aol] A7}
Aol ol 2AQToIAIE 24 ol A1 Aol ETECT)
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S ByolAlol A o4 4AS] Q210 ETECH oF



190 Korean J Clin Microbiol 2009;12(4):186—192

Dice (Opt 1.00%) (Tol 1.0%~10%) (H>0.0% $>0.0%)
[0.0%~98.3%] PFGE-Xbal

PFGE-Xbal
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Ared el Qio} & oot AlglElo] Qe A% 3 f19l
OS2 & F & Aelrh

g, "W dT5ellA F2 A9 HdAE Haus EAECT}
2 ool o HAAlNA Aol AL B odgte] A i
©] real time PCRg ©]-83F B &4 3 ghazl i
elske W oR AAlE9 o), EAECH tigh i e
&3k kith glo] 22 271e g AYd 7t figle & ok
2k AR Aol elid=l A kot " A5k Z1Ee] figl7]
ol et
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AR A HRAAIEE ol 5ol it AR Ak 7%
HAAZE EelE s Wz AalA QeH13). wigel £ °d:vL°ﬂ
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o.?:. ff EE

A19] real time PCR o]£-2 Zclit} glol| ALgx|Qlc) &
Q5 WAL F Sol S04 Ea} HUE SJolel
A €] EAY

& Aol o)) wizell PCR 4 A} 42
2 % wdohs AL ohale.

PCR &4 3= A WAA 2] 70.5%7F Aoz Zel|
21 37.9%0l vl Ads] =2 AIE KA, V cholerae,
V. parahaemolyticus, ETEC, Salmonella, C. perfringensoll A=
PCR &4 7} WA Feldaet i A vebske
W Shigella spp, S. aureus, EHEC, Y. enterocolitica®l|A]+= PCR
il vlste] BelAsboh e Al Lhelyket.

PCR wHAste) BelAsisle] Aol WAL e
A 4= 9=, Shigella= B4 °7<3?<]-°] ipaH S22}
7F ARJA AT FREs HE9A QdololA Eele3)

o
o d
Zpol7} ek FedEw, S aureus$t B. cereus= PCR B4

AN
M A HE T
(i
(NI
(NI
(NI
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I T1IH] Thai
(ANON RN
LT
T EIHE

China
Il China
Vietnam Outbreak case
Vietnam Outbreak case
Vietnam Outbreak case
Vietnam Outbreak case
Vietnam Outbreak case

Sporadic case
Sporadic case

China Sporadic case
Sporadic case
China Sporadic case

Vietnam Sporadic case
Vietnam Sporadic case

Fig. 1. Clustering of Xbal digested
PFGE patterns of ETEC isolates.
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H b 27] A7} opd 7S
AekstA HH 50% AER AcksEs Aog B vl gl
14]. =, PCRE o]-83l4 ETEC 2El&5 =9
3% Qeng(1s) # eels] pre] ol$S A4 A
vtz ek}

—

2]l ETECE 7 5 STE AXlela, YA 205 &=
F LTS ksl LT Z& IE} 549 F27} fABlEE

et Ao R Bt WolFakE 7|oiE = k3], skAIRk

£ AdTollA= 24 ETECY 9F 60%7F LTE A4tk
i} 16, A AN ol ETECT sk
LT} ST7F A2 4783t 2|5 HolA& ghevka g
thelt}h PFGES o8¢+ ETEC £2|F57He] AoahA] 24l
A& AebdAd JFAFEE IR1E A5 Alfdstas Aol
w2l A7|eke] Aol WhAEA] ekt

Vv parahaemolyticusgl He|u|& % ETECY A9 §AFs}sth
e} WA HFE ola BAE BSOS 1 para-
haemolyticus®] E-2|v]&o] ETECS| Eelv]&Hc}l o %o
W, e 23 oaASe] 9ol ETECS] Helulgol
Y =4 VeS| wilitell A1 AAel i3k A% xlo]7} &
gk & ek

e 5 %‘/‘OWO} Aol FelE FFE2] quinolone 7]
Al el =2 WS 7R Sldka A Qlemg
[17], &&= ETEC, Salmonella spp. B S. sonneioll W3l g+t
A FFrAE 213k A3 ETECY] 739 66.7%7F AMT} SXTol|
et WAS FAlel 7HA 2 999} quinolone Al HFAol]
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