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Background: Cholera is a representative water-borne
disease that is caused by V. cholera ctx (+). V. chol-
era El Tor was previously the primary pathogen, but
after the seventh pandemic outbreak, it was replaced
by a V. cholera El Tor variant with a classical pheno-
type and genotype. In this study, we investigated the
genotypic and phenotypic characteristics of imported
V. cholerae El Tor in Korea.

Methods: Forty-nine V. cholerae O1 El Tor strains
isolated from 2004 to 2011 were used in this study.
Polymerase chain reaction amplification of the ctxB
and rstR genes was used for biotype determination.
An antimicrobial susceptibility test was performed for
phenotypic analysis, and pulse field gel electropho-
resis (PFGE) was used for analysis of genetic rela-
tedness.

Results: Classical ctxB genes were found in all of
the isolates, while classical, El Tor, and combined rstR
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genes were found. Twenty strains showed antimicro-
bial resistance against streptomycin, sulfamethoxazole/
trimethoprim, nalidixic acid, and ciprofloxacin. Based
on PFGE, all isolates were grouped as cluster B. The
country of origin and resistance pattern were highly
related, although the time of influx and serogroup
were not.

Conclusion: Isolates of V. cholera ElI Tor imported
since 2004 were hybrids of V. cholera El Tor, which
has the classical ctxB gene and is considered to be
a CTX prophage. The SXT element plays an impor-
tant role in antimicrobial resistance. PFGE patterns,
which can be used for analysis of imported V. chol-
era, revealed the relatedness of the resistant isolates.
(Ann Clin Microbiol 2013;16:25-32)

Key Words: Antimicrobial resistance, PFGE, V. chol-
erae El Tor

tH3.4].
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thH5,7,8]. rstR A= CTX prophage repressorol] #&d%
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Table 1. Distribution of V. cholerae according to countries of origin
and time of influx

Countries of origin

Year® ppilip- Thai-  Viet- Indo- Cam-
. India . China . Total
pines land nam nesia bodia
2004 4 0 0 1 0 0 0 5
2005 8 7 0 1 1 0 0 17
2006 4 1 0 0 1 0 0 6
2007 3 2 0 1 0 0 0 6
2008 3 0 0 1 0 0 0 4
2010 0 0 3 1 3 0 1 8
2011 1 0 0 1 0 1 0 3
Total 23 10 3 6 5 1 1 49

*V. cholerae Ol was not isolated in 2009.
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A 72+4A1& Sensititre system (TREK Diagnostic Systems,
Inc., Cleveland, OH, USA)S o]-&3to] AlzALe] vl wlet
A2 ABEMIOS ZAI Al A58 GFAE
16%-2.F ciprofloxacin, amoxicillin/clavulanic acid, tetracycline,
ampicillin, gentamicin, streptomycin, nalidixic acid, cefoxitin,

cephalothin, ceftriaxone, cefotaxime, chloramphenicol, ampicillin/

Table 2. Oligonucleotide sequences used in this study to detect ctx,
rst & sxt

Primers Sequences (5°—3) References
ctxBF CGAACCACAAAAAAGCCCAC In this study
ctxBR TGCGATGAAAAAACCCAAAGTC
stRETF TGAGCATAAGCTCTTGATTT Choi et al. [9]
stRETR  AAGGCTAGCCAACCAAAGAAAGG
rstRelaF  CAGCAAAGCCTCCATCAAAA Choi et al. [9]
rstRelaR  GTTCAAAAATTAGGGATTTAAGAG
TTGAG
rstREnvF  GCTTCATTTGTGTATTGGTCTATTA Choi et al. [9]
GGTAGTTA
rstREnvR - TCGAGTTGTAATTCATCAAGAGTG
AAAA
rstRCalF  TCAAGCTTTTTTTTGCTTTATCTTA  Choi et al. [9]
rstRCalR  TGGCAACAAAGCACATTAAAGA
rstRCF GATGTTTACGATAGCCTAGAAGAC Choi et al. [9]
T
stRCR TACAGTGATGGCTCAGTCAATGC
sxtl GCTGGATAGGTTAAGGGCGG Dalsgaard et al.

sxt2 CTCTATGGGCACTGTCCACATTG [13]
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sulbactam, amikacin, sulfamethoxazole/trimethoprim, imipenem
o] A&= ). Al 254 Z 3= Clinical and Laboratory
Standards Institute (CLSI) guidelinel] w}2} AW A 7)ol &
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AE B, 1557 nalidixic acid®} ciprofloxacinol] WAl
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4. PFGE &1} &M
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9] PFGE 80| E3=|o] )= PulseNet-Koera DB$} v]2gk
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T 7 T AI7ISE Gl whE ARAL HelA gfsket
4 7R} Al WA Aol whE A AlE =4 st
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o] }e] F FAEE Uekl e, 53] delwt gl £
FEo o 7 el e 2] 90% o] H2 A3tk Al
Hedh X streptomycin, sulfamethoxazole/tnmethoprlm,
nalidixic acid, ciprofloxacin WA= thi-Ho] 92% o] 9] =
S nglen], b el Eelol] F2 Hele] Sgiet
(Fig. 1).
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Table 3. Genetic characteristics of V. cholerae Ol El Tor in Korea from 2004 to 2011 by country

No. Ve Country ctxB sequence 7stR type RS1 element  SXT element
type El Cla Env Cal rstC SXT
199200959 1992 Unknwon El Tor + - - - + -
199401070 1994 Thailand Classical + + - - + -
200101761 2001 Korea Classical + - - - + -
200413555 2004 India Classical - + - - - -
200416840 2004 Philippines Classical + + - - + -
200418292 2004 Philippines Classical + + - - + -
200420067 2004 Philippines Classical + + - - + -
200420068 2004 Philippines Classical + + - - + -
200501876 2005 Indonesia Classical - + - - - -
200512188 2005 Philippines Classical + + - - + -
200514306 2005 Thailand Classical + - - - + +
200514307 2005 Thailand Classical + - - - + +
200514308 2005 Thailand Classical + - - - + +
200514309 2005 Thailand Classical + - - - + +
200514310 2005 Thailand Classical + - - - + +
200514311 2005 Thailand Classical + - - + +
200514312 2005 Thailand Classical + - - - + +
200516521 2005 Philippines Classical + - - - + -
200516946 2005 India Classical + + - - + +
200517010 2005 Philippines Classical + + - - + -
200517173 2005 Philippines Classical + + - - + -
200518295 2005 Philippines Classical + + - - + -
200518631 2005 Philippines Classical + + - - + -
20051E171 2005 Philippines Classical + + - - + -
20051E453 2005 Philippines Classical - + - - - -
200600448 2006 Philippines Classical - + - - - -
200600494 2006 Philippines Classical + + - - + -
200600495 2006 Philippines Classical + + - - + -
200600585 2006 Thailand Classical + + - - + -
200600586 2006 Indonesia Classical + + - - + -
200600654 2006 Philippines Classical + + - - + -
200700448 2007 Philippines Classical + + - - + -
200701544 2007 India Classical + - - - + +
200704648 2007 Thailand Classical + - - - + +
200704649 2007 Thailand Classical + + - - + +
200709509 2007 Philippines Classical - + - - - -
200709510 2007 Philippines Classical - + - - - -
200800020 2008 Philippines Classical + + - - + -
200803505 2008 India Classical + - - - + +
200803983 2008 Philippines Classical + + - - + -
200804066 2008 Philippines Classical + + - - + -
201000167 2010 Indonesia Classical - + - - - -
201000747 2010 Indonesia Classical - + - - - -
201000748 2010 Vietnam Classical + + - - + +
201000749 2010 India Classical + + - - + +
201000882 2010 Indonesia Classical - + - - - -
201001254 2010 Vietnam Classical + - - - + +
201001451 2010 Cambodia Classical + - - - + +
201001602 2010 Vietnam Classical + - - - + +
201101054 2011 India Classical + - - + +
201101575 2011 Philippines Classical + - - - + -
201101625 2011 China Classical + - - - + +

Abbreviations: SXT, sulfamethoxazole/trimethoprim; El, El Tor; Cla, classical; Env, environmental; Cal, calcutta.



HyeonHee Kim, et al. : Genetic Characteristic of Imported V. cholerae O1 El Tor 29

Table 4. Genotypic characteristics of V. cholerae Ol El Tor in Korea from 2004 to 2011 by country

Genetic type (No. of isolates)*

Year
Philippines Thailand Vietnam India Indonesia China Cambodia
2004  rstR-ElrstR-cla, rstR-cla (1)
stC (4)
2005 rstR-ElLrstR-cla,  rstR-ELrstC, rstR-ElrstR-cla,  rstR-cla (1)
stC (6) SXT (7) rstC,SXT (1)
rstR-El, rstC (1)
rstR-cla (1)
2006 rstR-ElrstR-cla, rstR-ElLrstR-cla,
rstC (3) rstC (1)
rstR-cla (1)
2007 rstR-ElrstR-cla,  rstR-ELrstC, rstR-ELrstC,
stC (1) SXT (1) SXT (1)
rstR-cla (2) rstR-ELrstR-cla,
rstC,SXT (1)
2008  rstR-ElrstR-cla, rstR-ELrstC,
stC (3) SXT (1)
2010 rstR-ElrstR-cla,  rstR-ElrstR-cla,  rstR-cla (3) rstR-ELrstC,
rstC,SXT (1) rstC,SXT (1) SXT (1)
rstR-ELrstC,
SXT (2)
2011  rstR-ELrstC (1) rstR-ELrstR-cla, rstR-ELrstC,
rstC,SXT (1) SXT (1)
Abbreviations: El, El Tor; SXT, sulfamethoxazole/trimethoprim.
Table 5. Antibiogram of V. cholera O1 El Tor based on countries or origin and time of influx
Antibiogram (No. of isolates)*
Year
Philippines Thailand Vietnam India Indonesia China Cambodia
2004
2005 S,SXT,NA,CIP (7) S,SXT,NA,CIP (1)
2006
2007 S,SXT,NA,CIP (2) NA,CIP (1)
2008 S,SXT,NA,CIP (1) S,SXT,NA,CIP (1)
2010 S,SXT,NA,CIP (3) S,SXT,NA,CIP (1) S,SXT,NA,CIP (1)
2011 S,SXT.NA,CIP (1) S,SXT.NA,CIP (1)

Abbreviations: S, streptomycin; SXT, sulfamethoxazole/trimethoprim; NA, nalidixic acid; CIP, ciprofloxacin.

elsroll A a5 FelFellA exB A o] classicalZ )l V.
cholerae Ol atypical El Tor7} X2 15 o]% 20011 =i
TelF 2l 20049 o] ¥ #e] 79 EelFellA AGH R
ctxB TR o] classical® Q] V. cholerae O1 atypical El Tor7}
HelE A gick

rstR ARG g Foll st e F e AR S
T3 4= 9o, o= CTX prophage®} RSI elementol] A&
GE §AAE ABezA b 2ERw Yok
Classical®] rstR FAZ BG3ta v 55 Y& rstC
S 15 o1 S8l 2 sk rC §AAF Bl 7
© Ak #HE Lee S{19]0] £4¢ Mozambiqueol| 4] £2]=

V. cholerae O1 El Tor8 ¥ 7% classicald 9] rstR S-AAS 2
shslar 9l F CTX prophageRte 2 A% §47 F2E5 7174
3L Ao} o]l dollA] &elgt 5= A RS1 element7} &
AstA] gkor, Mozambique ¥-2]5F9} 5D sA| CTX prophage
o g FAHE F2E ZA e AoE A7

1996\ HE] Q1% FAol|lA Ee]¥l ol 4] fluoroquinolone
Al g Aol thgk Al o] F7hgtell wheb20], = ) T2
Al S Felsl 2 At 20054 o] % 908 Tl A
streptomycin, sulfamethoxazole/trimethoprim, nalidixic acid, L
2|3 ciprofloxacinol] WAlS 231 Q= 185536.7%)%} nalidixic
acid Z2] 2 ciprofloxacinoll A& Z+= ¥ 15:Q2.0%)7} &
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Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% $>0.0%) [0.0%-100.0%]

PFGE-Notl PFGE-Notl No. Region Serotype Isolate Date Antibiotics PCR array
g & =

200800020 Philippines Ogawa 08.01.03 . rstR-El, rstR-cla, rstC
200803983 Philippines Ogawa 08.09.10 . rstR-El, rstR-cla, rstC
200804066 Philippines Ogawa 08.09.16 . rstR-El, rstR-cla, rstC
200516521 Philippines Ogawa 05.09.29 rstR-El, rstC

200517010 Philippines Ogawa 05.10.07 rstR-El, rstR-cla, rstC
200517173 Philippines Ogawa 05.10.17 rstR-El, rstR-cla, rstC
200518631 Philippines Ogawa 05.11.23 rstR-El, rstR-cla, rstC
20050E171 Philippines Ogawa 05.12.12 rstR-El, rstR-cla, rstC
20050E453 Philippines Ogawa 05.12.26 rstR-cla

200416840 Philippines Ogawa 04.08.12 . rstR-El, rstR-cla, rstC
200512188 Philippines Ogawa 05.07.04 . rstR-El, rstR-cla, rstC
200101761 Gyoungnam Inaba 01.09.12 . rstR-El, rstC

200709509 Philippines Ogawa 07.12.21 rstR-cla

200420067 Philippines Ogawa 04.12.03 rstR-El, rstR-cla, rstC
200420068 Philippines Ogawa 04.12.03 rstR-El, rstR-cla, rstC
200600585 Philippines Ogawa 06.02.22 . rstR-El, rstR-cla, rstC
200600654 Philippines Ogawa 06.03.06 . rstR-El, rstR-cla, rstC
200600494 Philippines Ogawa 06.01.24 . rstR-El, rstR-cla, rstC
200600495 Philippines Ogawa 06.01.18 . rstR-El, rstR-cla, rstC
200600448 Philippines Ogawa 06.01.18 . rstR-cla

200101806 Btype Inaba 01.09.14

200418292 Philippines Ogawa 04.09.22 . rstR-El, rstR-cla, rstC
200701544 India Ogawa 06.05.02 NA,CIP rstR-El, rstC, SXT
200709510 Philippines Ogawa 07.12.21 rstR-cla

201000167 Indonesia Ogawa 10.02.17 . rstR-cla

201000747 Indonesia Ogawa 10.07.03 . rstR-cla

201000749 India Ogawa 10.06.25 S,SXT,NA,CIP rstR-El, rstR-cla, rstC, SXT
201101625 China Ogawa 11.08.19 S,SXT,NA,CIP rstR-El, rstC, SXT
200518295 Philippines Ogawa 05.11.15 rstR-El, rstR-cla, rstC
200700488 Philippines Ogawa 06.02.06 . rstR-El, rstR-cla, rstC
201000882 Indonesia Ogawa 10.07.24 . rstR-cla

200501876 Indonesia Ogawa 05.03.02 . rstR-cla

200600586 Indonesia Ogawa 06.02.22 rstR-El, rstR-cla, rstC
200413555 India Ogawa 04.06.14 . rstR-cla

200514306 Thailand Ogawa 05.08.22 S,SXT,NA,CIP rstR-El, rstC, SXT
200514307 Thailand Ogawa 05.08.22 S,SXT,NA,CIP rstR-El, rstC, SXT
200514308 Thailand Ogawa 05.08.22 S,SXT,NA,CIP rstR-El, rstC, SXT
200514309 Thailand Ogawa 05.08.22 S,SXT,NA,CIP rstR-El, rstC, SXT
200514310 Thailand Ogawa 05.08.22 S,SXT,NA,CIP rstR-El, rstC, SXT
201101054 India Ogawa 11.07.14 S,SXT,NA,CIP rstR-El, rstR-cla, rstC, SXT
201101575 Philippines Ogawa 11.08.19 rstR-El, rstC

201001254 Vietnam Ogawa 10.08.06 S,SXT,NA,CIP rstR-El, rstC, SXT
201001451 Cambodia Ogawa 10.08.31 S,SXT,NA,CIP rstR-El, rstC, SXT
201001602 Vietnam Ogawa 10.08.24 S,SXT,NA,CIP rstR-El, rstC, SXT
200803505 India Ogawa 08.08.11 S,SXT,NA,CIP rstR-El, rstC, SXT
200704648 Thailand Inaba 07.08.07 S,SXT,NA,CIP rstR-El, rstC, SXT
200704649 Thailand Inaba 07.08.07 S,SXT,NA,CIP rstR-El, rstR-cla, rstC, SXT
200514311 Thailand Ogawa 05.08.22 S,SXT,NA,CIP rstR-El, rstC, SXT

. 200514312 Thailand Ogawa 05.08.22 S,SXT,NA,CIP rstR-El, rstC, SXT
201000748 Vietnam Ogawa 10.07.02 S,SXT,NA,CIP rstR-El, rstR-cla, rstC, SXT
| WU I 200516946 India Inaba 05.10.07 S, SXTNACIP  rstR-El rstR-cla, rstC, SXT
199201110 Imported Ogawa 92.09.04 . rstR-El, rstC e

. 199500936  Atype Ogawa 95.09.07 . A

199401070 Thailand Ogawa 94.10.30 . rstR-El, rstR-cla, rstC -

Fig. 1. Dendrogram of Notl-digested PFGE patterns V. cholerae O1 El Tor strains. PFGE pattern is grouped as cluster B and showing high
similarity with their imported nation (90%) and antimicrobial resistance pattern (92%).
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