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SUMMARY

I. Project title

Studies on the surveillance and control of antibiotic resistant superbacteria

II. Objectives and necessities of the project
1. Objectives of the project

Surveillance of antibiotic resistant bacteria and the analysis of resistance inducing
mechanisms related with antibiotic resistant gene transfer using molecular and
microbiological techniques have been carried out to secure the safety of livestock
products.

In particular, this study has been focused on the correlation between antibiotic resistant
bacteria from animal origin such as animals and livestock products and human origin
and the transfer of resistance between them using molecular and biological techniques
for the first time in Korea. Therefore, this study can provide correct information about

antibiotic resistance in livestock industry and consumers.

2. Necessities of the project

A. Technical aspect

Recently, interests on pathogenic bacteria from animals that can cause hazard in
livestock products, antibiotic resistant bacteria and residual antibiotics of livestock
products are increasing worldwide because these might spread via the food chain to
human and cause human infection. Therefore, the establishment of analyzing method for
antibiotic resistant gene of bacteria in livestock products and its application on the
examination of transferability of antibiotic resistant bacteria from animal to human were
studied. Characterization of antibiotic resistant bacteria isolated in Korea was also
carried out to establish techniques for production of safe which secure livestock
products. We tried to find antibiotics used in animal husbandry and might cause

clinical problems (superbacteria), and seek for the alternative ways to substitute for
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these antibiotics. With all these results, the scientific approach can be obtained for

safety of livestock products.

B. Economic and industrial aspect

In developed countries such as Europe, it is strongly suggested that the use of
glycopeptide antibiotic avoparcin in the animal husbandry has resulted in the selective
increase in vancomycin resistant enterococci (VRE) in animal intestines, with subsequent
appearance of VRE in the human community. Therefore, the European Union banned the
use of avoparcin in animal husbandry, and Korea followed that policy. The surveillance
of VRE and vancomycin resistant Staphylococcus aureus (VRSA) using advanced
techniques can be a way to prevent from the potential economic losses in livestock
products by providing correct information and safe livestock and livestock products. This
study also enables Korean livestock products to be accepted internationally as safe by
providing correct informations and techniques. Finally, public health and stable livestock
industry are established with the promotion of the national industrial development related

to livestock products.

III. The contents and scope of the project

1. Surveillance and protection of antibiotic resistant superbacteria

A. Detection of pathogenic bacteria that express antibiotic resistant gene(s) from
animals
1) Isolation of anitibiotic resistant bacteria from livestock products, animal feces and
identification of their antibiotic resistant genes
a) Identification of genotype and phenotype of isolated antibiotic resistant bacteria
B. Surveillance of antibiotic resistant bacteria from livestock products at
slaughterhouses and retail markets
1) Isolation of pathogenic bacteria from livestock products and investigation on their
antibiotic resistance patterns
a) Surveillance of pathogenic bacteria from livestock products
b) Isolation and identification of pathogenic bacteria from livestock products
c) Identification of antibiotic resistance patterns of isolates

2) Classification of isolated bacteria according to the antibiotic resistant patterns
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a) Identification of antibiotic resistance genes
b) Investigation of mutation and transferability of antibiotic resistant genes
3) Study on the patterns of occurrence of antibiotic resistant bacteria by the
surveillance of the antibiotic resistant genes
C. Analysis of antibiotic resistance factors of antibiotic resistant bacteria
1) Establishment of detection method specific for antibiotic resistance genes of isolates
2) Study on the characteristics of antibiotic resistant bacteria by detection of antibiotic

resistant genes

2. Studies on antibiotic resistance mechanism and correlation of antibiotic resistant

bacteria between livestock and human isolates

A. Analysis of antibiotic resistance mechanism and correlation between antibiotic
resistant bacteria from animal, livestock product and human clinical isolates

1) Analysis of antibiotic resistant genes of isolated antibiotic resistant bacteria and
confirmation of resistance-inducing mechanism (change of antibiotic target,
elimination of antibiotics by efflux mechanism, and production of antibiotic
inactivating enzyme)

B. Isolation, identification and characterization antibiotic of resistant bacteria in livestock
products

C. Analysis of antibiotic resistant genes of clinical human isolates

1) Prevalence of antibiotic resistant bacteria isolated from clinical human isolates
a) Isolation and identification of bacteria isolated from human sources
b) Isolation of multi-drug resistant bacteria from clinical specimens

2) Detection of antibiotic resistant genes from isolates
a) Detection by molecular biological techniques such as PCR
b) Detection using isoelectrofocusing electrophoresis (IEF)

D. Analysis of multi-drug resistant bacteria by genotyping

1) Studies on the mechanism of isolated multi-drug resistant bacteria
a) Characterization of multi-drug resistant bacteria
b) Antibiotic resistant mechanism of multi-drug resistant bacteria

E. Molecular epidemiologic examination of resistance genes of vancomycin resistant
enterococcus (VRE) (Overlapping PCR and vanA cluster mapping by sequencing)

1) Plasmid analysis

2) PFGE (pulsed-field gel electrophoresis)
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F. Molecular epidemiologic examination of resistance genes of Salmonella spp.
1) Search for resistant genes by PCR and sequencing
(Quinolone resistance, parC, gyrA gene point mutation and DT104)
2) RAPD (random-amplified polymorphic DNA)
G. Analysis of genetic relatedness between antibiotic resistant bacteria from livestocks
and human clinical isolates
1) Correlation between isolates from livestocks and livestock products and human
clinical isolates
a) Comparison of antibiotic resistant genes of superbacteria isolated from livestock,
livestock products and human

b) Investigation of correlation between them

3. Investigation of distribution of E. coli O157:H7, MRSA and VISA and analysis of

antibiotic resistance in livestock and livestock products

A. Detection of MRSA and VISA in livestock and livestock products

1) Detection of MRSA and VISA in digestive system of livestocks such as cow, pig
and poultry in Jeonla and Gyungsang provinces in Korea

2) Detection of MRSA and VISA in livestock products

3) Investigation of infection rates of MRSA and VISA in large pasture and small
farms

4) Selection of susceptible antimicrobials as substitutes for the resistant anitibiotics

B. Investigation of antibiotic resistant E. coli O157:H7 in animals and selection of
susceptible drugs

1) Detection of E. coli O157:H7 in digestive system of livestocks such as cow, pig,
and poultry in Korea
a) Isolation and identification of E. coli O157:H7 from digestive system of animals
b) Antibiotic susceptibility test of isolated E. coli O157:H7

2) Investigation of antimicrobial resistance of E. coli O157:H7 in livestock products
a) Isolation and identification of E. coli O157:H7 from digestive system of animals
b) Antibiotic susceptibility test of isolated E. coli O157:H7

3) Investigation of contamination level of E. coli O157:H7 in large pasture, small
farms and feed
a) Isolation and identification of E. coli O157:H7 from digestive system of livestock
b) Antibiotic susceptibility test of isolated E. coli O157:H7

_15_



4) Screening of effective antibiotics for the treatment of infected animals

C. Analysis of resistant genes of MRSA and FE.coli O157:H7

1) Establishment of specific detection method for major resistant genes

2) Characterization of antibiotic resistant bacteria by detection of resistant genes

3) Analysis of genetic relatedness of antibiotic resistant bacteria between human and

animal origins by molecular techniques

4. Investigation of distribution of Campylobacter spp. and analysis of antibiotic

resistance in livestock and livestock products

A. Detection of Campylobacter spp. in livestock and livestock products

1) Detection of Campylobacter spp. in livestock products

2) Investigation of infection rates of Campylobacter spp. in large pasture and small
farms

3) Selection of susceptible antimicrobials as substitues for the resistant antibiotics

B. Investigation of antibiotic resistant Campylobacter spp. in animals and selection of
susceptible drugs

1) Detection of Campylobacter spp. in digestive system of livestocks such as cow, pig,
and poultry in Korea
a) Isolation and identification of Campylobacter spp. from digestive system of animals
b) Antibiotic susceptibility test of isolated Campylobacter spp.

2) Investigation of antimicrobial resistance of Campylobacter spp. in livestock products
a) Isolation and identification of Campylobacter spp. from digestive system of animals
b) Antibiotic susceptibility test of isolated Campylobacter spp.

3) Investigation of contamination level of Campylobacter spp. in large pasture, small
farms
a) Isolation and identification of Campylobacter spp. from digestive system of

livestock
b) Antibiotic susceptibility test of isolated Campylobacter spp.
4) Screening of effective antibiotics for the treatment of infected animals
C. Analysis of resistant genes of Campylobacter spp.

1) Establishment of specific detection method for major resistant genes
2) Characterization of antibiotic resistant bacteria by detection of resistant genes
3) Analysis of genetic relatedness of antibiotic resistant bacteria between human and

animal origins by molecular techniques
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IV. Results and proposals for its application
1. Results

A. Isolation and identification of indicative organisms (VRE, S. aureus and E.
coli) and pathogenic bacteria (Salmonella spp., and Campylobacter spp.) from
livestock, livestock products, environments and humans and investigation of
their antibiotic resistance
1) Establishment of quick and simple isolation and identification method
a) Quick and simple isolation and identification method for Salmonella
(1) Establishment of detection method that includes culturing method which can
reduce culture time compared with conventional method by introduction of a
Salmonella test kit with monoclonal antibody which enables Salmonella to be
isolated in 26 hours

25 g sample + BPW 200 ml
| 37T, 7 h incubation
Enriched culture 200 ml + RV broth 200 ml
| 42°C, 19 h incubation
Test by PBM Salmonella MADb test kit

b) Quick and simple isolation and identification method for Methicillin resistant S aureus
(MRSA)

(1) MRSA-SCREEN Test for detecting PBP2a of MRSA. Detection of MRSA
which couldn’t be detected by PCR.

S6-S and S23-S, strong positive reaction
of S6 strain and weak positive reaction of
S23 strain with sensitized latex particle;
S6-C and S23-C, negative reactions of S6
and S23 strains with control latex particle.

¢) Quick and simple isolation and identification method for E. coli O157:-H7
(1) Quick and simple isolation and identification of E. coli O157:H7 using Anti-0157
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immune magnetic isolation

Sampling livestock specimens from regional areas in Korea
J
Culturing in mEC or GN broth containing Novobiocin or
vancomycin, cefixime, and cefsuludin

!

Anti—O157 immune magnetic isolation of E. coli O157 in
samples

!

Washing with PBS-Tween three times

!

Collecting immune magnetic products attached with E. coli
0157
!
Culturing in Sorbitol MacConkey medium containing cefixime
and potassium tellurite

!

Collecting Sorbitol negative colonies

l

Oxoid 0157 latex agglutination test or isolation using
Immunocard Stat E. coli O157:H7

!
| Antibody test for O157 and H7 and Motility test |

l

Gram negative Auto Identification or biochemical test of FE.
coli by API system

l

Confirmation of E. coli O157:H7

2) Isolation rate (Total No. of samples: 6915, Total No. of isolates: 2021)
a) S. aureus (Total No. of isolates/ Total No. of samples): 986/2931 (33.6%)
(1) Animal originated isolates: 786 strains
(2) Human clinical isolates: 200 strains
b) Salmonella spp. (Total No. of isolates/ Total No. of samples): 339/1292 (26.2%)
(1) Animal originated isolates: 229 strains
(2) Human clinical isolates: 110 strains

c) E. coli (Total No. of isolates/ Total No. of samples): 326/1034 (31.5%)
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(1) Animal originated isolates: 233 strains

(2) Environment originated isolates: 71 strains

(3) Human clinical isolates: 22 strains

* EHEC: 45/1854 (2.42%)
d) Enterococcus faecium/faecalis (Total No. of isolates/ Total No. of samples):

177/1145 (15.5%)

(1) Animal originated isolates: 83 strains

(2) Human clinical isolates: 94 strains
e) Campylobacter spp. (Total No. of isolates/ Total No. of samples): 193/513 (37.6%)
(1) Animal originated isolates: 182 strains

(2) Human clinical isolates: 11 strains

B. Characterization of antibiotic resistant isolates originated from livestock,
livestock products, environments and human hospitals
1) Detection of antibiotic resistant genes

a) PCR

(1) Salmonella spp. - quinolone resistant determining region (QRDR) in gyrA,

detection of integron gene

(2) MRSA and S. aureus - detection of mecA, mecl, mecR, 151272, ccrAccrB,

Tnb554, 18431, mer, pT181, pUB110, and staphylococcal enterotoxin (SE) genes

(3) VRE - detection of vanA, vanB, vanCl, vanC2/C3, vanS, ddl gene and TnI546

(4) E. coli — detction of extended-spectrum [-lactamase (ESBL), aac, aphl, aphll,

stxl, stx2, eaeA, rfbEyws;, EhlyA, L'Ta, STb, VTc and VTed

b) Isoelectric focusing electrophoresis (IEF)

(1) Establishment of optimal condition for ESBL detection of Salmonella spp. and

E. coli
¢) Real time PCR (RT-PCR)

(2) Detection of gene for hydrolysis of hippurate in Campylobacter spp. and CeuE
2) Classification of Isolates according to their origin - Analysis of their genetic
correlation
a) Overlapping PCR - vanA gene cluster mapping by detection of 1S15421, 1S1216,

and IS1251
b) Plasmid transfer - Salmonella spp., VRE, and E. coli
c) RAPD - Salmonella spp., and E. coli
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d) PFGE - Salmonella spp., MRSA, and Campylobacter spp.

C. Antibiotic resistance analysis for Salmonella spp. and comparison between
livestock and human clinical isolates
1) Major isolates from different sources
a) Human clinical isolates - S. Enteritidis was major sertype.
b) Isolates of animals and livestocks - S. Typhimurium was major serotype.
2) Comparison of multi-drug resistance patterns
a) There were no significant differences between human and animal isolates although
slightly high resistance patterns were observed in human isolates
3) Correlation between human clinical isolates and animal and livestock product isolates
a) PFGE analysis result - Among 17 subtypes, only one subtype had common band
pattern between human and animal isolates
b) Antibiotic resistance gene analysis result - The genetic correlation between human
and animal isolates, of which Salmonella spp. have been transferred from livestock
or livestock products to human was not found
¢) The probability of integron gene transfer from animal-originated Salmonella spp.
to E. coli was confirmed in vitro.
d) Relatively high quinolone resistance rate of Salmonella spp. isolates were observed
in animals and point mutation in gyrA sequences was also found.
e) The high quinolone resistance rate in animal-originated strains seemed to be
affected by the frequent use of giunolone antibiotics in animal husbandry.
f) Studies and monitoring on the antibiotic resistant Salmonella spp. should be

continued.

D. Analysis of antibiotic resistance of MRSA and VISA, and comparison
between human clinical and aniaml isolates
1) Isolation of MRSA and VISA in livestock and livestock products
a) VISA and VRSA were not isolated from livestocks product.
b) MRSA were isolated in low detection rate (3.6%). Most MRSA isolates were
originated from mastitis—infected raw milk.
2) Comparison of multi-drug resistance patterns
a) Most MRSA originated from livestock products were resistant to about 5
antibiotics.

b) Human clinical isolates were resistant to more than 11 antibiotics among 14

_20_



antibiotics.

3) Analysis of correlation between human clinical isolates and animal isolates using
SCCmec typing

a) Isolates from mastitis-infected milk were characterized as community-acquired
MRSA

b) Most MRSA isolates from animals or human hospitals were confirmed as
hospital-acquired MRSA

4) Analysis of correlation between human clinical isolates and animal isolates by
PFGE

a) There was no homology between human clinical and animal isolates.

b) It seemed that the cross contamination between human and animals and the
possibility of genetic mixing are low.

c) Point mutation of mecl gene was detected only in human isolates

d) According to the results of mecl gene mutation and ccarm 3001 analysis,
the prudent use of antibiotics in human hospital is significantly important.

e) It is necessary to define the transfer routes between community- and
hospital-acquired MRSA.

E. Analysis of antibiotic resistance of animal originated VRE and comparison of
them with human clinical isolates
1) Isolation of VRE from livestock and livestock products
a) VanA VRE which showed high-level resistant to vancomycin and teicoplanin,
were isolated in a large numbers from poultry (40%).
b) VRE have been continuously detected in livestock products since the use of
avoparcin was banned in 1997.
c¢) VanC VRE which showed low-level resistant to vancomycin, were isolated in a
low rate in healthy human
d) VanC VRE were isolated from cattle and pig as well as poultry.
2) Correlation between isolates of human origin and animal origin
a) PFGE pattern, vanA gene cluster and antimicrobial resistant pattern showed no
genetic relatedness between human and animal isolates.
b) VanA isolates from animal hardly transferred vancomycin resistance gene to
enterococci under the experimental conditions.
c¢) It is considered that vancomycin resistant determinant of VRE has not been

transferred from animal to human.
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d) It seems that van gene is not transferred from VRE to S. aureus based on the
results that van gene from S. aureus isolated from the same livestock products
which had vanA VRE was not detected.

e) VanC VRE have been recently increasing as a pathogen of human hospital
infection in EU. Therefore, it is necessary to establish continuous monitoring and
management program for the control of vanC VRE although there was no clinical
report of vanC VRE in hospitals in Korea.

f) Isolation rate of VRE from livestocks was high, so it is required to examine the
probability of transfer of resistance from animal to human. Also, efforts to prevent

dissemination of vancomycin resistance should be continued.

F. Antimicrobial resistant patterns of E. coli and E.coli O157 and comparison of
isolates from animal and human origin
1) Characterization of isolates and comparison of multi-drug resistant bacteria
a) A total of 36.8% of EHEC isolated from animal origin showed multi-drug
resistance and there was no ESBL E. coli.
b) A total of 44.7% of E. coli isolates from animal origin were resistant to
aminoglycosides.
c) Among E. coli isolates from human origin, a total of 7.3% produced ESBL and of
which, 76.5% showed multi-drug resistance.
d) A total of 27.5% of ESBL producing E. coli of human isolates were resistant to
quinolone.
e) High genetic diversity was found at gyrA of QRDR and subunit parC of
topoisomerase IV in clinical E. coli isolates which produce ESBL with additonal
mutations at gyrB locus.
2) Correlation between human and animal isolates
a) ESBL producing clinical E. coli isolates usually retained TEM type ESBL and this
gene was transferred to animal originated E. coli under experimental condition
b) ESBL producing E. coli was also isolated from an environmental source such as
Han river.
¢) These results suggested that management and control of ESBL producing E. coli
in human hospitals is very important.
d) There is no evidence of the transfer of E. coli from animal to human.
3) Multi-drug resistance and characteristics of E. coli O157 isolated from livestocks

a) E. coli O157 from livestocks could be a threat to human since a total of 62.2% of
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isolates had multi-drug resistant characteristics and most of the isolates were
resistant to aminoglycoside antibiotics and produced toxins.

b) It is necessary that surveillance and monitoring of E. coli 0157 should be
continued because antibiotic resistant rate was remarkably higher than those in
other countries.

¢) Special cautious management and guideline for prudent use of aminoglycoside and

fluoroquinolone in livestock husbandry should be established.

G. Analysis of antimicrobial resistance of Campylobacter spp. and comparison of
isolates from animal and human origin

1) Antimicrobial resistance of Campylobacter spp. isolates
a) The results of antimicrobial resistance analysis of C. jejuni and C. coli isolated
from animals showed high resistance to tetracycline and quinolone such as
ciprofloxacin, nalidixic acid, etc..
b) Human Isolates showed lower resistance to antibiotics than animals.

2) Correlation between animal and human isolates
a) As the results of genetic analysis of isolates resistant to quinolone by PCR and
sequencing, point mutation of gyrA gene which is a target to quinolone was
detected.
b) There was no genetic relatedness between animal and human isolates based on
PFGE analysis.
¢) Antimicrobial feed additives might induce resistance of isolates to antibiotics since
the same antimicrobials had been used as feed additives.
d) Continuous monitoring and surveillance of Campylobacter spp. which cause food
borne diseases should be established to prevent the transfer of antibiotic resistant

bacteria from animal to human.

2. Future application: Understanding of resistance transfer mechanism and
establishment of preventive methods

A. Establishment of techniques for understanding of resistance transfer
mechanisms

1) Establishment of complete analysis methods for antimicrobial resistance and its
transfer mechanism using molecular techniques such as overlapping PCR, PFGE,

RAPD, plasmid profiling and transconjugation.
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B. Understanding of propensity of antimicobial resistance

1) Understanding of propensity of antimicrobial resistance of isolates such as
Salmonella spp., MRSA, VRE, E. coli, E. coli O157:H7 and Campylobacter spp. from
livestocks.

C. It is able to find the methods to prevent transfer of antimicrobial resistant
bacteria based on these results.

1) Regulation and control of antimicrobials which are scientifically proven to induce
antimicrobial resistance and transfer its resistance gene from animal to human or
vice versa

2) Continuous development of substitutes to antimicrobials such as non-specific
immunostimulator, probiotics, etc.

3) Distribution of standard guidelines for farmers and customers for the prudent use

of antimicrobials
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resistance) 2.2 Ut} 1) AAWAH LS T (genus) & % (species)dl Wl SolslH,
st Ale]l M= AW oA AHECT I o2, vancomycine A Aol o §)
M | AstA Ny, g AdMatel gk g ee gled, ol vancomycin®] &A7F
(hydrophobic)o] ol Al Lehg-/d Alvt o] ojus F338 5 gl7] wjwelt. 2) g
T AAA FAA o] (mutation)H, plasmid &2 transposon®] "7 =
Ze] 5o oA A7, dF dFEto] zh=tl. 1 o2 Enterococcus faecalis
vancomycin®ll #HFAd ol AW A FF= vanA FE vanB AR G50 ofet
A WAt WA FaAAE A 52 plasmldoﬂ A gt A A DNAE
4 ¥kste], plasmid DNAE T3
gl plasmidi: 18 7FA] WA SA =2
Aol gk WAgdS el dAed & k. Ui ¢
(conjugation), ¥ A= (transduction, bacteriophageoﬂ ost WA FHx dd), ©F
(transformation, 743t DNAS A A AY) & v} o] 5 HFgL 74 & )
71dolH, 1 w7l A& plasmid &2 tansposon 5 ©]th Transposone WA FHAS A
I Al AbolE AHEFA AUty ] Wi conjugative transposon &< ‘jumping gene’
ol n: Eerh dF A FAd w=EFEHW Al tig WA o s A,
°o]Z % (induction)z} 3tk Alitel WAL FEAd wabd A3 (constitutive) I %=
A (inducible)2. & Y& < YU} Enterobacter~= L WX A dZA, Enterobacter= E.
coil9} A AAAd AmpCE [f-lactamases A Y. 28U E colie] o] 4 AA
g2 Zhan, et A ASol oA fFREA gForE o] A AR Y FHAAE g5

3tA &= 3t ampicillin® FH 9 cephlosporinell 7F4Ad o] Atk olo)| wkal A Enterobacter

otk
£V
jul
o

ox, -

rl

B>
als

e £ K
= Mo :‘j o
(s o.?L’ flo = fo

g

Mook 0 @ 2 oox 4 Y
ﬁmo}io
t7

= ampicillin®] 4 §H <9l cephalosporin®l =W %o 234 [-lactamaseE tH A
Aetr R o5 AatAldd Aol Adnk W o5 Al =F¥ Enterobacter & A i
FE= A FARe WHolo oejA EAA (derepressed) ¥F7F "o}l @A #F+= I
A A3 A#Hglo] f-lactamaseE AlE tFF AASIER, IA] olF Al WA o]
Qth. =, QA A Wolrt Qi Enterobacters ampicillin® M9 cephlosporinel %4 U
doln, GoA WolF= 7Y WA olth

Algte] &arAlel WAdol & 7[HdoezeE 1) Sh o Al EdAs) 2) 4 &
Aol W3l 3) MEure] &utAl T WEE 4) AE R A FF 5 odsioh At
< ol T WA H= oY THA] 719 Eofol oate] datAle] iAol Hrt
1) ZEae o3 A Egds)

f-lactamase’} I X A< o o]t} f-lactamases [-lactam3S 7RO ZA o]
Tl o9&ty S wIslE ofAlE EFAett. ey Mlato] [i-lactamseE A4
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o &4 EE f-lactam iAo WAle]l HE AL olyrth I o & fi-lactamaseE A
3}i= Staphylococcus aureusi= ©] &7} E33+= penicillin, ampicillin, peperacillin %l
WAool dAwE o] & o] b3 methicillin, oxacillin, nafcillin S0l ZAol ot
o] [-lactamase°] wekA ZhERaid ¢ e V1A (FEADY W7 27 wEolth
Aminoglycosides &2/ 3}3 }% A% At} Enterococcuss s X9 aminoglycosidedl
AtAW A I, o= MEEe] 54 wEo] o] A AE HE FHREE Fo] A7 Wi
olt}, ]t} aminoglycosideS penicillin, vancomycin 53 HE&3A ALgsHH o] A

Ago & FHE B 4 ¢9gEd, o] penicilline]lvt vancomycin®] aminoglycoside®] Al

rlr ox o

X Y29 JEE Zokgr] wFEo|th o] W WS Enterococcusl 23 HldAS 5 TF5
AaTo Ao da AFEE o agy H BE s Enterococcus Tl o] W
QW WA Aol B, ol oE uWAAMIo] aminoglycoside WIHEA
(aminoglycoside modifying enzyme)Z Ao 2 1% %= aminoglycosideo] Aol =
7] wlFolt}d. ¥, chloramphenicol acetyltransferases= chloramphenicold &34l 351,

Enterobacteriaceae®t Haemophilus influenzae= &3] ©] {42 Ao 2]3ld]
chloramphenicolel] WA o] =},

2] W3}

Adste 14 dulo] W A e kg oA WAdS g
t}. Staphylococcus aureus, Streptococcus pneumoniae 5 ZLHEA Al
Aol A f-lactam A e WAHS 53 Mol BY [-lactam
< penicillin-binding protein (PBP)°|t}. S. aureust™ [-lactam A2} %
A2 PBP (PBP 2)E AA 314 methicilline] Wie] ®t}. S pneumoniae= 7
&9 PBP wWAel 9sA  f-lactam Al oig WS F53h Pseudomonas
aeruginosa, Enterobacteriaceae & 18 a/ Al T o]zt 7| A 28X [i-lactam
g Alo] et WAS 53 Aol Atk Vancomycin-WA Enterococcus (VRE) T3 3%
A B4 WA 93t vancomycindl tid WAHS 53 doltf. Vancomycine
peptidoglycan A4 2] N-terminal D-Ala-D-Ala®} ZAgstelA PBP7} o] 9o Agtst
A BE3HA s, 2 AR AT peptidoglycan ol 93 MEY A EIA ok
a3y VRES] N-terminal D-Ala-D-Lac 522 W35 oA vancomycin®o] %l3}=7}
1/1,000 o]&tal A=W, o] 23dle] vancomycindl T3 WAL F5sE= Aow dHA
=3
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2 S0ttt E colid utolE oy f%—«] porin®] LA ¥H
OmpCE FHgtth Ao porin FH=E FA 229
(hydrophobicity) 2 #x}=Fel] wet A7 H %*é (Fett) d3ske

Al F2 OmpFe
3} (charge), A4

= A &2

e

1

HoHE
x

3 (W, zwitterion) ake] kol H]sto] poring st £x7F =grh Eg A
A A 4 (hydrophilic) 2bell B8 A, EAbEFo] & &t A= L AFEo] 2 At A
of HlelA poring 2 F33}lx] L3l Methicillin® 254 o]7] W&o poring & F3}3)
A Fetm, wmeba] S Alerel digk dr o] gith E52 (side chain)s 2zl A&
mezlocillin, piperacillin, cefoperazone %2 ®A#o] #AA] porings & Fysx FE3hr},
o

Imipenem<> <A (WIrk) AstE zta i, XgAdolm Exlgko] 2097 Hlw 2 2H7] w o
fi-lactam & A ¥ porin TE2E 71 F FHeu. g2 IHSAMTE E colist FAFSH
poring Zral t}. 28y P. ageruginosa®] porine YEUh Ao] wEZW imipenemol %
T4 P. aeruginosa®l ¢%ol= D2 ©lo] Ak o] FarAle] WA Mutd= D2 &
ol glom 1 9 T o7} glthal v} wekA P aeruginosadl A= D2 w0l
imipenem< Eo]|F o7 ER(AIE Aow AT} o]¢ o] aHSA A E porin
o] Al e W IS WA, porine] &4 =& WAstEW Al digk WA
Br7b ZmobAAl "vh. 28y porinel €HA3] (= AlTE FEEHAS Wotsd F (U
o & 4 glom, 2% porintt A% A= olE FHIEE poring LA
o g FatAe 1k Aol H7I= offth ont & WAV e or AgstolA
YA AEE =49 5 Aok f-lactam ©]9 9] &3t Al GA] poring FIA AE UE 59
vt} Enterobacteriaceae®t H. influenzae= &3] &4 AAlo| 2]sle] chloramphenicoll
e WS F53AT porin FER9 Ao 9dM= WA =)

Aminoglycoside, quinolone 5o 3 WA % porin 7322 A2 o&A 5T}

=S|

HEF#J

4) AE 9]z o 3
AEZ W2 F99 FaAE o8 ME 9= FEFste AdxE vk o WA 1A
£ ribosomed] YWAAS A& ElE  tetracyclineel Yt macrolided] WAel A3 DNA
gyrased A4S A= quinoloned] WA AlTolAd & 4 At} P. aeruginosa AlXE
olute] OprK @2 AlE U9 54 7S AX 92 FEF3= 7150 e, o] @i
g% wgsls WHolFE  fFEFo 9dlA  ciprofloxacin, nalidixic acid, tetracycline,
chloramphenicol & o8 &tAlol] WAdo] Hu} o]e} o] H&Z4 FEo A oy
7EA @t Ale] tiEk S FS5steE 71de gAllA EXE (multidrug resistance pump,
MDR)& EHt} [Lewis %5, 1997]. MDR H2Z = S aureus 59 19%%A A+, E coli, P
aeruginosa & 1HSA AT ¥ oyl AT Candida albicans, 9% % Plasmodium
falciparum = zral Yt} S aqureus®] MDR HZ 2= NorA, QacA, QacB 5o 4#A

M
2
o
e

olf
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o} QacA 9W& v Wdsl= 75+ chlorhexidinedl, NorAS o 2= AFE
quinoloned] WA o]ttt E. coli®l MDR HXZ 2+ EmrAB So] &8 %+dl, o] @S v
B 3= 5 nalidixic acid®} thiolactomyhcin®] WA ol t}. Staphylococcus aureuss=
H (53] duids), 95 2 dx2 7Ad, #8985 585 4o agYH FHeE, M
st WeddEe]  shuolth Staphylococcusoﬂ 93t e  beta-lactamseo] A3
penicillin®] YdzpA o= AFEE 9 o) 1990+ of S. aureus®] 35-66% 7}
methicilline-resistant S. aureus (MRSA)Z 93 XA glycopeptide®! vancomycin®] AF-&
o] F7tEo]l gtvh. ey HT vE oy A A9 stuel Enterococci &l A
vancomycin®] ™3 WA S e E vancomycin-resistant enterococci (VRE)7F A= ¢
© 1, National Nosocomial Infections Surveillance (NNIS)2] A}zof 93 ulZo Al
VRE wAEo] 0.3% (1989)oll A4 7.9% (1993d)e 2 209 o] Z7ld ez 83 x
VREO| tigh w2 A7tel o3 VRES WA FdA7F & 283dd 7oz Hold +
A= ThsAo]l E=oHoe] oW F AARE 1996 o]F ARy m|x Zgkiof A
vancomycin® =9 WAS YeER = vancomycin intermediate resistant S. aureus
(VISA)tto] A= g% F48 i k. VISATE VRES o] tE oy A=
WS HAT (multiple agents resistant).

VISA®] Al HY fdFo] dAAl AHETS AL th&oz s AN S g5
3 Aolgte 7hsAd S AARE T s Aol VISAtwe| ¥ AE 93 A= dAaAe F
ANz AZAEE datar 9

rlov

7}) Vacomycin-intermediate resistant S. aureus (VISA)
(D Vancomycin resistant S. aqureus® &+
Vacomycin®] w3+ A= AHE+= National Committee for Clinical Laboratory
Standards®l €3] vancomycin susceptible < 4 pg/ml, intermediate resistant 8-16 ug
/ml, resistant > 32 pg/mlE EFH ] 3l
1}) Vancomycin resistant mechanism
VISA#e] W71 o}z AgstA waAA ot B 7Hx]¢] 7pde] Hasa gl
t}. A HA = plasmid-mediate gene transferol] 2|8 Enterococcus® vanA vancomycin
-resistant geneE°] S. aureus® °]FAE JlsAolth olH s e HolE S bovisY
vanBe}t Bacillus circulans®] vanA7F 73224l (isolate)oll A 2315 LT},
a2 MRSATlA ©]#]3F vancomycin resistant gened] Hol: AA AW HQ 1ol
= HAEA etk Ao 19570 Bldidt oA 970714 o] MRSAe] tigh d3=
A3} 137FA MRSA (1.3%)°l A heterogenous vancomycin-resistance (HVR)7} YERy; a1
7 ishg Yol A 129712] MRSA testE s 23}, 127F4 MRSA (9.3%)° 4] HVRo] e}
AWk o] 5 ZF enterococcal VR gene (vanA, vanB)S 7FA 3l Y+ w2 QAT E 7|79
A AR VISAT o2 Ad3 Ay VISATIAE vanA, vanB, vanC FAAS 2k 9x|
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oyt n=g o)A g3 VISAT S pulsed—field gel electrophoresisell A #&] 3 23}
VISA®F MRSA®] clonings #3384 $IUTh o224 MRSA7ZF of2 WalA# ¢ 7|
o F 3] VISAZ WS & + AUrh

oA A o' 7l AFdAdS ZEHA | Aol L@ 7|ZHE <t vancomycind =5
of AAAH R AYFES 7 AWl 5ol AATE Floln. o] HAEE AT F A=
2 7bx] AE AyEo] Atk 1956 Geraciys 289 F¢F wlY vancomycin® FLEE
7FAA VISAE REEQITE ol E A dojz VISAS MICE 17-24 mcg/ml& YEFWHTH

Al WA= vancomycin resistant (VR)S UEl= #FE5°] A4S penicillin-binding
protein (PBP)°o]t}. Vancomycino] ™3k MIC7} 8-32 mcg/mlel S. aqureusE A+3 A}
o5 w57} PBP2E Wi Aitst= Ao g il B4 o2 methicillind] &= A @2 o]
A TES ol¢h FAE PBP2'E #d AT A< Sieradzki, Tomasze MIC7F 100
mcg/ml ©]73l EAWo]l S qureus® A3 A3 PBP2 L& PBP2'd 722 B 49
PBPES A e AS gotdied o2A PBP €4 S7FEW vancomycin? 2
glycopeptide &AAA7F Alwt A3 ] peptidoglycandll ZAgal= o] A= o] A&
A He Aoz A vk

Glycopeptide A2l A Al vancomycine peptidoglycan 21321 peptidyl-D-Ala-D
-Alacll Agtato] AMEZHIIAAA S JA St AezheS E3 gt oleld FAAA WS vanA
o} vanB FR A 9F] AAEHE= Eael st WEHHE peptidoglycan HT-A9l UDP-N
—acetylmuramyl-L-Ala-Glu-L-Lys-D-Ala-D-lactateE AtAstoz» A Ast=d e 7t
25 7S dojuAl "nh VREE 19861 frioll A A5 Had o 2 B &o] §43
78k o 1989 o= W Tol A, 19920 = Ul A= He e A AV A
S E31¥d #} vk (CDMR, 1999). VRES] - beta-lactam A A4 aminoglycoside A Al
=g iAS HolBRE ERAR XE AVE =Ea, A e o dd oy T
Sgxlow Ry t& A Hdud F don, 7tFeA AL = 540 5% 7
, & glycopeptide Al 8 AQl avoparcing X85 £FHUT e FTLEE AL 0o M
EA fdE VREZF Al Aue ke 540 A7|=Ea vk 1 Ay va) f 9
A=A = B F79 AR H7HE FABAY AFEo] 943 AgHL o 1 F
T HH o451 Jdv FAL
Salmonella  typhimurium DT104= 712l Salmonellad® 3= ©3  ampicillin,
chloramphenicol, streptomycin, sulfonamides®} tetracycline (ACSSuT)el| tH3F multiple
antimicrobial resistance pattern (R-Type)S Hol™ o|n] wl= = v} 5o, Zafx,
zEgo} drta o AWGE Xgste] MA oy vt A Raxa 9t o] e 7
Ao e A A7 ofEw 9 transformation 52 T3 oE dEZ FAA U
ol #ofate Y] dus dod dAde] o, dxoA= oln trimethoprim}t
ciprofloxacin®] ™3 additional resistance® 7}A+= S. typhimurium DT1047} ® 315 o)

¢

Hi
2

ke
L
Z

I~

-

-

~

o
oz 32

K
o,

Ju ot ot n

_32_



hA#+S 9@ ampicillin®  amoxicillindl #4Ao] AR oy, plasmidE & #4%
TEM-1 [(-lactamase©l] 23t Wl/do] 1965 A5 HiH o]F AAAHo=z FHLsA A
gtro] HYd L AGALg oA FEEHE oY 40-60% HE7F o] 71 o g YA WA

S Holu lom o]y WA TFEL amoxicillin®] [-lactamase & A A1 clavulanic
A7l A A (amoxicillin/clavulanate)ol]l 7l Z4A4S Btk 28y 30% A
= TEM-1 (-lactamase®] & Hl2 Qe old B It ayoe WS ol
3 At} Fluoroquinolones 1324 kol thall Z=#He sd=dES 7R saAQdd, &
8% E coli = floxacin®] gt WAdv]&o] 30% o] F7tste] A 8= Adsolrh
1998\ Kansenshogaku®] R ol 2Jst™ 0157 thd9 7% plasmid profileS = A 474
FHz vs ¢ d=d FAA A FEel W3t} plasmid®] profile®] W 3shol wheh A&}
of A WAL plasmid7b A@ e FiE #Hosts Aom F5T ¢ Ak = HE Y
EoAl 1996 0157 W] iz =R $t A3} Tetracycline-#] 3
R-plasmid= 7_"'0]-‘4‘ 4 k. o] plasmide 503 95 kb + T/l o] + FF EF
Al tet resistant FTAAE Zold & AATh 0157 tigwtel A= o279 plasmid7t A&
F ded AS7A dEd A F 7MY #2 3.3 kb plasmide S typhimurium TFEL
A A WA plasmid?l NTP163}F 98% o] 5=LAS Ho] o] plasmid B3 3 A WA ol
sk o8 FAAEI QTh

=g v ES EC 7S A A WAdTS T 7tsAdol e (FAAR] A4
T HEg A= o) AR H7F FA AN o4 bacitracins 5 2
¥ 31 Q0+ erythromycin, lincosimide, streptograminiol] w3k Lz WA 271 A=
spiramycin, WA T3 EZ=AFT X ZA Q) tsristinamycind} E’_Z}HVQ 7bsrdel s
T AY= o] F = virginiamycing AFEE7F A A listoll A wlA Al A TE S vancomycin
At A =2-82 streptogramin®] Lz WA HE Al7]se] 4k tyrosin AlAl FEdF ALE-
Z A8ttt Avoparcin €lell 7] 470 AR H7F FAAAA Y ARE FA= FAF ok
el o gk A el wigh AEES = ¢ AT A EA] o]o] tE wufel A<

A7 a TS B AL Aol S AT
3 &

X
fl
O
N
S
N
N
N
>~
>
QL

3
2

mlo r1r

b

A7golty Wk ofet el <
oty ol 8 7MsAS #

AR 2]
glol Al7lskar glof o %— lstr] g skl Ao A mheto] A a5 H L QUTh
2. 3A - 49 H 4
A2 397 FABDFES] ANAHS AT 19959% 837,276% vhel, 1996\ =
971,220 9k 91, 1997 = 1,010575% vkl 0 2 A 1995\ 7% Bt 14% Z7bakgich,
ok

h LS.
o 71zt = A o ofE LA ] FAEH o AFE 195 AA o oFF
]

[e)
E‘_
AR 5637837 T 16%E, 1996 % WAl o <kE A A 6,347,339k F
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19969 59 oA 4L E Fole] FEF-9lo ¥ MRSA X]EE Hﬁﬂ/ﬂ Vancomycm
= AR IA AR e T FEA

Fojgte] o] <oJole] MRSAW HHSS A5T F MM‘:} 3 OP—J MRSAT<  broth
microdilution test® MICE =43 A3} 8 mg/mlz e} VISAZ 9 At vol e &
ol v ARHES & Jdd 59419 @Ak MRSAC o& "@E wNkek Huf
(peritonitis)ell ZAE ATt ABZ 93] vancomycine 18FE¢ T3 T tlA] A3k
MRSA7Z} glycopeptide®] ™ &l intermediate resistance% el o], catheter®] A ¢} rifampin,
co—trimoxaxole (trimethoprim-sulfamethoxazole)<- st A&ttt 45 6649
T 3xE MRSAo 2] A#rdE bacteremia X]E% 3 A7 FAAE A oo
w Al7]5o] AstEol B2 Ul F48& wolsitl A X 55 vancomycinl 2 18F7F A&
E ®wa F g oA VISAT MIC = 8 mg/mbeo] ZAFATE o] vancomycin,
gentamicinm rifampine FoI8t] A58 4 Ut} o] el 7] MRSAT 2 vancomycin
of Aol Ao XF T wHE VISAE ¥23te] Centers for Disease Control and
Prevention (CDC)ollA ZA}8E A3} gentamicinm co-trimoxaxole, tetracycline, imipeneme®l 7+

F4e Byt TPz 49, WYL wm 9 olololAA VISAZ wasu

’

n&
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quinupristin/dalfopristing F38le] VISAT
cotrimoxaxoled| = F 74 o] S AT
Aw7kA L o VISAwel 7t
MRSAvtel A=A, 4
VISA #3852 #5485 Hole FAAEY]
ozl ¢¥3lar d= wHE HE B E7}5 3 staphylococcal infectione =
gAke] VISAt el vancomycinol]l thek A3dS drpup whe] s d 5 kel 2l
= s

7]:]_

ol
ofy
w
ol
1o,
riet
D)
rlr
fo ¢

A M AE AFHANA 7P Wol Aldsta Q= disk diffusion test VISA-J MICE
Atk kol vIRZl SFA|TE E-test striptst W
18 &+ doerng st AdHsHA VRE =
TZ 6 mg/mlE st doubling dilution& ?Pﬂ

2 level®] vancomycin resistance (VR)%=

N
mlo
ol [‘

=237] ¢4 breakpoint plate®] vancomycin
Al&skal ol
H E dFH WETORES ofgfo] mx
d ks ok Xﬂ IH“ = EO]L S. typh o tiFEs AA gL ghrh, A ofF o}
= dY 2l 9 o /‘11E1-4 Marta-Louise Ackers ¥rALe} 55 AFA&
B 1997 3%401] AR va FFRAN Fol A8 FRA S typhi7t
7kzl 29378 9] $AE9) AR E Eokth AT 12709 A
AGALE0] 98k3A] “The Journal of the American Medical Association’ oA B3k &
Toll WEw S5 81%7F deke] WAyl A 65 el = o]fle] AHow AFYS S
B o] 25%= g7EA] o)Ak Al WS B 17%= 57FA] ool A
o WAHS HITE o5 kA= ampicillin, chloramphenicol 23l  trimethoprim-
sulamethoxazoleS o} Akers ®Ale “BAE o T olFAE ciprofloxacin e
ceftriaxone®] A& Kol A9 AT $AHE w9 7%+% nalidixic acidel ojal] WA
(NARST)—O‘ 7HR T #H2e] S RaEd MY 7o) A5 NARST #9S 7H A&
o= H delAl ciprofloxacin®] &840 #AAEISES BTk g dgch A2k
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ol A chloramphenicol, ampicillin, ~22] 1 trimethoprim-sulamethoxazole®] ¢l= W&
ol A B AS NARST 7oA S typhie] 43 A5AZA O o] 83k ¥vha
6]')\}\ oo AT & Fd HiE9 TAELS cdprofloxacing Y&  fluoroquinolonesZ}
ceftriaxone®] & ©l o] 7kX|7F §l& Blelgta 7]=sSith

Shiga toxin (Stx) A4t &+ (STEC) = verocytotoxin W&+ (VTEC) E. coli 01572

u]?‘sjjo_lll/d /\—1/\]_ b‘ﬂoﬂ/ﬂ A—l/\} Ecﬂ‘bkc-)l o]—otlﬂy .Q_?Sﬂ/\-] OEZ %‘% E] ] ,——'Tue _]_EH ].L‘ 741
%O]D} STEC¢ 74 10009 %] @ serotypeo] Aot AAHCZ 0157 straine] 7+

ok
Qﬂﬂ NoIA] MR Ao A= F2 o] FFo] tld AF7} o] Fo
2 19309 = W=l AEE FE EAS HolHA] 1932014 19961
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7HA] 30078 ool o] Wlytel] °JsiA iFS Wil AW AWES wjskekt. w7]oF v+
CDC (Center for Diseases Control)& ©] 7S Al 3429 (Emerging Disease Pathogen)
o8 FFstAth Awk 0157+ o =34 digatel oA ml= AzF 62,0009 ] o]
Watol] ZrdEo] i1Es Wi glow, it 520 AMES Holal QT ol dER =
19961 ©] 0157 djgte] 10,0007 °o]/ds FAAA dHS dozlon 1299 %58 =g
olgf mid FHHWe AE T O 1 F o] BE FFol ol2A st Jvk (wHEA
A AR). 0157 Aol 2%t outbreak= ZAUtch, 9, 9 I8 SFAAMAE npzrX =2
Azystet vihd o]& vhebell A shiga toxin AAF oiFdwtel o3 A A o] Fhd
5

1% YRS 0157 tigatel osk ol 58] ¢y Ewtst AL =, 35, Ay, ofF
ZHEHY, 95 5 S5 dFANTe®, §9-9 Fuiged ot 0157 o

Ereg gxkE Aol w=re] 49 20006 U. S. Meat Animal Research Center?] X.ite] 9]
A0 87%e] wa Ul AFe] 0157 vigated =] v AR YERTHES]

e =
358 FA0R s 250 Jold FEee % Askel SYueksh ol WL & gu
%A} ot
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ol 7]QIght}, 3HA| Rk o] ulgyto] ofH o]
do7l=A, AE oleiA sFEEH o| A
2 0157 Wigvte] dAx o Azde] = Ax
1998 A wEAEE A"l ofsiA As mull QA A e tigto] 0157 W
ol wa At o] ®2 1990 H5-E 19963714 FAbd] F-&w oA dA HUSE 7}
AARFE FAg wFeA O157H7 3PS 2z
gk 0157 tidets welsiilleh. 1 5 1999 T HRE AL Fal 68 A& FrlodA st2E:
7k 0157 tizdatel 7l $AE ERlskqirt 1996 FAkA] sk A5y A4 shal
FoPste 2 Aol H Ao EWA 339 279 0157 S sl AT o =
e utetel A 0157 idatel tigh Aed #Hs AE gl 53] AR Fa wiy
LAE A TTEATE SHdA 7 WA dAwojof &
=S o)A 7= Al T shbelnt nk
F ol e o] A Aol etk AF7HA delxl 0157 st WA FA =
ampicillin, kanamycin, sulfisoxaxolem streptomycin, tetracycline, ticarcillin 5]t} O157 th*+
ol ZdE FAE s trhASd FAA awo] A oR AAHEAY. sHARE AEA 0w
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%, MRSA, Pseudomonas, E. coli, Streptococcus pneumoniae, Vibrio,

VRE & o2l 79 FAAWE d55 Ao Basta gk o5 @55 MIC test

E E3lo] SAA WAHAARE delstg e VRE, E coli 4%+ Z7] vancomycin WA 7]

A3 quinolone 71 A4S W Wo] DB3SATE.  Aeromonas®t Campylobactere] 735 74

71EE /|3t SCI =55 WHSISIr. Helicobacter? 7% A5 #8353 ol&9
&

BB Ao} sttt olol wheh A& oAb gt
5

sl
aell= 7 WA7IdA Tl dad Astet, A=A Vel Ry FAE T
of g WA 71d A5 ddeA =3 Aol
o]l A, A Fd HAATe] AA Aol BRusu gloew 53] WA

RS
oft mx o

X
9. 58 BUS 49 AREA GAA A8e FAS v 93, w23 <
= ZAe] glo] Selutehe old] we Aol W AFE Aol
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1. 8 "ABE9 £284 TH

7h Fa A=) hEFAl s A4S Table 13 2t
1) Salmonelia spp.2] 2 &4
200072003 Atelel ==Y, =AY sample, FAE el EWH 2 F4 99, HAAS
o8 Pz A5 Salmonella spp.& 2 3k

7h) dx5ad A

Table 19] WHo g E % Salmonella spp.d] EAEA AldS Fd35At. Salmonella
antisera A, B, C, D, EE °o| &, O%9 dH& Uit Sgtol= Sk o Ay A9+

E "oy wWFolg E¢35tal 3 oFE #EFAY. Salmonella HE Y $RAHLS

W

= i &

06% =2d AYAds sFs dde BolA 302 &< FolA oRs Fho= A}
St A Ada 25 mlol 01 ml FEH o &= FIAHE SAAZA. 343 3Y
g 05 mle A2 Alddol Hrbstar of7]el FdE FF05 m) ¥=vh 3 7FA
3] Difcooll d Al F< Spicer-Edward &3 1, 2, 3, 4, L complex, EN complex, 1

complex & =7 7T7HA d8HS ¥ 5O°C3J-?ﬂ Tz 1A T WS A AL 1A &
d 22 AR & &S ISt WA wAE oA 45CHE A3 A phase 1
Fol FEAS A DA A ske] wfA] ] Holme Al n=2A 4, Wz
TE HFstdrh 38TelA 2043t A= vl ¢, phase I &S FFAIA
wA brain heart infusion brotholl HF3lal phase I &9 A3 Wy
phase II &YS F3th OF¥ Y HE &9 phase IE F338+Y salmonella 8 oﬁé%
4 A Atk

1) Enrichment %9 2 ok kit 7

A o] 8% ¢)E conventional method &= T}

]o

il

dlo
X
m
v
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25 g sample + BPW 225 ml
| 37T, 24 h incubation
Enriched culture 0.1 ml + RV broth 9.9 ml
| 427, 24 h incubation
Inoculation to HE agar, XLLD agar and BSA
| 37T, 24 h incubation

Biochemical and Serological test

<

Conventional method Wl ol 48A]37to] Z g Bdel gdo = o @ Alto] &8
HEZ okAst A% At AH Agstrdl o] Q) o]d B Ao A= Tt 2ol
A ZHS ©E A 7] 2 Salmonella F g kitE =9, 26413 Wl Salmonella &S 7153

== shlvh

25 g sample + BPW 200 ml
l 37T, 7 h incubation
Enriched culture 200 ml + RV broth 200 ml
l 42°C, 19 h incubation
Test by PBM Salmonella MAbDb test kit

W

2) S. aureus® @ ©A

[e)
200072003 Abolell =574, =AF sample, FAE Hol W, & HA = F9 vME 5,
A sample, A¥ Fa7], S A7), H37] Tl S aureuss H@) FAHFACH

]

RS

7h S 2 AS 5 FAAY S aureus w7 54

= 20-50 mle] A]&E 3000 rpm, 30& S & centrifuge ¥ T 05-1 ml A =4
EE WA AEds WY F AAES sk & A vjdst T

252 TSBY SBE A4l A=E AS3EWE swabste] Firste] AFESEAY, 5-10 g
stomacher& ©]-§ 2% 4% homogenizationd}o] T & A&tk 259 wdol Y A&
el = ste2 JEstd 43§ W% applicator® swabdhe] Fatgh thg ALE-3FS
#dd % 71#HS TSBY SBE A2l A=ZE F9 &5 swabdt ths Su3dte] A&t o] %
o] #}A L2 Table 1% wdgt AAS FHeArh

1}) Presumative methicillin resistant S. aureus (MRSA) % vancomycin intermediate
resistant S. aureus (VISA)9] &2 2 &3

Table 1 ¥ $]2] oz % S aureusE 2-8 pg/ml oxacillin®] 3+ % Muller Hinton
brothell ¥Wl¥AIZl 5§ S8 TS Presumptive MRSAZE FF3F T ©] % presumptive

MRSAS] #21S 93] mecA FAA HES 93 Fda4A AHNSH (Polymerase chain

ut
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reaction,

°]3} PCR),

minimal

inhibitory

concentration

(MIC)°l

vancomycin®] W3 A Z=H o= MRSA ¢ VISAES ‘sz, HE

4 penicillin-binding protein (PBP) A&l €% MRSA-SCREEN Test

971Me Featgln

Table 1. =& "AES] &g 54 4H

o

E-test 5 °o]&

E. faecalis, . C. jejuni,
Salmonella spp. S .aureus E. faecium E. coli c coli
P]liienrichment
AMZE 25 ml + Prienrichment S
BPW 225 ml (37 Prienrichment
T, 24+2 h) AZ25 ml + Fecal sample Prienrichment AZos m] +
Selective modified Tryptic swab= Bile AMZE 25 ml + BUC)ﬁon Broth
enrichment Soy Broth esculin azqide modified E.coli (37°C. 4 h) +
= ,
cora gy | | SRemented | | agan o G || bt 28l | i
Wkl 0.1 ml + | |NaCD(37C, 18 h) ’ ’ (37C, 44 h)
RV 10 ml (427,
24+2 h)
| ! i ! i
Selective Plating Selective Plating Black colony %f;i%tézie?a;glagr Selective Plating
BSA, XLD, SS Baired Parker :Growth in mCCDA
agar (37°C, 24 h)| | Agar(37°C, 36 h) 6.5% NaCl Chromocult agar (37°C, 24 h)
(37C, 24 h)

l l l ! l
Biochemical Biochemical . . Biochemical Biochemical
Tests Tests Blo%hezrgcal Tests Tests

o A
EISAI I\C/[Ztrzlirllailtsoel (li/?éi‘ill?f; Pher};lrlgllanine G{)a)?da‘;e}:—' '
Posaiont DN Yellow pigment | | SIS A8t ooty
O anytiserum/ TNase Ac1ci1f11ca'?on test Urease Hygfolysis,
H antiserum Coagulase ara]aaicn?)zg, Mannitol Indoxyl Acetate,
SIM VP test sorbitol ’ Maltose Nitrate reduction
I\S/['R/VP mannitol, XS}I ose, Rhamnose Urease, TSI,
itrate rhamnose Cellulobiose 25T, 37C, 42T
ONPG i ’ Lysine Growth
raffinose MR_VP
37C,24 h
J J J J l
Specific Multi
ACSSUT ] plex PCR for Preenrichm§nt°1]
WA A= ] E .spp.(tuf), A selective Soecific PCR
e m API, Vitek &% Van gene platingA] IMS pec1f;(;
Phage Tvoi VISA, MRSA (VanA, B, O), E. UHE Tl tated v
ase Lypms VRSA & 2zl faecium, PCR % API muta eenegy "
E. faecalis VITEKS o] & g
(ddl gene)
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3) Vancomycin resistant enterococci (VRE) #2 A
20007200351 Afololl Q14 AR HAS} wll ¢ N v R =

A o W, Al Harv], A av], i) selA VREE 8 s th
7b Al earziel A el VRE &

Fecal swap sample®] 7-¢- Table 13 #Z2 WO 2 enterococcis #Elattow Al &
a7le] A= 47 25 g A At v (Figure D)3 2 W2 VREE 74, &8st
t}. Vancomycin 6 pg/mlE ¥3%H$F BHI broth (BBL, Becton Dickinson, USA)AlA HAE
37ColA 16217 &t dgudste] zet= AW H) A (vancomycin 6 pg/mlE L33

w9k 3l . Enterococcosel agar (BBL,
7=
N

enterococcosel agar: 56 g/ /#)olA 2447+
Becton Dickinson, USA)ol| A #2429 gt
Aoz st dd S wjAd A Al s skl al, vancomycine] WS e
Fdn|

Rl

5
KN
=

ot
P A= A9 vancomycinel] WA S

of

Lactococcus W= Pediococcus 5% 171 $13  pyrrolidonyl arylamidase (Oxoid,

England: ©]3} PYR) &4 % HALS A&t

’ BHI broth culture ‘
v

Enterococcosel agar culture

(vancomycin 6 4g/mé )

Black colonies
|
| PYR test (+) |

v
| PCR |

| |

vanA vanB vanC1/C2

. .

MIC (agar dilution method) MIC (agar dilution method)
E. Faecium / faecalis dd | PCR E. faecium/faecalis dd | PCR

MIC (agar dilution method)
Motility test,

yellow pigment test
Figure 1. Diagnostic algorithm for identification of vancomycin-resistant enterococci.

* API-Strep, pyr test, modified PCR, motility test, yellow pigmentation test® & &4

Vancomycin 6 pg/ml©] X3+ enterococcosel agarolA vanomycin WA 5% &4

) PCRel €% VRE #F &<l 2 A 4% 24
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PCR &4 % <Al #Fo tairs o' FAade £8=AE 41z vand 2 vanB,
vanCl, vanC2 primerZ Ab&3 PCREZ WA +dAE S Z2ASdIY. I+ #F2E vand
o1 E. faecium 1024, vanB3& 2 E. faecium JB7, vanC-13 . casseliflavus concenatrae,

vanC-28 2 E. gallinarum concentrateE AF83}3 31, Z+-2bol

i OBIL ﬂlﬂ
(o
m

5ol gk primers AF8-383
(Table 2). PCR ¥F$-E9] = volume= 20 ul ©]% 3L, conditione predenaturation 94C |
A 3%, denaturation 94ColA 1%, annealing 55C (C2= 507C)9l A 30%, extension 72Tl
A 1%, final extension 72TColA 10¥7to 2 30 cycles2 Al &3t Tag polymerase &
/~+ Behringer Mannheim (Indianapolis, USA)AF A& A}E319 2 F3aE4H Ad49sS
PCR 2600 system (Perkin-Elmer Cetus, USA)< o] &3} th.

E. faecium3 E. faecalis ddl primerg AF83}9 E. faecium3 E. faecalis 7% UA
gFelsl A Al ddl PCRe] &40l C1/C221 A9+ yellow pigment test®} motility testE
72 AldgstA Tt (Figure 1).

e

Table 2. Primer sequence of vancomycin-resistant enterococci (VRE)

primer primer sequence product size
vanA (F) 5'-GATAGCTACTCCCGCCTTTTGGG-3’
vanA (R) 5'-TATCCGTCCTCGCTCCTCTG-3’ 380bp
vanB (F) 5'-CATCGCCGTCCCCGAATTTCAAA-3’
vanB (R) 5'-GATGCGGAAGATACCGTGGCT-3’ 667bp
vanCl (F) 5'-TGACCCGCTGAAATATGAAG-3' 400bp
vanCI (R) 5'-TCGGCTTGATAAAGATCGGG-3’
vanC2 (F) 5'-CTCCTACGATTCTCTTG-3' 439p
vanC2 (R) 5'-CGAGCAAGACCTTTAAG-3'
E. faecalis ddl (F) 5'-ATCAAGTACAGTTAGTCT-3' 941bp
E. faecalis ddl (R) 5'-ACGATTCAAAGCTAACTG-3’
E. faecium ddl (F) 5 -TAGAGACATTGAATATGC-3’ 550bp

E. faecium ddl (R) 5 -TCGAATGTGCTACAATC-3'

4) E. coli B E. coli O157H7 %2 54

200072003 Atolel 1 A Aol HAlet wW & A v H =5H, =A% sample,
Aol s B AW gus], AAns), Hi7] SAA E coli D E coli 0157HTS %
g, TR

7 Anti-O157 WS 27|22 & o83 E. coli O157H7 &2 54

Table 19] conventional method®} &7 anti O157: H7H S #7] ¥ & o] &3lo] E.
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coli OI5TH7# 8 & Al=staon 1 W2 th53 2t (Table 3).

ZHAAMES 94 novobiocin ®=& vancomycin, cefixime, cefsuludin®] &% mEC & GN
brotholl ®j & 20-24A13F S3tdY. 2 S d oz 015719 Anti-0157 WS A7 &
2], IMS (Dynal beads)Z AAste] CT-SMAC agar (Cefixime:50ug/l + Potassium
tellurite 2.5mg/1)°l 50 ul IMS 3] 4 S streakingdt & 37TColA 20-24A17F A% v &5
o} wF ¥ CT-SMAC agarel4 non-fermented colony= <7, Oxoid 0157 latex
agglutination test =+ Meridian® Immunocard Stat E. coli O157:H7& o]l & SAATE
Presumptive E. coli O1572. % 7+F3ta 0157 ¥ H7 FA S o] 8 dAHHS Felsy

o] % auto Identification T+ API systemo = o] A3lstx AA BXsto] E coli
0157H7S # & g3tA

Table 3. Anti-0O157 WS 7| &S o] &3 E coli O157:H7 &2 W
| et 4 A bR A% AAE AR

J
Novobiocin = vancomycin, cefixime,
cefsuludin®] % mEC X+ GN brothol <
J
Al 5F 01577 2] Anti-0157
o 21722
l
33 PBS-Tween®l| A&
l

0157ch gl 25 Wi ge] 4 |

<«

cefixime, potassium tellurite’} &%  Sorbitol
MacConkey B8 Aol #}] %F

|

Sorbitol &4 & A ‘

!

Oxoid 0157 latex agglutination test Y+
Immunocard Stat E. coli 0157H7& ©]& &g

!
| 0157 3} H7¢] FAHA 2 Motility test |
!

Sensititre Gram negative Auto Identification =+
API system ©.% th4hit AssHa 4 24

)
E. coli O157:H7 &%

_44_



5) Campylobacter?] ¢
200072003 Alelol] A
t}
Eal

A B3R HAAL g0 ¢ A = D =5, =A% sample,
FALe & W A9

™
7], A 7], Har] oA Campylobacters W2 5743+

A 8E Ao Yo 1S Buffered peptone water 400 mlE Yol 23} Azl 3 10
mlE A A (Cefoperazone 10 mg, Vancomycin 10 mg, Trimethoprim 10 mg,
Cyclohexidide 25 mg/L)¢} 5% Horse bloodE % 7}3%F Bolton brothol] Y2 tg, td7]Ad
Z71(5% 0z, 10% COq, 85% Ny)stell 37Tl A 4A|ZF, 42°Coll A 484 7F vl FA vk 3 A
(cefoperazone 32 mg, Amphotericin B 10 mg)E % 7}3F mCCDA (Modified Campylobacter
Charcoal Differential Agar)oll A& ta vE7]d ZzddA 37T, 48417 vl sl
C jejuni &< 3|9 FHE5etal Pystal A Fejo] s FAhst a5 FEo] U

dEstATt. C coli T2 MgolA A

O YurA
RN aggAd HaeE Ay d) By SE o2 HlT
2 AN FASHE gF AAuR] EE Mueller-Hinton Broth® HRHA171 & 9
Az dAv| Aol Fsr dAnF oz #EAs AN Campylobacter= WMEA AR s = &

%A (darting/tumbling) & ®.9]).
Catalase A& : Brucella vjA] oA 24-48A17F wjk3te] =}
[e)

2 Heol IHAkah4 4 (3%
Oy 3 $&S DT W A%l 41 PP Fadtg

SR

b B | j= =]
gex Ehol= SF O R C jejuni, C lari, C. colis AEsE 71E7F AE38HE ]
Rom F&H FEAA FAo] Thsatth o] AAME 7 wFe AxE S A=)
= AoRE g FEAG AxE g g So] FA7 ol dEs RiEs
3st & 9 RE AnE AAEAT

39X Campylobacter3:(C. jejuni, C. coli, C. lari)x= 43ColA] Z =&t} o=

2 hippurate 7} %5, indole acetate 7FFE3]%s, HoS AT, A WA
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To® Fhiskel
Hippurate 7F5=23 @ @ skdu#|o] 2t He2S 1% hippurate 89 0.4 miol
A& & 37C water bathel 2A1ZF FAT7E B gvh. x1gh AF4dlo] ¢fgdolx
oFgt AME 45 HEWAIH
Indoxyl acetate 7FE3) © 10% indoxyl acetateE Z Al paper strip®l4 discE =¥
Zo whG. Ao 108 A T #Ze9S W blue/grey M-S YERA
% A
th) PCRel <]k &2l
C jejuni®t C. coliE &743t7] $15+] Gonzalez & primerE AF&3FAth oW primer
= 247 e] Alatul 9] siderrophore transport A=A C. jejuni 2] CeuE +%#F JEJ1
(5'CCTGCTACGGTGAAAGTTTTGC3'), JEJ2 (B'GATCTTTTTGTTTTGTGCTGC
3", C coli®l CeuE +3d# COL1 (5’ATGAAAAAATATTTAGTTTTTGCA 3'),
COL2 (5’ATTTTATTATTTGTAGCAGCG3)E AM&stsich WHexx12S 100 ng9l
template(GuCN ®Ho]l8)9} 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 3.5 mM MgCls,
0.001% gelatin, 0.2 mM dNTPs, 100 pmole, 1 unit Taq polymerasel &= 3} o1,
Perkin-Elmer 97002.2 30 cycle, denaturing step (30 s, 94C), primer annealing (30
s, 577C), chain extension (1 min, 72°C). 37} extension step (5 min, 72C) ¥3& 2

AlsHe

2. AT WA/ AH A% AT

543 4, 2el3 dHeRyE FE #FE G4 U AEES sobela, YA
WE Uy f04E AFsdon, ofF Fadd 9% 542 PASYt £ 43} 9
g, aem BARY #E RAA AHG BE FE Awd L Uy Aol E Bs

A

7b @A g A4 2 3 A A HE
B d550 ek dAA A HAAFE NCCLS Wil ool agar dilution test,
broth dilution test, disc diffusion test, E-test & ©°]& XAtatth. ZFEdTEE
Escherichia coli ATCC 2592255 AH-&3tdtth T3 WAA TS 44 HAdER 273t
WA ake] 24 8 A i 71 SR AA targete] WS efflux 7)ol &gk Al

oz FAA wE, FAA =3t 40 A fst

A7E sk WAAT FAA DA BARE FARE FFY £ Q=S AL

¢

ul
o2
o
ox
1)
i
2
Me
2L
Ho
L
)
o
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o] primerE ©]&3% PCR¥ Isoelectric focusing electrophoresis (IFE;
2 gAA B3 g4 LS 0 AYPS st A HE%

& WA 1A AEEA FAA A0S Astel FAAS 9D BAL FB5HE

1}, Pulsed Field Gel Electrophoresis (PFGE) ¥ S o] &3 WA FF9 234
PFGEE ©o]&ste] 55 &8 o579 dddFoe dHdE A A o & 9
o] #OF ggarose plugE A X8t o] AE]E genomic DNAES w=EA#tTh ZF 59
‘%?} AeE A4S A st o] F pulse field gelol A9 A1# CHEF DR I (Bio-rad, U.S.A.)
o|-§, H7]9E3stel DNAE X47H3}‘Eiﬂr. o] & EtBrZ gAsto] Aldzte] SABAE
wA s 2 3 A BEE ved 2
1) Salmonella spp.2] PFGE ¥4
A9 salmonella® <= ¥ % colony 17H= 6 ml BHI (brain heart infusion) brothol
TYE o] g3t ﬁ_L 37T F&7lelA E5WA 18A1ZF F<]t Hﬂok;}‘ii i LA
mlE microcentrifuge tubeol 23} 13,000 rpme 2 4TCo|A 127 94 B3t A
Byt o JAAEES 1 mg/ul lysozymed 15 ug/ml RNase7} ¥3t=E 500 ule] 2X
lysis buffer(12 mM Tris, 0.2 mM EDTA, 2 M NaCl, 1.0% SLS, 1.0% deoxycholate)el] -
A AT o) AL 50T BAAZ 1.6% low melting point agarose 0.5 mlol] Al FH-H
e tg, 24 AL plug moldol] FAAHA FAor TdAS ATt plug
moldi= WX Yo 1087 2383 AlFHY. Plug’7t £ t moldolA #joujo] 1
mg/ul lysozyme¥} 3 ug/ml RNase’} ¥&¥ 3 mlel 1X lysis buffer (6 mM Tris, 0.1 mM
EDTA, 1 M NaCl, 0.5% SLS, 0.5% deoxycholate)o] @o] 37TolA 2447+ w8 A7t}
Lysis bufferE Ho] H&d 3 10% SDS¢} 0.75 mg/ml proteinase K& ¥3}3 ESP buffer
27 mlE Y3 50CoA 24A13F F<F WEGAFHTE ESP buffers WY £ 1 mM
Phenylmethylsulfonyl fluoride (PMSF)7} %35 10 ml®] dilute TE (10 mM Tris, 0.1 mM
EDTA) bufferg& ¥ A4 1A7H¥ 290 ¥FSA]A proteinase K& inactivation A7 th.
Proteinase K inactivation solutiong W& & plugS ¥ 1L 55C°ﬂ A OIA7E Bk v A
S A3t Proteinase K inactivation solutions W@ % plugE Petri-dishol] ¥,
20 ml dilute TE bufferE 92 3o shakero| A 1A7H¥ 2WH 283 plugs A FH 3
PlugE 2 mm Z7|2 A23 200 ul B9l 10X buffer, 0.1% BSA® 60 u Smalg ¥
43S A7l & CHEF-DR II(Bio-Rad)& ©]&3}4 1% agarose geldl Al 7] 4&5& A
gttt Ad719d% 24 pulse time 3-30 sec, angle 120° 6 V, 23h= A| 33} th. PFGE
Alg) T A7]9%F gelS ethidium bromide solutione] 923k % Kodak Digital Science
Electrophoresis Documentation Image and Analysis 120 System(Kodak, Rochester, NY,
USA)E o] 83} PFGE gel 945 AFHA AX3A
2) VRE®] PFGE #4

a

il

r
fr

::1

ol

ol
ol

o

o 4
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ok
i
<
=
&
o
A

5 4 % colony 1 7§E 2 ml BHI (brain heart infusion) brothol] W&
UE ol&ste] & £31 35T Fa7]oA] EE5HA] 24413t &<t vigetdch o FfF<9 400
uﬁ% microcentrifuge tubecl] #3le] 13,000 rpm e 2 4Tl A 1E37F 94 E235te A

S ey F JHAEL 10 pl lysozyme (0.5 mg/ml)¥} 1.5 u RNase (500 pg/me)o] >3+
O.5m2—4 2X lysis buffer (12mM Tris, 0.2mM EDTA, 2M NaCl, 1.0% SLS, 1.0%
deoxycholate)oll F-FAIZ T o] AL 55T HAAZ 1.6% low melting point agarose 0.5
mlol M FFads e v, #A '3 plug moldell ZAAFHA dFoz E3FdAs
At plug mold= Ware] Yol 2023F 133} AlHTE Plug7t &2 Y+ moldol A i
o] 60l lysozyme (50 mg/ml)3} 180 RNase (500ug/ml)e] ¥3tF 3 mle 1X lysis
buffer (6 mM Tris, 0.1 mM EDTA, 1 M NaCl, 05% SLS, 05% deoxycholate)o] o] 3
7Tl Hop wjgAIHTE Lysis buffers Fol W& = 10% SDS 600 2+ 30 ul
proteinase K (20 rng/ml)E X3kl ESP buffer 3 mlE ¥ il 55CoA 441 7F 5<F /A #
t}. ESP bufferE H&A % 5 ml9 dilute TE (10 mM Tris, Ol mM EDTA) bufferg il
55CelA 1A 7 B¢ 2-3-A At} Dilute TE buffer® ¥ & % plugE Petri-disholl 211, 20
ml dilute TE bufferg o] @& Fo| shakerol Al 1A1ZF <t Z8® 3 plugE Al 2383
PlugE 2mm 7|2 AE231 Spulle & A3WkS Azl & CHEF-DR IM(Bio-Rad)& ©]-&3}
o] 1% agarose geldlAd H7]9%S A3t ;‘47] 1% 27142 pulse time 1-30 sec,
angle 120°, 200 V, 23h= A3}t PFGE A& %
solution®] @A ¥ Kodak Digital Science Electrophoresis Documentation Image and
Analysis 120 System (Kodak, Rochester, NY, USA)S o] &3} PFGE gel 94S #FH
o A7gataith
3) S. aureus®] PFGE +4

A9 S aureus® &= 1% colony 1 /1S 2 ml TSB (tryptic soy broth)ol WFo] &
o]-§ste] & Fi 35T F7|olA EEHA 24A12F w2t wigstdnh o FFd 1 mlE
microcentrifuge tubecll #3led 13,000 rpmo 2 4ToA 187 A s A=zdS
g i AAHAES 0.3 mle 2X lysis buffer (12 mM Tris, 0.2 mM EDTA, 2 M NaCl,
1.0% SLS, 1.0% deoxycholate)oll H-FA1Z1 #, 50T H#AAZl 2% low melting point
agarose 0.3 ml¢} & &3, plug moldol A 20%-3F 133} AlZ T} PlugZ7l &2 tS moldel
A wjolwWie] 10 unit lysostaphin®] ¥3%% 3 mle] 1X lysis buffer (6 mM Tris, 0.1 mM
EDTA, 1 M NaCl, 05% SLS, 0.5% deoxycholate)oll Fo] 37CelA 2412k wj Al Z T}
Lysis bufferE o] W& % 10% SDS 600 2} 30 pxl proteinase K (20 mg/mDE ¥ 33l
ESP buffer 3 mlZ 21 50Col A overnight £¢+ #l¥A ATt ESP buffers ®|&d % 50
ml9] dilute TE (10 mM Tris, 0.1 mM EDTA) bufferol 4] 1417 74 0 2 43] washing
Gt PlugE 2 mm Z7|2 AE23 Smal &2 42398 A]71 & CHEF-DR M (Bio-Rad)&
o] &3l 1% agarose gelollA H7|d5S Aldstt. d7|9& =72 pulse time 10-50

ol olN:
r“" 2

o 2

719 % gelS ethidium bromide

ol
o
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sec, angle 120°, 6 V/cm, 20 hZ A]d3l . PEFGE A3 3 H7]|9% gelS ethidium
bromide solution®] &, PFGE gel 345 ZAFE ol #3399 t)
4) PFGE type &4 7]+

7t #5°] DNA A9 %ol we PFGE A3 $47]%& Tenover 5ol Ae 7%
%omﬂ%q&%3%%@%@%5&’“%Eﬂi}1}%2 g #4923 We
Aol 7F Uy WA AdE B o}y, 4-6W=29] ztolrt glom Huk WA A st

3 2 weldRen THE o4 Aol U 4 O 2Aden wae

t}. DNA AHA%AS Dendrogram molecular analysis software (Bio Rad, USA)E o] &
3kl UPGMA (unweighted clustering paired-group method using arithmetic averages)®
2]
i=]

242 A

t}. Random Amplified Polymorphic DNA (RAPD) WH& o] &3 WATFo HHAA

pattern +4]

871071 971 EdE o] FoA random primerE ©]-&3dte] PCRE F3sta o Az Ak
¥ DNA fragmentE H]al FA3te] #11e] A5 A#AAE AT ol & S8 tig7]
FE o] ol A genomic DNAE #2]8tal o] 7|9 random primers ©]-&3te] PCRE 33t

0[4

i
of A4t DNA HHES dA7|dsos Fgaaint. a4 & 7z d9e] ar7|& 45 vlast
of FH7re] AEAPBAS BA
1) Salmonella 2] RAPD #4
¥ 2E Salmonella 2] PCR operation conditione predenaturation= 94Col A 2%
%}, denaturation 94ColA 30%, annealing 35ColA 1%, extension 72C 2% °% 35
cycles, Z18]3 final extension< 72TColA 10&3F A3ttt Tag polymerase &4 E
Behringer Mannheim(Indianapolis, USA)A} #A|&& Al&3t9om, Ag o] AL&%E primer
sequencet™ 5 -CCCGTCAGCA-3'E AFE3I9 Y FT3HaEA AHts2 PCR 2600 system

(Perkin-Elmer Cetus, USA)& ©]-&3%

[-'.1
>
ol
=
32
o

ke U A 71AS gdetr] st JE AEe
57 71 transconjugants®] A A HAE=E A3l plasmid
WA de ds gdsta

=2F 37, A TF e A HEFA Q3 A dg RS F2lsy] 95ty =41 3
7 &8 759 human cell lined digh F24 ofF 82l AF S Ao, o]2HF

By
N
Lo
»
iy
iy
'Y
=2
lo
o,
=
2,
20
g
N
O
tlo
fo
r o
ol
8
ui



v}, Salmonella spp.9] Quinolone Resistant Determining Region(QRDR)el @3t PCR % <
7149 EA4 2 F718v WA HAF AT
1) Non-typhoidal Salmonella (NTS) spp.2] Quinolone Resistant Determining Region
(QRDR)l th3 PCR ¥ 97|44 &4
7} AAE DNA =&

Nalidixic acid W& ¥l Abgr 2 7k 2859 "es 22 2-3714 %“4’3}64 g T
= 100 pLell Ffr A1 = vortexingS Alata 100TCol A 5&3F 7k § 4T A 5-10
B WYZAAA MESS 33 5H Y 13,000 rpmeE 20-30% o 94 B E A5,
DNAE x3hsh= *J%Pr% v‘i'— ste] PCReoll AF&-3F3T.
) gyrA fr kel o g

gyrA1(5'—ACG—TAC—TAG—ATG—ACT—GG—B')34' gvrA2(5'-AGA-AGT-CGC-CGA-
TAG-AAG-3)& gyrA 34X FZo] FA3 primer2 AFE3FA T 100 ng®l template
DNA, 5 uL o &% 10 mM dNTP €9 1 pL, 1 U Taq polymerase 05 pL=Z TA %
PCR £&% 50 uL¢ gyrAl primer (10 pmol) 0.5 uL, gyrA2 primer (10 pmol) 0.5 uL, =
g 405 ple FFFE 490 WSS WEY Y. GeneAmp PCR System 2700 (Applied
Biosystems, USA)E o] &3}o] 95°CollA] 38 F<e %7] AHAAAES A T 30 719
T3 NS BES 7 X g2 95°Col A 60x7ke] WA 2, 55°Cell A 60319
W7k 3 72°Coll A 60%3F & A, 72°ColA 1083 HE 4 Aoz A5
PCRE sto] ol A= QIAEX II kit(QIAGEN GmbH, Germany)E AF-&3ko] A A
sk St
) @71 AE 4
A PCR 29 =&
3t primers 3% &4
Bigdye v3.1& A}-&3F5
2) F71 & A A

Nalidixic acidell W& Kol #5E 30°ColA sty djekst 9 F2 Petri dishte
18 M-H agardl HEsta, dx+ plateE A9 e 429 plateo] 95% Hexaned} 99.9%
Cyclohexane< 3:1%2 42 7] €& Zo] 3 mm/} I%F 4% H7stgth o] plates
S 30°Col Al 48217 wjeFst & #=3lo]) colonyE ol F o 77 §vl WATTFE I

sk

dgem s o7 Ad BAE Adsdr 97 Ad B4 9
i

22 ABI 3730 DNA sequencer (Applied Biosystem, USA) %

’l

Ak #8lE MRSA ¢ MRSA-SCREEN Testell 9§ PBP 2a 1% % SCCmec #3723

=]
w4

1) MRSA-SCREEN Testoll 93t PBP 2a A%
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fi-lactamAl &AL AFS AAAA AT WAHE H o= Penicillin-binding © 9
2 WEel PBP 229 HdARE dol)7] 935+, ZF presumptive MRSA wF=5E vl
Z=35}o] anti-PBP 2a monoclonal antibody sensitized latex®} &3 agglutination H¢
Z3te] FARFE BAZEIT. 1) loopful 7S =738t 4 dropd extraction
reagent¥} =33 H 3E AL FTEI A2dA 5-108 HAE WA AT o] EFtdo T}
Al 1 drop® A2 extraction reagentE Z7Fskal 1500 x g, 557 A 7 G5
50 ulE® #H3ate] test cardel F 0 circled] FHsATE thA] o] E3telo] 1 drop2
anti-PBP 2a monoclonal antibody sensitized latex®} 1 drop® negative control latexS Z+
7zt A 7rett). Test cardE 3 AXE 3 A3FHA agglutination ¥WHSS B&Este] YA FFE
A4 sk

2) Staphylococcal enterotoxin (SE) F & multiplex PCR 7| 7|
7H) SE Ak H e A 9 multiplex PCR 7529 9] 9

S. aureus®] SE+= & A SEAY-E] SEQ7}A| “Lﬁﬂ‘” U% I e d

olt}. o] & toxin S. aureusel 2|& oF7l¥= A Fagh dlow AH A TE, &
d 55 FEANY mEbA AFE Foll S dH] g % S. aureus7} ofuw

oo ¥

tlo o

i %N'

o]l =%

AN

=4 s Zlo] Fastth ATk @A PCRE o & Hwo
853 glon} SE9 77t 94 kst AW PCRE ALgar]d

Aol Aotk oo 2 dAFtelA = SEAYEH  SEJZHA @Wel  dd sk
extended-single reaction multiplex PCR (esr—-mPCR)®H S /|35t dt}t. o] HH e 7]|&E9
multiplex PCRZ}+= 22 7ZF toxin®] &8 4<Ql sequenceE ©|&3le] & F F7F<2 forward
primerE ©]| &3 %24 primers?te hindrance® 9], &% sequence® A 1l w-A
toxine] ¢ 73S =T

) Esr-mPCRoll AF8-8F primers

AF&3 primere the3 2t}
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Table 4. Staphylococcal toxin primers used for esr—-mPCR

Description Nucleotide sequences” Gene location Size
Universal forward primer 5 -TGTATGTATGGAGGTGTAAC-3’ - -
Second forward primer 5" -TACATGTATGGAGGTGCCAC-3’ - -

Reverse primer for sea 5 -TTGAACACTGTCCTTGAGC-3’ 691-673 304 bp
Reverse primer for seb 5'-ATAGTGACGAGTAAGGTA-3’ 825-808 165 bp
Reverse primer for sec 5 -TTGTAAGGTGGACTTCTATC-3’ 904-885 379 bp
Reverse primer for sed 5 -GGCTTTAGTGTCTAATGT-3’ 2003-1086 422 bp
Reverse primer for see 5" -GCCAAACCTGTCTGAG-3’ 600-585 213 bp
Reverse primer for seg 5 -AAGTCATTGTCTATTGTCG-3’ 642-624 93 bp
Reverse primer for seh 5'-GAATGAGTAATGTCTAGGAG-3' 807-788 255 bp
Reverse primer for sei 5" -GCAGTCCATGTCCTGTATAA-3' 787-768 334 bp
Reverse primer for sej 5 -AGTTCACCTGACTTCAACG-3’ 1828-1809 531 bp

*. Underlined base pairs were intentionally changed to avoid formation of primer-dimers

and hairpin loops.

t}) Extended-single reaction multiplex PCR method

PCR #¥F&& 50 mM KCl, 10 mM Tris—HCl (pH 9.0), 0.1% Triton-X, 0.2 mM dNTP
mixture(Promega, Madison, USA), 05 gl of 5x Qual—upTM(NeurotiCS, Taejon, Korea), 1.6
mM MgCl, 0.2 pmol® Z} reverse primers (SEA, SEB, SEC, SEH, SEI, ¥ SEJ), 04
pmol®] universal forward primer, Z} reverse primer (SED, SEE, % SEG), &1 0.04
pmol?] second forward primerE 100 @ volumel % 3lo] A 35FA . Templater™= 1 ng
template DNAE AF-&3l5 0. w8 A8 hot start PCRE =2, 5 U Tag DNA polymerase
(Promega)E o] &3] vk A7 o™ 94°Col A 4 min7te] pre-denaturation©] & % cycle®
A3t t. A cycled denaturation (94°C, 1 min), annealing (52°C, 1 min) % extension
(72°C, 1 min)¥ 5 cycle®2 TFAsd o F WA cycle2 denaturation (94°C, 45 s),
annealing (50 °C, 30 s), ¥ extension (72°C, 45 s)& 27 cycle® TA 3%

2) SCCmec F A8 4

MRSA®] methicillin W8S YEIHE  mecA gene  Staphylococcal Cassette
Chromosome mec(SCCmec) ©|2F= I3+ genetic elemento] EA|3ct SCCmece & 2
9] inverted and direct repeats, site specific recombinase genes (ccrA and ccrB), 18] 1L
mecA gene complex@ T %] vl Mec gene complex™ mecl gene, mecR1l gene(MS
and PB domains), 1¥]aL IS1272 so2 FAHY. oo & dAFoM= = F4be 2
MRSA®] SCCmec #3AAE S AR W 2] MRSAS 2313 v, #4383t
7R W& 2 SCCmece] 47FA] typeol] e A=+ v23 2t} (Fig. 2)
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Fig. 2. Four types of SCCmec complex (By Ito et al., 2001; Ma X.X. et al., 2002)

A, SCCmec type I, B, SCCmec type II; C, SCCmec type III;, D, SCCmec type IVa;, E,
SCCmec type IVb

7} SCCmec gene =% % sequencing

SCCmec E4o| A& primeri= Table 58 2t} o]&S o] €3lo] Z} primer? melting

temperature ¥ product sizeZ 1#l o] PCRS 33, ¥9o] A productE QIAgen gel
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extraction kitZ ©]8, A, sequencing3d}$l

Table 5. SCCmec gene =%0| A}-8% primer sequences

Primer Sequences Genes
mA 5'ccaaacccgacaactac3’ mec class A, B3 %
mecl?2 5'gacttgattgtttcctctgtt3’ mec class A
Rorf2 5'ggacaacttaagccagggta3l’ mec class B
mecRA1 5'gtctccacgttaattccatt3’ mecR1 (MS domain)
mecRA2 5'gtcgttcattaagatatgacg3’
mecRB1 5'aagcaccgttactatctgcaca3d’ mecR1 (PB domain)
mecRB2 5'gagtaaattttggtcgaatgec3’
mecll 5'aatggcgaaaaagcacaaca3’
mecl?2 5'gacttgattgtttcctctgtt3’ mecl
B2 5'attgccttgataatagecttcet3’ ccrB %
a2 5'aacctatatcatcaatcagtacgt3’ ccrAl
a3 5'taaaggcatcaatgcacaaacact3’ ccrA2
a4 5'agctcaaaagcaagcaatagaat3’ ccrA3

W) mecl % ccr gene sequence 4]

MRSA2 E4S YEE PBP 2a gened codingdtE mecA genes mecl gened] 23|
A FEth dF MRSA+ ©] mecl gene mutation® %= 213 constructive resistanceZ el
dok= Aol wsA Ak ool mec gene® A ALD M-S A=skth E=g
SCCmec fragmentES A &3k 9 x]o] A3 orientatione E o] F A 7]+ IS St cor
gene®| FHA Ad A& Sl T A B AE AR S ARRgt. M E=E
o2 DNA stars AMEEth

th) SCCmecell EAst= F7H4 Q1 w42 &4

2 E MRSAY &A38}= 19431 copyS F71How BA4319 1 SCCmec type 119 F$+=
pUB110, Tn5549] &A1 SCCmec type 19 749+ pTI181, mer gene, Tnb54¢] & o]

F5 A9 primergs AR&st] F7tE A

J

ol. VRE #F9] =2 &4
1) Overlapping PCRS ©]-€3% wvanA gene cluster mapping

VRES S Fwala F8 Ax wae gdr] 9aiAE vancomycin WA S A&
3t= vanA gene cluster (Tn 1546-like element)®] FA 4 Fx o] FA ot}

VanA gene cluster (Tn 1546-like element)®] 7} &3 F+x WHIE doJ|&= Q929 IS
(insertion sequence)®] Polm & [S1542 specific primer (orf2-vank), IS1216 specific
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primer (vanXY), IS1251 specific primer (vanSH) ©]%4 39 primerE Ab-&3slo] 4351

3L (Table 6), A3l webA type 164 57bA] tAl 7k S 7=

BEFatA (Figure 3).

Figure 3. Genetic maps of Tnlb46-like element types of VRE (vanA Efaecium)

Type 2
IR, Vanﬁ’ vanS vanH vanA vanX
IS 72571

Type 3
R, orf! orf2 I vanR ) vanS vanH j vanA ) vanX
/‘@542

Type 4
IR, orf2 Van vanS vanH ) vanA
IS 7542
Type 5
IR, m vanA | vanS vanH ) vanA

]

)
i)

—

Ry

Ry

Ry

IS7216V

Table 6. Overlapping PCRel| A} % Nucleotide sequences of PCR primers

Gene-specific primers

Nucleotide sequence Expected size

1S1542 specific primer
(orf2-vanRk)
orf2-F
vanR-R

1S1216 specific primer
(vanXy)
vanX-F
vanY-R

IS1251 specific primer
(vanSH)
vanS-F
vanH-R

5' - TTGCGGAAAATCGGTTATATTC
o' -CGGATTATCAATGGTGTCGTT

5'-ACTTGGGATAATTTCACCGG
o' -CCTCCTTGAATTAGTATGTGGT

5'-ACCGACTATTCCAAACTAGAAC
5'-ATCCATAAACAGTAATGCCGAT

1bp

1.29bp

1.5bp
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2) VRE7} Hf38t= van gene ¥ Tn 2% A&
VREd] &A3tE= vanA, vanB, vanCl,vanC2, vanS % Tn #+dxE A&tz 35 on
ool AF&¥ primere 23 2t} (Table 7).

Table 7. Primer sets of using this study

Gene DNA sequence of prime
vanA forward 5'-GCT ATT CAG CTG TAC TC-3
reverse 5'-CAG CGG CCA TCA TAC GG-3
vanB forward 5'-CAT CGC CGT CCC CGA ATT TCA AA-3
reverse 5'-GAT GCG GAA GAT ACC GTG GCT-3
vanC1 forward 5'-GGT ATC AAG GAA ACC TC-3
reverse 5'-CTT CCG CCA TCA TAG CT -3
vanC2 forward 5'-CTC CTA CGA TTC TCT TG-3
reverse 5'-CGA GCA AGA CCT TTA AG-3
vanS forward 5'-CGA CAC CAT TGA TAA TAA TCC GA-3'
reverse 5'-ACA TCT CTT AGG ACC TCC TT-3'
Tnl1546 forward (orf1) 5'-AAT CTT CAT TAA AGC TAC CTG TCC G-3'
reverse (vanY) 5-TAT CTC ATA ACG AAG ATT AGT CGG C-3’
2}, E. coli 9 toxin A}, extended-spectrum [ -lactamase (ESBL) 42 2 aac,

aph I, and aph I #3429 A&

1) PCR€ template DNA &%

PCRE 93 #F9 DNA FE2 Z #5& 15 ml TSBd 18-20 A3t 37°CZE shaking
ket AR e E FEl pellets A F AFA wiAE AAst AHS el Ht
S F 92 resuspendingdl At tHA] o] & AL E ol B
REESE T A A kA e A o] pellet TRAl 50-100 ul®] EH FHFE 345k 10-20
T AR SR T8 F ALoA 5-10% AE WAg &

Foste] A=9AS PCR DNA template® AF-& 3k},

2) rfbEnsy, eae, Ehly, stxl, stx2 &3 =& 2 A2¥ primer

PCR 20 ul WF-$-o 2 ul®] DNA template®} 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5
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mM MgCl,, 200 puM Z+2+e] deoxynucleoside triphosphate, 1 U<l Taq polymerase
(Takara, Japan), 1x PCR bufferol A =83} t}.  Thermocycling Z71-2 94°Coll A 2 &
detaturest iz, &o]o] 30 cycles® PCRS 94°ColA 40 s, 60°C oA 20 s, 72°C oA 60 s
2 F35ta npx )k 102 9] extensions 72°ColA] 33t HA7]9FS 1x TBE (89 M
Tris, 89 M boric acid, 0.2 M EDTA)E &3 1% agarose geldlA 80 V for 1-1.5*%F
F 33} ethidium bromide®Z @23 & UVE o4 DNA AHES #zbslt}h A8 primer
+ Table 83 2t} =3 LT, ST ¥ VTc, VTed genes A& 93 primere Table 99}
Fag=3

Table 8. Primers used PCR amplification of E. coli O157:H7 genes

Primer Nucleotide sequence(5'-3") Gene I.Droduct Reference
size (bp)

E0157-1F CGGACATCCATGTGATGTGG 1bEo157 959 Schmidt et
E0157-1R  TTGCCTATGCAGCTAATCC 1bE157 al.,, 1995
E0157-2F GCATCATCAAGCGTACGTTCC EhlyA 543 Schmidt et
E0157-2R  AATGAGCCAAGCTGGTTAAGCT EhlyA al.,, 1995
E0157-3F GACCCGGCACAAGCATAAGC eaeA 384 Yu et al,
E0157-3R  CCACCTGCAGCAACAAGAGG eaeA 1992
E0157-5F ATAAATCGCCATTCGTTGACTAC stx1 180 Jackson et
E0157-5R  AGAACGCCCACTGAGATCATC Stxi al.,, 1987b
E0157-6F GGCACTGTCTGAAACTGCTCC Stxo 055 Jackson et
E0157-6R ~ TCGCCAGTTATCTGACATTCTG stx al.,, 1987a

Table 9. Primers used in PCR to amplify specific fragments from genes for enterotoxins
(LT and ST) and vetoroxins (VT and VTe)

Target gene coding Primer . . Predicted size of
. Oligonucleotide sequence (5?3) .
for toxin(s) code amplified product (bp)
LT LT-1 GGCGACAGATTATACCGTGC 696
4 LT-2 CCGAATTCTGTTATATATGTC
STh ST-1 ATCGCATTTCTTCTTGCATC 179
ST-2 GGGCGCCAAAGCATGCTCC
VT VT-1 CTTCGGTATCCTATTCCCGG 478
¢ VT-2 GGATGCATCTCTGGTCATTG
VTe-1 CCTTAACTAAAAGGAATATA

VTed 230
VTe-2 CTGGTGGTGTATGATTAATA

a, Detects LT enterotoxin produced by human and porcine ETEC strains.
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b, Detects ST enterotoxin produced by porcine ETEC strains.
¢, Detects VT produced by human and bovine VTEC strains.

d, Only detects VTe synthesized by porcine strains associated with the edema disease.
3) ESBL #3# A&
E. coli®] ESBL At F-5 FQlsta sd-H A2 d71A49ES £48k] WA FHdA]

FHAPE FHEstRe™ ol& 8l AHE¥ primeri= Table 103 2T},

Table 10. Primers for [i-lactamase genes

ESBL Primer Sequence Product size (bp)

TEM 5'-ATAAAATTCTTGAAGACGAAA-3’ 1100
5'-GACAGTTACCAATGCTTAATC-3' ,

OXA 5'-TCAACTTTCAAGATCGCA-3’ 609
5 -GTGTGTTTAGAATGGTGA-3’

5 -TCGTCTCTTCCAGA-3’
CTX-M 1,000
5'-CAGCGCTTTTGCCGTCTAAG-3’

5 -CTACGGTCTGGCTGCTA-3’
AmpC 169
5 -TGGAGCAAGAGGCGGTA-3’

4) E. coli® aac, aph 1, and aph I +32 A&
E. coli®l aac, aph I, and aph I FAAE HESHA 3190 o]o] AL8% primere
Table 113} 71},

Table 11. Primers used in PCR to amplify specific fragments from genes for aac, aph I,
and aph 1I

Target gene . . .
. Primer . . Predicted size of
coding Oligonucleotide sequence (5—3) .
code amplified product (bp)
for enzyme

AAC aac-1 GTGTGCTGCTGGTCCACAGC 627
aac—2 AGTTGACCCAGGGCTGTCGC

APH I aph I-1 ATGGGCTCGCGATAATGTC 600
aph I-2 CTCACCGAGGCAGTTCCAT

APH I aph II-1 GAACAAGATGGATTGCACGC 630
aph II-2 GCTCTTCAGCAATATCACGG

5) E. coli O157:H72] vero cell cytotoxicity Assay
BHI broth 53 brotholl 24417t A= S A7 9 Fd S 2500 rpmeoll A 303 YA A&
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Azl % 1 Azduks 025 umZEHE filteringd S 96well o wiAste] 24A17F A
vero cellel H=3F9th Vero cellE 10% calf @3S 713k Eagle MEM HIA| & A}g-3}o]
24X 7F ¥ 93l Al vero cellE monolayer® HjF&lo] trypsin 23 3 AE B-FH 200 ul
of 50 ule ARE H7IstA 5% CO; EA slollA 18-24A17F v, HAAEAUH S 2 vero
celle] At AEZ #AFAE AT MediumS control® 3}9] cytotoxicity A X2 HA 3T}

WG A AbdE Az Fro] wel 55 004 1002 BFakel

2}, Campylobacter spp.
1) Real Time Polymerase chain reaction (RT-PCR)¢]

Real Time PCR&  #: 7]%#] PCR W Rt} &3l
&2 Y F dE FHS 7K @yelth PCR W

buffer A, 5 mM MgCI2, 200 uM each dATP, dCTP, and dGTP; 400 uM dUTP, 0.02 uM

Lo

_?L

Hy e
‘0,

T

oo

C. jejuni-specific probe, 0.3 uM C. jejuni-specific primer, 1 U of AmpErase uracil
N-glycosylase, 25 U of AmpliTag Gold DNA polymerases 2A&R o™ C jejunis ¢
= Hippurcase AES 93 primer(Primer express 1.0& ©]83}o] design <l
5'CTGCTTCTTTACTTGTTGTGGCTTT3 ¢+ 5'GCTCCTATGCTTACAACTGCTGAAT
3’9} FAM 5’ CATTGCGAGATACTATGCTTTG 3'2] probeE ©]-&3F3ith.

T3 C coliZ HAE87] Y= Ceu E genes #HAE3E primer?l 5'GATAAA-
GTTGCAGGAGTTCCAGCTA 3’7 5'AACTCCACCTATACTAGGCTTGTCT 3’ zglx
probe 5¢l FAM ### 5 CTGTAAGTATTTTGGCAAGTTT 3'% o]&3tgon,
AmpErase uracil N-glycosylaseE 50CoA 5&7F *glgte 24 A% PCR productE A
AA FRow, 95TAA 107F 7FEd v, 95TolA 203 60Tl 13k
annealing ¥ extensions R 40 cyclesS AAlstal ABI SDS 77009 program= ‘& 3J A

AgAe Festc

2) Pulse Field Gel Electrophoresis(PFGE)dl| 93+ 5 A#A &l

Pulsenet(CDC, USA)9] rapid PFGE protocolel +3Fe] Al8)s} it &, Brucella Agar©l
A 37°C, 24X 7F vkt 7322 Cell suspension buffer(CSB, 29 mM Tris—-Cl(pH 8.0, 20
mM NaCl, 50 mM EDTA))ol #9o] McFarland 8% No. 3.02.2 233t} o|F 1 ml=
ARG & 2X CSB ¥23% 1% SKG agarose(SeaKem Gold agarose, FMC)$ 4
plug moldel] #F3}53 .

1 mg lysoymeE ¥-& CSB 1mlell 37C water batholl A 44 7+% ¢k ¥k A1 71t} 200 pl <]
Proteinase K buffer(20 mM Tris(pH 8.0), 50 mM EDTA)Z %] proteinase K 50 pL(10
mg/ml) stock solution)d 3l 2 412 v 50C water bathol A4l overnight AlZIt}. Lysis7t
Ey plugE Z+2zt washing buffer(20 mM Tris(pH 8.0), 50 mM EDTA)Z Ao A 1417+
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A R 4315 A ASEA T

M=ol E plugE Smal(Takara)e] ¥3%  Smal buffer 100 pLell ¥o] 30°CelA
overnight digestiond}1t}h. *2]& v}zl plug®}t size marker(lambda ladder PFg marker E
I low range PFG marker, New England Biolabs)E 05X TBEY *=¢ 1% SKG
agarose gel® welldl 7] 911, 1% low melting agarose(sea plaque GTG, FMC)& HIE&
At agarose #S CHEF mapper(Bio-Rad)el 2slal, auto algorithm® = 14°C,
initial swich time 6.75 s, final switch time 38.35 s, gradient 6 V/cm, included angle 120,
running time 18 h2 #A7] 95 3Ath

719 5ol E agarose TS EtBr& (3 pg/mholl Aoy 1587 AMstn, SHTE
3087 AAT e xpelH ZALE A Eelstdtt P E agarose gel AFZE scanning
3Fo], Molecular Analyst 1.0(Bio-rad) program®. 2 2431t} Similarity= band based

similarity coefficient% dice coefficient® AAFs} 1L, clusteringoll = Ward algorithmE A}
83519
[e) AN

olN

AN24 Salmonella spp.2] A7 A3 Ad A

1. SAEdA 289 Salmonella spp. grouping ¥ integron A}
7}. O antigen - grouping 23}
Salmonella antiserum (Difco.)S %3 serologicdtAl Salmonella spp.9& Feldtdon,

O antigen - groupingS Al 33t 2 A3= &3 2t} (Table 1).

Table 1. Salmonella spp.2] O antigen - grouping 2 3}

O antigen Cl C2 D A B H
No. of
12 29 16 1 10 2
Isolates

O~
o
N
=
ox
o ot
f
2
D
il 5o
KR
s
32
o
N
o
B
rH
o
Hl
2
R
gia
o
NS
i,
R

FAA

™
=~
(Chloramphenicol, Nalidixic acid, Streptomycin, tetracycline)ol]l W3t W&ol & Fo=w
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cassettes@} E2]E= mobile elements(A 9] - o]

=
T

T =
J= WHE

o) =

capturing 3} mobilizing & & site-specific

unito] o}, webA, ofell tiF A= A A7

2 AFelA =

streptomycin, tetracycline
region Tx9 A7 uwE
PCR analysis of integrons, p590-594) (Table 2, Fig
A= ok 26%7} integrone 7HA 1L Qe
¥ 1.6 kb9 integrong 7}A 1L

AL, ;A= BF L
o olE v A28 sl sl 479 variable g
.

[e] \=]

A &

p=2
o

Holx F5o] tis)

~

=] ==
TH T =

Table 2. Integron analysis

AA WA 7 83 A F shyrt transmission? Hl, Al

% multidrug-resistance

5ol A N gene
3137} integron©] th. Integron< gene
A WA gene)E
recombination system< 7}% genetic
olafst=d Heag HAely & &
erythromycin,

=
T

-
X

st3l genes$

o

=

(penicillin,

=1

=

Al classl integron®| variable

TE359tHby Levesque, C. and P.H. Roy. 1993.
L. 1 Ay
o= YETE 5ol

Soll A= oF 40%, = A

9 Agent He ¥

o] = -

0 kb9 integrong 7}A 3 gt Ao
enecl] ™3 A7 © APEojof A

Source No. of Integron Size of Integron
Poultry 12 / 30 ( 40%) 1.6 kb
Pork 10 / 39 ( 26%) 1.0 kb

Fig. 1. Integron =2 %=
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_61_

[Tooces ST

’-CS



2. Z22E A EF 5 ESBL A Salmonellad) &4

=9} HolA Eg 3 Multiple Drug-Resistant Salmonella®] t™al] double disk synergy
testi ESBLAAF #Fol gk el A& vt 259 ESBL A4 55 Adstd
isoelectrofocusing gel electrophoresis, ESBL# 29| sequencing<S Al & 38}al, & ¥ W
d FrRte] e A 3}t o] 2HE TEM-763 TEM-104 2 x}e] shelzp A
=]
B

50
=2 a2
Axpel A elng selsg

7}, sHAA WA Salmonella spp. & #¢

Z 8T FE=EXFH EI¥® Salmonella 5 S. agona(ll isolates), S. derby(three
isolates), S. enterica serovar Enteritidis(17 isolates), S. enterica serovar Typhimurium(43
isolates), S. rissen(seven isolates), S. montevideo(one isolate), L8] S. travis(one
isolates)o] HHAIWAA TR EAFH I, o5 A WA FAIdFe v 2 (Table 3,
Table 4, Fig. 2)
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Table 3. MICs of antimicrobial-resistant animal isolates of Salmonella spp. and

of fi-lactamases in Salmonella spp.

the types

Isolat: S ) '—lact:
S;j ¢ ozrc Amp* Chl” Strep® Sulf® Tet® Flor Kan® Gen"™ Neo Nor  Type® P aceamas
ST 7 pig 128 16 16 >=1024 =128 8 2 <05 <05 <05 ASuT TEM-104
. ACSSu
ST 8 pig =128 64 32 1024 =128 16 2 <05 <05 <05 T TEM-76
ST 9 pig =128 64 16 >1024 =128 8 2 <05 <05 <05 ACSuT TEM-70
ST 40 pig =128 64 16 =>1024 128 16 2 <05 <05 <05 ACSuT TEM-70
ST 45 pig =128 16 8 >1024 =128 8 2 <05 <05 <05 ASuT TEM-104
ST 47 pig =128 16 16 =>1024 128 8 2 <05 <05 <05 ASuT TEM-70
ST 48 pig =128 32 32 =>1024 =128 8 2 <05 <05 <05 ACSuT TEM-70
ST 110 pig 128 16 >128 8 >128 8 2 <05 <05 <05 AST TEM-1E
milk ACSSu
ST 103 cow >128 32 >128 =>1024 =128 8 >128 <05 <05 <05 T TEM-70
m chicke
SE™ 104 n >128 16 >128 =>1024 =128 8 1 <05 1 1 ASSuT TEM-70
chicke ACSSu
SE 105 n >128 =128 =128 =1024 =128 8 1 <05 <05 <05 T TEM-1E
chicke ACSSu
SE 106 0 >128 =128 =128 =>1024 =128 8 1 <05 <05 <05 T TEM-70
chicke ACSSu
SE 180 N >128 =128 =128 =1024 =128 8 1 <05 <05 <05 T TEM-104

a, ampicillin; b, chloroamphenicol; c,

streptomycin; d, sulfomethoxazole; e, tetracycline; f,

florphenicol; g, kanamycin; h, gentamicin; i, norfloxacin; j, norfloxacin; kyresistant type; 1,

S. enterica serovar Typhimurium; m, S. enterica serovar Enteriditis
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Table 4. MICsy and MICy of antimicrobial resistant animal isolates of Salmonella spp.

MICso (ug/ml)

MICqo (ug/ml)

Ampicillin
Chloroamphenicol
Streptomycin
Sulfomethoxazole
Tetracycline
Kanamycin
Gentamycin
Neomycin

Norfloxacin

128
32
32

1024

128

0.5
0.5
0.5

128
128
128
1024

128

2

0.5
0.5
0.5

Fig. 2. Numbers

of antimicrobial-resistant Salmonella

animals.
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B, resistant to ampicillin, sulfomethoxazole, and tetracycline;

and tetracycline; N, resistant to tetracycline; [], susceptible

1. f-lactamase At T2 A&
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Double disck synergy tests &3 [i-lactamase®] HEAIE A ST} SE180¢] FAdwke-
S Ho] o]55 IEFS A pl 549 TEMS! 3o & Yyt ol&S A7|AdE £4% 4
I} TEM-1E, TEM 70, TEM-76, and TEM-104= 43 % t}.

Fig. 3. DNA fragments produced from PCR with specific primers to TEM using
transconjugants produced from E. coli CCARM 1-70 and E. coli ATCC 25922.

-§T 7{1-70)

ST 8 (1-70)

ST 9 (1-70)

ST 40 (1-70)

ST 4 (1-70)

ST 47 (1-70)

ST 48 (1-70)

ST 103 (1-70)
ST 110 (1-70)
SE 104(1-70)
SE 105 (1-70)
SE 106 (1-70)
SE 180 (1-70)
ST 110 (AT CC)
SE 105 (ATCC)
SE 106 (ATCC)

Marker

-__“—**-ﬂ-—_—““ml--__m_

-

o A WA A

E. coli CCARM 1-70°] tjal]l W4 FHdze] de o5& &ls) Bax st 1 A3,
transconjugantell ™3+ A WA AP TEM specifie primerE ©]-§3 PCRS %3 U
dol HAed Aol &l¥Ant (Table 5, Fig. 4).
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Table 5. MICs of transconjugant E. coli after broth mating with Salmonelia

a b c d e f

Isolate.  app CHP FLO SM SSs TET
No. Sal’ E. coli Sal E. coli Sal E. coli Sal E. coli Sal _E. coli Sal _E. coli

ST"7 128 >128 16  >128 8 8 16 >128  >1024 >1024  >128  >128
ST 8 >128 >128 64 >128 16 8 16 >128 1024 >1024  >128 >128
ST9 >128 >128 64 >128 8 8 16 >128  >1024 >1024  >128 >128
ST 40 >128 >128 64 >128 16 8 16 >128  >1024 >1024 128 >128
ST 45 >128 >128 16 >128 8 8 8 >128  >1024 >1024  >128 >128
ST 47 >128 >128 16 >128 8 8 16 >128  >1024 >1024 128 >128
ST 48 >128 >128 32 >128 8 3 32 >128  >1024 >1024  >128  >128
ST 103 >128 >128 32 >128 8 8 128 >128  >1024 >1024  >128 >128
ST 110 128 >128 16 >128 8 8 >128 128 8 >1024  >128  >128
SE' 104 >128 >128 16 >128 8 8 >128  >128  >1024 >1024  >128 >128
SE 105 >128 >128 >128 >128 8 8 >128  >128  >1024 >1024  >128 >128
SE 106 >128 >128 >128 >128 8 8 >128  >128  >1024 >1024  >128 >128
SE 180 >128 >128 >128 >128 8 8 >128  >128  >1024 >1024  >128 >128
E. coli* 16 64 3 32 256 128

a, ampicillin; b, chloramphenicol; ¢, florphenicol; d, streptomycin;, e, sulfomethoxazole; f,
tetracycline; g, Salmonella;, h, Salmonella enterica serovar Typhimurium; i, Salmonella enterica
serovar Entritidis; j, MIC of transconjugant; k, recipient E. coli CCARM 1-70

Fig. 4. Plasmids isolated from Salmonella and transconjugant produced from E. coli
CCARM 1-70 and each Salmonella spp.

Trmremeorguguni ST #
Tramenrfugan 5T &
Trmiwtw fugmid &1 &
Trarecougant 5T -8
Trmmw o rfugmed ET W)
Trareconupan SE K4
Trunsa o igfuagard 51 HIF
SE 1o
Trareogugsn SE B
Trarmeoongugsn ST 100

Ewhl™™

BT 1%
aE 14
SE 10
AT 1ia

iTe
ST &5
ST
5T 4

&TT

010 g ==
10y
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E. coli ATCC 259221 HaiX = WA Fdzke] e of%-& gQls) wuz sl 1 2
o, Ao dee] &1 0t (Table 6).

Table 6. MICs of transconjugants from broth mating with E. coli ATCC 25922 as a

recipient.

Antibiotics  Ampicillin ~ Chloroamphenicol Streptomycin  Sulfomethoxazole Tetracyclin

Isolate No. Donor Trans® Donor Trans Donor Trans Donor Trans Donor Trans

SE"110 128 >128 16 >128 >128 128 8 >1024 >128 >128
SE105  >128 >128  >128 >128 >128 >128  >1024  >1024 >128 >128
SE106  >128 >128  >128 >128 >128 >128  >1024  >1024 >128 >128

E. coli 4 4 4 16 1

a, transconjugants; b, S. enterica serovar Enteriditis; ¢, E. coli ATCC 25922

2}, PEGE o ¥l #4]

Yl 7§e] MDR S. enterica serovar Typhimurium(ST40, ST48, ST45, and ST47)FH A8 &
A8kl flstel PEGEE AAg A3 AW #=d ZA3E B ST73% ST wi-
FARS B3, ST9, ST103, ST110= fARdel A9 glgel detwth vl F¢ S
enterica serovar EnteritidisE A2 7o FAME S BoFx gt} (Fig. 5, Fig 6).

Fig. 5. PFGE of antimicrobial-resistant animal isolates of Salmonella.

Cont ccarm 11001

Marker
ST 110
ST 103
SE 104
SE 105
SE 106
SE 180
Marker

ST7
ST 8
ST 9
ST 40
ST 45
ST 47
ST 48

ARRI IR
(R
HERNRI

Ry
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Fig. 6.Pylogeny of antimicrobial-resistant animal isolates of Salmonelia.

100% 90% 80% 70%  60% 50% 40% 30%

Control
ST 7

ST 40

ST 48 I_ —
ST 45

ST 47 I_
ST 8
ST 9
ST 103
ST 110

SE 180
SE 104

SE 105
SE 106 |

3. dAAA L FAEAAY B H Salmonella spp.2] H X F4

7F 54 AAS SR E5E Salmonella spp. 507 2]

1) 2000-2001'd Arol &3 Al A Salmonella spp. w2 3 A4 5

2000-2001 Afolo] AMAbe} S FAE WA 507 9 ﬂx}«l el A SalmonellaZt
Qo FFEXEE S enteritidis 45, S. typhimurium©] 45 ©]]dl group A 2,
B 145, C 105, D 125, E 4591 tH(Table 7). ol & Salmonella sppA Aae 505 BF A
A3 85 Fdollom ot AF2 36O AR T 504 o] o] arE o] 35%, 541 ©]ate]
Zob7t 22%E AASER AL HY e o] Aol Kol gtttk B, o T, AV A
ab, It7]s o), As7] AlY, £ A 5o IAESe] g glloem o Hel 3
A HAQAAE FoAF A= gl JAd dHy A8 4de= 8l Ely
(81.3%), AAHT5%), T9/T-E(68.8%), ¥H'&(56.3%) &< TS HATE Hit 49 7|zt
88(4-1d)d el A A5E WL AbEe He= gl

N

3

—]‘\-’
2 ox
o N

rr doy o

Table 7. A4 S 219 Salmonella £33 #£9 X (2000-20014)
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—Z
oE

el T (%)

Salmonella enteritidis 4 (8%)

Salmonella typhimurium 4 (8%)

Salmonella group A 2 (4%)

Salmonella group B 14 (28%)

Salmonella group C 10 (20%)

Salmonella group D 12 (24%)

Salmonella group E 4 (8%)

Total 50 (100%)
2) AT T A4S T e 3AAA WA v
e AT T HAAE LS 7 AME 215, FAE 2597t o] o H bl el A
2l¥ Salmonella spp. 285 (2] 10.8%)7te] &AA| WA=
5 B Salmonella spp.8] TZ& table 83 Zrow o]=57te] A WA v
ZtH(Table 9, Fig. 7). NCCLS 7|5 ZHAFHl 2|3+ agar dilution method & MICE
Ay, 7= Al A REl¥® Salmonella Aloldl BAIAH o2 QudE A 7
& HolA erdth

Table 8 e (FAF o EH)ol A9 Salmonella ¥2 ¥F2 &X

HlaLe] ®arzk skt

I

Z
Eies

e (%)

S. enteritidis/dubulin
S. typhimurium

S. derby

S. tennessee
Salmonella spp.

Total

4 (14.3%)
3 (10.7%)
1 (3.6%)
4 (14.3%)
16 (57.1%)
28 (100%)

Table 9. Salmonella®l A #5444 AAF 23
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Farm animal (N=28) Human (N=21)

Antibiotic MIC 50 MIC 90 MIC 50 MIC 90
(pg/ml) (pg/ml) (ug/m) (ug/m)
Ampicillin 16 >128 8 >128
Cefazolin 2 8 2 3
Tetracycline 3 >128 128 >128
~ o
sul?ar:lneett};lfz;rzri)le 2 8 2 128
Ciprofloxacin 05 2 0.125 0.125
Gentamicin 1 1 1 2
Kanamicin 4 4 4 16
Amikacin >128 >128 >128 >128

Figure 7. At&3} FAHE A 2" Salmonella spp.2] &AA 744 vl

I 100

100 =

90
T 80
w0
o
g B Hurman
T C1 Airria
#

cocS885E88

= == .
Aam CF O TE TS CX GM EM A

Am, ampicillin; CZ, cefazolin, TE, tetracycline; TS, trimethoprim-sulfamethoxazole;

CX, ciprofloxacin; GM, gentamicin, KM, kanamycin, AM, amikacin

. g4 AArE SR 2R E Salmonella spp. 2457 1

1) 2000-20033 Alo] AAHAA A Salmonella spp. 8 2 G4 EF

20001 10955 20039 1€97h#] mefoista 2 Aol A FelE 2459 Salmonella
7h e g aks EAvE 157, AA7F 9ol Wit AR 2641( 214Dl AAL, EAY
Fyt AW 254 (£ 21A4]), oIz Hat A= 24M (¢ 2240l Atk F e Adul= P o
625% % Hidol Tt E=dT FAES G, o T A7IE Ash e o), &s



AL, =37 A3 5o 7| AA%e i Aot Jd dHE Fee e 2157 o
Ho 157 g 2577 AdelA HEHJT 8" Salmonella w59 FHFL

3
Salmonella group D serovar Enteritidis7} 125705B0%)&E 714 &3 dAH o1,
Salmonella group B serovar Typhimurium©] 55(20.8%)% ta< =X 3} tH(Table 10).
Ao Hat JA7IE 14.22(3-62)d ol 67 9] A= A glo] oA AsE
whorth A5 AFA = i FEHY F9 A AFste AFAA

Table 10. A 4AIS Aol M 9] Salmonella w2 52 3% (2000-2003%)
& T FT (%)
S. Enteritidis 12 (50)
S. Typhimurium 5 (20.8)
S. Istanbul 1 (4.17)
S. Montevideo 1 (4.17)
S. London 1 (4.17)
S. Heidelberg 1 (4.17)
S. Ohio 1 (4.17)
S. Kambole 1 (4.17)
S. Tennessee 1 (4.17)

Total 24 (100)

2479, A o diel ol A Eel¥ Salmonella spp. 6475 U/do=
GAAA B FFE st FA4bE 28 Salmonella spp.2l W ES Salmonella
group B serovar Typhimuriume] 155F(23.44%)% 7}4 &3 dAFo|A 1L Salmonella
group D serovar Enteritidis?} 145(21.88%) % t&-& x}x]38} th(Table 11).

Table 11. =4S (SAF & E91) A9 Salmonella 8 #59 &%

Figes LT (%)
S. Typhimurium 15 (23.44)
S. Enteritidis 14 (21.88)
S. Tennessee 13 (20.31)
S. Salamae 9 (14.06)
S. Montevideo 6 (9.37)
S. Virginia 4 (6.25)
S. Bovismorbificans 3 (4.69)

Total 64 (100)
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o7t FAA WA S vlud A, AbgEE Salmonella w7 FAAA WA
170 o]2e] A A lﬂ/‘é—o‘ Hols ¥+ 145(583%)AN 1, + ¥+ 371
Wias BRon, 3 #F= R ofAlel A S Btk AbEdFelA 71
3 S YeWE daAE tetracychnegi/ﬂ Alg 2] 45.83%(11/24)7F WA S
ez, 1 e ampicillin® 2 A|¥ 9] 37.5%(9/24)7F WA S JYEFN A EH(Table
12). Ciprofloxacin, trimethoprim/sulfamethoxazole, amikacin, ceftriaxone®] WA S Hol+=
T sl

7VEE2 Salmonella 72 FAA WA F4E wF 645F 14 o] FAAN WS
Holxs wFE 625%(40/64)931, 3712 A WS vElle= #FE 17.2%11/64) %
o 7 =2 UAHESS YeEie dAlE ampicillind  tetracycline 2 Al F 9
50%(32/64)7F  WAS YEHAY.  9A] ciprofloxacin, trimethoprim/sulfamethoxazole,
amikacin, ceftriaxoneo] WA S Hole= d55 §1%lem F712 gentamicin WA 5% &

54 kel

Table 12. At 9 A5 H2] Salmonella 752 FAA 244 3 (F5AE)
A =T SAHE 2T
Antibiotics MIC Percent Percent
(number) others (number) others
Ciprofloxacin =4 0% (0) 15.63% (10)
Ciprofloxacin >0.25 125% (3) 0% (0)
Ceftriaxone =64 0% (0) 0% (0)
Amikacin =64 0% (0) 0% (0)
Ampicillin =32 37.5% (9) 50% (32)
Ampicillin 16 417% (1) I 45.3% (64) I
Cefazolin =32 4.17% (1) 0% (0)
Cefazolin 16 417% (1) I 12.5% (8) I
Chloramphenicol >32 417% (1) 14.1% (9)
Chloramphenicol 16 1.56% (1) I
Gentamicin =16 8.3% (2) 0% (0)
Kanamycin >64 417% (1) 4.7% (3)
Tetracycline >16 45.8% (11) 50%(32)
Tetracycline 16 45.8% (11) 4.7%(3) I
Trimethoprim-Sulfamethoxazole =>4/76 0% (0) 0%(0)

I, intermediate sensitive
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3) e 2 FAHE e Salmonella 74 RAPD w4, H] 2l
AV 2479} 7} 6459 RAPD patterne Figure 8% Figure 99} 2t o] 59 H ¥k
%3S Table 139} 2%

Abel 22 2459 RAPD 2 1171822 ygth RAPD I type 157, II type 35, III type
155, IV type 15, V type 1055, VI type 25, VII type 15, VII type 1, IX type 15, X
type 157, XI type 172 = 117]-1194 RAPD typeol gk}

o] Bl Il 6452 RAPD 82 ZF 8714 typel® Y1, RAPD a typed 6,
b typed 135, type c= 57, type de ll—r, type ex 9, type f& 1, type g+ 167,
type hi= 35

Figure 8. 44%2 Salmonella 75 2452] Random-amplified polymorphic DNA pattern.

| Il mn v \ \ \% Vi Vi \ Vil ] \ v \

M 226 1018 1019 1058 1089 1501 1502 1511 1516 1522 1608 1632 1652 1660 1674 M

bp

M, Molecular weight marker (9¢]: bp); first line, RAPD pattern; second line, sample

number
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Figure 9. =4t= £38  Salmonella 1+ 6452 Random-amplified polymorphic DNA

pattern

c d d [ ] f d d d d d d d d
b b b b b g ] ] "] "] o e [} [ [ ] [} e
M 38 87 88 39 40 89 90 91 92 93 94 95 96 97 98 99 100 101 M bp
21226
5248
2027
1584
1875
947
831
564
bp
21226
5248
- 2027
- . - 1584
e - 1375
—_— 947
i 831
s — - 564
p— — — — — — — E__ 3
102 103 104 105 106 107 108 109 110 11 112 138 114 115§ M
g 9 9 e g g 9 9 g e h d h h

M, Molecular weight marker (©+¢]: bp); first line, RAPD pattern; second line, sample

number
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Table 13. A4 7= B2 Salmonella 1754 RAPD type X %4

JFEF EREN S

Sample number Sample number
RAPD type RAPD type
I 226 a 1, 2, 3, 4, 6, 13
8, 9, 10, 11, 12, 14, 15,
1I 1018, 1632, 1717 b

16, 36, 37, 38, 39, 40
I 1019 c 17, 18, 19, 20, 21
22, 23, 27, 28, 30, 31,

v 1058 d
32, 33, 34, 35, 113

v 1089, 1501, 1502, 1522, 1660, 24, 25, 95, 96, 99, 100,

1674, 1690, 1697, 1698, 1849 ¢ 101, 105, 111
VI 1511, 1516, 1652 f 26

89, 90, 91, 92, 93, 94, 97, 98,
viI 1608 g 102, 103, 104, 106, 107, 108,
109, 110

VIII 1708 h 112, 114, 115
XI 1716
X 1785
XI 1871

4) J43 715 B2 Salmonella 72 PFGE §4d &4
7V=82 Salmonella F¢ PFGE patterns ¥ ¥ %42 Figure 10, Table 149}

2okt Al 245 5 15 % PFGE typingol A &kar, 474A 9] PFGE ##3(A, D, E,
, A BRELE 871A 9] ol (A2, A6-Al2)CZ YHAL 71E 64F F 2

typinge] A ¢¢kal, 37FA 9] PFGE 244 (A, B, O Uelyglern, A £xdL& 6
7EA1] o} (A0-A5) S = ‘Jr?]"“jr PFGE &% A2 otgdl= Atd 85 974 7M1
F 1157 St wxk 7o 7hsd S Ul

PFGE Y& A A typinge] A &S 3F2 A9st A #5599 RAPDS PFGE

o] patterns HlWSFAS Wl AbgRol A= 73.9%(17/23)0l A4 DAE HAAL, TFSolAM =
7196(44/62)91 4 A& B
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Figure 10. 943 715 2 Salmonella 752 PFGE pattern

F Al E Al0 A2 A12 A9 D A8 A7 A8

M 226 1018 1019 1058 1089 1511 1660 1716 1785 1849 1871 M

Kb

436.5

388
339.5
291

242.5
194

145.5

97

48.5

A3 A2 Al 8 AD (o} A4 A5
M 2 8 17 22 89 95 m 12 M
Kb

M, mocular weight marker(¥+%]: Kb); First line, PFGE pattern; Second line, sample
number. AtE 159} 71 25 += typing HA ¢S
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Al

Table 14. 7}53 A1&+e] PFGE type %3 ¥4

PFGE type 9A#8]5F sample number FAHE 25 sample number

89, 90, 91, 92, 93, 94, 97, 98, 102,

A0
103, 106, 107, 108, 109, 110
N 17, 18, 19, 20, 21, 24, 25, 26, 27,
28, 30, 31, 34, 35
1089, 1501, 1502, 1516,
8 9, 10, 11, 12, 15, 36, 37, 38, 39,

A2 1522, 1674, 1690, 1697, 0

1698
A3 1,23 4, 6 13
A4 111, 113
A5 112, 114, 115
A6 1871
AT 1849
A8 1717, 1785
A9 1660
AI0 1058
All 1018, 1632
Al2 1511, 1608, 1652
B 22, 23, 32, 33, 104, 105
C 95, 96, 99, 100, 101
D 1716
E 1019
F 226
@7 11 8
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Table 15. Serotypes of the NTS

Human

Livestock isolates % ()

Chicken Pork Total livestock

Serotypes isolates %
( number) isolates % isolates % isolates %
(number)  (number) (number)
S. Enteritidis 47.2%(17)  37.84%(14) 21.88%(14)
S. Typhimurium 22.2%(8) 55.56%(15) 23.44%(15)
S. Istanbul 2.78%(1)
S. Montevideo 2.78%(1) 16.22%(6) 9.37%(6)
S. London 2.78%(1)
S. Heidelberg 2.78%(1)
S. Ohio 2.78%(1)
S. Kambole 2.78%(1)
S. Tennessee 2.78%(1) 35.14%(13) 20.31%(13)
S. Rissen 2.78%(1)
S. Schwarzengrund 2.78%(1)
S. Newport 2.78%(1)
S. Brandenburg 2.78%(1)
S. Salamae 33.53%(9) 14.6%(9)
S. Virginia 10.8%(4) 6.25%(4)
S. Bovismorbificans 11.11%(3) 4.69%(3)
Total 10026(36) 100%(37) 100%(27) 100%(64)
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L}, Nalidixic acid ¥ ciprofloxacin® MIC

=3 b AME nalidixic acidell WS BRAH 86F(AHE ®elF 57 9 7t5 ®EF
81)9] nalidixic acid #H2& A %+ § FolA] 32 pg/mLYom UmA = 857+ 128
g/mL & 1 o]t (Table 16). o|& 59 ciprofloxacin 4 A F%=+ 0.06 u
g/mLAlA 4 pg/mLE EJtHTable 17). Al NCCLS guideline®| H]F9], ciprofloxacin®]
HALY9AFE < 1 pg/mL ¢ @44 T2 865 5 677(77.9%)5 2™, o] 7FH quinolone

A% WA NTS(ciprofloxacin 4 A % : 0.125-1.0 pg/mL)°] 3F3= F2 6552

RES 2R EAT. ALAASE7F luyg/ml B =o0WHA 4 pg/mL Bk $& 5%
WIS 18F(209%)9 Tt HAaYAlsE >4 pg/mLE ciprofloxacin WA & 15

(0.01%)7F o™, o] T2 ciprofloxacin A A s == 4 pg/mLS

Table 16. Results of disc diffusion test of NTS to nalidixic acid

Human isolates Livestock isolates
Susceptible 5 (139% ) 81 ( 45.3% )
Resistant 31 ( 86.1% ) 98 ( 54.7% )
Total 36 ( 100% ) 179 ( 100% )

Table 17. MIC of the NTS to ciprofloxacin and nalidixic acid
MIC (ug/mL)

% Resistance

Range MICso MICgO
Antibiotics Human Livestock
1solates 1solates H L H L H L
(n = 36) (n = 179)
Ciprofloxacin  0.06 - 1 0.125- 4 0.25 2 1 2 0 0.56
Nalidixic acid 32 — 128< 128< 0.125 128< 128< 128< 13.9 45.3

H : Human isolates, L : Livestock isolates
t}. NTS9 Quinolone Resistant Determining Region(QRDR)] 3+ PCR 2 3 Al

)=]
% 8659 nalidixic acid WA #F 7}2d 6157 E8F 4F, 715 BEEF 579
A3 4

doz gyrA®l PCR& Al#stal o714 fojx PCR Ait=2 H7] Md<
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T 2359 ARE 4S5 AATE o] T 12F00 A gyrA 83W ofun|i=zle] X Wol7} Y
A HSer83 — Phe). 9FolM+= gyrA 83WH olm Al o]Qlo= 87H olu|:=AFe] point
mutationS F7FE FAT 5 A=, 655 Asp87 — Glu, 25E Aspl7 — Tyr, YA
g F= Asp87 — Arg® ofv]:=ghe] Wolrh A E T 255 gyrAe] 83Wolu 87H 9
opm Ak BFo A W ol 7h A E A ekt (Table 18).

N

g 7] & WA AL

86F 9] nalidixic acid A #FZ Aoz 7] v WA AAE A A3 Al &
25 5F T 45780%), 715 "ﬂﬂ—r 81F = 11711%)olA F7] & WS Btk 71
1) WA 5o wWE ciprofloxacin MIC ¢ W3l FElstA @zhE ] &kti(Table 19).

Table 18. Sequence of a portion of QRDR in gyrA of the low dose quinolone-resistant
NTS

Names of the MIC (NA) MIC (CIP)
isolate (Bg/mL) (pg/mL)
gyrA sequence (wild type) 5-'GGTGACTCGGCGGTTTATGACACG-3’
Ser83 (TCG)— Phe (TTC)

DNA sequence of a portion of gyrA gen

2-41 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-42 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-43 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-45 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-47 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-48 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-49 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-50 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-55 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
2-57 128 1 5-'"GGCGATTTCGCAGTGTATGACACC-3’
JYL17 >128 0.125 5-'"GGCGATTTCGCAGTGTATGACACC-3’
S1018 >128 1 5-'"GGCGATTTCGCAGTGTATGACTAC-3'
Ser83 (TCG) —Phe (TTC) and Asp87 (GAC) — Tyr (TAC)

2-44 128 1 5-'GCGA-TTTC_CAGTGTATTACACC-3’
2-53 128 1 5-'"GGCGATTTCCCAGTGTATTACACC-3'

Ser83 (TCG) —Phe (TTC or TAC) and Asp87 (GAC) — Glu (GAA or GAG)
JYL19 >128 0.25 5-'"GGCGATTTCGCAGTGTACGAAACC-3’
JYL6 >128 0.25 5-'"GGCGATTACACAGTGAATGAAACC-3’
JYL23 >128 0.25 5-'GGCGATTTCGCACTGTACGAGACC-3’
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2-62 128 1 5-'GGCGTTTTCGCAGTGTATGAAACC-3’

2-111 >128 2 5-'"GGCGATTTCGCACTGTATGAAACC-3’
2-124 >128 2 5-'GGCGATTTCGCAGTGTACGAAAAC-3’
Ser83 (TCG) —Phe (TTC) and Asp87 (GAC) — Arg (CGA)
2-117 2 5-'"GGCGATTTCCCAGTGTATCGAACA-3’
no point mutation on 83, 87 amino acids
2-58 128 1 5-'"GGTGACTCGGCGGTTTATGACACC-3’
JYL12 128 0.125 5-'"GGTGACTCGGCGGTTTATGACACC-3’

Table 19. Results of the organic solvent tolerance test.

Human isolates (n=5) Livestock isolates ( n=81 ) total
] 1 MIC ( ciprofloxacin ) 72 MIC ( ciprofloxacin ) 73
Susceptible
( 20% ) 1 pg/mL (889% ) 1 pg/mL - 4 pg/mL (849 % )
] 4 MIC ( ciprofloxacin ) 9 MIC ( ciprofloxacin ) 13
Resistant

( 80% ) 0.06 pg/mL- 1 pg/mL ( 11.1% ) 0.25 pg/mL - 2 pg/mL ( 151 % )

A34A Staphylococcus aureus®] WA 7] A3} A A4

1. MRSA, VRSA ¥ VISA £3 54 € &84 A8 24 274

=
9J&te] Staphylococcus aureus® 8, 542 AAe9Y. 1 23 F Als 19134
AlB5o A S aureus7t HEZ A H(Table 1). S. aureus< =t
ThogiFEo] Aol HEHN oW, dAY 2SS, T #AE B nuFd =2

= B3

r

td
Wy
4

ofN
o
>,
il
&
4t
Eh
i)

o 4oy

b9

N
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Table 1. Isolation of methicillin (oxacillin)-resistant S. aureus isolates from major food
animals (2001. 5€-2003. 49)

. Positive Oxacillin Oxacillin ..
. site/ No. of . b . . mecA positive
Animal . sample for -resistant -resistant

SOUICe — Specmen o reus (2-8ug/ml) (>8ug/ml) sample
Meat” 54 5 0 0 0
Feces 68 2 0d 0 0
Milk 894 265 7 10 12
Catlle  peeq 32 3 0 0 0
Joint 51 6 0 0 0
Trachea 49 5 0 0 0
Meat” 161 39 2 0 0
Feces 68 2 0 0 0
Pig Feed 37 2 0 0 0
Joint 116 17 0 0 0
Trachea 72 17 1 0 0
Uterus 15 5 0 0 0
Meat” 69 9 2 1 1
Feces 35 2 0 0 0
Chicken  Feed 36 4 0 0 0
Joint 119 33 3 2 2
Trachea 37 5 0 0 0
Total 1,913 421 15 13¢ 15

"Most of S. aureus were isolated from suppurative regions in the meat.

"Numbers of samples that contained S. aureus resistant to 2 to 8 pg/ml of oxacillin.
‘Numbers of samples that contained S. aureus resistant to greater than 8ug/ml of
oxacillin.

Two of seven oxacillin (MIC, 2-8 pg/ml) resistant S. aureus strains from milk samples
of dairy cattle were positive for mecA gene by PCR, while the other oxacillin resistant
strains within this range of MIC were negative for mecA.

°All of oxacillin (MIC,> 8ug/ml) resistant S. aqureus strains were positive for mecA.

. S aureus® SE gene &S 93 esrrmPCR
1) B FE ©] &3 esrmPCR
SEE A= oz dEAd Ae EFTTES o] 83519 esr mPCRE 33

SEGE A|¢)% =E SEQ detection®] 7F&3tdtt (Fig. 1).

43,
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Fig. 1. Agarose gel electrophoresis of the amplified PCR products produced by
esr—mPCR.

M A B CDETF G

500 bp _—

M, 100-bp ladder; A, Staphylococcus aureus FRI 913; B, S. aureus MNHOCH; C, S. aureus FRI
361, D, S. aureus FRI 472; E, S. aureus FRI 569; F, S. aureus RN 4220, and G, amplified SE

ladder prepared by pooling PCR products generated in individual reactions.

2) FAHE fF3 TFE o] 83 SE detection
% 1419 S. aureus BT (A FANA 7] 235, Al Harr] 425, S A =54 sample
377, A4 sample 39F)0] 3] esr—rmPCRE 4383 A3} ZF 2757} toxigenic strain®

2 Zgoddrt AE9 toxing &3 2t} (Table 2).

Table 2. Characterization of toxigenic S. aureus isolates obtained in Korea

Source No. isolates No. isolates with each PCR toxin type Percentage
Retail pork 23 1 SEA, 8 SEI 39%
Retail chicken 42 1 SEH 2%
Porcine abattoir samples 37 5 SEA, 10 SEI, 2 SEA and SEI 46%
Chicken abattoir samples 39 0 0%

Table 29} o], W] FHAEo|A &ol® % toxin types SEINI I thgo] SEAZE 4
Elyktl. 9] +9 toxin typee] SEA, SEC, SEB, SEE% 9] major toxin¢l AI}= x}o]7}

AR Al S, aureusl 218l oFEHE FH AFE9 95%7F ©]E major toxinel <]
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4N-
o
)

af of7|¥= Aom WA i UM A 5%7F 1 919 minor toxinel ©F Ao
=1t = dl FAHE 78 SEel gk X441 monitoringo] 2 8.3tba A ZhE T

t}) Presumative MRSA % VISA £d, 4

299 S qureusE WA Z dle] 2-8 peg/ml oxacillin FxolA WAS Hol: S aureus
285%E presumptive MRSAE A@eldth. 2 AFAGo A SEARANA 228 S. aureus
% 2 ug/ml vancomycin® A &3ito] ¢lo] VISA & VRSAE AZHA &t

2}, Presumptive MRSA 2] PCRoll 9|38t mecA F3A A=

FAZ mece WE penicillin-binding @2 < PBP 2aZ encodingdtil It} o] 24 f
“lactamAl & Ao F3tA A3 oxacillin®] Yt methicillin#-& A= Al A EH
Fgoll FIFS FA Eok] Aol AZS wA "ok F, 1A mecd] EAlGIEFE Lol
o 2H #F2 MRSA oHE & 4 v ZF presumptive MRSA ¥FZ5FFH DNAE
FE3te] FAA mecAE EBolHezr #AAT F UE pn'mer set= PCR% Z3}
presumptive MRSA #5 2870= 15707} %{X} mecAE A3 tH(Table 1, Fig. 2). ©]

T 37 59 A #HAA, 1275 Ao FFrolA "‘:E]Q‘}iq

Figure 2. Agarose gel electrophoresis of mecA PCR product.

M1 2 3 45 6 M1 234567 89

<« 533bp 533-bp

lane: M, size marker; 1 to 6 on the left, and 1 to 9 on the right; MRSA strain
originated from animals. Size of mecA PCR product is indicated.

vk, MRSA® dfgt MIC 2%

$1 el A &RlE presumptive MRSATFE thd o2 NCCLS (National Committee of
Clinical Laboratory Standard)e] ®Wwel w2} Agar dilution method® oxacillin,
vancomycin®] ™3] MIC a3 A3 MRSAZ 3% FolA EF oxacillinel] i3k U
Aol = yeERdtH(Table 3). 284 vancomycino] W3 WAS Hel 5+ glo] VISA
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2 VRSA w5+ EAFA &gt}
Table 3. Results obtained with diagnostic tests on methicillin
(oxacillin)-resistant S. aureus originated from animals.

Isolate Origin OxzzilelzlrrlrS M?é?s;}iil) \K/?IIE:C(?JI;/YIES mecA PCR MRSA-Screen
SA006 Chicken + 16 <2 +

SA023 Cattle + 4 <2 - +3%
SA030 Pig + 8 <2 - -
SA031 Pig + 4 <2 - -
SA032 Pig + 4 <2 - +x
SA033 Pig + 4 <2 - -
SA037 Pig + 2 <2 - -
SA046 Cattle + 32 <2 + +
SA049 Chicken + 1 <2 - -
SA055 Chicken + 2 <2 - -
SA058 Chicken + 4 <2 - -
SA095 Chicken + 32 <2 + +
SA097 Chicken + 32 <2 + +
SA106 Cattle + 32 <2 + +
SA107 Cattle + 4 <2 - -
SA108 Cattle + 4 <2 - -
SA109 Cattle + 16 <2 + +
SA120 Cattle + 32 <2 + +
SA122 Cattle + 32 <2 + +
SA123 Cattle + >128 <2 + +
SA124 Cattle + 64 <2 + +
SA125 Cattle + 8 <2 + +
SA126 Cattle + 6 <2 + +
SA129 Cattle + 16 <2 - -
SA130 Cattle + 8 <2 + +
SA236 Cattle + 128 <2 + +
SA237 Cattle + 64 <2 + +
SA240 Cattle + 4 <2 - -

+, positive; -, negative.
*Slight agglutination of these two strains became visualized after 10 to
15 min reactions, while other positive reactions were determined within 3 min (Fig. 2).

vl MRSA®] disk diffusion susceptibility testoll o] &3+ 384 WA A

$1 Wl Fel®El MRSAWFE o2 NCCLS(National Committee of Clinical
Laboratory Standard)®] "W ol w2} amikacin, ampicillin, cefoxitin, ciprofloxacin, ceftiofur,
clindamycin, kanamycin, penicillin, tetracycline, trimethoprim-sulfamethoxazole, imipenem

52 o] & disk diffusion susceptibility testell & WA W 7<EA A FALE FAFA
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t(Table 4). MRSA 15 ¥ % amikacin, trimethoprim-sulfamethoxazoleo WA o] U&=
T ¢ eH, norfloxacin ¥ ofloxacine] ¥4 ZFAo] £3 ampicillin & penicillin

oﬂ _‘,:_ LH}HO] 01041—4_

Table 4. Antibiotic susceptibility profiles by disk diffusion method for mecA positive
MRSA isolates

Susceptibility

Isolate No.” - - Anti-biotype
an am fox cf cip cc e gm im Kk nor ofkx p te sxt
006 S R R R § R R & § &5 S S R S S A
046 S R S R § S S R S R S S R R S B
095 S R R R S R R & § &5 S S R S S A
097 S R R R S R R & S &§ S S R S S A
106 S R S R § S § R S R S S R R S B
109 S R R R R R S R R R S S R R S C
120 S R R R R R R R R R R R R R S D
122 S R R S S R R R S R S R R S S E
123 S R R R S R R R R R S S R S S F
124 S R S R $ S R R S R S S R S S G
125 S R $ § s S R R S R S S R S S H
126 S R $ § s S R R S R S S R S S H
130 S R R R S R R R R R S S R S S F
236 S R R R R R R R R R S S R R S C
237 S R s S &§ s 5§ & § &5 § S R S S 1

“Isolate numbers are in accordance with Table 2.

Abbreviation: an, amikacin, am, ampicillin, fox, cefoxitin; cf, cephalothin; nor, norfloxacin;
ofx, ofloxacin, p. penicillin; sxt, trimethoprim-sulfamethoxazole; S, susceptible; R,
resistant.

AL, MRSA 2] MRSA-SCREEN Testoll 23t PBP 2a A&

fi-lactamAl FAA L ATS ZAAA Ao WA e S Fo3lE penicillin-binding T
WPl PBP 2a8] HHARE Loll7] f1dted, 7t presumptive MRSA = 5H o
=3}o] anti-PBP 2a monoclonal antibody sensitized latex®} &3 agglutination
Zsle] A FFES FAHEAHTable 1, Fig. 3). PCR HPQOﬂ’ﬂ FAA mecAE
Mol el A B A A BAow, PCR vh&olA FH2 mecAE A sHA
Mol (S23 oF S39) A= okt Y-S Bt

o o o fo
Do el
Bz 22
g do oo X

\)

Figure 3. Performance characteristics of the MRSA-Screen latex agglutination test.
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S6-S and S23-S, strong positive reaction of S6 strain and weak positive reaction of
S23 strain with sensitized latex particle; S6-C and S23-C, negative reactions of S6 and
S23 strains with control latex particle.

2. A& £38 MRSAS SCCmec 4 2 ¥4

e

g @Fske] W B

7. = 22 MRSA
1999~2003L4 2 599 MRSA 16 739 20039 2] Al ga7] He 330 s &
e Aesdoer 1 AE FEHY 2 MRSA 359 Alg ¥ 2 MRSA 75

W A s,

L. SCCmec ¢ % % type

MRSA9 methicillin A4S YEWNE  mecA gene2  Staphylococcal Cassette
Chromosome mec(SCCmec) ©|8t= /3 genetic elemento] EA3ch SCCmece & ¢
el inverted and direct repeats, site specific recombinase genes(ccrA, ccrB), 181
mecA gene complex® T %] Ut} S aureus? ccr gene complex:= #AA 37}A] typeo]
EA8te] e g =1 type 1(cerAlecrBl), type 2(cerA2ccrB2), 183l type 3(ccrA3cerB3)
7} 1A o]t} Mec gene complexi= mecl gene, mecR1 gene(MS and PB domains), 18] 1
IS1272 522 FAE 4714 class® mec gene complex”} Staphylococcus spp.ol <73}
=4l @A class A ¢ class BRFo] S, aureusol &A%t ¥E A 2tk Mec class A
mecl, intact mecR1, mecA, 18] 1L IS431R%E T4 % WA mec class BE WIS1272, imecR1
(PB domain©] 4Fi® 1S12720 & &elA AT, mecA, 18] il IS431RE T HTh A=
VAl cer types¥ mec complex classes] =&l 93] 4714 typese] SCCmeco] ¥3 A U
t}. Hospital-acquired MRSA A &= type [, I, & 1T 7} B wHA, community-acquired
MRSAd = type IVito] &A1t Aoz dwalx] ¢t dA7HA hospital-acquired MRSA
o} community-acquired MRSAZFe] A djs] AAE wE viE §loy
community-acquired MRSAY] 7]l @3] F 7k sdol Ar|Ha dok. FuyE=
hospital-acquired MRSA”} community® ©] A ¥ ¢] community-acquired MRSA”7} & $lth
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= Mol T Y& F= mec genes S R3Sl coagulase negative Staphylococcus

(CNS)ZH-E 327 oldd Ayeta B Mook
2 AgdE I 99 29 S aureus 167, A1F Hav] w4 3F, 52 WY w4 3
F, g4 B s 77l s d8A WA sl 2 SCCmec typing, cergene
sequencing, 123l ©o]E3+e] A#Ad S dolr 7| $3 PFGE analysisE Al =3}t
g SAE 9 HYEed MRSAS &84 WA A

NCCLS W 9] disk diffusion test® ©]&, MRSA w55l tha] &AA WS =

AFat
tH(Table 5). &AA g sHHS BH <A 3 2 55 ¥ £2 S aureus®] 35+
test g 1459 FAA dhal 115 o] WS B v §ud 2 dFES
penicillin, gentamicin, ampicillin, nafcillin Sl WA S X2 methicillindl s =

=7F WA E& WS Kol A3 ZF community-acquired MRSAS] phenotypes U EMU
Aok = AS Har] By 3539 A$E  penicillin, erythromycin, clindamycin,
tetracyclinedl ™t WAL B3 YAl methicillindl W= S RWAWS HY
community-acquired MRSA®| phenotypes UWEMHIT. 349 25 31, 728 3=
methicillin®] Y oxacillin A& YEFHA o mecA gene HF3F Y= Aoz y

Bk

2}. SCCmec typing

ol5 o thal SCCmec typingS Al%=3 A= vS3 2t (Table 6). Table 694 <}
Zol] HY FFE A Y FHUTTFELS 1Y YA community-acquired MRSAZ
Uelgg. 5 HY 2 oA HY {2 TFE(ccarm-3001 A1) R hospital-acquired
MRSAS] #x4 EA4& depuigleh. Solgh 2 A #HYd F#l #5720 ccarm-3001<
phenotype< hospital-acquired MRSA°|HA %= FH& 2 community-acquired MRSA#}=
Holt}. o] #F7F A A hospital-acquired?l A 5 community—acquired? A 7] Eo] E7|
3FA] Yol 1totd £ gl o hospital-acquired®t community-acquired 572l SCCmec
gene complex transferol] #3 G S A Fd] & F U2 o2 HAY AAR o] #F=
PFGE typingol A= B9 fFdl #5753 #90d9 #d 55 5% A A34 & Hol
I dAt (Fig. 4, Fig. 5).
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Table 5. F4He 2 W 22 MRSAS IAA WA AL

MIC
Or
"8 olates P IPM CC NF TE GM AM CIP OX CF VA SXT E C  (Met)
mn
(ug/ml)
99-132 S S S S S S S s 16
99-133 S S S s s S S s 32
99-136 S S S s s S s s 8
99-164 S S S s s S S s 16
00-425 S S S s s S S s 16
00-428 S S S s s S S s 16
31 S S S s s s s s 0.5
N S S S s s S S s 16
62 S S S S s s S S s 16
64 S S S S s s S S s 16
65 s s S o S S S§ s s 8
66 S S S S s s S S s ]
68 S S s s S S s 16
69 S S S s s S s s 8
70 S S S S s s s s s 8
72 S S S S s S S S S 2
S S S S S S 4
S S s S S S 4
S S S S S S 4
snuvet—1 S S S
A snuvet-2 S S S
snuvet—-3 S S S
ccarm
S S
-3001
ccarm
512
-3002
ccarm
1024
~3051
ccarm
H 512
-3514
ccarm
256
-3521
ccarm
1024
-501
ccarm
1024
~3089

M, milk; C, chicken; A, animal hospital;, H, human hospital
S, susceptible; R, resistant; I, intermediate resistant

P, penicillin; IPM, imipenem; CC, clindamycin; NF, nafcillin, TE, tetracycline; GM, gentamicin;
AM, ampicillin, CIP, ciprofloxacin; OX, oxacillin, CF, cephalothin, VA, vancomycin, SXT,
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trimethoprim-sulfamethoxazole; E, erythromycin; C, chloramphenicol
Table 6. SCCmec type analysis

o SCCmec ccr  SCCmec
origin Isolates mecA
MS PB 151272 mecl mec class type type
99-132 + + - + - B 2 v
99-133 + + - + - B 2 v
99-136 + + - + - B 2 v
99-164 + + - + - B 2 v
00-425 + + - + - B 2 v
00-428 + + - + - B 2 v
31 + - - - - ? - ?
61 + + - + - B 2 IV
M
62 + + - + - B 2 v
64 + + - + - B 2 v
65 + + - + - B 2 v
66 + + - + - B 2 v
68 + + - - - ? 2 ?
69 + + - + - B 2 IV
70 + + - + - B 2 v
72 + - - - - ? 2 ?
94-1 + + + - + A 2% IIa
C 92 + + + - + A 2 Ila
94-3 + + + - + A 2% Ila
snuvet-1 + + + - + A 2 1I
A snuvet-2 + + + - + A 2 II
snuvet—3 + + + - + A 2 II
ccarm-3001 + + - + - B 2 v
ccarm—3002 + + + - + A 2 I
ccarm—3051 + + + - + A 2,3 III
H  ccarm-3514 - S - - A 2 11
ccarm—3521 + + + - + A 2,3 III
ccarm-501 + + + - + A 2 I
ccarm—3089 + + + - + A 2 II

M, milk; C, chicken; A, animal hospital; H, human hospital
+, gene B, -, gene R34 &5, * sequencing 2 type 3= YEME
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Fig. 4. PFGE analysis

M1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

M, marker; lane 1, 99-132; lane 2, 99-133; lane 3, 99-136; lane 4, 00-425; lane 5, 99-428;
lane 6, 99-164; lane 7, 31; lane 8, 61; lane 9, 62; lane 10, 64; lane 11, 65; lane 12, 66;
lane 13, 68; lane 14, 69; lane 15, 70; lane 16, 72; lane 17, 94-1; lane 18, 94-2; lane 19,
94-3; lane 20, snuvet—1; lane 21, snuvet-2; lane 22, snuvet-3; lane 23, ccarm-3001, lane
24, ccarm—3002; lane 25, ccarm—3051; lane 26, ccarm-3514; lane 27, ccarm-3521; lane 28,

ccarm-501; lane 29, ccarm—-3089

Ccarm-3001 ¥<+2] phenotype®] A v} WAlolx, w3k Hojx #HYo] 32 Azm H
Q9o HE 7ed w, hospital ¥ community-acquired MRSAS] 7] el & 271x] 714 o)
7Fs3ttt. AA = ccarm-3001 ¥57F SCCmec type IV 43S A hospital-acquired
MRSAZtE= Aojth o] & 7HHEZRE community-acquired MRSA”} hospital-acquired
MRSAZHH HFHFHJTGE FHol 7Fesalch o]F antibiotic pressure’} A &2
community®l] =A3tHAA AN 2]l phenotypes 2AS F At A= ccarm-3001
F7F SCCmec type IV 485 A community-acquired MRSA©|t}7}F 32 H7k#] A
AstAl HAA FAA Al WA S phenotypes HArsHAl HAtks 7HAd ot o] 22 7
2 community-acquired MRSAZE B9 &g EFEHo=Z o FE3 oA WAS 9
= hospital-acquired MRSA7} @ & s ZAS AFs F=th 2 oW A$olggt=
MRSA®] E&e| Qlo] W] &7t TRy a3 23] dAvtes AHS =l
ATt

o2

rE

3

&)
O
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Fig. 5 Pylogeny of MRSA

032 0,80 0,80 100

ccarm-3514
ccarm-3089
ccarm-501
ccarm-3002
ccarm-3521
ccarm-3051
ccarm-3001
snuvet-2
snuvet-3
snuvet-1
99-164, 66
00-428, 68, 69
99-132, 61
99-133, 64
00-425, 65
99-136, 62

ul. Mecl ¢ ccr genes sequencing &4

MecA gene? transcriptions A8t mecl gene sequencing 23, JAHY Fl T
¢l ccarm-3051, ccarm-3521° 4%+ non-sense mutation®] =Y = o] Atk SCCmec type
T 7FS 2 FAA Ao BFsta e 38 A WA genes Efstal e SCCmec
type ISl ©] Er o] 1 non-sense mutation®] #HE=HUTh= -2, antibiotic pressure®

Aol el Wolzh o 47 vedre AAw g Bl
e

O

SCCmecs A3t QAo AEst= IS 3= cor geneo| Wt sequencings A =35}
Z1o] 2713k pylogenic treeE 213t A3 SCCmec type IVl &3t T3S0 A4 9
of #FEH} HolE UYEUATHFig. 6). HolstAlE U w#E FUdE dFE
community-acquired MRSA°C|HA % A0 SCCmec type IV TFEH
type I #79 273 o FAES Hola JAvh WA ccarm-3001 AP A< SCCmec
type IV9 cer gened FARE S UER AT

O{I

T F7EA] Sold A2 Al garvlel A EEE 94-1, 94-2, 94-3 FFEolth & A
A FH2 3dE =AE 9 A Farz]old MRSAREE Al=s] gov & 3 = 289
Aol gldt. o] Al #FELS 2003 ZFEol ok ZelEN e e v & Halr]et
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2] o 3 sampledl A B E FFEo|t) olE Al 459 genotype ¥ phenotype
T FTdstel Fd colony el #FE AzEd 01%% A 71w wmieh o]
phenotype< community-acquired MRSA$ © 1} genotypee hospital-acquired MRSA o] 4]
W Hol= type IE YEFN I AR(T E3F cor genes type 2 primerel] 93] S=ZF Qi
a4 product size®A] type 29 TLEHSNE sequencing ZAI= type 39 100%
homologyE& YWEF A THFig. 6). °lol ol w59 SCCmec types IMaz 7]&E3tAth
(Table 6). Al Hir7] 2 =7l A 3@z MRSAZE #2]€ #o] glurf o] 22
Al #F7F EAdEAoR Fed Zor & u ol #F= fedgolA 29H 3oE ¥
wEt). wEbA  hospital-acquired MRSA7ZE owl HAZoAA] Al# Harle dHA
antibiotic pressure’} %<& Ao A ANA S 2L Aoz AZEFETT}

o

7

Fig. 6. Pylogenic analysis of ccr gene sequences

lﬂl: ‘-"_I' - -T 1] T T -1 T 1

40 35 30 25 20 15 10 5 0
Mucleaotide Substitutions (x100)

CAO05, SCCmec type IVa T (&= &8 F); 8/6-3P, SCCmec type IVb (&&= F);
N315, SCCmec type II 5 (&]=r&2]F); 85-2082, SCCmec type III ¥ (&]=r&2]F)

FAHAH fAAEe] 24 Ao
=

MRSA®| ZAsl= IS 431 copyE F7H2 oz 2248 A¥ typingo] E7F5dd &
W g w5 31, 70 ol BT A2 copy numberE AY i JATHAE S Al
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Fig. 3 #x). SCCmec type T4l &3t #5552 EF pUBLI0, TnoH4E A Y3l Ao
SCCmec type Mo £3l= ccarm-3521 5% pTI181, mer gene, Tnb554S AU Atk

ok ccarm-30519] A%, pT181, mer gene> EA|3I#] &= AoR AztEw oo B3
TR FAE 5 o Ageojof & Aow FzE

Ab. SCCmec A 419 A&

SCCmec typing % Fd2 &4 A34E T8 & o, = +389 ST A3 4
¢l community -acquired MRSAS EX4S gz, SE29HY 2 A A Fd #5352
g 5-Fhospital-acquired MRSAZL Qg 4 u}. o529 PFGE #HHS Hluws] HH
ccarm-3001 ¥FE A #FE AT dFES AAFH dFE/E, 1L &
Tl #FTE2 sEFdU =T homologyE Holal o] Algh 2 F&7ke] wx o #
A2 pool &3t 7heAde w2 FAow AZHTE Uyt ccarm-3001 # AlF H EE
MRSA® &A= B #es *

A A58kl Q2™ community-acquired MRSA
9 hospital-acquired MRSAZFS] A1} A2 thst A7 o Bod Aoz AZHAr,

A424  Enterococcus spp.2] A7 A3 A AF

1.2 A Ao A 8 ¥ vancomycin-resistantEntrococcus (VRE) £4]

Avoparcine glycopeptide@ A A o] dF0 2 avoparcin®] WA A& vancomycine]l = W

A& dEbdTh 19999 o] %ol avoparcin®] F=ell thdk AR&o] FA ¥ o]F 2000172001

A Apololl mAFA T Aol A VRE #F+E ¥ sta, PFGEE #3559 WA #4

Zk7ke] ARG S A AT S o]E2FYH vanA-VanB YA #FE dAdste] ol 59
o A

A fAEA 4 ARBAZ B,

7}. VRE £
5945=9] Enterococci® A& Tl A 4320 A e #HoRHE Rk olF 71
9] vancomycin-resistant Enterococci® o2 Algst). ol E. faecium(n=54),

E. gallinarum(n=16), E. caesselifalvus(n=1)% 1L, vancomycin-resistant E. faecalis= &7

L R g

o gAA g AE
Vancomycin-resistant E. faecium % 385+ VanA$1il, vancomycin® teichoplanin®] =
T OUWAEES YEWAY. 165 VanB 1, vancomycindlE WA S eI o



teichoplanin®l = WAdo]  §ltH(Table 1). 1652 vancomycin-resistant@ % FE.
gallinarume= VanCl 91, 159 vancomycin-resistant E. casselifalvus= VanC2, 715+%
60 (85.7%) erythromycinol] WA < YeEbA S

Table 1. MIC of VRE isolated from chickens

MIC (g/ml)
Species Genotype Phenotype
Vancomycin Teichoplanin Erythromycin
1-01 E. faecium vanA VanA >64 >64 >128
1-02 E. faecium vanA VanA >64 >64 >128
1-03 E. faecium vanA VanA >64 >64 >128
1-05 E. faecium vanA VanA >64 >64 >128
1-06 E.faecium vanA VanA >64 >64 >128
1-07 E. faecium vanA VanA >64 >64 >128
1-08 E. faecium vanA VanA >64 >64 >128
1-09 E. faecium vanA VanA >64 >64 >128
1-11 E. faecium vanA VanA >64 >64 >128
1-12 E. faecium vanA VanA >64 >64 > 64
1-13 E. faecium vanA VanA >64 >64 >128
2-02 E. faecium vanA VanA >64 >64 >128
2-03 E. faecium vanA VanA >64 >64 >128
2-04 E. faecium vanA VanA >64 >64 0.5
2-05 E. faecium vanA VanA >64 >64 0.5
2-06 E. faecium vanA VanA >64 >64 >128
3-03 E. faecium vanA VanA >64 >64 >64
3-04 E. faecium vanA VanA >64 64 64
3-05 E. faecium vanA VanA >64 >64 >64
3-08 E. faecium vanA VanA >64 >64 >64
3-12 E. faecium vanA VanA >64 >128 >64
3-15 E. faecium vanA VanA 64 64 <05
3-19 E. faecium vanA VanA 64 32 <05
3-24 E. faecium vanA VanA >64 64 <05
3-32 E. faecium vanA VanA 64 >64 <05
3-33 E. faecium vanA VanA >64 >128 >64
3-38 E. faecium vanA VanA >64 >64 >64
3-42 E. faecium vanA VanA >64 >64 >64
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3-28
3-51

3-07

3-40
3-41
3-44
3-45
3-46
3-47

3-48

E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. faecium
E. gallinarum
E. gallinarum
E. gallinarum
E. gallinarum
E. gallinarum
E. gallinarum
E. gallinarum
E. gallinarum
E. gallinarum

E. gallinarum

vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanA
vanCl
vanCl
vanCl
vanCl
vanCl
vanCl
vanCl
vanCl
vanCl

vanCl

VanA
VanA
VanA
VanA
VanA
VanA
VanA
VanA
VanA
VanA
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanB
VanCl1
VanCl
VanCl1
VanCl
VanCl1
VanCl
VanCl1
VanCl
VanC1

VanCl
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3-49 E. gallinarum
3-50 E. gallinarum
3-52 E. gallinarum
3-53 E. gallinarum
3-54 E. gallinarum
3-55 E. gallinarum
3-43 E. casseliflavus

vanCl
vanCl
vanCl
vanCl
vanCl
vanCl

vanC2

VanCl1
VanCl
VanCl1
VanCl
VanC1
VanCl

VanC2

8 <05 >64
8 =05 >64
8 <05 >64
8 =05 >64
8 <05 1

4 =05 >64
2 <05 >64

t}. Vancomycin-resistance genes®| 7=

Vancomycin-resistance genes<]

aee A9

Multiplex PCRS Al A] &

VRE gallinarum, VanC2E

Fig. 1. Multiplex PCR with primers specific to vanA and vanB.

A3}, VanB
phenotypes H<Ql E. faeciumol* vanB genes®] o} vanA genes®] A& AHFig. 1).
VanAE X9 VRE faecium, VanClE X<l
casseliflavuss2 2+7; vand, vanCl, and vanC2E5 YEW A HFig. 2 and Table 1). =&
VanB/vanA incongruent 75 32 M Z% Foto] Adojxit}

1l

M, 1 kb DNA ladder; lane 1-4, VanA-vanA; lane 5-7, VanB-vanB, lane8, control.

Fig. 2. Multiplex PCR with primers specific to vanCl and vanC2.
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M, 1 kb DNA ladder; lane 1-16, VanCl-vanCI ;lane 17, VanC2-van(C2.

2}. PFGE
2659 E. faeciumol ]3] Sma I-digested genomic DNAZ #A3 Z¥ 4 71¢ PFGE
Hqeog Had ¢ Ak a3y AlFoezRE R2E¥ VanB/vanA incongruences 5%

Z2RH #8¥ VanB/vanA incongruence ¢ % fFAFSH HlES YEh 2 ST

Fig. 3. PFGE of VRE faecium with VanB/vanA incongruence. Smal-digested DNA

fragments of 26 isolates were electrophoresed.

I

=
-
=
=
g

2. 2AEGA EHAA E faecalis & E. faecium® ¥4 (VRE;vanA, vanB, vanC-1,

vanC-2 genes)

20039 3€HE 11¥€e ZA 100 $3117], 50 A2317], 50 #A317], 508 & ¥, 37 &2 B
#1981 Y5 HAStY VREE #2383 Mg, A71AG Y] oA T s}

S
now, o FHE AIIAFY mAA A, 2 AAA A EGA A AT D
= AxgHoR EHoA FHIUTH API 20 streplez w2 Qs om vanA,
vanB, vanCl, vanC2/3 primers A3 PCRZ WA #Adx8S AAs90 4% VRE
IS5 vancomycin, teicoplanin, ampicillin, cloramphenicol, ciprofloxacin, erytyromycin,
gentamicin, penicillin, tetracyclineoll tjall 33wl & A5 (agar dilution method)& A}-&-3k
o 4SS Hrbska o MICS] #1412 NCCLSe Aol 7138t th ©] & vancomycin
MIC =4 g/ml o] W55 Adgste] Ao Abgstaint. 22l T vanAd e #5+= PFGE
9} transferbility testZ A A]38FSt).

7F FabEel A #e¥ VRE

Vancomycin MIC >4 g/ml ©]%¢] VREE % 246 7} &2 ¥ A th(Table 2). 2% 246
T = 5157 vanA 8 E. faecium(20.7%), 157} vanA & E. durans, 15457} vanCl E.
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gallinarum(62.6%), 397} vanC2/3 8 E. casseliflavus(15.8%)°] Lt}

Table 2. #2]¥ VRE

Sample type E. faecium  E. durans E. gallinarum E. casseliflavus VRE-pos.?
(sample No.) vanA vanA vanCl vanC2/3 (%)
Poultry meat (100) 44 0 42 15 68 (68)
Poultry feces (508) 7 0 77 7 89 (17.5)
Beef meat (50) 0 1 11 10 19 (38)
Pork meat (50) 0 0 17 6 20 (40)
Bovine feces (37) 0 0 0 1 1 @27
Raw milk (1981) 0 0 7 0 7 (0.3)
Total 51 1 154 39 197 (26.4)°

? Number of sample with vancomycin-resistant enterococci (VRE) by means of a

vancomycin MIC >4 g/ml;  except raw milk

L ST | I |
1) VanA & &3 59 A WA 318, PFGE typing, transferability
- A

VanA 3 VRET Hal7]ol Al 447, S2&¥olA 75, Lar7]dA 15771 22 = Ak =
7], 28 AFodes B EHA FUdtl. Vancomycin, teicoplaninol ¥t 434S Hl
7l 8 FE A9 st R A7EA o)l Al WS Bt FEF 525 KT
vancomycin® WAS HF o 505:(96.1%)7} tetracyclinedl, 495=(94.2%)7} teicoplanin®l,
485+(92.3%) 7} penicillin®]l WAS YeEFH T T3S erythromycin, ciplofloxacin, ampicillin,
chloramphenicol®] A A AN = Z+2 435:(82.6%), 407-(76.9%), 115(21.1%), 75(13.4%)7}
YAdS YeERH AL Gentamicindl & 27(3.8%)9] 2] F1ko] WA-S YERN I THTable 3).

O b
n oK

!
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Table 3. =42 E8¥ vanAd VREQ 34 WA ZA}

Poultry Poultry feces Beef meat Pork meat Bovine  Raw milk Total

Antibioti
HHblotic meat (n=44) (n=7) (n=1) (n=0) feces (n=0)  (n=0) (n=52)
52
Vancomycin 44 (100%) 7 (100%) 1 (100%)
(100%)
Teicoplani 41 (93.1%) 7 (100%) 1 (100%) 49
e1coplanin A0 (o] (o} (94.2%)
11
Ampicilllin 10 (22.7%) 1 (14%) 0
(21.1%)
7
Chloramphenicol 2 (4.5%) 5 (71%) 0
(13.4%)
) . 40
Ciprofloxacin 33 (75%) 7 (100%) 0
(76.9%)
Erythromycin 37 (84.1%) 6 (85%) 0 13
yHromy S ° (82.6%)
2
Gentamicin 1 (2.3%) 1 (14%) 0
(3.8%)
o 48
Penicillin 42 (95.5%) 6 (85%) 0
(92.3%)
, 50
Tetracycline 43 (97.7%) 7 (100%) 0
(96.1%)

PFGE EX0o] A & XoA Ea% vanAd E duransE A&l3t yw x| 5159 I
HEA A3 Aol K7HA] 117FA1 9] b4kt sfj'e] ygtt). 3182 Quantity one ver. 4.1.1.
< ol&3to] 60%° FUAHES VIFo®E uvFoHdr. HE E12F)¢ K265F)7F 7HE ol
Ao o] 7 Fo] g9 Al vanA¥ VREZ & 4 lAlth
52%¢] vanA¥ VRE®] transferability 2% Z3 23(0M 96, M 65)%Fo] 107 ~ 107 cells

per donor cell®d] WX E vancomycinA F+Ax7F A= o).
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Fig. 5. vanA¥® VRE$S] PFGE ¥ Dendrogram (Dice, UPGMA), transferability,

] | L '_—_1_ ‘o - e mve emamw o e
L M841 E P66 VaTelAmClpBPTR
’ =T — ! __ T M4k 282%  VATeCpEPTe
[ ] L_ M&2 v . 26 VaCipEI'Te
|___ T T M#43 &k 213684 WTeiCipliPTe
. — M13 & 3660 VTelCHERTo
e F3 I 26356  VoleiCiplETe
i M24d F 56256 VeTeiAmERTe
—“{___ o T M1 e B623%6  ViTeAmCIpPTo
' L___J_" e 44 ¢ 26256 VaTeiAmbPTe
S ’ M52 a 152%  WIbAMCipPTe
' — F5 1 1626 WIDANCTipEPTe
— TOM3 DEAB VUTHANMCIPEPT
= =T T M861 1 26256 WToiCpEPTe
M38 ¢ 1664 WTelAmPTe
M21 1 26128 WTaCHEPTe
...._L M2 % 26128 ValsiCCpRETs
- . M58 X 2618 VACHETa
| " F4 4 656 VaTHECHRPTS
LS K 236146 W(I'eilPTe
M 61 K 6286 VuTeCpEFTe
M48 K 256346 VaTeiCipETe
M42 K 230356 VWToiEPTe
M1§1 K 26256 VWTeAMCipEPTe
M12 L4 1625 VRTelCpEPTn
M6t R 29626 WWTeCipEPTe
F2 K 2626 VaTECCpRPTo
MI0 K - 2566  VWleCEPTe
M1 K« 2626  WTelCipPTo
[‘“ e M7 X 20626 WTsPTe
m— '} X 164 VaCipEPTe
M83 & 6296 WIeiCpEPTw
e F7 K 25624 VATECCipEGmPTe
- |> M89 K WBE WTECEFTe
_[_ [—-_—‘— ] X 256298 VeTeiCipTe
Moi K 29623 VaTeiCipiPTe
___{_"'“—“' — M8 K 26236 VeTeCpEPTe
TS ————————— M23 K 298236 WWIPTe
M842 K - 1626  VeTeiCipPTe
'___{‘"“_"—"“"—- M2 x 863 WTelEPTe
- : M87 K 266236 VaTeAmCipEPTe
M8t K 6296  VWTECPEPTe

*M: HI] EEF F: g8 23
Va, vancomycin; Tei, teicoplanin; Am, ampicillin; C, chloramphenicol; Cip, ciprofloxacin; E
erythromycin; Gm, gentamicin; P, penicillin; Te, tetracycline
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2) VanCl 3 #2159 384 W3 34

VanCl 4 E. gallinarum* $Fal7]o A 42—r, St A 775, Aa]el A 115, A 7]
ANA 177, Aol A 777 FElHAT A= FEEHA Gk 90%e EEFrt g
7EA] ool FAIAlY WS How 53/)4 e F7F 37HA ol o] A Al WS
EFItt. Vancomycin, teicoplanin, ampicillin®] WAS H<l EgF+= QY. 1365
(88.3%)7} tetracycline®ll, 955°(61.6%)7} erythromycin®ll, 825(53.2%)7} ciplofloxacinell, 54
F(35%)7} gentamicin®] WAS YEFN Y. =38 chloramphenicol, penicillin 2] @AY A o]
A% 247y 309(19.4%), 185(11.6%)7F W3S e AT (Table 4).

Table 4. &0l B8 E vanCl E. gallinarum® A WA ZA

R
L Poultry Poultry feces Beef meat Pork meat  Bovine %w Total
Antibiotic milk
meat (n=42) (n=77) (n=11) (n=17)  feces (n=0) (n=7) (n=154)
n=
Vancomycin 0 0 0 0 0 0
Teicoplanin 0 0 0 0 0 0
Ampicilllin 0 0 0 0 0 0
. 30
Chloramphenicol 5 (11.9%) 20 (256.9%) 4 (36%) 1 (5.8%) 0
(19.4%)
82
Ciprofloxacin 15(35.7%) 64(83.1%) 1 (9%) 2 (11.7%) 0 (53.29)
95
Erythromycin 31 (73.8%) 54 (70.1%) 3 (27.2%) 6 (35.2%) 1 (14%) (61.69%)
54
Gentamicin 2 (4.7%) 48 (62.3%) 1 (9%) 3 (17.6%) 0
(35%)
18
Penicillin 4 (9.5%) 12 (15.5%) 0 2 (11.7%) 0
(11.6%)
. 136
Tetracycline 39 (92.8%) 76(98.7%) 5 (45%) 13 (76.4%) 3 (42%) (83.3%)
. (¢

3) VanC2/3 ¥ w&l59 44 W4 -

VanC2/3 8 E. casseliflavus SaL7]ol A 155, & EHAAM 75, L3704 105, A
azlell A 65, & R 1F7F B EAT ARl s FElHA FRTh 77%] i
7F g7EA] o] e A Ao WAES EAow 33%e] EElF7F 37FA ol e Al WA
S YeldS T Vancomycin, teicoplanin, ampicillin®]l A< ®Hel EEFE= v 225
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(56.4%)7} tetracycline®l], 195(48.7%)7} ciplofloxacin®l, 135(33.3%)7} erythromycin®] W
S YelH T Gentamicin, penicillin, chloramphenicol®] &-AAle] thajx = zZzt 25F
(5.1%), 25(5.1%), 15(25%)"re] WA S eI St (Table 5).

Table 5. &4-&ol A B8 vanCl E. casseliflavus®] A WA FA

Poultry meat Poultry Beef meat Pork meat Bovine feces Raw milk Total

Antibioti
HHbIote (n=15) feces (n=7) (n=10) (n=6) (n=1) (n=0) (n=39)
Vancomycin 0 0 0 0 0 0
Teicoplanin 0 0 0 0 0 0
Ampicilllin 0 0 0 0 0 0
1
Chloramphenicol 0 1 (14.2%) 0 0 0
(2.5%)
19
Ciprofloxacin 6 (40%) 7 (100%) 3 (30%) 2 (33.3%) 1 (100%)
(48.7%)
13
Erythromycin 3 (20%) 6 (85.7%) 4 (40%) 0 0
(33.3%)
2
Gentamicin 1 (6.6%) 1 (14.2%) 0 0 0
(5.1%)
2
Penicillin 1 (6.6%) 0 1 (10%) 0 0
(5.1%)
22
Tetracycline 9 (60%) 7 (100%) 4 (40%) 2 (33.3%) 0
(56.4%)

3. 9AHA & FAEclA £2€ VRES A A # EAFATH 484

7h % 4 A ESFH VRE 8

2000-2001 Abole] JA3kx} 50 ] A A API-Strep kit #AAReE A AR A
VREZ} #g5%ew VREZF #dl9 #HAE AW(urine) 349, 4 (wound site) 114,
(Bile) 2¢], A9 JFHE AV catheter) 29, N (Blood) 1912, VRE 7459 HHEES &
A UTDHY 479 (wound infection)e] Yttt ¥ oFY FTHE E. faecium©] 397
E. faecalis 95, E. gallinarum, E. casseliflavus?} Z+ZF 15593, 74 HAAF A VanA &
Aol 76%, Van B @ F o] 20%E A=At

O:

kot
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Table 6. FHA ] TR/l wE VRES #255 (2000-2001)
AA FH7 T(%)
Urine 34 (68%)
Wound 11 (22%)
IV catheter 2 (4%)
Bile 2 (4%)
Blood 1 (2%)
Total 50 (100%)
Table 7. AdA4#HA 2] enterococci & % vancomycin WA Foll u©}2 VRE #gF9 ¥
vancomycin WA &
TE
Van A Van B Van C
E. faecium 31 8 0
E. faecalis 7 2 0
E. gallinarum 0 0 1
E. casseliflavus 0 0 1

Table 79] A3 = API-Strep kit 7AMe} E-test S AA A AALA T 93 Aoz A
A 507 &, A77IFT HETE 45 T UMHA 20~r°ﬂ Eﬂ’éﬂ’ﬂ% A Agg el
w2} PCRE 538 75 SAHS A5ttt PCRE 3 HAAMY 2057 B5 vanA type E.
faeciumol 2. API-Strep kit #HAFS} E-test 6“311] A AAMS VanBd T E
faecalis® A RuHAY #F% EF vanA E. faeciumo. 2 FE FA ¥ AH Table )
U ddAAESRE VREZE 229 skt A s 49984 AR (ol , 9
Aol FAA AFEE, WA AHEE, A g B o5

200010l A 2001 A% Afelof] 50 ] < Bt A VREZ} ﬂE]ML A, F A" 60
Al, 82%7F 5041 o] arwolleon P el Agul= dAdo] 58% = thA Edth EYE A
= 46%7F Aol o YA Ak HEo| ]ﬂ’“ﬂoiﬂ T 22 (44%)
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oFd A g 1041(20%), 21 A H 3k 2440 (48%), AlF-7 164(32%) & °l Atk 30%(1578)ol A
FAA 7S ANFZPe=d A B FAE teicoplanin(s), chloramphenicol(1), doxycycline(2),

=z
linezolid(4), synercid(3) & ©] At A &S 36%(1878) ] it
ot A7 A 9] VRES #¢
AR AEe] Wdst A7l 200 o] iy HA A kA A EE HAR] whe F

F2 02 VRE 25(1%) (vanC2 genotype, E. casseliflavus)’} 2] 5 1 tH(Table 8).

gt SAtE 2 5E VRES &9

Vancomycin 6 pg/mle] E3F% Enterococcosel agar platel] A vanomycin WA 5% &3
3} API-Strep kit, pyr test, PCR, motility test, yvellow pigmentation test® & A

skt

D A o, &, A o HA 150708 w4 VRE 225(15%)7F el = d=d o
W E = Enteroccus faecium 15, E. gallinarum 155, E. casseliflavus 657} 25t}
A erarz] 15mkele] EulE wiE AR 9nFE](60%) o A1 Enteroccus faecium(vanA type)©l
2] 5 Yl tH(Table 8).

Table 8. VRES] &3 WA 43

Number of strains from:

Vancomycin Animal Human
Resistance Species
Hospitalized
Genotype Animal stool Chicken meat | Healthy people OST, 4 ?e
patien
(N=150) (N=15) (N=200)
(N=20)
E. faecium 1 9 0 20
vanA )
E. faecalis 0 0 0 0
E. faecium 0 0 0 0
vanB )
E. faecalis 0 0 0 0
vanCl E. gallinarum 15 0 0 0
vanC2 E. casseliflavus 6 0 2 0
Total 22 (14.7%) 9 (60%) 2 (1%) 20

« 4 BT 505 TolA HAE de 7 UAJE 205

(79 w25 THEFE Zeld VRES FA4A A AAL

il

T
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VREx 47delA #2¥ VRE 505 & AAE 22 5 AAND 205, A4 20084 &
g5 27, 7t A 89 3157 T F

erythromycin, tetracycline, chloramphenicol®] t3d}e] NCCLS 7]+ FHAFHo| 23t agar
dilution method® MICE FA}s}a, gentamicin® streptomycine MIC7} >128ug/mle] 74 %
A=Al tiste] AAFsktH(Table 9).

1) 7} di¥ AA #8 VRE 225% vancomycin®l A% WA (MICsoe0: 8 pg/ml),
teicoplanin(MICsog0: 0.25/1 pg/mbDell A4S Holy tetracycline(MICsoo0: 64/128 pg/ml),
streptomycin(MICspe0:  >128/>128  pg/mDS  #A|1¢Y3F  ampicillin,  erythromycin®}
chloramphenicol Sol% Z+5A & Axo YAS HYtt

2) A¥ar] E¥lE ¥8 VRE 959 H$E EF vandA¥d = vancomycin(MICsog:
>128/>128 pg/ml), teicoplanin(MICspeo: >128/>128 pg/ml)S ESHSE tF-Fof Ao
& Btk

3) A7 # g VRE 2% vancomycinol AX=9 WA (MICs00: Spg/ml), teicoplanin
(MICso90:  0.25/1pg/mbel  #5A4S Heolw, Hd  ampicillin(MICsom0:  4/8pg/ml) 2}
tetracycline(MICso90:  0.25/0.51g/ml), erythromycin(MICspg0:  1/1gg/ml), chloramphenicol
(MICso/00: 2/2ug/ml), gentamicin(MICsog0: 4/8ug/ml), streptomycin(MICspg0: 32 pg/ml) Sl

= 44 EE AR Yye B

= 5359 W8] vancomycin, teicoplanin, ampicillin,

4) BT vanABl 44 &8 VRE 2079 A5, A Har] FuE Rk 2o
vancomycin(MICsogo: >128/>128 pg/ml), teicoplanin (MICseo: 16/128 pg/ml)-S E3oH3F o i

o] FAAle WS EAith

SolstAE 7H5 8 F+ tetracycline?l
e Fok A Y F OEF R A =5 =
bl A el E van A 2F ol9d EF S B
VanA E. faecium #3250 o1, AbgolAl &g (A 8 207)¢F TEElA &
Zl¥ 105 Aleole &FAA A AbolE vl erythromycin?t ampicillin® AFgF 2}

ZhEol A BEF 100% WA S ®H A9 chloramphenicols WA Eo] ¢ wrotar Al A=

e or

BE AFEAES BAYGAFE/7EE, 0/20% p=0.038). Tetracycline®} streptomycing 7}3 ol A
Z+ZF 100% WAS Bout AlZolAe Ay or Aol A I(tetracycline 15%, p=
<

0.001; streptomycin, 25% p=<0.001), gentamicin® A$E 238 Al YA ES] ¢
=k th (p=<0.001, Figure 6).

Hir
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Table 9. 7t% 2 Abgt #2) VRE®] 44 354 A4 A3}

Animal Human
. Intestinal Hospitalized
Animal stool . Healthy people .
(N=22) secretion (N=2) patient
(N=9) (N=20)
MIC 50 MIC 90 MIC 50 MIC 90 | MIC 50 MIC 90 MIC 50 MIC 90
(ug/mb)  (ug/m)  (ug/mb)  (ug/ml) | (ug/ml) (ug/mb) (ug/ml)  (ug/ml)
Vancomycin 8 8 >128 >128 8 8 >128 >128
Teicoplanin 0.25 1 >128 >128 0.25 1 16 128
Tetracyclin 64 128 128 >128 0.25 05 05 16
Erythromycin 05 >128 >128 >128 1 1 >128 >128
Chloramphenicol 2 4 8 64 2 2 4 16
Ampicillin 16 16 >128 >128 4 3 >128 >128
Gentamicin 8 >128 32 >128 4 8 >128 >128
Streptomycin >128 >128 >128 >128 32 32 64 >128

Figure 6. Abgtat 7FSroll A #2]¥ vanA VRE®] &AA 747 vl

00 o0 q00 100 100 100

=

ccBEEE8E838EE

(9) BoUE|SISaY

TE En Ab Ch G

TE, tetracycline; EM, erythromycin; AM, ampicillin, CM, chloramphenicol; GM,

gentamicin, SM, streptomycin
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O

AekA ey A

o

ar =
3 QAAAF $F £HLPE Lel¥ VRES PFGES o &% L4444
=

7F VanA 259 PFGE %47 &4

VanA 73438 VRE(E. faecium) 305 (44382 207, 7F5uid 15, ASr] 248 95)
& o PFGEE Al #stddth VanA 259 PFGE ¥32 2435 w0 12714 24
FHA-D) oz AT A 59 45 20579 PFGE &3] 97H4 2% E(A-D
2 oA verson & 7 faEEe] FEEAA Wol yYEUA] gtk A Harv]
HlE 8 VRE 979 A9+ J3 55, K¥ £+ 1 o1y 35, LY 152 YEewt. 75
i A 22 VRE 1575 4 28 79 22 2438 e oy s HolAl= FSkARE
A gar)e] Ly e #A43 S B v (Figure 7).

VanA VRE®] PFGE ¥74& #4% 23 o4 F859 25 wg oS vegon
gk 7HA] Yol FEEXAA wWeol YEuAE Ut webA A o Fo 4 Au Bos
plasmidell o3t WA FHdAe] 3 dupo] 7hsAdol ki A4 4 vk shARE A
7] M= EEFe A% 957F 37HA PEGE o= dFoA dAst=
T 7S W A 2 5ok PFGE &7de] dAlsslv. webA 7459
T F2 Aot WA FHAY] 8 Ay 7beAds B AAE B ¢ dAth

O

II‘

SN

Figure 7. PFGE patterns of vanA E. faecium isolates

Al A Bl B2 B3 C1 D1 E1 FI1 &1 HI I 1 J2 KI K2 L1 Ll
O3 O 0y A 0 0y €0 470 €3 €0 @y @@ o & @

A1711, human; J17KZ2, intestinal secretion; L1, intestinal secretion & animal stool
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W) VanC #2159 PFGE 474 4

VanCIl3 vanC2 &3 ¢ PFGE 23 dAst= o5+ gllem thdstAl verst

2) YAAA 2 F=AEA E#® VRE 759 overlapping PCRE ©] &3 vanA gene
cluster(Tnl541-like element) mapping 2 3}

VanA gene cluster®] 34 tdAdS 57H o2 U5ds o, 94 8 F9 A5
type 1(Tni5463 EA)ol =Wl 7F 2L vl 25, type 2(wanS<F vanHAFolol 1S1251 &=A))
o ul= 105, type 3(orf29 vank Atolol 1S1542 EA)o| = 255, type 4(orf2} vanR At
olo IS1542, vanX et vanYAbelol 1S1216V &A) =W 125, type 5(vanY, vanZ A}olel| W
o) =l 977} EExHAT Il FE 30FE 47HA] Fo= Yo, type 4 125, type
595, type 1 75 % type 3 25 oz EIXHQL. oA By FoE= gy E0MERF
w8 2779 A= dFE type 1 wro] #F HAARE FulelA FH 59 2001 HiE
Lok 2 AE Aol A 100%  type 102 R 3 A @l type 57 A FE HA

Figure 8. Dendrogram of vanA E.faecium isolates

Al~11, human; J1~K2, raw chicken meat; L1, animal & raw chicken meat

A =Y Fo A UE0tER) w8 7ok 98 vand gene cluster®] FHA A
S BHYon JFE0UtERF) w8 FodA 2 type 1°] FEHAA ®o] JAFAZ= o)
upepa] ol A 7kA] Ul o] g ThSol A Abg o wkswholAl WA fzke] 3 Hoke] 7t

SAe B4 2o Aow Azgwd.
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Table 10. vanA gene cluster(Tnl1541-like element) ¢ A% thekig B4

type
type 1 type 2 type 3 type 4 type 5
source
Clinical isolates Korea (30) ! - 2 12 )
(42) USA (12) 2 10 - - -
Meat secretion

. 25 - - - 1

Poultry isolates (26)
@7 Stool (1) 1 - - - -
total (69) 35 10 2 12 10

A5H E. coli®l W73 Ad A+

LEEAAZHEEE AN T ZFAANA

N

b 884 WAt A=

N 2

SR ddow Ry AASS YEle= A WA EedE 884 E coli
5655 715 Wol blood Al hemolysis &4 olF& &g A3 F 56 #F5F F 38
T (67.8%) wrol hemolysisg @4ddt= Aoz UeyY o5 §94
SHAe] AE didew shdidh

uos=Ey E5e F4A U4

S84 AT AAHAY ol f7] =A< HASS FEdsteE 7 RAAQ] dFEE 4y
A rl, o] #Fo) 93 7d=9 XFAE broad-spectrum FAAAES ALEE I ) A
A A2 WA T s SHete o2 AZEI ) oo B A= HAANS
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S e A 2RE EaE A g 3859 qAA WA AES 2t (Table
D 7 =& WAdES Yeldle dRAI=  tetracyclin (94.7%), ampicillin - (71.0%),
chloramphenicol (68.4%), trimethoprim (55.2%) <% & eyt HE3 ZE 3o A
aztreonam, amikacin, norfloxacin®l thalA = A Aoz velwtt) 570 o] Ate] A
o sl WS 7IA+= v AlNA (multiple drug resistance)2 X<l ¥+ 38 ¥+ 5 14
T (36.8%)% EMSETE Tetracyclins® aminoglycosides Al el A7 2 = =9 7
T AEAY AFFIAZ Bol AREHIL Q7] wZol ojefd ALY FAAd gk WA
o] ¢ =S Aow daFEon Adlo| el o] 94.7%7} tetracyclin®] Wis] WAAS
EFWl 3, 17%7}F gentamicin WA, 14%7F Z+Z} neomycin@} kanamycin®] 3] WA S e
}.

Table 1. Antimicrobial resistance phenotypes of swine E. coli isolates

Class and . )
antimicrobial Resistant strains (%) MIC50 MIC90 Ranges

Penicillins

Ampicillin 27 71.0 >128 >128 87 >128
fi-Lactam

Cephalothin 11 289 16 32 4~ 32
Monobactams

Aztreonam 0 0.0 <0.25 <0.25 <0.25 7 <0.25
Aminoglycosides

Gentamicin 17 44.7 4 32 <0.25 7 32

Amikacin 0 0.0 2 4 0578

Kanamycin 14 36.8 4 >128 0.5 7 >128

Neomycin 14 36.8 4 32 17 128
Tetracyclines

Tetracycline 36 94.7 128 128 4~ >128
Fluoroquinolones

Norfloxacin 0 0.0 2 4 <025 7 8
Phenicols
Chloramphenicol 26 63.4 128 >128 17~ >128

Folate Pathway inhibitors
Trimethoprim 21 55.2 >128 >128 <0.25 7 >128
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t}. B-Lactamase AAF 2] A

>

PenicillinZl &8 Aol W4 71de] syl f-lactamases Aol F-E Flgtazat
nitrocefin testE AA|SATE &49] 7|A=Z FE3F= nitrocefing ZH7Fe] w9 crude
extractoll 2 gs A3} FF F 34 (89.5%) W7t ¥A WSS YEY B-lactamases AAF
St Ao 2 YEelrWt o592 ampicillindl Wik HAGA FE== 16914 128 pg/mée]d3}
cephalothin®l] ™3t A AFEE= 404 32 pg/m o2 Tkt Al LFERSE

o] ¥ cephalothin®] W& HAGA F=7F 32 pg/ml 1420 10 wFo] A e o9

plE &ldl7] 98] IEFE 2Ae 2y BFo|A pl 82 olAo|At}. o] TEM-1, pl 5.4;
SHV-1, pI 7.6, CTX-M-1, pI 89; AmpC, pl 80 ©]&< A3} wluste] AmpC typed] [
-lactamases AT Aoz FFHHQTE ol&d tidl AmpCE T3 + U+ primer=

PCRE A3 Ay BFoA AmpC-like typeel [i-lactamase”}
£3] AmpC-like type?] [-lactamase”} Zet2v|=dd Q&R ARZRE A A &
Agk A3} B plasmid el EA8E Aoz gdH )

2}, ESBL A2t 9] AW

f-LactamaseE AAFsteE F FolA ESBLE AatsteE 371 £A8=4] &2135t7] 9
3l double disk synergy test® A3}t DisksT cefotaxime, cefotaxime¥} clavulanic
acid, ceftazidime, ceftazidime¥} clavulanic acid 7} AF&% 1tk NCCLS A do ZA3E &<l
39S Wl 56 oA ESBLE AAtsteE & skt glSith

ot
o

v}, Toxin % =}

Hx1o] HAlES f-EslsE A F2 EH X+ enterotoxind} verotoxin FFAAS] &
A oJHE 23 A= Table 29F Zr). ST geneo] 7FF ©& 337 F (86.8 %)l A e

Wi, I g o & VT gene®| 14 isolates (39.5%), VTe gene°] 14 ¥ (39.5%), 18 L
LT gene°| 13 ©F (34.2%) A YElST o5 FolAl 10 (26.3%) -+ STH 1 (2.6%)
T LT, 1 (26%) 5+ VTe Wk 12 (31.6%) T LT STE, 10 (26.3%) T+
ST, VT, VTeE, 3 (7.9%) @5 VT VTeg, 18al 1 (26%) 5% ST9 VIE T4
of Atete= Ao 2 e
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Table 2. Toxins produced by hemolytic E. coli

Toxin No. (%)

LT, ST, VT, VTe _

LT, ST, VTe _
ST, VT, VTe 10 (26%)
LT, ST 12 (32%)
VT, VTe 3 (8%)
ST, VT 1 (3%)
LT 1 (3%)
ST 10 (26%)
VTe 1 (3%)
VT _

Total 38 (100%)

v gl o % toxin A A

Filter binding el wte} toxin FH4 AEAdE DAtk Al aztreonam W7,
trimethoprim #5449 F T (98-1, 98-25)8 WA FAAAZ &}, aztreonam #H54,
trimethoprim W/l ESBLS AAtst= A& E coli (152)5 WA FoAA= AE-3HS
o} A29"2 aztreonam WA, kanamycin ZAdQl Wl o5 (97-22, 98-1, 98-27, 98-28)&
W4 el 73 &3, aztreonam 744, kanamycin W41 ESBLE Atelt l4¥el E
coli + F (89, 13DE WA Fox= A&stddvh. oZFH ST toxing 7H 10719
transconjugantsZ At o] 59 GAR Ao AL sty s IR MICE 233t

Ay Table 3¢ 2t}
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Table 3. Antimicrobial susceptibilities of E. coli animal and clinical isolates, animal

isolate, and their transconjugants

Amp®  Azt” Cep® cefta® cefot® cfx’ Gen® Ami" Neo' Kan' Nor® Tet ChI™ Tri" Str°

97-22 >128 <025 16 1 >025 8 1 2 05 >128 128 >128 >128 >128 >128
98-1 >128 <025 8 1 >025 4 2 2 64 >128 1 >128 64 >128 128
98-25 >128 <025 2 1 >0.25 2 8 1 16 >128 <0.25 >128 >128 >128 32
98-27 >128 <025 2 1 >0.25 2 8 1 16 >128 <0.25 >128 >128 >128 128
98-28 >128 <025 2 1 >025 2 16 1 64 >128 <0.25 >128 >128 >128 128
152 >128 4 128 >128 128 2 64 2 16 >128 <0.25 >128 4  >128 128
89 >128 8 >128 32 32 2 >128 >128 128 >128 64 >128 128 >128 64
131 >128 <025 32 32 8 2 32 2 0.5 4 <025 >128 2  >025 4
TC1
>128 4 128 128 4 4 32 2 64 >128 2 >128 64 >128 >128
(98-1—152)
TC2
>128 8 128 >128 8 4 32 1 32 >128 05 >128 128 >128 128
(98-25—152)
TC3
>128 8 >128 16 128 2 2 2 64 >128 <0.25 >128 >128 0.5 128
(97-22—89)
TC4
>128 4 >128 16 8 4 2 2 64 >128 1 128 128 >128 >128
(98-1—89)
TC5
>128 2 >128 16 8 2 8 1 32 >128 <0.25 >128 >128 >128 >128
(98-27—89)
TC6
>128 2 >128 16 8 2 8 1 32 >128 05 >128 >128 >128 128
(98-28—89)
TC7
>128 2 32 32 4 2 16 2 32 >128 05 >128 >128 <0.25 128
(97-22—131)
TC8
>128 2 128 32 16 4 32 2 64 >128 2 >128 64 >128 128
(98-1—131)
TC9
>128 2 32 128 4 2 32 1 32 >128 1  >128 >128 >128 >128
(98-27—131)
TC10

>128 2 32 128 4 4 32 1 32 >128 1 >128 >128 >128 >128
(98-28—131)

a, Ampicillin; b, Aztreonam; c, Cephalothin; d, ceftazidime; e, cefotaxime; f, cefoxitin; g,
Gentamicin; h, Amikacin; 1, Neomycin;, j, Kanamycin;, k, Norfloxacin; 1, Tetracyclin;, m,

Chloromphenicol; n, Trimethoprime; o, Streptomycin
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A 8HY BA

00{‘

84S ol&ste SHWNES S YIS BAS Ay @ 177F(447%) ®Ho
serotyping 3, YA T4 = nontypable 33T Serotype©] #-F% hemolytic E.
coli ©] O serogroup "¢ t}st Aoz UElytH(Table 4). 71 ©2 oz yeld O
serogroup< 2}z 2 571 0-27, O-63, 0114111, serogroup O-18 0O-78, 0O-115, 0-125,

0-126, 0-127, O-148, 0-153, O-157, O-158, O-1677} Zt7} 1 #F4 oAt HHA o=

serogroups O-157, 0O-148, 0-20, O-78, 0O-128, O-6, O-8, O-157} ETEC®} ##HU= Ao
2 dHA oy B Ay AR 3R TdFoA & 3 7FE olE EHYS R T

7F gl Ao 2 Ykt

H serogroup® Z ¥+ Table 53 #Zt}. H serogroupdl A= 16 5 (42.1%)%ko] 75
a4 TFo)M+=nonmotile, 18 T FolA= H nontypeable ©|Ath. 71 B3l
serogroups< 4 oA H-4, 4 TFolA H-10, 3 ¥FolA H-93 H-40 o]lem, 1
Foll A H-19% H-200] At

Moo 32

H-7 serogroups §lE Ao® Yeiwon 1 #FoA 0-157 serotypes YEFW oW
H-19 serotype?l Aoz E1Fo] EWHS TAE glv A2 YEyt)

Table 4. O-serotypes of hemolytic E. coli

O type No. (%)
0-18
0-27
0-63
0O-78
O-114
O-115
0-125
0-126
0-127
0-148
0-153
0-157
0-158
0-167 1

17 (44.7%)

e e e e e T o T = = N B G B NG T =
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Table 5. H-serotypes of hemolytic E. coli

H type No. (%)
H-4 4
H-9 3

H-10 4
H-19 1
H-20 1
H-40 3

16 (42.1%)

o}, Plasmid & ¥4
4394 A SH=v= JHle Fig 19 2t}

Fig. 1. Plasmid profiles of hemolytic E. coli. Marker, supercoiled marker

T= Y T AME A Hd FAsS g<9lstr] 918 human T-24 bladder cell#}

st A= Table 69 2t} 16 w5 (42.1%)7}
bladder cellell 73F 5z
cello]l e} Z3st F2ss 7kl Ao R
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Table 6. Adherent activity of the hemolytic E. coli to T-24 human bladder cells and

Caco—2 intestinal cells

Number of adherent bacteria®

Isolate No.

T-24 cells Caco—2 cells

97-1 119.6 4135
97-2 285.9 407.8
97-3 2759 369.4
97-5 8.8 141.2
97-6 1385 100.3
97-8 4.1 4.0
97-10 90.1 120.9
97-11 54.2 81.8
97-15 6.5 109.1
97-16 29.5 86.0
97-17 78.5 158
97-18 180.9 246.3
97-20 584.8 136.4
97-22 82.9 178.8
97-26 0.0 6.8
97-27 74.3 253.1
97-29 219.2 85.7
97-30 15 31.1
97-31 208.4 255.5
97-32 727.0 166.4
97-40 155.2 4.0
98-1 72 2.3
98-2 99.4 2.6
98-17 31.8 150.0
98-18 20.1 3.6
98-19 4.4 3.6
98-25 19.7 8.6
98-26 107.8 7.4
98-27 11.9 30.4
98-28 5.2 62.8
98-29 28.6 174
98-30 30.7 9.0
98-31 60.7 9.0
98-32 101.8 2.8
98-33 533.6 156.7
98-34 581.7 2.8
98-35 405.3 129.9
98-36 663.0 2772

a, Mean numbers of adhering E. coli per 20 fields.
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2.5 A £ E &8 U 9 aminoglycoside Al A A A
FEZHEH 8% E coli® aminoglycosideZ] & A sl WAL 7IAE 55 iy
j\_o

o2 I WA7IAS otstaat o] PCR ¥F2S o] 83 aminoglycoside W3 &

%} integron gene cassetteS A &3t}

7. @59

Jm

3

199733} 1998\d Apolell MHALSS el A BERozRy Fod £34 E
3B TF T 17 dF (44.7%)7} gentamicin®] W] WAES eI, o 17 TFE
aminoglycosideZ] &AA W 711 Ao didoz st

. Aminoglycoside &8 & 49 HE

Aminoglycoside WA 5 175 A2 2 PCRE ©] €3] aminoglycoside W3 & 49
A& AEE g9t 2 A3 13 =7} amino”’] & acetyls} 3= acetyltransferase (AAC)
E, 8 7} amino”’|E& <143}l phosphotransferase I (APH D=, 5 w57}
phosphotransferase II (APH IDE 7[A| 1 & Aoz Yehykt)

t}. Integron St E. coli

Integrons st Ae=A &dst7] 98ke] int genes®] conserved regionsS %3 A
I} g8 S e gentamicin Wd wedd wHF F 17 *dF T 16 w5 (94.1%)7)
integron TR Y= Ao UETh 53 16 #F F 8 #FE FTehzus g 7}
A = Aew SRIHAT

F

Z}. Gene cassette regions® E4

r-{m

Class 1% class 2 integrons®| G435 detelr] 9&] PCRE S%s 23 55 £
oA gene cassette regions< 2 T (97-103 98-19)= A3 14 FF7} class 1
integrone 7} Ao 2 YERLal, class 2 integrong 7HH #FE o 3 FFE (T
Gene cassette region®] Z7]E 1.2 kbollA 25 kbE t%atA Welwth (Fig. 2). class 1
integronS 7}% 14 75+ gene cassette region®] Z7]e| wel A 472 FEES F o
.1 ¥5= 25 kb, 3 #5F5 2 kb, 3 ¥E= 18 kb, 8 #F& 1.2 kb 9] gene cassetteE
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ul. Gene cassette regions®] 474 <E #4

Integron®ll 1+ gene cassettes T 3stLAL dto], §& 8 2 ¥F (98-18, 98-25)& Al

A7 E EAskAT 1 A dF
98-18%} 98-25¢] 3+ gene cassette™ streptomycin® spectinomycinol] WA S UE =
aadAl gene cassette® ¢l % ]t}

¥ PCREZ FZ®class 1 gene cassette regions2

Fig. 2. PCR products of different 15 gene cassettes in class 1 integrons of aminal
isolates of E. coli. M, 1 kb DNA marker , 97-10 was not detected class 1 integron.

IT-84
8T-24
5786
aT-g24
li-g8d
ol 11
ar-gd
2

TE-BG

TE-24
TE-L4
aT-%24
2

aT-ld

——
———
——
—
—
—
m—
o

3. 9BEE E. coli 7 #F9 FAA WA B4

F 23379 AN E. coli 7F-Hl 1845 (78.9%)% ampicillindl] Hisl W4-& verRon, 80
T (34.3%)= cephalothinell, 93+ (39.9%) gentamicin®l, =g 7357 (31.3%)=
norfloxacin® tHa]l WAS detdllth o5 MICs¥ MICy <= tS3 2th(Table 7).
Ampicillin (MICg >128 pg/ml)S WM 32 pg/ml o] Ao Al tjF-2e] #3o 3] &

k
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Al S YE A E3F whdo| cephalothin, gentamicin, norfloxacin< 22}t
W] 32 pg/mbo] (cephalothin), 16 pg/mlo]% (gentamicin, norfloxacin)ol A 60% ©°]%
el i EAAQ e s YEhdl= o E YEYT 53], 7 #F 3.0%)= 47H4] &
AAe] el 1=WHA (128 pg/meold)S e T

1o ox

Table 7. Comparison of antimicrobial susceptibility among 233 clinical isolates of

Escherichia coli

Antimicrobial agents MIC50 MIC90 Range (ug/ml)
Ampicillin >128 >128 05~ >128
Cephalothin 16 >128 <0.25 7™>128
Gentamicin 4 128 <0.25 7>128
Norfloxacin <0.25 >128 <0.25 7>128

7}. Double-disk synergy test (DDST)E %3} ESBL A4t F9o A&

ZF 23359 LA E. coli FAA 17 5 (7.3%)7F DDST FAdsS Yt olg dF&
ampicillin®} cephalothin®] ta] WAS YELWLE o|FolA 5 T35 4714 A A s
A=A (G128 pg/ml)& WERHY. ESBL AAbstseol el = 671+ @Al tisf F7F
Hoz MIC AFS ddstsitt Table 8elA 9t o], 13 #F (765%)= multi-drug
resistance (MDR)E UYEly oL Qlth ey ol5 &+ © 1 #Frko] cefoxitindll, 3 57}
cefotaxime®l], 8 57} ceftazidimeo] w3l WA S e AT

L}, Isoelectric focusing gel electrophoresis (IFE)
plE ZA7Ast7] fal IEFE AAIg A3 54004 847hA thksk pl #tS YEUlen o=
HEHI11 ¥+ 64.7%)= TEME 2 #F (11.7%)= TEM¥ AmpC; 2 5 (11.7%)= TEM

7 OXA; 1 #F (56.8%)= TEM, CTX-M 18312 AmpC; 1 #5F (5.8%)= AmpCES A2ks}
= Aoz FA3Y T (Table 8, Table 9, Fig. 3).
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Table 8. Antimicrobial susceptibilities, pls and type of ESBLs of E. coli isolates and the
type of ESBLs

MIC (ug/me)

No. - - pl Type of ESBL
Amp® Cep® Gen® Nor® Tet® Chl' Trif Cef*® Ctx' Cft
14 >128 >128 8 64 2 8 <025 8 <02 05 54 TEM-1
>12 >12
15 >128 64 64 64 - 32 1 <025<025 54 80 TEM-1 AmpC
>12 >12
20 >128 128 64 05 . 32 8 32 128 54 59 TEM-52
>12
25  >128 >128 64 <025 4 g 32 4 8 32 54 59 TEM-52
>12 >12 >12
81 >128 >128 . >128 . 32 8 2 64 54 TEM-1
>12 >12 >12
86  >128 >128 < 1 . 32 8 8 32 59 TEM-52
89 >128 >128 4 <025 2 8 05 2 64 2 54 80 TEM-1 AmpC
>12 >12
9%  >128 >128 o >128 g 8 32 >128 16 8 54 80 TEM-1 OXA-33
>12 >12 >12
98  >128 >128 o >128 - 32 4 16 16 54 TEM-1
>12 >12 >12
120 >128 32 o >128 . 32 16 >128 128 8.0 AmpC
>12 >12 >12
129 >128 >128 o 2 . 32 16 16 32 54 59 TEM-1
>12
131 >128 128 64 <025 2 4 <025 1 <025 2 5.4 TEM-15
152 >128 >128 128 <025 128 8 <025 2 16 32 54 59 TEM-20
>12 >12 54 59
154  >128 >128 < >128 128 g <025 4 16 2 - TEM-1 0XA-30
>12 >12 >12 5.4 8.0
168  >128 >128 128 32 2 64 4 TEM-1 CTX-M-3 AmpC
3 8 8 8.4
>12
205 >128 64 1 05 128 g 32 2 32 4 5.4 TEM-1
>12
221  >128 >128 o <025 2 32 32 2 8 32 54 59 TEM-52

a, ampicillin, b, cephalothin; ¢, gentamicin, d, norfloxacin; e, tetracycline f,

choloramphenicol; g, trimethoprim; h, cefoxitin; i, cefotaxime; j, ceftazidime

t}. ESBLY 9714

1

=

f-lactamase & A4l FRAAE PCRE $H310] 97|AES
1

o s A3} TEMS A
AaleE AoR FAR #F F 10 7FF (588%)= TEM-1 like,

\=]
w5 (6.9%)= TEM-15,
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1 ¥ 6.9%)E TEM-20, 4 7 (235%)= TEM-52& Aitsl= Aoz vEET OXA
types YENE F #F £ 1 755 OXA-1¥% & 3+d amino acid?e] & OXA-30
[Arg(AGA)131-Gly(GGA)I°1 3, 1 ¥t OXA-13 amino acid’} Alad8(GCA)—
Val(GTA), Arg(AGA)131—Gly(GGA), Asp(GAT)208—Glu(GGA)2 Al+d t& OXA-33
= AAksksith

CTX-M type ESBL& Aritet= s 47149 423 CTX-M-32.2 YERH. o=
CTX-M-13 w3 Val(GTT)—>77Ala(GCT), Asp(GAT)114—Asn(AAT), Ser(TCT)—
Ala(GCT), Asn(AAT)288—Asp(GAT)e] Ul wdamino acid 7} t}& Aoz delx Ut
AmpC type®] ESBLS AAalsl:= #5E 2% chromosomal AmpC typed] ESBLS A Alsh
= Ao® yeuth

Table 9. Distribution of ESBL produced by clinical isolates of E. coli

ESBL type No. of isolates
TEM-1 5
TEM-15 1
TEM-20 1
TEM-52 4
TEM-1 + AmpC 2

1

1

1

1

TEM-1 + OXA-30

TEM-1 + OXA-33

TEM-1 + CTX-M-3 + AmpC

AmpC

Total 17

Fig. 3.PCR with specific primers to TEM. M, molecular size marker.

M 14 15 20 25 81 8 8 96 98 M 120 129 131 152 154 168 205 221 M

i

- 122 -



O I

Filter binding  TEM FAdA7F 55258 &8
H E colidl AEE s Aoz AL} ol 59 dAA A sk MIC= Table 103 -t}

g
=2
1o,
:Oé
=
oX,
[
i
>,
o
o
(1
>,
o ol
iR

Table 10. Antimicrobial susceptibilities of E. coli clinical isolates, animal isolate, and

their transconjugants

Amp®  Azt®  Cep® cefta’ cefoe cfx’ Gen® Nor" Tet! Chl’ Tri®

25 >128 2 64 128 32 2 32 0.5 8 >128  >128
221 >128 4 >128  >128 128 4 64 <0.25 8 32 >128
97-32 4 <0.25 16 05 <025 4 8 0.5 >128 2 <0.25
TC1
>128 2 32 128 128 2 32 0.5 >128  >128  >128
(25—97-32)
TC2
>128 <0.25 32 2 <0.25 2 64 0.5 >128 32 >128

(221—97-32)
a, Ampicillin; b, Aztreonam; c, Cephalothin; d, ceftazidime; e, cefotaxime; f, cefoxitin;, g,

Gentamicin; h, Norfloxacin; 1, Tetracyclin; j, Chloromphenicol; k, Trimethoprim

vl RAPD$} PFGEE o] &3k 4 42 &4

f
ol

i

o] mjg Y

RAPD$} PFGE #¥H &

2 Zyzko]l o] A ot
et, PFGE A3} 94 o5 &5 3tel
2 Yely o] &9 clonal spreadi= ofd A

A gk Ay 17 #F9 ESBL-AAt E. coli &
o ol (Fig. 4). RAPD A3} o}

(
e ] tepgel v e A

it oy
T
flo
N

Hr HE

fo 2
v

o

o
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Fig. 4. RAPD pattern of chromosomal DNA and their phylogeny.

M 14 156 20 25 81 8689 96 93 M 120 129 131 152 154 168 205 221 M

12% — —

205 1 1,
229

e
—y

152 * 1
5 T
25
s:I—].

18 t
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Fig. 5. PFGE pattern of genomic DNA digested with Xbal and their phylogeny.

M 14 156 20 25 81 8689 96 93 M 120 129 131 152 154 168 205 221 M

-
3 &8

|
11 B
I B

@ 4 & 8 % 8 ha
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4. 94N A £8 9 Escherichiacoli® =27 A A

Aol Al ¥l E coli & quinoloneZ @A Ao WS 7= 5o dig WAd 71ds
sotsl 1 Ab 3k quinoloneA A4 99 (QRDR)| thdt gyrdA9 Wol¢} quinoloneA] 9 &
=5 | ¥+ topoisomerase IVE W=+ FAA parCe] WolE gQ1staxl &t}
SHA wF FapAdoll dolste ov gwd s FElste] 1 o siel ) FAA WY AAE

Ao

%

7}. Fluoroquinolone®l] © g+ WA

% 23379 A4 E coli 7}l norfloxacin 3] WA S YeElN = 64 5ol disids F
7}2 A 349t 44 fluoroquinolone Al B el &A1 ciprofloxacin, ofloxacin,
gemifloxacin, sparfloxacin, trovafloxacino] ™3+ d-AA MICES =A3ct. L 23 64
F I ciprofloxacin, ofloxacin, gemifloxacin, sparfloxacin, trovafloxacin®]| th3] WA &
Bt Itk (Table 11). ©152] MIC5¥ MICy > Table 12l 7] st Sitt.

Table 11. Antibiotic susceptibilities of E. coli isolates investigated in this study

MIC
NFLX* CPFX" OFLX" GMFX“ SPFX*® TVFX'

3 16 8 8 4 8 8

5 16 8 8 4 8 8

9 64 32 32 8 32 16
10 >128 128 32 8 32 16
14 64 16 32 8 16 16
15 64 64 32 8 32 16
29 >128 >128 64 8 16 64
34 >128 >128 128 32 >128 128
39 >128 128 128 32 128 64
41 64 32 32 8 16 8

45 64 32 32 8 16 16
47 64 128 64 16 64 32
55 16 16 16 8 8 8

57 >128 >128 >128 32 >128 64
58 >128 128 64 16 64 32
61 128 64 32 16 32 32
76 128 64 32 8 64 32
81 >128 128 64 8 32 16
82 >128 64 32 16 64 32
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91
92
96
98
102
104
107
115
117
120
121
122
125
127
130
135
140
143
144
146
151
153
154
165
168
169
171
172
174
175
186
188
189
194
195
197
200
201
203
204
207

>128
32
128
>128
16
32
128
>128
16
>128
64
64
>128
64
64
16
>128
16
>128
>128
128
>128
128
>128
128
>128
64
128
128
128
>128
128
128
>128
64
16
>128
128
>128
32
64

>128
16
32
32

16
64
64

>128

16
128
16
16

16
16
>128
128
32
64
>128
64
64
64
16
32
64
64
128
64
32
128

64
128
64
64
16
15

64
16
32
32
16
16
32
64

>128
16
32
64
16
16
16
16
16
128
64
16
32
64
32
32
32
32
32
32
32
64
64
16
64
16
64
64
64
64
16
16
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16
16
16

128
16
32
32

32
64

>128

16
32
16
16
16

16
>128
128

16
64
64
64
32
32
16
16
16
32
64
16
64

64
64
64
64

16

64
16
32
16

16
32

>128

16
16
16
16
16
16
>128
32

16
64
16
16
32
16
16

32
16
16

32
64
64
32
16
16



208 32 16 16 4 4 4

212 16 8 32 2 4 4
215 >128 64 64 16 64 32
221 128 16 16 4 32 16

a, Norfloxacin; b, Ciprofloxacin; ¢, Ofloxacin, d, Gemifloxacin, e, Sparfloxacin, f,

Trovafloxacin

Table 12. Minimum inhibitory concentration (MIC) of five fluoroquinolones of 64

norfloxacin-resistant E. coli

Concentration (gg/ml)

Fluoroquinolones

MIC50 MIC90 Range (pg/ml)
Ciproxacin 64 >128 8 >128
Ofloxacin 32 64 8 7 128
Gemifloxacin 8 16 2764
Sparfloxacin 32 128 4~ >128
Trovafloxacin 16 64 4 7 >128

L} gyrA Y parCel Fd# A

476-bpe] PCR SFAHES A7149 &A% A3 QRDRE gyrAel st W= 64

25 83W 1A serine°] leucineo® WP E FHO= UYL o] o] Faog WYL
= 87 A9 aspartic acide® HA 647F T 53 TF7} tyrosinel®, 8 TF7
asparagine®. = W E Q3 U] 3 FFolAx= WErE §ldeh o] 25-E fluoroquinolone
AL sAA s WAES 7R = E coli A= gyrA ¢ 83 Y A9 serine©] leucine
2 Wyx= Aol S 7HAA st AA AR 9F8E st A= YEHT (Table 13).

kA, fluoroquinolone®] dldl WS Yeldl= B2 TF9A topoisomerase IV A
subunitoll A EAWel 7 A k= Bt o, & AFolM = parCel g =AW
o] AR E skt 397-bpel QRDR 9] gyrdA otHZ1% parC TEAES 9714<E &+
et Ayt o3 2ok parC ol WE W3l = 80 919 serine®] ZHZ: isoleucine
(46 ), arginine (3 #F)&E WstHL L, 15 FFolA= w37l gl 4% $1% 9
glutamic acid= valine (3 =), glycine (1 ), lysine (1 ¥F)&2 W HF oW 59 T
MM WErE Aok o] el FolatAl 27He] FEFol A 108 $1#] €] alanine®]threonine

.|_4

1 o Fl[‘
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ow Wste Aol #EHAT (Table 13).

Table 13. gyrA and parC mutations in QRDR of E. coli isolates investigated in this

study
gyrA parC
Ser83 Asp87 Ser80 Glud4 Alal08
3 Leu Asn
5 Leu Asn
9 Leu Asn Ile
10 Leu Tyr Ile
14 Leu Asn Ile
15 Leu Asn Ile
29 Leu Asn Tle
34 Leu Asn Ile
39 Leu Asn Tle Thr
41 Leu Asn
45 Leu Asn
47 Leu Asn Ile Thr
95 Leu Asn Ile
57 Leu Asn Arg
58 Leu Asn Ile
61 Leu Asn Ile
76 Leu Asn Ile
81 Leu Asn Ile
82 Leu Asn Ile
91 Leu Tyr Arg Val
92 Leu Asn Ile
96 Leu Asn Ile
98 Leu Asn Ile
102 Leu Asn
104 Leu Asn Ile
107 Leu Asn Ile
115 Leu Asn Ile
117 Leu Asn
120 Leu Tyr Ile
121 Leu Tyr Arg
122 Leu Asn Ile
125 Leu Asn Ile
127 Leu Asn
130 Leu Asn
135 Leu Asn Ile
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140 Leu Asn Ile

143 Leu Asn

144 Leu Tyr Ile Val

146 Leu Tyr Ile

151 Leu Tyr

153 Leu Tyr Ile Val

154 Leu Asn Ile

165 Leu Asn Ile

168 Leu Asn

169 Leu Asn Ile Gly

171 Leu Asn

172 Leu Asn Ile

174 Leu Asn Ile

175 Leu Asn Ile

186 Leu Asn Tle

188 Leu Asn Ile

189 Leu Asn Ile

194 Leu Lys

195 Leu

197 Leu Ile

200 Leu Asn Ile

201 Leu Asn Ile

203 Leu Asn Ile

204 Leu Asn Ile

207 Leu Asn

208 Leu Asn Ile

212 Leu Asn Tle

215 Leu Asn Ile

221 Leu Asn Ile
EROR T EE R

ojat dmide]l  wWslE  fluoroquinolone?]  F¥E=7F WElE =Y, E coli®]  AS

fluoroquinolone< X422 OmpF poring T3 o]l&3t= Aoz dHA Jdx, WATF
& o] porinel 44 L Fase] g AUt Brh olo] Zzte] FE=RE slu vy
o] HEe #&s7] Y& SDS-PAGER &8ttt (Fig. 6).
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Fig. 6. Profile of 15% SDS-PAGE showing OMPs of isolates which resistant to
trovafloxacin. M, protein marker (kDa)
M 29 34 39 57 91 120 144 154 200 201 ATCC

5. dA o A £& " ESBLAA E.coli® integronel 23k 3 A A

Ao =i ®e® ESBLS A4kste E coliel FAA WAl integrondl]l ©d 31174

ot At ate] integron®] EA o F-E &eletal, EAZF Bld Tl dEAE Fid

gene cassetted EA4& Fobslaxt sl

7b st 54

200140] ®el® 94 E coli 233 #5% ESBLS A oz seld 17 #5F A

# ddem stk ESBLS AAtets 17 #5% f-lactaml FAAA ] dal WdS 7Hd
Bolom (Table 14), o]5 Al of

wok olyel o2 A s Ee WS
3 YA S F= integronS MR AEEE Aoz odelA glo] o] #Fo| tha) integron
o] dHxo] Yg=x dolstux sto] the AL 2P}

. Integron &+ E. coli

IntegronS &f3t A=A F21s7] $38F9] int genes?] conserved regionsS %3 2
I} ESBL A4t E coli 17 @5 % 13 F(76.4%)7} integronS st U= Aoz
Bttt olE 1 #FE Adsta 12 ¥F7F Sdk=v= A integrons et =

Aoz eyt

t}. Gene cassette regions? EA4

o,

&S metatr] 98 PCRE 5%
class 1 integrons 7FZZ 2 YEFRLI, class 2 integrons 7H #5& © & 5% §l

Aot (Fig. 7).

Class 1%} class 2 integrons®] &
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2}. Gene cassette regions® @71AE 4

Integron®] 1= gene cassetteE T+ 3} LA}

of

Fel, 2 ¥ (86, 96)= 4135 PCRZ

F class 1 gene cassette regionsg 97

>
e
ox, ML

cassette= streptomycin® spectinomycin®|

ofN
e

A8kt 1 A3 75 860 T+ gene
S YEE aadAl gene cassette® UE}

gk 75 969 A streptomycin®  spectinomycindl WS UEIWNE aadA5 gene
cassette®} trimethoprimo] WS YEM = type 1 dihydrofolate reductase®! dfrAl7 gene

cassetteE 713 Aoz ey

Table 14. Antimicrobial susceptibilities and type of ESBLs of E. coli isolates

No. MIC (ug/mb)
Amp"  Cep”  Gen®  Nor"  Tet® Chl'  Tri®  Cef" Ctx' Cft’

14 >128  >128 8 64 2 8 <025 8 <025 05
15 >128 64 64 64 >128 >128 32 1 <025 <025
20 >128 128 64 05 >128 >128 32 8 32 128
25 >128  >128 64 <025 4 >128 32 4 8 32
81 >128  >128  >128 >128  >128  >128 32 8 2 64
86 >128  >128  >128 1 >128 >128 32 8 8 32
89 >128 >128 4 <025 2 8 05 2 64 2
9% >128  >128  >128 >128  >128 8 32 >128 16 8
98 >128  >128  >128 >128  >128  >128 32 4 16 16
120 >128 32 >128 >128  >128  >128 32 16 >128 128
129 >128  >128 >128 2 >128  >128 32 16 16 32
131 >128 128 64 <025 >128 4 <025 1 <025 2
152 >128 >128 128 <025 128 8 <025 2 16 32
154 >128  >128  >128 >128 128 >128 <025 4 16 2
168 >128  >128  >128 128 >128 >128 32 2 64 4
205 >128 64 1 05 128 >128 32 2 32 4
221 >128  >128 >128 <025 2 32 32 2 8 32

a, ampicillin b, cephalothin, ¢, gentamicin; d, norfloxacin, e, tetracycline

choloramphenicol; g, trimethoprim h, cefoxitin i, cefotaxime; j, ceftazidime
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Fig. 7. PCR products of different 15 gene cassettes in class 1 integrons of clinical
isolates of E. coli. M,1 kb DNA marker.

M 14 15 20 25 81 86 89 96 98 120 129 131 152 154 168 205 221

6.97%ANAM £ FE.coli®] A=EAZTAA A A3 RA

jule

Aol E2l® E coli % quinolone AA WS 7HA = o g WA 7AdS

s
o thalt gyrdA¢t gyrBe o]} ginolone#l| e %

7
vpobsl izl sk, quinolonelA 274 <
oe #4o] ¥ topoisomerase IVE WEs FA4R] parCst parEel Weols 2l
ot w3 75 7o #4124 gUdAS Heobdtr] ¢s] RAPDE £33 AR RE B
Akt

7} MIC &7
E. coli 43 5 < norﬂoxacinoﬂ s WS 7= T 383 (88.3%), nalidixic
acidoll W8] WA S 7HA= TFE 4075 (93.0%), ciprofloxacine] tja] WA S 7HA=
?—E 38T T (88.3%), oﬂoxacmoﬂ g WAS 7IReE d5F5 3B8TF (88.3%)9 T (Table
CAEE AYD FAAQ norfloxacin, nalidixic acid, ciprofloxacin, ofloxacin®] s WA
T‘—f-: 7V = E. coli 437t F T 4719 @A s 2% AdS JEhd BEFE AP A
oz & FA=EA FAA dHE WAg 7S ol w9 gyrA$t gyrB, parC$
parE Wol& gRlstaith
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Table 15. MIC of fluoroquinolone resistant isolates of E. coli

E.coli strains MIC (pg/ml)

CCARM No. Norfloxacin Nalidixic acid Ciprofloxacin Ofloxacin
1391 >128 >128 128 64
1394 >128 >128 64 32
1396 >128 >128 128 128
1398 >128 >128 >128 128
1401 >128 >128 64 64
1402 >128 >128 64 32
1403 >128 >128 64 64
1405 >128 >128 64 32
1407 >128 >128 64 32
1408 128 >128 32 32
1412 >128 >128 >128 64
1413 128 >128 32 32
1415 >128 >128 >128 64
1417 >128 >128 128 64
1418 >128 >128 64 32
1419 >128 >128 64 32
1420 >128 >128 64 32
1423 >128 >128 >128 128
1424 >128 >128 >128 64
1425 >128 >128 128 32
1426 >128 >128 128 64
1421 128 >128 32 32
1390 128 >128 32 32
1392 128 >128 32 32
1399 >128 >128 128 32
1406 128 >128 32 16
1414 128 >128 32 16
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1416 128 >128 32 16

1385 64 >128 16 16
1388 64 >128 16 16
1393 64 >128 32 16
1404 64 >128 32 64
1409 64 >128 16 16
1410 64 >128 16 16
1411 64 >128 16 16
1384 32 >128 16 16
1397 64 >128 16 16
1400 16 >128 3 8
1427 4 >128 0.5 2
1395 4 >128 1 2
1387 0.25 8 <0.125 0.5
1386 <0.125 4 <0.125 <0.125
1422 <0.125 4 <0.125 <0.125

. Escherichia coli ¢ gyrA®l s+4d2% &4

476-bpe] PCR TZHAES 97449 45 23 QRDRY gyrAe] dish Wsl= 38+ =
FollA GyrAel 83W A ofu|:=ito] Serineoll Al Leucineo.Z wWeo] ®H Aoz YEGT

Aspartic acidl 87914 ofn|x=4ke] WolE glst A3 3297} Aspargine =3
I, 47 F 7} Tyrosine2 &, 1757} Histidine. &, 1757} Glycineo. & Wol® Ao =2 e
wcH(Table 16).

o
fru
g
o

t}. Escherichia coli ¢ gyrB2 w34 &4

GyrBell Al ®Wol7t 7} &t A E = f1X]Q1 426 91X 9 447H 91X 9] ofpn| At =
ofFl WHo|rt WARA] okt ey 28 FFol A 269 X9 Glutamic acid”’} Lysine
o % Wolyl Ao g yYeluta, 457H 9 X9 Phenylalanine®] 9 oA Serinel =, 7 1
Fo A valinel. & WHo|E Qo 12 TFolA 325 ¢ X 2] Aspartic acid”} Asparginel &,
15 Tl A 363 %9 Glutamic acid’} Lysine® ®o] 1t} (Table 17).
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2}. Escherichia coli & parCe 4% EA

Fluoroquinolone®] &) WS Yehll= %2 oA topoisomerase IV A subunitol
Al FARol7E AL ke Bavh Qlo], & AFAE parColl tg EdWe] AR E
helstitt. 397-bpe] QRDR ¢ gyrA oty 21l parC &4t =S 971449 243 23
33 Zt} (Table 16). 30 oA 80 ¢ 2] Serine°] Isoleucine® % ¥o] T aL,
84 92| 9] Glutamic acid’} 2 WFolA] Lysineo &, 2 w54 Glycinel 2, 5 750l A

of o=

Valine®. & ®Wold Ho =z el

v}l Escherichia coli ¢ parE®] F+4% F4]

parEel 4% 10

(Table 17).

ol A 458 929 Serine®] Alaninel.® Ho|®E FHo]

Table 16. Mutations in QRDR of gyrAand parC for clinical isolates of E. coli

E. coli gyrA parC
CCARM No. Amino acid exchange Amino acid exchange

1391 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)
Asp87(GAC)->Asn(AAC) Alal09(GCG)->Thr(ACG)
Aspl50(GAC)->Arg(GGA)

1394 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)
Asp87(GAC)->Asn(AAC)

1396 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)
Asp87(GAC)->Asn(AAC)

1398 Ser83(TCG)->Leu(TTG) Lys39(AAA)->Arg(TCG)
Asp87(GAC)->Asn(AAC) Pro40(CCT)->Thr(ACT)
Aspl50(GAC)->Ala(GCA) Ser80(AGC)->Ile(ATC)

GLUB4(GAA)->LYS(AAA)

1401 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)

Asp87(GAC)->Tyr(TAC) Glu(GAA)R4->Gly(GGA)
Leul58(CTA)->His(CAC)

1402 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)
Asp87(GAC)->Asn(AAC)

1403 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)
Asp87(GAC)->Tyr(TAC)

1405 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)
Asp87(GAC)->Asn(AAC) GluB4(GAA)->Val(GTA)

1407 Ser83(TCG)->Leu(TTG) Ser80(AGC)->Ile(ATC)
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1408

1412

1413

1415

1417

1418

1419

1420

1423

1424

1425

1426

1421

1390

1392

1399

Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Val(GTA)
Asp87(GAC)->Tyr(TAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Glul39(GAA)->Ala(TTG)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Tyr(TAC)
Aspl50(GAC)->Ala(GCC)
Glul52(GAA)->Gly(GAA)
Ser83(TCG)->Thr(ACC)
Asp87(GAC)->Gly (GGC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leuw(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
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Glu84(GAA)->Val(GTA)

Ser80(AGC)->Tle(ATC)
Ser80(AGC)->Ile(ATC)
Ser80(AGC)->Tle(ATC)
Ser80(AGC)->Ile(ATC)
Ser80(AGC)->Tle(ATC)
Ser80(AGC)->Ile(ATC)
Glu84(GAA)->Gly (GGA)
Ser80(AGC)->Tle(ATC)
Glu84(GAA)->Val(GTA)
Ser80(AGC)->Ile(ATC)

Ser80(AGC)->Tle(ATC)

Glu84(GAA)->Val(GTA)

Ser80(AGC)->Tle(ATC)

Ser80(AGC)->Tle(ATC)

Ser80(AGC)->Tle(ATC)

Ser80(AGC)->Ile(ATC)
Glu84(GAA)->Val(GTA)



1406

1414

1416

1385

1388

1393

1404

1409

1410

1411

1384

1397

1400

1427

1395
1387

Ser83(TCG)->Lew(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Aspl50(GAT)->His(CAC)
Ser83(TCG)->Leu(TTG)
ASP87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->His (CAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Aspl50(GAC)->Tyr(TAT)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Tyrl49(TAT)->Thr(ACG)
Aspl50(GAC)->Leu(TTG)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leuw(TTG)
Asp87(GAC)->Asn(AAC)
Ser83(TCG)->Leu(TTG)
Ser83(CGG)->PHE(TTC)
Ser83(TCG)->Thr(ACC)
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Leul58(CTA)->Arg(CGA)

Ser80(AGC)->Tle(ATC)
Metl157(ATG)->Ile(ATC)

Glu84(GAA)->Lys(AAA)

Ser80(AGC)->Ile(ATC)

Arg44(CGC)->Ser(AGC)
Ser80(AGC)->1le(ATC)

Ser80(AGC)->Ile(ATC)
Leul58(CTA)->His(CAT)

Ser80(AGC)->Ile(ATC)
Ser80(AGC)->Tle(ATC)

Lys39(AAA)->Glu(GAA)
Ser80(AGC)—>Tle(ATC)
Ser80(AGC)->Ile(ATC)

Leul58(CTA)->Cys(TGC)
GLY53(GGC)->GLU(GAG)
ALA142((GCT)->Ser(TCA)
Leul52(TTG)->Met(ATG)

Leul58(GCT)->Arg(CGT)



1386
1422

Met157(ATG)->Ile(ATC)

Table 17. Mutations in QRDR of gyrB and parE for clinical isolates of E. coli

CCARM No.

gyrB

Amino acid exchange

parE

Amino acid exchange

1391

1394

1396

1398

1401

1402

1403

1405

1407

1408

1412

Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu363(GAA)->Lys(AAA)
Leu232(CGT)->Pro(CCT)
Lys233(AAA)->GIlu(GAA)
Phed57(TTC)->Ser(TCT)
Phed57(TTC)->Val(GTC)

Glu269(GAA)->Lys(AAA)
Glu363(GAA)->Lys(AAA)
Phed57(TTC)->Val(GTC)
GIlu269(GAA)->Lys(AAA)
Glu363(GAA)->Lys(AAA)
Phed57(TTC)->Ser(TCT)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu363(GAA)->Lys(AAA)
Glu3s54(GAG)->Arg(CGQR)
Glu363(GAA)->Lys(AAA)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu363(GAA)->Lys(AAA)
Thr382(ACC)->Pro(CCC)
Phed57(TTC)->Ser(TCT)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Thr382(ACC)->Pro(CCC)
Phed57(TTC)->Ser(TCT)
Glu277(GAA)->Asp(GAT)
1e279(ATC)->Val(GTG)
Asp292(GAT)->Thr(ACC)
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Ser458(TCG)->Ala(GCG)

Ser458(TCG)->Ala(GCG)

Serd58(TCG)->Ala(GCG)

Phe506(TTC)->Leu(CTT)
11e529(ATT)->Leu(CTT)
N1e529(ATT)->Leu(CTT)

Leud16(CTT)->Phe(TTT)

Serd58(TCG)->Ala(GCQ)



1413

1415

1417

1418

1419

1420

1423

1424

1425

1426

GIn354(CAG)->Arg(CGT)
11e357(ATT)->Val(GTG)
Arg359(CGT)->GIn(CAG)
11e361(ATC)->Thr(ACT)
Glu363(GAA)->Val(GTQ)
Lys379(AAA)->Leu(TTG)
Met383(ATG)->GIn(CAG)
Glu398(GAG)->Val(GTT)
11e403(ATT)->Asp(GAC)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
Lys356((AAA)->Val(GTG)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
Glu363(GAA)->Lys(AAA)
Glu376(GAG)->Lys(AAG)
Arg420(CGT)->Cys(TGT)
Leud45(CTG)->Arg(CGA)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
His335(CAC)->Arg(CGQG)
Leu351(CTG)->Val(GTQG)
GIn360(CAG)->Arg(CGG)
Glu363(GAA)->Lys(AAA)
Arg385(CGT)->Cys(TGT)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
Leud04(CTG)->Pro(CCQG)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
Phed57(TTC)->Val(GTC)
Phe457(TTC)->Ser(TCT)

Glu400(GAA)->Leu(TTG)
Leud08(CTG)->Val(GTG)
Arg420(CGT)->Gly(GGT)
Leud21(CTG)->V(GTG)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
GIn354(CAG)->Lys(AAG)
Glu363(GAA)->Lys(AAA)
Glu376(GAG)->Lys(AAG)
Arg420(CGT)->Cys(TGT)
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Serd58(TCG)->Ala(GCQ)

Serd58(TCG)->Trp(TGG)

Serd58(TCG)->Ala(GCG)

[1e529(ATT)->Leu(CTT)
Serd58(TCG)->Trp(TGG)
Serd58(TCG)->Trp(TGG)

1e529(ATT)->Leu(CTT)

Serd58(TCG)->Ala(GCG)



1421

1390

1392

1399

1406

1414

1416

1385

1388

1393

1404

1409

1410

1411

Phed57(TTC)->Ser(TCT)
Glu269(GAA)->Lys(AAA)
11e282(ATT)->Phe(TTT)
Asp285(GAT)->Asn(AAT)
Asp325(GAT)->Asn(AAT)
Phed57(TTC)->Val(GTC)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu363(GAA)->Lys(AAA)

Glu269(GAA)->Lys(AAA)
Ser308(TCG)->Trp(TGG)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu363(GAA)->Lys(AAA)
Glu376(GAG)->Lys(AAG)
Glud00(GAA)->Leu(TTG)
Glu269(GAA)->Lys(AAA)
Asp285(GAT)->Asn(AAT)
Ala344(GCC)->Pro(CCC)
Glu269(GAA)->Lys(AAA)
Glu363(GAA)->Lys(AAA)
Glu376(GAG)->Lys(AAG)
Phed57(TTC)->Ser(TCT)

GIn368(CAG)->Pro(CCQR)
Phed57(TTC)->Ser(TCT)
Glu269(GAA)->Lys(AAA)
Phed57(TTC)->Ser(TCT)
GIlu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu363(GAA)->Lys(AAA)
Glu376(GAG)->Lys(AAG)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu363(GAA)->Lys(AAA)
Glu269(GAA)->Lys(AAA)
Asp325(GAT)->Asn(AAT)
Glu376(GAG)->Lys(AAG)
Glu269(GAA)->Lys(AAA)
Asp285(GAT)->Asn(AAT)
11e298(CCG)->Leu(CTT)
Asp325(GAT)->Asn(AAT)
Val330(GTG)->Gly(GGG)
Gly336(GGC)->Leu(CTG)
Arg420(CGT)->Cys(TGT)
Asp268(GAC)->His(CAC)

- 141 -

Ala512(GCG)->Thr(ACG)

Leud416(CTT)->Phe(TTT)

11e529(ATT)->Leu(CTT)

Leudl16(CTT)->Phe(TTT)

Leud16(CTT)->Phe(TTT)

Ne468(ATC)->Ser(AGC)



1384

1397

1400

1427

1395

1387

1386
1422

Glu269(GAA)->Lys(AAA)
Asp285(GAT)->Asn(AAT)
Nle313(ATC)->Met(ATG)
Arg420(CGT)->Cys(TGT)
Asp268(GAC)->Asn(AAC)
Glu269(GAA)->Lys(AAA)
Arg420(CGT)->Cys(TGT)

Glu269(GAA)->Lys(AAA)

Glu269(GAA)->Lys(AAA)
Glu277(GAA)->Asp(GAT)
11e279(ATC)->Val(GTG)
Ala284(GCC)->Pro(CCT)
Asp292(GAT)->Thr(ACC)
Glu3b54(GAG)->Arg(CGT)
11e357(ATT)->Val(GTG)
Arg359(CGT)->GIn(CAGR)
11e361(ATC)->Thr(ACT)
Glu363(GAA)->Val(GTQ)
Lys379(AAA)->Leu(TTG)
Met383(ATG)->GIn(CAG)
Glu391(GAA)->His(CAC)
Glu398(GAG)->Val(GTT)
Glud02(GAA)->Asp(GAC)
Arg420(CGT)->Phe(TTT)
Glu269(GAA)->Lys(AAA)
His274(CAC)->Tyr(TAC)
Glu277(GAA)->Asp(GAT)
Ala284(GCC)->Ser(AGC)
Asp325(GAT)->Asn(AAT)
Glu354(GAG)->Asp(GAT)
Gly355(GGT)->Asn(AAC)
11e357(ATT)->Val(GTT)
Arg359(CGT)->Lys(AAG)
1e361(ATC)->Met(ATG)
Glu378(GAA)->Asp(GAC)
Glu402(GAA)->Asp(GAC)
Glu391(GAA)->Cys(TGC)
Glu398(GAG)->Val(GTT)
11e402(ATT)->Asp(GAC)
Arg420(CGT)->Cys(TGT)

Glu363(GAA)->Arg(CGC)

Lys508(AAA)->Glu(GAA)
Phe510(TTT)->Leu(CTT)

Glud60(GAA)->Val(GTA)

Ala512(GCG)->Thr(ACG)
Glub45(GAG)->Ala(GCG)
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Fig. 8. RAPD profile of 43 clinical isolates of E. coli.
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E. coli 43 ¢
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15
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flo M

1, CCARM1413; 2. CCARM1415; 3, CCARM1417; 4, CCARM1417; 5, CCARM1418; 6, CCARM1419;
7, CCARM1420;

CCARM1421;
CCARM1401;
CCARM1408;
CCARM1406;
CCARM1393;
CCARM1384;
CCARMI1387;

13,
18,
23,
28,
33,
38,

8, CCARMI1423;

CCARM1391;
CCARM1402;
CARM1412;
CCARM1414;
CCARM1404;
CCARM1397;

9, CCARM1424;

14, CCARMI1394; 15,

19, CCARMI1403; 20,
24, CCARM1390; 25,

29, CCARM1416; 30,

34, CCARMI1409; 35,
39, CCARM1400;

43, CCARM1386; 44, CCARM1422
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10, CCARM1425;

CCARM1396;
CCARM1405;
CCARM1392;

CCARM1385;
CCARM1410;

40, CCARM1427;

11,
16,
21,
26,
31,
36,
41,

CCARM1426;

CCARM1398;
CCARM1407;
CCARM1399;
CCARM1388;
CCARM1411;
CCARM1395;

12,
17,
22,
217,
32,
37,
42,



Fig. 9. Phylogeny of quinolone resistant clinical isolates of E. coli.
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BRIt 14 o F (63.6%)+= norfloxacind sl WAd& e, 2 dF= (9.1%)
ceftazidimeol sl WA, 7 FE (31.8%) cefotaximeo] wal WHAS Yeludch 1 F
(57-214)%= ceftazidime¥} cefotaxime®o] =5 WA S YeElHATH

t}. B-lactamase A4+ # 5
DDST¢t plE& AAlete] f-lactamase A4 #F5 HE3Ath pl= 50, 56, 57, 6.0, 83,
9.2¢] & bandE FJAT = AL, o]2HE AmpC, CMY, OXA, TEMS FZ3}o] o]
S ths] PCRE A3+ th. cephalothin-resistant isolatest™ =% AmpCE AAltetE A
o=z Yeiut oledA 1657 TEMS sAld AASIAT 4 F (58-020, 58-145,
58-147, 58-165)+= AmpC® A2kstA T 2 5 OXAE, Y& 2 == CMYE ALtss A
S & e

1o,
bV
i

LR AY

T24 human bladder cells¥®} Caco-2 human intestinal epithelial cellsel] ™3t F-2-4 A&
<= ¥ 23 (Fig. 10), 6 = T24 cellsol #2831, 2 5(55-100, 55-111)= Caco-2 cells
of ofatA FAE = Aoz yepgth T24 celldl ¥-242 4704 93 cells/field1 ] 1k,
Caco—2 cells2 594 10 cells/fieldZ Y E}SETE (Table 19).

Table 19. Average number of bacterial cells adhered to human bladder cells in one field

Isolate No. Bacterial cells/field”
55-100 92.900 + 7.765
55-111 46.750 + 3.161
55-127 89.925 + 6.266
55-130 54.225 + 5.042
57-214 76.225 + 6.748
58-156 72.950 £13.530

*Number of bacterial cells attached to human bladder cells averaged over 20 fields
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Table 18. MIC, growth inhibition zone in DDST, and ESBL genes detected with PCR of

environmental isolates of E. coli

MIC (pg/ml)? Growth inhibition zone (mm) °
Isolate ESBL Genes®
No. ~
. CAZ+ CEP+ CTX+
d e f g h i ~ ~ ~
AMP® NOR® GM CAZ* CEP' CTX' CAZ CA CEP CA CTX CA

55-100 =128 <05 64 16.0 128 4 205 285 80 205 215 340 AmpC, TEM

55-101 =128 32 64 <05 64 <05 250 235 100 155 270 31.0 AmpC, TEM

AmpC, TEM,

55-111 =128 <05 64 16 128 8 185 275 90 200 205 310 OXA

55-122 =128 <05 64 16 64 4 190 295 100 200 215 240 AmpC, TEM

55-127 =128 <05 64 8 128 4 200 280 8.0 195 215 315 AmpC, TEM

AmpC, TEM,
OXA

55-135 >128 >128 64 32 128 8 175 175 9.0 175 200 225 AmpC, TEM

55-130 >128 <05 64 16 128 4 200 280 100 215 210 340

56-102 >128 <05 32 <05 64 <05 265 265 100 155 320 320 AmpC, TEM
56-107 >128 >128 >128 4 >128 64 230 295 60 225 135 305 AmpC, TEM
56-121 >128 32 32 4 >128 64 220 285 60 175 135 300 AmpC, TEM
56-155 >128 32 32 8 >128 64 220 2715 6.0 175 135 295 AmpC, TEM

AmpC, TEM,
CMY

57-214 >128 >128 128 32 >128 >128 145 165 6.0 7.0 6.0 125  AmpC, OXA

56-171 >128 32 32 8 >128 128 200 295 6.0 180 120 31.0

57-2719 >128 32 32 8 >128 128 220 290 6.0 170 13.0 295 AmpC, TEM
58-007 >128 <05 32 2 >128 1 220 255 6.0 11.0 250 250 AmpC, TEM
58-020 >128 32 64 4 >128 32 220 285 6.0 200 155 290 AmpC
58-097 >128 <05 16 8 64 4 215 275 140 240 245 350 AmpC, TEM
58-145 >128 32 64 2 >128 32 220 290 6.0 200 155 285 AmpC
58-147 >128 32 64 2 >128 32 225 280 6.0 205 165 285 AmpC
58-148 >128 32 32 2 >128 64 210 275 6.0 190 155 285 AmpC, CMY
58-156 >128 >128 16 <05 128 <05 260 260 9.0 180 285 280 AmpC, TEM
58-165 >128 32 32 2 >128 32 205  26.0 6.0 195 150 275 AmpC

“Minimal inhibitory concentration determined by agar dilution method; PGrowth inhibition zone by
DDST; “ESBL genes detected with PCR; Ampicillin; “Norfloxacin; 'Gentamicin; *Ceftazidime;

hCephalothin; iCefotaxime; Clavulanic acid (Resistance determined with MIC and size difference
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more than 5 mm in DDST are marked with a gray background)

5l ESBL A% #4%e] E colidl 74
RAPD S¥l& 58 #77te] Anye g 23 2 72 ALsa, 2 #73re] F4H4
o] g S & 4 A (Fig. 11 and Fig. 12).

Fig. 10. Light microscopy of ESBL-producing E. coli adhered to T24 human bladder
cells (A) and Caco-2 intestinal epithelial cells (B). Control: E. coli ATCC 25922.

(&S] riComirmol = |

FAF &, R . B Y
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Fig. 11. Random amplified polymorphic DNA analysis.

M1 2 34567 8910112131415 1617T1819 2021222324 M

Lanes:M, 1-kb DNA ladder; 1, E. coliATCC 25922; 2, 55-100; 3, 55-101; 4, 55-111; 5, 55-122; 6,
55-127; 7, 55-130; 8, 55-135; 9, 56-102; 10, 56-107; 11, 56-121; 12, 56-155; 13, 56-171; 14, 57-214;
15, 57-279; 16, 58-7; 17, 58-20; 18, 58-97; 19, 58-145; 20, 58-147; 21, 58-148; 22, 58-156; 23,
58-165; 24, 58-173.

Fig. 12. Phylogeny of ESBL-producing E. coli based of RAPD. RAPD profile was

carried out and groups were divided by 2% confidence.
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Lanes: 1, E. coli ATCC 25922; 2, 55-100; 3, 55-101; 4, 55-111; 5, 55-122; 6, 55-127; 7, 55-130; §,
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55-135; 9, 56-102; 10, 56-107; 11, 56-121; 12, 56-155; 13, 56-171; 14, 57-214; 15, 57-279; 16, 58-7;
17, 58-20; 18, 58-97; 19, 58-145; 20, 58-147; 21, 58-148; 22, 58-156; 23, 58-165; 24, 58-173.

8. A WA E. coli O157TFA}L

o NEAH L E coli OI57 #79] el

A, Ak, AEAGY 5, 25, EAE, AS7tEE, SAEAAE SolA 20004 4
AHE 2003 997HA 8 vt T8 g EEQ SollA AlEE AF,
Aw sl Bl 9|3t E coli O157:H7 85 A
= A= 18547 5 E coli O15T:H7°] 45~ 5ol A HE5 AL},

=

N Bl M ZeE e, Aol 1A 5elA e E 20, el Al

= o}g Table 203 %
E. coli O157H7= 49
off A= F8 A 2ttt

Li

. E. coli 01579 disk diffusion susceptibility ©]-§& WA 2L 744 A A ZA

gdw E. coli OI57H7 w+E Wz NCCLS (National Committee of Clinical
Laboratory Standard)®] W el wz} 23%F dAA S o]& disk diffusion susceptibility test
AAste] 15 o]4te] A Widol e WAadF 32F S sttt (Table 21). WA
TFELS F=2 piperacillin, ticarcillin, streptomycin, gentamicin, cephalothin, amp1c1111n
kanamycin, tetracyclines o] WAS B om 718l A E vz #3dAdo] Ak
AA Aol = 325 F A TF (100%)7} streptomycinol] A WAAS B, BO—Zr
(93.8%)7} Z+7} tetracycline ¥} sulfisoxazoleo] WAlS HAt) vluz e A4 AR
¥ 7} ceftriaxone (1, 3%), chloramphenicol (3, 9%), gentamicin (4, 12%), amoxi
cillin/clavulonic acid (5, 15%), trimethoprim/sulphametoxazole (21%)elA #TZ . &1
FAE T8 T57}F fluoroquinoloneA & A9 cipro floxacin, ofloxacin, norfloxacin®ll
WAE et d 77} amikacin, imipenem, cefoprazone % cefazolined] 7+A4&
Bl FAA WATF 325 13749 A2 vE FAA WAdPol #EEJAT (Table
22). 7 &3 dAA WAHELS WAHTFY 115 (344%)° siFE = streptomycin—
tetracycline-kanamycin—ampicillin—piperacillin—cephalothin—-sulfisoxazole- ticarcillin® ] %1
o 22 ® 4559 E coli 0157 & 285 (62.2%)7} 47}A] o]d9] a-AA o WS HERA
th 3F7F 22 10, 12, 13F9 &8 A WAES Udetldn ol tAlWAY a5 T 2757}
fluoroquinoloneZl & Aol WS veEbAch 13709 &A8A HAEE FolA, z+zhe] uiAg
Yol Eot= HEARJ] 1~270 #FE Addste] T 189 dF&5 do = 1059 A
of digk MICE AAIstT o5 ol digk MICs w3+ Table 237 2t} F 18¢F
% 12, 7, 18 6, 6, 17, 14, 15, 14, 1057} ZZ} amikacin, cefazolin, cefoperazone,
ciprofloxacin, gentamicin, imipenem, nalidixic acid, norfloxacin, ofloxacin,
trimethoprim/sulphametoxazole®] 744 H$ o E X359
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Table 20. Isolation of EHEC 0157 from major food animals in Korea (2000. 42€72003. 9
)

Date Cattle Pig Chicken
Samp No Posi No Samp No Posi No Samp No Posi No

2000, Apr 27 0 21 0 0 0

May 38 4 15 0 0 0

Jun 30 3 0 0 81 0

Jul 15 2 36 0 27 0

Aug 32 3 15 0 78 0

Sep 70 3 0 0 28 0

Oct 95 2 0 0 0 0

Nov 30 0 0 0 29 0

Dec 20 0 12 0 27 0

2001, Jan 25 0 15 0 27 0

Feb 20 0 19 0 81 0

Mar 57 0 7 0 0 0

Apr 25 0 0 0 0 0

May 30 3 12 0 0 0

Jun 50 4 35 0 0 0

Jul 54 3 28 0 0 0

Aug 19 0 31 0 0 0

Sep 20 0 0 0 0 0

Oct 38 0 0 0 0 0

Nov 34 0 0 0 0 0

Dec 0 0 36 1 0 0

2002, Jan 26 0 20 0 0 0

Feb 0 0 0 0 48 0

Mar 0 0 0 0 44 0

Apr 25 0 0 0 0 0

May 12 1 0 0 0 0

Jun 25 1 0 0 0 0

Jul 18 1 8 0 0 0
Aug 31 3
Sep 25 2
2003, May 30 1
Jun 45 2
Jul 27 2
Aug 19 1
Sep 45 3

Total 1,074 44 310 1 470 0

Samp No: Number of animals or Flocks (chicken) sampled
Posi No: Numbers of presence of E.coli0157 from the samples
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Table 21. Tendency of antibiotic-resistance of 32 E. coli O157 isolates

Antimicrobial agent No. of isolates(%)
Streptomycin 33(100%%)
Tetracycline 30(94%)
Sulfisoxazole 30(94%)
Kanamycin 27(84%)
Ampicillin 22(69%)
Ticarcillin 22(69%)
Piperacillin 20(63%)
Cephalothin 19(59%)
Minocycline 11(34%)
Trimethoprim/Sulphametoxazole 7(22%)
Amoxicillin/Clavulonic acid 5(16%)
Gentamicin 4(13%)
Chloramphenicol 3(9%)
Nalidixic acid 3(9%)
Ciprofloxacin 2(6%)
Ofloxacin 1(3%)
Norfloxacin 1(3%)
Ceftriaxone 1(3%)
Amikacin 0(0%)
Imipenem 0(0%)
Cefoperazone 0(0%)
Cefazoline 0(0%)
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Table 22. Distribution of antibiotic-resistance patterns in 32 E. coli O157 isolates

Type Resistance pattern isoll\;(iés()({)é)
1 S 4(12.5%)
2 S + TE + K+G 4(12.5%)
3 S+TE+AM+PIP+G+TIC 1(3.1%)
4 S+TE+AM+PIP+CF+G+TIC 1(3.1%)
5 S+TE+K+AM+PIP+CF+G+TIC 11(34.4%)
6 S+TE+K+AM+PIP+CF+MI+G+TIC 3(9.4%)
7 S+TE+K+MI+SXT+C+G 2(6.2%)
8 S+TE+K+AM+MI+AmC+G+TIC 1(3.1%)
9 S+TE+K+AM+MI+SXT+GM+G+TIC 1(3.1%)
10 S+TE+K+SXT+AmC+GM+NA+G 1(3.1%)
11 S+TE+SXT+AmC+GM+NA+CIP+G+OFX+NOR 1(3.1%)
12 S+TE+K+AM+PIP+CF+MI+SXT+AmC+GM+NA+CIP 1(3.1%)
13 S+TE+K+AM+PIP+CF+MI+SXT+AmC+C+CRO+G+TIC 1(3.1%)

S, Streptomycin, TE, Tetracycline; G, Sulfisoxazole; K, Kanamycin, AM, Ampicillin, TIC, Ticarcillin, PIP,
Piperacillin; CF, Cephalothin; MI, Minocycline; SXT, Trimethoprim/Sulphametoxazole; AmC,
Amoxicillin/Clavulonic acid; GM, Gentamicin; C, Chloramphenicol; NA, Nalidixic acid; CIP, Ciprofloxacin; OFX,
Ofloxacin, NOR, Norfloxacin, CRO, Ceftriaxone

Table 23. Distribution of MICs for 18 selective E. coli O157 isolates

Antibiotic (BP?) Number of isolates for which the MIC(g/ml) was as follows :
<0.25 0.5 1 2 4 8 16 32 64 128

AN(<16, >64) 12 6

CFZ(<8, =32) 7 11

CFP(<16, >64) 13 1 4

CIP(<1, =4) 6 10 1 1

GM(<4, >16) 6 7 5

IPM(<4, >16) 1 2 4 10 1

NAL(<16, =32) 4 10 2 1 1

NOR(<4, >16) 2 11 1 1 1

OFX(<2, =8) 1 12 1 2 1 1

SXT"(<2/38, >4/76) 1 3 6 4 4

AN, Amikacin; CFZ, Cefazolin, CFP, Cefoperazone; CIP, Ciprofloxacin; GM, Gentamicin; IPM, Imipenem; NAL,
Nalidixic acid; NOR, Norfloxacin; OFX, Ofloxacin; SXT, Trimethoprim/Sulphametoxazole

“Breakpoints for susceptible and resistant isolates by MIC

P0.25=0.25/4.75; 0.5=0.5/9.5; 2=2/38; 4=4/76; 16=16/304
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t}. Motility assay$} PCRel 93+ F3d# A&
Serological testZ HZFH o=z 01579 3= ¥ 3270 8707} non—motileZ <15 A th
(Table 24). SAFAA AMS 98] 4713 PCR primerE ©]& PCRS A3 A, 237)

o] FFANA stx; EE st AU g Ao 2 yEelykon 3= st W 97 stedt 11
Me 7 A ostx FHAAE 7R3 & Ao2 YERTE B8 24707 Ehlys 7FA AL A%1aL,
BE #FNA eaeA gened AYil YAt (Table 24 and Figure 13).

Table 24. Characteristics of EHEC 0157 isolates from calves

No. of Presence of following virulence genes

isolates rfbA hiyA eaeA stxl Stx2
H7 8
H7
H7
H7
H7
H7
NM
NM
NM
H7
H7
- NM

Diarrhea Serotype

o+ o+ o+ o+ o+ o+

[
+ o+ o+ o+

AR = DD W = U1
+ o+ + o+ o+ o+ o+ o+ o+

i T e S S S S S
+

+, presence; -, absence
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Figure 13. Representative gels for multiplex PCR amplification of DNA extracted from
selected E. coli O157 isolates from cattle showing presence of diverse virulence genes.

M1234567 8 910111213141516171819

Ehly

0157,

M 123456 78910111213141516171819

eaeA
stx2

stx1

EhiyA (543 bp) and rfbEO157 (259 bp) genes on the top pictures, and eaeA (384 bp), stx2 (255
bp) and stx1 (180 bp) genes on the bottom picture. Lane M, DNA size marker; lane 1 to 18,
cattle origin E. coli O157; lane 19, ATCC 43894 E. coli O157. The relative positions in the gel of

predicted size of PCR products are indicated by arrowheads on the right sides.

2}, E. coli O157:H72] Vero cell cytotoxicity Assay

O

BHI broth A7l wjekde 96well o v]%3te] vero cell monolayerdl 7} 3+
18-24A17F v %k, AA#HAWH o2 vero celld A2 HEE #&slo cytotoxicity FEE
Agrh A Al APEE AE] Ao W TuE 004 100% FFeAT 310 o
T stx2, &L stxl ¥ stx2E 7 w7 AR =& SANHE Bt

i rﬁ o

u}. RAPD patterns

32+ E colz 0157 WAwtFE3te] F34 FadS detstast AP-PCRZ A 363
o o] HEEs Fdto] 3R2TT T S<t 2 2 RAPD majority pattern
(types A~H)O] #AZH AT (Fig. 14). GelCompar £444 RAPD type A, B, C, F= z+z}
96, 90, 96, 88 %9 FH4 FAALES UEHHIAT 7HE B2 WX RAPD pattern< 2074
(62.5%)2] TF7F T type FALH, o] tAl 671419 subtype (F1-Fo)Z /753

2~
o
fru
o
N
-
lo,
R
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t} olE5 67FA19] subtype & Fs (11, 55%)°] 7} ¥ H&=E
RAPD siely} FAA AP 447 RAPD-F; typedl &3t =

A W37 E Type 591 Stk A WAFE type 7, 8 9, 100] &£8t= #5552 24
7} RAPD pattern type D, E, G, HollA #Z= vt 2 A4 10744 o2 A A ol
WA o] glx 35 RAPD Pattern type B (subtypes Bi~Ba)oll Al &&=t 18, A
A WAFE Typeldl &3t #7752 F7F4 9 RAPD pattern (types A, C)& YEMSL
i, o] ¥ RAPD pattern® A2 & ¥4S Btk (Fig. 14). GelCompar 48 &%
RAPD type A2} RAPD type Col Q= E #F5 Alolo #4343 AL A 63%0l
=g (Fig. 15).

Fig 14. RAPD patterns of antibiotic resistant-E. coli O157 isolates from generated by
arbitrarily primed-PCR with primer M13.

M 12 34 58 7 89 101112 13141516817

¢4r4r!t111|114t

- .

— o PR
-

M 18189 20 21 22 23 24 25 26 27 28 29 30 31 32 33 1

Isolate number (in accordance with Fig .14) are indicated above the lanes, and molecular weight
markers (M). Molecular sizes are indicated on the left. RAPD patterns of isolates generated by the
primer are designated as A to H (shown in Fig. 15) based on visual interpretation of RAPD

results generated by the primer.
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Fig 15. Dendrogram showing the level of similarity between RAPD patterns of 33
antibiotic resistant-E. coli O157 isolates as determined by arbitrarily primed-PCR with
primer M13 and subsequent GelCompar analysis of digitized photographs.
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Scale indicates level of genetic relatedness within this set of isolates. Each pattern of
isolates is designated as A to H based on visual interpretation of combined RAPD
results shown in Fig 14.
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vk, E. coli O157:H79] W71 A3 A+ 48
FAA WG] #s B A St s FAA WA E coli 01579 =&
EXE HYth A9 BEWAAA &S 4559 E coli 01579 "igk 22F9 FAA 754
Aol A, 325 (7T1.1%)7F g g 74A] o] 3] gAA WS HeErlAT ol A+
F 327 FollA 325 (100%), 30+ (93.8%), 305 (93.8%)7F ZZ  streptomycin,
tetracycline, sulfisoxazoleol] W& YeP AT AT 325 T 285 (87.5%)7F 47FA] o]
ol FAA N WS JdeERUdTE kol A ol# g E coli 0157 #59 =& A Ul
e vl B Aol oyt A= o|AZEA] LAEE E coli 01579 tigt A A
e = b =2 EXE
2% E coli O157 it
i, o]F TF9 72% Rbo] 47FA] o]/ke] A A 141 A YEtiAT. ol
5 Ed2 sFANA 9 A Hrabgel] 7]Q1geh(20, 21, 23, 26). kel A
A i]ﬁ"’i]ﬂc} 2 4G5 5o HEHoR FAAAE FE&E Q) o]y g I
Ao FEEst AL82 E coli 0157 @75 7t =2 FAA WAgExe dcle] & &+
A o 7}% AMSE = E el A 60“311]7} Fadetal et AR EIL 9o
w, E. coli O157¢ 5% oleldt A S o 5 :
= B0l A B FAAd =FEo 3l7] “H—Eroﬂ, E. coli 01579 54 AGaA=ZA A
w7 Fo Wdi(reservoir) A 83 F vt & AFdAAE e FA
o] streptomycinel WA&S uUEHlAL, ol Fd  FAA =2 WAE2
aminoglycosideZl A A ] =g Ao T|Adgttta AztET. o]
aminoglycosided] A= o] A 71=2] E. coli 0157 t©] oA &7} glom w3l
tpolzl ol gk A ] Abgo] A Hojok dtrfar AZEY. E. coli HHAIWA
22 theEsk A Aa Al 4 9 plasmids, transposons, intergrons
2ol 7191ttt GAIWA E. coli Ol57dF9] 2 BXv TsrRAsgyge=z 4
At
Fluoroquinoloned] A A= Aol =E1, gram-negative Aol &¥7} gHsitte &
HA4 k. amyg B AFoA  29F7F  fluoroquinolonel A A Q1 cirprofloxacin,
ofloxacin, norfloxacin®] WS Rt} o] A= fluoroquinoloneAl A Ao Aol =
E. coli 0157 @F7F o)A Yol EX®ES & = AAG. 1ol A fluoroquinolonZl & A =
3 FoFopo A AbgE a1 9t} Fluoroquinolones 33 Ao WAool d¥= E. coli O157 1
Fol =¥ 75 APl enrofloxacin®] &3 Q8o Vv AzbEn
Fuloroquinolone#| &4 A Oﬂ WAS YeEll= E coli 01577 F52 T3 105 o] 34
Al WS Jepiidde. dAAel Aol U= E coli 01579 tiF-E-2 Aztoll Al 4zhst
AWS =W F o, vy A5FE g FAA A YRS =W F At A

Fedoh o2 AMEES RIS BAsyIfel FoldokollA A ARgel #

Al

el = Aot njFoA FHZ ”LEE AT AI = Lo
Fol| A tetracycline®} sulfa drugsel 22zt 20% <F 14%2] A A

i

=

ot

o)

F7EA

N
i
o)

¢
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AAL EHIY E coli OI570FE 749 &AAl WA Ed 3 &2 = F3irt &
238t oA™Y E coli 157859 =23 A WARXAE &5t 992 A =
S IS yeEidgeE de Fx aRFHoQy. B #F7} amikacin, imipenem,

N Tl

cefoperazon, cefazoline®] AA| A4S HeESATE 1859 A WATFE2 MIC
wE2 gAA 7B ABAy AFF7) cefoperazoneo] FAAZTFEA W Adrh
Imepenem &A= 1757F A 244 A9l Asdew 1577F FHHAHE el
AATt. ojwl A= Shiga toxin—encoding bacteriophagesE %3¢ Shiga toxin® #
HZ 224124 4 At} 3tA 7 imipenem< E. coli 01579 Shiga toxin® endotoxin®
L BuE fEdE ez dEA Jdvt. 183 imipeneme E. coli 0157 #AE=S A
skt Qbdsta Al FAALS & F AN
E. coli 0157 virulence marker®] PCR-A A &AA WA E coli 0157 ¥F9 & o
T (32F)¢ 217 47 eaeASt EhiyAol & veUdlth ol WATFY i
accessory virulence factor®! intimin ¥ enterohemolysine A4S &4 4 AT ©l &
2557} stx2 e stx2/stxloll A o]t} A7rAW I #wHEFE FF F Shiga toxin type 2=
AAksli= TS5 Shiga toxin type 18 A2bsle= TR 540 73, hemolytic—uremic
syndrome? Z& AZ3 FHFS LT F e Ao=E A Atk o] HE oA
Gy A WA E. coli 01579 -2 <17t e
Atk
AP-PCRE& &3] 44 ¥+ RAPDEAS Alds &
A4H T Ytk 32709 E coli 0157 WAFFE7e] $44 484< statma RAPD
patterns< & F3lTh o] AHAES Folo] RTF T SAHoE (e A EuE RAPD
AP-PCRE % 25 it GelCompar&EA ol A &
AA AHdE Btk deA oz A
o2 $4S yElWE RAPD typedl &
S A FHo R

b

5} molecular method =
.]

majority pattern(pattern A~H)©o
RAPD patternto] A& 1
Al WA E type 1 Febe
A RE, ZE WA TT] A

A64 Campylobacter spp.2] W7 A3} A A+

1. PCR ©|& Campylobacter jejuni / coli &<l
Campylobacter jejuni ¢t C. colis #23}7] $18] Gonzalez 52 =¥

o

AL

_O‘L
32
o
e
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=
RunEul
1:!

C.
C
(b

T2 ATCC 33560 C. jejuni ¢ ATCC 33559 C. colig At&3stor, A, HfX17]
H71 A C jejuni (793bp)7F AZH AL, AHAAT C coli(84bp) 7} A E = ATt
jejuni WS A& primers AFEE 9ol C ocolit HEHA Fovi (19 (a),
coli W& HZE3I+= primerE A3 43ol= C jegunic Ad AEIFA EAcH (2™

).

M1 2 3 45 6 7 M1 2 3 4 5 6 7

(A) (B)

Fig. 3. PCRS &3 C jejuni and C coli &<l

A C Jejum speaﬁc primers o|&3 A7|9F /\}11(793bp) (B) C. coli-specific
prlmera o] g3t AV|dFT AR (894bp) Lane 1 : C. jejuni ATCC 33560, Lane

C. coli ATCC 33559, Lane 3:A8 Y +8 C jejuni ; Lane 4 : &Y +8 C coli
; 5311]3’—7] el C jejuni, Lane 6, 4317] @ C jejuni. Lanes marked M are
DNA size marker (1-kb ladder; Intron biotech., Korea)

2. Real time PCR& %3 Campylobacter & &2 (ABI SDS 7700)

Real time PCRS %3t W2 & dHogr A4S o = e wyow vsd
o] 10 CFUQ 7 $-ol%= 3} =, 2000). Fig 201A%= Campylobacter
E 7#AZE37] 98 real time PCRS ]%0} t}. Fig 2 9 (A)AE C jejunis A
1%2 2 Al ATCC 33560 C. jejunis AE3s 1@ o2 PCRE 15 Cycle =4
7Fs 3 fluorescences 7] A1ZHgE AS YHERST oHE wide type C jejuni®=
o] YebES &4 otk (B)elAM= Blol ATCC 33559 C. colis #HZE37] 93
Ho 2 17 Cycledld =4 7}53F fluorescences 7] A Ztak Ao 2 et B2l
= No template® 2] template® 94 &2 Aoz Wbgo] Yelyx gk}, Y]
B3%-H Bl2+ wide type C coli ¥+-5< 3t Zo g dkgo] YElES &4 4 Ut

TR

o

oo I

HoE oo B
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e

Fig. 4. Real time PCR& &%  Campylobacter jejuni ¢} coli 7

HIRREAND £ 5
BINNEARET AR RAREEEEE]

I e N

(A) Campylobacter jejuni® A& 1 9.
Al @ ATCC 33560 C. jejuni, A2 : C. jejuni 1, A3 : C jejuni 2, A4 : C jejuni 3, A5 : C. jejuni
4, A6 : C. jejuni 5

— L
-

(B) Campylobacter coli® A& 19.

Bl : ATCC 33559 C. coli, B2 : No template, B3 : C. coli 1, B4 : C. coli 2, B5 : C. coli 3, B6 : C.
‘1:8” 4, B7 : C coli 5, B8 : C. coli 6, B9 : C. coli 7, B10 : C coli 8, Bll : C. coli 9, B12 : C. coli

- 160 -



Campylobacter-% 1 Fa ’ﬂ.% Ao 2 HIE9 53] Quinolone ¥ Macrolide &
A ol gk Ao o] A A7 Hi vk & AT =5, 5 ¢ AS
ANA EEE  C jeuni B C colidl g A 344 7&4 2 HAGAFE=MIC) 54,
A=A FAA g FLHEda AR (gyrA gene) AETS Foto FAA 144*3

Campylobactere] ™3t #2418 AAsA9t. 3] Campylobacterd| A A A H+= F =243
A A= Nalidixic Acidel A vz F 2o 7idso] AF&¥E Ciprofloxacine] ©] 2 7] 7FA]
Ao AbEE A quinoloneA Aol ] TEWA LS HAow Quinoloned A A <

Target?] gyrA gene® point mutation®= PCR % ZZAHE 9] 7] 7\105_—‘%/‘—1(Sequencing)%

rulo

Eoto] gQleith. 28y, Fig. 19 19 ZevFs WAdFdA= 298 5+ ey &
A A RdA WS Bela, 119 EedFe WAFAAE SEAEd = B8t
i FAA A Aol AedE Bded ole A=mSAZI A WAF

o] Fa9l
o2 4#HZ mutated gyrA gene ©] 2l Efflux pump, parC & parE S°] 7]g 22 =
Aoz AE3AS Aoz FAst) 53], A WS Hole AV 5l =&
B9 Al HIE AR ALLEE CTC(Chlortetracycline), Tylosin(Macrolide),

Sulfathiazole(Sulfa-), Carbadox, Linsmycin(Lincomycin + Spectinomycin),

ﬁ%m"ir

Apramycin(Gentamicin® A8+ Aminoglycoside), Neomycin(Aminoglycoside) <] 34 A
of AWAS 7HA A Advke HolA Ats H7F FAA A g FAAA A FE ThsAd S A
713 4 dvhal Abs T

Table. 1. Comparison of antimicrobial resistance profiles of C. jejuni and C. coli isolates
from chicken (n=194) and C. jejuni isolates human (n=13).

No.(%) of Campylobacter spp.
Antimicrobial |MIC brakpoint C. jejuni
agent (ug/mL) (n-100) C. coli Total
chicken |~ human (n=103) (n=207)
origin orgin
(n=91) (n=13)
95(45.9)
iprofl i 96(46.4 191(92.3
Ciprofloxacin > 84(406) | 11(5.3) (46 (923)
4(1.9)
Eryth i 15 18(8.7 22(10.6
rytirormyen 419 | 00.0) 8.0 106
98(47.3)
Nalidixi id 30 93(45.0 191(92.3
aide ad 87(42.0) | 11(5.3) (5.0 (923
79(38.1)
Tet li 30 87(42.1) 166(80.2
crracyene 69(333) | 10(4.8) ( (802
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4. Campylobacter 3 T F A9 quinoloneA A WAFL #A&A FH4z &<

o1 [T |

I-EHJP
Ulhp

Fig, 1 Agarose gel of ibermophalic Camgrrlabecrer- Fig, I Agarose pel of af MAMA POR products
specilfic PCR produicts of’ lmslates M, SR 174DNAHiny T Marker{Promegak, 1Y 0630-7;
M. TH-hp INA Indder{Pramegay; 1,Y0 B630-7, LY0 BSS0-8-4: 3V 00R3B02; LY 0603, 5 V0
TY0 SR Y0 DRI, LY L (W 15-4; 6,80 G212 750 630241 B3 skl
BV0 inaS0- 150 o Y0 S0-20-2; TV 0ida- -1, I2:-0; 9. V00803.22-1; 10,V 0S0E22-3; 11,50 080323
A, 500 0505-23-1; 9 %0 05235, 105D fei-13-5, I, 2 dheough 7, D0 As Trom gred mudand O csli (192-bp
11,V 0805-25-2 PUR products were generated], § through 11, N As
froms grrd mutant © jguei6E-hp POR prodwts wers
gimratid

5. Campylobacter spp. ¥ 3¢ F 9 PFGE 2 34}
SM 1 2 3 4 5SM 6 7 8 9 10 11 12 13

-

-_

Fig 5. 4494 £33 PFGE pattern for Campylobacter Spp.
SM : Mid Range PFG Marker (BioLabs), Lane 1 : C. jejuni 944#5 1, Lane 2 : C. jejuni
°‘”;"‘-r 2, Lane 3 © C jejuni {7475 3, Lane 4 © C jejuni ¥4 4 Lane 5 : C Jejuni
VA FE 5, Lane 6 : C. jejuni 9’375 6, Lane 7 © C Jjejuni. o] ”ﬂ‘—r 7 Lane 8 : C ]ejum
At 8, Lane 9 : C jejuni %‘*”*-r 9 Lane 10 : C Jejuni ?j‘“%"-r 10, Lane 11 : C
jejuni Q7+ 11, Lane 12 : C jejuni DT 12, Lane 13 : C jejuni ol 13
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M 32 mx2MdE 3 A Fokoe] 7|k
Ald HFagAdE
SN APAE g L A9 kS
o FAHE, At ¢ FAHEW fd A A Al
e 4 2 A g A g9l
Salmonella enteritica subsp. enteritica serovar
Typhimurium DT104(ACSSuTWA ) 2
<A1 B TR > Multi-drug resistant Salmonella spp.
Ao Bes (emiA/tetR, blapsg-1 blarey genes)
- Staphylococcus aureus(MRSA, VRSA 2 VISA;
mecA, femA genes) 100
T2 W Als F §| Enterococcus faecalis, E. faecium(VRE;vanA,
WA WA SR vanB, vanC-1, (UanC—2 genes)
i} . ~ Escherichia coli(Multi-drug resistant
AR A AE L paRCiA, mphA)
Quinolone resistant Campylobacter jejuni , C
coli(gyrA gene)
- g, sAE FAA WA B Al digh
YA A (genotype) 2 3 A 3 (phenotype) &2l
Lot o o) UAEFY BAA WY FAA B
S S o S Targe®] g,
Efflux mechanismol] 23t Alxyro 2 344
<ATHETA> z—gé Qn;ggﬂtm wineacS%V/it;r]lgZq erTi?‘;m? At
Mgt o]d s i
wn z=am A o FAk= ‘%Ed WAt %F_/] 2 54 Z:/‘k
¥, Sk, - Fo 4B va 2 QA gHTE JEand
=%y 27
213 B - Salmonella enteritica subsp. enteritica serovar 100
= o Typhimurium DT104(ACSSuTWA]) =
A uE YA Multi-drug resistant Salmonella spp.
A B w gs « Staphylococcus aureus(MRSA, VRSA
ez VISA)
A AA « Enterococcus faecalis, E. faecium(VRE)

« Escherichia coli(Multi-drug resistant EHEC)
+ Quinolone resistant Campylobacter jejuni , C.
coli
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TR |AdrAeEw A7 WE L W gy
A4S A AT 7Ad A =4}
SAZREAA> | Fg qawF B 2 54
g 2e-F « Salmonella enteritica subsp. enteritica serovar
Typhimurium DT104(ACSSuTWA ) 2 100
Multi—drug resistant Salmonella spp.
AFSA AANA T - E. faecalis, E. faecium(VRE)
A A
e fFe] FAA WA AR 24
12hd =
(20014)
<A3F T LA > .
" s Adel, BAAAe & A, o 5 v 78 s
A&EY o]&3} 2gp7| el EE3ka e FAA U MRSASH VISA
58, Zaws: g| R
A Al - - s
NI Sabe 22 A U4 MRSA9F VISA AE3K1 100

MRSA EVISA

=
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W
g
=2

=
ofo

b
o
Ho
i)

o,
k1

22 &=

(2002)

<A 1AM F3 A >
e 983

=
o F& FAE fd vAdE =4 3 FAAA WA
ZA

- FhE 98 MAE o d A= A

- 78 = 8 nAE 28, 4
Salmonella enteritica subsp. enteritica serovar
Typhimurium DT104(ACSSuTWA ) 2
Multi—-drug resistant Salmonella spp.
Staphylococcus aureus(MRSA, VRSA 2 VISA;
mecA, femA genes)

Enterococcus faecalis, E. faecium(VRE;vanA,
vanB, vanC-1, vanC-2 genes)

Escherichia coli(Multi-drug resistant
EHEC;hiyA, mphA)

Quinolone resistant Campylobacter jejuni , C
colilgyrA gene)

- g, sAE vAEY FAA B A
AAE 3 WAdHE gl

100

<A18 5 IA>
Agdd o]dg

o 1ahd el A

2
- Salmonella enteritica subsp. enteritica serovar
Typhimurium DTI04(ACSSuTWA ) 2
Multi-drug resistant Salmonella spp.
« Staphylococcus aureus(MRSA, VRSA %
VISA)
« Enterococcus faecalis, E. faecium(VRE)
« Escherichia coli(Multi-drug resistant EHEC)
+ Quinolone resistant Campylobacter jejuni , C.
coli 79 FAA N FAR 24}
o FAA WAg FHAA A=
- PCR 59 7IW& ol&stoq A=
- Isoelectrofocusing electrophoresis 52 7|¥ <&
o]-&ste] A=

o PFGE®] o3 WA#FFo 84 e 24
- 28 Bg 739 &4 pattern ¥ 1l
- sE By o5 AT Fee dud A

100
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T A TSR AT e 2 HE =g
o AT JA HAT FHA A
- AAHAZEY AN T &
- = Salmonella enteritica subsp. enteritica serovar
Typhimurium DT104(ACSSuTwWA ) 2
Multi-drug resistant Salmonella spp.
<AL T FA> « E. faecalis, E. faecium(VRE)
2™ HFF o VRES WARAA, Bt ol
(Overlapping PCR, Sequencing< ©]-&3F vanA
ol = 013 cluster mapping) 100
srel oA - Plasmid analysis
vt el Ak - PFGE (pulsed—field gel electrophoresis)
Aapa) EHA
oo 1L
oSalmonella spp.2] WdFdA, 2984 A+
- PCR, sequencing= ©]-&3F WAFA= A4
(A= WA, parC, gyrA gene point
mutation,DT104)
- RAPD (Random-amplified polymorphic DNA)
92 o &, #HA, ¥ & U F& S &g
(2002) B¥sa Qe A4 WA E coli O15T:H79
ZA}
- F8 7= A3 |Bo 2 RE E coli O157:H7
i, 4
B - B8, 54" E coli O157H79] 3AA| 744
<A3F T A > AA A A
AEY o] &3}t
o A& o]&H ZAEE XS = FAA A
ENNIE E. coli O157:H79] ZA} 100

SAANAY  E. coli
O157:H7¢] ZA}Fe+

A opA AT

- T8 7S Asp|Bo2RY E coli O157HT

2o, 54
- =2, 8% E. coli O157:H79] 3AA| 747
AL AN
o WIAE WEHFH ATFE ASF € n 13
AHgshe= AbROl Al WA E. coli O157:H79]
od® A
o AN NEAES AT FEY kA 24}
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