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ABSTRACT

Characterization of Salmonella enterica Isolated from Diarrheal

Patients in Gwangju Area between 2001 and 2007

Ha, Dong Ryong
Advisor: Prof. Lee Myung Yul
Department of Food and Drugs

Graduate School of Chosun University

From January 2001 to December 2007, the serotype of Sa/nonella
enterica isolated from diarrhea patients in the Gwangju area consisted of
30 types, There were 99 strains of Enteritidis (42.9%) and showed the
highest isolation frequency followed by 61 strains (26.4%) of Typhimurium.
The pattern of antibiotics resistance is a trend Which is increasing, the
frequency of bacteria resistant to TE was 47.4% which was highest,
followed by the order of 45.7% of AM as well as TIC, SAM was 27.6%,
NA was 22.8%, and CM was 21.6%. The serotype Typhimurium to TE
was 82.2% and most bacteria showed the resistance, to AM and TIC were
approximately 50%, and the frequency of resistance to CM, SAM, and GM
was high. The serotype Enteritidis was 59.6%6 the penicillins antibiotic AM
and TIC was 59.6%, SAM was 40.4% and the frequency of antibiotics

resistance was higher than other serotypes, and resistance to CIT and
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SXT was not detected. Concerning other serotypes, to TE was 41.7% and
the frequency of antibiotic resistance was highest followed by the order of
27.6% SAM, 236% AM, and the frequency of antibiotic resistance to all
antibiotics was relatively low. In addition, in the multidrug resistance
pattern, higher than 68% of Typhimurium, and approximately 65% of
Enteritidis showed resistance to more than two types of antibiotics.
Particularly, the frequency of multidrug resistance of Typhimurium to 3-8
antibiotics was approximately 52% and it was higher than other serotypes.
In addition, regarding other serotypes, Blockley, Brandenburg, Haardt,
Panama, Paratyphi B, Rissen, and Saintpaul showed multidrug resistance.
Overall, antibiotics that showed resistance simultaneously were AM, SAM,
TIE and TE of which resistance was relatively high in each serotype.

The plasmid DNA of 37 strains of the serotype Typhimurium with high
antibiotics resistance and multidrug resistance were analyzed and the
results showed that all strains contained more than one plasmid 2 kb-22.9
kb in size and generally 4-6 plasmids, nonetheless, the correlation of the
pattern of antibiotic resistance to the Plasmid DNA pattern could not be
detected. In multidrug resistant strains analyzed by polymerase chain
reaction, 72 strains containing the Class 1 Integron were i1solated, and
among them, 60 strains contained an integron showing one 1,200 bp
amplification product, There were 3 bacterial strains containing 1,000 bp
and 1,200 bp, There were 3 bacterial strains, containing 1,200 bp and 1,600
bp, 4 strains of bacteria etc. showing 1,200 bp and 2,000 bp contained an
ingegron with more than 2 amplification products. Among bacteria resistant

to more than 4 types of antibiotics, bacteria with more than two types of
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integron were observed only in the serotype Paratyphi B. Particularly, 1,200
and 1,600 bp integron showed resistance to AM, GM, KM, TIC, and TE,
and the characteristic was that bacteria with 1,200 as well as 2,000 bp
integron showed resistance to NA and SXT.

Among the resistant gene cassette within integron, B-lactamase gene and
blaP1 (psel) gene were not detected at all except in 2 strains of the
serotype Paratyphi B, and 2 strains of the blaPl positive serotype
Paratyphi B were resistant to SAM. Among bacteria resistant to AM or
TIC, efc, on bacteria negative for PCR wusing the Primer in-F and
blaP1-B, PCR using blaP!-F and blaP1-B primer was performed and 420
bp amplification products were observed. PCR was performed using the
primer qacE a1-F and sull-B, and 1,130 bp amplification products were
shown, and in some bacteria, 800 bp amplification products were observed.
It is necessary that in future, more studies on the examination of different
several resistant genes within the integron and their structure are required.
As cytotoxicity to Hela cells, treated cells with bacteria, more than 20 96
of cells died, and particularly, When treated with the serotype Panama,
approximately more than 80 9% died. When treated with cell culture
supernatant, cytotoxicity was not be observed in most cases, nonetheless,
When treated with the culture supernatant of the serotype Brandenburg,
Indiana, Panama and Schwarzengrund, more than 309% cells died. The
cytotoxicity to HelLa cells was thought to be due to Cly A production.
Such result suggests for the first time that NTS inducing diseases within
the intestinal tract could produce toxin with cytotoxicity. It is thought that

in future, studies investigating the characteristics of bacteria with
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cytotoxicity should be investigated more comprehensively.
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N FEF MacFarland scale No. 057} %% 0.85% NaCl salineo = 3] 4]
3l muller hinton medium (Difco, USA)o] 1% =3k o} A tlx
AZ 30 mitAdoz YA 7l 37Col A 184 7F wjk3le], zone reader® W
S dAgE =AHsJoew, AL National Committee for Clinical

Laboratory Standard (NCCLS) 7] &) #A s

_10_



A48 Salmonella Typhimurium Plasmid %3 9 24
Plasmid ]+ Kado® Liu (1981)¢ =l st AAletd=d 2 ¥4

< U3 2o+ mL tripticase soy broth (Difco, USA)dl &3}

37°Coll A 18417+

)
oL

ket 3 12000 xgoll A 187+ d4lste] A S B

g ATHNE

32

ok AlTS 200 ul9 TE buffer (10 mM Tris base, 1

i

mM EDTA, pH 80)% @#EA 7|31 400 ul9 lysis mixture (3% SDS, 50
mM Tris base, pH 12005 7}sto] 4°CelA 583 &3Az F,
phenol/chloroform/isoamyl alcohol &% (25:24:1)% 600 ul. H7FskA ot 15
3 Ax F=gA

plasmid7} g8 4 le 355ke) 7195 AAHAT plasmid #4¢

(ot

E0] &E3sta 4°Coll A 12,000 xgo 2 1037t ¥4l s

o

’

$8te] 1% agarose gelol #7]% 53 F ethidium bromide® @M 3ste] &4
stttk DNA ®#A=FE SA3s7] 13t Supercoiled DNA ladder (Gibco
BRL)E X0 st om, Exo] A4S BioGene version 99.04 - 2 713

(Vilber Lourmat Co., Marne La Vallee, France)< ©]&3&%)

A5E ANA FAR BN S 9% PCR M3

Fig. 1 class 1 integron® ¥¥HA el Fzxo|t}. thA| A

rulo

ke A=
223571 sl PCR  template® A3 Saimonella spp.2] DNAE
Luria-Bertani (LB) brotholl A ®j%3 #H42 10 mM Tris-HClI (pH 8.0)
bufferel 1/102 3]4 3o 103t boilingdr $ 12,000 xg 3®3Fo = 451
Ao AAHNE BAsYPTrE ALYt PCR 93-S eppendorf thermal
cycler2 ZFZ39th wrgA e 20 mL7F %% 39 20 mM Tris-HCl (pH
84), 50 mM KCl, 4 mM MgCl, 0.2 mM dNTPs, 100 pM<2| primers, 1 U2
polymerase®] 3-5 ml2] DNA templateE %7}ttt 2+2+9] integron A8 &

Aol Alg% primert Le'vesque %5 (1995)¥ Dalsgaard 5 (2000)9] ®wo] u}
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2t HU35A & tt (Table 1). Class 1 integrons ®4137] 93 primer in-F3}
in-BE Al43% PCR¥} qacEmL-F¢} sull-B 181 in-F¢ addA-BS o] &3
PCR ®F&& 94°CollA WA 583+ denaturations A7l & 94°CollA  30%,
annealing2 58°Coll Al 30%, extension< 72°Col A 187F 303] wF$-A] 7] a1 wmpx] et o
2 72°Coll A 1027t extensions A8} 1.5% agarose gelell Al 2714 %

o] FEZoHE Folst 9t} Integron 2] B-lactamase & HAE 7 E357] Y% in-F

d

9} blaP1-BE ©]&3% PCR WF-$-2 52°ColA] annealings 2 A8t 2™, blaP1-F<}
blaP1-BS o] &3 PCRE 55°Coll A annealings 2 A] 8} 1 o}
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R
& e
= e
dfrAt . ORF .

| ams @
5-C8 ﬂ . 3-C5
nograse ot bor1 M cacerr | s |
in-F In-B
In-F blaP1-B / gacEal-F sull-8
aad4-B

Fig. 1. Association between integron structure and PCR products. The
lines below the integron structure represent amplicons, and the bold line
represents the sequenced amplicons. The primers above the PCR products
are described in Table 1. attll is the attenuation site, and gac/ZB/ and su//
encode resistance to disinfectants and sulfonamides, respectively. The
individual gene cassettes are drawn to scale. The recombination site (59-bp

element) is shown as a dark circle.

_13_



Table 1. PCR primers used for identification and characterization of integrons and

gene cassettes in .Sa/mnonella enterica serovars

Primer Sequence Position of Primer Reference
in-F GGCATCCAAGCAGCAAGC 14165881433 15
in-B AAGCAGACTTGACCTGAT 4831884814 15
attl1-F CGGGCATCCAAGCAGCAAGCGC 1414881435 15
qacEm1-F ATCGCAATAGTTGGCGAAGT 2118230 56
sull-B GCAAGGCGGAAACCCGCGCC 136021341 62
blaP1-F CGCTTCCCGTTAACAAGTAC 348EH367 72
blaP1-B CTGGTTCATTTCAGATAGCG T6TERT48 72
aadA-B ATTGCCCAGTCGGCAGCG 193321916 32
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AN6d 29 Salmonella AR F L] HAA &I AT

1. 2389 Salmonella BHF 2 AXLZZAY

CytoTox nonradioactive cytotoxicity assay Kkit7} cytotoxicity
indicator® cytosolic lactate dehydrogenase (LDH) =#A3l+=td A} 52
th. WA 24-well trayel 1x10° cells/mL®] HeLa AIEFE 5% CO200 A
37CoA A 2A1 2 v Fstd et m e AEXE serum-free MEM (minimum
essential medium) 1 mL2 A& 383tk LB vl xol A 5A1z Ald) wjFs
Z A Y] #FE 3,000 xg= 5 94 FElete] 2 ) PBSE Al
#Hsle] 600 nmeld FBFE7F 1.0 (F 1X10° cel/mDe] HEZ
serum-free MEMZ 3] 43} Hth, Aldap A2 vl &o] 10:10] H==F %
e M-S wYdE HeLarl 3o FFsto], 5% CO28 ZolA 443

B MG F AN Felste] R4S @Ak 50 uLe FHALS

sate] Abg et o3}

HeLa AXE 4A1%F ¢k wiFstdrt. Abd Zd& As 423 A28

-

HelLa Al2FE PBS=® A2 3 o] % ethidium bromideE 7 7}sto] &%

angow #Asy AN Bt
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2AHwE (PCR)Y 98 &£d%52 (Cytolysin A)

AR A%

AAZE Al AESAHI Aol e 54 Cly A #3445 A=

N
n:°"
Fpi'

7] $13%F primer= Oscarsson 5 (2002)¢] S Typhi¢] Cly A %=}
Azl AFEstA™ Sal 1 (CTCGTCAGCCCGGTAACGAC)¥ Sal 6
(CGGTACCG ATATCACCGATG)S Ar&stdoh wid Algds 94
wE g 02 mLe FFFol thAl B A71aL 100°Cell Al 102 3F 7+

i

ShATh wolS d4 Rt AN 3 ulE FHFELAARS (PCR)S
913 DNA template® A+&3t3itt. PCR W82 Eppendorf thermal
cycler®2 SZ3&dth, Wk e 20 ul7b ¥ =% 3 20 mM Tris-HCI
(pH 84), 50 mM KCIl, 4 mM MgCly, 0.2 mM dNTPs, 1 uM<2] primers,
1 U9 polymerasedl 2 ulL®¢] DNA templateE 7}ttt PCR WSS

94°Coll A A 58 7F denaturation A7l 3 94°C, 45°C, 72°Col A Z+z} 45
%3+ 303 WA 7] mpAEto 2 72°Coll A 53t extensionS A Al EHA

32

o}

2% agarose gelol Al H7] 95L& HAA|ste] FZJRE s

3. 884 (Cly A) XS A ¥

s Fe] Fd4 AMTS AAE HaA widkdE AldE 5% sheep

=2
—
[\
e
N,
f
r o)
ot
o,
dlo
=
=N
o
1o
N
e
=2
ofo
e
)
o
2
1o,
r
i
of,
=
N
)

o

x,
i)

i=)
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A3 23 2 uF

A1A BFAAA A AABRLNA Q) Salmonella
e

rE

2001 1€5H 2007d 12€7kA 7d7F FFHGA RASdA AT 7
AET o o 224229 9] HALA S Ao BRHHAZEE S enterica
o EEl&E ARG Ay 23259 dF7F EeEo] HAAbEg dxo
1.0%7}v Saltmonella® 213 ZdASdS & & AT (Table 2). A=

o

Salmonella®l Wel&a AV EW, 2001d %0 21%= 7H =%kor 2002
WAhol &= 0.8%, 2003l 1.1%, 2004d = 0.6%, 2005+ 05%=
Faste FAE BA 28y 20060l = 0.9%, 2007d 0= 1.3%E 5
7dete AESs Bk AAT7E 2001 2ol 1,919 Aol A siuteh S st
o] 2007 d=ol= 4623 Mz FT7tstA=d ol AR Fr7ld = 9

ol UMARE A =2Q) HAe] el o Aifo]7| = .

A= ods] =& AAFES FAE Aok (3). olgd THEA AALA
stol A AR Sahnonella, Shigella, Vibrio, 73+ (ETEC/ EPEC/

EHEC/ EIEC %), Campylobacter, Staphyiococcus aureas, Yersinia %

M+t A 23} rotaviruses, noroviruses, astroviruses, adenoviruses s Hf

ojgf =g dgko]l flo] ¥ Yk (2, 10). AHAE TRt AL

Mo
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a2 Agor A% ATEEN oty AAAHQ H & o)M= FaT
wAE oF7leta vk v &Kol Aol 9% AFAESS O HAA dE
o TFH SHAA FaT BhAtol Ha dFol= &L ofA 7t
A% Alwtd BdAe ofg 9 FdAsto] Wo] WA = AAolr}
Ul o] A, 20050 A oFA oA e Ameo] ofstw 8143 o AHALS
Aol A ANF S AAANA Clostridim H+F°) 9.3%= 7MY =& &S
Haow, vFo=zs W 55%, XEFTw 4.8%, PBacillus 3.0%,
Saimonella= 14%° 28 &5 Bt & drolA 7dxE 224227 ¢ A
ALA g BAte] BERAAZYE S entericad) wEE&EE ZAME AF 232F
(1.0%)9] 57F =0l Aekd o] gl FASAT. o] A=
Il A B HAAME FWrd S Hde dd2 o 1%7)
AN, 53] Sawmonella= A

PN
T
NF5e WAAZD AsAe] womz Bl WA dwa FAAAZ 2
o]
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Table 2. Prevalence of diarrheal patients by SaZrnornella enferica in

Gwangju for 7 years

Salmonella Isolates

Year No of Sample

n %
2001 1,919 41 21
2002 2,879 24 0.8
2003 2,905 33 11
2004 2,680 17 0.6
2005 3,415 18 0.5
2006 4,001 37 0.9
2007 4,623 62 13
Total 22,422 232 1.0
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A28  Salmonella enterica A FE e e

Salmonella®) 13 D A5 =52 Frket @A v FtAel i

dol F7kska glo] £ wFEel E 54 Aket @A AgaA Y

ol A& A Au}t. Salnonela= T2 FES FHbel= FES 4o
71 AW YA Moz A 2300714 olAe] @A o] dEA dow, 3

i)

2l A 7 WiWE] HEs e AP F=2 S Typhimurium %2 .S
Enteritidis7} 245 R ¥ dvd (53). HIAE Z 24 salmonellosist 4]
= WA AEAESoRA d AAAHCR Sfrit e S dAEH
ATt (9, 74, 77). 1¥ el A= Bl A R EHE Sahnonella®l 3
Ao Wko g Bauvk 18 gle AAolv. wHd B dATodAM =
2001 1458 2007 129744 7AXF 29 S entericas T 2325 )
A=l A% Sahnonella enterica®l w2 2001d 415, 2002 24,
2003 335, 2004 175, 2005 185, 200613 375, 2007 A = 625X

ow, 2007 d =0l 7 weol EdEHAY. ols EHHEFe] dHESE =
g A3 F 30FFolRow, BENIEE XY Enteritidis7b 99F (42.9%)
= 7b¢ =93, Typhimurium 615 (26.4%), London 105 (4.3%),
Braenderup®} Rissen¢] 27} 65 (2.6%), Paratyphi B 55 (2.2%), Bardo,
Hadar, Infantis, Potsdam, Virchow+ ZtZ} 45 (1.7%)°l9le™, 1 ¢ &
42 1-37F FEHAY (Table 3). 2001d e+ 4157 F
Typhimurium 175 (41.5%), Enteritidis 145 (34.1%), Lodon 35 (7.3%)
2 7lE 77 (17.1%) 0l ATk 20029 EEwF 245 S Enteritidis 97
(37.5%), Typhimurium 65 (25.0%) London 45 (16.7%) Paratyphi B 2
F (83%), 7l 3F (125%)el k. 20039 w#HdF 33F =
Enteritidis 105 (30.3%), Typhimurium 95 (27.3%), Bardo, Braenderup
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o] 7} 27 (6.1%), 71EF 105 (30.3%)= ol Atk 2004 &+ 175 F
Typhimurium 55 (29.4%), Hadar 35 (17.6%), Bardo, Postdame¢] 7z} 2
F (11.8%), 7lek 5F (294%)wcolqdtt. 2006 ¥ dF 18F =
Enteritidis 115 (61.1%), Typhimurium 35 (16.7%), London 2%
(11.1%), 718 25 (11.1%)=ol k. 2006 E&8 =+ 375 % Enteritidis
235 (622%)= 7bd Wgkow, Typhimurium 55 (13.5%), Typhi,
Risseno] 7} 2F (54%), 71 55 (135%)=°lArt. 20079 627 =
Enteritidis 315 (50.0%), Typhimurium 165 (25.8%), Virchow 45
(6.5%), Infantis 35F (4.8%), Braenderup 25 (3.2%), 71E} 6F (9.7%)<
o] A}t (Table 3). =l A= Aol A Fel¥ = Rliwmo] @3 A=

A

o™, Chung & (2003)°] 1993 AHF-EH 20013 7MA] A FANXN Salmonellas

Haste] dA48S AW 23, S Enteritidis7F 29.3% % 7F4 Eo]

i

AT gFoe2E S Virginia (14.6%), .S Haart (12.2%)7F 22 5 A
=k [ R P o]+ T (2001) sHAe} AeA FEH

Salmonella 27332 Wl

ol
&

e

al

T
!

g 2AF A% kelA Reld 367 F

.

Ruiru’b 11552 713 W=7} =93 Typhimurium¥ London©o] Z}ZF 65

Brandenburg 35, Newport 25, Schwarzengrund, Agona, Jos, Rissen,
Ohlstedt”} Z+2F 15 oAtk Bg sA]ol A= 289¢ 59 34F FA 9ol
85 %o Typhimurium®] 89F (31%)%= 7} W=7l &oka oo

2+ Derby (17%), Schwarzengrund (15%), Enteritidis (6%), Mbandaka

(55%)w0l Atk ok Z& mwamel ¥ ATeNe ARES Wi BAew
BFA e AAANA BelE FrE FEolY AEA fHH A9

o =
2 9 & gt Z FFYY

2
1
3

FYNEAY 54 AR
Enteritidis< 2001 =458 20039 7k4 = 30 ~ 40%9 #&&E5 Holt
7F 20043l = 5% ol =E A E o 2005 d =FEH = Al 50 ~ 60%
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2 7 ety AFgS BEAt. @43 Typhimuriuma 2001d % ¢F 40%
o] FEHAGI AAAHoZ fFihcte AYS BPoy 2007d =] th
Al ZF7b8ld o1 Arizonae, Montevideo, Saintpaul, Victoria %5 " A

25 d4 9] 2dHAJ. Fig 2) o9 22 Ad= AL sdots HE

@ sslelAAEel o8 Tl A9 BHIFY AsHel ¥k (18). o
Aol Avpel A AzE BHHol oA fehstel AFBPL Voe
A stzAzt o] Fol Ao} & Aolth,
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Table 3. Serovars of Salnonella enterica i1solates in seven year period

Serotype

2001

2002 2003

2004

2005 2006

2007 Total

Agona

Albert
Arizonae
Bardo
Blockley
Braenderup
Brandenburg
Derby
Enteritidis
Essen

Hadar
Haardt
Indiana
Infantis
Kedougou
London
Mbandaka
Montevideo
Panama
ParatyphiB
Postdam
Rissen
Saintpaul
Schleissheim
Schwarzengrund
Stanley
Typhi
Typhimurium
Victoria
Virchow

1

DN~ DN

14 9 10

17 6 9

11 23

31

O

(@) —
= H 2 W NRHRE RO N~ 2O HEHFEFHEPAENOFRFROODDND B~ +—

Total

41 24 33

17

18 37

232
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Fig. 2. Prevalence of Sa/nonella enterica serovars in Gwangju city

during 2001 - 2007 year.
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AN3A Salmonella entericea R FE A WA G4

1. A WA S

Tod 2 @3 de 4 FdAel g HAERIEE Table 49 2ok 7
dosek 2gd 23259 ddAe gid WAEs 1159 A F
tetracycline (TE)el ®lgt WA+ W7l 474%=2 714 =3kor,

ampicillin  (AM), ticarcillin (TIC) 45.7%, ampicilin/sulbactam (SAM)
27.6%, nalidixic acid (NA) 22.8%, chloramphenicol (CM) 21.6%,
gentamicin (GM) 9.1%, trimethoprim/sulfamethoxazol (SXT) 5.6%,
cephalotin (CF) 4.3%, amikacin (AK) 2.2%, ciprofloxacin (CIP) 0.4% <
ol At

Gaol A el ¥ Sahnonellad 0ol @A WY Frk= A A

X
(0]

A FAlolth. 53] S Typhimurium> o & &
Aojth, & AT oA%E 4% Typhimurium> th
dA Gl wlsl Z+F Al e Hud @ AES BRI 5
| TEel wial 822%= wF&e w57 WAS BioH, vdgo=e
AM} TICO dis] ¢F 50%, CM 31.1%, SAM 24.6%, GM 23%, NA

g ol wlal Al T

ot
=
oX,
k1
N
L
=2
o
i
r10

gl

ol

16.4%, SXT 14.8%, CF 6.6%°] o]ttt AN# CIPo| whai A= WA«

of AT 2

olrt

(2005)9] RHIAAME AAFA FElgd G
4% TE, streptomycin (SM) % SXT 59 stAd =
= WAES Ho 2 A5 Ao} FAFsk k. @3 Enteritidis> AM

I TIC Wal 59.6%7F A& H AL, SAM 40.4%, TE¥ NA 30.3%,

Typhimurium 2]

CM 242%, CF 51%°]glom, CIPZ SXTo| ts yAadL gk 71g
HH P TEO el 41.7% = WA E7F 714 =gkon 18 o2 SAM
27.6%, AM 236%, TIC 22%, NA 181% <oz uUA¥E

i

B

_25_



Randall 5 (2004)9] R ES AHRWA o FoA B Swmonellad 7
< &A% Typhimurium< AM, CM, SM, TE, sulfadiazine & Z% 3 it
Aol =2 WAAES 2o, Enteritidis 2 71EF @3PS g

A s Bol oA £8E #F7F B o & FA A
EE EAY. & AFA 5AHS @H Y Enteritidis+ penicillinZAl &t A

°l AM, TIC® SAMel disf AWM =7 & Y B o =9%kom,

P

o
d4 3 Typhimurium @934 S oAs= CM, GM %9 TEe dig uj
AR E7E =9tk Vel @AY BRE A oid WA= ok
oA A e 23259 A e WA E=E TEC tid AT
We7t 474% %2 7V =dor tdSo=z= AM 2 TICel whal 45.7%,
SAMel disll A= 27.6%, NA 22.8%, CM 21.6%% +o=2 =8t} o] &
(2001)e] e} sHA A F2® 32559 Sasnonella®) iAo g W
At oAM= TEo disiAEs 67.1%9 dF7F WA Ko & a4
oM ®HT} EE Holgoy, AMol W3 HIEE 169%°o =z Sokt)
Meakins & (2008)2] H 1o Al 200005 20043 7-A] oA 22
NTSY gatAe gt Aol ®Wxo|A SXT 25-30%, TE 16-26%,

AM 19-22%, CM 8-14%, NA 12-20%= # A Z3rt} vk} o] 9}
2 A FaAe =2 WS Hole FEFH AFod SdH® AFE
7ol o1 Ao FA e
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Table 4. Percent antimicrobial resistance values of .Sa/nonella enterica

serovars

No (%) of Antimicrobial Resistance

Antibiotics Enteritidis  Typhimurium Other Total
Serotype
(n=99) (n=61) (n=72) (n=232)
Ampicillin 57 (59.6) 32 (49.2) 17 (23.6) 106 (45.7)
Amikacin 3 (3.0) 0 (0.0) 2 (2.8) 5 (2.2)
Ampicillin/ 40 (404) 15 (246) 9 (276) 64 (276)
Sulbactam
Cephalotin 5 (.1) 4 (6.6) 1 (1.4) 10 (4.3)
Ciprofloxacin 0 (0.0) 0 (0.0) 1 (1.4) 1 (0.4)
Chloramphenicol 24 (24.2) 19 (31.1) 7 (9.7) 50 (21.6)
Gentamicin 3 (3.0) 14 (23.0) 4 (5.6) 21 (9.1)
Nalidixic acid 30 (30.3) 10 (16.4) 13 (18.1) 53 (22.8)
Tetracycline 30 (30.3) 50 (82.2) 30 (41.7) 110 (47.4)
Ticarcillin 59 (59.6) 31 (50.8) 16 (22.2) 106 (45.7)
drimethoprim/ 4 (o) 9 (148) 4 (56) 13 (5.6)
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{

T 4 2 P FA HAEANESE dxdE Aber] He 29
49 E a5S Aol A A Table 5~73% 22 A¥dE Ayt A

% Enteritidis®] 7% (Table 5), AM<®} TICo| wig WA W=7}

.

2001-2002d ol == 34.8%°] L o1} 2003 o] F-o ¥ #Fol A= 63.6%
~ 706% = FT7tste ¥ BAow, SAMel AW == 2001-200401
= 4.3% o]st ot 20059 o] Fol= 581% ~ 61.8%= =AA F7F5FS%
o 2y TEO WARIES 2001 ~ 200290 47.8% A HAt= 7St

= Age wy

rot
jus
H1

WAt o] W=7}
¥ Ho] 2005 ~

oX,
=

dA % Typhimurium® 7% (Table 6) AMell tjgh
2001 ~ 200291+ 34.8%c°]loy Hx FrteteE A
2006l = 75.0%, 2007d &= 625%c°] R om, TICH g Ao Al
T7F 2001 ~ 2002+ 39.1%0l A4 2005 ~ 2006l 75% = F7Fst

ATk WFF 2001 ~ 2004 #E2® T = SAMO tiE BT A e
Baio, 20056 o] Fol #H FFolAME 56.3% ~ 75%° HAREE
Fek. GMol g AR =l A %E 2001 ~ 20020 @ E TFolA =

174%0°] 0 51 2005 ~ 2006 ol w2l ¥ FFol = 50%, 20073 &2

H dFol e 31.3%%E ST ZIEF AP dx d gAY W
EolM= SAAYN S #FY o gldew, ddAd WA 2 g

FrA AN ES dx d2 2ASH] HEl 29 992 a5s A9
zArek 23 g3 Enteritidis®t Typhimurium® 7% AM, SAM, GM
I TICo] wid Ao WI=rF 20043 % o] el Ezld 5o v
20063 &= o] Fo ] ® Tl = okrh wE 2001 ol A 2004 =7}
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Table 5. Proportion (%) of isolates of .Sa/nonella enterica serovar

Enteritidis showing resistance to a panel of antimicrobial

agents
joibots L2002 2032008 005 205 2007
Ampicillin 34.8 63.6 70.6 64.5
Amikacin 0.0 0.0 2.9 0.0
Sulbactam 4.3 0.0 61.8 58.1
Cephalotin 0.0 9.1 2.9 0.0
Chloramphenicol 21.7 9.1 20.6 32.3
Ciprofloxacin 0.0 0.0 0.0 0.0
Gentamycin 0.0 9.1 5.9 0.0
Nalidixic acid 8.7 45.5 41.2 19.4
Ijpetopin/ 00 o0 00 00
Ticarcillin 34.8 63.6 70.6 64.5
Tetracycline 47.8 45.5 23.5 22.6
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Table 6. Proportion (%) of isolates of .Sa/nonella enterica serovar

Typhimurium showing resistance to a panel of antimicrobial agents

2001-2002 2003-2004 2005-2006 2007

Antibiotics (n=23) (n=14) (n=8) (n=16)
Ampicillin 34.8 42.9 75.0 62.5
Amikacin 0.0 0.0 0.0 0.0
Sulbactam 0.0 0.0 75.0 56.3
Cephalotin 4.3 0.0 25.0 12.5
Chloramphenicol 30.4 7.1 50.0 50.0
Ciprofloxacin 0.0 0.0 0.0 0.0
Gentamycin 17.4 14.3 50.0 31.3
Nalidixic acid 21.7 21.4 37.5 37.5
drimethoprim/ 9 7 14.3 25.0 25.0
Ticarcillin 39.1 35.7 75.0 56.3
Tetracycline 91.3 64.3 100.0 75.0
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Table 7. Proportion (%) of isolates of Sa/nonella enterica serovars

showing resistance to a panel of antimicrobial agents

2001-2002 2003-2004 2005-2006 2007

Antibiotics (n=19) (n=25) (n=13) (n=15)
Ampicillin 42 .1 8.0 30.8 20.0
Amikacin 0.0 0.0 15.4 0.0
Sulbactam 10.5 0.0 30.8 20.0
Cephalotin 0.0 0.0 7.7 0.0
Chloramphenicol 21.1 0.0 7.7 13.3
Ciprofloxacin 0.0 4.0 0.0 0.0
Gentamycin 5.3 0.0 23.1 0.0
Nalidixic acid 5.3 20.0 38.5 13.3
e 05 o0 77 e
Ticarcillin 42 .1 4.0 30.8 20.0
Tetracycline 52.6 36.0 46.2 26.7
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3. AN

g 7hA ol el FAA N Wl WS 7HR Sadmonella 521 tHAIW
A okAS BAS Ay =(Table 8 ¥ Fig. 3)3¥ Ztt. @43 Enteritidis
o AF 80%c]e] 7 ZhA o] e oFAlel WS HAow, °F 65%0°l
A 7EAL o] e &t Alel vAlvAd S Btk Typhimurium 85% ©]
dol g 74A ol el WA el ARew, 538 F kA o] e kAl 68%
ool wF7E Al WAES Kol & T (20059 Kol A gx] g
A BElE wFolA 57%9 A% Ry a1 WErh kv B3 3-871A
gt Ale] tigk AW WEE oF 52% oo ® thE A Yo nld th

N
=
o,
ki
~
=2
o
4
32
i
u
H
=

P43 Enteritidis®} Typhimurium< Al
olgk 7let EAHH L 55% A wwro] g 7hA] o] o] ofAle] WA B
WAl ZEA o)) kAl WS HY dEFE 20% AR @AY
Enteritidis ¢ Typhimuriumol B8} SEkth. 57} o] 4] 3t Ao WA
S z2t= #FE dAHY Typhimuriumol A 205 (34%)= 713 wokort
d4 3 Enteritidisoll A+ 115 (11%)= wokem, 7[gf @A A= 10
T (13%)°] A Tt

43  Enteritidisl Al 7FF w2 HIEE Bl TOAWAFL
AM-SAM-TICel ®ie WAz AM-SAM-CM-TICe] g Aoz A
105 (10.1%) A #HFEEH Ao, o 2= AM-TICH g Ao 65
(6.1%), AM-CM-TIC-TE, AM-SAM-NA-TIC ¥ AM-SAM-TIC-TE
o digt WS zte= dF7F 47 557 (B1%)elA #FEEHAGT. dHF
Typhimurium®l] /&= CM-TE® tlg WA +to] 657 (9.8%)= 71 Bgo
H TFo2E NA-TE, AM-TIC-TE¢} AM-SAM-CM-GM-TIC-TE¢]
sl WS zZe dF7F A7 3F (49%)oldth. Ve A FA =

AM-SAM-CM-TIC-TEe| tig Adte] 45 (5.6%)eld=H ° F 35



rr

5 %J & ©] Paratyphi Be] it}
g% 3 Enteritidis®} Typhimurium® GYANWAHAEE 2 €
A2 g A3 Fig. 49F 22 A& H AT 2001 =0 A 20040 =7H=] &
H odFoA = 4A7FA o] kAol s WS ZeE dFe 28% v
=7F vAl WA

2
f

mol A A w 2005H = o] F o] Ra® HFoAME ok 50%
= 7HA L Y. F g = o) ot}
2 A9 AFE Threlfall 5 (2003)0] F#A oA Rajd 72t I

Fo] HAEE vlug Bl v gAWAd=7E =4 dAHez §

oZi

)

3

»
o

74 oF

[e]

[l
mlo

)

O:

Aol WS Hole FaAles 24 oA vud WAEo =9
AM, SAM, TIC % TE°|dt. 53 &Y penicillinAl &A1 AM¥}
TIC F 7FA oA WAdS =2JAd 57 7HE wadg. 843
Enteritidis¢} Typhimurium= #| &gk 28714 9] @H P dAwrx o= ke

gANAESE  HE oy Blockley, Brandenburg, Haardt, Panama,

Paratyphi B, Rissen, Saintpaul % Victoriadl A =< tAlWAS 714

=

AN (Table 9). 53] €Y saintpaul>= AM-SAM-GM-NA-TIC-TE-SXT
of T7AA ofAlel WA EAT
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Fig. 3. Frequence of multiple drug resistance of each serovar of

Salmonella enterica isolates.
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Table &. Multiple resistance pattern

serovar isolates

of each Salnonella enterica

No. of Resistance Patterns Enteritidis Typhimuri Other
Antibiotics -um Serotype
0 17 (17.2) 9 (14.8) 32 (44.4)
1 Am 1 (1.6)
An 1 (1.4)
Cip 1 (1.4)
Na 14 (14.1) 4 (5.6)
Te 5 (5.1) 10 (16.4) 13 (18.1)
2 AmTic 6 (6.1) 2 (2.8)
AmTe 1 (1.4)
AnNa 1 (1.0)
SamNa 1 (1.0)
SamTe 1 (1.0)
CmTe 6 (9.8)
NaTe 3 (4.9 2 (2.8)
GmNa 1 (1.4)
3 AmCmTic 1 (1.0)
AmNaTic 1 (1.0) 1 (1.6)
AmSamTic 10 (10.1)
AmTicTe 2 (2.0) 3 (4.9 1 (1.4)
AnGmNa 1 (1.4)
CmTicTe 1 (1.6)
GmNaTe 1 (1.6)
NaTeSxt 1 (1.6)
4 AmCmTicTe 5 (5.1
AmGmTicTe 2 (3.3)
AmNaTicTe 3 (3.0) 1(1.4)
AmSamCmTic 10 (10.1)
AmSamNaTic 5 (5.1
AmSamTicTe 5 (5.1) 1 (1.6) 1 (1.4)
AnCfGmNa 1 (1.0)
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AmSxtTicTe 2 (3.3) 1 (1.4)
AmCmNaTicTe 1 (1.6)
AmCfCmTicTe 2 (2.0)
AmCmTicTeSxt 1 (1.6)
AmCmGmTicTe 1 (1.0) 1 (1.4)
AmNaSxtTicTe 1 (1.6)
AmSamCmTicTe 2 (2.0) 1 (1.6) 4 (5.6)
AmSamCipCmTic 1 (1.0)
AmSamNaTicTe 3 (3.0) 1 (1.4)
AmSamCmTicTeSxt 1 (1.4)
AmSamCfNaTicTe 1(1.4)
AmGmNaSxtTicTe 1 (1.6)
AmSamCmNaTicTe 1 (1.0) 1 (1.6)
AmSamGmNaTicTe 1 (1.6)
AmSamCfGmTicTe 1 (1.6)
AmCmNaSxtTicTe 1(1.4)
AmSamCmTicTeSxt 2 (3.3)
AmSamCmGmTicTe 3 (4.9
AmCfGmNaSxtTicTe 1 (1.6)
AmCmGmNaSxtTicTe 1 (1.6)
AmSamGmNaSxtTicTe 1 (1.6) 1 (1.4)
AmSamCmGmNaTicTe 1 (1.6)
AmSamCfCmGmTicTe 1 (1.6)
AmSamCfCmNaTicTe 1 (1.6)
AmAnSamCfCmGmTicTe 1 (1.0)
AmSamCmGmNaTicTeSxt 1 (1.6)

Total 99 61 72
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Table 9. Multiple resistance

of Salmonella enterica

pattern of other serotypes

Serotypes Resistance Pattern
S. Blockley AmSamNaTicTe
5. Blockley AmKmNaTicTe
S. Brandengurg AmSxtTicTe
S. Haardt AmSamCfNaTicTe
S. Panama AmCmNaSxtTicTe
5. Paratyphi B AmSamCmTicTe
S. Paratyphi B AmSamCmTicTe
S. Patatyphi B AmSamCmTicTe
5. Rissen AmCmGmKmTicTe
S. Rissen AmSamCmTicTe
S. Rissen AmSamTicTe
S. Saintpaul AmSamGmNaTicTeSxt
S. Victoria AmSamCmTicTeSxt
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Fig. 4. Prevalence of resistant .S enferica serovar Enteritidis and

Typhimurium isolated at years to more than three antimicrobial agents.
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A48 Salmonella enterica®l 3FdA NABA FA

A 2

1. Salmonella Typhimurium?® Plasmid DNA %4

2001 dFE 2004A7bA] 2 ® Ao w2 WA GAWAS 7HA
2 9+ ¥A3Y Typhimurium 3759 Plasmid DNAE ®2435lo] 3t A
g gy vlaet A3 Fig. 57 Table 109 A#E AT BE #5F
o A 22,9 kbollAl 2 kb Z7]9] plasmidE 71 o] i/l 4~671& HA
star A ATk dFEY dFFol A #AFE= plasmide 2209, 15.6, 11.7, 5.6,
4.6 kb o]t} 229, 156, 5.6, 4.6 kb2l plasmidg FAlol EF3tal U+
FEol 115 (29.7%)= 7H wokoh Al 9] WA %47 Plasmid DNA
pattern@} 9] A #AAAE= E 5 ¢lAh

g3 Typhimurium< W3 E 90-kbel plasmidE HE 3t 3o
(49) 2 Aol A = plasmid w2 WHAA thE plasmidE +2 T

ATt 2Yy BE FFolA 229 kbollA 2 kb 2719 plasmidE 3

8l

+

[e3
—

A Bt ddoew, RS 4-6719 plasmidE K st dAd. &
A el WA plasmidet= AAAAES #ET 5 flo] Majtan =

(2004)°] w19} FAFstA T
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Fig. 5. Plasmid profiles of selected .S Typhimurium isolates (1-37).
Lane M, supercoiled DNA ladder.
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Table 10. Plasmid profile and antibiotic resistance pattern of

Salmonella Typhimurium isolates

Plasmid Size (kb)

Resistance Patterns

No. of Strains

229 - 2
AmGmTicTe 1

AmTicTe 1

229, 1.8, 6.6, 3.8 - 1
229, 6.6, 5.6, 46 AmGmTicTe 1
229, 5.6, 4.6 CmTicTe 1
229, 3.8 AmTicTe 1
AmNaTic 1

229, 156, 6.6, 5.6, 4.6 AmGmTicTe 1
229, 156, 5.6, 4.6 - 1
Te 1

AmCmNaTicTe 1

AmSxtTicTe 1

AmCfGmNaSxtTicTe 1

AmCmGmNaSxtTicTe 1

AmGmNaSxtTicTe 1

229, 156, 11.7, 7.8, 5.6, 4.6 AmSxtTicTe 1
229, 156 Te 1
229, 11.7, 718, 5.6, 4.6 AmTicTe 1
229, 11.7, 46, 2 NaTe 1
15.6, 5.6, 4.6 - 1
CmTe 1

GmNaTe 1

AmNaSxtTicTe 1

15.6, 11.7, 7.8, 6.6, 5.6, 4.6 - 1
Te 1

156, 11.7, 7.8, 5.6, 4.6 Te 5
156, 11.7, 6.6, 5.6, 4.6 CmTe 3
Am 1

AmCfCmTicTe 1

Total 37
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2. <

o

}a 4 S (PCR)A 93 "dAWA dFlA
Class 1 integron® A &3 A WA

200178 2004374 EE ¥ 11679 E8vF T FaAd A=
ZFA a2 dE 5ol A class 1 integron®] F5 = dotslr] Y& T¢as
AMES HAS A 725 (626%)° A integrono] HEEH At (Fig.
6). 60 (52.2%)°l4 1,200 bpel & 7o FZAES Ho|l:E integron=
ZEAI AL e, 1,000 =+ 1,600 bpel Y FTEHAES R dFE
Zk 7y 150l Atk 105 (8.7%)° A+ 1,0002 1,200 bp (35), 1,200<F 1,600
bp (35), 1,2009} 2,000 bp (47)2] 2709 FZ2ES ZHE integrone K
ot Sl Th (Table 11). ¥ ATl A integrong 7F7l 7259 #F
60 (83.3%)°1 A1 1,200 bpd] T ZHAHEE Ho]& integrons 7H ®ol 7}
A4l 9le] Majtan s (2004)2] R a9} FAFsEA T Nogrady & (2005)¢]
B oA Typhimurium< A9l thE AP dFF 1,000 bpY
A71¢] FEFAES Hou 2 dAFdA= diFE 1,200 bpa7]e]
integrong X3t ATt

SalmonellaS V) F3 29 A Ao ddA WAL integronol Y
extra-integron®] &Adt= oz WA FAA & ZHET integron=
transposon®] Y} conjugative plasmide} A Ho] vE HFFE olFdH F
ATk (21, 27). 7 Wo]l &R class 1 integron ThFe Alatol] &4
3™ B-lactamAl, aminoglycoside?], erythromycin 5 o] & 3 Ao oj sk
WA RS gene-cassette®] FEHE Hgotil Tt (48). =, HekA|
=7} B-lactamases A AE 717 22 Penicillinf, CephalosporiniFol tf
g WAS yedt. Zg~v =7} chloramphenicols 333t F4
(acetyltransferase), ©1 2 7}# aminoglycosidei+E acetylate, adenylylate,

phosphorylated} = & 4, tetracycline® 9 AEXUS 53 5554S 24
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DX
off
tlo
Y
o
ok
v
L

e = cold WARHAE X3 integrone] o
ol e WATF i I A7 doew Yy v F Aol

g Saimonella Typhimurium DT1047F W& 2 ¢l o olt} (57, 71).

i

blaPl(psel) 2 aadA? +3AZ7F = 1,000 1200 bp =719
integron< 43 kb9 .S enterica genomic island 1 (SGI1)o] F Ao &7
sk, 1,000 =& 1,200 bpY integrond 3stUE 71X T FolAE HFEX
o2 SGIle] A<&yo Ydua v} (7). Majtan 5 (2004)3} Nogrady
S (2005)9] Harof A EE S Typhimurium-= 1,000 ¥ 1200 bpd =
AEE Hol= 2709 integrons FAlCl H A HF7F R o
HoAFo M= 8Fo AT 2F 79 integrons 7FA . AdATh 53] 1,200
21600 bpY integrone AM, GM, KM, TIC, TEY WA dAS H o
v, 1,200 2 2,000 bpe integrone 7FX T F= NA 2 SXTol tig o

S~

d& 7 Aol 54U

o 7kA ool &atAlel WS zte dFolA F 7EA o]

o
P~
ol
=
N
rlr
e

integron d & Paratyphi Be] 2575 AYstay A

2
<
X

Typhimuriumel A d 2=tk (Table 12). 53] 1,200 2 1,600 bpY

integron< AM, GM, KM, TEe] WA S HH o 1200 ¥ 2000 bpY

A

CER

integrons 717 ¥+ NA 2 SXTol tid HAS 7173 Aol
2t} Integron Wo] WA A4} cassette 5 B-lactamase A X bar/
(psel), aminoglycoside WA A AQ aadAd? 2 sulfonamide WA A4 =}

sullS THEAS AHRs W o) £43d 23 Fig. 7¥ Table 12%}

22 A3E HAY. Primer in-F9F blaP1-BE o]&3te] PCRE 2 A%
A 762 bpe] FEAES HYEd A Paratyphi B 250 A vk kA

=
olAem (Fig. 7-A), 2L 9] BE #FFolA TFHHAA FAY. blall ¥4
B

2= SAMel WA= 7FAa gl AMely
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TICE ol WAS zt+= ¥FE Primer in-F$ blaP1-BE ©] 83 PCRel A
=49 ¥FE blaP1-F& blaP1-B primerE o] $3tod PCRE A AId 4
I} 420 bpe] T EAFE o] #A AL (Fig. 7-B).  Aminoglycoside WA
Az2E TZ317] 9359 primer in-F9} aadA-B & o] &3l PCRE 2
Algt A3 760 bp 2719 FTEAAES BEE oA #FIT £ g
(Fig. 7-C). §1 235 &8 #eto] attll-F % aadA-B & o] &5}
PCRE AAAE A3 o 700 bpe] TFAt=S s Avt (data not
shown). Primer qacEMI-F ¥ sull-BE o]$§3od PCRE A3 2
1,130 bpo] THF4tES BHAom dF #FolA 800 bpol FFHAtEo]l #
zZrE otk (Fig. 7-D). Nogrady & (2005)2 1,000 %+ 1,200 bpY
integrons  7F% Typhimurium® WH&e TFANXN blall (psel) 2
aadA2 wAA7F AEHd o & AAddAM e barl (psel) w3 A7F A
A AEHA goktt. 2# v primer blaP1-F3} blaP1-BZ o] &3}o] PCR
= AT 23 430 bpel FHFAF=E] #EHJ=H o] A= plasmid
Fol EAetE o= AZLE T Primer qacEMI-F ¥ sull-BE o] &3}
o] PCRE AAIg A3 1,130 bpe THAES HPom dF 5ol A
800 bpe]l TZFAt=Eo] FEF O o F (20059 Hie} {FAFsEA T 1.6 kb
integron<  addASt trimethoprimell Wi Aol ¥ dihydrofolate
reductase® A& (A7 AEEW (44), 2.0 kb9 integronol A+
aadA 27 B-lactamase FHAQ owewe] AEHTE Riu¥ i 9t
(22). 28y 2 AFoANAN = awed R ol i JAE A AEHA] &)
Ak mekA 259 Aol A integronol = thE WA FA ARl g
ZAF B Fxe gis) ZAE] AAIE ootk o] 9 22 AT AdE o
A7 FA GA ZAAAE FEeted V2AER &8

Aole, WA=t 49 5

tlo
BN
>
o
L
)
]
fol
i)
X
lo
il
2
2
_O‘L
rlr
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Fig. 6. Examples of PCR products of Sa/nonella enterica isolates by

using the primers in-F and in—R (lanes 1-18). Lane M, 100 bp ladder.
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Table 11. Integron patterns of Sa/rnonella enterica isolates

No. of Strains

IP Amplicons (bp) Other Total
Enteritidis Typhimurium
serovars
1 1000 1 1
2 1200 18 24 18 60
3 1600 1 1
4 1000, 1200 1 2 3
5% 1200, 1600 3 3
6 1200, 2000 4 4
Total 18 32 22 72
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Table 12.

Serovars,

antibiogram

and

integron

multidrug -resistant Sa/ronella enterica isolates

genotypes  of

Serovars Antibiogram Integron qgacE-sull Inserted
size(bp) cassette(s)
Blockley AmKmNaTicTe 1200 + aadA
Brandenburg  AmSxtTicTe 1600 800 aadA
Enteritidis AmCmTicTe 1200 + aadA
Enteritidis AmCmTicTe 1200 + aadA
Enteritidis AmCrCmTicTe 1200 + aadA
Enteritidis AmKmNaTicTe 1200 + aadA
London AmTicTe 1200 + aadA
Panama AmCmNaSxtTicTe 1200 800 aadA
Paratyphi B AmSamCmTicTe 1000,1200 800 aadA, blaP1
Paratyphi B AmSamCmTicTe 1000,1200 800 aadA, blaP1
Rissen AmCmGmKmTicTe 1200 + aadA
Typhimurium AmCmNaTicTe 1200 + aadA
Typhimurium  AmCrCmTicTe 1200 + aadA
Typhimurium  AmGmKmTicTe 1200 + aadA
Typhimurium  AmGmTicTe 1200 + aadA
Typhimurium  AmGmTicTe 1200 + aadA
Typhimurium  AmKmTicTe 1200 + aadA
Typhimurium  AmSxtTicTe 1200 + aadA
Typhimurium  AmSxtTicTe 1200 + aadA
Typhimurium GmNaTe 1000,1200 + aadA
Typhimurium  AmGmKmTicTe 1200,1600 800 aadA
Typhimurium  AmGmKmTicTe 1200,1600 + aadA
Typhimurium  AmGmKmTicTe 1200,1600 800 aadA
Typhimurium AmCmGmNaSxtTicTe 1200,2000 + aadA
Typhimurium  AmCrGmNaSxtTicTe 1200,2000 + aadA
Typhimurium  AmGmNaSxtTicTe 1200,2000 + aadA
Typhimurium  AmNaSxtTicTe 1200,2000 + aadA
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A) M 12345678 B Mi12345673

762 bp

" e = 420 bp

C)M_1 M 12345678

<= 1130bp
<= 300 bp
760 bp

Fig. 7. Examples of PCR products of Sa/rnonella enterica isloates by
using primers in-F and blaP1-B (A), blaP1-F and blaP1-B (B), in-F
and aadA-B (C), and qacEE1-F and sull-B (D). Lanes: M, 1-kb
ladder standard, 1, S Paratyphi B; 2, S Paratyphi B; 3, S

Brandenburg; 4, .S. Enteritidis; 5, .S. Enteritidis; 6-8, .S. Typhimurium.
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A58 BHH Salmonella QA H 2] ¥HAA

1. HeLa A ZF° A3 574

LA E Sahnonella enterica®l 7t AP AETH EA F AdTA
Al A Eo] MR FFE FAME7] 91 HeLa Al EFo] digh Alx 54
& ZAbete] Fig. 8% 2 AXRE AUk A5 W A AEAA )
¥l HeLa AXFol| W 2% Saimonella B2 w59 wulFH S A

gk A3, AEo] A AA Al 20%0]74Y AE7E AMEEHAOH, 53

P4 Panama A XA Aol °F 80%9] AlxAbdEo] Ao o R
Indiana w55 A Aol 55%0] e AE7F AbEE A Aldtu) Fods

2 Al dFEE AExsAHdS #FE & gldoy @33 Brandenburg,
Indiana, Panama, Schwarzengrund ¥ &S A 2] A] 30% o]A9] Al xE7}
AlEE o d33 Essen¥ Hadar®] wHlgFdS %

o AlZ7F AHE H AT Fig. 9& Adw S 44

Aloll = oF 20%

L
I
EEE

(%

bromide® ¢ A3} o] FadmAor P
Typhimurium .2 A 2] Alo] AEHE A¥x7F ##FE A gFror}y Ay
Brandenburg, Indiana, Panama, Schwarzengrund ¥ oFef o 2 A Al

i 5A4F A (19, 33, 34). Y NTSE ws Az dis] A
TEAS UK 9sdgn wausa 9ok (29, 55 67). Malik =(1995)
L AFzoly FEINA ¥ EAHFE Typhimurium, Nchanga, Newport,

Virchow, Bovismorbificans, Seftenberg, Weltevreden® Indiana ++Z
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Fig. 8. Cytotoxicity of bacterial cells and culture supernatants
treatment to Hela cells. HelLa cells were infected at an MOI of
10:1 or culture supernatants and LDH assays were carried after 4

hours incubation.
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No Treat S.Brandenburg S.Indiana

S. Schwazengrund

S. Typhimurium 14028 S Params

Fig. 9. Cytotoxicity by bacterial culture supernatants of .Sa/ronella
enterica serovar Brandenbur, Indiana, Panama, Schwarzengrund and
Typhimurium. Sterile supernatants from MEM broth cultures of the
strains were added to cells, as indicated. As control, non-inoculated
MEM broth was used. After 4 h of treatment, cell viability was
determined using the staining with ethidium bromide. The nuclei of

dead cell were stained ethidium bromide.
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2. Cytolysin A AR %
20013 H 5 2004 Q@7+ A B9 2159 Salmonella enterica Zt B3
E #Aksh7l 18 PCR

115 #Fue §852 F44 Cly A 4 #F
A AT}, Fig. 109141 1.4 kb

S AAlg A3} Fig. 1037 Table 139 23 &
o] Cly A ZA&0] d43% Typhi® Brandenburg, Indiana, Panama,
Schwarzengrundol| A #zo] = Ath, 28} 7] tgE HNAM= T
Abzol wEEA @gu. iR aHYA B a"ESA BA8ATES

GFAEE FAATIN AR SHAARA FALT 4BL e SaE

F wel ® AL RTXA Fxou (68). 53 89d4d o
(uropathogenic £ co/polx AA = Hly A £347F ¥4 o]t Hly
© AR ATy FAHAS ST (69). °] H4 A
T eI AE WA A oy w39 HAAEY Ve 43 Z
Ao A7 vk (5, 6, 69). Eg o] g vt AAE
o ME=A4de Uetlls 88

o wwonA SFALe AEuel PR FAse] £EAAEL pn

L
i
k>
e
<
=
tlo
o
oX,
ol
o
rlr
=
e
<
>
rlr
wW
NG
=
)
)
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Aol A3 Brandenburg, Indiana, Panama % Schwarzengrund
oyl o2 A Alol= HelLa AXe AtHEo] fF=%H olf7F A
Typhi®} Paratyphy A¢} Zo] Cly A Aol 293 AAA Falstr] 93t
of PCR ¥ylo= 217k 9] g4 % 11554 Cly A

A3 Typhi®t #€3d TFHAEo] dEHJY. 28y v & 17579 €4

LRI le

Pl = FFAE o]

e
b
fass

3 @R A A Y #F

Z 49 £94 (Cly A9 A 5S d&Es7] Hsto] dHujA o
Tsle] 2442 wieketar FEld S UE #AFEEr] fste] WAL
124z 23e & &9 & d#e A3 A fxz=dd FHY Typhist
PCRel 93 Cly A +dxE 713 3oz d4#x d3 3 Brandenburg,
Indiana, Panama, Schwarzengrundol A €& th7} #&o] A} (Fig. 11).
a2y 94 % Typhimuriums B %3 o0& A4 FolA= §ddi7r 4=
= ekl wElA ¥ A3¥ Brandenburg, Indiana, Panama %
Schwarzengrund wFuj koo o3 HelLa A% that AlEx542 Cly

A
o Aol @ AoE Azdrk olsh e AnE Fu elAw
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Fig. 10. PCR analysis of 14 kb ¢4 DNA regions of .Salmonella
enterica of various serovars from clinical specimens. Lanes 1 to 21
strains listed in Table 1; lane 22, .5, Typhi lane 23, .S, Typhimurium
ATCC 14028s. Positive results obtained from PCR were S
Brandenburg (lane 6), .S. Indiana (lane 11), .S Panama (lane 15), .S
Schwarzengrund (lane 20), and .S Typhi (lane 22).
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Table 13. Detection of Cly A gene by PCR for Salnonella enterica
strains of 21 different serovars

Serotype No. of tested No. of positives
0

Agona
Albert

Bardo
Blockley
Braenderup
Brandenburg
Derby
Enteritidis
Essen

Hadar
Indiana
Kedougou
London
Mbandaka
Panama
Paratyphi B
Potsdam
Rissen
Schleissheim
Schwarzengrund

P P WA BANPRPR OPRRPAMPREPRPRP MNP AP PR

w
~

Typhimurium
Total 115

OO kP OO O O N O O O P OO0 OO Fr oo o o
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Fig. 11. Phenotyphic expression of Cly A by Salmonella enterica
serovars on the blood agar. A, serovar Typhimurium; B, serovar
Typhi; C, serovar Brandenburg; D, serovar Indiana; E, serovar

Panama; F, serovar Schwarzengrund.
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Enteritidisi= °F 65%°l A & 7FA] o] &o] &atAldl A& ®EAth 539
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