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CHAPTER |

Salmonella enterice bacterial causes of foodborme

diseases in humans t and public health (Wray,
1995}, The World He 17 million cases per year
of acute gastroentemti§ or d million cases of death

(Rabsch et al., 2001 Control and Prevention (CDC)

e
estimated that there wef@ approxirmately- 1.4 million cases of S aimonellosis per year (Mead
et al.,, 1999). In 13, i was ed-that Salmonella x"-w assified as the second

foocdborne pathogen dile

Salmonella ha& begh v any als, ani 1 aducts, and environment and
could be transmitted to u?;m?},_r_- y food, ollefsen et al., 1997). As poultry and
swine are common food-prodl ing_ani nals: nany countries (Angulo et al., 2004),
including Thailand, the: gaterica,_To date, incidence of
antibiohic-resistance Salmonella has been increasing  worldwi :‘.; o et al, 2{]{]3} s
. v Y |
previous sludyssifow lates from retail meats in
the United states China W gsistant to multiple drugs (Chen et al,, 2004). It is now

evidence that extenswa use of antibiotics in different fields, lncludlng human and veterinary

medici or, has created
annrm w ::M g ﬁ f.ﬁ;!man&ﬁa could

be mmuﬂanusly resistant to c:nmbn?tmns of several classes of antibiotics or mulﬂple drug

LR TN TRY ™
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In Scotland, S. Typhimurium isolated from animals were resistant to multiple drugs
(98%) (Low el al., 1997). S. Enteritidis and S. Typhimurium isolaled in Korea were resistar

1o mulliple drugs abou! 26.6% and 100%. respectively. In Thailand. MDR rale i S

Entenitidis and S. Anatum isolaiem (e 'IQ i f 1994 were sigrificantly righer than 1hai in
1998a) -,'L'fr

resistant to 6-8 antibiglics {Be Amar et al., 195a Rege tly, Padunglod and Kaneene

(2006) reported S. eAlEAEEISOIAIES from Ll 1cu‘rrhaa children were resistan!

1993 (p<0.01) (Boonmar el e isolated from patients were touna

to multiple drugs af Bl Since antibiolic resislance

among S. enlerigs and animals, it supparts
thal use of anlibigiies ( ductng ani als \Lashan eifes on increasing antibiotic

resislance in humans

As a result, { ratorial ogaarizalions have i anled projects to discontinue
the abuse use ol @ntibiglics &g WHOHas, ¢ pended discontinuing use of antimicrobial
growlh promoters tha I’ n humans (WHO, 19949), The
European Union {EL}} nds baps A’_ bl gl arelfelated lo those used in humans
from use in animals for gfewii—promoet b et al., 2004) Codex Alimentarius
Commission has issued | Rd Contain Antimicrobial Resisiance,

of which ih& ; gnlibiotic resistance in

bacteria wit 'i; o j,'.r ems of resistance and

molecular epidefiglogy of i@ (CodB% 2005). Currently, reports
i 4F | . I ) :
regarding antibiofic resislance mechanisms of food borme pathBgens including Salmonella

have been avaﬂabl!rﬁw&ra! countries indliding those in Asia, Korea (Kim a1 a1 10G7),
Taiwﬁ‘i

14 74 Y18 §oa P A G o o o

mulem" mechanisms underlying ant:bmhc resistance in Salmoneffarrsolates in Thailand.

"lw'asaﬂﬂwumwmwm

Salmonella, one efficient mechanism for lhe acquisition and dissemination of resistance

determinants is transmission through mobile genetic elements especially integrons. Nine



classes of integrons have been described so far (Lee et al., 2002). Class 1 integrons are the
mast extensively studied integrons and predominant in MDR Salmoneilfa. Class 1 integrons

contain one or more antibiotic resistance genes that can be mobilized lo other bacteria.

Many antibiotic resistance genes ' lass 1 integrons and more than 100

genes that confer antibiotic led (Fluit and Schmitz, 1999). Class
1 integrons has been shown.{0 be @ssociated Wit Conjugative plasmids therefore, play an
important role in distributian el-antibiotig resistance genes among bacteria. In addition,
class 1 integrons can besintegraled on chromosc -,; i Iarly Salmonella Genomic
Island (SGI1), an‘integrative- mobillsa rokeol al eleme erefore, these antibiotic

resistance genes afe staply miaiptained on chremost . even though antibiotic selective

pressure is not prese

Currently, 1h antibiat - resistance transmission
through the food chain an ilar epidemiclogy is | \\ singly acquired. However, this
information in Thailane is shill limited " Thé dal fiom the ather Eountries can not be always

used or applied to sity  differences of anlibiotic use.

Therefore, this study aimed to deters stic of class 1 integrons and test for their

Iy :'

[C bt [ Th&"ﬂﬁd_

transferability in S. enteri

e -
"r_ "_1" L@Sistance monitoring in

resislance 5. enlerica

Thailand. It can be also use 2mons| 0 am:b%
between food pf uc!ng animals and humans when combines with data from humans and

food o risk analysis of
antib ﬁg T hmm ﬁsﬁ 3 riher studies of

malecuﬂcharaclarisltcs of class 1 II"ItEQ!‘GI"IS in 8, Eﬂl’EﬂCB from other SI‘JI..ITCEE and other

meﬂ‘iﬁumﬂﬂﬂmﬁﬂ



CHAPTER I

REVIEW LITERATURES

General characteristics and pathogenesie of S _enterica

Salmonella are i@l l’7 _J«5 um wide and 2=5"amslongs Gram-neqgative, rod shape
bracte Figure 1), Mgstfo! Salffmanéll arte usually motile“ey flagella, except ! alli
and 5. Pullorum thal ag®norngamaotile (M u resy aitgl. ¢n02! "Mhese oraganisms can metaho

n oxygen IS4aresenidut ihey are able lo shift 1o anaerebic metabolism, that so called
lacultalive anaerobgifacighia (Foll et al., 200U). Salmenella arte mesophile
i5 1he optimum™growliMenper@tuie. The optimuam pH lor growihis belween 6.5 and
(Holt el al,, 2000). Salmaiell@are able 10 alabolize ‘glucese wilth production of acid and
gas lhal can be useddor biochemical identfication. They are oxidase neqative, calalass

positive, iIndole neaative, ethyl reg @R simmoniGiirate pasitive (Holt et al, 2000)

Figure 1: Electron-migroscope image of Salmonella enterica

[Stufte: BrifknfamafdPancky 2008)



The genus of Salmonella contained two species including S. enterica and S.
bangori. The most common causes of food borne diseases are those in S, enterica, of

which more than 2,500 serovars are identified (Chan et al., 2003), Salmonella are carried in

t patients infected with
Salmonella develop®diarrh pauses miting fever, a d minal cramps 12 to 72
hours after infectio ilipesgfusually lasts 0 days and the majority of patients could
recover without any agiibiotie ! s, the diarrhea may be so

severe that the pali

S. enterica

2. Occurrence and ep

Salmonellosis is a@ne of the -r_u,: nan f@odborme disease. According lo
the WHO, there are about 1 sUte gastroenteritis or diarrhea due to
Salmonellosis with 3 ‘ 001). Salmonella cause 68% of
the outbreaks, of fondborne diseases reported in Europe between : and 1998 (van Pelt

et al., 2003). 'h“' S ' es in the USA to be
rﬂvailaﬂd. Salmonella was
the second fmdburna pathogen causing diarrhea (MOPH, 2003). The most common

ﬁﬁ%ﬂ? WW %:Wﬁ oo

meat a pahenl:s of Salmonella lsnlata from Khonkaen were Rissen (61.5%), Anatum

Qﬁﬁiﬁiﬁﬂﬁﬂﬁmﬁﬁm b1

Slanley (12.43%), followed by Enteritidis (10.98%). Among the isolates from animals Rissen

approximately 1.4 million perse al 1999, |



(75.34%) and Anatum (12.38%) were the most frequently identified serovars in 2005 (The

National Salrmonella and Shigelfa Center, 2005)

Use of antimicrotial age it R Eny cpuld creale selection pressures thal lavaor
£ praclice of giving anlibiotic to food
iseases, as well as promoling
growth, is an impo ant factor in the cMe svgPamtibiotic-resistant bacteria that are

subsequently transférfed (o sMan® througih the foodcha Nefson et al., 1997).

I _k en increasing worldwide.

Most of them are Classes resulting in inefficient

Yy
antibiotic treatme ‘

d pigs were MDR up lo
654% (Aslorga et al. J200GN Twe ent Salme -'”'-‘_ isolated from retail meat in
China and USA were foulid 1@fbe e isole -_ were resistant to tetracycline
(55%). Twenty percent Saldlonella selaled from dairy callie INlUSA were MDR (Edrington et
al., 2004). In Scotland, ugho 98 "5-;;—7 pisolales from animals were resistant 1o
multiple drugs. In Korea, thifl= nteritidis and S. Typhimurium were
Isolated from animals from.. "?5"11»4‘ lic isolates were highly resistant to
sulfonamides (86, . ull fesistant whereas S

lyphimurium SVEse AN Yéng et al, 2001). In

Thailand, resistafiCe rales Kanam§e in 8. Enteritidis and 5.

Anatum isolated o poultry in 1994 were sigﬁiﬁcantly higher i those in 1993 (p<0.01)

{(Boonmar et al., 19@”}' percent Salmoneflafisolates from chicken, pork and beel were
multi:ﬂ r%ﬁa@a%ﬁ V}ﬂ% WHH!% ﬂé% (2006) reported
S. enfew isolates from chicken, pigs, diarrhea children, farm workers and heallhy adulls
were resistant lo muﬁ drugs abtﬁl 32%, 35%, 85%E88% and 42%. Most@ifthem were

AR TR

q from other sources.



Antibiotic resistance in Salmonella from humans has been increasing as well. In the
United States, incidence of MDR 5. Typhimurium increased from 0.6% in 1979-1980 to 34%

in 1896. In Thailand (Glynn et al., 1998) high level of multi-resistant Salmonella has been

reported in Thal children with. -r:_h al., 1997). §. enlerica isolates from
patients were resistant >-8 antibiatics s | (Boonmar et al,, 1998b). All

Salmonella isolates frem. patients of typhoid” | province were resistant to

chloramphenicol, ampicillin, co-lamoxazale, tetr d streptomycin but sensitive to

Swaddiwudhipong  and

g \ S
% ;/’? \\ ‘\‘4}\\

s of adult USA soldiers on

kanamycin, ofloxa

Kanlayanaphotp
urban and rural eg

years of age from both

military maneuvers drug i.e. ampicillin (28%),

chloramphenico d nalidixic acid (37%)
la isolates from patients in

Rulwichit et al,, 2007).

(Isenbarger et al., 20

Chulalongkorn hospital |

3. Class 1 integrons in Faf =

Integrons are mﬂblle gen "‘T an important role in dissemination of

multi-drug resistanc k mahella. Nine of integrons
have been ﬂiﬂ 1, Da LT" al., 2002). The class
1 integrons have 7 mt commanly found in
of Gram-negative bacteria and are strongly=associated with multiple

antibiotic reanstanceﬂbﬂnez—ﬁmju et al., 19

AUB TN ...

of class 1 integrons comprises two cBnserved segmentggh; c-::nnsawed segmarw -CS) and

S et R -
q reglun:l: 5-CS cﬂntalj'le intlT gene encoding an ﬂtegraSE enzyme responsible for

the recombination of a gene cassette at specific att? site (Collis and Hall, 1992). The

clinical isolates



recombination site (att/7) has been described as the last 40-70 nucleotide of the &'
conserved segment (Recchia et al., 1994). This segment also contains a promoter region

that facilitates the efficient expression of integrated gene cassettes. The 3'-CS conltained of

variable length but typically consisting ofgagE &7 truncate version of gacE gene encoding
resistance to quaternary arm ‘ saze et al., 2005),the sul?! gene

enceding resistance to sulian E 5 (orf5) of unknown function

(Paulsen et al., 199‘3?‘
— scs

Figure 2: Typical & rved segment; 3' CS, 3'

1 integration site; allC, gene

conserved segment; i

cassette insertion sequenge (59 Pasé element EA1, quaternary ammonium compound
resistance; sul1, gene encoding ce (o vamides; orf5, open reading frame of
unknown function. ,."-91 A 1-"

y =
The va 'Fﬁf'_ e _nE cassettes. These

gene cassettes h tion site for other gene

. 1 ] w
casseltes (Hall aiﬁ 1891). Several gene cassettes can be p-res' in class 1 integrons. To

date ab ﬁﬂ cassettes associilell with resistance genes have been
A AR

antimic al agents (Fluit and Schmitz, 2004). The most common resistant gene cassettes

oL SERLE LI eyl

encﬂding dihydrofolate reductases that confer resistance to trimethoprim (Kim et al., 1997).



Class 1 integrons can be found on conjugative plasmids that transfer resistance
gene casseltes more eﬂecth.rely, These plasmids can integrate into the bacterial

chromosome, of which the hotspot of integration is SGI1, an integrative-mobilisable

adistance gene clusters. These antibiotic

: .open reading frames (orfs).
Some of these arg 0legous i¢ wr-gefies. However, sor e homologous to those
with unknown functiog | : ‘ the thdf and int2 genes.
The thdf gene encedes | 1. The int2 gene is a part
of retron sequence, Wi : : . 5. Typhimurium. In all other
SGI-carrying S. enterica, ars, SGH1 is o petween thaf and yidY genes that is the
gene downstream of the retron sequ I, 2001). The antibiotic resistance
genes have been localized nﬁfﬁ;ﬂ- : e i 11 termed the MDR region (Boyd

et al., 2001). ! 1@ N ntgarans. The first class 1

- H I ¥
integrons ca V s ﬁ nomycin resistance.

The second off

c
chlnmmphenicarmistance. tetR and tetG encoding tatracyclrm?sistance. Two orfs are

nce. floR encoding

present between th tegr-::-ns The MDR@egion of SGI1 seems to be an important
hntspﬁll%&}e{}%ﬁ 1“ igw ﬁq ﬁa? integrons can
exchang“ but also olher antibiotic resistance genes that can integrate and be deleted and
generate the SGI1 variants (Boyd et®l., 2002). To datefip to 15 SGI1 varian@.8GI1-A to
AHRSHI BRI NIBAR -
 SGI1-N were found only in ecently, new SGI1 varniants (SGI1-O) and SGI1-L

have been found in Proteus mirabilis (Boyd et al., 2008). The extrachromosomal circular



10

form of SGI1 has been additionally found (Doublet et al., 2005). SGI1 can excise from the
chromosome and form circular structure by recombination between 3'end of thaF (attB) and
site specific sequence (aftP). This circ could be horizontally transfered from S.

et al., 2005).

enterica to non-SGI1 S. enterica ar

AU INENTNGINS
AR ITUNN NGNS Y
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thdf inti1 aqacEA1 orfs 188100 yidY
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Ri aacA? sulf floR teR  orff IRi ~ aadA2  sull  orf6 5, SA044

thdf inti1  gacEAT tefG thaf it gacgAy O 156100 yidY

SGI-A [N NN SGI1-C

i

-
Figure 3: Structure of Salmonella genomic is!aET and S varianis, thal, Iniophe r oxidation gene; inll1, integrase gene; IR and IRt ,
25 bp imperflect Inselrtmn region; b!aﬁ' gene éngagiing resistance @gf beta-lactams; gacEA7, gene encoding quatemary ammanium

SLBI Y YN BEIT NS BN St o choramotencot o s

geng encoding resistance to tetracychr® ; orf7-6, open readwg frame of uanmmn function; &Sjimﬂ nsertion sequence:; SU44, open

reading frame of unknown fuﬁ Wé’»‘ &;&cﬂﬁﬁ“%ﬁ(}%ﬂ f'?fa Bse Lol

reverse transcriptase).

compound resistance; sull, gene enc
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IR dfrAl  orfC sult floR i7 sull fioR  {eiR arft groEdfnn ! tqacEN ! ol | SADAL

1eiR

tha! inti qacEAT elG ofé  bla,.,  swllods 156100 widy

SGI-J 5GIH-K
IRi  dffAT7  sull foR tetR  orfl  groE/intiTgacEAT 35 sult iR orft  groEdntit oacEAT orf6 |y SAD44
S g e, e, G I, R o o e, ), et st | R e S Sy ) e s s S B o e e e e, o, | O [

etz orf? dirAt anC il orfS 1SE1I00 widY

thaf imntlt  gaceAT teiG o2 bla,, qacEA1

SGI-L 5GI1-M

-I;-‘--- =N Ee)

| Fﬁi’m MENINEINS

ammmmﬁ%qwmaﬂ

|gum 3: Structure of Salmonella Genomic Island 1and its variants (cont.)
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4. Occurrence and epidemiology of class 1 integrons and SGI1

Class 1 integrons were lirsl described by Stokes and Hall in 19893 (Stroke and Hall

almonella serovars (Guerra et al |

2000).

gnd Wales were found fo
contain class 1 integ®ns (euBng £t al. LaleqL 8@al et al (2003) dertermined
class 1 integrons in S Tyghiugiyn 1972 %) and. 5.\ Fnténitidis (22.2 %) isolates (rom
Norwegian patierig Severs gvarssei-Salmonellg fram patienl, @nimals and environment
in UK contained cla iteqgrons about 26, land .N"%.-,‘h‘ 2004). In China, class 1
hy humans (Zhang el al.,

2004). Nogrady el al (2005) ns (3 \ S8/monelia isolates in Hungary

Different antibiotic_sesisia 1be. g genlified in class 1 integrons n
Salmonella from i C : Dgraphicaﬂ',r distinet
region. The oSS h{"ﬁ- e, bla encoding 1

laclams resisla i ant istace. Reporls from mariy

countries including Europe i.e. Netherlands (Vo et al., 2006), Sp@in (Guerra et al.. 2000),

Portugal (Antunes dﬂﬁﬂﬂd} and Norway (ijgtisted! et al,, 2003) showed tha' aar- 1,
aadﬁﬁ wq ﬁ’ ﬂnﬁﬁw ﬁ,]'ﬂlﬁ the aadAi and
bla,., , unes were mos mmmony (Chen et al 04). In-Asia, there were many
resistance genes reported Incluﬁi dfr17 from Nepal@iiamang et al., 2007fLdfrA12 and
AR R B
q dffA12-aadA2 (Kim et al,, 2007) from Korea, and dffA12-aadA2 from Tawan (Hsu et al,
2006).
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Class 1 integrons integraled into SGI1, SGIT and SGI variants (SGI1-A 10 SGI-N|
have been descnbed for other Salmonella enterica seravars (Boyd et al., 2002). As a study

Aol trains isolated between 2000 and 2003
;! 1! 1 al (2007) found SGI1 and SGI1

o8’ Astidy i france reported that S, Albany
, 1 Thail@ (Doublet et al., 2003).

This phenomenon S0G0Oess

in France indicated that 83% of Sgk
conlained SGI1 or its variamg
varianis in 19.67 % S.
isolated from food fi
and SGI1 variants among
Salmonella.

AU INENTNGINS
AR ITUNN NGNS Y



MATERIALS AND METHODS

In this sludy, the expenment divided into 3 phases, inciuding Phase |,

anlimicroblal susceptibility testingiPi '_ afliar characterization of class 1 Integrons
and Phase Il Incal'rzallun.“ h _their transferability

The conceptual frame

PHASE |

PHASE |

Patermingtion of 1’ consaned
1gF“CF‘I&D‘NA

,"_-" ﬂ LIS Al

i.."::

Localization of class 1 integrons and test for thesr transferabiity

Figure 4: The conceptual framework in this study



Salmonella enterica isolates

A hundred-fifty S. enterica isolates were included in this study. All of the zolates
were from the strain collection ofyd : @ of Animal Health (NIAH), Departmernt o
Livestock, Bangkok. They ware jsolate : ;
during 2003-2006 1_ " J rmational Organization  lar
Standardization ISO"6SPO2002°(E) (150, 2002V THEMESIEEs were serolyped by side
agalutination using . All bactenal strains were
stored as freeze cin@d <ioghs W 0% Ekimmilk at -80 «.\: e sent to Depariment of
Velerinary ol publig lilalongkorn University and

stored as 20% glycergl
Phase | Antimicrobial s

Antimicrobial glisce ‘:. AMP), cheramphenicol (CHP), ciprofloxacin
(CIP), gentamicin (GEN ,- -— epl@mycin (STR), sulfamethoxazole
(SUL), telracycline fTET:I arf ere assessed by determining 1he
minimum inhibitory concentia ie gar dilution lechnigue accoraing o
Clinical and Labg ShAN LS, 2002). Bacleria

|.‘H'1g" MD, USA). single

were grown GVa

olution jo ﬂ.ﬁ Mclarland. Then. ihe

ll'
\ fold diluted to 10" in NSS. The suspensid

colonies were rn'i d {0
|

. i : ;
SUSpension was “was inoculaled using a

multi-poi fnmulalu‘cﬂthe MHA agar contlafhg suitable concentrations of antibic: o<,

E RSV IR

anhbmt“cnncentratians used are shown in Table 1. Breakpomis are discriminaling

OF GERFaT GVCTL XAk kY W J

q in Table 2. Multidrug resistance (MDR) was defined as isolates being resistant to 3 or more
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differenl classes of anlibiclics. Pseudomonas aeruginosa ATCC 27853, £, coli ATCC 25922

and Staphylococus aureus ATCC 29212 were used as conlirol organisms,

All of Salmonella solale

ciprofloxacin and genlamig

of their suscepltibllity to chloramphenicol,
'/Iirf gbhe susceptibility test ol ampicillin,

speclinomycin, strep -________ [ Eﬂhuxa acyeline and trimethoprim  were

WEtErinary® Publ .a Ity of Veterinary Science,

examined al Depariier

Chulalongkorn Urni

Table1: Solvents ang

Antibiatics s range (pg/mi)

, \ . 16,82, 64,128, 256
chioramphenical 8% eifiandl ¥4 4185, 32.64,128, 256
ciprofloxacin _ ' ) , 2,8, 16, 32. 64.128, 256
gentamicin v o R 025,05, 1. 2, 8, 16, 32, 64.128, 256
spactinomycin Awate Tl 5 1\ 896, 32, 64,128, 256, 512,1024
sireptamycin wall Iﬂ 2988 B, 16, 32, 64,128, 256, 5121024
sullamethoxazole 01N NaO 1,2.4,8 16, 32.64,128, 256, 5121024
ielracycline 70% elfiding .-_}'_."" LA A 2 4,8, 16, 32, 64,128, 256

frimethoprim ) : 3 ..1213. 256
I F |~' i

Table 2: Breakpoibil

‘ Antibiotics ”Ereakpuim (pg/mils

ﬂummm’w g1

genlamicin

ammm‘&uumwmaﬂ

sulfamethoxazole

ampicillin

tetracycling 16
trimethoprim 16
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Phase |l Molecular characterization of class 1 integrons

s follows: the first step was to screen for the

The experiments included 3 step

gxt steps. The second strep was to

determine and characigrze gene ¢z 1 var ions, The third step was to

| in Table 3. Localization and specific
information of eack imers were used.

1. Screening for

Template DNAJoF alithe Salmonela iSclates was pre .- by the whole cell bolled
lysate procedure (LBvesquie el al., 1995). Be : NEre grown avernight at 37°C on Luria-

Bertani (LB) agar (Di \ ulsified in 50 ul of sterile

distilled water and heateg inutes. The suspension was

centrifuged at 12,000 rpm for S‘minutes 2S5 nt was removed to a new eppendorf

tube and stored at -20°C. AlLI E"'T ed for the presence of intl1 gene
using Fﬂiyme Ck on (PCR) . USBd was int1F and inl1R,
Localization and L{.'" |

All PCR assay: f uang PCR Master Mix

[Eppendm'. Hamberg, Germany) according to the manufacturets instructions. Each PCR

reaction consisted uffz‘&l of Eppendurf’ MaWix. 5.5 pl of sterile-distilled water, 1.0 pl
of eac ﬁ ﬂ»«? ﬂm ﬁﬂ%ﬂﬁwnductaﬂ ona
PCR t rmocycl Efec 0 ; dge, UK). Thermal
cycling conditions included of an initiél denaturation at £4.C for 5 minutes, follgwed by 30

PR AN ERANTIR IR

agarose gel (Agarose, Sigma—ﬁldﬁch‘. USA) Chemie GmbH, Steinheim, Germany) and
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Tris-acetate/EDTA buffer and applying 100 V for 30-45 minutes. The gels were stained in
ethidium bromide solution (Sigma Aldrich Inc.) and wvisualized by the Bio-Rad Gel-

sullR

1198bp

EF "h_h CEAIR sullF sullR

p r.smnpd--
 sult orf5]

r,..‘ (]
g =
-’

A j{ qacEF-gacER and

rons. Primers inl1F

Figure 5: Localizati
and int1R werg e
sul1F-sul1R were Used te B5pe ' The fused structure
qacEA1-sull -i- onfirmed using primer pair gacEF-sul1R. ”-' arrows indicate the

direcﬁmﬁf primers. fe®ctical-dashed lines indidate location of primers.

VERNE L
AN TUUNINGIAE



Table 3: PCR primes

S. enferica

21

used in this sludy for determination class 1 integrons and SGH in

e

inett

wiiriahle reqions
gacEA T

sult

gacEA 1-sut

SAQA Y

SAGAY- 2

fiof? it

el I8l

hirAT0

Fél 171G GARG

lelR GCC GIC CCG ATA AGA GAG CA

GGT CTM

Amplicon swe

Reterances

¥
1,559

Chuanchiven = al | 2007
Chuanchuen e al, 2007
Levesque et al, 1995
Levesque af al., 1995
Chuanchuen et al | 2007
Chuanchuen et al , 2007
Chuanchuen et al | 2007
Chuanetiuen et al | 2007
Chuanchuen et al, 2007
Chuanchuen et al , 2007
Chuanchuen el al , 2007
Doubiet e al, 2003
Doublet et al, 2003
Doublet el al., 2003
Daurbbet @l 2003
Doubtet et al., 2003
Doubdet et al | 2005
Doublet el al. 2000
Doubdet st al., 2007
Doublet et al , 2003
Dioublet et al | 2007

Doutiled at al, 2003

eI AT b e

psel CAT CATTTC GCT CTG CCATT

dird 10F

ATCTATTGG "C ACC TAC CC

1,338 —

14 RENIUAANT fl 8 R

d‘SBII

SGHorc?  TGA TGA GAC ACC TGA CGA GC

Daublel et al., 2005
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2. Characterization of gene casselles in variable region

All the isolates contaming the inill gene were assayed lor the presence of

resislance gene casseltes using & 1 ll. I s@l 3 and 3" C5. Therma! cycling conditions
consisled of an initial denat '. ;| il |I"‘ IO minutes, followed by 30 cycles of 45
second al 94°C, 1 minule BGEC Raiminules A AP L@l a final step of 72°C for 5 minutes
The amplicons were s ‘ Qarosefgel andhpe e o QlA Quick Gel Extraction
kit (Qiagen, Hilde foducts were submilted for
sequencing. Nuclegl Using the Blast algorithm
available at the lalghay FUeniecd for '\ Biolechnelogy.  Information  website
(www.nebi.nim.fiif.goy

The CS-PCR 8y digested with restriction
endonucleases inglidingdEcalRl and ’ R JBurlington, Canada) and separated
ina 1.5-2.0% agarose * g to sequence results of the

same size amplicons. iclion paltern were considered

b

identical. The size of twa con oL E'1';—4"-«-'-: molic 0 and 1,300 bp were expecled to be

difA12-aadA2 and dffAl- -;fﬁ the 2,000 bp amplicons were

&"pfd
digested w1lh EcaR

3. Determination ekl

All the isalalf R‘Ilsining mill gene W examined for the presence of the &'
0 0 0 L b
(sullF%apd s amplication was

performed to confirm that gacEA1 igflocated at & end suff. Thermal cychwﬂndltmnq

9 mmmmmﬂmﬁ 41

mln and a final step of 72°C for 5 minules.
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Phase Il Localization of class 1 integrons and test for their transferability

The experiments in this pk 1.. A stages including conjugation experiment
and determination of Salmongllia i |, g jf/ g8 variants. Conjugation experiments
elucidated il class 1 inlegronSw aled on ¢ & plasmid and could be transtered

lo ather bacleria. Delé ation ol Sa/m@nel/a SEABMIETEIANA 1 and its variants was 1o
: "ﬂ:g__l_hl

determine if class |
1. Conjugation expes

Conjugatig method as previously
described (Chen et g "' Salmonella isolates
containing the resistany rs and the sponlaneous
rifampicin-resistant de, B1655 rif ) were recipients.

1.1 Isolation of E. coli MG1ES5 1t

E. coli M. iblP ta all antibiotics tesled

in this study. ‘,— I'l"' ‘u' e all of the class 1
Integrons-contai "w  Salmen Susceplible to rifampicin (MIC =
elect the E. coli MG1655

& pg/ml), the riftafpicin-resistance marker was chosen to counters

recipient. Therefore, ﬂmntan&uus rifampicifggdsistant derivative of E. coli MG1E5E

mad*ﬂuEI’JVIEWI‘WIEI’lﬂ‘i

coli MG1655 wa grm-‘ B broffisat 37°C overnight 48 shaking

ARAAS S BRI -

qc{mcemraﬂuns (8, 16, 32, 64 and 128 pg/ml). The inoculated LB plates were incubated al
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37°C for 18-24 hours. The conltrol plate was E. coli MG1655 inoculated on LB agar without

rifampicin.

The nfampicin-resistant ected from LB agar supplemented with

corresponding concentratiof \ f esistant colonies were repeatedly

moculated on LB wlt..- oRECedlive WS The ability to grow on LB

containing rifampic sin_ e spontaneous nfampicin

e o

resistant was sele®ied anc.am | MG1G55wit. THE"WMICs for all antibiotics were

examined.
1.2 Biparental g
N,
The donor ar arpight at 37°C in 4 ml LB broth.
Eighty-pl aliquots &F the verfilg ©s oiihe danors and therecipients were separately

added into 4 ml freshyBB

ours to log phase of growth,

Cullures of the donor ang it 1:1 ratio in an eppendor! tube

and then centrifuged al 8,000%pmtor 1 Mmint supernatant was completely removed

and the cell pellets were suspentilie varmed at 37°C. The mixture was

Al 'I pore, Massachusetts,

USA) that wagoTae iifog

genlly dropped.@r
lated-filter plate was

incubated overni@hil al 379 emovedi@ind put into 1 mi of NSS in

#
a new eppendo Hube. The lube was vortexed lo dislodge the*tells and the emply filler

paper was n'.:lii-*.m':lrt:lta‘I JBe, suspension was cefilufuged at 12,000 rpm for 1 minute ano ne
A H TN R
pellels, “TBI‘! the conjugation mixture was spreaded on Cofmstant agar (Scharlau,
Barcelona, Spain) supplemented \ﬁh 32 pg/ml of dl@mpicin and one of the following

QW T DR A Ve )
q inoculated plates were incubated overnight at 37°C. Transconjugants that were E. colt

MG1655 rif with resistance plasmid appeared as blue colonies on the plates.
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Transconjugants were confirmed lo be £. coli by growing on MacConkey agar (Difco) or
Eosin Methylene Blue agar (Difco) and subsequently tested for antibione susceptibility.

Plasmid DNA were extracted from each transconjugant using Purelink ~ Quick Plasmic

helgexamined for the presence of class 1

integrons, the corresponding g@tles using PCR and restnction

Miniprep Kit (Invitrogen, Carlsbady, O, WSA)
XY |,‘§j

endonuclease analysis as deSenbed @bove.

2. Determination of S

In all class 1 ird ol SGI1 and its variants and

their location wem®delegiinad uSigg, CR ng DNA Sequegcin@ihe isolates were firsl
examined by PCR fggthe pfesgn 16 left (thdF) a { 18044-yiaY) junction of SGI1
using primer pairs thdEthdR" agd’ 50444yid¥, § livaly. The organization of antibiotic

resistance gene clyster was inecl-ondhe basis of ©lass 1 integrons profiles and

antibiotic resistance pg Apsomal DNA template was

prepared using QlAGmMp Germany). Thermal cycling

¥ T I
conditions consisted of a'fiot S clete’ at o intes, lollowed by 20 cycles of 1

minute at 94"C. 1 minule al d-vidY and groElL-pset or 57°C for

SUITER-F3, F4;P8y telR OF -4ifrA 072 @ or all amplifications

“"—"“m& Tl i P B

excepl 2 minufl 1.., . .i'"d
H | Py

5 y “ - - & | 1 1
The extrach@omosomal circular form o 1 was als@'fdelected in all isolales

containing SGI1 usir' ﬂ% PCR assays werwrfurmed using plasmid DNA as DNA

LSBT WELTd.c

at 55 °C, 1 minute at 72 *C and a finalgtep of 72°C for 1 mules

ammﬂimumfmmaa
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1 3 4 / ) 2 2
1 1 [ 1« | 3 I

el Ee
i =3
< [I(: o)
R inti acEN1 IRT alll ey

mﬂ'fl BHdAEq orfé 56100 L

Lf. junction Rt junction
Figure 6: Localization of primer sets used in -,f;a:-ura:a‘-m':::w.a-~---:::‘-::;-7--';'“:“....... 9,4 rimer pairs thdF1-thdF2 and SAO044-yidY were
used for amplification of left and right junction, , l- | -“:;‘:."' C resistance gene cluster was determined using

primer pairs sulTER-F3, F4-F6, tetR-tetG and groEL-pse. The arrows indicate the diré€tion of primers. The vertical-dashed lines indicate

e e TR N SN LN S
ARIAATUUMINYAE
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CHAPTER IV

1. Salmonella enterica iselates

A total of 150.5_cigneaiSalates used iTSssiidy were from poultry (76 isolates)

and swine (74 isolales LML aRGEe favars were ded and shown in Table 4. The mos!

T

frequent serovar In hi s Enteritidis fallowed by serovars Rissen (9.33%),

“l‘

Basilla (8.66%). SllBspe
Kedougou, Anatum,
3.33% of serovafs Alb | Altol
were investigated wile

were included. For seg@var 2
Paratyphi B2. ".:‘nr.:hr :

included.

I;.-.i

dF

AU INENTNGINS
AR ITUNN NGNS Y

here were 6% of each
imurium and Starley and
" gona, Give, and Orion
cky, Madjorio and Poona
 Kingston, Lexington, Panama,

Jonly one isolate each was



Table 4: Saimonella enterica serovars isolated from poultry and swine (n=150)

Salmonella serovars Mo. of isolates (%)
Foutry Swine
4 [2.67) 1 (0,671
30200

9 (6.00)
1 (0.67)
(8.67)

(0 67)
B15.34)
1(0.67)
0
0
0
2 (1.34)

T =

B <en 1106 248 67)

i
- A

_nley 0 B4 00)
3(200)  8(5.34)

ﬂuﬁﬁlﬁﬂﬂ‘i'ﬂ’&ﬂﬂﬁ

Singapore 1m 67) 0 —
Typhimurnum 3(2.00)

ama\mﬁmumm&mﬂ




2. Susceptibility to antibiotics

Distribution of antibiotics resistance is shown in Figure 7. In the present siudy, 21

1
v

s

isolales (14%) were susceptible 1o all | i b ' s lesled and a hundred-twenty nine (86%)
:

isolales were resistant 10 al les

80% r
o ade, | SB8T —56.67% 59.30%
o B0% - 46 ; ‘ b b ' <
) | .-"-._ o S ;'!.__
% - = _ CURS \ | 3067% 7‘,‘3'
. T ‘ o il il T [ | 1400%
% | y } - i
1 !;I-_“
Eﬁi: ¥ 3
MDR  SUS

Figure 7: Distribution'o! ar solates. AMP, ampicillin; CHP,

chloramphenicol; GEN, geéntamitingSPC, sp in; STR, streptomycin: SUL,

sulfamethoxazole: TET, lelr i : MDR, mulliple drug resistant; SUS.

g ﬂ.-‘::_";_.,.- g

susceplible.

- i

ﬂ'[JEl’J‘VIEWI‘iWEI']ﬂ’i
’QW']Mﬂ‘ifUNWI’mEJ’]ﬁH
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Resistance rale lo ampicillin, choramphenicol, gentamicin, speclinomycin,
streplomycin, sulfamethoxazole, tetracycline and trimethoprim were 46%, 26.7%., 12%.

53.3%, HB.67%. 65.3%, 56.67% and 30.67%, respeclively. NMone ol the isolates was

resislant 1o ciprofloxacin, Ninety s : '- ales were resistant to al least 3 different

antimicrobial classes and "-’f{“/ G resistance pallems were aiso

Ould.be grouped into 56 resistance

analyzed and shown i ___',;_ almone

palterns. Two most 6 DR phenol)

h - . 'J-ME-'-—q
the AMP-CHP-SPC mr""'?q

' SPC-STR-SUL (6.21%) and

Table 5: Antibiotic tg

Mo. of isolates (%)
{2.33)
1(0.78)
4(3.17)
4(3.11)
1(0.78)
4(3.11)
2(1:56)
1(0.78)
A2 () 56)

| u'.-'d 0.78)

ﬂuﬂggwwswaﬂﬁi
awmﬁmmamﬁaa

STR-SUL-TET 4(3.11)




Antibiotic resistance pattern ' No. of isolates (%) 3

SUL-TET-TRI 32 33)
AMP-SPC-STR-SUL 2 (1.56)
AMP-SPC-SUL-TET 1(0.78)
AMP-STR-SUL-TET 2 (1.56)
AMP-SUIL T 10 78)
GHP-SPG 16078)
‘ 1(0.78)

2 (1.56)

4(311)

3(2.33)

1(0.78)
1(0.78)
. 1(078)
R 1 (0.78)
4(31)
1(078)
1(0.78)
1(078)
1(0.78)
1(078)
1(078)

= _. 78
|~' "
T 5.43)

1| AMP-CHP-STR'S TRY i )

AMP CHP-GEN-SUL-TET-TRI 1(0.78)
ﬂu%’mfﬂﬁﬁw mfﬁ
P-CHP-GEN-SPC-STR-SUL-TET
AMP-CHP-GEN-SBC-STR-TET-TRI 1(0.78)
AMP-CHP-GEN-SPC-STR-SUL-TET-TRI 3(2.33)

Total 129




Resistant isolates belonged to different serovars, including S. Albany (5/5), 5. Altony
(3/3), S. Agona (3/3), 5. Amsterdam (6/10), 5. Anatum (9/9), S. Bovismorbifican (1/2), 5
Bsilla (13/13), 5. Bareilly (1/1), S. Blockley (1/1), 5. Corvallis (9/9), 5. Enteritidis (7/21), S.
Emek (5/5), S. Eppendorf (1/1), & Give (2/3), 8. Kedougou (9/9), S. Kingston (1/1), S
Kentucky (2/2), S. Lexington{1/1), S. Mad|otic (& 2¢%5. Orion (3/3), 8. Panama (1/1), 5§
Paratyphi B2 (1/1), S~Beana (2/2), S. Rissen [44M4] S 8tanley (6/6), S. Subspecies |

(11/11), 8. Schwarzengrund (1. 1S, Senflenbergudf2], 5. Singapore (1/1), 8. Typhimurium
(6/6) and S. Virchow (1/1)

3. The presence of intl}

Forty isolatgs (26.67%) viglded a 49 bp amplicon when amplified with the primers
specific for the intl1 géne. Nuciéolide analysis révealed that the sequence of the amplican
representative wagfldenti€al (@ the published®sequenece. The PCR amplicons of int/1 are

shown in Figure B.

bp M 1 Z 3 4 5 6 7

1,000

+— 497 bp

Figure 8: Deteclich of intfl in 5. ehtefica isolalgs. DNA template was PGR amplified using
primer int4F and int1R that generated, the amplicon size of 487 bp Lane M, 100-bp marker,

lianan sPosilive contralLape-2-fthe inii-conlaininmsS enlericasirains,



4. The presence of typical 3' conserved regions

All of the 5. enterica isolates carrying inftl! were examined for the presence of
typical 3' CS. A positive PCR result wilh gagEA T sul! and gacEA 1-sul1 was indicated by
the obtained PCR product of 363, 531 anhd 1,188 6P, séspectively (Figure 9) Twenty seven
isolates (67.5%) were found™a carry all of gaeEAP Sl and gacEAT-sull. MNucleolide
sequencing resulls alse"eanfirmed the specificity of PCR amplification. The remaining 13
isolates (32.5%) did'not yieldam, PCR amplicans indicating that'they did not contain typical
3 ‘conserved regiafS of gli8ssa1 dntagrons (Table 6} From elass 1 integrons analysis,

distribution of 3'CS affl gepe casselies amang the il f-positive strains is shown in Table 6

bp

{.000 +=— 1,198 bp

; +— 581 bp
500 [

#— 363 bp

Figure 9: Typical 3'CS of class 1 integrons. DNA template from the int/1-positive Salmonelia
isolates was PCR amplified using primer pairs gackEF-gacEA1R, sul1F-sul1R and qacEF-
sul1R. Amplification pro@uets of gacEA 1, sul? and gacEA 1-sult are 363, 591 and 1,198 bp
respectively. |Lane'M| 100-bpimarker; Lape 1, gacFA % Lana 2, sufl andJlane 3, gacEAT-

sult.



Table: 6 Disiribution of 3'CS and gene casseltes among the intl 1-positive strains (n=40)

Serovars 3cs Gene casseftes  No.
5. Kedougou '

Schwarzengr +

S Seﬁlﬂrg +

i quawswaﬂnﬁ

’QW']WWWWH



5. Characterization of gene cassetles in class 1 integrons

Forty Saimonella isolates carrying lhe intlT gene were examined for the presence of

gene casselles in vanable ra,glun : -._- ng 1 f isolates, twenty-two isolates (55%) carried
nserted gene cassettes wi L _ ! j D2, 300 bp. No gene casselte regions
were amplified from the ez / en integrons profiles (IPs) were

ﬁnad and are shown in Table

L, Tne ROR. el '’ Seeach IPs are shc igure 10. Seventeen isolates

carned a single clagsei™ir './,

(IP2), 1,300 bp (IP5)i00 / e
_ #

integrons with 1N gene@asqetis f—* ]

defined by the numbeaianddhesid nf thi

2,300 bp (IP1), 2,000 bp
‘50 lates contained 2 class 1
P3Y,2,000 and 1,100 bp (IP4),
1,300 and 1,100 i (PEl _250.bp (IP8) and'2,000%and 650 bp (IP9). Seven
different gene arraysdiergfredeated by DNA‘Sequencing including silB, dfrA12-aadA2,
bla,, ., aadA4, g o plete resistance genes
dffA12 confers resistafice | ‘ opnm, a “confars relstance to spectinomycin and
sireptomycin, bla , con C encodes protein of unknown
lunction, SilB is membrarn f{{... ratei ;;‘. of an SIABC efflux system mediating

resistance o cadmium, Zing 51:71 ::;,-n att AC , 1999). Neucleotide sequencing

analysis also| révga f 780 and 650 bp were the

incomplete ca ;.. R6dEs cytosine permease

pgrons lacking 2'CS were

|

e
i
|

found in 3 isolatesdnd all of these carmed the incomplete sat gese(IP10) (Table 7).

ﬂ'L!El’JVIEWI‘ﬁWEI’]ﬂ‘i
Qﬁ']ﬁﬁﬂ‘imﬂ‘iﬂ']’mﬂ'lﬁﬂ
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Table 7: Differer gene cassene arrays o1 class 1 iniegrons

Approximate size of MNo. of  Transferability

IP amplicons (bp) izolates (No. of isolales)
1 2300 1

2 2000 4 1

3 1.300. 2.000 1 1

4 1,100, 2,000 1=
5 1,300 o
& 1.100

£ 1,100, 1,300 Z

8 750, 2,000 1 1
9 650, 2,000 1 -
10 650 3 ND
*  Only class 1 inlegrons G f_":.-"' A2 e able to transfer.
ND Not dete

.V
Y,

AU INENTNGINS

AR TUNNINGA Y



bp M IP1 P2 RS PR R IFS IF6 P77 IPE P9 P10

2,500
2,000

1,000

500

Figure 10: PCR amplificalions of‘class 1 integrons wariable regions. Template DMNA was
amplified using primer gair 8'CS and 3'CS. Ten integrans profile (IP1-1P10) were defined
by the number and size of PCR amplicons: kane M, 1 kb DNA marker; Lane 1,I1P1: silB;
Lane 2, IP2: dffA12-aadA2; Lane=3; IP3: difAt2-gadA2 (upper) and bla... , (lower) ;
Lane 4, |P4: dfrd12-aadA2 (upger-and-aadd2lower) ; Lane 5, IP5: dffA1-orfC; Lane 6,
IP6: aadA4; Lane 7, IPT. bigee (upper] and-aagA2 flower) ; Lane 8, IP8: dffA12-aadA2
(upper) and -imcomplete codB (lower); Lane 9, IP9: dirAl2-aadA? (upper) and

incomplete sal (lower) ; Lane 10, IP10: incomplete sat.



Base on the sequence resulls, the same size of PCR amplicons of 2000, and
1,300 were expecled to be dfrA12-aadA2 and dffAT-orfC, respectively. All of the 2,000
bp amplicons were digested with EcoRl. The restriction patterns yielded three fragmenis
of 940, 490 and 420 bp (Figure 11). The 1,300 bp amplicons were digested with Ncol,

The restriction patterns yielded two'fragments of 530 and 450 bp.

Figure 11: Restrictigh paltefn of dfd1Z-aadA? containing amplicons digested with
EcoRl. Lane M, 1"kb marker; Lane 1, undigested PCR amplicons of dfA12-aadAZ; Lane
2, the EcoRI-digested'dfrAl2-aadA2 fragment;, Lane 3-3, the EcoR/-digested patterns of

samples with 2,000 bp amplicons:

bp

Figurg 12: Restriction pattemn of 'dfeA T-offC amplicans containing digested with Ncof
Lane Mt kb marker; Lane 1, undigested PCR amplicons of dfrA7-orfC.; Lane 2, the
MNeatdigesied difd L-odfColragment; kane8-4, the Neol-digsetedpalierns«of samples

with 1,300 Bplamplicons.
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6. Conjugal transfer of class 1 integrons

Conjugation expenments were used lo determine location of class 1 integrons. The

MIC of E.coli MG1655 rif for rifa 1;_' C I Bipi illin. streptomycin and trimethoprim were =
256 pg/mi, 4 pa/mi, 8 pa/mi.as !f

#, Transler of class 1 integrons lo E.

colt was possible in 7 of 28 es Fons with gene cassettes (31.81%)
(Table /), These isa@ Jlae Carned. r‘rA: wodAZ (IPd),dii A; g-aadAZ and blaPSE1 (IP3),
dfrd 12-aadA2 and.aac

\12-aadAZ and incomplete
s that the transconjugants
also carried plasmid 8s 1 integrons with variable

reqions of the same

7. Determination of

The left and rightdiinctiog :7 oF SGI’ detefiiped’in 9 isolates of the class 1
inteqaron positive strain (40,9088 Eigh e ks were classified into IPS and carried
a sinale dfrA1-orfC gene arra #and contained 2 class 1 integrons, of
which bla,.. and ag ins, Thempresence of resistarice
gene clustery .'mm_ﬁ: zalion of the oenes
ndicatled that™ .“- : ":‘ (see Figured page 17

for genetic structUe). SGI1-A was presentin @ single S. Kingstg@hlisolate, while SGI1-F was

identified in 4 Albarr Emak and a Kedﬂu%mrwars. Mone of isolates carried 5211

“""‘"ﬂ”ﬂ"ﬂ“ﬂﬂﬂﬂ‘ﬁw g1N%9
’Qﬁ'lﬁ'ﬂﬂ‘imﬂﬁ']?ﬂmﬁﬂ



Table B: Presence of gene clusters in SGI1 vanants.

" Serovars  Gene casseftes P | (gpELpser sullMoB.. MoR/elG  tetR/etG

SAD22 5. Albany dffA1-orfC 2
5A023 5. Albany dfrd1-orfC 5
5A035 5. Albany afrd1-orfC 5
SAD36 5. Albany dfrA1-orfC b
SAD4A4 5. Kedougou dfrAt-orfC 5
SAD9T 5. Emek dfrA1-orfC 5
SAD98 S Emek dfrAt1-orfC 5
SA191 5. Emek gird1-orfC 5
SA039 S.Kingston  bla,. . asdd2 7

dffA10  5GI1 vanants
* ND SGI-F
+ ND SGI-F
+ MD SGh-F
+ ND SGI1-F
+ ND SGI-F
# ND SGI-F
+ ND 5GiI1-F
+ ND SGIH-F
* + SGIT-A

ID The Salmonella strain number used in the laboral®

"Lf Left junction i

 — AULININTNEINS
T QRIANNINNIINGIAY
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CHAPTER V

USSION

Extensive use of antibiotics ir such as human and veterinary

medicine and agricultire durii 5 been shown to be the main
cause of antibiolic resislanees pathogens. Nowadays, emergence of
multidrug resistance ameng 3

al., 2003). Antibiotic g

: urted worldwide (Soto et
re often carried on mobile
genetic elemenisg@spegially/class ns ‘hese integrons can be transferred to
other bacteria andd€ontibuie o dissemination ol 'I olie, resistance in bacteria.
However, class ¥ integfonsihaye-not been tesérbed in Salmonella isolates in Thailand,
So far, class 1 integr L country were those in E.
coli (Phongpaichit et 2007 : Vi o't dlerae (Dalsg: 'rd‘at al., 2000). From our
knowledge, this study is islareport @ racr ation of class 1 integrons in

Salmonella isolates in Thail

In th‘l d ety of differen poyllry and swine were
included. Thé ifiest-comment & Holated from poultry

AT

And-BSilla. S. Weltevereden

L

was Enteritidis ang {
was shown to be.thie most frequent serovars found from chic =--"l slaughter and market

(Padungtod and Kaﬁeﬁ 2006) but this seropars was not included in our collection. Al

swine. |f general, only meat fr althy animals’is ted for human consumption.

Therefore, these isolate are pmsumﬂy associated witirdhose in human foodg,J
q Antiﬁic resﬂnce was fouryn valous serovars uglmanf.-@fmm both
poultry and swine, indicating that antibiotic resistance was not solely associated with a

particular Salmonella serovars. High resistance level to sulfamethoxasole, streptomycin
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letracycline, spectinomycin, trimethroprim and ampicilin was observed as expecied
since (hese antibiotics have been widely used in lood animal produclion. None of
isolates lested were resistant 1o ciprofloxacin. These results were similar to the previous
studies in Thailand (Angkititrakul et al., 2005, Bangtrakulnonth et al.. 2006). The

explanation could be the limiled lis class of antibiotics in fooa ammal

produclion. One ol the main N 51K B, ¢ was the prevalenl mulliresistance
among Salmonella : "” 1/ tickehigh multi-drug resistance rale
observed was very imilar 16"t ol agievio= SOV 0 Salmonella isolates from retail
' : pst common  resistance

i AMP-CHP-SPC-STR-5UL-

meal in Thailand (B
phenolypes obsernvgs
TET-TRI. Most of thegg®nii . ben Gommonly ™ H: veterinary medicine and
animal husband®" Intaf@s1ghy ohlpraimphal "-. ¥&ed in food animals for
a long period of uilfie bl 1€ affaine ccsistant 10 this ¢ W it are still identified. This
finding may be dueo snslance genes on same
genetic elements or gesistart Heteriha he 7”'-;- dmenon has been shown in
previous studies in S@in ind E. coli (Anlunes et al.,
2007). In Salmonella, |8S 1 Al L..J ical 3C8 were demonstrated. In these
integrons, cmid encod ng cHigramphe: e was found on the same cluster
with dfrA12- aadA1l-aadAZan (Chuanchuen et al., 2008) The
similar clusfers) '?}. Co-transfer of
Chioramphericar *Hf streptomycin could
also co-selecl 1o

select for streplemyc gene Bid

il iF
chloramphenicol Tesistance encoded by cmiA localed in the Same integrons structure,

clust

Thararuri, use of uﬁaﬁnhbiuucs ol which Mlance Eenes are located on the same

RIET X EEE LTC ¥ o

rasm!ar% as well. However, this cn'selecllun was nol tnvestagated“?i this stud\;

RIGSAIUNAIINYIA L.

cassettes in variable regions. The prevalence of class 1 integrons among the Saimonelia
isolates in this study was comparable with that described in other stucies. Class 1

integrons were detected in 11.4% in Japan (Ahmed et al., 2005), 15.2% in Netherlands



(Vo et al.,, 2006) and 17.26% in China (Zhang et al.,, 2004). These data indicate that
class 1 integrons are widespread in Salmonella isolates worldwide. Furthermore, the
empty class 1 integrons thal are those withoul gene cassettes were also identifiea. Sucn

emply integrons may be a result of the unsuccessiul PCR amplification because the size

Among 10 iniegronseProfiles. £lass 1 untegrons With.gene casselles array dffA |-

orfC was most comg | n/previdus st ihe -orfC gene was idenlified

in 5. Typhimurs s el al., 2005), S Oslo
and S, Bareily fig ?' gl "2g6). The oirAT-orfC was
also found in class Irofis 4 ri'!!r [ -’31{ _ ».H 't'*‘\- in India (Shi et al., 2006,
Thungapathra el ' f T;'i‘ om_ humans in"China (Boyd et al., 2008)
The presence of ideqglital ge aSSF '*-*"f fferent Salmapella serovar, different host,

different geographic aggd and:t "__ ia_indi@gtes that antibiolic resistance

genes associaled will 2 exchanged between Salmonella

serovars and between ba al . 2004). This will accour for the

rapid disseninglic : péthgaens.
e r-— p

The dirATE-aad eollec BN This gene array was

X ¥
previously desc Ed in S. Choleraesuis and E. coli from p e in Taiwan (Hsu et &l

2006) and S. Galnngnﬁum chickens in Kofda'(Kwon et al., 2002). The ¢4 12 aatiA?

ot B PRI AP ES ) oo e

and pdfllry in Spain (Guerra et at 2003). However, the dffAT Gene was previously

have B

OF @R FAERIRN ook LIS

These data demonstrated the different combinations of resislance gene cassettes in

class 1 integrons. Types of combinations and frequency of the gene cassaties in class



1 integrons may reflect the specific selective pressure to which the isolates were

exposed (Chang et al., 2000b).

In this study, aadA4 was found in a single S. Orion isolate. This gene cassette

in Salmonella in Porlugue 3"‘,: iunes et 3 ’ 006)eHungary (Nogrady et al., 2005),
E.coli in Norway (Sungiep2006)-and V. sgholerae ia«(Shi et al., 2006). These data

reveal that diﬂ‘e dir
identified in classaMieg

widespread of clas

' same antibiotics were
gountries. The reason of
es in different countries is still
5 in each country may

I., 2000a).

unclear. A previou:

be the cause of s

Two new/ge asseties i i ‘ncomplete codB gene and silB gene were
demonstrated. The jficon cpdB was delected In S Eppendorf and could not
provide any advantage a host. The silBigene was found in a single S.
Give isolate. This gene ~a membr Usion protein of the SIIABC system
conferring resistance to. silve -1999). It is unknown whether
5ilB that is nptdac

mr e i |
It may be -3‘: ‘J d in other genetic

elements. Funhﬁudie - PSQ 'utlu_m
greement with
the r g ﬁ e ew tha I rug resistance

amung%ﬁman&ﬂa serovars is often associated with the presence of class 1 integrons

ARSI a3y

to the resistance gene identified in the variable regions. Interestingly, no class 1

ymplete jls functian,

integrons was detected in some of multiple resistant isolates. Anitibiotic resistance in

these strains may be due to other unidentified mechanisms i.e. chromosomal mutation,
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the presence of antibiotic resistance genes that are not located on class 1 integrons and

the presence of other resistance integrons that were not detected in this study.

The widespread of sulfamethoxazole resistance was also observed in all strains

possessing intl1. It has been established thal class 1 integrons usually contain sull in

their 3'CS conserved regions n widely used in food animals.

. H
Such specific selection quisition and maintenance of

sulfonamide resistang s 1 integrons-containing
isolates most of Ik . It supports that these
class 1 integrons , class 1 integrons with

atypical 3'CS that |agked gécEh cl.sull W \" bserved. Therefore, they

_\‘5.3 "W
; tunes et al., 2005) and
‘i“- \\L \‘.\ in E. colf (Antunes el al.,

2007) and SalmoRelia \chuen-el-al., 2008 \ \ husual 3'CS linked to f

were not the sulf-assg ntegrons were previously
reparted in Pseug

E. coli (Antunes el &
gacH-sul3 was not exami

The conjugation expe t' Salmonella isolates could transfer
class 1 integrons with_ant ﬂr‘ 3nco . gel e E. colf recipient. Class 1

saind et al., 2006;
of dfrA12-aadA2

Rodriguez et 1’?’_ Y |

> arra
and dfrA1-orfC g re locatec sferaﬁplasmid. These dala
support that class 1 integrons could play an important role in horizontal transfer of

mﬁﬁﬁ?ﬁﬂﬂiﬂﬂﬂﬂﬁ

|1 and its variants are u?mrtant detarmmants of multidrug resrstance since

QR isras pael 3Ty

{Lewngs et al., 2005). In this study, SGI1 were found in serovars Albany, Emek, Kingston
and Kedougou respectively, This indicated that the exchange of SGI1 among serovar

does exist. The integration of class 1 integrons into SGI1 on chromosome contributes to



46

the persistence of phenotypic resislance ol Salmonella even in the absence of selective
antibiotic pressure (Doublel et al., 2005). Extrachromosomal circular torm of SGI1 was
reported in previous studies (Boyd et al.. 2008; Doublel et al., 2005). These circular
intermediate could be conjugally transferred in the presence of a helper plasmid

providing the mating apparatus and may (legrate into the recipient chromosome by a

site specific recombination. £ 3614 extrachromosomal circular form by
conjugal lransfer pote ‘ ally ptes 1o Ak eag@fol anlibiolic resisiance genes
between different - pacleria (Doublet et al., 20058).
Eventhough extrachro, resent in this study, it can
not be ruled oul the impPoria ular form of SGIT in all

circumslance.

]

dF
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Conclusion and suggestion

In this sludy, our findings demonstraied |he widespread occurrence of nmultiple

anlibiolics resistance among Salmonella isolated from poullry and swine in Thailand.

Class 1 inlegrons carrying gene cassel onfer 1o different classes of antibiotics

L.e. aminoglycosides, B-lacl gare prevalent among the MDR
Salmonella isolales. Classy figative plasmids may contribute
to the horizontal disses ene casseltes among the
pathogens. Integr ne in several Salmonella
serovars provide fie absence of antibiolic
seleclion pressure irizontal gene transfer and
clonal spread conlg IC\res ance in Salmonella.
Therefore, guidejufles laffpgrogriatesand phudent anlibiolic usdge in both humans and
amimals are mandalgy. i

From the res riher studies could be as

follows:
1. Some of m ontain class 1 integrons were
lound, indicgl .f‘—---— resence of non class 1 integron: {i= 10T resistance. These
- "-I" . )
addilion res "'"'_ | n. multidrug efflux
systems, antibic ': resistance fated on gldss 1 integrons and the
W ¥

presence of other nlegrnns i.e, class 2 and class 3 integrons. Such resistance

mech jpute to better

siratega."arogram lo reduce antlmt?obsal resistance eveniually

ammﬂimumfmmaa

2. Class 1 integrons and their gene cassetles can exchange belween intra- and
interspecies and play impartant role in the dissemination of antibiotic resistance among

bacteria. Therefore, studies of class 1 integrons in other bacteria particularly foodborne
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pathogens should be performed. This will lead to more understanding of the effeclive

route of resistance disseminaltion among bacierna,

3. Data on genetics of antibiolic resistance of S. enferica along the food chain
are needed to create the project lo regh ' antibiotic resistance. However. such data is
! ¥ herefare, the stugies of genelics of

1/
: -,L- L@Nec@Burces e g humans, foods from

animals and environment Srevesem mended.

slill inadequate especially in de

anlibiatic resistances in'Sg

F P L ¥

AU INENTNGINS
AR ITUNN NGNS Y
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solates (%)

Concentration
Antibiotic {ugimi) <0.125  0.125 4 8 16 32 64 128 256
23 B 8 1 7 &1
AMP 0,05-256 (15.33) (5:33) (5.33) {0871 4.67) (40.67)
29 ]
ciP 0.0.125 - 256 (19.33) (6.33)
a 63 a8 3 & 18
CHP 0.0.5-256 (6.00) (42.00} (25.33) (2.00) {4 .00) 112.67) 12 (8.00)
1 k| 3 2
GEN 0.0.125- 256 -33) (0.67) £2.00) 10 (6.671 (2.00) 11.33)
4 1 T 18 26 32
TET 0.0.5:256 B.00)  13(B67) (267 (0.67} 1467 (12,67 17,33 (21.33)
3 & 2 4 5 3 34
TRI 0,0.5-257 (2.000 8 P, d 330 14(933) (267) (3.33) {2.001 (22.67)
Antibiotic Conceniration (pgiml) 0.5 1 16 I,,. iz 64 128 256 512 1024 2048
& 5 15 Ed
SPC 0.0.5-1024 i (16007 13.33) (3.33) (10.67) (36.00)
ﬂ‘LlEl’J Vlﬂ‘mwmﬂ“ﬁ" ® & @ E
STR 0.0.5-1024 (1.33) 1318, iﬁ 12 (8.000 333! (16.00) Jl&ﬂﬂ} (13.33] (467 (330 (1330
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APPENDIX B

Bacterial Growth Media

1. Muller Hinton Agar (MHA) (Difco "~

- Beel Extract Powdegs
- Acid Digest of -

- Starch

- Agar

2. Luria-Bertani Ag
- Trptong
- Yeast
- Sodi
- Agar
3. COLINSTANT CF .D V ona, Spain)
- Tryptone
- Yeasl Exiract

. Ma {

- Bile Sa
v,
- Di-sodium p

b

y

- Sodiu osphate 2.20 s
= Chrﬂmoge‘wture

ﬁﬂmwﬂw‘?’ $109
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APPENDIX C

Preparation of antibiotics and other reagents

Reagents for PCR reaction

1. The Eppendort Masterh
- Taq DNA Pal

. Germany! contains

110 ma/mi Ethidium by
1 a

1.000 ml

- Ethidium bromide
- Distilied deiomzed

2. 50X TAE (° ““" A
- Tris ,.E '-” 0 g
- Acelic aci{::l 571

Fmaﬁmmw TS
ammnimum’mmaﬂ

3 0.5 M EDTA, pH 8.0 1000 mi contains
- Disedium ethylene diamine letraacetate. 2H.0 186.1 g

- Distilled deionized water 8000 ml

63



- Adjust pH to 8.0
- Adjust Volume to 1,000 mi

4.1 M Tns HCI, pH 8.0 1000 mI contains
- Tris (ultrapure) 1211 g
B0D.0 mi

42.0 mi

- Distilled deionized wal
- Adjust pH 1o 8,04

e
s —
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Antibiotics Preparation

Antibiotic Solvents Stock Solution Storage

Ampicillin Walter 100 pgimi

Chloramphenicol Elhanol 94% 25 pgimi
Ciprofloxacin 181 /:"r @H 10 dissolve, 10 pg/ml

0 total vo ._, ler

Gentamicin 50 pg/ml
Ritampicin 25 pglml
Spectinomycin: 100 pa/ml
Streptomycin 100 pg/ml
Sulfamethoxazole 25 pa/mi
Tetracycline 100 pgiml
Trimethoprim 10 pg/mil

]
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