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Production of extended-spectrum B-lactamases in
Salmonella spp. and Escherichia coli isolated from

animals

Presented by Hyung-Jun Kim
Supervised by Wongeun Son

Department of Veterinary Medicine,
Graduate School,

Jeju National University

Antimicrobial resistance is getting worldwide concern to rapid increase in
multi-drug-resistant Gram negative bacteria. The increases of clinical isolates
producing extended-spectrum beta-lactamase (ESBL) are the most problem in
the fulfillment of infectious disease control. Although the definition of ESBLs
is not decided by mutual consent, they are commonly used B-lactamases
hydrolyzing first, second and third generation cephalosporins and aztreonam
and which are inhibited by B-lactamase inhibitors such as clavulanic acid.
ESBL-producing enteric bacteria such as FEscherichia coli and Klebsiella
pneumoniae are a crucial problem in clinical practices. They are generally
resistant to various common antibiotics thus limiting treatment decisions.
This thesis presents work done on the ESBL producing E. coli and
Salmonella spp. from various diseased and normal animal in Jeju, including
some Salmonella spp. obtained outside of Jeju.

Most bacterial isolates were originated from animals such as pigs, chickens,
horses etc. and only 8 Salmonella spp. from people. Total 119 Salmonella spp.
and 77 E. coli were used in this study. ESBLs were identified by
double—disk synergy test, PCR, and gene sequencing. Salmonella spp. do not

have any ESBL genes but 34 strains have TEM genes of PB-lactamase



regarding of the hydrolysis of ampicillin. E. coli producing ESBLs were 4
strains and they have TEM (1 strain), both TEM and CTX-MIl4 (2 strains),
and TEM and CTX-M65 (1 strain), respectively. Those E. coli strains were
originated from diarrheal calves and foal. This study indicates that the
prevalence of ESBL-producing Salmonella spp. and FE. coli might be less

common in Jeju .

Keyword : Salmonella spp. Escherichia coli, Extended specturm

B-lactamase, TEM, CTX-M14, CTX-M65
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B-lactam A= 1929 =¥ o] penicilling A3t HAA MdEE 7] A #s)
ATk A<D penicillin® 2@ tol 43 235 YEM AW ampicillin®] =
Y olF ¥ &4 Aol Amelr: FWHLASA AREHa ATH3L B3 xR
welA  B-lactam A A= penicillins, cephalosporins, carbapenems,
monobactams 2] 47} 1F O 2 Ym ¢ JqTH34]l o] FAAES TFFoE B
-lactam F-& 7HA AL, S HA aLgle] e wet Z1Fo] vro] IvH6e4]

Cephalosporins Al AAA 2] EFF+= 147} cefazolin, cephalothin,
cephapirin, cephalexin, cefadroxil, cephradine 24|t 7} cefamandole, cefuroxime,
cefoxitin, cefotetan, cefmetazole, cefaclor, cefprozil, cefpodoxime, loracarbef, 34
7} cefotaxime, ceftriaxone, ceftizoxime, ceftazidime, cefoperazone, cefixime 4
M7} cefipime, 54t 7} ceftaroline, ceftobiprole 5 ©] vt} 14,18,23,63].

B-lactam Ald e FBA= #HAH, v A 724, HEF SolA &3] AREsE=
FAAHEA T d dwrd FAARE @Wol ARRITH29L wEkA olE A
Aloll thgk AT 3ol HAd dee Axmol Hig oy wE I B
-lactam A Al thek HAdS Aol AA S B-lactam w8l S0l o3 dof
Uy A B-lactamases= B o|A]  penicilline] AFEE 7] o]Hel] o]
Escherichia (E) colil~] &= JTH10]. 52 eSd Mt A4 w7y
B-lactamase FAAE AHA o2 HAFIT ol S HollA WAY= EF
A&l A AdHE B-lactamell sl Zhal Rl Ale s giube] 7]Q1ghv30]. A A
A AT EC] A oS B-lactamase’t €E A o WAL
w2} broad-spectrum  B-lactamase (TEM-, SHV-, OXA-family),
extended-spectrum B-lactamase (ESBL; TEM family, SHV family), AmpC
(ACC-, ACT-, CFE-, CMY family, DHA-FOX family, LAT family, MIR-,
MOX-), Cabapenemase (IMP family, VIM family, GIM-, SPM-, KPC-) 5%
th o] & ESBLE ©]S H33ste]  B-lactam AlY A o] ALl

o

=
T
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T OAWAS vEerdo] Bl AdS 23 AdFTY A5 BES A
A AEAA FAZE AX 3 gtk ESBLY AoE FAHoz Fodte] AHg nf
= A, AukA 0 2 penicilling, 14 ol A 34t cephalosporin® aztreonamell
kel WS Yoy E B-lactamaseZ F-8Hh o] 52 clavulanic acid?} 22
B-lactamase A A|A o] &sirE A H= EAJo] dvrH[19,37].
A plasmid "i7] B-lactamase= 1965 1] 22| TemonieratlE A=
el¥ E colidld AL 2 wfF-E TEMo|etar ®H =¥ ATH27]. o] #¢
S = oo thkst plasmid 9ol A8 transposon¥}e] ¢
of 9o} thE Aoz TEM-1 fA dups o] skt AAlZ TEM-12 dA 7
HAAL AT FUATTY oy FFolA LA I[61], TH Aol A

712 &3] B 4 9+ B-lactamase ©]t}H37]. ESBLelgt & 4 $l+= TEM-1&

t]

Jx

3

i

oxacillin, carbenicillin, & cephalothin®.t} @4 ©] 73 &A ampicilling 7}
H3 A 7] A ceftriaxone, cefotaxime, ceftazidime &3 722 extended spectrum

cephalosporins< 7142342 4 ¢ltH61]. TEM-2% TEM-13 U3 7158

=

AES 7HAAT EA FF54 promoterE ZFA L 9 e TEM-19 SHdF
(isoelectric point)e] 5.4¢1 7| uvl&] TEM-2% 56°]tH40]. TEM-13S TEM-1
3t TEM-2¢} H]S2d 7heeele 7k TEM-1, 2, 132 2% ESBL2 oty
Ak " A TEM-13 TEM-29] f%A¢1 TEM typed ESBLE-2 10071 ©]4<]
Aow &dHA UTB0L Tl A= 5 [89] # ¥ F[56] © A, =,
A o] W FolA TEME whdste] Hargk o] gt}

& &3 plasmid "i78 B-lactamases Klebsiella (K) spp®t E. coliol A &
A% SHV-1 (Sulfhydryl-variable active siteoll /] = ®)o|t}.  Extended
—-spectrum cephalosporinsE 7}5#38] A] 7] = B-lactamaseE % 3}3}+ plasmid
= 1983l Aoz HuFAU[20]. HdolA FEl¥ K ozaenae T B
-lactamase SIHV-2E H /3% =4 o] cefotaximes &3 oz AHE= d3
Ak ceftazidimes E¥ZA o7 7R AZ 5 UATHI6L SHVE o= v
type®] ESBL HUw T A5 4 2ol 2 s b 53] FHed
WMEol AP Ao A AEHo] gt SHV A Pseudomonas (P) sppét
Acinetobacter sppdl 2|3t Aol wAIH 1y S 53], TEM-type B



-lactamases$} 2] SHV-1 =A== 507] o] AA == <A A58

CTX-M< 1989 =< Munich # 2] 47[€® ofglo]e] H|Fol|A F2]dh
E colidl~ H&o =z HiEg ow cefotaximase?] A CTX2F Munich? M-S
AA3 fojolu}, o] f-382 ESBLL ceftazidimeX. U= cefotaximes © 2 7}
FEIA )L w3 T EEZE cefepimes 7FFEI|IAIZIYH11,12]. Tazobactam=-
sulbactam¥} clavulanate .t} CTX-M<2| oA &35 vl 2 Jepivs9]. o+
o= 1007 o] e CTX-M type® ESBLeo] HiH o] Qow o]F ESBL
FUHA It W #F 2D P geruginosadl A A AAAo Rz HEa uHe2].
ol &EAid WE FAAE gutdoem 7-260 kb A7|e] WA 3=
plasmids el $*3gcH15]. Plasmids™ Kluyvera sppl 944 fdA=Z5-H
5ol T35 AAZEA 11370 ©]/%e] CTX-M typesel &elA AaL[50] Al
Aol A 7} &3 ESBL type¥ Aoz =il QuH15] ol ofjbd, =3
ol Heldh A, BAAA B e 'el A7, sk, AbY ol &g At
oA CTX-Me] &ls nl vh2,4,89,24,43]

o]t Ao ] vl BE28Y FE ¥ Salmonella spp.&t E coli®

AA WAdFEs 432 ESBLe AAsh=E #F9 Hles Ao,
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shed W, w SollA HEHol A2 Wil HEHe A F 196
F % Salmonella spp. © 1190 F2ZA] #H X9 A4 49
WA Al #X 9 2ol A] el 5, 2ol AANEE 97 el A oo A
g 1eF7F AFEHA 0T, 9 =AEE fH 277F Abghe ANEW
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Table 1. Salmonella spp used in this study

Host Samples No. of Salmonella spp.
Chicken Carcass 27
Diarrheal feces 9
Equine
Joint fluid 1
Human Normal feces 8
Normal feces 69
Pig
Small intestine 5
Total 119




%196 #F F B coli = TTH#FAOH Fobx A f 117F, A4
TR 46T, we) hE W Am f 9FF, e Ahsn fd 1 T

I tHTable 2).
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Table 2. Escherichia coli used in this study

Host Samples No. of E. coli
Calf Diarrheal feces 11
Dogs Genital infections 4
Uninary infections 4
Respiratory infections 2
Asite fluid 1
Equine Pus of kidney 1
Pus of lung 2
Diarrheal feces 4
Asite fluid 1
Joint fluid 1
Pig Normal feces 46
Total 77
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# Fold M-S Muller-Hinton agar (MHA; Difco,



USA)el Aldfu kel d Aol = Aga]x|e] “ddle] Salmonella spp. A E.
coli XS v st Ao FEE McFarland No. 05 (15 x 10°
CFU/m)e] EE=et FdstA =438 5 dytd W&ES o]&3te] MHA (Difco,
USA)o| =2 HE3dY. A5 & 108 o|el A y2=2E dispenser= 4
Fotal 37ColA 16~18413F mi sttt A A4 v Haz F9
e T4 dAde Z7E S48k Flskh

A Al HA7+F BBL (USAAFLE Oxoid  (UK)AFel A 798l
amoxicillin-clavulanic acid, cefotaxime, ceftazidime, ceftriaxone, imipenem,
ampicillin, ciprofloxacin, gentamycin, nalidixic acid, norfloxacin,
trimethoprim/sulfamethoxazole, tetracycline, cefazolin, chloramphenicol,
streptomycin & AF§3FATE FAAA e AR b A x| AL Al Al A&

4y By N1 ES wh

3. Extended-spectrum B-lactamase (ESBL) MAA|S

ESBL A2 A3 A= CLSI9 Wel| 3 Double-disk synergy
test (DDSTYE &-&stivt. A A dAMHEAA S #d3 o r +F
E &3 F MHA #1x9 F7tel amoxicillin-clavulanic acid (AMC ; 20
ug-10ug, Oxoid) Y2AaZE FT3 =02 20 mm7/F = o 30 ng9
cefotaxime (CTX), ceftazidime (CAZ), ceftriaxone (CRO), imipenem (IPM) t]
23 5 Fa 37ColA] 1841F kst &= AMC H &= o 7F vl Alole] %
SAES e AU e &3 (enhanced zone of inhibition)g #2391
.

4. ESBL typing

ESBL FAAZ 3<13l7] 93le] Dalenne 5[26]°] H.313F primer (Table 3)Z
o] &8t multiplex PCRE& Al a3ttt Havj x| oA wjdkd o FHEhs 233k



STl gAste] 9HToA 10823 T'ete] d4Eed & PCR 438 9%
DNA = A3t PCR2 I-StarTag Maxime PCR PreMix Kit (Qiagen,
Germany)oll temple DNA 2 ul, primerE ¥ir A3dsAct.  HFAAE=E7)
(PC-818, ASTEC)E co|&3stod w3 ol FHsoh. 94T 1091
denaturation ; 94C 40%3%F, 60C 40%7F 72T 1¥37HS 30 cycles AA 3 oH
AT O 2 elongation & 72C 7EIF Pk PCR products 2% agarose
geldl Al 100 V, 30 ¥3F 7|9 % % ethidium bromide (0.5 ug/mL)Z 43}
UV light spellA SFelslvH28l. Ao A7IMdE48 9lste] PCR wh&

AE-S AAS & &AE(Solgent, Korea)oll 2] % 3}t



Table 3. PCR primers to detect extended-spectrum B-lactamase’

o
. Length  Amplicon et .
PCR name b-Lactamase(s) targeted Primer name Sequence (5" -3) . concentration
(bases) size(bp)
(pmol/mL)
TEM variants mTSO-Tf CATTTCCGTGTCGCCCTTATTC 22 0.4
including TEM-1 and 800
Multiplex T TEM-2 mTSO-Tr CGTTCATCCATAGTTGCCTGAC 2 0.4
TEM,SHVand SHV variants mTSO-Sf AGCCGCTTGAGCAAATTAAAC 21 13 0.4
OXA-1-like including SHV-1 mTSO-Sr ATCCCGCAGATAAATCACCAC 21 0.4
mTSO-Of GGCACCAGATTCAACTTTCAAG 2 0.4
OXA-1, OXA-d and OXA-30 = o n7; GACCCCAAGTTTCCTGTAAGTG 2 061 0.4
variants of CTX-M group 1 ~psnre TTAGGAARTGTGCCGCTGYAP 20 04
including 688
Multiplex 1T CTX-M-LCTX-M=3andCTX= o TxMGpl-2r  CGATATCGTTGGTGGTRCCAT® 21 02
CTX-M groupl, M-15
5 variants of CTX-M group 2  mCTXGP2f CGTTAACGGCACGATGAC 18 Lot 02
Broup 3“ including CTX-M-2 mCTXMGP1-2r  CGATATCGTTGGTGGTRCCAT® 21 0.2
TOou s
sroup variants of CTX-M group 9 [CTXMGpYf TCAAGCCTGCCGATCTGGT 19 0.4
including 561
CTXAM-9 and CTXM-14  MCTXMGpor TGATTCTCGCCGCTGAAG 18 0.4
CTX-M-8,CTX-M-25CTX-M b
CTX-M  group o CTXMgf AACRCRCAGACGCTCTAC 18 - 0.4
- an
8/25 CTXMGr TCGAGCCGGAASGTGTYAT" 19 0.4

CTX-M-39 to CTX-M-41

* Published by Dalenne et al (2010)



1. gdA Uy 2

TAgE Ardete] 119 5= U539 FAA & A54Es el
U tetracyclineo w3t 69.7%7F WS YEMSIS™, ampicillin® nalidixic
acidel| sl 28.6%7F W3S YEeEFNAT. 34t cephalosporins & cefotaxime
of tate] 2vF7F A S YERH AT Table 4).

Table 4. Antimicrobial resistance rate of 119 Salmonella spp. isolated from
livestock and human

No. of Salmonella spp.(%)

Antimicrobials
R 1 S

Amoxillin/clavulanic  acid (AMC) 3(25) 3 (25) 113 (95.0)
Cefotaxime (CTX) 2 (17 7 (59 110 (924)
Ceftazidime (CAZ) 0 (0.0 0 (00 119 (100.0)
Ceftriaxone (CRO) 0 (0.0 10000 118 (99.2)
Imipenem (IPM) 0 (0.0 0 (00 119 (100.0)
Ampicillin  (AMP) 34 (28.6) 16 (13.4) 69 (56.0)
Ciprofloxacin  (CIP) 0 (0.0 1008 118 (99.2)
Gentamycin  (GM) 19 (16.0) 4 ( 34) 96 (80.8)
Nalidixic acid (NA) 34 (28.6) 11 (9.2) 74 (62.2)
Norfloxacin (NOR) 1008 0 (00 118 (99.2)

Trimethoprim/sulfamethoxazole (SXT) 27 (22.7) 2 (1.7 90 (75.6)
Tetracycline (TE) 83 (69.7) 4 ( 34) 32 (26.9)

R, Resistant; I, intermediate; S, Susceptible



A E. coli 77T 55 Avkd oz Ardeled vjsle 2 UAdS veR
Rom, E3] tetracyclined] ™sle] 76.6%, ampicillin®] thale] 72.7%¢] o]
e YER A, streptomycin, chloramphenicol, gentamycin, trimethoprim/
sulfamethoxazoleol| WA= 50% o]e]l o] udg& HATh HE3 3A )

cephalosporin % cefotaxime, ceftriaxone®| WA % Zr2} 29FF 2 33rF7F W

/4= HERHATH(Table 5).

Table 5. Antimicrobial resistance rate of 77 E. coli isolated from livestock

Number of isolates of E.coli (%)

Antimicrobials
R 1 S

Amoxillin/clavulanic  acid (AMC) 2 (26) 12 (15.6) 63 (81.8)
Cefotaxime (CTX) 2 (26) 2 (26) 73 (94.8)
Ceftazidime (CAZ) 0 (0.0 2 (26) 75 (97.4)
Ceftriaxone (CRO) 3(39 1(1.3) 73 (94.8)
Ampicillin  (AMP) 56 (72.7) 6 (78 15 (19.5)
Ciprofloxacin  (CIP) 12 (15.6) 5 (6.5) 60 (77.9)
Gentamycin  (GM) 39 (50.6) 2 (26) 36 (46.8)
Nalidixic acid (NA) 33 (42.9) 4 (52) 40 (51.9)
Trimethoprim/sulfamethoxazole (SXT) 39 (50.6) 0 (00 38 (49.4)
Cifazolin (CZ) 28 (36.4) 1 (13 48 (62.3)
Chloramphenicol (C) 40 (51.9) 3(39 34 (44.2)
Streptomycin  (S) 51 (66.2) 10 (13.0) 16 (20.8)
Tetracycline (TE) 59 (76.6) 7 (9.1) 11 (14.3)

R : Resistant, I : intermediate, S : Susceptible

_10_



2. ESBL MAAF2|

0¥

=
=

ESBL AA9]

B

AF-S DDSTZ AAkgk A¥ 119 AEde} 7o) Ae
ESBLZ Hol& o] glloew E coli®l 4% AdF7F AMC H2=29 CTX,
CAZ ®=% CRO Y= Atolel] A7t Frtete e Yehldeh FobA
AAbell A B8 E coli B12G3ol A= CTX, CAZ, CRO9 AMC Apo]o Al B
AA e 7 WS #EY F AN Fig 1A), 2o EHdA &3 E
coli B32A9¢1 A= CTX, CRO$t AMC AtojollA SJAte] S3AtS #&SE F
AATH Fig 1B). Fobx| AP A g &= v E coli BIH6I$ B1H60+=
3l RA A B 3le] o BIH6iE= MacConkey agar ol A o] 7atl o
W, BlH6o= ddid oz Adxst e dAdsslvh. E coli BIH6iv= CTX #
CAZ9F AMC Alolo] & o]l %lar, CROYE S veuiion 34
& LA Fig 10). °]ol vlste] E. coli BlH6ow= CTX$ CRO®| W2 H
Fo) o e A A A ATH Fig 1D).

_11_



Fig. 1. ESBL phenotypes in double disk diffusion test using
amoxicillin/clavulanic acid disk and 3rd generation cephalosporins such as
cefoxitin, cefotaxime, and ceftriaxone. A, E. coli B12G3 from calf diarrhea; B,
E. coli B32A9 from foal diarrhea; C, E. coli B1H6i from calf diarrhea; D, E.
coli B1H6o from calf diarrhea

_12_



3. ESBL $&A &

(1]

ESBL %33 A DDSTolA $A-e HQ Salmonella spp.7t A3 A=Y

o

2 Fokul A A HAR A ampicilline] WAS WSl 34 FFEE EEF
800 bp Z7]2] PCR AFEo] FE3F o] TEM A4de B-lactamaseE AAdI= A
o2 AFA T Fig 2)

1000
TEM

500

Fig. 2. Representative PCR products of 34 ampicillin-resistant Salmonella spp.
by multiplex PCR assay for the blaTEM/blaSHV/blaOXA-like genes. Lanes 1,
Salmonella C2; 2, Salmonella C76; 3, Salmonella C121; 4, Salmonella B6A1; 5,
Salmonella B6AZ; 6, Salmonella B6C2; 7, Salmonella B2F3; 8, positive control
E. coli B12G3; 9, negative control (no template DNA); 10, Salmonella B2GS3;
11, Salmonella B2G4 ; 12, Salmonella B2G5 ; 13, Salmonella B22G2 ; 14,
Salmonella B22G3 ; 15, Salmonella B22G4 ; 16, Salmonella B22G5.

DDSTelA dA e HERHAA Y 34t cephalosporinsel tha] Wid-& e
E. coli 5% W22 ESBL 3445 HAE3AT) E coli B12G39l4 800 bp
o 5] &5 o] Fl¥lo] TEM FAX7F HEH AL, E coli B32A9 A= 800 bp
o} 561 bpol Al o] Flx o] TEM FAA¢ CTX-M F425 203 & 9l

_13_



ATt E. coli BIH6i ¢ BlH60 °lA41% 800 bp <+ 561 bpelA #&eo] 22ls o
TEM 34 CTX-M #3445 &8 4 AATH Fig 3).

1000
TEM

CTX-M
500

Fig 3. Multiplex PCR assay for the blaTEM/blaSHV/blaOXA-like genes,
including phylogenetic group 1, group 2 and group 9, amplification from
Escherichia coli strains: Lanes: 1 and 5, E. coli B12G3 ; 2 and 6, E. coli
B32A9 ; 3 and 7, E. coli B1H6i; 4 and &, E. coli BlH6o. Multiplex PCR

products were separated in a 2% agarose gel.

4. ESBL 2| ¥7|M LA

Salmonella sppoll A= T I A o= ESBLo| old Uwk B-lactamase® H.90]
£ TEMR®re] PCRelAl SF Q7] wiito] A7IAds F43tAE &surh x4
Aoz ESBLE 2 AR E coli 4vFoA SZH TEM¥ CTX-familyol
A3t PCR AHES @7IAE #2438 A3 B coli B12G3, B32A9, BIH6I %
Bill6o2] TEM<S %5 Klebsiella sp. (ghKR676527), E. coli (ghKR024806),
Serratia  marcescens  (gbhCP012686), Acinetobacter sp. (gbhKP890824),
Enterobacter cloacae (gbCP012169), Citrobacter freundii (ghCP011656),
Kluyvera intermedia (ghCP011601) &9 to] Ef-3kal & H7IAL 3} 99%0]
B AEds el blaTEM xSl Ao 2 gl ohHig. 4).

_14_



Luery 11 ACTACGATACGGGAGGGCTTACCATCT GGCCCCAGTGETGCAATGATACCECGAGACCCS 70
shict 985 ACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGETGCAATGATACCECGAGACCC, 926

Muery 71 CGCTCACYGGCTCCAGATTTATCAGCAATAALCCA GLCAGCCGGA AGGGCCGAGCGCAGE - 130
CELRREE PEEEEE R e e e e e e e et e e e e e e e e
sbict 925 CGCTCACCGGCTCCAGATTTATCAGCAATAALCCAGCCAGCCGGA AGGGCCGAGCGCAGE  BEE

Huery 131 AGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGT TGCCGEGAAGCTAGE 130

CEPEEEECTEETEE T E e e e e e e e e e e e e ey
shict 885 AGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGT TRCCGEGAAGCTAGA 306

Luery 191 TTGTTGECATTGETGLAGGCATEGTG 250

I|II|I|II|I|II|I|II|IIII|II|I|II|I|II|IIII|II|I|II|I|I [T
sbict 805 TGETTGCCATTGCT GEAGGCATCGTG 746

Huery 251 GIGTCACGETCGTCGTTTGGETATGGCTTCATTCAGCTCCGGT TCCCAACGATCAAGGD:, - 310

CEPEEEEETEETEE e e e e e e e e e e e e ey
shict 745 GTGTCACGCTCGTCGTTTGETATGECT TCATTCAGCTCCGGT TCCCAACGATCAAGGLGA  BEE

Ruery 311 GTTACATGATCCCCCATGTTGTGCAAAAALGCGGT TAGCTCCTTCGGT CCTCOGATCGTT 370

CELLEEEETEETEE T E P e e e e e e e e e e e e e e r
Shict B85 GTTACATGATCCCCCATGTTGTGCAAAAAAGCGGT TAGCTCCT TCGGTCCTCCGATEGTT  BEG

Ruery 371 GTCAGAAGTAAGTTGGECMGCAGTGTTATCACTCATGGT TATGGCAGCACTGCATAATTCT 430

CECEEEEEEEETEE T CE e e e e e e e e e e e e ey
Shict G625 GTCAGAAGTAAGTTGGCAGCAGTGTTATCACTCATGGT TATGGCAGCACTGCATAATTCT GGG

fuery 431 TCTGTGACTGGTGAGTACTYAACCAAGTCA 430

I|II|I|II|I|II|I|II|IIII|II|I|II|I|II|IIII|II|I|I RRNARRARN
Sbict BG6B TTTCTGTGACTGGTGAGT ACTCRAACCAAGTCA  BOB

Duery 4391 TTCTGAGAATAGTGTATGCGGCGACCGAGT TGCTCTTGECCGGCGTCAACACGGGATAAT - 550

COLREECEEEETEE e e e e e e et et e e e e e e ey
Shict 505 TTCTGAGAATAGTGTATGCGGCGACCGAGT TGCTCTTGCCCGGEGT CAACACGLGATALT - 445

Query 551  ACCGCACCACATAGCAGAACTTTALAAGTGCTCATCATTGGAALACGTTCTTCGRGEGEGE 610
COLRRECEEEETEE R e et e e e et e e e e e e e e e e
Shict 445 ACCGCACCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAALACGTTCTTCGGGGCGE 386

fuery G111 AAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGT AACCCACT CGTGCACCC 670
CELRRERECEETEE e e e e e e e et e e e e e e e ey
Shict 385 AAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCC 326

fuery &7 TCTTCAGCATCTTT EEEEES T30
I|II|I|II|I|II|I|II|IIII|II|I|II|I|II|IIII|II|I|II|I|II|IIII
Shict 325 TCTTCAGCATCTTT EEEEES 266

Query 731 CARAATGCCGCAAAAL-GGGAATAAGG 756
CELRRECEREETEEr FEEErrrre
Shict 265 CAMAATGCCGCAAAALAGGGAATAAGG 239

Fig 4. Nucleotide sequences of PCR products of Escherichia coli B12G3,
B32A9, BlH6i and BiH6o amplified by Multiplex I TEM, SHV and
OXA-1-like. All 4 FEscherichia coli strains were harboring TEM gene
sequence with 99% homology of Gene Back Accetion number KR024806,
Escherichia coli strain FSEC817 plasmid beta-lactamase (blaTEM).
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E. coli B32A9 ¢ BlH60% CTX family 4t=2 E. coli (ghLC091534)
Citrobacter freundii (ghKP987215), K. pneumoniae (gbhKP698223) S. enterica
subsp. enterica serovar Indiana (ghKIF840373), Proteus mirabilis (ghKC121029)
oA g A7 99% 014 e S UERW ] blaCTX-14 geneo. % &
1= K Fig 5).

Luery 11 WA AC-CGTCAACGGCACAATGACGCT GRCAGAACT GAGCGCGGCCGEGT TRCAGT ACAGE B9
FEEE EEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e

Shict 4913 AAACACGTCAACGGCACAATGACGCT GGCAGAACT GAGCGCGGCCGEGT TGLAGTACAGE 4972
Luery 70 GACAATACCGCCATGAACAALTTGATTGCCCAGET CRGT GLECCGGEAGGEGT GACGRET 129
sbict 4973 GACAATACCGCCATGAACAAATTGATTGCCCAGCT CGGTGGCCCGGRAGGCGET GACGLCT - 5032
Query 130 TTTGCCCGCGCGATCGGCGATGAGACGTTTCGTCTGGATCGCACTGAACCT ACGETGALT - 1589
Sbict 5033 TTTGCCCGCGCGATCGGCGATGAGACGTTTCGTCTGGATCGCACTGAACCT ACGETGAAT - BO92
Luery 190 ACCGCCATTCCCGGCGA CCCGAGAGA CACCA CCACGCCGCGGECGEAT GRCGCAGACGT TG 249
sbict 5093 ACCGCCATTCCCGGCGACCCGAGAGACACCACCACGCCGEGLGCGEAT GRCGCAGACGTTG 5152
Muery 250 CGTCAGCTTACGCT GGGTCATGCGET GRGLGAAACCCAGCGRECGEAGT TRGET GACGTGEG 309
Sbict 5153 CGTCAGCTTACGETGGGTCATGCGCT GRGLGAAACCCAGCGLECECAGT TRGETGACGTGE 5212
Query 310  CTCAAAGGCAATACGACCGGRCGCAGCCAGCAT T CRGGCCGEET TACCGACGTCGT GRACT - 569
shict 5213 CTCAAAGGCAATACGACCGGCGCAGCCAGCATTCGGGECGGET TACCGACGT CGTGGRACT - 5272
Muery 370 GTGGGTGATAAGACCGGCAGCGGRCGACTACGRCACCACCAATGATATTGCGGTGATCTGG 429
shict 5273 GTGGEGTGATAAGACCGGCAGCGGECGACT ACGRCACCACCAATGATATTGCGGTGATCTGG 5332
Query 430  CCGCAGGGTCGTGCGCCGCT GGTTCTGGETGACCTATTTTACCCAGCCGCAACAGARCGES 489
Shict 5333 CCGCAGGRTCGTGCGCCGCTGLTTCTGRTGACCTATTTTACCCAGCCGCARCAGRACGCA 5392
Muery 430  GAGAGCCGCCGCGATGTGCTGGCTTCA 516

RN AR AR AR RN RN
sbict 5393 GAGAGCCGCCGCGATGTGCTGGCTTCA  B414

Fig 5. Nucleotide sequences of PCR products of Escherichia coli B32A9 and

B1H60 amplified by Multiplex II CTX-M groupl, group2 and group9. Those
Escherichia coli strains were harboring blaCTX-14 gene sequence with 999
homology of Gene Back Accetion number LC091534, Escherichia coli DNA,
ISEcpl, blaCTX-M-14 gene, 1S903D, strain: BRG-62.
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E. coli BIH6 He]|5F9 dA71449L K. pneumoniae (ghKPR93385), E. coli
(gbKR338945), P. mirabilis (ghKC121030), Shigella sonnei (ghJX418365), C.
freundii (ghKP987215) S. enterica (gbKF840373) o4 H.ay A7 A &3 99%
o] e AEAS el blaCTX-65 genel.Z 225 At (Fig 6).

Query 11 ARAC-CGTCAACGGECACAAT GACGCTGGCAGALCT GAGCGCGGECGCGT TGCAGTACAGE B9
R AR NN A RN AR AR R AR AR AR AR RRRR AR

shict 340 ARACACGTCAACGGRCACALTGACGCTGRCAGAACT GAGCGCGGECGOGT TGCAGTACARE 399
Query 70 GACAATACCGCCATGAACAAATTGATTGCCCAGET CRGTGGCCCLGGAGGCGT GACGEET - 129
shict 400 GACAATACCGECATGAACAAATTGATTGCCCAGET CHGTGGCCCHGGEAGGCGT GACGEET - 459
Query 130 TTTGCCCGCGEGATCRECGA TEAGACGTTTCGTCTGRATCGCACTGAACCTACGETGAAT 189
Sbict 4B0  TTTGCCCGCGEGATCGGCGA THRAGACGTTTCRTCTGRATCGCACTGAACCTACGETGAAT - 519
Luery 190 ACCGCCATTCCCGGECGACCCGAGA GACACCACCA CECCGCGEGEGA THEEGCAGLEGTTG - 249
Sbict 520 ACCGCCATTCCCGGCGACCCGAGAGACACCACCACGCCGCGGEGEGA TGEEGCAGAEGTTG  B79
LQuery 250 CGTCAGCTTACGCTGRETCATGCGCT GRGCGA LA CCCAGCGRGEGCA GT TRRTRACGTRE - 309
shict 580 CGTCAGCTTACGCTGRETCATGCGCTGLGCGA RS CCCAGCGRGEGCAGT TRRTGACGTRE - B39
Query 310 CTCAAAGGCAATACGACCGGRCGCAGCCAGCAT TCGGGCCHGCT TACCGACGTCRTGGEACT - 369
shict BG40 CTCAMAGGCAATACGACCGRCGCAGCCAGCAT TCGGRGECCHECT TACCHACGT CRTREACT - B9
Wuery 370 GTGGETGATALGACCGGECA GLGGCGACTACGGECACCACCAA TRATATTGEGGTGATCTGE - 429
Shict TOO GTGGGTGATAAGACCGGCAGCGGCGACTACGGCACCACCAATGATATTGEGGTGATCTGE 759
Query 430 CCGCAGGGTCGTGOGCCGCT GETTCTGRETGACCTATTTTACCCAGCCGCAACAGRACGES 489
sbict 70 CCGCAGGGTCGTGUGCCGCT GETTCTGRTGACCTATTTTACCCAGCCGCAA CAGRA G, - 519
Uuery 490 GAGCGCCGCCGCGATGTGCTGGCTTER  BIE

Shict G20 GASCRUIBCCORATSTGLIERETTE ois

Fig 6. Nucleotide sequences of PCR products of FEscherichia coli B1H61
amplified by Multiplex II CI'X-M groupl, groupZ2 and group9. Those
Escherichia coli strains were harboring blaCTX-65 gene sequence with 999
homology of Gene Back Accetion number KR338945, FEscherichia coli strain
HGI111 extended spectrum beta-lactamase CTX-M-65 (blaCTX-M-65) gene.
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ESBL 874 E. coliv 477+ < 1wF7F dobA| AAtgeA Held #FaL
U AE BE5 Fopx] AApdolA feEfgh wtoldvh. E. coli BIH6iE
AM,C,CZN,Na,Pe] 5 &9 FA4A WAdE vedidle, E coli BlH6ow
AM,C,CRO,CZNNaP29 7 &%, E coli B12G3:= AM,C,CRO,CZGMN,NB,P,
SXT, T 10&%, E coli B32A9%= AM,C,CRO,CZPSXT, T2 7&7o A4S
ol AU It o] Y tH(Table 6).

Table 6. Origin and multiple antibiotic resistance of 4 Escherichia coli

producing extended-spectrum B-lactamases enumerated in this study

ESBL-producing origin ESBL gene antibiotics resistant

. i calf TEM,
E. coli B1H6i _ AM,CCZNNaP (R), CAZ (I)
diarrhea CTX-M65

calf TEM, AM,C,CRO,CZN,Na,P (R),

E. coli B1H6o ]
diarthea  CTX-M14 CAZ (D)

) calf AM,C,CRO,CZGM,N,NB,P,SXT,
E. coli B12G3 ) TEM
diarrhea T(R), CTX (I)
foal TEM, AM,C,CRO,CZP,SXT, T (R),

E. coli B32A9 _
diarthea  CTX-M14 CTX (I
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HZ7HA FevetE 235 opAJob38], #H[22,25], HobHlEFH20], & el A
ESBL¥ th& tpAlAd el heh A-7F g@dbs] o] Folx|aL vk, 1999 F-H
2008 7bA] 2 A ARS] Aol A 3AT AsAE A WAEe 7HA
= K. pneumoniae} E. coli®] <7} HSro]lduh62]. Z2e]ar ¥Y Ul AdedA
ESBL A7 AulAtel FoAeol 74, vl=, SExddA A3 F7hHa v
[60]. ESBLY Ft+ Aol whel vpFetA vetdsd], 29, dE, A7RE
A 3-8% Al Wk X2 RZ(34%), @FEobH 2] 7H30-60%), H 71(58%) &l
=2 vgR YEpduH324657]. @ SMART 979 Z##AE wd
2009-2010d Alolo] F-H<e] ESBL XA K. pneumoniae®t E. coli®] W]-&o] Zt
7} 38.9% ¢ 176 %AtE. HotHlggtel A e dAE e W Ade A
8.8% ¢F 85% STH33] whAol FaoA+= 61-67%= UEIRTH A A= H
¢ 0-5%% YEETHA9]. ESBL & B.th HZ2el] Ao A5E ol§7
= CTX-M=2 1980 ol A& LA AA R 1995978 A o] e &5
2 WA rkan 15l 2FelAl CTM-MI157F 718 o] @A ti21]. 31X
g A uity @ zpolvt bk A9 el A= ESBL A4 E. coli®] 50-60%7}
CTX-MI5E 7FAaL, o1 thgo 2% CTX-M147F 10-15%5 A= BeH17]. ==
Aoleb dwtael A= 50%7F CTX-MISH L, 20%7F CTX-M14%tH52,54]. % o}
8 HaE By CTX-MIS Fdx= 83 Hotug]7helA 71 wo] &7
] E coliol A 90% o] WAW I K pneumonia °|A13= 35%-65.5% AE
AH A SHVSE TEM 2= B3 #3135} Sotrgfrtel A go] s =1
1.7-42.9%9] +¥X &5 Hon, UFE K pneumonia®lA T7As o] $oH33].
o] ¢} 7<¢l plasmid wi7iel &3 ESBL A4 wF7F 1983 SHolA] Hx= #¢
¥ o3 K. pneuminoae®t E. coli7} ™A <l ESBL AATF= A Al A A

A&

pias

=

By Q7. Yy Citrobacter, Serratia, Proteus, Salmonella,

Enterobacter %2 Y& Enterobacteriaceae familiyol 4= WA A CH16,57]. Atk
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7} A Al rro] ol Pseudomonas spp.$t Acinetobacter baumannil o A% H.aL
oL Av16]

ol¥l AFeAE F 1967 FF 4T F(2.0%)°14 ESBL A4S A=,
o= d e =g Aol vt tH3,4348]. o] B 79, HotulE gt F
[33]0ll vlE A= kA RE FAA=[49]9] B vt A yERwgh CLE
U Lim[47]¢] 2014 178 Hd =54 9 =AY, % AlRolA #F3 o
F 15670 5 62 #F(39.7%) A ESBLS elstdtt. o= AF7HA wue] o
B A7Eo v 2 A9 ESBLel FHlEl Ao, I F{HE TEM,
CTX-Mlo|3lth 2&[4]e] Aol E % 429 ESBL o 1= SA=H, =
ot F=de] Ade FopAeh, A 5o EwRldA #e3d E
o2 AAEE B F 63wFY E coli 5 247t7(38.09%) 1 4] ESBL-E 2213}
al, I F5 v CTX-M1, CTX-M9, CMY-2, CTX-M14, CTX-M15, CTX-M57,
CTX-M24, CTX-M27, CTX-M65, TEM-1°] 31t}

o 4<]2] ESBL 7+ B8 A fHle] E coli, K. pneumoniae,
Citrobacter freundii 2 Serratia marcescens 52 ZUA oA o]Fo]x om,
TEM-52, SHV-12 ¢ SHV-2a 7} @Weo] AZHlou, HTols CTX-M #
CMY-2 so] B.asar IH345]. Pai 5[55]°] 2001d el AbgHf# o] E. coli, K.
pneumoniae, Shigella sonneiol*] CTX-M14E H 31393, Jeong &[39]2 =il
el A XA BEHE E coli®t K. pneumoniae 50950 A E. coli¥ 9.2%,
K. pneumoniae °1AE 30%°l4 ESBL A4S &3t 3, TEM, CTX-M,
SHV, CMY 9 fd27F 9l A& #<1stith. Kim 51414212 o 311 < ol A]
£33t K. pneumoniae?} E. coliolA CTX-M3, CTX-M9, CTX-M14, SHV-12
g FEd v vk 3 FEAAY ESBL AT A3, = 591 dT =
ol A EEld E coli 22753 AW HAL ¥ gSol A e E coli 1505
s & 3779 diske] AR A 2FolA ESBL AAS ST F oA A=

& 06%E YEINAI, o] F s+ TEM-13 CTX-MIGE & 3
AL, dHA F F= TEM-1163% CTM-MISE  FAlel 7k glield
ESBL& Adshs Al 25 AWAr ozd S5 AU Kim 5

[43]2 317] v F oA & #:A], ¥ 66779 E coli®t Salmonella spp.& &
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gato] AA A3t 3FFolA CTX-M1S F¢ldle] W udkqlar, 4%2 AEE
S BATh Lim §[48]2 7, adA 289 E colidlA CTX-M14¢} = Aol A &
FaL, A Sl8le =ul 7hahd Bed E
coli°l Al CTX-M15, CMY-2& £33} AT 20357 % A7 (SASE 37,
@A 15)7F ESBL AT F= Sy oA 2% HeEes Wtk =
oA el ESBL -+ #&s B, ol[6I7F =il AAAA HEx= ESBL %
WA grel] thate] st oW X g Aol A Enterobacter cloacaes}t E.

sakazakii, K. pneumoniae®l”] ESBL AATF 260FE E35 oM,

o

g% E coliold CTX-M15E H.aL

s R
ol

-

TEM+SHV &33 ESBL 2 #E3949. 72 S[112 201039
YAl Ao E23 K pneumoniae ¢ E. coli 147t~ TE

Z 4z
‘}—‘
v
)
<
X
Do
(ld

o[ AelA HEF TEM-1 F3d49 4% #A slle B d7elA A
Z9 vk 9031[4346] CTX-M14, CTX-M659] 4-¢-ol %= &[417F 200858 20094
Abolel off ekl A Eelf E. coliolA S &g up Ak B Al &
28k ESBL %4 E. coli7} 200613} 2008\ #2|3k Aol7] wiiol HiE =
A ARAARE 2[4]9] Bal o] dFH el CTX-M14, CTX-M657F AAvaL
g Urh

ESBL §AAE H538F plasmid 7} & 7)o A 38 o2 oy A o}
AWd-e 7HA= d-7F BeobAd Am7E A4 S2H(39], o ATAdtelAx
aminoglycoside, quinolone & UWE A% Ao UA-S HAT ESBLY %
3PS AAretbs e vhgsh (25310, & ARl E coli BIH60S] 7%
DDST #HAtollA = A4S WolA FUAR Hz== ko] AgE o F3]7

UoohE AAMEE 488 4% mEgdos RS U sl 9g A

4

ol Aoz AWl = FobA|, WopxelAnt ESBLol &5 A ut

A, Aol = F= T U3 3telA ESBL o] AEHa = AAolth
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20020 A 20083 7FA] AlFA e 38 T Y] A, B, H, A, R, AR
BY 83 E coli, Salmonella spp.& W o 2 ESBL AATFE 1ot3tal E
SBL frdAke] £4& FAbstaAl & A5 At

Double disk synergy test, Polymerase chain reaction & 42} 7] &4
S ol g3t AF3 A 119 Salmonella spp. © 3k AAlo A= ESBLES
gele = gllA " Ampicillinel WA & 7HA = 34 #FF A PCRE 3§

AAE &g F AArt. 77 E coli ANAE 4 FFA

flad

A7 25 TEM FH1AE 7FRa e, 23

F90] 1 Arda B coli, ESBL, TEM, CTX-M14, CTX-M65
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