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IRY &

A2 R ¥ e p fEseps (extended-spectrum-p-lactamases, ESBLS) & ¥ 14 -k fE B-p e
VAF LR B iR 0 ¢35 % = RERIE S FF heg F # * ¢ ceftiofur - ESBL ¢
23RS Ed FTHBE 22 T ¥ e g ML ARt R Aok e
PR Ao d rE AR S F LB A T LR T H R e sndiic A BB g
# o ESBLs B iLm > Fflena B ¢ > oL X BEEY - X R R
Loenp g & fle g o0 A sl it g 3 (urinary tract infections, UTIs) rups /48
LA AR AR S LEB*?I%% LA R ais o i@ Vo ¢ $ 3 ESBL-producing E.
colicng 4 o g ESBL ehficd & L 2ok WAL > & &4 8> 7 5 $20 A RF
v & ESBL eijicd Jr el & 5 e Flt > AT Y P it A 45 2014 1 2017 & o
)j‘ Lk c B F ey et Y G OARR L RIRPE S G e RS 4
fho AT cE T 285 B < B Fele 0 T 5D TR R T RER G TR
R Sk zEsk 4 #ER ESBL 4T 0 B R # MG 65+ B ¥ § ESBL
(22.8%)-#7F 165 th 4 Hrik e st ampicillin & % 2> 4t B-lactams 27 <5 ceftiofur
2 Tk % #f e doxycycline 2 % ¢ 2% Ak 2 ¢ enrofloxacin ~ ciprofloxacin » B4 %] & 1
93.8% ~ 73.8% ~ 80% - 12 %2 78.5% i 4 o #3t B-lactams #F 7 imipenem 2 5%
7 e HE M 3F ch gentamicin - B 7 AR ¥R B R X |2 o CTX-M-1 v CTX-M-2 group
433 & HESBL A F17 o B3t CTX-M-1 group e4 gtk § 38tk (58.5%) » 1
CTX-M-55 (24/65, 36.9%) % i & 1 ESBL £ %] * 5>t CTX-M-2 group 4 &tk &
12 tk (18.5%) > H ESBL #£ %1355 CTX-M-124 (12/65, 18.5%) % € & F1 & B 7| &
A% % % &g v STA57~ST131-ST648 4 s ¥ L e 2% & (clone)-H ¢ ST131 -

ST648 ~ E_E > 23k (73 gre ¥ ha % % o 28 a » ST131 025b #_514= > 3%
i
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AHREE BRI GRS R FL FALoclones AAFT P FIRG 8 AHE FHEN
ST131 025b > » 12 CTX-M-14 4= CTX-M-15 sf74 4 5 2 & ESBL A F|34] - & &
Botdo X R AR E G A RE o T F 5 A3 A 2 ESBL dw B kiR e
F o A R L feRF & R kg 0 #4145 ESBL tn i 1 R AL

FRE o A B E SR F R

MO LR LG PR < B 5 R 5 £ A FIRA SIS -

ST131/025b
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Abstract

Extended-spectrum-- lactamases (ESBLS) is a group of enzymes that can hydrolyze
[-latctams antimicrobial agents, including the third generation cephalosporins such as
ceftiofur frequently used in veterinary medicine. Production of ESBL is primarily
plasmid-mediated and such plasmids often comprise the genes that exhibit resistance to
other classes of antimicrobials like aminoglycosides and fluoroquinolones, limiting the
choice of effective antimicrobial agents available for treatment. ESBLs are widely
distributed in the members of the family Enterobacteriaceae, particularly in Escherichia
coli. In both dogs and cats, the most common pathogen was E. coli, which could cause
urinary tract infections (UTIs) and should be treated by antimicrobial agents. Urinary
tract infections (UTIs) is the most common disease in dogs and cats, and the most
commonly seen pathogen is E. coli. Therapy of UTIs requires antimicrobials; however,
usage of such antimicrobials may also result in producing of ESBL-producing E. coli.
Although presence of ESBL-producing microorganisms is a global problem, the
information regarding the ESBL-producing E. coli is limited in veterinary medicine in
Taiwan. Therefore, the objective of this study is to characterize the E. coli strains
isolated in National Taiwan University Veterinary Hospital (NTUVH) from 2014 to
2017 in dogs and cats, analyzing the prevalence of ESBL-producing E. coli, the ESBL
gene groups, and the sequence type of these ESBL producers. The double disc test
specified by Clinical and Laboratory Standards Institute (CLSI) detected 65
ESBL-producing E. coli (22.8%) from 285 E. coli isolates recovered from dogs and cats

in this study. All the 65 ESBL-producing E. coli were resistant to ampicillin. The
ii
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resistant rate to ceftiofur, doxycycline, enrofloxacin, and ciprofloxacin was 93.8%,
73.8%, 80%, and 78.5% respectively. The ESBL-producing E. coli were relatively more
sensitive to imipenem and gentamicin. The CTX-M-1 and CTX-M-2 was the most
commonly found ESBL gene groups. A total of 38 isolates belonged to CTX-M-1 group;
the main ESBL gene was CTX-M-55 (24/65, 36.9%). Twelve isolates belonged to
CTX-M-2 group and the ESBL gene were all CTX-M-124 (12/65, 18.5%). Multilocus
sequence typing (MLST) showed that ST457, ST131 and ST648 were the most
commonly found clones, and the ST131 and ST648 were the globally distributed high
risk clones. The E. coli ST131/025b is a zoonotic global clone of public health concern
and our study found 8 E. coli ST131/025b isolates whose major ESBL genes were
CTX-M-14 and CTX-M-15 variants. Since companion animals like dogs and cats are in
close contact with humans, From the perspective of public health and veterinary
medicine, characterization of the ESBL-producers and epidemiology is an issue

warrants further investigation.

Keywords: Extended-spectrum B-lactamases, Escherichia coli, Multidrug-resistance,

Multilocus sequence typing, ST131/025b
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2201 % 80 R %= NERIE FHE B A A TR SR 0 ML AR
k4 7 B-lactamaes Fid i FE < RAL p 1983 mpr > MILE AT He
i fi'<fis (Eextened-spectrum B-lactamaes, ESBLs) % 1 {7 (Enterobacteriaceae) »
B WAL LT UHRY Z SFRHE 0 2 L ERBE AR A B
BEEF RME D AR R REABFE LIRS U miF 23R & (F4F ESBL
him S b - B SR FEd P Y E R B RAT [2,3] 0 4@ & ESBL %
PEAF R EAFR S FUATERS  EARRBS WA RBE R IER{oRR
Pk gk [4-9] -

*%ﬁﬁ%%ﬁ#iﬁ’%&%ﬁuﬂiﬁﬁﬁﬁéﬁtﬁ%’%&%%ﬁﬂ
514z FiEs R 4 (urinary tract infections, UTIs) [10] - 28 @ & 5@ JRBe R % pgkpﬁ Tk
FPHLhnp o BRRET SRS [11] F R Y d Fisg o Fl
LFABRERL 2 AL REE S §ERIR L AP 4 GRS TR A o 2 EF
MLALE R F s YR WR AR F RN 0 a { fLp R i
WABLRF RO - A2 By FLATOEG > 2 g AL 8L YR FEF 5
ESBL-producing E. coli ijﬁ‘fp VoA g iy > & ¥ 2 5 ESBL-producing E.
coli R L peiscnkih [12,13] -

BE B RY o B-lactamase (A 4 3 & LR w FH B-lactam 47
it 2 A 4 e F] o B-lactamase 1 & wﬁd ‘K f% B-lactam 3% > i B-lactam

pendid 24 3 FM o @ ESBL M A% % Bl Ed B-lactamase 50 & A pk e ® T

|
3
>—L
>
=5
frt.
j

e (T chpid & B ESBL it 3 #73 § tE 57 (penicillins) ~

¥ - 3%z REE# F £ (cepahlosporins) ¥ H I p figicsg (4 : aztreonam)

1
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Pt E o H &I EN S B A TRAk o h AL [14] o @ ESBL A Flid  E_fnat
Fage o 2P A~ B 7 (insertion sequence, IS) ieaf#k -+ A & T o ¥ @ ESBL
hiaplmpE AT @4 [15] o d St ESBL shiwp i 5 E4E Atk 0 R A
FIvBF et % nd Zip e T~ FRA o Fr A RTF 2 FE S o 4 §
W F Ry [16]¢

AT BEN G REF R A A g2 R Ft > B RSy
WAL Aol E2by £ & 0 [11] o d 30 p 3 S 8E % 5 ESBL o0
SHERALERS DR EFEHEAY AT 2o OFE T RE S T A

TRAFS P L AP Frd Sl ISt R er s g ket i g

i7 ESBL 945 344 ESBL-producing E.coli shg (7 5 ~ fuplied 4o B o g8 52 M 2% 5% -
ESBL A F1A|#w 00 2 1% 5 £ AL F| A&/ 7|~ Ali%  (Multilocus sequence typing,
MLST)~ 47 & [Fth2 B el (2 b ko0 iz g < &4~ F 1o p % ESBL-producing E.

coli % (7 $2i > & FPN KPR - B EY

doi:10.6342/NTU201901115



=% é}flé\}"}éﬁ

-8 A58 E
2-1-1. ABeaFRAiy

~ % 4% 7] (Escherichia coli) %2 4 4~ 557 %2, F ™ (Proteobacteria) » v-
%7, 7% (Gammaproteobacteria) » % 1 g P (Enterobacteriales) » % p FF*
(Enterobacteriaceae) > ¥ # * /4 (Escherichia) - % & f7 15425 (Gram-negative)
R F 1% ) (facultataive anaerobic bacillus) # %8 « - %) & 2-3 pm’ %70.4-0.6 pm-~
3 A2 T A FRE TS % (capsules) e x WE (microcapsules) 0 & F A

(piliy % % #=< (peririchous flagella) » & § Ed 1+ » jR4LF B EF 1L

(catalase-positive) ~ ¥ i* fF:&5% % £+ (oxidase-negative) > »* 10-45°Cs5+ 11 4 £
J7°Ci g 2 KRR [1]-

~ % {& F| 4@ Theodor Escherich 74 3. - 1884 #3725 4= 1 % if w F ¥ %
F A RfompL R E > T 5 d Robert Koch éh% 2 Wilhelm Frobenius = Theodor
Escherich /i 5 7 mAA B R e A7 R s R4 N w@ g L7 - #
PSR nAT k> AIRE 1885 & # OB ikt ARTE B D A 4

& e A i B > & & % 5 Bacterium coli commune [17] 0 & 3 1945 &

3

& ;% % % Escherichia coli [18] -

AL FREFHLEF O ERE L ARBE G kS

I

A g

LTAPRRE LG SR - A THELET DR EF AT R E

3

% B2 fr K2[19, 20] -
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2-1-2. A BRHUGEL

ST LT S F AR SRR T AR A o7 Y 5
RN RARRERE S B B RFHLE AL EA £ L (MacConkey
agar) Vi H g LA RS o b ® % s & (Eosin methylene blue
agar, EMBagar) } v g A FEERF G ESS AHEF LEIRBRER
(CHROM™ agar ECC) } ¥ MBLZFE LI F S o #% % AR = B 4
# (Triple sugar iron agar, TSI agar) P > & 3% (butt) f-&L3% (slant) 2% & ¢ @ix
FR 2 A2 F8 v 7% IMVICtest 27 2 5 % 4™ 11 313 (indole)
test 2 ¢ &2 indole> THMEF R 3 A2F00E o M: ¥ i (methyl red) test
FEEH Vit kA (Voges Proskauer) test % % T 5 -C: R pc @ f1* (citrate

utilization) test % % T &t » &2 U * BEFR § WaR [1] -

2-1-3. A B Ao A E A

~ % 4% {7 ik J5 modified Kauffman scheme #-Hinm 24 2 Z 48 @ &lw
g REF Pn 5 pE (LPS) F enfBdR (somatic antigen, O) ~ B [+ el Bk
(flagella antigen, H) ~ % %+ e sdm (capsular antigen, K) » p o & Fren+ % &
Bk i3 17046 0 #fk ~50 /6 H 4+ ~ 100 /6 K 1k « 5 3 24 O #f fr
Hith #F e 9T E > FL e Al S [7 i g3l b 2 ek pf i
Jp Fl 3 2EE iR frid 2 ehd b Bil4e 1983 E 3 R0 4% ) O157:HT 3 =
& s 4 T3 0 A4 £ (Shiga toxins) ~ i &3t % ¢ M 0 LEE K
Lfﬁﬁ;'ﬂ%ﬂl (locus of enterocyte effacement pathogenicity island, LEE PAI) 1z 2 5 %8

pO157 [21, 22] -
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i Rt AR F R IROE D TRk o~ S AR R T U A
i
1. % % &+ % & & (Enterotoxigenic E. coli, ETEC)

ETEC ¢ 4 i¢d faskmd % A4 5 2 ##73 825 4 % (heat-labile
enterotoxins, LT enterotoxins): # z LT-14cLT-1l>feid£.4& €% 4 % (heat-stable
enterotoxins, ST enterotoxins) » ¢ 7 STa{rSThe # 2 X %3 F HE5 =+ %7
80%:h 3 Fdp izt 0 ¥ A K hiTH g 2 a0 § @ PE DRIF LR R
S TLEOBOR s & A e[ 3530 T i § X PR % [23]

2. ¥+ % 7 (enteroadherent E.coli, EAEC)

% B~ % 4% ) (Enteroaggregative E. coli, EAQQEC) % EACE - #& >
P LT E STy 22 B3 kr vy s ¥+ (aggregative adherence
fimbriae, AAF) ¥ it %>> HEp-2 fw®s % & - A % & & ="t % (aggregative
adherence pattern) - EAEC ¢ ' ¥ 2% ¥z 2. wm?e 5 b o dp 3% o de © R RIT
BN e de 2 Y K jr2 B @ 5142y [24] -

3. % & » i+ %4 7 (Enteroinvasive E. coli, EIEC)

EIEC shik i ts 4] 3 EIEC % ¢ 8 {cf a7 ¥ h Ak FIRR S W F ik » 55
P A me g mEe r B Lmre il > § BB A e N aF T e
P ARiT enim e o sl Ae g L F RE R e € K 7 LR AR e & ko
PFREE L AR R N A S ERE Y gL > R &Y L3
[25] -

4. % }’z:)ﬁa el EF‘]“ (Enteropathogenic E. coli, EPEC)
EPEC £ 3 % %]+ EPEC adherence factor (EAF) ~ bundle-forming pilus

(BFP) rz 2 intimate adherence (4= eae gene) - EPEC ¢ i& & & 1778 ~ % %

5
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%=

EqAarspbh » L RY MRz 23 Higaoik R 7o
EPEC i & %46 >035 34 [ % » ARt 1 L i %e 25 & 3 e AR R B
ki 2n4k%t (localized adherence, LA) » @2 A4 g8 §f 5 X DR AP » &%
o8 F g IR D S G AR v i A e s e R T
Bk & x F % attaching and effacing (AE) lesions [26] -
% 3w #4454 &7 (Enterohemorrhagic E. coli, EHEC)

X fEG R Rre 3 £ 4 %45 ) (Verocytotoxin-producing E. coli, VTEC)
& A AT E %~ %14 F (Shiga toxin-producing E. coli, STEC) - EHEC #4325 2
MR R g e B A& = B £ & o5 515 Shiga-like toxin (Stx) -
attaching and effacing 7 7] (eae gene) » * 7 F /% & A& F]«HH 48 60-MDa pO157
(hemolysin plasmid) - 2 # & ¥ & % Shiga-toxin 1 (Stxl) - Shiga-toxin 2 (Stx2)
fEw e p gwre b o FOERB LM RE g (hemolytic uremic syndrome,
HUS) frdiw 45 % % (hemorrhagic colitis, HC) % gk e [27, 28] -
AR~ % & ) (diffusely adherent E . coli, DAEC)

DAEC £ EAQQEC 7 It & {3t HEp-2 i %% 355 @ € & 4 R S i g
#5 > DAEC % o £ 7 ML 4L %]+ (fimbrial adhesion) F1845 » 41 *
decay-accelerating factor (DAF, &_—7#& cell-surface
glycosylphosphatidylinositol-anchored protein * % i3 ‘o fFeiin?e 2 4446 48 & 5t
#3%) - DAEC Ftheh ¥ imve s % > H Bl 0% dove dodp ik A 8 44

Al o W Aag S LR 2 29 gR 4 [29] -

§ %4 FedE s
< 95 4 ﬁ? J'J.;ggl P Resdl A 4 BN > BH L Lw g

6
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2-2-1. wre i B pPane g

W4t L mpF P P R B e ¢ 0 (outer membrane, OM) A it 3
TR AR o VIS E e o A f F (doubled-layer lipid) -
3t 30 (poring) e > I b opnok i F4ec£FEfr 47 (quinolones) e Ik i
4 (macrolides) i 8 B fa i~ S FREP 0 A KRS & e B iR

(Blactams) §edf 4 i H7 5 e R o K e o) L

w9
|
-
&
\g;
“
A

BHA BRI GG T RPN R ES S ea 22 RFR
[30] -
=~ ik A3 S B b d-d  (outer membrane protein, Omp) 4 %] & @ OmpF fr

OmpC - p* @ F A" Fod o B P IF 5 7 3 M Ceil d ATt 0 29 B e end
ERIFERAPT A5 wWFBREFRT OmpF ¢4 BRIk &£ 2 OmpC
AT H AR RS RAEE D K > OMPF LSt ~ WE B RE > A OmpC 3L s
s R 0 T AR A B AT s ) HOY S S R e & 5 (R E
& B ko B E_ S B4R Ft > OmpF T3 4 OmpC 4 I;L%h’ﬁ oA A FEE
FHAA AL Rt chOmp F L R TR S ERE
(multidrug resistance) =3 [31, 32] -
2-2-2. EFEIFF 8

I FF (Efflux pump) sofsdlp RARAFIRE B 208 % 70 E X A G e
T % (tetracycline) s id i %4 F¢ “rak g B [30] S A& 4 JTF v
dF A LT % L8 5 MFS 72% (major facilitator super family) ~ ABC 2%
(ATP-binding cassette family) ~ RND #2% (resistance-nodulation-division family) ~
SMR #2% (small multidrug resistance family) ~ MATE #2% (multidrug and toxic

compound extrusion family) - v 7 ABC 72% ¥l - ﬂ»\}ﬁd K2 ATP A4 it &

7
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AR PN O BRI B9 F R G M T blded B fos s o
AR A2 A MELE D cEfffux FTF s L RmEL T 5 EREE
(multi-drug resistance, MDR)#7: & #%+4]2. - [33] -
2-2-3. B E P s & X4 (altered target or bypass)

mpEEd AT PR RN B B A TGRS > e F o0t o
BEf RIAFRZHE T I AL FY LR POl RER TR
blde & = end s£3%Ar (fluoroquinolone) #i2 % 4r%k [ /0 & (ciprofloxacin) P % 5
ip# 2 HEp5 (topoisomerases) » H A Bl 2 jaht?® 4241 % DNA I & 'w 5] DNA 48 8l
2 B 4 daughter strain i& 758t > ERRARPF IV E A F7 0T P R A

mERELZ

A2 FE L [34] -

3

B A o ot (plasmid-mediated quinolone resistance, PMDR) -
& target site A 3 (4% ehi] F > — & Fod F AL 4 Rk adg pe (gyrase) X rEIE[R
#¢ (quinolones) %4 e okt g chd-d FiE T %MmhE AT IR AL gnro
T3 R i gL F R (resistant plasmids) >+ % % ¥ ESBLs [30] -
2-2-4. BRA[EARREFI BN

WA AR A BEEAT AR F ph MR L R RZE N

a4

R AEREZEHILELE L T RBURRL FamA gl a BRI
AR A A 4 B T N EMY o bldes mET AL ¢ PR
VRAF 0 @ o P RVRAFE LB N RhRAE TR, K 2R R W Aa S o f *’ﬁd fi gk 1
(acylation) =ni®* H#-o p FEVRIR 47870 B (SRR 3 ¢ P OfRiRpE 2 AR 2 ST et
PR BB B4 £ 4ok [35] ¢ o T TR S 5 A0 5 e
Z 1 F a8 (multidrug resistant plasmids) b oo Flpt F F Alw 2 B @R o @ SR

1t B 17 o
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o edagl Bed oLk 4 RAF LA o BT R BB 2R R
Z A Flde [33]
1. Transformation: 3t DNA ¥ £ (free DNA segment) & » ‘wmFFHE PN 24 4
t4 4 £ % (recombination) > 4 & 7 ¢t i @4 T o
2. Transduction: *% )% (bacteriophages) #-# 3 B*B + (transposable elements) &
# #+12:8 @ F]3  (mobile genetic elements) R AL FI LR A b DS ViR
~ ﬁgéﬁ‘r R
3. Conjugation : M fFfrim g2 B J % (2L (sex pil) 1T @ ot FEESEL > K15
FEEF O BEF G IREESAT
4. Mutation : A ¢ HF 2 REA 2 L E o
RS Y B BmAL F7 rgd RS LB AT R il B

(insertion sequence, IS) &7 A FIF K& w2 RIRFPAF Ll wmpFF B4 -

%= & B-lactam#Epins %

B-lactam zg it % 5 B F A Mendd 2 fEsg o~ P A Bz goF L TRR
P kR AR F - 5 90y B-lactam ag s ¥ 4 o P ARiRps IR
(B-lactam ring & cyclic amide) %5 A A4 o d WHRKRGHED T A B RS o
FAl 5 beta (B) - 4t h R 5k (hetero ring) FAERt A 4 WA G F &5 A (carbonyl
moiety) [36] -

B-lactam #F e = iF * 4] 2 & F #r 4] o 7 peptidoglycan 0 & = > # wF &
2L XN mre kR 1 iE P AR ’;ﬁﬁwi% o Flpt B-lactam A crdd F Fp ik & I 5 ¥t
e YOl M etk ded Lol 2 HHiR e FATA SRR Gk M

[37] - B-lactam £ 42 & kPR BHEin? A o X3 1 E G rRek iRk Tk
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(thiazolidine ring) 3 & % & (penicillins) ~ £ 3 dihydrothiazine 832 & 7% %7
(cephalosporins) ~ &% + f# i 47 (carbapenems) 2 % H 3\ fiEi%sg (monobactams)
2-3-1.  F %% 3¢ (penicillins)

FREGOES LR T DG Fen e L S B R T RS By
(penicillin binding proteins, PBPs)&_f-lactam 2 % % chp & > @ PBPs /% {23
% #& DD-transpeptidase = DD-carboxypeptidase - § transpeptidase 4% f-lactam % *
Mm% 3 AP > #-m 2 2o PiAESE (peptidoglycan) 2 £ mre kRl o B e kR

/Z_Eg::\“o

‘Ey

o

VEELT NnA G S8 E - od - S e FAR I 0 T E B S
W&ﬁ‘%ﬁﬁﬁﬂﬁﬁﬁﬁﬁiﬁbéﬁﬁﬁ%’ﬁ—ﬁ%*&iﬁﬁﬁ%é
Rt 2 (e penicillin G, procaine penicillin %) - % = g ¥:c 27 % -

FTREHRD TN FRE CIREY o 5 Z R AT FRER LS
B RRBYFALNES I HF I Eﬁiﬁé_i % p¥ (penicillinase) #+#% 3 penicillin

>

A2 FEN - F R =

Ji
e

ﬁ
.,u

SUEHRER S THRATAL FHA
(penicillinase) #tF=5 > ¥ = 474 $H4AT F R AFEL 0 RN B F AR
LM EES R AU (40 ¢ oxacillin ~ methicillin %) + % = 570 A <2 F

FROTHA G T HR A OPLE S RN BRE IR (P

SREFE) LR mE s RERAES o 5T AL HELBER FTEE
#% (4 : carbenicillin ~ piperacillin %) > $H4a5k {1 2 R FE 57 it e
dON0E T AT R R AL )RR § X T e PO ERIREFR R R F 2 R

JIERETE s Y CEEREEE S EREIRY AN SRR Y SNk
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2-3-2.  EE ¥ F F# % (cephalosporins)

A sk

37 3 *E‘:I’—% # 4 %%’#‘\;iﬁ&wﬁrg’g# s (T % ﬁﬁﬁ,’ JFEI o l;(%:}'mﬁ:]#

5

Blarie o §- REFIFHFLILY REFPABPRAZL > §* - R
+ % %f # 3= cephalothin ~ cefazolin ~ cephradine 2 v PR cephalexin & » e 4f2 p
FRPRTHE S AR o B o RIS FRAREI R - N A T PR RE R
Dot g - RS Se | AR (4o - Bacteroides spp.®) st o % = kR
A d R ¥ - NHRE FREFGE > B ¢ ceftazidime 2 cefoperazone
TSR F RHE AR RSEE S - L B gt L R A

AT PR R T S AL SRR R TRHER T PR S AR R

FHARFAFFLE T 5 - SRE FABEERE 52 ARE LSRR
v : cefepime 2 cefpirome » 2% F»c{ 5 > @ H WA L § F BB E W FHE
mEs et [39]
2-3-3. AR F WY %7 (carbapenems)

BLF MRS E R n S F A AR 0 0 e e & ek (thiazolidine) ¢ ek
T ORATPC o BAkfS (peptidase) FF & Pl et B E S o B F RO AR D
T e FREgR > BT NE L S HPBPs B E 0 F B ST SR F R
FHLA L VAT RFEES AL B i - A (40 imipenem) * 3L
B chp 4 0 ¥ < %4 a7 B-lactamase £ 4+ [40] -
2-3-4.  H 3% p @RYRIE (monobactams)

HIppApiesg? € FIf 7 A Ean 22 2R EAcF i FI T RENHE
FCENEH T LR RS R o IR RRETA & TR AR S P e e e B

g A o R ehH TR ARiRRE e D aztreonam e ¥ E BN S R PBPs Bt B i
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A JHPLE FCRME GRS £ w3 2 E B E RS H o PBPs & & )

SRR AR [41]

Fw & R # e pfRyRfF (extended-spectrum B-lactamase, ESBL)

B-lactamase % lmF#7A it eh- fAfEE 07 118 B-lactamring 7 = 2b i 4
£ i d fiesh i+ (acylation) it ® - B-lactam ring sk B > B 18-k 2 (hydrolysis)
# 1 B-lactamase % 4t 2 & it o B-lactam #F42t & B o ESBL 2 & .4 £ fF <15
{2 F T A 2 B-lactamase TR AR A ISR A kb

B-lactamase & + S < RkApke 0 & - Tl BIRAR D HE R o @ X 2T
7 NTEM-SHV 2 A2 B {2 ¢ p f'<fs (extended-spectrum B-lactamase, ESBL)
4o TEM-1-TEM-2~TEM-13 2 2 SHV-1 J§>* J 4~ B-lactamases i ¥ = ¥t penicillin ~
o ek - R AR S RER S BRELERFRYF o % 4 B-lactamase #
4 i peen % (mutation) & ﬁ ¥ 3% (substitution) - & R k e+ Bl e
FORTLRLHHFT AT ARArE R Rt 2 AL B
¥ % 1 R4 B-lactamase o EE 1 0 H-t 4 e B-lactamase £ 5 ESBL -

ESBL ¥ 12 4% B-lactamase e 4] &] #r4r 4] » B- lactamase e E_d B-lactam
SFHeratd ik eh&E e (4o ¢ clawulanic acid ~ sulbactam 4 % tazobactam) - £
B-lactam ring ¥ 12 &2 PBPs % & & §_ 2 B-lactamase A 4 % ¥ ik Ji o F]p oy
B-lactamase ] #| & B-lactam #p4ed % - A= @ * pF¥ 0@ 4 B-lactam 25 et 2
A B-lactamase -k fEm £ 2 B TR Ao > AL A2 RG22 0 A4
i £ 1 B-lactamase & Aﬁ IR o SRR IR E R e S B 8 1| ;‘ﬁ‘i > B-lactamase $r

FlAl A A3 FUE - [42] -
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2-4-1.  B-lactamase 4 g
B w3 B-lactamase shA4 #F 3 & ¥ 0 A L3 < % 1 Bush Group 4= Ambler Class ©
1. Bush Group
Bush & 4 % 1989 # & ) iz 45 B-lactamase izt ¢ 238 7 4~ 55> & d > TEM 4r
SHV 74 & B-lactamase Hic 3 4r > FIp -H jm 4 o L 4ol A 8F > @ A SRR 2
12 1989 & R A A ATH F A dF o 4 3E 7 5 E ik J5 B-lactamase ¥4 F B-lactam F
% eniT* 2 £ 3| clawlanic acid #4428 ¥ 2 4 5 = & group 12 % #c i subgroups
[43] -
Group 1 : 1z cephalosporinase * % #t clavulanic acid #7475 2 > 4o CMY »
ACT ~ DHA ~ FOX 4 MIR % - & Ambler e4 #g @ & 4t Class C -
Group 2 : 12 cephalosporinase # penicillinases ¥ ¥ 4% clavulanic acid #F#] % 2 »
B RBpEF Fid ZavRiEa 4 £ 4 ms 5 28~ 2b ~ 2be ~ 2br -
2ber ~ 2¢c ~ 2d ~ 2df ~ 2e 4 2f & subgroups » £ TEM ~ SHV ~ OXA {r
CTX-M ji74 & B-lactamase &>t pt %5 » TEM o SHV #1ji74 in
B-lactamase &>+ 2b ~ 2be ~ 2br 12 2 2ber » OXA i+ 4 &1 B-lactamase
%> 2d ~ 2de ~ 2df - @ CTX-M j## &1 B-lactamase &>+ 2be - & Ambler
e 55 ¢ Bush 2a~ 2b ~ 2¢c ~ 2e ~ 2f % Class A » @ Bush 2d /&>
Class D -
Group 3: 7 7 &+ chpkk * L& Bk % (metallo-enzyme) » -k #2 penicillins ~
cephalosporins {= carbapenems » 7 4% clavulanic acid #r#] > & € 4
EDTA - dipicolinic acid & 1,10-o-phenanthroline #r#] o % Ambler e
A 3g e Z B Class B -

Group 4 : # % clavulanic acid #r+#1 7 penicillinases » P = Ambler 33+ 3% & 5

13
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* 15 FiE £ P4 s class
2. Ambler Class
Ambler & A ik -k fRfFcng AR 78 7 4 87 > #-P-lactamase A 5oz B
classes : A~ B~C ~D - Classes A~ C {= D #_J** active-site serine-p-lactamases -
H B-lactamases % _iZ 1§ active site serine A5 = acyl enzyme -k f% B-lactam > @ class B
£t metallo-B-lactamases > 3% #f ¢ B-lactamases 11 * I > — i e active-site fr
Brgp S i KO GE B-lactam ok fE o H P s Ax uclass A C S B ¥ D men
classes [44, 45] -
Class A @ v serine-B-lactamases © it 7 &~ % #ic > £ 3 -k % penicillin et 4 >
P A AR ¥ & PBPs & 5 4P
iz > & z TEM ~ SHV ~ PER/VEB/TLA-1 4= GES/IBC types
ceftazidimases ~ SFO-1/BES-1 4= CTX-M types cefotaximases [46] -
Class A ¥ & & it % [ 3 B-lactamase 5 TEM ~ SHV 4v CTX-M type °
Class B : > metallo-B-lactamases (MBLs) » % & = i 3+ 5 it » i@ 4 M &pd
F 33 % 2 o IMP family ~ VIM family % carbapenemases & 4t jf #f >+
Class B B-lactamase » -
Class C : >+ cephalosporinases » % =% Enterobacteriaceae fr— #* H is 4 $ e
L4 MR > $ = NI EE R AR Y Lo B-lactamase-
producing £ A 7] 0 2 < 1980 # R B 4 0 TRk L HE G T o
% = REpIe F FE (ceftazidime ~ cefotaxime - cefpodoxime %
ceftriaxone) f= monobactams (aztreonam) P R A2 [14] -
% Class C ¥ H # & % & [+ e B-lactamase 3 AmpC f-lactamase -

Class D : />t oxacillinase » 3 & %k j2  # % #f <- oxacillin §- cloxacillin » %f
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carbapenems -k f# it 4 £ > f Class D ¥ & & & & 14 &1 B-lactamase &
OXA-type B-lactamase -
2-4-2.  ESBLs & 77
ESBL #_ & & ff NIAPFY T8 R FR A LS RERATS A AL E P 2
Escherichia coli - Klebsiella pneumoniae = & € & % f4 > 8 3 1 e A
Salmonella ~ Shigella - Proteus ~ Enterobacter - Citrobacter ¥ @ » 7 3 3R [47] -
ESBLs irf 2 L 5]+ § =3t el b o %’ﬁfﬁ T e REEY P LA b lin
AR @R, » P A7 ¢ 32 B-lactamase i i FAEEFRELTHE 2 o
i [2]-
ESBLs srp b A 71341 & ¥ 2 & 5 TEM~SHV-CTX-M~OXA-PER-~VEB- BES -~
GES-TLA-~SFO-IBC % > H¢ x W TEM~SHV~CTX-M =5 P & ¥ L
#£54 [2] -
1. TEM (Temoneria)
1965 & & # " % % Temoneria % t’;,&ﬁ Py - By A Eocoli ¥ ;ﬁd
T 48 @ 3% oh B-lactamase E-UT%*?%LE B Fhé i TEM-1[48]0 @ 18 &
21985 ## R 1 TEM-2> &2 TEM-1 S £ & - BrRAm 7 F o * #F %3

R EEE

‘J;‘ﬁ’g

$ B 4 ok fEeni 4 > TEM-14c TEM-2 fi %+ 5 2 ESBLs [49] -
Rm #73 «9 TEM type ESBLs % #_TEM-1 - TEM-2 0472 £+ » TEM-3 #1984
£ £ W K. pneumoniae 4 3tk B 0 22 TEM-2 £ 7 & B pt » e firdg

cefotaxime & 4 3% 4 - p o X421 200 B TEM type 4 > 443 7 = TEM type

3 pE R R § TEA R [50] -
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2. SHV (sulfhydryl variable)

SHV type ¥ TEM type TL..‘%T#J F 3 5 AR 2 e SHV-1 & % 1980 & k3t
WOE I HF AN - REEE T HA LG AR P e SHV type ESBLS
% % SHV-1j72 4 > JE MG o # ¢ < 30> SHV type ESBLs "= ik A 71|
% 238 =gk € d R kehglycine B~k 4 serine 0 PR E_t % 240 gk
glutamic acid # % % lysine ¢ arginine p¥ > iZ_i¢ ¥t ceftazidime - aztreonam % 3
KfEae 4 o B % 93 46 A SHV type 2t ESBLs> 7 150 48 5 #£ ESBLs »
# ¢ B 2 2L ESBLs ¢h % SHV-11 [51] -

3. CTX-M (Cefotaximase-Munich)

CTX-M type#tiih & P # & & & (H ESBL B-lactamase *%# 2. — » 3+ Class A
B-lactamase » &< #7345 11 F 7 ESBL A Flehum 512 TEM type {- SHV type =
G fe p€.1989 E A 4E B3 L 2 (Munich) % 3 CTX-M type t4 » 3] 1995 #
fiﬁ'}#sﬁ%%&i >3} > ceftazidime #+ TEM fv SHV £ § 447 105 »afrdlih ¥
TEM ~ SHV #Ré‘"}f']&tf‘gﬂﬁiﬁsmﬁ » 23 CTX-M 2 £ & ¢ CTX-M type =
LT E R FTEESBL A FIR Flz - o R ehA Al B AR o

& CTX-M s 3@ > i Jx Bonnet & 2004 & * L% &~ 45 (phylogenetic
analysis) 1= ;2 #-H o 5 7 B groups & %] 52 :CTX-M-1-CTX-M-2-CTX-M-8 ~
CTX-M-9 4= CTX-M-25> % groups 2. F X3 = ** 10%%%=Ap £ £ » @ & groups
BE B CTX-Mitype ot 2 BF ¢ 11— B1#B7 % egmid [52]

2-4-3. ESBL # R3] e B

% ESBL 2 A WP » 2 R F k3R * 3 > E 8 43 e Bl
7oA B A ESBL A LA MR B A e * eng R4S FOR3EE (double
disc synergy test, DDST) ~ # -] #r 7k & (minimum inhibitory concentration,
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MIC) ~ % § g% & (isoelectric focusing, IEF) i 3 2 =% (bl4c: B & foid
& F Jis polymerase chain reaction, PCR) % % - F x93 ¥ W7k &2 9 % 3 & ##
¢ (Clinical and Laboratory Standards Institutes, CLSI) # R » & {7 A4z
(disc diffusion) = ;x4 47 » 2 ESBL # ILA|Fxz%:#% (phenotypic confirmatory
test) [53] -
i B4 P Rl3R2 (double disc synergy test, DDST)

1% 7 DDST £ % = R #gde + {7 4227 B-lactamases #r4]& (4 :
clavulanic acid) &Rl § F = RFE I FE AL S| BlE GG P EOL

FrqlR e ot @ pE > W LR E* o i & ESBL Fikl B 5 AmpC

%

S

B-lactamases # % clavulanic acid #r4]® P2 5 -k f

™
by
Ji
=

R EEIE T R i 4 o
BASERRALRNE ) B H AR P AEA kP w5 R st
bz 3% (Modification of double-disk test, MDDST) & {7 % 34| & 47 > #F £
¢ gc_ioMDDSTK$WI%¥%3;f£§g;é;§§]%7~ BEA B R
Wgx_(docefepime) fitgip] g tH B IT* N iF* 3t 5w REgie F FEF
iih%\ 7 3% W P 7t 2 ESBL f= AmpC p-lactamases =77 co-producer -
i ® ¢ 8% & (isoelectric focusing, 1EF)

40 B~ 5P ) tR 2 B-lactamases & 7 A 0 LA S A {8 £ fI* nitrocefin & X
FhEd » 2 FRplEEY - £ 2P 5 4o B-lactamases shpl & 17 5 528 &
F A w Y S HF Pl % g o e B-lactamases hpl B3 BUEH T AL D
B-lactamases fa#f o e Fl 5 F-v B AR FTAR > F AL FHE S NG
£ T pl BE AR AT o

iii  ESBL # 4] fxinid% (phenotypic confirmatory test)
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1335 CLSI . 4= [54] - Klebsiella pneumoniae + Klebsiella oxytoca -
Escherichia coli~Proteus mirabilis = & w77 12 * A4z dF4c#kfc (disc diffusion)
=287 ESBL # A Fz 338 5% (phenotypic confirmatory test) o gt = j2 1 & §
4% ESBL #r#|# clavulanic acid 2 #r+| B-lactamase {4 - H & % = N Fpiz + 3
BT H 55 0 1 P BB A dF A U R B o
2-4-4. ESBL £ 73| e4& iR

& ESBL ek F1A 4Rl ¢ > $ 5 ¥ L 2 5 R 4 el 4 5 i (polymerase

chain reaction, PCR) ~ #% fir3¢ & & (pulsed-field gel electrophoresis, PFGE) £ #4
1% A (DNA sequencing) % ;% o # 7 x 12 PCR % & % & * #p| ESBL % %]
AW en= 2 [55] -

%5 B-lactamase & F1 & 71 (4- blarem ~ blasnv ~ blactx-m %) K3+ 4p H & 5]
<+ (primer) » ¥ B~ F R A2 PipLiE (7 PCR P B3ty B FRIARLE F 7
ESBL & %] » £ #73i tg2. A& 4= 1% T/ > | #5715 % & p-lactamase database
(http//bldb.eu/BLDB.php?prot=A#CTX-M) [56]i& 7§ it & 7|14 4 > 2| %_& & 7]
A s l‘,% 7 TEM-1 ~ TEM-2 ~ TEM-13 ~ SHV-1 4= SHV-11 5 £ ESBLs 2 *} »

H 47 w35 L ESBLS -

¥I& 3 E£ATFIAAEALAZE (multilocus sequence typing, MLST)

MLST & - &~ + 2 24572 > 7 iS¢ 7A ] (housekeeping gene) +%
BB DNA B 7|4 A5t s YRS A T L R B M oA B B
g REFA R o M Eocoli o) o EE- B E RAFA B L adk (adenylate
kinase) ~ fumC (fumarate hydratase) ~ gyrB (DNA gyrase) ~ icd

(isocitrate/isoprppylmalate) ~ mdh (malate dehydrogenase) ~ purA (adenylosuccinate
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dehydrogenase) ~recA (ATP/GTP binding motif) » 4 $+i&— B ¢ RJL F] » & 7 PCR
PEHEE T A 0 3 4 ¢ F 3,000 % ¢ Sepuence types (STs) ¢ i 2 3 MLST ot
& (http//pubmist.org/) *# -

S AhBR AR FR E @ * pulsed-field gelelectrophoresis (PFGE) 4 7]

F) G F AR LGB T 0 BRI R AR AR Y A FRA F A G R

x\"l

RGBS G RITRHEN SRR R EL > P %2
g Bt L [16] - @ MLST £~ fipHiArangiir 2 ¢ 4 5 B4 737
e 7R R U HRARALIE AP M T A 4T K 3 S FRenE A F) (allele) 2 A
FRE T UK R mHPAEI L LR REL I IBRARGTRE LR
AR BEAE > 2 A RPN LR R F 2 ofp T b i g iR MLST ¢
PFGE = 2 { £ 5 %4 > 2 ST # A% & 3 8% M %% 1 mnimum

spanning tree (MST) > * ** E H T Ir @ B L REH {4 F ¥ > 7 it £ L AR
VAR FBRR AT BT R SRR E R LAY [S7] 0 A e

% TR FEr ko or A el 2 B e oo B4 F g

28 ESBLsin T mFHMAY
ESBL Fith- B 4o &4 MRk B2 BT T2 %72 h L5 b B 20ms
‘?5'3 }‘g‘,"s_é%f“ﬁfija Ak 4 3t 1) ESBL-producing E. coli » ESBLs i% i 88 i@ 4% 17 5% Peig op
RIREM AT FEAAGFR S E D ¥ ik DY FEF 4+ 7 ESBLs %
PR FS AR B G BN O o ek AR PR B L €W e in i b T
Hraz for oo iy A Fﬁfﬂw*’%%ﬁﬁ)ﬁ’%“ ¥ ae s L AT ESBL X % &
Blh- BB E AT u"’ﬁ’ BA s i~ KR E R ]S % ESBLs f® A

FlEghm &8 [58,59] -
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t ESBLs it (7 847 % ¢ &7 1980 & 4= b ¥ # § ESBL inm LK.
pneumoniae > @ # F1A|* 11 TEM 4o SHV B ¥ A 3 #> 2 & 1980-1990 & F > ~ 3
# e ESBL-producing E. coli fr ff * 1512 F]# 1 ESBL 4% & TEM group & £_SHV
group » 7 1989 & CTX-M % 15 » B 7 20 & % 90 # £ 51 TEM 4= SHV type
#Fpre S CTX-M type #78~ & [60, 61]

2-6-1.  ESBLs # A F e 7 %%
1. # ¥ %

# W 1988 & # M % - B ESBLH 4 3tk 5 #F 3 TEM-10 1 K. pneumoniae
[62] 2 i5~ P45 3 TEM-12 « TEM-26 fv SHV-5 - &% Rnd 4 3L % F AR
4 ESBL-producing E. coli #<& i€ 2009 # 117 ] (65%) 3 4c 3| 2014 # 220 i
(77%) &+ 42 8% ¢ L 5 ¥ 254%: teid fif £ % ¢ A #9161% 5 ESBL-producing
E.coli> ® % 7 %7+ = i % [63] -

A AR TIAE E RS S Apk o b £ 7 BT A TAIR G S R
UL AF 7 e ESBL type 0 %2000 & 934 & ¢ K. pneumoniae §v E. coli
7O 8] 5 13.7%40 6.3% 0 SHV 40 CTX-M 3 5 # % » 2 ¢ CTX-M-14 fo—
B g CTX-M-14 $ 5 4915 ESBLs % &+ f 4 2 (Calgary) ‘B% [14, 64] -

2. B &M

w7 E 4 &2 ESBL hiw ) & K. pneumoniae ¥ i 53% > & E. coli ¢ 1
25% 0 Al R A 7 e CTX-M-2 group # % 5 CTX-M-1group » & & v ¥ @ 3%
Wl g2 I 0 F R 1 [65] -
3w

B ESBLS ek (75 B a3t F 4 o (et g F ¢ ey i o 1990 & Roa &

5nESBLs 3 TEM{rSHV 34 » 24 5 patampE f frlap By j M -+ 4
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TafpEEps (ICU) f5amib® g dekin s $ 3 Rp g AaEks 3 K
pneumoniae - fe ¥7IR 2 B % 2 B A ARG R Z?“m’f” B¥ A koeh
ESBL-producing E. coli & # i & ek gk o

1983 & L Rte kT % - B ESBL > KL Tl > ik § ¥ HE7 b5
FlA AT feR|Tleh 2 SHV-1 £ - B & AR T8 & ¢ 5 SHV-2-1984 &
fei# B h¥ P e K. pneumoniae & ikl ¥ - v R b n L CTX-M-10 feté kisd # 2 14
BTEM-2 £ 73 B AfA 7|F#2 0 & 5 TEM-3 5 £ F & 1989 # &+ % % 7
P g% - B CTX-M-1 group °

Bt fI I A BT ESBLS G Rt R F B 28% 0 BFRATICRS A
5 16% 5% 7 %5 12% - & MYSTIC (Meropenem Yearly Susceptibility Test
Information Collection) % i3+ % ¢ » ® o ESBL B 7 & £ 1997 & 2.1%7] 2014 &
£1110.8% > ¥ 14 'ﬁ 1 1997 # 3] 2014 & & & 4 ESBL e % % 5 3 4o cHAg %
[66] -
4. LM
& 2010 £-2013 #d 13 30 G % 3 BB R F BT o SRR A4 3

P ehE <A FESBLnR 75 @ B ESBL-E. coli f (7% 5 66.6% 1 2 & —
=5 %\ B ESBL-E. coli i 75 5 49.8% > @ £ % a7 3 ¢ ESBL-E. coli {73
5 12.8% 5 Iy = % ESBL-E. coli F (7 5 ®|#ic% = » 2 &y ~ 3+ % ESBL-E. coli %,
B35 382% d 23 i® T P34 SMART (Study for Monitoring
Antimicrobial Resistance Trends) L% #7 % dp i d; = & FAPRITH & 3 % R 75 #
ul & ¢ ESBL 4 &t % [67] °

Pk e T R 2ABRMASAFAD - # o ¢ K & 2000 £ 18§07 CTX-M 1

E. coli ST131 % i - i £ 2011-2012 # 3 % % 3R ESBL-producing E. coli - 4 ¥ [x
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KRB A M 5 42% 0 STI31 & AR 14% CTX-M-1 (40.7%) - CTX-M-9 (48.7%)
group 5 # & ehgroup [68] e

025-ST131, CTX-M-15 e p &+ FARM cFdR & > & p 21T B} 40
ESBL-producing E. coli {7 F j£.0.24%+ 2 3 7.25% > 2 CTX-M-9 group % i & i
7 713 [69] -
5. £

S 2RE RIEIE T 0 A ESBL e < %545 7 i (7 5 48,2002 - 2004 #
573 4%3 4c 3] 2010 - 2012 # 210.7% >2007 # 7 10 731 & &5 Fglet»rﬂ‘\i' JE & FE}I%
5% > 3 19.5% ESBL-producing E. coli » @ & 5% a tA®HE 0L L7 <+
%1 7 > # ESBL-producing E. coli i 8.3%2 % CTX-M-9 group » 1 CTX-M-14
(38.5%) % B ¥ Lk 141 025b-STI31 €3 & 524 £ i ¢ chd ¥ L hA ESBL
1% % 4% {7 clone © & 2018 & 79 SMART ¢ ESBL-producing E. coli it 11.4%
[70-72] -
2-6-2. ESBLs ’&.ﬁk? e (TR

P 1988 & fp Ad FEL G LT A4 F 5 ESBL A Fleht 55 F{iS

ESBL f i g6 friginds 4o ¢ 4 Mot I £4R [73]
1 &

F57 2009 & cnpFiz sy - csFE AR5 A CTX-M-15, ST131
clone » Ewers % 4 %2010 £+ 2 A g L iEd 4P ESBLRE 752 2% 30
=< %73 10% CTX-M-15, ST131 :raclone - H 2 % &g or gy A5 (7 CTX-M-15,

ST131 [12, 74] -
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2. 3 F

£ W% 2010 & chpF iz = A ARES R A AR B enX RO Y Hpl 4 ESBL 9 ik

18% > @ * 12 CTX-M-1group # 7 CTX-M-15 5 #. i & chz F4] » =% 5 SHV-12
o CTX-M-14 [75] -

3. "
¢ R &g s 4 e 48 ESBL-producing E. coli g 21 ket g i 24.2% 0 H

P B Lei CTX-M-1group » é7CTX-M-15> # == 5 CTX-M-123 4= CTX-M-1 »

Hi &7 ST type % ST131 = ST10 > » 5 #& k] 41 CTX-M-15, ST131 & clone

' 2

[76] -
3 o

4. 2%
TR EE g BT ESBL BT A APt E B RRER G B L

2014 & w R B 2 A A ?‘fﬁi?%%l‘%iZOll # 3 2013 & B o B2 R R
i {7 ESBL #33 A % 3L > 2 ESBL-producing E. coli =4 3% % 5 3.33% (2/60) »
# ESBL £ %144 & & CTX-M (73.1%) 4= TEM (46.2%) » % 5 CTX-M-14r

CTX-M-2group » & Ftk 5 5 % £ &M Fk (73.7%) [77]

¥ = & ST131 025b ehim 7 PEim
Gx Fo G o0 poaERAESBL A %4k Feh- B AcH 45714 Lclone 4t -
bl4e® # 4 clone B2-025:H4-ST131 > H 47 5 &R < i 75 Bifehi & R 5] -

GAHRAe @I 2 1 R LR LA AT S RER %

¢ S ZEF 3% clone & g

(urinary tract infection, UTI) fcp@e 7 » & CTX-M-15 f g m% Fafeit % TR 5 ¢

325 % A g - 025-ST131, CTX-M-15 i& 2 clone 4p B enj bk e 7 410t 4 47 ¥

BT F R AA A% [78] -

23
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BPF 2 6 0 %2009 # Constanca Pomba ¥ 4 4 % — J ¥ > 5= =4y !

025-ST131, CTX-M-15 . — & 15 B § B fsp ek & crwpds & ¢ oo gpdi &k [74]

8 1S frul‘g*’sfﬁ’ﬁ A A R R 2 3 %R 025-ST131, CTX-M-15 eapigr » v :§

X E2#EPZclone 8.4 4 Biid R 65 BE °

1.

N

B @ F17 A 2004 & ESBL-producing E.coli ST131 % 9% - 7] 7 2006 + {&
FME AT 13% >~ § H Y & 2006-2008 £ fd FLT ey & B 4
ESBL-producing E.coli ST131 & 22%- 7.;2 B 2001 # 5 =t # % "' O25b-ST131 »
# % 2006-2007 & ESBL-producing E.coli ST131 5 25% - +* 41 pF & 2006-2007
# ESBL-producing E.coli ST131 5 62% > #H & g B e &7 % 3% clone
AR o

£ 14 £ % A 2005-2007 & A i LR 4 A Btk R S ¢ 3 L STI3L et
5 <3%7fr 1% > e & 2002-2004 & F* o BP @I STI3L v 5 5 23% - £ A
7 4vB 33 ST131 et & 5 53% o

T p A .2002-2003 # 4 B ST131 vt & 2 25%- % 3 % 2004-2005 # ST131
clone it ESBL-E. coli UTI % ~ ¢ 27% -

AEMRANLF AT HETF RN G & STI31 H ot & % 31%4r 35% o
shpr 2 23 B AP 3 43%F F 4 iE CTX-M-14 & CTX-M-15 7 ST131
clong o & ¢ 2tx fr@ ¥ » &2 24 CTX-M-15 7+ % 4% ;75 50% = ST131 -

d b g w0418 e 025b-ST131 &% A3t B & s g @ 2 g I STI31 v 6

5 [79]
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LR o =
@l Rip k2 HOH ERS L ARFRE L AL S22 - o P o @
$+>% ESBL-producing E.coli & ® igddr £ it (TmF Ednt & A F 26 fhawE
1A Bl AT hp h Rt A4 2014-2017 & BT 4 A B F Y STl 30
XA Y A g kens % 4% 0 32 17 ESBL-producing E. coli g {7 5 £ 2 7)) F7
T M BT e R FFRGE TR P B R R %k S E A TR R A
& AE #e R 7 Al s (Sequence type, ST) » 12 BioNumerics Software version
(Applied Maths, Kortrijk, Belgium) &4 minimum spanning tree (MST) » 7 % & Ftx

2R R TR 0 & j,{,‘f“ﬁ“d AT fRRE AR Flrep #» ESBL-producing E.

coli & f7 pit » RPN WKF R - B %A -

25
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CEE B R

-8 ABRkk

ARG e 2014 #3 2017 B KR LR EAFTRTLE GRS
b2 %5 EN RN L }‘g 4 Vitek 2 Compact (Biomérieux, Marcy-1’Etoile, France)
FERN O FRS S FEFT Rk TR F R
(Microbank™, Richmond Hill, Canada) %7 ##fif % 3-80 °C k4a > 12 i 5 6

N
:%E‘LT‘@

¥ & ESBL # mA| &2

1395 CLSI . 4= [54] Klebsiella pneumoniae ~Klebsiella oxytoca ~Escherichia coli ~
Proteus mirabilis = #& o g7 1 * A4z dFFcdhic (disc diffusion) - 2 i {7 ESBL #
FA FEuE % (phenotypic confirmatory test) o pt = ;2 2 & § 4| % ESBL Fr 1|3
clavulanic acid 2 #r] p-lactamase {5 » ¥ 3k % = R EIe F+ & FonH o @ FrF B
Seenfr A R B o AR BT 32 E.coli ¢ &9 CLSI ”Lr*hp?@ = ESBL # 31
g7 o ARFRIFAHRAS0°Ckda? £5 0 % & * & FERAS L AF
¥ E ¢ g I IRE 0 - 32k 3 % 3ml 5 Mueller-Hinton broth (MHB) (BD Difco™,
New York, USA) # - 12 37°C 3 % 2 McFarland & % 0.5 PF » 12 & Ff #5525
/% %% Mueller-Hinton agar (MHA) (BD Difco™, New York, USA) % 4% » L Rt} 2 f&
7 ke Fd F M4z A4 %W 5 Ceftazidime 30 ug (CAZ) (Mast group) ~ Ceftazidime 30 pug
- Clavulanic acid 10 pg (CAZ/CA) (Mast group) ~ Cefotazime 30 pg (CTX) (Mast
group) ~ Cefotazime 30 pg -Clavulanic acid 10 ug (CTX/CA) (Mast group) > 2 37 °C

% 1824 ] pFIS L % o
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#] & CAZICA ¥2 CAZ 4= CTXICA & CTX efri| Bl £ jE> 5 CAZICA-CAZ =
5mm £ CTX/ICA-CTX = 5mm R|2|2 5 ESBL B Ftk »

A 57 5 4 %] 12 K. pneumoniae ATCC®700603 = E. coli ATCC®25922 i+ 5 ESBL
ey T & iR A

¥Z & FP0 ) DNA (4 # 1 ik)

1

4 42 (Boiling method) i 7 ESBL B % E. coli DNA % B~ o L% 7%
W EE Y w7 3T°C B % & 3ml MHB #i 225 rpm 43 R E 0 B 1ml

Fi% 010,000 xg 3 10 4 480 A i g T R AN (pellet) 4e ~ 0.5 ml =
= 4 3+ -k (distilled deionized water, ddH20) * R T #& %323 > 2 F 2 s g 17

BEF AR S 10 248007 12,000 xg Hrs 10 4 480 B 7 P2 R o

33 30-20°C k487 » F134 PCR {7 5 4 (template) @& * -

S & pid RS SR Rk

1295 CLSI (2011 &) [80]# 4= i &= &t fF prdriiic 2 4 B 40 AT M35k 40 15 it
7 M4z "q B iciES% (Disc agar diffusion method) -

BRI 80 CC kg Y AB ko B EHRAS MR RGP L
R~ - 3p2cE 3mlehMHB @ 2 37 °C 32 % McFarland & % 0.5 PF > 12 & A 15
PR MHA 48 Rk b B Rl RS 12 37 °C 12 % 18-24 o) RS | B
% o Rdpdrp| Bl E S ] R CLSI AR e e B 3 3 5 % o

*F BT 2 Fud F M4z A B 5 Amoxycillin/ clavulanic acid 20 pg/ 10 pg
(Oxoid) ~ Ampicillin 10 pg (Oxoid) ~ Imipenem 10 pg (Oxoid) ~ Ceftiofur 30 pg

(Oxoid)~ Doxycycline 30 pug (Oxoid)~ Enrfloxacin 5 pg (Oxoid)~ Ciprodloxacin 5 pg
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(Oxoid) ~ Gentamicin 10 pg (Oxoid) ~ Sulfamethoxazole/ trimethoprim 23.75 pg/ 1.25

pg (Oxoid) °

¥ I & p-lactamase £ %)) B =

B3 P2 o PR 44 blatem~ blasav 12 2 blactx-mgroups # 7 :CTX-M-1 -
CTX-M-2~ CTX-M-8~ CTX-M-9 4r CTX-M-25 L F|##73& 3+ 2 51 3 $ie (7 PCR
PR o HiEiTS 2 40T

3 0.2ml g ¢ ¢ 4 » 5 ul DNA template ~ 25 pl 2X master Mix (

TIANGEN, Beijing, China) 2 10 uM3! 3 %+ & 4 » 1pl &4e » 18 nlddH20 # &
2R 5 50 pl> 2 » PCR thermocycler (SensoQuest GmbH, Goettingen, Germany)
#FPCRF & £33+ 55| Table 1 -

PCR » Ji% ¢ : Pre-denaturation 95°C ~ 5 ~ 45 o Denaturation 95°C ~ 30 #; -
Annealing § & &3+ $@ % (Tablel) ~ 40 #) - Extension 72°C ~ 1 # 4% » £ 35
# T o Final extension 72°C ~ 10 ~ 48 F J& > B {é A4 %320 4°C o

PCR * J& 3 & {4 #-50 ul 2. PCR & # 4t » 0.7% (w/v) agarose gel> i# * Mupid-2
plus (7 &R ERKE) 2 100 k#F > 0.5X TAE ¥ =% (Omics Bio, Taipei, Taiwan)
PRRETFRMR A A2 (SRRE ~ L 2 4% (Omics Bio) 274 ¢ 25

RS B TR b kB BRAP Y (Major Science, Saratoga, State of California)
A DNA B EypH % -

R AP PR EIP x L FHE 0 JI* ABI3730x1 £ g T A

(capillary electrophoresis, CE) p # % & &Ririp ¥t + $:2 (7 2/ » BB 7|5 &

B-lactamase database (http//bldb.ew/BLDB.php?prot=A#CTX-M) [56]:& {7 % & & 7|

S & N e S g}"]’“ | & o
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http://bldb.eu/BLDB.php?prot=A#CTX-M)

%> & MLST & 5| 25 & 47

%7 B f2 ESBL A 71§56 p t45 ®l 4% (clonal spread) # £-3 #4%
(horizontal gene) = 3% @3k » -2 5 ESBL ##cih E. coli ik MLST ¢33 ;¢ i&
7R 247 0 kg Wirth & 4 [81] #-E. coli = £ ¢ 735 %] (housekeeping gene) :
adk (adenylate kinase) ~ fumC (fumarate hydratase) ~ gyrB (DNA gyrase) ~ icd
(isocitrate/isoprppylmalate) ~ mdh (malate dehydrogenase) ~ purA (adenylosuccinate
dehydrogenase) ~ recA (ATP/GTP binding motif) i& {7 PCR 7 E4F# & 2/ > 31+ &
7| 5L Table 2 o H i3 240

*02mlfcg g ¢ 4 » 5 ul DNA template ~ 25 pl 2X master Mix 2 2 10 uM 3!
FH & 4e ~ Tpb fete > 18 ulddH20 i F B384 5 50 ul 2 » PCR thermocycler
#FTPCRF B 2315 K78 Table 2 -

PCR & & i% ¢ : Pre-denaturation 95°C ~ 5 4 4& o Denaturation 95°C ~ 30 §) ©
Annealing § & %31+ %@ % (Tablel) ~ 40 ) » Extension 72°C ~ 1 » 45 > £ 35
# T o Final extension 72°C ~ 10 ~ 48 F J& > B {é A4 %320 4°C o

H & d P T A S %2 MLST F4L & (https:/pubmistorg/) wurt $f - 4
e Sequence types (STs) 4 BioNumerics Software version (Applied Maths, Kortrijk,

Belgium) & 4 ESBL-producing E. coli minimum spanning tree #2.5% fifsik ]

% = & PCR # #] ST131 025b 2 ] &
iz3f Clermont % 4 [82] #1312 = 2 » #-¥ Bz wF ik (7 444+ ST131
025b #7323tz 513 % (322 Tablel) & 7 : trpA 4- pabB it {7 PCR % E 5 o %

T3 jF 40T @
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3 0.2mlikE ¢ 7 4 » 5 ul DNA template ~ 25 pl2X master Mix 12 2 10 p
M3l =+ % (trpA fc pabB) & 4 > 1ul> f4c > 16 nlddH20 @ & 2884 = 50 pl
2z~ PCRthermocycler i&{* PCR ¥ J& » % 513 B 3|8 Table 3-
PCR & i ¢ : Pre-denaturation 94°C ~ 4 4 4% - Denaturation 94°C ~ 5 ) o
Annealing 65 °C ~ 10 §/ » % 30 #5% - Finalextension72°C ~ 5 2~ 48 & Ji » B 15 A +

g 4°C o
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¥ - & ESBL Ftk A S F HHH R

A3 2014 & 3 2017 & B & 3 285 k54 Vitek 2 Compact =7 & )
A P RS < S X R R 0 34 30 65 $x ESBL-producing E. coli >
H bk B kR LRk (urine) G A (44165, 67.7%) 0 B = 5 T (565, 7.7%) ok
(pus) (4/65, 6.2%) % % - (3: 2 Table 4)

ESBL-producing E. coli & %8 & i7 3 % 22.8% (65/285) - & i ¥% 2014-2017 & %
£ A S heT 1 18.2% (22/121) ~ 21.1% (15/71) ~ 34.6% (18/52) ~ 25.6% (10/38)
F HA_JF fme s > 2014-2017 & £ & ESBL-producing E. coli i 7 F 5 23.9%
(54/226) » 5 ESBL-producing E. coli thid & 7 % 4 18.6% (11/59) o #2014 & & -
BB S u L 81.8% (18/22) fr 18.2% (4/22) » £.2015 & + ~ frpk (7 A w4
93.3% (14/15)4r 6.7% (1/15)> £ 2016 & + ~ g {7 % A ] 4 83.3% (15/18) 4= 16.7%

(3/18) » #2017 & * ~ § g 7 % A u] 5 70% (7/10) Fv 30% (3/10) - (312 Table 5)

¥ % ESBLARZ 2 FEFPR I LEHRES
T RPGRE SRR DI BT & B-lactams 47 ¢

amoxycillin/clavulanic acid ~ampicillin~ imipenem-~ ceftiofur» = 3 2 2 (tetracyclines):

doxycycline » v Ak %8 (quinolones): enrofloxacin ~ ciprofloxacin » #%fk fe 448 4¢

(aminoglycosides): gentamicin > & "=3E  (sulfonamides):

sulfamethoxazole/trimethoprim - o 2% % % ¥ &> 4~ 1 65 & ESBL-producing E.

coli ¥4 B-lactams g =f4 % ¢ champicillin ¢ £ F& 4 o @ % B-lactams #f e

ceftiofur (93.8%) ~ = 7 % # -1 doxycycline (73.8%))4 % v 5 Ak 47 11 enrofloxacin
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(80%) -~ ciprofloxacin (78.5%) » B3 {%® v 5 & 4yZE |+ - k@ > ESBL-producing
E. coli 3% B-lactams #g <7 imipenem (96.9%) &2 %5 7L fie 4% %8 52 <1 gentamicin (61.5%) >
B 7 $% chg £+ o A B-lactams #F < amoxycillin/clavulanic acid » B & s+ |4
(38.5%) 2R <X+ (385%) " F i - %k o ARIIRMET
sulfamethoxazole/trimethoprim sf 4 (50.8%) #rv: B *t R X 1 (43.1%)

R RO A S 0 AR g ¢ > ESBL-producing E. coli ¥
amoxycillin/clavulanic acid ~ ampicillin ~ ceftiofur ~ doxycycline ~ enrofloxacin ~
ciprofloxacin 12 2 sulfamethoxazole/trimethoprim & i@ {4t S g > @ ¥
imipenem ~ gentamicin ] & I3 b F e £ 1o &% & ¢ > ESBL-producing E. coli
¥+ ampicillin ~ ceftiofur ~ doxycycline ~ enrofloxacin ~  ciprofloxacin rz 2
sulfamethoxazole/trimethoprim 5 #x 8 s (vt 5 > % amoxycillin/clavulanic acid
LB BT M F 2 k- L 5 @ ¥ imipenem ~ gentamicin B & L v 5 R

%4 . (39 Tabks6)

% = & p-lactamase & F1 AR T & %

*§ % #r% 65tk ESBL-producing E. coli #+4+ TEM ~ SHV ~ CTX-M i& = ¥
2 ESBL bla £ #]74]i& {7 PCR #&p] » #-FpHR 23X T/ 18> B 5 2 M a0t o &
i A %5 2 AR genotype o

d Pk @i 4 65tkAgtk? » CTX-M-1group % # i & ¢H ESBL bla
A7 > H=x 0w 5 CTX-M-9 group ~ TEM group ~ CTX-M-2 group ~ SHV group °
CTX-M-8 group ¥2 CTX-M-25group R & % 3 - 2 CTX-M-1 group # 7 CTX-M-55
v CTX-M-9 group ¥ 57CTX-M-174-CTX-M-198 12 2 TEM group ¥ 7 TEM-215 »

% 2014 & 3] 2017 & B S 2R % %55 g R o B3t CTX-M-1 group =4 3t
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12 38 $h (38/65, 58.5%) » & T_A 1L %4 % A u] 3 CTX-M-55 (24/65, 36.9%) -
CTX-M-69 (3/64, 4.6%) ~ CTX-M-194 (7/65, 10.8%) ~ CTX-M-199 (1/65, 1.5%) ~
CTX-M-211 (3/65, 4.6%) - >+ CTX-M-2 group e/ #rens 3t 12 # (1265,
18.5%) » 5 % A 1t 4+ % 355 CTX-M-124 (12/65, 18.5%) - > CTX-M-9 group =
A3tk 33tk (21/65, 32.3%) A L H B % A B 5 CTX-M-24 (1/65, 1.5%)
CTX-M-67 (1/64, 1.5%) ~ CTX-M-148 (1/65, 1.5%) ~ CTX-M-174 (4/65, 6.2%)
CTX-M-196 (1/65, 1.5%) - CTX-M-198 (11/65, 17.9%) - CTX-M-214 (13/65, 20.0%) ~
CTX-M-223 (1/65, 1.5%) » B>+ TEM group 4 3tk & 25 & (25/65, 38.5%) » 4 %
Bt $ 2 % A u] 5 TEM-81 (1/65, 1.5%) ~ TEM-215 (16/65, 24.6%) ~ TEM-219 (2/65,
3.1%) ~ TEM-226 (L/65, 1.5%) ~ TEM-230 (5/65, 7.7%) » * SHV group 4"
AR E 45 (465, 6.206) » 5B L HHAE % 395 SHV-199 (4/65, 6.2%) ¢ (31

Table 8)

% w & ESBL-producing E.coli 22 MLST & 3| 25 4 #7

~§ % 65tk ESBL-producing E. coli& % % £ e»STstype % ST457 (13/65, 20%) -
H =k A L ST131 (10/65, 15.4%) ~ ST648 (6/65, 9.2%) ~ ST38 (3/65, 4.6%) - ST405
(2/65, 3.1%) » 2 & I3 - & (1/65, 1.5%) 1 ST type: ST10~ST69~ST73~ST359 ~
ST372 ~ ST428 ~ ST636 ~ ST1674 ~ ST3429 ~ ST5229 ~ ST5640 ~ ST5685 ~ ST5685 -

B

ST5703 ~ ST5865 > B 16 R T 25 4p ¢ & 1 ST 4] » ¥ av & RTeh1sequence
type (16/65, 24.6%) - % % 32 Table 8 - % @tz A housekeeping gene T_A % % 3%
2 Appendix 1-4 -

i * BioNumerics Software 2= # ESBL-producing E. coli minimum spanning tree

ML A ) (Figure 1) » STA57 22 ST1674 2 Bl 58237 R 47 — B % =4
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%] (allele) » @ 27 =c 2 % e STI3L fik 1B % 4 % o ST131 ¢2 ST5640 2. fY 4%
BABE R L0 - BECAT A e STI3 {0 STA28 A 5ip £ 6405 B % 4 %)
HAG M 5 {Apit - ST648 52 ST5685 - ST5686 49 £ = b % = A Fl» o= ¥ 2 FF
BB RS BT 0 ST38 #2 ST3429 2 AR M BT 4p £ - BE =47
@ 22 ST69~STA05 4p £ 7 B % 28 F]» MG M4 B 54 34piT o 2 4 STs type 4o
ST10 - ST359 ~ ST372 ~ ST636 ~ ST5229 ~ ST5703 ~ ST5865 * . % & ¥ - ST~ @t

SR AR B R o

% T % ESBL-producing E.coli ST131 O25b 2 # B| % %

& PCR 3t 11 = £ E. coli <2 housekeeping gene » 5 2 & +“ ¥+ % &+ 65 tk
ESBL-producing E. coli 7 104k % ST131#-iz 10 tk Atk i 5 Clermont % £ [82] #
$ 2.7 32 {7 trpA (427 bp)fr pabB (347 bp): PCR % B4 » i * trpA & #5241
ke > 4>t ESBL-producing E. coli B € # & 2 trpA B B> E AT

ESBL-producing E. coli ¥ % ST131 O25b R ¢ I F# 3 b ) trpA 2 2 pabB % fL > #

%815 80% (8/10) Ftk s ST131 025b 7 ESBL-producing E. coli (Figure 2) -
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1% 3t

5-1. ESBL Fjtk 4 & % g4k 4 %R

ESBL-producing E.coli i3t B {75 € Ry & = ®H D 3 977 b o LW
% & 0] 0 7 2010-2013 # p & * 5 ESBL-producing E. coli g 73 5 22.7% » &
2014-2016 & 28% [83] - % ® K - %4~ 1 ESBL-producing E. coli # 2007 # 11 * 3|
2008 & 6 " #F {75 5 245% [84] -tk Wi+ > ESBL-producing E. coli
BiA% 5 1.91%[85] - £ 2011 & 127 3 2013 & 3" M4 A4 ~ S Fra v iy
ESBL-producing E. coli g 7 3 3.33% [77] -

AT TR 2014 #2017 E R AR E S ERES %F%fﬁ%‘ ViR
P4 ) % eh % 4% Fie (7 ESBL-producing E. coli 82§+ AFT 3t 4l KRR

RtRA S BAF 0 @S X AEE % (urinary tract infections, UTL) =5l A~

S A [86]02014 1 2017 £ & & % ESBL e (7 2 2 fedy m AR
A UTL B+ SFRAMF I RF > 7 Af? FRFF RS [87]
A Ft 3 ¢ ESBL-producing E. coli & B 3t gov' ~ 20 a0 R & (3 >
R R RFES AR REARK G RFRE %gl‘?o’ﬁﬁ?'} il gt 55 3 B RE
gy ade %51‘%%%%5@ ELIEH ?“iﬁ&@éq‘%%%%é@ ~tE P FEEERw
FIE A chde i 30 R & 4 & chinfy 0 &5 $RAF BSBL A2 R %6 -
5-2. ESBL Fith2 2 # FF R R L% L %
AT RYPGEEF R DI fEIlt PRI R B EFIR65
tk ESBL-producing E. coli ch/ 3tk 3 > yR4ta fa 0 b enfnd 2§ Bt o 4t
B-lactams #f e ik % #f coampicillin ¥ § $# {2 ok 30 B3 5 [ F 47 ehceftiofur -

2 Ik % #f e doxycycline 2 % £ 2%k 47 ch enrofloxacin ~ ciprofloxacin #4155

35

doi:10.6342/NTU201901115



® 3¢ 70%2 1+ o ie 4F B-lactams AEEY 7 0 5 <5 imipenem £ 5 95%14 boehRt X o

% B-lactams #g 7 7 ESBL efr+# clavulanic acid » ¥+ ESBL-producing E. coli
3 L AFefrdrc sk [88] ) @ AT F 4 IR 65 BRA Bk ? ¥ amoxycillin/clavulanic
acid enyi# 47 § 38.5% > AP ¥ H & B-lactams #Hd F F L ek o

d % ESBLARZ M A FRE 4 L A FaP » 29 4 Leni 4 5 /A p s lag

SRR A R e B A T 0 TR T RO SRR 5 T B R A e A
KE o~ R ORI oeE F 47 97 A 4 FLB e ESBL-producing E. coli i B F senZEpr o
o d FRBRE P ESBL fmjAadb £ 5 iF [89]c P i fok ¢ B ¥ * i ESBL
mpthind F AR Y Ry @O S h# P 4ot imipenem £ meropenem ¥ [90] 0 iz A
¥ ESBL et B £ #0576 @ 40 11 % A F A #1215 ESBL v fjm 8

Behie ¥ 7 EOF A FRORER T R A 2 BN OE RS R

%-%-¢  (outer membrane protein, OMP) ek 5 2 R km )€ # it 59 K f250 7 #0F 47
1 B-lactamase P4 4 o FEF F m%#ﬁhﬁzﬁfﬁu R R 0 E R

Fle T RFEHARG L FhkE- gp @ 2 AL - gt 0 4

-

ol

3R LRGBS WP e TR ERE s FDA L o B A RR
BB LR T R O E R Y o PR E i * 75 ESBL A chig 2
12 % 4o @ ceftolozane-tazobactam % % 4~ 3 i~ > X @ ceftolozane-tazobactam &2 7% 7
Wiz R e kb 2 B ESBL %—‘“ vofefrd - B &% aiof ESBL RERE % D
By BRFGIRRES ERIPFT L J\Jﬁ KiFBF S [92] - 2~ 7 IR 65K
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Table 1. The primers used for ESBL-producing E. coli bla genes.

Annealing temperature

Fragment size

PCR target Primer Sequence (5°-37) Ref.
(°C) (bp)
TEM-F TCGGGGAAATGTGCGCG
blaTem 55 971 [125]
TEM-R TGCTTAATCAGTGAGGCACC
SHV-F GCCTTTATCGGCCCTCACTCAA
blasqv 54 819 [126]
SHV-R TCCCGCAGATAAATCACCACAATG
CTX-M-1 CTX-M-1-F CAGCGCTTTTGCCGTCTAAG
54 942 [127]
group CTX-M-1-R GGCCCATGGTTAAAAAATCACTGC
CTX-M-2 CTX-M-2-F CGACGCTACCCCTGCTATT - - o
group CTX-M-2-R CCAGCGTCAGATTTTTCAGG 4]
CTX-M-8 CTX-M-8-F TCGCGTTAAGCGGATGATGC - 566 [94]
group CTX-M-8-R AACCCACGATGTGGGTAGC
CTX-M-9 CTX-M-9-F ATGGTGACAAAGAGAGTGCAAC - 876 [126]
group CTX-M-9-R TTACAGCCCTTCGGCGATGATT
CTX-M-25 CTX-M-25-F GCACGATGACATTCGGG - 397 f04]
group CTX-M-25-R AACCCACGATGTGGGTAGC
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Table 2. The primers used for multilocus sequencing typing.

Annealing temperature

Fragment size

PCR target Primer Sequence (5°-37) . Ref.
(°C) (bp)
adk-F ATTCTGCTTGGCGCTCCGGG
adk 54 583 [81]
adk-R CCGTCAACTTTCGCGTATTT
fumC-F TCACAGGTCGCCAGCGCTTC
fumC 54 806 [81]
fumC-R GTACGCAGCGAAAAAGATTC
gyrB-F TCGGCGACACGGATGACGGC
gyrB 60 911 [81]
gyrB-R ATCAGGCCTTCACGCGCATC
. icd-F ATGGAAAGTAAAGTAGTTGTTCCGGCACA
icd 54 878 [81]
icd-R GGACGCAGCAGGATCTGTT
mdh-F AGCGCGTTCTGTTCAAATGC
mdh 60 932 [81]
mdh-R CAGGTTCAGAACTCTCTCTGT
purA-F CGCGCTGATGAAAGAGATGA
purA 54 816 [81]
purA-R CATACGGTAAGCCACGCAGA
A recA-F CGCATTCGCTTTACCCTGACC - 780 [81]
rec
recA-R TCGTCGAAATCTACGGACCGGA
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Table 3. The primers used for ST131 O25b detection.

Annealing

Fragment

PCR target Primer Sequence (5°-37) ) Ref.
temperature (°C) size (bp)
O25pabBspe-F TCCAGCAGGTGCTGGATCGT
ST131 O25b 65 347 [82]
O25pabBspe-R GCGAAATTTTTCGCCGTACTGT
ST131 O25b trpA-F GCTACGAATCTCTGTTTGCC - 427 62]
control trpA-R GCAACGCGGCCTGGCGGAAG

Table 4. The specimen of the ESBL-producing E. coli isolated from the dogs and the cats in NTUVH.

Specimen source Number Percentage
abdominal cavity 1 1.5%
abscess 3 4.6%
bladder 1 1.5%
ear 1 1.5%
gall bladder 1 1.5%
nasal tonsil 1 1.5%
oronasal mass 1 1.5%
pus 4 6.2%
pyometra 2 3.1%
urine 44 67.7%
vaginal smear 1 1.5%
wound 5 7.7%
Total 65 100.0%
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Table 5. The prevalence of the ESBL-producing E. coli isolated from the dogs and the cats in NTUVH.

ESBL ESBL ESBL ESBL ESBL ESBL ESBL ESBL ESBL
Species positive in  negative in positive in  negative in positive in negative in positive in  negative in positive total
2014 2014 2015 2015 2016 2016 2017 2017 number
dog 18 (81.8%) 81 (81.8%) 14 (93.3%) 43 (76.8%) 15 (83.3%) 23 (67.6%) 7 (70%) 23 (79.3%) 54 (23.9%)
cat 4 (18.2%) 18 (18.2%) 1 (6.7%) 13 (23.2%) 3 (16.7%) 11 (32.4%) 3 (30%) 6 (20.7%) 11 (18.6%)
Total 22 (18.2%) 99 (81.8%) 15 (21.1%) 56 (78.9%) 18 (34.6%) 34 (65.4%) 10 (25.6%) 29 (74.4%) 65 (22.8%)
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Table 6. Antibiotic susceptibility of 65 ESBL-producing E. coli.

No. of all ESBL--producing E. coli isolates, n=65 (%)

Antibiotic Cat, n=11 Dog, n=54

Susceptible  Intermediate Resistant Susceptible  Intermediate Resistant
Amoxicilli/clavulanic acid 4(36.4%)  1(9.1%) 6 (54.5%) 21 (38.9%) 14 (25.9%) 19 (35.2%)
Ampicillin 0 (0.0%) 0(0.0%) 11 (100.0%) 0 (0.0%) 0(0.0%) 54 (100%)

Imipenem 10 (90.9%) 0 (0.0%) 1(9.1%) 53 (98.1%) 0 (0.0%) 1(1.9%)
Ceftiofur 0 (0.0%) 0(0.0%) 11 (100.0%) 1 (1.9%) 3 (5.6%) 50 (92.6%)
Doxycycline 1(9.1%) 1(9.1%)  9(81.8%) 9(16.7%)  6(11.1%) 39 (72.2%)
Enrofloxacin 0 (0.0%) 0(0.0%) 11 (100.0%) 8 (14.8%) 5 (9.3%) 41 (75.9%)
Ciprofloxacin 0 (0.0%) 0(0.0%) 11(100.0%)  11(20.4%) 3 (5.6%) 40 (74.1%)
Gentamicin 8(72.7%)  0(0.0%)  3(27.3%) 32(59.3%)  0(0.0%) 22 (40.7%)
Sulfamethoxazole/ trimethoprim 3 (27.3%) 2 (18.2%) 6 (54.5%) 25 (46.3%) 2 (3.7%) 27 (50.0%)
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Table 7. The bla genes of the 65 ESBL-producing E. coli.

CTX-M-8 &
CTX-M-1 group CTX-M-2 group CTX-M-9 group TEM group SHV group
CTX-M-25 group
CTX-M-55 24 (36.9%) CTX-M-124 12 (18.5%) CTX-M-24 1 (1.5%) TEM-81 1 (1.5%) SHV-199 4 (6.2%) No detection 0 (0%)
CTX-M-69  3(4.6%) CTX-M-67 1 (1.5%) TEM-215 16 (24.6%)
CTX-M-194 7 (10.8%) CTX-M-148 1 (1.5%) TEM-219 2 (3.1%)
CTX-M-199 1 (1.5%) CTX-M-174 4 (6.2%) TEM-226 1 (1.5%)
CTX-M-211 3 (4.6%) CTX-M-196 1 (1.5%) TEM-230 5 (7.7%)
CTX-M-198 1 (1.5%)
CTX-M-214 11 (16.9%)
CTX-M-223  1(1.5%)
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Table 8. The sequence type of the 65 ESBL-producing E. coli isolates.

ST ST cloral Number Percentage
complexes

10 ST10 cplx 1 1.5%
38 ST38 cplx 3 4.6%
3429 ST38 cplx 1 1.5%
69 ST69 cplx 1 1.5%
73 ST73 cplx 1 1.5%
359 ST101 cplx 1 1.5%
372 None 1 1.5%
5229 ST101 cplx 1 1.5%
131 ST131 cplx 10 15.4%
5685 ST155 cplx 1 1.5%
5686 ST155 cplx 1 1.5%
405 ST405 cplx 2 3.1%
428 None 1 1.5%
457 None 13 20.0%
636 None 1 1.5%
648 ST648 cplx 6 9.2%
1674 None 1 1.5%
5640 None 1 1.5%
5703 None 1 1.5%
5865 None 1 1.5%

unknown NO ST complex 16 24.6%
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Figure 1. Minimum spanning tree (MST) of 65 ESBL-producing E. coli STs based on
the degree of allele sharing.
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500 bp

200 bp trpA (427 bp)

pabB (347 bp)

Figure 2. PCR detection for Escherichia coli O25b-ST131 clone.

The trpA band (427 bp) corresponds to the positive control amplifying in all isolates
whereas the pabB band (347 bp) corresponds to the allele-specific amplification
obtained only for the O25b-ST131 clone strains. M, molecular weight marker, 100 bp
DNA ladder; lane 1, E. coli 1372 (CTX-M-174, O25b positive); lane 2, E. coli 1933
(CTX-M-194, O25b positive); lane 3, E. coli 1942 (CTX-M-194, O25b positive); lane 4,
E. coli 1972 (CTX-M-194, O25b positive); lane 5, E. coli 2279 (CTX-M-55,
CTX-M-67, TEM-215, O25b negative); lane 6, E. coli 2289 (CTX-M-194, O25b
positive); lane 7, E. coli 2532 (CTX-M-174, O25b positive); lane 8, E. coli 2588
(CTX-M-194, CTX-M-214, O25b negative); lane 9, E. coli 2624 (CTX-M-214, O25b
positive); lane 10, E. coli 2670 (CTX-M-174, O25b positive).
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Appendix 1. MLST analysis of each ESBL-producing E. coli in 2014.

Isolates Allele number Sequence type Sequence type
D adk fumC gyrB icd mdh purA recA T LG Splexes
1348 43 4 15 18 11 7 6 5865 None
1372 53 40 47 13 36 28 29 131 ST131 cplx
1388 429 6 5 16 11 8 7 5703 None
1435 21 35 27 6 5 5 4 69 ST69 cplx
1455 101 88 97 108 26 79 2 457 None
1479 36 24 9 13 17 11 25 73 ST73 cplx
1533 101 88 97 108 26 79 2 457 None
1671 492 40 47 13 36 28 29 5640 None
1672 101 88 97 108 26 79 2 457 None
1714 101 88 97 108 26 79 2 457 None
1718 96 40 13 100 23 28 66 428 None
1784 88 103 19 36 23 44 26 372 None
1803 525 65 5 1 9 13 6 unknown ST NO ST complex
1806 101 88 97 108 26 79 2 457 None
1843 101 88 97 108 26 79 2 457 None
1890 101 88 97 108 26 79 2 457 None
1903 36 14 9 22 17 10 25 unknown ST NO ST complex
1933 53 40 47 13 36 28 29 131 ST131 cplx
1942 53 40 47 13 36 28 29 131 ST131 cplx
1972 53 40 47 13 36 28 29 131 ST131 cplx
1973 13 108 10 97 18 68 93 636 None
1984 101 88 97 108 26 79 2 457 None
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Appendix 2. MLST analysis of each ESBL-producing E. coli in 2015.

Isolates Allele number Sequence type Sequence type
D adk fumC gyrB icd mdh purA recA T LG Splexes
2014 429 29 32 16 11 8 44 unknown ST NO ST complex
2032 92 4 87 96 70 58 2 648 ST648 cplx
2094 92 4 87 96 70 58 2 648 ST648 cplx
2142 4 26 2 25 5 5 19 38 ST38 cplx
2184 429 4 4 16 24 8 14 unknown ST NO ST complex
2219 92 4 87 96 70 58 2 648 ST648 cplx
2222 569 26 2 25 5 5 19 unknown ST NO ST complex
2228 101 88 97 108 26 79 2 457 None
2263 101 88 97 108 26 79 2 457 None
2279 53 40 47 13 36 28 29 131 ST131 cplx
2289 53 40 47 13 36 28 29 131 ST131 cplx
2315 92 4 87 96 70 58 2 648 ST648 cplx
2328 10 11 4 8 8 8 2 10 ST10 cplx
2374 457 65 5 18 11 8 6 unknown ST NO ST complex
2386 457 65 5 1 9 8 6 unknown ST NO ST complex
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Appendix 3. MLST analysis of each ESBL-producing E. coli in 2016.

Isolates Allele number Sequence type Sequence type
D adk fumC gyrB icd mdh purA recA (5T) RLgormpkexes
2433 429 4 14 16 24 8 14 5686 ST155 cplx
2441 101 88 97 108 26 79 2 457 None
2442 35 37 29 25 4 5 73 405 ST405 cplx
2444 22 4 14 16 24 8 14 unknown ST NO ST complex
2455 569 11 4 8 8 13 19 unknown ST NO ST complex
2465 10 26 2 25 5 5 19 unknown ST NO ST complex
2468 569 26 151 25 5 5 19 unknown ST NO ST complex
2486 43 41 15 90 11 8 6 359 ST101 cplx
2491 4 26 2 25 5 5 19 38 ST38 cplx
2511 14 14 10 200 17 67 79 unknown ST NO ST complex
2520 429 4 14 16 24 8 14 5685 ST155 cplx
2532 53 40 47 13 36 28 29 131 ST131 cplx
2540 4 26 2 25 5 28 19 3429 ST38 cplx
2580 569 26 2 25 5 5 19 unknown ST NO ST complex
2581 569 40 47 25 36 5 29 unknown ST NO ST complex
2586 3 37 29 25 4 5 73 405 ST405 cplx
2588 53 40 47 13 36 28 29 131 ST131 cplx

2595 457 6 33 131 24 8 7 unknown ST NO ST complex
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Appendix 4. MLST analysis of each ESBL-producing E. coli in 2017.

Isolates Allele number Sequence type Sequence type
ID adk fumC gyrB icd mdh purA recA (ST) (ST) complexes
2624 53 40 47 13 36 28 29 131 ST131 cplx
2643 101 88 97 108 26 79 2 457 None
2650 569 26 2 25 5 5 19 unknown ST NO ST complex
2651 4 26 2 25 5 5 19 38 ST38 cplx
2660 101 88 97 108 26 79 2 457 None
2661 101 88 97 108 7 13 2 1674 None
2668 92 4 87 96 70 58 2 648 ST648 cplx
2669 43 41 15 18 11 7 44 5229 ST101 cplx
2670 53 40 47 13 36 28 29 131 ST131 cplx
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