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In this study, 185 cefotaxime-resistant Escherichia coli were isolated from different stages of a waste-
water treatment plant (WWTP) in Daegu in Korea. Among them, 99.5% (184 isolates) originated from
raw sewage and 0.5% (1 isolates) from the final effluent. Cefotaxime-resistant E. coli were high re-
sistant to ampicillin, piperacillin, cefazolin, cephalothin, cefachlor and cefamandole (99.5~100%).
About 93% of the cefotaxime-resistant E. coli were extended-spectrum [-lactamases (ESBL)- producing
E. coli. The blargm+ctx gene was the most predominant of the ESBL genes (72.5%), followed by
blactx-m (16.2%), blarem (8.7%), blaremicrxssnv (1.1%), blatemssuv, blatemsoxa, and blatemscrxssuv
(respectvely 0.5%). Class 1 and 2 integron were found in 49.7% and class 3 integron was not found.
All of integron positive isolates were multiresistant (i.e. resistant to four or more antibiotics). Our find-
ings showed WWTP is contaminated with antibiotic resistant bacteria with resistance genes.
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of|7}A] EAFE]AL Qloj(Ash &, 2002; Moura 5, 2007,
Ferreira da Silva 5, 2010; Reinthaler %, 2010) 4|7}
&3l itk 58] ESBL vt 7129 B-lactam7|
S} A Bt ol 2} cefotaxime (CTX), ceftazidime (CAZ)
I} aztreonam -2 A 3A|H FFAEol A= W
A& 7}A| 3l ¢lth(Bradford, 2001; Patersoni} Bonomo,
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colio]| A integron} ESBLE] E4Jof tfsf Bi7} Har
QItHKim %, 2008; Jang %, 2013; Cho &, 2014). 1
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AEA = ohg 37°CollA 18A17F ujFat it E.
coli O AE B T 4~ Heistol
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APHS ol g3t AASHAT, YA olRi Clinical
and Laboratory Standards Institute (CLSIL, 2012)9] 7|&
of weh BESch AR FAA H2Z(Oxoid
UK)+= ampicillin (10 pg), piperacillin (100 pg), ampi-
cillin/sulbactam  (10/10 pg), piperacillin/tazobactam
(100/10 pg), ticarcillin/clavulanic acid (75/10 pg), ceph-
alothin (30 pg), cefepime (30 pg), cefotaxime (30 pg),
cefoxitin (30 pg), ceftazidime (30 pg), cefamandole (30
ug), aztreonam (30 pg) L imipenem (10 ug) 5 14%
ojgith. FA Hrd AldE fI BEAFE E
coli ATCC 259225 Al&35l4tt 3HH ESBL A o
F9] gelS Y3l cefotaxime/clavulanic acid (CTX-CA,
30/10 ug)e} ceftazidime/clavulanic acid (CAZ-CA,

30/10 pg)oll A= A AA ABL AAE
Gt} 3 5 A B4 BelE 7= X FNA 7
S Aol AT AL 109 wRvE A At
= ol gsterk

Genomic DNA F=

FAo] 3t genomic DNA £ boilingH]
(Mazel S, 200002 AA|3}9ic}. 7hcha] Awsbw,
tryptic soy broth (Oxoid, UK)Oﬂ HZ3}o] 37°Col|A] 18
~24A17 A vjrelel e @ ol 10 mLE
13,000 ol 287F LT F AEAE A
3OS WF SR 05 mLE A B

13,000 rpmof]
F5ko] template

ol

PCR

B-lactamase -G A}2} integron HES $|%t primers
L A2k Bioneer, Tl SlZste] T4 AR
CH(Table 1). PCR 4¥h2-2 2X TOPsimple DyeMix
(aliquot)-HOT (Enzynomics, Korea)of] Z}2+2] 10 pmol
primer 1 uL®} template DNA 1 ulL& ¥2 & H44
SReE A7l AF W] 20 uLt HA)
o] Tprofessional Thermal Cycler (Biometra, Germany)
g olgsiol saAsielc.

blarem, blaoxa, blasay L blactxm 4] 5A A
=2 93 multiplex PCR Fang 5(2008)2] HI¥H o
w}z} 95°Co|A] 1587k % 7] denaturation 3, 94°Coj| A]
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302, 62°CollA] 90%, 72°Co| A 602 ZACR = 30
cycle2 =343t T} 72°Cof|A] 10E57F 2|3 extention
AA5}A ) Class 1, 2 ¥ 3 integron®] TA| HE
%t multiplex PCR-2 Mazel 5(2000)2] ®Hof u}
gl 94°Co)| A 587F %7] denaturation 3=, 94°Col|A] 30
%, 62°Coll Al 30%, 72°CollA] 60x ZHCE & 30
cycleS 433t o} 72°Coj|A] 857} 2= extention
AT FEE A2 1.2% agarose geloll A1 100
V& 3087 71952 A3 3 UV transiluminator
(Biometra, Germany)E& ©]-83}o] &213}ict.

tlo flo

SYH 2+ AE

R R RIE PR R e
I85F(Fr Y= 1845 ‘%HET—’F, 199 CTX WA E
coli& BT, o5 FHE dhAom et B4y
A A AEL NS A3k Table 29F 2.
PenicillinA| &}4Y ] 74~ ampicillin®]] 100%, piper-
acillin®]] 98.9%9] =& WAES YeEldcth B-lacta-
mase AA|A| L] L amplcllhn/sulbactamoﬂ 46.5%, am-

picillin/clavulanic acid®l 16.8%, 18]l ticarcillin/clav-
Table 1. Primers used for detection of 3-lactamases genes and integrons in the multiplex PCR
Primer name Sequence ('S5 to '3) Size (bp) Reference
TEM-F CGC CGC ATA CAC TAT TCT CAG AAT GA 445 Fang et al (2008)
TEM-R ACG CTC ACC GGC TCC AGATTT AT
SHV-F CTT TAT CGG CCC TCA CTC AA 237 Fang et al (2008)
SHV-R AGG TGC TCA TCA TGG GAA AG
CTX-M ATG TGC AGY ACC AGT AAR GTK ATG GC 593 Fang et al (2008)
CTX-M TGG GTR AAR TAR GTS ACC AGA AYC AGC GG
OXA-F ACA CAATAC ATATCAACT TCG C 813 Fang et al (2008)
OXA-R AGT GTG TTT AGA ATG GTG ATC
intI I-F GGG TCA AGG ATC TGG ATT TCG 483 Mazel et al (2000)
intT I-R ACA TGC GTG TAA ATC ATC GTC G
int12-F CAC GGA TAT GCG ACA AAAAGGT 788 Mazel et al (2000)
int12-R GTA GCA AAC GAG TGA CGA AAT G
int I 3-F GCC TCC GGC AGC GAC TTT CAG 1,042 Mazel et al (2000)
intI3-R ACG GAT CTG CCA AAC CTG ACT

Table 2, Antimicrobial resistance patterns of 185 cefotaxime-resistant E. coli

Zone diameter* (mm)

No. (%) of resistant strains

Classification Antimicrobial agents
S I R S (%) 1 (%) R (%)
Penicillins Ampicillin =17 14~16 <13 0(0) 0(0) 185 (100)
Piperacillin =21 18~20 =17 0(0) 2(1.]) 183 (98.9)
B-lactamase inhibitors Ampcillin/clavulanic acid =18 14~17 <13 115 (62.2) 39 (21.1) 31(16.8)
Ampicillin/sulbactam =15 12~14 <11 45(24.3) 54(29.2) 86 (46.5)
Ticarcillin/clavulanic acid =20 15~19 <14 67 (36.2) 103 (55.7) 15(8.1)
Cephems Cefazolin =23 20~22 =19 0(0) 0(0) 185 (100)
Cephalothin =18 15~17 <14 0(0) 0(0) 185 (100)
Cefachlor =18 15~17 <14 0(0) 2(1.1) 183 (98.9)
Cefamandole =18 15~17 <14 1(0.5) 0(0) 184 (99.5)
Cefoxitin =18 15~17 <14 159 (85.9) 52.7) 21 (11.4)
Ceftazidime =21 18~20 <17 91 (49.2) 38(20.5) 56 (30.3)
Cefepime =18 15~17 <14 68 (36.8) 74 (37.8) 43 (23.2)
Carbapenems Imipenem =23 20~22 <19 185 (100) 0(0) 0(0)
Monobactams Aztreonam =21 18~20 <17 20 (10.8) 70 (37.8) 95(51.4)

*S, susceptible; I, intermediate; R, resistant.
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Table 3. Phenotypes of antimicrobial resistance in 185 CTX-
resistant E. coli

Table 4, Prevalence of B-lactamase genes and integrons in 185
cefotaxime-resistant E. coli

Multiplicity of resistance No. of isolates (%)

No. of B-lactamase genes (%) No. of integrons (%)

12 1(0.5)
11 7(3.8)
10 6(32)
9 17(9.2)
8 31 (16.8)
7 33(17.8)
6 40 (21.6)
5 48 (26.0)
4 2(1.1)
Total 185 (100)

blarem 16 (8.7) intl1 90 (48.7)
blacrxm 30(16.2) intl2 1(0.5)
blaremscrxm 134 (72.5) intl3 -
blaremsoxa 1(0.5) intl1+int12 1(0.5)
blatemssuv 1(0.5) Not detected 93 (50.3)
blatem:crx+suv 2(1.1)

blatemcrx+oxa 1(0.5)

Total 185 (100) Total 185 (100)

ulanic acidof| 8.1%2] Y& e $t) Cephem”|
9] AL cefazolind} cephalothin®] tsto]= A w57}
WAS e} 9l a1, cefamandoled} cefachloro] o5}
= 27} 99.5%2F 98.9%9] =2 WAES Ut it
HhH  ceftazidime, cefepime 2 cefoxitino]+= Z+2z;
30.3%, 23.2% 2 114%9] W&o WSS Uehygl).
Monobactam#| ¢1 aztreonamo]| = 51.4%2] WAES U
Ef @l oy}, carbapenems#| Q] imipenemo] Td}o]=
AR B e UESleh SAIRE 185 &
1713(92.4%)= CTX#} CTX-CA EX CAZi} CAZ-
CA T 231 Afolo| A AFaTte] ofat olAlee] =17]
7bS mm oj4fe® P ESBL AMEFR $U4
oAl 1705%(91.9%), HFollAl 1550.5%)7F H=5]
ATk

ot Aol A CTX WA E. coliv= 25 45 o4
o] oFAlof A& veEtl e, 1 F SA W/dtol
26.0%2 71 wkom, thg 641(21.6%), 7A1(17.8%).
841(16.8%), 941(9.2%) =°]ItKTable 3).

Integron ¥ B-lactamase {TXI0] =S Yt
PCR

Z 18559 CTX YA E. colis A S 2 integrons
(class 1, 2 ¥ 3 integron)¥} B-lactamase -3 XH(blarem,
blasuv, blaoxa 2 blacrxm)®] HAES $138l multiplex
PCR-E AA|gE A= Table 49} 7S}t

Integron> CTX WA E. coli®] 925(49.7%)° A 3
ZZ9o ), o] = class 1 integron®| 905(48.7%)=
71 wWo] AEE A, TS class 2 integron 2 class
142 integron©] Z}ZF 155(0.5%)0l A HEZ= At ¥
class 3 integronS AL A oFolch
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CTX WA E. coli®] AZF7} 3t 25 o|A}2] B-lacta-
mase FAAS 7HAAL QAATh blaremcrxm AR}
13455(72.5%) 2 71 ol HEE AL, o3 blacrxm
3055(16.2%), blatem 165(8.7%), blatemictxmisuy 25

(1-1%), blaremisuv, blatemoxa 5"4 blarem+crx-mroxa ‘r?‘;ﬂ
A7 242E 150.5%)0) 02 HEE T

70

A elol e 117) sieAeiAe] eldeh u
FrEEE F 18559 CTX WA E. coli7} £ % %
t}. B-lactam#| FAYA|= B-lactamto] 7h=E = <l
off st oA A=y Ay ek AEe
Hagtrpal A QUTHLIQF Zhang, 2011). B| S ©]
oA A FHeA e fAet Wl A
CTX WA E. colio| W3t #4= SH5HA AR,
1855:9] CTX WA E. coli & @A 15 Hho] Wi
oA HEE FA WA AN BA FrEe
TEutdos wny gas Ao Az,

o) Ao A CTX WA E. coli+= ampicillin, piper-
acillin, cefazolin, cephalothin, cefachlor 2 cefamandole
of alAE 995~100%0] ol2E e AR,
ampicillin/sulbactam} aztreonamol = Z}zF 46.5%%2}
51.4%9 $5=9 WAES 1eal YA oAl
e As e WAE0~303%)S UEH I 22
7HA oA HleA gt o2 #eE CTX
of WAl E coliz thdes A WA Aol
rEIE= oy Ry tiA] gl el A A 2
H A% Rt YE4T 25don 29 Soin
th= e 288 & o, o3t A= Kim 5(2012)
3} Cho 5(2014)0] 113t A& 3} vl Al FARSH 2
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Integron& 5= 7+ o2] 74A] WA FAAE A
oA AW o] S8 A 5t
Aog dHA QIrth(Mokracka 5, 2012; Koczura 5,
2012). o AFo A= CTX WA E. coli= 5T 4%
o]Fe] ofAle] WS 3l thAAdHeldt &
integrons-> CTX WAl E. coli®] 49.7%°) A A=A
o, o3t Ai= Al skA 2R ol|A] Koczura
£(2012)0] E coliof A 11.0%, £33 51422 2] 2o]| A]
Moura 5(2007)2] Enterobacteriaceae®} Aeromonas
spp.oll A 35%2] JAETt =ttt W =] g2
7ol Al 65.2% (Chen -5, 2010) B H-571} o7} o
A 61.4% (Cho S, 2014)Kc} wrorch 12} o]d
AFo A= CTX WA E colithE A S 2 integron
o A2 VAR o ATAS) Amel uw A Al

o 1=

Mo

f

oiN 1

71% a7t Qi
o] &Ll A integrons = class 1 integron®] 7}3F
Wo| HAZ=E 0], integrons®] - AHGlo] class 1

integron-2 class 22} 3 integron 2.t} ¢ Wo| A=ZEQ
O wugh ol gAse] Assh Axshert
(Moura 5, 2007; Laroche &, 2009; Koczura -5, 2012).
s olaa 414 S T AAAAE 9 AEel A 4
=S4 A7l vlu &) & o, Yu 5(2003)0] xS
tfag Aol A E2E E coliof 4] 54% 2 Kang &
(2005b)o] = 2| Al Ee]H E. coliol A 64.4%2] /J4
Br= Wgko), Kang 5(2005a)0] AFEE F=of| A
B E coliof A 11.4~423%KE = =A1L} v]=35}
At

+=23514 U E2A8l= E. coliof| A class 22} 3 in-
tegrons®] FEol| WIHE = A9 gtk 1 class
2 integronS E-§-FHol 9%t Seine estuary=HE| £
Y= E coli® 1.4% (Laroche 5, 2009), A&} 5&
SajoA BE E coli® 1.4% (Kang 5, 2005b;
Cocchi &, 2007)2] A& I= FASEITE o] A}
oA class 3 integronS HEZE A $¥rthLaroche %,
2009; Su 5, 2012) $FH o] AFof|A] integrase gene
Ul gene cassettesol] thgt w42 AAJEEA] gtk 3F
F 27149 AT} olstoi Aol B Aoz Azt

CTX WA E. coli® 92.4%%= CTXe} CTX-CA =
CAZ9} CAZ-CA t2=ALo]of| A A5 ito] o3t ¢
Ao =717 5 mm o]F o= ke ESBL A+t
Fo]qltt. o= oW Atoll Al CTXol WAdQl E. coli
ool ESBL A4l fstol A SS9 es
oJujgtct 3t CTX WA E. coliol| A blactsa, blatew,
blaoxa X blasgy 72+-& B-lactamase -3-AA7F A&E

on, o5 §AAL ofn] YAVIEE mut ohjet
=Wl 7, P Sl Bk ar ekKim -5, 2008;
Jang 5, 2013; Cho, 2014; Kang -5, 2005b; Lee <5,
2009; Cho &, 2011).
Plasmido]] 2J3ff {7 =]
77 ESBL & 7} &3]
of A CTXe] /gl

& ESBL-2 plasmidof Q&) w7l Ew 7fBsl 713
5ol 9 oA Eol4e] TEME |y SHVE ESBL}
S AFSFR| UL, ceftazidime 2 U= cefotaxime©]] st 714>
23l 2ol o et 54Jo] Sltk(Paterson} Bonomo,
2005). o dAFA = CTX WA E. coliv= ceftazi-
dimeo] thaA= 30.3%5to] WA Ve T

ot ALl Al blactxm (90.3%)1t blarem (83.2%)F
FAAZE 7V ol AEEHeH, i dFolA=
blaoxa R blasnvd A= HEZES olHgt 4
= ol AFAES Ayl dAFTHLu 5,
2010; Chen 5, 2010; Dhanji 5, 2011; Jang -5, 2013;
Cho, 2014). E3] CTX WA E. coli®] %= F £F
o]/} B-lactamase FHAFE FAlol 7HAAL Sl
o]= ESBL 47} plasmidE -§35to] o} 2 HOo=
7 AatE 4 S-S oJu|gtt(Bradford, 2001). ©]
H AL A AEE blarem, blactxm blasyy 2 blaoxa
ol dslix= F7H Q1 2ARE &3 AR 78
o] ad Zo=w HAFCL

ol Aol At HeH e Fdre CTX WA
E. coliz 20| ¥o] QI E3t o]5 #& U0
U A7HE SOl AN SR X] oAl F S ol 7HA]
sHibElo] E2AskaL Q& Eelskiit L
et WA AR A e Yep g
Bog Widtol Huto] Fagt oaks 3} e
sheA e 2E WRaert A shde 2]
o7} Aot HYPES TR AMEE X A
He o sk 2ol A1) YA WAdwte] i
a5 9t & nido] et

2

= 4y
2 ofy
I

o
1=
=
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QA gt ASANG ALY fese
WRaolA E I8STE(GUS 1845 FRAE 15
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YA 1423 A9, integrons Bl B-lactamase 514}
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o AEZ AARE At o33 Zrh

CTX WA E. coli= ampicillin, cefazolin, cepha-
lothin, cefamandole, piperacillin 2 cefachloro] =& U
A& e, A1 4% o] Aol Wi
etk CTX WA E coli® 92.4% (171F)7}
ESBL A/dtF=olqlen, FAlxt 257t 3k F7 ©]
9] B-lactamase -F-AAE 7HA| AL QUSIT}. blatemicrxm
FRAR7E 13455(72.5%) = 7H Wol AEH AL o
blacrx 307(16.2%), blarpn 1675(8.7%), blarpwcrxssiy
255(1.1%), blatemssny, blatemoxa L blatemscrxroxa F+
ARy 242F 1550.5%) 9] =22 =5 Stk Integron
L 923(49.7%)° A AEERCH, o] = class 1 in-
tegron®] 90:(48.7%) = 7Hd Wol A=A, the
class 2 integron % class 1+2 integron®| Z}Z} 15
(0.5%)°lA] A==tk o] ZARJA class 3 in-

tegron HEEA] Ak
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