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UPDATED ABSTRACT

BACKGROUND: The purpose of this study was to assess the prevalence, patterns of antibiotic resistance, and molecular Bacterial Is_olates: A total of 5450.EC and 1659 KPN were Colle.C’[ed from January 2907 to Decem_ber TABLE 1. Antimicrobial susceptibility testing of ESBL-E. coli, ESBL-K. pneumoniae and AmpC-E. coli.
characteristics of ESBL-, AmpC-, and KPC-producing EC and Klebsiella pneumoniae (KPN) isolated from Canadian hospitals 2011, inclusive, as part of the ongoing CANWARD national surveillance study [4]. Tertiary-care medical
:neé"_;_’z‘g‘DZSo_ngS%dEZg1a1n-d'”1Céng'V:F-)N were colleted from January 2007 t0 December 2011 as bart of the ondoing CANWARD centers submitted clinically relevant isolates from in- and outpatients attending hospital clinics, medical Cohort (n) MIC (ug/ml) MIC Interpretation®  |Cohort (n) MIC (ug/ml) MIC Interpretation®  |Cohort (n) MIC (ug/ml) MIC Interpretation?
national surveillance study. Antimicrobial susceptibility testing W;ys performed by CLSI broth m?crod"uﬁon_ Tghe gresence of and _surgical wa_rds, emergency rooms, and intensive care units (ICUs) with blood, urine, wound, and Antibiotic MIC:, MICy,, Min. Max. %S %I %R Antibiotic : MIC., MIC,, Min. Max. %S %l %R Antibiotic MIC:, MICy,, Min. Max. %S %l %R
resistance genes in putative ESBL, AmpC, and KPC producers was examined by PCR and sequencing. All confirmed isolates respiratory tract infections. ESBL-K. pneumoniae
were typed by PFGE and identification of EC 025b-ST131 was carried out by allele-specific PCR for the pabB gene. Antimicrobial Susceptibility Testing: Antimicrobial susceptibility testing was performed using the broth ESBL-E. coli (231) (48) AmpC-E. coli (115)
RESULTS: : : - : — microdilution method in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines AMCP 8 16 1 >32 62.3 338 39 AMCP 16 32 2 >32 477 341 18.2 | AMCP 16 >32 1 >32 278 226 496
Cohort | revalence (%) SesiotancelRioNIollgR Genotypic Characterization (CLSI M07-A9, 2012). Minimum inhibitory concentration (MIC) interpretive standards were defined by Cefazolin >128 >128 16  >128 100.0 | Cefazolin >128 >128 16  >128 100.0 | Cefazolin >128 >128 05  >128 09 35 957
Overall 2007 2011 | CIP SXT  GEN MDR  |Family (% of cohort)° Variant (% of family) CLSI M100-S22 breakpoints. Food and drug administration (FDA) breakpoints were used f_or colistin (S: Cefoxitin 8 16 05 >32 818 100 8.2 Cefoxitin 8 >32 2 >32 773 114 114 | Cefoxitin >32 >32 32 >32 100.0
ESBLEC | o 34 710 gas 7014 a5 788 | CLCMWpe(4D)  blacnowss (69.0) =2, (78 =0 pephill) el geselie (S8 =2, 2 2, (RE =8 gl WlEelg eEenes (A0I) [ el &2 Ceftriaxone >64  >64 <025 >64 13 1.7 97.0 | Ceftriaxone >64 >64 <025 >64 146 83 774 | Ceftriaxone 8 32 =025 >64 400 26 574
(n=231) p<0.001" SHV-type (3.0) blasny.1z (57.1) reS!SEance tt° ;3 d_?f'fferet”t ?_”t'_m'cg?bl'a'l classes Z”d @t‘)trz”;)e"f\; ug resllSta“‘t’e l(XbPR)P'St ‘t’_ef'”ggB?_S Ceftazidime 16 >32 <05 >32 365 7.3 562 | Ceftazidime >32  >32 1 >32 293 24 683 | Ceftazidime 16 >32 1  >32 432 54 514
SLELLGW g 18 80 o e apg SoR | CRUEgpERER) SR EUY) resistance to 25 different antimicrobial classes, as described by Magiorakos et al. [0]. Putative ESBL- Cefepime 8  >32 <1 >32 532 249 219 | Cefepime 8  >32 =1 >32 579 7.9 342 | Cefepime <025 1 <025 >32 %6 11 23
(n=48) ' p=0.047* - ' ' p=NS SHV-type (62.5) blasiv.11 (43.3) producers were identified as any EC or KPN isolate with a ceftriaxone and/or ceftazidime MIC of 21 ug/ TZPb 4 16 % 512 931 48 5 T7Pb 16 256 5 512 667 188 146 | Tzpv 4 16 = 256 913 70 17
AmpC-EC 07 29 33.9 _ ml and were phenotypically confirmed by CLSI disk diffusion methods. Putative AmpC-hyperproducers ' ' ' ' ' ' ' ' '
(n:115) 26 0=0.004" 374 339 165 £<0.001" Acquired (56.5) blacuy-2 (98.5) were identified as any EC with a cefoxitin MIC of 232 ug/ml. I\E/Irtapenem ig?g <00.2152 ig?g 411 1907640 1.3 1.3 II\E/Irtapenem <0(50162 <8.?2 ig?g , 11 , 19070.70 2.3 II\E/lrtapenem iggg <0(52056 iggg . 11 , 1907640 2.6
2 P-value comparing the rate of ESBL-EC, ESBL-KPN, and AmpC-EC from 2007-2011; * denotes statistical significance Molecular Characterization: All phenotypically confirmed ESBL-producing isolates were further eropenem Y Ny - ' eropenem e Ny e ' ' eropenem - g - ' :
(p<0.05) characterized by PCR and sequencing for the detection of blag,,, blargy, blacry and blagy, genes [7]. Ciprofloxacin >16  >16 <0.06 >16 108 09 883 | Ciprofioxacin 8  >16 <0.06 >16 271 104 625 | Ciprofloxacin <0.06 >16 <0.06 >16 61.7 09 37.4
P %R: % resistant, CIP: ciprofloxacin, SXT: trimethoprim-sulfamethoxazole, GEN: gentamicin, MDR: multi-drug resistant All putative AmpC-producing EC were screened for genes encoding the blagyr, blapy,, blagoy and blagr Amikacin 4 16 <2 >64 95.7 3.9 0.4 Amikacin =2 32 =2 >64 89.6 2.1 8.3 Amikacin 2 4 =2 >64 98.3 1.7
(resistance to 23 # antimicrobial classes); P-value comparing %MDR with ESBL-EC, NS: not significant groups of AmpC acquired enzymes using a previously described multiplex PCR [8]. Isolates negative for Gentamicin 4 >32 <0.5 >32 511 04 48.5 Gentamicin 2 >32 <0.5 >32 52.1 47.9 Gentamicin <0.5 32 <0.5 >32 83.5 16.5
© SHV-type includes all non-blasyy.1 variants; AmpC-EC examined for the presence of acquired AmpC genes and for promoter/ all acquired AmpC p-lactamases were analyzed for promoter/attenuator mutations within the Tigecycline 0.5 1 0.12 4 96 04 Tigecycline 1 4 0.5 16 83.3 83 8.3 Tigecycline 0.5 1 0.12 2 100.0
j‘t"enuator mutations W'th'” the Chromos'oma' a"’_’PC ' chromosomal ampC gene [9]. Any EC or KPN with an ertapenem MIC of 20.12 ug/ml was screened for SXTP >8 >8  <0.12 >8 29.9 70.1 SXTP >8 >8  <0.12 >8 31.3 68.8 | SXTP 0.25 >8  <0.12 >8 66.1 33.9
hejnesieommonliariant OfSaCh defined fam"yohas been listed _ _ _ _ the production of bla,sc by PCR and sequencing [10]. Following genomic extraction and Xbal digestion, Colistin 0.5 1 <0.06 4 99.6 0.4 Colistin 0.5 1 0.25 >16 97.7 2.3 Colistin 025 05 0.12 1 100.0
U2 mefesy eif SSElAEE et Ample sl (Figte), et ESBLNEN Eesih) remeineel stesepisls [ eelsi, enae, all isolates were typed by pulsed-field gel electrophoresis (PFGE) using a standardized protocol [7]. a%$S: % susceptible, %l: % intermediate, %R: % resistant; PAMC: amoxicillin/clavulanic acid; TZP: piperacillin/tazobactam; SXT: trimethoprim-sulfamethoxazole.
ertapenem, and meropenem. Isolates were generally unrelated by PFGE (<80% similarity), however ST131 was identified Sequence type (ST) 131 was identified with an allele specific PCR for the pabB gene as previously
among 55.8% and 27.8% (p<0.001) of ESBL-EC and AmpC-EC, respectively. Significant predictors of ESBL-EC infections ; . . . c . c ] ] c ] . c .
amang T o y(:ars (OR\): e b R g), S ol I el described by Clermont etal. [11]. . _ . TABLE 2. Patient demographics associated with ESBL-E. coll, TABLE 3. Resistance profile and patient demographics TABLE 4. Genotypic characterization of ESBL-E. coli, ESBL-K.
was identified in 0.04% (n=2) of EC and 0.06% (n=1) of KPN, all of which contained blaypc.s. Statistical Analysis: Statistical significance was calculated by the chi-squared test, binary logistic ESBL-K. pneumoniae, and AmpC-E. coli infections. associated with KPC-E. coli and KPC-K. pneumoniae. pneumoniae, and AmpC-E. coli.
CONCLUSION: The prevalence of ESBL-EC, ESBL-KPN, and AmpC-EC increased significantly across the study period, regression, or the Fisher exact test using the SPSS statistics (Version 20) program (IBM Corporation). o , ; ,
while the prevalence of KPC-producing EC and KPN remained low (<1%). As compared to AmpC-EC, ESBL-EC were Parameter Cohort: % (no. in cohort/total no. collected) Parameter KPC-E. coli (2) KPC-K. pneumoniae (1) Cohort (n) Genotype No. (%)
significantly associated with MDR and the ST131 clone. ESBL-E. coli AmpC-E. coli ESBL-K. MIC (ug/ml) Interpretation  MIC (ug/ml) Interpretation '
Value (n=231) (n=115) pneumo. (n=48) Susceptbility CTX-M-3 2 (0.9)
BAC KG RO U N D Gender AMC >32, >32 R, R >32 R CTX-M-14 45 (19.5)
. A national increase in the prevalence of ESBL-EC, ESBL-KPN, and AmpC-EC was observed across Male 4.9 (104/2120) ~ 2.6 (46/1737) 3.3 (30/906) Cefazolin >128, >128 R,R >128 R CTX-M-15 153 (66.2)
the study period while the prevalence of KPC-producing isolates remained <1.0%. A zimeaelss) 3.8 (127/3330) 2.5(69/2711) 2.4 (18/753) Cefoxitin 16, 16 | >32 R CTX-M-24 2 (0.9)
The beta-lactams (penicillins, cephalosporins, carbapenems, and monobactams) comprise over 60% of * The national rate of ESBL-EC and ESBL-KPN reached maximum incidence in 2011 with g<1;/ 1.0 (6/576) 2.2 (10/446) 3.9 (6/155) Ceftriaxone 32,64 R.R >04 R ESBL-E. coli CTX-M-27 15(6.5)
the global antibiotic market [1].  Within this class, the oxyimino-cephalosporins and carbapenems ESBL-EC demonstrating a significant increase as compared to 2010. s : - - Ceftazidime  >32,>32 R,R >32 R (231) CTX-M-65 1(0.4)
represent extremely important agents for the treatment of serious community- and hospital-acquired 2. ESBL-EC are generally polyclonal by PFGE, however ST131 was identified in 55.8% of isolates. 18'64 jg (?gg/;gg()) ;g (232?5251) jg (?Zg;;) TZP 128, 256 R, R 512 R SHV-2a 3(1.3)
infections [2]. Thou_gh bacterial susceptibility to b_eta-lactam agents can become compromised through a . The rate of ST131 increased significantly among ESBL-EC across the study period and Hoggﬁal Location 9 ( ) 6 ( ) 8( ) II\E/lrtapenem f :3 I; z 146 E SHV-12 4(1.7)
number of mechanisms, beta-lac_tamase prpductlon represents the single greatest source of bet.a-lact.am ESBL-EC are significantly more likely to belong to the ST131 clone as compared to AmpC- o . CIOREET : ] TEM-12 1(0.4)
resistance among Gram-negative organisms [3]. Members of the Enterobacteriaceae, including EC. Clinic/Office 3.3 (31/943) 1.9 (14/755) 2.1 (4/191) Ciprofloxacin ~ >16, >16 R, R >16 R TEM-12 87 (37.7)
Escherichia coli (EC) and Klebsiella pneumoniae (KPN), are among the top ranked pathogens causing 3. ESBL-EC infections are distributed across all specimen sources. The frequency of ESBL-EC Emergency Room 3.0 (62/2081) 2.0 (35/1716)  1.2(5/433) Amikacin- 32,8 ,S 32 I Unknown 5(2.2)
bacterial disease in Canadian hospitals [4]. Within the Enterobacteriaceae, oxyimino-cephalosporin : : . ) . o . Intensive Care Unit 6.1 (31/506) 3.8 (16/420) 4.1 (13/318) Gentamicin >32, 2 R, S 8 S CTX-M-2 1(2.1)
resistance is largely attributable to the production of extended-spectrum beta-lactamases (ESBLs) and infections isolated from respiratory specimens was significantly higher as compared to blood and Medical Ward 5.8 (89/1543) 3.2 (40/1268) 4.0 (22/547) Ti li 0.5, 0.25 S S 2 S
) h ! urine sources (p=0.022 and p=0.006, respectively), while all other comparisons were non-significant. ( ' ' ' Igecyciine 9, U. , CTX-M-3 1(2.1)
AmpC beta-lactamases, able to hydrolyze a variety of beta-lactams including the extended-spectrum , v _ _ _ _ Surgical Ward 4.8 (18/377) 3.5 (10/289) 2.4 (4/170) SXT >8, >8 R, R >8 R CTX-M-14 5 (10.4)
cephalosporins and monobactams. Furthermore, beta-lactamases with carbapenemase activity (e.g. 4. CTX-M-type ESBLs represent the dominant family in Canadian hospitals with CTX-M-15 being the Specimen Source Colistin 0.5.0.25 S.S 0.25 S CTXM-15 24 (50)
blaypc) have emerged worldwide and now threaten the use of the carbapenems. Infections caused by g e Vel Blood 4.2 (116/2733) 2.4 (59/2413) 2.7 (24/890) Demographics CTX-M-27 1(2.1
these organisms hold serious implications for both public health and infection control practices. Such * 37.7% of ESBL-EC and 41.7% of ESBL-EKPN co-expressed TEM-1. - JEL e (2.1)
) . . . ) 7. ) . : Urine 3.8 (81/2141) 2.5 (40/1579) 3.5 (13/372) Year 2010, 2011 2009 SHV-2 1(2.1)
infections are often associated with delays in the administration of effective therapy, as beta-lactam 5. 56.6% of AmpC-EC produced an acquired AmpC beta-lactamase, of which 98.5% produced CMY-2 Wound 4.1 (8/197) 3.7 (6/162) 3.8 (3/80) Region e Ontario v ) 8.3
resistance often undermines empiric therapy [2,5]. Furthermore, the frequent association of such and 1.5% produced FOX-5. . 6.9 (26/379 3.4 (10/294 2 5(8/317 9 ! el (8.3)
organisms with multi-drug resistance severely limits available treatment options. As a result, patients are 0 0 - i Respiratory 2 ) =l ) S| ) Gender Male, Male Female ESBL-K. pneumo.  [SHV-5 1(2.1)

: . . | . . , . 6. ESBL-EC and ESBL-KPN are frequently MDR (78.8% and 68.8%, respectively) and are significantly Multi-Drug Resistance Age 77,74 67 (48) SHV-11 13 (27.1)
subject to increased length of hospital stay, increased hospital cost, as well as an elevated risk of more likely to be MDR as compared to AmpC-EC (33.9%), while ESBL-KPN (10.4%) are significantly :
infection-related mortality [2]. : o o . MDR 78.8 (182/231)  33.9 (39/115)  68.8 (33/48) Source Resp., Resp. Blood SHV-12 7 (14.6)

more likely to be XDR as compared to ESBL-EC and AmpC-EC (2.6% and 0.0%, respectively). . .
. Qe , XDR 2.6 (6/231) 0.0 (0/115) 10.4 (5/48) Location ICU, ICU Medical Ward SHV-28 1(2.1)
The purpose of this study was to assess the prevalence, patterns of antibiotic resistance, and molecular 7. The majority of ESBL-EC (>95%), AmpC-EC (>98%), and ESBL-KPN (>89%) remained susceptible _ :
characteristics of ESBL-, AmpC-, and KPC-producing EC and KPN isolated from Canadian hospitals ' najortty of & o) FAMP i ° P E. coliO25b ST131  55.8 (129/231)  27.8 (32/115) E. Coli ST131 POS, POS Not Applicable SHV-31 1(2.1)
. . to colistin, amikacin, ertapenem, and meropenem.
between 2007 and 2011, inclusive. SHV-108 1(2.1)
: . . . SHV-12 17 (35.4
TABLE 5. The national prevalence of ESBL-E. coli, ESBL-K. pneumoniae and AmpC-E. coli from 2007-2011. _1a (354)
TEM-1 20 (41.7)
AC KN OWL E D G M E N TS Cohort (n) CANWARD Study Year: % (no. in cohort/total no. of species collected) ____________ ; P-value®® Unknown 4 (8.3)
131 Poole K. Gl Mol Lie Sci. 2004, 61:2200-2225. 4] Zhanel GG, Adarn FLJ. Low DE et al. Diagn icrobio Infoct Dis, 2011 ESBL-E. coli (231) 2040(753/1560) 421090?55/1131) 421030?47/1097) 3091 ?30/1017) 5011 246/645) E421020(72_5?/152450) 0.001 AMpC-E. col ﬁhmm“;’ m?-l ATPe 50 (43.5)
. ) . . . . . . ) oole K. Cell Mol Life Sci. . 61: - i ane , Adam HJ, Low et al. Diagn Microbiol Infect Dis. i -E. coli . . . . il. 4. <0. mpC-E. coli yperproduction
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