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UPDATED ABSTRACT

Objective: The purpose of this study was to assess the antimicrobial susceptibility patterns of bacterial

Units from 2007 to 2014: Results of the CANWARD Study

and the CANADIAN ANTIMICROBIAL RESISTANCE ALLIANCE (CARA)
ent of Internal Medicine, “Department of Medical Microbiology, University of Manitoba, 3Diagnostic Services Manitoba, Winnipeg, MB, Canada

MATERIALS & METHODS

Bacterial Isolates: A total of 36,607 bacterial isolates (isolated from blood, urine, wound, and
respiratory specimens) were submitted by tertiary-care medical centres from January 2007 to

Table 1. Antimicrobial susceptibility testing of Gram-negative and Gram-positive pathogens isolated from Canadian ICUs.
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pathogens isolated from Canadian ICUs from 2007 to 2014. . . . ) : Organism (n) MIC (ug/ml) Organism (n) MIC (pg/ml) Organism (n) MIC (ug/ml) Organism (n) MIC (pg/ml)
Methods: From 2007 to 2014 inclusive, tertiary care centres from across Canada submitted 36,607 I?lecember 2014, |gclu3|ve, ?S part (_)f the Odngf"”g CANV\_/ARD_natlonaI su_rvellrllance g_tudly [2]. Of Antimicrobial %S %l %R MICsy MICg Min  Max | Antimicrobial %S %l %R  MICsy MICeqy Min  Max | Antimicrobial %S %l %R MICsy MICe Min  Max |Antimicrobial %S %l %R MICsy MICey Min  Max
bacterial isolates as part of the Canadian ward surveillance study (CANWARD). Of these, 6,978 these, 6,978 (19.1%) were from patients admitted to an intensive care unit. The medical centres P.aeruginosa (724) E. coli (718) K. pneumoniae (439) H. influenzae (351)
(19.1%) were from patients on ICUs. Bacterial isolates were collected from blood, urine, wound, and HiElE askeq to. _Sme't .cllnlcal |50|§lt95 (cc_)nsecutlve, one per p_atlent,. per infection §|te) that were Amikacin 954 1.9 26 4 16 <2  >64 |Amikacin 990 1.0 <2 4 <2 32 |Amikacin 99.8 02 <2 <2 <2 >64 |AMC 99.4 06 05 2 <006 8
respiratory Specimens_ Suscept|b|||ty testing was carried out using Clinical and Labora‘[ory Standards “Cllnlca"y Slgnlflcant” (|e. from patlents with a.pl’esumed |nfeCt|O!JS d|sease) SurV6I||anC§ Swabs, AMC > 32 > 32 0.5 >32 |AMC 77.4 13.0 9.6 8 16 0.5 >32 |AMC 92.3 4.2 3.5 2 8 0.5 > 32 [Ampicillin 80.1 0.6 19.3 <0.25 16 <0.25 >128
Institute (CLSI) guidelines. Minimum inhibitory concentration interpretive criteria were defined by CLSI ear, eye, nose, and throat swabs were not included. Anaerobic organisms were not included. Cefazolin >128 >128 <0.5 > 128 |Cefazolin 60.1 125 274 2 >128 <05 >128 |Cefazolin 797 6.4 139 2 16 <05 > 128 |Cefepime 100.0 <025 <025 <025 2
breakpoints. Isolates were Sh|pped on Amies semi-solid transport media to the Health Sciences Centre CefoxiFir? > 32 > 32 4 > 32 Cefoxi?irr 87.2 5.5 7.3 4 16 <0.06 >32 Cefoxi?irr 89.1 4.0 6.9 4 16 0.5 > 32 Ceftriaxgne 100.0 <0.06 <0.06 =<0.06 1
Results: Of the 6,978 bacterial pathogens collected in this study, 57.1%, 37.1%, 3.2%, and 2.6% of Iaboratory in Winnipeg, MB, Canada. Isolates were subcultured onto appropriate media and gega-mdlme 77.0 6.6 16.4 342 3624 S<0:|5 >2£21r ge;:aydme 2;; ;2 122 S<0,i5 12 S<0'i5 >2‘21 ge;:aydme gi; 0.6 g; S<0,i5 <11 S<0’i5 >2jr g.efurfclmme. 19070.20 2.1 0.6 <g.g>15<02015<S006%]55 ;ég
H . H H . . . . . . o . .. . - . . . efrtrraxone > s > ertriaxone . . . s s > ertriaxone . . s Y Y > Iprofioxacin . s U. s U S V. .
!so:a:ez \f/vere gom (rje_spllrgtgry, bloqu,twor:nld, i) T spec;nieg;, r(;specélvely. Ul it ie orglaé)nf(;n S stocked in skim milk at -80" C until minimum inhibitory concentration (MIC) testing was carried Ciprofloxacin 747 83 170 025 8 <006 >16 [Ciprofloxacin 727 04 268 <006 >16 <006 >16 |Ciprofioxacin 943 18 39 <006 05 <006 >16 |Clarithromycin 894 94 12 4 16 <003 32
Io)ielis romo SR ST s ey }’OCOCC‘;S aureus (21.0%), Pseudomonas aeoruglnosa( A%), out. Colistin 94.5 55 1 2 <006 >16 |Colistin 98.9 11 025 05 <006 >16 |Colistin 97.5 25 05 1 <006 >16 |Doxycycline <025 1 <025 4
E. coli (10.3%), Streptococcus pneumoniae (6.8%), and KI;ebS|eIIa pneumoniae (6.3%). Suscept'b'“:y Antimicrobial Susceptibility Testing: Following 2 subcultures from frozen stock, in vitro Ertapenem 16 >32 012 >32 [Ertapenem 986 0.6 08 <006 006 <006 >32 [Ertapenem 993 0.7 <006 <006 <0.06 1 |Ertapenem  99.7 03 <003 012 <003 >4
rates (SR) for MRSA were: 100/9 vancomycin (VAN), 109/0 teIeyancm, 100% Ime;ohd (LZD), 99.7/9 antimicrobial susceptibility testing was performed using the broth microdilution method in Gentamicin 819 75 106 2 16 <05 >32 |Gentamicin 87.8 0.7 115 <05 32 <05 >32 |Gentamicin 96.8 32 <05 <05 <05 >32 |Gentamicin 1 2 <05 2
daptomycin (DAP_)’ 99.7% tigecycline (TGC), and 49.5% clindamycin (CLD), respectively. SR for E. coli accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI M07-A9). Meropenem  74.0 83 17.7 1 16 =012 >32 |Meropenem 99.9 0.1 =012 =012 <012 32 |Meropenem 100.0 <0.12 <012 <0.12 0.25 [Meropenem 99.7 03 =006 012 <006 2
and K. pneumoniae were: 99.9% meropenem (MER), 98.8% ertapenem (ERT), 97.3% TGC, 94.8% L N SN : - Moxifloxacin 2 >16 <006 >16 |[Moxifloxacin <006 >16 <006 >16 |Moxifloxacin 012 1 <006 16 |Moxifloxacin  100.0 <0.015 0.03 <0015 025
: o o - 0 : of i : Minimum inhibitory concentration interpretive standards were defined by CLSI M100-S24
piperacillin-tazobactam (PTZ), 91.2% gentamicin (GEN), 89.3% ceftriaxone, and 81.0% ciprofloxacin breakpoints. US Eood and d dministrati EDA) breakooint df listin (S: <2 TZP 76.0 144 97 8 64 <1 512 [TzZP 946 1.7 3.8 2 8 <1 >512 |TZP 952 21 27 2 8 <1 >512[TzP 100.0 <1 <1 <1 <1
(CIP), respectively. SR for P. aeruginosa were: 95.4% amikacin, 94.4% colistin, 81.9% GEN, 76.9% r.ezi points. 90_ an _ rug aaministration (‘ ) breakpoints were used for colistin (S: < - Tigecycline 16 >16 025 >16 |[Tigecycline 100.0 0.25 1 0.12 2 |Tigecycline 929 55 16 1 2 0.25 8 [SXT 859 34 107 <012 4 <012 >8
ceftazidime, 75.9% PTZ, 74.9% CIP, and 74.1% MER, respectively. SR for S. pneumoniae were: 99.6% R: 24 ug/ml). Antimicrobial agents were obtained as laboratory grade powders from their SXT 8 >8 <012 >8 [SXT 71.4 286 <012 >8 <012 >8 |SXT 93.6 64 <012 1 <012 >8
levofloxacin, 94.2% CLD, 87.4% doxycycline, 85.9% TMP-SMX, 83.3% penicillin, and 83.2% respective manufacturers. StQCk SOI':J“O”S were prepared a:nd dllut-lonS- made as described by Organism (n) MIC (pg/ml) Organism (n) MIC (pg/ml) Organism (n) MIC (pg/ml) Organism (n) MIC (pg/ml)
ClarithromyCin. Among the 1,453 S. aureus CO”eCted, 21.7% were MRSA, while 9.2% of 716 E. coli CLSI The MICS were determlned USIng 96-We" custom deSIQned microtitre plates These plates Antimicrobial %S %l %R MICsg MICyy Min Max |Antimicrobial %S %l %R MICso  MICy Min Max |Antimicrobial %S %l %R MICso MICqy Min Max |Antimicrobial %S %I %R MICso  MICgo Min Max
produced an ESBL, with the rate of ESBL-producing E. coli increasing from 2.5% in 2007 to 19.1% in contqlned doubling ant!mlcrobla}l dilutions in 190 ul/well of cgtlon adjusted Mueller—Hlntop brpth MSSA (1149) MRSA (317) S. pneumoniae (474) E. faecalis (179)
2014 (P<0.001). _ _ _ - and inoculated to achieve a final concentration of approximately 5 x 10° CFU/ml. Microtitre Cefazolin <05 1 <05 8 [Cefazolin 128 >128 1  >128 |AMC 973 20 07 <006 025 <006 8 |AMC 05 1 012 32
Conclusions: MER, ERT, TGC, and PTZ were the most active agents against Gram-negative bacilli panels were then incubated in ambient air at 35°C (2°C) for 24 hours prior to reading. Colony Ciprofioxacin 897 23 80 05 2 <006 >16 [Ciprofioxacin 158 03 839 >16 >16 025 >16 |Cefriaxone 993 04 02 <012 012 <012 4 [Ciprofioxacin 599 7.3 328 1  >16 025 >16
(susceptibility >94.8%). Against MRSA, SR of >99% were observed for VAN, LZD, TGC, and DAP. The counts were performed periodically to confirm inocula. Quality control was performed using Clarithromycin ~ 77.8 05 216 025 >16 <025 >16 |Clarithromycin 161 03 835 >16 >16 <025 >16 |Cefuroxme 915 31 54 <025 05 <025 >16 [Clarithromycin >16 >16 <025 >16
proportion of ESBL-producing E. coli has increased significantly in Canadian ICUs since 2007. ATCC organisms including; Clindamycin 94.6 54 <025 <025 <025 >8 |Clndamycin  49.4 506 >8 >8 <025 >8 |[Clarithromycin 832 38 130 <003 2 <003 >32 |Daptomycin  100.0 05 1 006 4
S. aureus 29213, E. faecalis 29212, E. coli 25922, and P. aeruginosa 27853. Daptomycin 100.0 025 025 <0.06 1 |Daptomycin 99.7 03 025 05 0.06 2 |Clindamycin 942 02 56 <0.12 <012 <012 >8 |Ertapenem 16 16 2 > 32
Statistical Analysis: Statistical significance was calculated by the chi-squared test or the Fisher Gentamicin 990 02 09 <05 <05 <05 >32 |Gentamicin 86.4 136 <05 >32 <05 >32 |Doxycycline 875 13 112 <025 1 <025 >16 |Levofloxacin 63.2 36.8 2 > 32 1 > 32
B AC K G RO U N D exact test using the SPSS statistics (Version 20) program (IBM Corporation). Linezolid 99.9 0.1 2 2 =012 8 |Linezolid 100.0 2 2 <0.12 4 Levofloxacin 996 0.2 0.2 1 1 =006 8 [Linezolid 97.7 23 2 2 0.5 4
Moxifloxacin 93.0 0.3 6.8 =<0.06 0.12 <0.06 >16 |Moxifloxacin 16.4 3.2 80.4 8 >16 <0.06 >16 |Linezolid 100.0 1 1 <0.12 2 |Meropenem 4 8 1 > 32
L o _ lished f h _ i | Tigecycline 99.9 01 012 025 <0.03 1 |Tigecycline 99.7 03 025 05 012 1 |Moxifloxacin 996 0.4 012 025 <006 2 |[TZP 4 8 <1 512
Subsequent to antimicrobial resistance data published from the Canadian Nationa CONCL USlONS SXT 99.7 03 <012 <012 <012 >8 |SXT 88.3 117 <012 8 <012 >8 |Penicillin 833 114 53 <003 05 <003 4 |[Tigecycline 97.7 23 012 025 006 05
Inte_nswe Care Unit (CAN-ICU) Stgdy (2005'2006) on 4,180 bacterial 'S(_)'ates fro_m |C_U Vancomycin 100.0 1 1 <025 2 |Vancomycin  100.0 1 1 <025 2 |sXT 859 49 92 <012 2 <012 >8 |Vancomycin  100.0 1 2 05 4
patlents_ [1]’ there has been_ a anCIty Of_ n_atl_onal_ _Sur\_/elllance data (_:pnc_ernlng ar_1t|m|cro_b|al MSSA: methicillin-susceptible S. aureus, MRSA: methicillin-resistant S. aureus, AMC: amoxicillin-clavulanate, TZP: piperacillin-tazobactam, SXT: trimethoprim-sulfamethoxazole.
susceptibility rates in Canadian ICUs. Antibiotic utilization and over-utilization both in hospitals 1. The most commonly isolated pathogens in Canadian ICUs were: S. aureus, P. aeruginosa,
and the community is a strong impetus for antibiotic-resistant pathogens such as MRSA, i i i : e :
rended " ty lact g 1mp duc Escherichi i P dg Klebsiall . E. coli, S. pneumoniae, and K. pneumoniae. _ _ _ _ _ _ _ _ Figure 2. The prevalence of relevant antibiotic-resistant
extended-spectrum  B-lactamase-producing  Escherichia coli an SIS ey * ICU patients in this study were most commonly males ages 18-64 with respiratory ~ Table 2. Top 20 bacterial pathogens isolated from Canadian ICUs.  Figure 1. Patient demographics. organisms in Canadian ICUs.
carbapenem-resistant Enterobacteriaceae, and multidrug-resistant Pseudomonas aeruginosa tract infections. S ANK ORGANISM N e TOTAL
. . _ 0 . . - - - - - - - . i i i . i 0 35
[1,2]. It_ Is estimated that 30-50 /o_o_f antibiotic use in h_ospltals |s_unjust|f|e_d [3]. Each year in 2. Meropenem and piperacillin-tazobactam showed the greatest activity against Gram- 1 StaphyloCoCCUS aUreus 1466 1 Gender
the United States, more than 2 million people become infected with bacteria that are resistant negative bacilli in this study (susceptibility >94.6%). Against P. aeruginosa, susceptibility 2 Pseudomonas aeruginosa 724 10.4
tZ arlltlfblot_lcs and at Izagt 23,0_%(_) people die each year as a direct fE:‘SU"EjOf rehSIIStam mLectlo_nsl rates were greatest for amikacin (95.4%), colistin (94.5%), and gentamicin (81.9%) 3 Escherichia coli 718 10.3 Age Group 30
[4]. Infections caused by anti |ot|c-re3|star_1t organisms are SEEbElE V\_"t g el 3. Vancomycin, linezolid, tigecycline, and daptomycin demonstrated >99% susceptibility 4 Streptococcus pneumoniae 474 6.8 \
tstays,t_ct:)(_)stt_ly or proktn_glgeo_l tfrea}:mentss, ar_lrdhlnclz:esse(tj_l_morblﬂlty andtmor;%I_ltyt/_ when C(i:orr]npa:;:d against MRSA isolates tested. 5 Klebsiella pneumoniae 439 6.3 -
o antibiotic-susceptible infections : e utilizes the most antibiotics and has the — . : . . . ilus i
: ) P : 15l . L 4. The prevalence of relevant antimicrobial-resistant organisms in Canadian ICUs was as € Haemophilus influenzae - S
highest resistance rates. It is estimated that 70% of ICU patients are on antibiotics at any one follows: 7 Enterobacter cloacae 317 4.5 m<17
time [6]. While available evidence suggests that antimicrobial stewardship interventions are ' o . 8 Staphylococcus epidermidis 226 3.2 20 == RSA
[. ] ) o 99 : P MK : « MRSA reached peak incidence in 2008 (32.4%), however, from 2009 to 2014 S . W 18-64 X
effective in ICUs, stewardship is encumbered by the inherent severity of illness in ICU . : : 9 Serratia marcescens 192 2.8 X =@=\/RE
: MRSA rates declined and remained fairly constant between 17% and 20.4%. 10 SErEa ltobhili 192 28 0>65 2
patients [7]. : . C @ plueualvzts eliejptille) : = 15 S\ A ety CRE
« Carbapenem-resistant Enterobacteriaceae are yet to emerge as a significant threat 11 Enterococcus faecalis 179 26 X .
in Canadian ICUSs. 12 Klebsiella oxytoca 151 2.2 ’\ - X ESBL-E. coli
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