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Antimicrobial-resistant Gram- negatwe organlsms such as extended- Table 1. The 20 most common organisms isolated from Canadian hospitals Table 3. Antimicrobial activity against the most common Gram-negative bacilli isolated from Canadian hospitals Of the 35,824 Gram- negatlve pathogens obtained, the most common
spectrumpB-lactamase producing (ESBL) Enterobacterales, carbapenem- . MIC (hg/mL) . MIC (ug/mL) were E. coli (19.4% of all isolates collected), P. aeruginosa (9.8%),
. . Rank Organism N % of Total Organism (no. tested) / %S %I %R  MICs  MICeo  Range Range Organism (no. tested) / %S %I %R MICs,  MICo  Range  Range ) o ) o
resistant  Enterobacterales @ (CRE), and  carbapenem-resistant Antimicrobial Agent Min  Max Antimicrobial Agent Wi M K. pneumoniae (6.5%), and H. influenzae (3.8%).
' 1 1 1 1 Escherichi li (12,441) Pseud i (6,269) ) . . .
Pseudomonas aeruginosa are increasing in prevalence in Canada and 1 Staphylococcus aureus 13332 207 e émf(l;l L °"'°"§2fii§£?’n‘l"°s"’ 20 a4 40 4w sz o 2. Gram-negative isolates were obtained from blood (36.9%), respiratory
H H H efazolin . . . <0. > efepime . . < > . ) .
around the world (1,2). Available therapeutic options for the treatment of MSSA 10,478  16.3 Cotopme o1 27 59 < < PO Ceftaridime 78.0 7.0 15.0 4 32 <05 >3 (39.6%), urine (17.6%) and wound specimens (5.9%) from patients on
: H H H H H H H Cefoxiti 90.8 5.1 41 4 8 <0.06 > 32 Ceftaz-Avi 92.6 7.4 2 8 <0.06 > 16 . .
these antimicrobial resistant organisms are limited as these organisms MRSA 2,854 4.4 C:f?:zli:;me 90.6 1.6 7.8 <05 4 <05 > 32 czftiiiprvo'ue 4 16 <1 > 16 wards 38.8% (31.3% medical / 7.5% surglcal), ER 23.8%, ICU 18.9%,
frequently display a multidrug-resistant (MDR) phenotype (1,2). 2 Escherichia coll 12441 19.4 Cotbproiet 07 02 o1 =1 =1 =1 1 Corafoen 693 86 zie 025 4 o0 10 and clinics 18.5%.
) ) . . ) 3 Pseudomonas aeruginosa 6,269 9.8 Ceftql—Tazo 98.9 0.3 0.8 0.25 0.5 <0.12 > 64 Colistin. . 96.4 3.6 1 2 <0.06 > 16
Ceft 89.1 0.3 10.6 <1 8 <1 > 64 Gent 2 8 <0.5 > 32 2 2 o 2
CANWARD (a collaboration between the Canadian Antimicrobial . Kiebsiella pneumoniae 4200 s oo g1 03 f06 <1 B st 264 peing I N 2 8 sis ou 3. ESBL-producing E. coli (3.4%-16.5%; P <0.0001) and K. pneumoniae
Resistance Alliance and the National Microbiology Laboratory) is a . Stroplococcus preumanias 3,600 56 Doxovoline et S s S Morosenern 2rogs 00 S S (1.5%-16.3%; P <0.0001) increased significantly over the study period.
H H : H H Ertapenem 99.6 0.2 0.2 <0.06 <0.06 <0.06 > 32 Mero-Vabor® 91.1 0.5 16 <0.06 > 32 . . . .
national ongoing surveillance study which assesses pathogens and their 6 Haemophilus influenzae 2,438 3.8 Gentaricin g8 05 87 s05 4 s05 32 Modtosacin 2 >f6 s006 M6 4. Overall, carbapenem-resistant E. coli and K. pneumoniae remained at
. . . . TEIL . . . . . . ) <0. > i u i > > < >
associated antimicrobial susceptibility testing phenotypes for respiratory, 7 Enterococcus faecalis 2,321 3.6 imiRele 002 0; 025 025 <003 >3 Pip-Tazo 79.7 5.8 145 4 128 st st less than 1% for the entire study period. Annual rates of carbapenem-
H H H H H H H H eropenem . . <0. <0. <0. > Igecycline > . >
bacteremic, urinary, and wound/IV site infection isolates in Canadian 8 CNS / Staphylococcus epidermidis 2,228 3.5 Merovabor 999 01 <006 <006 <006 >3 Tobramyein ss4 55 81 <05 2 505 64 resistance for E. coli and K. pneumoniae ranged from 0-0.54% and O-
. . . . . . . . Moxifl i <0.06 > 16 <0.06 >16 TMP-SMX 8 >8 <0.12 >8
hospitalized patients on medical/surgical wards, intensive care units, 9 Enterobacter cloacae 1755 2.7 Niofranon 974 18 14 16 s =1 >25 Enterobacter cloacae (1.755) 2.6%, respectively (data not shown).
. . Pip-Tazo 95.5 1.7* 2.8 2 4 <1 > 512 Cefepime 92.5 5.4 21 <1 2 <1 > 32
emergency rooms and outpatient clinics. 10 Stenotrophomonas maltophilia 1,269 2.0 igecycline® . . . . <0. i < > < > " , .
gency P y KI: bsiella oxytoc P 110 . Lomiiviy 7 s somr 8 ot s Coftamad e 0 %5 oz 1 o o1 5. Susceptibility rates for E. coli were: 99.9% imipenem-relebactam,
’ . ESBL E. coli (1,091) Ceftobiprole 84.9 3.2 11.9 <1 4 <1 > 16 3 3 o
. y . . g meropenem, meropenem-vaborbactam and tigecycline; 99.8%
Materials and Methods 12 Serratia marcescens 1054 16 Cotmoin 01 01 ses e s 2 1 Ceftintone 00 22 e <1 »ea =1 o4 e - P 0 or i
. Profous mirabjlis 007 e Cofomme a3 o868 469 1o 2 by 3 Ciprofiovadin o0 - 5> <006 o012 <006 18 ceftazidime-avibactam; 99.6% ertapenem; 98.9% ceftolozane-
.. . . J . Cefoxiti 77.1 14.4 8.5 8 16 0.5 >32 Colisti 81.0 19.0 0.5 > 16 <0.06 > 16 . ; i . - -
Part|C|pat|ng Sites 14 Streptococcus agalactiae 999 16 cgf?:zli:;}me 26.1 14.1 59.8 16 >32 <05 > 32 E?t;?);\em 90.3 5.7 4.0 <0.06 05 <0.06 >32 tazobactam; 95.5% plperacnlln-tazobactam, 90.7% CeftOblprOIG’ 89.8%
. . : B , coraz iy o s AT S S G Gentamicin 7.0 04 26 <05 <05 <05 >3%2 gentamicin; 89.1% ceftriaxone; 79.1% amoxicillin-clavulanate; 73.9%
From January 2007 to October 2024, tertiary-care medical centres in 15 Viridans group streptococci 996 1.6 o wr 1 s 05 B mipenem PO i o> 1 o : . o/ 1o .
: . . : ) eftol-Tazo : : - <0 Imi-Rele 99.0 08 02 0.25 05 0.06 > 32 ciprofloxacin; and 72.7% trimethoprim-sulfamethoxazole.
major population centres in 8 of the 10 provinces in Canada were 16 Streptococcus pyogenes 911 1.4 Seftiaare - G S A S S Meropener %94 03 03 s0d2 <012 <042 32
recruited (1, 2). These sites were geographically distributed in a 17 Enterococcus faecium 843 1.3 Colistin e | 2% o708 ooswe 8 Mosifoxaci s we g 05 <006 -6 6. Susceptibility rates for P. aeruginosa were: 96.4% ceftolozane-
. . oxycycline . > - > itrofurantoin . . . = > T q 0 9 T
population-based fashion. 18 Moraxella catarrhalis 610 1.0 Ertapenem o9 12 09 5006 012 <006 >3 Pip-Tazo 78.8 42 17.0 2 64 <1 > 512 tazobactam, 96.4% colistin (‘Intermediate’ category), 92.6% ceftazidime-
. ' . entamicin . . > <S > Tigecycline 95.5 3.0 1.5 0.5 1 0.12 16 . 0 .. 0
Bacterial Isolates 19 Candida albicans 577 0.9 imipre 097 03 025 0z =0 16 TP 91.8 82 <012 1 <012 >8 avibactam, 92.2% |m|penem-releobact.am, | 91.1 Yo meropener?-
. . . . . 20 Klebsiella aerogenes 473 0.7 Meropenem 99.9 0.1 <012 <012 <012 > 32 Amox-Clav 94.8 1.9 33 1 4 05 > 32 vaborbactam (|V||C <8 pg/mL), 79.7% piperacillin-tazobactam, 78.0%
Tertiary-care medical centres submitted pathogens from patients attending Mero-Vabor 100 <006 <006 <006 05 Cefazolin 33 580 387 4 16 1 > 128 L o o/ )
. .. . . Other 5,730 8.9 Moxifloxacin 16 > 16 <0.06 > 16 Cefepime 99.1 0.1 0.8 <1 <1 <1 > 32 ceftazidime, 77.9% meropenem, and 69.3% CIpI'OﬂOXGCIﬂ.
hospital clinics, emergency rooms, medical and surgical wards, and 64163 Nirofurantoin %5 42 23 16 32 <1 >256 Cefoxitin 96.0 25 15 4 8 <006 >32
intensive care units. Each study site was asked to submit clinical isolates ! R ovme o0 o1 o5 1 om 4 o ome o T S ots o s Ack led ¢
(consecutive, one per patient, per infection site) from inpatients and o TMP-SlX 355 43>8  »8 =042 >8 Ceftobiprole o7 04 C < st 718 cKknowieagements
’ ’ i pneumoniae (4,200) Ceftol-T 98.9 0.6 0.5 0.5 1 <0.12 16
outpatients with respiratory, urine, wound, and bloodstream infections. e Demoaranhice of oatiente with Gram-neqative ieclates from Amos. Gy 04 43 an 2 ST ngt?iﬁx::g o 05 a7 =t s st e
. . . vyy- . . . I I wi - ive i . . . =0. > iprofloxacin i . <0. <0. > . . . .
Isolate identification was performed by the submitting site and confirmed CANWARD (nf35,%24) P g Cefepime 937 14 49 <1 <1 <1 >32 Doxycyoline 08 19 073 >3 32 4 -3 The CANWARD study was supported in part by the University of Manitoba, Shared
at the reference site as required, based on morphological characteristics Cafridme  o20 05 a8 <05 1 <os - o 28 12 se g = % I Health, the Public Health Agency of Canada - National Microbiology Laboratory, Avir
and antimicrobial susceptibility patterns. Isolates were shipped on Amies Demographic Variable N % of Total Cotormole 026 oa 70 ¥ AR sk 05 W ds 2 M 02T Pharma, lterum Therapeutics, Merck, Paladin Labs, Pfizer, Sandoz, Shionogi,
semi-solid transport media to the coordinating laboratory (Health Sciences Ceftol Tazo g5 0423 0 1 S0z oH Mero-Vabor 100 0f2 012 042 025 Sunovion, Verity, and Xediton.
1 1 i i . . a Ciprofl i 86:8 3-7 9:5 56.06 6.5 S6.06 > 16 Pip-T 99.6 0.2 0.2 s.1 <1 _sl1 64 . . . "
Centre, _Wlnr]lpeg: Canadoa), Supcu!tgred O,nto, gpproprlate me_dla, and Biological Sex Cotstin 97.9 2.1 0.5 1 <006  >16 TMP-oMX 823 177 <012 >8 <0.12 >8 This study was also supported in part by a research grant from Investigator-Initiated
stocked in skim milk at -80°C until minimum inhibitory concentration (MIC) Doxycycline 804 42 154 2 16 <012 >32 Kiebsiella oxytoca (1,110) Studies P f Merck Canada Inc. Th . d in thi
testing was carried out. From 2007 to 2024, a total of 7718, 5283, 5373 Female 17,227 481 oo 060 02 56 205 05 05 - amox-clav s . iy . I oy g udies *rogram or erck anada nc. 'Me opinions SxXpressed In “lis paper are
. ’ ’ ’ ’ Male 18.594 519 impenom %8 04 o7 o3 05 o0 ot e e 9 S o = s those of the authors and do not necessarily represent those of Merck Canada Inc.
4960, 3785, 2802, 3511, 3172, 3206, 3125, 3418, 2949, 3069, 2231, : : i Relo 59 1 06 03 02 08 <003 -39 o s 30 I A . o e " " o ke 10 thank 1 oot 4 laborat o staff at )
2331, 2227, 1906, and 3097 Gram-positive and Gram-negative isolates Age Group Meropenem %5 01 04 =012  s042 =042 >32 Ceftazidime 97.4 03 23 <05 1 <05 32 e authors would like to thank the investigators and laboratory site staff at eac
’ ’ . ’ . Mero-Vabor 99.5 0.5 <0.06 <0.06 <0.06 > 32 Ceftaz-Avi 99.7 0.3 0.12 0.5 <0.06 >16 . . . . .
were collected in each study study year (1, 2). The focus of this study was < 17 years 3,543 9.9 Noxioxccin 10s s - 012 L s > Ceftobiprole 85.4 2.1 125 <1 16 <1 > 16 medical centre that participated in the CANWARD study: Vancouver Hospital,
. Itroturantoin . . . < > -Taz X . . A <0. . . . .
the 35,824 Gram-negative pathogens collected from CANWARD 2007- 18- 64 years 14537 106 Pip-Tazo 017 43 40 2 8 <1 >512 Cotiiarone 36 13 o1 =1 2 S ses Vancouver, BC; Surrey Memorial Hospital, Surrey, BC; University of Alberta
2024, inclusive. 2 65 — 405 b 6 5 >0 By som2  ss  sone  e8 Ciprotioxacin %2 A >l =% =00 =9 e Hospital, Edmonton, AB; Royal University Hospital, Saskatoon, SK; Health Sciences
= oo years ’ ' Stenotrophomonas maltophilia (1,269) D li 91.6 3_'3 5:1 1 4 _o_és >32 Talal . i . inai
Antimicrobial Susceptibilities Specimen Source Cefepime > 32 >32 <1 > 32 Er?t:)[g(g\celr:e 99.6 0.1 0.3 <0.06 <0.06 <0.06 32 Centr.e’ Wm_mpe_g’ MB; London Health Sciences Centre, London, (_)N’ Mount Sinai
Ceftazidime >32 >32 =05  >32 Gentamicin 97.6 0.1 23 <0.5 1 <0.5 >32 Hospital/University Health Network, Toronto, ON; The Ottawa Hospital, Ottawa, ON;
The i it tivit f lected timi bial det ined by broth Blood 13,22 Ceftaz-Avi >16 > 16 0.25 >16 Imipenem 99.7 03 0.25 05 0.06 2 ) , ) , ) . . ,
€ In VvItro activity or selected antumicrobials was aetermined by bro 0o 3,226 36.9 Cefobiprole > 16 > 16 st o Imi-Rele 100 0.25 05 <0.03 1 St. Michael’s Hospital, Toronto, ON; St. Joseph’s Hospital, Hamilton, ON; Children’s
. . . . . . . . . . eftol-Tazo > <0. > <0. < <0. . . ~ . .
microdilution in accordance with CLSI guidelines (3). Antimicrobial MIC Respiratory 14,192 39.6 Ciprofioracin 4 6 <006 16 Moravator o 005 co0s  com 1 Hospital of Eastern Ontario, Ottawa, ON; Hopital Maisonneuve-Rosemont, Montreal,
interpretive standards were defined according to CLSI breakpoints (4). Urine 6.301 176 Do ine 5 a0 om o Moxifloxacin <906 025 <005 > QC; Montreal General Hospital, Montreal, QC; Royal Victoria Hospital, Montreal,
. . . . XyCy! Nitrofurantoin 85.1 12.1 2.8 32 64 <1 256 y
The MICs of the antimicrobial agents were determined using 96-well Wound 2105 59 e i R s iz Pip-Tazo g5 o7 M08 2 AT S AL QC; Jewish General Hospital, Montreal, QC; CHRTR Pavillon Ste. Marie, Trois-
custom designed microtitre plates. These plates contained doublin Nitrofurantoin 266  >25 32 >256 TMP-SX 943 ' 57 <012 025 <012 >8 ivie : itali iversitai - Cité
Rivieres, QC; Centre Hospitalier Universitaire de Sherbrooke, Sherbrooke, QC; Cité
.. ial iluti . 1 L I f . di M I Hi Ward Type® Tigecycline 2 4 0.12 > 16 Klebsiella aerogenes (473) e n . . ’ ’
antimicrobial dilutions in 100uL/well of cation adjusted Mueller-Hinton . . e TR g0 20 025 1 so2  >8 Cefepime 81 07 12 <1 <1 <1 3 de la Santé, Laval, QC; L’Hétel-Dieu de Quebec, Quebec City, QC; South East
H 1 H H H Inic , . 1 u U Ceftazidi 73.0 21 24.9 <0. > 32 <0. > 32 . .
broth and moculateq to aChleVe_ a final .Conce.ntratlon of apprOXImatQIy S X Amikacin 95.6 44 <2 4 <2 o Coftar At 99.2 08 025 o5 <006 10 Health Care Corp., Moncton, NB; and Queen Elizabeth || Health Sciences Centre,
105> CFU/mL then incubated in ambient air for 16-20 hours prior to ER 8,529 238 Cefopime i S G Ceftobiprole 904 03 13 =1 oozt e Halifax, NSS.
reading. Colony counts were performed periodically to confirm inocula. IcU 6,784 18.9 Ceftaz-Avi 8 >16 012 >16 Ceftriaxone 717 0.9 27.4 <1 32 <1 > 64
. . . . . Ceftobiprole <1 4 <1 > 16 Ciprofloxacin 92.7 24 49 <0.06 0.25 <0.06 > 16
Quality control was performed using ATCC QC organisms including S. Medical 11.198 313 Ceftol-Tazo 05 g8 <012  >64 Colistin 98.0 20 05 : 012 16 References
. . . Ceftriaxone 41.4 48.3 10.3 16 64 <1 > 64 Ertapenem 93.5 4.0 2.5 0.12 0.5 <0.06 >32
pneumoniae 49619, S. aureus 29213, E. faecalis 29212, E. coli 25922, Surgical 2 670 25 Ciprofloxacin 92.8 1.4 5.8 0.25 1 <0.06 > 16 Gentamicin 99.8 0.2 <05 <05 <05 32
. ’ ) Gentamicin 92.5 1.7 5.8 <05 2 <05 > 32 Imi-Rel 97.8 13 0.9 0.25 1 0.06 16 .. .
and P. aeruginosa 27853. __ . Imi-Rele 95.2 4.8 0.25 0.5 0.06 >32 Meropenem 99.4 0.2 0.4 <012 <012 <012  >32 1. Zhanel GG et al. 2025. J Antimicrob Chemother (in press).
.. ] 2 Biological sex unknown for 3 isolates Meropenem 94.2 1.7 4.1 05 2 £0.12 >32 Mero-Vabor 100 <006 <006  <0.06 05
Statistical Analysis b Patient location unknown for 3 isolates voxtioxachn Sos s er 256 Njoxfoxacin 0.12 1 <0.06 16 2. Lagacé-Wiens et al. 2025. J Antimicrob Chemother (in press).
] ) ] Pi'pr_'?l_:;ino'" 80.1 06 103 ) 128 by 519 Nlltrofurantom 17.9 51.6 30.5 64 128 8 > 256 o o . o .
Annual proportions of isolates harbouring ESBL genes were assessed by Tigecycline ' ' ' 05 : 012 >16 Tty o 28 43 ; Z VR 3. CLSI. Methods for dilution and antimicrobial susceptibility tests for bacteria that
the Cochrane—Armitage test of trend using XLSTAT (v.2019). Statistical TMP-SMX 914 86 <0.12 2 <012 >8 TMP-SMX 97.8 2.2 <0.12 0.5 £0.12 >8 grow aerobically. 12t edition. CLSI standard M07. Wayne, PA: CLSI; 2024.
Significance was defined as a P Value Of SOO5 Amox-Clav, Amoxicillin-Clavulanate; Ceftaz-Avi, Ceftazidime-Avibactam; Ceftol-Tazo, Ceftolozane-Tazobactam; Imi-Rele, Imipenem-relebactam; Mero-Vabor, Meropenem-vaborbactam; Pip-Tazo, Piperacillin- 4 CLS| Performance Standards fOf antimicrobial SUSCGpthIIIty testing. 34th

Tazobactam; TMP-SMX, Trimethoprim-sulfamethoxazole. T Not all isolates were tested against each antimicrobial agent. * SDD breakpoint applied for Enterobacterales. @ For ceftobiprole, Health Canada breakpoints ey . .
applied. b For tigecycline, FDA breakpoints applied. ¢ For amikacin, breakpoints applied to isolates from all specimen sources. . ¢ Susceptible breakpoint for meropenem-vaborbactam MIC <8 ug/mL. edItIOn. CI—SI Supplement M1 00 Wayne, PA CI—SI: 2024
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