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Objectives: Bloodstream infections are associated with significant morbidity and mortality. The purpose of this 
study was to determine the most common pathogens causing bacteraemia among Canadian patients and to 
evaluate their antimicrobial susceptibility profiles. 

Methods: Annually from 2007 to 2023, bloodstream isolates from patients admitted to or evaluated at 
Canadian hospitals were collected by sentinel laboratories (CANWARD surveillance study). Antimicrobial suscep
tibility testing was performed by broth microdilution. 

Results: In total, 26 067 bloodstream isolates were obtained over 17 years of the CANWARD study (14 954 from 
inpatients, 11 107 from outpatients, no patient location for six isolates). The five most common pathogens were 
Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Staphylococcus epidermidis and Streptococcus 
pneumoniae. There was little variation in pathogen distribution over time but certain pathogens were more 
common among inpatients (e.g. Candida albicans, Enterobacter cloacae, Pseudomonas aeruginosa) while others 
were more common among outpatients (e.g. Streptococcus pyogenes, Streptococcus agalactiae). The proportion 
of ESBL-producing E. coli increased from 4.5% (2007–09) to 12.7% (2019–23). The proportion of ESBL-producing 
K. pneumoniae increased from 2.0% (2007–09) to 7.1% (2018–23). Vancomycin susceptibility among 
Enterococcus faecium decreased from 84.9% (2007–09) to 69.0% (2019–23). In contrast, the proportions of 
S. aureus that were MRSA and P. aeruginosa that had a difficult-to-treat resistance phenotype were relatively 
stable. 

Conclusions: There has been little variation in the pathogens commonly causing bacteraemia among Canadian 
patients over the course of the CANWARD study, but some resistant phenotypes (e.g. ESBL-producing E. coli, 
ESBL-producing K. pneumoniae, VRE) are being encountered more frequently in recent years.
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Introduction
Bacteraemia is defined as the presence of viable bacteria in the 
blood.1 Bloodstream infections may be classified as either pri
mary (no documented source of infection) or secondary (due to 
a localized/focal infection), and are associated with significant 
patient morbidity and mortality.1–6 The mortality rate among pa
tients with bacteraemia in several publications has ranged be
tween 14.3% and 33.2%, and is influenced by many variables 
including the source of infection, the pathogen, patient 

comorbidities and the severity of illness.2–6 Mortality is particular
ly high among bacteraemic patients with septic shock.7 Multiple 
studies have demonstrated an increase in mortality when there is 
a delay in the initiation of appropriate empiric antimicrobial ther
apy among patients with bacteraemia.2,3,8 Of concern, in recent 
years bloodstream infections due to certain antimicrobial- 
resistant organisms, including Enterobacterales that harbour an 
ESBL, have been observed with increasing frequency.9–12

Antimicrobial resistance, in turn, has been associated with 
patients receiving inappropriate empiric treatment.2
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When patients present to an emergency department with sep
sis or develop sepsis while admitted to a hospital, clinicians are 
faced with the task of selecting appropriate empiric antimicrobial 
therapy prior to culture results being known. Information used in 
making therapeutic decisions includes consideration of the likely 
source of infection (and the most common pathogens causing 
that infection), severity of illness and patient risk factors for har
bouring an antimicrobial-resistant pathogen. Data from national 
surveillance studies can serve as an additional tool to help define 
the most likely pathogens a clinician will encounter should the pa
tient prove to be bacteraemic. There has not been a large-scale 
surveillance study investigating the epidemiology and susceptibil
ity profile of bloodstream isolates recovered from Canadian pa
tients published in recent years. The purpose of this study was to 
determine the most common pathogens recovered from the 
bloodstream of patients admitted to or evaluated at Canadian 
hospitals and to assess whether the pathogen distribution and 
the susceptibility profile of the most frequently recovered blood
stream pathogens has changed over time.

Materials and methods
Bacterial isolates
Bloodstream isolates were obtained as a part of the CANWARD surveillance 
study, January 2007 to December 2023. CANWARD is an ongoing national 
Public Health Agency of Canada-PHAC/Canadian Antimicrobial Resistance 
Alliance partnered surveillance study evaluating in vitro activities of anti
microbial agents against bacterial pathogens isolated by clinical laborator
ies from patients attending tertiary care hospitals across Canada.13 Each 
isolate included was considered clinically significant by protocols in place 
at the submitting laboratory. The CANWARD surveillance study sets annual 
quotas for bloodstream isolates and requires isolates be collected con
secutively, one per patient, from both in- and outpatients attending emer
gency rooms (ERs), hospital clinics, medical/surgical wards and intensive 
care units each year. All isolates are shipped to the CANWARD coordinating 
laboratory (Health Sciences Centre, Winnipeg, Canada) where their iden
tities are confirmed by colonial appearance, spot testing,14 and/or 
MALDI-TOF mass spectrometry (Bruker Daltonics, Billerica, MA, USA) as re
quired. Tertiary care hospitals in 8 of the 10 Canadian provinces partici
pated in the CANWARD surveillance study, with the number of hospitals 
varying between 8 and 15 depending on the study year. The CANWARD 
surveillance study receives annual approval by the University of Manitoba 
Research Ethics Board (H2009:059).

Antimicrobial susceptibility testing
Following two subcultures from frozen stock, antimicrobial susceptibility test
ing was performed by broth microdilution using in-house prepared 96-well 
microtitre panels, as described by CLSI.15 MICs were interpreted using current 
CLSI breakpoints, when available.16 Putative ESBL-producing Escherichia coli 
and Klebsiella pneumoniae were identified as isolates with a ceftriaxone 
and/or ceftazidime MIC of ≥1 mg/L. ESBL-production was verified using the 
CLSI phenotypic confirmatory disk test.15 Difficult-to-treat resistance (DTR) 
among Pseudomonas aeruginosa was defined as isolates testing not suscep
tible (intermediate or resistant) to all of the following antimicrobials: merope
nem, piperacillin-tazobactam, ceftazidime and ciprofloxacin.17

Statistical analysis
The Cochrane–Armitage Test of trend was used to determine whether 
changes in antimicrobial susceptibility over time were statistically signifi
cant. Statistical analysis was performed using JMP Pro version 18.0.2.

Results
In total, 26 067 bloodstream isolates were recovered from 
Canadian patients as part of the CANWARD Study between 
2007 and 2023. Of these isolates, 14 954 (57.4%) were obtained 
from inpatients (intensive care unit, surgical ward or medical 
ward) and 11 107 (42.6%) were obtained from outpatients (ER 
or clinic). The distribution of isolates by specific ward type was 
as follows: 3823 (14.7%) from patients in an intensive care 
unit, 2003 (7.7%) from patients on a surgical ward, 9128 
(35.0%) from patients on a medical ward, 9485 (36.4%) from pa
tients in an ER and 1622 (6.2%) from clinic patients. The ward 
type was not available for six isolates. Stratified by age, 2581 iso
lates (9.9%) were obtained from patients ≤17 years old, 11 373 
isolates (43.6%) were obtained from patients 18–64 years old, 
and 12 110 isolates (46.5%) were obtained from patients 
≥65 years old (no age documented for three patients). 
Stratified by biological sex, 14 834 isolates (56.9%) were obtained 
from male patients while 11 231 isolates (43.1%) were obtained 
from female patients (no biological sex documented for two 
patients).

The 10 most common pathogens recovered from the blood
stream of patients admitted to or evaluated at Canadian hospitals 
are listed in Table 1. The five most frequently isolated organisms 
were E. coli (24.5% of isolates), Staphylococcus aureus (17.3% of 
isolates), K. pneumoniae (7.9% of isolates), Staphylococcus epider
midis (4.7% of isolates) and Streptococcus pneumoniae (4.3% of 
isolates). These pathogens accounted for 58.7% of all bloodstream 
isolates in CANWARD. The pathogen distribution differed when 
comparing inpatients with outpatients (Table 1). While E. coli, 
S. aureus and K. pneumoniae were the pathogens most frequently 
recovered from both inpatients and outpatients, a higher propor
tion of bloodstream infections due to E. coli was found among 
outpatients. Enterococcus faecium, Pseudomonas aeruginosa, 
Enterobacter cloacae and Candida albicans were more commonly 
isolated from inpatients, while S. pneumoniae, Streptococcus 
pyogenes and Streptococcus agalactiae were more frequently 
isolated from outpatients. The pathogen distribution also varied 
depending on the specific ward type (Table 2). Among inpatients, 
C. albicans was more frequently recovered from patients admit
ted to an intensive care unit or a surgical ward. In general, 
P. aeruginosa and E. cloacae were more frequently isolated 
from patients in the intensive care unit, a surgical ward, or a med
ical ward relative to an ER or clinic. Conversely, the top 10 patho
gens recovered from ER patients included S. pyogenes and S. 
agalactiae, and a relatively higher proportion of E. coli and S. 
pneumoniae.

The pathogen distribution stratified by patient age and bio
logical sex is presented in Table 3. The most common blood
stream pathogen among patients ≤17 years of age was S. 
aureus, while E. coli was most common among patients 
≥65 years of age. The overall pathogen distribution by biological 
sex was comparable between males and females, but the pro
portion of bloodstream infections due to E. coli was higher for fe
males. The top 10 bloodstream pathogens among Canadian 
patients, stratified by study time period, is provided in Table 4. 
There was some minor variability in pathogen distribution over 
the course of the study, but E. coli, S. aureus and K. pneumoniae, 
were consistently the most common pathogens recovered.
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Antimicrobial susceptibility for the top 10 bacterial pathogens 
recovered from the bloodstream of Canadian patients, subdi
vided by study time period, is presented in Table 5. 
Coagulase-negative staphylococci (not speciated) were excluded 
from this table as antimicrobial susceptibility testing was not per
formed for these. The proportion of E. coli isolates that were 
ESBL-producers increased over the course of the study, from 
4.5% (2007–09) to 12.7% (2019–23). There was a corresponding 
reduction in susceptibility of ceftriaxone over the 17 years of the 
study and a slight reduction in piperacillin-tazobactam suscepti
bility. Among E. coli isolates, susceptibility to ciprofloxacin, ertape
nem and meropenem, remained fairly constant, with ertapenem, 
meropenem and piperacillin-tazobactam demonstrating the 
highest susceptibility rates. The proportion of K. pneumoniae iso
lates that were ESBL-producers also increased over time (from 
2.0% in 2007–09 to 7.1% in 2018–23), although to a lesser extent 
than was observed for E. coli. Ertapenem, meropenem and genta
micin demonstrated good in vitro activity versus K. pneumoniae 
(>95% of isolates testing susceptible) over the course of 
the study. Susceptibility rates for most antimicrobials were 
either stable or improved slightly for bloodstream isolates of 
P. aeruginosa. The proportion of isolates with a DTR phenotype 
varied between 1.9% and 3.3% for most of the study (excluding 
the 2007–09 time period) with no clear temporal trend.

The proportion of S. aureus isolates that were MRSA 
declined early in the study but has since remained rela
tively stable at 17.4% to 19.4% (2010–23). Over 97% of 
S. aureus bloodstream isolates remained susceptible to cefto
biprole, daptomycin, doxycycline, linezolid, trimethoprim- 
sulfamethoxazole and vancomycin over the course of the 
CANWARD Study. The proportion of S. pneumoniae isolates 
that tested susceptible to penicillin (oral breakpoints) varied 
from 86.1% to 92.7%, without a clear trend to increasing or 
decreasing susceptibility over time. Irrespective of the study 
time period, over 98% of bloodstream S. pneumoniae isolates 
tested susceptible to ceftriaxone (non-meningitis breakpoints), 
levofloxacin and vancomycin. An increase in the proportion of 
E. faecium bloodstream isolates that were vancomycin resistant 
was observed over the study years, with a corresponding reduction 
in vancomycin susceptibility from 84.9% (2007–09) to 69.0% 
(2019–23).

The proportion of isolates with a common antimicrobial- 
resistant phenotype, stratified by ward type, is presented in 
Table 6. MRSA, ESBL-producing E. coli, ESBL-producing K. pneumo
niae, P. aeruginosa demonstrating DTR and VRE were all more fre
quently recovered from inpatients (intensive care unit, surgical 
ward, or medical ward) in comparison with outpatients (ER or 
clinic).

Table 1. Top 10 pathogens causing bloodstream infections among patients admitted to or evaluated at Canadian hospitals (CANWARD)

All locations Inpatienta Outpatientb

Pathogen
Number  

(% of total) Pathogen
Number  

(% of total) Pathogen
Number  

(% of total)

Escherichia coli 6379 (24.5) Escherichia coli 3055 (20.4) Escherichia coli 3323 (29.9)
Staphylococcus aureus 4515 (17.3) Staphylococcus aureus 2609 (17.4) Staphylococcus aureus 1904 (17.1)
Klebsiella pneumoniae 2060 (7.9) Klebsiella pneumoniae 1210 (8.1) Klebsiella pneumoniae 850 (7.7)
Staphylococcus epidermidis 1215 (4.7) Staphylococcus epidermidis 866 (5.8) Streptococcus pneumoniae 696 (6.3)
Streptococcus pneumoniae 1108 (4.3) Enterococcus faecalis 778 (5.2) Staphylococcus epidermidis 349 (3.1)
Enterococcus faecalis 1091 (4.2) Pseudomonas aeruginosa 698 (4.7) Enterococcus faecalis 312 (2.8)
Pseudomonas aeruginosa 1003 (3.8) Enterococcus faecium 504 (3.4) Streptococcus pyogenes 306 (2.8)
Enterobacter cloacae 687 (2.6) Enterobacter cloacae 484 (3.2) Pseudomonas aeruginosa 305 (2.7)
CoNSc 603 (2.3) Candida albicans 480 (3.2) Streptococcus agalactiae 255 (2.3)
Enterococcus faecium 602 (2.3) Streptococcus pneumoniae 412 (2.8) CoNS 232 (2.1)
Otherd 6804 (26.1) Other 3858 (25.8) Other 2575 (23.2)

aInpatient = isolates obtained from patients on surgical wards, medical wards and intensive care units.
bOutpatient = isolates obtained from patients seen in clinics or an emergency room.
cCoNS, coagulase-negative staphylococci (not speciated).
dOther: Abiotrophia spp., Achromobacter spp., Acinetobacter spp., Aerococcus spp., Aeromonas spp., Aggregatibacter spp., Agrobacterium spp., 
Alcaligenes spp., Arcanobacterium spp., Bacillus spp., Brevibacillus spp., Brevibacterium spp., Burkholderia spp., Campylobacter spp., Candida spp., 
Capnocytophaga spp., Cardiobacterium spp., Cedecea spp., Chryseobacterium spp., Citrobacter spp., Clostridium spp., Comamonas spp., 
Corynebacterium spp., Cronobacter spp., Cryptococcus spp., Cupriavidas spp., Cutibacterium spp., Delftia spp., Dermabacter spp., Diphtheroids, 
Eikenella spp., Elizabethkingia spp., Enterobacter spp., Enterococcus spp., Escherichia spp., Flavobacterium spp., Gemella spp., Gordonia spp., 
Granulicatella spp., Haemophilus spp., Hafnia spp., Jeotgalicoccus spp., Klebsiella spp., Kocuria spp., Kytococcus spp., Lactobacillus spp., Lactococcus 
spp., Leclercia spp., Leifsonia spp., Lelliottia spp., Leuconostoc spp., Listeria spp., Macrococcus spp., Micrococcus spp., Moraxella spp., Morganella spp., 
Mycobacterium spp., Neisseria spp., Ochrobactrum spp., Paenibacillus spp., Pantoea spp., Paracoccus spp., Pasteurella spp., Phenylobacterium spp., 
Pluralibacter spp., Proteus spp., Providencia spp., Pseudomonas spp., Ralstonia spp., Raoultella spp., Rhodococcus spp., Roseomonas spp., Rothia spp., 
Saccharomyces spp., Salmonella spp., Serratia spp., Shigella spp., Sphingobacterium spp., Sphingomonas spp., Staphylococcus spp., 
Stenotrophomonas spp., Stomatococcus spp., Streptococcus spp., Trichosporon spp., Trueperella spp., Vibrio spp., Weissella spp., Yersinia spp.
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Table 5. Temporal trends in the antimicrobial susceptibility profile of common bacterial pathogens recovered from the bloodstream of patients 
admitted to or evaluated at Canadian hospitals (CANWARD)

Organism

% Susceptible (n/N )

2007–09 2010–12 2013–15 2016–18 2019–23 P value

Escherichia coli
ESBLa 4.5 (84/1850) 4.9 (57/1156) 9.7 (97/1000) 10.2 (105/1030) 12.7 (170/1343) <0.001
Amoxicillin-clavulanate 94.6 (1448/1531) 82.1 (949/1156) 81.8 (818/1000) 75.9 (782/1030) 62.5 (671/1073) <0.001
Cefazolin 69.0 (1277/1850) 74.9 (866/1156) 74.3 (743/1000) 69.8 (719/1030) 61.1 (821/1343) <0.001
Ceftazidime 95.4 (1015/1064) 94.6 (1093/1156) 92.3 (923/1000) 89.5 (922/1030) 86.2 (1157/1343) <0.001
Ceftriaxone 93.5 (1730/1850) 92.7 (1072/1156) 89.0 (890/1000) 88.2 (908/1030) 84.4 (1133/1343) <0.001
Ciprofloxacin 75.8 (1402/1850) 76.0 (879/1156) 75.4 (754/1000) 75.8 (781/1030) 72.5 (974/1343) 0.062
Ertapenem 99.8 (1526/1529) 99.9 (1155/1156) 99.8 (998/1000) 99.4 (1024/1030) 99.7 (1339/1343) 0.165
Gentamicin 89.1 (1648/1849) 89.9 (1039/1156) 90.3 (903/1000) 91.3 (940/1030) 90.6 (1217/1343) 0.076
Meropenem 100 (1850/1850) 100 (1156/1156) 100 (1000/1000) 99.9 (1029/1030) 99.9 (1341/1343) NDb

Piperacillin-tazobactam 96.6 (1788/1850) 97.3 (1125/1156) 96.9 (969/1000) 93.8 (966/1030) 95.1 (1277/1343) <0.001
SXTc 70.1 (1296/1850) 72.2 (835/1156) 73.0 (730/1000) 74.5 (767/1030) 71.6 (962/1343) 0.1222

Staphylococcus aureus
MRSAa 24.4 (356/1457) 19.9 (173/870) 17.9 (136/761) 17.4 (115/660) 19.4 (149/767) <0.001
Ceftobiproled 100 (1456/1456) 100 (382/382) 100 (243/243) 100 (660/660) 100 (766/766) ND
Clindamycine 80.2 (1168/1456) 86.6 (744/859) 89.2 (677/759) 94.1 (621/660) 94.9 (727/766) 0.038
Daptomycin 100 (1456/1456) 99.9 (858/859) 100 (759/759) 99.8 (659/660) 99.7 (764/766) ND
Doxycycline No data 99.2 (482/486) 98.7 (750/760) 98.8 (652/660) 99.0 (758/766) 0.698
Linezolid 100 (1456/1456) 100 (859/859) 100 (759/759) 100 (660/660) 99.9 (765/766) ND
SXT 97.2 (1415/1456) 99.2 (861/868) 99.2 (754/760) 99.4 (656/660) 98.4 (754/766) 0.003
Vancomycin 99.9 (1455/1456) 100 (859/859) 99.9 (758/759) 99.8 (659/660) 100 (766/766) ND

Klebsiella pneumoniae
ESBLa 2.0 (12/597) 4.4 (17/383) 6.3 (20/316) 8.3 (25/302) 7.1 (33/462) <0.001
Amoxicillin-clavulanate 97.6 (483/495) 92.1 (352/382) 91.8 (290/316) 88.4 (267/302) 88.0 (315/358) <0.001
Cefazolin 86.3 (515/597) 86.7 (332/383) 84.5 (267/316) 81.8 (247/302) 82.2 (379/461) 0.018
Ceftazidime 98.2 (327/333) 95.3 (365/383) 93.7 (296/316) 92.7 (280/302) 91.5 (422/461) <0.001
Ceftriaxone 97.7 (583/597) 94.8 (363/383) 92.7 (293/316) 91.7 (277/302) 91.5 (422/461) <0.001
Ciprofloxacin 88.6 (529/597) 88.5 (339/383) 88.6 (280/316) 88.1 (266/302) 88.7 (409/461) 0.957
Ertapenem 99.6 (493/495) 98.7 (378/383) 98.1 (310/316) 98.7 (298/302) 98.9 (456/461) 0.272
Gentamicin 97.7 (583/597) 96.6 (370/383) 95.3 (301/316) 95.7 (289/302) 96.5 (445/461) 0.179
Meropenem 99.8 (596/597) 99.7 (382/383) 99.1 (313/316) 99.3 (300/302) 99.1 (457/461) ND
Piperacillin-tazobactam 94.3 (563/597) 92.2 (353/383) 93.4 (295/316) 89.4 (270/302) 93.9 (433/461) 0.379
SXT 91.6 (547/597) 90.1 (344/382) 88.9 (281/316) 88.7 (267/301) 88.5 (408/461) 0.064

Streptococcus pneumoniae
Amoxicillin-clavulanate 99.1 (435/439) 96.8 (209/216) 98.8 (163/165) 97.6 (121/124) 99.1 (116/117) ND
Ceftriaxone 100 (439/439) 99.1 (214/216) 100 (165/165) 100 (124/124) 99.1 (116/117) ND
Clarithromycin 87.4 (383/438) 74.9 (161/215) 71.5 (118/165) 81.5 (101/124) 76.9 (90/117) 0.002
Levofloxacin 99.8 (438/439) 98.6 (213/216) 99.4 (162/163) 100 (124/124) 100 (117/117) ND
Penicillin (IV)f 99.3 (436/439) 97.4 (188/193) 100 (165/165) 100 (124/124) 99.1 (116/117) ND
Penicillin (oral)g 86.1 (378/439) 87.0 (168/193) 92.7 (153/165) 89.5 (111/124) 88.0 (103/117) 0.1719
SXT 89.6 (398/444) 84.7 (182/215) 83.4 (136/163) 87.1 (108/124) 82.1 (96/117) 0.032
Vancomycin 100 (445/445) 100 (216/216) 100 (163/163) 100 (124/124) 100 (117/117) ND

Staphylococcus epidermidis
Ceftobiprolec 100 (310/310) 100 (169/169) 100 (75/75) 100 (204/204) 99.4 (177/178) ND
Clindamycin 55.8 (173/310) 54.5 (168/308) 60.0 (120/200) 64.7 (132/204) 66.9 (119/178) 0.002
Daptomycin 100 (310/310) 100 (308/308) 100 (200/200) 100 (204/204) 99.4 (177/178) ND
Doxycycline No data 96.4 (135/140) 96.0 (192/200) 96.6 (197/204) 91.0 (162/178) 0.035
Linezolid 100 (310/310) 100 (308/308) 100 (200/200) 100 (204/204) 100 (178/178) ND
SXT 59.0 (183/310) 57.3 (177/309) 61.5 (123/200) 64.7 (132/204) 67.4 (120/178) 0.020
Vancomycin 100 (310/310) 100 (308/308) 100 (200/200) 100 (204/204) 100 (178/178) ND
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Discussion
The most common bloodstream pathogens recovered from pa
tients admitted to or evaluated at Canadian hospitals between 
2007 and 2023 in descending order of frequency were E. coli, 
S. aureus, K. pneumoniae, S. epidermidis and S. pneumoniae. 

The data presented here are generally in keeping with other pub
lications in the literature. Pfaller et al.18 evaluated the frequency 
of occurrence and antimicrobial susceptibility profile of bacterial 
pathogens recovered from the bloodstream of patients at 16 
sentinel hospitals in the USA (10 sites), Europe (4 sites), Mexico 

Table 5. Continued

Organism

% Susceptible (n/N )

2007–09 2010–12 2013–15 2016–18 2019–23 P value

Enterococcus faecalis
Amoxicillin-clavulanateh 99.0 (309/312) 100 (208/208) 99.4 (162/163) 100 (141/141) 100 (132/132) ND
Daptomycin 98.7 (378/383) 98.5 (202/205) 98.2 (160/163) 97.2 (137/141) 99.5 (184/185) ND
Linezolid 99.5 (381/383) 94.1 (193/205) 99.4 (162/163) 100 (82/82)i 98.4 (182/185) ND
Vancomycin 100 (383/383) 100 (205/205) 100 (163/163) 100 (141/141) 100 (185/185) ND

Pseudomonas aeruginosa
DTRa,j 5.5 (18/329) 2.6 (5/189) 1.9 (3/160) 3.3 (4/123) 2.0 (4/198) ND
Ceftazidime 88.1 (290/329) 90.5 (171/189) 91.3 (146/160) 86.2 (106/123) 83.3 (165/198) 0.088
Ceftolozane-tazobactam 99.7 (328/329) 98.9 (187/189) 98.8 (158/160) 98.4 (121/123) 98.5 (195/198) ND
Ciprofloxacin 71.7 (238/332) 84.1 (159/189) 81.9 (131/160) 94.3 (116/123) 91.9 (182/198) <0.001
Colistink 92.6 (262/283) 97.4 (184/189) 92.5 (148/160) 100 (123/123) 97.0 (192/198) 0.014
Meropenem 82.5 (274/332) 86.8 (164/189) 83.8 (134/160) 91.1 (112/123) 79.8 (158/198) 0.850
Piperacillin-tazobactam 88.6 (294/332) 91.0 (172/189) 90.0 (144/160) 91.9 (113/123) 87.4 (173/198) 0.875
Tobramycin 93.6 (308/329) 94.2 (178/189) 98.8 (158/160) 97.6 (120/123) 91.4 (181/198) 0.874

Enterobacter cloacae
Ceftazidime 86.7 (91/105) 81.3 (100/123) 82.2 (83/101) 82.9 (107/129) 71.4 (100/140) 0.009
Ceftriaxone 77.7 (150/193) 76.4 (94/123) 74.3 (75/101) 80.6 (104/129) 70.0 (98/140) 0.286
Ciprofloxacin 92.2 (178/193) 90.2 (111/123) 93.1 (94/101) 96.1 (124/129) 91.4 (128/140) 0.592
Ertapenem 95.2 (157/165) 89.4 (110/123) 96.0 (97/101) 92.2 (119/129) 88.6 (124/140) 0.109
Gentamicin 98.4 (190/193) 96.7 (119/123) 98.0 (99/101) 98.4 (127/129) 95.7 (134/140) ND
Meropenem 100 (193/193) 99.2 (122/123) 100 (101/101) 100 (129/129) 99.3 (139/140) ND
Piperacillin-tazobactam 81.9 (158/193) 82.9 (102/123) 89.1 (90/101) 82.9 (107/129) 77.9 (109/140) 0.486
SXT 91.7 (177/193) 91.9 (113/123) 91.1 (92/101) 94.6 (122/129) 87.1 (122/140) 0.384

Enterococcus faecium
Amoxicillin-clavulanateh 16.5 (22/133) 15.9 (18/113) 7.4 (7/95) 11.7 (11/94) 8.4 (10/119) 0.027
Daptomycinl 100 (152/152) 100 (112/112) 100 (95/95) 98.9 (93/93) 97.9 (142/145) ND
Linezolid 97.4 (148/152) 83.0 (93/112) 93.7 (89/95) 84.0 (79/94) 90.3 (131/145) 0.084
Vancomycin 84.9 (129/152) 76.8 (86/112) 78.9 (75/95) 72.3 (68/94) 69.0 (100/145) 0.001

aValues provided in the table indicate the percent of isolates with a particular resistance phenotype (e.g. ESBL, MRSA or DTR).
bND, not done. Statistical analysis was not performed due to too few isolates testing not susceptible.
cSXT, trimethoprim-sulfamethoxazole.
dHealth Canada breakpoints were applied for ceftobiprole (MIC ≤4 mg/L is considered susceptible). While these breakpoints were used for both S. aur
eus and S. epidermidis, they are only approved for use by Health Canada versus S. aureus (i.e. breakpoints not defined for S. epidermidis).
eTesting for inducible clindamycin resistance was not performed.
fCLSI parenteral non-meningitis breakpoints were applied to determine IV penicillin susceptibility.
gCLSI oral penicillin breakpoints were applied to determine oral penicillin susceptibility.
hCLSI ampicillin breakpoints were used to determine susceptibility to amoxicillin-clavulanate.
iData provided are for 2017 and 2018 only. No data available for isolates obtained from 2016.
jDTR was defined as isolates testing not susceptible (intermediate or resistant) to all of the following antimicrobials: meropenem, piperacillin- 
tazobactam, ceftazidime and ciprofloxacin.
kFor colistin versus P. aeruginosa, CLSI does not have a susceptible breakpoint. The percentages provided in the table reflect the proportion of P. aer
uginosa isolates testing intermediately susceptible to colistin.
lFor daptomycin versus E. faecium, CLSI does not have a susceptible breakpoint. The percentages provided in the table reflect the proportion of E. fae
cium isolates testing susceptible-dose dependent.
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(1 site) and South Korea (1 site) between 2012 and 2017. The five 
most common pathogens across all study years were S. aureus, 
E. coli, Enterococcus spp., Klebsiella spp. and coagulase-negative 
staphylococci.18 Ohnuma et al.2 assessed the distribution of 
pathogens causing bloodstream infections among patients at 
183 hospitals in the USA using data from the Premier 
Healthcare database (2016–20). The top five pathogens recov
ered from bacteraemic patients in this publication were E. coli, 
S. aureus, Streptococcus spp., Klebsiella spp. and Enterococcus 
spp.2 Of note, coagulase-negative staphylococci were excluded 
from this analysis due to challenges in determining whether 
they represented true pathogens or contaminants. Variation in 
the rank order of pathogens across studies is potentially ex
plained by differences in the study populations (including differ
ences in the proportion of inpatients versus outpatients) and 
protocols.

While the rank order of the top five pathogens varied slightly 
over different time periods of our study, the organisms them
selves were fairly consistent. Older data in the literature support 
the consistency of pathogens recovered from bacteraemic pa
tients going back to at least the 1990s. Weinstein et al.5 evalu
ated 843 episodes of bacteraemia among 707 patients at three 
healthcare centres in the USA between 1992 and 1993. The 
five most common pathogens recovered from patients in their 
study were S. aureus, E. coli, coagulase-negative staphylococci, 
K. pneumoniae and Enterococcus spp.5

E. coli, S. aureus and K. pneumoniae were the pathogens most 
frequently recovered from the bloodstream of both inpatients 
and outpatients in our study. However, among outpatients (ER 
and clinic patients), a greater proportion of bloodstream infec
tions were due to S. pneumoniae and beta-haemolytic strepto
cocci (e.g. S. agalactiae and S. pyogenes) relative to inpatients. 
Among inpatients (ICU, medical wards and surgical wards), a 
relatively greater proportion of bloodstream infections were 
due to E. faecium, P. aeruginosa, E. cloacae and C. albicans. We 
hypothesize that differences in the pathogen distribution by 
ward location may be related to differences in the presenting 
clinical syndromes. We presume that bacteraemia due to 
community-acquired pneumonia and soft tissue infections 

would be more common among outpatients and bacteraemia 
due to complicated post-operative infections, device-related in
fections (central line infections and urinary catheter infections), 
hospital-acquired pneumonia and ventilator-associated pneu
monia would be more common among inpatients. It is also pos
sible that inpatients would have received prior antimicrobial 
treatment, predisposing them to more antimicrobial-resistant 
organisms.

Over 17 years of the CANWARD study, we observed an in
crease in the proportion of E. coli and K. pneumoniae bloodstream 
isolates that harboured an extended-spectrum beta-lactamase 
enzyme. The increase in infections due to ESBL-producing E. coli 
described here has similarly been reported in the USA and other 
parts of the world.9–12 It is thought to be due, at least in part, to 
successful spread of the ST131 clone.11 In a prior evaluation of 
671 ESBL-producing E. coli clinical isolates obtained as a part of 
CANWARD (all specimen types, 2007–18), ST131 was the most 
frequent sequence type, accounting for 62.4% (419/671) of iso
lates.9 Further, CTX-M-type beta-lactamases were the dominant 
enzymes encountered, with 92% (617/671) of ESBL-producing 
E. coli possessing one of these (most commonly CTX-M-15, 
CTX-M-14 or CTX-M-27).9 We also observed an increase in the 
proportion of E. faecium isolates that were vancomycin resistant 
over time. An increase in bloodstream infections due to 
vancomycin-resistant Enterococci among Canadian patients 
has been previously reported by the Canadian Nosocomial 
Infection Surveillance Program.19 This may be linked to a change 
in infection control practices, including discontinuation of screen
ing and isolation for VRE at some acute care facilities in Canada.19

There are several important limitations to this work that de
serve attention. The sites participating in the CANWARD study 
and the number of bloodstream isolates requested from partici
pating sites on an annual basis varied somewhat depending on 
the study year. This potentially may have influenced trends in 
pathogen distribution and antimicrobial susceptibility over time. 
There were no unified criteria across all study sites for determin
ing clinical significance of isolates (e.g. requirement that bacteria 
considered common blood culture contaminants such as 
coagulase-negative staphylococci be recovered from at least 

Table 6. Distribution of antimicrobial-resistant phenotypes among patients admitted to or evaluated at Canadian hospitals (CANWARD), stratified by 
ward type

Organism/Phenotype

% with phenotype (n/N)

Ward typea

ICU Surgical ward Medical ward ER Clinic

E. coli (% ESBL) 9.2 (51/557) 9.1 (36/395) 10.2 (214/2103) 6.6 (199/3006) 4.1 (13/317)
S. aureus (% MRSA) 22.8 (135/592) 25.5 (95/372) 23.2 (381/1645) 16.8 (267/1586) 16.0 (51/318)
K. pneumoniae (% ESBL) 8.0 (22/275) 3.3 (6/180) 7.3 (55/755) 2.7 (20/740) 3.6 (4/110)
P. aeruginosa (% DTR)b 7.3 (14/191) 6.7 (5/75) 2.3 (10/432) 1.2 (3/248) 3.5 (2/57)
E. faecium (% VRE)c 29.0 (47/162) 17.9 (12/67) 24.6 (67/272) 15.9 (11/69) 10.7 (3/28)

aNo location data were provided for one E. coli and two S. aureus isolates. Vancomycin susceptibility was not determined for four E. faecium isolates.
bDTR was defined as isolates testing not susceptible (intermediate or resistant) to all of the following antimicrobials: meropenem, piperacillin- 
tazobactam, ceftazidime and ciprofloxacin.
cVRE were defined as E. faecium isolates having a vancomycin MIC of ≥8 mg/L.
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two sites). Rather, this attribution was made by the submitting 
site based on local criteria. As such, it cannot be excluded that 
some of the organisms described here were actually contami
nants rather than true pathogens. In early study years, 
CANWARD received a number of bloodstream isolates that 
were simply identified as coagulase-negative staphylococci, 
while in later years coagulase-negative staphylococci were typ
ically identified to the species level. We speculate that this is 
due to the widespread implementation of MALDI-TOF across 
Canada for organism identification over the last two decades. 
It is possible that some of the coagulase-negative staphylo
cocci isolates may have in fact been S. epidermidis, thereby 
introducing some error into the number of S. epidermidis iso
lates reported here. Some clinically relevant antimicrobials 
were not included on the susceptibility panels used here due 
to space limitations. Susceptibility data were not available for 
certain antimicrobials versus a small number of isolates. 
Finally, clinical information on patients from whom the isolates 
were obtained was not collected. Hence, we were unable to 
stratify pathogen distribution by source of bacteraemia/pre
senting clinical syndrome.

In summary, the most common pathogens recovered from 
the bloodstream of patients admitted to or evaluated at 
Canadian hospitals between 2007 and 2023 were E. coli, S. aur
eus, K. pneumoniae, S. epidermidis and S. pneumoniae. The dis
tribution of pathogens did not vary much over the course of 
the study, but some variation in the pathogen distribution 
was observed when comparing inpatients with outpatients. 
ESBL-producing E. coli and K. pneumoniae isolates were recov
ered more frequently in later study years, with a corresponding 
reduction over time in the susceptibility of third generation ce
phalosporins versus these species. An increase in the proportion 
of E. faecium bloodstream isolates that were resistant to 
vancomycin was also observed over time. However, the propor
tion of S. aureus isolates that were MRSA and P. aeruginosa iso
lates that had a DTR phenotype remained fairly stable over the 
course of the study. Knowledge of the common pathogens 
causing bloodstream infections and their susceptibility profiles 
may assist clinicians in selecting empiric antimicrobial therapy 
for patients presenting with severe sepsis, although local/insti
tution level data remains preferable for guiding treatment 
decision.
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