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OBJECTIVES: Escherichia coli was the most common pathogen iso-
lated in the Canadian Ward Surveillance Study (CANWARD 2007)
and remains one of the most common pathogens isolated in all health
care settings. An in-depth analysis of all E coli isolates was performed
to determine the distribution and demographics associated with resis-
tance to antimicrobials, presence of extended-spectrum beta-lactamases
(ESBLs) and multidrug resistance (MDR; concurrent resistance to
agents from three or more different antimicrobial classes).
METHODS: The CANWARD 2007 study characterized pathogens
isolated from inpatient (surgical and medical wards, and intensive care
units) and outpatient (emergency departments and clinics) areas of
12 Canadian hospitals between January and December 2007. E coli
susceptibility to 12 antimicrobials was determined, ESBL production
was determined, and a multivariate nominal logistic regression model
was designed to determine if sex, isolation from a sterile site, inpatient
versus outpatient status, and age were significantly associated with
susceptibility to the tested antimicrobials, MDR or ESBL production.
RESULTS: In total, 1702 E coli isolates, representing 21.6% of all
isolates collected in the CANWARD 2007 study, were investigated.
Of these, 1560 isolates fell within the primary objective of the study
and were included in the present analysis. Susceptibilities were greater
than 90% for meropenem (100%), ertapenem (100%), tigecycline
(99.9%), piperacillin-tazobactam (97.9%), cefepime (97.9%), ceftri-
axone (95.4%), nitrofurantoin (95.2%), cefoxitin (94.8%), amoxicillin-
clavulanate (92.9%) and gentamicin (91.4%). Cefazolin (89.4%), the
fluoroquinolones (ciprofloxacin, 79.4%; levofloxacin, 79.9%) and
trimethoprim-sulfamethoxazole (75.7%) were less active agents. In
the multivariate model, invasive isolates were significantly associated
with lower susceptibility rates for trimethoprim-sulfamethoxazole.
Increasing age was associated with lower susceptibility to fluoroquino-
lones, ceftriaxone, cefepime, gentamicin and nitrofurantoin, as well as
ESBL production. Sex was not associated with resistance to any anti-
microbial or to ESBL production. Inpatient status was associated with
higher resistance rates to amoxicillin-clavulanate, cefazolin, fluoroqui-
nolones and trimethoprim-sulfamethoxazole. Isolation of an ESBL
producer was only found to be independently associated with age,
being more common in older patients. MDR was not found to be asso-
ciated with any variable measured when ESBL producers were
excluded from analysis.

CONCLUSIONS: E coli antimicrobial susceptibility varies according
to patient factors. Age and inpatient status were the most important
determinants in the present analysis and should be considered when
prescribing empirical antimicrobial therapy. Fluoroquinolones and

sulfonamides should be used cautiously and in consideration of local
resistance patterns for infections caused by E coli, due to lower suscep-
tibility rates. Independent factors associated with antimicrobial resis-
tance were age, inpatient status and isolation from a sterile site. These
factors should be considered when empirically treating infections
likely caused by E coli. Local antimicrobial prescribing practices, in
particular the liberal use of fluoroquinolones, and inadequate infection
control practices may be reducing susceptibility rates.

Key Words: Escherichia coli; Gram-negative; Infection; Resistance;
Treatment

Lanalyse d’isolats d’Escherichia coli chez
1 560 patients hospitalisés et ambulatoires de
partout au Canada — Les résultats de ’étude

CANWARD 2007

OBJECTIFS : LEscherichia coli était le pathogene le plus isolé dans I’étude
CANWARD 2007 sur la surveillance des services aux hospitalisés
canadiens et demeure I'un des pathogenes les plus isolés en milieu de santé.
On a effectué une analyse approfondie de tous les isolats d’E coli pour
déterminer la répartition et la démographie associées a la résistance aux
antimicrobiens ainsi qu’a la présence de béta-lactamases a large spectre
(ESBL) et de multirésistance (résistance conjointe & au moins trois classes
d’antimicrobiens).
METHODOLOGIE : Létude CANWARD 2007 caractérisait les
pathogenes isolés de patients hospitalisés (service de chirurgie, service
médical et unité de soins intensifs) et ambulatoires (urgence et cliniques)
de 12 hopitaux canadiens entre janvier et décembre 2007. On a déterminé
la susceptibilité de I'E coli a 12 antimicrobiens ainsi que la production
d’ESBL et congu un modele de régression logistique nominale multivariée
pour déterminer si le sexe, I'isolement d’un foyer stérile, le statut de patient
hospitalisé ou ambulatoire et 1'dge s’associaient de maniére significative a
la susceptibilité aux antimicrobiens vérifiés, 2 la multirésistance ou a la
production d’ESBL.
RESULTATS : Au total, on a évalué 1 072 isolats I’E coli, représentant
21,6 % de tous les isolats prélevés dans le cadre de 'étude CANWARD
2007. De ce nombre, 1 560 isolats respectaient 'objectif primaire de 'étude
et ont été inclus dans la présente analyse. Les susceptibilités étaient
supérieures 2 90 % pour le méropénem (100 %), 'ertapénem (100 %), la
tigécycline (99,9 %), la pipéracilline-tazobactam (97,9 %), la céfépime
(97.9 %), la ceftriaxone (95,4 %), la nitrofurantoine (95,2 %), la céfoxitine
(94,8 %), Pamoxicilline-clavulanate (92,9 %) et la gentamicine (91,4 %).
La céfazoline (89,4 %), les fluoroquinolones (ciprofloxacine, 79,4 %,
lévofloxacine, 79,9 %) et le triméthoprim-sulfaméthoxazole (75,7 %)
étaient moins actifs. Dans le modeéle multivarié, les isolats envahissants
étaient associés de maniére marquée a des taux de susceptibilité plus faibles
pour le triméthoprim-sulfaméthoxazole. Le vieillissement s’associait 2 une
susceptibilité plus faible aux fluoroquinolones, a la ceftriaxone, a la
suite page suivante
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céfépime, a la gentamicine et a la nitrofurantoine, ainsi qu’a la production
d’ESBL. Le sexe ne s’associait pas a la résistance 2 un antimicrobien ou a la
production d’ESBL. Lhospitalisation s’associait a des taux de résistance plus
élevés a 'amoxicilline-clavulanate, a la céfazoline, aux fluoroquinolones et
au triméthoprim-sulfaméthoxazole. L’isolement d’'un producteur d’ESBL
s'associait seulement de maniere indépendante a Iage, puisqu'il était plus
courant chez les patients plus 4gés. La multirésistance n’était pas reliée a une
variable mesurée lorsque les producteurs I’ESBL étaient exclus de I'analyse.
CONCLUSIONS : La susceptibilité des antimicrobiens a I'E coli varie
selon des facteurs propres au patient. Selon la présente analyse, I'Age et
I'hospitalisation étaient les principaux déterminants, et il faudrait en tenir

compte au moment de prescrire un traitement antimicrobien empirique.
Les fluoroquinolones et les sulfamides doivent étre utilisés avec prudence
et compte tenu des profils de résistance locaux pour les infections causées
par 'E coli, en raison de taux de susceptibilité plus faibles. Les facteurs
indépendants liés a la résistance antimicrobienne étaient I’Age,
I'hospitalisation et 'isolement d’un foyer stérile. Il faut tenir compte de ces
facteurs lors du traitement empirique d’infections probablement causées
par 'E coli. Les pratiques locales de prescription d’antimicrobiens,
notamment [utilisation libérale de fluoroquinolones et les pratiques
inadéquates de contrdle de l'infection, pourraient réduire les taux de
susceptibilité.

Escherichia coli is the most commonly isolated clinically rel-
evant Gram-negative organism in most health care settings
(1-3). Although most commonly associated with urinary tract
infections, all body sites can be involved. Furthermore, resist-
ance to multiple antimicrobials is increasing and multidrug
resistant (MDR; concurrent resistance to agents from three or
more different antimicrobial classes) isolates are common
(1,4,5). Appropriate empirical antimicrobial choice must take
into account local resistance patterns and other demographic
variables such as patient age, site and severity of infection, sex,
inpatient status as well as previous antimicrobial use, stay in
hospitals or personal care homes, and colonization with anti-
microbial resistant organisms (1,6). The purpose of the present
study was to provide an in-depth analysis of patient factors
associated with drug resistance in the most commonly isolated
organism overall in Canadian hospitals.

METHODS
E coli isolates were obtained as part of the Canadian Ward
Surveillance Study (CANWARD 2007), which collected iso-
lates submitted to 12 clinical microbiology laboratories from
tertiary care hospitals in seven provinces across Canada.
Submitting sites and collection strategy are described else-
where in the present supplement (2). Isolates had to be deemed
clinically significant by the referring laboratory’s current speci-
men work-up protocol. Demographic information collected
with each isolate included patient age, sex, site of infection and
the location of patient contact (surgical or medical ward, emer-
gency room, intensive care unit [ICU] or hospital clinic). A
minimum number of isolates from each hospital location and
anatomical site was requested to provide more power to the
study. The implication of this collection strategy is that the
anatomical distribution of pathogen isolation and inpatient
versus outpatient distribution does not reflect the true distribu-
tion in the population studied. Isolates were collected within
both primary and secondary study objectives and only isolates
collected within the primary objective were considered in this
analysis. For statistical analysis, age was divided into four cat-
egories: 20 years and younger, 21 to 60 years, 61 to 80 years,
and 81 years and older, and location of patient contact was
divided into either inpatient (wards and ICUs) or outpatient
(emergency room and clinics). Information on previous anti-
microbial exposure, hospitalization duration and underlying
medical conditions was not available. Antimicrobial susceptibil-
ity to amoxicillin-clavulanate, cefazolin, cefepime, ceftriaxone,
ciprofloxacin, gentamicin, nitrofurantoin, levofloxacin, mero-
penem, ertapenem, piperacillin-tazobactam, tigecycline and
trimethoprim-sulfamethoxazole was determined using broth
dilution as described elsewhere in the present supplement (2).
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Screening for ESBL production was achieved using a 1 pg/mL
or greater ceftriaxone breakpoint and confirmation was with
the Clinical and Laboratory Standards Institute-recommended
disk diffusion method (7). Univariate analysis using the %2 (or
Fisher’s exact test where required) was undertaken to identify
relationships between susceptibility to each of the antimicrob-
ials and ESBL production; and the following variables: sex, age
group, inpatient/outpatient status and isolation from a sterile
site (blood, cerebrospinal fluid, synovial fluid). Relationships
where the P<0.20 in the univariate analysis were included in a
multivariate nominal logistic regression model to determine
independent explanatory variables. Initially, a full factorial
multiple logistic regression analysis was performed using the
potential explanatory variables identified in the univariate
analysis for each antimicrobial, and then a backward selection
so that all factors remaining in the model were statistically
significant at a 5% level (P<0.05). Statistical analysis was
undertaken using JMP software version 7.0 (SAS Institute Inc,

USA).

RESULTS

Of 7881 total organisms, 1702 E coli (21.6%) were collected
from the CANWARD 2007 study, making it the most common
organism isolated from patients in Canadian hospitals overall.
Of these, 1560 fell within the primary objective and the
remaining 142 were submitted as putative ESBL producers for
separate analysis and excluded from the present analysis. The
mean age of patients infected with E coli was 56.9 years; 12.3%
of E coli isolates were from patients younger than 21 years,
34.7% were 21 to 60 years of age, 33.9% were 61 to 80 years of
age and 19.1% were older than 80 years of age. There were
more samples from women (59.3%); with both sexes combined,
50.5% were invasive isolates (all bloodstream), and 40.7%
were from urine, 6.4% from respiratory sources and 2.4% from
wounds. Note that the sampling strategy was biased to include
a surplus of bloodstream isolates to have greater numbers of
these for analysis and this does not represent the true source
distribution of E coli infections. The distribution among prov-
inces was British Columbia, 9.7%; Alberta, 7.6%; Saskatchewan,
9.1%; Manitoba, 9.2%; Ontario, 28.3%; Quebec, 29.2% and
Nova Scotia, 6.9%. Isolates were not obtained from
Newfoundland, Nunavut, the Northwest Territories, Yukon,
New Brunswick or Prince Edward Island.

Minimum inhibitory concentrations (MICs) required to
inhibit 50% and 90% of organisms (MIC;,, MICy;) and per-
centage of isolates susceptible to the antimicrobials are pro-
vided in Table 1. Susceptibilities were greater than 90% for
meropenem (100%), ertapenem (100%), tigecycline (99.9%),
piperacillin-tazobactam (97.9%), cefepime (97.9%), ceftriaxone
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(95.4%), nitrofurantoin (95.2%), cefoxitin (94.8%), amoxi-
cillin-clavulanate (92.9%) and gentamicin (91.4%). Cefazolin
(89.4%), the fluoroquinolones (ciprofloxacin, 79.4%; levoflox-
acin, 79.9%) and trimethoprim-sulfamethoxazole (75.7%)
were less active agents. One hundred twenty-seven (8.2%) of
E coli isolates had an MDR phenotype and 53 (3.4%) of the
isolates were phenotypically confirmed ESBL producers. The
latter are discussed elsewhere in the present supplement.

Univariate statistical analysis revealed no relationship
(P>0.20) between any of the demographic variables and sus-
ceptibility to meropenem, ertapenem, tigecycline and cefoxi-
tin. The multivariate model is illustrated in Table 2.
Piperacillin-tazobactam is excluded from the table because no
variables were associated with susceptibility to this antimicrob-
ial in the multivariate model. Age was the strongest predictor
of reduced susceptibility, being independently associated with
reduced susceptibility to fluoroquinolones, ceftriaxone,
cefepime, gentamicin and nitrofurantoin, ESBL production
and MDR. Separate analysis of isolates that were MDR but not
ESBL producers showed that the association between age and
MDR isolated was largely driven by ESBL producers and no
association existed between age and MDR isolates that were
not ESBL producers (data not shown). Both stepwise regres-
sion analyses applied to age categories and linear regression
applied to actual age (data not shown) confirmed that increas-
ing age was associated with decreasing susceptibility to all
agents and increased likelihood of ESBL production. Isolation
from a sterile site was only independently associated with
reduced susceptibility to trimethoprim-sulfamethoxazole.
Inpatient status was associated with reduced susceptibility to
amoxicillin-clavulanate, cefazolin, fluoroquinolones and
trimethoprim-sulfamethoxazole. Sex was not independently
associated with reduced susceptibility to any antimicrobials.
Differences in susceptibility between sexes were driven by
higher inpatient prevalence and higher mean and median age
in men.

DISCUSSION

Low susceptibility of ICU E coli isolates to fluoroquinolones and
trimethoprim-sulfamethoxazole was not unexpected given the
wide use of these antimicrobials in both inpatients and out-
patients. In particular, the dramatic increase in fluoroquinol-
one resistance has been observed in many settings (8-10). Our
observations suggest that first-generation cephalosporins and
amoxicillin-clavulanate are still useful agents for infections
caused by E coli in that susceptibility rates remain near 90%
overall. This is particularly true of outpatient isolates where
susceptibility is greater than 90% for both these agents. On the
contrary, low susceptibility to fluoroquinolones even in the out-
patient setting (84%) begins to bring into question the use of
these agents as first line for infections commonly caused by
E coli, such as urinary tract infections. Trimethoprim-
sulfamethoxazole susceptibility rates are below 80% in both
inpatient and outpatient settings and should only be used for
infections empirically in the context of supportive data from
local antibiograms or definitive susceptibility data.

In our multivariate model, increasing age was independ-
ently associated with reduced susceptibility to fluoroquin-
olones, nitrofurantoin, ceftriaxone, cefepime, gentamicin
and ESBL production. The association between age and
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Resistance in E coli from Canadian inpatients and outpatients

TABLE 1
Susceptibility and minimal inhibitory concentration (MIC)

of 1560 Escherichia coli isolates in the CANWARD 2007
study

MICy, MICy,,
Antimicrobial % S % 1 % R ug/mL pug/mL
Amoxicillin- 92.90 5.95 1.15 4 8
clavulanate*
Cefazolin 89.40 3.53 13.49 2 16
Cefepime 97.94 1.22 0.83 <1 <1
Cefoxitin* 94.82 2.88 2.30 4
Ceftriaxone 95.44 1.41 3.15 <1 <1
Ciprofloxacin 79.38 0.32 20.30 <0.06 >16
Gentamicin 91.22 0.45 8.17 <0.5 2
Ertapenem 100 - - <0.06 <0.06
Levofloxacin 79.90 0.83 19.27 <0.06 16
Meropenem 100 - - <0.12 <0.12
Nitrofurantoin* 95.20 2.50 2.30 16 32
Piperacillin- 97.94 0.83 1.22 <1 4
tazobactam
Tigecycline 99.87 0.13 - 0.25 0.5
Trimethoprim- 75.72 - 24.34 <0.12 >8

sulfamethoxazole

*521 isolates were tested against amoxicillin-clavulanate, cefoxitin and nitro-
furantoin. | Intermediate; MICg 4, MICs required to inhibit 50%/90% of organ-
isms; R Resistant; S Susceptible

fluoroquinolone susceptibility has been demonstrated previ-
ously and is likely due to increasing exposure to fluoroquinol-
ones over time and avoidance of fluoroquinolone use in
children (11-14). This suggests that fluoroquinolones as empir-
ical therapy may be appropriate in younger patients if indi-
cated. However, in routine pediatric practice, these drugs are
best avoided because of concerns for toxicity. Age has also been
described as a risk factor for infection with an ESBL-producing
organism (15,16), and may be associated with increasing
exposure to health care settings and antibiotics. Interestingly,
exposure to fluoroquinolones has been described as a risk factor
for acquisition of an ESBL producer, which may partially
explain that age is associated with both resistance to fluoro-
quinolones and ESBL-producing E coli (16). The association
between age and cefepime and ceftriaxone resistance is likely
driven by the same factors responsible for the increase in infec-
tions caused by ESBL producers, because ESBL production
correlates well with resistance to both cefepime and ceftriax-
one. Because resistance to cefazolin was not associated with
increasing age, it would appear that increasing age does not
correlate with the acquisition of cephalosporinases capable of
hydrolyzing on first-generation cephalosporins, but does correl-
ate with acquisition of cephalosporinases with activity against
advanced cephalosporins (ie, ESBLs). It is interesting that
increasing age predicted resistance to gentamicin and nitrofur-
antoin. Age has been reported as a risk factor for resistance to
several antimicrobials before and is likely related to an
increased cumulative antimicrobial pressure (17). ESBL pro-
duction has also been shown to be strongly associated with
gentamicin resistance (18), as is the case in our data (genta-
micin susceptibility in ESBL producers is 41.5% versus 93.2%
in non-ESBL producers, P<0.001), which suggests that the
increasing prevalence of ESBL producers with increasing age is
playing a role in the increasing resistance to gentamicin.
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TABLE 2

Percentage of Escherichia coli isolates susceptible to selected antimicrobials by explanatory variables significant in the

multivariate nominal logistic regression model

Variable (number of CLA CFz CRO CPM CIP LVX GM SXT NF MDR ESBL
isolates) (521) (1560) (1560) (1560) (1560) (1560) (1560) (1560) (521) (127) (53)
Age , years (n=1560) NS NS P<0.001 P=0.048 P<0.001 P<0.001 P=0.012 NS P<0.001 0.043 P<0.001
<21 (n=191) 90.2 90.0 100.0 100.0 94.2 94.2 95.8 80.1 98.0 4.2 0.0
21-60 (n=542) 929 90.4 96.3 98.5 81.1 81.7 92.0 75.0 98.2 8.2 2.2
61-80 (n=529) 94.1 87.9 92.8 96.6 74.8 75.8 88.6 725 96.0 10.2 6.1
>80 (n=298) 91.8 89.9 95.6 98.0 74.8 74.8 92.3 79.9 86.7 7.1 3.0
Sex (n=1560) NS NS NS NS NS NS NS NS NS NS NS
Male (n=636) 91.0 88.2 94.2 97.5 73.0 73.8 89.1 73.2 94.9 10.9 4.3
Female (n=924) 94.4 90.3 96.3 98.3 83.8 84.1 93.0 77.5 95.5 6.3 2.8
Sterile site isolate (n=1560) NS NS NS NS NS NS NS P<0.001 NS NS NS
Yes (n=788) 925 88.2 94.4 97.3 78.3 78.5 90.2 71.4 94.3 8.9 4.3
No (n=772) 95.7 90.7 96.5 98.6 80.5 81.3 92.6 80.1 95.3 7.4 25
Patient setting (n=1560) P<0.001 P<0.001 NS NS P<0.001 P<0.001 NS P<0.001 NS NS NS
Inpatient (n=693) 88.1 86.0 93.1 96.2 72.8 73.7 88.6 71.7 94.5 11.7 55
Outpatient (n=867) 96.4 92.1 97.3 99.3 84.6 84.9 93.6 79.0 95.7 5.3 1.7

CLA Amoxicillin-clavulanate; CFZ Cefazolin; CIP Ciprofloxacin; CPM Cefepime; CRO Ceftriaxone; ESBL Extended-spectrum beta-lactamase producers; GM
Gentamicin; LVX Levofloxacin; MDR Resistant to three or more classes of antimicrobials tested; NF Nitrofurantoin; NS No statistically significant association between
susceptibility to the antimicrobial and demographic variable at the 0.05 level in the multivariate model; SXT Trimethoprim-sulfamethoxazole

Isolation from a sterile site was significantly independently
associated with resistance to trimethoprim-sulfamethoxazole.
This observation was made in a previous study of ICU E coli
isolates and was thought to be potentially associated with the
unmeasured variable of length of stay (12). However, in the
present study, this observation was independent of inpatient
status, which suggests that another mechanism may be at play.
Possible explanations include co-presence of virulence deter-
minants and trimethoprim-sulfamethoxazole resistance genes
on mobile elements (integrons) or data biased by widespread
use of trimethoprim-sulfamethoxazole empirically in urinary
tract infections caused by trimethoprim-sulfamethoxazole-
resistant organisms that subsequently progress to bacteremia,
thereby inflating the number of trimethoprim-sulfamethoxazole-
resistant invasive isolates.

Predictably, inpatient isolates had lower susceptibility to
several antibiotics, including amoxicillin-clavulanate, fluoro-
quinolones, cefazolin and trimethoprim-sulfamethoxazole.
Interestingly, susceptibility to antimicrobials commonly used
in the inpatient setting (ceftriaxone, cefepime, gentamicin,
carbapenems and piperacillin-tazobactam) did not appear to be
significantly affected by inpatient status. This is reassuring in
that these antimicrobials maintain good activity overall in the
hospital setting. The reason that antimicrobials commonly
used in the community are most affected by inpatient status is
not known, but may be due to general practitioners using these
antimicrobials to treat outpatients and selection bias occurring
because poor response due to antimicrobial resistance requires
admission for parenteral antimicrobials.

Interestingly, sex was not a predictor of susceptibility to any
of the antimicrobials tested after adjusting for other factors in
the multivariate model. Although large differences were seen
between susceptibility to fluoroquinolones, both inpatient
status and age appeared to be confounding factors in the effect
of sex on fluoroquinolone resistance. The absence of a sex
effect contradicts the findings of others (16,17,19), but few of
these studies adjusted both for inpatient status and age and
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other studies have demonstrated no association with sex
(12,20).

Meropenem, ertapenem, piperacillin-tazobactam, tigecy-
cline and cefoxitin were not significantly associated with any
demographic variable in the multivariate model. Low overall
resistance rates accounts for these observations.

Our study had some limitations. We could not collect
patient information such as length of stay, previous antimicrob-
ial exposure and underlying disease. Although of great interest
for the prediction of antimicrobial resistance, the effect of
these variables cannot be determined with our data. Also, our
isolates reflect only information from the 12 centres studied
and our data may not reflect the antimicrobial susceptibility
patterns of all hospitals in Canada. However, this study does
provide valuable information about the factors predicting anti-
microbial susceptibility of E coli in one of the largest of
inpatient and outpatient populations in Canada studied to
date.
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