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Among 162 isolates of extended-spectrum beta-lactamase-(ESBL)-producing Escherichia coli recovered from the
urine of Canadian patients (2007–2017), five (3.1%) were not susceptible in vitro to fosfomycin (MIC
≥128 μg/mL). These isolates underwent whole genome sequencing to assess for the presence of fos genes. The
fosA3 gene was detected in one isolate.
kty).
© 2019 Elsevier Inc. All rights reserved.
Urinary tract infections are responsible for more than 8 million
physician visits in the ambulatory care setting in the United States on
an annual basis (Hooton 2012). The pathogen that most commonly
causes urinary tract infections is Escherichia coli (Hooton 2012). In
North America, the proportion of E. coli urinary isolates that harbor an
extended-spectrum beta-lactamase (ESBL) enzyme has been increasing
(Denisuik et al. 2013; McDanel et al. 2017). Oral antimicrobial options
for the treatment of cystitis caused by ESBL-producing E. coli are limited,
as these isolates often demonstrate phenotypic resistance to
trimethoprim-sulfamethoxazole and ciprofloxacin (Denisuik et al.
2013).

Fosfomycin is an older antimicrobial that works by inhibiting the
action of UDP-N-acetylglucosamine enolpyruvyl transferase (MurA),
an enzyme that catalyzes an early step in peptidoglycan synthesis
(Falagas et al. 2016; Zhanel et al. 2016). It is available in both an oral
and intravenous formulation, although availability is country depen-
dent (Falagas et al. 2016). Currently, oral fosfomycin is one of the first-
line treatment options for bacterial cystitis recommended by the Infec-
tious Diseases Society of America (Gupta et al. 2011). ESBL-producing
E. coli frequently remain susceptible in vitro to fosfomycin, but
fosfomycin-resistant isolates have been reported (Falagas et al. 2016;
Zhanel et al. 2016). Fosfomycin resistance may be mediated by muta-
tions in the transporters (GlpT and UhpT) required for uptake of the
antimicrobial, or by target site alterations (mutations in the murA
gene) (Falagas et al. 2016; Karageorgopoulos et al. 2012; Zhanel et al.
2016). However the resistancemechanism of greatest concern is acqui-
sition of a plasmid containing a fos gene (Falagas et al. 2016). Fos genes
catalyze conjugation of fosfomycin with glutathione or another nucleo-
phile, thereby inactivating the antimicrobial (Falagas et al. 2016;
Karageorgopoulos et al. 2012; Zhanel et al. 2016). There is a paucity of
data describing the frequency of fos gene mediated fosfomycin resis-
tance among ESBL-positive E. coli in North America. The purpose of
this study was to evaluate the frequency of fos gene detection among
ESBL-producing E. coli urinary isolates recovered from patients seen at
Canadian hospitals as part of the CANWARD study.

On an annual basis from January 2007 to December 2017, sentinel
hospitals across Canada submitted bloodstream, urinary, wound, and
respiratory isolates (one per patient/infection site) from patients
attending emergency rooms, medical and surgical wards, hospital
clinics, and intensive care units (CANWARD). The medical centers
submitted clinically significant isolates, as defined by their local site
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Table 2
Antimicrobial susceptibility profile of a fosA3-positive ESBL-producing E. coli isolate recov-
ered from the urine of a patient in Canada.

Antimicrobial MIC (μg/mL) MIC interpretationa

Amikacin ≤2 Susceptible
Amoxicillin-clavulanate 8 Susceptible
Cefazolin 128 Resistant
Ceftriaxone N64 Resistant
Ciprofloxacin N16 Resistant
Ertapenem ≤0.06 Susceptible
Fosfomycin N512 Resistant
Gentamicin N32 Resistant
Meropenem ≤0.12 Susceptible
Nitrofurantoin 64 Intermediate
Piperacillin-tazobactam ≤1 Susceptible
Trimethoprim-sulfamethoxazole ≤0.12 Susceptible

a MICs interpreted using breakpoints from the CLSI M100 29th edition (2019)
document.
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criteria. Isolate identification was performed by the submitting site and
confirmed at the reference site as required (i.e., when morphological
characteristics and antimicrobial susceptibility patterns did not fit the
reported identification). Isolates were shipped on Amies semi-solid
transport media to the coordinating laboratory (Health Sciences Centre,
Winnipeg, Canada), subcultured onto appropriatemedia, and stocked in
skim milk at −80 °C until minimum inhibitory concentration (MIC)
testing was carried out.

Following 2 subcultures from frozen stock, susceptibility testingwas
performed by agar dilution (for fosfomycin) or broth microdilution (all
other antimicrobials) in accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines (Clinical and Laboratory Standards
Institute 2018; Clinical and Laboratory Standards Institute 2019). For
broth microdilution testing, in-house-prepared 96-well broth
microdilution panels were used. Antimicrobial MICs were interpreted
using CLSI breakpoints (Clinical and Laboratory Standards Institute
2019). Screening for, and confirmation of, ESBL-producing Escherichia
coli was performed as described by CLSI (Clinical and Laboratory
Standards Institute 2019). ESBL-positive E. coli isolates that tested inter-
mediate or resistant to fosfomycin (MIC ≥128 μg/mL)were submitted to
Canada's National Microbiology Laboratory (Winnipeg, Canada) for
whole genome sequencing on the NextSeq platform (Illumina, San
Diego, CA, USA) to assess for the presence of fos genes. Reads were as-
sembled into contigs by SPAdes v3.8.0 and the contigs analyzed by
ResFinder on the Center for Genomic Epidemiology website (https://
cge.cbs.dtu.dk/services/).

In total, 3205 E. coli urinary isolates were obtained as part of the
CANWARD Study between 2007 and 2017. One-hundred and sixty-
two of these (5.1%, 162/3205) were ESBL-positive. The antimicrobial
susceptibility profile of these isolates is presented in Table 1. Among
the ESBL-positive E. coli, 96.9% were fully susceptible to fosfomycin
(MIC ≤64 μg/mL). Three isolates were intermediate to fosfomycin (MIC
128 μg/mL) and two isolates were resistant (MIC ≥256 μg/mL). One of
the fosfomycin-resistant isolates was found to harbor a fosA3 gene.
This isolate also contained a CTX-M-65 ESBL enzyme and was sequence
type ST131. The susceptibility profile of this isolate is provided in Table 2.

The fosA3 gene was first described among two ESBL (CTX-M)-pro-
ducing E. coli isolates in Japan in 2010 (Wachino et al. 2010). It is
thought that this gene may have mobilized from the chromosome of
Kluyvera georgiana (Ito et al. 2018). E. coli isolates positive for fosA3
have been found in the fecal specimens of various animals in China, in-
cluding cattle, pigs, chickens/fowls, dogs, cats and rodents (Hou et al.
2013; Wang et al. 2017; Yang et al. 2019). In most cases, fosA3 has
been detected in association with an ESBL enzyme, usually a CTX-M
type (Hou et al. 2013; Wang et al. 2017). E. coli harboring the fosA3
gene have been reported among human clinical specimens in China
and Korea (Cao et al. 2017; Lee et al. 2012; Yang et al. 2019). Outside
of Asia, fosA3-positive E. coli have been detected in livestock in Brazil
and France (Lupo et al. 2018; Palmeira et al. 2018). Human clinical
Table 1
Antimicrobial susceptibility profile of 162 ESBL-producing E. coli urinary isolates recovered fro

Antimicrobial MIC50

(μg/mL)
MIC90
(μg/mL)

Ran
(μg

Amikacin 2 8 ≤1
Amoxicillin-clavulanate 8 16 1 to
Cefazolin N128 N128 16
Ceftriaxone N64 N64 ≤0.
Ciprofloxacin N16 N16 ≤0.
Ertapenem ≤0.06 0.25 ≤0.
Fosfomycin 2 4 ≤1
Gentamicin 1 N32 ≤0.
Meropenem ≤0.12 ≤0.12 ≤0.
Nitrofurantoin 16 64 ≤1
Piperacillin-tazobactam 4 16 ≤1
Trimethoprim-sulfamethoxazole N8 N8 ≤0.

a Susceptibility data interpreted using breakpoints from the CLSI M100 29th edition (2019)
isolates have been reported in Brazil, Bolivia, and Portugal (Bartoloni
et al. 2016; Fernandes et al. 2018; Mendes et al. 2016). To date, fosA3-
positive E. coli have been rarely documented in North America. In a sin-
gle report, Alrowais et al. described recovery of a fosA3-positive, CTX-M-
positive E. coli isolate from a patient in the United States (Pennsylvania)
(Alrowais et al. 2015). Of concern, in China, the fosA3 gene has also been
detected among E. coli isolates that harbor a NDMcarbapenemase (Zhao
et al. 2014).

There are several limitations to the data presented here that deserve
attention. Other mechanisms conferring reduced susceptibility to
fosfomycinwere not investigated. It is possible thatmore thanonemech-
anism contributed to the fosfomycin-resistant phenotype for the isolate
possessing the fosA3 gene. Additionally, no clinical informationwas avail-
able on the patient fromwhom the fosA3-positive isolatewas obtained. It
is unclear if this isolate may have been acquired outside of Canada.

In summary, fos gene mediated fosfomycin-resistance is rare among
ESBL-producing E. coli urinary isolates in Canada. This is an encouraging
finding, as fosfomycin often remains one of the few oral antimicrobials
with preserved in vitro activity versus ESBL-producing E. coli. Ongoing
surveillance of fosfomycin susceptibility among E. coli isolates is re-
quired to ensure that no trend towards reduced susceptibility occurs
over time, especially with the anticipated increased use of this antimi-
crobial in the future.
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m patients evaluated at hospitals in Canada (CANWARD, 2007–2017).

ge
/mL)

Susceptible
(%)a

Intermediate (%)a Resistant
(%)a

to 32 99.4 0.6 0.0
N32 54.9 35.8 9.3

to N128 0.0 0.0 100.0
25 to N64 1.9 1.9 96.3
06 to N16 14.8 1.2 84.0
03 to 2 98.8 0.0 1.2
to N512 96.9 1.9 1.2
5 to N32 61.1 1.9 37.0
12 100.0 0.0 0.0
to 256 88.9 8.0 3.1
to N512 93.8 3.7 2.5
12 to N8 34.0 Not defined 66.0
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