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Abstract
Fosfomycin has become a therapeutic option in urinary tract infections. Our objective was to evaluate the in vitro activity 
of fosfomycin against Escherichia coli isolated from urine samples in 2013, 2018 and 2021. We also determined a putative 
association between fosfomycin resistance and extended-spectrum β-lactamases (ESBL) production. Fosfomycin activity was 
evaluated against 7367, 8128 and 5072 Escherichia coli urinary isolates in 2013, 2018 and 2021, respectively. We compare 
the prevalence of fosfomycin-resistant strains among the ESBL- and non-ESBL-producing isolates. MICs of fosfomycin, 
cefotaxime, and cefotaxime-clavulanate were determined by a microdilution method. 302 ESBL-producers were selected 
to determine MICs of fosfomycin by agar dilution and genes encoding ESBLs were detected by PCR. Among the total of 
ESBL-producing strains, 14.3%, 20.8% and 20% were resistant to fosfomycin in 2013, 2018 and 2021, respectively, whereas 
fosfomycin resistance in non-ESBL producers was 3.5%, 4.05% and 5.53% for each year (P ≤ 0.001). In the 302 selected 
ESBL-producing isolates, CTX-M was the main ESBL (228 isolates), being 50.7% CTX-M-15. Resistance to fosfomycin 
among these ESBL-producing strains was associated (P = 0.049) with isolates that produced the CTX-M type. Our data 
show that fosfomycin resistance is increasing in Escherichia coli urinary isolates and it is related to ESBL-production. A 
follow-up of fosfomycin resistance is required.
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Introduction

Acquired resistance to β-lactams is mostly mediated by 
extended-spectrum β-lactamases (ESBLs). Recently, a 
dramatic increase of CTX-M enzymes has been observed, 
mainly associated with Escherichia coli urinary isolates [1]. 
These strains usually possess plasmids that carry genes con-
ferring resistance to multiple antibiotic classes. These mul-
tidrug-resistance plasmids have become an increasing con-
cern due to their role in the spread of ESBLs β-lactamases, 

among E. coli [2]. As a result, therapeutic options against 
these β-lactam-resistant E. coli infections are extremely 
limited.

Fosfomycin is a traditional antimicrobial agent with 
broad-spectrum bactericidal activity. It has been used as an 
alternative for treatment of uncomplicated lower urinary 
tract infections (UTI) caused, mainly, by E. coli [3]. The 
recent growing prevalence of ESBL-producing Enterobac-
terales and fluoroquinolone resistant E. coli has rekindled 
interest in fosfomycin as a therapeutic agent in many coun-
tries [4, 5]. Several mechanisms of fosfomycin resistance 
have been reported in E. coli: chromosomal mutations in 
the target gene (murA) or in fosfomycin transporter genes 
(glpT and uhpT), and the acquisition of plasmid-mediated 
fos genes that inactivate fosfomycin [6].

In the present study, we analyzed the prevalence of fosfo-
mycin resistance in E. coli urinary isolates. We also deter-
mined putative association between fosfomycin resistance 
and ESBL production.
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Materials and methods

The study includes all E. coli strains isolated from urine 
samples at the Hospital Clínico San Carlos (Madrid, 
Spain) in 2013, 2018 and 2021. Only one isolate per 
patient was included.

Initially, bacterial identification and antimicrobial sus-
ceptibility tests were conducted using MicroScan panels 
(Beckman Coulter, Brea, CA, USA). The in vitro activ-
ity of fosfomycin, ceftazidime, cefotaxime, ceftriaxone, 
cefotaxime-clavulanate, ceftazidime-clavulanate and nitro-
furantoin was evaluated by using the microdilution method 
(MicroScan panels).

A representative sample of 302 ESBL-producing E. coli 
isolates was selected to confirm the MIC of fosfomycin 
by the agar dilution method and ESBL production. Fosfo-
mycin susceptibility was performed by the reference agar 
dilution method, containing glucose-6-phosphate (Sigma-
Aldrich, St. Louis, MO), according to Clinical and Labo-
ratory Standards Institute (CLSI) guidelines [7]. ESBL 
production was confirmed phenotypically, using both 
cefotaxime and ceftazidime alone or in combination with 
clavulanic acid, following CLSI guidelines [7].

Antibiotic susceptibility was interpreted according 
to the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) criteria and oral breakpoints 
(S ≤ 32 mg/L; R > 32 mg/L) was considered for fosfomy-
cin susceptibility [8]. E. coli ATCC 25922, E. coli ATCC 
35218 and P. aeruginosa ATCC 27853 were used as con-
trol strains in susceptibility assays.

The genes encoding ESBLs were detected by PCR in 
the 302 ESBL-producing E. coli strains as described previ-
ously [9]. Isolates from our collection that were previously 
characterized were used as controls in the PCR assays.

The proportion of isolates with different MICs or resist-
ance profiles using breakpoints by EUCAST was compared 
by Fisher’s exact test. In correlations between pairs of var-
iables, significance was defined as P ≤ 0.05.

Results

A total of 20,577 E. coli isolates from urine samples were 
collected over the three years: 7367 strains in 2013, 8128 
strains in 2018 and 5072 strains in 2021. Table 1 shows 
the percentages of fosfomycin resistance (total, ESBL and 
non-ESBL producers). During these years of study, the 
fosfomycin resistance rates were 4.3%, 5.45% and 6.6%, 
respectively.

Among the total of ESBL-producing strains, 14.3%, 
20.8% and 20% were resistant to fosfomycin in 2013, 2018 

and 2021, respectively, whereas fosfomycin resistance in 
non-ESBL-producers was 3.5%, 4.05% and 5.53% for each 
year. There were significant differences in the fosfomycin 
resistance rates when ESBL-producers were compared to 
non-ESBL-producers (P ≤ 0.001).

Of the 302 selected ESBL-producing E. coli, blaCTX-
M was the main gene detected (228 isolates, 75.6%) fol-
lowed by blaSHV (14.2%) and blaTEM (8.3%). Among the 
228 CTX-M ESBL-producing E. coli isolates, 117 (51.3%) 
carried bla CTX-M-15 and 111 (48.7%) bla CTX-M group 
9. Resistance to fosfomycin was 15.3%, being MIC50 and 
MIC90 values 1 mg/L and 64 mg/L, respectively. The fos-
fomycin resistance rate was also evaluated according to 
ESBL-type (Table 2), being significantly higher among 
CTX-M-producers than among non-CTX-M produc-
ers (18.2% vs. 8.1%, P = 0.049). Moreover, the MIC90 of 
fosfomycin against CTX-M-producing E. coli strains was 
higher compared to those against non-CTX-producers 
(MIC90 = 64 mg/L vs. MIC90 = 8 mg/L).

Discussion

Resistance to fosfomycin among our ESBL-producing 
strains was 14.3%, 20.8% and 20% in 2013, 2018 and 2021, 
respectively. Our data are comparable to those obtained 
by previous studies using EUCAST criteria [10–12]. Nev-
ertheless, the evaluation of fosfomycin activity depends 
on susceptibility breakpoints used. EUCAST breakpoints 

Table 1  Resistance of Escherichia coli urinary isolates to fosfomycin

a P ≤ 0.001

2013
(N = 7367)

2018
(N = 8128)

2021
(N = 5072)

No. (%) No. (%) No. (%)

Total isolates 317
(4.3)

443
(5.45)

334
(6.6)

ESBL-producers 78
(14.3)a

141
(20.8)a

74
(20)a

non-ESBL producers 239
(3.5)a

302
(4.05)a

260
(5.5)a

Table 2  In vitro susceptibility to fosfomycin of 302 Escherichia coli, 
related to the ESBL- type produced

a Based on EUCAST-susceptibility breakpoints

Enzyme MIC50
(mg/L)

MIC90
(mg/L)

Range
(mg/L)

Resistancea 
(%)

P value

CTX-M
(n = 228)

1 64  ≤ 0.5–256 40 (18.2) 0.049

Non CTX-M
(n = 74)

1 8  ≤ 0.5–128 6 (8.1)
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are stricter than those of CLSI and this fact should be 
taken into account to compare with other surveys. Fala-
gas et al. [13], in a review of 17 studies, found that 96.8% 
of ESBL-producing E. coli isolates were susceptibility to 
fosfomycin. Eleven of the 17 included studies used criteria 
corresponding to the CLSI breakpoints for E coli urinary 
isolates. Using a MIC susceptibility breakpoint of 64 mg/L 
or less according to CLSI, our study showed a similar per-
centage. Among the 302 selected ESBL producers, 275 
(91.1%) were susceptible to fosfomycin, but then using 
EUCAST criteria, this rate was reduced to 84.7%.

In the current study, there are technical limitations in 
the in vitro susceptibility testing. All strains (recovered 
during 2013, 2018 and 2021) were tested for fosfomycin 
resistance by the broth microdilution method using Micro-
Scan panels. However, only in 302 ESBL-producing E. 
coli isolates the fosfomycin MIC was confirmed by the ref-
erence agar dilution method according to CLSI guidelines. 
The number of selected strains was representative of the 
three study periods (2011-2018-2021) and the same rate 
of fosfomycin resistance was observed by both microdilu-
tion and agar dilution methods (15.3%, using EUCAST 
criteria).

In Spain, there is a trend towards increased fosfomycin 
resistance in ESBL-producing E. coli isolated from UTI 
[14]. A significant rise was also previously observed in our 
laboratory between 2005 (4.4%) and 2009 (11.4%), which in 
2011 reached 14% [15]. Key factors related to this increased 
fosfomycin resistance could be the rapid growth in commu-
nity use of fosfomycin in Spain in recent years [14].

This study demonstrated that resistance to fosfomycin 
among CTX-M- producing E. coli strains was higher than 
those producing SHV or TEM. The difference was statisti-
cally significant (P = 0.049) and it makes us think of the 
interest of studying the type of resistance of these strains. 
The main type of resistance to fosfomycin appears to be 
chromosome mediated rather than plasmid mediated [16]. 
However, two novel plasmid-mediated fosfomycin-modify-
ing enzymes, FosA3 and FosC2, were recently identified in 
CTX-M-producing E. coli in Japan [17]. In a recent review, 
the authors assert that the CTX-M type β-lactamases have 
overall become the most prevalent ESBLs worldwide [1]. 
Transferable plasmids carrying fosA3 or fosC2 might accel-
erate the dissemination of fosfomycin resistance around the 
world. The blaCTX-M genes often coexist with other genes 
such as fosA3, which confers resistance to fosfomycin [18].

In conclusion, our results demonstrate that fosfomycin 
retains good activity against E. coli urinary isolates, sug-
gesting that it may be a therapeutic option for the treatment 
of uncomplicated cystitis. However, an increasing resistance 
trend is observed for fosfomycin in ESBL-producing E. coli 
isolated from UTI, a follow-up of this resistance is required.
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