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RESULTS

Background: Escherichia coli are responsible for 75-90% of uncomplicated urinary tract infections. Fosfomycin
(FOS) tromethamine is indicated in the treatment of uncomplicated urinary tract infections and is usually
administered as a single oral dose. FOS inactivates the enzyme UDP-N-acetylglucosamine-3-

Bacterial isolates. All urinary isolates of E. coli were collected as part of the ongoing, annual, Canadian
national surveillance study, CANWARD (2). Primary isolate identification was performed by the submitting site. If

Table 1. In vitro activities of antimicrobial agents against 868 urine isolates of E. coli
isolated by 15 laboratories across Canada from 2010 to 2013.

Table 2. MIC distributions for fosfomycin against 868 urine isolates of E. coli isolated by 15 laboratories
across Canada from 2010 to 2013 stratified by susceptible or resistant phenotype.

an isolate identification made by the coordinating laboratory (Health Sciences Centre, Winnipeg, Canada) using D e e '
enolpyruvyltransferase (MurA) which ligates phosphoenolpyruvate (PEP) to the 3'-hydroxyl group of UDP-N- morphological characteristics and spot tests (3) was not consistent with that provided by the submitting site, the Isolate Phenotype (n) N Fosfomycin MIC (ug/mi)*
. . . . . . . .. . . . . . . . Antimicrobial agent MICso MICgo MIC range % S % | % R

acetylglucosamine in peptidoglycan synthesis. A paucity of reference in vitro antimicrobial susceptibility testing isolate was removed from the study. From January 2010 to December 2013, 868 isolates of E. coli from urine R ENeS T e o — - —5 53 — — isolate Phenotype () Cumulative % of isolates inhibited at MIC

(AST) MIC data exists for FOS because it must be tested by the agar dilution method (CLSI). were available fo_r antimicrqbial testing. To better Qelineate t_he activity of fosfomycin agai_nst B-lactam-resistant ' SXT 012 8 <0.12-58 747 - 253 yp <1 2 4 8 16 32 64 128

Methods: FOS AST was performed using CLSI agar dilution testing (MHA supplemented with 25 pg/ml of solkies o . wel, an enblient)) 226 EsELperusiig = 6ol 1L Alpeia ool =, G0l 6Ie 2 CERisgsnem- Ciomofioacn oos 2 I X0 Al E. coli (868) 523 892 962 971 977 986 994 | 99.9

glucose-6-phosphate; M100-S23 [2013]); all other antibacterial agents were tested using CLSI broth JESIREN! S, T0)) @olliBEEe 19y i CANWA.RD SUNERIEEE S 1o 20.07 19 22 BT Tesize (unne specimens Amoxicillin-clavulanate 4 16 05532 81.3 13 5.7 Pan-susceptible (526)° 56.3  91.1 97 98.1 985  99.2 100

microdilution panels. MICs were interpreted using M100-S23 (2013) criteria. FOS susceptible, intermediate, and B were eXdUd.Ed)' hese isolates were_ i bIooq, r_esplratory, a_”d woun_d specimens el 2507 , . _ SXT-susceptible (647) 53.5 88.9 95.8 97.1 97.7 98.8 99.5 99.8

resistant breakpoints are <64, 128, and 2256 pg/ml, respectively. Isolates of E. coli tested were from the annual 10 Bz, Elfe e LTTe SE2Einzis e AUy o 200, remeiRi-E1en o iness B i eeapilszel 0B 1o pETsTERER e ooomyein ol e I o0 0 SXT-resistant (219) 489 90 973 973 977 982 991 | 100

Canadig_n surveillgnce study, CANWARD. 868 E. coli isolated from urine from 2010 to_2013 were test(_ad as were Antimicrobial susceptibility testing. Fosfomycin antimicrobial susceptibility testing was performed using CLSI Nitrofurantoin 16 32 <1-64 98.7 1.3 0 Ciprofloxacin-susceptible (672) 56.1 90.5 96.7 97.6 98.1 99 99.9 99.9

an additional 349 isolates of E. coli with known ESBL, AmpC, and carbapenemase resistance mechanisms. agar dilution testing (MHA supplemented with 25 pg/ml of glucose-6-phosphate; M100-S23 [2013]); all other (IO e 0 =0 e au 0 Ciprofloxacin-resistant (195) 39 846 944 954 964 974 979 100

Results: The table shows MIC, (ug/ml) and % susceptible data for oral antimicrobial agents stratified by antibacterial agents were tested using in-house-prepared 96-well broth microdilution panels according to CLSI _ | Fmexgellin-eluiEnsie-suseenisls (707) 548 913 963 974 982 989 996 | 100

trimethoprim-sulfamethoxazole (SXT) and ciprofloxacin (CIP) susceptible (S) and resistant (R) phenotypes. guidelines (1,4). Fosfomycin susceptible, intermediate, and resistant MIC breakpoints are <64, 128, and >256 G o 9 o e 5 = diiaslanebaibing ar ;s mE o wa ws m 2 .

Sonaduslan: Fematy eseied @i SRS o ey e e, e @ SXT e R ug/mi, respectively (1). Fosfomycin was supplied by Triton Pharma Inc. (Concord, Ontario, Canada). Stock Nitrofurantoin % 32 <1512 975 15 09 E)S(gfsr'j;ir;:”‘232;r°floxac'n'reS'Stam (105) 222 2?'; 91%3 %.2 962 971 981 I

demonstrate. compromised in vitro susceptibilities when tested against recent cli’nical isolates (SXT, 74 7%; sc_>|ut|ons and dilutions were P repared as described by the .CLSI (MO7-A9, 2012),_|n catlon-qd!usted_Mygller- mggﬁc-gavmanate 302106 >1166 S826>;;6 ggi 805 153;18 Am C—p roducing (14) 21-4 57.1 100

susceptible; CIP, 77.4% susceptible). >99% of E. coli tested were susceptible to FOS Concurrént r;on- Hinton brth (MHB) (4). Qua_lllty o was eIz el Ae] (G recomm_endatlons e minimum |nh|b|t_ory | | ' ' o e X e ' '

pUoe, Nty puole). 0 e o P ' o concentrations (MICs) were interpreted using CLSI M100-S23 (2013) breakpoints (1). Fosfomycin-intermediate SXT-resistant (219) Fosfomycin 2 4 <1-128 991 09 0 ulalidigesies st iEs) 2O VA0
SUSCGpthI"ty to SXT and/or CIP did not affect the in vitro act|V|ty of FOS. FOS demonstrated potent In vitro and -resistant isolates were each retested to confirm their phenotype SXT >8 >8 4->8 0 R 100 2 Fosfomycin susceptible, intermediate, and resistant MIC breakpoints are <64, 128 (light orange), and 2256 ug/ml (dark orange), respectively (1).
activity against recent urine isolates of E. coli from Canadian patients. ' Nitrofurantoin 16 32 <1-256 91.8 5 3.2 ® Pan-susceptible is defined as susceptible to SXT, nitrofurantoin, ciprofloxacin, and amoxicillin-clavulanate.
. . L . Ciprofloxacin 1 >16 <0.06->16 51.6 05 47.9 ¢ESBL rate for E. coli was 4.6% (33/712; data from 2010-2012 isolates only).
Extended-spectrum B-lactamase (ESBL) Determination. CLSI criteria were used to screen for potential TN 16 L>32 71 o6k 6 9 AmpC rate for E. coli was 2.0%(14/712; data from 2010-2012 isolates only). _ -
M|C90 (ug/ml) 1 % Susceptible ESBL-producing isolates of E. coli (1) ESBL confirmatory testing followed the CLSI disk diffusion method using € Multidrug-resistant was defined as isolates that were resistant to 23 agents from different antimicrobial classes.
Isolate Phenotype (n) FOS SXT NIT CIP AMC disks containing ceftazidime (30 pg), ceftazidime/clavulanic acid (30 pg/10 pg), cefotaxime (30 pg), and ClpeigasieLseailile (£72) g‘;(STfomYC‘“ <§112 >28 <§11'21>28 2252’ u 10618 _ o _ _ _ _ _
All E. coli (868) 47994 ~8/ 74.7 32 /961 ~>16/77.4 16 /813 cefotaxime/clavulanic acid (30 pg/10 pg) (1) supplied by Mast Diagnostics (United Kingdom). Phenotypically N s v sioie e 1 o Table 3. In vitro activity of fosfomycin against ESBL-producing and AmpC-producing E. coli collected by the
SXT-S E. coli (647) 4/99.5  0.25/100 32/97.5 >16 / 86.2 8/86.1 confirmed ESBL-producing E. coli were screened by PCR and sequence analysis to identify blag.y, blargy, Ciprofioxacin <006 <006  <0.061 00 0 0 CANWARD surveillance study from 2007 to 2012, excluding urine isolates from 2010 to 2012.
SXT-R E. coli (219) 4/99.1 >8/0 32/91.8 >16/51.6 16/67.1 blacrx.m, @nd blagy, as described previously (5). AWFHARE MRS g e U 2 solate Phenot MIC (ug/ml) MIC Interpretation
CIP-S E. coli (672) 2/99.9 >8/83.2 32/97.5 <0.06/100 16/85.7 L . . . . . Ciprofloxacin-resistant (195) Fosfomycin 2 4 <1-128 97.9 2.1 0 soletelRhenotype (n) MICso MICqgo Range % S % | % R
CIP-R E. coli (195) 41979 ~8/45.9 32/913 >16/0 16 / 66.0 AmpC Determination. Any putative ESBL-producing E. coli that was negative for the ESBL confirmatory test SXT >8 58 <012.>8 45.9 . 54.1 ESBL-producing E. coli (236)°
SXT-R & CIP-R E. coli (105) 47981 >8/0 64/ 88.6 >16/0 16/ 56.2 and resistant to cefoxitin (MICs 2_32 pMg/mL) was identified as a putative AmpC producer. _Putatlve AmpC- l(\l::tr:);?kr)ir:coll: >1166 >3126 T.ff: 9%).3 4(.)6 fdt T 5 4 <1->512 94.9 38 13
ESBL-producing E. coli (33) 4/100  >8/303  64/848  >16/30  16/36.4 producers were screened for acquired ampC genes (blagwr, blapa blaox, and blagy) as previously described Amoscilincavlanate 8 16 153 o 213 67 SXT >8 >8 s0.12>8 318 : 68.2
AmpC-producing E. coli (14) 47100 ~8 /78.6 32 /100 >16/78.6 532 /71 (6). All |soIaF§s producing a positive result for t_he presence of _t)IaC|T-reIated genes were furth_er ampllfl_ed by N | | Nitrofurantoin 16 32 4-256 90.3 6.4 34
E. coli R to 23 agents (15) 47100 >8/6.7 128/ 60.0 >16/0 >32/13.3 primers specific blacy, and sequenced approprlatgly. Sequencing for the c_ietectlon of mutations W|th_|n the lAmoxicillin-clavulanate-susceptible (704) gc)a(sTfomycm <:11 , >28 ;11-;?:38 33613 014 289 I — 16 16 <0.06-516 11.4 0.8 87.7
Abbreviations: NIT, nitrofurantoin; AMC, amoxicillin-clavulanate. chromogomal Y (ol Oier an(_:i/ AP ITEE region was pe”OTmed o gy el Dl it LN negeilve oy Nitrofurantoin 16 32 <1-256 96.7 23 1 Amoxicillin-clavulanate 8 16 2->32 60.2 331 6.8
all acquired AmpC -lactamases listed above, as previously described (7). Ciprofloxacin <006  >16  <0.06->16 817 01 182
Amoxicillin-clavulanate 4 8 0.5-8 100 0 0 AmpC—producing E. coli (111)b
[Amoxicillin-clavulanate-resistant (49) Fosfomycin 2 32 <1-512 98 0 2 Fosfomycin 2 16 <1->512 96.4 1.8 18
C O N C L U S I O N S SXT _ <0.12 >8 <0.12->8 71.4 - 28.6 SXT 05 >8 <0.12->8 64 - 36
g:ggﬁgiggl: sg.%e >3126 so?(-)gfls 3;2 c2) 26é.15 Nitrofurantoin 16 64 £1-256 88.3 7.2 4.5
Amoxicillin-clavulanate 32 >32 32->32 0 0 100 Ciprofloxacin 0.25 >16 <0.06->16 59.5 0.9 39.6

« 74.7 and 77.4% of urinary isolates of E. coli from across Canada in 2010-2013 were susceptible to SXT and « AmpC cont’d: 3 isolates were collected from blood specimens of patients attending emergency rooms, while SXT-resistant and ciprofloxacin-resistant  Fosfomycin ; P . TR q Amox'c"_"”'da"”'a”ate _ _ 10 _ e _ L2 _ ot _ eet B

ciprofloxacin, respectively, while susceptibility to the other agents tested was amoxicillin-clavulanate (81.3%) the remaining isolate was collected from the urine of a patient attending an outpatient clinic; patient ages (105) SXT _ >8 >8 4->8 0 - 100 s oo Eles oy plowey 618 LSS ol ESp e SO, &8s 08 WOINONIC Spsliiel e ¢ o0 AT o2 okies wem Helel o 2 0
. . . . . . . . . . ) , piratory sources, 7 isolates from wound specimens (2007-2012); 27 isolates from urine (2007-2009).

<< nitrofurantoin (96.1%) < fosfomycin (99.4%) (Table 1); only 0.1% of isolates were resistant to fosfomycin. ranged from 22 to 81 years old, and 2 of 4 isolates were from females; 2 were intermediate to fosfomycin; 2 g:g:’;;:;igﬁ: >1f6 >6146 Zfig 8%6 6(')7 f(')%

The current utility of SXT and fluoroquinolones, as well as amoxicillin-clavulanate, to provide reliable empiric were resistant to fosfomycin; 2 were resistant to SXT; 1 was intermediate to nitrofurantoin; 1 was resistant to Amoxicillin-clavulanate 8 16 2.532 562 352 8.6

therapy for urinary tract infections is in question. nitrofurantoin; 3 were resistant to ciprofloxacin, and 2 were intermediate to amoxicillin-clavulanate; 1 isolate

« Fosfomycin activity remained unchanged (MICq,, 2-4 pg/ml) across all important resistance phenotypes of was MDR; 2 isolates produced CMY-2 and 2 isolates contained promoter/attenuator mutations within the SEEl A (€9 Footomyein 2 A e e ACK NOWL EDG EM ENTS
E. coli compared with susceptible phenotypes (Table 1). chromosomal ampC gene; 1 isolate belonged to ST-131. Nl En 16 64 "<1.256 gas 121 3

* Fosfomycin inhibited 100% of ESBL-producing, AmpC-producing, and multidrug-resistant isolates of E. coli + ESBL: 12 fosfomycin non-susceptible ESBL-producing E. coli were identified at 9 different medical centres in 5 Ciprofloxacin >16 >16 0.12->16 3 0 97
from urine (Table 1). different provinces; 3 isolates were collected in 2007, 2 in 2008, 3 in 2009, 1 in 2010, 1 in 2011, and 2 in 2012; Amoxicillin-clavulanate 16 16 182 4 5459l . . . . . . .

» 5 isolates of fosfomycin non-susceptible E. coli from urine were identified from 2010 to 2013. The 5 isolates hospital locations included 2 from outpatient clinics, 2 from emergency rooms, 4 from the ICU, 3 from general lAmpC-producing (14)° Fosfomycin 2 4 <1-4 100 0 0 The_ CANV\./ARD. Simojy [ SIIETEL) [ part 97 e \LATErEnsy O R, Wlnnlpeg FIEELR _Smenges e,
were each from a different medical centre in 4 different provinces; 4 isolates were collected in 2010 and 1 in medical wards, and 1 from a surgical ward; 5 isolates were collected from blood specimens, 5 from urine, 1 24 _ sk 2 e = s - L NEDEE] M|9rob|ology Laborator.y, I Vo Pha”.“‘?‘ Inc. The Sl vl L6 o el 4ie ITEsigeies e
2011; patient locations were 2 from outpatient clinics, 2 from medical wards, and 1 from the ICU; patient ages from a wound, and 1 from a respiratory specimen; patient ages ranged from 49 to 80 years old and 6 of 12 g:gf’;ﬁ;igtg:‘ 53_26 >3126 SO_%';;G 71§% g 234 laboratory site staff at each medical centre that participated in the CANWARD study (2).
ranged from 29 to 92 years; 3 isolates were from females; 4 isolates were resistant to ciprofloxacin, 2 were isolates were from females; 9 were intermediate to fosfomycin; 3 were resistant to fosfomycin; 6 were resistant Amoxicillin-clavulanate  >32 >32 8->32 71 7.1 85.8
resistant to SXT, 1 was resistant to amoxicillin-clavulanate, 1 was intermediate to amoxicillin-clavulanate, and 1 to SXT; 1 was intermediate to nitrofurantoin; 11 were resistant to ciprofloxacin; 3 were intermediate to ARy S X . s 100 o o
was intermediate to nitrofurantoin; none of the isolates were multidrug-resistant (=3 agents from different amoxicillin-clavulanate, and 2 were resistant to amoxicillin-clavulanate; 1 isolate was MDR; 15 of 16 isolates - -8 58 £0.12-58 - - o R E FER EN CES
antimicrobial classes). produced CTX-M-type ESBLs, of which 7 were CTX-M-15 and 3 were CTX-M-14; 8 isolates belonged to ST- Nitrofurantoin 16 128 16-256 60 0 40

« Against a larger, more diverse set of ESBL-producing and AmpC-producing isolates of E. coli, fosfomycin 131. Slbieeras 16 >16 8->16 0 0 100

Amoxicillin-clavulanate 32 >32 8->32 13.3 20 66.7

inhibited >95% of isolates (Table 3). 16 isolates of fosfomycin non-susceptible E. coli from urine were identified
from 2010 to 2013.

* Reasons for fosfomycin’s low resistance rate may include its short contact time, high urine concentration (706
[+ 466] ug/ml, 2-4 h after a single oral 3g dose), and potentially higher compliance compared with agents

a Pan-susceptible is defined as susceptible to SXT, nitrofurantoin, ciprofloxacin, and amoxicillin-clavulanate.

b ESBL rate for E. coli was 4.6% (33/712; data from 2010-2012 isolates only). 1. Clinical and Laboratory Standards Institute. 2013. M100-S23, Wayne, PA 5.  Mulvey MR, et al. 2004. Antimicrob. Agents Chemother. 48:1204-1214.
+ AmpC: 4 fosfomycin non-susceptible AmpC-producing E. coli were identified at 4 different medical centres in 4 dosed for 3-5 days. ¢AmpC rate for E. coli was 2.0% (14/712; data from 2010-2012 isolates only). S 2. Zhanel GG, et al. 2013. J. Antimicrob. Chemother. 68 (suppl 1):i7-i22. 6. Pérez-Pérez FJ, Hanson ND. 2002. J. Clin. Microbiol. 40:2153-2162.
. . g . . . . . . . . n . . d Multidrug-resistant was defined as isolates that were resistant to 23 agents from different antimicrobial classes. . . . . .
different provinces; isolates were collected in 2007, 2008, 2009, and 2010 (one isolate per year). » Ongoing surveillance is required to monitor the development of resistance in E. coli. Fosfomycin represents an 3. Clinical and Laboratory Standards Institute. 2008. M35-A2, Wayne, PA. 7. Caroff N, et al. 1999. FEMS Microbiol. Lett. 173:459-465.
4. Clinical and Laboratory Standards Institute. 2012. M07-A9, Wayne, PA.

important therapeutic option for urinary tract infections as resistance to other antimicrobial agents increases.
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