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Abstract

Background: Bacterial resistance among uropathogens is
on the rise and has led to a decreased effectiveness of oral
therapies. Fosfomycin tromethamine (fosfomycin) is indicat-
ed for uncomplicated urinary tract infections (UTls) and dis-
plays in vitro activity against multidrug-resistant (MDR) iso-
lates; however, clinical data assessing fosfomycin for the
treatment of complicated or MDR UTls are limited. Methods:
We conducted a retrospective evaluation of patients who re-
ceived >1 dose of fosfomycin between January 2009 and
September 2015 for treatment of a UTI. Patients were includ-
ed if they had a positive urine culture and documented
signs/symptoms of a UTI. Results: Fifty-seven patients were
included; 44 (77.2%) had complicated UTls, 36 (63.2%) had
MDR UTls, and a total of 23 (40.4%) patients had a UTI that
was both complicated and MDR. The majority of patients
were female (66.7%) and elderly (median age, 79 years).
Overall, the most common pathogens isolated were Esche-
richia coli (n = 28), Enterococcus spp. (n = 22), and Pseudomo-

nas aeruginosa (n = 8). Twenty-eight patients (49.1%) were
clinically evaluable; the preponderance achieved clinical
success (96.4%). Fifteen out of 20 (75%) patients with repeat
urine cultures had a microbiological cure. Conclusions: This
retrospective study adds to the limited literature exploring
alternative therapies for complicated and MDR UTIs with re-
sults providing additional evidence that fosfomycin may be

an effective oral option. ©2016 S. Karger AG, Basel

Introduction

Antibiotic resistance among urinary tract infection
(UTI) pathogens, notably Escherichia coli, is rising [1, 2]
and resistance to oral agents like trimethoprim-sulfa-
methoxazole and fluoroquinolones is particularly prob-
lematic [2-4]. Treatment options are further limited in
patients with drug allergies. Therefore, assessment of al-
ternative oral drugs for UTIs caused by multidrug-resis-
tant (MDR) pathogens is needed.

Fosfomycin tromethamine is indicated for the treat-
ment of acute uncomplicated UTIs caused by E. coli and
Enterococcus faecalis [5]. It has broad-spectrum activity,
including MDR pathogens such as extended-spectrum
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beta-lactamase (ESBL) producers, carbapenem-resistant
Enterobacteriaceae (CRE), and vancomycin-resistant en-
terococci (VRE) [6-8]. Fosfomycin is recommended as
the first-line treatment for uncomplicated UTIs; howev-
er, published experience with fosfomycin in the USA is
limited, which may lead to clinician reluctance regarding
its use in comparison to alternative agents [3]. Addition-
ally, there are few published clinical studies on its use for
MDR or complicated UTIs [9-12]. The objectives of this
study were to describe patient characteristics and clinical
and microbiological outcomes following fosfomycin
treatment with a focus on those with complicated or
MDR UTIs.

Materials and Methods

This retrospective evaluation was conducted at a 672-bed
teaching hospital affiliated with Harvard Medical School. Hospi-
talized adult patients (>18 years) who received >1 dose of fosfo-
mycin between January 2009 and September 2015 were included.
All patients had a positive urine culture and signs/symptoms
(polyuria, dysuria, hematuria, urinary frequency or urgency, fe-
ver, flank pain, altered mental status) of a UTI, regardless of their
urinary catheter status. Of note, fosfomycin orders require ap-
proval by Infectious Diseases or Antimicrobial Stewardship (ID/
AS) staff. This study was approved by the institutional review
board.

Data were collected from electronic records. Pathogens were
considered MDR if nonsusceptible to >1 agent in >3 antimicro-
bial classes as per the Clinical and Laboratory Standards Institute
M100-S24 susceptibility criteria [13, 14]. Infections in men or in
patients with a urinary Foley catheter, suprapubic catheter, or oth-
er anatomical or functional abnormality, such as a neurogenic
bladder or ureteral stent, were considered to be complicated [3, 9,
12]. Patients were deemed clinically evaluable if UTT signs/symp-
toms were present prior to fosfomycin treatment and they were
hospitalized for >24 h following treatment with fosfomycin. Clin-
ical cure was defined as the resolution of UTI signs/symptoms dur-
ing or at completion of fosfomycin treatment as per the documen-
tation in progress notes. Clinical failure included an incomplete
resolution of UTT signs/symptoms at completion of treatment as
per the documentation in progress notes, or treatment reinitiated
within 30 days of treatment completion. Patients with repeat urine
cultures were considered microbiologically evaluable; microbio-
logical cure was defined as a negative culture during or at comple-
tion of therapy and/or the absence of relapse or reinfection [9].
Relapse occurred when the same organism was recultured from
the urine, while reinfection was the occurrence of a UTT with a dif-
ferent organism within 30 days [9].

Susceptibility testing was conducted in the clinical microbiol-
ogy laboratory. With the exception of fosfomycin, Vitek 2 (bio-
Merieux Inc., Durham, N.C., USA) was used to determine antimi-
crobial susceptibility. Fosfomycin was tested upon request using
disk diffusion and the results for all species were interpreted ac-
cording to criteria for E. faecalis and E. coli (zone diameter >16
mm as susceptible) [2, 14, 15].
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Table 1. Clinical characteristics of the study patients (n = 57)

Male 19 (33.3)
Age, years 79 (24-100)
Hospital length of stay, days 6(1-378)
Comorbidities
Recurrent UTI 28 (49.1)
Diabetes mellitus 20 (35.1)
Hematology/oncology disorder 16 (28.1)
Chronic kidney disease 15 (26.3)
Solid organ transplant 9(15.8)
Immunosuppression! 6 (10.5)
Positive urinalysis? 57 (100)
Functional or anatomic urinary tract abnormality
Foley or suprapubic catheter 27 (47.4)

Documentation of catheter change/removal 19 (70.4)
Neurogenic bladder 4(7.0)
Renal stents 3(5.3)
Receipt of active antimicrobial combination

therapy® 16 (28.1)

Data are presented as n (%) or median (range).

! Defined as receipt of prednisone >10 mg daily (or equivalent)
for atleast 1 month, or receipt of other immunosuppressive agents.

2 Positive urinalysis was defined as >5 white blood cells/high-
powered field or the presence of leukocyte esterase.

3 Antibiotic therapy with >1 agent with in vitro activity against
urinary pathogen initiated concomitantly or following fosfomycin.

Results

A total of 57 patients were included; all patients had
either complicated (n = 44; 77.2%) or MDR (n = 36;
63.2%) UTIs. Twenty-three patients (40.4%) had a UTI
that was both complicated and MDR. Most patients were
female (n = 38; 66.7%) with a median age of 79 years
(range 24-100). The clinical characteristics of the patients
are presented in table 1.

The distribution of uropathogens is shown in table 2.
Thirty-six patients (63.2%) had at least 1 MDR organism
isolated, and of these 36 patients 3 had 2 MDR organisms
isolated. Fosfomycin susceptibility testing was performed
for 31 isolates in 28 patients; 30 (96.8%) were susceptible
(zone of inhibition >16 mm). Twenty-three tested iso-
lates were MDR: 15 E. coli, 3 P. aeruginosa, 3 VRE, 1 K.
pneumoniae, and 1 Proteus spp. Eight isolates were non-
MDR: 3 Enterococcus spp., 3 E. coli, and 2 P. aeruginosa.
The isolate that was resistant to fosfomycin was an other-
wise pan-susceptible P. aeruginosa.
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Table 2. Pathogens isolated from urine and fosfomycin susceptibility data

Organism/susceptibility All patients Complicated cases MDR cases
(n=57) (n=44) (n=36)
>1 organism 10 (17.5) 8(18.2) 6 (16.7)
E. coli 28 (49.1) 16 (36.4) 22 (61.1)
NS to at least one 3GC 16 (57.1) 6(37.5) 16 (72.7)
Enterococcus spp. 22 (38.6) 20 (45.5) 10 (27.8)
VRE 8 (36.4) 7 (35) 8 (80)
P. aeruginosa 8 (14.0) 8(18.2) 6 (16.7)
NS to carbapenem 6 (75) 6 (75) 6 (100)
Klebsiella spp. 3(5.3) 3(6.8) 1(2.8)
NS to at least one 3GC 1(33.3) 1(33.3) 1 (100)
Proteus spp. 3(5.3) 2 (4.5) 2 (5.6)
Alpha-hemolytic Streptococcus 2(3.5) 2 (4.5) 0(0)
Morganella spp. 1(1.8) 1(2.3) 1(2.8)
NS to at least one 3GC 1 (100) 1 (100) 1 (100)
Fosfomycin susceptibility tested 28 (49.1) 21 (47.7) 22 (61.1)
Susceptible to fosfomycin 27 (96.4) 20 (95.2) 22 (100)
Data are presented as n (%). NS = Nonsusceptible; 3GC = third-generation cephalosporin.
Table 3. Patient outcomes following fosfomycin treatment
All patients Complicated MDR Combination 3 g by mouth x1
(n=57) (n=44) (n=36) therapy! (n=16) dose (n = 26)
Clinically evaluable 28 (49.1) 24 (54.5) 18 (50) 6 (37.5) 11 (42.3)
Clinical success> 27 (96.4) 23 (95.8) 17 (94.4) 5(83.3) 11 (100)
Microbiologically evaluable 20 (35.1) 16 (36.4) 13 (36.1) 7 (43.8) 10 (38.5)
Microbiological cure? 15 (75) 12 (75) 9(69.2) 4(57.1) 8 (80)
UTI relapse3 2 (10) 1(6.3) 2 (15.4) 1(14.3) 0(0)
UTI reinfection® 3 (15) 3(18.8) 2 (15.4) 2 (28.6) 2 (20)

Data are presented as n (%).

! Antibiotic therapy with >1 agent with in vitro activity against urinary pathogen initiated concomitantly or following fosfomycin.

2 Of clinically evaluable patients.
? Of microbiologically evaluable patients.

The reasons for fosfomycin use varied and were mul-
tifactorial. When documented, the most common rea-
sons included: MDR organism with limited options (n =
27; 47.3%), multiple allergies (n = 11; 19.3%), avoidance
of intravenous antibiotics (n = 5; 8.8%), and per ID rec-
ommendation (n = 5; 8.8%). The most common fosfo-
mycin regimens were 3 g by mouth (p.o.) once (n = 26;
45.6%; 20 complicated and 16 MDR) and 3 g p.o. for 3
doses (n =20; 35.1%; 16 complicated and 13 MDR). Oth-
er regimens prescribed included 3 g p.o. for 2, 4, or 5
doses, and 3 g p.o. once per week. Doses were generally
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given every 48-72 h. Patients received an average of 1.4
doses while in the hospital. Combination therapy (i.e.
initiated concomitantly or following fosfomycin) with
antibiotics having in vitro activity against the urinary
pathogen was used in 16 patients (28.1%; 13 complicat-
ed and 9 MDR) and included gentamicin, ceftriaxone,
ceftazidime, cefepime, meropenem, piperacillin-tazo-
bactam, and vancomycin.

Descriptive statistics of patient outcomes are present-
ed in table 3. Twenty-eight patients (49.1%) were clini-
cally evaluable. All but 1 patient (96.4%) had documented
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clinical success. The patient who experienced clinical
failure had a complicated UTI caused by MDR P. aerugi-
nosa and received combination therapy with cefepime.
He was a male with a Foley catheter and a history of re-
current UTIs. Follow-up cultures were collected on days
4 and 27 after the index culture (3 and 26 days after fos-
fomycin treatment), and the culture collected on day 27
revealed reinfection with K. pneumoniae. Twenty of the
29 patients (69%) who were not clinically evaluable re-
ceived fosfomycin on the day of discharge and were
therefore lost to follow-up. Resolution or persistence of
urinary symptoms was undocumented for the remaining
9 patients and therefore were not included in the clini-
cally evaluable group.

Since repeat urine cultures for test of cure was not
standard practice, only 20 patients (35.1%) were micro-
biologically evaluable. Overall, microbiological cure was
achieved in 75% (15 of 20 patients), while 2 patients had
arelapse (1 P. aeruginosa and 1 VRE). The 3 patients with
reinfection had UTIs caused by P. aeruginosa (n = 2) and
VRE (n = 1). One of the patients with P. aeruginosa was
the patient described above with clinical failure; the oth-
er was a male who suffered a reinfection with >10° organ-
isms/ml of Gram-positive bacteria (alpha hemolytic col-
onies) 23 days after treatment with fosfomycin. The pa-
tient with VRE was a male who had reinfection with K.
pneumoniae and E. coli 11 days after treatment with fos-
fomycin.

Discussion

As antibiotic resistance among uropathogens increas-
es, fewer oral drugs retain their activity [1,9, 11], creating
the need for outcome data following treatment with
agents effective against MDR pathogens. Limited clinical
data examining the use of fosfomycin for complicated or
MDR UTI treatment are available [9, 10, 12].

Of the 57 fosfomycin-treated patients in this study, 36
(63.2%) had an MDR UTI. Forty-four (77.2%) were male
or had complicating factors; 23 of those had an MDR
pathogen isolated. It is also important to note that 54 pa-
tients were >45 years of age and 42 patients were >65
years of age. Although not included in our definition,
many clinicians may consider postmenopausal women
to have a complicated UTI, as the IDSA guidelines for
uncomplicated UTT include only premenopausal women
(3].

Clinical success and microbiological cure were com-
mon in patients with complicated UTIs and MDR patho-
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gens isolated. The rate of microbiological cure in patients
with an MDR pathogen was comparable to that observed
by Neuner et al. [9] (59%; 24% relapse and 17% reinfec-
tion) in a retrospective study of 41 patients treated with
fosfomycin for MDR UTIs. These success rates were sim-
ilar to an observational, prospective study that found no
difference between fosfomycin (3 g every 48 h for 3 dos-
es) and carbapenems (meropenem 1 g every 8 h or imi-
penem-cilastatin 500 mg every 6 h for 14 days) for ESBL-
producing E. coli-complicated UTIs [12]. Clinical (77.8
vs. 95%; p > 0.05) and microbiological (59.2 vs. 80%; p >
0.05) response rates were similar for the fosfomycin and
carbapenem groups, respectively.

A recent retrospective study by Sastry et al. [16] also
reported clinical characteristics and outcomes of hospi-
talized patients treated with fosfomycin for physician-
diagnosed UTIs (n = 239) and National Healthcare Safe-
ty Network (NHSN)-defined UTTs (n = 89). Our clinical
success rates were similar to those with NHSN-defined
UTIs (89.9%), of which most were considered compli-
cated. Another study retrospectively evaluated fosfomy-
cin use in 71 hospitalized patients with UTIs; 31% were
male and 38% had an invasive urinary device. They de-
fined UTI cure based on both clinical and microbiologi-
cal outcomes and found comparable success rates (83%)
[17].

Susceptibility to fosfomycin was only tested in a mi-
nority of isolates since testing is done by clinician re-
quest; however, 30 of 31 (96.8%) tested isolates were
susceptible, including all of the MDR tested isolates
(n = 23). No quantitative MICs were available as disk
diffusion was utilized by the clinical microbiology labo-
ratory. A recent fosfomycin susceptibility study con-
ducted by our group of 323 prospectively collected
urine isolates from hospitalized or emergency depart-
ment patients demonstrated that nonsusceptibility to
fosfomycin (MIC >64 mg/l) using agar dilution was un-
common (<6%) [18]. Fosfomycin has also demonstrat-
ed consistent activity against MDR and ESBL-produc-
ing isolates collected from our institution using agar
dilution testing [19].

The FDA-approved dose of fosfomycin for uncompli-
cated UTIs due to E. coli and E. faecalis is 3 g p.o. once
[5]. This was the most common dosing regimen utilized
during this study (n = 26;45.6%). A consensus on the ap-
propriate regimen for complicated UTIs is lacking; how-
ever, the common alternative regimens prescribed here
have been utilized previously with some success [10, 20].

This study has several limitations. First, as a small, ret-
rospective, single-center study that included mostly el-
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derly and female patients, our findings may not be gen-
eralizable. Fosfomycin regimens were not standardized
as dosing was at the discretion of the treating physicians.
The documentation of urinary symptoms may have been
unreliable and could have underestimated symptomatic
UTI patients. Lastly, only a small number of patients
were clinically or microbiologically evaluable due to the
receipt of fosfomycin just prior to discharge, or lack of
follow-up urine cultures, respectively.

In conclusion, these real-world data add to the limited
clinical literature exploring alternative oral therapies for
complicated and MDR UTIs. Larger studies are needed
to validate these results, but our study indicates that fos-
fomycin may be effective for patients with complicated
or MDR UTIs.

Acknowledgments

We thank Rachel L. Filipek and David J. Thompson for their
assistance with data collection.

Statement of Ethics

This study was approved by the Institutional Review Board at
Beth Israel Deaconess Medical Center (BIDMC; Boston, Mass.,
USA). Owing to the retrospective nature of the study, informed
consent from patients was waived.

Disclosure Statement

E.B.H., C.M., and M.V.M. have received unrelated research
funding from Forest Pharmaceuticals/Actavis. No specific exter-
nal funding was provided for this research.

References

1 Alos ]I, Serrano MG, Gomez-Garces JL, Peri- 8 SunF, ChenS, QiuX, SunY, FengW, Chen], 15 Endimiani A, Patel G, Hujer KM, Swamina-
anes J: Antibiotic resistance of Escherichia coli et al: Antibacterial activity of fosfomycin than M, Perez F, Rice LB, et al: In vitro ac-
from community-acquired urinary tract in- against uropathogens. Chemotherapy 2014; tivity of fosfomycin against blagpc-contain-
fections in relation to demographic and clini- 60:157-161. ing Klebsiella pneumoniae isolates, including
cal data. Clin Microbiol Infect 2005;11:199— 9 Neuner EA, Sekeres J, Hall GS, van Duin D: those nonsusceptible to tigecycline and/or co-
203. Experience with fosfomycin for treatment of listin. Antimicrob Agents Chemother 2010;

2 Maraki S, Samonis G, Rafailidis PI, Voulou- urinary tract infections due to multidrug-re- 54:526-529.
manou EK, Mavromanolakis E, Falagas ME: sistant organisms. Antimicrob Agents Che- 16 Sastry S, Clarke LG, Alrowais H, Querry AM,
Susceptibility of urinary tract bacteria to mother 2012;56:5744-5748. Shutt KA, Doi Y: Clinical appraisal of fosfo-
fosfomycin. Antimicrob Agents Chemother 10 Pullukcu H, Tasbakan M, Sipahi OR, mycin in the era of antimicrobial resistance.
2009;53:4508-4510. Yamazhan T, Aydemir S, Ulusoy S: Fosfomy- Antimicrob Agents Chemother 2015;59:

3 Gupta K, Hooton TM, Naber KG, Wullt B, cin in the treatment of extended spectrum be- 7355-7361.

Colgan R, Miller LG, et al: International clin- ta-lactamase-producing Escherichia coli-re- 17 Jacobson S, Junco Noa L, Ahmed S, Wallace
ical practice guidelines for the treatment of lated lower urinary tract infections. Int J An- MR: Efficacy and safety of oral fosfomycin for
acute uncomplicated cystitis and pyelone- timicrob Agents 2007;29:62-65. urinary tract infections in hospitalized pa-
phritis in women: a 2010 update by the Infec- 11 Rodriguez-Bano J, Alcala JC, Cisneros JM, tients. Antimicrob Agents Chemother 2016;
tious Diseases Society of America and the Grill F, Oliver A, Horcajada JP, et al: Commu- 60:1952.

European Society for Microbiology and In- nity infections caused by extended-spectrum 18 Hirsch EB, Raux BR, Zucchi PC, Kim Y, Mc-
fectious Diseases. Clin Infect Dis 2011; B-lactamase-producing Escherichia coli. Arch Coy C, Kirby JE, et al: Activity of fosfomycin
52:e103-e120. Intern Med 2008;168:1897-902. and comparison of several susceptibility test-

4 Hooton TM, Besser R, Foxman B, Fritsche 12 Senol S, Tasbakan M, Pullukcu H, Sipahi OR, ing methods against contemporary urine iso-
TR, Nicolle LE: Acute uncomplicated cystitis Sipahi H, Yamazhan T, et al: Carbapenem lates. Int J Antimicrob Agents 2015;46:642—
in an era of increasing antibiotic resistance: a versus fosfomycin tromethanol in the treat- 647.
proposed approach to empirical therapy. Clin ment of extended-spectrum beta-lactamase- 19 Hirsch EB, Zucchi PC, Chen A, Raux BR, Kir-
Infect Dis 2004;39:75-80. producing Escherichia coli-related complicat- by JE, McCoy C, et al: Susceptibility of multi-

5 Forest Pharmaceuticals: Monurol (fosfomy- ed lower urinary tract infection. ] Chemother drug-resistant Gram-negative urine isolates
cin tromethamine). Package insert. St. Louis, 2010;22:355-357. to oral antibiotics. Antimicrob Agents Che-
2011. 13 Magiorakos AP, Srinivasan A, Carey RB, Car- mother 2016;60:138-140.

6 Popovic M, Steinort D, Pillai S, Joukhadar C: meli Y, Falagas ME, Giske CG, et al: Multi- 20 Qiao LD, Zheng B, Chen S, Yang Y, Zhang K,
Fosfomycin: an old, new friend? Eur J Clin drug-resistant, extensively drug-resistant and Guo HF, et al: Evaluation of three-dose fosfo-
Microbiol Infect Dis 2010;29:127-142. pandrug-resistant bacteria: an international mycin tromethamine in the treatment of pa-

7 Falagas ME, Giannopoulou KP, Kokolakis expert proposal for interim standard defini- tients with urinary tract infections: an uncon-
GN, Rafailidis PI: Fosfomycin: use beyond tions for acquired resistance. Clin Microbiol trolled, open-label, multicentre study. BMJ
urinary tract and gastrointestinal infections. Infect 2012;18:268-281. Open 2013;3:¢004157.

Clin Infect Dis 2008;46:1069-1077. 14 Clinical and Laboratory Standards Institute:

Performance Standards for Antimicrobial
Susceptibility Testing; Twentieth Informa-
tional Supplement. M100-524. Wayne, CLSI,
2014.

104

DOI: 10.1159/000449422

Chemotherapy 2017;62:100-104

Giancola/Mahoney/Hogan/Raux/McCoy/
Hirsch

Downloaded by:
Zambon SPA

92.223.161.130 - 2/21/2017 10:00:04 AM



