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ABSTRACT Oral fosfomycin trometamol is licensed as a single oral dose for the
treatment of uncomplicated urinary tract infections, with activity against multidrug-
resistant uropathogens. The impact of interindividual variability in urinary concentra-
tions on antimicrobial efficacy, and any benefit of giving multiple doses, is uncertain.
We therefore performed pharmacodynamic profiling of oral fosfomycin, using a dy-
namic bladder infection in vitro model, to assess high and low urinary exposures fol-
lowing a single oral dose and three repeat doses given every 72 h, 48 h, and 24 h
against 16 clinical isolates with various MICs of fosfomycin (8 Escherichia coli, 4 En-
terobacter cloacae, and 4 Klebsiella pneumoniae isolates). Baseline fosfomycin high-
level-resistant (HLR) subpopulations were detected prior to drug exposure in half
of the isolates (2 E. coli, 2 E. cloacae, and 4 K. pneumoniae isolates; proportion,
1 � 10�5 to 5 � 10�4% of the total population). Fosfomycin exposures were accu-
rately reproduced compared to mathematical modeling (linear regression slope, 1.1;
R2, 0.99), with a bias of 3.8% � 5.7%. All 5/5 isolates with MICs of �1 �g/ml had no
HLR and were killed, whereas 8/11 isolates with higher MICs regrew regardless of ex-
posure to high or low urinary concentrations. A disk diffusion zone of �24 mm was
a better predictor for baseline HLR and regrowth. Administering 3 doses with aver-
age exposures provided very limited additional kill. These results suggest that base-
line heteroresistance is important for treatment response, while increased drug
exposure and administering multiple doses may not be better than standard single-
dose fosfomycin therapy.

KEYWORDS PK/PD, antimicrobial resistance, fosfomycin, in vitro model,
urinary tract infection

Fosfomycin trometamol is an old, off-patent oral antibiotic, recommended as a single
3-g dose as a first-line treatment in international guidelines for the treatment of

uncomplicated urinary tract infections (uUTIs) (1–3). Surveillance reports demonstrate
high rates of fosfomycin susceptibility, even among emergent multidrug-resistant
(MDR) uropathogens (4–8). In the era of rising antimicrobial resistance seen globally,
there is renewed interest in fosfomycin as an attractive therapeutic option (9–14).
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High rates of fosfomycin susceptibility have been reported in many countries, with
a 2016 systematic review demonstrating fosfomycin susceptibilities among extended-
spectrum-�-lactamase (ESBL)-producing isolates of 95.1% for Escherichia coli and 83.8%
for Klebsiella pneumoniae (15). Clinical efficacy, however, has been more variable.
Although earlier clinical trials reported a treatment efficacy for uUTIs ranging from
77.2% to 95% (16), more recently, a retrospective study (17) found a microbiological
cure rate of only 59% in the treatment of MDR uropathogens. Moreover, in a prospec-
tive randomized clinical trial (18), clinical resolution was achieved in 58% of patients
receiving fosfomycin, compared to 70% receiving nitrofurantoin. This latest study raised
doubts about whether a single 3-g dose reached adequately durable urine concentra-
tions and the role of alternative fosfomycin prescribing practices, such as multiple
doses given every 3 days (19, 20).

The original dosing studies for oral fosfomycin lacked the modern methods used
today for the licensing of new antimicrobial agents. Supporting evidence for the
efficacy of single-dose therapy was largely based upon pharmacokinetic (PK) reports of
urinary concentrations of fosfomycin remaining greater than 128 mg/liter for 24 to 48
h (21). Several off-label dosing practices have since emerged, with some publications
recommending giving 3 doses every 2 to 3 days and other studies recommending daily
dosing, with emphasis on infections caused by MDR uropathogens and a longer
duration of therapy following renal transplantation (17, 22–29). The efficacy of
multidose oral fosfomycin has also been examined by population PK modeling (30).
Repeat daily dosing of oral fosfomycin, however, has been associated with higher rates
of diarrhea (31) and lacks detailed microbiological or clinical evidence for superiority
over single-dose therapy.

Many studies evaluating the urine concentrations of fosfomycin after oral dosing
have demonstrated significant variability between subjects (21, 31–37). Fosfomycin is
primarily eliminated by the kidneys, with clearance approximating glomerular filtration.
However, the resulting urinary concentrations in healthy populations have a wide range
of values. As such, key urinary PK parameters, such as the peak urinary concentration
(Cmax), the time of Cmax (tmax), and the duration of time that urinary concentrations
remain above the MIC of the uropathogen, can be dramatically different. This ultimately
creates uncertainty regarding what PK/pharmacodynamic (PD) index can best predict
treatment efficacy.

To help address the uncertainty around fosfomycin efficacy in the context of varying
urinary concentrations and multiple doses, we performed PD profiling of fosfomycin
using a dynamic bladder infection in vitro model against common uropathogens.

RESULTS
Fosfomycin susceptibility of bacterial strains. A total of 16 contemporary, Gram-

negative uropathogens with varying MICs for fosfomycin were included in this study.
Using agar dilution, the MIC values for eight E. coli isolates ranged from �0.25 to
64 �g/ml, those for four Enterobacter cloacae isolates ranged from 0.5 to 32 �g/ml, and
those for four K. pneumoniae isolates ranged from 2 to 16 �g/ml (Fig. 1A). Using the disk
diffusion susceptibility method, inhibition zone diameters ranged from 20 to 36 mm for
E. coli, 17 to 40 mm for E. cloacae, and 19 to 23 mm for K. pneumoniae (Fig. 1B). All E.
coli isolates were classified as susceptible by applying Clinical and Laboratory Standards
Institute (CLSI) breakpoints (38), with no interpretations provided for E. cloacae and K.
pneumoniae. Applying the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) Enterobacterales breakpoints (39), only one E. coli isolate was classified as
resistant by MIC testing. The EUCAST provides disk diffusion susceptibility breakpoints
for E. coli only (susceptible [S] at �24 mm), by which two isolates were classified as
resistant. For the other species, all K. pneumoniae isolates and 2 of 4 E. cloacae isolates
had inhibition diameters of less than 24 mm, without provided interpretation. We also
assessed for baseline fosfomycin heteroresistance and found that two E. coli, two E.
cloacae, and all K. pneumoniae isolates had evidence of high-level-resistant (HLR)
subpopulations at a percentage of the total population from 1 � 10�5 to 5 � 10�4%
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(Table 1). None of the isolates with an agar dilution MIC of �1 �g/ml or a disk diffusion
inhibition zone of �24 mm had a detectable HLR subpopulation at baseline. Of the
isolates with inhibition zones of �24 mm, 8/8 had an HLR subpopulation, whereas of
isolates with MICs of �1 �g/ml, 8/11 had an HLR subpopulation (2 E. coli, 2 E. cloacae,
and 4 K. pneumoniae isolates). The 3 isolates with MICs of �1 �g/ml without HLR (MICs
of 2, 32, and 64 �g/ml) were all E. coli isolates. Note that 4/4 K. pneumoniae isolates had
MICs of �2 �g/ml, and all had detectable HLR.

Fosfomycin exposure in the bladder infection in vitro model. We used an
adaptation of a previously described in vitro model (40). Observed in vitro concentra-
tions closely matched the target concentration of each of the single and multidose
fosfomycin exposure simulations. The slope of the linear regression line was equal to
1.1 (R2, 0.99), with a bias of 3.8% � 5.7% (Fig. 2). There was minimal intercompartment
variation, with an average relative standard deviation of 3.1% � 1.9%. Following a
single fosfomycin dose, targeting an average urinary exposure, the measured Cmax was
2,122.2 � 46.0 mg/liter, whereas for the low-Cmax exposure, it was 975.7 � 34.8 mg/
liter, and for the high-Cmax exposure, it was 3,628.2 � 218.4 mg/liter (Fig. 3). Following
the multidose experiments, fosfomycin concentrations were accurately reproduced
following dosing schedules every 72, 48, and 24 h (Fig. 4).

Impact of variable urinary fosfomycin concentrations on treatment response.
Given the variability observed in urinary fosfomycin concentrations in patients after a
single oral dose, we tested the treatment efficacy of average, low, and high urinary
fosfomycin Cmax values using our established dynamic bladder infection model (Fig. 5
and Table 1). Irrespective of the urinary fosfomycin concentration, the same bacterial
isolates regrew over a 72-h period (two E. coli, two E. cloacae, and all K. pneumoniae
isolates). For the majority of clinical isolates, following exposure to different urinary
concentrations, regrowth was associated with baseline heteroresistance identified
within the starting bacterial population (Table 1). Low-level-resistant (LLR) regrowth
(growth on Mueller-Hinton II agar [MHA] with 64 mg/liter) coincided with the detection
of high-level-resistant (HLR) growth (growth on MHA with 512 mg/liter). All 5/5 isolates
with MICs of �1 �g/ml were killed, whereas isolates with higher MICs had mixed
behavior depending on the presence of baseline HLR. Only one isolate with an
inhibition zone of �24 mm (E. coli 4757) regrew, and this occurred only following
high-Cmax exposure, without the emergence of HLR. All K. pneumoniae isolates regrew
after all exposures, although the emergence of resistance during regrowth was lowest
following exposure to a low Cmax.

Impact of multiple doses of fosfomycin on treatment response. When 3 doses
of fosfomycin were administered at different frequencies (every 72 h [q72], q48, and
q24), pathogen kill was not uniformly enhanced (Table 1 and Fig. 6). Across all exposure
experiments, the same five E. coli and two E. cloacae isolates were killed. E. coli 4757
(baseline MIC of 64 �g/ml) had regrowth detected at the final sampling time point,

FIG 1 Baseline fosfomycin susceptibility of test isolates. (A) MIC testing was performed in triplicate by agar dilution.
(B) Disk diffusion was performed using a FOT200 disk (Oxoid Ltd./Thermo Fisher Scientific, UK). E. coli ATCC 25922
was used as a quality control organism.
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after 3 doses given q48, without any rise in the postexposure total population MIC. E.
coli strains 1016 and 1231 and E. cloacae strain 32 regrew with emergence of HLR in all
exposure experiments. Similarly, E. cloacae 21 also regrew following all exposures but
had a variable emergence of HLR, with and without rises in the postexposure fosfo-
mycin MIC. All 4 K. pneumoniae isolates tended to regrow following all exposure
experiments (except K. pneumoniae 31865 after 3 doses q72 and K. pneumoniae 34672
after 3 doses q24). LLR regrowth coincided with HLR. Similar to that observed following
varying urinary concentrations after a single dose, isolates with a preexposure MIC of
�1 �g/ml had variable regrowth, whereas a disk diffusion inhibition zone of �24 mm
and the presence of an HLR subpopulation at baseline better predicted regrowth.

DISCUSSION

Understanding how to optimize oral fosfomycin therapy, especially when other
antimicrobial options are limited due to resistance or unfavorable safety profiles, is

FIG 2 Relationship between the observed and target fosfomycin concentrations. (A) Accuracy of observed
fosfomycin concentrations compared with the target with linear regression (solid line) and y equal to x (dashed
line). (B) Bland-Altman plot of the percent differences of the observed and target measurements (y axis) and the
averages of the two measurements (x axis), presented with the bias (solid line) and 95% limits of agreement (dotted
lines).

FIG 3 Single-dose fosfomycin urinary concentrations. Fosfomycin was administered as a single dose, simulating an oral 3-g dose with
average exposure (A), low urinary Cmax (B), and high urinary Cmax (C). The average measured fosfomycin concentrations are overlaid on
the target concentration-time curves (dashed line). Note that the mathematically simulated urinary concentration curves do not
demonstrate a smooth drug elimination phase due to the dynamic fluid shifts that occur after each voiding cycle of the bladder
compartment.
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paramount for improving clinical efficacy. However, the impact on treatment efficacy of
interpersonal variability in fosfomycin urinary concentrations and the benefit of off-
label, multidose prescribing are uncertain. Here, we showed that variability in urinary
exposures following a single 3-g oral dose did not correlate with any clear change in
efficacy. Furthermore, increasing the total drug exposure by administering multiple
doses failed to provide any additional suppression of regrowth in the majority of
isolates compared to standard single-dose therapy. In our study, the efficacy of
fosfomycin appeared to be influenced more by the baseline characteristics of the
infecting pathogen than by variations in urinary drug exposure or dosing frequency.
Baseline high-level heteroresistance and bacterial species were found to be more
predictive of regrowth. Although isolates with an agar dilution MIC of �1 �g/ml were
reliably killed, isolates with higher MICs demonstrated mixed behavior depending on
the presence of HLR, in particular for E. coli isolates that were killed despite high MICs
of up to 64 �g/ml. A disk diffusion zone of �24 mm, however, better predicted the
presence of baseline HLR and regrowth after fosfomycin exposure. In addition, emer-
gence of resistance was often detected early, within the first 24 h, such that repeat
doses of fosfomycin given after that time had very little impact on the overall bacterial
density. This rapid emergence of resistance negated the benefit of giving multiple
doses and particularly questions the role of delaying repeat doses by 48 or 72 h. Overall,
the efficacy of fosfomycin against our K. pneumoniae isolates appeared limited, regard-
less of the baseline MIC or drug exposure, a finding supported by other studies (40–42).

Treating physicians may look to increase urinary fosfomycin exposure for a number
of reasons: in anticipation of the variability in urinary drug concentrations, limited
alternative antimicrobial options, vulnerable patient groups (such as after kidney
transplantation) (43, 44), urinary tract infections (UTIs) in male patients, E. coli isolates
with elevated fosfomycin MIC values, and for the treatment of other species of

FIG 4 Multidose fosfomycin urinary concentrations. Shown are data for simulations of three 3-g oral doses of fosfomycin administered
every 72 h (A), 48 h (B), and 24 h (C). The average measured fosfomycin concentrations are overlaid on the target concentration-time curve
(dashed lines). Note that the mathematically simulated urinary concentration curves do not demonstrate a smooth drug elimination phase
due to the dynamic fluid shifts that occur after each voiding cycle of the bladder compartment.
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Gram-negative uropathogens. Concerningly, discrepancies have been reported be-
tween different fosfomycin susceptibility methods (45–48), and the gold-standard MIC
method by agar dilution may not be the best predictor of clinical efficacy (49).
Furthermore, in one study, patients with UTIs with carbapenem-resistant K. pneumoniae
had a microbiological cure rate of only 46% when treated with fosfomycin, despite an
in vitro susceptibility of 92% (17). Our data suggest that baseline fosfomycin heterore-
sistance was more predictive of the treatment response in our bladder infection model,
and if present, regrowth with resistant populations was almost universal irrespective of
the modeled urinary concentrations or 3-dose frequency. This finding was supported by
a clinical review of fosfomycin treatment in MDR UTIs, which found no association of
treatment outcomes with the MIC of fosfomycin or the number of doses received (14).

Following a single-fosfomycin-dose exposure, there was no progressive improve-
ment in efficacy from low to high urinary fosfomycin concentrations. Given that
baseline resistant subpopulations had MICs of fosfomycin of �1,024 �g/ml, even with
high urinary Cmax exposures, there would likely be a minimal time that concentrations
were maintained above the mutant prevention concentration (MPC) in order to sup-
press growth. Similarly, the reduced emergence of resistance seen among the Klebsiella
strains following low urinary concentrations may highlight the left side of the inverted
U-shaped pattern that, in general, describes the relationship between exposure and
emergence of resistance. In clinical practice, the inoculum size, duration of therapy, and
activity of the immune system would impact the shape of this curve (50). In this setting,
a prolonged treatment duration can make it increasingly difficult to suppress the
amplification of the resistant subpopulation.

Compared to serum antimicrobial concentration measurements, the assessment of
urinary concentrations has greater complexity. Although cumulative urinary measure-
ments of an antimicrobial provide an assessment of the urinary recovery of the
administered dose, the actual concentration measured in a voided urine sample at any
one time is greatly impacted by individual behaviors, such as fluid intake, urine output,
and voiding pattern. Because of these variabilities in observations, there can be
uncertainty regarding which urinary PK/PD targets are important for clinical efficacy.
Oral fosfomycin achieves urinary concentrations that are 100 to 1,000 times higher than
the serum concentrations (21, 31–33). Such high urinary antimicrobial concentrations
are essential for efficacy. In a mouse model, systemically administered therapy reaching

FIG 5 Growth outcome following a single fosfomycin dose. Shown are data for simulated 3-g oral doses of fosfomycin with
average exposure (A), low Cmax (B), and high Cmax (C). Total growth and high-level-resistant (HLR) growth are presented for
all 16 isolates: 8 E. coli isolates, 4 E. cloacae isolates, and 4 K. pneumoniae isolates. The limit of detection was 50 CFU/ml.
The number of isolates at the final time point without growth or emergence of HLR is indicated. See Table 1 for
isolate-specific details.
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only the bladder tissue (and not the bladder lumen) was found to be insufficient for
bacterial eradication (51). However, optimizing clinical cure of UTIs by targeting only
high antimicrobial urinary concentrations negates the other important nonantimicro-
bial factors that can also assist in bacterial clearance, such as increased fluid intake to
promote increased urine output and dilution of bacteria in the bladder and high-

FIG 6 Growth outcome following multiple fosfomycin doses. Shown are data for three simulated 3-g oral doses of
fosfomycin given every 72 h (A), 48 h (B), and 24 h (C). Total growth and high-level-resistant (HLR) growth are
presented for all 16 isolates: 8 E. coli isolates, 4 E. cloacae isolates, and 4 K. pneumoniae isolates. The limit of
detection was 50 CFU/ml. The number of isolates at the final time point without growth or emergence of HLR is
indicated. The timing of the second and third doses of fosfomycin is indicated by circles on the x axis. See Table
1 for isolate-specific details.
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volume and frequent urination to assist in bacterial clearance. However, such urokinetic
strategies would concurrently reduce antimicrobial concentrations in the bladder.

An advantage of the bladder infection in vitro model used in this study is the
application of a dynamic UTI simulation, which applies normal urodynamics and
accurate urinary fosfomycin exposures, in which experiments with multiple different
pathogens can be run for prolonged periods of time to reflect clinical dosing regimens.
Although this study applied PK data from a single healthy-volunteer study (32), which
reported relatively high urinary concentrations compared to those in other recent
studies (31, 33), our single-dose experiments examined 1 standard deviation above and
below the reported average to account for the observed interpersonal variability. The
main limitation of the in vitro model, as with all in vitro models, is whether the pathogen
response demonstrated can be translated to, and be predictive of, the real in vivo
situation. Importantly, the in vitro model lacks bladder tissue architecture and host
immune responses. The use of standard laboratory medium, Mueller-Hinton II broth
(MHB) supplemented with glucose-6-phosphate (G6P), may also not reflect fosfo-
mycin activity and pathogen growth in urine. Furthermore, bacterial density mea-
surements collected at the time of the peak in vitro fosfomycin concentration may
underestimate growth due to antibiotic carryover being addressed by serial dilu-
tions only, although previous reports have demonstrated no difference between
dilution and washing (52).

Fosfomycin is a very useful antimicrobial for uUTIs. Reassuringly, variabilities in
individual urinary fosfomycin exposures seem to have a minimal impact. Given the
current limitations of fosfomycin susceptibility methods and clinical breakpoints, more
work is required to accurately identify isolates with a high likelihood of clinical success.
Our in vitro data, however, provide caution for the off-label practice of administering
multiple oral doses of fosfomycin. It is uncertain, however, whether repeat doses of
fosfomycin could be beneficial in more complex infection syndromes, such as an
ascending infection leading to pyelonephritis (53), or infections in difficult sites, such as
the prostate and in biofilms (54, 55). We also await the results of the FORECAST study
(56), which will examine the treatment of complicated UTIs with an intravenous
(i.v.)-to-oral switch, comparing ciprofloxacin with fosfomycin administered daily to
complete a total of 10 days of therapy. Furthermore, to build upon the clinical study by
Huttner et al. (18), a randomized controlled trial examining the treatment of uUTI
comparing nitrofurantoin at 100 mg twice daily for 5 days (macrocrystal-monohydrate
formulation) versus 3 to 5 daily doses of 3 g fosfomycin would be a valuable clinical
study to guide treatment recommendations. An assessment of baseline fosfomycin
heteroresistance in the identified uropathogens would also be an important adjunct to
standard susceptibility testing.

MATERIALS AND METHODS
Antibiotic and media. Fosfomycin (Fomicyt; InfectoPharm, Germany) was reconstituted to a con-

centration of 50,000 mg/liter and used in the bladder infection in vitro model and for medium produc-
tion. Cation-adjusted MHB (Becton, Dickinson [BD], USA) supplemented with G6P (catalog number
G7879-5G; Sigma-Aldrich, USA) at a concentration of 25 mg/liter was used as the liquid medium in the
in vitro model. Trypticase soy agar (TSA) containing 5% sheep blood (BD) was used for subculturing
isolates from a freezer stock. Mueller-Hinton II agar (MHA) (BD) was used for the quantification of
bacterial density. Emergence of resistance was assessed by plating on MHA with 64 mg/liter (low-level
resistance [LLR]) and 512 mg/liter (high-level resistance [HLR]) of fosfomycin. Fosfomycin was also added
to MHA (0.25 to 1,024 mg/liter) for agar dilution susceptibility testing. All media to which fosfomycin was
added also contained 25 mg/liter G6P.

Bacterial strains and in vitro susceptibility testing. Sixteen clinical isolates were selected to reflect
a range of baseline fosfomycin MIC values, originating from The Netherlands (57). Isolates included 8 E.
coli, 4 E. cloacae, and 4 K. pneumoniae isolates. Species identification was confirmed by matrix-assisted
laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonik GmbH,
Germany). Fosfomycin susceptibility was determined by agar dilution (in triplicate, presented as the
median value) according to the reference methodology (58) and disk diffusion using a FOT200 disk
(Oxoid Ltd./Thermo Fisher Scientific, UK). E. coli ATCC 25922 was used as the quality control organism.
The baseline proportion of an HLR subpopulation was assessed from a culture grown overnight in
drug-free MHB with G6P and plated onto MHA containing 512 mg/liter of fosfomycin, with the HLR
bacterial density divided by the total-growth density on drug-free MHA.
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Dynamic bladder infection in vitro model. In short, the dynamic bladder infection in vitro model
simulates dynamic urinary fosfomycin exposure, on a 1:16 scale to in vivo, to 16 independent bladder
compartments (see Fig. S1 in the supplemental material). Fosfomycin is administered into the intestinal
compartment, absorbed into the circulatory compartment, and eliminated into each bladder compart-
ment in parallel. By applying drug distribution PK equations (Fig. S2) (59), the variables of the initial
fosfomycin dose, compartment volumes, and flow rates were modified in order to simulate different
urinary exposures following a single oral dose and the dynamic cumulative exposure following multiple
doses. Test isolates were added to each bladder compartment, at an inoculum of 107 CFU, to provide a
total number of bacteria equivalent to that expected in human infections (i.e., �105 CFU/ml in an
average 250-ml void). The remainder of the starting inoculum was incubated overnight as a drug-free
growth control from which an assessment of baseline HLR was performed, as described previously.
Following exposure to fosfomycin within the in vitro model, pathogen kill and emergence of resistance
were assessed by quantitative cultures on drug-free and fosfomycin-containing MHA (64 mg/liter and
512 mg/liter). Single-dose experiments were run for 72 h. Multidose experiments were run for an
additional 72 h after the third dose of fosfomycin.

Fosfomycin dosing schedules and simulated urinary exposures. Given the large recognized inter-
and intrasubject variability in urinary fosfomycin concentrations following a single 3-g oral dose,
average-, low-, and high-exposure situations were simulated, applying data from a healthy-volunteer PK
study, which reported an average urinary fosfomycin Cmax of 1,982.0 � 1,257.4 mg/liter (32). When
targeting this average urinary exposure, the model was designed to deliver a blood elimination half-life
of 6.9 h, urinary Cmax at 7.5 h, and urinary concentrations maintained at �128 mg/liter for at least 40 h.
In order to simulate low urinary exposure, which could occur in vivo in the setting of increased fluid
intake and increased urine output, a Cmax of 898 mg/liter was targeted, representing 1 standard deviation
below the mean reported value. The same blood elimination half-life was targeted, with the in vitro flow
rate and volumes of the gastrointestinal and circulatory compartments increased. For a high-urinary-
exposure simulation, which could occur in the setting of reduced fluid intake and a decreased urine
output volume, a urinary Cmax of 3,454 mg/liter at 5.5 h was targeted, representing 1 standard deviation
above the mean. The same blood elimination half-life was again targeted, with the in vitro flow rate and
volumes of the gastrointestinal and circulatory compartments reduced. The targeted total urinary
fosfomycin exposure for the single-dose experiments were as follows: an average-exposure area under
the concentration-time curve from 0 to 72 h (AUC0 –72) of 36,941 mg · h/liter, reduced by 65.7% for the
low-exposure experiment (24,284 mg · h/liter) and increased by 150.1% for the high-exposure experi-
ment (55,457 mg · h/liter). To reflect different off-label oral dosing schedules commonly employed, 3
doses were administered either every 72, 48, or 24 h. All multidose experiments applied an average
urinary exposure.

In vitro sample processing. Samples for PK and PD assessments were taken directly from each
bladder compartment at predetermined time points. Samples for fosfomycin concentration quantifica-
tion, initially diluted 1:10 with saline when expected to fall outside the validated concentration range of
the assay, were immediately frozen at �80°C until testing. Quantitative cultures for PD assessments were
processed immediately, with bacterial density (CFU per milliliter) calculated at each time point. Specif-
ically, medium from within each bladder compartment was sampled via a 3-way stopcock (BD) con-
nected to the outflow tract and underwent serial 10-fold dilutions, of which 20 �l from each dilution was
plated onto drug-free MHA and MHA containing 64 and 512 mg/liter of fosfomycin. The lower limit of
detection was considered to be 50 CFU/ml, discounting nonviable growth such as pinpoint colonies or
haze. All plates were incubated aerobically at 37°C for 16 to 20 h. Plates supplemented with fosfomycin
were reincubated for a further 24 h.

Measurement of fosfomycin concentrations. An ultraperformance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) method was used for the quantification of fosfomycin from PK
samples collected from bladder compartments during each experiment. All bladder compartments were
sampled during each experiment at the initial Cmax time point, providing an assessment of intercom-
partment variation. On all other occasions, three bladder compartments were sampled to provide
representative concentration changes over time. For the single-dose experiments, samples were col-
lected twice before and twice after the Cmax time point. Additionally, for the multidose experiments,
samples were also collected 12 h after the second dose, and trough and peak samples were collected at
around the 3rd dose. Observed concentrations were compared to target concentrations determined by
the drug distribution equations (Fig. S2). Linear regression and Bland-Altman analysis were used to
determine the accuracy of the observed concentrations compared to the target in terms of bias and
precision. The UPLC-MS/MS method was validated for urine and plasma samples of fosfomycin (60), but
additional tests confirmed its applicability for fosfomycin in MHB samples. The method was validated
according to FDA guidelines (61) over a range of 0.75 to 375 mg/liter (R2, 0.9998). The lower limit of
quantification was 0.75 mg/liter, and the lower limit of detection was 0.70 mg/liter. The method was
found to be accurate and precise, with a maximum deviation of 5.0%. The stability of fosfomycin in MHB
at 37°C for 72 h and stored at �80°C for at least 6 months was confirmed.

SUPPLEMENTAL MATERIAL
Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.8 MB.
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