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ABSTRACT Fosfomycin has been shown to have a wide spectrum of activity
against multidrug-resistant Gram-negative bacteria; however, breakpoints have been
established only for Escherichia coli or Enterobacterales per the Clinical and Labora-
tory Standards Institute (CLSI) and the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST), respectively. A lack of additional organism breakpoints
limits clinical use of this agent and has prompted extrapolation of these interpretive
categories to other organisms like Pseudomonas aeruginosa without supporting evi-
dence. Further complicating the utility of fosfomycin is the specified method for MIC
determination, namely, agar dilution, which is not widely available and is both labor
and time intensive. We therefore sought to determine the susceptibility of a large
international collection of P. aeruginosa isolates (n � 198) to fosfomycin and to com-
pare testing agreement rates across four methods: agar dilution, broth microdilution,
disk diffusion, and Etest. Results were interpreted according to CLSI E. coli break-
points, with 49.0 to 85.8% considered susceptible, dependent upon the testing
method used. Epidemiological cutoff values were calculated and determined to be
256 �g/ml and 512 �g/ml for agar dilution and broth microdilution, respectively.
Agreement rates were analyzed using both agar dilution and broth microdilution
with a resulting high essential agreement rate of 91.3% between the two suscepti-
bility testing methods. These results indicate that broth microdilution may be a reli-
able method for fosfomycin susceptibility testing against P. aeruginosa and stress
the need for P. aeruginosa-specific breakpoints.

KEYWORDS agar dilution, broth microdilution, multidrug resistant, error, agreement,
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Resistance to antipseudomonal agents has become increasingly prevalent with the
emergence of multidrug-resistant (MDR) and extensively drug-resistant (XDR)

strains, thereby limiting effective treatment options for infections caused by Pseudomo-
nas aeruginosa (1). Current options for treatment of MDR P. aeruginosa infections may
include polymyxins, antipseudomonal carbapenems, antipseudomonal �-lactams
such as cefepime and piperacillin-tazobactam, aminoglycosides, and fosfomycin, most
often in combination therapy (2). The newer �-lactam/�-lactamase inhibitor agents
ceftolozane-tazobactam, ceftazidime-avibactam, meropenem-vaborbactam, and
imipenem-relebactam all have some in vitro activity against MDR P. aeruginosa (2–4). As
the development of novel antibiotics for MDR P. aeruginosa has stagnated, clinicians
have been forced to turn to underutilized antibiotics for the treatment of resistant

Citation Smith EC, Brigman HV, Anderson JC,
Emery CL, Bias TE, Bergen PJ, Landersdorfer CB,
Hirsch EB. 2020. Performance of four
fosfomycin susceptibility testing methods
against an international collection of clinical
Pseudomonas aeruginosa isolates. J Clin
Microbiol 58:e01121-20. https://doi.org/10
.1128/JCM.01121-20.

Editor Nathan A. Ledeboer, Medical College of
Wisconsin

Copyright © 2020 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Elizabeth B. Hirsch,
ebhirsch@umn.edu.

* Present address: Tiffany E. Bias, bioMérieux,
Durham, North Carolina, USA.

Received 19 May 2020
Returned for modification 17 June 2020
Accepted 9 July 2020

Accepted manuscript posted online 15 July
2020
Published

BACTERIOLOGY

crossm

October 2020 Volume 58 Issue 10 e01121-20 jcm.asm.org 1Journal of Clinical Microbiology

22 September 2020

https://orcid.org/0000-0003-0928-4743
https://orcid.org/0000-0002-0462-0421
https://doi.org/10.1128/JCM.01121-20
https://doi.org/10.1128/JCM.01121-20
https://doi.org/10.1128/ASMCopyrightv2
mailto:ebhirsch@umn.edu
https://crossmark.crossref.org/dialog/?doi=10.1128/JCM.01121-20&domain=pdf&date_stamp=2020-7-15
https://jcm.asm.org


pathogens (5, 6). Fosfomycin is an old antibiotic developed in the 1960s prior to
modern methods for new antibiotic approval (7). It has a broad spectrum of activity that
includes excellent activity against MDR Gram-negative pathogens such as extended-
spectrum �-lactamase (ESBL)-producing organisms and carbapenem-resistant Entero-
bacterales (CRE) (8–11). In in vitro studies against P. aeruginosa, regrowth of resistant
subpopulations has often been demonstrated in the presence of fosfomycin, especially
with monotherapy, including doses that greatly exceed those currently recommended
in patients (12–15). The use of fosfomycin against P. aeruginosa has been examined in
various combination regimens with varied success (1, 9, 12, 16). However, it appears an
especially promising agent for the treatment of MDR Enterobacterales when used as
part of combination therapy (17–19), and interest in this antibiotic will likely increase as
resistance to more commonly used agents spreads.

Interpretive categories for fosfomycin have been established only for select Gram-
negative organisms. These criteria differ for oral versus intravenous formulations of
fosfomycin and also differ geographically by organizations responsible for setting
susceptibility breakpoints. In the United States, the Clinical and Laboratory Standards
Institute (CLSI) has established interpretive categories only for oral fosfomycin against
Escherichia coli (20). Breakpoints have yet to be established for intravenous fosfomycin
against any organism, as no such formulation has been approved for use in the United
States; however, a formulation is currently under review by the U.S. Food and Drug
Administration (FDA) (21). In Europe, interpretive categories for both oral and intrave-
nous fosfomycin against Enterobacterales have been established by the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) with specific E. coli break-
points for fosfomycin disk diffusion (22). Although neither organization has published
breakpoints for P. aeruginosa, EUCAST does note that fosfomycin has been used in
combination against P. aeruginosa caused by wild-type organisms, with an epidemio-
logical cutoff value �128 mg/liter (22). In the absence of established susceptibility
breakpoints, CLSI E. coli or EUCAST Enterobacterales breakpoints are often extrapolated
to P. aeruginosa without supporting evidence (1, 23, 24).

Both CLSI and EUCAST recommend agar dilution (AD) supplemented with glucose-
6-phosphate (G6P) as the reference method for fosfomycin susceptibility testing.
However, this method is not a feasible option for most clinical microbiology laborato-
ries, as it is both labor and time intensive. Enterobacterales utilize two main nutrient
transport systems, GlpT and UhpT transporters, which are also responsible for fosfo-
mycin uptake (25). Expression of these transporters is induced by their substrates. GlpT
is induced by glycerol-3-phosphate, and UhpT is induced by G6P. However, in P.
aeruginosa, the UhpT pump is absent (25). Previous studies have shown that supple-
mentation with G6P may not be necessary, as limited prior comparisons have demon-
strated no difference in resulting P. aeruginosa MIC values with or without G6P
supplementation (26). Furthermore, the use of more rapid methods such as broth
microdilution (BMD) is not recommended by CLSI or EUCAST based on older studies
showing unsatisfactory precision and difficulty in reading endpoints due to skipped
wells and trailing endpoints (27). Because CLSI specifically recommends against the use
of the BMD method for fosfomycin testing, automated/commercial systems employing
broth-based methods often lack fosfomycin. While select panels/cards (bioMérieux
Vitek 2 and BD Phoenix) may be available outside the United States, these panels are
not approved by the FDA (28).

A majority of prior fosfomycin susceptibility studies, including P. aeruginosa isolates,
have focused on comparison of AD to Etest and disk diffusion (DD) methods (23, 24, 29).
However, automated susceptibility testing machines often utilize a BMD method,
thereby making it a more feasible option for many clinical microbiology laboratories.
We therefore sought to assess the in vitro activity of fosfomycin against a large
international collection of clinical P. aeruginosa isolates and to determine agreement
rates between four different susceptibility testing methods: AD, BMD, Etest, and DD.
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MATERIALS AND METHODS
Bacterial isolates. A convenience sample of 198 randomly selected clinical P. aeruginosa isolates

were included from three locations in the United States (n � 126) and two locations in Australia (n � 72).
The United States clinical isolates originated from Boston, Massachusetts (n � 23; collected between
2013 and 2014) (23), Indiana (n � 22; collected in 2017), and Philadelphia, Pennsylvania (n � 37; collected
between 2012 and 2016). The Australian isolates originated from Melbourne (n � 58; collected in 2013)
and Brisbane (n � 14; collected between 2013 and 2015) (14). Forty-four P. aeruginosa isolates from the
P. aeruginosa panel of the CDC & FDA Antibiotic Resistance Isolate Bank (https://www.cdc.gov/
drugresistance/resistance-bank/index.html) were also included; dates of collection were unavailable from
the panel information. P. aeruginosa ATCC 27853 was included as a control strain and was run in parallel
with test isolates for each susceptibility test. P. aeruginosa isolates were characterized as MDR if
nonsusceptible to �3 classes of antipseudomonal agents (30).

Susceptibility testing. Fosfomycin MICs were determined in duplicate via AD, BMD, Etest, and DD,
with each isolate being tested with all four methods on two separate days whenever possible. CLSI M100
was followed for AD, BMD, and DD testing, while the package insert was followed for Etest (bioMérieux,
Durham, NC) (20). Briefly, test isolates and the ATCC control strain were inoculated onto blood agar plates
and allowed to grow overnight at 35°C. Single isolated colonies were utilized to inoculate Mueller-Hinton
II broth to a density of �1 � 108 CFU/ml. For AD, cell suspensions were further diluted, and �104 CFU/ml
of each isolate was inoculated onto Mueller-Hinton agar plates containing 25 �g/ml G6P. Fosfomycin
concentrations tested ranged from 2 to 256 �g/ml. Similarly for BMD testing, cell suspensions were
diluted, and �5 � 105 CFU/ml was delivered into 96-well plates containing fosfomycin concentrations
ranging from 2 to 256 �g/ml supplemented with 25 �g/ml G6P. Commercially available Etests, with
concentrations ranging 0.064 to 1024 �g/ml, and fosfomycin disks (Becton and Dickinson, Franklin Lakes,
NJ) were used. The fosfomycin disks each contained 200 �g of fosfomycin and 50 �g of G6P. The original
cell suspensions containing �1 � 108 CFU/ml were used for both Etest and DD testing. Results of Etest
were interpreted per the package insert, which indicates the MIC to be the crossing point of the ellipse
where colonies within the zone of the ellipse were accounted for if five colonies were present within
3 mm of the part of the strip within the zone (bioMérieux).

Due to the lack of established interpretive categories for P. aeruginosa and fosfomycin previously
outlined, the CLSI M100 E. coli breakpoints of �64 �g/ml (susceptible), 128 �g/ml (intermediate),
and �256 �g/ml (resistant) were used to interpret susceptibility of P. aeruginosa to fosfomycin. DD zone
diameters were recorded according to EUCAST recommendations due to the marked presence of
discrete inner colonies further described below.

Correlation of susceptibility testing methods. Correlation between AD, BMD, Etest, and DD results
was performed two different ways: once with AD as the reference method and once utilizing BMD as the
reference method. Categorical agreement was achieved when a test MIC value agreed with the
interpretive categories (susceptible/intermediate/resistant) results from the given reference method
being analyzed at the time. Essential agreement was defined as a test (excluding DD) MIC equal to or
within �1 dilution of the reference method MIC. Essential and categorical agreements as well as error
rates were all calculated with respect to the E. coli breakpoints set forth per CLSI (20). A minor error
occurred when a susceptibility test result deemed an isolate to be either susceptible or resistant when
the reference method deemed it intermediate, or when an isolate was deemed intermediate while the
reference method deemed it to be either susceptible or resistant. For susceptible isolates, a major error
occurred when test MIC results deemed an isolate to be resistant while the reference method deemed
it susceptible. For resistant isolates, very major errors occurred when susceptibility test results deemed
an isolate susceptible while the reference method deemed it resistant.

Investigation of epidemiological cutoff values. Epidemiological cutoff values (ECV) were deter-
mined using the resulting BMD and AD MIC values, interpreted according to the CLSI E. coli breakpoints,
for each collection by iterative nonlinear regression methods as recommended by the CLSI (20, 31). Per
CLSI recommendations, it is preferred for a laboratory data set to be “on scale” (i.e., the MIC is not below
the lowest or above the highest concentration tested) whenever possible. Based on concentration ranges
tested, we were unable to ensure the entire data set to be on scale. Therefore, to be as consistent as
possible, for any MIC �256 �g/ml, the value of 512 �g/ml was assigned based on it being the next
doubling dilution.

RESULTS
Susceptibility results. The MIC values were widely distributed across all four

susceptibility testing methods with values ranging from �1 to �1,024 �g/ml (Table 1).
Using the CLSI E. coli susceptibility breakpoint of �64 �g/ml, susceptibility of the entire
collection (n � 198) ranged from 49.0% to 85.8%, depending on the testing method
used. The DD method resulted in higher rates of susceptibility across all three collec-
tions, while BMD resulted in the lowest rates of susceptibility. The MIC50/90 values for
AD were all in agreement across the collections at 64/256 �g/ml. For BMD, MIC50/90

values were 128/256 �g/ml for the entire U.S. collections, while the Australian collec-
tion MIC50/90 was one dilution lower at 64/256 �g/ml. Approximately half of all isolates
were deemed intermediate or resistant to fosfomycin by the BMD, AD, and Etest
methods (51.0%, 40.4%, and 40.9% for the BMD, AD, and Etest methods, respectively).

Fosfomycin Testing Comparison against P. aeruginosa Journal of Clinical Microbiology

October 2020 Volume 58 Issue 10 e01121-20 jcm.asm.org 3

https://www.cdc.gov/drugresistance/resistance-bank/index.html
https://www.cdc.gov/drugresistance/resistance-bank/index.html
https://jcm.asm.org


For DD, 14.2% of isolates were deemed intermediate or resistant. A high frequency
(52%; n � 103) of discrete inner CFU was observed during Etest and DD testing, with
103 isolates displaying these inner colonies in at least one test replicate for each isolate.

Correlation of susceptibility testing methods. A high rate (91.3%) of essential
agreement was observed between the BMD and AD methods with only one very major
error noted (Table 2). Categorical agreement between BMD and AD was observed only
62.1% of the time. When BMD was used as the reference method, rates of major (5.2%)
and very major errors (8.5%) observed with Etest were fewer compared to when AD was
used as the reference method (8.5% and 13.8% for major and very major errors,
respectively). However, all error rates were above the acceptable discrepancy rates as
recommended per CLSI, which states that acceptable minor error rates are �10% and
acceptable major and very major error rates are typically �3% of the susceptible and
resistant isolates tested, respectively (32).

Investigation of epidemiological cutoff values. Despite the wide distribution of
MIC values among the collections, a majority of the values tended to cluster around the
CLSI E. coli susceptibility breakpoint of 64 �g/ml (Fig. 1). ECVs were determined using
the resulting BMD and AD MIC values for each collection (Fig. 1) (31). Irrespective of

TABLE 1 Susceptibility of isolate collections by methoda

Collection and method

% (no.) of isolates that were:

MIC50/90 (�g/ml) MIC range (�g/ml)Susceptible Intermediate Resistant

Entire collection (n � 198)
AD 59.6 (118) 25.8 (51) 14.6 (29) 64/256 �1 to �256
Etest 59.1 (117) 17.7 (35) 23.2 (46) 64/�1,024 0.5 to �1,024
DD 85.9 (170) 6.6 (13) 7.6 (15) NAb NA
BMD 49.0 (97) 27.3 (54) 23.7 (47) 128/256 �2 to �256

U.S. collection (n � 126)
AD 61.1 (77) 25.4 (32) 13.5 (17) 64/256 �1 to �256
Etest 57.1 (72) 21.4 (27) 21.4 (27) 64/512 0.5 to �1,024
DD 88.1 (111) 7.1 (9) 4.8 (6) NA NA
BMD 44.4 (56) 27.0 (34) 28.6 (36) 128/256 �2 to �256

Australian collection (n � 72)
AD 56.9 (41) 26.4 (19) 16.7 (12) 64/256 8 to �256
Etest 62.5 (45) 11.1 (8) 26.4 (19) 64/�1,024 1 to �1,024
DD 81.9 (59) 5.6 (4) 12.5 (9) NA NA
BMD 56.9 (41) 27.8 (20) 15.3 (11) 64/256 8 to �256

aIsolates were deemed susceptible if the MIC was � 64 �g/ml, intermediate if the MIC was 128 �g/ml, and resistant if the MIC was � 256 �g/ml according to the CLSI
E. coli breakpoints.

bNA, not applicable.

TABLE 2 Summarized agreement rates by methoda

Method

No. of agreements/total no. tested (%) showing:

Essential agreementb Categorical agreementc Minor errorsd Major errorse Very major errorsf

AD as reference method
Etest 141/174 (81.0) 138/198 (69.7) 46/198 (23.2) 10/118 (8.5) 4/29 (13.8)
DD NA 129/198 (65.2) 52/198 (26.3) 4/118 (3.4) 13/29 (44.8)
BMD 158/173 (91.3) 123/198 (62.1) 64/198 (32.3) 10/118 (8.5) 1/29 (3.4)

BMD as reference method
Etest 137/167 (82.0) 134/198 (67.7) 55/198 (27.8) 5/97 (5.2) 4/47 (8.5)
DD NA 110/198 (55.6) 57/198 (28.8) 2/97 (2.1) 29/47 (61.7)

aEither AD or BMD was used as a reference method.
bDefined as a test (excluding DD) MIC equal to or within �1 dilution of the reference method MIC.
cWhen a test MIC value agreed with the interpretive categories (susceptible/intermediate/resistant) results from the given reference method being analyzed at the
time.

dMinor error occurred when a susceptibility test result deemed an isolate to be either susceptible or resistant when the reference method deemed it intermediate or
when an isolate was deemed intermediate while the reference method deemed it to be either susceptible or resistant.

eMajor error occurred when test MIC results deemed an isolate to be resistant while the reference method deemed it susceptible.
fVery major error occurred when susceptibility test results deemed an isolate susceptible while the reference method deemed it resistant.
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collection, all ECV values were either 256 or 512 �g/ml, 2 to 3 dilutions higher than the
current CLSI E. coli susceptibility breakpoint. The ECV for fosfomycin against P. aerugi-
nosa was 512 �g/ml for all collections when using BMD data. However, the ECV using
AD data was lower at 256 �g/ml for the combined and U.S. collections and 512 �g/ml
for the Australian collection.

DISCUSSION

We sought to determine the activity of fosfomycin against this international collec-
tion (n � 198) of clinical P. aeruginosa isolates and to determine agreement rates using
four different susceptibility testing methods. The resulting MIC values were widely
distributed, with only �50 to 60% of isolates considered susceptible to fosfomycin
based on the currently established CLSI breakpoints for E. coli and using the AD, BMD,
and Etest methods. In stark contrast, �86% of all isolates were deemed susceptible
according to the CLSI E. coli breakpoints using the DD method. This phenomenon likely
occurred as a result of following EUCAST’s recommendations to ignore all discrete inner
colonies and read the outer zone margin when measuring the zone of inhibition for E.
coli (22). These recommendations were followed based upon the surprising number of

FIG 1 Bar graph depictions of MIC distribution by AD (gray bars), Etest (black bars), and BMD (red bars)
across collections. The dashed lines with arrows indicate calculated ECVs by AD (gray line) or BMD (black
line). (A) Combined collection (n � 198) with an AD ECV of 256 �g/ml and BMD ECV of 512 �g/ml. (B) U.S.
collection (n � 126) with an AD ECV of 256 �g/ml and BMD ECV of 512 �g/ml. (C) Australian collection
(n � 72) with AD and BMD ECVs both of 512 �g/ml. Etest values of 512 �g/ml or 1,024 �g/ml are
denoted as �256 �g/ml, and those with values of �1,024 �g/ml are noted as such.
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isolates with which these inner colonies were observed (103/198; 52%). The proportion
of P. aeruginosa isolates displaying inner colonies was much higher than the 0.8% value
for E. coli previously reported by Lucas et al. (33). However, Elliott et al. recently
observed that colonies within the zone were “frequently present” when examining the
activity of fosfomycin against isolates of Klebsiella pneumoniae. In that study, the
authors attributed the high rate of discordance between Etest and DD results with that
of AD to the high frequency of these inner colonies (34). In addition to inner colonies,
skipped wells, as described by Fuchs et al., were occasionally observed during BMD (27).
When this occurred, CLSI M07 recommendations for reading susceptibility results were
strictly followed (35).

In the present study, the MIC50/90 values for this collection were high at 64/
256 �g/ml for AD and 128/256 �g/ml for BMD. These values differed substantially from
previous work performed with fosfomycin on E. coli where MIC50/90 values via AD were
much lower at 0.5/2 �g/ml (23). The elevated P. aeruginosa MIC50/90 values indicate that
fosfomycin has less in vitro activity toward P. aeruginosa than E. coli. This may be
attributed to various mechanisms of resistance previously described in the literature
regarding P. aeruginosa and fosfomycin. Resistance mechanisms such as activation of
salvage pathways in peptidoglycan synthesis or chromosomally located Fos metalloen-
zymes that act to block fosfomycin’s inhibitory action on MurA have been noted (36,
37). Additionally, acquired resistance mechanisms, such as glpT mutations, have also
been described (37, 38).

The majority of the isolate MICs clustered around the E. coli-susceptible breakpoint
of 64 �g/ml and the intermediate breakpoint of 128 �g/ml. Utilizing the E. coli break-
points for fosfomycin and extrapolating them to P. aeruginosa may be risky based upon
this clustering, as the breakpoint bisects directly through this distribution. The calcu-
lated P. aeruginosa ECV values for this collection were found to be much higher than
the E. coli breakpoints, with values of 256 �g/ml for AD and 512 �g/ml for BMD. When
the 44 test isolates from the CDC & FDA Antibiotic Resistance Isolate Bank were
excluded from the U.S. collection, calculated AD and BMD ECV remained unchanged for
the remaining (n � 82) U.S. clinical P. aeruginosa isolates. These values are higher than
the �128 �g/ml epidemiological cutoff value provided by EUCAST, which is likely a
result of our collection being composed of 62% MDR isolates (22). However, the values
determined for our collection, as well as the value determined by EUCAST, are 1 to 3
dilutions higher than the CLSI E. coli susceptibility breakpoint. If fosfomycin is to be
used against P. aeruginosa, additional studies with larger isolate collections to help
determine wild-type MIC distributions and resulting ECVs, as well as clinical studies
correlating MICs with either microbiological or clinical cures, would help to define
suitable breakpoints.

In addition to the absence of breakpoints, a lack of FDA-approved automated
susceptibility testing methods for fosfomycin likely also deters the use of this antibiotic.
Both CLSI and EUCAST recommend AD when determining MICs to fosfomycin, yet
automated testing methods often utilize BMD or broth-based methods. A previous
study has supported the use of BMD as a reliable testing method for fosfomycin against
P. aeruginosa, with reported rates of essential agreement between AD and BMD of 84%
and categorical agreement of nearly 90% (26). Our findings lend support to this, with
91% essential agreement between AD and BMD, and broaden the geographic appli-
cation, as our study included an international collection of isolates. This strengthens the
case that BMD should be further investigated as a reliable automated susceptibility
testing method for fosfomycin, at least for P. aeruginosa, which does not appear to
require G6P supplementation. Categorical agreement was lower at only 62%, but this
is likely attributed to the clustering of MIC values around the E. coli breakpoints.
Regarding error rates using AD as the reference method, only one very major error was
reported with BMD, whereas the rate with DD, the other accepted method, was much
higher, with 13 very major errors. When using BMD as the reference method, the rate
of very major errors for Etest was comparable, whereas major errors decreased by half.

Mojica et al. recently reported 89% categorical agreement between BMD and AD
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with zero very major errors and 11 major errors. When applying the EUCAST epidemi-
ological cutoff value of �128 �g/ml, the categorical agreement increased to 98%,
further supporting BMD as a reliable testing method compared with AD (22, 39). Our
results demonstrate that the calculated AD ECV for this international collection to be
quite high at 256 �g/ml. Similarly, Lu et al. found the ECV for their collection of 100 P.
aeruginosa isolates to be 256 �g/ml with AD testing (24). When applying both the
EUCAST epidemiological cutoff value of �128 �g/ml and our calculated AD ECV of
256 �g/ml, categorical agreement between AD and BMD within our collection in-
creased from 62.1% to 90.9% and 96.0%, respectively (22). Our findings of a marked
increase in categorical agreement after applying a higher epidemiological cutoff value
of �128 �g/ml or our calculated ECV of 256 �g/ml, along with those by Mojica et al.,
further stress the need for P. aeruginosa-specific breakpoints as opposed to simply
extrapolating those established for E. coli. It should be acknowledged, however, that an
ECV is not a breakpoint in itself and therefore may not directly correlate with resistance.

Unfortunately, clinical outcomes data correlating MIC values with clinical success, for
either oral or intravenous formulations, are wholly lacking. In a study published by
Neuner et al. that includes eight patients with MDR P. aeruginosa urinary tract infections
(UTIs), isolates had MIC50/90 values of 8 and 256 �g/ml via Etest, respectively, and it was
reported that only 3/8 (38%) infections resulted in a microbiological cure as defined by
a documented negative urine culture at completion of therapy and/or absence of
relapse/reinfection (8). A similar study undertaken by our group assessed clinical and
microbiological outcomes in patients treated with oral fosfomycin for UTIs caused by
MDR pathogens (40). Of five microbiologically evaluable patients with MDR P. aerugi-
nosa, only two (40%) had a microbiological cure, which was defined as a negative
culture during or at completion of therapy and/or the absence of relapse or reinfection.
Of the three patients without microbiological cure, two of their isolates had been
deemed susceptible via disk diffusion testing with application of the CLSI E. coli
breakpoints. In the recent ZEUS trial evaluating treatment of complicated UTI/acute
pyelonephritis with intravenous fosfomycin, all eight patients treated for P. aeruginosa
infections demonstrated clinical cure at test of cure; however, the microbiologic
eradication rate (defined as baseline pathogen reduced to �104 CFU/ml on urine
culture) was only 37.5% (3 of 8 patients). Besides Enterococcus faecalis, this was the
lowest eradication rate by pathogen in the study (21). These low cure rates reported,
despite isolates being considered susceptible as per the CLSI E. coli breakpoints, is
concerning and further underlines the need for specific P. aeruginosa breakpoints.

Strengths of our study include assessment of concordance between four suscepti-
bility testing methods. Previous papers have compared AD, Etest, and DD; however, few
have analyzed agreement rates between all four methods (23, 24, 26, 29, 39). Assess-
ment of BMD is crucial, as it is both used in automated testing devices and provides
quantitative MIC values. An additional strength is the large collection of test isolates
from varied geographic locations. Subgroup analysis by geographic location did not
differ markedly from analysis of the entire collection, thereby indicating that these
results may be applicable to other locations worldwide. Some limitations include our
nonconsecutive collection of isolates, which resulted in a population skewed toward an
MDR phenotype. The higher incidence of MDR isolates may contribute to the increased
MIC and ECV values in relation to other studies (26, 39). Furthermore, it is important to
note that ECV calculation is dependent on the number of isolates used and should be
considered when comparing ECVs between study collections, as our collection was
relatively small yet still met the minimum requirement of 100 isolates per CLSI recom-
mendations. Not all MIC data were on scale, which was also a limitation of our ECV
calculation.

In conclusion, our data suggest that fosfomycin has only modest in vitro activity
against a 62% MDR international collection of P. aeruginosa isolates, with nearly half of
all isolates deemed intermediate or resistant to fosfomycin based on the currently
established CLSI breakpoints for E. coli. The ECV values for the combined collection
were 256 �g/ml and 512 �g/ml for AD and BMD, respectively, being 2 to 3 dilutions
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higher than the current CLSI E. coli susceptibility breakpoint. Our results suggest
caution with the common practice of extrapolating the E. coli breakpoints to P.
aeruginosa. When comparing susceptibility methods, AD and BMD demonstrated high
essential agreement with one another, offering additional support for BMD as a reliable
testing method for fosfomycin against P. aeruginosa.
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