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The antibacterial activity of fosfomycin-tobramycin combination was studied by time-kill assay in eight Pseudomonas aerugi-
nosa clinical isolates belonging to the fosfomycin wild-type population (MIC � 64 �g/ml) but with different tobramycin suscep-
tibilities (MIC range, 1 to 64 �g/ml). The mutant prevention concentration (MPC) and mutant selection window (MSW) were
determined in five of these strains (tobramycin MIC range, 1 to 64 �g/ml) in aerobic and anaerobic conditions simulating envi-
ronments that are present in biofilm-mediated infections. Fosfomycin-tobramycin was synergistic and bactericidal for the iso-
lates with mutations in the mexZ repressor gene, with a tobramycin MIC of 4 �g/ml. This effect was not observed in strains dis-
playing tobramycin MICs of 1 to 2 �g/ml due to the strong bactericidal effect of tobramycin alone. Fosfomycin presented higher
MPC values (range, 2,048 to >2,048 �g/ml) in aerobic and anaerobic conditions than did tobramycin (range, 16 to 256 �g/ml).
Interestingly, the association rendered narrow or even null MSWs in the two conditions. However, for isolates with high-level
tobramycin resistance that harbored aminoglycoside nucleotidyltransferases, time-kill assays showed no synergy, with wide
MSWs in the two environments. glpT gene mutations responsible for fosfomycin resistance in P. aeruginosa were determined in
fosfomycin-susceptible wild-type strains and mutant derivatives recovered from MPC studies. All mutant derivatives had
changes in the GlpT amino acid sequence, which resulted in a truncated permease responsible for fosfomycin resistance. These
results suggest that fosfomycin-tobramycin can be an alternative for infections due to P. aeruginosa since it has demonstrated
synergistic and bactericidal activity in susceptible isolates and those with low-level tobramycin resistance. It also prevents the
emergence of resistant mutants in either aerobic or anaerobic environments.

Pseudomonas aeruginosa is an opportunistic pathogen respon-
sible for a wide variety of infections. Its high intrinsic and

acquired antimicrobial resistance combined with the ability to
produce biofilms makes the treatment of these infections a critical
challenge (1, 2). Patients with underlying conditions such as cystic
fibrosis, obstructive pulmonary disease, and bronchiectasis are
particularly vulnerable and usually develop chronic infections.
Due to the paucity of new compounds, therapeutic strategies in
these situations are based on antimicrobial combinations of al-
ready existing antibiotics trying to obtain a synergistic effect (3–5).

Fosfomycin shows no cross-resistance with other antimicrobi-
als, and data suggest that its association with other antipseudomo-
nal agents, such as tobramycin, may be an option for the treatment
of infections caused by this pathogen (6, 7). Fosfomycin inhibits
bacterial cell wall biosynthesis by inactivating the UDP-N-acetyl-
glucosamine-3-o-enolpyruvultransferase. In the case of P. aerugi-
nosa, this compound exclusively enters into bacterial cells through
the glycerol-3-phosphate nutrient transporter (GlpT) (8). The
GlpT protein is an antiporter that belongs to the major facilitator
superfamily and consists of 12 transmembrane �-helices (H1 to
H12) with two domains each containing a six-helix bundle and
connected by a long central loop. It transports across the inner
membrane an inorganic phosphate molecule outside the cell, sub-
sequently driving the transport of one molecule of glycerol-3-
phosphate into the cell, in both cases against their correspondent
concentration gradients (9). Molecular mechanisms implicated in

the inactivation of this permease and consequently in fosfomycin
resistance are not widely studied.

However, a fosfomycin and tobramycin combination has been
demonstrated to be beneficial, since fosfomycin enhances the ac-
tive uptake of tobramycin into P. aeruginosa, resulting in greater
inhibition of protein synthesis, enhanced bacterial killing, and a
lower frequency of resistance development (10).

The objectives of this work were to study the in vitro activity of
a fosfomycin and tobramycin combination against P. aeruginosa
clinical isolates by time-kill assays and to determine the mutant
prevention concentration (MPC) and the mutant selection win-
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dow (MSW) values of these antimicrobials alone and in combina-
tion. Moreover, MPCs were also determined under conditions
simulating microaerobic or anaerobic environments that are pres-
ent in biofilm-mediated infections. In addition, glpT gene muta-
tions responsible for fosfomycin resistance in P. aeruginosa were
determined.

MATERIALS AND METHODS
MIC testing. MICs of fosfomycin (Laboratorios Ern, S.A., Barcelona,
Spain), tobramycin (Sigma-Aldrich Chemical Co., St. Louis, MO), and a
fosfomycin-tobramycin combination were determined by the agar dilu-
tion method (BBL Mueller-Hinton II cation-adjusted broth and agar; BD,
Sparks, MD) for eight genetically unrelated P. aeruginosa clinical isolates
(Pa1 to Pa8). Pa4 (nonmucoid) and Pa5 (mucoid) were isolated from the
sputum of two cystic fibrosis patients, while the rest of the strains were
recovered from a previously published collection that included isolates
causing bacteremia and nosocomial pneumonia (11). Anaerobic suscep-
tibility testing was also performed by the agar dilution method by supple-
menting medium with 1% KNO3 (wt/vol) (Sigma-Aldrich Chemical Co.).
Anaerobic conditions of incubation were generated by a GasPak EZ an-
aerobe container system (BD). The European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) breakpoint for tobramycin (suscep-
tible [S], �4 �g/ml; resistant [R], �4 �g/ml) and the epidemiological
cutoff (ECOFF) value for fosfomycin (128 �g/ml) were applied (12).

Time-kill assays. Time-kill assays (Fig. 1) were performed in the eight
P. aeruginosa isolates (Pa1 to Pa8), all of them having a fosfomycin MIC of
64 �g/ml, representing the modal MIC value for this compound reported
by EUCAST for this organism. However, they differed in tobramycin sus-
ceptibilities: five isolates were susceptible (MIC range, 1 to 4 �g/ml) (Pa1
to Pa5) and three isolates were resistant (MIC range, 32 to 64 �g/ml) (Pa6
to Pa8). Time-kill assays (initial inoculum of 105 to 106 CFU/ml) were
performed with fosfomycin and tobramycin alone as well as in combina-
tion. Corresponding fosfomycin and tobramycin maximum concentra-
tions of drug in serum (Cmax), 90 �g/ml and 10 �g/ml, respectively, were
used in all experiments (13, 14). In vitro activity was assessed at 1, 2, 4, 6,
8, 12, and 24 h (Fig. 1). The reduction of the original inoculum by �3 log10

CFU/ml was considered bactericidal, and a reduction of �2 log10 CFU/ml
by the antibiotic combination compared with that of the most active com-
pound was defined as synergism. Indifference was defined as a �2 log10

reduction with the combination compared with that obtained with the
most active single agent. Antagonism was defined as a �2 log10 increase in
viable count when using the combination compared with that obtained
with the most active drug alone (15).

Estimation of the mutant prevention concentration. Fosfomycin,
tobramycin, and fosfomycin-tobramycin combination MPCs were calcu-
lated for three tobramycin-susceptible (Pa2, MIC � 2 �g/ml; Pa4,
MIC � 4 �g/ml; Pa5, MIC � 4 �g/ml) and two tobramycin-resistant
(Pa7, MIC � 64 �g/ml; Pa8, MIC � 32 �g/ml) isolates. MPCs were
determined in aerobic and anaerobic conditions (16). Briefly, an initial
inoculum of approximately 1010 CFU/ml was placed onto Mueller-Hin-
ton agar plates with twofold-increasing fosfomycin concentrations (16 to
2,048 �g/ml) and tobramycin concentrations (0.5 to 512 �g/ml) and with
the fosfomycin-tobramycin combination. A variable fosfomycin concen-
tration (8 to 256 �g/ml) and different fixed tobramycin concentrations
(0.5 to 64 �g/ml) were used to test the combination. Plates were incubated
for 48 h at 37°C. MPC was defined as the lowest antibiotic concentration
that prevented the visible growth of mutant colonies (17). MICs for the
mutants recovered from the highest fosfomycin, tobramycin, and fosfo-
mycin-tobramycin concentration plates were retested by Etest (bio
Mérieux, France) after serial passages in agar plates that did not contain
antibiotics. The MSW for the fosfomycin-tobramycin combination was
determined by graphing the fosfomycin-tobramycin MICs and fosfomy-
cin-tobramycin MPCs resulting from each tobramycin and fosfomycin
concentration (Fig. 2).

Putatively hypermutable P. aeruginosa among the tested strains was

screened by the disk diffusion method through observation of resistant
mutant subpopulations within the inhibition zones of the following anti-
biotics: ceftazidime, imipenem, meropenem, ciprofloxacin, and tobramy-
cin (18). PAO1 and PAOmutS were used as strain controls.

Characterization of tobramycin resistance mechanisms. Tobramy-
cin resistance mechanisms were first phenotypically characterized by
the disk diffusion method with gentamicin, tobramycin, netilmicin,
amikacin, and ciprofloxacin. Following phenotypic results, confirmation
of resistance mechanisms was subsequently performed by amplifica-
tion and sequencing of the aminoglycoside-2-O-nucleotidyltransferase
[ANT(2)-I] enzyme with ant(2�)-Ia-F (ACACAACGCAGGTCACA) as
the forward primer and ant(2�)-Ia-R (CATGCGAGCCTGTAGGA) as the
reverse primer (19). mexZ and the mexX-mexZ intergenic region were
amplified and sequenced with primers MexZ1026 (CAGCGTGGAGATC
GAAGGCAGCCGG) and MexZ2060 (CCAGCAGGAATAGGGCGACC
AGGGC) (20). The sequence was compared with that reported by Aires et
al. (21).

Molecular bases of fosfomycin resistance and hypothetical GlpT
protein structure. Fosfomycin-resistant mutants generated from the P.
aeruginosa isolates tested in the MPC studies (Pa2M, Pa4M, Pa5M, Pa7M,
and Pa8M), as well as their parental strains (Pa2, Pa4, Pa5, Pa7, and Pa8),
were subjected to further analysis to determine possible mutations or
other genetic changes implicated in fosfomycin resistance. Additionally,
six other genetically unrelated P. aeruginosa clinical isolates (Pa9 to Pa14)
from the same collection (11), with different fosfomycin MICs (32 to
1,024 �g/ml), were subjected to screening of possible mutations with the
aim of comparing them with those of fosfomycin-resistant mutants ob-
tained in this study (Table 2). The glpT gene was amplified and sequenced
by PCR using glpT-F(5=-AGCGGAGCTCGCGATGTTC-3=) and glpT-R
(5=-TCAGCCGGCTTGCTGCGG-3=) as the forward and reverse primers,
respectively (8). glpTw-F (5=-TGCTCTGCGGCTGGCTGTCGG-3=) and
glpTw-R (5=-AATGAACATCACCGCCGCC-3=) were used in primer
walking and were designed in our laboratory. P. aeruginosa ATCC 27853
and PAO1 strains were used as controls. Nucleotide and amino acid se-
quences were analyzed with the sequence analysis software Clone Man-
ager 9 (Scientific and Educational Software). Homology searches were
done using BLAST search algorithms (http://blast.ncbi.nlm.nih.gov/Blast
.cgi).

The hypothetical three-dimensional structure of the GlpT protein of
the PAO1 strain was compared with that of the GlpT transporter of the
fosfomycin-resistant mutants obtained in this study using the Swiss-
Model tool (http://swissmodel.expasy.org/) in the ExPASy Bioinformat-
ics resource portal (see Fig. S1 in the supplemental material).

RESULTS
Time-kill assays. Fosfomycin exhibited a bacteriostatic activity,
with a 0.2 to 2.15 log10 CFU/ml inoculum reduction in the first 8 h,
against the eight isolates tested; at 12 to 24 h, regrowth was ob-
served in all the cases when this antimicrobial was used alone. For
Pa1 (tobramycin MIC, 2 �g/ml), Pa2 (tobramycin MIC, 2 �g/ml),
and Pa3 (tobramycin MIC, 1 �g/ml), tobramycin alone exhibited
a bactericidal effect in the first 4 h, and all of these isolates experi-
enced a complete inhibition of growth (no colony count). The
fosfomycin-tobramycin combination was indifferent in these
three isolates. However, for Pa4, a tobramycin-susceptible isolate
(MIC � 4 �g/ml), tobramycin alone presented a bacteriostatic
profile, with a 2.1 log10 CFU/ml inoculum reduction at 12 h but
with regrowth at 24 h. In this isolate, the fosfomycin-tobramycin
combination was synergistic and bactericidal, with a �3 log10

CFU/ml inoculum reduction in the first 4 h and a complete inhi-
bition of growth at 6 h, maintained until the end of the curve. For
Pa5 (MIC � 4 �g/ml), tobramycin was bactericidal at 8 h while
the fosfomycin-tobramycin combination was synergistic and bac-
tericidal, with a complete inhibition of growth at 4 h.
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Tobramycin-resistant isolates (tobramycin MICs of 64 �g/ml
for Pa6 and Pa7 and 32 �g/ml for Pa8) displayed no inoculum
reduction and a marked regrowth when tobramycin was used
alone. In Pa7, fosfomycin-tobramycin exhibited a bacteriostatic

profile at 8 h but did not reduce the initial inoculum at 24 h. For
the other two tobramycin-resistant isolates, the fosfomycin-to-
bramycin combination was indifferent and did not impede re-
growth. Antagonism was not observed in any case.

FIG 1 Time-kill assays for P. aeruginosa isolates with tobramycin (TOB), fosfomycin (FOS), and fosfomycin-tobramycin combination.
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Estimation of the MPC. The fosfomycin and tobramycin MIC
and MPC results determined in aerobiosis and anaerobiosis are
shown in Table 1. For all of the strains, the fosfomycin MIC in the
two environments was 64 �g/ml. Fosfomycin MPCs went up
to �2,048 �g/ml in the aerobic and to 2,048 �g/ml in the anaer-
obic environment, respectively. In the three tobramycin-suscep-
tible isolates, tobramycin MICs in anaerobiosis went up to resis-

tance levels (Pa2, MIC � 8 �g/ml; Pa4, MIC � 64 �g/ml; Pa5,
MIC � 32 �g/ml). Tobramycin MPCs were two- to threefold-
dilutions higher in anaerobiosis than in aerobiosis. For the two
tobramycin-resistant isolates, the MIC and MPC values in anaer-
obiosis were �512 �g/ml. For the fosfomycin-tobramycin com-
bination, the MIC and MPC values in aerobiosis and anaerobiosis,
as well as the MSWs for the different fosfomycin and tobramycin

FIG 2 MPCs and MICs for fosfomycin-tobramycin (FOS-TOB) combination in aerobiosis (AE) and anaerobiosis (ANA).

TABLE 1 Fosfomycin and tobramycin MICs and MPCs in aerobiosis and anaerobiosis

Isolate

Fosfomycin MIC (�g/ml) Fosfomycin MPC (�g/ml) Tobramycin MIC (�g/ml) Tobramycin MPC (�g/ml)

Aerobiosis Anaerobiosis Aerobiosis Anaerobiosis Aerobiosis Anaerobiosis Aerobiosis Anaerobiosis

Pa2 64 64 �2,048 2,048 2 8 16 64
Pa4 64 64 �2,048 2,048 4 64 32 256
Pa5 64 64 �2,048 2,048 4 32 32 256
Pa7 64 64 �2,048 2,048 64 �512 �512 �512
Pa8 64 64 �2,048 2,048 32 �512 �512 �512
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concentrations used in combination, are shown in Fig. 2. In to-
bramycin-resistant isolates (Pa7 and Pa8), the MSWs exhibited a
wide range of values and even high fosfomycin and tobramycin
concentrations did not reduce this window. However, for tobra-
mycin-susceptible isolates (Pa2, Pa4, and Pa5), MSWs were very
narrow, almost disappearing in the two environments.

A hypermutable phenotype was not detected in any strain.
Characterization of tobramycin resistance mechanisms. The

susceptibility profiles of Pa4 and Pa5 (cystic fibrosis isolates) to the
panel of aminoglycosides and fluoroquinolones were consistent
with hyperexpression of the MexXY-OprM efflux system, as they
showed low-level resistance to gentamicin, tobramycin, netilmi-
cin, amikacin, and ciprofloxacin (22). The overproduction of this
pump resulted from a mutation in the repressor gene mexZ, con-
firmed by amplification and sequencing of this gene. A deletion of
a guanine (G) at position 72 resulted in a frameshift in the coding
sequence that was found in the two strains. The alteration in this
repressor may explain the overproduction of the efflux system and
consequently the low-level tobramycin resistance. In fact, MexXY
is primarily implicated in panaminoglycoside resistance in clinical
cystic fibrosis isolates (23).

No mutations were detected in the mexZ-mexX intergenic re-
gion of any of the sequenced isolates.

For the isolates with high-level tobramycin resistance (Pa6,
Pa7, and Pa8), the susceptibility profiles corresponded to the pres-
ence of an aminoglycoside nucleotidyltransferase (2=)-I enzyme
(22), which confers high-level resistance to gentamicin and tobra-
mycin, with susceptibility to netilmicin and amikacin. This en-
zyme was confirmed by PCR and sequencing.

Molecular bases of fosfomycin resistance and hypothetical
GlpT protein structure. The glpT genes of all original strains and
of their corresponding fosfomycin mutant derivatives were se-
quenced and compared. Results demonstrated that all the strains
with an MIC equal to or below the ECOFF (128 �g/ml) had no
codifying mutations. However, mutant derivatives and originally
resistant isolates contained mutations in the glpT sequence (Table
2). Three of these mutants (Pa2M, Pa5M, and Pa8M) had frame-
shifts that resulted in premature stop codons, while Pa7M pre-
sented deletions that conferred the loss of various amino acids of
the protein. Pa4M and the two originally resistant isolates (Pa13

and Pa14) had point mutations in their nucleotide sequence that
conferred an amino acid substitution in the corresponding pro-
teins.

Mutations in the glpT gene sequence that resulted in premature
codon stop in fosfomycin-resistant mutants Pa2M, Pa5M, and
Pa8M led to an incomplete truncated protein. The stop codon in
Pa2M at amino acid position 328 is located in H9, which resulted
in the loss of 3 �-helices. The stop codon in Pa5M at position 171
is located in H5 and resulted in the loss of 7 �-helices. The stop
codon in Pa8M at position 129 is located in H4, which resulted in
the loss of 8 �-helices. The loss of two amino acids in Pa7M cre-
ated a distortion in H2 that is involved in the pore formation. The
amino acid substitution in Pa4M is located in the central helix H10
(24) (see Fig. S1 in the supplemental material).

Additionally, silent mutations were found in all the strains.
Polymorphisms detected in glpT sequences are summarized in
Table S1 in the supplemental material. The glpT gene sequence of
the wild-type strain PAO1 was used for comparison purposes
(25).

DISCUSSION

A strategy to prevent the development of resistance and to im-
prove infection treatments is the use of antimicrobial combina-
tions. In vitro evaluation of fosfomycin-tobramycin through time-
kill assays and MPCs against P. aeruginosa has demonstrated that
this combination in tobramycin- and fosfomycin-susceptible iso-
lates not only enhances bacterial killing but also prevents the se-
lection of fosfomycin-resistant mutants.

P. aeruginosa is a versatile organism capable of growing in an-
aerobic environments in the presence of the alternative electron
acceptors NO3

�, NO2
�, or arginine (26). Since the course of some

infections, such as biofilm-mediated ones, develop in microaero-
bic environments or in completely anaerobic conditions, such as
cystic fibrosis chronic infections (26, 27), the development of re-
sistant mutants was tested also in anaerobiosis. It is known that
aminoglycosides are less active in anaerobiosis because their pen-
etration into bacterial cells depends on an oxygen-dependent re-
action (28). This fact reinforces the need to administer tobramy-
cin in combination with other compounds. Fosfomycin has
demonstrated that it can enhance the active transport of tobramy-

TABLE 2 Analysis of glpT sequence of parental strains, mutant derivatives, and isolates Pa9 to Pa14

Parental strain or mutant derivative glpT sequence Fosfomycin MIC (�g/ml)

Pa2 No mutation 64
Pa2M C681 deletion (1-bp frameshift), stop TGA987 �1,024
Pa4 No mutation 64
Pa4M G to A; G358 (G1072GC)¡S (A1072GC) �1,024
Pa5 No mutation 64
Pa5M C398 insertion (1-bp frameshift), stop TGA514 �1,024
Pa7 No mutation 64
Pa7M G211CCATC216 deletion (6-bp frameshift), 	 A71-I72 �1,024
Pa8 No mutation 64
Pa8M G355insertion (1-bp frameshift), stop TAA390 �1,024
Pa9 No mutation 32
Pa10 No mutation 128
Pa11 No mutation 128
Pa12 No mutation 128
Pa13 G to A; A121(G361CC)¡T(ACC) 512
Pa14 A to C; T211 (A631CC)¡P (CCC) 1,024
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cin into the cell (10); furthermore, its activity does not decrease in
anaerobiosis, and some studies have reported high activity under
these conditions (16). It has also been reported that fosfomycin-
tobramycin association is advantageous in anaerobiosis, as it
downregulates the expression of nitrate reductase genes that are
essential for the growth of P. aeruginosa (28).

As has been previously described, fosfomycin-tobramycin
combination is capable of eradicating P. aeruginosa biofilm
growth on cystic fibrosis-derived airway cells (6) and of improving
the therapeutic effect in a biofilm-infected animal model (29).
This approach also may be beneficial considering that fosfomycin
has a protective action against the potential nephrotoxicity of ami-
noglycosides (30). Furthermore, decreased administration of to-
bramycin during treatment with a fosfomycin-tobramycin
combination may decrease the negative side effects of the amin-
oglycoside.

For tobramycin-susceptible isolates, the fosfomycin-tobramy-
cin combination was synergistic and bactericidal for the cystic
fibrosis isolates, with a tobramycin MIC of 4 �g/ml. In one of
these strains, tobramycin alone was not bactericidal. This may be
explained by the fact that tobramycin is a concentration-depen-
dent antimicrobial and the MIC for this isolate was close to the
susceptibility breakpoint value. Alteration of the MexXY efflux
system was implicated in low-level aminoglycoside resistance in
the two isolates, with mexZ the most commonly mutated gene in
cystic fibrosis strains (23, 31). Fosfomycin-tobramycin synergy
may be related to the type of tobramycin resistance mechanism
involved. MexXY-OprM alteration is implicated in aminoglyco-
side expulsion attributed to the increase in the drug efflux, and
although fosfomycin is not inhibiting this efflux, it causes a rapid
accumulation inside the cell by inducing the active uptake (10).
Thus, this potentiation in tobramycin accumulation may lead to
the achievement of a sufficient concentration for bactericidal ef-
fect in spite of the efflux hyperproduction.

A synergistic effect with fosfomycin-tobramycin may not be
appreciated in strains with a tobramycin MIC of 1 to 2 �g/ml due
to the strong bactericidal effect of this antimicrobial alone. Nev-
ertheless, MIC results obtained in anaerobiosis and MPC results
support the use of the combination for susceptible strains. Tobra-
mycin-susceptible isolates became resistant in anaerobic condi-
tions. Indeed, tobramycin or fosfomycin alone did not prevent the
appearance of resistant mutants in aerobiosis or anaerobiosis with
very high MPC values, especially for fosfomycin. These results
reinforce the idea that these antibiotics must not be used in mono-
therapy. In contrast, a fosfomycin-tobramycin combination ren-
dered narrow or even null MSWs in aerobic and anaerobic condi-
tions. Therefore, the potential selection of resistant mutants
during therapy with a fosfomycin-tobramycin combination in
susceptible isolates is unlikely. In line with this observation, it has
been observed that the combination of fosfomycin with tobramy-
cin makes the generation of mutants resistant to the two antibiot-
ics very difficult, even in a hypermutable background (32). When
isolates with high-level tobramycin resistance harboring amin-
oglycoside-modifying enzymes were analyzed, the possibility of
using the combination was dismissed, as time-kill assays showed
very weak or no synergy with wide MSWs in aerobic and anaerobic
environments. These results indicate that a combination with to-
bramycin in these cases should not be recommended.

Nevertheless, the conclusions of our work are based on the
analysis of eight strains. Further studies with larger collections,

including hypermutable strains, are needed to give strength to
clinical decisions.

As has been reported previously, the only fosfomycin trans-
porter in P. aeruginosa is the glycerol-3-phosphate nutrient per-
mease (8, 33). In this study, we observed that nucleotide changes
in the glpT gene sequence are responsible for fosfomycin resis-
tance in P. aeruginosa. These changes followed different patterns
in each isolate, resulting in various modifications through which
the hypothetical permease structure was truncated or significantly
modified. As a consequence, uptake of a specific substrate by al-
tered forms of GlpT would be either totally blocked or reduced,
concomitantly resulting in high fosfomycin MIC values. These
results are consistent with those previously reported (8). Cur-
rently, neither EUCAST nor the Clinical and Laboratory Stan-
dards Institute (CLSI) have established fosfomycin breakpoints
for P. aeruginosa. EUCAST includes an ECOFF value that sepa-
rates the wild-type population from that which harbors acquired
resistance mechanisms. As this study has confirmed, none of the
strains with MICs below the ECOFF value (128 �g/ml) presented
any mutation in their glpT gene sequence.

In conclusion, fosfomycin-tobramycin combination activity
has been analyzed against fosfomycin-susceptible P. aeruginosa
clinical isolates with different tobramycin MICs; it has been dem-
onstrated, according to previous studies, that a fosfomycin-tobra-
mycin combination merits consideration as a treatment strategy
against P. aeruginosa infections due to the potential synergy and
the prevention of resistance development when the two antimi-
crobials are administered together. This combination may be par-
ticularly beneficial in those infections that develop in anaerobic
environments, such as biofilm-mediated ones, since the antimi-
crobial activity is maintained under these conditions.
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