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Evaluation of Disk Potentiation Test Using Kirby-Bauer Disks
Containing High-Dosage Fosfomycin and Glucose-6-Phosphate To
Detect Production of Glutathione S-Transferase Responsible for

Fosfomycin Resistance
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he main cause of fosfomycin resistance in extended-spectrum

B-lactamase (ESBL)-producing Escherichia coli isolates is glu-
tathione S-transferase responsible for fosfomycin resistance (FR-
GST), which includes FosA3, FosA4, and FosC2 (1, 2). Fosfomy-
cin is expected to become an option for treating urinary tract
infections caused by ESBL-producing E. coli (3), but FR-GST
genes have already spread among E. coli isolates in a variety of
clinical and veterinary settings, which limits the potential use of
fosfomycin (1, 4-7). Detection of FR-GST-producing bacteria by
clinical microbiology laboratories is, therefore, necessary to pre-
vent their further spread in clinical settings. To easily identify the
production of FR-GST, we have recently developed a simple, cost-
effective disk potentiation test, using phosphonoformate (PPF), a
specific inhibitor of FR-GST (2, 8). The test uses Kirby-Bauer (KB)
disks containing 50 pg fosfomycin and 5 pg glucose-6-phosphate
(G6P), in combination with Mueller-Hinton (MH) agar plates
containing 25 pg/ml G6P (MH-G6P plates). The addition of G6P
to the agar plates increased the inhibitory effect by PPF, compared
to MH plates without G6P supplementation, enabling unambig-
uous identification of FR-GST production (2).

Clinical and Laboratory Standards Institute (CLSI) guidelines
recommend the use of KB disks containing 200 pg fosfomycin and
50 g G6P when performing disk diffusion susceptibility testing
(9). These amounts are 4- and 10-fold higher, respectively, than
those we have used (2). In this study, we have incorporated the
high-dosage fosfomycin-G6P KB disks into the disk potentiation
test to evaluate their effectiveness in screening for FR-GST pro-
duction.

Fifteen FR-GST-positive E. coli isolates (12 isolates with fosA3,
2 isolates with fosA4, and 1 isolate with fosC2) and 22 FR-GST-

FIG 1 Potentiation test for a FosA3-producing E. coli isolate on an MH plate.
The left disk contains 200 g fosfomycin (FOM) and 50 g glucose-6-phos-
phate (G6P), and the right disk contains 200 pg fosfomycin, 50 pg G6P, and 1
mg phosphonoformate (PPF).
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FIG 2 Changes to growth inhibition zone diameter by PPF on MH-G6P and
MH plates. The y axis shows enlargement of the growth inhibition zone (in

millimeters) by PPF. FR-GST-positive [FR-GST(+)] and FR-GST-negative
[FR-GST(—)] isolates are shown.

negative E. coli isolates were used for the evaluation (2). The
strains tested were prepared according to the CLSI guidelines (9)
and spread on MH plates and MH-G6P plates. Two blank disks
were placed on the agar plates; the first disk was loaded with 200
g fosfomycin and 50 g G6P (20 pl was loaded with the solution
containing 10-mg/ml fosfomycin and 2.5-mg/ml G6P dissolved in
water), and the second disk was additionally loaded with 1 mg PPF
(Fig. 1). After 18 h of incubation at 37°C, the growth inhibitory
zone around each disk was measured, and the results were sum-
marized in Fig. 2. Fifteen FR-GST-positive isolates exhibited 11-
to 19-mm (average 14-mm) expansion and 10- to 14-mm (aver-
age 12-mm) expansion in the growth inhibition zone by the
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addition of PPF on MH-G6P and MH plates, respectively (P <
0.05 by the Wilcoxon signed-rank test). When the FR-GST-posi-
tive strains were grown on MH-G6P plates, the growth inhibition
zone was larger than that on MH plates. Thus, the addition of G6P
to MH plates resulted in a larger inhibitory zone, confirming the
results of our previous study (2). However, MH plates without the
addition of G6P resulted in enough growth inhibition zone expan-
sion to enable the detection of FR-GST production (Fig. 2). The
FR-GST-negative strains showed no growth inhibition zone ex-
pansion by PPF, although a slight reduction in the size of the zone
was observed, as shown by our previous study (2). Therefore, the
use of high-dosage fosfomycin-G6P disks containing 200 g fos-
fomycin and 50 pg G6P could eliminate the need for additional
G6P supplementation in the potentiation test for identifying FR-
GST producers.

Together with our previous results (2), we confirmed that both
the Western standard disks (high-dosage fosfomycin-G6P) with
MH plates and Japanese standard disks (low-dosage fosfomycin-
G6P) with MH plates supplemented with 25 jg/ml G6P can detect
FR-GST-producing E. coli isolates.
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