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Heteroresistance to piperacillin-tazobactam has only been reported in Pseudomonas
aeruginosa (1). In Escherichia coli, heteroresistance to cefepime and carbapenems

(2, 3), but not to piperacillin-tazobactam, has been described. Here, we characterize the
first case of heteroresistance to piperacillin-tazobactam in E. coli sequence type 131
(ST131) clinical isolates.

The piperacillin-tazobactam MICs for isolates C2-23 and C1-140 (recovered from bile
and blood cultures, respectively, of the same patient admitted to the University
Hospital Virgen del Rocío, Seville, Spain) determined by the standard broth microdilu-
tion method were 64 and 32 mg/liter (intermediate [I], CLSI; resistant [R], EUCAST),
respectively, after 24 h of incubation. The MICs for isolates C2-23 and C1-140 deter-
mined with the automated MicroScan system were 64 mg/liter (I, CLSI; R, EUCAST) and
�8 mg/liter (susceptible [S], CLSI and EUCAST), respectively.

Different subpopulations of isolate C2-23 were detected when the Etest method was
used, i.e., one larger susceptible subpopulation with a MIC of 1.5 mg/liter and another
subpopulation forming numerous colonies in the inner zone of inhibition all along
the piperacillin-tazobactam Etest strip (Fig. 1a). Isolate C1-140, with a piperacillin-
tazobactam MIC of 1.5 mg/liter when an Etest was performed with a bacterial inoculum
with a McFarland standard of 0.5, apparently showed only one homogeneous suscep-
tible population (Fig. 1b). However, when the bacterial inoculum was increased to a
McFarland standard of 2, a few colonies grew in the inhibition zone along the
piperacillin-tazobactam Etest strip (Fig. 1c). When the Etest was repeated with the
colonies from the inner zone and prior subculture on sheep blood agar, it showed
resistance to piperacillin-tazobactam, with a MIC of �256 mg/liter.

Both isolates belonged to the ST131 clone, as demonstrated by multilocus sequence
typing analysis (4), and the blaTEM1 gene was detected with specific primers in both (5).

Population analysis profiling (PAP) was performed to determine the MIC and non-
inhibitory concentration (NIC) as previously reported (6). The PAP showed heteroge-
neous behavior of the two isolates when they were grown at high piperacillin-
tazobactam concentrations. The MIC and NIC of strain C2-23 were 55.93 and 6.38
mg/liter, respectively, with a 0.5 McFarland standard inoculum and 62.95 and 5.58
mg/liter with a 2 McFarland standard inoculum; in both cases, the MIC/NIC ratio was
�8. For strain C1-140, with a 0.5 McFarland standard inoculum, the MIC and NIC were
28.61 and 3.62 mg/liter, respectively, and the MIC/NIC ratio was 7.90; however, with the
larger inoculum, these values were 27.30 and 2.34 mg/liter, respectively, and the
MIC/NIC ratio was 11.67 (Fig. 2). That is probably because the subpopulation resistant
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to piperacillin-tazobactam is smaller than the susceptible one; however, the precise
mechanism remains to be elucidated.

In summary, we report for the first time clinical isolates of E. coli heteroresistant to
piperacillin-tazobactam that were clonally related although they did not have the same
behavior or the same proportions of susceptible and resistant subpopulations. We can
probably expect the emergence of more cases in coming years because of the
extensive use of piperacillin-tazobactam.

FIG 1 Etests with piperacillin-tazobactam (TZP) of isolate C2-23 with a 0.5 McFarland standard inoculum (a) and
isolate C1-140 with 0.5 (b) and 2 (c) McFarland standard inocula. Colonies growing in the inner inhibition zone are
characteristic of heteroresistance.

FIG 2 PAP of isolates C2-23 and C1-140 when 0.5 and 2 McFarland standard inocula are used. MICs and NICs are shown. A MIC/NIC ratio
of �8 defines the population as heteroresistant to the antibiotic, a MIC/NIC ratio of �2 and �8 defines it as intermediately heteroresistant,
and a MIC/NIC ratio of �2 defines it as homogeneously resistant. O.D., optical density.
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