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Detection of Piperacillin-Tazobactam-
Resistant/Pan-β-Lactam-Susceptible
Escherichia coli with Current Automated
Susceptibility Test Systems

To the Editor—The determination of phenotypic antimicrobial
resistance via currently available automated susceptibility
systems is well established worldwide. Phenotypic testing is
continuously challenged by ever-changing alterations in
gene expression, genetic mutation, or new gene acquisition
from another bacterium.1 The development of antibiotic
resistance increases the risk of clinical failure in infected
patients, especially if such resistance is unknown to the clinical
practitioner.2 The global use of automated microbiology test
systems, such as MicroScan (Beckman Coulter, Brea, CA),
Phoenix (Becton Dickinson Diagnostic Systems, Sparks, MD),
and Vitek 2 (bioMérieux, Durham, NC), for the identification
and antimicrobial susceptibility testing (AST) of bacteria has
grown, but these systems have had serious reporting errors
with certain organism-antibiotic combinations.3–5 We have
recently identified 43 Escherichia coli isolates from 29 US
hospitals that are pan-β-lactam-susceptible (ie, all cephalos-
porins, monobactams and carbapenems [PBL-S]) but are
resistant to piperacillin-tazobactam (TZP-R), a broad-
spectrum β-lactamase inhibitor.6–8 In this study, we assessed
the accuracy of the aforementioned systems in determining the
susceptibility profile of this unique phenotype.

We sent 14 unidentified clinical isolates of E. coli, 4
piperacillin-tazobactam susceptible (TZP-S)/PBL-S and 10
genotypically confirmed TZP-R/PBL-S to 3 sites for AST using
MicroScan, Phoenix, and Vitek 2. To assess the accuracy of the
categorical results provided by these systems (ie, susceptible,
intermediate, or resistant), piperacillin-tazobactam minimum
inhibitory concentrations (MICs) were determined in triplicate
by broth microdilution (BMD) according to the 2016 Clinical
Laboratory Standards Institute guidelines. AST data were

determined via specific manufacturer and laboratory guidelines
for each system. Categorical errors reported by the automated
systems in relation to BMD were classified as very major (false
susceptibility), major (false resistance), or minor (involving the
intermediate category interpretation).9

The MICs of these isolates against piperacillin-tazobactam
and the interpretive classification generated by each system are
reported in Table 1. Notably, none of the systems demon-
strated 100% accuracy in reporting the phenotypic profile
when compared with the BMD reference method. Phoenix
reported 1 minor error, Vitek 2 demonstrated 2 minor errors,
and MicroSca produced the most inconsistent results,
with 2 very major errors and 3 minor errors.
These findings are relevant considering that piperacillin-

tazobactam is used empirically in compromised hosts or as
directed therapy for E. coli infections given the retention of high
susceptibility rates compared with other available
antibiotics.6,10 Therefore, the detection of this TZP-R/PBL-S
phenotype is vital to providing appropriate antimicrobial ther-
apy and optimal patient care. Furthermore, the use of cascade
reporting has been implemented in many hospitals to control
antibiotic use, which often involves reporting the susceptibilities
of broad-spectrum agents only when the organism is resistant to
more narrow-spectrum agents. Therefore, cascade reporting
may misrepresent the susceptibility of this organism if it is
overlooked due to its susceptibility to more narrow-spectrum
antimicrobial agents. Although further studies are needed to
determine the clinical relevance of these TZP-R/PBL-S strains,
the high use of piperacillin-tazobactam and the prevalence of E.
coli infections make the recognition of this phenotype

table 1. In vitro Susceptibility profile of E. coli Against
Piperacillin-Tazobactam Using Broth Microdilution (BMD) and 3
Automated Susceptibility Test Systems

Phenotypic Profile Methoda

E. coli BMD (TZP MIC) MicroScan Phoenix Vitek 2

EC C1-6 S (16) S S S
EC C2-9 R (512) I R R
EC C3-23 R (≥2048) R R R
EC C1-7 S (4) S S S
EC C1-23 S (16) S S S
EC C6-25 R (2048) R R R
EC C7-1 R (256) S I I
EC C10-11 R (≥2048) I R R
EC C11-14 R (≥2048) R R R
EC C2-5 S (4) S S S
EC C12-1 R (512) S R I
EC C14-26 R (≥2048) R R R
EC C18-6 R (≥2048) R R R
EC C30-5 R (256) I R R

NOTE. TZP, piperacillin-tazobactam; EC, Escherichia coli; MIC,minimum
inhibitory concentration (µg/mL), S, susceptible; I, intermediate; R,
resistant.
aData shown in bold are erroneous results.
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imperative because current AST systems may not accurately
characterize the resistance profile. Moreover, the interpretation
of AST outputs should be undertaken with caution, especially in
the setting of cascade reporting.
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Pathogen and Procedure Trends Among
Surgical-Site Infections at a Children’s
Hospital: A 20-Year Experience

To the Editor—Surgical-site infections (SSIs) are common
healthcare-associated infections that increase patient morbidity
and mortality and cost the US healthcare system billions of
dollars annually.1 The 1999 Centers for Disease Control and
Prevention (CDC) SSI prevention guidelines define a set of
recommendations based on relative pathogen frequency and
patient- and procedure-based SSI risk known at that time.2 Most
of the effort in SSI prevention has been built around these
guidelines since their publication.3,4 Additional recommen-
dations have been published to direct specific aspects of SSI
prevention, such as antimicrobial prophylaxis, in addition to
their implementation and tracking.5,6 While these updated
guidelines have included new data, they are built upon the
foundation of the 1999 CDC guidelines. Despite SSI rate
improvement, SSIs remain the most common and costly
healthcare-acquired infection in the United States.1

We hypothesized that targeted SSI prevention efforts based
on the 1999 guidelines could have changed the relative
pathogen frequency, possibly indicating a need to refine our
approach to SSI prevention. We used SSI data from our
medical center over 2 decades to study trends in SSI pathogen
frequency.

methods

Pathogens associated with SSIs in incision class I and II
surgical procedures2 performed between January 1, 1994, and
December 31, 2015, were obtained through the Infection
Prevention and Control Program at Cincinnati Children’s
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