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Abstract

Methods

Background: In 2010 the Clinical Laboratory Standards Institute (CLSI)
recommended to discontinue the use of phenotypic testing for Extended
Spectrum β-lactamases (ESBL) and use a lower minimum inhibitory
concentration (MIC) to determine therapy. The accuracy of automated
susceptibility methods for FEP is thus crucial. We evaluated the accuracy of FEP
susceptibility for CNSE on Vitek2, E-test in comparison with manual broth
dilution (MBD).

• Multi-species 91 clinical Enterobacteriaceae isolates with
ceftriaxone minimum inhibitory concentration (MIC) ≥2 µg/mL
via Vitek 2 were obtained from a single center during 1/13 4/15.
• The presence of serine Class A (TEM-1/2, SHV-1, CTXM-1/2/3/8/9/14/15/25/26/41, KPC, VEB, PER, GES) Class C
cephalosporinase (ACC, FOX, MOX, DHA, CIT and EBC) were
confirmed using multiplex PCR.
• Microbroth dilution served as the reference standard. All isolates
also underwent MIC testing via E-test, Vitek2.
• Cefepime susceptibility was interpreted according to 2015 CLSI
guidelines. Minor error, major error, very major error and
categorical agreement were assessed according to the FDA
definitions.

Methods: Enterobacteriaceae with ceftriaxone MIC ≥2 µg/mL were collected
1/13 - 4/15. Susceptibility testing was done via Vitek2, E-test (BioMerieux,
Durham, NC). Manual broth dilution (MBD) served as the reference
standard. The presence of serine Class A (TEM-1/2, SHV-1, CTXM-1/2/3/8/9/14/15/25/26/41, KPC, VEB, PER, GES) Class C cephalosporinase
(ACC, FOX, MOX, DHA, CIT and EBC) were confirmed using multiplex PCR.
FEP susceptibility was interpreted according to 2016 CLSI guidelines. Minor
error (mE), major error (ME), very major error (VME), categorical agreement
(CA) were assessed according to the FDA definitions.
Results: 91 isolates were identified as CNSE of which 51 (57%) produced Class
A (37 TEM, 17 SHV, 24 KPC, 15 CTX-M); 40 (43%) produced Class C of which 7
isolates also produced TEM. 60% (55/93), 54% (50/93), and 41% (38/93) were
FEP susceptible Vitek2, Etest, and MBD, respectively. Comparing Vitek2 to MBD
Class A: VME rate 13% (7/53), ME rate 2% (1/53), mE 32% (17/53); Class C:
mE 27.5% (11/40). E-test compared to MBD Class A: mE 28% (15/53), VME 4%
(2/53); Class C: mE 22.5% (9/40). Of the 15 CTX-Ms: 10 produced TEM or SHV
of which 70% (7/10) were resistant to FEP; 1 produced TEM and SHV resistant
to FEP; 3 only produced CTX-M of which 100% (3/3) were resistant to FEP. Of
the 24 KPC: 12 produced TEM and SHV 75% (9/12) were resistant to FEP; 6
produced TEM or SHV 100% (6/6) were resistant to FEP; 6 only produced KPC
83% (5/6) were resistant to FEP by MBD.
Conclusion: Commercially available methods for FEP susceptibility testing are
not without limitations in CNSE. E-test outperformed Vitek2 (fewer mE, VME).
Isolates producing Class C had more accurate FEP susceptibility compared to
Class A.
Due to the performance issues of FEP susceptibility testing
confirmatory ESBL testing may have an ongoing role for select CNSE.
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Figure 4. Difference in categorical agreement
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value <0.05).

Summary
•Vitek2 had higher minor, major and very major error rates for
class A enzymes compared to class C enzymes.
•E-test had higher minor and very major error rates for class A
enzymes compared to class C enzymes.
•Cefepime susceptibility testing via Vitek2 produced an
unacceptably low categorical agreement by FDA standards for
species with class A β-lactamases.

(c)
Figure 2. Phenotypic and Reference methods. (a) E-test; (b)
Microbroth dilution; (c) Vitek2.

•Etest produced higher categorical agreement for both groups
compared to Vitek2.

Workflow

Implications

Enterobacteriaceae isolates with MIC≥2 µg/ml for ceftriaxone by
Vitek 2

•Caution should be exercised in the interpretation and clinical
application of cefepime MIC via Vitek2 in the setting of Class A
βlactamases

FEP susceptibility testing via
Vitek2, E-test, MBD (reference
standard)

MHT vs Indirect
Carbapenamase

(b)

Molecular Characterization
Genotypic testing via Multiplex PCR
blaCTX-M, blaTEM, blaSHV , AmpC, blaoxa,
blaIMP, blaVIM

Molecular
Classification & Detection
of β-lactamases
CTable 1.
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• High clinical sfailure rates have been reported when ESBL producing
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Table 2.General characteristics.

Double disc diffusion

Enterobacteriaceae are treated with cefepime but it is unclear if this
independent of the MIC
In 2010 the guidelines for the detection of ESBLs underwent a paradigm
shift and eliminated the requirement for confirmatory testing of ESBLproducing organisms. Both the EUCAST & CLSI now place a greater
emphasis on drug target attainment for beta-lactam antibiotics in relation
to the MIC over the identification of resistance mechanisms.
Most clinical labs use automated susceptibility testing (AST) such as
Vitek2 or Microscan for determination of MICs to establish clinical
resistance although accuracy of MICs on organisms with beta-lactamases
on these instruments s largely unknown.
A recent paper by Rhodes at al. demonstrated unacceptably high very
major and major error rates on the Vitek2 compared to a gold standard for
cefepime susceptibility testing on ESBL-E. coli.
Relying only on the MIC determination from an automated susceptibility
testing instrument in a clinical lab means accuracy of the MIC will be very
important to when β-lactamases are present.
Here we present findings of a pilot project to understand if all species and
all classes of β-lactamases demonstrate similar issues around
reproducibility with the Vitek2 and if there is an overestimation of
susceptibility with any given group.

Species
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Class A

•When suspected clinical laboratories may want to consider
checking cefepime susceptibility by an alternative method
•In the setting of a move to rely solely on the MIC FDA approval
for an automated susceptibility instrument capable of accurately
determining cefepime MIC in the setting of ESBL &
carbapenemase producing isolates is warranted (i.e.
categorical agreement>89.9% with a reference method).

ESBL
Class A

AmpC
Class C

•E-test may be a more accurate method for MIC testing in the
presence of ESBL and KPC producing organisms.

Figure 1. Workflow
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Figure 3 (a) & (b). Demonstrates Minor, Major and Very
major error rates for Class A (ESBL; KPC) and Class C
(AmpC)
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