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ABSTRACT OXA-48 is the most prevalent carbapenemase in Enterobacteriaceae in
Europe and the Middle East, but it is frequently missed because many isolates dis-
play low MICs for carbapenems. Furthermore, in contrast to metallo-B-lactamases or
Klebsiella pneumoniae carbapenemases (KPC), no specific inhibitor is available for the
phenotypic detection of OXA-48. Molecular detection of blagy, 4s is the “gold stan-
dard” but is not available in many laboratories. A few phenotypic assays have been
described but have not been independently evaluated. The aim of this study was
the systematic comparison of phenotypic tests and an immunochromatographic as-
say (ICT) for the detection of OXA-48/0OXA-48-like carbapenemases and the develop-
ment of an algorithm for reliable phenotypic detection of OXA-48. Four phenotypic
tests (temocillin disk test, faropenem disk test, OXA-48 disk test, and high-inoculum
[HI] OXA-48 disk test) and a new ICT (OXA-48 K-SeT) were compared by using a set
of 166 Enterobacteriaceae isolates, including isolates producing OXA-48/OXA-48-like
carbapenemases (n = 84) or Ambler class A and B carbapenemases (n = 41) and
carbapenemase-negative isolates (n = 41). The sensitivity and specificity for the dif-
ferent assays were 100% and 43.9% for temocillin, 57.1% and 98.8% for faropenem,
53.6% and 100% for the OXA-48 disk test, 98.8% and 97.6% for the HI OXA-48 disk
test, and 100% and 100% for the ICT, respectively. The ICT displayed the highest
sensitivity and specificity and was the most rapid assay, but it is more costly than
phenotypic assays. Based on these results, a new algorithm incorporating temocillin,
faropenem, and ICT which allows cost-effective detection of OXA-48 with 100% sen-
sitivity and specificity was developed.
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XA-48 is an Ambler class D carbapenem-hydrolyzing oxacillinase and now the

most prevalent carbapenemase in Europe and the Middle East (1, 2). It mediates
resistance to penicillins and reduced susceptibility to carbapenems but spares oxyimino-
cephalosporins (3). However, most clinical isolates are resistant to all B-lactams because
they coexpress extended-spectrum B-lactamase (ESBL) (4). Numerous variants of OXA-
48, frequently referred to as OXA-48-like carbapenemases, have been described which
differ from OXA-48 by several amino acids and have different hydrolytic activities, e.g.,
OXA-162, OXA-163, OXA-181, and OXA-204 (5).
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The phenotypic detection of OXA-48 is difficult, as there is a considerable variation
of MICs for carbapenems, ranging from <0.5 mg/liter to >32 mg/liter. Usually, the
highest MICs are recorded for ertapenem, with meropenem and/or imipenem MICs that
are lower and frequently even in the susceptible range (=1 mg/liter [CLSI] and =2
mg/liter [EUCAST] [6, 7]). With automated systems or manual susceptibility testing,
OXA-48-like carbapenemases can be easily missed, especially if ertapenem is not
routinely tested and if isolates do not coexpress ESBLs. In contrast to metallo-g3-
lactamases (MBLs) or K. pneumoniae carbapenemases (KPC), there are currently no
specific inhibitors which can be used for the phenotypic detection of OXA-48-like
carbapenemases.

PCR is the “gold standard” for the detection of blagya as.iker PUt it is costly and
usually available only in larger laboratories or academic institutions (8). Several phe-
notypic assays have been described, but they have not been systematically compared
in larger studies. An inhibition zone of <11 mm around a temocillin 30-ug disk has
been reported to be a highly sensitive marker of OXA-48-producing Enterobacteriaceae
(9). Day et al. described the faropenem disk test, which showed a double inhibition
zone in 76.2% of all OXA-48 producers (10). Another phenotypic assay is the OXA-48
disk test, which has been reported to be highly sensitive and specific for OXA-48
producers (11). Recently, a highly sensitive and specific immunochromatographic
lateral flow test (ICT) which detects two epitopes specific to OXA-48 and OXA-48-like
carbapenemases has been described (12).

In order to systematically assess the available nonmolecular assays for OXA-48
detection, four phenotypic tests (temocillin inhibition zone, OXA-48 disk test, high-
inoculum [HI] OXA-48 disk test, and faropenem disk test) and the ICT were compared
on a set of carbapenemase-producing and carbapenemase-negative Enterobacteriaceae
isolates.

RESULTS AND DISCUSSION

A total of 166 Enterobacteriaceae isolates were tested for the presence of OXA-48-
like carbapenemase using four different phenotypic assays and the ICT. Of these
isolates, 84 were positive for an OXA-48-like carbapenemase, 41 were positive for other
carbapenemases, and 41 were carbapenemase negative (Table 1). Among blagya_ss.iike
genes, blagya.g Was most frequent (n = 59), followed by blagya_15: (N = 8), blaoya16>
(n = 7), blagya-23> (N = 7), blagya-244 (N = 2), and blagy 204 (N = 1). The 41 isolates with
other carbapenemases were positive for either KPC (n = 14) or MBLs (n = 27) (Table 1;
see also Tables S1 and S2 in the supplemental material). By PCR and CARBA-NP test, 41
isolates were negative for carbapenemases. Elevated carbapenem MICs in these isolates
were most commonly caused by ESBL and/or AmpC production and/or decreased
permeability (Table S3).

Temocillin disk test. All isolates producing OXA-48-like carbapenemases (84/84)
had a temocillin inhibition zone of 6 mm, which was well below the recommended
cutoff of 11 mm. However, most isolates with MBLs (26/27) or KPC (9/14) and 11/41
isolates without carbapenemase had inhibition zones below the cutoff, resulting in a
poor specificity, 43.9%.

An inhibition zone of <11 mm for temocillin is often used as a marker and is
recommended by EUCAST as an indirect confirmation test in case combination testing
with EDTA or PBA is negative (8). In the present study, it was an excellent marker for
OXA-48 production, with a sensitivity of 100% across all OXA-48 variants. A diameter of
temocillin of =11 mm effectively ruled out OXA-48 production, but the poor specificity
precludes its use as a single test, as observed in other studies (13, 14).

Faropenem disk test. Using the faropenem disk test, 48/84 isolates producing
OXA-48 or OXA-48-like carbapenemases showed a double inhibition zone (Fig. S1c),
resulting in an overall sensitivity of 57.1%. Marked differences between the different
OXA-48 variants were recorded: 45/59 OXA-48-producing isolates were positive (sensitivity,
76.3%), but only 3/25 isolates producing OXA-48 variants were positive (sensitivity, 12.0%;
P < 0.0001). No isolate producing OXA-162 (0/7), OXA-232 (0/7), or OXA-244 (0/2) was
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TABLE 1 Results of the phenotypic tests and the immunochromatographic OXA-48 test?

No. with indicated
temocillin disk test
result

No. with indicated
faropenem disk test
result

No. with indicated
OXA-48 disk test
result

No. with indicated
HI OXA-48 disk test
result

No. with indicated
ICT result

MIC range (mg/liter)

Carbapenemase P N P N P N P N P N ETP IPM MEM DOR
Ambler class D (n = 84)
OXA-48 (n = 59) 59 45 14 35 24 59 59 0.5 to >32 0.5 to >32 0.25 to >32 0.25 to >32
OXA-162 (n = 7) 7 7 5 2 7 7 2 to >32 1to8 0.5 to >32 0.25 to >32
OXA-181 (n = 8) 8 2 6 3 5 8 8 1to >32 0.25 to >32 0.25to >32 0.25 to >32
OXA-204 (n = 1) 1 1 1 1 1 >32 8 >32 >32
OXA-232 (n = 7) 7 7 1 6 7 7 2 to >32 0.5 to 32 0.25 to >32 0.25 to >32
OXA-244 (n = 2) 2 2 2 1 1 2 2 to >32 0.5 to 32 0.25 to >32 0.12 to >32
Total (%) 84 (100) 0 (0) 48 (57.1) 36 (42.9) 45 (53.6) 39 (46.4) 83(98.8) 1(1.2) 84 (100) 0 (0)
Ambler class A (n = 14)
KPC-2 (n = 13) 8 5 0 13 0 13 2 11 0 13 16 to >32 >32 >32 8 to >32
KPC-3 (n = 1) 1 1 1 1 1 >32 >32 >32 >32
Total (%) 9(643) 5357 0(0) 14 (100) 0(0) 14 (100) 2(14.3) 12(857) 0(0) 14 (100) 16 to >32 >32 >32 8 to >32
Ambler class B (n = 27)
GIM-1 (n = 2) 2 2 2 2 2 >32 >32 >32 >32
NDM-1 (n = 4) 4 4 4 4 4 >32 8 to >32 >32 >32
NDM-7 (n = 1) 1 1 1 1 1 >32 >32 >32 >32
VIM-1 (n = 16) 15 1 0 16 0 16 0 16 0 16 0.5 to >32 1to >32 0.25 to >32 0.12 to >32
VIM-26 (n = 2) 2 2 2 2 2 >32 >32 >32 >32
VIM-27 (n = 1) 1 1 1 1 1 >32 >32 >32 >32
VIM-29 (n = 1) 1 1 1 1 1 >32 >32 >32 >32
Total (%) 26 (96.3) 1(3.7) 0 (0) 27 (100) 0 (0) 27 (100) 0 (0) 27 (100) 0 (0) 27 (100) 0.25to >32 1to >32 0.25 to >32 0.12 to >32
No carbapenemases (n = 41)
Total (%) 11 (26.8) 30(73.2) 1 (24) 40 (97.6) 0 (0) 41 (100) 0 (0) 41 (100) 0 (0) 41 (100) 0.12to >32 0.25to >32 0.016 to >32 0.016 to >32

aH| OXA-48 disk test, high-inoculum OXA-48 disk test; P, positive; N, negative; ETP, ertapenem; IPM, imipenem; MEM, meropenem; DOR, doripenem.
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positive, but 1/1 OXA-204-producing isolate and 2/8 OXA-181-producing isolates tested
positive. The sensitivity was higher in ESBL-negative isolates (8/12 producing OXA-48 or
OXA-48-like carbapenemases) than in ESBL-harboring isolates (40/72 producing OXA-48 or
OXA-48-like carbapenemases), but differences were not statistically significant. No correla-
tion of false-negative results with the species or coproduction of CTX-M, SHV, or TEM
B-lactamases was observed. A false-positive result was observed in a single Serratia marc-
escens isolate with an AmpC B-lactamase (specificity 98.8%).

Day et al. reported a double inhibition zone in 16/21 OXA-48-producing isolates
(sensitivity 76.2%) and a specificity of 98.0% (201/205) (10). Only a few OXA-48-
producing isolates and no producers of OXA-48 variants were tested, which likely
explains the overall higher sensitivity observed in the aforementioned study.

In our study, all isolates with other carbapenemases (27/27 with MBL and 14/14 with
KPC) showed an inhibition zone of 6 mm, compared to only 4/41 carbapenemase-
negative isolates and 30/84 isolates with OXA-48-like carbapenemases (P < 0.0001). A
faropenem inhibition zone of 6 mm can therefore be used as a highly sensitive
screening test for KPC or MBL, confirming results of previous studies (10, 15).

OXA-48 disk test. The OXA-48 disk test was positive for only 45/84 isolates
producing OXA-48-like carbapenemases (sensitivity, 53.6%) when the test was per-
formed as previously published, compared to 83/84 isolates (sensitivity 98.8%) with the
HI OXA-48 disk test. One isolate producing OXA-244 tested negative (Table 1 and Table
S1), and one false-positive test result was obtained with a K. pneumoniae isolate with
a KPC-2 and the HI OXA-48 test.

Overall, the OXA-48 disk test demonstrated a modest sensitivity and is cumbersome,
difficult to standardize, and highly dependent on the inoculum used; we think it is
therefore less suitable for diagnostic laboratories. With the high-inoculum variation (HI
OXA-48 disk test), the sensitivity can be improved to 98.8%, which is similar to the
sensitivity of 96.3% reported in the original publication (11). In that study, 95.1% of
isolates produced OXA-48 and only four isolates produced OXA-48 variants. No isolates
with OXA-244 were tested in the original study; this was the only variant which
remained negative in our setting, even when a high inoculum was used. Similar to our
observation with a KPC-2-producing isolate, false-positive results in KPC-producing
isolates have been reported with this assay (11).

OXA-48 ICT. The ICT was positive for all isolates producing OXA-48 and OXA-48-like
carbapenemases and no false-positives were recorded, resulting in a sensitivity and
specificity of 100%. The test was equally sensitive and specific regardless of the species
or coproduction of any B-lactamase. It worked equally well for producers of OXA-48
and OXA-48-like carbapenemases and was the most rapid of all tests, yielding results
after 15 min. It is a robust test: in all cases the correct result was obtained on the first
attempt, and no test had to be repeated. In contrast to the other tests, the OXA-48
protein is detected directly by immunological capture of OXA-48 specific epitopes
in the ICT. It is therefore less influenced by the coexpression of ESBLs or other
B-lactamases, which can render phenotypic tests difficult to interpret.

Our results are in accordance with those of other studies, which also demonstrated
sensitivity and specificity of 100% with this assay (12, 16-18). Recently, a new version
of the ICT has been reported which includes the OXA-48 and the OXA-163 subfamilies
(19), which are not detected by the current assay.

Overall, the ICT is an excellent test in areas with a high prevalence of OXA-48-like
carbapenemases or in an outbreak situation, where rapid results are indispensable.
However, the ICT is more costly ($9.50/test in Germany; $1,577.00 for the 166 isolates
analyzed in this study) than simple disk tests and might therefore not be an ideal test
in areas with a high prevalence of other carbapenemases, e.g., MBL or KPC.

In this setting, inhibitor-based tests (e.g., meropenem with PBA or EDTA) in combi-
nation with a temocillin disk are frequently recommended for routine identification of
isolates suspected of producing carbapenemase (8, 9). Given the low specificity of
decreased temocillin diameters, it is mandatory to confirm OXA-48 by PCR (8). The
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FIG 1 Proposed algorithm for the phenotypic detection of OXA-48-like carbapenemases. A temocillin
and faropenem disk test is carried out simultaneously in all isolates suspected of OXA-48 production (e.g.,
resistant to piperacillin-tazobactam; susceptible, intermediate, or resistant to 3rd-generation cephalo-
sporins; elevated MICs for ertapenem). When a temocillin inhibition zone of =11 mm is recorded, OXA-48
can be definitely ruled out. In isolates with a temocillin inhibition zone of <11 mm and a positive
faropenem test, production of an OXA-48-like carbapenemase is confirmed without the need for further
testing. In the remaining cases, the ICT is carried out to confirm or exclude OXA-48.

inclusion of both temocillin (highly sensitive) and faropenem (highly specific) in the
panel with meropenem/inhibitor disks could be a useful and less costly alternative for
improved detection of OXA-48 producers (~$0.25/test) (Fig. 1). In the first step of the
algorithm, the temocillin inhibiton zone is read and in isolates with a temocillin
inhibition zone of =11 mm, OXA-48-like carbapenemases can be definitely ruled out.
Isolates with a temocillin inhibition zone of <11 mm are regarded as potential producers
of OXA-48-like carbapenemases. In the second step, the faropenem result is read and
isolates with a double inhibition zone are definitely identified as OXA-48 without the need
for further testing (48/84 producers of OXA-48-like carbapenemases were detected at this
point, resulting in a sensitivity of 57.1% and specificity of 100% for combined temocillin and
faropenem). In the third step, isolates with a temocillin inhibition zone of <11 mm and
no faropenem double inhibition zone are then subjected to the ICT, which detects all
remaining OXA-48-like isolates. Using this algorithm, all isolates producing OXA-48-like
carbapenemases would have been correctly identified with a sensitivity and specificity
of 100% (cost, $820.50 for all 166 isolates tested in this study).

The proposed algorithm can be used in laboratories where PCR is not available, in
addition to PCR, e.g., when PCR for carbapenemases is not performed daily or in cases
where the PCR result is inconclusive. A limitation of this approach is the longer
duration, 18 to 20 h, due to incubation and that the algorithm was validated only on
preselected isolates and not prospectively.

This is the first study to systematically compare different phenotypic methods and
an immunochromatographic assay for the detection of OXA-48. The study encom-
passes well-characterized clinical isolates from different centers with different OXA-48
variants and coexpression of different B-lactamases.

The detection of OXA-48 remains unsatisfactory with phenotypic tests alone but can
be improved by the use of the proposed algorithm incorporating temocillin and
faropenem disk tests in combination with the ICT. The algorithm could substantially
improve the detection of OXA-48 producers in laboratories without access to molecular
methods for carbapenemase detection at low additional costs.

MATERIALS AND METHODS

Clinical isolates. A total of 166 isolates were included in the analysis (165 of clinical origin and a
quality control strain); 115 isolates were from three large German tertiary care hospitals (University
Hospital Cologne, University Hospital Frankfurt, and University Hospital Essen) and 50 from the National
Reference Centre for Nosocomial Pathogens, Bochum, Germany.
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used where appropriate. P values of <0.05 were considered statistically significant.

Journal of Clinical Microbiology

All isolates were tested for the presence of OXA-48-like carbapenemases with a total of four different
phenotypic tests (temocillin disk test, faropenem disk test, OXA-48 disk test, and HI OXA-48 disk test) and
the ICT. Results were compared to those obtained by PCR and subsequent Sanger sequencing as the gold
standard.
Molecular and phenotypic detection of beta-lactamases. All strains were analyzed for the presence
of the carbapenemase genes bldoya g iiker 010y bl0ip, blayom, blagy, and bla,,c and of the ESBL genes
blacryny blagy,, and blag, by PCR and subsequent DNA Sanger sequencing (3, 20-22). Phenotypic
detection of ESBL production was performed with the CLSI combination disk test (6, 8). MICs of
ertapenem, meropenem, imipenem, and doripenem were determined using MIC test strips (Liofilchem,
Roseto degli Abruzzi, Italy). For phenotypic identification of metallo-B-lactamases, KPC, or AmpC, a
combination disk test was used with meropenem and one of the following B-lactamase inhibitors: EDTA,
dipicolinic acid, cloxacillin, and boronic acid (Liofilchem). Results were interpreted according to the
manufacturer’s recommendations.
Furthermore, all isolates which were carbapenemase negative in the inhibitor-based assay and by
PCR were additionally tested for carbapenemase production using the Carba NP test (23).

Temocillin and faropenem disk test. A 30-u.g temocillin disk (MAST Diagnostica, Reinfeld, Germany)
and a 10-ug faropenem disk (carbapenemase activity test [CAT]; MAST Diagnostica) were placed on a
Mueller-Hinton plate inoculated with a fresh bacterial suspension equivalent to a 0.5 McFarland standard.
Plates were incubated for 16 to 20 h under aerobic conditions at 35 = 2°C. An inhibition zone diameter
of <11 mm for temocillin was considered positive for OXA-48, as recommended by EUCAST (Fig. S1a) (8).
The faropenem test was interpreted according to the manufacturer’s recommendation as follows: zone
of inhibition present, no carbapenemase; no zone of inhibition, MBL or KPC); or single colonies in the
zone of inhibition/double zone of inhibition, OXA-48 (Fig. S1c and d).
OXA-48 disk test. The OXA-48 disk test was carried out as previously described (11). Briefly, a
Mueller-Hinton plate was inoculated with a suspension of Escherichia coli ATCC 25922 equivalent to a 0.5
McFarland standard. A blank disk was prepared with either 10 ul of 0.1 M EDTA alone or 10 ul of 60 pg/ul
of PBA (both Sigma-Aldrich, Steinheim, Germany). Adjacent to a 10-ug imipenem disk, blank disks
with EDTA and with EDTA-PBA were placed on the agar, after they had been inoculated with 2 or
3 colonies of the isolate to be tested. Results were read after an incubation of 16 to 20 h at 35 =
2°C. An indentation of growth of E. coli ATCC 25922 toward the imipenem disk at both sides was
interpreted as a positive result (Fig. S1e). However, the OXA-48 disk test was positive for only 45/84
isolates with OXA-48-like carbapenemases (sensitivity, 53.6%) when the test was performed as
previously published. After using several variations of the test conditions, we noted that increasing
the inoculum from 2 or 3 colonies to 5 or 6 colonies improved the performance of the test
significantly. The test was carried out on all isolates as previously published and with a high
inoculum (here referred to as the HI OXA-48 disk test).
OXA-48 ICT (OXA-48 K-SeT). The OXA-48 immunochromatographic test (ICT) (OXA-48 K-SeT; Coris
Bioconcept, Gembloux, Belgium) was performed according to the manufacturer’s recommendations. The
result was recorded after 15 min, with a single upper line indicating a valid test (control, OXA-48-like
negative). The presence of two lines indicated a positive test for OXA-48/0OXA-48-like carbapenemases.
Statistical analysis. The chi-square test with Yates correction or the two-sided Fisher’s exact test was

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/
JCM.01929-16.

TEXT S1, PDF file, 0.5 MB.
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