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Abstract

Introduction The laboratory detection of OXA-48-carbap-
enemase-producing Enterobacteriaceae is difficult, as mini-
mum inhibition concentrations for carbapenems are often
below the clinical breakpoint. In 2011, the Dutch national
guideline for the detection of highly resistant micro-organ-
isms was issued, which includes recommendations on the
use of carbapenem screening breakpoints for the detection
of carbapenemase-producing Enterobacteriaceae.

Materials and Methods During a validation study of the
Check-MDR CT103 microarray (Check-Points, Wagenin-
gen, The Netherlands) in 2013, an OXA-48-like carbapen-
emase gen was identified in two isolates that were previ-
ously obtained from a patient with non-Hodgkin lymphoma
in 2007. Whole-genome sequencing (WGS) and subse-
quent BLAST Ringe Image Generator (BRIG) analysis
were performed to establish the presence of OXA-48 car-
bapenemase encoding plasmids and their similarity.

Results This case report describes the first documented
OXA-48-producing Klebsiella pneumonia (ST648) and
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Escherichia coli (ST866) in the Netherlands. A similar
IncL/M plasmid was identified in both strains, suggesting
within-patient horizontal transfer.

Conclusion This case illustrates that OXA-48-carbapene-
mase-producing Enterobacteriaceae can be unnoticed with-
out adequate laboratory detection procedures. Our obser-
vation stresses the importance of uniform and adequate
laboratory methods for the timely and accurate detection of
important antimicrobial resistance.

Keywords OXA-48 - f-lactamase - Antimicrobial
resistance - Plasmid transfer - Detection guidelines

Case report

In August 2006, a 63-year-old woman of Turkish origin
was seen in the emergency room of our hospital because
of abdominal pain, obstipation, and weight loss (8 kg in
2 months). She reported recent hospitalization in a Turk-
ish hospital for less than 24 h during her holiday. She was
diagnosed with a stage IVB diffuse B cell non-Hodgkin
lymphoma with localisations in stomach and pleural cavity,
for which eight R-CHOP,, (rituximab, cyclophosphamide,
doxorubicin, oncovin, and prednisone) courses with pegfil-
grastim (to stimulate the level of white blood cells) were
planned.

In December 2006, following her fourth R-CHOP
course, she was admitted to the hospital because of abdom-
inal pain and elevated infection parameters (high body
temperature and increased C-reactive protein), and anti-
microbial treatment with cefuroxime and metronidazole
was started. A computed tomography (CT) scan showed
fluid collections around liver and spleen, without signs of
perforation or abscess. No residual lymphoma was seen.
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Table 1 Minimum inhibition concentrations (MIC), resistance genes, MLST, and plasmid(s)

Isolate [1] K.

Isolate [2] K. pneumoniae

Isolate [3] E. coli Isolate [4] E. coli

pneumoniae abscess blood abscess rectal swab
Culture date 11-01-2007 9-3-2007 13-04-2007 21-04-2007
2007 Antimicrobial susceptibility, MIC mg/L)*
Amoxicillin 4 clavulanic acid >=32 >=32 >=32 >=32
Piperacillin 4 tazobactam >=128 >=128 64 >=128
Cefuroxime >=064 4 >=064 >=064
Ceftriaxone <=1 <=1 >=64 >=64
Ceftazidime <=1 <=1 >=64 >=64
Meropenem 1 1 <=0.25 8
Imipenem 4 8 <=1 8
Ciprofloxacin <=0.25 <=0.25 >=4 >=4
Gentamicin <=1 <=1 >=16 >=16
Tobramycin <=1 <=1 >=16 >=16
Sulfamethoxazole <=20 <=20 >=320 >=320
2013 Additional tests
Etest meropenem b 1 4 24
Etest imipenem b 6 3 8
Etest ertapenem b >32 >32
Combined disk ESBL test
Cefotaxime/cefotaxime + clav.acid ~ ° 25/26 mm 10/12 mm <10/13 mm
Ceftazidime/ceftazidime + clav.acid ° 28/28 mm 11/21 mm 12/19 mm
Microarray b OXA-48 like OXA-48 like OXA-48 like
CTX-M-15 like CTX-M-15 like
MLST b ST866 - ST648
Plasmid(s) b incL/M (pKPoxa-48N1) - incL/M (pKPoxa-48N1)

# Determined by automated system VITEK2

b Isolate not stored at —80 °C and not available for further testing

Gastroscopy showed an ulcer not related to non-Hodgkin
lymphoma.

A few weeks later, her clinical situation worsened and
a CT-scan showed an abscess in the right upper abdo-
men. Subsequently, drainage was performed. Culture of
fluid obtained from the abscess grew K. pneumoniae, with
an MIC for meropenem of 1 mg/L and for imipenem of
4 mg/L, was measured using Vitek2 (isolate 1, Table 1).
Treatment with trimethoprim—sulfamethoxazole was initi-
ated (tested susceptible).

In February 2007, the patient was readmitted because
of neutropenic fever and empiric treatment with piperacil-
lin/tazobactam was started. When blood cultures grew a K.
pneumoniae (isolate 2) that was resistant to piperacillin/
tazobactam, therapy was switched to ceftriaxone.

Shortly afterwards, she was readmitted because of a
relapse of her pre-hepatic abscess. Drainage showed an
ESBL-producing, but carbapenem-susceptible, E. coli
(isolate 3, Table 1). Following meropenem treatment,
the patient recovered and the abscess resolved. Later that
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month, rectal swabs revealed an ESBL-positive E. coli with
an Etest MIC for meropenem of 8 mg/L and for imipenem
of 8 mg/L (isolate 4, Table 1). The patient, ultimately, died
in August 2007 due to respiratory failure, secondary to
rituximab lung injury.

In 2013, a study was performed in the microbiology labo-
ratory to validate a commercial microarray (Check-MDR
CT103, Check-Points, Wageningen, The Netherlands) for
the detection of ESBL and carbapenemase genes. Isolate 3,
ESBL positive, was included in the historical collection that
was used for this validation. The microarray revealed the
presence of an OXA-48-like carbapenemase gene [1]. Iso-
late 2 and 4, retrieved from the freezer, were also tested posi-
tive for OXA-48-like carbapenemase gene in the microarray.
Whole-genome sequencing was performed for both the E.
coli and K. pneumoniae isolates using the Nextera XT v2kit
(Illumina, San Diego, CA, USA) and run on a Miseq (Illu-
mina, San Diego, CA,USA) as described by Zhou et al. [2].

To identify the OXA-48 plasmid from the E. coli
Sequence Type (ST) 866 and the K. pneumoniae ST648
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Fig. 1 Plasmid comparison
generated by BRIG, with plas-
mid E71T used as a reference

strain (STs were determined by whole-genome sequenc-
ing), the fragments encoding OXA-48 and transposase
were selected from both strains and were blasted in the
GenBank. (http://blast.ncbi.nlm.nih.gov/Blast.cgi). In total,
7 matches with plasmids were detected with 100 % iden-
tity and 76—100 % coverage. A local BLAST was then per-
formed using the genomes of the two strains to blast against
the seven plasmids, using the BLAST Ring Image Gen-
erator (BRIG) [3]. Similar results were found for the frag-
ments from both strains. The best hit was an IncL/M plas-
mid (accession number: KC335143) from K. pneumoniae
E71T, sharing 99 % identity with the plasmid of our strains,
with a coverage of 100 % (Fig. 1). In fact, another IncL/M
plasmid pKPoxa-48N1 (accession number: KC575416.2)
was also highly similar with our plasmid (99 % identity;
coverage 98 %).

The class D p-lactamase OXA-48 conferring decreased
susceptibility to carbapenems was first identified in a K.
pneumoniae isolate in Turkey [4]. Since then, multiple
other OXA-48-producing isolates of various Enterobacte-
riaceae species have been reported. At first, these strains
were mainly found in Turkey [5, 6] but recently also in
other parts of the world, i.e., northern Africa and Europe

K. pneumoniae (Isolate 2)
W 100% identity
W 90% identity
70% identity

E. coli (Isolate 3)
W 100% identity
W 90% identity

70% identity
pKPoxa-48N1-KC757416
W 100% identity
M 90% identity

70% identity
pKPoxa-48N2-NC_021502
W 100% identity
M 90% identity

70% identity
CMUL64-KM390023
W 100% identity
M 90% identity

70% identity
pJEG011-KC354801
W 100% identity
1 90% identity

70% identity
pPOXA-48-JN626286
M 100% identity
| I 90% identity
70% identity

pE71T

63578 bp

[7-9]. The first publication of an OXA-48-producing Enter-
obacteriaceae, in The Netherlands, until now was dated in
2010 [10]. This patient was transferred from a hospital in
India. Our findings show that OXA-48-producing Entero-
bacteriaceae were present in the Netherlands several years
earlier. Although the time between the patient’s visit to Tur-
key and positive culture is quite long, we assume that this
resistance trait originates from Turkey. Indeed, long-term
carriage is a well-known phenomenon for resistant Gram-
negative bacteria and OXA-48 is assumed to originate from
Northern Africa and Turkey [5-7]. Unfortunately, isolate
1, the first isolate obtained from the patient, had not been
stored. Therefore, we were not able to determine if this iso-
late also contained the OXA-48 gene.

ESBL-negative OXA-48 isolates are difficult to detect as
the MICs for ceftazidime and/or ceftriaxone are usually in
the susceptible range. After the acquisition of an additional
CTX-M-15-bearing plasmid, the MICs (and zone differ-
ences in the combined disk ESBL test) increased consid-
erable, as shown in Table 1. OXA-48 confers resistance to
carbapenems but spares oxyiminocephalosporin.

We have to realise that the case, described in this case
report, occurred at a time when only clinical breakpoints
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were available. No screening breakpoints were used to
identify strains suspected for carbapenemase production
[11, 12]. This isolate would have been recognized as a
possible carbapenemase producer using the current Dutch
National guideline for the detection of resistant micro-
organisms; the MIC screening breakpoint for meropenem
has been set at >0.25 mg/L for all Enterobacteriaceae, and
the breakpoint for imipenem at >1 mg/L for E. coli, Kleb-
siella spp., Salmonella spp., Enterobacter spp., and Citro-
bacter spp. [13].

The presence of blagya_4g, in K. pneumoniae (first), as
well as in E. coli (months later), suggests horizontal trans-
fer of an OXA-48-encoding plasmid within one patient.
Successful horizontal transfer of OXA-48-encoding plas-
mids within patients had been reported previously in the
UK and France [14, 15]. In addition, Berger et al. showed
that the mobilization of the OXA-48 gene is not restricted
to the transfer of a single plasmid, but may also be involved
in multiple rearrangements from different plasmids origi-
nating from different Enterobacteriaceae species [16].

In summary, this case report shows that OXA-48 carbap-
enemase can easily be missed without adequate detection
procedures. Therefore, this resistance trait was not rec-
ognized at the time that the patient was hospitalized. Our
observation stresses the importance of uniform and ade-
quate detection methods for early recognition and optimal
management of patients with resistant pathogens.
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